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The term “opioid-based pharmaceutical product”, as used
throughout this application, refers to a pharmaceutical

product comprising one or more opioids or salts thereof.

Opioids are among the world’s oldest known drugs and have
long been used to treat acute pain, such as post-operative
pain. They have also been found to be invaluable in
palliative care to alleviate the severe, chronic,
disabling pain of terminal conditions, such as cancer, and
degenerative conditions, such as rheumatoid arthritis.
Some of the most used opioid drugs include morphine,

codeine, hydromorphone, naltrexone, and salts thereof.

Most opioid-based pharmaceutical products are in the form
of solid crystals and are water soluble. They are
traditionally stored 1in polyethylene bags or in glass

containers.

It has recently been found that these polyethylene
packaging materials lead to a contamination of the opioid-
based pharmaceutical products. This contamination, which
is in the form of small solid particles and is insoluble
in water, seems to consist of polyethylene oligomers. The
contamination is observed after transport and handling, as

well as after unmoved storage.

Such a contamination of the pharmaceutical or
nutraceutical product by the packaging material may affect

its suitability for the intended use.

It is therefore an object of the present invention, to
provide a packaging material for a solid pharmaceutical or
nutraceutical product, and in particular for an opioid-
based pharmaceutical product, which avoids a contamination

of the pharmaceutical or nutraceutical product.
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This problem is solved by the kit according to claim 1 and
the use of the packaging material according to claim 13.

Preferred embodiments are subject of the dependent claims.

The present invention features a kit comprising a
packaging material and a solid pharmaceutical or
nutraceutical product which is contained in the packaging
material, the packaging material having an inner surface
and an outer surface, characterized in that at least that
part of the inner surface, which 1is exposed to the
pharmaceutical or nutraceutical product, is made of or
covered with an inert material selected from the group
consisting of polyamide, epoxy resin, polyethylene
terephthalate, aluminium, , and mixtures thereof. The
solid pharmaceutical or nutraceutical product is either a
solid, opioid-based pharmaceutical product or is selected
from the group consisting of acemetacin, amitriptyline,
amobarbital, butalbital, carbachol, citric acid,
dexmethylphenidate, fluoxetine, mephobarbital, metamizole,

methadone, methylphenidate, methylphenobarbital, nicotine,

nifedipine, oxprenolol, oxyconazole, pentobarbital,
phenobarbital, phentermine, primidone, proparacaine,
propoxyphene, secobarbital, selegiline,
tetrahydropapaverine, trimethobenzamide, and mixtures
thereof.

Throughout the present application, the pharmaceutical and
nutraceutical products mentioned include the free active
agents, e.qg. an acid or a base, as well as the
corresponding salts, hydrates, solvates and hydrates or

solvates of salts.

Surprisingly, it has been found that if the inner surface

of the packaging material 1is made of or covered with
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polyamide, epoxy resin, polyethylene terephthalate and/or
aluminium, contamination of the pharmaceutical or
nutraceutical product is completely avoided. Even upon
prolonged heating or vigorous shaking of the packaged
product, no contamination is observed. For this reason,
the packaging material of the present invention is
particularly well suited for solid products, which are
intended for administration to a human or animal, such as

pharmaceutical or nutraceutical products.

According to the present invention, the solid
pharmaceutical or nutraceutical product is contained in
the packaging material. The packaging material may have
any form, three-dimensional shape and/or size suitable for
packaging the pharmaceutical or nutraceutical product.
Thus, the packaging material of the present invention is

generally in the form of a “packaging” or “container”.

The packaging material may further be open on one side
such as a normal bag, basket or open box, re-closable by
means of e.g. a re-closable 1lid or zipper, or it may be
sealed without re-closable opening, thereby ensuring that
the packaging material has not been opened after packing

the product.

The packaging material of the present invention has an
inner surface, which is facing the solid pharmaceutical or
nutraceutical product and at least part of which is in
direct contact with said product, and an outer surface,
which 1is facing the external environment. In order to
avoid the contamination of the stored product, at least
that part of the inner surface, which is directly exposed

to the product - i.e. may come into contact with the
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product - has to be made of or covered with the inert

material.

In terms of the present invention, the “inner surface” is
that surface of the packaging material which will face the
interior of a three-dimensional structure formed by the
packaging material. In a preferred embodiment, the inert
material is polyamide, polyethylene terephthalate or epoxy
resin-coated aluminium. In addition to fully avoiding
contamination, these materials also allow for a very
simple and straight forward preparation of the packaging
material, which is easily brought into the desired shape
by standard methods. Particularly preferred polyamides are
PRA6.6, PA6, and/or PAll. PA6.6 has the formula [NH- (CH:)e-
NH-CO- (CH,) 4-CO]l, and is made from hexamethylenediamine and

adipic acid. PA6é has the formula [NH-(CH;)s-CO]l, and is
made from g¢-caprolactam. PAll has the formula [NH- (CH:)i0-

COln, and is made from l1ll-amino undecanoic acid.

In a preferred embodiment, the entire inner surface of the
packaging material is made of or covered with the inert
material. This allows for an even simpler production of
the packaging material, as the entire inner surface can be
treated in the same way. Furthermore, upon packaging the
opioid-based pharmaceutical product, it is not necessary
to pay extra attention to make sure that only that part of
the inner surface, which is made of or covered with the
inert material, can come in contact with the

pharmaceutical product.

In a preferred embodiment, the inert material has a
thickness of at least 5 um, preferably of at least 10 um,
more preferably of at least 20 um, and most preferably of

about 30 um. This allows for safe and contamination free
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while not requiring excessive amounts of material.

Preferably, the thickness of the inert material is
essentially the same in all areas of the packaging
material. Alternatively, it is also possible that the
thickness of the inert material is increased in those
areas, which are subjected to elevated mechanical stress,

such as a closing or buckling area.

In a preferred embodiment, the inner surface of the
packaging material is made of polyamide and the outer
surface 1is made of polyethylene. This combination of
materials provides a suitable packaging of any size for
the pharmaceutical or nutraceutical product, in addition
to avoiding contamination of the product by the packaging
material itself:. Furthermore, such a material can be
easily produced by standard methods generally used in the
packaging industry and can be brought into any desired

shape.

In a particularly preferred embodiment, the packaging
material consists of an inner polyamide layer and an outer
polyethylene 1layer and is preferably in the form of a
foil, which 1is sealed to form a bag. In addition, the
outer layer of this foil may be covered with a gas tight
layer, such as an aluminium layer, in order to provide an

air and gas tight packaging.

In a preferred embodiment, the packaging material of the
present invention is in the form of a bag. Alternatively,
it may also be in the form of a plastic bottle, a plastic

hose or a coated metal container.

5/300



WO 2013/034273 PCT/EP2012/003684

10

15

20

25

30

Further preferred forms of the packaging material of the
present invention are any sorts of containers, boxes, cans
or Dbaskets, which have a rectangular, cylindrical or
spherical form, or are shaped in form of a Platonic body,
such as a tetrahedron, cube or hexahedron, octahedron,
dodecahedron, icosahedron orxr other ©polygon. Further
preferred forms of the packaging material are a bag in any
three-dimensional shape, e.g. a pyramid bag, a bag-in-box

packaging, an envelope or a tube.

The kit according to the present invention allows for safe
and contamination free transport, storage and handling of

the pharmaceutical or nutraceutical product.

In general, the kit according to the present invention may
contain any solid chemical product, which is intended for
administration to humans or animals. Basically for all
chemical products, which are to be administered to a human
or animal, independent of the intended form of
administration, a contamination of the chemical product by

the packaging material is undesirable.

Especially if the product is dose-sensitive, such as drug-
like pharmaceuticals, it is preferred that the product is
sealed, optionally wunder sterile conditions, into the
packaging material. That way, it is possible to supply the
kit of the present invention comprising a specific dose of
the pharmaceutical or nutraceutical product provided in
the packaging material. Without breaking the sealed
packing material, no product can be added or removed, thus
an intact packaging material can serve as guarantee that
the amount and/or quality of contained product has not

been changed after packaging and sealing.
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In a preferred embodiment, the so0lid pharmaceutical or
nutraceutical product is water soluble. In terms of the
present invention, “water soluble” means that a major part
of the product is dissolvable in water at room temperature
(about 18 to 26 °C). Many of these products are dissolved
in water prior to administration to a patient. It is
therefore particularly important, that they do not contain
any water insoluble contaminations, such as the ones

observed for polyethylene bags. Thanks to the packaging

material of the present invention, this problem is
completely avoided. According to a further preferred
embodiment, the packaging material is 1in form of a

watertight container, into which a liguid, such as water,

can be filled in order to dissolve the contained product.

It is . further  preferred that the packaging material
comprises an inlet through which a 1liquid can Dbe
transferred. For example, the so0lid product may be sealed
in a packaging material in form of an infusion container.
Such an infusion container may be flexible - in form of an
infusion bag - or it may also have a more or less rigid
three-diménsional structure such as an infusion bottle. It
is further provided with an outlet connectable to a tube
for attaéhing the infusion to a patient and an inlet
through which a 1liquid <c¢an be transferred into the
infusion container in order to dissolve the contained

product.

In the above described case, it is further preferred that
a liquid, e.g. water, can be transferred into the infusion
container in a sterile manner. This may be achieved, for
instance, by transferring the 1liquid into the container
through a one-way inlet that allows for sterile transfer

of a 1liquid into the bag, but does not allow the
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extraction of material from the container. The
concentration of the product dissolved in the 1liquid
solution can easily be set by the amount of liquid added
into the container. After dissolving the product, the
infusion container can directly be fixed on an infusion
stand and connected via a tube to a patient for infusing

the dissolved product.

However, also other solid pharmaceutical or nutraceutical
products, which are intended for other forms of
administration, such as tablets, capsules, injections or
patches, may be contained in the packaging material of the
present invention. The packaging material of the present
invention 1is particularly advantageous for “problematic”
pharmaceutical products, i.e. for those products, which
are known to put more than average strain on the packaging
material. Such an elevated strain may be due to a
particular particle size, crystal structure (due to
different polymorphs) or hardness of the product, for

instance.

In a preferred embodiment, the solid pharmaceutical or

nutraceutical product has a particle size of about 10 to
1200 pm. This particle size largely depends on the nature
of the pharmaceutical or nutraceutical product; typical
particle sizes are, for instance: 10 to 1200 um for
buprenorphine; less than 200 pm, more preferably less than
100 um for hydromorphone; less than 150 um, more
preferably about 50 to 90 um for naltrexone; 1less than
200 um, more preferably less than 100 pum for morphine
sulphate; and less than 20 um, more preferably less than

15 um for micronized morphine sulphate.
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Throughout this application, particle sizes are indicated
as the d(90) wvalue. This means that 90% of the particles
are smaller than the indicated value. Therefore, as an

example, if the particle size of hydromorphone is
indicated as less than 100 pm, this means that the d4d(90)
value is 100 um and thus that 90% of the hydromorphone

particles are smaller than 100 pum.

Various Methods for measuring the particle size are known
to a person skilled in the art, such as Sieve analysis,
Malvern, Low-Angle-Laser-Light-Scattering, Dynamic Light
Scattering, Laser-Diffraction, Spatial Filter Velocimetry,

Image Analysis or Micromeritics, for instance.

In a preferred embodiment, the sclid pharmaceutical or

nutraceutical product is crystalline.

In a preferred embodiment, the kit comprises a solid,
opicid-based pharmaceutical product, which is contained in
the packaging material. It has been found that especially
opicid-based pharmaceutical products tend to be
contaminate by the conventionally used polyethylene-based
packaging ‘materials. It is therefore particularly
advantageous to use the packaging material of the present

invention for opioid-based pharmaceutical products.

In a preferred embodiment, the solid, opioid-based
pharmaceutical product comprises an opioid, which is
selected from the group consisting of buprenorphine,
codeine, hydrocodone, hydromorphone, methylnaltrexone,
morphine, naloxone, naltrexone, oxycodone, oxymorphone,
and mixtures thereof. As mentioned above, the
pharmaceutical and nutraceutical products mentioned

include the free active agents, e.g. an acid or a base, as
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well as the corresponding salts, hydrates, solvates and

hydrates or solvates of salts.

Furthermore, these products may be in any known

polymorphic form or a mixture thereof.

More preferred, the solid, opioid-based pharmaceutical
product comprises buprenorphine, buprenorphine

hydrochloride, codeine phosphate, hydrocodone bitartrate,

hydromorphone hydrochloride, methylnaltrexone bromide,
morphine sulphate, naloxone, naloxone hydrochloride,
naltrexone, naltrexone hydrochloride, oxycodone

hydrochloride, and/or oxymorphone hydrochloride. It has
been found that the packaging material of the present
invention is particularly advantageous for these opioid-

based products.

In a further preferred embodiment, the kit of the present
invention comprises a pharmaceutical or nutraceutical

product, which is selected from the group consisting of

acemetacin, amitriptyline, amobarbital, butalbital,
carbachol, citric acid, dexmethylphenidate, fluoxetine,
mephobarbital, metamizole, methadone, methylphenidate,
methylphenobarbital, nicotine, nifedipine, oxprenolol,
oxyconazole, pentobarbital, phenobarbital, phentermine,
primidone, proparacaine, propoxyphene, secobarbital,
selegiline, tetrahydropapaverine, trimethobenzamide, and

mixtures thereof.

More preferred, the solid pharmaceutical or nutraceutical
product comprises acemetacin, amitriptyline hydrochloride,
butalbital, carbachol, citric acid, dexmethylphenidate
hydrochloride, fluoxetine hydrochloride, methadone,
methadone hydrochloride, methylphenidate, methylphenidate
hydrochloride, methylphenobarbital, mephobarbital,
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nicotine ©bitartrate, nifedipine, oxyconazole nitrate,
oxprenolol hydrochloride, phentermine, phentermine
hydrochloride, primidone, proparacaine hydrochloride,
propoxyphene hydrochloride, propoxyphene napsylate,
selegiline hydrochloride, sodium amobarbital, sodium
metamizole, sodium pentobarbital, sodium phenobarbital,
sodium secobarbital, trimethobenzamide hydrochloride,

and/or (R)-tetrahydropapaverine. It has been found that
the packaging material of the present invention is
particularly advantageous for these pharmaceutical or

nutraceutical products.

In a further aspect, the present invention also refers to
the use of the packaging material described above for the
packaging of a solid pharmaceutical or nutraceutical
producﬁ, and 1in particular of a solid, opioid-based
pharmadeutical product. Preferably, the packaging material
is used for enclosing the solid pharmaceutical or
nutraceutical product during transport, storage, and/or

handling.

Preferred embodiments of the use of the packaging material
according to the present invention comprise all preferred
embodiments of the packaging material and all preferred
solid pharmaceutical or nutraceutical products described

above for the kit.

The present invention is further illustrated by way of the

following, non-limiting examples:

Abbreviations:
PE polyethylene
Al aluminium
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PTFE polytetrafluoroethylene

PET polyethylene terephthalate

PETP polyethylene terephthalate

LDPE low density polyethylene

PP polypropylene

PA polyamide

PAll polyamide polymer based on 1l1ll-amino undecanoic
acid

OPA polyamide polymer

PVC polyvinyl chloride

FTU Formazin turbidity unit (also called FTE)

RH relative humidity

Determination of Cloudiness of Hydromorphone Hydrochloride

For the determination of cloudiness, hydromorphone
hydrochloride was dissolved 1in water (5 wt%) and the
turbidity was determined in a turbimeter based on 1light

scattering.:

Example 1: Unmoved Storage of Hydromorphone Hydrochloride

Samples of hydromorphone hydrochloride (about 10 to 20 g)
were stored in different ©packaging materials at a
temperature of 50 °C for 26 days. During this period,
mechanical impact on the packaged samples was avoided as
far as possible. The c¢loudiness was determined as

described above.

The following packaging materials have been tested:

| # |Packaging Materijial [ Cloudiness | Difference

12/300



WO 2013/034273

PCT/EP2012/003684

- 14 -
[FTU] from Intial
Cloudiness
[FTU]
0 Initial cloudiness 1.5 - -
1 “Purell” PE bag, “standard 2.4 0.9
quality” (Vinora Petroblast)
2 |Al bottle (Tournaire S.A., 1.6 0.1
France)
3 PTFE bag (Lanz Anliker) 2.4 0.9
4 PET bottle (Pohli GmbH) 1.7 0.2
5 | Composite bag PE/PETP/Al 2.7 1.2
(Frih) ; large black bag
6 | Composite bag PE/PETP/Al 2.9 1.4
(Frih) ; small silver bag
7 “Purell” PE bag, “higher 2.2 0.7
quality” (Vinora Petroblast)
8 PE bag "“BK CleanFlex®” with 2.0 0.5
special PE film (Mat. No.
45123.0187 / 402696.0001)
9 PE' bag “BK CleanFlex®"” with 2.1 0.6
100% LDPE film (Mat. No.
9824 .0001) 4
10 | PE. bag “BK CleanFlex®” with 2.8 1.3
100% LDPE film (Mat. No.
1631.0031 / 400294.003)
11 | PE foil BK CleanFlex® with 2.3 0.8
100% PP film (Mat. No.
9820.0273)
12 | PP /PAll composite foil, 2.1 0.6
110/60 (Stanipac)
13 | pP/PA11" composite foil, 2.0 0.5
110/60 (Stanipac)
14 | PET /PE composite foil, 12/50 1.8 0.3
(Stanipac)
15 | PET/PE composite foil, 12/50 2.1 0.6
(Stanipac)
16 | PA/PE’ composite foil, 30/70 2.25 0.75
(Stanipac)
17 | PA"/PE composite foil, 30/70 1.3 -0.2
(Stanipac)
18 OPA/_PEi composite foil, 15/60 2.2 0.7
(Stanipac)
19 | OPA"/PE composite foil, 15/60 2.2 0.7
(Stanipac)
* In the case of composite bags/foils, the component facing the

hydromorphone hydrochloride is underlined.
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In summary, the use of packaging materials with PE/PP and
PTFE on the inner surface 1lead to an increase of
cloudiness of about 0.84 FTU and 0.9 FTU, respectively

(comparative examples) .

For PET (0.23 FTU), PA (-0.2 FTU) and Al (0.1 FTU), on the
other hand, only a minor increase or even a decrease in
cloudiness was observed (packaging materials according to
the present invention). A variation of up to 0.2 is

generally regarded as a constant value in the field.

Example 2: Storage of Hydromorphone Hydrochloride with

Mechanical Impact

Sampleé of hydromorphone hydrochloride were stored in
different packaging materials at room temperature for two
hours. During this period, the packaged samples were
subjected to mechanical impact in a Turbula® shaker-mixer
(mixing in all thfee dimensions) at 46 rpm. Bags and foils
had to be placed into a surrounding glass bottle due to
the arrangement of the shaker-mixer. The cloudiness was

determined as described above.

The following packaging materials have been tested:

# Packaging Material Cloudiness | Difference
[FTU] from
Initial
Cloudiness
[FTU]
20 Initial cloudiness 1.2 --
21 “Purell” PE bag, “standard 1.8 0.6
quality” (Vinora Petroblast)
22 | PET /PE composite foil, 1.3 0.1
12/50 (Stanipac)
23 | PA"/PE composite foil, 30/70 1.3 0.1
(Stanipac)
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* In the case of composite bags/foils, the component facing the

hydromorphone hydrochloride is underlined.

Thus, almost no increase 1in cloudiness was observed for

PET and PA.

For PE, on the other hand, a considerable increase in

cloudiness was measured.

Example 3: Unmoved Storage of Naltrexone Hydrochloride

at Elevated Temperature and Humidity

An appropriate amount of naltrexone hydrochloride was
placed inﬁo the primary packaging material to be
investigated (see table below), which was in turn placed
into an appropriate secondary packaging material. The so
packaged naltrexone hydrochloride was then placed in
stability chambers at temperatures between 25 °C and 40 °C

and relative humidities between 60% and 75%.

After the given amount of time, appropriate aliquots of
naltrexone hydrochloride were taken from the above samples
and analyzed for cloudiness of solution. For this purpose,
2 wt% solutions of naltrexone hydrochloride in Milli-Q
water were prepared and investigated in a turbidimeter
(e.g. Hack turbidimeter) while applying the FTU-scale

(Formazine turbidity unit).

The following packaging materials have been tested:

, Difference
Lot -No. Primary .
. C Cloudiness from
# | Naltrexo | Packaging | Conditions A
. [FTU] Initial
ne HC1 Material .
Cloudiness
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[FTU]
0916L698 | PE" initial
24 cloudiness 1.2 n/a
(to)
3 months,
25 25 °C, 60% 1.3 0.1
RH
3 months,
26 30 °C, 65% 1.7 0.5
RH
3 months,
27 40 °C, 75% 3.9 2.7
RH
6 months,
28 25 °C, 60% 3.3 2.1
RH
6 months,
29 30 °C, 65% 6.8 4.6
RH
6 months,
30 40 °C, 75% 7.0 5.8
’ RH
0914L009 | PE* initial
31 cloudiness 1.6 n/a
(t0)
3 months,
32 25 °C, 60% 3.8 2.2
RH
3 months,
33 30 °C, 65% 3.9 2.3
RH
3 months,
34 40 °C, 75% 5.0 3.4
RH
0916L700 | PA* initial
35 cloudiness 1.1 n/a
(t0)
3 months,
36 25 °C, 60% 1.2 0.1
RH
3 months,
37 30 °C, 65% 1.1 0.0
RH
3 months,
38 40 °C, 75% 1.4 0.3
RH
0916L700 | Epoxy- initial
39 resin cloudiness 1.1 n/a
coated (to)
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Al - 3 months,
40 bottles? 25 °C, 60% 1.7 0.6
RH
3 months,
41 30 °C, 65% 1.7 0.6
RH
3 months,
42 40 °C, 75% 1.3 0.2
RH

1) Stability protocol SP-QC-10-002; 2) SP-QC-10-047; 3) SP-QC-
10-016.

From the above results, it can be clearly concluded that
(compared with PE) the alternative packaging materials PA
and epoxy-resin coated aluminium-bottles are preferable

packaging materials (less increase of cloudiness).

Example 4: Screening of Water-Soluble Substances in a
Primary Packaging Abrasion Testing Device

(P°AT-device)

10 g of thé substance 1 to be investigated was placed on a
foil 2 of an appfopriate packaging material, which itself
was placedzonto a 'glass-ware baseplate 3 (see Figure 1).
The area of packaging material 2 to be tested was limited
to 100 cm®, which is defined by the size of a Viton O-ring
(not shown) sealed top cover 4 (with an inner diameter of
11.28 cm). A glass plate 5 of approx. 240 g weight with a
diameter of 11.0 cm was placed on top of the substance 1
and the Viton O-ring sealed top cover 4 was arranged on
top of the device. The whole system was then closed with

an external bracket (not shown).

The test device (set-up as describe above) was placed on a

laboratory shaker (not shown) and agitated for 6 hours at
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approx. 380 xpm. The top cover 4 and the O-ring were
removed. Residual substance 1 sticking to the glass-plate
5 was removed using a spatula and the substance 1 to be
tested was transferred into a clean brown-glass screw-
bottle and weighed. The investigated packaging material-
foil was rinsed with deionized water, dried, visually

inspected for abrasion.

The substance to be investigated was then dissolved in
water (or an appropriate mixture of water and a water-
miscible co-solvent) and analyzed for turbidity /
cloudiness using a turbidimeter (e.g. Hack turbidimeter)
using the FTU-scale (formazine turbidity unit). Relevant
parameters for the analytical procedure are given in the

footnotes of the table below.

The following substances have been tested:

Difference
Packagin Cloudiness | from initial
# Substance Mate;iaf- [FTU] **° cloudiness
X [FTU]
a3 Hydromorphone initial 1.45 n/a
HC1l' (sample 1) | cloudiness
44 _ PE’ 30 28.55
45 ' AT . 2.15_ | . 2.5
"';g""llfy'cif&}{aiﬁﬁéi—ié """" initial 1.1 n/a
HC1l' (sample 2) |cloudiness
47 pp'’ 9 7.9
48 PE-2"° 18 16.9
49 opPaA/PE™ 2.3 1.2
50 PA11/pPP°° 2.4 1.3
51 PET/PE*" 3.6 2.5
5o Naloxone HC1® | initial 0.85 n/a
(sample 1) cloudiness
53 PE* 1.35 0.5
53 PA’° 0.95 0.1
5t Naloxone HC1l!' [ initial 0.4 n/a
(sample 2) cloudiness
56 pp*’ 1.7 1.3
57 PE-2"° 8.4 8.0
58 OPA/PE"™ 1.1 0.7
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59 PET/PE*! 0.8 0.4
50 Naltrexon HC1’ initial 1.1 n/a
cloudiness
61 PA° 1.2 0.7
62 PE-2*° 2.3 1.8
63 orPa/PE"’ 1.4 0.9
64 pPa11/pp?° 1.4 0.9
65 PET/PE*! 1.2 0.7
66 PA/PE*? 1.0 0.5
67 Morphine6 initial 0.65 n/a
Sulphate cloudiness
68 PE® 2.0 1.35
69 PA° 1.0 0.35
7o | OXycodone HC1’ initial 0.35 n/a
cloudiness
71 PE* 0.6 0.25
72 PA° 0.5 0.1
73 Sodium initial 0.7 n/a
Metamizole cloudiness
74 | (sample 1) PE* 24.5 23.8
75 o PA°’ 8 0.1
76 Sodium initial n/a
Metamizole cloudiness
77 | (sample 2) pp*’ 1.0 0.6
78 ' PE-2'° 3.6 3.2
79 opa/PE™ 0.7 0.3
80 PET/PE*" 0.6 0.2
81 PA/PE** 0.6 0.2
g2 Fluoxetine HC1l’ | initial 0.2 n/a
(sample 1) cloudiness
83 PE* 2.25 2.05
84 PA° 0.3 0.1
a5 Fluoxetine HC1? | initial .2 n/a
(sample 2) cloudiness
86 PE-2-° 4.8 4.6
87 opa/PE™ 0.3 0.1
88 pA11/pp?° 0.3 0.1
89 PET/PE“! 0.3 0.1
90 PA/PE** 0.4 0.2
91 Citric acid™ [ initial 0.4 n/a
(sample 1) cloudiness
92 PE* 4.7 .3
93 pAa°’ 2.05 1.65
54 Citric acid™ | initial 0.3 n/a
(sample 2) cloudiness
95 ppt’ 4.5 4.2
96 PE-2'% 6.5 6.2
97 opa/PET 1.7 1.4
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98 PA11/pPpP*’ 3.1 2.8
99 PET/PE** 2.0 1.7
100 PA/PE®? 2.2 1.9
101 Oxpifnolol initial 0.65 n/a
HC1"“ (sample 1) | cloudiness
102 PE’ 1.45 0.8
103 PA° 0.75 0.1
104 Oxpifnolol initial 0.3 n/a
HC1"“ (sample 2) | cloudiness
105 PE-2"° 3.2 2.9
106 orPA/PEY’ 1.2 0.9
107 Prog?racaine initial 1.6 n/a
HC1"’ (sample 1) | cloudiness
108 PE* 6.6 5.0
109 pa’ 1.55 -0.05
110 Progfracaine initigl 1.5 n/a
HC1"’ (sample 2) | cloudiness
111 oPA/PE"’ 2.0 0.5
112 PA/PE** 1.9 0.4
(R) -Tetrahydro- | initial 1.6 n/a
113 C S, .
papaverine cloudiness
114 PE? 20 18.4
115 pAa° 1.8 0.2
1) Analysis: 5 weight% in Milli Q-water; 2) PE = PE-bag

“Purell, standard-guality”, Vinora Petroplast, Siegfried-
Mat-No. 409667, Lot-No. 1050%001; 3) Mat-No. 409608, Lot-
No. 1044%003; 4) Analysis: 2 weight% in Milli Q-water; 5)
Analysis: 2 weight% in Milli Q-water; 6) Analysis: 2
weight% in Milli Q-water; 7) Analysis: 2 weight% in Milli
Q-water; 8) Analysis: 5 weight% in Milli Q-water; 9)
Analysis: 2 weight% in Milli Q-water/Methanol 15/85; 10)
Analysis: 2 weight% in Milli Q-water; 11) Analysis: 5
weight% in Milli Q-water; 12) Analysis: 5 weight% in Milli
Q-water; 13) Analysis: 5 weight% in Milli Q-water; 14)
Analysis: 10 weight% in Milli Q-water; 15) average of two
independent sample preparations; 16) difference of average
value of two different sample preparations £from the
experiment vs. the initial cloudiness 17) PP = PP-bag “BK
CleanFlex®”, Mat.No. 89820.0273; 18) PE-2 = PE-bag "BK
CleanFlex®” with 100% LDPE film (Mat.No. 1631.0031 /

400294.003); 19) OPA/PE = OPA**/PE composite foil, 15/60 pm

(Stanipac); 20) PAll1/PP = PA11°’/PP composite foil, 60/110
um(Stanipac), 21) PET/PE = PET”’/PE composite foil, 12/50
pm (Stanipac); 22) PA/PE = PA*’/PE composite foil, 30/70
pm(Stanipac); 23)underlined material = contact surface.
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From the above results, it can be clearly concluded that,
compared to several types of thermoplasts, such as
different types of PE or PP, the alternative packaging
materials of different PA or PET types, either as single
5 foil or as composite foil, show 1less increase of

cloudiness.
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Claims

Kit comprising a  packaging material and a solid
pharmaceutical or nutraceutical broduct contained 1in
the packaging material, the packaging material having
an inner surface and an outer surface, characterized
in that at least that part of the inner surface, which
is exposed to the pharmaceutical or nutraceutical
product, is made of or covered with an inert material
selected from the group consisting of polyamide, epoxy
resin, polyethylene terephthalate, aluminium and
mixtures thereof,

and in that the so0lid pharmaceutical or nutraceutical
product is either a solid, opioid-based pharmaceutical

product or is selected from the group consisting of

acemetacin, amitriptyline, amobarbital, butalbital,
carbachol, citric aciq, dexmethylphenidate,
fluoxetine, mephobarbital, metamizole, methadone,
methylphenidate, methylphenobarbital, nicotine,
nifedipine, oxprenolol, oxyconazole, pentobarbital,
phenobarbital, phentermine, primidone, proparacaine,
propoxyphene, secobarbital, selegiline,

tetrahydropapaverine, trimethobenzamide, and mixtures

thereof.

Kit according to claim 1, characterized in that the
solid, opioid-based pharmaceutical product comprises
an opioid, which is selected from the group consisting
of buprenorphine, codeine, hydrocodone, hydromorphone,
methylnaltrexone, morphine, naloxone, naltrexone,

oxycodone, oxymorphone, and mixtures thereof.

Kit according to claim 2, characterized in that the

solid, opioid-based pharmaceutical product comprises
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buprenorphine, buprenorphine hydrochloride, codeine
phosphate, hydrocodone bitartrate, hydromorphone
hydrochloride, methylnaltrexone bromide, morphine
sulphate, naloxone, naloxone hydrochloride,
naltrexone, naltrexone hydrochloride, oxycodone

hydrochloride, and/or oxymorphone hydrochloride.

Kit according to claim 1, characterized in that the
solid pharmaceutical or nutraceutical product
comprises acemetacin, amitriptyline hydrochloride,

butalbital, carbachol, citric acid, dexmethylphenidate

hydrochloride, fluoxetine hydrochloride, methadone,
methadone hydrochloride, methylphenidate,
methylphenidate hydrochloride, methylphenobarbital,
mephobarbital, nicotine bitartrate, nifedipine,
oxyconazole nitrate, oxprenolol hydrochloride,
phentermine, phentermine hydrochloride, primidone,
proparacaine hydrochloride, propoxyphene
hydrochloride, propoxyphene napsylate, selegiline

hydrochloride, sodium amobarbital, sodium metamizole,
sodium pentobarbital, sodium phenobarbital, sodium
secobarbital, trimethobenzamide hydrochloride, and/or

(R) -tetrahydropapaverine.

Kit according to one of claims 1 to 4, characterized
in that the inert material is polyamide, polyethylene

terephthalate or epoxy resin-coated aluminium.

Kit according to claim 5, characterized in that the

inert material is PA6.6, PA6 and/or PAll.

Kit according to one of claims 1 to 6, characterized
in that the entire inner surface of the packaging
material is made of or covered with the inert

material.
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10.

11.

12.

13.

Kit according to one of claims 1 to 7, characterized

in that the inert material has a thickness of at least
5 um, preferably of at least 10 um, more preferably of

at least 20 pm, and most preferably of about 30 um.

Kit according to one of claims 1 to 8, characterized
in that the inner surface of the packaging material is
made of polyamide and the outer surface is made of

polyethylene.

Kit according to one of claims 1 to 9 characterized in
that the packaging material has a three-dimensional

form or shape.

Kit according to one of c¢laims 1 to 10 characterized
in that the packaging material is in the form of a
bottle, in particular a screw cap bottle, or a bag, a
box, a bag-in-box packaging, a basket, a can, an
envelope, a tube or a container, in particular an

infusion container.

Kit according to one of claims 1 to 11 characterized
in that the pharmaceutical or nutraceutical product is
sealed into the packaging material, preferably under

sterile conditions.

Use of a packaging material for the packaging of a
solid pharmaceutical or nutraceutical product, in
particular during transport, storage and/or handling,
the packaging material having an inner surface and an
outer surface, characterized in that at 1least that
part of the inner surface, which is exposed to the
pharmaceutical or nutraceutical product, is made of or
covered with an inert material selected from the group

consisting of polyamide, epoxy resin, polyethylene

24/300



WO 2013/034273 PCT/EP2012/003684

10

15

20

25

30

14.

15.

terephthalate, aluminium and mixtures thereof,
and in that the solid pharmaceutical or nutraceutical
product is either a solid, opioid-based pharmaceutical

product or 1is selected from the group consisting of

acemetacin, amitriptyline, amobarbital, butalbital,
carbachol, citric acid, dexmethylphenidate,
fluoxetine, mephobarbital, metamizole, methadone,
methylphenidate, methylphenobarbital, nicotine,
nifedipine, oxprenolol, oxyconazole, pentobarbital,
phenobarbital, phentermine, primidone, proparacaine,
propoxyphene, secobarbital, selegiline,

tetrahydropapaverine, trimethobenzamide, and mixtures

thereof.

Use of the packaging material according to claim 13,
characterized in that the solid, opioid-based
pharmaceutical product comprises an opioid, which is
selected from the group consisting of buprenorphine,
codeine, hydrocodone, methylnaltrexone, morphine,
hydromorphone, naloxone, naltrexone, oxycodone,

oxymorphone, and mixtures thereof.

Use of the packaging material according to claim 14,

characterized in that the solid, opioid-based
pharmaceutical product comprises buprenorphine,
buprenorphine hydrochloride, codeine phosphate,

hydrocodone bitartrate, hydromorphone hydrochloride,
methylnaltrexone bromide, morphine sulphate, naloxone,
naloxone hydrochloride, naltrexone, naltrexone
hydrochloride, oxycodone hydrochloride,

and/oxymorphone hydrochloride.
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(57) Abstract: Disclosed is a multilayer film structure, comprising, in order, a puncture resistant layer comprising at least one cyclic
olefin copolymer (COC) and at least one ionomer or polyolefin, a tie layer and a sealant layer. The structure can be coextruded and
can be prepared using a triple bubble process.
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TITLE
MULTILAYER FILM COMPRISING CYCLIC OLEFIN COPOLYMER

This application claims priority to U.S. Provisional Application Serial
Number 61/592870, filed January 31, 2012, and U.S. Provisional
Application Serial Number 61/592884, filed January 31, 2012.

The invention relates to a coextruded multilayer film structure
comprising cyclic olefin copolymer that can be used in packaging such as
in food packaging applications.

BACKGROUND OF THE INVENTION
In the field of packaging, both shrinkable and non-shrinkable

multilayer films designed to hold goods must often fulfill multiple
requirements.

For example, when packaging goods that have sharp edges or
needle-like protrusions, it is important that the multilayer films used in the
packaging of such goods have excellent puncture resistance.

A solution to such puncture resistance requirements can be
provided by a multilayer film comprising a layer containing polyamide, or
blends thereof. For example, EP1296830 describes a multilayer film
comprising an intermediate layer of polyamide having good puncture
resistance properties, suitable for packaging deep-frozen foods such as
ribs and seafood such as crabs.

On the other hand, such multilayer films must also display other
properties such as the tendency to shrink under the influence of heat and
adopt the form of the packaged good, a property known as “heat shrink”.

In most packaging applications such as shrink bags used for food
and in particular for meat packaging, a “heat shrink” of at least 40% is
required, but the inclusion of a polyamide layer to enhance puncture
resistance generally also reduces the tendency of a multilayer film to
shrink under heat, and so a compromise between these two desirable
properties must be struck.

lonomers are known for their excellent ability to shrink under heat,
and depending on the degree of neutralization of the ionomer, the “heat

1
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shrink” of a multilayer film comprising a layer of ionomer can reach 50%
and even higher values.

However, multilayer films comprising a layer of ionomer have only
moderate puncture resistance compared to similar multilayer structures
that contain stiffer components such as polyamide and are therefore not
used extensively to package sharp or pointy edges such as meat cuts
having salient bone fragments or splinters.

It is believed that blends of polyamide and ionomer would result in
a polymeric material combining the puncture resistance of polyamide and
heat shrink performance of ionomers, but to a strongly diminished extent,
making such compositions less desirable.

There exists the possibility to combine multiple layers in one film in
order to produce a film combining the advantages of each of the individual
layers, but since the economic cost of such a film increases with its
complexity, this is not always advantageous. In many cases, multilayer
films must be constructed by sequential lamination operations, which add
expense. Furthermore, the inclusion of stiff polyamide layers in order to
increase puncture resistance leads to complications from an
environmental point of view, since the recycling of such structures is
inherently problematic due to the chemical incompatibility between
polyamides and polyolefins.

Therefore, there exists a need to provide a multilayer film that
combines good puncture resistance and, more importantly high “heat
shrink” properties in one layer, which can be manufactured at low
economic cost, and which can be recycled more easily.

EP1423408 discloses sealant layers comprising blends of
ionomers and cyclic olefin polymers having relatively good puncture
resistance, but is silent on the heat shrink behavior of such blends in
oriented multilayer films.

SUMMARY OF THE INVENTION

The above-mentioned problems are solved by a multilayer film

structure, preferably coextruded instead of laminated, comprising, in order,
at least one puncture resistant layer comprising at least one cyclic olefin

copolymer and at least one ionomer or polyolefin; at least one tie layer;

2
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and at least one sealant layer; wherein the film is either monoaxially
oriented or biaxially oriented and obtained by a triple bubble process; and
the film structure has a puncture resistance of at least 2 J/mm, wherein the
puncture resistance is measured according to DIN14477 at a speed of 1
mm/min using a rod bearing a spherical ball at its tip, the rod having a
diameter of 2 mm and the spherical ball having a diameter of 2.5 mm.

The multilayer film structure is obtainable by, or obtained by, a triple
bubble process, and may be either monoaxially oriented or biaxially
oriented.

The triple bubble process allows the manufacturing of these
structures in one step through coextrusion, rather than laminating a
biaxially oriented outer film (e.g. polyester) to the layers containing COC
blends with polyolefins or ionomers. This can significantly reduce the cost
of the packaging film. Also in this case, the entire film is oriented rather
than just selected layers, allowing for more consistent shrink properties.

The invention also provides a (triple bubble) process for
manufacturing a coextruded muiltilayer film structure, comprising
coextruding a multilayer film structure to a coextruded tubular film; cooling
the coextruded multilayer tubular film structure in a first bubble; orienting
the coextruded multilayer tubular film structure under heating in a second
bubble to produce an oriented film; and relaxing the oriented film under
heating in a third bubble; wherein the tubular multilayer film structure
comprises at least one puncture resistant layer as characterized above.
That is, the puncture resistant layer comprises at least one COC and at
least one ionomer or polyolefin. In a preferred process, the oriented film is
either mono-axially oriented or biaxially oriented.

Furthermore, the invention provides an article, in particular a
packaging article, comprising the above-mentioned multilayer film
structures.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 shows a schematic overview of the triple bubble process of

the invention, as described below.

3
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DETAILED DESCRIPTION

The invention provides a multilayer film structure, preferably

coextruded, comprising, in this order, at least one puncture resistant layer
comprising at least one COC and at least one ionomer or polyolefin, at
least one tie layer and at least one sealant layer.

A preferred multilayer film structure is one wherein the at least one
puncture resistant layer comprises at least one cyclic olefin copolymer and
at least one ionomer, at least one cyclic olefin copolymer and
polyethylene, or at least one cyclic olefin copolymer and polypropylene,
the tie layer comprises olefin homopolymers and/or copolymers, preferably
polyethylene homopolymers or copolymers, propylene homopolymers or
copolymers, or mixtures thereof, or ethylene copolymers, preferably
ethylene a-olefin copolymers, ethylene vinyl acetate copolymers, ethylene
alkyl (meth)acrylate copolymers, or polymers or copolymers modified with
acid, anhydride or epoxide functionalities; and the sealant layer comprises
olefin homopolymers and/or copolymers chosen among polyethylene,
propylene homopolymers andcopolymers, ethylene copolymers, preferably
ethylene (meth)acrylic acid copolymers and their corresponding ionomers,

and/or mixtures thereof.

Puncture resistance denotes the relative ability of a material to
inhibit the progression of penetration of a sharp object once it has been
pierced by it. Tests devised to measure puncture resistance are generally
application-specific, covering items such as roofing, packing materials,
protective garments, and needle-resistant materials. For example, a
puncture resistant material can resist a specific pierce force per unit
thickness, by a 25 gauge needle perpendicular to the material, between
0.1 to 150N/mm, 0.1 to 100N/mm, 1 to SON/mm, 1 to 20N/mm, or 1 to
TON/mm, 50 to 150N/mm, 50 to 100N/mm, or in form of a specific energy
per unit thickness in J/mm. Typically it can be from 0.1 to 20 or from 1 to
10 J/mm.

The puncture resistance can be measured according to a
DIN14477 or EN388 test at a speed of Tmm/min using a rod bearing a

spherical ball at its tip, the rod having a diameter of 2 mm and the
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spherical ball having a diameter of 2.5 mm. Preferably, fiims as described
herein have puncture resistance in this test of at least 2 J/mm, such as
from 2 to 10 J/mm, preferably from 3 to 8 J/mm.

The puncture resistant layer of the multilayer film structures
comprises at least one COC and at least one ionomer or polyolefin.
Preferably, the puncture resistant layer of the coextruded multilayer film
structure may be essentially free of polyamides such as for example semi-
crystalline and amorphous polyamides, i.e. the puncture resistant layer of
the coextruded multilayer film structure may not comprise a polyamide,
such as for example semi-crystalline and amorphous polyamides.

The puncture resistant layer may comprise from 10 to 99, 10 to 40,
10 to 30, 40 to 95, 55 to 95, or 60 to 95 weight % of the COC, based on
the total weight of the puncture resistant layer.

COC includes copolymers of unsaturated cyclic monomers, and
may be obtained by either chain polymerization of one or more
unsaturated cyclic monomers with one or more unsaturated linear
monomer such as for example ethylene, or may be obtained by ring-
opening metathesis of one or more unsaturated cyclic monomers and
subsequent hydrogenation.

Examples of unsaturated cyclic monomers may be chosen from,
without limitation, norbornene and derivatives thereof such as for example
2-norbornene, 5-methyl-2-norbornene, 5,5-dimethyl-2-norbornene, 5-butyl-
2-norbornene, 5-ethylidene-2-norbornene, 5-methoxycarbonyl-2-
norbornene, 5-cyano-2-norbornene, 5-methyl-5-methoxycarbonyl-2-
norbornene, and 5-phenyl-2-norbornene; cyclopentadiene and derivatives
thereof such as for example dicyclopentadiene and 2,3-
dihydrocyclopentadiene; and combinations of two or more thereof.

Examples of unsaturated linear monomer may be chosen, without
limitation, from alkenes having 1 to 20, preferably from 1 to 12 carbon
atoms, most preferably from 1 to 6 carbon atoms, such as for example
alpha-olefins, for example ethylene, propylene, and butylene. Other
unsaturated linear monomers may be chosen from 1-butene, 4-methyl-1-
pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene,

1-hexadecene, 1-octadecene and 1-eicocene, cyclopentene, cyclohexane,
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3-methylcyclohexene, cyclooctene, 1,4-hexadiene, 4-methyl-1,4-
hexadiene, 5-methyl-1,4-hexadiene, 1,7-octadiene, dicyclopentadiene,
5-ethylidene-2-norbornene, 5-vinyl-2-norbornene, tetracyclododecene,
2-methyltetracyclododecene, and 2-ethyltetracyclododecene; or
combinations of two or more thereof. Preferably the unsaturated linear
monomer is ethylene.

Examples of COC obtained by chain polymerization of one or more
unsaturated cyclic monomers with one or more unsaturated linear
monomer can include copolymers of ethylene and norbornene, ethylene
and tetracyclododecene.

COC polymers are generally, or even completely, amorphous,
highly transparent and have very high moisture barrier properties, roughly
twice that of HDPE and five times that of LDPE. COC may be chosen
among cyclic olefin copolymers having a glass transition temperature (Tg)
of from 60 to 150 °C or from 70 to 100 °C.

Examples of COC obtained by ring-opening metathesis of one or
more unsaturated cyclic monomers and subsequent hydrogenation can
include hydrogenated polynorbornene.

The COC may be chosen from cyclic olefin copolymers having at
least 15, from 15 to 90, or from 15 to 40 mole percent of unsaturated cyclic
monomers.

The cycloolefin polymers can be prepared with the aid of transition-
metal catalysts. Preparation processes are described, for example, in
DD-A-109 225, EP-A-0 407 870, EP-A-0 485 893, U.S. Patents 5,869,586
and 6,068,936, and WQO98/27126. Molecular weight regulation during the
preparation can advantageously be effected using hydrogen. Suitable
molecular weights can also be established through targeted selection of
the catalyst and reaction conditions. Details in this respect are given in
the above mentioned specifications.

Suitable cycloolefin polymers are the products sold under the
trademark Topas® by Ticona.

The puncture resistant layer may also comprise an ionomer based
on an E/X/Y acid copolymer where E is ethylene, X is a Cs to Cs a,3-
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ethylenically unsaturated carboxylic acid, and Y is an optional comonomer
selected from alkyl acrylate and alkyl methacrylate.

Suitable Cs to Cg a,B3-ethylenically unsaturated carboxylic acids may
be chosen, for example, among methacrylic acid and acrylic acid.

The Cs3 to Cg a,B-ethylenically unsaturated carboxylic acid may be
present in an amount from 2 to 30, 5 to 20, or 12 to 19 weight percent,
based on the total weight of the acid copolymer.

The optional comonomer Y may be present in an amount from 0.1
to 40, 0.1 to 10 weight %, based on the weight of the E/X/Y copolymer, or
not present at all.

To form the ionomer, the carboxylic acid functionalities present in
the E/X/Y copolymer can be at least partially neutralized to salts
containing one or more alkali metal, transition metal, or alkaline earth
metal cations such as for example sodium, zinc, lithium, magnesium, or
calcium.

Thus, an ionomer may be chosen among E/X copolymers where E
is ethylene and X is methacrylic acid at least partially neutralized by zinc
or sodium.

Suitable polymers for use in the present invention are the ionomers
commercially available under the trademark Surlyn® from E. I. du Pont de
Nemours and Company (DuPont). Example ionomers include a
copolymer of ethylene with 15% methacrylic acid and a melt flow index
(MFI) of 0.7, 58% neutralized with Zn, and a copolymer of ethylene, with
10% methacrylic acid and MFI of 1.5, 38% neutralized with Zn.

The puncture resistant layer may also comprise a polyolefin chosen
among polyethylene homopolymers, polyethylene copolymers,
polypropylene homopolymers or polypropylene copolymers and/or
mixtures thereof.

Non-limiting examples of polyethylene homopolymers and/or
copolymers (wherein ethylene is the major comonomer) suitable for use as
a component of the puncture resistant layer or in tie layers (described
further below) in the coextruded multilayer film structure are, for example,
ultra low density polyethylene (ULDPE), very low density polyethylene
(VLDPE), low density polyethylene (LDPE), linear low density polyethylene
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(LLPE), high density polyethylene (HDPE) or metallocene polyethylene
(mPE).

Polyethylene homopolymers and/or copolymers may be made by
any available process known in the art including high pressure gas, low
pressure gas, solution and slurry processes employing conventional
Ziegler-Natta, metallocene, and late transition metal complex catalyst
systems.

Polypropylene homopolymers and/or copolymers such as random
copolymers, block copolymers and terpolymers of propylene include
copolymers of propylene (wherein propylene is the major comonomer)
with other olefins such as ethylene, 1-butene, 2-butene and the various
pentene isomers, and terpolymers of propylene such as copolymers of
propylene with ethylene and one other olefin, and random copolymers
(statistical copolymers) that have propylene and the comonomer(s)
randomly distributed throughout the polymeric chain in ratios
corresponding to the feed ratio of the propylene to the comonomer(s).
Suitable block copolymers are made up of chain segments consisting of
propylene homopolymer and of chain segments consisting of, for example,
random copolymers of propylene and ethylene.

Polypropylene homopolymers and/or copolymers can be
manufactured by any known process (e.g., using Ziegler-Natta catalyst,
based on organometallic compounds or on solids containing titanium
trichloride). Block copolymers can be manufactured similarly, except that
propylene is generally first polymerized by itself in a first stage and
propylene and additional comonomers such as ethylene are then
polymerized, in a second stage, in the presence of the polymer obtained
during the first. Because the processes for making polypropylenes are
well known to one skilled in the art, the description thereof is omitted
herein for the interest of brevity.

The thickness of the puncture resistant layer may depend on the
specific end-use of the coextruded multilayer film structure and can range
from 5 to 60 um or from 10 to 30 um. The thickness of the puncture
resistant layer may range from 5 to 90%, 10 to 70%, or 20 to 50%, of the

total thickness of the coextruded multilayer film structure.
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The coextruded multilayer film structure comprises at least one tie
layer. The tie layer serves to adhere the puncture resistant layer to a
sealant layer and/or other adjacent layers. In the case where the tie layer
serves to adhere the at least one puncture resistant layer to the at least
one sealant layer, the tie layer is adjacent to at least one sealant layer and
the puncture resistant layer. Stated alternatively, the tie layer is
sandwiched between the puncture resistant layer and the sealant layer.

The tie layer may comprise one or more olefin homopolymers
and/or copolymers, as described above. Preferably, the one or more
olefin homopolymers and/or copolymers are chosen among polyethylene
homopolymers and/or copolymers, propylene homopolymers and/or
copolymers, and/or mixtures thereof.

A noted tie layer comprises one or more ethylene copolymers.

“Ethylene copolymer” refers to a polymer comprising repeat units
derived from ethylene and at least one additional monomer. The
additional monomer may be another a-olefin, or a monomer with a polar
functional group.

The ethylene copolymers may be chosen among ethylene a-olefin
copolymers, ethylene vinyl acetate copolymers, ethylene alkyl
(meth)acrylate copolymers such as ethylene methyl (meth)acrylate
copolymers, ethylene ethyl (meth)acrylate copolymers, ethylene butyl
(meth)acrylate copolymers, or combinations of two or more thereof.

“Alkyl (meth)acrylate” refers to alkyl acrylate and/or alkyl
methacrylate.

In the case where the tie layer comprises an ethylene copolymer,
the ethylene copolymer can be an ethylene a-olefin copolymer which
comprises ethylene and an a-olefin of 3 to 20 or 4 to 8 carbon atoms.

The density of the ethylene a-olefin copolymers can range from
0.860 g/cm?® to 0.925 g/cm?®, from 0.860 g/cm?® to 0.91 g/cm?, or between
0.880 g/cm® to 0.905 g/cm®. Resins made by Ziegler-Natta type catalysis
and by metallocene or single site catalysis are included provided they fall
within the density ranges so described. The metallocene or single site
resins useful herein are (i) those which have an 1-10/1-2 ratio of less than
5.63 and an Mw/Mn (polydispersivity) of greater than (1-10/1-2)-4.63, and
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(ii) those based which have an 1-10/1-2 ratio of equal to or greater than
5.63 and a polydispersivity equal to or less than (I-10/1-2) - 4.63. The
metallocene resins of group (ii) may have a polydispersivity of greater than
1.5 but less than or equal to (I-10/1-2) - 4.63. Conditions and catalysts
which can produce substantially linear metallocene resins are described in
U.S. Patent 5,278,272. The reference gives full descriptions of the
measurement of the well-known rheological parameters I-10 and [-2,
which are flow values under different load and hence shear conditions. It
also provides details of measurements of the well-known Mw/Mn ratio
determination, as determined by gel-permeation chromatography (GPC).

The ethylene copolymers may be ethylene copolymerized with a a
monomer comprising a polar functional group such as vinyl acetate or
alkyl (meth)acrylates.

When the tie layer comprises an ethylene vinyl acetate copolymer,
the relative amount of copolymerized vinyl acetate units may be of from 2
to 40, 10 to 40, 10 to 30, or 15 to 28, weight %, based on the total weight
of the ethylene vinyl acetate copolymer. A mixture of two or more different
ethylene vinyl acetate copolymers may be used as components of the tie
layer in place of a single copolymer.

Ethylene alkyl (meth)acrylate copolymers are thermoplastic
ethylene copolymers derived from the copolymerization of ethylene
comonomer and at least one alkyl (meth)acrylate comonomer, wherein the
alkyl group contains from one to ten carbon atoms and preferably from
one to four carbon atoms.

When the tie layer comprises an ethylene alkyl (meth)acrylate
copolymer, the relative amount of copolymerized alkyl (meth)acrylate units
may be of from 0.1 to 45, 5 to 35, or 8 to 28 weight percent, based on the
total weight of the ethylene alkyl (meth)acrylate copolymer. An example
ethylene alkyl (meth)acrylate copolymer is a copolymer of ethylene and
16% ethyl acrylate, melt flow index (MFI) of 1.

The olefin homopolymers and/or ethylene copolymers may be
modified copolymers, meaning that the copolymers are grafted and/or
copolymerized with organic functionalities. Modified polymers for use in
the tie layer may be modified with acid, anhydride and/or epoxide
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functionalities. Examples of the acids and anhydrides used to modify
polymers, which may be mono-, di- or polycarboxylic acids are acrylic
acid, methacrylic acid, maleic acid, maleic acid monoethylester, fumaric
acid, itaconic acid, crotonic acid, itaconic anhydride, maleic anhydride and
substituted maleic anhydride, e.g. dimethyl maleic anhydride or citrotonic
anhydride, nadic anhydride, nadic methyl anhydride, and
tetrahydrophthalic anhydride, or combinations of two or more thereof,
maleic anhydride being preferred.

