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present invention.

FIG. 1B is a sectional schematic view showing a layer configuration of the light-shielding sheet and the container
of the present invention.

FIG. 1C is a sectional schematic view showing a layer configuration of the light-shielding sheet and the container
of the present invention.

Fig. ID is a sectional schematic view showing a layer configuration of the light-shielding sheet and the container of
the present invention.

FIG. |IE is a sectional schematic view showing a layer configuration of the light-shielding sheet and the container of
the present invention.

FIG. IF is a sectional schematic view showing a layer configuration of the light-shielding sheet and the container of
the present invention.

FIG. 1G is a sectional schematic view showing a layer configuration of the light-shielding sheet and the container
of the present invention.

Description of Embodiments

[0033] Hereinafter, preferred embodiments of a light-shielding sheet and a light-shielding container according to the
present invention will be described.

[0034] FIGS. 1Ato 1G are sectional schematic views showing combinations of layer configurations of a light-shielding
sheet and a light-shielding container according to embodiments of the present invention.

[0035] Although not shown in the drawings, one of or two or more of an adhesive layer, a gas barrier layer, and a
water vapor barrier layer can be provided between the layers as required.

[0036] Inthe container of the presentinvention, an innermost layer refers a layer which is in direct contact with contents
to be stored in the container when the sheet of the present invention is formed into a container.

[0037] In the container of the present invention, an outermost layer refers to a layer which is the outermost layer of
the container and comes into contact with the outside of the container when the sheet of the present invention is formed
into a container.

[0038] The light-shielding sheet and the container of the present invention are a light-shielding sheet that has a
multilayer structure of three or more layers including one or more of the group consisting of one or more light-shielding
layers and one or more eluate-blocking layers, and a container produced using the light-shielding sheet. When the total
light transmittance of the sheet and the container at a wavelength of 380 nm or shorter is set to 1% or lower, a near
ultraviolet ray portion of a wavelength of 380 nm to 200 nm, which is thought to be the most harmful, can be shielded
and the effect of enhancing the storage stability of contents is obtained.

[0039] In addition, when the total light transmittance at a wavelength of 380 nm to 400 nm is set to 30% or lower and
preferably setto 1% or lower, the ultraviolet ray portion near to visible light can be shielded and the storage stability of
contents can be further enhanced. Even when the total light transmittance is in a range of higher than 1% and lower
than 30%, a certain degree of a light-shielding effect is obtained and thus the sheet and the container can be used for
most contents such as pharmaceutical products, cosmetics, foods and the like.

[0040] When the total light transmittance at a wavelength of 450 nm is set to 15% or higher and more preferably set
to 55% or higher, the contents in the multilayer sheet and the container are visible from the outside and foreign substances
and defective products can be eliminated in a step of visual inspection and the effect of enhancing quality can be obtained.
The total light transmittance at a wavelength of 450 nm of 15% or higher is a level in which visual inspection is possible
and thus it is necessary to set the minimum to 15% or higher, preferably 30% or higher, and more preferably 55% or
higher. When the total light transmittance is 55% or higher, the container can satisfy transparency test standards in the
testing method for pharmaceutical containers of the Japanese Pharmacopoeia, Sixteenth Edition, described in the
Pharmaceutical Affairs Law and can be easily applied to containers for injections, infusion solutions and liquid medicines
among containers for liquid pharmaceutical products. In many ofthe light-shielding containers that have been suggested,
the importance of transmission at 450 nm is not mentioned. A total light transmittance of 15% or lower is not preferable
because visual inspection of contents is not easy and a risk of omission occurrence in the inspection of defective products
is high.

[0041] When the sheet is formed into a container, a light-shielding layer is provided as at least one layer of an inter-
mediate layer portion other than the outermost layer and the innermost layer in the light-shielding sheet of the present
invention.

[0042] The light-shielding layer is aresin layer containing at least one of an ultraviolet absorber, an organicor inorganic
pigment, an inorganic substance, a colored pigment, a fluorescent brightening agent, and a dye, and as long as the
light-shielding layer is the light-shielding sheet and a layer (intermediate layer) of the container other than the outermost
layer and the innermost layer, the layer may be provided at any position in the multilayer structure. The light-shielding
layer may be provided as a single layer or multiple layers. The number of layers is not limited as long as a light-shielding
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effect can be obtained.

[0043] In the case of using a transparent thermoplastic resin as the resin for the light-shielding layer, when a linear
low-density polyethylene-based resin having a density of 0.905 to 0.95, a high-density polyethylene-based resin having
a density of 0.94 to 0.98, or a polypropylene-based resin having a density of 0.88 to 0.91 is used, flexibility can be
enhanced and the discharge efficiency of liquid contents is improved to improve drop impact strength. Thus, this case
is preferable. Additionally, for example, resins such as an acid-maodified polyolefin-based resin obtained by modifying a
polyolefin-based resin such as low-density polyethylene, medium-density polyethylene, high-density polyethylene, a
random copolymer of ethylene and propylene, a block copolymer, a polyethylene-based elastomer, a polypropylene-
based elastomer, a styrene-based elastomer, an ethylene-vinyl acetate copolymer, methyltenpen, polybutene, polyeth-
ylene, or polypropylene, with acrylic acid, methacrylic acid, maleic acid, maleic anhydride, fumaric acid, itaconic acid,
and other unsaturated carboxylic acids, and a urethane-based resin, can be used. In addition, when an adhesive resin
layer for adhesion with other resin layers is used as a multilayer, the resin layer can be used as a light-shielding layer.
A known adhesive resin can be used as the adhesive resin and for example, an ADMER resin produced by Mitsui
Chemicals, Inc., Modic produced by Mitsubishi Chemical Corporation, DLZ produced by Tosoh Corporation, a metal-
locene-based linear low-density polyethylene having a density of 0.91 or lower, a polyamide-based resin, copolymers
of a polyamide-based resin and other resins, substituents thereof, modifications thereof, and the like can be used. When
the light-shielding layer is provided as a single layer or multiple layers, the total thickness thereof is in a range of 10 pm
to 200 pm and preferably in arange of 20 pm to 100 pm. When the thickness is 10 pm or less, the light-shielding effect
is reduced and an appropriate level of stability of liquid contents cannot be maintained. Further, when the thickness is
200 wm or more, the multilayer sheet and the container have increased thickness and thus are not practical. Thus, this
case is not preferable.

[0044] The melting point of the linear low-density polyethylene is a value of a melting peak temperature measured
accordingto JIS K7121 (DSC) and is preferably 105°C to 130°C and particularly preferably 110°C to 130°C. The melting
point of the high-density polyethylene is a value of a melting peak temperature measured accordingto JIS K7121 (DSC)
and is preferably 120°C to 145°C and particularly preferably 130°C to 140°C. The melting point of the polypropylene is
a value of a melting peak temperature measured according to JIS K 7121 (DSC) and is preferably 118°C to 170°C and
particularly preferably 123°C to 165°C. In addition, a polymer blend containing the aforementioned linear low-density
polyethylene, high-density polyethylene, or polypropylene as a main component may also be employed. Further, to the
aforementioned polyethylene-based resin and polypropylene-based resin, known additives such as an antioxidant, a
photo-stabilizer, a neutralizing agent, an a-nucleating agent, a B-nucleating agent, an anti-blocking agent, and a lubricant
may be added in such an amount that the object of the invention is not impaired.

[0045] In the presentinvention, the term "main component” refers to a component having a content of 60% by weight
or more.

[0046] The resin for the light-shielding layer forms a layer containing any one of a cyclic polyolefin-based resin, a
fluorine-based resin and a polyester-based resin as a main component. Thus, a higher effect of preventing light-shielding
substances (an ultraviolet absorber, an organic or inorganic pigment, an inorganic substance, a colored pigment, a
fluorescent brightening agent, a dye, and the like) used for the light-shielding layer from being eluted into contents or
liquid contents or bleeding out of the container through interlayer movement of these substances when the light-shielding
sheet and the container are stored at a high temperature of 50°C or higher or subjected to a heat treatment represented
as hot filling at 70°C to 95°C, an inactivation treatment of viruses or the like by heat of 60°C to 70°C, a sterilization
treatment with high pressure steam at a temperature of 100°C or higher, or the like can be obtained and this case is
preferable. The cyclic polyolefin-based resin, fluorine-based resin and polyester-based resin may form a layer alone or
in combination of two or more thereof.

[0047] Inthe sheetofthe presentinvention, an eluate-blocking layer is provided on one surface of the sheet or between
one surface and the light-shielding layer. In the case in which a container is produced using the sheet, when the one
surface is provided on the content side, substances eluted into liquid contents by interlayer moving substances (an
ultravioletabsorber, anorganic or inorganic pigment, aninorganic substance, a colored pigment, a fluorescent brightening
agent, a dye and the like), which are eluted from the light-shielding layer, can be blocked (hereinafter, the eluate-blocking
layer in this embodiment is referred to as an eluate-blocking layer A). On the other hand, in the case in which a container
is produced using the sheet, when the one surface is provided on the outer side of the container, other containers or
production lines can be prevented from being contaminated due to bleeding out of interlayer moving substances (an
ultraviolet absorber, anorganic or inorganic pigment, aninorganic substance, a colored pigment, a fluorescent brightening
agent, a dye and the like), which are eluted from the light-shielding layer, to the outside of the container (hereinafter,
the eluate-blocking layer in this embodiment is referred to as an eluate-blocking layer B).

[0048] The eluate-blocking layer A may be provided on the side closer to contents than the light-shielding layer when
the sheet is formed into a container, may be directly laminated on the light-shielding layer, or may be laminated though
an adhesive layer and other layers.

[0049] The eluate-blocking layer B may be provided on the outer side of the light-shielding layer, may be directly
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laminated on the light-shielding layer, or may be laminated though an adhesive layer and other layers.

[0050] When the eluate-blocking layer A and the eluate-blocking layer B are formed to have a layer containing any
one of a cyclic polyolefin-based resin, a flucrine-based resin, a polyester-based resin, and a polyamide-based resin as
a main compaonent, an ultraviolet absarber, an organic or inorganic pigment, an inorganic substance, a colored pigment,
a fluorescent brightening agent, a dye and the like used for the light-shielding layer can be prevented from being eluted
into liquid contents or bleeding out of the container through interlayer movement of these light-shielding substances
when the light-shielding sheet and the container are stored at a high temperature of 50°C or higher or subjected to a
heat treatment represented as hot filling at 70°C to 95°C, an inactivation treatment of viruses or the like by heat of 60°C
to 70°C, a sterilization treatment with high pressure steam at a temperature of 100°C or higher, or the like. In addition,
when a resin containing any one of a cyclic polyolefin-based resin, a fluorine-based resin and a polyester-based resin
as a main component is used as the resin for the light-shielding layer, a higher interlayer moving substance-blocking
effect by the eluate-blocking layers A and B is obtained and thus this case is preferable. The cyclic polyolefin-based
resin, the fluorine-based resin, the polyester-based resin and the polyamide-based resin may form a layer alone or in
combination of two or more thereof. The eluate-blocking layers A and B may be provided as a single layer respectively
or plural layers. The thickness of each single layer is in a range of 5 pum to 300 wm and preferably in a range of 10 pm
to 200 pwm. When the thickness is 5 pm or less, the eluate-blocking effect is small and an appropriate level of stability
of liquid contents cannot be maintained. Further, when the thickness is 300 um or more, the multilayer sheet and the
container have an increased thickness and thus are not practical. Thus, this case is not preferable. When the thickness
is in a range of 10 pm to 200 pm, a sufficient eluate-blocking effect can be obtained and sufficient flexibility can be
imparted to the sheet and the container. Thus, this case is more preferable.

[0051] The cyclic polyclefin-based resin used for the light-shielding layer, the eluate-blocking layer A and the eluate-
blocking layer B has a glass transition temperature of 60°C or higher, preferably 110°C or higher, and more preferably
126°C or higher. In the case in which the glass transition temperature is 60°C or lower, the polymer molecular motion
is promoted when the sheet and the container are stored at a high temperature of 50°C or higher or subjected to a heat
treatment represented as hot filling at 70°C to 95°C, an inactivation treatment of viruses or the like by heat of 60°C to
70°C, a sterilization treatment with high pressure steam at a temperature of 100°C or higher, or the like, and interlayer
movement of an ultraviolet absorber, a pigment, and an inorganic substance easily occurs. Thus, this case is not
preferable. Further, in the case in which the glass transition temperature is 110°C or higher, even when sterilization is
carried out at a high pressure steam sterilization temperature of 105°C, interlayer movement of an ultraviolet absorber,
an arganic or inarganic pigment, an inorganic substance, a colored pigment, and the like does not accur and the sub-
stances can be prevented from being eluted into liquid contents or bleeding out of the container. Thus, this case is
preferable. Further, in the case in which the glass transition temperature is 126°C or higher, a range, in which interlayer
movement of an ultraviolet absorber, an organic or inorganic pigment, an inorganic substance, a colored pigment, and
the like does not occur even when sterilization is carried out at a high pressure steam sterilization temperature of 121°C,
and the substances can be prevented from being eluted into liquid contents or bleeding out of the container, is widened
and particularly, overkill sterilization that is internally accepted for injection for infusion solutions and liquid medicine is
possible. Thus, this case is preferable.

[0052] Rotational motion of polymer chains occurs by polymer molecular motion represented as micro brownian motion
at the level of a molecule in a polymeric material. When the light-shielding sheet and the container are placed under an
environment of the glass transition temperature or higher, the micro brownian motion of the molecular chains is promoted
and thus the polymeric material becomes soft. The interlayer movement in which the ultraviolet absorber, the organic
or inarganic pigment, the inorganic substance, the colored pigment, the fluorescent brightening agent, the dye and the
like used for the light-shielding layer are easily transferred ta other layers easily occurs and thus contamination of other
containers and lines resulting from a problem of elution of the substances into the container or bleeding out of the
substances to the outside of the container occur.

[0053] Particularly, the glass transition temperature is atemperature at which micro-Brownian motion of polymer chains
starts and therefore reflects the ease of polymer chain motion. Thus, the glass transition temperature is very important.
Since movement of polymers is determined by internal rotation of the polymer chains and steric hindrance, it is important
to select a resin in which a large number of aromatic rings or heterocyclic rings, which impart steric hindrance, are
incorporated or introduced into a main chain and side chains, a resin in which molecules of halogenides and the like are
present in a main chain and side chains, or aresin in which a distance between molecules by a hydrogen bond is short
in addition to the glass transition temperature as a method of easily preventing interlayer movement of the ultraviolet
absorber, the arganic or inorganic pigment, the inorganic substance, the colored pigment, the fluorescent brightening
agent, the dye and the like used for the light-shielding layer to other layers.

[0054] It is found that the best method of preventing and solving a problem of contamination of other containers or
lines resulting from the problem of elution of the substances into the container or bleeding out of the substances to the
outside of the container is to design the container material which is determined under the consideration ofthe temperature
and environment in which the light-shielding sheet and the container are placed or treated while taking such pcints into
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consideration by preventing or blocking interlayer movement without transfer of the ultraviolet absorber, the organic or
inorganic pigment, the inorganic substance, the colored pigment and the like used for the light-shielding layer into other
layers.

[0055] Particularly, itis necessary for the eluate-blocking layer to select aresin from resins in which the glass transition
temperature can be set to be high under the temperature and environment in which the light-shielding sheet and the
container are placed or treated such that the rotational motion of polymer chains does not occur by micro-Brownian
motion, or a large number of aromatic rings or heterocyclic rings, which impart steric hindrance, are incorporated or
introduced into a main chain and side chains, molecules of halogenides and the like are present in a main chain and
side chains, and in which a distance between molecules by hydrogen bond is short. As the most suitable resins to be
used for the sheet and the container among these resins, there are a cyclic polyolefin-based resin, a fluorine-based
resin, a polyester-based resin, and a polyamide-based resin. It is necessary to form the eluate-blocking layer using these
resins as main components. In addition, by forming the light-shielding layer using such a cyclic polyolefin-based resin,
a fluorine-based resin, and a polyester-based resin in combination as a main component, the effect can be further
enhanced.

[0056] Examples of the cyclic polyolefin-based resin include polymers of various cyclic olefin monomers, copolymers
of cyclic olefin monomers and monomers such as ethylene and hydrogen additives thereof. Examples of the cyclic
polyolefin monomers include bicyclic cycloolefins such as norbornene, norbornadiene, methylnorbornene, dimethylnor-
bornene, ethylnorbornene, chlorinated norbornene, chloromethylnorbornene, trimethylsilyinorbornene, phenylnor-
bornene, cyanonarbornene, dicyanonorbornene, methoxycarbonylnorbornene, pyridylnorbornene, nadic anhydride, and
nadic acid imide; tricyclic cycloolefins such as dicyclopentadiene, dihydrodicyclopentadiene, and alkyl, alkenyl, alkylidene
and aryl substitutes thereof; tetracyclic cycloolefins such as dimethanohexahydronaphthalene and dimethanooctahy-
dronaphthalene, and alkyl, alkenyl, alkylidene and aryl substituents thereof; pentacyclic cycloolefins such as tricyclopen-
tadiene; and hexacyclic cycloolefins such as hexacycloheptadecene. Also included are compounds containing the nor-
bornene ring, such as dinorbornene and compounds obtained by bonding two norbornene rings via hydrocarbon chains
or ester groups and the like, alkyl and aryl substituents thereof, and the like.

[0057] As the polyolefin-based resin of the present invention, preferred are polynorbornene-based resins obtained by
polymerizing one or two or more of norbornene-based monomers containing the norbornene skeleton in their molecular
skeletons, such as dicyclopentadiene, norbornene and tetracyclododecene; hydrogen additives thereof; one of or mix-
tures of two or more of these polynorbornene-based resins and hydrogenation products thereof; and the like. From the
viewpoint of strength and flexibility when the sheet is formed into as a liquid storing container, these resins are preferable.
[0058] The polymerization method or polymerization mechanism of monomer molecules of each cyclic polyolefin-
based resin in the present invention may be either ring-opening polymerization or addition polymerization. As the po-
lymerization method and the polymerization mechanism when a plurality of monomers are used in combination, known
methods can be used. For example, a plurality of monomers can be combined together while the plural monomers are
monomers, and then copolymerization may be performed. As an alternative, after being polymerized to some extent,
the monomers may be combined together into a block copolymer.

[0059] For example, as a specific structure of the cyclic polyolefin-based resin, a structural formula expressed by the
following formula (1) or (2) can be used. When the polyolefin-based resin particularly expressed by the following formula
(1) of these formulae is used, the occurrence of fracturing and cracks of the layer itself due to an impact or pressure
from the outside and the like is reduced. Particularly, the storage stability of a drug is improved and thus, it is found that
a higher effect can be exhibited.

[Chem. 1]

[0060] (in the formula, R!, R2, R3 and R4, which may be identical to or different from each other, each represent an
organic group having 1 to 20 carbon atoms, and R! and R2 and/or R3 and R4 each may form a ring. m and p each
represent an integer of 0 or 1 or more. 1 and n each represent an integer of 1 or more.)

[0061] More specific examples of the organic group having 1 to 20 carbon atoms include alkyl groups such as methyl,
ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, t-butyl, i-pentyl, t-pentyl, n-hexyl, n-heptyl, n-octyl, t-octyl (1,1-dimethyl-
3,3-dimethylbutyl), 2-ethylhexyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl,
octadecyl, nonadecyl and icosyl; cycloalkyl groups such as cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl; alkylcy-
cloalkyl groups such as 1-methylcyclopentyl, 1-methylcyclohexyl and 1-methyl-4-i-propylcyclohexyl; alkenyl groups such
as allyl, propenyl, butenyl, 2-butenyl, hexenyl and cyclohexenyl; aryl groups such as a phenyl group, a naphtyl group,
a methylphenyl group, a methoxyphenyl group, a biphenyl group, a phenoxy phenyl group, a chlorophenyl group and a
sulfophenyl group; and aralkyl groups such as a benzyl group, 2-phenylethyl group (phenethyl group), a-methyl benzyl
group and o,a-dimethyl benzyl group, but are not limited thereto. In addition, one of the above-described organic groups
may be used alone or a combination of two or more thereof may be used.

[0062] The glass transition temperature of such cyclic polyolefins can be appropriately adjusted by appropriately
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selecting values of 1, m, n and p in the above formulae (1) and (2), or substituents. The glass transition temperature of
polycycloolefins other than the polycycloolefins expressed by formulae (1) and (2) may be arbitrarily adjusted to obtain
a desired value by appropriately selecting the species, blending ratio, and sequence of monomers to be used, the type
of substituents, and the like.

[0063] The cyclic polyolefin expressed by formula (1) may be a commercially available product. For example, Zeonex
and Zeonoa (products of Nippon Zeon Co., Ltd.) are suitably used. The polycycloolefin represented by formula (2) also
may be a commercially available product. For example, Apel (product of Mitsui Chemicals Inc.) and TOPAS (product of
TICONA) are suitably used.

[0064] As the cyclic polyolefin of the present invention, it is most preferable to use the cyclic polyolefin expressed by
the above formula (1) and it is more preferable to use the resin expressed by the above formula (1) alone withoutincluding
other resins. However, other resins can be added in a range of 40% or less. As other resins, polyethylene-based resins
are preferable. However, the resins are not particularly limited as long as the resins are resins which are commonly used.
[0065] The fluorine-based resin used for the light-shielding layer, the eluate-blocking layer A and the eluate-blocking
layer B is a synthetic resin obtained by polymerization of olefin including fluorine and known fluorine-based resins
including copolymers of other resins and monomers, modifications, and substituents can be used. The resin is not
particularly limited as long as the density is 1.3 g/cm3 or higher. When the density is lower than 1.3 g/cm3, interlayer
movement of light-shielding substances and the blocking effect cannot be sufficiently obtained and this case is not
preferable. Examples of the fluorine-based resin include polytetrafluoroethylene (abbreviation: PTFE), polychlorotrifluor-
oethylene (abbreviation: PCTFE, CTFE), polyvinylidene fluoride (abbreviation: PVDF), polyvinyl fluoride (abbreviation:
PVF), perfluoroalkoxy fluororesin (abbreviation: PFA), an ethylenetetrafluoride-propylenehexafluoride copolymer (ab-
breviation: FEP), an ethylene-tetrafluoroethylene copolymer (abbreviation: ETFE), an ethylene-chlorotrifluoroethylene
copolymer (abbreviation: ECTFE), a tetrafluoroethylene-perfluoroalkylviny! ether copolymer resin, a perfluoroethylene-
propene copolymer (FEP), polyvinylidene fluoride (PVdF), a perfluoroethylene-propylene copolymer, a perfluoroethyl-
ene-propene copolymer, polyvinylidene fluoride, polychlorotrifluoroethylene, a tetrafluoroethylene-perfluorodioxole co-
polymer, polyvinyl fluoride, EFEP having improved adhesion, and a tetrafluoroethylene/perfluoro(alkylvinylehter)/chlo-
rotrifluoroethylene copolymer (CPT).

[0066] The polyester-based resin used for the light-shielding layer, the eluate-blocking layer A, and the eluate-blocking
layer B is a copolymer of dicarboxylic acid and diol. Known polyester-based resins including copolymers of other resins
and monomers, modifications, and substituents, polymers including an elastomer component, and mixtures can be used
and there is no particular limitation thereto.