Where the olefin homopolymer and/or copolymer is acid-modified, it
may contain from 0.05 to 25 weight percent of an acid, based on the total
weight of the modified polymer.

When anhydride-modified polymer is used, it may contain from 0.03
to 10, or 0.05 to 5 weight percent of an anhydride, based on the total
weight of the modified polymer.

Examples of epoxides used to modify polymers can include
unsaturated epoxides comprising from four to eleven carbon atoms, such
as glycidyl (meth)acrylate, allyl glycidyl ether, vinyl glycidyl ether and
glycidyl itaconate, glycidyl (meth)acrylates being particularly preferred.

Epoxide-modified ethylene copolymers may contain from 0.05 to
15 weight % of an epoxide, based on the total weight of the modified
ethylene copolymer. Epoxides used to modify ethylene copolymers can
include glycidyl (meth)acrylates. An ethylene/glycidyl (meth)acrylate
copolymer may further contain copolymerized units of an alkyl
(meth)acrylate having from one to six carbon atoms and an a-olefin having
1 to 8 carbon atoms. Representative alkyl (meth)acrylates include methyl
(meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, butyl
(meth)acrylate, isobutyl (meth)acrylate, hexyl (meth)acrylate, or
combinations of two or more thereof. Of note are ethyl acrylate and butyl
acrylate. The a-olefin may be selected from the group of propylene,
octene, butene and hexane, especially propylene.

Modified ethylene copolymers can be modified with acid, anhydride

and/or glycidyl (meth)acrylate functionalities.
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Olefin homopolymers and/or copolymers and modified polymers are
commercially available under the trademarks APPEEL®, BYNEL®,
ELVALOY® AC and ELVAX® from DuPont.

Ethylene copolymers can be produced by any means known to one
skilled in the art using either autoclave or tubular reactors (e.g. U.S.
Patents 3,404,134, 5,028,674, 6,500,888, 3,350,372, and 3,756,996).

The thickness of the tie layer of the multilayer structure may be
between 1 and 100 um, 5 and 50 um, or 5 to 30 um.

The coextruded multilayer film structure also comprises at least one
sealant layer. The sealant layer serves to adhere the film structure to any
suitable substrate or to itself, and may comprises one or more olefin
homopolymers and/or copolymers capable of fusion bonding on and to
any suitable substrate or to itself by conventional means such as heat
sealing.

The sealant layer may comprise olefin homopolymers and/or
copolymers chosen among polyethylene, propylene homopolymers and/or
copolymers, ethylene copolymers such as for example ethylene
(meth)acrylic acid copolymers and their corresponding ionomers, and/or
mixtures thereof.

The sealant layer may also include these homopolymers or
copolymers blended with other polymers. For example, a polyethylene
may be blended with polybutylene to provide a sealant with enhanced
peelability.

Of note is a sealant layer comprising at least one ionomer such as
disclosed above. In the multilayer structure, the ionomer in the sealant
layer be the same as that in the puncture resistant layer or it may be
different.

The multilayer film structure may further comprise at least one
barrier layer and wherein said barrier layer is between the at least one
puncture resistant layer and the at least one sealant layer, preferably
wherein the barrier layer comprises ethylene vinyl alcohol copolymer
(EVOH), COC, and blends thereof with polyethylene, polyvinyl alcohol and
polyamides.
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When the coextruded multilayer film structure comprises at least
one barrier layer, such barrier layer may be chosen from layers comprising
ethylene vinyl alcohol copolymer (EVOH), COC, and blends thereof with
polyethylene, polyvinyl alcohol and polyamides, depending on the desired
barrier effect (e.g. a moisture barrier and/or oxygen barrier). Such a
barrier layer may be one or more layers combined.

The coextruded multilayer film structure may also comprise a
barrier layer consisting of a layer of EVOH, which is adjacent to and
between two layers comprising a polyamide or a COC or comprising a
blend of COC and polyethylene, polypropylene or ionomer. Stated
alternatively, the coextruded multilayer film structure may also comprise a
barrier layer consisting of a layer of EVOH flanked, on each side, by a
layer comprising polyamide, COC, or a blend of COC and polyethylene,
polypropylene or ionomer. In some embodiments, tie layer(s) may be
present between the barrier layer and the layer comprising polyamide or
COC or a blend of COC and polyethylene, polypropylene or ionomer.
Accordingly, a preferred multilayer film structure is one wherein the at
least one barrier layer consists essentially of a layer of ethylene vinyl
alcohol copolymer between at least two layers each independently
comprising a polyamide or a blend of cyclic olefin copolymer and
polyethylene or polypropylene or ionomer.

A preferred embodiment is the multilayer structure wherein the at
least one barrier layer consists of a layer of ethylene vinyl alcohol
copolymer (EVOH) between two layers comprising a blend of cyclic olefin
copolymer and ionomer, polyethylene or polypropylene, optionally with tie
layers between the layer of EVOH and the layers comprising a blend of
cyclic olefin copolymer and ionomer, polyethylene or polypropylene.

Another preferred embodiment is the multilayer structure wherein
the at least one barrier layer consists of a layer of ethylene vinyl alcohol
copolymer (EVOH) adjacent to and between two layers comprising a
polyamide.

EVOH polymers generally have an ethylene content of between
about 15 mole percent to about 60 mole percent, more preferably between
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about 20 to about 50 mole percent. The density of commercially available
EVOH generally ranges from between about 1.12 g/cm?® to about

1.20 gm/cm?, the polymers having a melting temperature ranging from
between about 142°C and 191°C. EVOH polymers can be prepared by
well-known techniques or can be obtained from commercial sources.
EVOH copolymers may be prepared by saponifying or hydrolyzing
ethylene vinyl acetate copolymers. Thus EVOH may also be known as
hydrolyzed ethylene vinyl acetate (HEVA) copolymer. The degree of
hydrolysis is preferably from about 50 to 100 mole percent, more
preferably from about 85 to 100 mole percent. In addition, the weight
average molecular weight, M,,, of the EVOH component useful in the
structures of the invention, calculated from the degree of polymerization
and the molecular weight of the repeating unit, may be in the range of
5,000 Daltons to 300,000 Daltons with 50,000 to 70,000 Daltons, such as
60,000 Daltons, being most preferred.

Suitable EVOH polymers may be obtained from Eval Company of
America or Kuraray Company of Japan under the tradename EVAL™.
EVOH is also available under the tradename SOARNOL® from Noltex
L.L.C. Examples of such EVOH resins include EVAL™ F101, EVAL™
E105, EVAL™ J102, and SOARNOL® DT2903, SOARNOL® DC3203 and
SOARNOL® ET3803. Preferably the EVOH is orientable from about 3x3
to about 10x10 stretch without loss in barrier properties from pinholing,
necking or breaks in the EVOH layer.

Of special note are EVOH resins sold under the tradename EVAL™
SP obtained from Eval Company of America or Kuraray Company of
Japan that may be useful as components in the laminated shrink films of
the present invention. EVAL™ SP is a type of EVOH that exhibits
enhanced plasticity and that is suited for use in packaging applications
including shrink film. Examples of such EVOH resins include EVAL™ SP
521, EVAL™ SP 292 and EVAL™ SP 482. The EVAL™ SP grades of

L™ resins. These

EVOH are easier to orient than the conventional EVA
EVOH polymers are a preferred class for use in the multilayer oriented
heat shrinkable films of this invention. Without being bound to theory, it is

believed that the enhanced orientability of the EVAL™ SP EVOH resins
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derives from their chemical structure, in particular the relatively high level
of head to head adjacent hydroxyl groups in the EVOH polymer chain. By
head to head adjacent hydroxyl groups is meant 1,2-glycol structural units.
By relatively high is meant from about 2 to about 8 mole % 1,2-glycol
structural units are present in the EVOH polymer chain. Preferably, about
2.8 to about 5.2 mole % 1,2-glycol units will be present.

The barrier layer may comprise EVOH and be sandwiched between
two puncture resistant layers, or stated alternatively, the at least one
barrier layer is adjacent to and between the at least two puncture resistant
layers.

Accordingly, the multilayer film structure may comprise at least two
puncture resistant layers comprising at least one cyclic olefin copolymer
and at least one ionomer or polyolefin, preferably wherein the polyolefin is
polyethylene or polypropylene; at least one barrier layer, wherein the at
least one barrier layer is between the at least two puncture resistant
layers; at least one tie layer; and at least one sealant layer.

The multilayer structure may further comprise an outer layer
comprising a polyamide, polycarbonate, polyester, preferably polyethylene
terephthalate, or polyolefin.

The outer layer may give the coextruded multilayer film structure
mechanical resistance and/or printability, and/or may further comprise one
or more additional functional layers such as barrier layers and/or other
functional layers located between the at least one puncture resistant layer
and the at least one sealant layer.

By outer layer it is meant a layer that is the outermost layer of the
coextruded multilayer film structure, on the face opposite to that of the
sealant layer, i.e. a layer forming the outer face of the structure on the face
opposite to that of the sealant layer. For example, in a tubular coextruded
structure such as that formed in a triple bubble process, the outer layer is
the layer that serves as the exterior face of the tubular structure. In a
package containing a product, the outer layer is the layer furthest from the
product.

The outer layer may be chosen from polycondensates such as
polyamides, polyesters and polycarbonates or from polyolefins.

15
45/300



WO 2013/116445 PCT/US2013/024022

10

15

20

25

30

Polyamides (abbreviated herein as PA), also referred to as nylons,
are condensation products of one or more dicarboxylic acids and one or
more diamines, and/or one or more aminocarboxylic acids such as
11-aminododecanoic acid, and/or ring-opening polymerization products of
one or more cyclic lactams such as caprolactam and laurolactam.
Polyamides may be fully aliphatic or semiaromatic.

Polyamides from single reactants such as lactams or amino acids,
referred to as AB type polyamides are disclosed in Nylon Plastics (edited
by Melvin L. Kohan, 1973, John Wiley and Sons, Inc.) and include nylon-6,
nylon-11, nylon-12, or combinations of two or more thereof. Polyamides
prepared from more than one lactam or amino acid include nylon-6,12.

Other well-known polyamides useful as a component of the outer
layer include those prepared from condensation of diamines and diacids,
referred to as AABB type polyamides (including nylon-66, nylon-610,
nylon-612, nylon-1010, and nylon-1212), as well as from a combination of
lactams, diamines and diacids such as nylon-6/66, nylon-6/610, nylon-
6/66/610, nylon-66/610, or combinations of two or more thereof.

Fully aliphatic polyamides used in the resin composition are formed
from aliphatic and alicyclic monomers such as diamines, dicarboxylic
acids, lactams, aminocarboxylic acids, and their reactive equivalents. In
this context, the term “fully aliphatic polyamide” also refers to copolymers
derived from two or more such monomers and blends of two or more fully
aliphatic polyamides. Linear, branched, and cyclic monomers may be
used.

Carboxylic acid monomers comprised in the fully aliphatic
polyamides include, but are not limited to aliphatic dicarboxylic acids, such
as for example adipic acid (C6), pimelic acid (C7), suberic acid (C8),
azelaic acid (C9), decanedioic acid (C10), dodecanedioic acid (C12),
tridecanedioic acid (C13), tetradecanedioic acid (C14), and
pentadecanedioic acid (C15). Diamines can be chosen among diamines
with four or more carbon atoms, including but not limited to tetramethylene
diamine, hexamethylene diamine, octamethylene diamine, decamethylene
diamine, dodecamethylene diamine, 2 methylpentamethylene diamine,

2-ethyltetramethylene diamine, 2 methyloctamethylenediamine;
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trimethylhexamethylenediamine, meta-xylylene diamine, and/or mixtures
thereof.

Semi-aromatic polyamides include a homopolymer, a copolymer, a
terpolymer or more advanced polymers formed from monomers containing
aromatic groups. One or more aromatic carboxylic acids may be
terephthalic acid or a mixture of terephthalic acid with one or more other
carboxylic acids, such as isophthalic acid, phthalic acid, 2-methyl
terephthalic acid and naphthalic acid. In addition, the one or more
aromatic carboxylic acids may be mixed with one or more aliphatic
dicarboxylic acids, as disclosed above. Alternatively, an aromatic diamine
such as meta-xylylene diamine (MXD) can be used to provide a semi-
aromatic polyamide, an example of which is MXD6, a homopolymer
comprising MXD and adipic acid.

Preferred polyamides disclosed herein are homopolymers or
copolymers wherein the term copolymer refers to polyamides that have
two or more amide and/or diamide molecular repeat units. The
homopolymers and copolymers are identified by their respective repeat
units. For copolymers disclosed herein, the repeat units are listed in
decreasing order of mole % repeat units present in the copolymer. The
following list exemplifies the abbreviations used to identify monomers and

repeat units in the homopolymer and copolymer polyamides:

HMD hexamethylene diamine (or 6 when used in combination with a
diacid)

T Terephthalic acid

AA Adipic acid

DMD Decamethylenediamine

6 e-Caprolactam

DDA Decanedioic acid

DDDA  Dodecanedioic acid

I Isophthalic acid

MXD meta-xylylene diamine

TMD 1,4-tetramethylene diamine

4T polymer repeat unit formed from TMD and T
6T polymer repeat unit formed from HMD and T
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DT polymer repeat unit formed from 2-MPMD and T

MXD6 polymer repeat unit formed from MXD and AA

66 polymer repeat unit formed from HMD and AA

10T polymer repeat unit formed from DMD and T

410 polymer repeat unit formed from TMD and DDA

510 polymer repeat unit formed from 1,5-pentanediamine and DDA
6 polymer repeat unit formed from e-caprolactam

610 polymer repeat unit formed from HMD and DDA

612 polymer repeat unit formed from HMD and DDDA

11 polymer repeat unit formed from 11-aminoundecanoic acid
12 polymer repeat unit formed from 12-aminododecanoic acid

In the art the term “6” when used alone designates a polymer
repeat unit formed from e-caprolactam. Alternatively “6” when used in
combination with a diacid such as T, for instance 6T, the “6” refers to
HMD. In repeat units comprising a diamine and diacid, the diamine is
designated first. Furthermore, when “6” is used in combination with a
diamine, for instance 66, the first “6” refers to the diamine HMD, and the
second “6” refers to adipic acid. Likewise, repeat units derived from other
amino acids or lactams are designated as single numbers designating the
number of carbon atoms.

In various embodiments the polyamide composition comprises one
or more polyamides selected from among the following groups (wherein
PA is shorthand for polyamide or “nylon-"):

Group | polyamides may have semiaromatic repeat units to the
extent that the melting point is less than 210 °C and generally the
semiaromatic polyamides of the group have less than 40 mole percent of
semiaromatic repeat units. Semiaromatic repeat units are defined as
those derived from monomers selected from one or more of the group
consisting of aromatic dicarboxylic acids having 8 to 20 carbon atoms and
aliphatic diamines having 4 to 20 carbon atoms. Notable Group |
polyamides include PA6/66, PA6/610, PA6/66/610, PA6/6T, PA1010,
PA11 and PA12.

Group Il polyamides have a melting point of at least 210 °C,

comprising an aliphatic polyamide such as poly(tetramethylene

18
48/300



WO 2013/116445 PCT/US2013/024022

10

15

20

25

30

hexanediamide) (PA46), poly(e-caprolactam) (PAG), poly(hexamethylene
hexanediamide/(e-caprolactam) (PA66/6), poly(hexamethylene
hexanediamide) (PA66), poly(hexamethylene
hexanediamide/hexamethylene decanediamide) (PA66/610),
poly(hexamethylene hexanediamide/hexamethylene dodecanediamide)
(PAG6/612), poly(hexamethylene hexanediamide/decamethylene
decanediamide) (PA66/1010), poly(hexamethylene decanediamide)
(PA610), poly(hexamethylene dodecanediamide) (PA612),
poly(hexamethylene tetradecanediamide) (PA614), poly(hexamethylene
hexadecanediamide) (PA616), and poly(tetramethylene hexanediamide/2-
methylpentamethylene hexanediamide) (PA46/D6). Notable Group I
polyamides include PAG, PAG6, PAG10 and PAG12.

Group lll polyamides have a melting point of at least 210 °C and
comprise

(aa) 20 to 35 mole percent semiaromatic repeat units derived
from one or more monomers selected from aromatic dicarboxylic acids
having 8 to 20 carbon atoms and aliphatic diamines having 4 to 20 carbon
atoms; and

(bb) 65 to 80 mole percent aliphatic repeat units derived from one
or more monomers selected from aliphatic dicarboxylic acids having 6 to
20 carbon atoms and an aliphatic diamine having 4 to 20 carbon atoms;
and lactams and/or aminocarboxylic acids having 4 to 20 carbon atoms.
Group Il polyamides include poly(tetramethylene
hexanediamide/tetramethylene terephthalamide) (PA46/4T),
poly(tetramethylene hexanediamide/hexamethylene terephthalamide)
(PA46/6T), poly(tetramethylene hexanediamide/2-methylpentamethylene
hexanediamide/decamethylene terephthalamide) PA46/D6/10T),
poly(hexamethylene hexanediamide/hexamethylene terephthalamide)
(PAG6/6T), poly(hexamethylene hexanediamide/hexamethylene
isophthalamide/hexamethylene terephthalamide PAG66/61/6T, and
poly(hexamethylene hexanediamide/2-methylpentamethylene
hexanediamide /hexamethylene terephthalamide (PA66/D6/6T). A
preferred Group Ill polyamide is PA 66/6T.
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Group IV polyamides have no melting point and include
poly(hexamethylene isophthalamide/hexamethylene terephthalamide)
(PAGI/6T) and poly(hexamethylene isophthalamide/hexamethylene
terephthalamide/hexamethylene hexanediamide) (PAGI/6T/66).

In various embodiments the polyamide is a Group | polyamide, Group
Il polyamide, Group Il polyamide, or Group IV polyamide, respectively.

Of note are polyamides with a lower ratio of methylene units to
amide groups, especially those with a ratio of five or less methylene units
per amide group such as PA6, PA66, PA6/66 and most especially PA6
and PAG6. Also of note are polyamides with a ratio of methylene units to
amide groups of 5 to 9 such as PA612, PA610, PA612, PA6/610, and
PA6/66/610.

Preferred polyamides include PA6, PA66, PA610, PA612, PA6/66,
PA6/610, PA6/66/610, PAG/6T, and combinations thereof. More preferred
polyamides include PAG6, PA66, PAG10, PA612, and combinations thereof,
with PAG6 most preferred.

The polyamides may also be blends of two or more polyamides.
Preferred blends include those selected from the group consisting of
Group | and Group Il polyamides, Group | and Group |ll polyamides,
Group | and Group VI polyamides, Group Il and Group Il polyamides,
Group Il and Group IV polyamides.

Polyamides and processes for making them are well known to
those skilled in the art, so the disclosure of which is omitted in the interest
of brevity.

Suitable polyamides or copolymers thereof may be chosen among
aliphatic or semi-aromatic polyamides including PA6, PA66, PA610, PAGT,
PA6.66, PA10, PA11 or PA12. Of note is a blend of nylon-6 and nylon-
66/610.

Suitable polyesters and copolymers thereof may be chosen among
aliphatic polyesters such as polyhydroxyalkanoic acids like for example
polylactic acid or poly(3-hydroxybutyrate) or among semi-aromatic
polyesters like for example polyethylene terephthalate and copolymers
thereof such as PETG, polytrimethylene terephthalate, polybutylene
terephthalate and polyethylene naphthalate.
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Polyesters and processes for making them are well known to those
skilled in the art, so the disclosure of which is omitted in the interest of
brevity.

Suitable polyolefins for use in the outer layer may be chosen from
various types of polyethylene, polypropylene, polystyrene and ethylene
copolymers, as described above.

Each layer of the coextruded multilayer film structure may
independently further comprise, based on the weight of the layer, from
about 0.0001 to about 20%, modifiers and other additives, including
without limitation, plasticizers, impact modifiers, stabilizers including
viscosity stabilizers and hydrolytic stabilizers, lubricants, antioxidants, UV
light stabilizers, antifog agents, antistatic agents, dyes, pigments or other
coloring agents, fillers, flame retardant agents, reinforcing agents, grafting
agents, foaming and blowing agents and processing aids known in the
polymer compounding art; for example antiblock agents and release
agents; and combinations of two or more thereof. These additives may be
present in the polymer compositions of each of the layers independently in
amounts of up to 20, such as 0.01 to 7, or 0.01 to 5, weight %.

Exemplary structures according to this invention may be the
coextruded multilayer structures summarized below. In these structures,
the layers are listed from left to right in order from outer layer (furthest
away from the interior of the package or tubular structure) to inner layer
(closest to the interior of the package or tubular structure). In these
structures, outer layers include polyethylene terephthalate (PET) or
polyamide (PA). Puncture-resistant layers include blends of cyclic olefin
copolymer and ionomer (COC+10), blends of cyclic olefin copolymer and
polypropylene (COC+PP) and blends of cyclic olefin copolymer and
polyethylene (COC+PE). A single layer barrier layer may be EVOH.
Multilayer barrier layers include COC+PE/tie/EVOH/tie/COC+PE,
COC+I0O/tie/EVOH/tie/COC+10, COC+PP/tie/EVOH/tie/COC+PP and
PA/EVOH/PA. Sealant layers include polyethylene (PE), and ionomer
(10). Blends of polyethylene and polybutylene (PE+PB) provide sealant
layers with easier peelability.
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PET/tie/PE/COC+10/tie/EVOH/tie/PE
PET/tie/PE/COC+PE/tie/EVOH/tie/PE
PET/tie/PE/COC+PP/tie/EVOH/tie/PE
PA/tie/PE/COC+|0/tie/EVOH/tie/PE
PA/tie/PE/COC+PE/tie/EVOH/tie/PE
PA/tie/PE/COC+PP/tie/EVOH/tie/PE
PET/tie/PE/COC+IO/tie/EVOH/tie/1O
PET/tie/PE/COC+PE/tie/EVOH/tie/lO
PET/tie/PE/COC+PP/tie/EVOH/tie/lO
PA/tie/PE/COC+I0/tie/EVOH/tie/IO
PA/tie/PE/COC+PE/tie/EVOH/tie/IO
PA/tie/PE/COC+PP/tie/EVOH/tie/IO
PET/tie/COC+IO/COC+PE/tie/EVOH/tie/PE
PET/tie/COC+IO/COC+PP/tie/EVOH/tie/PE
PET/tie/COC+PE/COC+IO/tie/EVOH/tie/PE
PET/tie/COC+PE/COC+PP/tie/EVOH/tie/PE
PET/tie/COC+PP/COC+IO/tie/EVOH/tie/PE
PET/tie/COC+PP/COC+PE/tie/EVOH/tie/PE
PET/tie/COC+I0/COC+PE/tie/EVOH/tie/PE
PET/tie/COC+IO/COC+PP/tie/EVOH/tie/lO
PET/tie/COC+PE/COC+IO/tie/EVOH/tie/IO
PET/tie/COC+PE/COC+PP/tie/EVOH/tie/IO
PET/tie/COC+PP/COC+IO/tie/EVOH/tie/IO
PET/tie/COC+PP/COC+PE/tie/EVOH/tie/IO
PET/tie/COC+I0/COC+PE/tie/EVOH/tie/COC+PE/tie/PE
PET/tie/COC+PP/COC+PE/tie/EVOH/tie/COC+PE/PE
PET/tie/PP/COC+PP/tie/EVOH/tie/COC+PE/PE
PET/tie/PE/COC+PE/tie/EVOH/tie/COC+PE/PE
PET/tie/COC+I0/COC+PE/tie/EVOH/tie/COC+PE/COC+IO/IO
PET/tie/COC+PP/COC+PE/tie/EVOH/tie/COC+PE/COC+PP/IO
PET/tie/COC+10/tie/PA/EVOH/PA/tie/PE
PET/tie/COC+PP/tie/PA/EVOH/PA/tie/PE
PET/tie/COC+10/tie/PA/EVOH/PA/tie/PE
PET/tie/COC+I0/tie/PA/EVOH/PA/tie/IO

22
52/300



WO 2013/116445 PCT/US2013/024022

10

15

20

25

30

PET/tie/COC+PP/tie/PA/EVOH/PA/tie/IO
PET/tie/COC+IO/tie/PA/JEVOH/PA/tie/IO
PET/tie/PP/COC+PP/tie/PA/EVOH/PA/tie/PE
PET/tie/PE/COC+PE/tie/PA/EVOH/PA/tie/PE
PET/tie/PP/COC+PP/tie/PA/EVOH/PA/tie/IO
PET/tie/PE/COC+PE/tie/PA/EVOH/PA/tie/IO
PET/tie/COC+PP/tie/PA/EVOH/PA/tie/COC+PP/IO
PET/tie/COC+PE/tie/PA/EVOH/PA/tie/COC+PE/IO
PET/tie/COC+IO/tie/PA/EVOH/PA/tie/COC+IO/IO
PET/tie/COC+PP/tie/PA/EVOH/PA/tie/ COC+PP/IO
PET/tie/PE/PE+COC/tie/EVOH/tie/PE+COC/PE/PE+PB
PET/tie/PE/PE+COC/tie/EVOH/tie/PE+COC/PE/PE+PB
PET/tie/PE+COC/PE+CQOC/tie/EVOH/tie/PE+COC/PE/PE+PB
PET/tie/PE+COC/PE+COC/tie/PA/EVOH/PA/tie/PE/PE+PB
PET/tie/lon/PE+CQOC/tie/EVOH/tie/PE+COC/PE/PE+PB
PET/tie/lon+COC/PE+COC!/tie/EVOH/tie/PE+COC/PE/PE+PB
PET/tie/PP/PP+COC/tie/EVOH/tie/PE+COC/PE/PE+PB
PET/tie/PP+COC/PE+COC/tie/EVOH/tie/PE+COC/PE+PB
PET/tie/PP+COC/PE+COC/tie/PA/EVOH/PA/tie/PE+COC/PE+PB
PET/tie/PP+COC/PE+COC/tie/PA/EVOH/PA/tie/PE/PE+PB.

In particular embodiments, the ionomer sealant layer and the
COC+IO, COC+PE or the COC+PP layer may further enhance the
puncture resistance and shrinking ability and reduce the tendency of the
coextruded multilayer film structure to curl.

A preferred film structure comprises the layers of PET/tie/puncture
resistant layer/COC+PE/tie/EVOH/tie/COC+PE/tie/PE wherein PET
represents a polyethylene terephthalate outer layer, the puncture resistant
layer comprises a blend of cyclic olefin copolymer and ionomer or cyclic
olefin copolymer and polypropylene, the barrier layer comprises
COC+PE/tie/EVOH/tie/COC+PE, and PE represents a polyethylene
sealant layer.

Another preferred film structure comprises the layers of
PET/tie/puncture resistant layer/COC+PE/tie/EVOH/tie/ COC+PE/puncture

resistant layer/IO wherein PET represents a polyethylene terephthalate
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outer layer, each puncture resistant layer independently comprises a blend
of cyclic olefin copolymer and ionomer or cyclic olefin copolymer and
polypropylene, the COC+PE/tie/EVOH/tie/COC+PE is a barrier layer
structure, and 10 represents an ionomer sealant layer.

The inventors surprisingly discovered that it is possible to produce
the coextruded multilayer structure by coextrusion and/or orientation by a
triple bubble process. The process can comprise coextruding at least one
puncture resistant layer, at least one tie layer, and at least one sealant
layer to produce a tubular coextruded muiltilayer film; cooling the
coextruded tubular multilayer film structure in a first bubble; orienting (e.g.,
mono- or bi-axially) the coextruded tubular multilayer film structure under
heating in a second bubble; and relaxing the oriented coextruded tubular
multilayer film structure under heating in a third bubble.

In the triple bubble process, the tubular coextruded multilayer film
structure can be heated in the second bubble to a temperature between
the glass transition temperature of the at least one puncture resistant layer
and the melting point of the at least one puncture resistant layer, such as
to a temperature of from 60 to 95 °C, or 75 to 95 °C

In the process, the tubular coextruded multilayer film structure can
be heated in the third bubble to a temperature between the glass transition
temperature of the puncture resistant layer and the melting point of the
puncture resistant layer, to a temperature that is inferior to the temperature
in the second bubble, or the coextruded multilayer film structure can be
heated in the third bubble to a temperature of from 65 to 95 °C, or 75 to
95°C, or in the cases of LLDPE to temperatures of 95 to 125 °C, or PP to
temperatures of 95 to 136 °C.

This triple bubble process may allow for the manufacture of
coextruded multilayer film structures comprising at least one puncture
resistant layer having excellent barrier properties as well as good
mechanical properties, excellent heat shrink performance and
transparency.

The step of coextruding the puncture resistant layer, tie layer and
sealant layer may be carried out by connecting multiple feeders
processing the corresponding materials, generally in the form of
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granulates, to extruders connected to a circular or annular die to form a
tubular multilayer film in @ manner known in the art.

The COC and at least one ionomer or polyolefin of the puncture
resistant layer can be fed into the extruder in the form of a “salt and
pepper blend” by methods known in the art such as to form the
corresponding layer in the tubular coextruded multilayer film.

The polymers making up the tie layer and making up the sealant
layer can be fed into the extruder by methods known in the art such as to
form corresponding layers in the tubular coextruded multilayer film
structure.

In the case in which the coextruded multilayer film comprises an
outer layer giving the coextruded multilayer film structure mechanical
resistance and/or printability, or comprises one or more additional
functional layers such as barrier layers and/or other functional layers, the
corresponding materials can be fed, in a manner known in the art, into the
extruder by connecting additional feeders to it and redirecting the melt into
the desired areas of the circular or annular die.

Referring to Figure 1, a schematic diagram of the triple bubble
process is presented. The first bubble B1 is formed on one end by the
tubular multilayer film structure having a diameter of D1 exiting the circular
or annular die of the extruder, and on the other end by the set of rolls R1
that form the hermetically closed end of the first bubble B1.

In the first bubble B1, the tubular multilayer film exiting the die and
having an initial diameter D1, is quickly cooled, or quenched, in a way
such as to obtain a minimum amount of crystallization in the structure.

Said quick cooling, or quenching, is preferably obtained by
quenching the exiting tubular coextruded multilayer film through a first
water bath W1 having a temperature of from 0.1 °C to 50 °C, more
preferably of from 0.1 °C to 25 °C and a length of from 0.4 to 5 m,
preferably of from 1 to 3 m. The residence time in the water bath W1 may
be adjusted to range of from 1 to 20 seconds, more preferably from 10 to
20 seconds.

After cooling, the now solidified tubular coextruded multilayer film

structure is then passed through a set of rolls which are immersed in a

25
55/300



WO 2013/116445 PCT/US2013/024022

10

15

20

25

30

second water bath W2 having a temperature of from 60 to 95 °C. The
second water bath has a variable length of from 0.4 to 5 meters and the
residence time in this bath depending on the speed of the film line can be
from 1 to 20 seconds, more preferably from 10 to 20 seconds.

The second water bath W2 pre-heats the solidified tubular
coextruded multilayer film passing through to a temperature where it can
be stretched without ripping, of more than 60 °C, preferably from 60 °C to
95 °C, more preferably from 75 °C and 95 °C. In more general terms, the
solidified tubular coextruded multilayer film is heated to a temperature
above the glass transition temperature of the layer having the highest
glass transition temperature, which in the case of the present invention is
the at least one puncture resistant layer.

The second water bath W2 may be replaced by or supplemented
with any suitable heating means, such as for example a hot air blower, an
IR heater or heating coils. In the case where the second water bath W2 is
supplemented by a hot air blower, the hot air blower may be set to a
temperature of from 140 to 160 °C, which will heat the tubular coextruded
multilayer film to a temperature of from 75 °C to 95 °C because of the low
heat capacity of air, and the hot air blower is preferably located
immediately after the second set of nip rolls R2 sealing the upstream
(towards the extruder) end of the second bubble.

After being pre-heated in the second water bath W2, the now
softened tubular coextruded multilayer film structure is inflated to form the
second bubble. Forming the softened tubular coextruded multilayer film
structure allows for the structure to be oriented by drawing in both
machine/axial direction (MD) and transverse/radial direction (TD) in the
second bubble B2, at the same time.

The drawing in the machine/axial direction (MD) can be achieved
by adjusting the speed V2 of a second set of nip rolls R2 that form the
upstream (towards the extruder) end of the second bubble and the speed
V3 of a third set of nip rolls R3 that form the downstream (away from
extruder) end of the second bubble. Generally, V3 is greater than V2,
preferably 2 to 4 times greater than V2. Stated alternatively, the ratio
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given by V3/V2 is equivalent to the drawing ratio and is preferably of from
2to4.

The drawing in the transverse/radial direction (TD) can be achieved
by adjusting the pressure P1 within the second bubble B2. To adjust the
pressure P1, the distance L1 between a first set of nip rolls R2 that form
the hermetically closed upstream (towards the extruder) end of the second
bubble B2, and a second set of nip rolls R3 that form the hermetically
closed downstream (away from extruder) end of the second bubble B2 can
be adjusted. Reducing the distance L1 between the two sets of nip rolls
(R2 and R3) will increase the pressure P1, whereas increasing the
distance L1 will lower the pressure P1 within the second bubble. After
drawing in the transverse/radial direction (TD), the initial diameter D1 of
the softened tubular coextruded multilayer film structure can be increased
to a diameter D2, wherein the ratio between D2 and D1 is of from 2 to 5,
preferably of from 2.5 to 3.5.

While passing through the third set of nip rolls R3, the drawn
tubular coextruded multilayer film structure is flattened to be more easily
conveyed.

After passing through the set of nip rolls R3, the tubular coextruded
multilayer film structure is passed through a fourth set of nip rolls R4 that
form the hermetically closed upstream (towards the extruder) end of the
third bubble B3, and a fifth set of nip rolls R5 that form the hermetically
closed downstream (away from extruder) end of the third bubble B3.

The fourth and fifth set of nip rolls (R4 and R5) are separated by a
distance L2 that can be adjusted to increase or decrease the pressure P2
within the third bubble B3 in order to allow the previously drawn tubular
coextruded multilayer film structure to relax in transverse/radial direction
(TD).

Generally, this can be achieved by adjusting the pressure P2 in the
third bubble B3 such that the pressure P2 is lesser than the pressure P1.
The pressure is adjusted by modifying the distance L2 between the fourth
and the fifth set of nip rolls (R4 and R5) of the third bubble B3, which
pressure adjustment may modify the diameter D3. The relaxation ratio is
given by the ratio of D3/D2, whereas D3 is usually lesser than D2 and
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concurrently the ratio of D3/D2 is smaller than 1. Typically the ratio of
D3/D2 can be of from 0.8 and 0.95, more preferably between 0.85 and
0.9.

The speed V4 of the fourth set of nip rolls R4 and the speed V5 of
the fifth set of nip rolls may be adjusted in order to allow the previously
drawn tubular coextruded multilayer film to relax in machine/axial direction
(MD).

Generally, this can be achieved by adjusting the speed V5 of the
fifth set of nip rolls R5 such that V5 is lesser than V4. The relaxation ratio
is given by V5/V4, whereas V5 is usually lesser than V4 and concurrently
the ratio of V5/V4 is smaller than 1. Typically the ratio of V5/\V4 can be of
from 0.8 to 0.95, more preferably of from 0.85 to 0.9.

The temperature of the coextruded multilayer film structure in the
third bubble, the pressure P2 and the ratio of V5/V4 may be adjusted
individually or in parallel to achieve a tubular coextruded multilayer film
exhibiting a thermal shrink ranging of from 1 to 60 percent, more
preferably of from 30 to 60 percent, in machine/axial direction (MD) and/or
transverse/radial direction (TD), when measured by immersion of a
sample into a water bath at a temperature of 85°C for 10 seconds.

The tubular multilayer film is relaxed in the third bubble B3 under
heating. In order to keep the tubular multilayer film at a temperature of
between the glass transition temperature of the at least one puncture
resistant layer and the melting point of the at least one puncture resistant
layer in the second bubble, an appropriate heating means may be used,
such as an IR heater, steam or heated air heater.

Preferably, the temperature of the coextruded multilayer film
structure in the third bubble B3 is lower than in the second bubble with the
proviso of being between the glass transition temperature of the at least
one puncture resistant layer and the melting point of the at least one
puncture resistant layer.

After passing through the fifth set of nip rolls RS, the tubular
coextruded multilayer film is passed through a set of rolls, flattened and
stored on a roll S.
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Optionally, the tubular coextruded multilayer film exiting the fifth set
of nip rolls RS can be slit on one side by a slitting knife K to yield a planar
coextruded multilayer film that can be stored on a roll S.

The above process provides for the manufacture of a coextruded
multilayer film comprising at least one, preferably mono- or bi-axially
oriented, puncture resistant layer, at least one tie layer and at least one
sealant layer.

The coextruded multilayer film structure may be used in particular in
packaging applications such as in the manufacture of shrink bags, but may
also be used in non-packaging applications such as for example,
manufacture of tapes or textiles for building, landscaping, or garment
applications.

The invention further provides for a packaging article comprising a
coextruded multilayer film structure comprising at least one of mono- or bi-
axially oriented puncture resistant layer, at least one tie layer and at least
one sealant layer. In particular, the packaging article may be used for the
packaging of food ingredients having sharp, pointed and/or cutting edges
such as for example coffee, rice, meat containing bone or bone splinters,
or dry noodles.

The coextruded multilayer film structure may be used in the
packaging article as a lidding film or as a shrink film.

Examples

Materials used in the Examples set forth below are as follows,
identified by the respective trademarks and trade designations.

PET: polyethylene terephthalate polyester, commercially available as
Lighter C93 from Lighter.

Tie1: ethylene acrylate copolymer, melt flow rate (MFR, determined
according to ASTM D 1238 at 190 °C/2.16kg) of 2, commercially
available as Bynel® 22E780 from DuPont.

Tie2: LLDPE modified (grafted) with maleic anhydride, commercially
available as Bynel® 41E850 from DuPont.

Tie3: maleic anhydride grafted polyolefin commercially available as
Admer™ SF730.
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PE: low density polyethylene commercially available as LDPE 2420F,
from Dow Chemical Company.

COC: a COC copolymer of ethylene and norbornene with a MFR
(according to ASTM D 1238 at 230 °C/2.16kg) of 6 and a glass transition

temperature (Tg) of 65 °C, commercially available as Topas® 9506F-500
from TICONA.

PA: nylon-6, commercially available as Grilamid® F40 from EMS
Chemie.

CoPA: nylon-66/610 copolymer commercially available as Grilon® G 20
from EMS Chemie.

CoPP: polypropylene copolymer commercially available as Adsyl®
6C30F from Lyon-Bassell.

EVOH: ethylene vinyl alcohol copolymer commercially available under
the designation SP2904, from EVAL.

ION1: copolymer of ethylene with 15% methacrylic acid and a melt

flow index (MFI) of 0.7, 58% neutralized with Zn.

mPE: a metallocene catalyzed ethylene-hexene copolymer, commercially
available under the designation Exceed™ 2018 from ExxonMobil
Chemical

AB: silicon dioxide antiblock masterbatch containing about 10 weight

% silicon dioxide.

Multilayer blown films as summarized in Table 1 and 2 can be
prepared on a triple bubble blown film machine manufactured by Kuhne
Anlagenbau equipped with 11 extruders with gear pumps and screws with
defined but different length/diameter ratios for different materials. The
compositions for each of the layers as summarized in Tables 1 and 2 were
fed to the respective extruders of the triple bubble extruder. This was a
The materials were fed from separate feeders into separate extruders and
coextruded through an annular die to provide coextruded multilayer films.
The extruders were operated with temperature profiles as follows for the
materials used in the layers.
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Material Feed zone to final zone (left to right)
PET 230-260-260-260-260-260-280-280 °C
Polyolefins and COCs 185-195-220-220-220-220-220-220 °C
PA 250-250-250-250-250-250-250-250 °C
EVOH 175-195-200-200-200-200-200-200 °C

The final temperature of the melt in the die was between 250

and 260 °C.

A typical blown packaging film was prepared and is summarized in
Table 1 as Comparative Example C1. This structure contained a
polypropylene copolymer core without a barrier layer or a puncture
resistant layer.

Table 1
Comparative
Example
Layer Feed Ratio Nominal Thickness C2

(outside (% of total) (micrometers) Composition
to inside)

1 10 6.4 98 PET/2 AB

2 7 4.5 Tie3

3 28 17.9 CoPP

4 4 2.6 CoPP

5 5 3.2 CoPP

6 8 5.1 CoPP

7 6 3.8 CoPP

8 8 5.1 CoPP

9 5 3.2 CoPP

10 4 2.6 Tie3

11 15 9.6 97 ION1/3 AB

Puncture Resistance (J/mm) 1.1-14

This film had a relatively low puncture resistance.

Structures containing barrier layers are shown in Table 2.
Example 1, a film of the invention, has an identical structure to
Comparative Example C2 except that a polyethylene-COC blend, a
puncture-resistant composition, was used in place of polyethylene in
layers 3 and 4. The extruders were set up to run with the following
output relationship: 7/7/30/6/5/8/6/8/5/3/15 (in %).
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Table 2
Comparative
Nominal Example Example
Layer Thickness Cc2 1
(outside to
inside) (micrometers) Composition Composition
1 3 98 PET/2 AB 98 PET/2 AB
2 3 Tiet Tiel
3 12.6 PE 80 PE/20 COC
4 2.5 PE 80 PE/20 COC
5 21 Tie2 Tie2
6 34 80 PA/20 CoPA 80 PA/20 CoPA
7 25 EVOH EVOH
8 34 80 PA/20 CoPA 80 PA/20 CoPA
9 21 Tie2 Tie2
10 1.2 80 PE/20 mPE 80 PE/20 mPE
11 6.3 72 PE/15 mPE/ 72 PE/15 mPE/
) 10 PB/3 AB 10 PB/3 AB
Puncture Resistance (J/mm) - 22

The resultant films were tested for puncture resistance according to

a DIN14477 or EN388 test at a speed of 1mm/min using a rod bearing a

spherical ball at its tip, the rod having a diameter of 2 mm and the

5  spherical ball having a diameter of 2.5 mm. In these tests the rod was

placed in contact with the inside layer (layer 11). The results are shown in

Tables 1 and 2. Example 1 had good puncture resistance.
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CLAIMS

1. A coextruded multilayer film structure comprising, in order,

at least one puncture resistant layer comprising at least one cyclic
olefin copolymer and at least one ionomer or polyolefin;

at least one tie layer; and

at least one sealant layer;
wherein the film is either monoaxially oriented or biaxially oriented and
obtained by a triple bubble process; and the film structure has a puncture
resistance of at least 2 J/mm, wherein the puncture resistance is
measured according to DIN14477 at a speed of 1 mm/min using a rod
bearing a spherical ball at its tip, the rod having a diameter of 2 mm and
the spherical ball having a diameter of 2.5 mm.
2. The multilayer film structure according to claim 1 wherein the film
structure has a puncture resistance of 2 to 10 J/mm.
3. The multilayer film structure according to claim 1 or 2 wherein the at
least one puncture resistant layer comprises at least one cyclic olefin
copolymer and at least one ionomer, at least one cyclic olefin copolymer
and polyethylene, or at least one cyclic olefin copolymer and
polypropylene, the tie layer comprises olefin homopolymers and/or
copolymers, preferably polyethylene homopolymers or copolymers,
propylene homopolymers or copolymers, or mixtures thereof, or ethylene
copolymers, preferably ethylene a-olefin copolymers, ethylene vinyl
acetate copolymers, ethylene alkyl (meth)acrylate copolymers, or
polymers or copolymers modified with acid, anhydride or epoxide
functionalities; and the sealant layer comprises olefin homopolymers
and/or copolymers chosen among polyethylene, propylene homopolymers
andcopolymers, ethylene copolymers, preferably ethylene (meth)acrylic
acid copolymers and their corresponding ionomers, and/or mixtures
thereof.
4. The multilayer film structure according to claim 1, 2 or 3 further
comprising at least one barrier layer and wherein said barrier layer is
between the at least one puncture resistant layer and the at least one

sealant layer, preferably wherein the barrier layer comprises ethylene vinyl
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alcohol copolymer (EVOH), COC, and blends thereof with polyethylene,

polyvinyl alcohol and polyamides.

5. The multilayer film structure according to claim 4 wherein the at
least one barrier layer consists essentially of a layer of ethylene vinyl
alcohol copolymer between at least two layers each independently
comprising a polyamide or a blend of cyclic olefin copolymer and
polyethylene or polypropylene or ionomer.
6. The structure according to claim 5, wherein the at least one barrier
layer consists of a layer of ethylene vinyl alcohol copolymer (EVOH)
between two layers comprising a blend of cyclic olefin copolymer and
ionomer, polyethylene or polypropylene, optionally with tie layers between
the layer of EVOH and the layers comprising a blend of cyclic olefin
copolymer and ionomer, polyethylene or polypropylene.
7. The structure according to claim 5, wherein the at least one barrier
layer consists of a layer of ethylene vinyl alcohol copolymer (EVOH)
adjacent to and between two layers comprising a polyamide.
8. The multilayer film structure according to claim 1, 2, 3,4, 5,6 or 7
comprising

at least two puncture resistant layers comprising at least one cyclic
olefin copolymer and at least one ionomer or polyolefin, preferably wherein
the polyolefin is polyethylene or polypropylene;

at least one barrier layer, wherein the at least one barrier layer is
between the at least two puncture resistant layers;

at least one tie layer; and

at least one sealant layer;
9. The structure of claim 1, 2, 3, 4, 5, 6, 7or 8 further comprising an
outer layer comprising a polyamide, polycarbonate, polyester, preferably
polyethylene terephthalate or polyolefin.
10. The structure of claim 1, 2, 3, 4, 5, 6, 7, 8 or 9 comprising the layers
of PET/tie/puncture resistant layer/COC+PE/tie/EVOH/tie/COC+PE/tie/PE
wherein PET represents a polyethylene terephthalate outer layer, the
puncture resistant layer comprises a blend of cyclic olefin copolymer and
ionomer or cyclic olefin copolymer and polypropylene, the barrier layer
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comprises COC+PE/tie/EVOH/tie/COC+PE, and PE represents a
polyethylene sealant layer.
11.  The structure of claim 1, 2, 3, 4, 5, 6, 7, 8 or 9 comprising the layers
of PET/tie/puncture resistant layer/COC+PE/tie/EVOH/tie/
COC+PE/puncture resistant layer/IO wherein PET represents a
polyethylene terephthalate outer layer, each puncture resistant layer
independently comprises a blend of cyclic olefin copolymer and ionomer or
cyclic olefin copolymer and polypropylene, the
COC+PE/tie/EVOH/tie/COC+PE is a barrier layer structure, and 10
represents an ionomer sealant layer.
12.  The structure according to any preceding claim, wherein the
puncture resistant layer comprises from 10 to 99 weight percent of the at
least one cyclic olefin copolymer, based on the total weight of the puncture
resistant layer.
13. A packaging article comprising a coextruded multilayer film
structure as characterized in claim 1, 2, 3,4, 5,6, 7, 8, 9,10, 11 or 12.
14. A process for manufacturing a coextruded multilayer film structure,
comprising

coextruding a multilayer film structure to a coextruded tubular film;

cooling the coextruded tubular film in a first bubble;

orienting the coextruded tubular film under heating in a second
bubble to produce an oriented film; and

relaxing the oriented film under heating in a third bubble;
wherein the tubular multilayer film structure comprises at least one
puncture resistant layer as characterized inclam 1, 2, 3,4,5,6,7, 8, 9,
10, 11 or 12.

15. The process of claim 14 wherein the oriented film is either mono-

axially oriented or biaxially oriented.
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AMENDED CLAIMS
received by the International Bureau on 13 June 2013 (13.06.2013)

CLAIMS

1. A coextruded multilayer film structure comprising, in order,

at least one puncture resistant layer comprising at least one cyclic olefin
copolymer and at least one ionomer or polyolefin;

at least one tie layer,;

at least one barrier layer consisting essentially of a layer of ethylene vinyl alcohol
copolymer (EVOH) between at least two layers each independently comprising a
polyamide, a cyclic olefin copolymer or a biend of cyclic olefin copolymer and
polyethylene or polypropylene or ionomer; and

at least one sealant layer; _
wherein the film is either monoaxially orientedorbiaxiallyoriented.
2. The multilayer film structure according to claim 1 whereinthe film structure has a
puncture resistance of at least 2 J/mm, wherein the puncture resistance is measured
according to DIN14477 at a speed of 1 mm/min using a rod bearing a spherical ball at
its tip, the rod having a diameter of 2 mm and the spherical ball having a diameter of
2.5 mm, preferably from 2 to 10 J/mm.
3. The muiltilayer film structure according to claim 1 or 2 whereinthe at least one
puncture resistant layer comprises at least one cyclic olefin copolymer and at least one
ionomer, at least one cyclic olefin copolymer and polyethylene, or at least one cyclic
olefin copolymer and polypropylene, the tie layer comprises olefin homopolymers and/or
copolymers, preferably polyethylenehomopolymersor copolymers, propylene
homopolymers or copolymers, or mixtures thereof, or ethylene copolymers, preferably
ethylene a-olefin copolymers, ethylene vinyl acetate copolymers, ethylene alky!
(meth)acrylate copolymers, or polymers or copolymers modified with acid, anhydride or
epoxide functionalities; and the sealant layer comprises olefin homopolymers and/or
copolymers chosen among polyethylene, propylene homopolymersandcopolymers,
ethylene copolymers, preferably ethylene (meth)acrylic acid copolymers and their
corresponding ionomers, and/or mixtures thereof.
4. The multilayer film structure of any preceding claim prepared by a friple bubble
process.
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5. The multilayer film structure according to claim 4 wherein the at least one barrier
layer consists essentially of a layer of ethylene vinyl alcohol copolymer between at least
two layers each independently comprising a polyamide or a blend of cyclic olefin
copolymer and polyethylene or polypropylene or ionomer.
6. The structure of any preceding claim, wherein the at least one barrier layer
consists of a layer of EVOH between two layers comprising a blend of cyclic olefin
copolymer and ionomer, polyethylene orpolypropylene, optionally withtielayers
between the layer of EVOH and the layers comprising a blend of cyclic olefin copolymer
and ionomer, polyethylene or polypropylene.
7. The structure of any preceding claim, wherein the at least one barrier layer
consists of a layer EVOH adjacent to and between two layers comprising a polyamide.
8. The multilayer film structure of any preceding claimcomprising

at least two puncture resistant layers comprising at least one cyclic olefin
copolymer and at least one ionomer or polyolefin, preferably wherein the polyolefin is
polyethyleneomolypropylene;

at least one barrier layer, wherein the at least one barrier layer is between the at
least two puncture resistant layers;

at least one tie layer; and

at least one sealant layer,
9. The structure of any preceding claim, further comprising an outer layer
comprising a polyamide, polycarbonate, polyester,preferably polyethylene terephthalate
or polyolefin.
10.  The structure of any preceding claim comprising the layers of PETfie/puncture
resistant layer/COC+PE/ie/EVOH/tie/COC +PE/tie/PE wherein PET represents a
polyethylene terephthalate outer layer, the puncture resistant layer comprises a blend of
cyclic olefin copolymer and ionomer or cyclic olefin copolymer andpolypropylene, the
barrier layer comprises COC+PE/ie/EVOHH/ie/COC+PE, and PE represents a
polyethylene sealant layer.
11.  The structure of any of preceding claim comprising the layers of PETie/puncture
resistant layer/COC+PE/tie/EVOHHie/ COC+PE/puncture resistant layer/IO wherein

37
AMENDED S$9EH0 (ARTICLE 19)



WO 2013/116445 PCT/US2013/024022

PET represents a polyethylene terephthalate outer layer, each puncture resistant layer
independently comprises a blend of cyclic olefin copolymer and ionomer or cyclic olefin
copolymer and polypropylene, the COC+PE/ie/EVOH/tie/COC+PEisabarrieriayer
structure, and IO represents an ionomer sealant layer.
12. Thestructureaccording to any preceding claim, wherein the puncture resistant
layer comprises from 10 to 99 weight percent of the at least one cyclic olefin
copolymer,based on the total weight of the puncture resistant layer.
13. A packaging article comprising a coextruded multilayer film structure as
characterized in any preceding claim.
14. A process for manufacturing a coextruded muiltilayer film structure, comprising

coextrudinga multilayer film structure to a coextruded tubular film;

cooling the coextruded tubular film in a first bubble;

orienting the coextruded tubular film under heating in a second bubble to produce
an oriented film; and

relaxing the oriented film under heating in a third bubble;
wherein the tubular multilayer film structure comprises at least one puncture resistant
layer as characterized in any preceding claim.
15.  The process of claim 14 wherein the oriented film is either mono-axially oriented
or biaxially oriented.
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A MATERIAL IMPERMEABLE TO HUMIDITY AND OXYGEN FOR PACKAGING DIETARY PRODUCTS,
COSMETICS AND MEDICINAL SPECIALITIES

The present invention refers to a material impermeable
to humidity and oxygen for packaging dietary products,

cosmetics and medicinal specialities. In particular, the
present invention refers to primary packaging iﬁ the
form of blister packs or sachets, which comes into
direct contact with the formulations of dietary
products, cosmetics and medicinal specialities, such as,

for example, tablets, pills, pessaries, powders,

granules, suppositories, rigid capsules and soft

capsules (also known as soft gel capsules).

In the pharmaceutical, cosmetic and dietary supplements
sectors, the importance of the primary packaging to

ensure a suitable shelf life is known, useful for the

purpose of the sale of finished products, such as, for

example, dietary ©products, cosmetics and medicinal-
specialities.

Primary packaging means  the material, for example
blister packs and sachets, that comes into direct
contact with the formulations of the medicinal

specialities or dietary products.
The commonly used material for blister packs and sachets

may consist of paper, and various types of plastic
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material often combined with each other and, sométimes,
coﬁpled to a sheet or layer of aluminium.

The most commonly used types include the so-called
polyethylene/aluminium/polyethylene terephthalate -
PE/AL/PET, ‘which constitutes a multilayer packaging
material with three layers.

In the event of formulations containing pharmacological
active ingredients and/or components - with unstable
biological activity and/of easily degradable, especially
if they come into contact with the external environment
(humidity, water Vapour, - light and oxygen) , the
aforementioned materials are not suitable to -gﬁarantee
sufficient stability with the consequent degradation of
the active ingredient contained therein.