[0067] Examples of the dicarboxylic acid include succinic acid, adipic acid, terephthalic acid, isophthalic acid, suberic
acid, sebacic acid, itaconic acid, dodecanedioic acid, cellulose acetate, naphthalene-2,6-dicarboxylic acid, and succinic
acid. As other acid components, diphenylsulfone dicarboxylic acid, hexahydro terephthalic acid, hexahydro isophthalic
acid, azelaic acid or the like can be selected. One of these acids may be used alone or a combination of two or more
thereof may be used. Examples of the diol include glycols such as 1,4-butanediol, 1,3-propanediol, 1,4-cyclohexane
dimethanol, 2,3-butanediol, 1,3-butanediol, 1,4-pentanediol, 2,4- pentanediol, 1,6-hexanediol, neopentyl glycol, ethylene
glycol, diethylene glycol, propylene glycol, and butylene glycol, and polyoxyalkylene glycols such as polyethylene glycol,
polypropylene glycol, and polytetramethylene glycol, neopentyl glycol, diethylene glycol, 1,4- cyclohexane dimethylol,
2,2-bis(4-B-hydroxyethoxyphenyl)propane, and 1,4-bis(B-hydroxyethoxy)benzene. One of these diols may be used alone
or a combination of two or more thereof may be used.

[0068] Particularly, a copolymer including terephthalic acid of a first main component and isophthalic acid of a second
main component as dicarboxylic acid components and ethylene glycol of a main component as a diol component exhibits
a high interlayer moving substance-blocking effect and thus is preferable. The sum of copolymerization ratios of tereph-
thalic acid and isophthalic acid of the dicarboxylic acid components is preferably 95% by mole to 100% by mole, and
more preferably 99% by mole to 100% by mole. In addition, the copolymerization ratio of ethylene glycol of the diol
component is preferably 95% by mole to 100% by mole and more preferably 99% by mole to 100% by mole. The intrinsic
viscosity (V) is preferably 0.60 dI/g to 0.85 dl/g. The intrinsic viscosity in the present invention is a value that is measured
at a temperature of 30°C using a mixture solvent of a phenol and 1,1,2,2-tetrachloroethane (mass ratio 1/1) according
to JIS K 7367-5. When the intrinsic viscosity is lower than 0.60 dl/g, the molecular weight of the resin is excessively
reduced and a sufficient interlayer moving substance-blocking effect is hardly obtained. When the intrinsic viscosity is
higher than 0.85 dl/g, the viscosity at the time of thermofusion is excessively increased and extrusion is difficult. However,
in this case, the productivity is lowered and it is therefore not preferable.

[0069] Further, the polyester-based resin may contain an aliphatic oxycarboxylic acid unit. At this time, specific ex-
amples of the aliphatic oxycarboxylic acid to which an aliphatic oxycarboxylic acid is imparted include lactic acid, glycolic
acid, 2-hydroxy-n-butyric acid, 2-hydroxy caproic acid, 6-hydroxy caproic acid, 2-hydroxy-3,3-dimethyl butyric acid, 2-
hydroxy-3-methyl butyric acid, 2-hydroxy isocaproic acid, or lower alkyl esters thereof, or intramolecular esters. In the
case in which these have an optical isomer resin, the optical isomer resin may be any of D-resin, L- resin and racemic
resin, and the morphology may be a solid, a liquid or an aqueous solution. One of these aliphatic oxycarboxylic acids
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may be used alone or in a mixture of two or more thereof.

[0070] The polyester-based resin may be a resin obtained by copolymerizing "a trifunctional or higher functional
aliphatic polyhydric alcohol”, "a trifunctional or higher functional aliphatic polyvalent carboxylic acid or an acid anhydride
thereof”, or "a trifunctional or higher functional aliphatic polyvalent oxycarboxylic acid". Specific examples of the trifunc-
tional or higher functional aliphatic polyhydric alcohol include trimethylolpropane and glycerol. These polyhydric alcohols
may be used alone or a mixture of two or more thereof may be used. Specific examples of tetrafunctional aliphatic
polyhydric alcohol include pentaerythritol. Specific examples of the trifunctional or higher functional aliphatic polyvalent
carboxylic acid or an acid anhydride thereof include propanetricarboxylic acid and an acid anhydride thereof. Specific
examples of tetrafunctional polyvalent carboxylic acid or an acid anhydride thereof include cyclopentane tetracarboxylic
acid and an acid anhydride thereof. These acids may be used alone or a mixture of two or more thereof may be used.
The trifunctional aliphatic oxycarboxylic acid is classified into (i) a type having two carboxyl groups and one hydroxyl
group in the same molecule and (ii) a type having one carboxyl group and two hydroxyl groups in the same molecule,
and either type may be used. Specifically, malic acid and the like are preferably used. Also, the tetrafunctional aliphatic
oxycarboxylic acid is classified into (i) a type having three carboxyl groups and one hydroxyl group together in the same
molecule, (ii) a type having two carboxyl groups and two hydroxyl groups together in the same molecule, and (iii) a type
having three hydroxyl groups and one carboxyl group together in the same molecule, and any type may be used. Specific
examples thereof include citric acid and tartaric acid. These acids may be used alone or a mixture of two or more thereof
may be used.

[0071] The polyamide-based resin used for the light-shielding layer, the eluate-blocking layer A and the eluate-blocking
layer B is composed of a crystalline polymer having an amide bond [-NHCO-] as repeating units in the molecule. Examples
of the polyamide-based resin include a resin composed of crystalline polymer in which an amide bond is bonded with
an aliphatic structure or alicyclic structure, so-called nylon resin. Examples of the nylon resin include nylon 6, nylon 11,
nylon 12, nylon 610, nylon 612, nylon 6/66, nylon 66/12, and a blend of at least two or more of these resins. However,
the nylon resin is not particularly limited as long as the nylon resin is a resin which is commonly used. In addition,
examples of polyamide-based elastomers [TPAE] include a nylon 6/polyester copolymer, a nylon 6/polyether copolymer,
a nylon 12/polyester copolymer, and a nylon 12/polyether copolymer but are not limited thereto.

[0072] In the case in which the polyolefin-based resin and/or the fluorine-based resin are used for the light-shielding
layer, the eluate-blocking layer A and the eluate-blocking layer B to form a sheet, if a total thickness of a layer made of
the polyolefin-based resin and a layer made of the fluorine-based resin is 80 um or more, the dampproofness of the
sheet against water vapor can be improved and thus this case is preferable.

[0073] One of an ultraviolet absorber, an organic or inorganic pigment, an inorganic substance, a colored pigment
and the like used for the light-shielding layer may be used alone or a combination of two or more thereof may be used
and the type and number are not limited. Further, a known ultraviolet absorber, organic or inorganic pigment, inorganic
substance, colored pigment, fluorescent brightening agent, dye, and the like, which are commonly used, may be used.
[0074] As the ultraviolet absorber, the organic or inorganic pigment, the inorganic substance, the colored pigment,
and the like, for example, an organic ultraviolet absorbers and light-shielding agent such as benzophenone-based
compounds, oxybenzone-based compounds, benzoylmethane-based compounds, butyl-methoxybenzoylmethane-
based compounds, benzotriazole-based compounds, triazole-based compounds, benzoate-based compounds, hydrox-
yphenyl triazine-based compounds, salicylate-based compounds, triaryl triazine-based compounds, cinnamic acid-
based compounds, 2-ethylhexyl para-methoxycinnamate, para-amino benzoic acid-basedcompounds, octyl para-
dimethylamino benzoate, camphor-based compounds, and methylbenzylidene camphor. The above-described ultraviolet
absorber and light-shielding agenthave an advantage of having better transparency than an inorganic ultraviolet absorber
and light-shielding agent. Among these, a benzophenone-based ultraviolet absorber and a benzotriazole-based ultra-
violet absorber are most preferable from the viewpoint of light-shielding performance and visibility inspection properties
at 450 nm.

[0075] Specific examples of the benzophenone-based ultraviolet absorber include, 2,4-dihydroxy benzophenone,
2,24, 4'-tetrahydroxy benzophenone, 2-hydroxy-4-(p-hydroxyethoxy)-benzophenone, bis(5-benzoyl-4-hydroxy-2-meth-
oxyphenylymethane, 2-hydroxy-4-methoxybenzophenone, 2,2’-dihydroxy-4-methoxybenzophenone, 2-hydroxy-4-octy-
loxybenzophenone, and 2-hydroxy-4-n-octyloxybenzophenone. Among these, an ultraviolet absorber having good heat
resistance is preferable and bis(5-benzoyl-4-hydroxy-2-methoxyphenyl)methane and 2,2’ ,4,4’-tetrahydroxy benzophe-
none is particularly preferable.

[0076] Specific examples of the benzotriazole-based ultraviolet absorber include 2-(5-chloro-2-benzotriazol)-6-tert-
butyl-p-cresol, 2-(5-methyl-2-hydroxyphenyl)benzotriazol, 2-[3,5-bis(2,2-dimethylpropyl)-2-hydroxyphenyl] benzotria-
zol, 2-(3-tertiary butyl-5-methyl-2-hydroxyphenyl)-5-chlorobenzotriazol, 2-(3,5-ditertiary butyl-2-hydroxyphenyl)-5-chlo-
robenzotriazol, 2-[2-hydroxy-3,5-bis(«t,a-dimethylbenzyl)phenyl]-2H-benzotriazol, 2,2-methylenebis[4-(1,1,3,3-tetrame-
thylbutyl)-6-(2H-benzotriazol-2-yl)phenol], 2-(3-tert-butyl-2-hydroxy-5-methylphenyl)-5-chloro-2H-benzotriazol, 2,2’-
methylenebis [4-(1,1,3,3-tetramethylbuthyl)-6-[(2H-benzotriazol-2-yl) phenol]], 2-(2’-hydroxy-5"-methylphenyl)benzotri-
azol, 2(2’-hydroxy-3-"-tert-butyl-5’-methylphenyl)-5-chlorobenzotriazol, and 2-(2-hydroxy-5-methylphenyl)benzotriazol.
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Amaong these, 2-[2-hydroxy-3,5-bis(a,a-dimethylbenzyl)phenyl]-2H-benzotriazol, 2,2-methylenebis[4-(1,1,3,3-tetrame-
thylbutyl)-6-(2H-benzotriazol-2-yl)phenol], and 2-[5-chloro(2H)-benzotriazol-2-yl]-4-methyl-6-(tert-butyl)phenol having
good heat resistance are preferable.

[0077] Specific examples of the triazine-based ultraviolet absorber include 2,4,6-tris(2-hydroxy-4-hexyloxy-3-methyl-
phenyl)-1,3,5-triazine, 2-[2-hydroxy-4-(hexyloxy)phenol]-4,6-diphenyl-1,3,5-triazine, and 2-(4,6-diphenyl-1,3,5-triazine-
2-yl)-5-[2-(2-ethyl hexyloxy)ethoxy]phenol. Among these, 2,4-bis(2,4-dimethylphenyl)-6-(2-hydroxy-4-n-octyloxypheny|-
1,3,5-triazine having good heat resistance is preferable.

[0078] In addition, as the inorganic ultraviolet abscorber and light-shielding agent, titanium oxide, zinc oxide, iron oxide,
cerium oxide, zirconium oxide, nickel oxide, magnesium oxide, mica, kaolin, sericite, or modifications thereof can be used.
[0079] A colorant or pigment such as an organic pigment such as an organic pigment such as phthalocyanine or
incrganic pigment can be used. The pigments having colors of yellow, blue, green, orange, red, brown, black, white and
the like may be used alone or a mixture of two or more thereof may be used.

[0080] Specific examples of the fluorescent brightening agent and the dye include diaminostilbene-based materials,
imidazole-based materials, thiazole-based materials, oxazol-based materials, 2,5-thiophenediy|(5-tert-butyl-1,3-benzox-
azole) [Tinopal OB (product of BASF)] and the like), triazole-based materials, oxadiazole-based materials, thiadiazole-
based materials, coumarin-based materials, naphthalimide-based materials, pyrazoline-based materials, pylene-based
materials, imidazolone-based materials, benzidine-based materials, diaminocarbazole-based materials, oxacyanin-
based materials, methine-based materials, pyridine-based materials, anthrapyridazine-based materials, distyryl-based
materials, carbostyril-based materials, indole-based materials, and quinolinane-based materials and oxazole-based
materials are preferably used.

[0081] The amount of the light-shielding substances such as the above-described ultraviolet absorber, organic or
inarganic pigment, inorganic substance, and colored pigment added is preferably 0.01% by weight to 30% by weight
with respect to the resin. When the amount of the light-shielding substances added is less than 0.01% by weight, a
desired light-shielding function cannot be sufficiently exhibited. On the other hand, when the amount of the light-shielding
substances added is more than 30% by weight, the light-shielding function is not significantly improved and not only is
anincrease in cost caused but also there is a high possibility of elution and bleeding out. Thus, this case is not preferable.
[0082] The light-shielding sheet and the container of the present invention are used for a sheets and a container for
pharmaceutical products, such as drugs stored in soft bags such as PTP packaging and blister packaging, obtained by
thermoforming a blister sheet, and an infusion solution and liquid medicine bag, and a plastic ampoule and vial, and a
syringe, and medical supplies, various cosmetics, or foods.

[0083] The light-shielding sheet of the present invention has a multilayer structure of three or mare layers including
at least one light-shielding layer and eluate-blocking layer. Examples of the production method include known methaods
such as dry lamination, extrusion coating, extrusion lamination, co-extrusion lamination such as a co-extrusion inflation
method or co-extrusion T-die method, co-extrusion water-cooling inflation, and heat lamination. These methods may be
used alone or in combination. When co-extrusion lamination such as co-extrusion blowing or co-extrusion T-die method,
co-extrusion water-cooled blowing, and heat lamination are particularly used, a multilayer sheet can be produced without
using an organic adhesive such as a two-pack curing type polyester urethane-based adhesive or polyether urethane-
based adhesive, or epoxy-based adhesive and these methods are preferable from the viewpoint of safety and hygiene
of contents. Further, since gas barrier properties and water vapor barrier properties are imparted to the sheet, several
layers may be laminated as barrier layers. As the material to be laminated on the barrier layer, a silica- or alumina-
deposited PET film, silica- or alumina- deposited nylon film, aluminum-deposited PET film, aluminum-deposited nylon,
aluminum foil, EVOH, PVA, PVDC, MXD nylon, organic or inarganic hybrid type barrier film, and the like can be used.
When the multilayer is formed using different material resins and films, an adhesive resin can be used without causing
a problem in safety and hygiene. As a resin, known resins can be used as long as the resins have excellent adhesion
with different materials. These resins may be used alone or in combination of two or more thereof. Examples of the
adhesive resin include an acid maodified polyolefin resin and metallocene-based LLDPE. Preferred specific examples of
the acid madified polyolefin resin include metal-cross-linked polyethylene (ionomer), an ethylene-acrylic acid copolymer
(EAA), an ethylene-methacrylic acid copolymer (EMAA), an ethylene-ethyl acrylate copolymer (EEA), maleic anhydride-
madified polyethylene, and maleic anhydride-madified polypropylene. Examples of unsaturated carboxylic acids to be
graft-polymerized with the raw material for the acid modified polyolefin resin include acrylic acid, methacrylic acid, maleic
acid, fumaric acid, itaconic acid, citraconic acid, acid anhydride thereof, and derivatives of esters, amides, imides, and
metal salts. The metallocene-based LLDPE is a linear low-density polyethylene (LLDPE) obtained by polymerization
using a metallocene catalyst. Examples thereof include ADMER praduced by Mitsui Chemicals, Inc., Modic produced
by Mitsubishi Chemical Ccrporation, DLZ produced by Tasoh Carporation, and a metallocene-based linear low-density
polyethylene having a density of 0.91 or lower.

[0084] The light-shielding container of the present invention is produced using the light-shielding sheet of the present
invention. The light-shielding container of the presentinvention has a multilayer structure of three or more layers including
at least one light-shielding layer and eluate-blocking layer. Examples of the production method include known methods
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such as extrusion direct blow molding, extrusion drawing blow molding, multidimensional blow molding, exchange blow
molding, injection blow molding, injection drawing blow molding (hot parison and cold parison), multilayer blow molding,
and multilayer injection blow molding. These methods may be used alone or in combination. In addition, since the
container has a multilayer structure, the adhesive resin can be used.

[0085] The light-shielding container of the present invention can be produced into a pouch or a soft bag through a
typical method including cutting two light-shielding sheets and stacking the sheets such that each seal layer is disposed
inside, and heat-sealing the periphery of the stacked sheets. In addition, after the seal layers of the light-shielding sheets
are disposed inside to form a tubular shape, the periphery thereof may be heat-sealed for molding. The heat sealing of
the light-shielding sheets may be carried out in a temperature range of 150°C to 250°C. Further, it is more preferable
to provide a discharge outlet (port) for discharging liquid contents at a part of the heat-sealed periphery from the viewpoint
of improving discharge efficiency. The container may be sealed by welding a rubber plug to the port after the container
is filled with liquid contents, or by welding a rubber plug to the port in advance or attaching a rubber plug to the port by
insert injection molding. In the latter case, when the container is filled with liquid contents, methods of providing an
opening at a part of the heat-sealed periphery or opening a part of the heat-sealed periphery at the time of filling and
sealing the opened part by heat sealing after the container is filled with the liquid contents can be used.

[0086] In the present invention, the thickness of the barrier layer is preferably 5 pum to 200 p.m and more preferably
10 pum to 100 wm from the viewpoint of the storage stability and flexibility of the light-shielding sheet and the container.
[0087] In the present invention, the total thickness of the light-shielding sheet and the container is preferably 50 pm
to 2000 pm and more preferably 100 pm to 1200 pm although an appropriate range thereof varies depending on use
of the container. When the total thickness is 50 um or smaller, there is a possibility of lowering of strength for a sheet
and a container. On the other hand, when the total thickness is larger than 2000 pm, a thickness of larger than 2000
pm is not required for a sheet and a container and an increase in cost is caused. Thus, this case is not preferable.
[0088] The light-shielding sheet and the container of the present invention are applicable to a sheet and a container
in which pharmaceutical products and medical supplies, such as a blister sheet, an infusion solution and liquid medicine
bag, a plastic ampoule and vial, and a plastic syringe, and drugs, various cosmetics, or foods can be stored. Although
the contents are not particularly limited, the sheet and container can be used for contents such as powders, capsules,
tablets, granules, oraldisintegration tablets, and liquids and liquid contents. Among these, when the contents are contents
that are approved by regulations for plastic pharmaceutical containers of the Japanese Pharmacopoeia, a higher effect
is obtained and this case is preferable. The contents are liquids for pharmaceutical or medical use, and particularly for
injections such as an infusion solution and a liquid medicine, from the viewpoint of the safety and hygiene of the contents,
the light-shielding sheet and the container of the present invention by which various problems resulting from elution from
light-shielding substances are solved are suitable. In the present invention, a liquid for pharmaceutical or medical use,
as contents, is poured into a pouch, a soft bag, an ampoule, or a vial container and the container is sealed. Then, it is
possible to solve a problem of elution or bleeding out of light-shielding substances when the container is stored at a high
temperature of 50°C or higher or subjected to a heat treatment represented as hot filling at 70°C to 95°C, an inactivation
treatment of viruses and the like at 60°C to 70°C, a high pressure steam sterilization treatment at a temperature of 100°C
or higher, or the like. Particularly, even when the container is subjected to high pressure steam sterilization at a temper-
ature of 110°C or higher and then used, there is a high possibility of the above problem arising and thus the light-shielding
sheet and the container of the present invention are most suitable.

[0089] A drug to which the light-shielding sheet and the container of the present invention are applicable is not par-
ticularly limited as long as the drug is a known drug in which deterioration and lowering of titer occur by ultraviolet rays.
Examplesthereof include diltiazem, nifedipine, nisoldipine, carbamazepine, nitrendipine verapamil, azasetron, paclitaxel,
thiamine, amlodipine, olopatadine, palonosetron, irinotecan, epoprostenol, riboflavin, cyanocobalamin, pyridoxine, nic-
otinic acid amide, panthenol, biotin, ascorbic acid, cholecalciferol, tocopherol, phytonadione, ozagrel hydrochloride,
olopatadine, ketoprofen, somatropin, menatetrenone, benidipine, and mecobalamin. Particularly, the application of the
sheet and the container to levofloxacin which is deteriorated by ultraviolet rays and a derivative or modification thereof
(ofloxacin, tosufloxacin, sparfloxacin, norfloxacin, enoxacin, ciprofloxacin, lomefloxacin, nalidixic acid, pipemidic acid,
piromidic acid, and the like), palonosetron hydrochloride and a derivative or modification thereof is most preferable from
the viewpoint of preventing drug deterioration.

[Examples]

[0090] Hereinafter, the present invention will be described in detail by way of Examples and Comparative Examples,
which should not be construed as limiting the invention thereto.

[Examples and Comparative Examples]

[0091] According to the configurations shown in FIGS. 1A to 1G, multilayer sheets having three or more layers of a
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light-shielding layer, an eluate-blocking layer A, and an eluate-blocking layer B and containers were formed. The detailed
configurations are specifically shown in Table 1.

[0092] As the resins for forming the sheets and containers, the following a to j were used for the light-shielding layer
and the following | to Xl were used for the eluate-blocking layers A and B.

a: Linear low-density polyethylene having a density of 0.908 and linear low-density polyethylene having a melting
point of 105°C (Harmolex, produced by Japan Polyethylene Corporation)

b: Metallocene-based linear low-density polyethylene having a density of 0.924 and a melting point of 120°C) {(Umerit,
produced by Ube-Maruzen polyethylene)

c: High-density polyethylene having a density of 0.953 and a melting point of 132°C (Novatec, produced by Japan
Polyethylene Corporation)

d: Ziegler-based linear low-density polyethylene having a density of 0.923 and a melting point of 120°C (Moretec,
produced by Prime Polymer)

e: Polypropylene having a density of 0.90 and a melting point of 135°C (Wintec, produced by Japan Polypropylene
Corporation)

f: Cyclic polyolefin having a glass transition temperature of 136°C (Zeonex, produced by Nippon Zeon Co., Ltd.)
g: Cyclic polyolefin having a glass transition temperature of 135°C (Apel, produced by Mitsui Chemicals Inc.)

h: Fluorine-based resin having a density of 2.12 (Neofuron, produced by Daikin Kogyo Co., Lid.)

i- Polyester-based resin having a density of 1.34 (isophthalic acid-modified polyester)

j: Cyclic polyolefin having a glass transition temperature of 75°C (Apel, produced by Mitsui Chemicals Inc.)

[0093]

I: Cyclic polyolefin having a glass transition temperature of 136°C (Zeonex, produced by Nippon Zeon Co., Ltd.)
II: Cyclic polyolefin having a glass transition temperature of 135°C (Apel, produced by Mitsui Chemicals Inc.)

ll: Cyclic polyolefin having a glass transition temperature of 165°C (Zeonoa, produced by Nippon Zeon Co., Ltd.)
IV: Cyclic polyolefin having a glass transition temperature of 105°C (Zeonoa, produced by Nippon Zeon Co., Ltd.)
V: Cyclic polyolefin having a glass transition temperature of 75°C (Zeonoa, produced by Nippon Zeon Co., Ltd.)
VI: Fluorine-based resin having a density of 2.12 (Neofuron, produced by Daikin Kogyo Co., Ltd.)

VII: Cyclic polyolefin having a glass transition temperature of 138°C (Topas, produced by Daicel Polymer Ltd.)
VIlI: Fluorine-based resin having a density of 2.1 (polychloro frifluoro ethylene)

IX: Fluorine-based resin having a density of 1.74 (Neofuron, produced by Daikin Kogyo Co., Ltd.)

X: Polyester-based resin having a density of 1.34 (copolymer of terephthalic acid, isophthalic acid, and ethylene
glycol: isophthalic acid-modified polyester)

Xl: Cyclic polyolefin having a glass transition temperature of 80°C (Apel, produced by Mitsui Chemicals Inc.)

Xll: Cyclic polyolefin having a glass transition temperature of 75°C (Apel, produced by Mitsui Chemicals Inc.)

[0094] Since different resins are used for each layer as resins for forming the films and the containers, an adhesive
resin may be used. The following a to e were used. The following o to s were used as light-shielding layers by incorporating
light-shielding substances into the adhesive resin layer.

o Admer (produced by Mitsui Chemicals Inc.)

f3: Modic (produced by Mitsubishi Plastics, Inc.)

y: Polyamide-based elastomer (produced by Daicel-Degussa, Ltd.)

8: Polyamide-based resin nylon 12 (produced by Ube Industries, Ltd.)

¢ Resin obtained by mixing Harmolex (produced by Japan Polyethylene Corporation) and Wintec (produced by
Japan Polypropylene Corporation) at 2:8

[0095] As resins for forming the films and the containers, an innermost layer, or an outermost layer, and other resin
layers may be laminated and the above a to j, | to Xll, and « to ¢ were used.
[0096] As the light-shielding substances used for the light-shielding layer, the following (1) to (9) were used.

[0097] The concentration used herein refers to % by weight of the following components incorporated into the light-
shielding layer.

(1:

First component:
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2-[5-chloro(2H)-benzotriazol-2-yl]-4-methyl-6-(tert-butyl)phenol

(concentration: 0.9%)
Second component:

2,4-bis(2,4-dimethylphenyl)-6-(2-hydroxy-4-n-octyloxyphenyl-1,3,5-triazine

(concentration: 0.25%)
Third component: 2,2’,4,4’-tetrahydroxy benzophenone (concentration: 0.25%)

First component:

2-[5-chloro(2H)-benzotriazol-2-yl]-4-methyl-6-(tert-butyl)phenol

(concentration: 0.5%)
Second component:

2,4-bis(2,4-dimethylphenyl)-6-(2-hydroxy-4-n-octyloxyphenyl-1,3,5-triazine

(concentration: 0.5%)
Third component: 2,2°,4,4’-tetrahydroxy benzophenone (density: 0.5%)

First component:

2-[5-chloro(2H)-benzotriazol-2-yl]-4-methyl-6-(tert-butyl)phenol

(concentration: 0.9%)
Second component: Zinc oxide (concentration: 0.9%)

First component:

2-[5-chloro(2H)-benzotriazol-2-yl]-4-methyl-6-(tert-butyl)phenol

(concentration: 0.75%)
Second component: YELLOW #021 (PEX MASTER COROR, produced by TOKYO PRINTING INK
MFG.CO.,LTD.) (concentration: 6%)

First component:

2-[5-chloro(2H)-benzotriazol-2-yl]-4-methyl-6-(tert-butyl)phenol

(concentration: 1.8%)
Second component: 2-hydroxy-4-n-octyloxybenzophenone (concentration: 0.5%)
Third component: 2,5-thiophenediyl(5-tert-butyl-1,3-benzoxazole) (concentration: 0.3%)

First component:

2-[5-chloro(2H)-benzotriazol-2-yl]-4-methyl-6-(tert-butyl)phenol
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(concentration: 0.3%)
Second component: 2-hydroxy-4-n-octyloxybenzophenone (concentration: 0.25%)
Third component: 2,5-thiophenediyl(5-tert-butyl-1,3-benzoxazole) (concentration: 0.05%)
Fourth component:
2(2’-hydroxy-3’-tert-butyl-5’-methylphenyl)-5-chlorobenzotriazol

(concentration: 0.3%)

First component:
2-[5-chloro(2H)-benzotriazol-2-yl]-4-methyl-6-(tert-butyl)phenol

(concentration: 0.3%)
Second component:

2,4-bis(2,4-dimethylphenyl)-6-(2-hydroxy-4-n-octyloxyphenyl-1,3,5-triazine

(concentration: 0.3%)
Third component: 2,5-thiophenediyl(5-tert-butyl-1,3-benzoxazole) (concentration: 0.05%)

First component:
2-[5-chloro(2H)-benzotriazol-2-yl]-4-methyl-6-(tert-butyl)phenol

(concentration: 0.15%)
Second component: Zinc oxide (concentration: 10%)

First component:
2-[5-chloro(2H)-benzotriazol-2-yl]-4-methyl-6-(tert-butyl)phenol (concentration: 0.075%)

Second component: 2-hydroxy-4-n-octyloxybenzophenone (concentration: 0.25%)
Third component: 3,5-di-tert-butyl-4-hydroxybenzoate 2,4-di-tert-butylphenyl (concentration: 0.075%)
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[Table 1]
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4 0 ¢} D) 0 0 0 Q a 0 o a 0 0 0 0 0 D) Q ¢ ) 0
Conliguration in 11G. 1 @@ @] @] @] @] [ORRONECNECEINCH e | D @ [ @@ | © O © | @ B | @ | @ || &b |
) ) ) )
Form of sheet or S0 | So | S [ So | So [ So | So | Blis So | So | So | So | Ampo | So | Blis | Se | So | So | So | So | Dlis | Blis | Bls | Blis So | Vi 80 | Se | S¢ | Ampo
container £ f f i3 f a a ter f I a a ule i3 ter n 1 ft 1 i3 ter ter ter ter i3 al fl a a ule
ta kT ba b ba Da Dba swee | ba bu Dt b ba shee | ba ba bat bat bt shee | shee | shee | sheg | ba ta bt Da
2 g |t t g t t t t 2

g 2 £ 2 g g 2 £ g 4 £ £ £ £ 2 2 g £ g
* When the celumn of the resin for the innermost layer of the eluate-blocking layer A is blank, the eluate-blocking layer is the innermost
layer.
* When the column of the resin for the outermost layer of the eluate-blocking layer B is blank, the eluate-blocking layer is the outermost

layer.

w2 s

* The mark “-” indicates that the layer with is not used in the configurations of the sheets and the containers.

[Production Method 1]

[0098] As structures shown in Table 1, in Examples 1 to 4, 10, 14, 19, 20, and 25 and Comparative Example 1, a
multilayer sheet was prepared by a co-extrusion T-die method. Then, the innermost layers of two sheets were stacked
to be opposite to each other as a seal layer and the periphery thereof was welded twice at a die temperature 175°C for
3 seconds. At this time, a metallocene-based linear low-density polyethylene having a density of 0.935 and a melting
point of 125°C was used at a part of the periphery to form a discharge outlet (port) through an injection molding method.
The discharge outlet was attached by welding which was carried out twice at a die temperature 200°C for 3 seconds to
prepare a soft bag for storing liquid having a volume of 100 ml.

[Production Method 2]

[0099] As the configuration shown in Table 1, in Examples 6 and 9, a multilayer sheet was prepared in the same
manner as in Production method 1 except that a co-extrusion water-cooling inflation method was used and then a soft
bag for storing liquid having a volume of 200 mL was prepared in the same manner as in Production Method 1.
[Production Method 3]

[0100] As the configuration shown in Table 1, in Examples 5, 7, 11, 16, 17, and 18, a multilayer sheet was prepared

in the same manner as in Production Method 1 except that the die temperature at the time of welding the periphery was
changed to 195°C and the material for the discharge outlet was changed to polypropylene having a density of 0.90 and
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a melting point of 135°C to carry out welding twice at 220°C for 3 seconds. Thus, a soft bag having a volume of 100 mL
was prepared.

[Production Method 4]

[0101] As the configuration shown in Table 1, in Examples 8 and 15, a multilayer sheet was prepared in the same
manner as in Production Method 1 to form a sheet for blister molding for storing oral pharmaceutical products (tablets).

[Production Method 5]

[0102] As the configuration shown in Table 1, in Example 12, a multilayer sheet was prepared in the same manner
as in Production Method 1 except that the die temperature at the time of welding the periphery was changed to 195°C
for 4 seconds and the material for the discharge outlet was changed to cyclic polyolefin having a glass transition tem-
perature of 136°C to carry out welding twice at 225°C for 6 seconds. Thus, a soft bag having a volume of 100 mL was
prepared.

[Production Method 6]

[0103] As the configuration shown in Table 1, in Example 13, a molten resin (parison) extruded from a circular die
was interposed between two dies while putting air into the dies and thus an ampoule container was prepared by a co-
extrusion direct blow molding method.

[Production Method 7]

[0104] As the configuration shown in Table 1, in Examples 21 to 24, a multilayer sheet was prepared in the same
manner as in Production Method 1 to form a sheet for blister molding for storing oral pharmaceutical products (tablets).

[Production Method 8]

[0105] As the configuration shown in Table 1, in Example 26, a molten resin (parison) extruded from a circular die
was interposed between two dies while putting air into the dies and thus a vial container for storing power and liquid
was prepared by a co-extrusion direct blow molding method.

[Production Method 9]

[0106] As the configuration shown in Table 1, in Comparative Examples 1 and 3, a soft bag for storing liquid was
prepared in the same manner as in Production Method 1.

[Production Method 10]

[0107] As the configuration shown in Table 1, in Comparative Example 2, a soft bag for storing liquid was prepared
in the same manner as in Production Method 3.

[Production Method 11]

[0108] As the configuration shown in Table 1, in Comparative Example 4, an ampoule container was prepared in the
same manner as in Production Method 6.

[Evaluation Method)]

[0109] The following evaluation was performed on the light-shielding sheet and the container of the present invention.
[0110] In order to evaluate light-shielding properties, a part of each sheet and container of the above Examples and
Comparative Examples was cut and evaluated using an ultraviolet and visible spectrophotometer.

[0111] The testing method for pharmaceutical containers of the Japanese Pharmacopoeia, Sixteenth Edition, was
carried out by cutting some of the sheets and containers of the above Examples and Comparative Examples. In an
eluate test, soft bags having different volumes were prepared and filled with purified water as liquid contents. After the
bags were sealed, extraction at 100°C for 2 hours was carried out and then evaluation was carried out. The results are
shown in Table 2.
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[Table 2]
Fxampls Comparative Examplc
2 3 4 5 & 7 8 9 10 1 1z 1 14 15 16 17 18 19 20 21 22 23 24 23 2 1
3 &
Ligi-shieldin 380 nen [¥h) 0. <. 0. 0. [ D} 0. 0 0. 0. 0 . O 0. 42 0. 0 . o §) 0. Q. 0. 1. 4] 0 . 0. 0. 0
¢ performance 1 1 2 2 1 3 3 1 3 3 3 2 1 3 2 2 3 1 1 9 8 8 1 1 2
A00 nm (%) 13 7 27 15 12 17 16 19 £33 20 17 15 B 21 1% 11 15 19 o8 8. A 28 25 25 0. 6 11 0. 29 9
4 4 4 2 2
450 nm (Y%) 69 56 77 75 68 75 75 63 73 73 72 70 5 73 75 13 75 74 2 83 B4 36 79 ®1 R0 5 70 &) R 3
7 7 4 8
Test 1. Ileavy metsl (8] O 8] 8] 8] O O (o] 8] (8] O 8] (o] O Q [¢] O o O 8] (o] O 8] O O 5] 8] 8] (¢} o
af 2.Tead O O O O O O Q O 8] O Q e} 9] O a 8] O Q O o) O [s] O O 8] 0 O O O O
pharmaceutica 3. Cadmium O O 0 O ) O aQ Q O O O a O Q 9] 0 O O O 9] O O 0 Q 9] n O O [e) O
| containers of 4. (i) Foaming ] 0o o] (o] 0 (o) 8] (o] o] o o 8] o o o 0 O 8] o o] o (o) 0 O o (e} x (o] [¢] o
Japanese | Ruat [ (i) pH o [0 o [o]o o o oo |o|olo oo oo [o oo oo oo oo [olo o oo
Phamacopoet | ¢ Gin O ]o (0|00 |00 G000 |00 |O]Oo 0[]0 [0 [0 0|00 ][00 ][0 [0][x [x |x [x
& Sixizenth Potassiom
Fdition perinanganat
e Teducing
susblance
(iv) (e} L) o (9] 0 (o) O (8] (8] (e} jel o [e) (o) Q (&) O o (o] o] o O 0 (o] (o] (o} X X x X
Ultraviolet
ansorption
spocliui
220nm or [s] 0 9 O [ [8] [8) [s] [5) [8] [¢] [5) [CINe) 8] o) [e) [8] [&) ¢ s} [e] Q [e) [€) O | x X X X
longer and.
shorter than
240nm
241 nm or O O 9] O O O O & o] O O 0 O o Q ¢} O O O O O O 0 O O (o] x i = x
Longer and
330 nm or
shorter
{v) () Lol o] o] o Q [9) (e} o] (&) o o] (e} Q 8] o O (&) (9] 8] o Q 0 O (9] [0 X X X X
Fuaporation
residuc
Cytotoxicity (e} Lo o (o] 0 (8] 8] (o] o] (e} e} 0 Q (o] o] 0 O (e} 0 o] [s] (o) 0 (o] (e s} - - -
test

*The mark “O” means that the result is adequate.
* The mark “X” means the result is inadequate.

* The mark “-” means that the test is not carried out.

[0112] In Examples 1to 26, regarding light-shielding performance, light transmittance at 380 nm was 0% to 0.9%, the
light transmittance at 400 nm was 0.2% to 28%, and the light transmittance at 450 nm was 56% to 84%. In addition, the
results satisfied a total light transmittance of 55% or higher at 450 nm, prescribed in the Japanese Pharmacopoeia and
there was no problem in the results of the elution test.

[0113] In addition, in Examples 1 to 8, 13 to 15, 19 to 23, and 26 (configurations having the eluate-blocking layer B),
there was no stickiness on the outside of the sheets and containers and bleeding out could be prevented. In addition,
in Examples 9 to 12, 16 to 18, 24, and 25, since a resin layer which hardly allows elution of light-shielding substances
to the light-shielding layer was provided, there was no stickiness on the outside of the sheet and containers and bleeding
out could be prevented without the eluate-blocking layer B.

[0114] On the other hand, in Comparative Examples 1 to 4, irrespective of selection of light-shielding substances, all
the containers were determined to be inadequate in the elution test.

[0115] Further, there was stickiness on the outside of the containers and bleeding out could not be prevented.

Reference Signs List
[0116]

LIGHT-SHIELDING LAYER
ELUATE-BLOCKING LAYER A
INNERMOST LAYER
OUTERMOST LAYER
ELUATE-BLOCKING LAYER B

g~ wWwN -

Claims

1. A light-shielding sheet that has a multilayer structure of three or more layers comprising one or more of the group
consisting of one or more light-shielding layers and one or more eluate-blocking layers,
wherein the light-shielding layer is made of a resin containing at least one of an ultraviolet absorber, an organic
pigment, an inorganic pigment, an inorganic substance, a colored pigment, a fluorescent brightening agent, and a
dye, and is provided in an intermediate layer of the sheet, and
the eluate-blocking layer is provided on at least one surface of the sheet or between at least one surface of the
sheet and the light-shielding layer.
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The light-shielding sheet according to claim 1,
wherein a total light transmittance of the sheet having the multilayer structure at a wavelength of 380 nm or shorter
is 1% or lower and a total light transmittance at a wavelength of 380 nm to 400 nm is 30% or lower.

The light-shielding sheet according to claim 1,
wherein the eluate-blocking layer has any one of a cyclic polyolefin-based resin, a fluorine-based resin, a polyester-
based resin, and a polyamide-based resin as a main component.

The light-shielding sheet according to claim 1,
wherein the light-shielding layer has any one of a cyclic polyolefin-basedresin, a fluorine-basedresin, and a polyester-
based resin as a main component.

The light-shielding sheet according to claim 1,

wherein the light-shielding layer has at least any one of a linear low-density polyethylene-based resin having a
density of 0.905 or higher, a high-density polyethylene-based resin having a density of 0.94 or higher, and a poly-
propylene-based resin having a density of 0.88 or higher as a main component.

The light-shielding sheet according to claim 1,
wherein a cyclic polyolefin-based resin is used for the eluate-blocking layer and the light-shielding layer and a glass
transition temperature thereof is 60°C or higher.

The light-shielding sheet according to claim 6,
wherein the glass transition temperature of the cyclic polyolefin-based resin is 110°C or higher.

The light-shielding sheet according to claim 1,
wherein the eluate-blocking layer and the light-shielding layer have a fluorine-based resin as a main component, and
a density of the fluorine-based resin is 1.3 g/cm3or higher.

The light-shielding sheet according to claim 1,
wherein a total light transmittance at a wavelength of 450 nm or longer is 15% or higher.

The light-shielding sheet according to claim 9,
wherein the total light transmittance at a wavelength of 450 nm or longer is 55% or higher.

A light-shielding container that is produced using the light-shielding sheet according to claim 1.

A container

wherein a solution for pharmaceutical and medical use is stored in the light-shielding container according to claim
11 as contents and

the container is sterilized with high pressure steam at a temperature of 101°C or higher.

The container according to claim 11,

wherein the solution for pharmaceutical and medical use is a liquid drug in which at least one of deterioration,
lowering of titer, and impurity formation is caused by one or more of the group consisting of ultraviolet light and
visible light at a wavelength range of 220 nm to 450 nm.

The container according to claim 13,
wherein the drug includes one of the group consisting of levofloxacin, a derivative thereof, and a modification thereof.

The container according to claim 13,
wherein the drug includes one of the group consisting of palonosetron hydrochloride, a derivative thereof, and a
modification thereof.
A method of producing a light-shielding container comprising:
producing a container using the light-shielding sheet according to claim 1 by one or more methods selected

from the group consisting of extrusion direct blow molding, extrusion drawing blow molding, multidimensional
blow molding, exchange blow molding, injection blow molding, injection drawing blow molding, multilayer blow
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molding, and multilayer injection blow molding.
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FIG. 1A

FIG. 1B

FIG. 1C

17/300
22



EP 3 000 750 A1

FIG. 1D

FIG. 1E

5
FIG. 1F

5
FIG. 1G
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Description

[0001] The presentinvention relates to ethylene polymers having a high density and high purity. The invention further
relates to the production of such ethylene polymers. The invention further relates to the use of such ethylene polymers.
The invention further relates to polymer compositions and films comprising such ethylene polymers.

[0002] Ethylene polymers are well known inthe art. There are a great variety of applications in which ethylene polymers
find their field of application. A great variety of ethylene polymers are available, having properties rendering them suitable
for specific applications. The family of ethylene polymers comprises for example low-density polyethylenes (also referred
to as LDPE), linear low-density polyethylenes (also referred to as LLDPE), and high-density polyethylenes (also referred
to as HDPE). These types of ethylene polymers are well known in the art. The production processes of these ethylene
polymers are for example described in "Handbook of Polyethylene" by Andrew Peacock (2000; Dekker; ISBN
0824795466) at pages 43-66.

[0003] Onetype of ethylene polymers is high-density polyethylene. High-density polyethylenes are polymers that have
amongst others certain low permeability to oxygen and water vapour. High-density polyethylenes are commonly produced
in catalytic polymerisation processes. The catalystsystems that may be applied in such catalytic polymerisation processes
are for example catalyst systems of the Ziegler type, of the Phillips type, and/or of the single-site type. These types of
catalyst systems are well known in the art and for example described in Lloyd, L., *Olefin Polymerization Catalysts’, in
‘Handbook of Industrial Catalysts’, p. 311-350, ISBN: 978-0-387-24682-6, 2011.High-density polyethylenes may for
example have a density as measured according to 1SO 1183-1 (2012), method A of > 935 and < 970 kg/m3.

[0004] High-density polyethylenes produced via catalytic polymerisation processes have certain drawbacks. For ex-
ample, such high-density polyethylenes may contain traces of undesirable compounds originating from the catalyst
system used in the production of such high-density polyethylenes.

[0005] High-density polyethylenes produced via catalytic polymerisation processes in the presence of catalyst systems
of the Ziegler type commonly contain traces of tetrahydrofuran. High-density polyethylenes produced via catalytic po-
lymerisation processes in the presence of catalyst systems of the Phillips type commonly contain traces of chromium.
High-density polyethylenes produced via catalytic polymerisation processes in the presence of catalyst systems of the
single-site type commonly contain traces of zirconium and/or hafnium.

[0006] Chromium is known to have detrimental effects. Chromium compounds, in particular those containing chromium
(V) are suspected carcinogenic and mutagenic, and may cause health problems such as for example allergic reactions,
skin rash, nose irritations and nose bleed, ulcers, weakened immune system, and damage to internal organs such as
liver and kidney. Both tetrahydrofuran and chromium are undesirable to be present in polymer materials that are intended
for use in food contact applications for health reasons. The use of tetrahydrofuran and chromium in the production
process of high density polyethylene is also undesirable in view of workers health. This is for example presented in US
Dept. of Labor report OSHA 3373-10 2009 'Hexavalent Chromium’, which presents the hazards of workers exposed to
chromium (Vi), and in US Dept. of Labor OSHA report 'Occupational Health Guideline for Tetrahydrofuran’, Feb. 1978,
which present the hazards of workers exposed to tetrahydrofuran. Tetrahydrofuran is also suspected carcinogenic.
[0007] In the context of the present invention, essentially free of tetrahydrofuran means that the ethylene polymer
comprises for example at most 40 ppm of tetrahydrofuran, alternatively at most 20 ppm, alternatively at most 10 ppm,
alternatively at most 5 ppm, alternatively at most 2 ppm. In the context of the present invention, essentially free of
chromium means that the ethylene polymer comprises forexample atmost 20 ppm of chromium or compounds comprising
chromium atoms, alternatively at most 10 ppm, alternatively at most 5 ppm, alternatively at most 2 ppm. In the context
of the present invention, essentially free of zirconium means that the ethylene polymer comprises for example at most
20 ppm of zirconium or compounds comprising zirconium atoms, alternatively at most 10 ppm, alternatively at most 5
ppm, alternatively at most 2 ppm. In the context of the present invention, essentially free of hafnium means that the
ethylene polymer comprises for example at most 20 ppm of hafnium or compounds comprising hafnium atoms, alterna-
tively at most 10 ppm, alternatively at most 5 ppm, alternatively at most 2 ppm. In the context of the present invention,
‘ppm’ is to be understood to be the parts per million of weight, being the number of weight units per million weight units
of the ethylene polymer.