The most commonly used forms of administration in the
packaging of dietary products, cosmetics and mediCinal‘
specialities include tablets, pills, bessaries, powders,
granules, suppositories, rigid " capsules and sqft
capsules (also known as soft gel capsules). Said forms
are .commonly packaged in the primary packaging typeé
mentioned above.

Agents that come from ﬁhe external environment
(humidity, water wapour, 1light and oxygen) can wmodify
some chemical/physical parameters of the formulations

causing instability and loss of efficacy of the active
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compqnénts contained. Said agents have shown ﬁo ‘be
particularly decisive in accelerating the kinetics of
oxidation, hydrolytic, photochemical and putrefaction'
reactions. In the event that the active ingredients
consist of or comprise microorganisms, said external
agents (humidity, watér vapour, 1light and okygen) can
notably influence the microbial metabolism’ with‘ the
formation of toxic catabolites which lead to cell death.
In the probiotics sector, microorganisms that can bring
beneficial effects‘ to the health of consumers if
consumed in suitable quantities and times, the efficacy
over the shelf 1life 1is comprbmised if the microbial
metabolism is not sufficiently slowed down or reduced. A
- sufficiently slowed down or reduced microbial metabolism
is obtained not only by guaranteeing at the time of
manufacturing the probiotic product an extremely réduced
degree of humidity and freerwater, but by preventing,
over the shelf 1life of the product, an increase  in
humidity and oxygen. Therefore, during the shelf 1life,
the entry of environmental humidity»and/or oxygen ﬁrom‘
outside towards the inside of said productr must be
prevented.

There are products based on probiotic microorganisms in
which the latter are mixed or supported by a lipophilic

matrix, for example vegetable o0il, or by a fat matrix,

76/300



WO 2014/023995 PCT/IB2012/001848 -

for example glycerine, which as well as suffering from
the above—described.problem must also be compared.with
some oxidation phenomena which take place in the matrix
itsélf and-that:are accelerated by the entry of oXYgen
and/or the presence of metals and other oxidising
substances. In lipophilic matrices oxidation 1leads to
the formation of substances such as aldehydes, ketones,

oxidised | fatty acids (conjugated trienes c18:3,

cohjugate acids 9,11-10,12 c,t-t,c C18:2, conjugate
acids 9,11-10,12 t,t-t, t c18:2) volatile organic

compounds (such as C6:0 hexanal, C9:0 nonanal) which are
highly toxic for the microorganisms ‘suspended therein
(intrinsic toxicity).

Therefore, in this type of products bésed on probiotic
microorganisms, a technologist skilled in the aft must

check for the absence of humidity and intrinsic toxicity
to the lipophilic matrix. Furthermore, increases in
humidity and/or the formation of toxic compounds must be
prevented, during the shelf 1life of the finished
products, due to the oxidation phenomena that take place
because of the entry of air/oxygen into the 1lipophilic
matrix.:

Therefore, to guarantee the efficacy of products based
on probiotic microorganisms until the end of their shelf

life, the need emerges, not only to verify the total
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biocompatibility of the various substances that compose
the formulation (absence of toxic substances such as
polyphenols, tocopherols, free phenolic acids,'aromatic
polycyclic hydrocarbons etc. contained in the lipophiiic
matrix and/or in the other substances contained in the
compdsition), but also to use ‘a material to make the
primary packaging having a real barrier effect agéinst
humidity and oxygen.

Therefore, the need remains to be able to provide a
" material that can ensuré a shelf 1life of at léast 24
months for dietary products, cosmetics and medicinal
specialities, in particular fof products containing
probiotic microorganisms thét are in contact  with a
lipophilic matrix. Furthermore, the need remains to be
able to provide a material for making primary packaging
for bottles, wvials, blister packs and sachets that is
impermeable to water vapour and oxygen but, at the same
time, has breakage characteristics such as to allow
breaking with simple finger pressure‘on the cavity of
the blister pack and cutting characteristics such as to
allow the sachet to be opened with the fingers. Even
more particularly, the need remains to be able to
provide a blister pack that enables the‘packaging of
soft capsules (soft. gel éapsules) containing- a

lipophilic matrix and microorganisms.
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The Applicant has given a suitable response to the
above-mentioned need by creating. a hew material for
packaging medicinal specialities, dietary producté and
cosmetics comprising at 1least two layers of aluminium
coupled to each other, said material having a final
thickness such as to maintain the breakage and cutting
characteristics necessary to enable practical‘and easy
use. |

In a preferred‘embodiment, the material of the present
invention can . be schematically illustrated as
polyamide/multilayér' material of aluminium/polyethylene
[PA/(AL)n/PE] or polyamide/multilayer material of
aluminium/polyvinyl chloride [PA/(AL)Q/PE], where n is
comprised ffom 2 to 10, preferably from 2 to 5, even
more preferably from 3 to 4.

Advantageously, the material of‘ the present invention
having at least twq'layers of aluminium ' (double layer)
it guarantees a much lower permeability With respect to
a same material rhavingu a single layer of aluminium
(single layer), 'of the same final thickness as the
double layer, especiaily with reference to water vapour
and oxygen. The material with two layers of aluminium of
the present invention has numerous advantages with
respect to the samé material with a single layer of

aluminium, with the same final thickness.
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The present invention refers to a material, a‘blister
pack and a sachet which have the characteristiés ‘as
showﬁ in the appended'claims.

Other preferred embodiments of the present invention are
described in the followingvdetaiied description and such
embodiments will be claimed in the appended dependent
claims. |

A blister pack is a term used for'different types of
pre-established plaétic packages used as containers, for
example, single-dose containers, for medicinal
specialities, cosmetics and dietary products. The  two
main parts of the blister pack are the cavity obtained
thanks to a sufficiently deformable material by
temperature increase and a breakable aluminium cover.
- The cavity usually contains the medicinal speciality or
the dietary or cosmetic product, whereas the cover can
display the information ~on the contents or the
manufacturer. |

The permeability of polymeric ‘materials is known for.
many materials. Table 1 shows, for some materials, the
oxygen transmission rate OTR (cm®m?d*atm-1 at 23°C, 50%
RH)} and the water vapour transmission rate WVTR (gm*d™*
at 23°C, 75% RH) of composite films contaiﬁing 12 umvof
PET. |

Table 1
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Material OTR WVTR Composite um
PET .= : 110 115 12

PET/PE 0.93-1.24 0.248-0.372 12/50.
PET/EVOH/PE 0.06 0.134-0.268 12/5/50

PET= Polyethylene terephthalate

PET/PE= Polyethylene terephthalate/polyethylene
PET/EVOH/PE=Polyethylene terephthalate/ethyl ~vinyl
alcohol/polyethylene

A single sheet of laminated aluminiuﬁ has a water vapour
permeability. value of 0.1 g/m?’/day and an- oxygen
permeability value of 0.1 g/m?/day.

Despite the permeability data of single layer aluminium
against water vapduf and oxygen being very vlow, the
Applicant has experimentally verified that, due to the
handling which the material undergoes during the whole
production chain 1leading to the manufacturing of ﬁhe
primary packaging, in actual fact said material, due to
the deformations suffered during the wvarious operations,
is absolutely inadequate foriguaranteeing an effective
barrier agéinst external agents,. water vapour and
oxygen. | |
The Applicant has conducted an experiment in which.
blister packs formed by a cavity made with a multilayer
material PVC/PP/EVOH/PP/PVC and a cover made with a

single-layer sheet of laminated aluminium (blister 1)
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were placed on stability. It should be noted that the
multilayer material PVC/PP/EVOH/PP/PVC has a central
element consisting of PP/EVOH/PP to which a layer of PVC
is coupled, on both the external layers, in order to
improve the use practicality and enable the coupling
with the aluminium.

In detail, the materials used in blister pack 1 are:

A): Multilayer material PVC/PP/EVOH/PP/PVC to produce
the cavity of blister pack 1, and

B): Single-layer -sheet 1laminated in aluminium (AL) to
produceithe cover éf blister pack 1.

Said materials as per points A) and B) have the
following characteristics (the numbers identify the
thickness in um).

Table A shows the composition of the material as per

point A).

Table A

Composition of the ' Thickness um Weight g/m?
multilayer material A

pvc | 250 : 350
Adhesive _ . 2
PP/EVOH/PP 100 - 92

Adhesive 2

pPvVC _ 20 28

Total 370+6% 474+6%

82/300




WO 2014/023995

PCT/1IB2012/001848

10
Table Al shoWs the barrier characteristics of the
material as per point A).
Table Al
Barrier ﬁnit of | Method Values Notes
characteristics | measurement |
of - multilayer
material A
Permeability to g/m3/24 ASTM < 1 38°C~
water wvapour houfs F 1249 90% RH
Permeability to |cc/m?/24 ASTM < 1 23°C-
oxygen hours ‘D 3985 100% RH

Table B shows the composition of the material ‘as per

point B).

Table B

Composition of

material B.

Thickness um

Weight g/m?

Single-layer 20 .54
aluminium (AL)
Total 2046% 54+6%
Table Bl shows the barrier chafacteristics of the
material as per:pdint B). |
Table Bl
Barrier Unit of | Method Values Notes
characteristics | measurement
| of material B
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11
Permeability to |g/m®/24 ASTM < 1 38°C-
water vapour hours F 1249 ’ 90% RH
Permeability to |cc/m?/24 ASTM < 1 23°C-
oxygen hours D 3985 100% RH

Within the cavity of blister pack 1 soft gel capsules
were.packaged in gelatine containing an oily suspension
of soy o0il (77% w/w) and the_probiotic microorganism B.
breve BR03 DSM 16604 in microencapsulated form in a
lipidic matrix (23% w/w and having a load of 100 billion
CFU/g) .

In a preferred embodiment of the invention, the
probiotic microorganism is coated with at 1least a
coating of vegetable origin.

In a preferred embodiment, the fats of vegetable nature
are selected from the group comprising. the saturated
vegetable fats having a melting point comprised from
35°C tq_75 °C, pneferably comprised from 45 to 65°C.
Advantageously from 50 to 60°C. |
In a preferred embodiment, saturated vegetable fats can
be used having a certain degree of hydrophilicity which
can be selected from the group comprising mono- and di-
glycerides of saturated fatty acids, the polyglycerois
esterified with saturated fatty acids and the saturated

fatty acids free.

84/300




WO 2014/023995 ' PCT/IB2012/001848 .
12 .

The saturated fatty ecids can be selected from the-group
comprising from 8 to 32 atoms of carbon, preferably from
12 to 28 atoms of carbon, even more preferably from 16
to 24 atoms of carbon.

_Advantageously, the coating ‘lipid is.selected from the
group comprising polyglyceryl-6-distearate,. glyceryl
dipalmitate-stearate, saturated’ fatty aCids/
hydrogenated vegetable fats of non lauric erigin,
hydrogenated palm fats or stearin.

In a first embodiment, the probiotic bacteria are coated
with a single coating (mono-coated). 1In practice, a
single coeting‘is created with one same lipid.
Advantageously, the single coating - is formed by
polyglyceryl-6-distearate or by glyceryi
dipalmitostearate (E471).

In a preferred embodiment, the weight ratio betmeen the
lyophilised microorganism and the lipidic coating
substance.coating it is 50:50 or 40:60.

In a second preferred embodiment, the probiotic bacteria
are double coated. In practice, a  double coating is
performed in succession with two. lipids that' are
different from each other (double coating).
Advantageously, the two 1lipids are selected from the
group comprising',a ‘hydrogenated palm fat (melting‘

point=60°C) and a glycerol dipalmitate-6-stearate
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(melting point=57-60°C). The two lipids are sprayed onto
the lyophilised - bacteria in succession, that is, a
double coating is applied onto the lyophilised product:
the first with hydrogenated palm fat and the second with
glycerol dipalmitate-6-stearate in a 3:1 ratio to each
other. |
The éoft gelbcapsules are made continuously by a system
-called. a moulder in technical jargon which, starting
from gelatine 1liquidised by melting at a suitable
temperature, first forms a thin sheet by making the
geiatine pass through two steel rollers; subsequently,
two sheets of gelatine are moved tbwards each other and
are sealed on the sides and on the bottom while the
needle of a volumetric pump injects the oily suspension 
constituting the formulation into the pocket that is
being formed. When the needle. is retracted, the upper
end 1is alsQ sealed, causing the formation of the
compléte soft gel capsule. The soft gel capsules  thus
formed are dried in a hot air current‘and collectéd.

In a preférred émbodiment the soft gel_capsules‘comprisé
a lipophilic‘ matrix, preferably a vegetable o¢il, for
example corn oil, a thickener consisting of wax or fat
with a melting point comprised from 50°C to 80°C, for
example bees’ wax, or even more preferably glycerol

monostearate.
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The.blister packs 1 containing the soft gel capsules are
placed on stability, in parallel to reference priﬁary
packaging (reference bérrier) known to the prior art for
its impermeability charécteristics against water wvapour
and oxygen in the following conditions:

i) at 25°C and 60% RH, see Table 2

ii) at 30°C ahd 65% RH, see Table 3.

The data in Tables 2 and 3 shows that the primary
packaging of blister pack 1 does not represent a
suitable barrier since strong .mortality has Dbeen
verified compared with the results of the soft gel
capsuleé in the reference primary packaging. After 4, 5
months, there is a half-life of 339 days versus 28 days
in case (i) - Table 2, and 192 days versus 17 days in
case (ii) - Table 3.

In order to verify the cause of such mortality, the
Applicént assessed the quantity of total water and‘free
water present in the oily suspension, present in the‘
soft gel capsule, containing the Dbacteria for the‘
stability of 6 months compared with the initial one:
no increase in either free water or total water was
highlighted. This means that the mortality of the
bacteria is not due to an increase in their metabolism
made possible by the increase in biocavailable water but,

due to another toxicity factor triggered by the entry of
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air and therefore of oxygen in the oily suspension. This
evidence is borne out by the consideration that since it
is soy o0il, particularly rich in strongly unsaturated
linoleic acid, it can be easily oxidised, quickly
causing avradical cascade. 7

The Applicant then set out to find out whethér the entry
of oxygen had taken place through the layer of aluminium
(AL) that coﬁstitutes the éover of the blister pack or
| through the mwmultilayer material that constitutes the
cavity of the blister pack.

Therefore, some stability tests were arranged, at the
above-mentioned operating conditions, comparing  the
stability of the soft gel capsules packaged in sachets
made with both faces in multilayér material
PVC/PP/EVQH/PP/PVC like those of blister pack v1,‘ with
that of the same soft gel capsules vpackaged‘ in
multilayer sachets of ' PET/AL/PE that represent the
reference barrier as per Tables 2 ana 3.

The stability data obtained after 1 year shows a
substantial equivalence of the two types of packagiﬁg,
highlighting that the layer that had enabled. the passage
of oxygen into blister pack 1 was the single layer of
aluminium. |

A possible explanation can be found coﬁsidering that the

sheet of aluminium has during_ manufacturing extremely
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good impermeability values against watér vapour and
oxygen, but that these performances could easily décline
following handling and/or deformations due to the
particular processing and storage conditions. It appears
that the processing conditions contribute to increasing
the permeability of the sheet of aluminium. Said
incfease in permeability is not ‘dne to cracks and/of
sollapses in the sheet of aluminium, but to
deformations/dilations of the pores (intrinsically
present) in the sheet of aluminium itself since the
pores are a constructive element of the sheet of
laminated aluminium. |

The Applicant has developed a material for the
production of primary packaging useful for the packaging
of dietary products, cosmetics  and medicinal
specialiﬁies. The material of the present invention
comprises at least two. sheets/layers of alnminium,'
preferably laminated aluminium, coupled to each other
through bonding with appropriate adhesive componndS‘that
can be spread onto the external surface of the layer of
aluminium and heated using the equipment and techniques
known to a person skilled in the art.

In a preferred embodiment, the material of the present
invention comprises or, alternatively,b consists of a

number of sheets/layers of aluminium comprised from 2 to
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10. In a preferred embodiment, the = number of
sheets/layers is 3 or 4 or 5. Advantageously, the number
of sheets/layers is 2 or 3.

The thickness of each individual sheet/layer of
aluminium is comprised from 2 to 50 um, preferably from
5 to 40 um. In a preferred embodiment, the thickness of
each individual sheet/layer of aluminium is comprised
from 7 to 30 um, preferably from 8 to 20 um. In snother
‘preferred embodiment, the thickness of each individual
sheet/layer of aluminium is comprised from 8 fxn 20 um,
preferably from 10 to iSIMm. A person skilled in the art
is aware that the values quoted above with feference to
the thicknesses are susceptible to variations due to a
tolerance which is comprised from + 2% to + 8%, usually
comprised from + 4% to + 6%.

The weight ef the sheets/layers of aluminium used
depends on the thickness of the sheet. For example,'a
sheet/layer of aluminium having a thickness of 20 um has
a weight comprised from 45 to 60 g/m®, preferably from 50
to 55 fg/mz, for_ example 54. g/m°. For example, a
sheet/layer of aluminium having a thickness of 9 um has
a weight comprised from 45 to 30 g/m*, preferably from 50
to 26 g/m?, for ekample 24.30 g/m°. A person skiiled in
the art 1is aware that the values guoted above with

reference to the weights of the individual sheets/layers
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are susceptible to variations due to a tolerance which
is comprised from + 2% to + 8%, usually comprised from +
4% to x 6%.

In a preferred embodiment, the material of the present
invention consists of a first and a second sheét eééh
having a thicknesgs comprised from 5 to 20 um, preferably
from 7 to 15 um, for example, 10 um. For example, two 10
um éheets can be used. The individual sheets are coupled
through -equipmenf and techniques known  to a person
skilled in the art.

In another preferred embodiment, ' the material of the
present invention consists of a first, a second and a
third sheet each having a thickness comprised from 5 to
20 um, preferably from 9‘to 12 um. For example, three 7
um sheets or three 10 micron sheets can be used.

The individual shéets are coupléd through équipment and
techniques known to a person skilled in the art.

The mulﬁilayer alumiﬁium material | has _thé‘
characteristics shown in Téble_C.

In a preferred embodimenﬁ,-thé material bf the present
invention consists of a first sheet having a thickhess
bf 20 um, which is coupled to a second sheet having-a
thickness of 9 um. The multilayer aluminium material_has
the characteristics showﬁ in Table C.

Table C
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Composition of | Thickness um Weight g/m?

material C

Aluminium (AL) 20 54
Adhesive negligible 2
Aluminium (AL) 9 24,30
Total - 29 +6% | 80,3+6%

The barrier characteristics of material C are shown in
Table C1.

Table C1

Barrier Unit of | Method Values Notes
characteristics | measurement

of material C

Permeability to|g/m’/24 ASTM < 1 38°C-
water vapour hours F 1249 | 90% RH
Permeability to |cc/m’/24 ASTM <1 _ 23°C—
oxygen hours D 3985 ' 100% RH

After producing the material C) the Applicant coupled a
layer of polyamide fPA) to one face of said material and
a layer of polyeﬁhylene or polyvinyl chloride to the
other face of said material, hence making such material
a multilayer materiai sealable with other differeﬁt‘
materials. Such new multilayer material 1is called
"Material D" within the scope of this patent
application, identified by the acronym PA/ (AL),/PE, where

n in this case equals 2.
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After producing material D), the Applicant prepared av
blister pack 2. The blister pack 2 consists of a cavity
consisting of multilayer material PVC/PP/EVOH/PP/PVC and
a cover produced with material D (PA/ (AL)./PE) whose
construction and barrier characteristics have already
been described above. The blister packs 2 containing
the same soft gel capsules as those tested abcve were
placea.on stability. |

The stability data (Tables 6 and 7) conducted up to 18
months surprisingly shows that the barrier effect of
material D is such as to prevent the entry not only of
water vapour, but also of oxygen hence ensuring good
stability to the soft gel capsules containing the
probiotic bacteria. Aftef 18 ﬁonths there is a half—life
of 352 days Versﬁs 341 days - Table 6, and 156 days
versus 163 days - Table 7. |
Advantageously, the material of the present invention
enables the production of a blister pack that is more
" impermeable to water vapour and oxygen with‘respect to
the known art whilst maintaining, at the same time, the
breakage characteristics that allow breaking with simple
finger pressure ‘on ‘the -blister pack cavity and the
necessary cutting characteristics to allow practical and

easy use.
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The AppliCant found.that a blister pack bonsistingrof a
cavity of a »mﬁltilayer material coupled to a single
layer of aluminium is not able to proviae'an adequate
barrier .effect as demonstrated by the data shown 'in
Table 1.

Even if the decay mechanism has not yet been clarified
in detail, it is however certain that when the material
that comprises the primary packaging  does not create a
sufficient barrier_against the entry of water vapour and
oxygen, a series of cascading events occurs,
particularly in an environment with a high degree of
relative humidity above 60%, which includes:

the entry of air and, hence, oxygen into ﬁhe cavity;
oxygen that then crosses the external wall of the soft
gel capsule entering the ‘lipophilic matrix (oil
contained in the soft gel capsule as a support) .

In the“oil,‘ane the substances with naturally present
anﬁifoxidant adtivity have been consumed (for example,
polyphenols, tocopherols, free phenolic and esterified
acids) or, voluntarily added (for example vitamin E) a
chain oxidation reaction is triggered with the formation
of many species of free radicals and super-oxidised
compounds, for example, aldehydes, ketones, trienes and

conjugate acids.
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Both the free radicals ahd the super-oxidised cémpbunds
are toxic for the probiotics. |
The subject Vmatter of the present invention ié a
multilayer material for packaging soft gel capsules
containing a 1lipophilic matrix and microorganisms,
comprising at least two layers of aluminium coupled to
each other;v where each layer of aluminium ‘has a
thickness comprised from 2 to 50 um, said material
having a first face qoupled to a léyer of polyamide (PA)
and a second face coupled to a layer of polyethylene
(PE) or polyvinYl_ chloride (PVC) giving a multilayer
material of the type PA/(AL)n/PE or PA/(AL)n/PVC, where
n is comprised from 2 to 10.

In a préferred embodiment of said multilayer material,
the value of n is comprised from 2 to 5, more ﬁreferably
from 3 to 4.

In an embodiment of said multilayer material, a first
and a second layer of aluminium each have a thickness
comprised from 5 to 20 um,_preferably from 7 to 15 pm,
even more preferably 10 um.

In an embodiment of saidrmultilayer material, a fifst, a
second and a third 1aYer of aluminium each have a
thickness comprised from 5 to 20 um, preferably from 9

to 12 pum.
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In an embodiment of said.kmultilayer material a first
layer of aluminium has a thickness of 20 yum and a secoﬁd
laygr of aluminium has a thickness of 9 um, wherein the
material has a permeability to water vapour = 1‘gy%ﬁ/24
hours measured with method ASTM F 1249 at é temperéture
of 38°C and 90% relative humidity and a permeability to
oxygen = 1 cc/m’/24 hours measured with method ASTM D
3985 at a teﬁperature of 23°C and 100% félative
humidity.  | | |

The subject matter of the.present invention comprises a
cover and a cavity. coupled to each other to form a
housing for containing soft gel capsulesi cpntaining a
lipophiiic matrix, preferably a vegetable oil, and
microorganisms dispersed in said lipophilic matrix, said
cover being produced with the material described above,
in accérdance with one of the above-mentioned
emquiments, said cavity being produced with a
multilayer material sélected from the group compfising:
PP/PE, PP/EVOH/PP, PVC/PP/EVOH/PP/PVC, PS/PE, ‘PS/PE/PS,
PS/EVOH/PE and PA/AL/PVC. |

In one embodiment said blister pack éompriSas a cover
and a cavity coupled to each other to form a hdusing to
contain soft gel capsules gontaining. a lipophilic
matrix, preferably a vegetable oil, and microorganisms_

dispersed in said lipophilic matrix, said cover and said
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cavity béing produced with the material described above
in accordance  with one of the above—mentioﬁed
embodiments.

The subject matter of the present invention is a sachet
‘comprising a first and a sechd. face coupled to  each
other to define a closed volume, in which said first
and/or second face comprise the.material described above
in accordance with one of the above-mentioned
embodiments. The coupling can be performed, for,exampie,
through thermosealing, wusing the techniques and thé-
equipment known to a person skilled in the art. The
séchet may be made of two facés coupled to each other
through hot thermosealing (faces hot thermosealed) where
each face consists of the multilayer material described
above in one of the above-mentioned embodiments. In the
cloéed volume, _ there  are products containing
miéroorganisms in contact with a 1ipophiiic matrix, for
example a Vegetable oil,isuch as soft gel capsules for
example. .

The subject matter of the present invention is the use
of a multilayer material in accordance with one of the
above-mentioned embodiments, for giving stability td
products containing microorganisms.

Said multilayer material as described above can give

shelf life stability to products containing
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microorganisms that are found in contact with a
lipophilic matrix, preferably a vegetable oil, from 18
-to 36 months, preferably of 24 months, at a temperaturé
comprised from 20 to 35°C, preferably from 25 to 30°C.
_Thé shelf life stability of products contaiﬁing.
microorganisms (for example, a soft gel capsule
éomprising a vegetable oil, for example a corn oil, and

microorganisms) against oxygen and water vapour.
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CLATIMS
1. o multiiayer material for packaging’soft gel capsules
containing a 1lipophilic matrix and microorganisms,
comprising at least two layers of aluminium coupled to
each’ other, where each layer of aluminium has a
thickness comprised from 2 to 50 pm, said material
having a first face coupled to a iayer of polyémide (PRp)
vand. a second face coupled to a layer of polyethylene
(PE) or polyvinyl chloride (PVC) giving a multilayer
material of the type PA/(AL)n/PE or PA/(AL)n/PVC, where
n is comprised from 2 to 10. |
2. The multilayer material in accordance with claim 1,
wherein n is comprised from 2 to 5; even more preferably
from 3 to 4.
3. The multilayer material in accordance with c¢laims 1
or 2, wherein a first and a second layer of aluminium
each have a thickness comprised from 5 to 20 yum,
preferably from 7 to 15 um, even more preferably 10 um.
4. The multilayer material in accordance with any of the
previous claims, wherein a first, a second and a third
layer of aluminium have a thickness comprised from 5 to

20 yum, preferably from 9 to 12 um.

105/300



WO 2014/023995 PCT/1IB2012/001848
33

5. The multilayerrmaterial in accordance with any of the
. previous claims, wherein a first layer of aiuminium has
a thickness of 20 um and a second layer of aluminium has
a. thickness of 9 um, ' wherein the material has a
permeability to water vapour = 1 g/m’/24 hours measured
with method ASTM F 1249 at a temperature of 38°C and 90%
relative humidity and a permeability to oxygen .s 1
cc/m?/24 hours measured with.‘method. ASTM D 3985 at a
temperature of 23°C and 100% relative humidiﬁy.

6. A blister pack  comprising a cover and a cavity
coupled to each other to form a housing for containing
soft gel éapsules containing a 1lipophilic matrix,
preferably a Vegetable 0il, and microorganisms dispersed
in said 1lipophilic matrix, said cover being produced
with. the material in_accordance'with any of claims 1-5,
said cavity being produced with a jmﬂxilayer.material
selected from the group comprising: PP/PE, PP/EVOH/PP,
PVC/PP/EVOH/PP/PVC, PS/PE, PS/PE/PS, : PS/EYVOH/PE “and
PA/AL/PVC. | | |
7. A Dblister pack cbmprising a cover and a cavity‘
coupled to each other to form a housing to contain soft
gel capsules containing a lipophilic matrix, preferably
a 'vegeﬁable oil, and microorganisms dispersed in said

lipophilic matrix, said cover and said cavity being
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produced vwith the material in accordénce with any of
claims 1-5.

8. A sachet comprising a first and a second face coupled
to each other to define a closed volume, wherein said
first» and/or second face comprise a matexial in
accordance with any of claims 1-5. |

9. A use of a multilayer material in accordance with
any of cléims 1-5, for giving stability to products
containing microorganisms. |

10. The use of the material according to claim 9, for
giving stability to the storage of products - containing
microorganisms in contact with a 1lipophilic matrix,
preferably a vegetable oil, from 18 to 36 months,
preferably 24 months, at a temperature comprised f£rom 20
to 35°C, preferably from 25 to 30°C.

11. The use of the material according to claims 9 or 10,
wherein the stability to the storage of the products
containing the microorganisms Cis égainst: oxygen and

water wvapour.
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Description
Blister packages

[0001] This application claims priority to European application No. 13199367.7
filed on December 23, 2013, the whole content of this application being
incorporated herein by reference for all purposes.

Technical Field

[0002] The present invention pertains to a package, to a process for its
manufacture and to its uses in various applications.

Background Art

[0003] A package is known in the art as being a container in the form of a flexible
bag or rigid walled housing provided with an opening that serves to
provide access to the interior of the container. A lid or cover sheet is
positioned over the opening and bonded to the container, typically by heat
sealing, to enclose and seal the container interior and its contents from the
external environment.

[0004] Blister packages suitable for the packaging and storing of food and drink,
medicaments and other products have to comply with specific
requirements in terms of barrier properties against moisture and gases, in
particular oxygen, to firstly prevent ingress of moisture and gases through
the packaging walls into the packaged products and secondly from the
inside of the packaging into the surroundings.

[0005] By way of example, a wide variety of medicaments require to be stored
into packages typically exhibiting water vapour permeability values below
0.06 g/(m2 X 24 h), preferably below 0.04 g/(m2 x 24 h).

[0006] Blister packages usually comprise two sheets which are firmly bonded to
each other: a first base sheet containing cavities matched to the products
to be packed, which is obtained typically by thermoforming a flat,
preferably optically transparent, thermoplastic polymer film, and a second
lid sheet, which, after the products have been properly fed to the
preformed base sheet, is sealed onto the base sheet typically by heat
sealing.

[0007] The base sheet commonly accounts for 80-85% by weight of the total

weight of the blister package and the lid sheet commonly makes up the
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[0008]

[0009]

[0010]

[0011]

[0012]

[0013]

remaining 15-20% by weight of the total weight of said blister package.
Blister packages are commonly referred to as push-through packages if
the packaged products can be pushed through the lid sheet by pressure
on the base sheet and removed individually from the blister package.
Otherwise, blister packages are commonly referred to as peel-push
packages if the lid sheet can be at least partially peeled off before removal
of the packaged products by pushing against the base sheet.

The base sheet is usually optically transparent but it can be obscured for
use in child-resistant packages or to protect light-sensitive drugs.

Several thermoplastic polymer films are commonly used for this purpose.
Polyvinylidene chloride (PVDC) and polychlorotrifluoroethylene (PCTFE)
polymers are particularly suitable for use in the manufacture of optically
transparent base sheets for blister packages due to their low permeability
to moisture and/or gases, in particular oxygen.

For instance, US 4424256 (AMERICAN CAN COMPANY) 03.01.1984
discloses a heat sealable flexible packaging film comprising a heat
sealable layer (12) made from a linear low density polyethylene, an
adhesive layer (14) made from a blend of 20% to 80% of a linear low
density polyethylene and 80% to 20% of a propylene ethylene copolymer,
a layer (16) made from an anhydride-modified propylene-based primer and
a layer (18) made from an aluminium foil. An additional layer (20) of a
protective polymeric material may be present on the surface of the layer
(18) opposite to the layer (12). The sheet may be readily made into a
pouch, said pouch being suitable for packaging products which will be
subjected to a sterilizing process after the product is put into the package
and the package is sealed.

Also, US 6270869 (ALUSUISSE TECHNOLOGY MANAGEMENT LTD.)
07.08.2001 discloses a laminate film for a push-through or a blister pack,
said laminate film comprising, in succession, a plastic layer made from any
of a polyvinylchloride, a polyester, a polypropylene, a polyamide or a
cyclo-olefin copolymer, a metal foil and an oriented polyamide film having
a thickness of from 25 um to 32 um. The metal foil may be pre-treated with

a primer on one or both its sides.
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[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

Further, US 5250349 (MITSUI PETROCHEMICAL INDUSTRIES, LTD.)
05.10.1993 discloses a laminate for a package, said laminate comprising a
thermoplastic resin layer which is adhered to a metal layer through an
adhesive resin composition comprising, /nter alia, 1 to 15 parts by weight
of a polyethylene graft-modified with an unsaturated carboxylic acid or a
derivative thereof.

However, optically transparent base sheets having water vapour
permeability values below 0.06 g/(m? x 24 h) are commonly achievable by
using PCTFE films having a thickness greater than 100 pym.

On the other side, aluminium films are typically used as lid sheets which
advantageously have water vapour permeability values below 0.04 g/(m? x
24 h).

However, aluminium films are not optically transparent and have low
deformability, and cannot therefore be used to produce relatively small
blister packages.

It is also desirable that the lid sheet of a peel-push blister package
maintains its integrity during the opening of the package and during the full
lifetime of use of the blister package such as during any coiling or winding
up of the lid sheet once separated from the base sheet.

To override the drawbacks of the blister packages of the prior art, lid
sheets have been developed in the form of laminates with plastic films
comprising, /nter alia, aluminium layers. See, for instance, US
2011/0210037 (J. MUENSTER ET AL.) 01.09.2011 and US 2008/0251411
(GLAXOSMITHKLINE CORPORATE) 16.10.2008 .

There is nevertheless still the need in the art for thermoplastic polymer
material-based film assemblies providing for packages having high barrier
properties from the external environment, low thickness, good optical
transparency and good sealability, while maintaining good interlayer
adhesion properties, and for a cost-effective and environmentally friendly
process for the manufacture of said packages allowing the lowest possible

consumption of raw materials.

Summary of invention

[0021]

It has been now surprisingly found that the package of the present
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[0022]

[0023]

[0024]

[0025]

[0026]

invention has advantageously a thickness as low as to provide for
outstanding flexibility properties while ensuring high barrier properties from
the external environment and, preferably, good optical transparency over
the long term.

In particular, it has been found that the package of the invention is
endowed with low permeability to water vapour and gases, in particular to
oxygen.

Also, it has been found that the package of the invention exhibits good
interlayer adhesion properties.

Further, it has been found that the package of the invention can be easily
obtained by the process of the invention.

In a first instance, the present invention pertains to a process for
manufacturing a package, said process comprising the following steps:
(1) providing at least one sheet comprising a layer [layer (L1)] consisting of
a composition [composition (C1)] comprising, preferably consisting of, at
least one thermoplastic polymer [polymer (T1)], said layer (L1) having two
opposite surfaces;

(2) treating one surface of the layer (L1) with a radio-frequency glow
discharge process in the presence of an etching gas medium;

(3) applying by electroless deposition a layer [layer (L2)] onto the surface
of the layer (L1) provided in step (2), said layer (L2) being consisting of at
least one metal compound [compound (M1)]; and

(4) optionally, directly adhering to the layer (L2) a layer [layer (L3)]
consisting of a composition [composition (C3)] comprising, preferably
consisting of, at least one thermoplastic polymer [polymer (T2)], said
polymer (T2) being equal to or different from the polymer (T1).

In a second instance, the present invention pertains to a package
obtainable by the process of the invention, said package comprising at
least one sheet, said sheet comprising the following layers:

- a layer [layer (L1)] consisting of a composition [composition (C1)]
comprising, preferably consisting of, at least one thermoplastic polymer
[polymer (T1)], said layer (L1) having two opposite surfaces, wherein one

surface comprises one or more grafted functional groups [surface
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(L1-S1-9)],

- directly adhered to the surface (L1-S1-f), a layer [layer (L2)] consisting of
at least one metal compound [compound (M1)], and

- optionally, directly adhered to the layer (L2), a layer (L3) consisting of a
composition [composition (C3)] comprising, preferably consisting of, at
least one thermoplastic polymer [polymer (T2)], said polymer (T2) being
equal to or different from the polymer (T1).

In a third instance, the present invention pertains to a process for
packaging one or more products, said process comprising the following
steps:

(i) shaping the at least one sheet of the package as defined above thereby
providing a package having an opening;

(ii) feeding the package provided in step (i) with one or more products; and
(iii) sealing the package provided in step (ii).

For the purpose of the present invention, the term “package” is intended to
denote a container in the form either of a flexible bag or of a rigid walled
housing.

The package of the invention is typically an assembly comprising at least
two sheets as defined above, said sheets being adhered to each other.
For the purpose of the present invention, the term “sheet” is intended to
denote a flat multilayer film.

For the purpose of the present invention, by the term “layer” it is meant a
covering piece of material or a part that lies over or under another having a
thickness smaller than either of its length or its width.

For the purpose of the present invention, the term “product” is intended to
denote a product which matches the shape of the package. Products
suitable for use in the package of the invention may be either in solid or in
liquid state.

In a fourth instance, the present invention pertains to use of the package
of the invention in various applications such as pharmaceutical and food
applications.

Thus, the present invention pertains to use of the package of the invention

as a pharmaceutical package comprising one or more pharmaceutical
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products.

Non-limiting examples of pharmaceutical products include, notably, tablets
and capsules.

The present invention also pertains to use of the package of the invention
as a food package comprising one or more food products.

The package of the invention may further comprise, directly adhered to the
layer (L2), a layer [layer (L4)] consisting of at least one metal compound
[compound (M2)], said compound (M2) being equal to or different from the
compound (M1).

The layer (L4) of the package of the invention, if any, is preferably
obtainable by electro-deposition onto the layer (L2).

The package of the invention is preferably a blister package comprising:
(A) a base sheet comprising one or more blisters, said base sheet
comprising a layer [layer (L1)] consisting of a composition [composition
(C1)] comprising, preferably consisting of, at least one thermoplastic
polymer [polymer (T1)], said layer (L1) having two opposite surfaces, and
(B) directly adhered to said base sheet, a lid sheet, said lid sheet
comprising the following layers:

- a layer [layer (L1)] consisting of a composition [composition (C1)]
comprising, preferably consisting of, at least one thermoplastic polymer
[polymer (T1)], said layer (L1) having two opposite surfaces, wherein one
surface comprises one or more grafted functional groups [surface
(L1-S1-0)],

- directly adhered to the surface (L1-S1-f), a layer [layer (L2)] consisting of
at least one metal compound [compound (M1)], and

- optionally, directly adhered to the layer (L2), a layer (L3) consisting of a
composition [composition (C3)] comprising, preferably consisting of, at
least one thermoplastic polymer [polymer (T2)], said polymer (T2) being
equal to or different from the polymer (T1).

The blister package of the invention is advantageously obtainable by a
process comprising the following steps:

(1) providing a base sheet comprising a layer [layer (L1)] consisting of a

composition [composition (C1)] comprising, preferably consisting of, at
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least one thermoplastic polymer [polymer (T1)], said layer (L1) having two
opposite surfaces;

(2°) thermoforming the base sheet provided in step (1’) thereby providing a
base sheet comprising one or more blisters;

(3’) feeding one or more blisters of the base sheet provided in step (2°)
with one or more products;

(4’) providing a lid sheet comprising a layer [layer (L1)] consisting of a
composition [composition (C1)] comprising, preferably consisting of, at
least one thermoplastic polymer [polymer (T1)], said layer (L1) having two
opposite surfaces;

(5’) treating one surface of the layer (L1) with a radio-frequency glow
discharge process in the presence of an etching gas medium;

(6’) applying by electroless deposition a layer [layer (L2)] onto the surface
of the layer (L1) provided in step (5’), said layer (L2) consisting of at least
one metal compound [compound (M1)]; and

(7’) sealing, optionally through one or more adhesive layers, the layer (L1)
of the lid sheet provided in step (6°) onto the layer (L1) of the base sheet
provided in step (3’).

The blister package of the invention typically comprises a base sheet (A)
comprising one or more blisters, said base sheet (A) comprising the
following layers:

- a layer [layer (L1)] consisting of a composition [composition (C1)]
comprising, preferably consisting of, at least one thermoplastic polymer
[polymer (T1)], said layer (L1) having two opposite surfaces, wherein one
surface comprises one or more grafted functional groups [surface
(L1-S1-f)],

- directly adhered to the surface (L1-S1-f), a layer [layer (L2)] consisting of
at least one metal compound [compound (M1)], and

- optionally, directly adhered to the layer (L2), a layer (L3) consisting of a
composition [composition (C3)] comprising, preferably consisting of, at
least one thermoplastic polymer [polymer (T2)], said polymer (T2) being
equal to or different from the polymer (T1).

According to an embodiment of the package of the invention, the surface
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(L1-S1-f) of the layer (L1) is advantageously obtainable by treating one
surface of the layer (L1) with a radio-frequency glow discharge process in
the presence of an etching gas medium.

The term “functional group” is used herein according to its usual meaning
to denote a group of atoms linked to each other by covalent bonds which
is responsible for the reactivity of the surface (L1-S1-f) of the polymer (T1).
For the purpose of the present invention, the term “grafted functional
groups” is intended to denote functional groups obtainable by grafting onto
to the main chain of the polymer (T1).

For the purpose of the present invention, the term “grafting” is used
according to its usual meaning to denote a radical process by which one or
more functional groups are inserted onto the surface of a polymer
backbone.

The grafted functional groups obtainable by treating one surface of the
layer (L1) with a radio-frequency glow discharge process in the presence
of an etching gas medium typically comprise at least one atom of said
etching gas medium.

According to a preferred variant of this embodiment of the package of the
invention, the layer (L2) is advantageously obtainable by electroless
deposition onto the surface (L1-S1-f) of the layer (L1).

The blister package of the invention may further comprise, directly
adhered to the layer (L2), a layer [layer (L4)] consisting of at least one
metal compound [compound (M2)], said compound (M2) being equal to or
different from the compound (M1).

The layer (L4) of the blister package of the invention, if any, is preferably
obtainable by electro-deposition onto the layer (L2).

The layer (L1) of the sheet of the package of the invention is usually the
inner layer of said package.

The layer (L1) of the base sheet (A) and the layer (L1) of the lid sheet (B)
of the blister package of the invention, equal to or different from each
other, are typically the inner layers of the blister package of the invention.
The lid sheet (B) of the blister package of the invention is advantageously

mechanically peelable from the base sheet (A) of said blister package.
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[0053] For the purpose of the present invention, the term “blister” is intended to
denote a pocket within the base sheet (A) of the blister package. The
pockets may define any suitable profile including those with a square,
circular or rectangular profile or rounded-corner variations of the square
and rectangular profiled.

[0054] According to certain embodiments of the inventions, two or more blisters
within the base sheet (A) of the blister package of the invention may be
linked to each other.

[0055] The blister package of the invention is typically in the form of a blister
package strip wherein one or more blisters are arranged in linear series
arrangement or zig-zag arrangement or circular arrangement along the
length of the base sheet (A).

[0056] The sheet of the package of the invention is preferably optically
transparent.

[0057] The base sheet (A) and the lid sheet (B) of the blister package of the
invention are preferably optically transparent thereby providing an optically
transparent blister package.

[0058] For the purpose of the present invention, by the term “optically
transparent” it is meant that the sheet allows incident electromagnetic
radiation to pass there through without being scattered.

[0059] The sheet of the package of the invention is advantageously optically
transparent to incident electromagnetic radiation having a wavelength of
from about 100 nm to about 2500 nm, preferably of from about 400 nm to
about 800 nm.

[0060] The sheet of the package of the invention is preferably not optically
transparent to incident electromagnetic radiation having a wavelength of
from about 100 nm to about 400 nm.

[0061] The sheet of the package of the invention has advantageously a
transmittance of at least 50%, preferably of at least 55%, more preferably
of at least 60% of the incident electromagnetic radiation.

[0062] The transmittance can be measured using a spectrophotometer according
to any suitable techniques.

[0063] For the purpose of the present invention, the term “thermoplastic polymer”
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is intended to denote whichever polymer existing, at room temperature,
below its glass transition temperature, if it is amorphous, or below its
melting point, if it is semi-crystalline, and which is linear or branched (i.e.
not reticulated). The thermoplastic polymer has the property of becoming
soft when it is heated and of becoming rigid again when it is cooled,
without there being an appreciable chemical change. Such a definition
may be found, for example, in the encyclopaedia called “Polymer Science
Dictionary”, Mark S.M. Alger, London School of Polymer Technology,
Polytechnic of North London, UK, published by Elsevier Applied Science,
1989.

The thickness of the layer (L1) is not particularly limited; it is nevertheless
understood that layer (L1) will have typically a thickness of at least 5 ym,
preferably of at least 10 um. Layers (L1) having thickness of less than 5
um, while still suitable for the insulation system of the invention, will not be
used when adequate mechanical resistance is required.

As per the upper limit of the thickness of the layer (L1), this is not
particularly limited, provided that said layer (L1) still can provide the
flexibility required for the particular field of use targeted.

The skilled in the art, depending on the nature of the polymer (T1), will
select the proper thickness of the layer (L1) so as to provide for the
permeability and flexibility properties required.

Also, the skilled in the art, depending on the nature of the polymer (T1),
will select the proper thickness of the layer (L1) so as to provide for the
optical transparency required.

Also, the thickness of the layer (L3), if any, is not particularly limited; it is
nevertheless understood that layer (L3) will have typically a thickness of at
least 5 um, preferably of at least 10 ym. Layers (L3) having thickness of
less than 5 ym, while still suitable for the package of the invention, will not
be used when adequate mechanical resistance is required.

As per the upper limit of the thickness of the layer (L3), if any, this is not
particularly limited, provided that said layer (L3) still can provide the
flexibility required for the particular field of use targeted.

The skilled in the art, depending on the nature of the polymer (T2), will

120/300



WO 2015/097208 PCT/EP2014/079124

[0071]

[0072]

[0073]

11

select the proper thickness of the layer (L3) so as to provide for the
permeability and flexibility properties required.

Also, the skilled in the art, depending on the nature of the polymer (T2),
will select the proper thickness of the layer (L3) so as to provide for the
optical transparency required.

The layer (L1) and the layer (L3), if any, equal to or different from each
other, are preferably optically transparent.

The polymer (T1) and the polymer (T2), equal to or different from each
other, are preferably selected from the group consisting of:

- vinyl chloride-based polymers selected from the group consisting of
polyvinyl chloride, copolymers of vinyl chloride with one or more other
comonomers and mixtures thereof [(PVC) polymers],

- vinylidene chloride-based polymers selected from the group consisting of
polyvinylidene chloride, copolymers of vinylidene chloride with one or more
other comonomers such as 1,1-dichloroethane and mixtures thereof
[(PVDC) polymers],

- chlorotrifluoroethylene-based polymers selected from the group
consisting of polychlorotrifluoroethylene, copolymers of
chlorotrifluoroethylene with one or more other comonomers and mixtures
thereof [(PCTFE) polymers],

- polyolefins such as low-density, linear low-density and high-density
polyethylene, polypropylene and biaxially oriented polypropylene, and
polybutylene,

- copolymers of ethylene such as ethylene-vinyl acetate, ethylene-vinyl
alcohol and ethylene-acrylic acid,

- substituted polyolefins such as polystyrene and poly(vinyl alcohol),

- polyesters such as polyethylene terephthalate, polybutylene
terephthalate, polyethylene naphthalate and copolymers thereof,

- polycarbonates,

- polyamides such as polyamide 6, polyamide 6.6 and polyamide 6.10,
- polyacrylonitriles,

- cellulose, and

- polylactic acid.
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The (PCTFE) polymer preferably comprises recurring units derived from
chlorotrifluoroethylene (CTFE), from at least one hydrogenated monomer
selected from ethylene, propylene and isobutylene and, optionally, one or
more additional monomers, typically in amounts of from 0.01% to 30% by
moles, based on the total amount of CTFE and said hydrogenated
monomer(s).

The (PCTFE) polymer more preferably comprises:

(a) from 50% to 70% by moles of chlorotrifluoroethylene (CTFE);

(b) from 30% to 50% by moles of ethylene (E); and

(c) optionally, up to 5% by moles, preferably up to 2.5% by moles, based
on the total amount of monomers (a) and (b), of one or more fluorinated
monomers and/or hydrogenated monomers.

The composition (C1) may further comprise one or more additives such
as, but not limited to, pigments. The skilled in the art, depending on the
thickness of the layer (L1), will select the proper amount of one or more
additives in the composition (C1).

The composition (C1) is typically processed in molten phase using
melt-processing techniques. The composition (C1) is usually processed by
extrusion through a die at temperatures generally comprised between
100°C and 300°C to yield strands which are usually cut for providing
pellets. Twin screw extruders are preferred devices for accomplishing melt
compounding of the composition (C1).

The layer (L1) is typically manufactured by processing the pellets so
obtained through traditional film extrusion techniques. Film extrusion is
preferably accomplished using a flat cast film extrusion process or a hot
blown film extrusion process.

Under step (2) of the process of the invention, the base sheet provided in
step (1) is thermoformed thereby providing a base sheet (A) comprising
one or more blisters typically by feeding said base sheet from a roll or from
an extruder into a set of indexing chains that incorporate pins, or spikes,
that pierce the base sheet and transport it through an oven for heating to
forming temperature.

The skilled in the art, depending on the nature of the base sheet, will
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select the proper temperature for its thermoforming processing.

The composition (C3) is typically processed in molten phase using
melt-processing techniques. The composition (C3) is usually processed by
extrusion through a die at temperatures generally comprised between
100°C and 300°C to yield strands which are usually cut for providing
pellets. Twin screw extruders are preferred devices for accomplishing melt
compounding of the composition (C3).

The layer (L3) is typically manufactured by processing the pellets so
obtained through traditional film extrusion techniques. Film extrusion is
preferably accomplished using a flat cast film extrusion process or a hot
blown film extrusion process.

The layer (L1) is preferably further processed by one or more planarization
techniques.

Non-limiting examples of suitable planarization technigques include,
notably, bistretching, polishing and planarization coating treatments.

It has been found that by further processing the layer (L1) by one or more
planarization techniques its surface is rendered smooth so as to ensure
higher interlayer adhesion with the layer (L2).

By “radio-frequency glow discharge process” it is hereby intended to
denote a process powered by a radio-frequency amplifier wherein a glow
discharge is generated by applying a voltage between two electrodes in a
cell containing an etching gas. The glow discharge so generated then
typically passes through a jet head to arrive to the surface of the material
to be treated.

By “etching gas medium” it is hereby intended to denote either a gas or a
mixture of gases suitable for use in a radio-frequency glow discharge
process.

The etching gas medium is preferably selected from the group consisting
of air, N2, NH3, CHg4, COs2, He, O, Ho and mixtures thereof.

The etching gas medium more preferably comprises N2 and/or NH3 and,
optionally, Ho.

The radio-frequency glow discharge process is typically carried out under

reduced pressure or under atmospheric pressure.
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The radio-frequency glow discharge process is preferably carried out
under atmospheric pressure at about 760 Torr.

Atmospheric-pressure plasmas have prominent technical significance
because, in contrast with low-pressure plasma or high-pressure plasma,
no reaction vessel is needed to ensure the maintenance of a pressure
level differing from atmospheric pressure.

The radio-frequency glow discharge process is typically carried out at a
radio-frequency comprised between 1 kHz and 100 kHz.

The radio-frequency glow discharge process is typically carried out at a
voltage comprised between 1 kV and 50 kV.

According to a first embodiment of the process of the invention, the
radio-frequency glow discharge process generates a corona discharge.
The radio-frequency glow discharge process of this first embodiment of the
process of the invention is typically carried out at a radio-frequency
comprised between 5 kHz and 15 kHz.

The radio-frequency glow discharge process of this first embodiment of the
process of the invention is typically carried out at a voltage comprised
between 1 kV and 20 kV.

The corona discharge typically has a density comprised between 1 x 109
and 1x 1013 cm3.

According to a second embodiment of the process of the invention, the
radio-frequency glow discharge process generates a plasma discharge.
The radio-frequency glow discharge process of this second embodiment of
the process of the invention is typically carried out at a radio-frequency
comprised between 10 kHz and 100 kHz.

The radio-frequency glow discharge process of this second embodiment of
the process of the invention is typically carried out at a voltage comprised
between 5 kV and 15 kV.

The plasma discharge typically has a density comprised between 1 x 1016
and 1x 1019 cm3.

The Applicant has found that, after treatment of one surface of the layer
(L1) with a radio-frequency glow discharge process in the presence of an

etching gas medium, the layer (L1) successfully maintains its bulk

124/300



WO 2015/097208 PCT/EP2014/079124

[0104]

[0105]

[0106]

[0107]

[0108]

15

properties including its flexibility properties and its optical transparency.
Non-limiting examples of grafted functional groups of the surface (L1-S1-f)
of the layer (L1), obtainable by treatment of the surface of the layer (L1)
with a radio-frequency glow discharge process in the presence of an
etching gas medium comprising N> and/or NH3 and, optionally, Ho,
typically under atmospheric pressure, include, notably, those selected from
the group consisting of amine groups (-NH2), imine groups (-CH=NH),
nitrile groups (-CN) and amide groups (-CONHb>).

The nature of the grafted functional groups of the surface (L1-S1-f) of the
layer (L1) can be determined by any suitable techniques, typically by
FT-IR techniques such as Attenuated Total Reflectance (ATR) coupled to
FT-IR techniques or by X-ray induced photoelectron spectroscopy (XPS)
techniques.

The Applicant has surprisingly found that the surface (L1-S1-f) of the layer
(L1) advantageously provides for outstanding interlayer adhesion with a
layer (L2) applied thereto by electroless deposition.

The compound (M1) and the compound (M2), equal to or different from
each other, are typically selected from the group consisting of:

(a) Rh, Ir, Ru, Ti, Re, Os, Cd, Tl, Pb, Bi, In, Sb, Al, Ti, Cu, Ni, Pd, V, Fe,
Cr, Mn, Co, Zn, Mo, W, Ag, Au, Pt, Ir, Ru, Pd, Sn, Ge, Ga, alloys thereof
and derivatives thereof, and

(b) metal oxides selected from the group consisting of:

- SiOx, ZnQ, In20O3, SNO2 and mixtures thereof, wherein x is comprised
between 0.5 and 2,

- impurity-doped metal oxides selected from the group consisting of ZnO,
InoO3, SNnO2, CdO and mixtures thereof such as Sn-doped metal oxides
selected from the group consisting of ZnQO, In203, SNO2, CdO and
mixtures thereof and Al-doped metal oxides selected from the group
consisting of ZnO, In203, SnO5, CdO and mixtures thereof, and

- Zn238n0y4, ZnSn03, Zn2lno0s5, Zn3lns0g, IN2SN04, CASNO3 and mixtures
thereof.

For the purpose of the present invention, by “electroless deposition” it is

meant a redox process, typically carried out in a plating bath, wherein a
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metal compound is reduced from its oxidation state to its elemental state in
the presence of suitable chemical reducing agents.