[0008] Such traces may be detrimental for the long-term stability of the ethylene polymer. Also, such traces may render
the ethylene polymer unsuitable for certain areas of application where a high purity is required. Such areas of application
include for example certain food packaging applications, such as flexible films for packaging of fresh foods such as for
example fruitjuices, dairy products, meat, cheese, fish, fruits, vegetables and/or baked goods. High-density polyethylenes
produced via catalytic polymerisation processes may lack the level of purity that is required for such applications. In-
creasingly stringent regulations in the field of product health and safety require an ever increasing need for reduction of
impurities present in materials to be used in such applications.

[0009] Therefore, it is apparent that there is an ongoing need for the development of ethylene polymers having a high
density, a low oxygen permeability and a low water vapour permeability, and also having a high purity.

[0010] This objective has now been achieved according to the present invention by an ethylene polymer comprising
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in the polymer chain recurring units according to formula I:

Formula |
wherein R may for example be a moiety comprising =1 and <10 carbon atoms; wherein

+ the ethylene polymer may for example have a molecular weight distribution defined as the ratio between the weight
average molecular weight M,, and the number average molecular weight M,,, (M,,/M,,) as determined according to
ASTM D-6474 (2012) of > 3.0 and < 13.0;

* the ethylene polymer may for example have a melting temperature as determined according to ISO 11357-3 (2011)
at a heating rate of 10 K of > 115 °C;

* the ethylene polymer may for example have a density as measured according to ISO 1183-1 (2012), method A of
> 935 and < 960 kg/m3;

* the ethylene polymer may for example be essentially free from chromium, hafnium, zirconium and tetrahydrofuran;

« forthe fraction of the ethylene polymer having a molecular weight > 100 kg/mol, the intrinsic viscosity of the ethylene
polymer may for example be related to the molecular weight according to the inequality:

log I.V.< 0.65 = log M — 3.10

wherein 1.V. is the intrinsic viscosity, expressed in dl/g, of a fraction of the ethylene polymer having a molecular
weight M, the molecular weight M expressed in kg/mol;

wherein the molecular weight may be determined via Size Exclusion Chromatography (SEC) according to 1SO
16014-1 (2012);

and wherein the intrinsic viscosity may be determined via differential viscometry of the fractions obtained from
SEC, in accordance with ASTM D5225 (2014).

[0011] Ethylene polymers according to the invention may for example have improved barrier properties, such as for
example low oxygen permeability and water vapour permeability. Such ethylene polymers for example have a high Vicat
softening temperature. For example, such ethylene polymers have a high purity. Such ethylene polymers have an
advantageous balance of processability and barrier properties, such as for example low oxygen permeability and water
vapour permeability. Such advantageous balance of processability and barrier properties may for example result from
a certain degree of long-chain branching in the ethylene polymers. Such ethylene polymers may for example have a
high purity as they are essentially free from chromium, zirconium, hafnium and tetrahydrofuran.

[0012] Ethylene polymers according to the invention having such relation of the intrinsic viscosity to the molecular
weight may for example have a high melt elasticity, low sagging, a low energy consumption in melt processing, a good
bubble stability in blow film production, and good processability.

[0013] Alternatively, the present invention relates to an ethylene polymer wherein for the fraction of the ethylene
polymer having a molecular weight > 100 kg/mol, alternatively > 200 kg/mol, alternatively > 300 kg/mol, alternatively >
400 kg/mol, alternatively > 500 kg/mol, the intrinsic viscosity of the ethylene polymer is related to the molecular weight
according to the inequality:

logl.V.< 0.60 = logM — 2.85

[0014] In the context of the present invention, recurring units are to be understood to be units of the polymer molecule
that together form the polymer chain. Such units may for example be originating from unsaturated monomers comprising
at least one carbon-carbon double bond capable of reacting in free-radical polymerisation reactions. For example, such
unsaturated monomers may be olefinic monomers. Such free-radical addition polymerisation mechanisms are well
known in the art and for example described in ’Introduction to Polymer’, Young et al, Chapman & Hall, 1995, p. 43-68.
[0015] The molecular weight may be determined via Size Exclusion Chromatography (SEC) using for example a
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Polymer Laboratories PL-GPC220 high-temperature GPC/SEC system, to obtain fractions of the ethylene polymer having
a certain molecular weight. For example, as column set may be used three Polymer Laboratories 13 pm PLgel Olexis,
300 x 7.5 mm. For example, the calibration for the molar mass may be performed with a linear polyethylene as standard.
The molecular weight may be determined according to ISO 16014-1 (2012).

[0016] The intrinsic viscosity of the obtained fractions may be determined using a Polymer Laboratories BV-400
viscometer. Refractive index detector: Polymer Char IR5 infrared detector. The intrinsic viscosity may be determined in
accordance with ASTM D5225 (2014).

[0017] In an embodiment, the ethylene polymers comprising recurring units derived from cyclic olefin comonomers
according to the present invention may for example be produced in a high-pressure free-radical polymerisation process.
[0018] Inanembodiment, the presentinventionrelatesto an ethylene polymer wherein R may for example be a moiety
selected from linear alkanes, branched alkanes, cyclic alkanes, linear alkenes, branched alkenes or cyclic alkenes.
[0019] For example, R may be a linear alkane having 4 carbon atoms. Alternatively, R may be a linear alkane having
6 carbon atoms.

[0020] The present invention further relates to an ethylene polymer wherein R may for example be a moiety selected
from -CyHy-, -C3Hg-, -C4Hg-, -CsH g, -CgHqo-

[0021] The present invention also relates to an ethylene polymer wherein the ethylene polymer may for example be
produced by reacting a reaction mixture comprising ethylene and one or more cyclic olefin comonomers.

[0022] The present invention also relates to an ethylene polymer wherein the ethylene polymer may for example
comprise > 0.05 % and <6.00 % of moieties according to formula | compared to the total number of recurring moieties
in the ethylene copolymer.

[0023] For example, the ethylene comprises = 0.05%, alternatively > 0.10%, alternatively > 0.20%, alternatively >
0.30%, alternatively > 0.50% of moieties according to formula | compared to the total number of recurring moieties in
the ethylene copolymer.

[0024] For example, the ethylene comprises < 6.00%, alternatively < 4.00%, alternatively < 3.00%, alternatively <
2.00%, alternatively < 1.00% of moieties according to formula | compared to the total number of recurring moieties in
the ethylene copolymer.

[0025] For example, the ethylene comprises > 0.05% and < 6.00%, alternatively > 0.10% and < 3.00%, alternatively
> 0.20% and < 2.00%, of moieties according to formula 1 compared to the total number of recurring moieties in the
ethylene copolymer.

[0026] Inanembaodiment, the ethylene polymers according to the presentinvention are produced using at least ethylene
and at least one cyclic olefin comonomer as feeds.

[0027] The cyclic olefin comonomers that may be used in the production of the ethylene polymers according to the
present invention may for example be selected from compounds represented by the molecular structure of formula II:

R

JAN

Formula Il

[0028] In which R is a moiety comprising 21 and <10 carbon atoms;

[0029] In an embodiment, the present invention relates to an ethylene polymer wherein the cyclic olefin comonomer
may for example be one or more selected from cyclobutene, cyclopentene, cyclohexene, cycloheptene, cyclooctene,
cyclooctadiene, cyclononene, cyclodecene, 1-methyl cyclohexene, 3-methyl cyclohexene, a-pinene, and/or norbornene.
[0030] In an embodiment, the present invention relates to an ethylene wherein reaction mixture may for example
comprise >0.10 and <2.00 mol% of the cyclic olefin comonomer compared to the total molar composition of the reaction
mixture.

[0031] For example, the reaction mixture may comprise 20.10 mol%, alternatively >0.20 mol%, alternatively > 0.30
mol% of the cyclic olefin comonomer, compared to the total molar composition of the reaction mixture.

[0032] For example, the reaction mixture may comprise < 2.00 mol%, alternatively < 1.00 mol%, alternatively < 0.50
mol% of the cyclic olefin comonomer, compared to the total molar composition of the reaction mixture.

[0033] For example, the reaction mixture may comprise 20.10 mol% and < 2.00 mol%, alternatively 20.20 mol% and
< 1.00 mol%, alternatively 20.30 mol% and < 0.50 mol% of the cyclic olefin comonomer, compared to the total molar
composition of the reaction mixture.

[0034] The reaction mixture is to be understood to be the total quantity of olefin monomers fed to the polymerisation
reaction.

[0035] In an embodiment, such cyclic olefin comonomers may be monocyclic olefin comonomers. Examples of such
monocyclic olefin comonomers include unsubstituted monocyclic olefins such as cyclobutene, cyclopentene, cyclohex-
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ene, cycloheptene, cyclooctene, cyclononene, and cyclodecene.

[0036] Examples of such monaocyclic olefin comonomers include substituted monaocyclic olefins. For example, such
substituted monocyclic olefins may be monosubstituted, disubstituted or trisubstituted. For example, such substituted
monaocyclic olefins may comprise as substituents one or more of each a methyl, ethyl and/or butyl group.

[0037] Alternatively, such cyclic olefin comonomers may be multicyclic olefin comonomers. Examples of such multi-
cyclic olefin comonomers include narbornene.

[0038] The cyclic olefin comonomers may for example comprise a single vinylic unsaturation in the cyclic structure.
Alternatively, the cyclic olefin comonomers may for example comprise multiple vinylic unsaturations in the cyclic structure,
such as two vinylic unsaturations. For example the cyclic olefin comonomers comprising multiple vinylic unsaturations
may be a cyclic diene. For example, such cyclic diene may be cyclooctadiene.

[0039] For example, the cyclic olefin comonomer may be cyclohexene, cyclooctene or cyclooctadiene.

[0040] Ethylene polymers according to the present invention may for example be produced in a high-pressure free
radical polymerisation process. Such polymerisation process may for example be conducted in an autoclave reactor.
Such autoclave reactor may for example be a reactor such as described in Nexant PERP Report 2013-2, ’Low Density
Polyethylene’, pages 48-63.

[0041] Alternatively, such polymerisation process may for example be conducted in a tubular reactor. Such tubular
reactor may for example be a reactor such as described in Nexant PERP Report 2013-2, 'Low Density Polyethylene’,
pages 31-48. Such tubular reactor may for example be operated at pressures ranging from 150 to 300 MPa. The tubular
reactor may have a tube length of for example between 1500 and 3000 m. The tubular reactor may for example have
a ratio of length to inner diameter of > 500:1, alternatively > 1000:1, alternatively > 5000:1. Such tubular reactors may
for example have an inner tubular diameter of > 0.01 m and < 0.20 m, alternatively = 0.05 m and < 0.15 m.

[0042] Forexample, such high-pressure free radical polymerisation process comprise more than one of said autoclave
reactors and/or said tubular reactors, for example positioned in series. For example, such high-pressure free radical
polymerisation process comprise two reactors in series. For example, the process may comprise a first polymerisation
in an autoclave reactor and a further polymerisation in a tubular reactor. Alternatively, the process may comprise a first
polymerisation in a tubular reactor and a further polymerisation in an autoclave reactor. Alternatively, the process may
comprise a first polymerisation in a tubular reactor and a further polymerisation in a further tubular reactor. Alternatively,
the process may comprise a first polymerisation in an autoclave reactor and a further polymerisation in an autoclave
reactor.

[0043] The autoclave process and the tubular process result in different chain architecture (Tacx et al., Palymer, Vol.
39, 1998, p. 3109-3113) and different malecular weight distribution of the polymer (Kaltenbacher, TAPPI, Vol. 50, 1967,
p. 20).

[0044] Polymerisation in a tubular reactor may for example have an advantage in that the consumption of utilities such
as electricity and cocling water per quantity of ethylene polymer that is produce, is lower compared to polymerisation in
autoclave reactors. Tubular reactors also have an advantage in that they may be built to produce larger quantities of
ethylene polymer on annual basis, compared to autoclave reactors.

[0045] For example, the ethylene polymer may be produced in a polymerisation process at a pressure of > 180 MPa
and <400 MPa.

[0046] For example, the ethylene polymer is produced in a polymerisation process at a pressure of > 180 MPa,
alternatively > 200 MPa, alternatively > 220 MPa, alternatively > 240 MPa, alternatively > 260 MPa.

[0047] In an embodiment, the ethylene palymer may for example be produced in a tubular reactor. The tubular reactor
may for example comprise an inlet and an outlet. The inlet may for example comprise a position for entering a first feed
stream into the tubular reactor.

[0048] The first feed stream thatis fed to the tubular reactor at the inlet of the tubular reactor may for example comprise
ethylene and comonomers. The first feed stream that is fed to the tubular reactor at the inlet of the tubular reactor may
for example comprise > 80.00%, alternatively > 85.00%, alternatively > 90.00%, alternatively > 95.00% by weight of
ethylene, compared to the total weight of said first feed stream that is fed to the tubular reactor at the inlet of the tubular
reactor. The first stream that is fed to the inlet of the tubular reactor may for example comprise < 99.99%, alternatively
<99.95%, alternatively < 99.90%, alternatively < 99.50% by weight of ethylene, compared to the total weight of said first
feed stream that is fed to the tubular reactor at the inlet of the tubular reactor. For example, the first feed stream that is
fed to the tubular reactor at the inlet if the tubular reactor may comprise > 80.00% and < 99.99%, alternatively > 85.00%
and <99.90%, alternatively > 90.00% and < 99.50% by weight of ethylene, compared to the total weight of said first feed
stream that is fed to the tubular reactor at the inlet of the tubular reactor.

[0049] The first feed stream that is fed to the tubular reactor at the inlet of the tubular reactor may for example comprise
< 5.00%, alternatively < 3.00%, alternatively < 1.00%, alternatively < 0.50%, alternatively < 0.30% by weight of comon-
omers, compared to the total weight of said first feed stream that is fed to the tubular reactor at the inlet of the tubular
reactor. The first feed stream that is fed to the inlet of the tubular reactor may for example comprise > 0.01%, alternatively
> 0.02%, alternatively > 0.05%, alternatively > 0.10% by weight of comonomers, compared to the total weight of said
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first feed stream that is fed to the tubular reactor at the inlet of the tubular reactor. For example, the first feed stream
that is fed to the tubular reactor at the inlet of the tubular reactor may comprise > 0.01 % and < 5.00%, alternatively >
0.05% and < 1.00%, alternatively > 0.10% and < 0.50% by weight of comonomers, compared to the total weight of said
first feed stream that is fed to the inlet of the tubular reactor.

[0050] The inletfor entering a first feed stream at the inlet of the tubular reactor may for example also be used to feed
first additional compound streams to the tubular reactor. Such first additional compound streams may for example
comprise initiators. Such initiators may for example be used to control the polymerisation. Such initiator may for example
be an initiator composition comprising one or more selected from organic peroxides or azo compounds. Suitable organic
peroxides may for example include diacyl peroxides, dialkyl peroxides, peroxymonocarbonates, peroxydicarbonates,
peroxyketals, peroxyesters, cyclic peroxides, hydroperoxides. Suitable azo compounds may for example include 2,2’-
azodi(isobutyronitrile), 2,2’-azodi(2-methylbutyronitrile), 1,1’-azodi(hexahydrobenzonitrile).

[0051] Examples of suitable diacyl peroxides are diisobutyryl peroxide, di(3,5,5-trimethylhexanoyl) peroxide, dilauroyl
peroxide, didecanoyl peroxide, dibenzoy!| peroxide.

[0052] Examples of suitable dialkyl peroxides are dicumyl peroxide, di(tert-butylperoxyisopropyl)benzene, 2,5-dime-
thyl-2,5-di(tert-butylperoxy)hexane, tert-butyl cumyl peroxide, 2,5-dimethyl-2,5-di(tert-butylperoxy)hexyne, di-tert-butyl
peroxide, di-isononanoyl peroxide, di-tert-amyl peroxide, didecanoyl peroxide.

[0053] In an embodiment, the free radical initiator composition may for example comprise 2,5-dimethyl-2,5-di(tert-
butylperoxy)hexane.

[0054] Examples of suitable peroxymonocarbonates are tert-amylperoxy 2-ethylhexyl carbonate, tert-butylperoxy iso-
propyl carbonate, tert-butylperoxy 2-ethylhexyl carbonate.

[0055] Examples of suitable peroxydicarbonates are di(3-methoxybutyl)peroxydicarbonate, di-sec-butyl peroxydicar-
bonate, diisopropyl peroxydicarbonate, di(4-tert-butylcyclohexyl) peroxydicarbonate, di(2-ethylhexyl) peroxydicarbo-
nate, dibutyl peroxydicarbonate, diacetyl peroxy dicarbonate, dimyristyl peroxydicarbonate, dicyclohexyl peroxydicar-
bonate.

[0056] Examplesofsuitable peroxyketals are 1,1-di(tert-butyl peroxy)-3,5,5-trimethylcyclohexane, 1,1-di(tert-amyl per-
oxy)cyclohexane, 1,1-di(tert-butyl peroxy)cyclohexane, 2,2-di{tert-butyl peroxy)butane, butyl 4,4-di(tert-butyl per-
oxy)valerate, n-ethyl-4,4-di-(tert-butylperoxy)valerate, ethyl-3,3-di(tert-butylperoxy)butyrate, ethyl-3,3-di(tert-amylper-
oxy)butyrate.

[0057] Examples of suitable peroxyesters are cumyl peroxyneodecanoate, 1,1,3,3,-tetramethylbutylperoxyneo-
decanoate, cumyl peroxyneoheptanoate, tert-amyl peroxyneodecanoate, tert-butyl peroxyneodecanoate, tert-butyl per-
oxyisononanoate, tert-butyl permaleate, tert-butyl peroxydiethylisobutyrate, 1,1,3,3-tetramethylbuty| peroxypivalate, tert-
butyl peroxyneoheptanoate, tert-amyl peroxypivalate, tert-butyl peroxypivalate, 2,5-dimethy|-2,5-di(2-ethylhexanoylper-
oxy)hexane, 1,1,3,3-tetramethylbutyl peroxy-2-ethylhexanoate, tert-amyl peroxy-2-ethylhexanoate, tert-butyl peroxy-2-
ethylhexanoate, tert-butyl peroxydiethylacetate, tert-butyl peroxyisobutyrate, tert-amyl peroxyacetate, tert-butyl peroxy-
3,5,5-trimethylhexanoate, tert-amyl peroxybenzoate, tert-butyl peroxyacetate, tert-butyl peroxybenzoate.

[0058] Examples of suitable cyclic peroxides are 3,6,9-triethyl-3,6,9-trimethyl-1,4,7-triperoxononane, 3,3,5,7,7-pen-
tamethyl-1,2,4-trioxepane, 3,3,6,6,9,9,-hexamethyl-1,2,4,5-tetraoxacyclononane.

[0059] Examples of suitable hydroperoxides are isopropylcumyl hydroperoxide, 1,1,3,3-tetramethylbutyl hydroperox-
ide, cumyl hydroperoxide, tert-butyl hydroperoxide, tert-amyl hydroperoxide, methyl isobutyl ketone hydroperoxide, di-
isopropy! hydroxyperoxide.

[0060] Such initiators may for example be fed to the tubular reactor in a pure form or as a solution in a solvent. As
solvent, for example a C,-C,, normal paraffin or C,-C,q isoparaffin may be used. For example, such solution may
comprise > 2.0% and < 65.0 % by weight of initiator, alternatively > 5.0% and < 40.0% by weight, alternatively > 10.0%
and < 30.0% by weight, compared to the total weight of the solution.

[0061] Such initiators may for example be introduced into the polymerisation reactor in quantities of < 200 ppm,
compared to the total weight of the materials fed to the polymerisation reactor.

[0062] Such first additional compound streams may for example comprise modifiers. Examples of such modifiers may
include inhibitors, scavengers and/or chainregulators, such as aldehydes, ketones and aliphatic hydrocarbons. Examples
of chain regulators are propene, propylene and propione aldehyde. Such modifiers may for example be fed to the tubular
reactor in a pure form or as a solution in a solvent.

[0063] The tubular reactor may along the length of the reactor have multiple further feed inlets. Such further feed inlets
may for example be used to feed further feed streams to the tubular reactor. Such further feed streams may for example
have the same or different composition than the first feed stream. Such further feed streams may each have the same
or different composition.

[0064] The further feed streams may for example comprise ethylene and comonomers. The further feed streams may
for example comprise > 80.00%, alternatively > 85.00%, alternatively > 90.00%, alternatively > 95.00% by weight of
ethylene, compared to the total weight of said further feed streams. The further feed streams may for example comprise
<99.99%, alternatively < 99.95%, alternatively < 99.90%, alternatively <99.50% by weight of ethylene, compared to the
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total weight of said further feed streams. For example, the further feed streams may comprise > 80.00% and < 99.99%,
alternatively = 85.00% and < 99.90%, alternatively = 90.00% and < 99.50% by weight of ethylene, compared to the total
weight of said further feed streams.

[0065] The further feed streams may for example comprise < 5.00%, alternatively < 3.00%, alternatively < 1.00%,
alternatively < 0.50%, alternatively <0.30% by weight of comonomers, compared to the total weight of said further feed
streams. The further feed streams may for example comprise = 0.01%, alternatively > 0.02%, alternatively > 0.05%,
alternatively > 0.10% by weight of comonomers, compared to the total weight of said further feed streams. For example,
the further feed streams may comprise = 0.01 % and < 5.00%, alternatively > 0.05% and < 1.00%, alternatively = 0.10%
and < 0.50% by weight of comonomers, compared to the total weight of said further feed streams.

[0066] Such additional feed inlets may for example be used to feed further additional compound streams to the tubular
reactor. Such further additional compound streams may for example be the same or different than the first additional
compound streams. Such further additional compound streams may each have the same or different composition.
[0067] The free-radical addition polymerisation process of ethylene and cyclic olefin comonomers may be conducted
using an initiator to support the formation of free radicals based on ethylene and/or the cyclic olefin comonomers. Such
free-radical addition polymerisation process is an exothermic process. In the case that the polymerisation process for
the production of ethylene polymers according to the present invention is performed in a tubular reactor, said tubular
reactor may be provided with external cooling. Such external cooling may for example be performed via cooling jackets.
Such cooling jackets may for example be operated using water as medium that removes heat from the tubular reactor.
[0068] The ethylene palymers comprising recurring units according to the present invention may for example have a
density as measured according to ISO 1183-1 (2012), method A of = 935 and < 960 kg/m3. For example, the ethylene
polymers according to the present invention may have a density of > 930 kg/m3, alternatively > 934 kg/m3, alternatively
> 935 kg/m3, alternatively = 939 kg/m3, alternatively > 940 k/m3, alternatively > 944 kg/m3, alternatively > 945 kg/m. For
example, the ethylene polymers according to the present invention may have a density of < 971 kg/m3, alternatively <
970 kg/m3, alternatively < 965 kg/m3, alternatively < 960 kg/m3, alternatively < 959 kg/m3 alternatively < 955 kg/m3,
alternatively < 954 kg/m3. For example, the ethylene polymers according to the present invention may have a density
of > 930 kg/m3 and < 970 kg/m3, alternatively > 934 kg/m? and < 965 kg/m3, alternatively > 939 kg/m3 and < 959 kg/m3,
alternatively > 944 kg/m3 and < 954 kg/m3,

[0069] The ethylene polymer may for example have a molecular weight distribution, also referred to as MWD, as
determined according to ASTM D-6474 (2012) of > 3.0, alternatively > 4.0, alternatively > 6.0. The ethylene polymer
may for example have an MWD of < 13.0, alternatively < 12.0, alternatively < 11.0. The ethylene polymer may for example
have an MWD > 3.0 and < 13.0, alternatively > 6.0 and < 12.0. Said MWD is defined as the ratio between the weight
average molecular weight M,, and the number average molecular weightM,,, (M,,/M, ) as determined accordingto ASTM
D-6474 (2012).