The surface (L1-S1-f) of the layer (L1) is typically contacted with an
electroless metallization catalyst thereby providing a catalytic layer [layer
(L1l

The layer (L2) is then typically obtainable by electroless deposition onto
the layer (L1¢) using a composition (C2) comprising at least one metal ion
deriving from at least one compound (M1).

The Applicant thinks, without this limiting the scope of the invention, that
the layer (L1¢) is a transient intermediate of the electroless deposition
process so that the layer (L2) is finally directly adhered to the surface
(L1-S1-f) of the layer (L1).

The electroless metallization catalyst is typically selected from the group
consisting of catalysts based on palladium, platinum, rhodium, iridium,
nickel, copper, silver and gold.

The electroless metallization catalyst is preferably selected from palladium
catalysts such as PdClo.

The surface (L1-S1-f) of the layer (L1) is typically contacted with the
electroless metallization catalyst in liquid phase in the presence of at least
one liquid medium.

The composition (C2) typically comprises at least one metal ion deriving
from at least one compound (M1), at least one reducing agent, at least one
liquid medium and, optionally, one or more additives.

Non-limiting examples of suitable liquid media include, notably, water,
organic solvents and ionic liquids.

Among organic solvents, alcohols are preferred such as ethanol.
Non-limiting examples of suitable reducing agents include, notably,
formaldehyde, sodium hypophosphite and hydrazine.

Non-limiting examples of suitable additives include, notably, salts, buffers
and other materials suitable for enhancing stability of the catalyst in the
liquid composition.

Should the compound (M1) be selected from metal oxides (b) as defined

above, the layer (L2) is advantageously optically transparent.
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The layer (L2) has typically a thickness comprised between 0.05 pm and 5
um, preferably between 0.5 ym and 1.5 ym.

The thickness of the layer (L2) can be measured by any suitable
techniques, typically by scanning electron microscopy (SEM) techniques.
The layer (L2) of the blister package of the invention is preferably
consisting of a compound (M1) selected from the group consisting of:

(a’) Cu, Al, Ni, Pd, Ag, Au and alloys thereof, and

(b’) metal oxides selected from the group consisting of:

- SiOx, ZnQ, Ino0O3, SNO2 and mixtures thereof, wherein x is comprised
between 0.5 and 2,

- impurity-doped metal oxides selected from the group consisting of ZnO,
Ino03, SNO2, CdO and mixtures thereof such as Sn-doped metal oxides
selected from the group consisting of ZnQO, In203, SNO2, CdO and
mixtures thereof and Al-doped metal oxides selected from the group
consisting of ZnO, In203, SnO2, CdO and mixtures thereof, and

- Zn2Sn0y, ZnSnO3, Zn2ln20s5, Zn3lns0g, IN2SNO4, CdSNO3 and mixtures
thereof.

The package thereby provided is then typically dried, preferably at a
temperature comprised between 50°C and 150°C, more preferably at a
temperature comprised between 100°C and 150°C.

The layer (L4) is typically applied onto the layer (L2) by electro-deposition
using a composition (C4) comprising at least one metal ion deriving from
at least one compound (M2).

For the purpose of the present invention, by “electro-deposition” it is meant
a process, typically carried out in an electrolytic cell, using an electrolytic
solution, wherein an electric current is used to reduce a metal compound
from its oxidation state to its elemental state.

The composition (C4) preferably comprises at least one metal ion deriving
from at least one compound (M2), at least one metal halide and,
optionally, at least one ionic liquid.

Non-limiting examples of suitable ionic liquids include, notably, those
comprising:

- a cation selected from the group consisting of a sulfonium ion or an
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imidazolium, pyridinium, pyrrolidinium or piperidinium ring, said ring being
optionally substituted on the nitrogen atom, in particular by one or more
alkyl groups with 1 to 8 carbon atoms, and on the carbon atoms, in
particular by one or more alkyl groups with 1 to 30 carbon atoms, and

- an anion selected from the group consisting of halide anions,
perfluorinated anions and borates.

The Applicant has also found that the layer (L2) advantageously provides
for outstanding interlayer adhesion with a layer (L4) applied thereto by
electro-deposition.

Should the compound (M2) be selected from metal oxides (b) as defined
above, the layer (L4) is advantageously optically transparent.

The layer (L4), if any, has typically a thickness comprised between 0.05
pum and 5 um, preferably between 0.5 pm and 1.5 um.

The thickness of the layer (L4) can be measured by any suitable
techniques, typically by scanning electron microscopy (SEM) techniques.
The package thereby provided is then typically dried, preferably at a
temperature comprised between 50°C and 150°C, more preferably at a
temperature comprised between 100°C and 150°C.

Sealing is carried out at a temperature typically comprised between 150°C
and 300°C by any techniques commonly known in the art.

Among conventional techniques, mention can be notably made of
melt-processing techniques such as colaminating, coextrusion, for
example coextrusion-laminating, coextrusion-blow moulding and
coextrusion-moulding, extrusion-coating, coating, overinjection-moulding
or coinjection-moulding techniques.

Sealing is typically carried out through one or more adhesive layers.

The adhesive layer typically consists of at least one polymer selected from
the group consisting of:

- polyolefins such as polyethylene and polypropylene,

- copolymers of ethylene such as ethylene-vinyl acetate, ethylene-vinyl
alcohol and ethylene-acrylic acid, and

- silane-grafted polyolefins.

It is understood that the layer (L1) of the base sheet (A) and the layer (L1)
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of the lid sheet (B) of the blister package of the invention are sealed onto
each other except in the region of the blisters.

Should the disclosure of any patents, patent applications, and publications
which are incorporated herein by reference conflict with the description of
the present application to the extent that it may render a term unclear, the
present description shall take precedence.

The invention will be now described in more detail with reference to the
following examples whose purpose is merely illustrative and not limitative
of the scope of the invention.

Raw materials

ECTFE (50:50 molar ratio)

Example 1 - Manufacture of a fluoropolymer layer

For manufacturing thin films, pellets of ECTFE were processed in a cast
extrusion film line equipped with a 2.5” single stage extruder. Extruder is
connected to the die via an adapter equipped with breaker plate. The die
was a 1370 mm wide auto-gauge die. Upon exit from the die, molten tape
was casted on three subsequent chill rolls, whose speed was adapted so
as to obtain a film. Total thickness and thickness variation along the width
are controlled by a Beta-ray gauge control system with retrofit to the die.
The final width of the film, after edge cutting, was about 1050 mm.

The following processing conditions were used for a 50 pm thick film (see

Tables 1 and 2 here below):

Table 1

Zone Temperature [°C]
Main Barrel Zone 1 275
Main Barrel Zone 2 280
Main Barrel Zone 3 280
Main Barrel Zone 4 280
Clamp 280
Adapter 1 280
Adapter 2 280
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Table 2
Zone Temperature [°C]
Adapter 280
Die Zone 1 285
Die Zone 2 285
Die Zone 3 285
Die Zone 4 285
Die Zone 5 285
Top Roll 0
Centre Roll 170
Bottom Roll 170

Example 2 - Surface modification of a fluoropolymer layer

The fluoropolymer film so obtained was treated by a radio-frequency
plasma discharge process. The etching gas used was N2. Working
radio-frequency and voltage had values of 40 kHz and 20 kV, respectively.
Example 3 - Metallization process of a fluoropolymer layer

The fluoropolymer film treated by plasma as detailed hereinabove was
coated with metallic copper by electroless plating. Prior to the copper
deposition, the fluoropolymer layer was catalyzed by the wet process of Pd
activation. This activation process was carried out by the immersion of the
fluoropolymer layer in an aqueous solution containing 0.03 g/L of PdCl» for
1 min, resulting in the substrate being entirely covered with Pd particles at
a high density.

The activated fluoropolymer film was then immersed in an aqueous plating
bath containing 6 g/L of CuSQy4, 27g/l of EDTA disodium salt hydrate,
formaldehyde 7.4 ml/l and 5.6 g/l of sodium hydroxide. The plating
temperature was 60°C and its pH value was 10.

Comparative Example 1 - Metallization process of a fluoropolymer layer §
A fluoropolymer film was prepared following the same procedure as
detailed above under Example 3, but without surface modification by
plasma of the fluoropolymer film.

Comparative Example 2 -Metallization process of a fluoropolymer layer

The fluoropolymer film treated by plasma as detailed in Example 2 was
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coated with metallic nickel by sputtering according to usual technigues.
Evaluation of adhesion of the metallized fluoropolymer assembly
Adhesion of the metallic layer on the fluoropolymer substrates has been
characterized by means of ASTM D3359 cross cut test standard
procedure. Using a cutting tool, two series of perpendicular cuts were
applied on the metallic layer in order to create a lattice pattern on it. A
piece of tape was then applied and smoothened over the lattice and
removed with an angle of 180° with respect to the metallic layer. The
adhesion of metallic layer on the fluopolymer was then assessed by
comparing the lattice of cuts with the ASTM D3359 standard procedure.
The classification of test results ranged from 5B to OB, whose descriptions

are depicted in Table 3.

Table 3
ASTM D3359 Description

Classification

5B The edges of the cuts are Completely smooth;

none of the squares of the lattice is detached.

4B Detachment of flakes of the coating at the
intersections of the cuts. A cross cut area not

significantly greater than 5% is affected.

3B The coating has flaked along the edges and/or
at the intersection of the cuts. A cross cut area
significantly greater than 5%, but not

significantly greater than 15% is affected.

2B The coating has flaked along the edges of the
cuts partly or wholly in large ribbons, and/or it
has flaked partly of wholly on different parts of
the squares. A cross cut area significantly
greater than 15%, but not significantly greater
than 65%, is affected.

1B The coating has flaked along the edges of the

cuts in large ribbons and/or some squares
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have detached partly or wholly. A cross cut
area significantly greater than 35%, but not

significantly greater than 65%, is affected.

0B Any degree of flaking that cannot be classified

even by classification 1B.

The adhesion values for metallized fluoropolymer assemblies obtained
according to Example 1 and comparative Examples 1 and 2 are set forth in

Table 4 here below.

Table 4
Run Adhesion strength
ASTM D3359
Example 3 5B
C. Example 1 OB
C. Example 2 1B

It has been thus found that the multilayer assembly according to the
present invention advantageously provided for outstanding interlayer
adhesion properties as compared to multilayer assemblies according to
Comparative Examples 1 and 2. No interlayer adhesion was observed for
the multilayer assembly obtained according to Comparative Example 1,
wherein the surface of the fluoropolymer film was not modified by plasma
treatment.

Evaluation of surface functionalization by XPS after plasma treatment
The fluoropolymer film obtained according to Example 1 as described
above was provided as such. It has been found by XPS analysis that the
surface madified fluoropolymer layer obtained according to Example 2
comprises functional groups containing nitrogen atoms (2.87 At%) as
compared to the bare fluoropolymer film obtained according to Example 1,
wherein its surface, as confirmed by XPS analysis, does not comprise
functional groups containing nitrogen atoms.

Evaluation of water vapour permeation properties of the metallized
fluoropolymer assembly

The fluoropolymer film obtained according to Example 1 as described
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above was provided as such.

Water vapour permeability was measured according to ASTM F1249
standard test procedure by means of the Water Vapor Transmission Rate
(WVTR).

It has been found that the metallized fluoropolymer layer of the invention
as notably obtained according to Example 3 advantageously provided for
lower water vapour permeability as compared to the bare fluoropolymer

film obtained according to Example 1 (see Table 5 below).

Table 5
Run WVTR
[g/m2day]
Ex.1 26
Ex. 3 0.7

Deposition of 0.2 um of copper, resulting in a total thickness of the
multilayer assembly of 50.2 uym, was advantageously sufficient to highly
reduce water vapour permeation with respect to the bare fluoropolymer
film having a thickness of 50 um obtained according to Example 1.

In view of the above, it has been found that the multilayer assembly
according to the present invention is particularly suitable for use in

packaging applications.
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Claims

1.

A process for manufacturing a package, said process comprising the following
steps:

(1) providing at least one sheet comprising a layer [layer (L1)] consisting of a
composition [composition (C1)] comprising, preferably consisting of, at least
one thermoplastic polymer [polymer (T1)], said layer (L1) having two opposite
surfaces;

(2) treating one surface of the layer (L1) with a radio-frequency glow discharge
process in the presence of an etching gas medium;

(3) applying by electroless deposition a layer [layer (L2)] onto the surface of
the layer (L1) provided in step (2), said layer (L2) being consisting of at least
one metal compound [compound (M1)];

(4) optionally, directly adhering to the layer (L2) a layer [layer (L3)] consisting
of a composition [composition (C3)] comprising, preferably consisting of, at
least one thermoplastic polymer [polymer (T2)], said polymer (T2) being equal
to or different from the polymer (T1); and

(5) shaping the sheet provided in either step (3) of (4), if any, thereby providing
a package having an opening.

The process according to claim 1, wherein the polymer (T1) and the polymer
(T2), equal to or different from each other, are selected from the group
consisting of:

- vinyl chloride-based polymers selected from the group consisting of polyvinyl
chloride, copolymers of vinyl chloride with one or more other comonomers and
mixtures thereof [(PVC) polymers],

- vinylidene chloride-based polymers selected from the group consisting of
polyvinylidene chloride, copolymers of vinylidene chloride with one or more
other comonomers such as 1,1-dichloroethane and mixtures thereof [(PVDC)
polymers],

- chloroftrifluoroethylene-based polymers selected from the group consisting of
polychlorotrifluoroethylene, copolymers of chlorotrifluoroethylene with one or
more other comonomers and mixtures thereof [(PCTFE) polymers],

- polyolefins such as low-density, linear low-density and high-density

polyethylene, polypropylene and biaxially oriented polypropylene, and
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polybutylene,

- copolymers of ethylene such as ethylene-vinyl acetate, ethylene-vinyl alcohol
and ethylene-acrylic acid,

- substituted polyolefins such as polystyrene and poly(vinyl alcohol),

- polyesters such as polyethylene terephthalate, polybutylene terephthalate,
polyethylene naphthalate and copolymers thereof,

- polycarbonates,

- polyamides such as polyamide 6, polyamide 6.6 and polyamide 6.10,

- polyacrylonitriles,

- cellulose, and

- polylactic acid.

3. The process according to claim 1 or 2, wherein, under step (2), the
radio-frequency glow discharge process is carried out at a radio-frequency
comprised between 1 kHz and 100 kHz.

4. The process according to any one of claims 1 to 3, wherein, under step (2), the
radio-frequency glow discharge process is carried out at a voltage comprised
between 1 kV and 50 kV.

5. The process according to any one of claims 1 to 4, wherein, under step (2), the
etching gas medium is selected from the group consisting of air, No, NH3, CHy,
COgo, He, O, Ho and mixtures thereof.

6. The process according to claim 5, wherein, under step (2), the etching gas
medium comprises N2 and/or NHz and, optionally, Ho.

7. The process according to any one of claims 1 to 6, said process further
comprising applying by electro-deposition a layer [layer (L4)] consisting of at
least one metal compound [compound (M2)] onto the layer (L2), said
compound (M2) being equal to or different from the compound (M1).

8. A package obtainable by the process according to any one of claims 1 to 6,
said package comprising at least one sheet, said sheet comprising the
following layers:

- a layer [layer (L1)] consisting of a composition [composition (C1)] comprising,
preferably consisting of, at least one thermoplastic polymer [polymer (T1)], said
layer (L1) having two opposite surfaces, wherein one surface comprises one or

more grafted functional groups [surface (L1-S1-f)],
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- directly adhered to the surface (L1-S1-f), a layer [layer (L2)] consisting of at
least one metal compound [compound (M1)], and

- optionally, directly adhered to the layer (L2), a layer (L3) consisting of a
composition [composition (C3)] comprising, preferably consisting of, at least
one thermoplastic polymer [polymer (T2)], said polymer (T2) being equal to or
different from the polymer (T1).

A package obtainable by the process according to claim 7, said package
further comprising, directly adhered to the layer (L2), a layer [layer (L4)]
consisting of at least one metal compound [compound (M2)], said compound
(M2) being equal to or different from the compound (M1).

A package obtainable by the process according to claim 6, wherein the surface
(L1-S1-f) comprises one or more grafted functional groups selected from the
group consisting of amine groups (-NH52), imine groups (-CH=NH), nitrile
groups (-CN) and amide groups (-CONH>).

The package according to any one of claims 8 to 10, wherein the layer (L1) of
the at least one sheet of the package is the inner layer of said package.

The package according to any one of claims 8 to 11, wherein the layer (L2)
has a thickness comprised between 0.05 um and 5 um, preferably between 0.5
pum and 1.5 um.

The package according to any one of claims 8 to 12, wherein the layer (L2)
consists of a compound (M1) selected from the group consisting of:

(@’) Cu, Al, Ni, Pd, Ag, Au and alloys thereof, and

(b’) metal oxides selected from the group consisting of:

- SiOx, Zn0, In203, SnO2 and mixtures thereof, wherein x is comprised
between 0.5 and 2,

- impurity-doped metal oxides selected from the group consisting of ZnO, Ino2O
3, SNO2, CdO and mixtures thereof such as Sn-doped metal oxides selected
from the group consisting of ZnO, Ino0O3, SNnO2, CdO and mixtures thereof and
Al-doped metal oxides selected from the group consisting of ZnO, In203, SnO2
, CdO and mixtures thereof, and

- ZnoSn0y, ZnSnO3, Zn2ln20s5, Znglno0g, INoSnO4, CdSNO3 and mixtures
thereof.

The package according to any one of claims 8 to 13, said package being a
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blister package comprising:

(A) a base sheet comprising one or more blisters, said base sheet comprising
a layer [layer (L1)] consisting of a composition [composition (C1)] comprising,
preferably consisting of, at least one thermoplastic polymer [polymer (T1)], said
layer (L1) having two opposite surfaces, and

(B) directly adhered to said base sheet, a lid sheet, said lid sheet comprising
the following layers:

- a layer [layer (L1)] consisting of a composition [composition (C1)] comprising,
preferably consisting of, at least one thermoplastic polymer [polymer (T1)], said
layer (L1) having two opposite surfaces, wherein one surface comprises one or
more grafted functional groups [surface (L1-S1-f)],

- directly adhered to the surface (L1-S1-f), a layer [layer (L2)] consisting of at
least one metal compound [compound (M1)], and

- optionally, directly adhered to the layer (L2), a layer (L3) consisting of a
composition [composition (C3)] comprising, preferably consisting of, at least
one thermoplastic polymer [polymer (T2)], said polymer (T2) being equal to or
different from the polymer (T1).

Use of the blister package according to claim 14 as a pharmaceutical blister
package comprising one or more pharmaceutical products.

Use of the blister package according to claim 14 as a food blister package

comprising one or more food products.
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Linerless washable label, apparatus and method for preparing a label

Field of the application

The present invention relates to linerless self-adhesive washable label for a
container, a method and an apparatus for preparing said label, and labelled
items.

Background of the application

It is general practice to apply labels to the surface of containers, such as
bottles made of polymer or glass, to provide decoration, identification, and/or
information for example on the contents of the container. Plastic labels, in
contrast to paper labels, are increasingly preferred, for example due to their
more appealing appearance (for example transparency) and better
mechanical properties. The containers, such as bottles in the beverage
industry, are generally reused many times and thus there is a need for plastic
labels which are easily and completely removed from the surface of the
container during conventional washing processes such as hot dilute caustic
soda. Thus, removable labels are an important topic, for example, in
beverage industry.

Wash-off labels, known from prior art, have been based on paper materials,
which may become easily disintegrated into the washing liquid. Another
known approach, which is typically used in combination with paper labels,
has been to select adhesives which are soluble into water-based washing
liquid and thus lead to the removal of the labels. The use of such adhesives
requires that the label material allows the washing liquid to penetrate into the
adhesive layer so that rapid loosening of the label is possible. Even if these
approaches may facilitate quick and effective removal of the labels in the
washing process without leaving markings or residues on the container, they
may suffer from the major drawback that the washing liquid quickly becomes
contaminated by the label material and/or the dissolved adhesive
components.
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Yet another approach is that the label structure comprises a heat-shrinkable
plastic film layer causing the label to curl and detach the label from the
surface of an item under typical washing conditions at 80-85°C in an alkaline
solution. Typically these labels comprise a release liner, for example a
polyester film, coated with silicone which is then further coated with a
pressure-sensitive adhesive and dried under heat in an oven. The major
deficiencies of these types of constructions are that they are rather costly and
in addition, in some cases they are using environmentally questionable PVC
solutions.

It would be desirable to produce wash-off labels which are economical but
also environmentally friendly, totally removable from a surface of an item
without leaving deposits or remnants of adhesive on the surface of the item.
It would be desirable if the materials could be separated and easily recycled.

Summary

It is an object of the invention to provide a linerless label. It is another object
of the invention to provide labelled items. It is another object of the invention
to provide a method for producing a said label. It is another object of the
invention to provide an apparatus for preparing said label.

One embodiment provides a printed linerless face laminate comprising the
following layers in the following order:

-a release layer comprising a release agent,

-a second layer comprising a thermoplastic polymer,

-a second adhesive layer,

-a first layer comprising a thermoplastic polymer or fiber-based material, and
-a first adhesive layer comprising a pressure sensitive adhesive,

wherein the print is on one or more printable surface(s) between the first
layer and the second layer.

In one embodiment at least one of the first layer and the second layer
comprises a non-annealed monoaxially oriented film.
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One embodiment provides a printed linerless face laminate comprising the
following layers in the following order:

-a second layer comprising second shrinkable uniaxially oriented film ,

-a second adhesive layer,

-a first layer comprising first shrinkable uniaxially oriented film, which is
oriented in different direction to the second shrinkable uniaxially oriented film,
and

-a first adhesive layer comprising pressure sensitive adhesive.

One embodiment provides said printed linerless face laminate wound into a
roll.

One embodiment provides a labelled item having said face laminate attached
to a surface of said item.

One embodiment provides a method for producing a printed linerless face
laminate, the method comprising

providing a printable laminate having one or more printable surface(s) and
multiple layers in the following order:

-a first layer comprising a thermoplastic polymer or fiber-based material,

-a first adhesive layer comprising a pressure sensitive adhesive,

-a release layer comprising a release agent, and

-a second layer comprising a thermoplastic polymer;

printing on the one or more printable surface(s);

separating

-the first layer and the first adhesive layer, from

-the release layer and the second layer;

rearranging

-the release layer and the second layer

on top of

-the first layer and the first adhesive layer, with the release layer on top of the
construction; and

laminating the first layer and the second layer together with a second
adhesive layer, to form the printed linerless face laminate.
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One embodiment provides a printed face laminate web obtained with said
method.

One embodiment provides a method for preparing a laminate or a face
laminate web, the method comprising

-die-cutting the printed face laminate through all the layers to form a plurality
of predefined shapes for the printed face laminate, and

-defining a bridge between individual shapes to form a laminate web having
plurality of individual shapes attached to each other.

One embodiment provides a printed face laminate web having plurality of
individual shapes attached to each other obtained with said method.

One embodiment provides an apparatus for manufacturing a linerless face
laminate comprising
-means arranged to receive a laminate web comprising a printable laminate
having one or more printable surface(s) and comprising multiple layers in the
following order:
-a first layer comprising a thermoplastic polymer or fiber-based material,
-a first adhesive layer comprising a pressure sensitive adhesive,
-a release layer comprising a release agent, and
-a second layer comprising a thermoplastic polymer;
-delaminating means arranged to delaminate

-the first layer and the first adhesive layer, from

-the release layer and the second layer;
-laminating means comprising means for laminating the second layer and the
first layer together and means for rearranging

-the release layer and the second layer

on top of the first layer and the first adhesive layer, with the release
layer on top of the construction,
to form a linerless face laminate.

The main embodiments are characterized in the independent claims. Various
embodiments are disclosed in the dependent claims. The features recited in
dependent claims are mutually freely combinable unless otherwise explicitly
stated.
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The preparation process of the linerless face laminate produces an end
product having a release agent layer on top of the face laminate, and a
pressure sensitive adhesive on the other side of the face laminate. The
construction of the face laminate or the label enables winding of the self-
adhesive, linerless label web onto itself. The label roll is unwound in order to
cut separate labels from the label web and/or to provide self-adhesive labels
to an article. According to embodiments, the layer next to the adhesive layer,
when the label web is wound to a roll, is a release layer. The release layer
wound next to the adhesive layer enables the label web to be releasably
wound on itself. The release layer on one side of the face stock is arranged
to form a release layer for the self-wound linerless label according to
embodiments. The release layer also facilitates the handling of the face
laminate web in the process as the reduced coefficient of friction provides
smoother running.

One effect of the label according to embodiments is providing a linerless
label. No disposable release liner is needed for the printed label (stock)
according to embodiments. This decreases the amount of waste. An effect of
embodiments is providing a linerless, self-adhesive label web, which is
woundable onto itself. Further effect of the label according to embodiments is
enabling fast adhering of labels to the consumer products.

The label web and the methods according to embodiments enable two-step
cutting, for example using contactless and/or die-cutting, of the labels. Most
of the cutting in the first cutting phase may be done using die-cutting
methods, which are straightforward. Substantial shapes can be formed to the
web at this phase. After the first cutting the waste matrix and the label web
can be separated as continuous webs. For one label web two waste matrix
webs are formed at the both sides of the label web. This cutting phase may
be carried out at the same facilities wherein the face laminate is printed
and/or prepared. The pre-cut face laminate may be wound onto itself for
storage and/or transportation. Such a continuous label roll containing the pre-
cut labels may be provided to a separate site of use, such as to the labelling
and/or dispensing machine for feeding the labels onto the surface of the
items to be labelled. Separate labels may be cut from the label web in the
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second cutting phase using for example contactless cutting, such as a laser,
which is handy, fast, accurate and does not apply pressure to the pressure
sensitive adhesive of the label. Also a contacting cutting method may be
applied in the second cutting phase. As the waste matrix is cut and removed
already during the first cutting phase, this has an effect that no waste
material will be created at the labelling phase itself. Generally a major cutting
is carried out in the first phase and the separation of the labels in the second
phase may be considered more as a minor cutting.

Another effect of the embodiments is avoiding a separate coating phase. No
additional coating needs to be provided. The printed surface does not need
any separate layer, but an existing laminate layer is used to form an overlying
layer to the printed surface. This has effect of enabling printing and coating
the printed surface at the same process phase.

According to embodiments no separate transferring of the printed label, nor
separate coating units/stations are required. It is possible to transfer the
existing adhesive layer with the existing equipment and/or at the same
process phase. Conventionally printed label web may be transferred to a
different site in order to provide a layer on top of the print layer. According to
embodiments it is not necessary to wound and/or transfer the printed face
stock for any further process. An embodiment has an effect of enabling
printing and over coating the print with the adhesive layer at the printing
press.

At least some/all embodiments have effect of saving time and money. This
may be due to lacking an extra layer and/or lacking extra process step,
and/or lacking need to transfer the printed label web to any further premises.
An effect of the embodiments is to finalize the printed surface and/or to
provide a pre-cut label web ready for labelling process at one site.

An effect of the oriented films is that the stiffness of the film is high. Further, if
one of the layers is machine direction oriented, the stiffness will further
increase. During the preparation process the linerless laminate is printed,
opened, rearranged and relaminated, and the stiffness of one or more of the
films will facilitate the processability and handling of the films in the process.
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Also the increased stiffness will help the processability of the linerless end
product for example in the dispensing machine when the labels are
separated and/or fed to the items to be labelled. Also in the washing phase
the increased stiffness will facilitate the washability of the labels. However the
increased stiffness will cause problems if the labels will stick together.

As the print is on a printable surface between the first layer and the second
layer, it provides an effect of being protected against any wearing or
contamination during the production, storage, transportation and use.
Further, during the washing of the labels the print ink will not be washed off to
contaminate the washing solution and/or the recyclable materials of the
containers.

Description of the drawings

Figure 1 illustrates a cross-sectional view of the structure of a laminate

Figure 2 illustrates a cross-sectional view of the structure of a printed
laminate wherein the second layer is printed

Figure 3 illustrates a cross-sectional view of the structure of a printed
laminate wherein the first layer is printed

Figure 4 illustrates (a) a cross-sectional view of the structure of a printed

laminate wherein the first integral unit and the second integral
unit are separated and the second adhesive layer is applied
onto the printed second layer, and (b) wherein the first and the
second integral units have been subsequently rearranged and
relaminated

Figure 5 illustrates (a) a cross-sectional view of the structure of a printed
laminate wherein the first integral unit and the second integral
unit are separated and the second adhesive layer is applied
onto the printed first layer, and (b) wherein the first and the
second integral units have been subsequently rearranged and
relaminated

Figure 6 illustrates a flow chart of a method according to one
embodiment

Figure 7 illustrates a printed label web

Figure 8 illustrates a printed label web comprising die-cut shapes
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Figure 9 illustrates a printed label web comprising three lines of die-cut
shapes

Figure 10 illustrates a printed label web comprising die-cut shapes
wherein the excess matrix material has been removed

Figure 11 illustrates a close-up view of two die-cut shapes with a
connecting bridge

Figure 12 illustrates an apparatus for manufacturing the label web

Figure 13 illustrates an apparatus for manufacturing the label

Detailed description of the embodiments

Generally label is a piece of material carrying information and to be applied
(affixed) onto articles of different shapes and materials. It is general practice
to apply a label to a surface of an article to provide decoration and/or to
display information about the product being sold, such as content of the
article, a trade name or a logo. In a labelling process individual pressure
sensitive adhesive labels may be separated from a liner and transferred to
the article. Alternatively, inmould labelling, hangtag or linerless labels may be
used.

Label webs or labels which are provided to users without release liners over
an adhesive layer are referred to as linerless label webs or linerless labels.
Elimination of release liners reduces the material costs of the labels but also
avoids the disposal of the release liner after the application of the labels.
Moreover, the exclusion of the liner decreases the thickness in a roll of labels
and more labels can be provided per roll.

Labels may be used in wide variety of labelling applications and end-use
areas, such as beverage labelling, food labelling, home and personal care
product labelling, and labelling of industrial products. The surface of the
labelled article may be for example plastic, glass, metal, or paper based. The
labelled article may be for example a container, such as a bottle, jar, canister,
can, tin or the like. The label may also be applied to semi-rigid or flexible
packages used for e.g. sandwich packs, meat trays, salads, fish trays and
the like. Examples of such articles include glass bottles, metal bottles,
polyethyleneterphtalate (PET) bottles, and bottles made of polyolefin, such
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as high density polyethylene (HDPE) and polypropylene (PP). The label may
surround the labelled item, such as a bottle, completely or partially.

Conventionally a self-adhesive laminate comprises a facestock, such as
paper based face material or filmic face material, an adhesive which is
coated on the reverse side of the face material, a release coating, and a
backing. The release coating, such as a silicone layer, is added to the upper
side of the backing. The chemistry of the release coating defines the force
required to release the adhesive (and therefore the label face) from the
backing. Printable facestock is suitable for printing by any of the known
printing methods, such as with gravure, flexographic process, offset, screen
or letterpress. Also digital printing methods may be used, for example by
liquid toner, dry toner or ink-jet process

Lamination means placing together material layers, such as separate plastic
film layers, by means of a suitable surface treatment of the films, primer or
lamination adhesive between the layers, to form a laminate. The laminates
and the layers therein described herein may be manufactured using any
suitable method for preparing laminates and/or layers for the laminates.
Examples of such methods for preparing the layers include extrusion,
coextrusion and coating methods. The film layers are generally plastic film
layers, preferably thermoplastic film layers.

A face laminate as used herein refers to a multi-layered laminate having a
printable surface being able to carry information, said laminate being
attachable to a surface of an item to be labelled. The face laminate may also
be called a label. The face laminate may be printed or non-printed. A printed
face laminate or label carries information on said printable surface, such as
text and/or graphical information. A face laminate contains at least a face
stock and an adhesive for attaching the face laminate onto a surface of the
item to be labelled. Generally a multi-layered laminate contains at least two
layers attached (laminated) to each other with an adhesive, such as a
laminating adhesive. A coextruded structure is not a multi-layered laminate,
but a multi-layered laminate may contain a coextruded structure as one layer.
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An adhesive layer may be applied onto the laminate. An emulsion adhesive
layer may be applied e.g. by using a curtain coating, reverse gravure, slot-die
or roller-coating methods. A hot-melt adhesive may be applied e.g. by using
slot-die or roller coaters. If emulsion adhesive is used the water may be
evaporated from the adhesive dispersion by using e.g. hot air jets or infra-red
heaters.

A pressure sensitive adhesive layer may be a continuous coating covering
100% of the face laminate. Alternatively, it may be applied discontinuously as
spots or strips covering less than 100% of the face laminate. For example,
the adhesive may cover between 10 to 90% of the total area of the face
laminate.

A continuous label web may be cut during labelling in order to provide
individual labels having a desired shape and size. Said label may be
prepared from a printable laminate having a printable surface, which laminate
may be provided as a self-wound roll.

One example, as illustrated in Figure 1, provides a printable laminate 100
comprising multiple layers in the following order: a first layer 101 comprising
a thermoplastic polymer or fiber-based material, a first adhesive layer 102
comprising a pressure sensitive adhesive, a release layer 103 comprising a
release agent, and a second layer 104 comprising a thermoplastic polymer.
In one embodiment the laminate consists of said layers. In one embodiment
at least one of the first layer and the second layer comprises a non-annealed
monoaxially oriented film. In one embodiment both the first layer and the
second layer comprise an oriented fiim. In one embodiment the non-
annealed monoaxially oriented film is a shrinkable monoaxially oriented film.
In one embodiment the first layer 101 has a printable surface.

In one embodiment the second 104 layer has a printable surface. In one
embodiment both the first layer 101 and the second layer 104 have a
printable surface. In one embodiment the first layer comprises a non-
annealed film and the second layer comprises a non-annealed film. In one
embodiment both the first layer and the second layer comprise a shrinkable
monoaxially oriented non-annealed film.
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Said printable surface is a surface which can be printed when preparing the
printed label. A printable surface refers to any suitable ink receiving surface
which may be printed and wherein the print will remain. Excluded are
surfaces wherein the printing ink will not be attached properly, for examples
surfaces treated with release agents, adhesives or any other slippery or tacky
surfaces which do not allow permanent or quality printing. “A printable
surface” as used herein does not exclude the presence of more than one
printable surfaces, for example two printable surfaces.

In one embodiment the first layer 101 comprises at least one thermoplastic
polymer, such as a polymer selected from polyolefins, polyesters, cyclic
olefin polymers or copolymers or the like. The first layer 101 may also
comprise or further comprise at least one polymer based on or derived from a
thermoplastic polymer. The content of said thermoplastic polymer or the
polymer derived from said thermoplastic polymer in the layer may be for
example in the range of about 10-100% (w/w). If the first layer consists of
said polymer or substantially consists of said polymer, the content of the
polymer in the layer may be in the range of about 95-100% (w/w), more
particularly about 98—100% (w/w), or even about 99—100% (w/w). If the first
layer contains several polymers, the content of a single type of polymer in the
layer may be in the range of about 20-80% (w/w), or about 30-70% (w/w), or
about 40—-60% (w/w) or about 50% (w/w). In one example the first layer does
not contain fiber-based material.

In one embodiment the first layer comprises polyester, for example at least
80% polyester, or at least 90% polyester. In many cases the PET films
contain 100% of PET. In one embodiment the second layer comprises
polyolefin, for example at least 70% polyolefin, or at least 80% polyolefin. In a
case of polyolefin/polystyrene coextrusion the content of polyolefin may be in
the range of 40—-70%.

The first layer may comprise a polymer selected from for example
polyethylene, polypropylene, polyethylene terephthalate, polylactic acid,
polystyrene, polyvinyl chloride, cyclic olefin (co)polymer, copolymers,
derivatives and coextrusion blends thereof.
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The first layer 101 may comprise a monolayer film or a multilayer film having
two or more layers and it has a first side and a second side. In one
embodiment the first side has a printable surface which enables printing on
the layer. The first layer 101 may also be called as a first film layer and it may
act as the facestock of the final label. The first layer 101 may have a
thickness in the range of about 10-50 um, for example in the range of about
1040 pm, or 10-30 um. In one embodiment the first layer 101 is a
monolayer film. In one embodiment the first layer 101 is oriented. In one
embodiment the first layer 101 is non-oriented. In one embodiment the first
layer is annealed and therefore non-shrinkable. In one embodiment the areal
shrinkage of such non-shrinkable layer or film is less than 5%, for example
less than 2%, at 80°C, for example in the range of 0.5-2.0%.

In one embodiment the first layer is non-annealed and therefore shrinkable.
The first layer may be mono-axially oriented or biaxially oriented. In one
embodiment the first layer comprises a shrinkable monoaxially oriented film
having an areal shrinkage in the direction of the orientation of at least 5% at
80°C, for example at least 10%. In one embodiment the first layer comprises
a shrinkable monoaxially oriented film having an areal shrinkage in the
direction of the orientation in the range of 5—60% at 80°C or in the range of
10-60% or 20—60%.

The areal shrinkage may be defined for example by using standards ASTM
D1204 or ASTM D2732, for example using air as the heating medium at 80°C
for at least 3 minutes, or using liquid, such as water, as the heating medium
at 80°C for at least 3 minutes. In one embodiment the tensile modulus
(ASTM D882) of an oriented first layer in the machine direction is 0.8-3.0
GPa after immmersion in water at 80°C for at least 3 minutes.

In one embodiment the first layer comprises a non-annealed biaxially
oriented film. In one embodiment the first layer comprises an annealed
biaxially oriented film. The film may comprise for example polypropylene,
PET, polystyrene, polylactic acid or COC.
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The film of the first layer 101 may be transparent or clear. From the optical
point of view, high transparency of the labels may be preferred. Transparent
(clear) labels are substantially transparent to visible light. Transparent no-
label look appearance of the label is advantageous, for example, in
applications where the objects beneath the label, i.e. the surface of a bottle,
should be visible through the label. The haze level of a layer according to
embodiments should be lower than 35%, preferably equal to or lower than
25% or lower than 10%, when tested according to the standard ASTM
D1003. According to embodiments the haze of a clear upper film of a label is
between 20 and 35% prior to possible printing and over-varnishing. During
possible printing and/or over coating, like varnishing, the haze of the film is
reduced. The haze of an over-vanished film may be lower than 10%, or lower
than 8%, for example 2—6%, or 4-5%. Haze is tested according to standard
ASTM D1003. Higher haze values may have positive effect on handling the
film before and during printing and subsequent over-vanishing steps. In one
embodiment the haze of the first layer is less than 10%, preferably less than
5%. When the haze is low also the adhesives used should be clear or
transparent. If a polyethylene film is used, the haze may be higher, even 25%
or less.

The haze of the silicone layer should also be low as the silicone is the
topmost layer of the label. The haze affects to the appearance of the printed
label, for example how sharp the print looks. If the label has been printed with
an opaque ink, the haze is originated substantially only from the silicone
layer. In one embodiment the haze of the silicone layer is less than 25%, or
less than 10%, preferably less than 5%, or less than 3%.

Alternatively, opaque and/or white films may be provided. In an embodiment
of an opaque film, the film comprises additive to provide a desired colour. An
additive may comprise one or more pigments or inorganic fillers, for example
titanium dioxide, calcium carbonate and/or combination of those. As an
example, a black film is provided with additive carbon black. An opaque film
may have an opacity of at least 70%, or at least 75%, or at least 80%.
Opacity may be 70-95%, or preferably 70-80%. Alternatively, opacity may
be less than 12%. In a multilayer film structure the pigment may be included
in one or more of the layers.
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In one embodiment the first layer 101 comprises fiber-based material. Said
fiber-based material may be paper, such as printable paper, for example
thermally printable paper. In one example the first layer does not contain
thermoplastic polymer.

The first adhesive layer 102 has a first side and a second side. The first side
of the first adhesive layer 102 is attached to the second side of the first layer
101. The first adhesive layer 102 comprises a pressure sensitive adhesive
(PSA), such as acrylic based adhesives or natural or synthetic rubber
containing elastomers, tackifiers and/or silicone based pressure sensitive
adhesives. Pressure sensitive adhesive, also known as self-stick adhesive,
forms a bond when pressure is applied at room temperature. PSA labels can
be adhered to most surfaces through an adhesive layer without the use of a
secondary agent such as solvents or heat to strengthen the bond. Examples
of pressure sensitive adhesives, such as pressure sensitive adhesive
sensitive to the washing conditions, include emulsion and water based PSAs,
solvent based PSAs and solid PSAs. In one embodiment the pressure
sensitive adhesive comprises UV hot melt adhesive. In one example the first
adhesive layer 102 consists of the pressure sensitive adhesive. In one
embodiment the pressure sensitive adhesive sensitive to the washing
conditions comprises UV curable adhesive, such as UV hot melt adhesive.
This may be UV acrylic adhesive. The pressure sensitive adhesive may be a
dispersion of acrylates In one example the first adhesive layer 102 consists
of the pressure sensitive adhesive sensitive to the washing conditions. The
first adhesive layer 102 may have a thickness in the range of about 5—40 um,
for example in the range of about 8-20 ym. The amount of the adhesive
layer may be 10-20 g/m?, or preferably less than 15 g/m?; or more preferably
less than 10 g/m”. The second side of the first adhesive layer 102 faces the
release layer 103.

The pressure sensitive adhesive may be deactivatable, which means that the
adhesion of the pressure sensitive adhesive decreases at washing condi-
tions, which generally comprise increased temperature and alkaline condi-
tions. Preferably the adhesion of the pressure sensitive adhesive to the
labelled item decreases more than the adhesion to the face laminate so that
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the deactivatable PSA remains attached to the face laminate. The increased
temperature may be at least 50°C, for example 65°C, 75°C or 80°C. The
alkaline conditions refer to an aqueous solution containing alkaline agent,
such as NaOH, KOH, LiOH, MgOH, CaOH, or combination thereof. Probably
the most common alkaline agent is sodium hydroxide NaOH, which is also
called caustic soda. The alkaline liquid generally contains about 2—4% (w/w)
of the alkaline agent(s), for example about 2%.

According to an embodiment, the adhesive force of the adhesive layer is
reduced at an elevated temperature. According to at least some
embodiments, the adhesive layer exhibits reduction in its adhesion force at
the temperatures above 70°C, or preferably above 65°C, or more preferably
above 60°C. At least in some embodiments reduction in adhesion force is
such that a label attached with the adhesive layer to an article starts
detaching from an article at an elevated temperature (for example in alkaline
water). Peel adhesion corresponds to a force required to detach an self-
adhesive label. At room temperature the peel adhesion may be up to 25 N/25
mm. At washing conditions, for example at 65 °C or 75°C, the peel adhesion
may be 2-12 or 5-10 times less, for example 1-5 cN/25 mm, or 0-5 cN/25
mm or even less, such as 0-2.5 ¢cN/25 mm. The peel adhesion may be
expressed as a peel value at an angle of 180° (or 90°). Low speed release
force is expressed as the average result for the strips tested in centiNewton
per 50 mm width (FINAT Test Method 3). High speed release force is
expressed as the peak or average result for the strips tested in centiNewtons
(cN) per 25 mm width (FINAT Test Method 4).

The contamination of the wash solutions and the recycled container material
should be avoided. Further it would be desirable that the washed labels do
not stick to each other and form large agglomerates which could block the
equipment and slow down the process.

One embodiment provides a washable printed linerless face laminate

wherein the pressure sensitive adhesive is sensitive to the washing
conditions.
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One embodiment provides a washable printed linerless face laminate
comprising the following layers in the following order:

-a release layer comprising a release agent,

-a second layer comprising a thermoplastic polymer,

-a second adhesive layer,

-a first layer comprising a thermoplastic polymer or fiber-based material, and
-a first adhesive layer comprising a pressure sensitive adhesive sensitive to
the washing conditions,

wherein the print is on one or more printable surface(s) between the first
layer and the second layer.

One embodiment provides a method for producing a washable printed
linerless face laminate, the method comprising

providing a printable laminate having one or more printable surface(s) and
multiple layers in the following order:

-a first layer comprising a thermoplastic polymer or fiber-based material,

-a first adhesive layer comprising a pressure sensitive adhesive sensitive to
the washing conditions,

-a release layer comprising a release agent, and

-a second layer comprising a thermoplastic polymer;

printing on the one or more printable surface(s);

separating

-the first layer and the first adhesive layer, from

-the release layer and the second layer;

rearranging

-the release layer and the second layer

on top of

-the first layer and the first adhesive layer, with the release layer on top of the
construction; and

laminating the first layer and the second layer together with a second
adhesive layer, to form the washable printed linerless face laminate.

One embodiment provides a printed linerless face laminate obtained with
said method.
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The preparation process of the linerless face laminate produces an end
product having a release layer, such as silicone layer, on top of the face
laminate, and a pressure sensitive adhesive sensitive to the washing
conditions on the other side of the face laminate. The release layer may also
be added separately. The construction of the face laminate or the label
enables winding of the self-adhesive, linerless label web onto itself. The label
roll is unwound in order to cut separate labels from the label web and/or to
provide self-adhesive labels to an article. According to embodiments, the
layer next to the adhesive layer, when the label web is wound to a roll, is a
release agent layer. The release agent layer wound next to the adhesive
layer enables the label web to be releasably wound on itself. The release
agent layer on one side of the face stock is arranged to form a release layer
for the self-wound linerless label according to embodiments. The release
agent layer also facilitates the handling of the face laminate web in the pro-
cess as the reduced coefficient of friction provides smoother running.

The feature that the print is on a printable surface between the first layer and
the second layer provides an effect of the print being protected against any
wearing or contamination during the production, storage, transportation and
use. Further, during the washing of the labels the feature provides an effect
that the print ink will not be washed off to contaminate the washing solution
and/or the recyclable materials of the containers.

The feature that the first and the second layer comprise plastic material only,
i.e. no paper layers are present, provides an effect that said layers will not
disintegrate in the wash and they will protect the print layer. Also no
disintegrating paper material is present to contaminate the washing solution.

In the washing process the first adhesive comprising pressure sensitive
adhesive sensitive to the washing conditions is detached from the labelled
item, for example a bottle. As the adhesion of the first adhesive decreases at
the washing process comprising increased temperature of at least 50°C and
generally alkaline conditions, it provides a primary effect of detaching the
label from the item. Further, the feature that the adhesion of the adhesive is
decreased provides another effect of preventing the plurality of separate
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labels from sticking to each other by the adhesives and forming
agglomerates.

The feature that the first adhesive has a low solubility in the washing
conditions provides an effect of preventing the washing liquid from contami-
nating with dissolved adhesive. This prolongs the lifetime of the washing
solution and also prevents the contamination of the recyclable items, such as
bottles.

In the washing process the release agent layer provides a further effect of
preventing the washed labels from sticking to each other. As the other side of
the label contains an adhesive there is a risk of two or more of the labels
adhering together and forming large clusters. Further, as the labels have a
print between two film layers, they are also stiffer. Also thick plastic layers,
unlike paper layers, do not disintegrate in water and are therefore more likely
to form stiff clusters. When such stiff labels form clusters in the wash, there is
higher risk of blocking of the equipment and the removal of such stiff
blockages is difficult.

The combination of the features of the deactivatable adhesive, the release
layer on the opposite side and the print between the plastic layers in the
washable label product provides an effect of decreasing problems in the
washing process. The contamination of the washing solution with dissolving
contaminating agents and simultaneously the blocking of the equipment with
detached labels and formations of clusters which are difficult to remove are
all prevented. The washing process may continue longer without breaks and
the process also saves the washing solution.

In the washing conditions in the alkali solution the peel value may be in the
range of 0—1 N/25 mm, for example 0-0.5 N/25 mm, or 0-0.1, even 0-0.05
N/25 mm at 80°C, 75°C, 65°C or 50°C.

In one embodiment the peel value of the pressure sensitive adhesive is less

than 1 N/25 mm at 80°C. In one embodiment the peel value of the pressure
sensitive adhesive is less than 1 N/25 mm at 65°C. In one embodiment the
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peel value of the pressure sensitive adhesive is less than 1 N/25 mm at
50°C.

In one embodiment the peel value of the pressure sensitive adhesive is less
than 0.5 N/25 mm at 80°C. In one embodiment the peel value of the pressure
sensitive adhesive is less than 0.5 N/25 mm at 65°C. In one embodiment the
peel value of the pressure sensitive adhesive is less than 0.5 N/25 mm at
50°C.

In one embodiment the peel value of the pressure sensitive adhesive is less
than 0.2 N/25 mm at 80°C. In one embodiment the peel value of the pressure
sensitive adhesive is less than 0.2 N/25 mm at 65°C. In one embodiment the
peel value of the pressure sensitive adhesive is less than 0.2 N/25 mm at
50°C.

In one embodiment the peel value of the pressure sensitive adhesive is less
than 0.1 N/25 mm at 80°C. In one embodiment the peel value of the pressure
sensitive adhesive is less than 0.1 N/25 mm at 65°C. In one embodiment the
peel value of the pressure sensitive adhesive is less than 0.1 N/25 mm at
50°C.

In one embodiment the peel value of the pressure sensitive adhesive is less
than 0.05 N/25 mm at 80°C. In one embodiment the peel value of the
pressure sensitive adhesive is less than 0.05 N/25 mm at 65°C. In one
embodiment the peel value of the pressure sensitive adhesive is less than
0.05 N/25 mm at 50°C.

In one embodiment the peel adhesion at 80°C is at least 5—100 times less
than the peel adhesion at room temperature. In one embodiment the peel
adhesion at 80°C is at least 10—-200 times less than the peel adhesion at
room temperature. In one embodiment the peel adhesion at 80°C is 50—-300
times less than the peel adhesion at room temperature.

In one embodiment the pressure sensitive adhesive has a low solubility to an

aqueous alkaline solution at increased temperature. In one embodiment the
pressure sensitive adhesive has a solubility of less than 25% to an aqueous
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alkaline solution at temperature of at least 50°C. In one embodiment the
pressure sensitive adhesive has a solubility of less than 25% to an aqueous
alkaline solution at temperature of at least 65°C. In one embodiment the
pressure sensitive adhesive has a solubility of less than 25% to an agueous
alkaline solution at temperature of at least 80°C. In one embodiment the
pressure sensitive adhesive has a solubility of less than 10% to an aqueous
alkaline solution at temperature of at least 50°C. In one embodiment the
pressure sensitive adhesive has a solubility of less than 10% to an aqueous
alkaline solution at temperature of at least 65°C. In one embodiment the
pressure sensitive adhesive has a solubility of less than 10% to an aqueous
alkaline solution at temperature of at least 80°C. In one embodiment the
pressure sensitive adhesive has a solubility of less than 5% to an aqueous
alkaline solution at temperature of at least 50°C. In one embodiment the
pressure sensitive adhesive has a solubility of less than 5% to an aqueous
alkaline solution at temperature of at least 65°C. In one embodiment the
pressure sensitive adhesive has a solubility of less than 5% to an aqueous
alkaline solution at temperature of at least 80°C.

The alkaline solution refers to a 2—4% aqueous alkaline solution, usually 1.5—
2%, for example a 2% aqueous solution of NaOH.

The adhesive layer 102 is releasably attached to a release layer 103. This
release layer 103, or release coating, comprises release agent. In one
example the release layer 103 consists of the release agent. In one
embodiment the release agent is non-silicone release agent. In one
embodiment the release agent comprises silicone, such as UV-curable
silicone.

In one example the release layer 103 consists of silicone. The silicone may
be for example 100% solid curable, solvent based or emulsion based
silicone. It may be obtained with poly-addition of polycondensation reaction.
Silicone release coating systems may be applied and further dried and cured
to achieve a cross-linked silicone release layer. For example the silicone
layer may be cured by moisture-curing, heat-curing, photoinitiated curing by
e.g. ultraviolet, LED, electron beam or any combination of different
mechanisms. In one embodiment the silicone is UV-curable (radical or

161/300



WO 2015/118215 PCT/F12014/050765

10

15

20

25

30

35

21

cationic) silicone. In one embodiment the silicone is thermal curable silicone.
UV curable silicone may be preferred if low melting plastic film substrates are
used, such as low density polyethylene or polypropylene. The silicone has a
density of 965 kg/m®. The surface energy of silicone is generally in the range
of 18-25 mJ/m?. The surface energy has a positive effect on the behaviour of
removed labels in the wash in the washing liquid phase. For example by
using silicone it is possible to obtain labels which will float in the wash.

The preparation process of the linerless face laminate produces an end
product having a silicone layer on top of the face laminate, and a pressure
sensitive adhesive on the other side of the face laminate. The silicone layer
may also be added separately, for example to a single-layered facestock,
and the print layer may be the next layer under the silicone. The construction
of the face laminate or the label enable rolling the self-adhesive, linerless
label web onto itself. The label roll is unwound in order to cut separate labels
from the label web and/or to provide self-adhesive labels to an article.
According to embodiments, the layer next to the adhesive layer, when the
label web is wound to a roll, is a silicone layer. The silicone layer wound next
to the adhesive layer enables the label web to be releasably wound on itself.
The silicone layer on one side of the face stock is arranged to form a release
layer for the self-wound linerless label according to embodiments. The
silicone layer also facilitates the handling of the face laminate web in the
process as the reduced coefficient of friction provides smoother running.

In the washing process the silicone layer provides an effect of preventing the
washed labels from sticking to each other. As the other side of the label
contains an adhesive there is a risk of two or more of the labels adhering
together and forming large clusters. Further, as many label types contain
multiple layers, such as ones having a print between two film layers, they are
also stiffer. Also thick plastic layers, unlike paper layers, do not disintegrate in
water and are more likely to form stiff clusters. When such stiff labels form
clusters in the wash, there is higher risk of blocking of the equipment and the
removal of such stiff blockages is difficult.

It is also possible to control the density of the label having the silicone and
the pressure sensitive adhesive in the same label, as these layer are subs-
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tantially thin. The density has an effect to the behaviour of the label in the
washing solution.

As the print is on a printable surface between the first layer and the second
layer, it provides an effect of being protected against any wearing or
contamination during the production, storage, transportation and use.
Further, during the washing of the labels the print ink will not be washed off to
contaminate the washing solution and/or the recyclable materials of the
containers.

The release layer comprises a release value which is expressed as a release
force as centiNewtons (cN) per mm width measured at the standard test
conditions of 23°C + 2°C and 50% RH + 5% RH. Methods for determining the
release force are disclosed for example in FINAT Test Methods 3 and 4
(FINAT Technical Handbook 8th edition, 2009). According to an embodiment
the release layer comprises low release silicon, or silicon of a low release
value. Low release or low release value corresponds to low force required to
detach the release layer from the layer next to it. In other words relatively low
force is required to detach the release layer from the layer next to it.
According to another embodiments the release layer comprises high release
silicon, or silicon of a high release value. High release or high release value
corresponds to a high force required to detach the release layer form the
layer next to it. In other words relatively high force is required to detach the
release layer from the adhesive layer. The release force may be dependent
on many factors, for example neighbouring surfaces or materials, humidity,
temperature and alike. Release level is measured, for example, at 2 inches
(51 mm) width, 300 inches (762 mm) per minute at 180 degree peel. The
release level may be for example in the range of 4-15 g/50 mm for low-
speed release product, or in the range of 10-30 g/ mm for high-speed
release product.

Conventional silicone release coating systems consists of a reactive silicone

compound, a cross-linker, a catalyst, and optionally an inhibitor. The silicone
coating compositions may be solvent-based, emulsion-based or solventless
(100% solid composition). Silicone content may be less than 2 g/m? less
than 1.5 g/m? or less than 1 g/m? (dry grammage). The amount of silicone
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may be at least 0.01, 0.02 or 0.1 g/m?. The amount of silicone may be
between 0.4 and 1.5 g/m” or between 0.6 and 1 g/m® for example 1 g/mZ.

The second layer 104 comprises at least one thermoplastic polymer, such as
a polymer selected from polyolefins, polyesters, cyclic olefin polymers or
copolymers or the like. The second layer 104 may also comprise or further
comprise at least one polymer based on or derived from a thermoplastic
polymer. The content of said thermoplastic polymer or the polymer derived
from said thermoplastic polymer in the layer may be for example in the range
of about 10-100% (w/w). The second layer may be a plastic layer. If the layer
consists of said polymer or substantially consists of said polymer, the content
of the polymer in the layer may be in the range of about 95-100% (w/w),
more particularly about 98—100% (w/w), or even about 99-100% (w/w). If the
layer contains several polymers, the content of a single type of polymer in the
layer may be in the range of about 20-80% (w/w), or about 30-70% (w/w), or
about 40—60% (w/w) or about 50% (w/w). In one embodiment the second
layer does not contain paper.

In one embodiment the second layer comprises polyester, for example at
least 80% of polyester, or at least 90% of polyester. In many cases the PET
films contain 100% of PET. In one embodiment the second layer comprises
polyolefin, for example at least 70% of polyolefin, or at least 80% of
polyolefin. In a case of polyolefin/polystyrene coextrusion the content of
polyolefin may be in the range of 40-70%.

The second layer may comprise a polymer selected from for example
polyethylene, polypropylene, polyethylene terephthalate, polylactic acid,
polystyrene, polyvinyl chloride, cyclic olefin (co)polymer, copolymers,
derivatives and coextrusion blends thereof.

The second layer 104 may comprise a monolayer film or a multilayer film and
it has a first side and a second side. The second layer 104 may also be
called as second film layer and it acts as a liner for the laminate. In one
embodiment the second layer 104 comprises a monoaxially oriented film. In
one embodiment the second layer 104 is a monoaxially oriented fiim or
consists of it. In one embodiment the second layer 104 is a thermoplastic
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film, or film derived from one or more thermoplastic polymer. The first side of
the second layer 104 faces the releasing coating layer 103. In one
embodiment the second side of the second layer has a printable surface. The
second layer 104 may have a thickness in the range of about 10-50 um, for
example in the range of about 1040 ym, or 10-30 um. The second layer
104 may be machine-direction (MD) oriented or it may be cross-direction
(CD) oriented. The second layer may be non-annealed or it may be annealed
only to a very low extent, which results in a shrinkable layer. In one
embodiment the haze of the second layer is less than 10%, preferably less
than 5%. When the haze is low also the adhesives used should be clear or
transparent. In one embodiment the haze of the face laminate is less than
10%, preferably less than 5%. In one embodiment the second layer having
the printable surface is transparent or substantially transparent. When
printing on the second layer, especially when using a metallizing printing or
the like, in the final product the printing is visible through the transparent
second layer. As the surface of the second layer is smooth, also the side of
the print on the visible side is smooth, which provides especially smooth
appearance of the print. For example in the case of metallizing print it may
have an appearance of a mirror-like print. If the print is seen from the printed
side of the layer it has more of a mat type of appearance, for example an
orange peel effect.

Annealing refers to a thermal treatment involving heating a material to above
its critical temperature, maintaining a suitable temperature, and then cooling.
This heat-setting may be used to anneal the internal stresses generated to a
film during the stretching process. The annealing process decreases the
modulus and stiffness of the films.

In one embodiment the second layer comprises a shrinkable monoaxially
oriented film having an areal shrinkage in the direction of the orientation of at
least 5% at 80°C, for example at least 10%. In one embodiment the second
layer comprises a shrinkable monoaxially oriented film having an areal
shrinkage in the direction of the orientation in the range of 5-60% at 80°C or
in the range of 10—-60% or 20—60%. The areal shrinkage may be defined for
example by using standards AST D1204 or ASTM D2732, for example using
liquid, such as water, as the heating medium at 80°C for at least 3 minutes,
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or using air as the heating medium at 80°C for at least 3 minutes. In one
embodiment the tensile modulus (ASTM D882) of the second layer in the
machine direction is 0.8-3.0 GPa after immersion in water at 80°C for at least
3 minutes. As a result, during the washing process of the label, the mono-
axially oriented layer will shrink and tend to curl and the label will wash off.

In one embodiment the second layer comprises a non-annealed biaxially
oriented film. In one embodiment the second layer comprises an annealed
biaxially oriented film. The film may comprise for example polypropylene,
PET, polystyrene, polylactic acid or COC.

The orientation of the film derives from the manufacturing process thereof.
Through the machine direction orientation (MDO) process, the fiim is
uniaxially stretched in the machine direction of the film i.e. in the direction of
the movement of the film. Stretching is normally done by means of a machine
direction orienter via rolls by gradually increasing speed or by rapidly
increasing speed. The rolls are heated sufficiently to bring the film to a
suitable temperature, which is normally below the melting temperature (Tm),
or around the glass transition temperature (T4) of the polymer.

Transverse direction orientation (TDO), also referred to as cross direction
orientation (CDO), means the direction perpendicular to a movement of the
film

Monoaxial orientation, also referred to as uniaxial orientation, refers to the
stretching provided only in one direction, either in machine direction or cross
(transverse) direction.

Biaxial orientation (BO) refers to a film oriented (stretched) both in machine
direction and in cross direction. The biaxial orientation may be done through
a tenter frame process which creates different degrees of orientation in the
MD and CD directions. Biaxial films are most often first stretched in the
machine direction like MDO films, and then stretched in transverse direction
via a tenter frame or possibly also using a simultaneous tentering process.
The films may also be oriented by using so called double bubble tubular
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stretching process which produces similar degrees of orientation in both the
MD and TD directions.

A ratio of total film thickness before and after stretching is called a “stretch
ratio” (sometimes also called a draw ratio) or “stretching ratio” (or drawing
ratio, DR). In other words, stretch ratio is a ratio of non-oriented (undrawn)
film thickness to the oriented (stretched) film thickness. The non-oriented film
thickness is the thickness after extrusion and subsequent chilling of the film.
When stretching the facestock, the thickness of the facestock may diminish in
the same ratio as the facestock stretches or elongates. For example, a
facestock having thickness of 100 micrometres before machine direction
orientation (MDQO) is stretched by a stretch ratio of 5. After the machine
direction orientation the facestock has a fivefold diminished thickness of 20
micrometers.

In one embodiment the stretch ratio of a film in cross direction is in the range
of 2—7. In one embodiment the stretch ratio of a film in cross direction is in
the range of 3—6, for example 4-5.

The stretch ratio of a film in machine direction may be little higher. In one
embodiment the stretch ratio of a film in machine direction is in the range of
2-10. In one embodiment the stretch ratio of a film in cross direction is in the
range of 3—8.

The total thickness of the face laminate, for example a face laminate having
at least the first film, the second adhesive layer and the second film together
may be in the range of 20100 um. In one embodiment the total thickness of
the face laminate having at least the first film, the second adhesive layer and
the second film together is in the range of 25-80 um, for example 30-50 um,
or even 30—-60 pm. Thinner laminates (less than 20 pm) would not be stiff
enough and might disintegrate in the wash, and thicker ones might have
problems in the processability and in the handling of the laminates. The first
film may have a thickness in the range of about 10—-60 um, for example in the
range of about 10—40 pm, or 10-30 pm, or even or 10-20 ym. Similarly the
second film may have a thickness in the range of about 10-60 um, for
example in the range of about 10—40 ym, or 10-30 pm, or even or 10—-20 um.
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In one example a machine direction oriented film has a thickness in the range
of 20—25 ym.

Shrinkable films may be used for example for wrap around labels. After
orienting (stretching) the plastic film is not heat set, i.e. not annealed, in order
to provide shrinkage for the film. After stretching at elevated temperature the
oriented film is immediately cooled by passing the film through cooling rolls.
Cooling temperature is preferably between 40 and 100°C, preferably
between 50 and 80°C, and most preferably between 50 and 60°C.
Consequently, subsequent application of heat causes the oriented film to
relax and the oriented film may return substantially back to its original
unstretched dimensions. Thus, machine direction oriented films primarily
shrink in the machine direction. Shrink films may be applied to an article with
a combination of seaming and shrink technique. Preferably a machine
direction of the oriented film extends circumferentially around the item. A
shrinkable film as used herein refers to a film which is arranged to shrink in
response to exposure to elevated temperature.

The facestock, facestock layer(s) i.e. adhesive and/or print receiving layer(s)
may be surface treated by known methods in the art, such as flame
treatment, corona treatment, plasma treatment, in order to enhance for
example adhesion of the adhesive and/or printing inks.

In one embodiment the monoaxially oriented film comprises polyester, or it
comprises at least one polymer derived from polyester. Examples of
polyesters include for example homopolymers, such as polyglycolic acid,
polylactic acid (PLA), polycaprolactone (PCL), polyhydroxyalkanoate (PHA)
and polyhydroxybutyrate (PHB); aliphatic copolymers, such as polyethylene
adipate (PEA) and polybutylene succinate (PBS); semi-aromatic copolymers,
such as polyethylene terephthalate (PET), polyethylene terephthalate glycol
modified (PETG), polybutylene terephthalate and polytrimethylene
terephthalate (PTT); or aromatic copolymers such as Vectran.

In one embodiment the monoaxially oriented film comprises polyethylene

terephthalate (PET), or it comprises at least one polymer derived from
polyethylene terephthalate. Polyethylene terephthalate tends to shrink at
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washing temperature. In one embodiment said monoaxially oriented film
comprises polyethylene terephthalate glycol modified (PETG).

Polyethylene terephthalate (PET) is a thermoplastic polymer resin, which can
be used in container for beverage, food and other liquids as a recyclable
material. Polyethylene terephthalate glycol modified (PETG) refers to PET
wherein cyclohexane dimethanol has been added to the polymer backbone in
place of ethylene glycol. PETG is clear amorphous thermoplastic which can
be used in several molding applications. PET can also be modified with
isophthalic acid which replaces some of the 1,4-(para-) linked terephthalate
units. This creates an angle in the PET chain, interfering with crystallization
and lowering the polymer's melting point. PET has a glass transition
temperature of about 70°C.

In one embodiment the monoaxially oriented film comprises polyvinyl
chloride, or it comprises at least one polymer derived from polyvinyl chloride.
Polyvinyl chloride (PVC) is a polymer produced by polymerization of the
monomer vinyl chloride. The product of the polymerization process is
unmodified PVC. Before PVC can be made into finished products, it always
requires conversion into a compound by the incorporation of additives such
as heat stabilizers, UV stabilizers, lubricants, plasticizers, processing aids,
impact modifiers, thermal modifiers, fillers, flame retardants, biocides,
blowing agents and smoke suppressors, and, optionally pigments
(Wikipedia). PVC has a glass transition temperature of about 80°C.

In one embodiment the monoaxially oriented film comprises polylactic acid
(PLA), or it comprises at least one polymer derived from polylactic acid.
Polylactic acid may also be called polylactide.

Polylactide or polylactic acid (PLA) has benefits due to its eco-friendly nature
like development from renewable materials and biodegradability. Polylactide
is a biodegradable, thermoplastic, aliphatic polyester derived from lactic acid
obtained from renewable or non-renewable resources, e.g. corn-starch based
lactic acid. Polylactide has initially partially crystalline structure containing
both crystalline and amorphous regions. Polylactide may also be totally
amorphous. It can be processed in similar manner than many thermoplastics
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into fibres, films or other products manufactured by conventional melt
processing techniques. Due to the chiral nature of lactic acid and different
cyclic diesters, lactide stereoisomers, several distinct forms of polylactide
exists such as homopolymer of L- lactide PLLA and stereocopolymers of L-
lactide and D-lactide P(L/D)LA or L-lactide and DL-lactide P(L/DL)LA.
Polylactide has a glass transition temperature of about 60—65°C.

In one embodiment the monoaxially oriented film comprises polycaprolactone
(PCL), or it comprises at least one polymer derived from polycaprolactone.

In one embodiment the monoaxially oriented film comprises polystyrene
(PS), or it comprises at least one polymer derived from polystyrene.
Polystyrene (PS) is a synthetic aromatic polymer made from the monomer
styrene. Polystyrene is a thermoplastic polymer having a glass transition
temperature of about 100°C. It is in a solid state at room temperature but
flows if heated above the glass transition temperature. It becomes rigid again
when cooled. This temperature behavior is exploited for extrusion, and also
for molding and vacuum forming, since it can be cast into molds with fine
detail.

Suitable examples of polymer derived from polystyrene include styrene
block-copolymers, such as SBS, SIS, SEBS, SEPS, SIBS, SEP, SEEPS and
the like. One example discloses a coextrusion of GPPS/SBC copolymer
layers with olefin elastomers or plastomers. The resultant fiilm will have a
density less than 1.0 g/cm®.

In one embodiment the monoaxially oriented film comprises polystyrene in
admixture with a general purpose polystyrene (GPPS). In one embodiment
said monoaxially oriented film comprises polystyrene in admixture with a
styrene block-copolymer.

In one embodiment the monoaxially oriented film comprises cyclic olefin
polymer (COP) or cyclic olefin copolymer (COC). In one embodiment the
monoaxially oriented film comprises cyclic olefin (co)polymer. (Co)polymer
refers to polymers based on one type of monomers and to polymers based
on more than one type of monomer.
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Cyclic olefin copolymers are amorphous polymers based on different types of
cyclic monomers. Cyclic olefin polymers and copolymers are produced by
chain (co)polymerization of cyclic monomers. Such polymeric materials using
a single type of monomer are named cyclic olefin polymers (COP).

Cyclic olefin polymers may be extruded with cast or blown film equipment.
Cyclic olefin polymers may also be used as modifiers in monolayer or
multilayer films to provide properties not delivered by base resins, such as
polyethylene. Examples of advantageous COC properties include
thermoformability, shrink, deadfold, easy tear, enhanced stiffness, heat
resistance and higher moisture barrier. The optical properties, such as
transparency, low birefringence, high Abbe number and high heat resistance,
of cyclic olefin polymers are advantageous and in many ways similar to
glass. Cyclic olefin polymers in general have a wide range of glass transition
temperatures in a range of about 80—180°C.

Examples of cyclic olefins include cyclobutenes, cyclopentenes,
norbornenes, vinylcyclohexane and dicyclopentadiene.

Linerless face laminates with different densities may be used for different
purposes. If the films comprises polyethylene terephthalate, polyethylene
terephthalate glycol modified, polylactic acid or polystyrene, the density of the
final face laminate construction is generally greater than 1.0 g/cm3, for
example in the range of 1.05—1.5 g/cm®. Polystyrene has a density of about
1.05 g/cm?, polylactic acid has a density of about 1.25 g/cm?®, and PVC has a
density in the range of about 1.30—1.40 g/cm®. This is close to the density of
generally used PET container so such film should preferably not be used as
a washable label for PET containers because it cannot be easily separated
from the polyester of the bottles during the washing process.

In one embodiment the printed face laminate has a total average density of
less than 1.0 g/cm®. In one embodiment the printed face laminate has a total
average density in the range of 0.5-0.99 g/cm>. In one embodiment relating
especially to clear films the printed face laminate has a total average density
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in the range 0.9-0.98 g/cm®. Such face laminates are suitable for example for
labelling recyclable polyester items, such as PET containers.

In one embodiment the printed face laminate has a total average density of at
least 1.0 g/cm>. In one embodiment the printed face laminate has a total
average density in the range of 1.05-1.5 g/cm®. Such face laminates are
suitable for example for labelling glass bottles.

In one embodiment the monoaxially oriented film comprises thermoplastic
polyolefin, or it comprises at least one polymer derived from thermoplastic
polyolefin. Examples of thermoplastic polyolefins include polyethylene,
polypropylene, polymethylpentene, polybutene-1. monoaxially

In one embodiment the monoaxially oriented film comprises polyethylene, or
it comprises at least one polymer derived from polyethylene. Polyethylene is
a thermoplastic polymer which may be classified into several different
categories based on density and branching. Examples of such categories
include ultra-high-molecular-weight polyethylene (UHMWPE), ultra-low-
molecular-weight polyethylene (ULMWPE or PE-WAX), high-molecular-
weight polyethylene (HMWPE), high-density polyethylene (HDPE), high-
density cross-linked polyethylene (HDXLPE), cross-linked polyethylene (PEX
or XLPE), medium-density polyethylene (MDPE), linear low-density
polyethylene (LLDPE), low-density polyethylene (LDPE), very-low-density
polyethylene (VLDPE) and chlorinated polyethylene (CPE). The melting point
and glass transition temperature may vary depending on the type of
polyethylene. For medium- and high-density polyethylene the melting point is
typically in the range of 120-180°C, and for average low-density
polyethylene in the range of 105-115°C. The glass transition temperature of
LDPE is about -125°C.

In one embodiment the monoaxially oriented film comprises polyethylene
mixed with one or more polypropylene. In one embodiment the monoaxially
oriented film comprises polyethylene mixed with one or more cyclic olefin
(co)polymer. In one embodiment the monoaxially oriented film comprises two
or more types of polyethylene.
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In one embodiment the monoaxially oriented film comprises polypropylene,
or it comprises at least one polymer derived from polypropylene.
Polypropylene is a thermoplastic polymer having a glass transition
temperature of about -20°C (atactic polypropylene) or about 0°C (isotactic

polypropylene).

Examples of suitable polypropylenes or polymers derived from
polypropylene include PP-homopolymers, random PP copolymers , PP block
copolymers, PP terpolymers, PP elastomers and PP plastomers. In one
embodiment said shrinkable uniaxially oriented film comprises two or more
types of polypropylene.

Certain films, such as ones based on PVC, PLA, PET or PETG may be used
on glass containers, such as bottles, where the label is designed to sink.
Alternatively one layer may be as above and another layer may be a mixture
of polyolefins, COC, or a layer of PS and styrene-block copolymers .

If the labels are designed to float the layers may contain polyolefin, a mixture
of polystyrene and SBC, or possibly even voided-PET fiims or these
coextruded to PS layers. Such floating labels may be used for example for
labelling PET bottles, but they may also be used for labelling glass bottles.

For PET containers preferably a shrinkable polyolefin film is used in said
second layer. In this case the face laminate construction should have density
less than 1.0 g/cm?®, for example in the range of 0.90-0.98 g/cm?®. This will
cause the label to float in the washing process and the PET of the bottle to
sink, thus allowing for efficient recovery and recycling of the PET flakes.

In one embodiment the second layer 104 comprises polypropylene film which
is annealed and therefore non-shrinkable. In one embodiment the areal
shrinkage of such non-shrinkable polypropylene is less than 5%, for example
less than 2%, at about 80°C, for example in the range of 0.5-2.0%. In this
case the second layer may be mono-axially oriented or biaxially oriented. In
this case the whole label construct may be based on polypropylene. This is of
advantage for example in the case of non-washable, permanent labels to be
attached to polyolefin containers, such as polyethylene or high density
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polyethylene (HDPE) or polypropylene containers. Polypropylene is
compatible with polyethylene, and using such similar polymers provides a
good adherence of the label to the container. Polypropylene is less stiffer
than for example polyester so this results in less flagging or winging on
curved bottles. Certain types of containers, such as for example shampoo
bottles, require such flexibility. With the label comprising also polypropylene
in this case, the label and the container may be fully recycled together and
the polymer obtained re-used. This is not possible if the label is made of
PET.

In one example at least one of label layers, or one of multilayer structure
layers, may further comprise minor components, such as inorganic fillers,
pigments, other organic or inorganic additives in order to provide desired
properties, such as appearance (opaque or coloured films), durability and
processing characteristics. Examples of useful minor components include
calcium carbonate, titanium dioxide, antioxidant compounds, optical
brighteners, antistatic aids and processing aids.

The laminate 100 described above may be wound into a laminate roll,
generally a web, for storage and transportation. In one embodiment the
laminate 100 has a further second adhesive layer 105 attached to the second
side of the second layer 104. During the storage the second adhesive layer
105 is in contact with the first layer 101, which may be printed. If the
adhesive in the second adhesive layer is not pressure sensitive or heat
activated, said roll tolerates high temperatures and mechanical stress and
the layers will not stick together. In another specific embodiment the laminate
does not contain a second adhesive layer.

In general, when providing the laminate 100 as a laminate roll, the second
adhesive must be activatable, as the laminate 100 is usually provided as
wound into a roll. The mechanism of activating the second adhesive which
acts as a re-laminating adhesive may be based for example on temperature
or water addition.

In one example the activatable adhesive comprises a solid polymer whose
viscosity drops when heated to a level where it can wet the substrate and
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gives a sufficient bond when cooled. In case of wash-off structure the
activation temperature has to be lower than the temperature were the film(s)
starts to shrink .

In one example the activatable adhesive comprises a polymer based on a
soft amorphous phase and non-tacky crystalline phase. The activation would
tack place when the crystalline phase would melt allow the adhesive to wet
the substrate.

In one example the activatable adhesive comprises a PSA type adhesive
which is immobilized with a non-tacky layer. This could be a water soluble
layer based on natural or synthetic polymers (activated by H-O) or a heat
activated layer that melts and is adsorbed in the PSA, for example a wax
type of layer.

Said laminate may be used for producing a label product. The “label” as used
herein refers to a label laminate or face laminate having multiple layers. Such
a printable face laminate may be provided as a roll. A method for producing a
printed linerless face laminate comprises printing on the printable surface of
the laminate described above, separating from the laminate the first layer,
and the first adhesive layer comprising a pressure sensitive adhesive, from
the second layer, rearranging the second layer and the second adhesive
layer on top of the first layer, and the first adhesive layer comprising a
pressure sensitive adhesive, and laminating the first layer and the second
layer together with a second adhesive layer, to form the printed face
laminate.

One embodiment provides a printed face laminate 110 having a print layer
106 on a printable surface, the label comprising the following layers in the
following order:

-a release layer 103 comprising a release agent,

-a layer comprising a thermoplastic polymer 104,

-a second adhesive layer 105,

-a layer comprising a thermoplastic polymer 101 or fiber-based material, and
-a first adhesive layer comprising a pressure sensitive adhesive 102. In one
embodiment the first layer 101 has a printable surface. In one embodiment
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the second layer 104 has a printable surface. The release layer, such as a
silicone layer, on the top may be a result of the preparation process from the
laminate 100. Another option is to add the release layer on top of the ready
printed face laminate or facestock using any known method for applying and
curing the release agent, such as silicone.

In the construction the print is on one or more printable surface(s) between
the first layer and the second layer. In one embodiment at least one of the
first layer and the second layer comprises a non-annealed monoaxially
oriented film. In one embodiment the non-annealed monoaxially oriented film
is a shrinkable monoaxially oriented film.

The facestock may also be a single layer facestock. One embodiment
provides a printed face laminate having a print layer on a printable surface,
the label comprising the following layers in the following order:

-a release layer comprising a release agent,

-a layer comprising a thermoplastic polymer or fiber-based material, and the
printable surface,

-an adhesive layer. In this embodiment the release agent layer has been
added on top of the printed film layer comprising a thermoplastic polymer or
fiber-based material, and the printable surface. The print may be on top of
the film layer below the release agent layer or between the film layer and the
adhesive layer.

One embodiment provides a printed face laminate having a print layer on a
printable surface, the label comprising the following layers in the following
order:

-a release layer comprising silicone,

-a layer comprising a thermoplastic polymer or fiber-based material, and the
printable surface,

-an adhesive layer.

In one embodiment the first layer comprises a shrinkable monoaxially
oriented film and the second layer comprises a monoaxially oriented film
having an areal shrinkage in the direction of the orientation of less than 5% at
80°C. Such a second layer may be substantially non-shrinkable.
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In one embodiment the second layer comprises a shrinkable monoaxially
oriented film and the first layer comprises a monoaxially oriented film having
an areal shrinkage in the direction of the orientation of less than 5% at 80°C.
Such a first layer may be substantially non-shrinkable.

In one embodiment the first layer comprises a shrinkable monoaxially
oriented film and the second layer comprises a shrinkable monoaxially
oriented film.

In one embodiment the first layer comprises a machine direction oriented
(MDQO) film. In one embodiment the first layer comprises a non-annealed
machine direction oriented film. In one embodiment the first layer comprises
a cross direction oriented (CDO) film. In one embodiment the first layer
comprises a non-annealed cross direction oriented film.

In one embodiment the second layer comprises a machine direction oriented
(MDOQ) film. In one embodiment the second layer comprises a non-annealed
machine direction oriented film. In one embodiment the second layer
comprises a cross direction oriented (CDO) fiim. In one embodiment the
second layer comprises a non-annealed cross direction oriented film.

In one embodiment the first layer comprises a non-annealed machine
direction oriented film, and the second layer comprises a non-annealed film
selected from machine direction oriented film, cross direction oriented film
and biaxially oriented film.

In one embodiment the first layer comprises a non-annealed film selected
from machine direction oriented film, cross direction oriented film and
biaxially oriented film, and the second layer comprises a non-annealed
machine direction oriented film.

In one embodiment the first layer comprises a cross direction oriented (CDO)
film and the second layer comprises a machine direction oriented (MDO) film.
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In one embodiment the first layer comprises a machine direction oriented
(MDO) film and the second layer comprises a cross direction oriented (CDO)
film. This is advantageous especially when a round item, such as a bottle or
the like, is labelled. The label is generally fed onto the circumferential
direction of the cylindrical item in the machine direction so when a cross-
direction oriented layer is on the bottom attached to the surface of the item, it
will lift away from the item during the washing process. However it will not
curl strongly into a tight cylindrical tube which can get stuck in the washing
apparatus and which is difficult to remove later.

If the face laminate is shrinkable in two perpendicular directions it will form in
an elevated temperature two perpendicular curling forces. These forces
should be overall higher than the adhesive force between the face laminate
and a labelled item containing the face laminate attached to it. The shrink
force, as a function of temperature, would be designed so as to give a
maximum effect at the washing temperature and minimal to no shrinking at
lower temperatures, for example less than 5%, less than 2%, or less than 1%
or about 0% at room temperature. With two shrinkable films, shrinking in 90
degree angle to each other, the label will not be rolled up into a pipe form and
will thus be less problematic for the washing process. In the wash the label
will be finally attached to the container only from a single point rather than
from a line and therefore it will be detached easily.

In one embodiment the first layer comprises a biaxially oriented film. In one
embodiment the second layer comprises a biaxially oriented film. In one
embodiment said biaxially oriented film is non-annealed. . In one embodiment
said biaxially oriented film is annealed. In one embodiment the first layer
comprises a biaxially oriented fiim and the second layer comprises a
monoaxially oriented film. In one embodiment the first layer comprises a
monoaxially oriented film and the second layer comprises a biaxially oriented
film. In one embodiment the first layer comprises a biaxially oriented film and
the second layer comprises a machine direction oriented (MDO) fiim. In one
embodiment the first layer comprises a biaxially oriented film and the second
layer comprises a cross direction oriented (CDO) film. In one embodiment the
first layer comprises a cross direction oriented (CDO) film and the second
layer comprises a biaxially oriented fiim. In one embodiment the first layer
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comprises a machine direction oriented (MDO) fiim and the second layer
comprises a biaxially oriented film.

A general principle of the method for preparing a label from the laminate is
presented in Figure 6 as a flow chart. First a laminate web having a printable
surface is provided 601. This may include preparing the laminate using any
suitable method. The laminate may be provided as wound into a roll for
storage and/or transport. In one embodiment the printable surface of the
laminate is printed 602 to form a printed laminate. The printed laminate may
again be wound into a roll for storage and/or transport. In a subsequent step
the printed laminate is delaminated 603 to separate from each other a first
integral layer unit 107 from a second integral layer unit 108 of the laminate. In
an alternative embodiment the printing is carried out after the delamination
step (not shown in Figure 6). A laminating adhesive layer 105 is applied onto
the first integral unit or onto the second integral unit. The integral layer units
are then rearranged and relaminated 604 into a different order so that the
second integral layer unit 108 overlays the first integral layer unit 107 to form
a printed label wherein a pressure sensitive adhesive is at the bottom and the
release layer is on top of the label. This label web may be wound into a roll to
form a self-wound label web 605. The label web may be die-cut to form a
plurality of predefined shapes for the printed label web. There are several
stages wherein the die-cutting of the laminate or the label web may be
carried out. In one embodiment the die-cutting is carried out at stage 606
after the laminate has been provided 601 but before the printing 602. In one
embodiment the die-cutting is carried out at stage 607 after the printing 602
but before the delaminating 603. In one embodiment the die-cutting is carried
out at stage 608 after the rearranging 604.

In one embodiment the printing, separating, rearranging, laminating and die-
cutting are all carried out in one pass. Practically this means that they are all
carried out in the same device or device arrangement, such as in a printing
press, which includes means for carrying out all said steps. In one example
also the bridges are weakened in the same pass, or device. When said steps
are carried out in a single device setup, time and space is saved as there is
no need to transfer an intermediate product to another machine or to another
premises. A final product is obtained immediately which may be wound into a
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roll, preferably in the same device, and transfer and deliver for use. In one
embodiment the second adhesive used in this method is non-activatable,
such as polyurethane adhesive or UV-acrylic adhesive.

In one specific embodiment the method comprises

-providing a multi-layered laminate 100 comprising a first integral unit 107
comprising a first layer 101 and a first adhesive layer 102 comprising a
pressure sensitive adhesive, and a second integral unit 108 comprising a
release layer comprising a release agent 103 and a second layer 104,
-printing on a printable surface of the laminate,

-separating the first integral unit 107 from the second integral unit 108;
-rearranging the second integral unit 108 on top of the first integral unit 107,
with the release layer comprising a release agent 103 on top of the label 110;
-laminating the first integral unit 107 and the second integral unit 108
together with a second adhesive layer 105 to obtain a linerless face laminate
web.

In one embodiment the printable surface of the laminate is on the first layer
101 of the first integral unit 107. In one embodiment the printable surface of
the laminate is on the second layer 104 of the second integral unit 108.

In one example a next step, which may be carried out also separately for
example in a separate premise to wherein the face laminate has been
transferred, comprises

-die-cutting the construction through all the layers to form a predefined shape
701 for the face laminate, and

-defining a bridge 703 between individual shapes 701 to form a face laminate
web having plurality of individual shapes attached to each other.

This continuous label web having plurality of individual shapes attached to
each other may be wound onto a roll for storage and/or transportation after
the cut waste material has been removed. One embodiment provides the
face laminate described herein as a continuous label web having plurality of
individual shapes attached to each other by a bridge. In one embodiment the
bridge is not-weakened. In one embodiment the bridge is weakened.
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According to an embodiment a surface treatment is made to a printable
surface of a label, face laminate or a laminate. The surface receiving a print
may be treated. Surface treatment may comprise corona, flame or plasma
treatment, for example. Surface treatment causes increase in a surface
energy of the treated surface. Surface treatment with high voltage discharge
modifies only the surface without affecting internal properties of the treated
material. Surface energy has effect on how well a liquid, like ink, wets the
surface. Surface energy has effect on printability of a surface. Example
surface energy values for some materials are approximately less than 20
mN/m for silicone and polytetrafluoroethylene (PTFE), 30 mN/m for
polypropylene (PP), 32 mN/m for polyethylene (PE) or cross linked
polyethylene (XLPE), 34 mN/m for polystyrene (PS), polycarbonate (PC),
acrylonitrile butadiene styrene (ABS) and polyurethane (PUR). Surface
energy of a treated surface may be at least 38 mN/m. Example ranges for a
surface energy of a printable surface for adhesion with UV ink are 44-56
mN/m for UV ink, 50-56 mN/m for water based ink, 46—52 mN/m for coatings,
48-56 mN/m for water based glue, 44-59 mN/m for UV glue. A surface
treatment causes temporal changes to the treated surface. A treated surface
shall interface with coating, ink, adhesive or another material after the
treatment, preferably before any storage or transportation. Effect(s) of the
surface treatment may decrease over time. While time passes after the
surface treatment, the effects of the treatment gradually decrease till those
become void. Once the treated surface has been interfaced with coating, ink,
adhesive or another material, the bond becomes permanent.

In some examples the printable surface is not fully printed. According to
embodiments a surface may comprise print on 10—70 % of its surface area;
or on 3—10 % of its surface area. Rest of the area may comprise transparent
area, or for example polyester labels may comprise white area in addition to
the printed area. In some examples the printable surface is fully printed or
substantially fully printed, such as 70-100% printed, or 90—100% printed or
99-100% printed. For examples if the label is white, such as for use on PET
containers, it may be fully printed.

According to embodiments the label structure maintains its construction
without layer separation in use and washing conditions. The adhesive force
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arranged to laminate layers of a label together withstands washing
conditions. The washed label comprises label construction after the wash-off
process. No residues of ink or adhesive is released to the washing liquid.

Figure 2 illustrates a laminate according to an example, wherein a print layer
106 is provided on a second side of a printable second layer 104. Figure 3
illustrates a laminate according to an example, wherein a print layer 106 is
provided on a first side of a printable first layer 101. The print layer 106 may
comprise printed information in any form, like letters, numbers, images or
codes. Used printing method may be flexographic, screen printing, offset,
letter press, thermal transfer, or any other suitable printing method
compatible with used label. The print layer 106 comprises ink. The inks used
may comprise water-based, solvent-based or radiation-curable inks. Ink
primers or ink adhesion promoter may be applied to a surface before
application of the ink. A printable surface may be coated or surface treated in
order to improve adhesion of the ink to a layer. This has positive effect on
printability and print quality. In an embodiment, a print layer 106 is a
polymeric ink layer. For example a cross-linked ink may be screen printed
onto a printable layer of a label. The print layer 106 may be provided on a top
coat, which comprises good printing properties. Choice of printing technique
and/or inks used depends on printable layer, among others. Print layer may
comprise character(s), symbol(s) or graphics, applied in mono- or
multicolours.

When preparing the label said laminate is delaminated, rearranged and
relaminated to form the face laminate. In one embodiment the second
adhesive, or laminating adhesive, is applied during the process. In one
embodiment a laminating adhesive is applied to the construct as a second
adhesive layer 105 during the process before relaminating. The laminating
adhesive may be applied using any suitable method, such as a curtain
coating or a reverse gravure method or any other roller-coating method. If the
laminating adhesive is applied onto a printable surface, the surface must be
already printed before applying the laminating adhesive.

In one embodiment the second adhesive layer is applied before delaminating
or separating the laminate. In one embodiment the second adhesive layer is
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applied after delaminating or separating the laminate. The second adhesive
layer 105 may comprise for example UV curable adhesive, such as UV-
curable acrylic adhesive, laminating adhesive, polyurethane adhesive, such
as PUR adhesive, solvent-based polyurethane, solventless polyurethane or
moisture-curing polyurethane. In one embodiment the second adhesive layer
contains activatable adhesive. In one embodiment the second adhesive layer
contains no activatable adhesive, such as heat-activated adhesive. However,
the adhesive may be cured by heat or radiation. The second adhesive layer
105 may have a thickness in the range of about 1-20 um, for example in the
range of about 2—10 um, such as 2-5 um. The second adhesive layer should
tolerate the washing conditions to avoid contaminating or disrupting the
washing process. The second adhesive may be selected in such way that the
adhesion of the second adhesive does not substantially decrease at washing
conditions, which generally comprise increased temperature and alkaline
conditions. The first and second layer attached with the second adhesive will
not be separated during the washing process so the print between the layers
remains sealed and does not wash out to contaminate the washing solution.

In one embodiment a second adhesive layer 105 is applied to the second
layer 104. In that case the second side of the second layer 104 faces the
second adhesive layer 105. In one embodiment the second layer is printed
before applying the adhesive. In that case the print layer 106 on the second
side of the second layer 104 faces the second adhesive layer 105.

In one embodiment a second adhesive layer 105 is applied to the first layer
101. In that case the first side of the first layer 101 faces the second adhesive
layer 105. In one embodiment the first layer 101 is printed before applying
the adhesive. In that case the print layer 106 on the first side of the first layer
101 faces the second adhesive layer 105.

In one specific embodiment the second adhesive layer 105 is applied onto
the second layer 104 before delaminating or separating the laminate. In one
specific embodiment the second adhesive layer 105 is applied onto the first
layer 101 before delaminating or separating the laminate. In one embodiment
the laminate 100 is provided with the second adhesive layer 105 already
applied onto the second layer.
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Next the method for manufacturing the face laminate comprises separating
the first layer 101, and the first adhesive layer 102 comprising a pressure
sensitive adhesive, from the release layer 103 and the second layer 104. The
first layer 101 and the first adhesive layer 102 comprising a pressure
sensitive adhesive form a first integral unit 107. The release layer 103 and
the second film layer 104 form a second integral unit 108. These integral
units are transferrable and detachable from each other. Said integral units
may also be called integral layer units.

In one specific embodiment the second adhesive layer 105 is applied onto
the second layer 104 after delaminating or separating the laminate. In one
specific embodiment the second adhesive layer 105 is applied onto the first
layer 101 after delaminating or separating the laminate.

The first integral unit 107 overlies the second integral unit 108 in the laminate
structure 100. The release layer 103 enables the smooth separation of the
first integral unit 107 and the second integral unit 108 from each other. Said
separating may also be called delaminating. Figure 4a illustrates a cross-
sectional view the structure of a printed laminate wherein the first integral unit
107 and the second integral unit 108 are separated and wherein a second
adhesive layer 105 has been applied onto the printed second side of the
second film layer 104 having a print layer 106.

Figure 5a illustrates a cross-sectional view the structure of a printed laminate
wherein the first integral unit 107 and the second integral unit 108 are
separated and wherein a second adhesive layer 105 has been applied onto
the printed first side of the first film layer 101 having a print layer 106.

Next the layers are rearranged by applying the release layer and the second
layer 104 on top of the printed first layer 101, and the first adhesive layer
102 comprising a pressure sensitive adhesive, to form the printed label. This
step may also be called laminating. The second adhesive layer 105 applied
previously will adhere the layers together i.e. the integral units are adhesively
joined. The face laminate obtained will have a different order of the original
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layers from the laminate, but the same direction of the layers, i.e. neither of
the integral units are turned upside down.

In an embodiment this separation and rearrangement (delamination and
lamination) is carried out with an apparatus for preparing a face laminate,
said apparatus comprising means, such as a roll, arranged to unwind the
wound laminate web comprising the multi-layered laminate as described
herein; delaminating or separating means or unit arranged to delaminate the
first integral unit 107 from the second integral unit 108; laminating means
comprising means for applying a second adhesive to laminate the first
integral unit 107 and the second integral unit 108 together and means or unit
for rearranging the second integral unit 108 on top of the first integral unit
107, with the release layer comprising a release agent on top of the face
laminate, to prepare the face laminate 110. The apparatus may be arranged
to carry out any of the methods described herein. The laminating means
generally contain means for rearranging the layers. In one embodiment the
laminating means also contain means for applying the second adhesive layer
to laminate the second layer and the first layer together. The laminating
means herein may also be called relaminating means.

In one embodiment the means for applying a second adhesive layer 105 are
arranged to apply the second adhesive layer onto the second layer 104,
usually before the means for rearranging. In one embodiment the means for
applying a second adhesive layer 105 are arranged to apply the second
adhesive layer onto the first layer 101, usually before the means for
rearranging.

In an embodiment the apparatus comprises a printer unit or means for
printing arranged to print on the first layer of the first integral unit 107 before
the die-cutting means, to form a printed face laminate 110. In an embodiment
the apparatus comprises a printer unit or means for printing arranged to print
on the first layer of the first integral unit 107 after the die-cutting means, to
form a printed face laminate 110. In an embodiment the apparatus comprises
a printer unit or means for printing arranged to print on the second layer of
the second integral unit 108 before the die-cutting means, to form a printed
face laminate 110. In an embodiment the apparatus comprises a printer unit
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or means for printing arranged to print on the second layer of the second
integral unit 108 after the die-cutting means, to form a printed face laminate
110.

Figure 12 illustrates an exemplary setup of apparatuses which may be used
during the process of preparing the face laminate.

As illustrated in Figure 4b in one embodiment the face laminate 110
comprises the following layers in the following order: a release layer 103
comprising a release agent, a second layer 104, a print layer 106, a second
adhesive layer 105, a first layer 101, and a first adhesive layer 102
comprising a pressure sensitive adhesive. In one embodiment the face
laminate consists of said layers.

As illustrated in Figure 5b in one embodiment the face laminate 110
comprises the following layers in the following order: a release layer 103
comprising a release agent, a second layer 104, a second adhesive layer
105, a print layer 106, a first layer 101, and a first adhesive layer 102
comprising a pressure sensitive adhesive. In one embodiment the face
laminate consists of said layers.

The printed surface is now protected by the originally second layer 104,
which generally is transparent to allow the visibility of the print layer 106. On
top of the second layer there is also a protecting release coating layer 103,
which may be for example silicone layer. This glide layer may also help the
handling of the label in the equipment. The topmost layer(s) of the label may
protect the print and/or has effect on appearance of the label and/or has
effect on label’'s durability on external influences, like wear, humidity,
sunlight, UV-radiation, cold and so on.

The pressure sensitive adhesive is now at the bottom of the label. The
release layer wound next to the pressure sensitive adhesive layer in a roll
enables the label web to be releasably wound on itself. The second side of
the pressure sensitive adhesive will be adhesively joined to the outer surface
of the item, which may be any suitable container, such as a bottle or the like.
Examples of such bottles and containers include beverage bottles, bottles
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containing hygienic or cosmetic products, bottles containing chemicals and
the like. The material of the container may be marked as recyclable. In one
example the bottle is a recyclable bottle. In one embodiment the container is
made of glass. In one embodiment the container is made of plastics.

It may be advantageous that the label is stiff. For example, the first and/or the
second layers of a label comprise stiff material. Stiff or substantially stiff
material refers to stiffness of material, or a rigid material, enabling
manufacturing and processing of the label at certain speed with the required
exactness. Especially printing is enabled. In order to sustain handling,
transportation and labelling, a label or at least some of its layers are desired
to have certain stiffness in the machine direction (MD) and in the cross
direction (CD). Since the label changes its shape during wash off, stiffness is
required for both first and the second layer according to embodiments. The
label advantageously has stiff construction and high modulus. The laminating
adhesive layer 105 between the laminate label layers may provide stiffness
to the construction. The laminating adhesive 105 may be rigid and hard.
While providing rigidity to the structure, the laminating adhesive 105 flexibly
passes tension forces induced at the wash conditions from a label layer to
another.

Tensile modulus may be used to describe the stiffness of the material. It may
be defined according to the standard ASTM D882. In polymers and products
comprising polymers, such as label laminates or layers of such, the tensile
modulus may be directional, where the tensile modulus in a first direction
may differ from the tensile modulus in a second direction. The tensile
modulus may be referred to as the ratio of stress to elastic strain in tension. A
high tensile modulus corresponds with rigid material. In other words more
stress is required to produce a given amount of strain. In one embodiment
the tensile modulus is measured in cross direction. In one embodiment the
tensile modulus is measured in machine direction. For example, the MD or
CD tensile modulus may be in the range of 0.8—-8.0 GPa. For example for
PET the tensile modulus may be in the range of 7.0-8.0 GPa. The tensile
modulus may differ according to orientation ratio in machine direction (MD)
and cross direction (CD). If both films contain the same material, the tensile
modulus in MD is usually greater than in CD. In cases of TD-stretched films
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or in tenter-frame BOPP films the tensile modulus in CD is usually greater
than in MD. The tensile modulus ratio MD/CD of MD oriented multilayer film
may be in the range of 2.1-3.8 based on ISO 527 standard for plastic films.

In one embodiment the face laminate has a stiffness of at least 1 mN/m
(measured using Lorentzen & Wettre (L&W) method), preferably at least 3
mN/m.

The surface suitable for printing should have a sufficiently high surface
tension. A low surface tension may lead to poor retaining capability of printing
ink applied to the surface. For example, the plastic fiilm may have a surface
tension at least 36 dynes/cm, preferably at least 38 dynes/cm or at least 44
dynes/cm measured according to the standard ASTM D-2578. The surface
tension may be between 36 and 60 dynes/cm, preferably between 38 and 56
dynes/cm or between 44 and 50 dynes/cm. The surface tension level may
also be maintained higher than or equal to 38 dynes/cm after 50 or 120 days.

Graphical patterns may be printed on the printable surface of the label. The
graphical patterns may be manufactured by conventional printing methods,
such as gravure, flexographic letterpress, off-set, screen,
electrophotography, digital, thermal transfer, or ink jet printing processes. In
order to provide high printing speeds, thin and controllable ink thickness or
good colour coverage, flexographic printing is preferred. It is typical for wash-
off beverage labels, in particular for beer bottles, to also use gravure inks.
Flexographic inks may be solvent-based, water-based, or radiation curable.
For example, UV curable inks may be used for flexographic printing as well
as in ink-jet printers. The flexographic printing may be used in the packaging
industry for the printing of flexible packages, such as plastic wrappings,
corrugated board as well as adhesive label laminates. Optionally, other inks
may be wused, for example inks suitable for gravure, offset,
electrophotography, digital, letterpress printing, screen printing, thermal
transfer printing, or ink jet printing. Also metallic inks may be used. Dynamic
viscosity of inks for gravure printing may be, for example, 0.05 to 0.2 Pascal
seconds and 0.05 to 0.5 Pascal seconds for flexographic printing inks.
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Flexographic printing is a mechanical letterpress method which is
characterized by a soft and flexible printing plate. At the printing stage, the
material to be printed is conveyed between the flexible printing plate and a
hard backing roll, wherein printing ink is transferred by pressing to a desired
location in the material to be printed. In multicolour printing, the ink layer
needs to be dried (cured) after every printing unit. For example, UV curable
inks may be used. UV curable printing inks are printing inks whose curing is
not based on the evaporation of a solvent substance as in conventional
printing inks but on a polymerization reaction by means of UV radiation and
oxygen. According to their name, UV printing inks are cured by ultraviolet
radiation whose wavelength is typically 180 to 380 nm. Advantages of using
UV curable printing inks include the lack of a solvent, which makes it possible
to reduce effluents compared with solvent-based printing inks. Also, the
curing rate, formability, good resistance to chemicals and scratching, and
colour saturation are examples of the advantages of the ink. With UV printing
inks, the thickness of the printing ink layer is typically 0.8 to 2.5 pm, while it is
about 0.8 to 1 uym for solvent-based inks. Because no mass is evaporated
from UV inks after printing, it is easier to adjust the layer thickness. Because
no evaporation takes place, the inks are not spread, wherein the print quality
is better. Compared with conventional printing inks, radiation curable printing
inks also have the advantage of a very high curing rate. The printing surfaces
of UV inks are strong and glossy, which makes them a very good alternative
for the printing of products susceptible to wear, such as labels.

The main components of the printing inks in mechanical printing are pigment,
binder and solvent. In UV printing inks, the binder used consists of oligomers,
which are often epoxy, polyester, urethane or acrylate based. Even if there
are no actual solvents, functional monomers can be regarded as such in UV
printing inks. The most important additive is the photoinitiator which enables
the polymerization reaction. UV ink may comprise, for example, between 50
and 70% of a binder, between 10 and 30% of functional monomers, between
20 and 25% of pigment, and between 5 and 10% of additives, such as
photoinitiators. Photoinitiators are compounds which contain reactive groups
and react to high-energy radiation by starting the polymerization reaction.
The energy of UV radiation as such is not sufficient for starting the
polymerization reaction, so that the photoinitiators are a very important
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component in UV printing inks. The most typical photoinitiators which form
free radicals contain benzophenols, acetophenols, tertiary or acrylic amines,
or their derivatives. For example, 2-isopropylthioxanthone (ITX) may be used
as a photoinitiator. By the energy of UV radiation, the photoinitiators of the
printing ink react by producing free radicals. As a result of the reaction, the
monomers and oligomers in the printing ink are combined and cross-linked to
each other, forming polymer chains and simultaneously curing the printing ink
to a solid film. This reaction is very fast, because it takes no longer than a
few seconds, normally in some hundredth parts of seconds. The
photoinitiator may start the curing reaction either by breaking into free
radicals, or ions.

Solvent based inks may comprise, for example, toluene, alcohols, ketones,
esters or glycols as a solvent. Water based inks may comprise water and
alkali, alcohols and glycols as a solvent. The content of solvent may be e.g.
40 to 70%. In addition, said inks may comprise 10 to 30% of a binder, for
example hydrocarbon resins and derivatives, polyamide, nitrocellulose,
acrylic or styrene based polymers. The content of organic or inorganic
pigments may be 5 to 40%. Further, a minor content of additives and/or may
be included.

Conventionally, an additional layer may be provided on top of the printing
layer 106 of the laminate. The additional layer is typically a transparent
protective layer, such as a lacquer or a laminated film layer. Also other kind
of layers are suitable and may be used alternatively or additionally. The
topmost layer of the label may protect the print 106 and/or has effect on
appearance of the laminate and/or has effect on laminate’s durability on
external influences, like wear, humidity, sunlight, UV-radiation, cold and so
on. Attaching an additional layer on top of a printed surface of a laminate web
requires an extra coating or laminating step after printing. It is typical that a
labelstock provider or manufacturer transmits a laminate or label web to a
printing press of a printer or converter, where printing is applied on a surface
of the web. The printed laminate or label web is then wound into a roll for
transferring. The roll of printed web is transmitted to a printer, where an
additional layer is laminated on top of the printed layer. In addition to the
extra process step of over-coating, the laminate or label stock is transferred

190/300



WO 2015/118215 PCT/F12014/050765

10

15

20

25

30

35

50

back and forth, wound (or rolled) for transferring, and handled and/or treated
in separate locations by different providers. Additional layer is needed, as
well as an equipment for laminating or attaching it. This is time consuming
and induces costs.

At least some/all embodiments of the present invention have effect of
avoiding need of a separate step of providing a layer on top of a print layer.
According to embodiments no extra over-coating at label provider’s premises
is required. The multi-layered laminate already contains the second layer,
which acts both as the liner and as the over-coating layer.

In an example the delaminated second integral unit may be transferred
through series of rollers and guided so that it is attachable onto the print layer
106, or on the printed surface 106 of the first film layer 101, or the face stock.
The integral units are not turned but only the order of the first and the second
integral unit is switched.

The face laminate 110 as illustrated in Figure 4b or 5b may be self-wound to
a roll. The face laminate web is wound (rolled) in order to be storable and/or
transferrable. The linerless printed label web may be transferred to a site,
where the label web is stored and/or separate labels are formed and/or labels
are attached on articles. When wound to a roll, the release layer 103 is
arranged to act as a release layer for the adhesive layer 102. The pressure
sensitive adhesive layer 102 and the release layer 103 are next to each
other, when the linerless label web according to Figure 4b or 5b is wound on
itself. Embodiments have effect of providing a linerless, self-adhesive label
web, which is woundable onto itself.

One embodiment provides a labelled item having said face laminate attached
to a surface of said item. The second side of the pressure sensitive adhesive
is adhesively joined to the outer surface of the item. The face laminate is
removable from the item in a washing conditions.

Different label constructions may be used for labelling different types of items

for different purposes and different types of washes. In one embodiment the
second layer 104 comprises shrinkable monoaxially oriented polyolefin film
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and the first layer 101 comprises polyolefin fiilm. The polyolefin may be for
example polyethylene or polypropylene. In one embodiment the second layer
104 comprises shrinkable monoaxially oriented polyethylene film and the first
layer 101 comprises polyethylene film. In one embodiment the second layer
104 comprises shrinkable monoaxially oriented polyethylene film and the first
layer 101 comprises polypropylene film. In one embodiment the second layer
104 comprises shrinkable monoaxially oriented polypropylene film and the
first layer 101 comprises polyethylene film. In one embodiment the second
layer 104 comprises shrinkable monoaxially oriented polypropylene film and
the first layer 101 comprises polypropylene film.

In one embodiment the printed face laminate comprises multiple layers in the
following order:

-a release layer comprising a release agent,

-a film layer comprising an oriented polyolefin film,

-a second adhesive layer,

-a film layer comprising an oriented polyolefin film, and

-a first adhesive layer comprising a pressure sensitive adhesive. Such a face
laminate is suitable for example for PET bottles, especially if the total
average density of the face laminate is less than 1.0 g/cm®.

In one embodiment the printed face laminate comprises multiple layers in the
following order:

-a release layer comprising a release agent,

-a film layer comprising an oriented polyolefin film,

-a second adhesive layer,

-a film layer comprising an oriented polyester film, and

-a first adhesive layer comprising a pressure sensitive adhesive.

In one embodiment the printed face laminate comprises multiple layers in the
following order:

-a release layer comprising a release agent,

-a film layer comprising an oriented polyester film,

-a second adhesive layer,

-a film layer comprising an oriented polyester film, and
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-a first adhesive layer comprising a pressure sensitive adhesive. Such a face
laminate is suitable for example for glass bottles, especially if the total
average density of the face laminate is at least 1.0 g/cm®.

In these embodiments the first film layer may comprise non-annealed film,
the second film layer may comprise non-annealed film or both the first and
the second film layers comprise non-annealed films. Said non-annealed films
may be shrinkable. Non-annealed shrinkable films are suitable for labels for
example for PET or glass items. The orientation may be any combination
described herein, for example wherein the first film layer comprises a non-
annealed cross direction oriented film and the second film layer comprises a
non-annealed machine direction oriented film, or wherein the first film layer
comprises a non-annealed machine direction oriented film and the second
film layer comprises a non-annealed cross direction oriented film.