[0070] In an embodiment, the present invention relates to a polymer composition that may for example comprise an
ethylene polymer according to the present invention. Such polymer composition may for example comprise > 50.0 wt%,
alternatively > 75 wt%, alternatively > 90 wt%, alternatively > 95 wt% of the ethylene polymer, compared to the total
weight of the polymer composition.

[0071] Furthermore,the presentinventionrelatesto afilm that may for example comprise an ethylene polymer according
to the present invention.

[0072] The invention further relates to a package for fresh food products that may for example comprise a layer
comprising an ethylene polymer according to the present invention.

[0073] Packagesfor example include packages for fresh food products, such as for example fruit juices, dairy products,
meat, cheese, fish, fruits, vegetables and/or baked goods.

[0074] In an embodiment, said layer may for example comprise = 80.0 % by weight of an ethylene polymer according
to any one of claims 1-9 compared to the total weight of said layer. In an embodiment, said layer may for example be
present in the form of one or more of a single-layer film, one or more layer(s) of a multi-layer film, and/or an extrusion-
coated film.

[0075] Single-layer or multi-layer films may for example be produced by blown film production or cast film production.
Both processes are known in the art and described in e.g. the Handbook of Plastic Films, E.M Abdel-Bary (ed.), Rapra
Technology Ltd., 2003, in sections 2.3 and 2.4. The film according to the present invention may be produced via either
blown film production or cast film production. Such films may for example be flexible films. Such films may for example
have a thickness of < 200.0 pm, alternatively < 100.0 pum, alternatively < 50.0 pm, alternatively < 25.0 pm.

[0076] Extrusion-coated films may for example be produced by deposition of a layer of molten material onto a substrate,
followed by cocling of the malten material for form a layer adhering to the substrate. For example, the molten material
may comprise the ethylene polymer according to the present invention. For example, the substrate may be paper,
paperboard, cardboard, foils such as aluminium foils, and/or polymer films such as polyamide films and/or EVOH films.
For example, the substrate may have a top planar surface onto which the layer of ethylene polymer is deposited and a
bottom planar surface. For example, such layer may have a thickness of 3.0 to 50.0 pm, for example 5.0 to 25.0 um.
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For example, said layer of molten material may be deposited by extruding the molten material onto a substrate onto the
top planar surface wherein the substrate is guided by a pressure roll contacting the bottom planar surface, and wherein
the substrate, following deposition of the molten material, is on the side of the top planar surface contacted by a cooling
cylinder that reduces the temperature of the deposited material to a temperature below the softening temperature of the
deposited material.

[0077] The ethylene polymers according to the present invention have for example a low permeability to oxygen and
water vapour. In the context of the present invention, permeability is to be understood to be the degree to which a film
comprising at least one layer of the ethylene polymer, for example a single-layer film or a multilayer film, enables
molecules of certain defined compounds to pass through said film, for example by means of diffusion. For example,
such compound may be oxygen. Alternatively, such compound may be water, for example in the form of water vapour.
Certain applications of films may require a certain oxygen permeability. Certain applications of films may require a certain
water vapour permeability. Oxygen permeability is expressed as oxygen transmission rate determined in accordance
with ISO 15105-2 (2003), method A. Water vapour permeability is expressed as water vapour transmission rate deter-
mined in accordance with 1ISO 15106-3 (2003).

[0078] The invention will now be illustrated by the following non-limiting examples.

Experiment I: Preparation of ethylene polymer

[0079] In a high-pressure polymerisation reactor, an ethylene polymer was prepared by reacting a reaction mixture
comprising ethylene an amount of comonomer. The comonomer was fed as a 1.45 mol% solution in isopropyl alcohol.
The reaction was performed at a pressure of 200 MPa. The reaction temperature was kept between 200 and 230°C.
The reaction was initiated by addition of a solution of t-butyl peroxy pivalate in heptane. The obtained ethylene polymer
was collected. The examples were prepared using different comonomers and quantities as presented in table I:

Table |

Ethylene polymer A

Ethylene polymer B

Ethylene polymer C

Comonomer

cyclohexene

cyclooctene

cyclooctene

Comonomer feed concentration

0.2 mol%

0.7 mol%

0.2 mol%

Initiator feed concentration

0.00153 mol%

0.00179 mol%

0.00250 mol%

[0080]

Wherein the mol% is to be understood to be the fraction in mol% compared to the total quantity of reactive

ingredients fed to the reaction. The reactive ingredients in the above examples are ethylene, comonomer and initiator.
Experiment 1l: Determination of intrinsic viscosity and molecular weight

[0081] Ethylene polymer A, B and C according to the invention as obtained in experiment | and for comparative
purposes ethylene polymer D, a commercial polyethylene material grade 0863F, obtainable from SABIC, ethylene
polymer E, a commercial polyethylene material grade LDPE 1922, and ethylene polymer F, a commercial polyethylene
material grade ICP4907S, all obtainable from SABIC, were subjected to Size Exclusion Chromatography (SEC) using
a Polymer Laboratories PL-GPC220 high-temperature GPC/SEC system, to obtain fractions of the ethylene polymer
having a certain molecular weight. The column set used are three Polymer Laboratories 13 um PLgel Olexis, 300 x 7.5
mm. The calibration for the molar mass was performed with a linear polyethylene as standard. The molecular weight
was determined according to 1ISO 16014-1 (2012).

[0082] The intrinsic viscosity of these fractions was subsequently determined using a Polymer Laboratories BV-400
viscometer. Refractive index detector: Polymer Char IR5 infrared detector. The intrinsic viscosity was determined in
accordance with ASTM D5225 (2014).

[0083] Results are presented in table Il

Table Il

Molecular weight (kg/mol) | Intrinsic viscosity (dl/g)

Ethylene polymer
A B C D E F
10 0.292 | 0.292 | 0.288 | 0.348 | 0.341 0.371
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(continued)

Molecular weight (kg/mol) | Intrinsic viscosity (dI/g)

Ethylene polymer

A B C D E F
50 0.809 | 0.800 | 0.742 | 1.055 | 0.803 | 1.085
100 1.174 | 1.138 | 1.033 | 1.820 | 1.127 | 1.846
200 1.585 | 1.482 | 1.298 | 3.020 | 1.471 | 3.007
300 1.904 1.731 1.489 | 4.064 1.686 | 4.014
400 2.133 1.914 1.589 | 5.023 1.845 | 4.908
500 2,540 | 2136 | 1.692 | 5.840 | 1.982 | 5.741
600 2.833 | 2405 | 1.777 | 6.194 | 2.090 | 6.472

Experiment Ill: Determination of material properties

[0084] Material properties of the sample ethylene polymers A-F were determined. Theresults are presented in table I11.

Table IlI
Property (Unit) Methaod Ethylene polymer
A B C D E F

Melting temperature (°C) ISO 11357-3 (2011) 115 116 118 134 112 131

heating rate 10 K.
Density (kg/m?3) ISO 1183-1 (2012), 936 938 940 964 926 949

method A
Transparency (%) ASTM D1746 (2015) 92 90 86
Water vapour transmissionrate (g/ | 1SO 15106-3 (2003) 0.9 1.1 1.1 4.0 1.8 2.3
(m2°24h))
Oxygen transmission rate (cm3/ 1ISO 15105-2 (2003), 1335 1474 2135 1000 6389 1339
(m2'bar*24h)) method A
Molecular Weight Distribution (-) ASTM D6474 (2012) 37 4.4 9.9 5.3 21.7

[0085] 1SO 16014-1 (2012) relates to determination of average molecular mass and molecular mass distribution using
size-exclusion chromatography.

[0086] SO 11357-3 (2011) relates to determination of temperature and enthalpy of melting and crystallisation via
differential scanning calorimetry.

[0087] SO 1183-1(2012) relates to determination of density of non-cellular plastics.

[0088] SO 15106-3 (2003) relates to determination of water vapour transmission rate of film and sheeting.

[0089] ISO 15105-2 (2003) relates to determination of gas transmission rate of film and sheeting.

[0090] ASTM D-5225 (2014) relates to a standard test method for measuring solution viscosity of polymers with a
differential viscometer.

[0091] ASTM D6474 (2012) relates to a standard test method for determining molecular weight distribution and mo-
lecular weight averages of polyolefins by high temperature gel permeation chromatography.

[0092] ASTM D1746 (2015) relates to a standard test method for transparency of plastic sheeting.

[0093] From the results obtained in experiments Il and lll, it becomes apparent that ethylene polymers according to
the present invention having a high density, high purity and good processability, whilst maintaining barrier properties for
oxygen and water vapour at a level similar to high-density polyethylenes produced via catalytic processes.
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Claims

1.

Ethylene polymer comprising moieties according to formula [:

Formula |

wherein R is a moiety comprising > 1 and < 10 carbon atoms;
wherein

 the ethylene polymer has a molecular weight distribution defined as the ratio between the weight average
molecular weight M, and the number average molecular weight M,,, (M,,/M, ) as determined according to ASTM
D-6474 (2012) of > 3.0 and < 13.0;

« the ethylene polymer has a melting temperature as determined according to 1ISO 11357-3 (2011) at a heating
rate of 10 K of 2 115 °C;

« the ethylene polymer has a density as measured according to ISO 1183-1 (2012), method A of > 935 and <
960 kg/m3;

« the ethylene polymer is essentially free from chromium, hafnium, zirconium and tetrahydrofuran;

- for the fraction of the ethylene polymer having a molecular weight > 100 kg/mol, the intrinsic viscosity of the
ethylene polymer is related to the molecular weight according to the inequality:

logl.V.< 0.65 *logM — 3.10

wherein V. is the intrinsic viscosity, expressed in dl/g, of a fraction of the ethylene polymer having a
molecular weight M, the molecular weight M expressed in kg/mol;

wherein the molecular weight is determined via Size Exclusion Chromatography (SEC) according to ISO
16014-1 (2012);

and wherein the intrinsic viscosity is determined via differential viscometry of the fractions obtained from
SEC, in accordance with ASTM D5225 (2014).

Ethylene polymer according to claim 1 wherein R is a moiety selected from linear alkanes, branched alkanes, cyclic
alkanes, linear alkenes, branched alkenes or cyclic alkenes.

Ethylene polymer according to one or more of claims 1-2 wherein R is a moiety selected from -C,H -, -C3Hg-, -C4Hg-,
-CsH1g-, -CgH1z-.

Ethylene polymer according to one or more of claims 1-3whereinthe ethylene polymeris produced in a polymerisation
process at a pressure of > 180 MPa and < 400 MPa.

Ethylene polymeraccording to one or more of claims 1-4 wherein the ethylene polymer is produced in a tubular reactor.

Ethylene polymer according to one or more of claims 1-5 wherein the ethylene polymer is produced by reacting a
reaction mixture comprising ethylene and one or more cyclic olefin comonomers.

Ethylene polymer according to one or more of claims 1-6 wherein the cyclic olefin comonomeris one or more selected
from cyclobutene, cyclopentene, cyclohexene, cycloheptene, cyclooctene, cyclooctadiene, cyclononene, cy-

clodecene, 1-methyl cyclohexene, 3-methyl cyclohexene, a-pinene, and/or norbornene.

Ethylene polymer according to one or more of claims 6-7 wherein reaction mixture comprises > 0.10 and < 2.00
mol% of the cyclic olefin comonomer compared to the total molar composition of the reaction mixture.

Ethylene polymer according to one or mare of claims 1-8 wherein the ethylene polymer comprises > 0.05 and <
6.00 % of moieties according to formula | compared to the total number ofrecurring moieties in the ethylene copolymer.
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10. Polymer composition comprising an ethylene polymer according to one or more of claims 1-9.
11. Film comprising an ethylene polymer according to one or more of claims 1-9.
12. Package for fresh food products comprising a layer comprising an ethylene polymer according to any one of claims
1-9.
13. Package according to claim 12 wherein said layer comprises > 80.0 % by weight of an ethylene polymer according
to any one of claims 1-9 compared to the total weight of said layer.
14. Package according to claims 12-13 wherein said layer is present in the form of one or more of a single-layer film,
one or more layer(s) of a multi-layer film, and/or an extrusion-coated film.
Patentanspriiche
1. Ethylenpolymer, umfassend Gruppierungen der Formel I:
"™ Formel I
wobei R fiir eine Gruppierung mit > 1 und < 10 Kohlenstoffatomen steht;
wobei
+ das Ethylenpolymer eine als das Verhaltnis zwischen dem gewichtsmittleren Molekulargewicht M,, und dem
zahlenmittleren Molekulargewicht M, (M,,/M,,) definierte Molekulargewichtsverteilung gem&R Bestimmung nach
ASTM D-6474 (2012) von > 3,0 und < 13,0 aufweist;
» das Ethylenpolymer eine Schmelztemperatur gemal Bestimmung nach 1SO 11357-3 (2011) bei einer Auf-
heizrate von 10 K von > 115 °C aufweist;
- das Ethylenpolymer eine Dichte gemal Messung nach ISO 1183-1 (2012), Methode A von > 935 und < 960
ka/m?3 aufweist;
- das Ethylenpolymer weitgehend frei von Chrom, Hafnium, Zirconium und Tetrahydrofuran ist;
« fur die Fraktion des Ethylenpolymers mit einem Molekulargewicht > 100 kg/mol die intrinsische Viskositat des
Ethylenpolymers gemaR der folgenden Ungleichung mit dem Molekulargewicht zusammenhangt:
log I.V. < 0,65 * log M - 3,10
wobei L.V. fur die in dl/g ausgedriickte intrinsische Viskositat einer Fraktion des Ethylenpolymers mit einem
Molekulargewicht M steht, wobei das Molekulargewicht M in kg/mol ausgedriickt ist;
wobei das Molekulargewicht durch GréRenausschlusschromatographie (Size Exclusion Chromatography,
SEC) nach ISO 16014-1 (2012) bestimmt wird;
und wobei die intrinsische Viskositét durch Differentialviskometrie der aus der SEC erhaltenen Fraktionen
nach ASTM D5225 (2014) bestimmt wird.
2. Ethylenpolymer nach Anspruch 1, wobei R fiir eine Gruppierung steht, die aus linearen Alkanen, verzweigten Al-
kanen, cyclischen Alkanen, linearen Alkenen, verzweigten Alkenen oder cyclischen Alkenen ausgewahlt ist.
3. Ethylenpolymer nach einem oder mehreren der Anspriche 1-2, wobei R fiir eine Gruppierung steht, die aus -C,H,-,
-C4Hg-, -Cy4Hg-, -C5Hyo-, -CgH -ausgewéhlt ist.
4. Ethylenpolymer nach einem oder mehreren der Anspriiche 1-3, wobei das Ethylenpolymer in einem Polymerisati-

onsverfahren bei einem Druck > 180 MPa und < 400 MPa hergestellt wird.
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Ethylenpolymer nach einem oder mehreren der Anspriche 1-4, wobei das Ethylenpclymer in einem Rohrreaktor
hergestellt wird.

Ethylenpolymer nach einem oder mehreren der Anspriiche 1-5, wobei das Ethylenpolymer durch das Umsetzen
einer Reaktionsmischung, die Ethylen und ein oder mehrere Cycloolefin-Comonomere umfasst, hergestellt wird.

Ethylenpolymer nach einem oder mehreren der Anspriiche 1-8, wobei es sich bei dem Cycloolefin-Comonomer um
eines oder mehrere handelt, die aus Cyclobuten, Cyclopenten, Cyclohexen, Cyclohepten, Cycloacten, Cycloocta-
dien, Cyclononen, Cyclodecen, 1-Methylcyclohexen, 3-Methylcyclohexen, a-Pinen und/oder Norbornen ausgewahlt
ist.

Ethylenpolymer nach einem oder mehreren der Anspriiche 6-7, wobei die Reaktionsmischung > 0,10 und < 2,00
Mol-% des Cycloolefin-Comonomers, bezogen auf die gesamte molare Zusammensetzung der Reaktionsmischung,
umfasst.

Ethylenpolymer nach einem oder mehreren der Anspriiche 1-8, wobei das Ethylenpclymer > 0,05 und < 6,00 %
Gruppierungen gemaR Formel I, bezogen auf die Gesamtzahl wiederkehrender Gruppierungen in dem Ethylenco-
polymer, umfasst.

Polymerzusammensetzung, umfassend ein Ethylenpolymer nach einem oder mehreren der Anspriiche 1-9.

Folie, umfassend ein Ethylenpolymer nach einem oder mehreren der Anspriiche 1-9.

Verpackung fir frische Lebensmittelprodukte, die eine Schicht umfasst, die ein Ethylenpolymer nach einem der
Anspriche 1-9 umfasst.

Verpackung nach Anspruch 12, wobei die Schicht > 80,0 Gew.-% eines Ethylenpolymers nach einem der Anspriiche
1-9, bezogen auf das Gesamtgewicht der Schicht, umfasst.

Verpackung nach den Anspriichen 12-13, wobei die Schichtin Form einer einschichtigen Folie, einer ader mehreren
Schichten einer mehrschichtigen Folie und/ader einer extrusionsbeschichteten Folie vorliegt.

Revendications

1.

Polymére d’éthyléne comprenant des fragments selon la formule | :

Formule I

dans laquelle R est un fragment comprenant > 1 et < 10 atomes de carbone ; dans lequel

« le polymére d’éthyléne a une distribution de poids moléculaire définie comme étant le rapport entre le poids
moléculaire moyen en poids M, et le poids moléculaire moyen en nombre M,,, (M,,/M,)) tel que déterminé selon
'ASTM D-6474 (2012) de = 3,0 et <13,0;

* le polymére d'éthyléne a une température de fusion telle que déterminée selon I''SO 11357-3 (2011) a une
vitesse de chauffage de 10 Kde > 115 °C;

« le polymére d’'éthyléne a une masse volumique telle que mesurée selon I'ISO 1183-1 (2012), procédé A de
> 935 et < 960 kg/m?3;

* le polymeére d’éthyléne est essentiellementexemptde chrome, d’hafnium, de zirconium et de tétrahydrofurane ;
* pour la fraction du polymére d’éthyléne ayant un poids maléculaire > 100 kg/mol, la viscosité intrinséque du
polymére d’'éthyléne est liée au poids moléculaire selon l'inégalité :
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log I.V. < 0,65 * log M — 3,10

dans laquelle |.V. est la viscosité intrinséque, exprimée en dl/g, d’'une fraction du polymére d’éthyléne ayant
un poids moléculaire M, le poids moléculaire M étant exprimé en kg/mol ;

dans lequel le poids moléculaire est déterminé par chromatographie d’exclusion (SEC) selon 'SO 16014-1
(2012) ;

et dans lequel la viscosité intrinséque estdéterminée par viscosimétrie différentielle des fractions obtenues
par SEC, selon TASTM D5225 (2014).

Polymeére d’éthyléne selon la revendication 1 dans lequel R est un fragment choisi parmides alcanes linéaires, des
alcanes ramifiés, des alcanes cycliques, des alcénes linéaires, des alcénes ramifiés ou des alcénes cycliques.

Polymére d’éthyléne selon une ou plusieurs des revendications 1 & 2 dans lequel R est un fragment choisi parmi
-CoHy-, -CaHg-, -C4Hg-, -C5Hyp-, -CgHqz.

Polymére d’éthyléne selon une ou plusieurs des revendications 1 & 3, le polymére d’éthyléne étant produit dans un
procédé de polymérisation a une pression de > 180 MPa et < 400 MPa.

Polymére d’éthyléne selon une ou plusieurs des revendications 1 & 4, le polymére d’éthyléne étant produit dans un
réacteur tubulaire.

Polymeére d’éthyléne selon une ou plusieurs des revendications 1 a 5, le polymeére d’éthyléne étant produit par
réaction d'un mélange de réaction comprenant de I'éthyléne et un ou plusieurs comonomeéres d’oléfine cyclique.

Polymére d’éthyléne selon une ou plusieurs des revendications 1 a 6 dans lequel le comonomere d’oléfine cyclique
est I'un ou plusieurs choisis parmi cyclobuténe, cyclopenténe, cyclohexéne, cyclohepténe, cycloocténe, cycloocta-
diéne, cyclononéne, cyclodécéne, 1-méthylcyclohexéne, 3-méthylcyclohexéne, a-pinéne et/ou norbornéne.
Polymére d’éthyléne selon une ou plusieurs des revendications 6 a 7, le mélange de réaction comprenant > 0,10
et <2,00 % en moles du comonomeére d’oléfine cyclique par rapport a la composition molaire totale du mélange de
réaction.

Polymére d’éthyléne selon une ou plusieurs des revendications 1 a 8, le polymére d’éthylene comprenant > 0,05
et <6,00 % de fragments selon la formule | par rapport au nombre total de fragments récurrents dans le copolymere
d'éthyléene.

Composition de polymére comprenant un polymére d’éthyléne selon une ou plusieurs des revendications 1 a 9.

Film comprenant un polymere d’éthyléne selon une ou plusieurs des revendications 1 a 9.

Emballage pour produits alimentaires frais comprenant une couche comprenant un polymére d’éthyléne selon 'une
quelconque des revendications 1 & 9.

Emballage selon larevendication 12 dans lequel ladite couche comprend > 80,0 % en poids d’un polymere d’éthyléne
selon 'une quelconque des revendications 1 a 9 par rapport au poids total de ladite couche.

Emballage selon les revendications 12 a 13 dans lequel ladite couche est présente sous la forme de I'un ou plusieurs
d'un film monocouche, une ou plusieurs couche(s) d’un film multicouche, et/ou un film revétu par extrusion.
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Beschreibung

[0001] Die Erfindung betrifft ein medizinisches Pack-
mittel, insbesondere eine Pharmaverpackung, umfas-
send einen ersten thermoplastischen Kunststoffteilkor-
per aus einem ersten Material und einen zweiten ther-
moplastischen Kunststoffteilkdrper aus einem zweiten
Material. Erstes und zweites Material kbnnen verschie-
den oder auch identisch sein. Des Weiteren betrifft die
Erfindung ein Verfahren zum Verbinden von Kunststoff-
teilen von medizinischen Packmitteln mit Hilfe von La-
serschweil3en.