The first film may have a thickness in the range of about 10-60 um, for
example in the range of about 1040 um, or 10—30 um. The second film may
have a thickness in the range of about 10—-60 um, for example in the range of
about 10—40 pm, or 10-30 um. The thickness of the face laminate having the
first film, the first adhesive layer and the second film together may be in the
range of 20—100 um, for example in the range of 25-80 pm, for example 30—
50 um, or even 30-60 um. The haze of the face laminate may be less than
10%, preferably less than 5% with clear or transparent adhesives. Preferably
the polyester is PET. Preferably the polyolefin is polyethylene or
polypropylene, or a mixture thereof or another polyolefin.

One example of the labelled item is a labelled PET item comprising a printed
face laminate 110 attached to a surface of the item, the face laminate
comprising multiple layers in the following order: a release layer 103
comprising a release agent, a film layer comprising a polyolefin film 104, a
second adhesive layer 105, a print layer 106, a film layer comprising a
polyolefin flm and having a printable surface 101, and an adhesive layer
comprising a pressure sensitive adhesive 102.

One example of the labelled item is a labelled PET item comprising a printed
face laminate 110 attached to a surface of the item, the face laminate

193/300



WO 2015/118215 PCT/F12014/050765

10

15

20

25

30

35

53

comprising multiple layers in the following order: a release layer 103
comprising a release agent, a film layer comprising a polyolefin film 104, a
print layer 106, a second adhesive layer 105, a film layer comprising a
polyolefin film, 101, and an adhesive layer comprising a pressure sensitive
adhesive 102.

In one embodiment the second layer 104 comprises a polyester film and the
first layer 101 comprises a shrinkable monoaxially oriented polypropylene
film. In one embodiment the second layer 104 comprises a shrinkable
monoaxially oriented polyester film and the first layer 101 comprises a
shrinkable monoaxially oriented polypropylene film.

One example of the labelled item is a labelled glass item comprising a printed
face laminate 110 attached to a surface of the item, the face laminate
comprising multiple layers in the following order: a release layer 103
comprising a release agent, a film layer comprising a monoaxially oriented
polyester film 104, a second adhesive layer 105, a print layer 106, a film layer
comprising polypropylene 101, and a first adhesive layer comprising a
pressure sensitive adhesive 102. The glass item may be washed to release
the face laminate.

One example of the labelled item is a labelled glass item comprising a printed
face laminate 110 attached to a surface of the item, the face laminate
comprising multiple layers in the following order: a release layer 103
comprising a release agent, a film layer comprising a monoaxially oriented
polyester film 104, a print layer 106, a second adhesive layer 105, a film layer
comprising polypropylene 101, and a first adhesive layer comprising a
pressure sensitive adhesive 102.

One example of the labelled item is a labelled polyolefin item comprising a
printed face laminate attached to a surface of the item, the face laminate
comprising multiple layers in the following order: a release layer 103
comprising a release agent, a film layer comprising a non-shrinkable
monoaxially oriented polypropylene film 104, a second adhesive layer 105, a
print layer 106, a film layer comprising polypropylene 101, and a first
adhesive layer comprising a pressure sensitive adhesive 102. The polyolefin
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may be for example selected from high density polyethylene and
polypropylene.

One example of the labelled item is a labelled polyolefin item comprising a
printed face laminate attached to a surface of the item, the face laminate
comprising multiple layers in the following order: a release layer 103
comprising a release agent, a fiim layer comprising a non-shrinkable
monoaxially oriented polypropylene fiilm 104, a print layer 106, a second
adhesive layer 105, a film layer comprising polypropylene 101, and a first
adhesive layer comprising a pressure sensitive adhesive 102. The polyolefin
may be for example selected from high density polyethylene and

polypropylene.

Different combinations of polymers or derivatives thereof disclosed herein
may be applied to the compositions of the first layer and the second layer.
The following examples include the polymers as such and the derivatives
thereof. In one example the first layer comprises polyethylene and the
second layer comprises polyethylene. In one example the first layer
comprises polyethylene and the second layer comprises polypropylene. In
one example the first layer comprises polyethylene and the second layer
comprises polyethylene terephthalate. In one example the first layer
comprises polyethylene and the second layer comprises PVC. In one
example the first layer comprises polyethylene and the second layer
comprises polyester. In one example the first layer comprises polyethylene
and the second layer comprises polystyrene. In one example the first layer
comprises polyethylene and the second layer comprises polylactic acid. In
one example the first layer comprises polyethylene and the second layer
comprises cyclic olefin (co)polymer.

In one example the first layer comprises polypropylene and the second layer
comprises polyethylene. In one example the first layer comprises
polypropylene and the second layer comprises polypropylene. In one
example the first layer comprises polypropylene and the second layer
comprises polyethylene terephthalate. In one example the first layer
comprises polypropylene and the second layer comprises PVC. In one
example the first layer comprises polypropylene and the second layer
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comprises polyester. In one example the first layer comprises polypropylene
and the second layer comprises polystyrene. In one example the first layer
comprises polypropylene and the second layer comprises polylactic acid. In
one example the first layer comprises polypropylene and the second layer
comprises cyclic olefin (co)polymer.

In one example the first layer comprises polyethylene terephthalate and the
second layer comprises polyethylene. In one example the first layer
comprises polyethylene terephthalate and the second layer comprises
polypropylene. In one example the first layer comprises polyethylene
terephthalate and the second layer comprises polyethylene terephthalate. In
one example the first layer comprises polypropylene and the second layer
comprises PVC. In one example the first layer comprises polyethylene
terephthalate and the second layer comprises polyester. In one example the
first layer comprises polyethylene terephthalate and the second layer
comprises polystyrene. In one example the first layer comprises polyethylene
terephthalate and the second layer comprises polylactic acid. In one example
the first layer comprises polyethylene terephthalate and the second layer
comprises cyclic olefin (co)polymer.

In one example the first layer comprises PVC and the second layer
comprises polyethylene. In one example the first layer comprises PVC and
the second layer comprises polypropylene. In one example the first layer
comprises PVC and the second layer comprises polyethylene terephthalate.
In one example the first layer comprises PVC and the second layer
comprises PVC. In one example the first layer comprises PVC and the
second layer comprises polyester. In one example the first layer comprises
PVC and the second layer comprises polystyrene. In one example the first
layer comprises PVC and the second layer comprises polylactic acid. In one
example the first layer comprises PVC and the second layer comprises cyclic
olefin (co)polymer.

In one example the first layer comprises polyester and the second layer
comprises polyethylene. In one example the first layer comprises polyester
and the second layer comprises polypropylene. In one example the first layer
comprises polyester and the second layer comprises polyethylene
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terephthalate. In one example the first layer comprises polyester and the
second layer comprises PVC. In one example the first layer comprises
polyester and the second layer comprises polyester. In one example the first
layer comprises polyester and the second layer comprises polystyrene. In
one example the first layer comprises polyester and the second layer
comprises polylactic acid. In one example the first layer comprises polyester
and the second layer comprises cyclic olefin (co)polymer.

In one example the first layer comprises polystyrene and the second layer
comprises polyethylene. In one example the first layer comprises polystyrene
and the second layer comprises polypropylene. In one example the first layer
comprises polystyrene and the second layer comprises polyethylene
terephthalate. In one example the first layer comprises polystyrene and the
second layer comprises PVC. In one example the first layer comprises
polystyrene and the second layer comprises polyester. In one example the
first layer comprises polystyrene and the second layer comprises
polystyrene. In one example the first layer comprises polystyrene and the
second layer comprises polylactic acid. In one example the first layer
comprises polystyrene and the second layer comprises cyclic olefin
(co)polymer.

In one example the first layer comprises polylactic acid and the second layer
comprises polyethylene. In one example the first layer comprises polylactic
acid and the second layer comprises polypropylene. In one example the first
layer comprises polylactic acid and the second layer comprises polyethylene
terephthalate. In one example the first layer comprises polylactic acid and the
second layer comprises PVC. In one example the first layer comprises
polylactic acid and the second layer comprises polyester. In one example the
first layer comprises polylactic acid and the second layer comprises
polystyrene. In one example the first layer comprises polylactic acid and the
second layer comprises polylactic acid. In one example the first layer
comprises polylactic acid and the second layer comprises cyclic olefin
(co)polymer.

In one example the first layer comprises cyclic olefin (co)polymer and the
second layer comprises polyethylene. In one example the first layer
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comprises cyclic olefin (co)polymer and the second layer comprises
polypropylene. In one example the first layer comprises cyclic olefin
(co)polymer and the second layer comprises polyethylene terephthalate. In
one example the first layer comprises cyclic olefin (co)polymer and the
second layer comprises PVC. In one example the first layer comprises cyclic
olefin (co)polymer and the second layer comprises polyester. In one example
the first layer comprises cyclic olefin (co)polymer and the second layer
comprises polystyrene. In one example the first layer comprises cyclic olefin
(co)polymer and the second layer comprises polylactic acid. In one example
the first layer comprises cyclic olefin (co)polymer and the second layer
comprises cyclic olefin (co)polymer.

Washable label having two films oriented in different directions

One approach is that the label structure comprises a heat-shrinkable plastic
film layer causing the label to curl and detach the label from the surface of an
item under typical washing conditions at 80-85°C in an alkaline solution.
Typically these labels comprise a release liner, for example a polyester film,
coated with silicone which is then further coated with a pressure-sensitive
adhesive and dried under heat in an oven. The major deficiencies of these
types of constructions are that they are rather costly and in addition, in some
cases they are using environmentally questionable PVC solutions. The
labels, when washed off, will curl to a very small radius “pipe”. These pipes
will cause problems in the washing equipment.

It would be desirable to produce wash-off labels which are economical but
also environmentally friendly, totally removable from a surface of an item
without leaving deposits or remnants of adhesive on the surface of the item.
It would be desirable if the materials could be separated and easily recovered
and recycled and would not harm or block the equipment.

One embodiment provides a printed linerless face laminate as described
herein, wherein the second layer comprises a second shrinkable uniaxially
oriented film, and the first layer comprises a first shrinkable uniaxially
oriented film, which is oriented in different direction to the second shrinkable
uniaxially oriented film. In one embodiment the first layer is the first
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shrinkable uniaxially oriented film. In one embodiment the second layer is the
second shrinkable uniaxially oriented film. In one embodiment the first layer
is the first shrinkable uniaxially oriented film and the second layer is the
second shrinkable uniaxially oriented film.

One embodiment provides a printed face laminate comprising the following
layers in the following order:

-a second layer comprising a second shrinkable uniaxially oriented film ,

-a second adhesive layer,

-a first layer comprising a first shrinkable uniaxially oriented film, which is
oriented in different direction to the second shrinkable uniaxially oriented film,
and

-a first adhesive layer comprising pressure sensitive adhesive. In one
embodiment said printed face laminate is linerless face laminate. This
embodiment may be freely combined with any of the linerless face laminates
described in the present application.

One embodiment provides a washable face laminate having a printable
surface and comprising the following layers in the following order:

-a second shrinkable uniaxially oriented film,

-a second adhesive layer,

-a first shrinkable uniaxially oriented film, which is oriented in different
direction to the second shrinkable uniaxially oriented film, and

-a first adhesive layer comprising pressure sensitive adhesive.

One embodiment provides a laminate having a printable surface and
comprising multiple layers in the following order:

-a first layer comprising a first shrinkable uniaxially oriented film,

-a first adhesive layer comprising a pressure sensitive adhesive,

-a release layer comprising a release agent, and

-a second layer comprising a second shrinkable uniaxially oriented film which
is oriented in different direction to the first shrinkable uniaxially oriented film.

In the case of two shrinkable films, the films will, when heated by the washing

liquid, form a shrinking force in two main shrinking directions that are in
different to each other. The films may shrink in one direction and at the same
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time also expand in the other direction and thus will form two curling forces in
an angle, for example in 90 degree angle, to each other due to the
shrink/expand effect. The shrink force, as a function of temperature, would be
designed so as to give a maximum effect at the washing temperature and
minimal to no shrinking at lower temperatures, for example less than 5%,
less than 2%, or less than 1% or about 0% at room temperature. With two
shrinkable films, shrinking to different directions, especially to perpendicular
directions, the label will not be rolled up into a pipe form but rather results in
a relatively flat structure and will thus be less problematic for the washing
process. In the wash the label will be finally attached to the container only
from a single point rather than from a line and therefore it will be detached
easily. Such removed labels which are not curled into a tight roll are
substantially easier to remove from the machines.

It was found out that the behaviour of the laminate depends on which side of
the laminate is first in contact with the heated medium, such as water. This
side starts to shrink and curl first. In practice if a labelled bottle is washed, it
is the top layer of the face laminate (the first film) which is first in contact with
the hot liquid. The layer closest to the colder bottle (the second film) will react
later. This has the effect that the properties of the top layer affect to the
behaviour of the label in the wash. If the first film is a machine direction
oriented film, the label starts first to curl in the vertical direction of the bottle
being only attached to the bottle by a vertical line. Then the label starts to curl
in the opposite direction and the attachment to the bottle further decreases
being finally practically one point in the middle of the label. However, even if
the two layers would have different order of the orientation, the curling effect
would still provide an efficient detachment from the bottle.

The face laminate is shrinkable in the both different directions at least 5% at
80°C forming in an elevated temperature two curling forces to said different
directions which are overall higher than the adhesive force between the face
laminate and a labelled item containing the face laminate attached to it.

In one embodiment said printed face laminate is linerless face laminate. The

preparation process of the linerless face laminate described herein produces
an end product having a release agent layer on top of the face laminate, and
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a pressure sensitive adhesive on the other side of the face laminate. The
construction of the face laminate or the label enables winding of the self-
adhesive, linerless label web onto itself. The label roll is unwound in order to
cut separate labels from the label web and/or to provide self-adhesive labels
to an article. According to embodiments, the layer next to the adhesive layer,
when the label web is wound to a roll, is a release layer. The release layer
wound next to the adhesive layer enables the label web to be releasably
wound on itself. The release layer on one side of the face stock is arranged
to form a release layer for the self-wound linerless label according to
embodiments. The release layer also facilitates the handling of the face
laminate web in the process as the reduced coefficient of friction provides
smoother running.

In one embodiment the face laminate further comprises a release layer
comprising a release agent attached to the adhesive layer comprising a
pressure sensitive adhesive, and a liner.

An effect of the non-annealed films is that the stiffness of the film is high.
Further, if one of the layers is machine direction oriented, the stiffness will
further increase. During the preparation process of a linerless label a
laminate is printed, opened, rearranged and relaminated, and the stiffness of
one or more of the films will facilitate the processability and handling of the
films in the process. Also the increased stiffness will help the processability of
the linerless end product for example in the dispensing machine when the
labels are separated and/or fed to the items to be labelled. Also in the
washing phase the increased stiffness will facilitate the washability of the
labels.

As in some embodiments the print is on a printable surface between the first
film and the second film, it provides an effect of being protected against any
wearing or contamination during the production, storage, transportation and
use. Further, during the washing of the labels the print ink will not be washed
off to contaminate the washing solution and/or the recyclable materials of the
containers.
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One embodiment provides a face laminate comprising the following layers in
the following order:

-a second shrinkable uniaxially oriented film,

-a print layer,

-a second adhesive layer,

-a first shrinkable uniaxially oriented film which is oriented in different
direction to the second shrinkable uniaxially oriented film, and

-a first adhesive layer comprising pressure sensitive adhesive. In this
embodiment the first side of the second shrinkable uniaxially oriented film
has been printed.

One embodiment provides a face laminate comprising the following layers in
the following order:

-a print layer,

-a second shrinkable uniaxially oriented film,

-a second adhesive layer,

-a first shrinkable uniaxially oriented film which is oriented in different
direction to the second shrinkable uniaxially oriented film, and

-a first adhesive layer comprising pressure sensitive adhesive.

One embodiment provides a face laminate comprising the following layers in
the following order:

-a second shrinkable uniaxially oriented film,

-a second adhesive layer,

-a print layer,

-a first shrinkable uniaxially oriented film which is oriented in different
direction to the second shrinkable uniaxially oriented film, and

-a first adhesive layer comprising pressure sensitive adhesive. In this
embodiment the second side of the first shrinkable uniaxially oriented film
has been printed.

In one embodiment the first shrinkable uniaxially oriented film is non-
annealed or it is annealed to a very low extent. In one embodiment the
second shrinkable uniaxially oriented film is non-annealed or it is annealed to
a very low extent. This allows the films to be shrinkable. In one embodiment
at least one of the films is non-annealed.
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The areal shrinkage of the first shrinkable uniaxially oriented film in the
direction of the orientation is at least 5% at 80°C, for example at least 10%,
such as in the range of 5—80% or in the range of 10-80%. In one example
the areal shrinkage is in the range of 40-80%. In one example the areal
shrinkage is in the range of 50—-70%. The areal shrinkage may be defined for
example by using standards AST D1204 or ASTM D2732, for example using
liquid, such as water, as the heating medium at 80°C for at least 3 minutes,
or using air as the heating medium at 80°C for at least 3 minutes. In one
embodiment the tensile modulus (ASTM D882) of the first shrinkable
uniaxially oriented film in the direction of the orientation is 0.8—-3.0 GPa after
immersion in water at 80°C for at least 3 minutes.

The areal shrinkage of the second shrinkable uniaxially oriented film in the
direction of the orientation is at least 5% at 80°C, for example at least 10%,
such as in the range of 5—80% or in the range of 10-80%. In one example
the areal shrinkage is in the range of 40-80%. In one example the areal
shrinkage is in the range of 50—-70%. The areal shrinkage may be defined for
example by using standards AST D1204 or ASTM D2732, for example using
air as the heating medium at 80°C for at least 3 minutes, or using liquid, such
as water, as the heating medium at 80°C for at least 3 minutes. In one
embodiment the tensile modulus (ASTM D882) of the second shrinkable
uniaxially oriented film in the direction of the orientation is 0.8-3.0 GPa after
immersion in water at 80°C for at least 3 minutes.

In one embodiment the first uniaxially oriented film is annealed. In this case it
may have an areal shrinkage of less than 5%, for example less than 2% or
less than 1%.

Said face laminate may be prepared from a printable laminate having a
printable surface, which laminate may be provided as a self-wound roll.

One embodiment provides a printable laminate comprising multiple layers in
the following order:

-a first shrinkable uniaxially oriented film,

-a first adhesive layer comprising a pressure sensitive adhesive,
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-a release layer comprising a release agent, and
-a second shrinkable uniaxially oriented film which is oriented in different
direction to the first shrinkable uniaxially oriented film.

The orientations of first shrinkable uniaxially oriented film and the second
shrinkable uniaxially oriented film may differ at least by 20 degrees, for
example at least by about 45 degrees, or at least by about 60 degrees. In
most cases the orientations of first shrinkable uniaxially oriented film and the
second shrinkable uniaxially oriented film are substantially perpendicular to
each other, i.e. they differ by about 90 degrees. In one embodiment the
orientations of first shrinkable uniaxially oriented fiim and the second
shrinkable uniaxially oriented film are perpendicular to each other. Usually
one orientation is in machine direction and the other is in cross direction (or
transverse direction).

In practice such a face laminate is shrinkable (or having an areal shrinkage)
in both different directions at least 5% at 80°C forming in an elevated
temperature two curling forces to said different directions. In one embodiment
the face laminate is shrinkable in both different directions at least 10%, or at
least 20%, or at least 30%. In the tests a shrinkage of about 40% or higher
was easily achieved. As a comparison to a label having only machine
direction oriented film(s), such film would not shrink substantially in the
vertical direction (less than 5%).

As the machine direction oriented film is generally stiffer, the shrink force
thereof is greater and it is less expensive to manufacture, it is advantageous
to have a certain percentage of MD oriented film in the laminate, usually in
the range of 20-80% (w/w). In one embodiment the first and second film
together contain at least 30% (w/w) of machine direction oriented film,
preferably at least 40% (w/w). In one embodiment the first and second film
together contain at least 50% (w/w) of machine direction oriented film. In one
embodiment the first and second film together contain at least 60% (w/w) of
machine direction oriented film. The content of machine direction oriented
film in the first and second film together may be in the range of 50-80%, or in
the range of 60—80%.
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In one embodiment the second shrinkable uniaxially oriented film is cross-
direction (CD) oriented film and the first shrinkable uniaxially oriented film is
machine-direction (MD) oriented film.

One embodiment provides a method for preparing a printed linerless face
laminate, the method comprising providing said laminate comprising a first
shrinkable uniaxially oriented film which is oriented in different direction to the
second shrinkable uniaxially oriented film;

printing on the printable surface;

separating from the laminate

-the first shrinkable uniaxially oriented film, and

-the adhesive layer comprising a pressure sensitive adhesive, from

-the second shrinkable uniaxially oriented film;

rearranging

-the release layer comprising a release agent and

-the second shrinkable uniaxially oriented film

on top of

-the first shrinkable uniaxially oriented film, and

-the adhesive layer comprising a pressure sensitive adhesive, with the
release layer comprising a release agenton top of the face laminate; and
laminating the first film and the second film together with a second adhesive
layer, to form the linerless printed face laminate.

One embodiment provides a method for preparing a printed linerless face
laminate, the method comprising providing said laminate;

printing on the printable surface;

separating from the laminate

-the first shrinkable uniaxially oriented film,

-the first adhesive layer comprising a pressure sensitive adhesive, from
-the release layer comprising a release agent and

-the second shrinkable uniaxially oriented film,

rearranging

-the release layer comprising a release agent and

-the second shrinkable uniaxially oriented film

on top of

-the first shrinkable uniaxially oriented film, and
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-the first adhesive layer comprising a pressure sensitive adhesive, with the
release layer comprising a release agent on top of the face laminate;
laminating the first film and the second film together with a second adhesive
layer, to form the printed face laminate. The second adhesive layer may be
applied onto the first shrinkable uniaxially oriented film or onto the second
shrinkable uniaxially oriented film. One embodiment comprises printing on
the printable surface of the first shrinkable uniaxially oriented film. One
embodiment comprises printing on the printable surface of the second
shrinkable uniaxially oriented film. The printing may be carried out before or
after the separation step.

One example of the labelled item is a labelled PET item comprising a printed
face laminate attached to a surface of the item, the face laminate comprising
the following layers in the following order:

-a second shrinkable uniaxially oriented film,

-a print layer,

-a second adhesive layer,

-a first shrinkable uniaxially oriented film which is oriented in perpendicular
direction to the second shrinkable uniaxially oriented film, and

-a first adhesive layer comprising pressure sensitive adhesive.

One example of the labelled item is a labelled PET item comprising a printed
face laminate attached to a surface of the item, the face laminate comprising
the following layers in the following order:

-a second shrinkable uniaxially oriented film,

-a second adhesive layer,

-a print layer

-a first shrinkable uniaxially oriented film which is oriented in perpendicular
direction to the second shrinkable uniaxially oriented film, and

-a first adhesive layer comprising pressure sensitive adhesive.

One example of the labelled item is a labelled glass item comprising a printed
face laminate attached to a surface of the item, the face laminate comprising
the following layers in the following order:

-a second shrinkable uniaxially oriented film,

-a print layer,
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-a second adhesive layer,

-a first shrinkable uniaxially oriented film which is oriented in perpendicular
direction to the second shrinkable uniaxially oriented film, and

-a first adhesive layer comprising pressure sensitive adhesive.

One example of the labelled item is a labelled glass item comprising a printed
face laminate attached to a surface of the item, the face laminate comprising
the following layers in the following order:

-a second shrinkable uniaxially oriented film,

-a second adhesive layer,

-a print layer,

-a first shrinkable uniaxially oriented film which is oriented in perpendicular
direction to the second shrinkable uniaxially oriented film, and

-a first adhesive layer comprising pressure sensitive adhesive.

One example of the labelled item is a labelled polyolefin item comprising a
printed face laminate attached to a surface of the item, the face laminate
comprising the following layers in the following order:

-a second shrinkable uniaxially oriented film,

-a print layer,

-a second adhesive layer,

-a first shrinkable uniaxially oriented film which is oriented in perpendicular
direction to the second shrinkable uniaxially oriented film, and

-a first adhesive layer comprising pressure sensitive adhesive.

One example of the labelled item is a labelled polyolefin item comprising a
printed face laminate attached to a surface of the item, the face laminate
comprising the following layers in the following order:

-a second shrinkable uniaxially oriented film,

-a second adhesive layer,

-a print layer,

-a first shrinkable uniaxially oriented film which is oriented in perpendicular
direction to the second shrinkable uniaxially oriented film, and

-a first adhesive layer 105 comprising pressure sensitive adhesive.
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Different combinations of polymers or derivatives thereof disclosed herein
may be applied to the first shrinkable uniaxially oriented film and to the
second shrinkable uniaxially oriented film. The following examples include
the polymers as such and the derivatives thereof. In one example the first
shrinkable uniaxially oriented film comprises polyethylene and the second
shrinkable uniaxially oriented film comprises polyethylene. In one example
the first shrinkable uniaxially oriented film comprises polyethylene and the
second shrinkable uniaxially oriented film comprises polypropylene. In one
example the first shrinkable uniaxially oriented film comprises polyethylene
and the second shrinkable uniaxially oriented film comprises polyethylene
terephthalate. In one example the first shrinkable uniaxially oriented film
comprises polyethylene and the second shrinkable uniaxially oriented film
comprises PVC. In one example the first shrinkable uniaxially oriented film
comprises polyethylene and the second shrinkable uniaxially oriented film
comprises polyester. In one example the first shrinkable uniaxially oriented
film comprises polyethylene and the second shrinkable uniaxially oriented
film comprises polystyrene. In one example the first shrinkable uniaxially
oriented film comprises polyethylene and the second shrinkable uniaxially
oriented film comprises polylactic acid. In one example the first shrinkable
uniaxially oriented film comprises polyethylene and the second shrinkable
uniaxially oriented film comprises cyclic olefin (co)polymer.

In one example the first shrinkable uniaxially oriented film comprises
polypropylene and the second shrinkable uniaxially oriented film comprises
polyethylene. In one example the first shrinkable uniaxially oriented film
comprises polypropylene and the second shrinkable uniaxially oriented film
comprises polypropylene. In one example the first shrinkable uniaxially
oriented film comprises polypropylene and the second shrinkable uniaxially
oriented film comprises polyethylene terephthalate. In one example the first
shrinkable uniaxially oriented film comprises polypropylene and the second
shrinkable uniaxially oriented film comprises PVC. In one example the first
shrinkable uniaxially oriented film comprises polypropylene and the second
shrinkable uniaxially oriented film comprises polyester. In one example the
first shrinkable uniaxially oriented film comprises polypropylene and the
second shrinkable uniaxially oriented film comprises polystyrene. In one
example the first shrinkable uniaxially oriented film comprises polypropylene
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and the second shrinkable uniaxially oriented film comprises polylactic acid.
In one example the first shrinkable uniaxially oriented film comprises
polypropylene and the second shrinkable uniaxially oriented film comprises
cyclic olefin (co)polymer.

In one example the first shrinkable uniaxially oriented film comprises
polyethylene terephthalate and the second shrinkable uniaxially oriented film
comprises polyethylene. In one example the first shrinkable uniaxially
oriented film comprises polyethylene terephthalate and the second shrinkable
uniaxially oriented film comprises polypropylene. In one example the first
shrinkable uniaxially oriented film comprises polyethylene terephthalate and
the second shrinkable uniaxially oriented film comprises polyethylene
terephthalate. In one example the first shrinkable uniaxially oriented film
comprises polypropylene and the second shrinkable uniaxially oriented film
comprises PVC. In one example the first shrinkable uniaxially oriented film
comprises polyethylene terephthalate and the second shrinkable uniaxially
oriented film comprises polyester. In one example the first shrinkable
uniaxially oriented film comprises polyethylene terephthalate and the second
shrinkable uniaxially oriented film comprises polystyrene. In one example the
first shrinkable uniaxially oriented film comprises polyethylene terephthalate
and the second shrinkable uniaxially oriented film comprises polylactic acid.
In one example the first shrinkable uniaxially oriented film comprises
polyethylene terephthalate and the second shrinkable uniaxially oriented film
comprises cyclic olefin (co)polymer.

In one example the first shrinkable uniaxially oriented film comprises PVC
and the second shrinkable uniaxially oriented film comprises polyethylene. In
one example the first shrinkable uniaxially oriented film comprises PVC and
the second shrinkable uniaxially oriented film comprises polypropylene. In
one example the first shrinkable uniaxially oriented film comprises PVC and
the second shrinkable uniaxially oriented film comprises polyethylene
terephthalate. In one example the first shrinkable uniaxially oriented film
comprises PVC and the second shrinkable uniaxially oriented film comprises
PVC. In one example the first shrinkable uniaxially oriented film comprises
PVC and the second shrinkable uniaxially oriented film comprises polyester.
In one example the first shrinkable uniaxially oriented film comprises PVC
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and the second shrinkable uniaxially oriented film comprises polystyrene. In
one example the first shrinkable uniaxially oriented film comprises PVC and
the second shrinkable uniaxially oriented film comprises polylactic acid. In
one example the first shrinkable uniaxially oriented film comprises PVC and
the second shrinkable uniaxially oriented film comprises cyclic olefin
(co)polymer.

In one example the first shrinkable uniaxially oriented film comprises
polyester and the second shrinkable uniaxially oriented film comprises
polyethylene. In one example the first shrinkable uniaxially oriented film
comprises polyester and the second shrinkable uniaxially oriented film
comprises polypropylene. In one example the first shrinkable uniaxially
oriented film comprises polyester and the second shrinkable uniaxially
oriented film comprises polyethylene terephthalate. In one example the first
shrinkable uniaxially oriented film comprises polyester and the second
shrinkable uniaxially oriented film comprises PVC. In one example the first
shrinkable uniaxially oriented film comprises polyester and the second
shrinkable uniaxially oriented film comprises polyester. In one example the
first shrinkable uniaxially oriented film comprises polyester and the second
shrinkable uniaxially oriented film comprises polystyrene. In one example the
first shrinkable uniaxially oriented film comprises polyester and the second
shrinkable uniaxially oriented film comprises polylactic acid. In one example
the first shrinkable uniaxially oriented film comprises polyester and the
second shrinkable uniaxially oriented film comprises cyclic olefin (co)polymer.

In one example the first shrinkable uniaxially oriented film comprises
polystyrene and the second shrinkable uniaxially oriented film comprises
polyethylene. In one example the first shrinkable uniaxially oriented film
comprises polystyrene and the second shrinkable uniaxially oriented film
comprises polypropylene. In one example the first shrinkable uniaxially
oriented film comprises polystyrene and the second shrinkable uniaxially
oriented film comprises polyethylene terephthalate. In one example the first
shrinkable uniaxially oriented film comprises polystyrene and the second
shrinkable uniaxially oriented film comprises PVC. In one example the first
shrinkable uniaxially oriented film comprises polystyrene and the second
shrinkable uniaxially oriented film comprises polyester. In one example the
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first shrinkable uniaxially oriented film comprises polystyrene and the second
shrinkable uniaxially oriented film comprises polystyrene. In one example the
first shrinkable uniaxially oriented film comprises polystyrene and the second
shrinkable uniaxially oriented film comprises polylactic acid. In one example
the first shrinkable uniaxially oriented film comprises polystyrene and the
second shrinkable uniaxially oriented film comprises cyclic olefin (co)polymer.

In one example the first shrinkable uniaxially oriented film comprises
polylactic acid and the second shrinkable uniaxially oriented film comprises
polyethylene. In one example the first shrinkable uniaxially oriented film
comprises polylactic acid and the second shrinkable uniaxially oriented film
comprises polypropylene. In one example the first shrinkable uniaxially
oriented film comprises polylactic acid and the second shrinkable uniaxially
oriented film comprises polyethylene terephthalate. In one example the first
shrinkable uniaxially oriented film comprises polylactic acid and the second
shrinkable uniaxially oriented film comprises PVC. In one example the first
shrinkable uniaxially oriented film comprises polylactic acid and the second
shrinkable uniaxially oriented film comprises polyester. In one example the
first shrinkable uniaxially oriented film comprises polylactic acid and the
second shrinkable uniaxially oriented film comprises polystyrene. In one
example the first shrinkable uniaxially oriented film comprises polylactic acid
and the second shrinkable uniaxially oriented film comprises polylactic acid.
In one example the first shrinkable uniaxially oriented film comprises
polylactic acid and the second shrinkable uniaxially oriented film comprises
cyclic olefin (co)polymer.

In one example the first shrinkable uniaxially oriented film comprises cyclic
olefin (co)polymer and the second shrinkable uniaxially oriented film
comprises polyethylene. In one example the first shrinkable uniaxially
oriented film comprises cyclic olefin (co)polymer and the second shrinkable
uniaxially oriented film comprises polypropylene. In one example the first
shrinkable uniaxially oriented film comprises cyclic olefin (co)polymer and the
second shrinkable uniaxially oriented film comprises polyethylene
terephthalate. In one example the first shrinkable uniaxially oriented film
comprises cyclic olefin (co)polymer and the second shrinkable uniaxially
oriented film comprises PVC. In one example the first shrinkable uniaxially
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oriented film comprises cyclic olefin (co)polymer and the second shrinkable
uniaxially oriented film comprises polyester. In one example the first
shrinkable uniaxially oriented film comprises cyclic olefin (co)polymer and the
second shrinkable uniaxially oriented film comprises polystyrene. In one
example the first shrinkable uniaxially oriented film comprises cyclic olefin
(co)polymer and the second shrinkable uniaxially oriented film comprises
polylactic acid. In one example the first shrinkable uniaxially oriented film
comprises cyclic olefin (co)polymer and the second shrinkable uniaxially
oriented film comprises cyclic olefin (co)polymer.

The following numbered items provide embodiments relating to labels having
two uniaxially oriented films oriented in different directions.

1. A washable face laminate having a printable surface and comprising
the following layers in the following order:

-a second shrinkable uniaxially oriented film,

-a second adhesive layer,

-a first shrinkable uniaxially oriented film, which is oriented in different
direction to the second shrinkable uniaxially oriented film, and

-a first adhesive layer comprising pressure sensitive adhesive.

2. The face laminate of item 1, wherein the face laminate is shrinkable in
both different directions at least 5% at 80°C forming in an elevated
temperature two curling forces to said different directions.

3. The face laminate of item 1 or 2, wherein the orientations of the first
shrinkable uniaxially oriented fiim and the second shrinkable uniaxially
oriented film differ at least by 20 degrees, preferably at least by 45 degrees.

4. The face laminate of item 1 or 2, wherein the orientations of the first
shrinkable uniaxially oriented film and the second shrinkable uniaxially
oriented film are perpendicular to each other.

5. The face laminate of any of the items 1-5 comprising the following

layers in the following order:
-a print layer,
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-a second shrinkable uniaxially oriented film,

-a second adhesive layer,

-a first shrinkable uniaxially oriented film, and

-a first adhesive layer comprising pressure sensitive adhesive.

0. The face laminate of any of the items 1-5 comprising the following
layers in the following order:

-a release layer comprising a release agent

-a second shrinkable uniaxially oriented film,

-a print layer,

-a second adhesive layer,

-a first shrinkable uniaxially oriented film, and

-a first adhesive layer comprising pressure sensitive adhesive.

7. The face laminate of any of the items 1-5 comprising the following
layers in the following order:

-a release layer comprising a release agent

-a second shrinkable uniaxially oriented film,

-a second adhesive layer,

-a print layer,

-a first shrinkable uniaxially oriented film, and

-a first adhesive layer comprising pressure sensitive adhesive.

8. A laminate having a printable surface and comprising multiple layers in
the following order:

-a first shrinkable uniaxially oriented film,

-a first adhesive layer comprising a pressure sensitive adhesive,

-a release layer comprising a release agent, and

-a second shrinkable uniaxially oriented film which is oriented in different
direction to the first shrinkable uniaxially oriented film.

9. The laminate of item 8, wherein the orientations of the first shrinkable

uniaxially oriented film and the second shrinkable uniaxially oriented film
differ at least by 20 degrees, preferably at least by 45 degrees.
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10. The laminate of item 8, wherein the orientations of the first shrinkable
uniaxially oriented film and the second shrinkable uniaxially oriented film are
perpendicular to each other.

11.  The face laminate of any of the items 1-7, wherein the total thickness
of the face laminate is in the range of 20—-100 um.

12. The face laminate of any of the items 1-7 or the laminate of any of the
items 8-10, wherein the first and the second film together contain at least
30% (w/w) of machine direction oriented film, preferably at least 40% (w/w).

13. The face laminate of any of the items 1-7 having a stiffness of at least
1 mN/m, preferably at least 3 mN/m.

14. The face laminate of any of the items 1—7 or 11-13 or the laminate of
any of the items 8-10 or 12, wherein the first shrinkable uniaxially oriented
film has a printable surface.

15.  The face laminate of any of the items 1-7 or 11-13 or the laminate of
any of the items 8-10 or 12, wherein the second shrinkable uniaxially
oriented film has a printable surface.

16. The face laminate of any of the items 1-7 or 11-15 or the laminate of
any of the items 8-10 or 12-15, wherein the first shrinkable uniaxially
oriented film is a MD-oriented film and the second shrinkable uniaxially
oriented film is a CD-oriented film.

17. The face laminate of any of the items 1—7 or 11-15 or the laminate of
any of the items 8-10 or 12-15, wherein the first shrinkable uniaxially
oriented film is a CD-oriented film and the second shrinkable uniaxially
oriented film is a MD-oriented film.

18. The face laminate of any of the items 1—7 or 11-17 or the laminate of

any of the items 8-10 or 12-17, wherein the first shrinkable uniaxially
oriented film is non-annealed.
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19. The face laminate of any of the items 1-7 or 11-18 or the laminate of
any of the items 8-10 or 12-18, wherein the second shrinkable uniaxially
oriented film is non-annealed.

20. The face laminate of any of the items 1-7 or 11-18 or the laminate of
any of the items 8-10 or 12-18, wherein the first shrinkable uniaxially
oriented film is annealed.

21. The face laminate of any of the items 1-7 or 11-20 or the laminate of
any of the items 8-10 or 12-20, wherein at least one of the fiims is non-
annealed.

22. The face laminate of any of the items 1-7 or 11-21 or the laminate of
any of the items 8-10 or 12-21, wherein the second shrinkable uniaxially
oriented film has an areal shrinkage in the direction of the orientation of at
least 5% at 80°C

23. The face laminate of any of the items 1-7 or 11—-21 or the laminate of
any of the items 8-10 or 12-21, wherein the second shrinkable uniaxially
oriented film has an areal shrinkage in the direction of the orientation in the
range of 10—-80% at 80°C.

24. The face laminate of any of the items 1-7, 11-19 or 21-23 or the
laminate of any of the items 8-10, 12-19 or 21-23, wherein the first
shrinkable uniaxially oriented film has an areal shrinkage in the direction of
the orientation of at least 5% at 80°C.

25. The face laminate of any of the items 1-7,11-19 or 21-23 or the
laminate of any of the items 8-10, 12-19 or 21-23, wherein the first
shrinkable uniaxially oriented film has an areal shrinkage in the direction of
the orientation in the range of 10—-80% at 80°C.

26. The face laminate of any of the items 1-7 or 11-25 or the laminate of

any of the items 8-10 or 12-25, wherein the second shrinkable uniaxially
oriented film comprises polyethylene.
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27. The face laminate of any of the items 1-7 or 11-25 or the laminate of
any of the items 8-10 or 12-25, wherein the second shrinkable uniaxially
oriented film comprises polypropylene.

28. The face laminate of any of the items 1-7 or 11-25 or the laminate of
any of the items 8-10 or 12-25, wherein the second shrinkable uniaxially
oriented film comprises polyethylene terephthalate.

29. The face laminate of any of the items 1-7 or 11-25 or the laminate of
any of the items 8-10 or 12-25, wherein the second shrinkable uniaxially
oriented film comprises PVC.

30. The face laminate of any of the items 1-7 or 11-25 or the laminate of
any of the items 8-10 or 12-25, wherein the second shrinkable uniaxially
oriented film comprises polyester.

31. The face laminate of any of the items 1-7 or 11-25 or the laminate of
any of the items 8-10 or 12-25, wherein the second shrinkable uniaxially
oriented film comprises polystyrene.

32. The face laminate of any of the items 1-7 or 11-25 or the laminate of
any of the items 8-10 or 12-25, wherein the second shrinkable uniaxially
oriented film comprises polylactic acid.

33. The face laminate of any of the items 1-7 or 11-25 or the laminate of
any of the items 8-10 or 12-25, wherein the second shrinkable uniaxially
oriented film comprises cyclic olefin (co)polymer.

34. The face laminate of any of the items 1-7 or 11-33 or the laminate of
any of the items 8-10 or 12-33, wherein the first shrinkable uniaxially
oriented film comprises polyethylene.

35. The face laminate of any of the items 1-7 or 11-33 or the laminate of

any of the items 8-10 or 12-33, wherein the first shrinkable uniaxially
oriented film comprises polypropylene.
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36. The face laminate of any of the items 1—7 or 11-33 or the laminate of
any of the items 8—10 or 12-3 wherein the first shrinkable uniaxially oriented
film comprises polyethylene terephthalate.

37. The face laminate of any of the items 1-7 or 11-33 or the laminate of
any of the items 8-10 or 12-33, wherein the first shrinkable uniaxially
oriented film comprises PVC.

38. The face laminate of any of the items 1-7 or 11-33 or the laminate of
any of the items 8-10 or 12-33, wherein the first shrinkable uniaxially
oriented film comprises polyester.

39. The face laminate of any of the items 1-7 or 11-33 or the laminate of
any of the items 8-10 or 12-33, wherein the first shrinkable uniaxially
oriented film comprises polystyrene.

40. The face laminate of any of the items 1-7 or 11-33 or the laminate of
any of the items 8-10 or 12-33, wherein the first shrinkable uniaxially
oriented film comprises polylactic acid.

41.  The face laminate of any of the items 1-7 or 11-33 or the laminate of
any of the items 8-10 or 12-33, wherein the first shrinkable uniaxially
oriented film comprises cyclic olefin (co)polymer.

42. The face laminate of any of the items 1-7 or 11—41 or the laminate of
any of the items 8-10 or 12—41, wherein the pressure sensitive adhesive
comprises UV hot melt adhesive.

43. The face laminate of any of the items 1-7 or 11-42 or the laminate of
any of the items 8-10 or 12—42, wherein the releasing agent comprises
silicone, preferably UV curable silicone.

44.  The face laminate of any of the items 1-7 or 11—-43 or the laminate of
any of the items 8-10 or 12-43, wherein the second adhesive layer
comprises adhesive selected from UV curable adhesive and polyurethane
adhesive.
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45. The face laminate of any of the items 1-7 or 11-44 or the laminate of
any of the items 8-10 or 12—44, having a total average density of less than
1.0 g/cm®.

46. The face laminate of any of the items 1-7 or 11—44 or the laminate of
any of the items 8—10 or 12—44, having a total average density of at least 1.0
g/cm®.

47. The face laminate of any of the items 1-4, 6—7, 11-27, 34-35, or 45—
46 comprising multiple layers in the following order:

-a release layer comprising a release agent,

-a film layer comprising a polyolefin film,

-a second adhesive layer,

-a film layer comprising a polyolefin film, and

-a first adhesive layer comprising a pressure sensitive adhesive.

48. The face laminate of any of the items 1-4, 6-7, 11-27, 36, or 45—46
comprising multiple layers in the following order:

-a release layer comprising a release agent,

-a film layer comprising a polyolefin film,

-a second adhesive layer,

-a film layer comprising a polyester film, and

-a first adhesive layer comprising a pressure sensitive adhesive.

49. The face laminate of any of the items 1-4, 6-7, 11-26, 28, 36, or 45—
46 comprising multiple layers in the following order:

-a release layer comprising a release agent,

-a film layer comprising a polyester film,

-a second adhesive layer,

-a film layer comprising a polyester film, and

-a first adhesive layer comprising a pressure sensitive adhesive.

50. The face laminate of any of the items 1-7 or 11-46 or the laminate of
any of the items 8-10 or 12-46, further comprising
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-a release layer comprising a release agent attached to the adhesive layer
comprising a pressure sensitive adhesive, and
-aliner.

51. The face laminate of any of the items 1-7 or 11-49, wherein the face
laminate is a linerless face laminate.

52. A labelled item having the washable face laminate of any of the items
1-7 or 11-51 attached to a surface.

53. A labelled PET item having the washable face laminate of item 47
attached to a surface.

54. A labelled glass item having the washable face laminate of item 49
attached to a surface.

55. A method for preparing a washable printed linerless face laminate, the
method comprising providing the laminate of any of the items 8—10 or 12—46,
printing on the printable surface;

separating from the laminate

-the first shrinkable uniaxially oriented film,

-the first adhesive layer comprising a pressure sensitive adhesive, from

-the second shrinkable uniaxially oriented film;

rearranging

-the release layer comprising a release agent and

-the second shrinkable uniaxially oriented film

on top of

-the first shrinkable uniaxially oriented film, and

-the first adhesive layer comprising a pressure sensitive adhesive, with the
release layer on top of the face laminate; and

laminating the first film and the second film together with a second adhesive
layer, to form the printed face laminate.

56. The method of item 55, comprising applying the second adhesive layer
on the second film before separating.
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57. The method of item 55, comprising applying the second adhesive layer
on the first film before separating.

58. The method of item 55, comprising applying the second adhesive layer
on the second film after separating.

59. The method of item 55, comprising applying the second adhesive layer
on the first film after separating.

60. The method of item 55, comprising printing on the printable surface of
the first shrinkable uniaxially oriented film.

61. The method of item 55, comprising printing on the printable surface of
the second shrinkable uniaxially oriented film.

Labels of the embodiments are suitable to be washed off in the standard
washing conditions of recyclable containers, such as glass containers, at
temperatures in the range of 60-90°C, or ©65-85°C, or preferably at
temperatures above 77°C in aqueous solution. For polyester or plastic
containers the washing temperature may be 65-75°C, or even higher such
as about 80°C. Washing liquid usually comprises caustic soda, for example
sodium hydroxide. The washing liquid may be 2—4%, preferably 2% alkaline
water. The wash-off is accomplished in few minutes, like 1-3 minutes, or less
than 3 minutes, or preferably less than 2 minutes. At a washing conditions a
label is exposed to a washing liquid of certain temperature. In one example
the labelled bottles go into a pre-wash chamber at 50°C for about one minute
before they go into the washing chamber at 80°C.

Plastic containers are washed at lower temperatures compared to glass
containers, for example. Wash temperature of plastic bottles is 65-75°C. A
plastic container typically exhibits heat shrinkage during wash. Plastic
containers are usually crushed during the wash. The plastic container and
the label on it may be crushed into small pieces, for example in the order of
1x1 cm. In this case a label may be removed from some of the pieces of the
container with aid of reduced adhesive force and shrinkage of the container
due to washing conditions. Expansion of a label layer next to the container
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may enhance this removal. Pieces of labels are attached to some pieces of
containers. Smaller area of attachment between article and label may require
less time and/or smaller force in order to be detached from a piece of article.
Securing maintaining ink and adhesive between label layers is important
factor in this application. Even if label gets broke during the wash, the
washing liquid shall not be contaminated. Labels or parts of labels are not
dissolved in water. A label remains its laminated construction even when split
in pieces. The washed plastic parts of the container are recycled, and shall
not contain residues.

In one embodiment the method for preparing the linerless face laminate
comprises die-cutting the laminate or label construction through all the layers
to form a predefined shape for the laminate or the face laminate, and defining
a bridge between individual shapes to form a laminate or face laminate web
having plurality of individual shapes attached to each other. The die-cutting
generally refers to a method of using a die to shear the web of the laminate,
i.e. mechanical or contacting die-cutting. In one example a dinking die is
used in a dinking process. It is also possible to cut through only a one or
more layers of a laminate in a process called kiss cutting. However, in the
present embodiments the cutting is generally done through all the layers. Die
cutting may be done for example as flatbed or rotary die cutting. The rotary
die cutting is faster and may be preferred when making labels. In one specific
embodiment the die-cutting is carried out by laser die-cutting method using a
laser die-cutting device, which is a contactless die-cutting method.

In one embodiment the separating, rearranging and laminating (delamination
and lamination) are carried out before the die-cutting. In such case it is the
printed face laminate web which is die-cut to provide pre-cut printed face
laminate web.

In one embodiment the separating, rearranging and laminating (delamination
and lamination) are carried out after the die-cutting. In such case it is the
laminate web which is die-cut to provide pre-cut laminate web. Said laminate
may be printed or unprinted. This embodiment is especially useful when the
laminate web contains only one line of predefined label shapes.
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The predefined shape refers to a general shape of the label to be produced.
The shape may be round or angular or having both angular and arched
shapes, such as a round, elliptical, square, tetrahedron or the like. Examples
of such shapes include labels for bottles and cans. A laminate or face
laminate web may to contain one or more than one parallel lines of said
predefined shapes, such as two, three, four, five, six, seven, eight, nine or
ten or more lines. Figure 9 shows an example of a printed web having three
of such parallel lines of the predefined shapes.

An bridge is defined between the individual shapes, meaning that a portion of
the laminate or the face laminate is not die-cut to obtain said bridge. Said
bridge allows the shapes to be attached to each other to form a long web
with repeated similar units. The bridge is wide enough to keep the individual
face laminates together but narrow enough so that it can be easily cut with
for example a contactless cutting method, for example in a dispensing
machine, or separated by mechanical force. For example the width of the
bridge may be about 5-100 mm, for example 10-50 mm, depending on the
width of the predefined shapes. In one embodiment as shown in Figure 11
the die-cut part of the predefined shape 701 having a print 702 contains
arched shapes and the bridging part 703 is arranged to be cut or separated
as a straight line.

No cut matrix material around the individual shapes is present as the waste
matrix is removed after die-cutting. No uncut portions connect the waste
matrix to the individual shapes. The term “bridge” refers to a part of the
laminate between the individual shapes of the final product which may be
weakened or not weakened. Also a term “uncut bridge” may be used to
indicate that a part of the laminate has not been cut to obtain said bridge
between the individual shapes.

In one embodiment the bridge is not weakened. In such a case the bridge
must be long or strong enough to provide a durable connective portion
between separate labels during the handling of the web. For example, the
facestock web should not break in the process, such as when it proceeds in
the machinery. A bridge which is not weakened enables high speed in the
manufacturing and/or labelling process. Also cutting with a separate cutting
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means at the labelling process provides generally a more finished edge of
the final label.

In one embodiment the bridge is weakened. Weakening refers to any
mechanical, chemical or other process (e.g. by laser) of weakening the
bridging portion, for example perforations, thinning, partially cutting or the like
for enabling mechanical separation of the individual labels later on for
example by tearing. Partial cutting refers to any type of cutting wherein only
part of the bridge has been cut, for example the laminate is cut half-way
through or through only one or more layers but not through all the layers of a
laminate, for example by kiss cutting, or there are a plurality of elongated
cuts in line separated by a non-cut portion. The latter may also considered as
a perforation. In one embodiment the method comprises weakening the
bridge, for example by perforating, thinning, kiss cutting or partial cutting.

Perforation as used herein generally refers to a plurality of perforation holes
or cuts which define a line for allowing an easy separation of the two parts.
Perforation or other type of weakening may be desired as to ease the
separation of the labels from each other during dispensing by tearing the
material with mechanical force and producing a tear line at the weakened
part of the bridge.

The dispensing process for weakened bridges may be naturally somewhat
different from the not weakened bridges. The latter typically requires some
sort of cutting aid to separate the individual labels from each other during the
label dispensing process. The former may rely solely on mechanical force to
produce a tear line at the weakened position, for example at the perforated
bridge, which has been produced earlier into the continuous label web during
label converting, die-cutting and/or printing process. “Dispensing” as used
herein refers to a step of labelling, where the labels are released from the
continuous label web and subsequently applied onto the surface of the items
to be labelled. A weakened bridge enables the use of more compact or
simple dispensing machines because no separate cutting means is required
for separating the individual shapes.
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In many cases the bridge is cut as a straight line. In one example the bridge
is cut as a curved line which produces shapes having inwards curved part on
one side and a matching outwards curved part on the other side of the final
label. Instead of a simple curved line the cut line may also be more complex
having more than one cutting line, such as more than one curved lines, more
than one straight lines, or a combination of one or more curved lines and one
or more straight lines. Also these types of cutting produce matching cutting
lines on the opposite sides of the final label.

After die-cutting any waste material, such as the cut matrix material, is
removed. The obtained laminate web may be rolled into a roll for storage
and/or transport.

One embodiment comprises printing on the printable surface of the first
integral unit before the die-cutting. One embodiment comprises printing on
the printable surface of the second integral unit before the die-cutting. One
embodiment further comprises separating, rearranging and laminating the
printed laminate to form a printed face laminate before the die-cutting. Figure
7 shows a printed face laminate web before die-cutting and Figure 8 shows
the printed face laminate web after die-cutting wherein the text “ABC”
denotes the print.

One embodiment comprises printing on the printable surface of the first
integral unit after the die-cutting. One embodiment comprises printing on the
printable surface of the second integral unit after the die-cutting. The printing
may be carried out in the same or different apparatus as the die-cutting
and/or delaminating and/or laminating (or rearranging the first and the
second integral units).

In one embodiment the apparatus comprises die-cutting means or unit
arranged to die-cut through all the layers of the laminate web or face
laminate web to form a predefined shape for the laminate or the face
laminate, and to define a bridge between individual shapes to form a
laminate web or face laminate web having plurality of individual shapes
attached to each other. In one embodiment the apparatus comprises means
for weakening the bridge. In one embodiment the means for weakening the
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bridge comprises means for perforating the bridge. In one embodiment the
means for weakening the bridge comprises means for kiss cutting the
laminate or the face laminate. In one embodiment the means for weakening
the bridge comprises means for partially cutting the laminate or the face
laminate.

In one embodiment the die-cutting means or unit are located before the
delaminating means. In one embodiment the die-cutting means or unit are
located after the laminating means. The locations refer to the locations of
said means in the machine direction. Generally the means for weakening the
bridge are located after the laminating means.

In one embodiment the means for applying a second adhesive layer are
arranged to apply the second adhesive layer onto the second layer 104 of the
second integral unit 108, usually before the means for rearranging. In one
embodiment the means for applying a second adhesive layer are arranged to
apply the second adhesive layer onto the first layer of the first integral unit
107, usually before the means for rearranging.

In an further embodiment the apparatus comprises a printer unit or means for
printing arranged to print on the first layer of the first integral unit 107 before
the die-cutting means, to form a printed face laminate 110. In an further
embodiment the apparatus comprises a printer unit or means for printing
arranged to print on the first layer of the first integral unit 107 after the die-
cutting unit, to form a printed face laminate 110. In an further embodiment the
apparatus comprises a printer unit or means for printing arranged to print on
the second layer of the second integral unit 108 before the die-cutting means,
to form a printed face laminate 110. In an further embodiment the apparatus
comprises a printer unit or means for printing arranged to print on the second
layer of the second integral unit 108 after the die-cutting means, to form a
printed face laminate 110. In one embodiment the separation and
rearrangement is carried out in a dispensing machine and the obtained face
laminate is fed directly onto the surfaces of the items to be labelled.