[0002] Aus dem Stand der Technik ist fur thermoplas-
tische Kunststoffe bekannt, dass zwei Bauteile mit Hilfe
von Laserschweilen miteinander verbunden werden
kénnen. Dies ist darauf zurlickzufuhren, dass thermo-
plastische Kunststoffe eine Schmelzphase besitzen.
Thermaoplastische Kunststoffe werden durch Laserstrah-
lung aufgeschmolzen. Beim Abkiihlen verbinden sich die
Kunststoffe, sie werden verschweildt. Allerdings ist es
notwendig wegen der geringen Absorption von Laser-
strahlung in den meisten thermoplastischen Kunststof-
fen, dass die thermoplastischen Kunststoffe durch Addi-
tion von Zusatzstoffen wie z.B. Farbpigmenten oder Ruf}
in ihrer Absorptionsfahigkeit verbessert werden. Bekannt
ist Kunststoffschweillen mit Laser mittels Durchstrahl-
schweillen bei der ein oder zwei Arten von thermoplas-
tischen Kunststoffen miteinander verbundenwerden. Ein
Fiigepartner ist dabei ein lasertransparenter ein anderer
Fiigepartner ein absorbierender Kunststoff. Bei einer
derartigen Schweilmethode durchdringt der Laserstrahl
den oberen lasertransparenten Grundstoff und trifft auf
den darunterliegenden absorbierenden Kunststoff. Der
Laser schmilzt die Oberflache des absorbierenden
Kunststoffes auf. Durch den Warmeeintrag aufgrund der
Absorption schmilzt auch der transparente Fligepartner.
Es kommt zu einem Uberlappungsschweiken. Der Vor-
teil des Uberlappungsschweilens besteht darin, dass
die Schweillnaht im Inneren des Bauteils ohne Freiset-
zung von jeglichen Partikeln entsteht. Ein grof3er Vorteil
des LaserschweiRens besteht in der lokalen Warmeein-
bringung.

[0003] Aus der WO 2005/100 000 A1 ist ein Laser-
schweillverfahren fir Kunststoffmaterialien, die ein Ab-
sorberpigment und/oder ein Streupigment umfassen, be-
kannt geworden. Als Absorber- und/oder Streupigment
ist in der WO 2005/100 000 A1 ein Infrarot-Absorber
und/oder TiO, in einer Konzentration bis 10 Gew.-% be-
schrieben. Als Kunststoff wird Polyethylen, bevorzugt
LDPE eingesetzt. Die TiO5-Partikel in der WO 2005/100
000 A1 sind Streupigmente, die zu einer VergréRerung
der optischen Weglange fuhren und Uber die gréRere
Weglange zu einer héheren Absorptionswirkung. Die
WO 2005/100 000 A1 zeigt ein Laserschweilverfahren
und ein Produkt hergestellt mit einem LaserschweilRver-
fahren, jedoch kein medizinisches Packmittel, insbeson-
dere keine Pharmaverpackung, fir die hohe Anforderun-
gen in Bezug auf eine Zulassung bestehen. Das Verfah-
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ren gemal der WO 2005/100000 A1 istauch nicht wegen
der Absorber- und/oder Streupigmente fir medizinische
Packmittel anwendbar.

[0004] Die US 2005/0224472 A1 zeigt ebenfalls ein
LaserschweilRverfahren, bei dem Absorber- und Streu-
pigmente eingesetzt werden. Hierbei handelt es sich um
TiO,-Partikel mit einer mittleren PartikelgroRe von 300
nm. Auch aus der US 2005/0224472 A1 sind keine me-
dizinischen Packmittel bekannt geworden.

[0005] Die DE 100 03 423 A1 beschreibt ein Laser-
schweildverfahren, bei dem Laserpigmente zum Einsatz
kommen, die die Laserstrahlung absorbieren, was zu ei-
nem Erwarmen und Aufschmelzen der zu verbindenen
Komponenten fihrt. Auch aus der DE 100 03 423 A1
geht kein medizinisches Packmittel hervor.

[0006] Die WO 02/00144 A1 beschreibt ein Verfahren
zum Verbinden von zwei Schichten eines Kunststoffes
mit Hilfe von Laserlicht. Dabei weist wenigstens eine
Schicht eine absorbierende Komponente auf, die Laser-
licht einer bestimmten Wellenlange absorbiert. Die ab-
sorbierende Komponente ist entweder in wenigstens ei-
nen Kunststoff oder eine Zwischenschicht eingebracht.
[0007] Die EP 2 189 270 A1 zeigt ein Verfahren zum
Aufbringen eines Kunststofffiimes auf einen Anschluss
eines medizinischen Packmittels, wobei zwischen dem
Kunststofffilm und dem medizinischen Packmittel eine
Schicht mit einem Absorbermaterial fur IR-Licht einge-
bracht ist.

[0008] Die US 2004/0030384 A1 beschreibt die Ver-
bindung von zwei Kunststoffteilen mit Hilfe von Laser-
licht.

[0009] Aus der WO 2005/100000 A1 ist ein Verfahren
zum Laserverschweil’en von zwei Schichten bekannt ge-
worden, wobei die Schichten eine hohe Absorption bei
der eingestrahlten Laserwellenlange aufweisen. Auch ei-
ne Streuschicht zwischen den beiden Schichten ist in der
WO 2005/100000 A1 beschrieben.

[0010] Die US 2005/0224472 A1 beschreibt ein Ver-
fahren, um den Absorptionskoeffizienten p, und den
Streukoeffizienten pg zu beeinflussen.

[0011] Aus der JP 2009/039872 A1 ist das Verbinden
von Kunststoffschichten bekannt geworden, wobei ein
das Laserlicht absorbierendes Material eingesetzt wird.
[0012] Der Artikel "Simultan in einem Schuss" in Kun-
ststoffe 6/2015, S. 34-37, beschreibt allgemein das FU-
gen von Thermoplasten mittels prozessgeregeltem La-
serschweillen.

[0013] Nachteilig an den Verfahren nach dem Stand
der Technik war, dass zumindest einem der Kunststoff-
teile, die mit dem Laser verschweil3t werden, ein Additiv
hinzugefligt werden muss, das den Laserstrahl absor-
biert und partiell Warme erzeugt.

[0014] Firdie Verwendung in pharmazeutischen Ver-
packungen sind nur bestimmte Kunststoffe zugelassen,
die im Allgemeinen keine derartigen Additive enthalten.
Durch die Zugabe derartiger Additiven erlischt aber die
Zulassung fiir den Kunststoff fiir die Verwendung in phar-
mazeutischen Verpackungen, da die Ursprungsrezeptur
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verandertwird, so dass ein derartiges Schweillverfahren
im Bereich pharmazeutischer Produkte inder Regel nicht
in Frage kommt. Bei medizinischen Packmitteln ist der
Einsatz von Absorber- und/oder Streupigmenten nicht
mdglich.

[0015] Andere Schweillverfahren wie UltraschweilRen,
Vibrationsschweil3en, Hochfrequenzschweil3en, Heize-
lementschweilen als das LaserschweiRen sind flr
Kunststoffe im Bereich der Medizintechnik nicht anwend-
bar, da sie mit aufwandigen Reinigungsverfahren ver-
bunden sind. So miissen Verunreinigungen anschlie-
Rend an das Schweillen beseitigt werden.

[0016] Aufgabe der Erfindung ist es somit, ein medizi-
nisches Packmittel, insbesondere eine Pharmaverpa-
ckung, anzugeben, die die Nachteile des Standes der
Technik vermeidet. Insbesondere soll ein medizinisches
Packmittel angegeben werden, beidem Teilk&rper durch
LaserschweiRen ohne Absorber- und Streupigmenten
verbunden sind.

[0017] Diese Aufgabe wird durch ein medizinisches
Packmittel gemaR Anspruch 1 und ein Verfahren gemag
Anspruch 9 geldst. Erfindungsgemal ist bei einem me-
dizinischen Packmittel, insbesondere einer Pharmaver-
packung, zwischen einem ersten thermoplastischen
Kunststoffteilkdrper und einem zweiten thermoplasti-
schen Kunststoffteilkérper, wenigstens eine interne
Grenzflache mit Streuwirkung, angeordnet. Erfindungs-
gemal sind die interne Grenzflache und der erste und
der zweite Kunststoffteilkérper frei von Absorberpigmen-
ten und Streupigmenten. In einer besonders bevorzug-
ten Ausfiihrungsform ist vorgesehen, dass das medizi-
nische Packmittel mehrere interne Grenzflachen um-
fasst. Besonders bevorzugt ist es, wenn die interne
Grenzflache mit Streuwirkung aus dem ersten Material
des ersten thermoplastischen Kunststoffteils und/oder
dem zweiten Material des zweiten thermoplastischen
Kunststoffteils gebildet wird. Bevorzugt ist es, wenn die
interne Grenzflache mit Streuwirkung einen Verbin-
dungskdrper umfasst. Besonders bevorzugtist es, wenn
das Material fur den ersten Kunststoffteilkdrper gleich
dem Material fiir den zweiten Kunststoffteilkérper ist, d.h.
erster Kunststoffteilkbrper und zweiter Kunststoffteilkor-
per aus demselben Material bestehen. Der Verbindungs-
kérper ist bevorzugt als gepresster Verbindungskorper
ausgefihrt, der bevorzugt gemahlene Kunststoffpartikel
mit Korngrenzen umfasst. Der Verbindungskérper ist frei
von zusatzlichen Absorberteilchen und Absorberpig-
menten und Streuteilchen und Streupigmenten, wie bei-
spielsweise TiO,-Teilchen. Bevorzugt ist das Material
des Verbindungskoérpers dasselbe Material wie das Ma-
terial des ersten und/oder des zweiten thermoplasti-
schen Kunststoffteiles. Bei Verwendung im Bereich von
Arzneimitteln ist dann eine Neuzulassung nicht erforder-
lich, da nur zertifizierte Materialien eingesetzt werden.
Das Material des Verbindungskorpers fithrt auf Grund
seines Aufbaus mit Korngrenzen, die unter anderem
durch Verpressung von Polymerpulver entstehen, zu Re-
flektion und Streuung des eingestrahlten Laserlichts, so

41/300
3

15

20

25

30

35

40

45

50

55

dass eine fur die VerschweiRung erforderliche Laserab-
sorption analog zur Laserabsorption bei Additiven alleine
durch die Reflektion und Streuung, d.h.der Verlangerung
der Weglange des eingestrahlten Lichtes erfolgen kann.
Durch die Reflektion und Streuung des Laserlichtes in
bzw. an der Grenzflache wird das Kunststoffteil aufge-
schmolzen und verbindet sich dann mit den beiden an-
deren Figepartnern namlich dem ersten Kunststoffteil-
kérper und dem zweiten Kunststoffteilkérper. Ein Ab-
sorptionspigment und/oder ein Streupigment sind bei ei-
nem derartigen Aufbau nicht notwendig.

[0018] BeiVerwendungim pharmazeutischen Bereich
ist es vorteilhaft, wenn der Verbindungskérper aus dem-
selben Material wie dem Material fiir den ersten und/oder
zweiten Kunststoffteilkdpers besteht. Die erfindungsge-
maRen medizinischen Packmittel bestehen aus wenigs-
tens zwei Kunststoffteilkdrpern, die mit Hilfe wenigstens
einer internen Grenzflache mit Hilfe von Streuwirkung
miteinander verbunden werden. Insbesondere handelt
es sich bei den medizinischen Packmitteln um solche,
die Inhaltsstoffe aufnehmen, beispielsweise Hyaluron-
saure, ein Anasthetika oder Neuroleptika.

[0019] Neben dem medizinischen Packmittel, insbe-
sondere der Pharmaverpackung, stellt die Erfindung
auch ein Verfahren zum Verbinden von einem ersten
Kunststoffteilkdrper und einem zweiten Kunststoffteilkér-
per zu einem Kunststoffteil mit einer zwischen ersten
Kunststoffteilkérper und zweiten Kunststoffteilkdrper an-
geordneten, wenigstens einen Grenzflache, zur Verfi-
gung. Erfindungsgemal sind die interne Grenzflache
und der erste und der zweite Kunststoffteilkorper frei von
Absorberpigmenten und Streupigmenten. Besonders
bevorzugt wird die interne Grenzflache mit Streuwirkung
durch einen Verbindungskdrper zur Verfligung gestellt.
Der Verbindungskorper ist frei von Absorberpigmenten
und Streupigmenten. Bei dem Verfahren wird ein Laser-
strahl mit mindestens einer Wellenldnge auf die Grenz-
flache gelenkt und zwar derart, dass durch Reflektion
und Streuung an der Grenzflache oder in der Grenzfla-
che, die fur eine Verschweildung von erstem Kunststoff-
teilkérper und zweitem Kunststoffteilkdrper erforderliche
Erwarmung auftritt.

[0020] Bedingtdurch die Lichtbrechung an bzw. in der
Grenzflache bzw. durch Reflektion und Streuung an der
Grenzflache erwarmt sich diese und wird aufgeschmol-
zen, so dass sie sich der erste mit dem zweiten Kunst-
stoffteilkérper verbindet, d. h. fligt. Aufdiese Artund Wei-
se werden erster und zweiter Kunststoffteilkérper mitein-
ander verbunden. Besonders bevorzugt wird die Wellen-
l&nge des Lasers zwischen 800 und 1500 nm, bevorzugt
800 und 1200 nm gewahlt. Firdas Verbinden von erstem
und zweitem Kunststoffteilkérper ist bei der erfindungs-
gemalen Ausgestaltung weder ein Absorber- noch ein
Streupigment notwendig.

[0021] Eine ausreichende Erwarmung der Grenzfla-
che, insbesondere des Verbindungskorpers, wird er-
reicht, wenn der Laser fir eine gewisse Zeit auf die
Grenzflache, insbesondere den Verbindungskérper, mit
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beispielsweise einer Leistung von 100 bis 600 W, bevor-
zugt 100 bis 300 W oder auch 600 W und mehr einwirkt.
Die Einwirkzeiten sind abh&ngig vom Kunststoffmaterial,
dem Absorptionsgrad, der Wandstarke und der GrdRRe
des Bauteiles. Um die beiden Kunststoffteile miteinander
zu verbinden, werden erste und zweite Kunststoffteilkor-
per aneinandergelegt. Die Zeitdauer, fir die der Laser
aufdie Grenzflache, insbesondere den Verbindungskaor-
pers einwirkt, istabhangig vom Schmelzpunktdes Kunst-
stoffmaterials, der Wandstéarke, der Grée des Bauteils,
der Geometrie unddem Absorptionsgrad des Kunststoff-
materials. Die Einwirkzeit

[0022] betragt wenige Sekunden, bevorzugt 0,1 bis
100 Sekunden, insbesondere 5 bis 60 Sekunden. Der
Laserstrahl arbeitet punktuell. Das Material wird punktu-
ell erwarmt, sobald das Aufschmelzen erfolgt ist. Wenn
ein Aufschmelzen punktuell erfolgt ist, wird der Laser
und/oder das Bauteil weiter bewegt, d.h. zur nachsten
Schweillstelle. Der komplette SchweilRvorgang ist ab-
hangig von der GroRRe des Bauteils.

[0023] Bei dem erfindungsgemaRen Verfahren mis-
sen die miteinander zu verbindenden Bauteile nicht ver-
spanntoder verpresstwerden. Ein Verspannen/Verpres-
sen wire sogar kontraproduktiv, da bei einem Verspan-
nen/Verpressen Spannungen in das Bauteil eingetragen
werden bzw. der aufgeschmolzene Verbindungskdrper
bzw. das aufgeschmolzene Verbindungsteil einen Wulst
ausbilden wiirde, was vermieden werden soll. Die Bau-
teile werden entweder in einer Vorrichtung gegen Ver-
schieben gestiitzt oder nur aneinandergelegt.

[0024] Mehrere Moglichkeiten fiir die Herstellung ei-
nes Verbindungskorpers, der die interne Grenzflache zur
Verfiigung stellt, sind denkbar.

[0025] Die erste Moglichkeit der Herstellung des Ver-
bindungskdrpers ist das Verpressen von Mikrogranulat.
Beidiesem Verfahren wird Mikrogranulat miteiner Grol3e
> 400 pm unter Druck verpresst. Die Driicke liegen dabei
materialabhéngig zwischen 15 und 100 kN/em3. Je nach
Material kann der Pressling zusatzlich warmebehandelt
werden, um die Verbundfestigkeit zu erhdhen. Die Tem-
peraturen sind materialabhingig und liegen bei teilkris-
tallinen Werkstoffen, z. B. PE, PP, PAoder PET oberhalb
der Kristallitschmelztemperatur, bei amorphen Materia-
lien, z. B. PC, COC, COP oder PMMA oberhalb der Glas-
Uibergangstemperatur.

[0026] Alternativ zu einem Mikrogranulat kann auch
ein Kunststoffpulver verpresst werden. Hierzu wird ein
Kunststoffpulver mit einer Gro3e > 10 pum unter Druck
verpresst. Die Driucke liegen materialabhangig bei 15 -
100 kN/em3. Je nach Material kann der Pressling zusatz-
lich warmebehandelt werden, um die Verbundfestigkeit
zu erhdhen. Die Temperaturen sind materialabhangig
und liegen bei teilkristallinen Werkstoffen, z. B. PE, PP,
PA, PET, oberhalb der Kristallitschmelztemperatur, bei
amorphen Materialien, z. B. PC, COC, COP, PMMA
oberhalb der Glaslibergangstemperatur. Die Zeitdauer
ist abhangig von der BauteilgroRe und Wandstarke des
Korpers und liegt im Sekundenbereich.
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[0027] Eine weitere Moglichkeit der Herstellung eines
Verbindungskorpers ist das Spritzgielen mit physikali-
schem Schaumen. Hierzu wird wahrend des Spritzgie-
Rens des Verbindungskdrpers ein inertes Gas, ublicher-
weise CO, oder N,, der Schmelze zugeflihrt, so dass
eine Schaumstruktur entsteht. Durch die Schaumstruktur
des SchweilRkdrpers kann der Laserstrahl anden Grenz-
flachen absorbiert werden, was zu einem Aufschmelzen
des Schweil3korpers bzw. Schweildteils fihrt.

[0028] Ein weiteres alternatives Herstellverfahren ist
die Bauteilherstellung des Verbindungskorpers aus Mi-
krotropfchen:

Wird dieses Verfahren eingesetzt, so wird das Bau-
teil aus Mikrotrépfchen des thermoplastischen
Kunststoffs zusammengesetzt. Dadurch ist gewahr-
leistet, dass auch transparente Kunststoffe ihre
Transparenz durch die Grenzflachen der Trépfchen
verlieren und somit der Laserstrahl absorbiert wird,
was zu einem Aufschmelzen des Verbindungskor-
pers bzw. Verbindungsteiles flihrt.

Ein letztes Verfahren zur Herstellung des Verbin-
dungskorpers ist das Spritzgie3en mit reduzierter
Massetemperatur. Durch Spritzgie3en des Verbin-
dungskérpers mitreduzierter Massetemperatur wer-
den Granulatkdrner teilweise nicht vollstdndig auf-
geschmolzen, so dass dadurch die Transparenz be-
eintrachtigt wird und an den Grenzflachen der La-
serstrahl absorbiert wird, was zu einem Aufschmel-
zen des Verbindungskdrpers filhrt.

[0029] Die Erfindung soll nunmehr anhand der nach-
folgenden Zeichnungen beispielhaftohne Beschrankung
hierauf beschrieben werden. Es zeigen:

Der Aufbau eines traditionellen Verfah-
rens zum Laserschweilen von Kunst-
stoff;

Fig. 1

Draufsicht auf unterschiedliche Artenvon
gepressten Verbindungskd&rpern;

Fig. 2a-2c

medizinisches Packmittel, insbesondere
Pharmaverpackung gemaR der Erfin-
dung.

Fig. 3

[0030] In Figur 1 ist ein Kunststofflaserschweipro-
zess wie er aus dem Stand der Technik bekannt ist dar-
gestellt. Ein erster Kunststoffteilkdrper 10 besteht aus
einem lasertransparenten Material, d. h. einem Kunst-
stoffmaterial, das das Laserlicht im eingestrahlten Wel-
lenldngenbereich zu weitgehend 100% transmittiert. Das
durch den ersten Kunststoffteilkérper 10 transmittierte
Laserlicht 100 trifft auf den zweiten absorbierenden
Kunststoffteilkdrper 20. Der zweite absorbierende Kunst-
stoffteilkérper 20 umfasst ein Additiv 22, das die einge-
strahlte Laserstrahlung 100 absorbiert, und/oder streut,
bspw. TiO, Teilchen, wodurch der zweite Kunststoffteil-
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kérper erwarmt wird, so dass er an seiner Oberflache 24
schmilzt. Hierdurch werdender erste Kunststoffteilkdrper
10 und der zweite Kunststoffteilkérper 20 miteinander
verbunden. Die Wellenlange des Laserstrahls 100 be-
tragt bevorzugt zwischen 800 nm und 1100 nm.

[0031] In den Figuren 2a bis 2c werden Ausfiihrungs-
formen der Erfindung gezeigt, bei denen die internen
Grenzflachen mit Streuwirkung durch einen separaten
Verbindungskoérper (100) zur Verfiigung gestellt werden.
Der Verbindungskérper wird dann zwischen die zu ver-
bindenen Kunststoffteilkérper eingebracht. Selbstver-
standlich ware es auch moglich, das die Grenzflache an
jedem Kunststofteilkdrper selbst zur Verfigung gestelit
wird.

[0032] Figur2a zeigtdie prinzipielle Ansichteines Ver-
bindungsk&rpers 100, der eine Grenzflache 120 zur Ver-
fligung stellt, wie er bzw. es gemaR der Erfindung Ver-
wendung findet. Bei dem Verbindungskdrper handelt es
sich vorliegend um einen gepressten Sinterkdrper aus
gemahlenen Kunststoffpartikeln 200 mit einer GroRe von
ungefahr 400 Mikrometer. Figur 2a ist eine Draufsicht
auf einen derartigen Verbindungskérper 100. Wie zuvor
beschrieben, kann der Verbindungskorper, der eine
Grenzflache zur Verflgung stellt, auch auf andere Art
und Weise hergestellt werden.

[0033] Madoglich ist das Verpressen von Kunststoffpul-
ver mit einer GroRe > 10 pm. Eine weitere Moglichkeit
ist das SpritzgieRen mit gleichzeitigem Verschdumen
oder die Bauteilherstellung aus Mikrotrépfchen. Eine
weitere Moglichkeit ist das SpritzgieRen mit reduzierter
Massetemperatur. Diesbeziiglich wird auf die Beschrei-
bung im einleitenden Teil verwiesen. In jedem Fall stellt
der Verbindungskdrper wenigstens eine Grenzflache zur
Verfiigung, beider ein Warmeeintrag aufgrund einer ver-
langerten Weglange durch Reflektion und Streuung des
eingestrahlten Lichtes zur Verfligung gestelit wird und
nicht durch Absorption an Fremdpartikeln wie im Stand
der Technik. Der Verbindungskdrper ist somit frei von
Absorber- und Streupigmenten.

[0034] Figur 2b zeigt das Verhalten des Verbindungs-
kérpers 100 bei Einstrahlung von Laserlicht 110. Das La-
serlicht 110 wird an den Grenzflachen 120 der gemah-
lenen Kunststoffpartikel 200 reflektiert und gestreut. Die
Reflektion und Streuung des Lichtes 110 fiihrt zu einer
Laserabsorption an den Grenzflachen 120.

[0035] Figur 2c zeigt eine Draufsicht auf einen erfin-
dungsgemalRen Verbindungskdrper 100 in zylindrischer
Bauform. Gleiche Bauteile wie in Fig. 2a - 2b sind mit
denselben Bezugsziffern belegt.

[0036] Figur3zeigtdie Verbindungeines ersten Kunst-
stoffteilkérpers 310 mit einem zweiten Kunststoffteilkdr-
per 320 zu einem erfindungsgemalen medizinischen
Packmittel. Die Verbindung von erstem Kunststoffteilkér-
per 310 und zweitem Kunststoffteilkdrper 320 erfolgt in
der dargestellten Ausfiihrungsform mittels eines Verbin-
dungskdrpers, wie es beispielsweise in Fig. 2a bis 2c
dargestellt ist. Bei dem ersten Kunststoffteilkbrper han-
delt es sich um einen fir die Wellenlange des Laser-
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strahls 400 transparentes Material. Durch den ersten
transparenten Kunststoffteilkérper 310 hindurchtreten-
des Licht trifft auf den Verbindungskérper 100. Im Mate-
rial 330 des Verbindungskorpers 100 wirdder Laserstrahl
400 gebrochen und durch die Lichtbrechung und Streu-
ung der Laserstrahlen 410 innerhalb des Sintermaterials
mit seinen Grenzflachen der Verbindungskdrper 100
oder das Kunststoffsinterteil aufgeschmolzen. Hierdurch
verbindet der Verbindungskorper 100 die beiden Flige-
partner, namlich den ersten Kunststoffteilkérper 310 und
den zweiten Kunststoffteilkérper 320. Ein Absorberpig-
ment und ein Streupigment sind im zweiten Kunststoff-
teilkérper 320 ebensowenig wie im ersten Kunststoffteil-
kérper 310 und im Verbindungskorper 100 vorhanden.
Die Verbindung von erstem Kunststoffteilkérper und
zweitem Kunststoffteilkérper wird ohne Absorber- und
Streupigmente zur Verfiigung gestellt. Der zweite Kunst-
stoffteilkérper kann transparent sein wie der erste Kunst-
stoffteilkdrper. Bevorzugt ist das Material vom ersten
Kunststoffteilkdrper und zweiten Kunststoffteilkdrper so-
wie gegebenenfalls dem Verbindungskdrper identisch.
Die Wellenlange des eingestrahlten Laserlichts liegt be-
vorzugt im Bereich 800 bis 1500 nm, bevorzugt 800 bis
1200 nm.

[0037] Mit der Erfindung wird erstmals ein medizini-
sches Packmittel, insbesondere eine Pharmaverpa-
ckung, angegeben, das frei von Absorberpigmenten
und/oder Streupigmenten in einem zu figenden Kunst-
stoffteil ist. Das auf diese Art und Weise hergestellte
Kunststoffteil eignet sich exzellent fir eine Verwendung
bei der Herstellung pharmazeutischer Produkte, bei de-
nen eine Veranderung der Zusammensetzung des ver-
wendeten Kunststoffmaterials nicht zulassig ist.

Patentanspriiche

1. Medizinisches Packmittel, insbesondere Pharma-
verpackung, umfassend

- einen ersten thermoplastischen Kunststoffteil-
korper (310) aus einem ersten Material,

- einen zweiten thermoplastischen Kunststoff-
teilkorper (320) aus einem zweiten Material, wo-
bei

- zwischen dem ersten Kunststoffteilkorper
(310) und dem zweiten Kunststoffteilkorper
(320), wenigstens eine interne Grenzflache mit
Streuwirkung, die bevorzugt zu einer verlanger-
ten Weglange von eingestrahltem Licht fuhrt,
angeordnet ist, wobei

- die interne Grenzflaiche und

- der erste und zweite Kunststoffteilkdrper frei
van Absorberpigmenten und Streupigmenten
sind.

2. Medizinisches Packmittel, insbesondere Pharma-
verpackung, nach Anspruch 1,
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dadurch gekennzeichnet, dass

mehrere interne Grenzflachen vorgesehen sind, die
eine hohe Streuwirkung des eingestrahlten Lichtes
aufweisen.

Medizinisches Packmittel nach einem der Ansprii-
che 1 bis 2,

dadurch gekennzeichnet, dass

das Material des ersten Kunststoffteilkérpers und
das Material des zweiten Kunststoffteilkdrpers iden-
tisch sind.

Medizinisches Packmittel nach einem der Anspri-
che 1 bis 3,

dadurch gekennzeichnet, dass

die interne Grenzflache mit Streuwirkung aus dem
ersten Material und/oder dem zweiten Material ge-
bildet wird.

Medizinisches Packmittel nach einem der Anspri-
che 1 bis 4,

dadurch gekennzeichnet, dass

die interne Grenzflache mit Streuwirkung durch ei-
nen Verbindungskérper (100) ausgebildet wird, der
freivon Absorberpigmenten und Streupigmenten ist.

Medizinisches Packmittelgemal einem der Anspri-
che 1 bis 5,

dadurch gekennzeichnet, dass

die interne Grenzflache mit Streuwirkung und/oder
der Verbindungskérper (100) eines der nachfolgen-
den Teile sind:

- ein gepresster Verbindungskorper aus einem
Mikrogranulat mit einer Partikelgrofie =400 um,
insbesondere aus PE, PP, PA, PET, PC, COC,
COP oder PMMA;

- ein gepresstes Kunststoffschweil3teil aus ei-
nem Kunststoffpulver mit einer Partikelgrofie >
10 pm, insbesondere aus PE, PP, PA, PET, PC,
COC, COP oder PMMA,;

- ein wahrend des SpritzgieRens mit einem in-
erten Gas versetzter Verbindungskorper;

- ein aus Mikrotrépfchen eines thermoplasti-
schen Kunststoffs zusammengesetzter Verbin-
dungskorper;

- ein durch SpritzgieRen mitreduzierter Masse-
temperatur hergestellter Verbindungskorper.

Medizinisches Packmittel nach einem der Anspri-
che 1 bis 6,

dadurch gekennzeichnet, dass

der Verbindungskdrper (100) aus dem ersten
und/oder dem zweiten Material besteht.

Medizinisches Packmittel nach einem der Anspri-
che 1 bis 7,
dadurch gekennzeichnet, dass
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10.

11.

12.

das Packmittel einen Inhaltsstoff insbesondere Hy-
aluronsaure, ein Anasthetika oder ein Neuroleptika
umfasst.

Verfahren zum Verbinden von Kunststoffteilen von
medizinischen Packmitteln, insbesondere Pharma-
verpackungen, umfassend einen ersten Kunststoff-
teilkorper (310) und einen zweiten Kunststoffteilkor-
per (320) sowie wenigstens eine zwischen erstem
und zweitem Kunststoffteilkorper vorhandene bzw.
eingebrachte interne Grenzflache mit Streuwirkung,
wobei ein Laserstrahl mit mindestens einer Wellen-
lange auf die interne Grenzflache einwirkt, derart,
dass durch Reflektion und/oder Streuung eine fur
eine Verschweillung von erstem Kunststoffteilkor-
per (310) und zweitem Kunststoffteilkérper (320) er-
forderliche Laserabsorption auftritt, wobei die inter-
ne Grenzflache und der erste und zweite Kunststoff-
teilkorper frei von Absorberpigmenten und Streupig-
menten sind.

Verfahren nach Anspruch 9,

dadurch gekennzeichnet, dass

die interne Grenzflache mit Streuwirkung einen Ver-
bindungskérper (100) umfasst, der frei von Absor-
berpigmenten und Streupigmenten ist.

Verfahren nach einem der Anspriiche 9 oder 10,
dadurch gekennzeichnet, dass

durch die Absorption des Laserstrahls bedingt durch
Lichtbrechung an der wenigstens ersten Grenzfla-
che, insbesondere dem Verbindungskdrper der ers-
te Kunststoffteilkdrper und/oder der zweite Kunst-
stoffteilkorper und/oder der Verbindungskérper auf-
geschmolzen wird und erste und zweite Kunststoff-
teilkérper (310, 320) sich verbinden.

Verfahren nach einem der Anspriche 9 bis 11,
dadurch gekennzeichnet, dass

die Wellenlange zwischen 800 und 1500 nm, bevor-
zugt 800 bis 1200 nm liegt.

Claims

1.

Medical packaging, in particular pharmaceutical,
comprising

- a first thermoplastic plastic partial body (310)
made of a first material,

- a second thermoplastic plastic partial body
(320) made of a second material,

wherein

- between the first plastic partial body (310) and
the second plastic partial body (320), at least
one internal boundary surface with a scattering
effect is arranged, which preferably causes an
increase in the wavelength of incident light,
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wherein

- the internal boundary surface and

-the firstand second plastic partial body are free
of absorber pigments and scattering pigments.

Medical packaging, in particular pharmaceutical, ac-
cording to Claim 1,

characterized in that

a plurality of internal boundary surfaces are provid-
ed, which have a high scattering effect

of the incident light.

Medical packaging according to either of Claims 1
to 2,

characterized in that

the material of the first plastic partial body and the
material of the second plastic partial body are iden-
tical.

Medical packaging according to any one of Claims
1to 3,

characterized in that

the internal boundary surface with scattering effect
is formed from the first material and/or the second
material.

Medical packaging according to any one of Claims
1to 4,

characterized in that

the internal boundary surface with scattering effect
is realized by a connecting body (100), which is free
of absorber pigments and

scattering pigments.

Medical packaging according to any one of Claims
1to 5,

characterized in that

the internal boundary surface with scattering effect
and/or the connection body (100) are one of the fol-
lowing parts:

-apressed connection body made from a micro-
granulate with a particle size greater than or
equal to 400 pm, in particular made of PE, PP,
PA, PET, PC, COC, COP or PMMA;

- a pressed plastic welding part made from a
plastic powder with a particle size greater than
or equal to 10 pm, in particular made of PE, PP,
PA, PET, PC, COC, COP or PMMA;

- a connection body infused with an inert gas
during the injection moulding process;
-aconnection body composed of micro-droplets
of a thermoplastic plastic;

- a connection body produced by injection
moulding with reduced melt temperature.

Medical packaging according to any one of Claims
1t0 6,

45/300
7

15

20

25

35

40

45

55

10.

1.

12.

characterized in that
the connection body (100) is composed of the first
and/or second material.

Medical packaging according to any one of Claims
1t07,

characterized in that

the packaging comprises an ingredient, in particular
hyaluronic acid, an anaesthetic or a neuroleptic.

Method for joining plastic parts of medical packaging,
in particular pharmaceutical packaging, comprising
a first plastic partial body (310) and a second plastic
partial body (320), as well as at least one internal
boundary surface with scattering effect which is ei-
ther present or introduced between the firstand sec-
ond plastic partial body,

wherein

a laser beam with at least one wavelength acts on
the internal boundary surface in such away that, due
toreflection and/or scattering, a laser absorption oc-
curs that is necessary for welding the first plastic
partial body (310) and second plastic partial body
(320), wherein the internal boundary surface and the
first and second plastic partial bodies are free of ab-
sorber pigments and scattering pigments.

Method according to Claim 9,

characterized in that

the internal boundary surface with scattering effect
comprises a connecting body (100), which is free of
absorber pigments and scattering pigments.

Method according to either of Claims 9 or 10,
characterized in that

due to the absorption of the laser beam caused by
refraction of light at the at least first boundary sur-
face, in particular the connection body, the first plas-
tic partial body and/or the second plastic partial body
and/or the connection body is/are melted and the
first and second plastic partial body (310, 320) are
connected together.

Method according to any of Claims 9 to 11,
characterized in that

the wavelength is between 800 and 1500 nm, pref-
erably 800 to 1200 nm.

Revendications

1.

Matériau d’emballage médical, en particulier phar-
maceutique, comprenant

- un premier corps de partie en plastique ther-
moplastique (310) constitué d’'un premier maté-
riau,

- un second corps de partie en plastique ther-
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maoplastique (320) constitué d’'un second maté-
riau,

dans lequel

- au moins une interface interne ayant un effet
de diffusion est agencée entre le premier corps
de partie en plastique thermaoplastique (310) et
le second corps de partie en plastique thermo-
plastique (320), menant de préférence a un tra-
jet rallongé de la lumiére irradiée,

- l'interface interne et

- les premier et second corps de partie en plas-
tique sont dépourvus de pigments absorbants
et de pigments de diffusion.

Matériau d’emballage médical, en particulier phar-
maceutique, selon la revendication 1,

caractérisé en ce que

plusieurs interfaces internes sont prévues, lesquel-
les présentent un effet de diffusian important

de la lumiére irradiée.

Matériau d’emballage médicalselon 'une desreven-
dications 1 a 2,

caractérisé en ce que

le matériau du premier corps de partie en plastique
et le matériau du second corps de partie en plastique
sont identiques.

Mateériau d’emballage médical selon 'une desreven-
dications 1 a 3,

caractérisé en ce que

I'interface interne ayant un effet de diffusion est for-
mée par le premier matériau et/ou le second maté-
riau.

Matériau d’emballage médicalselon Flunedesreven-
dications 1 4 4,

caractérisé en ce que

I'interface interne ayant un effet de diffusion est con-
cue avec un corps de liaison (100) qui est dépourvu
de pigments absorbants et

de pigments de diffusion.

Matériau d’emballage médical selon 'une desreven-
dications 1 a 5,

caractérisé en ce que

I'interface interne ayant un effet de diffusion et/ou le
corps de liaison (100) sont 'une des parties suivan-
tes, & savoir :

- un corps de liaison pressé constitué de micro-
granulés ayant une granulométrie > 400 pm, en
particulier de PE, PP, PA, PET, PC, COC, COP
ou PMMA ;

- une partie soudée en plastique pressée cons-
tituée d’'une poudre plastique ayant une granu-
lométrie > 10 wm, en particulier de PE, PP, PA,
PET, PC, COC, COP ou PMMA ;
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10.

11.

12.

- un corps de liaison dans lequel un gaz inerte
est ajouté durant le moulage par injection ;

- un corps de liaison qui est constitué de micro-
gouttelettes de plastique thermoplastique ;

- un corps de liaison qui est produit par moulage
par injection a une température de masse rédui-
te.

Matériau d’emballage médicalselonl'unedesreven-
dications 1 a 6,

caractérisé en ce que

le corps de liaison (100) est constitué du premier
et/ou du second matériau.

Matériau d’emballage médicalselonl'une desreven-
dications 1a7,

caractérisé en ce que

le matériau d’emballage comprend en outre un in-
grédient, en particulier de 'acide hyaluronique, un
anesthésique ou un neuroleptique.

Procédé pour lier des parties en plastique de maté-
riaux d’emballage médicaux, en particulier pharma-
ceutiques, comprenant un premier corps de partie
en plastique (310) et un second corps de partie en
plastique (320) ainsi qu’au moins une interface in-
terne ayant un effet de diffusion déposée ou présen-
te entre le premier et le second corps de partie en
plastique.

dans lequel

un faisceau laser ayant au moins une longueur d’on-
de agit sur l'interface interne de telle sorte que, par
réflexion et/ou diffusion, il se produise une absorp-
tion laser nécessaire au soudage du premier corps
de partie en plastique (310) et du second corps de
partie en plastique (320), I'interface interne et les
premier et second corps de partie en plastique étant
dépourvus de pigments absorbants et de pigments
de diffusion.

Procédeé selon la revendication 9,

caractérisé en ce que

interface interne ayant un effet de diffusion com-
prend un corps de liaison (100) qui est dépourvu de
pigments absorbants et de pigments de diffusion.

Procédé selon 'une des revendications 9 ou 10,
caractérisé en ce que

grace a l'absorption du faisceau laser causée par
réfraction au niveau d’au moins la premiére interfa-
ce, en particulier du corps de liaison, le premier corps
de partie en plastique et/ou le second corps de partie
en plastique et/ou le corps de liaison sont fondus et
le premier et le second corps de partie en plastique
(310, 320) sont liés.

Procédé selon 'une des revendications 9 a 11,
caractérisé en ce que
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FIG. 1
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Description

TECHNICAL FIELD

[0001] The presentinvention relates to a laminate for a blister package (blister pack), a blister package that uses said
laminate, and a blister packaging product (blister pack package). More particularly, the present invention relates to a
laminate for a blister package that is free of the occurrence of molding defects even if a pocket is formed at a certain
depth in order to package a large pharmaceutical drug, to a blister package that uses said laminate, to a blister packaging
product and to a production process of said laminate.

BACKGROUND ART

[0002] While powdered pharmaceutical drugs are enclosed in thin-walled paper pouches or pouches made of plastic
film, drugs such as tablets or capsules are enclosed in blister packages referred to as press-though packages (PTP).
The drug can be removed by breaking a sheet-like cover by pressing on the drug enclosed in the blister package with
afinger.

[0003] Pharmaceuticaldrugs are subjectto deterioration of the pharmacologically active ingredient following absorption
of moisture. Consequently, a desiccant such as silica gel has conventionally been enclosed within the outer pouch that
encloses the blister package. However, the work of placing a desiccant in the outer pouch is labor-intensive, and there
is also the risk of the desiccant being accidentally swallowed or consumed. In addition, there was also the problem of
a low level of humidity being unable to be maintained within the blister package after opening the outer pouch, thereby
resulting in progression of deterioration of the pharmaceutical drug. Moreover, since certain drugs are susceptible to
oxidative degradation or emit a peculiar odor, there is also the need to be able to absorb oxygen and odors present
within the blister package.

[0004] Patent Document 1 discloses a technology whereby long-term stability of a pharmaceutical drug is improved
by laminating an adsorbing layer having an adsorbent within a blister package. In this technology, a dome-shaped pocket
is first formed in a laminate formed by dry-laminating a substrate film and an absorbing layer having an adsorbing layer.
A pharmaceutical drug in the form of a tablet is then placed in the pocket and sealed therein by a cover. According to
this technology, the maintaining of a dry state, prevention of oxidation and efficient removal of odors are thought to be
possible even if a desiccant and the like is not included in the outer pouch.

[0005] In addition, since some pharmaceutical drugs are susceptible to ultraviolet light, if a transparent packaging
container is used, there is the risk of degradation of the pharmacologically active ingredient. Patent Document 1 discloses
a so-called aluminum blister package that employs a technology whereby an aluminum layer is also formed in the
laminate for a blister package on the top side instead of only in a cover on the back side of the blister package. According
to this technology, since an aluminum layer is provided in the blister package, although it is no longer possible to visualize
the pharmaceutical contained therein, ultraviolet light can be blocked and barrier properties can be further enhanced.
[0006] In an aspect that simply combines the aforementioned two technologies, problems such as rupturing of the
roof of the dome or the formation of cracks in the skirt or shoulder of the dome occur when a dome-shaped pocket is
formed in a laminate for a blister package. In order to overcome these problems, Patent Document 2 dry-laminates an
absorbing film with a substrate obtained by laminating a stiff reinforcing layer made of a specific polymer on the absorbing
film side of an aluminum layer. In Patent Document 2, overall laminate strength is improved and molding defects are
reduced by providing a stiff reinfarcing layer.

[0007] Patent Document 3discloses a blister pack obtained by sandwich laminating an absorbing layer and a substrate
layer with an adhesive resin layer having a thickness of 20 pm.

[0008] The EP 2 612 824 A1 discloses a container including an absorbing layer absorbing at least one of liquid and
gas; a reinforcing layer laminated on the absorbing layer with an adhesive layer interposed there between; an aluminum
layer laminated on the reinforcing layer with an adhesive layer interposed there between; and a barrier layer laminated
on the aluminum layer with an adhesive layer interposed there between and suppressing entry of at least one of liquid
and gas. The WO 2013/140821 A1 discloses a layered body for a PTP or blister pack in which an absorption layer is
layered on a substrate layer via an adhesive layer. The absorption layer has a configuration in which an outer skin layer,
an intermediate layer, and an inner skin layer are layered in the stated sequence, and the outer skin layer is bonded to
the substrate layer via the adhesive layer. The outer skin layer is composed of a polyethylene resin, the intermediate
layer is composed of a mixture of a polyethylene resin and an absorbent, and the inner skin layer is composed of a
blended resin having 25 to 50 mass% of a linear low-density polyethylene, and 75 to 50 mass% of a high-density
polyethylene having a higher melting point as a material than the preheating temperature in the molding process. The
blended resin of the inner skin layer has 10 to 50 mass% of a linear low-density polyethylene, and 90 to 50 mass% of
a high-density polyethylene having a higher melting point as a material than the preheating temperature in the molding
process. The JP 2013/169666 A discloses a multilayer film for deep-drawing packaging formed by laminating five or
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more layers of at least an outer layer, an adhesive layer, a gas barrier layer, an adhesive layer and a heat seal layer in
this order. In the multilayer film for deep-drawing packaging, the outer layer is composed of polyethylene blended with
5 to 40 wt.% of thermoplastic elastomer. The JP 2013/079086 A discloses a sealant having at least an oxygen-absorbing
resin layer and a food contact layer. When the food contact layers of the sealant are heat-bonded to each other, the
sealing strength at23°C is 23 to 100 N/15 mm and the sealing strength at 90 °C is 5to 25 N/15 mm. The WO 2012/029899
A1 discloses a package being provided with a container sheet having formed therein a concave receptacle that accom-
modates a solid preparation containing a succinic acid salifenacin or a 1-{[(a-iso-butanoyloxy-ethoxy) carbonyl] ami-
nomethyl} -1-cyclohexane acetic acid; and an airtight cover material sheet for encapsulating the solid preparation. The
container sheet comprises a package film obtained by layering an adsorption layer, at least one layer of a substrate
layer configured from resin, aluminum foil, and a barrier layer. The adsorption layer is layered with the substrate layer,
is positioned on the side that accommodates the solid preparation, and contains at least zeolite.

[Prior Art Documents]

[Patent Documents]

[0009]
[Patent Document 1] International Publication No. WO 2006/115264
[Patent Document 2] International Publication No. WO 2012/029323
[Patent Document 3] International Publication No. WO 2013/140821

DISCLOSURE OF THE INVENTION

[Problems to be Solved by the Invention]

[0010] In the case of attempting to form a relatively deep pocket exceeding 10 mm in diameter and 3.3 mm in depth,
there are still many cases in which molding defects occur even when using the laminate described in Patent Document
2 that reduces molding defects, thereby making this inadequate. When the inventors of the present invention conducted
a study on the laminates described in Patent Documents 1 and 2 with the aim of reducing molding defects occurring in
the case of forming such a deep pocket, it was found that molding defects cause so-called delamination in which the
substrate film and absorbing film undergo partial separation.

[0011] Namely, in the case of the laminate described in Patent Document 2, it was found that there are cases in which
delamination occurs between the absorbing film and the reinforcing layer, and as a result thereof, force is not uniformly
transmitted to the molded article when molding a pocket and stress concentrates in a portion thereof resulting in the
occurrence of molding defects. When the cause of this delamination was investigated further, it was determined that,
even if the absorbing film has a skin layer, fine irregularities are formed on the surface of the absorbing film caused by
the presence of inorganic absorbent. Then, it was determined that surface roughness increases, thereby causing a
portion of the adhesion between the dry-laminated absorbing film and reinforcing layer to become defective.