In one embodiment, after printing the laminate, any waste material, such as
the cut matrix material, is removed. The printed linerless laminate web may
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be rolled into a roll for storage and/or transport. Figure 10 shows a printed
and die-cut linerless laminate web wherein the excess material has been
removed.

The printed linerless face laminate web having plurality of individual shapes
attached to each other as shown in Figure 8 or 9 may be provided from a
wound roll to a dispensing machine. In one embodiment the printed face
laminate web having plurality of individual shapes attached to each other has
been prepared briefly before usage, for example in a dispensing machine.

One embodiment provides a method for preparing separate face laminates or
labels, comprising providing the printed face laminate web having plurality of
individual shapes attached to each other obtained with said die-cutting
method, and separating the individual face laminates by cutting said bridge
by contactless or contacting cutting to obtain separate face laminates.

In one embodiment the method further comprises feeding the obtained
separate face laminates onto a surface of a product to be labelled. This
method is generally carried out in a dispensing machine. In such case the
dispensing machine has means for transferring the separated labels onto the
surface of the product to be labelled, for example a vacuum drum which may
be used to pick up a label. Contactless cutting refers to a method wherein no
contact is made with a mechanical cutting die to the face laminate to be cut.

One embodiment provides a method for preparing separate face laminates or
labels, comprising providing the printed face laminate web having plurality of
individual shapes attached to each other by a weakened bridge, and
separating the individual shapes or face laminates by tearing said bridge to
obtain separate face laminates. In such case a single face laminate at the
end of the web may be partly attached onto the surface of the product to be
labelled. The products to be labelled are fed to the dispensing machine. As
the product moves or rolls, the force caused by the movement tears the
bridge, which may be for example perforated, and a separate face laminate is
obtained and attached onto the product. In such case no separate means for
transferring and/or separating the labels from the label web are required. In
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one example the dispensing machine may contain means for breaking the
weakened bridge to separate the face laminates.

In one embodiment the contactless cutting method is laser cutting. Laser
cutting works by directing the output of a high-power laser, by computer, at
the material to be cut. The material then either melts, burns, vaporizes away,
or is blown away by a jet of gas, leaving an edge with a high-quality surface
finish, which is typical for laser cutting. Generally there are three types of
lasers used in the cutting: CO2, Nd and Nd-YAG lasers.

In one embodiment the contactless cutting method is water cutting, which
uses a very high-pressure jet of water, or a mixture of water and an abrasive
substance. The cutter is commonly connected to a high-pressure water pump
where the water is then ejected from the nozzle, cutting through the material
by spraying it with the jet of high-speed water.

In one embodiment the contactless cutting method is laser microjet cutting,
wherein a pulsed laser beam is coupled into a low-pressure water jet. During
cutting the material melts from absorbing the laser power, and the water jet
then removes the molten particles from the cut.

In contrast to contacting cutting methods, such as the contacting die-cutting
used in the earlier stage, a contactless cutting method allows gentle cutting
of the label web having the pressure sensitive adhesive on the outer surface
of the web. In the embodiments described herein, the bridge to be cut
between the individual labels is relatively short and it can be cut with said
contactless means. When the final product, a separate label, is examined, it
can be seen that there are two different types of edges in the product. The
longest edge may be obtained with the contacting cutting means resulting in
a label laminate which has a pressed edge. The shorter areas in the
locations wherein the bridges used to be are obtained with the contactless
cutting means, which produce different type of cuts. For example the laser
cutting produces traces of melting or burning. Water cutter, such as a water
jet cutter, provides a cold process. Waterjet cutting does not leave a burr or a
rough edge, but the surface of the cut material will appear sand-blasted if any
added abrasive material has been used. The preparation process can
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therefore be easily detected by examining the final product for example by
microscope or the like to detect the two types of cut edges obtained with the
die-cutting and the contactless cutting methods.

One embodiment provides an apparatus arranged to receive and comprising
means for receiving a printed face laminate web having plurality of individual
shapes attached to each other and comprising means for carrying out the
cutting of the printed face laminate web, such as means for carrying out
contactless cutting or means for carrying out contacting cutting. Said means
are arranged to cut the bridge portions of the face laminate web before
feeding thus separated individual face laminate onto the item to be labelled.
In one embodiment the apparatus is a dispensing machine, which is
arranged to prepare and feed the labels to the items to be labelled.

In one embodiment said means for carrying out the contactless cutting
comprise laser means, such as a laser device or laser unit for laser cutting. In
one embodiment said means for carrying out the contactless cutting
comprise water jet means, such as a water jet device or a water jet unit for
water cutting. In one embodiment said means for carrying out the contactless
cutting comprise laser microjet means, such as a laser microjet cutter device
or a laser microjet cutter unit.

One embodiment provides an apparatus arranged to receive and comprising
means for receiving a printed face laminate web having plurality of individual
shapes attached to each other. This apparatus does not comprise means for
carrying out the cutting of the printed face laminate web. In such case the
printed laminate web may have bridges which are weakened as described
herein. The bridges may have for example perforations or cuttings which
enable the separation of the individual shapes, or labels, with mechanical
force, such as by tearing.

The apparatus has means for feeding the separated individual face laminates
onto the surface of the items to be labelled. There may be provided one or
more rolls or drums for feeding the face laminate web to the contactless
cutting means for cutting and separating the face laminates and/or one or
more rolls for feeding the separated individual face laminate forward to the
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item to be labelled. Said face laminates are then fed onto plurality of items to
be labelled, such as bottles. In one example the means for feeding the
separated individual face laminates onto the surface of the items to be
labelled comprises a vacuum drum.

Next the embodiments will be explained with reference to an exemplary
process and the machinery useful therein.

Figure 12 illustrates a device arrangement comprising devices needed to
carry out the methods of some embodiments. An apparatus for carrying out
the invention may contain one or more of the devices or means. A roll 801 of
laminate (stock), for example according to the Figure 1, is provided. The
laminate may be already die-cut (not shown in Figure 12) or it may be die-cut
after printing. Web of laminate 802 is unwound form the roll 801 and
proceeded to a printer unit 803. In this example the topmost layer of the
laminate web is a printable layer. Before printing, the print layer may be
surface treated. For example the print layer may be corona treated before
actual printing. Corona treatment equipment, or other suitable surface
treatment equipment may be situated before the printer unit 803. The printer
unit 803 may be for example a matrix, laser or thermal transfer printing unit.
Printing methods may comprise flexographic, gravure, screen printing, offset,
letterpress, or any other suitable printing methods compatible with the
currently used laminate 802. Print is applied on the printable surface of a
laminate web 802 at the printer unit 803. Printing is accomplished using a
printer unit 803, such as a printing press. Examples of the printed laminate
web 804 is illustrated in more detail in the Figures 2, 3 and 7.

After the laminate web has been printed, the second integral unit including
the second adhesive layer 805 is delaminated from the first integral unit
including a face stock 806. The first integral unit including the face stock runs
along the original machine direction as a separate integral unit. The
delaminating may be carried out in a delaminating unit.

The delaminated second integral unit 805 is guided away from the face stock

web 806, for example upwards or downwards from the face stock web 806.
In one embodiment the second integral unit 805 is arranged, for example by
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using suitable side rolls, to be guided to the other side of the first integral unit
including a face stock 806 and laminated in such way that a label structure
110 as shown in Figure 4b or 5b is obtained. If the printed laminate web was
already die-cut, the individual shapes of the first and the second integral units
are arranged to match accurately (not shown in Figure 12). In this
embodiment none of the integral units are inversed, i.e. turned around. This
stage may be carried out in a laminating unit.

In one embodiment the relaminated label laminate is then die-cut using the
means for die-cutting 813 located after the relaminating means and before
the contactless cutting means. The predefined shapes are arranged to be cut
in such way that the print matches the shape of the final label i.e. the print is
usually in the middle of the label. A continuous printed linerless face laminate
web is obtained having individual shapes attached to each other via the
bridge. The cut waste material is removed (not shown in Figure 12). The face
laminate web may be wound into a roll 814 for storage and/or transport and
provided to a dispensing unit, which may be in another location, for labelling
items. Figure 13 shows the dispensing unit.

The obtained printed face laminate web 808 is guided to a dispensing and/or
labelling unit 812 comprising also means for carrying out the contactless
cutting 809. Said means for carrying out the contactless cutting 809 may
comprise for example a laser device for laser cutting, water inkjet device for
water cutting or a laser microjet cutter device. The means for carrying out
contactless cutting 809 may be connected to a control unit, sensors and
other devices or means required to recognize the predetermined cutting site
from the label web, to control and move the cutting device, such as a laser, to
cut accurately at the desired cutting site, which is the bridge between the
individual shapes.

An individual label is cut apart from the face laminate web and applied onto a
surface of an item to be labelled 810. After said item 810 has been labelled,
the item 810 is guided and moved away from the labelling unit and a new
unlabelled item is provided to be labelled. The labelling unit may comprise
means for applying pressure to the label against the item to activate the
pressure sensitive adhesive 102 and to adhere the label 110 to the item, for
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example to a bottle. Said means for applying pressure may comprise for
example one or more rollers 811 which may also be arranged to turn the item
during the labelling and move the item forward in the labelling line.

The apparatus described above with reference to Figure 13 may be a
dispensing machine, or part of a dispensing machine, or a dispensing
machine may be a part of said apparatus. A dispensing machine generally
refers to an automatic label dispensing machine or label applicator which is
arranged to advance a label or laminate stock until a portion of the label is
extended into the path of the oncoming item. The speed of the label web is
arranged to match the speed of the items. When the label is applied, it may
be tamped or wiped to assure adhesion to the item. Proper alignment of the
label on the item depends on sensors that sense the location/orientation of
the item and label sensors that detect the location of the label edge. Package
sensors can be a variety of position sensors, optical sensors or ultrasonic
sensors. Label sensors are usually inexpensive photoelectric sensors.
Because clear labels cannot be detected by photoelectric sensors, generally
capacitive and ultrasonic technologies are used for clear label detection.

Examples

In one example a non-annealed MDO-PETG (1% secant modulus
approximately 6000 Mpa) face-stock is combined with a PS-adhesive and
siliconised annealed BOPET liner (1% secant modulus 4300 Mpa). The
siliconised liner is delaminated and relaminated to the face-stock with the use
of a polyurethane adhesive (coatweight approximately 4 gsm). The density of
the label is greater than 1.0. This label is suitable for example for labelling
glass bottles.

In one example a non-annealed TDO-PETG (1% secant modulus
approximately 5047 MPa) face-stock is combined with a PSA and a
siliconised annealed BOPET liner (modulus 4300 MPa). The siliconised liner
is delaminated and relaminated to the facestock with the use of a
polyurethane adhesive. The density of the label is greater than 1.0. This label
is suitable for example for labelling glass bottles.
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In one example a non-annealed MDO-polyolefin film (modulus 800—
2000MPa) comprising COC, is combined with a PSA and a siliconised
annealed BOPET liner (modulus 4500-5000MPa) .The siliconised liner is
delaminated and relaminated to the face-stock with the use of a UV-curable
acrylic adhesive. The density of the label is greater than 1.0. This label is
suitable for example for labelling glass bottles.

In one example a non-annealed MDO polyolefin film (modulus 800-2000
MPa), comprising COC, is combined with a PSA and a siliconised annealed
BOPP liner (modulus 1800-2500 MPa). The siliconised liner is delaminated
and relaminated to the facestock with the use of a polyurethane adhesive.
The density of the label is less than 1.0. This label is suitable for example for
labelling glass bottles.

In one example a non-annealed TDO film, comprising both PS and PO layers
(modulus 1000—-2000 MPa), is combined with a PSA and a siliconised
annealed BOPP liner (modulus 1800-2500 MPa). The siliconised liner is
delaminated and relaminated to the facestock with the use of a PUR
adhesive. The density of the label is less than 1.0. This label is suitable for
example for labelling glass bottles.

In one example a non-annealed TDO PLA film (modulus approximately 4000
MPa) is combined with a PSA and siliconised non-annealed MDO-PET liner
(modulus approximately 7000 MPa) .The siliconised liner is delaminated and
relaminated to the facestock with a PUR adhesive. The density of the label is
greater than 1.0. This label is suitable for example for labelling glass bottles.

In one example a non-annealed MDO polyolefin film (modulus 800-2000
MPa) is combined with a PSA and a annealed BOPP liner (modulus 800—
2000 MPa). The liner is delaminated and relaminated to the facestock with a
PUR adhesive (coatweight of 2-5 gsm). The density of the label is less than
1.0. This label is suitable for example for labelling PET bottles.

In one example a non-annealed TDO polyolefin film (modulus 1000-2000

MPa), comprising COC, is combined with a PSA and a non-annealed MDO-
PP-liner (modulus 2700—4000 MPa). The siliconised liner is delaminated and
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relaminated to the facestock with a PUR adhesive. The density of the label is
less than 1.0. This label is suitable for example for labelling PET bottles.

In one example a non-annealed multilayer MDO film, comprising both PS and
PO layers (modulus 1000-2000 MPa), is combined with a PSA and a
annealed BOPP liner (modulus 1800-2500 MPa). The siliconised liner is
delaminated and relaminated to the facestock. The density of the label is less
than 1.0. This label is suitable for example for labelling PET bottles.

In one example a facestock comprising clear BOPP (modulus 1800-2500
MPa) is combined with a PSA adhesive and a siliconised annealed BOPET
liner (modulus approximately 4500MPa). The siliconised liner is delaminated
and relaminated with the use of PUR adhesive to the facestock. The density
of the label is greater than 1.0. This label is suitable for example for labelling
glass bottles, for example as a permanent label for a beer bottle.

In one example a facestock comprising clear BOPP (modulus 1800-2500
MPA) is combined with a PSA adhesive and a siliconised annealed MDO-PP
liner (modulus 2500-3700 MPa). The siliconised liner is delaminated and
relaminated to the facestock with a PUR adhesive. The density of the label is
less than 1.0. This label is suitable for example for labelling glass bottles, but
also for PET bottles.

Adhesion of labels comprising polypropylene films as the first and the second
layers laminated with acrylic UV hotmelt adhesive were measured at different
temperatures in an alkalic water bath using a spring scale. The tests were
carried out at 50°C, 65°C and 75°C.

Table 1.

50°C 65°C 75°C
Test 1 19 10 3
Test 2 22 12 2
Test 3 20 10 3
Average/g 20.3 10.7 2.7
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Average/
N/2.5cm 0.20 0.10 0.03

Washable label having two films oriented in different directions

5 Table 2 shows examples of suitable polymers that can be used in the
washable label having two films oriented in different directions . The stretch
ratios may be applied in both MD or CD directions. The maximum shrinkages
were measured at 80°C.

10 Table 2.
Polymer X times orientation, max shrinkage %
either MD or CD
PVC 3-5 70
PETG 3-5 80
OPS 3-5 75
PS /PO blend 5-10 75
PO (incl. also C-O-C) 2-5 75
PP 5-10 50
PLA 2-10 75
PS/PET 2-5 75

The thicknesses may be 10-90 um total thickness, more likely 20-60 um.
The thickness of the individual layers, that does not have to be identical in
15 thickness, may be in the range of 10-30 um.

Polymers which were found preferable to be used in the face laminates

include PETG, oriented polystyrene, polystyrene/polyolefin blend, polyolefin

containing COC, and polypropylene. The maximum shrinkages were found to
20 be even 80% and generally being in the range of 50—-80%.

Labels having pressure sensitive adhesive sensitive to the washing
conditions
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Adhesion of labels comprising polypropylene films as the first and the second
layers laminated with acrylic UV hotmelt adhesive were measured at different
temperatures in an alkalic water bath using a spring scale. The tests were
carried out at 50°C, 65°C and 75°C and the results are presented in Table 3.
It can be seen that the peel values are about 0.2 N/25 mm at 50°C and less
at higher temperatures.

Table 3. A peel test

50°C 65°C 75°C
Test 1 19 10 3
Test 2 22 12 2
Test 3 20 10 3
Average/g 20.3 10.7 2.7
Average/
N/2.5¢cm 0.20 0.10 0.03
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Claims:

1. A printed linerless face laminate comprising the following layers in the
following order:

-a release layer comprising a release agent,

-a second layer comprising a thermoplastic polymer,

-a second adhesive layer,

-a first layer comprising a thermoplastic polymer or fiber-based material, and
-a first adhesive layer comprising a pressure sensitive adhesive,

wherein the print is on one or more printable surface(s) between the first
layer and the second layer.

2. The printed face laminate of claim 1, wherein at least one of the first
layer and the second layer comprises a non-annealed monoaxially oriented
film.

3. The printed face laminate of claim 1 or 2, wherein the non-annealed

monoaxially oriented film is a shrinkable monoaxially oriented film.

4. The printed face laminate of any of the preceding claims, wherein the
first layer comprises a non-annealed film and the second layer comprises a
non-annealed film.

5. The printed face laminate of claim 1 or 2, wherein both the first layer
and the second layer comprise a shrinkable monoaxially oriented non-
annealed film.

6. The printed face laminate of any of the preceding claims, wherein the
first layer comprises a shrinkable monoaxially oriented film having an areal
shrinkage in the direction of the orientation of at least 5% at 80°C.

7. The printed face laminate of claim 5, wherein the first layer comprises

a shrinkable monoaxially oriented film having an areal shrinkage in the
direction of the orientation in the range of 10—-60% at 80°C.
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8. The printed face laminate of any of the preceding claims, wherein the
second layer comprises a shrinkable monoaxially oriented film having an
areal shrinkage in the direction of the orientation of at least 5% at 80°C.

9. The printed face laminate of claim 8, wherein the second layer
comprises a shrinkable monoaxially oriented film having an areal shrinkage
in the direction of the orientation in the range of 10—60 at 80°C.

10. The printed face laminate of claim 3, 6 or 7, wherein the first layer
comprises a shrinkable monoaxially oriented film and the second layer
comprises a monoaxially oriented film having an areal shrinkage in the
direction of the orientation of less than 5% at 80°C.

11.  The printed face laminate of claim 3, 6 or 7, wherein the second layer
comprises a shrinkable monoaxially oriented film and the first layer
comprises a monoaxially oriented film having an areal shrinkage in the
direction of the orientation of less than 5% at 80°C.

12.  The printed face laminate of claim 4, wherein the first layer comprises
a shrinkable monoaxially oriented fiim and the second layer comprises a

shrinkable monoaxially oriented film.

13. The printed face laminate of any of the claims 1-12, wherein the first
layer comprises a machine direction oriented film.

14. The printed face laminate of any of the claims 1-12, wherein the first
layer comprises a non-annealed machine direction oriented film.

15. The printed face laminate of any of the claims 1-12, wherein the first
layer comprises a cross direction oriented film.

16. The printed face laminate of any of the claims 1-12, wherein the
second layer comprises a machine direction oriented film.

17. The printed face laminate of any of the claims 1-12, wherein the
second layer comprises a cross direction oriented film.
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18. The printed face laminate of any of the claims 1-12, wherein the first
layer comprises a cross direction oriented film and the second layer
comprises a machine direction oriented film.

19. The printed face laminate of any of the claims 1-12, wherein the first
layer comprises a machine direction oriented film and the second layer
comprises a cross direction oriented film.

20. The printed face laminate of any of the claims 1-12, wherein the first
layer comprises a non-annealed machine direction oriented film, and the
second layer comprises a non-annealed fiim selected from the machine
direction oriented film, cross direction oriented film and biaxially oriented film.

21. The printed face laminate of any of the claims 1-9 or 13-17, wherein
the first layer comprises a biaxially oriented film.

22. The printed face laminate of any of the claims 1-9 or 13-17, wherein
the second layer comprises a biaxially oriented film.

23. The printed face laminate of any of the claims 1-22, wherein the first
layer has a printable surface.

24. The printed face laminate of any of the claims 1-23, wherein the
second layer has a printable surface.

25. The printed face laminate of any of the preceding claims, having a
total average density of less than 1.0 g/cm>.

26. The printed face laminate of any of preceding claims, having a total
average density in the range of 0.5-0.99 g/cm°.

27. The printed face laminate of any of the claims 1-24, having a total
average density of at least 1.0 g/cm®.
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28. The printed face laminate of any of the claims 1-24, having a total
average density in the range of 1.05—1.5 g/cm°.

29. The printed face laminate of any of the preceding claims, wherein the
total thickness of the face laminate is in the range of 20—100 pm.

30. The printed face laminate of any of the preceding claims, wherein the
haze of the face laminate is less than 10%, for example less than 5%.

31. The printed face laminate of any of the claims 1-30, wherein the first
layer comprises polyester.

32. The printed face laminate of claim 31, wherein the first layer comprises
at least 80% polyester.

33. The printed face laminate of any of the claims 1-30, wherein the first
layer comprises polyolefin.

34. The printed face laminate of claim 33, wherein the first layer comprises
at least 70% polyolefin.

35. The printed face laminate of any of the claims 1-30, wherein the first
layer comprises a polymer selected from polyethylene, polypropylene,
polyethylene terephthalate, polylactic acid, polystyrene, polyvinyl chloride,
cyclic olefin (co)polymer and copolymer and derivatives thereof.

36. The printed face laminate of any of the claims 1-30, wherein the first
layer comprises paper.

37. The printed face laminate of any of the claims 1-36, wherein the
second layer comprises polyester.

38. The printed face laminate of claim 37, wherein the second layer
comprises at least 80% polyester.
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39. The printed face laminate of any of the claims 1-36, wherein the
second layer comprises polyolefin.

40. The printed face laminate of claim 39, wherein the second layer
comprises at least 70% polyolefin.

41. The printed face laminate of any of the claims 1-36, wherein the
second layer comprises a polymer selected from polyethylene,
polypropylene, polyethylene terephthalate, polylactic acid, polystyrene,
polyvinyl chloride, cyclic olefin (co)polymer and copolymer and derivatives
thereof.

42. The printed face laminate of any of the preceding claims, wherein the
release agent comprises silicone.

43. The printed face laminate of claim 42, wherein the silicone comprises
UV curable silicone.

44.  The printed face laminate of claim 42, wherein the silicone comprises
thermal curable silicone.

45. The printed face laminate of claim 42, wherein the silicone is selected
from 100% solid curable, solvent based and emulsion based silicone

46. The printed face laminate of any of the claims 42-45, wherein the
haze of the silicone layer is less than 25%.

47. The printed face laminate of any of the preceding claims, wherein the
second adhesive layer comprises a UV curable adhesive, such as a UV

curable acrylic adhesive.

48. The printed face laminate of any of the claims 1-47, wherein the
second adhesive layer comprises a polyurethane adhesive.

49. The printed face laminate of any of the claims 1-48, wherein the
second adhesive layer comprises an activatable adhesive.
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50. The printed face laminate of claim 48, wherein the activatable
adhesive is activatable by heat or water addition.

51. The printed face laminate of any of the claims 1-48, wherein the
second adhesive layer does not contain an activatable adhesive.

52. The printed face laminate of any of the claims 1-26, 29-51, wherein
the second layer is a monoaxially oriented shrinkable polyolefin film and the
face laminate has a density of less than 1.0 g/cm?.

53. The printed face laminate of any of the claims 1-29, 33-35, or 40-51
comprising multiple layers in the following order:

-a release layer comprising a release agent,

-a film layer comprising an oriented polyolefin film,

-a second adhesive layer,

-a film layer comprising an oriented polyolefin film, and

-a first adhesive layer comprising a pressure sensitive adhesive.

54. The printed face laminate of any of the claims 1-30, 33-35, 37-38, or
41-51 comprising multiple layers in the following order:

-a release layer comprising a release agent,

-a film layer comprising an oriented polyolefin film,

-a second adhesive layer,

-a film layer comprising an oriented polyester film, and

-a first adhesive layer comprising a pressure sensitive adhesive.

55. The printed face laminate of any of the claims 1-32, 35, 37-38, or 41—
51 comprising multiple layers in the following order:

-a release layer comprising a release agent,

-a film layer comprising an oriented polyester film,

-a second adhesive layer,

-a film layer comprising an oriented polyester film, and

-a first adhesive layer comprising a pressure sensitive adhesive.
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56. The printed face laminate of any of the claims 53-55, wherein the first
film layer comprises a non-annealed cross direction oriented film and the
second film layer comprises a non-annealed machine direction oriented film

57. The printed face laminate of any of the claims 1-35 or 37-56, wherein
the second layer comprises a second shrinkable uniaxially oriented film, and

the first layer comprises a first shrinkable uniaxially oriented film, which is
oriented in different direction to the second shrinkable uniaxially oriented film.

58. The printed face laminate of claim 57, wherein the face laminate is
shrinkable in both different directions at least 5% at 80°C forming in an
elevated temperature two curling forces to said different directions.

59. The printed face laminate of claim 57 or 58, wherein the orientations of
the first shrinkable uniaxially oriented film and the second shrinkable
uniaxially oriented film differ at least by 20 degrees, preferably at least by 45
degrees.

60. The printed face laminate of claim 57 or 58, wherein the orientations of
the first shrinkable uniaxially oriented film and the second shrinkable
uniaxially oriented film are perpendicular to each other.

61. The printed face laminate of any of the preceding claims wherein the
pressure sensitive adhesive is sensitive to the washing conditions.

62. The printed face laminate of claim 61, wherein the peel value of the
pressure sensitive adhesive is less than 1 N/25 mm at 80°C, such as less
than 0.5 N/25 mm at 80°C, or less than 0.1 N/25 mm at 80°C.

63. The printed face laminate of claim 61 or 62, wherein peel value of the
pressure sensitive adhesive is less than 1 N/25 mm at 65°C, such as less
than 0.5 N/25 mm at 65°C, or less than 0.1 N/25 mm at 65°C.

64. The printed face laminate of any of the claims 61-63, wherein the peel

value of the pressure sensitive adhesive is less than 1 N/25 mm at 50°C,
such as less than 0.5 N/25 mm at 50°C, or less than 0.1 N/25 mm at 50°C.
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65. The printed face laminate of any of the claims 61-64, wherein the peel
adhesion at 80°C is at least 5—100 times less than the peel adhesion at room
temperature.

66. The printed face laminate of any of the claims 61-65, wherein the peel
adhesion at 80°C is at least 10—200 times less than the peel adhesion at
room temperature.

67. The printed face laminate of any of the claims 61-66, wherein the
pressure sensitive adhesive has a solubility of less than 25% to an aqueous
alkaline solution at increased temperature of at least 65°C.

68. The printed face laminate of any of the claims 61-67, wherein the
pressure sensitive adhesive has a solubility of less than 25% to an agueous
alkaline solution at increased temperature of at least 80°C.

69. The printed face laminate of any of the claims 61-68, wherein the
pressure sensitive adhesive has a solubility of less than 10% to an aqueous
alkaline solution at increased temperature of at least 65°C.

70. The printed face laminate of any of the claims 61-69, wherein the
pressure sensitive adhesive has a solubility of less than 10% to an aqueous
alkaline solution at increased temperature of at least 80°C.

71. The printed face laminate of any of the claims 61-70, wherein the
pressure sensitive adhesive has a solubility of less than 5% to an aqueous
alkaline solution at increased temperature of at least 65°C.

72. The printed face laminate of any of the preceding claims as a
continuous label web having plurality of individual shapes attached to each

other by a bridge

73. The printed face laminate of claim 72 wherein the bridge is not-
weakened.
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74. The printed face laminate of claim 72 wherein the bridge is weakened.

75. The printed face laminate of claim 74 wherein the bridge is weakened
by perforation.

76. The printed face laminate of any of the preceding claims wound into a
label roll.

77. A labelled item comprising the printed face laminate of any of the
claims 1-71 attached to a surface of the item.

78. A labelled PET item having the printed face laminate of claim 25, 26 or
53 attached to a surface of the item.

79. A labelled glass item having the printed face laminate of claim 27, 28
or 55 attached to a surface of the item.

80. A labelled polyolefin item having the printed face laminate of claim 53
attached to a surface of the item.

81. A method for producing a printed face laminate, the method
comprising

providing a printable laminate having one or more printable surface(s) and
multiple layers in the following order:

-a first layer comprising a thermoplastic polymer or fiber-based material,

-a first adhesive layer comprising a pressure sensitive adhesive,

-a release layer comprising a release agent, and

-a second layer comprising a thermoplastic polymer;

printing on the one or more printable surface(s);

separating

-the first layer and the first adhesive layer, from

-the release layer and the second layer;

rearranging

-the release layer and the second layer

on top of
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-the first layer and the first adhesive layer, with the release layer on top of the
construction; and

laminating the first layer and the second layer together with a second
adhesive layer, to form the printed face laminate of any of the claims 1-76.

82. The method of claim 81, wherein the printable laminate having a
printable surface has the following layer is the following order:

-a first layer comprising a thermoplastic polymer or fiber-based material,

-a first adhesive layer comprising a pressure sensitive adhesive,

-a release layer comprising a release agent,

-a second layer comprising a thermoplastic polymer, and

-a second adhesive layer.

83. The method of claim 81, wherein the second adhesive layer is applied
during the process.

84. The method of claim 81, comprising printing on the first layer before
separating.

85. The method of claim 81, comprising printing on the first layer after
separating.

86. The method of claim 81, comprising printing on the second layer
before separating.

87. The method of claim 81, comprising printing on the second layer after
separating.

88. The method of any of the claims 83-87, comprising applying the
second adhesive layer on the second layer before separating.

89. The method of any of the claims 83-87, comprising applying the
second adhesive layer on the first layer before separating.

90. The method of any of the claims 83-87, comprising applying the
second adhesive layer on the second layer after separating.
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91. The method of any of the claims 83-87, comprising applying the
second adhesive layer on the first layer after separating.

92. The method of any of the claims 81-91, comprising

-die-cutting the printed face laminate through all the layers to form a plurality
of predefined shapes for the printed face laminate, and

-defining a bridge between individual shapes to form a laminate web having
plurality of individual shapes attached to each other.

93. The method of claim 92, wherein the printing, separating, rearranging,
laminating and die-cutting are all carried out in one pass.

94. The method of claim 92 or 93, wherein the bridge is not weakened.

95. The method of claim 92 or 93, comprising weakening the bridge, for
example by perforating, thinning, kiss cutting or partial cutting.

96. A printed linerless face laminate obtained with the method of any of
the claims 81-95.

97. A method for preparing a face laminate, comprising

-providing the printed face laminate web of claim 96 having plurality of
individual shapes attached to each other,

- separating the individual printed face laminates from the printed face
laminate web by cutting or tearing said bridge to obtain separate printed face
laminates.

98. The method of claim 97, wherein the cutting is contactless cutting.

99. An apparatus comprising
-means arranged to receive a laminate web comprising a printable laminate
having one or more printable surface(s) and comprising multiple layers in the
following order:
-a first layer comprising a thermoplastic polymer or fiber-based
material,
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-a first adhesive layer comprising a pressure sensitive adhesive,

-a release layer comprising a release agent, and

-a second layer comprising a thermoplastic polymer;
-delaminating means arranged to delaminate

-the first layer and the first adhesive layer, from

-the release layer and the second layer;
-laminating means comprising means for laminating the second layer and the
first layer together and means for rearranging

-the release layer and the second layer

on top of the first layer and the first adhesive layer, with the release
layer on top of the construction,
to form a face laminate.

100. The apparatus of claim 99 comprising printer means arranged to print
on the first layer of the first integral unit of the laminate web.

101. The apparatus of claim 99 or 100 comprising printer means arranged
to print on the second layer of the second integral unit of the laminate web.

102. The apparatus of claim 99 ,wherein the laminating means comprise
means for applying a second adhesive layer to laminate the second layer and
the first layer together.

103. The apparatus of claim 102 wherein the means for applying the
second adhesive layer are arranged to apply the second adhesive layer onto
the second layer of the second integral unit.

104. The apparatus of claim 102 wherein the means for applying a second
adhesive layer are arranged to apply the second adhesive layer onto the first
layer of the first integral unit.

105. The apparatus of any of the claims 98-104 comprising die-cutting
means arranged to die-cut through all the layers of the laminate web to form
a predefined shape for the laminate, and to define a bridge between
individual shapes to form a laminate web having plurality of individual shapes
attached to each other.
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106. The apparatus of claim 105, wherein the die-cutting means comprise
mechanical die-cutting means.

107. The apparatus of claim 105, wherein the die-cutting means comprise
laser die-cutting means.

108. The apparatus of claim 105, comprising means for weakening the

bridge, for example means for perforating, kiss cutting or partially cutting the
bridge.
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ANTI-SCALPING PHARMACEUTICAL PACKAGING FILM

RELATED APPLICATION

This application claims priority to U.S. Patent Application No. 14/178,005, filed on February 11,
2014, entitled ANTI-SCALPING TRANSDERMAL PATCH PACKAGING FILM, which
application is hereby incorporated herein by reference to the extent that it does not conflict with

the present disclosure.

FIELD

The present application relates generally to packaging suitable for packaging an article for
collecting or administering a physiologically active substance such as transdermal drug delivery

patchcs.

TECHNICAL BACKGROUND

Pharmaccuticals such as the drugs fentanyl and nicotinc arc oftcn administered through the usc
of transdermal patches which are applied to a patient's skin to permit drug delivery over time by
absorption. Prior to application of a drug containing patch, the patch is packaged in a pouch
which is designed to be opened to permit access to the patch by the patient or caregiver for
application to a patient's skin. Suitable packaging for transdermal patches should contain the
patch and its drug within the package while protecting the patch from contamination and
deleterious effects from the external environment. Thus, articles such as a pouch may hold a
transdermal patch to protect the patch and its drug contents from contact or exposure to
unwanted materials such as microbes, insects, air, moisture, sunlight, etc. The container is

typically sealed e.g. by a heat seal to provide a hermetic barrier.
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The materials used in constructing transdermal patch packaging and especially the patch contact
package interior surface layer should resist migration of chemicals between the patch and the
package materials. Such migration of the drug or patch components from the patch to the
package structure is referred to as "scalping”. A common material employed for transdermal
patch package interior surface layers that prevents scalping is polyacrylonitrile which is often
sold under the Barex® trademark by Incos AG. While Barex® has superb antiscalping properties
it is very cxpensive, poor tcar propertics that make pouch opening difficult, and has limited
availability which creates supply chain risk because of its manufacture on only a single
production reactor. Other polymers used in transdermal patch packaging as a surface contact
layer include polyester. Polyester suffers from the disadvantage of being less resistant to scalping
of certain chemicals than desired and its tear properties are also less than desired. Accordingly,
there is a need for a more cost efficient packaging material for containing articles for collecting

or administering a physiologically active substance such as transdermal drug delivery patches.

BRIEF SUMMARY

This disclosurc, among other things, rclatcs to films for packaging products containing a
pharmaccutical active agent. 'T'he films resist migration of chemicals, such as pharmacological
active agents or excipients, between the product and the film. Thus, the films are anti-scalping
films. In a packaged product, the anti-scalping layer can be in contact with the pharmaceutical
active agent. As used herein, “in contact with the pharmaceutical active agent,” in the context of
a layer of a film, means that under typical storage conditions some portion of the active agent
will contact the layer. The active agent may be in direct contact with the product contacting
layer or may be in indirect contact with the layer. Indirect contact between the active agent and
the product contacting layer can occur, for example, due to volatilization of the active agent or an
active agent carrier within the package to cause the active agent, which is not stored in direct
contact with the product contacting layer, to contact the layer. However, even if the active agent
is not in contact with the sealing layer, it may be desirable for the sealing layer to be anti-
scalping to provide assurance that if an active agent accidentally became exposed to the sealing

layer, the sealing layer would not substantially scalp the active agent.
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The product contacting layers of the films described herein include at least 90 wt. % of an
cthylene norbornene copolymer having a glass transition temperature in a range from 50°C to
138°C. Layers having such properties were found to resist migration of nicotine and fentanyl.
These results were unexpected because ethylene norbornene copolymers, like polyethylene, are
polyolefins, and because polyethylene has been previously shown to have poor anti-scalping

properties.

Polymers are typically compared based on their polymer classification. Accordingly, because
polyethylene was determined to be a poor choice for an anti-scalping film or layer, other
polyolefins would be expected to be poor choices as well. These expectations were bolstered by
the fact that cyclic olefin copolymers (COCs), such as ethylene norbornene copolymers, perform
similarly to linear low density polyethylene with regard to d-limonene. See, for example, 2005
PLACE Conference, September 27-29, Las Vegas, Nevada, slide show entitled “TOPAS®
Cyclic Olefin Copolymers in Food Packaging — High Aroma Barrier Combined with Low
Extractables, presented by Randy Jester, slide 10, available at

http://www .slideshare.net/TopasAdvancedPolymers/aroma-barrier-web, which states, “Scalping

of d-Limonene by COC is similar to that of LLDPE, indicating that the solubility of d-Limonene
in COC is similar to that of LLDPE.”. That is, COCs and linear low density polyethylene were

determined to have poor anti-scalping performance with regard to d-limonene.

Following the unexpectedly good anti-scalping properties COCs as described herein with regard
to nicotine and fentanyl, the anti-scalping propertics of COCs with regard to other active
pharmaceutical agents were evaluated to identify whether COCs may be useful as anti-scalping
films or layers for these other active agents and to attempt to identify whether certain parameters

can be used to predict whether COCs would be effective anti-scalping layers.

Without intending to be bound by theory, it is now believed that a combination of Hansen
Solubility Parameter (HSP) of the pharmaceutical active agent and a film or layer comprising the
ethylene norbornene copolymer and the glass transition temperature of the film or layer can be
used to predict whether an ethylene norbornene copolymer film will have a suitable anti-scalping

properties for a given pharmaceutical active agent.
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In various embodiments, the pharmaceutical active agent has a HSP for the film or layer of 0.5 or
greater and has a glass transition temperature of 50°C or greater. The HSP is preferably 0.6 or
greater, such as 0.7 or greater, 0.8 or greater, 0.9 or greater, or 1 or greater. Preferably, the glass
transition temperature is 55°C or greater, such as 60°C or greater, or 65°C or greater. In various

embodiments, the glass transition temperature is 138°C or less, such as 110°C or less.

In some embodiments, the pharmaceutical active agent 1s selected from the group consisting of
fentanyl, nicotine, lidocaine, estradiol, clonidine, ethinyl estradiol, oxybutynin, buprenorphine,

granisitron, methylphenidate, and scopolamine.

In some embodiments, a flexible, multilayer packaging film suitable for packaging an article for
collecting or administering a physiologically active substance such as transdermal drug delivery
patchcs, oral dissolvable thin strips, and disposablc, microfluidic tcst casscttes is provided

having:

a) an article contact layer having at least 90 wt. % of a norbornene ethylene copolymer and a
y g Yy polym

glass transition temperature of from 65 to 110°C;
(b) a poly olefin bulk layer;
(c) a first intermediate adhesive layer;

(d) an oxygen barrier layer having an oxygen transmission rate of less than less than 0.01
cm3/100 inches2/24 hours at 1 atmosphere and 23° C;

(c) a sccond intcrmediate adhesive laycer; and

(H) an exterior protective layer comprising a polymer selected from the group consisting of
amorphous polyester, polyamide, polyolefin, nylon, polypropylene, or copolymers, or

blends thereof;

wherein said multilayer film has the following properties: a WVTR of less than 0.01 g/100
inches® per 24 hours at Room Temperature(RT) (23°C) and 1 atmosphere; and a

thickness of 10 mil or less.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The following detailed description of specific embodiments of the present disclosure can be best
understood when read in conjunction with the following drawings, where like structure is

indicated with like reference numerals and in which:

[0014] FIG. 1 is a schematic cross-sectional view of a multilayer film in accordance with embodiments

presented herein; and

[0015] FIG. 2 is a schematic view of a packaged pharmaceutical product in accordance with

embodiments presented herein.

[0016] The schematic drawings are not necessarily to scale. Like numbers used in the figures refer to
like components. However, it will be understood that the use of a number to refer to a
component in a given figure is not intended to limit the component in another figure labeled with
the same number. In addition, the use of different numbers to refer to components is not
intended to indicate that the different numbered components cannot be the same or similar to

other numbered components.

DETAILED DESCRIPTION

[0017] Definitions and Nomenclature

[0018] In discussing polymer blends, plastic films and packaging, various acronyms are used herein and
they are listed below. Also, in referring to blends of polymers a colon(:) will be used to indicate
that the components to the left and right of the colon are blended. In referring to film structure, a
slash "/" will be used to indicate that components to the left and right of the slash are in different
layers and the relative position of components in layers may be so indicated by use of the slash to

indicate film layer boundaries. Acronyms and terms commonly employed herein include:
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APET - amorphous polyester terephthalate
OPET- biaxially oriented polyester terephthalate
COC-a cyclic olefin copolymer such as ethylene norbornene copolymer

PE-Polyethylene (ethylene homopolymer and/or copolymer of a major portion of ethylene with

one or more a-olefins)
LDPE -low density polyethylene
LLDPE- linear low density polyethylene
mLLDPE - mctallocenc catalyzed lincar low density polycthylenc
C, -ethylene monomer
C; -butene-1 monomer
Cs -hexene-1 monomer
Cs -octene-1 monomer
Cip -decene-1 monomer

C,Cy -a substantially linear copolymer of ethylene and an oc-olefin where "x" indicates the

number of carbon atoms in the comonomer.
VA-Vinyl Acctatc
EVA-Copolymer of ethylene with vinyl acetate
EVOH-A saponified or hydrolyzed copolymer of ethylene and vinyl acetate

EAA-Copolymer of cthylenc with acrylic acid
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EMA - ethylene methacrylic acid copolymer ionomer- an ethylene-methacrylate acid copolymer
whose acid groups have been neutralized partly or completely to form a salt,

preferably a zinc or sodium salt

PVDC-Polyvinylidene chloride (also includes copolymers of vinylidene chloride, especially with
vinyl chloride)

The term "nanocomposite” shall mean a mixture that includes a polymer, or copolymer having
dispersed therein a plurality of individual platelets obtained from an exfoliated modified clay and

having oxygen barrier properties.

The term "adhesive layer,” or "tic layer," refers to a layer or material placed on one or more
layers to promote the adhesion of that layer to another surface. Preferably, adhesive layers are
positioned between two layers of a multilayer film to maintain the two layers in position relative
to each other and prevent undesirable delamination. In some embodiments a peclable tie layer
may be used which is designed to have either cohesive failure or delamination from one or both
adjacent layers upon application of a suitable manual force to provide an opening feature for a
package made from the film. Unless otherwise indicated, an adhesive layer can have any suitable
composition that provides a desired level of adhesion with the one or more surfaces in contact
with the adhesive layer material. Optionally, an adhesive layer placed between a first layer and a
second layer in a multilayer film may comprise components of both the first layer and the second
layer to promote simultancous adhesion of the adhesive layer to both the first layer and the

second layer to opposite sides of the adhesive layer.

As used herein, unless otherwise indicated, the phrases "seal layer," "sealing layer, ™ "heat seal
layer," and "sealant layer," refer to a film layer, or layers, involved in the sealing of the film: to
itself; to another film layer of the same film or another film; and/or to another article which is not
a film e.g. a tray. In general, the sealant layer is a surface layer i.e. an exterior or an interior layer
of any suitable thickness, that provides for the sealing of the film to itself or another layer. With
respect to packages having only fin-type seals, as opposed to lap-type seals, the phrase "sealant

layer" generally refers to the interior surface film layer of a package. The inside layer frequently

can also serve as an article contact layer in the packaging of articles.
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"Polyolefin” is used herein broadly to include polymers such as polyethylene, ethylene-alpha
olefin copolymers (EAO), polypropylene, polybutene, cthylene copolymers having a majority
amount by weight of ethylene polymerized with a lesser amount of a comonomer such as vinyl
acetate, and other polymeric resins falling in the "olefin" family classification. Polyolefins may
be made by a variety of processes well known in the art including batch and continuous
processes using single, staged or sequential reactors, slurry, solution and fluidized bed processes
and onc or morc catalysts including for cxamplc, hetecrogencous and homogencous systems and
Ziegler, Phillips, metallocene, single site and constrained geometry catalysts to produce
polymers having different combinations of properties. Such polymers may be highly branched or
substantially linear and the branching, dispersity and average molecular weight and may vary
depending upon the parameters and processes chosen for their manufacture in accordance with

the teachings of the polymer arts.

"Polyethylene" is the name for a polymer whose basi¢ structure is characterized by the chain --
(CH,--CH;--),. Polyethylene homopolymer is generally described as being a solid which has a
partially amorphous phase and partially crystalline phase with a density of between 0.915 to
0.970 g/cm’. The relative crystallinity of polyethylene is known to affect its physical properties.
The amorphous phase imparts flexibility and high impact strength while the crystalline phase

imparts a high softening temperature and rigidity.

Unsubstituted polyethylene is generally referred to as high density homopolymer and has a
crystallinity of 70 to 90 percent with a density between about 0.96 to 0.97 g/cm’. Most
commercially utilized polyethylenes are not unsubstituted homopolymer but instead have C,-Cg
alkyl groups attached to the basic chain. These substituted polyethylenes are also known as
branched chain polyethylenes. Also, commercially available polyethylenes frequently include
other substituent groups produced by copolymerization. Branching with alkyl groups generally
reduces crystallinity, density and melting point. The density of polyecthylene is recognized as
being closely connected to the crystallinity. The physical properties of commercially available
polyethylenes are also affected by average molecular weight and molecular weight distribution,

branching length and type of substituents.
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People skilled in the art generally refer to several broad categories of polymers and copolymers
as '"polyethylene." Placement of a particular polymer into one of these categories of
"polyethylene" is frequently based upon the density of the "polyethylene” and often by additional
reference to the process by which it was made since the process often determines the degree of
branching, crystallinity and density. In general, the nomenclature used is nonspecific to a
compound but refers instead to a range of compositions. This range often includes both

homopolymers and copolymers.

For example, "high density” polyethylene (HDPE) is ordinarily used in the art to refer to both (a)
homopolymers of densities between about 0.960 to 0. 970 g/cm’ and (b) copolymers of ethylene
and an a-olefin (usually 1-butene or 1-hexene) which have densities between 0.940 and 0.958
g/cm’. HDPE includes polymers made with Ziegler or Phillips type catalysts and is also said to
include high molecular weight "polyethylenes." In contrast to IIDPE, whose polymer chain has
some branching, are "ultra high molecular weight polyethylenes" which are essentially
unbranched specialty polymers having a much higher molecular weight than the high molecular
weight HOPE.

Hereinafter, the term "polyethylene” will be used (unless indicated otherwise) to refer to ethylene
homopolymers as well as copolymers of ethylene with a-olefins and the term will be used
without regard to the presence or absence of substituent branch groups. Another broad grouping
of polyethylene is "high pressure, low density polyethylene" (LDPE). LDPE is used to
denominate branched homopolymers having densities between 0.915 and 0.930 g/cm’. LDPEs
typically contain long branches off the main chain (often termed "backbone") with alkyl

substituents of 2 to 8 carbon atoms.

Linear Low Density Polyethylene (LLDPE) are copolymers of cthylene with alpha-olefins
having densities from 0.915 to 0.940 g/cm’. The a-olefin utilized is usually 1-butene, 1-hexene,
or l-octene and Ziegler-type catalysts are usually employed (although Phillips catalysts are also
used to produce LLDPE having densities at the higher end of the range, and metallocene and
other types of catalysts are also employed to produce other well-known variations of LLDPESs).
An LLDPE produced with a metallocene or constrained geometry catalyst is often referred to as

"mLLDPE".
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Ethylene a-olefin copolymers are copolymers having an cthylene as a major component
copolymerized with one or more alpha olefins such as octene-1, hexene-, or butene-1 as a minor
component. EAOs include polymers known as LLDPE, VLDPE, ULDPE, and plastomers and
may be made using a variety of processes and catalysts including metallocene, single-site and

constrained geometry catalysts as well as Ziegler-Natta and Phillips catalysts.

Very Low Density Polyethylene (VLDPE) which is also called "Ultra Low Density
Polyethylene" (ULDPE) comprise copolymers of ethylene with a-olefins, usually 1-butene, 1-
hexene or l-octene and are recognized by those skilled in the art as having a high degree of
linearity of structure with short branching rather than the long side branches characteristic of
LDPE. Howcver, VLDPEs have lower densitics than LLDPEs. The densitics of VLDPEs arc
recognized by those skilled in the art to range between 0.860 and 0.915 g/cm’. Sometimes
VLDPEs having a density less than 0.900 g/cm’ are referred to as "plastomers".

Polyethylenes may be used alone, in blends and/or with copolymers in both monolayer and

multilayer films for packaging applications.

As used herein, the term "modified" refers to a chemical derivative e.g. one having any form of
anhydride functionality, such as anhydride of maleic acid, crotonic acid, citraconic acid, itaconic
acid, fumaric acid, etc., whether grafted onto a polymer, copolymerized with a polymer, or
otherwise functionally associated with one or more polymers, and is also inclusive of derivatives
of such functionalities, such as acids, esters, and metal salts derived therefrom. Another example

of a common modification is acrylate modified polyolefins.

As used herein, terms identifying polymers, such as e.g. "polyamide” or "polypropylene,” are
inclusive of not only polymers comprising repeating units derived from monomers known to
polymerize to form a polymer of the named type, but are also inclusive of comonomers, as well
as both unmodified and modified polymers made by e.g. derivitization of a polymer after its
polymerization to add functional groups or moicties along the polymeric chain. Furthermore,
terms identifying polymers are also inclusive of "blends" of such polymers. Thus, the terms
"polyamide polymer" and "nylon polymer" may refer to a polyamide-containing homopolymer, a

polyamide-containing copolymer or mixtures thereof.
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The term "polyamide"” means a high molecular weight polymer having amide linkages (-—-CONH-
-)a which occur along the molecular chain, and includes "nylon" resins which are well known
polymers having a multitude of uses including utility as packaging films, bags, and pouches. See,
e.g. Modern Plastics Encyclopedia, 88 Vol. 64, No. 10A, pp 34-37 and 554-555 (McGraw-Hill,
Inc., 1987) which is hereby incorporated by reference. Polyamides are preferably selected from
nylon compounds approved for use in producing articles intended for use in processing,

handling, and packaging food or drugs.

The term "nylon" as used herein it refers more specifically to synthetic polyamides, either
aliphatic or aromatic, either in crystalline, semi-crystalline, or amorphous form characterized by
the presence of the amide group --CONH. It is intended to refer to both polyamides and co-

pelyamides.

Thus the terms "polyamide" or "nylon" encompass both polymers comprising repeating units
derived from monomers, such as caprolactam, which polymerize to form a polyamide, as well as
copolymers derived from the copolymerization of caprolactam with a comonomer which when
polymerized alone does not result in the formation of a polyamide. Preferably, polymers are
selected from compositions approved as safe for producing articles intended for use in
processing, handling and packaging of food or drugs, such as nylon resins approved by the U.S.
Food and Drug Administration provided at 21 CFR §177.1500 ("Nylon resins"), which is
incorporated herein by reference. Examples of these nylon polymeric resins for use in food or
drug packaging and processing include: nylon 66, nylon 610, nylon 66/610, nylon 6/66, nylon
11, nylon 6, nylon 66T, nylon 612, nylon 12, nylon 6/12, nylon 6/69, nylon 46, nylon 6-3-T,
nylon MXD-6, nylon MXDI, nylon 12T and nylon 61/6T disclosed at 21 CFR §177.1500.
Examples of such polyamides include nylon homopolymers and copolymers such as those
selected form the group consisting of nylon 4,6 (poly(tetramethylene adipamide)), nylon 6
(polycaprolactam), nylon 6,6 (poly(hexamethylene adipamide)), nylon 6,9 (poly(hexamethylene
nonanediamide)), nylon 6,10 (poly(hexamethylene sebacamide)), nylon 6,12
(poly(hexamethylene dodecanediamide)), nylon 6/12 (poly(caprolactam-cododecanediamide)),
nylon 6,6/6 (poly(hexamethylene adipamide-co-caprolactam)), nylon 66/610 (e.g., manufactured
by the condensation of mixtures of nylon 66 salts and nylon 610 salts), nylon 6/69 resins (e.g.,

manufactured by the condensation of epsilon-caprolactam, hexamethylenediamine and azelaic
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acid), nylon 11 (polyundecanolactam), nylon 12 (polylauryllactam) and copolymers or mixtures

thereof.

In use of the term "amorphous nylon copolymer," the term "amorphous” as used herein denotes
an absence of a regular three-dimensional arrangement of molecules or subunits of molecules
extending over distances which are large relative to atomic dimensions. However, regularity of
structure may exist on a local scale. See, "Amorphous Polymers," Encyclopedia of Polymer
Science and Engineering, 2nd Ed., pp. 789-842 (J. Wiley & Sons, Inc. 1985). In particular, the
term "amorphous nylon copolymer” refers to a material recognized by one skilled in the art of
differential scanning calorimetry (DSC) as having no measurable melting point (less than 0.5
cal/g) or no heat of fusion as measured by DSC using ASTM 3417-83. The amorphous nylon
copolymer may be manufactured by the condensation of hexamethylenediamine, terephthalic
acid, and isophthalic acid according to known processes. Amorphous nylons also include those
amorpithous nylons prepared from condensation polymerization reactions of diamines with
dicarboxylic acids. For example, an aliphatic diamine is combined with an aromatic dicarboxylic
acid, or an aromatic diamine is combined with an aliphatic dicarboxylic acid to give suitable

amorphous nylons.

As used herein, "EVOII" refers to ethylene vinyl alcohol copolymer. EVOII is otherwise known
as saponified or hydrolyzed ethylene vinyl acetate copolymer, and refers to a vinyl alcohol
copolymer having an ethylene comonomer. EVOH is prepared by the hydrolysis (or
saponification) of an ethylene-vinyl acetate copolymer. The degree of hydrolysis is preferably
from about 50 to 100 mole percent, more preferably, from about 85 to 100 mole percent, and
most preferably at least 97%. It is well known that to be a highly effective oxygen barrier, the
hydrolysjs-saponification must be nearly complete, i.e. to the extent of at least 97%. EVOH is
commercially available in resin form with various percentages of ethylenc and there is a direct
relationship between ethylene content and melting point. For example, EVOH having a melting
point of about 175° C or lower is characteristic of EVOH materials having an ethylene content of
about 38 mole% or higher. EVOH having an ethylene content of 38 mole% has a melting point
of about 175° C. With increasing ethylene content the melting point is lowered. Also, EVOH
polymers having increasing mole percentages of cthylene have greater gas permeabilities. A

melting point of about 158° C corresponds to an ethylene content of 48 mole %. EVOH
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copolymers having lower or higher ethylene contents may also be employed. It is expected that
processability and orientation would be facilitated at higher contents; however, gas
permeabilities, particularly with respect to oxygen, may become undesirably high for certain
packaging applications which are sensitive to microbial growth in the presence of oxygen.
Conversely lower contents may have lower gas permeabilities, but processability and orientation

may be more difficult.

As used herein, the term "polyester” refers to synthetic homopolymers and copolymers having
ester linkages between monomer units which may be formed by condensation polymerization
methods. Polymers of this type are preferable aromatic polyesters and more preferable,
homopolymers and copolymers of poly(ethylene terephthalate), poly(ethylene isophthalate),
pely(butylene terephthalate), poly(ethylene naphthalate) and blends thereof. Suitable aromatic

polyesters may have an intrinsic viscosity between 0.60 to 1.0, preferably between 0.60 to 0.80.

The terms "heat sealing layer” or "sealant layer" are used interchangeably to refer to a layer
which is heat sealable i.c., capable of fusion bonding by conventional indirect heating means
which generate sufficient heat on at least one film contact surface for conduction to the
contiguous film contact surface and formation of a bond interface therebetween without loss of
the film integrity. The bond interface between contiguous inner layers preferably has sufficient
physical strength to withstand the packaging process and subsequent handling. Advantageously,
the bond interface is preferably sufficiently thermally stable to prevent gas or liquid leakage
therethrough when exposed to above or below ambient temperatures e.g. during one or more of
the following: packaging operations, storage, handling, and transport. Heat seals may be
designed to meet different conditions of expected use and various heat seal formulations are
known in the art and may be employed with the present invention. Preferably the article contact
or heat seal layer is heat sealable to itself, but may be sealable to other objects, films or layers
¢.g. to a tray when used as a lidding film, or to an outer layer in a lap scal or in certain tray

overwrap embodiments.

As used herein, singular forms “a,” “an” and “the’ include plural referents unless the context
b 2

clearly dictates otherwise. Thus, for example, reference to a “structured bottom surface”
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includes examples having two or more such “structured bottom surfaces” unless the context

clearly indicates otherwise.

[0042] As used herein, the term “or” is generally employed in its sense including “and/or” unless the
content clearly dictates otherwise. The term “and/or” means one or all of the listed elements or a
combination of any two or more of the listed elements. The use of “and/or” in certain instances

herein does not imply that the use of “or” in other instances does not mean “and/or”.

[0043] As used herein, “have”, “has”, “having”, “include”, “includes”, ““including”, “‘comprise”,

"

“comprises”, “comprising” or the like are used in their open ended inclusive sense, and generally

EE NS

mean “include, but not limited to”, “includes, but not limited to”, or “including, but not limited

2

to

[0044] "Optional” or "optionally" means that the subsequently described event, circumstance, or
component, can or cannot occur, and that the description includes instances where the event,

circumstance, or component, occurs and instances where it does not.

[0045] The words “preferred” and “preferably” refer to embodiments of the disclosure that may afford
certain benefits, under certain circumstances. However, other embodiments may also be
preferred, under the same or other circumstances. Furthermore, the recitation of one or more
preferred embodiments does not imply that other embodiments are not useful, and is not intended

to exclude other embodiments from the scope of the inventive technology.

[0046] For purposes of the present disclosure, recitations of numerical ranges by endpoints include all
numbers subsumed within that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.).
Where a range of values is “greater than”, “less than”, ctc. a particular value, that value is

included within the range.

"non

[0047] Any direction referred to herein, such as “top,” “bottom,” “left,” "right,” "upper,” "lower,"
“above,” below,” and other directions and orientations are described herein for clarity in
reference to the figures and are not to be limiting of an actual device or system or use of the
device or system. Many of the devices, articles or systems described herein may be used in a

numbcr of dircctions and oricntations.
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Unless otherwise expressly stated, it is in no way intended that any method set forth herein be
construed as requiring that its steps be performed in a specific order. Accordingly, where a
method claim does not actually recite an order to be followed by its steps or it is not otherwise
specifically stated in the claims or descriptions that the steps are to be limited to a specific order,
it is no way intended that any particular order be inferred. Any recited single or multiple feature
or aspect in any one claim can be combined or permuted with any other recited feature or aspect

in any other claim or claims.

It is also noted that recitations herein refer to a component being “configured™ or “adapted to”
function in a particular way. In this respect, such a component is “configured” or “adapted to”
embody a particular property, or function in a particular manner, where such recitations are
structural recitations as opposed to recitations of intended use. More specifically, the references
herein to the manner in which a component is “configured” or “adapted to” denotes an existing
physical condition of the component and, as such, is to be taken as a definite recitation of the

structural characteristics of the component.

While various features, elements or steps of particular embodiments may be disclosed using the
transitional phrase “comprising,” it is to be understood that alternative embodiments, including
those that may be described using the transitional phrases “consisting” or “consisting essentially
of,” arc implied. Thus, for example, implied alternative embodiments to a product contacting
layer comprising an ethylene norbornene copolymer include embodiments where a product
contacting layer consists of an e¢thylene norbornene copolymer and embodiments where a

product contacting layer consists essentially of an ethylene norbornene copolymer.
Article Contact/Heat Sealing Layers

The films described herein have a product contact layer containing cthylene norbornene
copolymer, which is a cyclic olefin copolymer (COC). COCs are commercially available from
Topas as an amorphous, transparent copolymer of ethylene with norbornene made by
polymerization with a metallocene catalyst. These commercially available COCs reportedly have
high transparency and gloss, excellent moisture barrier and aroma barrier properties, 4 variable
glass transition point between 50 and 178° C ( such as from 65 to 178° C), high stiffness, high

strength, excellent biocompatibility and inertness and easy to exclude and thermoform. COCs

277/300



[0053]

10054

[0055]

WO 2015/123211 PCT/US2015/015246

16

have previously been used for pharmaceutical, medical and food packaging applications
including use in coextruded cast films for blister packaging and may be blended with

polyethylene.

The product contacting layers of the films described herein include ethylene norbornene
copolymers having a glass transition temperature (Tg) of 50-138°C (such as 65-138°C), an
ethylene-norbornene comonomer content of 20-40 mole% ethylene and 30-60 mole%
norbornene, or a glass transition temperature (T,) of 50-138°C (such as 65-138°C) and an
ethylene-norbornene comonomer content of 20-40 mole% ethylene and 30-60 mole%
norbornene. In some embodiments, the product contacting layers of the films described herein

comprise polymeric units derived from essentially only ethylene and norbornene comonomers.

In somc ecmbodiments, the product contacting layers of the films described herein include onc or
more of the following properties: a density (A) of 1.02 g/cm’; a melt volume ratio (MVR) of
1.0- 12.0 cm’/10 min. at 230° C, 2.16 kg load, and 1.0-2.0 at 190°C, 2.16 kg load (ISO 1133); a
melt index of 0.1 to 1.9 at 190°C, 2.16 kg load (reported as calculated from ISO 1133 MVR
using a melt density of 0.92). The product contacting layers of the films described herein can
also include one or more other properties of Topas cyclic olefin copolyer described in a March
2006 brochure "Topas® Cylcic Olefin Copolymers” available from Topas Advanced Polymers

on its website, which brochure is hereby incorporated by reference in its entirety.

In various embodiments, the contact layer can also function as a heat sealing or heat sealable
layer to facilitate formation of hermetically sealed packages. The article contact layer comprises
at least 90 wt.% of cthylene norbomene COC, more preferably at least 95 wt. %, and most
preferably 100 wt. %. It may be blended with up to 10 wt. %, preferably up to 5 wt. % and more
preferably up to 2.5 wt.% of compatible polymers such as polyolefins ¢.g. polyethylene, LLDPE,
EAO copolymers, LDPE, colorants, processing aids and the like. Use of these polymers and
components in a blend with the COC may undesirable affect the anti-scalping properties of this
layer and addition of amounts above 10 wt.% may be unacceptable for many applications of the
film for packaging drugs or drug articles such as transdermal patches e.g. nicotine patches or

fentanyl patches.
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The terms "heat sealing layer” or "sealant layer" are used interchangeably to refer to a layer
which is heat sealable i.¢., capable of fusion bonding by conventional indirect heating means
which generate sufficient heat on at least one film contact surface for conduction to the
contiguous film contact surface and formation of a bond interface therebetween without loss of
the film integrity. The bond interface between contiguous inner layers preferably has sufficient
physical strength to withstand the packaging process and subsequent handling. Advantageously,
the bond intcrface is preferably sufficiently thermally stable to prevent gas or liquid Icakage
therethrough when exposed to above or below ambient temperatures e.g. during one or more of

the following: packaging operations, storage, handling, and transport.

Films and packaging described herein may include one or more additional optional layers, such
as one or more barrier layers, an outer layer which can be an abuse-resistant outer layer, one or

more intermediate layers, and one or more tic layers.
Barrier Layers

If included, a barrier layer preferably functions both as a gas barrier layer, and as a moisture
barrier layer, although these functions may be provided by separate layers. A gas barrier layer is
preferably an oxygen barrier layer, and is preferably a core layer positioned between and
protected by surface layers. For example, an oxygen barrier layer can be in contact with a first
surface layer and an adhesive layer or may be sandwiched between two tie layers and/or two

surface layers.

An oxygen barrier is preferably selected to provide an oxygen permeability sufficiently
diminished to protect the packaged article from undesirable deterioration or oxidative processes.
For example, a film may comprise an oxygen barrier having an oxygen permeability that is low
enough to prevent oxidation of oxygen sensitive articles and substances to be packaged in the
film e.g. oxygen sensitive articles such as transdermal patches e.g. nicotine or fentanyl patches or
oxygen sensitive collection samples such as blood which may be collected e.g. in a microcassette
device. Preferably a multilayer packaging film in accordance with the present invention will have
an oxygen barrier of less than or equal to 10 ¢m?/100 inches?/24 hours at 1 atmosphere and 23°
C, more preferably less than 0.016 cm’/m? per 24 hours at 1 atmosphere. To protect oxygen

sensitive articles from deterioration from oxygen contact over time the films according to the
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present invention will have a preferred oxygen transmission rate (O, TR) of less than 1, preferably
less than 0.1, more preferably less than 0.01, and most preferably less than 0.001 g/100 inches” at
24 hours at Room Temperature(RT) (~23°C) and 1 atmosphere (<0.001 g/m* at 24 hours at
Room Temperature(RT) (~23°C)) and 1 atmosphere).

A moisture barrier is preferably selected to provide a moisture permeability sufficiently
diminished to protect the packaged article from undesirable deterioration. For example, a film
may comprise a water barrier having a moisture permeability that is low enough to prevent
deleterious effects upon packaged articles such as transdermal drug patches or other moisture
sensitive products. A preferred film according to various embodiments will have a water or
moisture transmission rate (WVTR) of less than 0.01 g/100 inches® per 24 hours at Room
Temperature (RT) (23°C) and 1 atmosphere. In some embodiments, a film has a WVTR of less
than 0.01g/100 inches” per 24 hours at Room Temperature (RT) (23°C) and 1 atmosphere, or less
than 0.001g/100 inches® per 24 hours at Room Temperature (RT) (23°C) and 1 atmosphere.

A barrier layer can comprise any suitable material. An oxygen barrier layer can comprise EVOH,
polyvinylidene chloride, polyamide, polyester, polyalkylene carbonate, polyacrylonitrile,
nanocomposite, a metallized film such as aluminum vapor deposited on a polyolefin, etc., as
known to those of skill in the art. Suitable moisture barrier layers include aluminum foil, PVDC,
or polyolefins such as LDPE or LLDPE. It is desirable that the thickness of the barrier layer be
sclected to provide the desircd combination of the performance propertics sought c.g. with
respect to oxygen permeability, and delamination resistance, and water barrier properties.
Suitable thicknesses in multilayer films are less than 15%, e.g. from 3 to 13% of the total film
thickness and preferably less than about 10% of the total thickness of the multilayer film. Greater
thicknesses may be employed however oxygen barrier polymers tend to be relatively expensive
and therefore it is expected that less costly resins will be used in other layers to impart desirable
properties once a suitable thickness is used to achieve the desired gas barrier property for the
film layer combination. For example, the thickness of a core oxygen barrier layer may
advantageously be less than about 0.45 mil (10.16 microns) and greater than about 0.05 mil (1.27
microns), including 0.1 0, 0.20, 0.25, 0.30, 0.40, or 0.45 mil thick.
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An oxygen barrier layer of a film may comprise aluminum foil, or EVOH, although oxygen
barrier layers comprising polyvinylidene chloride-vinyl chloride copolymer (PVDC or VDC-
V() or vinylidene chloride-methylacrylate copolymer (VDC-MA) as well as blends thereof, can
also be used. One suitable EVOH barrier material is a 44 mol % EVOH resin E151B sold by
Eval Company of America, under the trade name Evai® LC-E151B. Another example of an
EVOH that may be acceptable can be purchased from Nippon Gohsei under the trade name
Soarnol® A'l' (44 mol% cthylenc EVOH).

For packaging of oxygen sensitive articles such as drug patches., an oxygen (O,) permeability of
less than about 310 cm’/m” for a 24 hour period at 1 atmosphere, 0% relative humidity and 23°
C., and preferably less than 75 cm’/m?, more preferably less than 20 cm®/m?. The thickness of
the core layer may be varied and beneficially may be from about 0.05 to about 0.60 mils (1.3-

15.2 microns).

A bulk layer may be provided to provide additional functionality such as stiffness or heat
sealability or to improve machinability, cost, flexibility, barrier properties, etc. Preferred bulk
layers comprise one or more polyolefins such as polyethylene, ethylene-alpha olefin copolymers
(EAQ), polypropylene, polybutene, ethylene copolymers having a majority amount by weight of
cthylene polymerized with a lesser amount of a comonomer such as vinyl acetate, and other
polymeric resins falling in the "olefin” family classification. The bulk layer may be of any
suitable thickness from 0.1 to 7 mils or may even be omitted for use in certain applications, but is

preferably present to improve especially stiffness/flexibility properties and heat sealability.
Abuse-Resistant Outer Layer

The films described herein may include an outer layer. Since it is seen by the user/consumer, in
both monolayer and multilayer embodiments, the exterior surface of the film preferably has
desirable optical properties and may preferably have high gloss. Also, it preferably withstands
contact with sharp objects and provides abrasion resistance, and for these reasons it is often
termed the abuse resistant layer. This exterior abuse-resistant layer may or may not also be used
as 4 heat sealable layer. As the exterior surface layer of the film, this layer most often is also the
exterior layer of any package, bag, pouch or other container made from the inventive film, and is

therefore subject to handling and abuse e.g. from equipment during packaging, and from rubbing
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against other packages and shipping containers and storage shelves during transport and storage.
This contact causes abrasive forces, stresses and pressures which may abrade away the film
causing defects to printing, diminished optical characteristics or even punctures or breaches in
the integrity of the package. Therefore the exterior surface layer is typically made from materials
chosen to be resistant to abrasive and puncture forces and other stresses and abuse which the
packaging may encounter during use. The exterior surface layer should be easy to machine (i.e.
be casy to fced through and be manipulated by machines ¢.g. for conveying, packaging, printing
or as part of the film or bag manufacturing process). Suitable stiffness, flexibility, flex crack
resistance, modulus, tensile strength, coefficient of friction, printability, and optical properties
are also frequently designed into exterior layers by suitable choice of materials. This layer may
also be chosen to have characteristics suitable for creating desired heat seals which may be heat
resistance to burn through e.g. by impulse sealers or may be used as a heat sealing surface in
certain package embodiments ¢.g. using overlap seals. The exterior layer may be tough to impart
resistance to opening by children e.g. preventing the package from being opened by a child's
bite. A preferred exterior child resistant layer comprise polyester film, preferably polyester
terephthalate, preferably at least 0.9 mil in thickness. Suitable exterior surface layers may
comprise: paper, oriented polyester, amorphous polyester, polyamide, polyolefin, cast or oriented
nylon, polypropylene, or copolymers, or blends thereof. Oriented films of this or any other layer
may be either uni-axially or bi-axially oriented. The exterior layer thickness is typically 0.5 to
2.0 mils. Thinner layers may be less effective for abuse resistance, however thicker layers,
though morc cxpensive, may advantagcously be used to producc films having uniquc highly

desirable puncture resistance and/or abuse resistance properties.
Intermediate Layers

An intermediate layer is any layer between the exterior layer and the interior layer and may
include oxygen barrier layers, tie layers or layers having functional attributes useful for the film
structure or its intended uses. Intermediate layers may be used to improve, impart or otherwise
modify a multitude of characteristics: e.g. printability for trap printed structures, machinability,
tensile properties, flexibility, stiffness, modulus, designed delamination, easy opening features,
tear properties, strength, clongation, optical, moisture barrier, oxygen or other gas barrier,

radiation selection or barrier e.g. to ultraviolet wavelengths, etc. Suitable intermediate layers may
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include: adhesives, adhesive polymers, paper, oriented polyester, amorphous polyester,
polyamide, polyolefin, nylon, polypropylene, or copolymers, or blends thercof Suitable
polyolefins may include: polyethylene, ethylene-alpha olefin copolymers (EAO), polypropylene,
polybutene, ethylene copolymers having a majority amount by weight of ethylene polymerized
with a lesser amount of a comonomer such as vinyl acetate, and other polymeric resins falling in
the "olefin" family classification, LDPE, HDPE, LLDPE, EAOQO, ionomer, EMA,EAA, modified
polyolcfins c.g. anhydride grafted cthylenc polymers, ctc.

Tie Layers

In addition to the exterior layer, the interior layer, and intermediate layer such as a barrier layer,
a multilayer packaging film can further comprise one or more adhesive layers, also known in the
art as "tic laycrs,” which can be sclected to promote the adherence of adjacent layers to onc
another in a multilayer film and prevent undesirable delamination. A multifunctional layer is
preferably formulated to aid in the adherence of one layer to another layer without the need of
using separate adhesives by virtue of the compatibility of the materials in that layer to the first
and second layers. In some embodiments, adhesive layers comprise materials found in both the
first and second layers. The adhesive layer may suitably be less than 10% and preferably
between 2% and 10% of the overall thickness of the multilayer film. Adhesive resins are often
more expensive than other polymers so the tie layer thickness is usually kept to a minimum
consistent with the desired effect. In one embodiment, a multilayer film comprises a multilayer
structure comprising a first adhesive layer positioned between and in direct contact with the
exterior layer and a core oxygen barrier layer; and preferably and optionally has a second tie
layer between and in direct contact with the same core oxygen barrier layer and the interior layer
to produce a five layer film. Adhesive layers may include modified e.g. anhydride modified
pelymers e.g. polyolefins such as polyethylenes or ethylene copolymers such as EVA and may

also be primers or specialty adhesive resins.

Multilayer films can comprise any suitable number of tie or adhesive layers of any suitable
composition. Various adhesive layers are formulated and positioned to provide a desired level of
adhesive between specific layers of the film according to the composition of the layers contacted

by the tie layers.
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For example adhesive layers in contact with a layer comprising a polyester, such as PET,
preferably comprise a suitable blend of polyolefins with other adhesive polymers. One preferred
component of an adhesive layer in contact with a PET polyester layer is EMAC SP 1330 (which
reportedly has: a density of 0.948 g/cm’; melt index of 2.0 g/10 min.; a melting point of 93°C; is
at softening point of 49°C.; and a methylacrylate (MA) content of 22%).

The interior, exterior, intermediate or tie layers may be formed of any suitable thermoplastic
materials, for example, polyamides, polystyrenes, styrenic copolymers e.g. styrene-butadiene
copolymer, polyolefins, and in particular members of the polyethylene family such as LLDPE,
VLDPE, HOPE, LDPE, ethylene vinyl ester copolymer or ethylene alkyl acrylate copolymer,
polypropylenes, ecthylene-propylene copolymers, ionomers, polybutylenes, alpha-olefin
pelymers, polyesters, polyurethanes, polyacrylamides, anhydride-modified polymers, acrylate-
modified polymers, polylactic acid polymers, or various blends of two or more of these

materials.

In another embodiment, the exterior, interior and/or one or more intermediate layers can
comprise or comnsist essentially of a nylon blend composition. Preferably, the nylon blend
composition comprises at least an amorphous nylon such as nylon 6I/6T copolymer, in
combination with at least one semi-crystalline nylon homopolymer or copolymer such as nylon

6/12, 6/69, 6/66, MXD6, 6, 11, or 12.

In another embodiment of the invention one or more of the exterior, interior and/or one or more
intermediate layers comprises at least one polyester polymer. Preferred polyester polymers
comprise aromatic polyesters and more preferably, are homopolymers or copolymers of poly
(cthylene terephthalate) (PET), poly (ethylene naphthalate) and blends thercof. Suitable
polyesters may have an intrinsic viscosity of about 0.60 to about 1.2, preferably between 0.60 to
0.80. The polyester may be an aliphatic polyester resin, but is preferably an aromatic polyester
resin. For example, polyester materials can be derived from dicarboxylic acid components,
including terephthalic acid and isophthalic acid as preferred examples, and also dimers of
unsaturated aliphatic acids. Examples of a diol component as another component for
synthesizing the polyester may include: polyalkylene glycols, such as ethylene glycol, propylene
glycol, tetramethylene glycol, ncopentyl glycol, hexamethylene glycol, diethylene glycol,
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polyethylene glycol and polytetra methylene oxide glycol; 1,4-cyclohexane-dimethanol, and 2-
alkyl- 1,3-propanediol. More specifically, examples of dicarboxylic acids constituting the
polyester resin may include: terephthalic acid, isophthalic acid, phthalic acid, 5-t-
butylisophthalic acid, naphthalenedicarboxylic acid, diphenyl ether dicarboxylic acid,
cyclohexane-dicarboxylic acid, adipic acid, oxalic acid, malonic acid, succinic acid, azelaic acid,
sebacic acid, and dimer acids comprising dimers of unsaturated fatty acids. These acids may be
uscd singly or in combination of two or morc spceics. Examples of diols constituting thc
polyester resin may include: ethylene glycol, propylene glycol, tetramethylene glycol, neopentyl
glycol, hexamethylene glycol, diethylene glycol, polyalkylene glycol, 1,4-cyclohexane-
dimethanol, 1,4-butanediol, and 2-alkyl- 1,3-propane diol. These diols may be used singly or in

combination of two or more species.

Polyester compositions that comprise an aromatic polyester resin comprising an aromatic
dicarboxylic acid component can be preferred in some aspects, including, e.g., polyesters
between terephthalic acid (as a dicarboxylic acid) and diols having at most 10 carbon atoms,
such as polyethylene terephthalate and polybutylene terephthalate. Particularly preferred
examples thereof may include: copolyesters obtained by replacing a portion, preferably at most
30 mol%, more preferably at most 15 mol%, of the terephthalic acid with another dicarboxylic
acid, such as isophthalic acid; copolyesters obtained by replacing a portion of the diol component
such as cthylene glycol with another diol, such as 1,4-cyclohexane-dimethanol (ec.g., "Voridian
9921 ", madc by Voridian division of Eastman Chcmical Co.); and polycster-polycther
copolymers comprising the polyester as a predominant component (e.g., polyester-cther between
a dicarboxylic acid component principally comprising terephthalic acid or/and its ester derivative
and a diol component principally comprising tetramethylene glycol and tetramethylene oxide
glycol, preferably containing the polytetra methylene oxide glycol residue in a proportion of 10-
15 wt. %). It is also possible to use two or more different polyester resins in mixture. Examples
of preferred polyesters are available under the trademarks Voridian 9663, Voridian 9921 and
EAST AR® Copolyester 6763, all from Eastman Chemical Company, Kingsport, Tenn., U.S.A.

Optional Additives to Layers

285/300



[0079]

[0080]

[0081]

[0082]

[0083]

WO 2015/123211 PCT/US2015/015246

24

Various additives may be included in the polymers utilized in one or more of the exterior,
interior and intermediate or tie layers of packaging comprising the same. For example, a layer
may be coated with an anti-block powder. Also, conventional anti-oxidants, antiblock additives,
polymeric plasticizers, acid, moisture or gas (such as oxygen) scavengers, slip agents, colorants,
dyes, pigments, organoleptic agents may be added to one or more film layers of the film or it
may be free from such added ingredients. If the exterior layer is corona treated, preferably no slip
agent will be used, but it will contain or be coated with an anti-block powdcr or agent such as
silica or starch. Processing aides are typically used in amounts less than 10%, less than 7% and
preferably less than 5% of the layer weight. A preferred processing aid for use in the outer layer

of the film includes one or more of fluoroelastomers, stearamides, erucamides, and silicates.

Preferred films may also provide a beneficial combination of one or more or all of the properties
including low haze, high gloss, good machinability, good mechanical strength and good barrier
properties including high barriers to oxygen and water permeability. Suitable barrier properties
may have values of WVTR less than or equal to 0.03g/100in’/24 hours at 1 atmosphere and RT;
and/or O,TR values of less than or equal to 10cm’/100in®/ 24 hours at 1 atmosphere and RT.
Preferred barrier property values are WVTR=<0.001g/100in’/24 hours at 1 atmosphere and RT,
and/or 0,TR values of less than or equal to 0.001 cm3/100 in®/24 hours at 1 atmosphere and RT.

Methods of Manufacture

The inventive monolayer or multilayer film may be made by conventional processes. These

processes to produce flexible films may include e.g. cast or blown film processes.

In some embodiments, the polymers defined herein are "unmodified” by any intentional grafting
or copolymerization with modifying moieties such as dienes, rubber moieties or acrylic acids.
Howcver, the polymers may contain chemicals or additives in small amounts (typically under 1%
by weight based on the weight of the polymer) which are present as byproducts of the polymer
manufacturing process or otherwise added by polymer manufacturers including e.g. catalyst
residues, antioxidants, stabilizers, antiblock materials and the like. In some embodiments, the
polymers are “modified” or “derivatized” by grafting or copolymerization with modifying

moieties. For purposes of the present disclosure, such modified or derivatized polymers are
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considered a subset of the polymer being modified. For example, a modified or derivatized

polyethylene is considered a polyethylene.

Exact and Escorene polymers are the commercial designations of polymers available from Exxon
Chemical Company of Houston, Tex., U.S.A. Afinity and Attanc polymers are the commercial
designations of polymers available from Dow Chemical Company of Midland, Mich., U.S.A.

Surlyn and Elvax are the commercial designations of polymers available from Dupont, U.S.A.

Metal foils and metalized films are also contemplated. One or more functional properties may be
contributed by one or more layers including desired levels of heat sealability, optical properties
e.g. transparency, gloss, haze, abrasion resistance, coefficient of friction, tensile strength, flex
crack resistance, puncture resistance, abrasion resistance, printability, colorfastness, flexibility,
dimcnsional stability, barricr propcrtics to gascs such as oxygen, or to moisture, light of broad or
narrow spectrum including e.g. uv resistance, etc. Preferred materials for use as container walls,
pouch films, lidstock, include nylons, polyesters, polystyrenic polymers, and polyolefin e.g.
ethylene or propylene homopolymers or copolymers, or mixtures thercof in any number of
layers, particularly, but not limited to, one to nine or 14 layers or more. Preferred polyolefing
include ethylene homopolymers or copolymers and may include low, medium, high and ultra-
low or ultra-high density polymers. Ixamples are high density polyethylene (IIDPL), ethylene
alpha-olefin copolymers (EAQO) preferably utilizing butene-1 , hexene-1, or octene-1 comonomer
with a predominate ethylene comonomer portion) and including e.g. linear low density
polyethylene (LLDPE), very low density polyethylene (VLDPE), plastomers, clastomers, low
density polyethylene (LDPE) copolymers of ethylene and polar groups such as.vinyl acetate or
ethyl acrylate e.g. ethylene vinyl acetate (EVA) or ethylene methyl acrylate (EMA) or ethylene
acrylic acid copolymer(EAA), functional group modified polyers including e¢.g. anhydride
modified EAQOs. Propylene homopolymers and copolymers including polypropylene and
propylene ethylene copolymer are useful. Gas diversion or container wall structures may also
include a metal foil and may be a metal foil laminate with metal foil and a polymeric layer such
as nylon. It may also be a metal foil laminate with an outer layer of polyethylene terephthalate, a
core layer of metal foil and an inner layer of polyethylene. In this arrangement, the polyethylene
terephthalate layer serves as a protective layer to the foil, and the polyethylene layer facilitates

sealing. The foil is an excellent barrier to materials, organisms, oxygen, moisture and light.

287/300



[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

WO 2015/123211 PCT/US2015/015246

26

In some embodiments, a packaging film as described herein may utilize a gas barrier layer such
as aluminum foil, polyvinylidene chloride copolymers such as saran, or cthylene vinyl alcohol

copolymers which provide high barriers to gas permeability.

In some embodiments, a packaging film as described herein may utilize a moisture barrier layer
such as aluminum foil, polyvinylidene chloride copolymers such as saran, or polyolefin materials

such as LDPE which impede moisture vapor permeation.

Adhesives useful in the present invention include permanent adhesives, modified polymer
adhesives and polymer resins commonly available from many commercial sources. It is
contemplated that acrylic and anhydride modified polymers may be employed as well as many
adhesives which may be selected depending upon other material selections for other functional
laycrs such as the oxygen and/or moisturc barricr laycr(s) as wcll as the cxterior abusc resistant

or protecting layer as well as the required COC layer.

Additives and processing aides; natural and synthetic colorants, pigments and dyes; fillers such
as calcium carbonate or carbon black, antimicrobial agents may be incorporated into or coated on

one or more layers of the multilayer films of the present invention.
Film Thickness

Preferably, the packaging film has a total thickness of less than about 10 mils, more preferably
the film has a total thickness of from about 1.0 to 10 mils (25-250 microns (u)). Advantageously
many embodiments may have a thickness from about 1 to 5 mils, with certain typical
embodiments being from about 2 to 3.5 mils. For example, entire multilayer films or any single
layer of a multilayer film can have any suitable thicknesses, including 1, 2, 3,4, 5,6, 7, 8,9, or
10 mils, or any increment of 0.1 or 0.01 mil therebetween. Although suitable films for packaging
drug patches as thick as 4 mils (101.6 microns) or higher, or as thin as 1 mil (25.4 microns) or
less may be made, it is expected that the most commeon films will be between about 2-4 mil (51-1
02 microns). Especially preferred for use as films for transdermal patch packaging are films
where the multilayer film has a thickness of between about 2 to 3 mils (50.8-76.2 microns). Such

films may have good abuse resistance and machinability.
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Typical contents for various embodiments of the inventive container may include, for example,
transdermal patches, thin strips of dissolvable material for oral administration, as well as articles

for collecting or administering a physiologically active substance e.g. a microdiffusion cassette.

Exemplary of commercially available LDPE resin suitable for use in the present invention
includes, but are not limited to Equistar 216-000 LDPE resin. Exemplary of commercially
available EAA resin for use in the present invention includes, but is not limited to Dupont 3990-
L, which is supplied by Dupont de Nemours. Exemplary of commercially available ionomer
resin for use in the present invention includes, but is not limited to Dupont 1652-1 Surlyn , which
is supplied by Dupont de Nemour. Exemplary of commercially available EAA resin for use in
the present invention includes, but is not limited to Dupont 3990-L, which is supplied by Dupont

de Nemours.

The mLLDPE layer used in the examples was a blend of 80% LDPE comprising and 20%
mLLDPE.

Exemplary of commercially available LDPE resin for use in the present invention includes, but is
not limited to Dow 4012 LDPE which is supplied by Dow Chemical Co. of Midland, Michigan,
USA.

Exemplary of commercially available mLLDPE resin for use in the present invention includes,

but is not limited to Exxon Exact 3040 mLLDPE resin, which is supplied by Exxon.

Exemplary of commercially available COC resin for use in the present invention includes, but is

not limited to Topas 8007F-400, which is supplied by Topas Advanced Polymers.

The containers ¢.g. a pouch can further include a tearing aid or tear initiator such as a notch.
Examples of tearing aids or tear initiators such as notches, slits, perforations, surface roughened
portions, ctc., are described in U.S. Patent Nos. 4, 778,058; 3,608,815; 4,834,245, 4,903,841,
5,613,779; 5,988,489; 6,102,571; 6,106,448; 6,541,086; 7,470,062; and 7.,481,581. Such tear

initiators may be used on one or more edges of the inventive pouch and package.

Advantagcously the tcar initiator may bc uscd with scoring ¢.g. mcchanical or lascr scoring of

one or more layers, preferably the other abuse resistance layer, to create a tear directing line
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which facilitates opening. Prior art films used for packaging transdermal patches which utilize
polyacrylonitrile as the patch contact surface layer (scalant layer) have undesirably poor tear
properties, being very susceptible to delamination upon attempts to tear open even with scoring.
These packages typically must use scissors or a knife for opening. Beneficially, the present
invention has excellent tear properties and when used with a score line may be manually opened
in a clean, non-delaminating fashion without use of scissors or other cutting implements. This
casy to opcn fcaturc of the prcsent invention may be coupled with child resistant packaging
technology such as that described in pending patent application number PCTIUS2013/022101,
which is hereby incorporated by reference in its entirety, to provide a child resistant package

which is simultaneously easy to open by an adult.
Relationship between pharmaceutical active and product contacting layer

As indicated above, it is proposed herein that both the glass transition temperature of the layer
comprising ethylene norbornene copolymer and the Hansen Solubility Parameter (HSP) of the
active pharmacological agent to be stored in contact (direct or indirect) with the product
contacting layer comprising ethylene norbornene copolymer can be factors in determining

whether the product contacting layer can serve as an effective anti-scalping layer.

Based on experiments described herein, we now believe that the HSP provides a thermodynamic
indication of whether the active agent will migrate into the product contacting layer, with higher
HSPs favoring lower amounts of migration. We also now believe that the glass transition
temperature provides a kinetic indication of the rate at which the active agent will migrate into
the product contacting layer, with higher glass transition temperatures tending to result in slower

kinetics and thus better anti-scalping properties.

In various embodiments, the pharmaceutical active agent has a HSP for the film or layer o 0.5 or
greater and has a glass transition temperature of 50°C or greater. The HSP is preferably 0.6 or
greater, such as 0.7 or greater, 0.8 or greater, 0.9 or greater, or 1 or greater. Preferably, the glass
transition temperature is 55°C or greater, such as 60°C or greater, 65°C or greater, or 75°C or
greater. In various embodiments, the glass transition temperature is 138°C or less. Preferably,

the glass transition temperature is 110° C or less. In some embodiments, the glass transition
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temperature of the product contacting layer is in a range from 50°C to 138°C, such as in a range

from 55°C to 138°C, in a range from 50°C to 110°C, in a range from 65°C to 110°C, or the like.

The HSP of a pharmaceutical active agent for a layer comprising an cthylene norbornene
copolymer as described herein can be determined as described in Hansen, C. M., Hansen
Solubility Parameters a User's Handbook 2nd Ed., CRC Press, Boca Raton, 2007. According to
Hansen, the total cohesion energy (E) of a liquid is defined by the energy required to convert a
liquid to a gas. This can be experimentally measured by the heat of vaporization. Hansen
described the total cohesion energy as being comprised of three primary intermolecular forces:
atomic dispersion forces (Ep), molecular permanent dipole-dipole interactions (Ep), and
molecular hydrogen bonding interactions (Ey). When the cohesion energy is divided by the

molar volume (V) the total cohesive energy density of the liquid is given by:
E/V=Ep/V+Ep/V+En/V. (D
The solubility parameter (38) of the liquid is related to the cohesive energy density by:
§=EWV". (2

where o is the Hildebrand solubility parameter. The three Hansen solubility components of a

liquid are thus given by:
3=8p'+ &'+ du’.  (3)

These three parameters have been tabulated for thousands of solvents and can be used to describe

polymer-solvent interactions (see, e.g., Hansen, 2007).

Solubility parameters exist for solid polymers as well as liquid solvents (see, e.g., Hansen, 2007).
Polymer-solvent interactions are determined by comparing the Hansen solubility parameters of

the polymer to that of a solvent or solvent mixture defined by the term R, as
R*=4(3py—3p1)*+(8p2—3p1 )V +(Sr—0m1)” G))

where subscripts 1 and 2 refer to the solvent or solvent mixture and polymer respectively. R, is

the distance in three dimensional space between the Hansen solubility parameters of a polymer
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and that of a solvent. A "good" solvent for a particular polymer has a small value of R,. This
means the solubility parameters of the polymer and solvent are closely matched and the solvent
will quickly dissolve the polymer. R, will increase as a solvent's Hansen solubility parameters

become more dissimilar to that of the polymer.

The solubility of a particular polymer is not technically described by just the three parameters in
Equation (3). A good solvent does not have to have parameters that perfectly match that of the
polymer. There is a range of solvents that will work to dissolve the polymer. The Hansen
solubility parameters of a polymer are defined by dp, dp, and 8y which are the coordinates of the
center of a solubility sphere which has a radius (R,). R, defines the maximum distance from the

center of the sphere that a solvent can be and still dissolve the polymer.

The strength of a solvent for a polymer is determined by comparing R, to R,. A term called the
Relative Energy Difference (RED) is given by:

RED=R,/R,. (5)

Using RED values is a simple way to evaluate how "good" a solvent or active agent will be for a
given polymer. Solvents or active agents that have a RED number much less than 1 will have
Hansen solubility parameters close to that of the polymer and will dissolve. Solvents or active
agents that have RED numbers much greater than 1 will have Hansen solubility parameters
further away from the polymer and will have little or no ability to dissolve polymer. Solvents or
active agents that have RED numbers close to one will be on the boundary between good and

poor solvents and will partially dissolve.

HSP values provided herein are RED values. RED values for a pharmaceutical active agent and
a layer comprising ethylene norbornene copolymer can be determined experimentally or by
identifying R, values in existing databases, such as the HSPiP Datasets available at http://hansen-
solubility.com/HSPiPDatasets.html. For polymer blends, R, values of the various polymers
forming the blend can be averaged. If a polymer blend contains 90% or more of one polymer,
e.g., at least 90% of an ethylene norbornene copolymer, then, for purposes of the present
disclosure, the R, value for the polymer blend can be assumed to be the R, value of the polymer

making up 90% or more of the blend.
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For purposes of the present disclosure, a pharmaceutical composition is considered to be a
pharmaceutical “product.” Preferably, the RED values of one or more of the excipients for the
ethylene norbornene copolymer are 0.5 or greater. More preferably, the RED values are 0.6, 0.7,
0.8, 0.9, or 1 or greater. The RED values for excipients can be obtained generally as described

above with regard to the pharmaceutical active agents.

Excipients that may be included in various types of pharmaceutical products are generally known
to those of ordinary skill in the pharmaceutical arts and may be provided in Remington: The
Science and Practice of Pharmacy, 22™ edition, Loyd V. Allen, Jr. (editor), Pharmaceutical

Press, September 2012.

A pharmaceutical product for packaging in a film described herein can include any suitable
pharmaccutical active agent. In some cmbodiments, the pharmaccutical active agent is sclected
from the group consisting of fentanyl, nicotine, lidocaine, estradiol, clonidine, ethinyl estradiol,
oxybutynin, buprenorphine, granisitron, methylphenidate, and scopolamine. In some
embodiments, one or more of the listed pharmaceutical active agents are included in a

transdermal patch.

Examples of some excipients that may be present in a transdermal patch include solvents,
preservatives, and permeation enhancers. Examples of some particular excipients include
isopropyl myristate, ethyl lactate, lauryl lactate, dimethylsulfoxide (DMSO), capric acid,
dipropylene glycol, ethanol, oleic acid, triacetin, isopropyl palmitate, water, tetradecane and the
like.

HSP (RED) values of various pharmaceutical active agents and excipients for various sealant

film polymers is listed below in Table 1.

Table 1: HSP Data Comparing Various Sealant Films

HSP Data RED Values
Drugs CXB Barex PE PET EVOH
Fentanyl 0.51 1.04 2.34 0.32 1.38
Nicotine 1.33 0.86 2.93 0.19 1.03
Lidocaine 1.32 0.9 2.85 0.23 1.12
Phenylethylamine 1.03 1.14 21.4 0.28 1.31
Estradiol 1.62 0.97 3.12 0.46 0.93
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Clonidine 22 0.39 4.52 0.83 0/62
Ethinyl Estradiol 1.38 0.92 0.37 3.01 0.98
Oxybutynin 0.79 1.28 1.52 041 1.57
Buprenorphine 1.18 1.08 2.42 0.29 1.19
Granisron 1.74 0.63 38 0.61 0.98
D Limonene 0.61 1.56 0.55 0.81 2.02
Methylphenidate 0.71 1.2 1.79 0.35 1.47
Scopalamine 1.65 0.97 3.01 0.35 0.97

Excipients

Isopropyl Myristate 0.83 1.63 0.41 0.91 2.14
Ethyl Lactate 2.7 1.21 4.22 1.06 1.18
Lauryl Lactate 1.23 1.36 1.7 0.55 1.61
Dimethylsulfoxide 3.15 0.65 5.6 1.33 1.03
Capric Acid 1.47 1.37 2.01 0.61 1.57
Dipropylene Glycol 3.38 1.23 1.44 5.35 1.23
Ethanol 3.77 1.52 1.73 5.76 1.63
Oleic Acid 0.6 1.42 0.6 1.2 1.75
Olcyl Alcohol 1.31 1.45 0.67 1.62 1.7
Triacetin 1.59 1.17 2.56 0.47 1.28
Isopropyl Palmitate 0.86 1.64 0.45 0.93 2.16
Water 8.53 3.26 13.23 4.67 4.4
Tetradecane (C14H30) 1.02 1.84 0.92 1.25 2.51

[00117] In Table 1, CXB is an ethylene norbornene copolymer from 35wt.% cthylene monomers and
65wt. % norbornene monomers; PE is a polyethylene homopolymer; PET is poly (cthylene
terephthalate); and EVOH is an ethylene vinyl alcohol copolymer formed from 24 to 48 wt. %
ethylene.

[00118] As shown in Table 1, all of the listed drugs (active agents) and excipients have a HSP for CXB
of grcatcr than 0.5. All of the listed drugs and cxcipicents, cxcept for fentanyl, have a HSP for
CXB of 0.6 or greater. All of the listed drugs and excipients, except for fentanyl, D-limonene
and oleic acid, have a HSP for CXB of 0.7 or greater. All of the listed drugs and excipients,
except for fentalyl, D-limonene, oleic acid, methylphenidate and oxybutynin have a HSP for
CXB of 0.8 or greater. All of the listed drugs and excipients, except for fentalyl, D-limonene,
oleic acid, methylphenidate, oxybutynin, isopropyl myristate and isopropyl palmitate, have a
HSP for CXB of 0.9 or greater. The remaining drugs and excipients have HSPs for CXB or 1 or

greater.
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A pharmaceutical product can be packaged in a film described herein in any suitable manner. In
some embodiments, a pharmaceutical product is packaged such that the pharmaceutical active
agent is not in contact with a sealing layer of the film. In some embodiments, the pharmaceutical
product is packaged such that the pharmaceutical active agent is in contact with the sealing layer
of the film. The active agent can be in direct contact with the sealing layer or in indirect contact

with the scaling layer.

In some embodiments, the pharmaceutical product comprises a gel, paste, solution or the like,
where gel, paste, solution, etc. contains the active ingredient and is in direct contact with the

sealing layer.

In some embodiments, the pharmaceutical product includes an active agent or excipient that acts
as a carricr for thc active agent where the active agent or the carricr have a vapor pressurc
sufficiently high to cause volatilization of the active agent or carrier to cause the active agent to
contact the sealing layer upon storage, even though the product is initially packaged such that

active agent is not in direct contact with the sealing layer.

In some embodiments, the pharmaceutical product includes a transdermal patch. Transdermal
patches typically have a release liner covering a matrix comprising a pharmaceutical active
agent. Accordingly, the pharmaceutical active agent and excipients of a transdermal patch
having a release liner may not be in direct contact with the sealing layer of film in which it is
packaged. However, at an edge of the release liner, some of the matrix may come into direct
contact with the sealing layer and may allow the active agent to be wicked towards the sealing
layer. Alternatively or in addition, the vapor pressure of the active agent or a carrier excipient
may be sufficiently high to cause the active agent to contact the sealing layer upon storage. By
way of example, nicotine, which is often included in transdermal patches, is fairly volatile and

has a vapor pressure of 5.65 Pa at 25°C.

In some embodiments, the pharmaceutical product is packaged in a film described herein such
that the pharmaceutical active agent is not in contact with the scalant layer. For example, the
active agent may be surrounded by a backing und a release liner or may be otherwise contained
such that active agent is not in contact with the sealing layer. In such cases, it can still be

desirable to have a sealing layer that would be anti-scalping if the active agent were to come into
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contact with the sealing layer. For example, if the pharmaceutical product includes a release
liner configured to prevent contact of the active agent with the sealing layer, the release liner
may slip or otherwise partially release during packaging, shipping, storage or the like to expose
the active agent to the sealing layer. Even in there is little or no risk that the active agent may be
exposed to the sealing layer, it may be desirable for the scaling layer to be anti-scalping for

purposes of caution, reassurance, or the like.

When a pharmaceutical product is packaged in a film such that the product contacting sealing
layer of the film is in indirect contact with a pharmaceutical active agent of the product,
detectable amounts of the pharmaceutical agent are present at a surface of the product contacting
layer or migrate into the product contacting layer upon storage of the product in the packaging
film. Any suitable technique can be employed to determine whether a pharmaceutical agent of a
pharmacecutical product indirectly contacts a layer of a package in which the produce is scaled.
That is, if a detectable amount of the agent is present at a surface of a layer or in a layer of the
film, then the pharmaceutical agent is “in contact” with the layer of the film for purposes of the
present disclosure. Examples of suitable techniques that can be employed to determine whether
a pharmaceutical agent of a pharmaceutical product indirectly contacts a layer of a package in
which the produce is secaled include Raman spectroscopy, gas chromatography, gas
chromatography-mass spectrometry (GCMS), liquid chromatography-mass spectrometry

(LCMS), high performance liquid chromatography (HPLC) and the like.

To determine whether a pharmaceutical active agent of a pharmaceutical product is in indirect
contact with a sealing layer of a film, the presence of the active agent at or in a sealing layer of
the film can be evaluated after the pharmaceutical product has been packaged in the film under
storage conditions for an amount of time. The storage conditions and time can be standard
storage conditions. The standard storage conditions can be accelerated storage conditions; e.g. at
temperatures above room temperature. For examples, the storage conditions can be 20% relative

humidity and a temperature of 100°F for 1, 7, 15 or 31 days.

Alternatively or in addition, to determine whether a pharmaceutical active agent of a
pharmaceutical product would be in indirect contact with a sealing layer of a film described

herein, the presence of the active agent at or in a surrogate sealing layer of the film can be
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evaluated after the pharmaceutical product has been packaged in the surrogate film under
standard storage conditions for a standard amount of time. Preferably, the surrogate film is not
anti-scalping or is not as anti-scalping as a film as described herein. The product can be
packaged and stored in the film containing the surrogate sealing layer in a manner similar to how
the pharmacecutical product packaged in a film as described hercin would be packaged and
stored. If the active agent migrates into the surrogate sealing layer, then the active agent can be
considered to be “in contact” with the surrogate laycr and would be considered to be ““in contact™

with a sealing layer of any film in which it was stored, such as a film as described herein.
Anti-scalping

Whether a product contacting layer of a film performs effectively as an anti-scalping layer can be
a subjcctive determination, with differing amounts of migration ot a pharmaccutical active agent
into a layer of a film being considered acceptable depending on, among other things, the active

agent, the amount that the active agent migrates into layers of other films, and the like.

For purposes of the present application, a product contacting layer of a film is considered to
serve as an effective anti-scalping layer if (i) a lower amount of the active agent migrates into the
product contacting layer of the film (the test film) than migrates into a substantially similar film
having a PE, such as a linear low density polyethylene homopolymer, product contacting layer
(the reference film) when a product containing the pharmaceutical active agent is positioned
relative to the test and reference films such that the pharmaceutical active agent is in direct
contact with the product contacting layers of the test and reference films; or (ii) an amount of the
active agent migrates into the product contacting layer of the film (the test film) is not more than
15% greater than migrates into a substantially similar film having a Barex® product contacting
layer (the reference film) when a product containing the pharmaceutical active agent is
positioned relative to the test and reference films such that the pharmaceutical active agent is in
direct contact with the prodcut contacting layers of the test and reference films. Preferably, the
product is sealed in a cavity formed, at least in part, by the test film and the product is sealed in a
cavity formed, at least in part, by the reference film. The sealed product can be stored under

identical conditions prior to testing to determine whether less active agent has migrated into the
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product contacting layer of the test film than the reference film. The storage conditions may be

accelerated storage conditions as described above.

Any suitable technique may be employed to determine whether to determine whether less active
agent has migrated into the product contacting layer of the test film than the reference film. For

example, Raman spectroscopy or gas chromatography, can be used.

In some embodiments, the amount of an active pharmaceutical agent that migrates into a film
having a linear low density polyethylene homopolymer as a product contacting layer (as
described above) will be 1.5 times of more than the amount of the pharmaceutical active agent
that migrates into an anti-scalping product contact layer of a film as described herein. In some
embodiments, the amount of an active pharmaceutical agent that migrates into a film having a
lincar low density polycthylene homopolymer as a product contacting laycr (as described above)
will be 2 times of more, 3 times or more, or 4 times or more, or 5 times or more than the amount
of the pharmaceutical active agent that migrates into an anti-scalping product contact layer of a

film as described herein.

In preferred embodiments, an amount of an active pharmaceutical agent that migrates into a film
having an ethylene norbornene copolymer as described herein as a sealing layer will be no more
than 10% more than the amount of the pharmaceutical active agent that migrates into film having
Barex® as a sealing layer. More preferably, the amount of an active pharmaceutical agent that
migrates into a film having an ethylene norbornene copolymer as described herein as a sealing
layer will be no more than 9% (no more than 8%, no more than 7%, no more than 6%, no more
than 5%, no more than 4%, no more than 3%, no more than 2%, or no more than 1%) more than
the amount of the pharmacecutical active agent that migrates into film having Barex® as a scaling

layer.

A preferred method for determining whether a film is anti-scalping is to compare active agent
uptake relative to a linear low density polyethylene homopolymer or Barex® as described above.

In preferred embodiments a drug take test is performed generally as follows:

Ten pouches are made with each test film by heat sealing together two pieces of the sample film

cach measuring 3 x 3. 5 inches on three sides with the same article contact surface facing cach
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other. Next, a standard amount of the drug being tested is placed on a 1 x 1.25 inch piece of

blotter paper and the blotter paper is placed inside the pouch which is then heat sealed.

The pouches are stored at 100° F and 20% RH and three pouches of each film structure are tested
at reported intervals e.g. days 1, 7, 15 and 31. After the allotted time, three pouches are opened
by cutting an end seal, and the blotters removed. The blotterless pouches are rinsed with distilled
water to remove any drug residue that might be present on the surface of the sealant and excess
water is removed from the pouches by shaking. Next, 5 ml of isopropanol spiked with an internal
standard (propylene glycol n-propyl ether) is placed in each pouch which is then resealed with
heat seals. The resealed pouches are placed on a shaker table for 90 minutes to facilitate drug
extraction from the sealant. Finally, the pouch extracts are analyzed by gas chromatography and

the amount of eluted drug is calculated for each pouch.
Figures

Referring now to the Drawings, FIG. 1 is a schematic drawing of a cross-section of a multilayer
film 10 in accordance with an embodiment described herein. In the depicted embodiment, the
film 10 includes six layers. On one surface is the product contacting layer 1, which comprises an
ethylene norbornene copolymer. Adjacent and in contact with the product contacting layer 1 is a
poleolefin bulk layer 2. Adjacent and in contact with the polyolefin bulk layer 2 is a first
intermediate adhesive layer 3. Adjacent and in contact with the first intermediate adhesive layer
3 is an oxygen barrier layer 4. Adjacent and in contact with the oxygen barrier layer 4 is a
second intermediate adhesive layer 5. Adjacent and in contact with the second intermediate
adhesive layer 5 is an exterior protective layer 6. It will be understood that a film as described
herein may have any number of one or more layers and that the six-layered film depicted in FIG.
1 is shown for purposes of example. In some embodiments, a polyolefin bulk layer can serve as

an adhesive or tie layer.

Referring now to FIG. 2, a schematic view of a packaged pharmaceutical product 100 is shown.
In the depicted embodiment, the packaged pharmaceutical product includes a pharmaceutical
product 20 sealed in a packaging film 10 as described herein. The dashed lines in FIG. 2
represent the boundaries of a sealed interior volume 15 formed by the film 10 (in this case,

wrapped around the product 20 and scaled).
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In some embodiments, a single roll web of pouch film can be placed on a packaging machine and
folded together and heat sealed and severed to form heat sealed pouches. Two side sealed
pouches with a folded third side can be used to package an article by a manufacturer or packager
who places a product in the pouch, and completes the final seal to produce a hermetically sealed
package containing for example: a transdermal drug delivery patch; an oral dissolvable thin strip
containing a drug, flavorant, antimicrobial agent, odorant, and/or microbiologically active
ingrcdient or combination thercof; or an article for collccting or administering a physiologically

active substance.

Experimental results and reported properties are based on the following test methods or

substantially similar test methods unless noted otherwise.
Oxygen Gas Transmission Rate (0 2GTR): ASTM D-3985-81
Water Vapor Transmission Rate (WVTR): ASTM F 1249-90
Gauge: ASTM D-21 03

Meclt Index (M.1.): ASTM D-1238, Condition E (190°C.) (cxcept for propenc-bascd (>50% Cs
content) polymers tested at Condition TL(230° C.))

Melting point: ASTM D-3418, DSC with 5°C/min heating rate
Glass transition temperature Tg ASTM D3418

Gloss: ASTM D-2457, 45° angle

[00139] Nicotine Direct Contact Test

[00140]

[00141]

Ten pouches are made with each test film by heat sealing together two pieces of the sample film
each measuring 3 x 3. 5 inches on three sides with the same article contact surface facing each
other. Next, 50 ul of pure nicotine is placed on a 1 x 1.25 inch piece of blotter paper and the

blotter paper is placed inside the pouch which is then heat sealed.

The pouches are stored at 100° F and 20% RH and two pouches of each film structure are tested

at reported intervals e.g. days 1, 2, 8, 15 and 31. After the allotted time, two pouches are opened
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