[0012] In addition, although Patent Document 3 demonstrates some improvement in comparison with the laminates
described in Patent Documents 1 and 2, in the case of attempting to mold a deep pocket, a large number of molding
defects continue to occur, thereby making this inadequate.

[0013] Anobjectofthe presentinvention is to provide a laminate for a blister package that is resistant to the occurrence
of molding defects even if a pocket is molded to a certain depth in order to package large contents such as a drug, to a
blister package and a blister packaging product that use that laminate, and to a method for producing that laminate.

[Means for Solving the Problems]

[0014] With this in mind, the inventors of the present invention completed the laminate of the present invention, which
is capable of preventing delamination between an absorbing film and substrate film and reducing the occurrence of
molding defects, by having a comparatively thick resin layer present adjacent to the absorbing film that alleviates surface
roughness of the absorbing film.

[0015] Namely, the inventors of the present invention found that the aforementioned problems can be solved by the
present invention having the aspects indicated below.

[Aspect 1]

[0016] A laminate for a blister package, comprising a substrate film, an adhesive resin layer, and an absorbing film in
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that order; wherein,
the adhesive resin layer has a thickness of 25 pm to 100 pm, and
the absorbing film comprises an absorbing layer containing a thermoplastic resin and an inorganic absorbent.

[Aspect 2]
[0017] The laminate described in Aspect 1, wherein the adhesive resin layer comprises a polyolefin-based resin.
[Aspect 3]

[0018] The laminate described in Aspect 1 or Aspect 2, wherein the adhesive resin layer is formed through sandwich
lamination.

[Aspect 4]

[0019] The laminate described in any of Aspects 1 to 3, wherein the adhesive resin layer has a thickness of 25 pm to
50 pm.

[Aspect 5]

[0020] The laminate described in any of Aspects 1 to 4, wherein the absorbing film comprises an outer skin layer on
the side of the adhesive resin layer, the absorbing layer, and an inner skin layer.

[Aspect 6]

[0021] The laminate described in Aspect 5, wherein the outer skin layer, the absorbing film and the inner skin layer of
the absorbing film are formed through co-extrusion.

[Aspect 7]
[0022] A laminate for a blister package composed of the following layers:

a substrate layer having a thickness of 12 pm to 25 pm and comprising a resin selected from the group consisting
of a polyolefin-based resin, polyvinyl chloride, polyvinylidene chloride, polychlorotrifluoroethylene, polytetrafluor-
oethylene, saturated or unsaturated polyester, polyamide and polyacrylonitrile;

an aluminum layer having a thickness of 7 pm to 45 pm;

a reinforcing layer having a thickness of 8 pm to 60 pm and comprising a resin selected from the group consisting
of polyvinyl chloride, saturated or unsaturated polyester and polyamide;

an adhesive resin layer having a thickness of 25 pm to 50 pm, comprising a polyolefin-based resin, and formed by
sandwich lamination;

an outer skin layer having a thickness of 10 pm to 30 pm and comprising a polyolefin-based resin;

an absorbing layer having a thickness of 10 pm to 200 pm and comprising a polyolefin-based resin and 5% by
volume to 70% by volume of zeolite; and

an inner skin layer having a thickness of 10 pm to 30 pm and comprising a polyolefin-based resin.

<Aspect 8>

[0023] A blister package comprising the laminate described in any of Aspects 1 to 7 and a cover having a heat seal
layer and an aluminum layer, wherein the laminate and the cover are at least partially adhered, and the laminate has a
pocket so that contents are able to be contained between the laminate and the cover.

<Aspect 9>

[0024] A blister packaging product having the blister package described in Aspect 8 and having contents contained
in the pocket.
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<Aspect 10>
[0025] A method for producing a laminate for a blister package, comprising the following:

providing a substrate film;

providing an absorbing film comprising an absorbing layer containing a thermoplastic resin and an inorganic ab-
sorbent; and,

forming an adhesive resin layer having a thickness of 25 pumto 100 um between the absorbing film and the substrate
film, on the absorbing film or on the substrate film, to adhere the absorbing film and the substrate film.

<Aspect 11>

[0026] The method for producing a laminate for a blister package described in Aspect 10,

wherein

the substrate film comprises a substrate layer, aluminum layer and reinforcing layer in that order,

the absorbing film comprises an outer skin layer and an inner skin layer that sandwich the absorbing layer, and

the adhesive resin layer is formed between the outer skin layer of the absorbing film and the reinforcing layer of the
substrate film, or on the outer skin layer of the absorbing film or on the reinforcing layer of the substrate film.

[Effects of the Invention]

[0027] According to the present invention, a blister package provided with an absorbing layer having a pocket of a
certain depth can be produced with minimal occurrence of molding defects. The use of such a blister package makes it
possible to store comparatively large contents in a stable state over a long period of time.

[0028] The present invention can provide the effect of reducing the occurrence of molding defects by having a com-
paratively thick adhesive resin layer present between a substrate film and an absorbing film. The effect is unexpected
in consideration of the fact that molding defects occurred in the aforementioned Patent Document 2 when a reinforcing
layer composed of a soft resin was used between an absorbing film and an aluminum layer (such as in Comparative
Example 4 of Patent Document 2), and that moldability typically tends to decrease when the overall thickness of a
laminate for a blister package increases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

FIG. 1 is a schematic diagram of a blister package provided with an absorbing layer.
FIG. 2 is a schematic diagram of the layer structure of the blister package of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

<<|Laminate for Blister Pack and Production Method Therecf>>

[0030] The laminate for a blister pack of the present invention has a substrate film, an absorbing film, and an adhesive
resin layer that adheres the two. The substrate film at least has a substrate layer and preferably further has an aluminum
layer and a reinforcing layer on the side of the absorbing film in that order. In addition, the absorbing film has an absorbing
layer comprising a thermoplastic resin and an inorganic absorbent, and further has an inner skin layer and an outer skin
layer. The laminate for a blister pack of the present invention preferably comprises or is composed of an outermost
substrate layer, an aluminum layer, a reinforcing layer, an adhesive resin layer, an outer skin layer, an absorbing layer
and an inner skin layer that contacts a cover, in that order.

[0031] The thickness of the laminate of the present invention can be, for example, 500 um or less, 400 pm or less,
300 pm or less, 250 um or less, 200 pm or less, 150 pum or less, 100 pm or less, 90 pm or less, 85 pm or less or 80
pm or less, and 50 wm or more, 60 pm or more or 70 pum or more in consideration of strength and stiffness of the
laminate, and ease of pushing through the blisters and barrier properties when molded into a blister packaging product.
[0032] Furthermore, in the present description, although a "laminate composed of a layer A and a layer B" refers to a
laminate substantially only comprising the layer A and the layer B, it also means that it may also comprise other layers
in addition to the layer A and the layer B within a range that allows the advantageous effects of the present invention to
be obtained or a range over which the advantageous effects are not lost. For example, the laminate may be expressed
as a "laminate composed of a layer A and a layer B" even if an anchor coat layer and the like is formed between the
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layer A and the layer B.
<Substrate Film>

[0033] The substrate film isolates the absorbing film from the external environment and imparts suitable stiffness,
strength and the like to the entire laminate. The substrate film comprises a substrate layer and may further comprise an
aluminum layer and a reinforcing layer in that order. In this case, the substrate layer may be the outermost layer of the
laminate for a blister pack.

[0034] The thickness of the substrate film can be, for example, 150 pum or less or 100 .m or less and 20 pm or more,
30 pm or more or 50 wm or more in consideration of maintaining barrier properties and imparting strength and the like
to the entire laminate of the present invention.

[0035] The substrate layer comprises a thermoplastic resin, and examples of that thermoplastic resin include a poly-
olefin-based resin, polyvinyl chloride, polyvinylidene chloride (PVDC), polychlorotrifluoroethylene, polytetrafluoroethyl-
ene, saturated or unsaturated polyester (such as polyethylene terephthalate (PET) or polybutylene terephthalate), polya-
mide (such as Nylon, Nylon 6 or Nylon MXDG6) and polyacrylonitrile (PAN), and these films can be used for the substrate
layer as a single layer or a combination of a plurality of layers.

[0036] Examples of polyolefin-based resins include low-density polyethylene (LDPE), linear low-density polyethylene
(LLDPE), medium-density polyethylene (MDPE), high-density polyethylene (HDPE), polyethylene polymerized using a
metallocene catalyst, propylene homopolymer, propylene-ethylene block copolymer, propylene-ethylene random copol-
ymer, polypropylene polymerized using a metallocene catalyst, chlorinated polypropylene, polymethylpentene, ethylene-
acrylic acid copolymer (EAA), ethylene-methacrylic acid copolymer (EMAA), ethylene-ethyl acrylate copolymer (EEA),
ethylene-methyl acrylate copolymer (EMA), ethylene-ethyl acrylate copolymer, ethylene-vinyl acetate copolymer (EVA),
ionomer, carboxylic acid-modified polyethylene, carboxylic acid-modified polypropylene, and carboxylic acid-modified
polyethylene-vinyl acetate copolymer.

[0037] The thickness of the substrate layer can be, for example, 8 um or more, 10 pm or more or 12 pm or more, and
50 pm or less or 25 pm or less.

[0038] The aluminum layer may be alayer comprising pure aluminum (Al) foil or an aluminum alloy foil. Other examples
of the aluminum layer include resin layers having an aluminum vapor-deposited film, and examples of resin films in
which these vapor-deposited layers are deposited include polyolefin-based resins (and particularly, oriented or cast
polypropylene), polyvinyl chloride, saturated polyester (such as polyethylene terephthalate (PET) or polybutylene tereph-
thalate) and polyamide (such as Nylon, Nylon 6 or Nylon MXD8).

[0039] The thickness of the aluminum layer can be, for example, 7 pm or more, 10 pm or more or 12 pum or more,
and 50 pm or less, 45 p.m or less or 30 pm or less.

[0040] Aresinlayercapable of beingused as a substrate layer can also be used for the reinforcing layer. Thereinforcing
layer preferably comprises polyamide, saturated or unsaturated polyester (such as polyethylene terephthalate (PET) or
polybutylene terephthalate) and polyvinyl chloride in order to impart suitable stiffness. The reinforcing layer is particularly
preferably the reinforcing layer disclosed in Patent Document 2.

[0041] The thickness of the reinforcing layer can be, for example, 8 wm or more, 10 p.m or more or 12 p.m or more,
and 80 pm or less, 60 pm or less, 50 pm or less or 25 pm or less.

[0042] A known lamination method such as dry lamination or extrusion lamination can be used for the method used
to laminate each layer of the substrate film.

<Adhesive Resin Layer>

[0043] The adhesive resin layer has a thickness of 25 pm to 100 pm and adheres the substrate film and the absorbing
film.

[0044] Although there are no particular limitations on the adhesive resin layer provided it is a layer that is capable of
alleviating surface irregularities of the absorbing film, the thickness thereof can be 25 pm or more, 26 p.m or more, 30
pm or more, 35 wm or more or 40 pm or more, and 100 pm or less, 80 pm or less, 60 um or less or 50 um or less in
order to demonstrate the advantageous effects thereof. In the case of a thickness of 50 um or less, it becomes easy to
form the adhesive resin layer between the substrate film and the absorbing film by sandwich lamination, thereby making
this preferable. Since the thickness of an adhesive resin layer formed by sandwich lamination is normally about 10 pm
to 15 pum, the adhesive resin layer used in the present invention can be said to be comparatively thick.

[0045] The adhesive resin layer can contain, for example, a polyolefin-based resin, and the polyolefin-based resin is
particularly preferably low-density polyethylene (LDPE).

[0046] The adhesive resin layer may be formed by extruding a molten resin to serve as the adhesive resin layer
between the absorbing film and the substrate film followed by subjecting to sandwich lamination to adhere the molten
resin there between.
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<Absorbing film>

[0047] The absorbing film comprises an absorbing layer containing an inorganic absorbent and a thermoplastic resin.
The absorbing film preferably comprises a skin layer containing a thermoplasticresin on at least one side of the absorbing
layer for the purpose of adjusting absorption rate and surface roughness of the absorbing layer. More preferably, the
absorbing film has an outer skin layer located on the side of the substrate film, an absorbing layer and an inner skin
layer in that order. In this case, the inner skin layer preferably has heat sealability with the cover. Namely, the inner skin
layer may compose the outermost layer of the laminate for a blister pack on the opposite side from the substrate film or
substrate layer.

[0048] The absorbing layer, outer skin layer and inner skin layer comprise thermoplastic resins, and examples of these
resins include polyolefin-based resins, saturated or unsaturated polyester, polyvinyl chloride (PVC), polystyrene, poly-
carbonate, polyamide and mixtures thereof, with polyolefin-based resins being preferable.

[0049] Since the organic layer contains an inorganic absorbent, it is able to absorb at least one of a liquid and gas.
Examples of absorption targets particularly include water and organic and inorganic gases such as carbon dioxide,
ammonia, hydrogen sulfide, oxygen, chlorine and hydrogen chloride. The inorganic absorbent may be contained in the
outer skin layer and/or inner skin layer.

[0050] Examplesofinorganicabsorbentsinclude chemical absorbents such as calcium oxide, calcium chloride, calcium
sulfate, magnesium sulfate, sodium sulfate, calcium carbonate, magnesium oxide, barium oxide, diphosphorus pentoxide,
magnesium perchlorate, potassium permanganate, sodium permanganate or sodium thiosulfate, and physical absorb-
ents such as alumina, aluminum oxide, magnesium silicate, quicklime, silica gel or inorganic molecular sieves. There
are no particular limitations on the inorganic molecular sieves, and examples thereof include aluminosilicate minerals,
clay, porous glass, microporous activated carbon, zeclite, activated carbon and compounds having an opening structure
that allows diffusion of water and other small molecules, and these compounds can be used alone or by combining a
plurality thereof.

[0051] In addition, other examples of inorganic absorbents may be oxygen scavengers including iron-based oxygen
absorbents such as iron powder (such as reduced iron powder, atomized ion powder or activated iron powder), ferrous
oxide and ferrous salt; metal halides (such as sodium chloride, sodium bromide, sodium iodide, potassium chloride,
potassium bromide, potassium iodide, calcium chloride, magnesium chloride and barium chloride); oxygen-deficient
cerium oxide; sulfites; bisulfites; and dithionite salts.

[0052] Among these, zeolite is preferable for the inorganic absorbent. Examples of zeolite that can be used include
natural zeolite, artificial zeolite and synthetic zeolite. Zeolite is a porous, granular substance used to separate substances
according to differences in molecular size, has a structure consisting of uniform pores, and since it has the action of a
type of sieve by absorbing small molecules that enter the cavities of those pores, is capable of absorbing water (including
steam and water vapor) and organic gases. An example of synthetic zeolite is a molecular sieve (UNION SHOWA K.K.),
and among these, molecular sieves having a pore diameter (absorption opening) of 0.3 nm to 1 nm in particular can be
used. For examples, molecular sieves having a pore diameter of 0.3 nm, 0.4 nm, 0.5 nm or 1 nm cam be respectively
used as molecular sieve 3A, molecular sieve 4A, molecular sieve 5A and molecular sieve 13X.

[0053] Although there are no particular limitations on the average particle diameter (particle diameter having an inte-
grated value of 50% in a particle size distribution determined by laser diffraction scattering) of the inorganic absorbent,
the volume-based median diameter (d50), for example, may be 100 nm or more, 500 nm or more, 1 wm or more or 5
pm or more, and 100 pm or less, 50 pm or less, 30 pm or less or 15 pm or less. In the present invention, different types
of the aforementioned inorganic absorbent can be used as is appropriate according to such factors as the properties of
the absorbed substance and contents, surface roughness of the absorbing film or target absorption rate.

[0054] From the viewpoint of absorption capacity, the inorganic absorbent can be contained in the absorbing layer
within the range of 5% by weight or more, 10% by weight or more, 20% by weight or more, 30% by weight or more, 40%
by weight or more or 50% by weight or more based on the weight of the absorbing layer, and from the viewpoint of
dispersibility in the thermoplastic resin and moldability, can be contained in the absorbing layer within the range of 90%
by weight or less, B0% by weight or less, 70% by weight or less or 60% by weight or less.

[0055] In addition, the inorganic absorbent can be contained at 5% by volume or more, 10% by volume or more, 20%
by volume or more or 30% by volume or more and 70% by volume or less, 65% by volume or less, 60% by volume or
less, 55% by volume or less or 50% by volume or less.

[0056] Furthermore, in the case of calculating the volume percentage of inorganic absorbent contained in a layer and
the specific gravity of the inorganic absorbent is uncertain, after having first determined the specific gravity of that layer
by measuring, the volume percentage of the inorganic absorbent may then be determined from the weights at which the
inorganic absorbent and thermoplastic resin have been added and the specific gravity of the thermoplastic resin. For
example, in the case of a layer having specific gravity of 1.1 g/cm3 that has been formed using 50 g of inorganic absorbent
and 50 g of thermoplastic resin having specific gravity of 0.9 g/cm3, the inorganic absorbent contained in that layer can
be calculated to have a specific gravity of 1.41 g/cm3 and can be said to be present in that layer at 38.9% by volume.
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[0057] Although the inorganic absorbent may be contained in the inner skin layer and/or outer skin layer, the content
of inorganic absorbent in the outer skin layer in consideration of such factors as the formability of these layers or ease
of lamination with other layers is preferably 10% by volume or less, 7% by volume or less or 5% by volume or less, while
the content of inorganic absorbent in the inner skin layer is preferably 40% by weight or less, 30% by volume or less,
28.8% by volume or less, 20% by volume or less, 10% by volume or less, 7% by volume or less or 5% by volume or less.
[0058] The thickness of the absorbing film is, for example, 300 pm or less, 200 pm or less, 150 pm or less or 130 pm
or less, and 30 pm or more, 40 pm or more or 50 pm or more. A thickness of 150 pum or less is particularly preferable
since ease of pushing through the blisters is favorable.

[0059] The thickness of the absorbing layer is, for example, 200 wm or less, 150 pum or less or 100 pm or less, and
20 pm or more, 30 wm or more or 40 pm or more.

[0060] The thickness of the inner skin layer and outer skin layer is, for example, 30 um or less, 20 um or less or 15
pm or less, and 5 pm or more, 8 wm or more or 10 wm or more.

[0061] An absorbing film having a single absorbing layer can be formed by forming with the inorganic absorbent and
thermoplastic resin by inflation molding, T-die molding, calendering, casting, press molding, extrusion molding or injection
molding.

[0062] An absorbing film comprising an outer skin layer, absorbing layer and inner skin layer can be produced by
multilayer inflation process. This method consists of simultaneously extruding a plurality of resins into the shape of a
tube with a plurality of extruding machines and inflating the tubes by blowing air inside to produce a multilayer film. An
absorbing film can be obtained by co-extruding and molding the absorbing layer and skin layers in this manner.

[0063] Prior to producing the absorbing film by inflation process, a resin composition (pellets) for the absorption layer
is preferably prepared by processing the thermoplastic resin and inorganic absorbent into pellets after heating and
kneading with a twin screw kneader. Moreover, the content of the inorganic absorbent may be adjusted by diluting by
dry blending the aferementioned pellets with pellets of the thermoplastic resin. The absorbing film is then produced by
carrying out multilayer film deposition by multilayer inflation process using pellets for the absorbing layer and pellets of
the thermoplastic resin for the skin layers. After having produced the absorbing layer by inflation process, the separately
produced skin layers may be laminated, for example by thermocompression bonding and the like, to obtain the absorbing
film.

[0064] In the case of producing an absorbing film having a single absorbing layer by T-die process, a film can be
formed by first preparing pellets containing the inorganic absorbent and thermoplastic resin in advance. At this time, an
absorbing film containing an absorbing layer and skin layers may be obtained by co-extruding the skin layers on one or
both sides of the absorbing layer.

[0065] The absorbinglayer and skin layers are respectively formed into the shape of a film or sheet by inflation process,
T-die process, calendering, casting, pressing, extrusion processor injection process followed by laminating the layers
using a known method to obtain an absorbing film.

[0066] In the case of forming the absorbing layer and skin layers by co-extruding by multilayer T-die process or
multilayer inflation process, surface roughness attributable to the absorbing layer in particular is easily reflected in the
surface of the absorbing film since the skin layers are adhered to the absorbing layer in a molten state. Thus, the present
invention is particularly advantageous in the case of using an absorbing film formed by co-extrusion since the present
invention alleviates surface roughness of the absorbing film by providing an adhesive resin layer.

<Other>

[0067] In addition to the aforementioned layers, the laminate for a blister package of the present invention may also
further have a printing layer, an anchor coat layer for enhancing adhesion between two layers or a primer layer and the
like between any two arbitrary layers.

<<Blister package and Blister packaging product>>

[0068] The blister package of the present invention has the aforementioned laminate for a blister package and a cover.
The laminate for a blister package and the cover are at least partially adhered. After having molded a pocketfor containing
contents such as tablets in the laminate for a blister package, the contents can be contained in the pocket followed by
adhering the cover to produce a blister packaging product in which the contents are contained in the pocket of the blister
package.

<Contents>

[0069] There are no particular limitations on the contents of the blister package of the present invention provided it is
asubstance that can be deteriorated by contact with the outside air, and examples thereof include drugs, foods, cosmetics,
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medical devices and electronic components. In addition, examples of contents include detergents and agricultural chem-
icals in addition to prescription drugs.

<Cover>

[0070] The cover comprises a heat seal layer and an aluminum layer. A thermoplastic resin able to be used for the
aforementioned skin layers can also be used for the heat seal layer, and polypropylene can be used preferably. Corre-
sponding resins can be suitably selected for the heat seal layer of the cover and layer of the laminate for a blister package
that contacts the cover from the viewpoint of enhancing adhesion.

[0071] An aluminum layer similar to the aluminum layer previously described with respect to the substrate film can be
used for the aluminum layer of the cover. The cover is preferably of a form in which a heat seal layer in the form of
polypropylene is coated onto aluminum foil.

[0072] The cover can also be of a form in which an easy peeling resin such as a polyolefin-based polymer alloy is
coated onto aluminum foil, or a form in which an easy peeling film is laminated thereon. In this case, contents can be
removed easily since the blister package and cover are made to separate at the adhesive interface.

[0073] FIG. 1 is a schematic view of a blister packaging product A. Here, a cover 40 is adhered to a laminate for a
blister package B obtained by laminating an adhesive resin layer 20 and an absorbing film 30 onto a substrate film 10
in that order, and contents 100 are enclosed in a dome-shaped pocket of the laminate B.

[0074] FIG. 2 is a schematic view of the layer structure of the blister packaging product A of the present invention.
This drawing shows an end of the blister packaging product A where the pocket is not formed, and the cover 40 is
adhered to the laminate for a blister package B obtained by laminating the substrate film 10, comprising a substrate
layer 11, an aluminum layer 12 and a reinforcing layer 13, the adhesive resin layer 20 and the absorbing film 30 in that
order. The absorbing film 30 is composed of an outer skin layer 31, a second absorbing layer 32 and an inner skin layer
33, and the cover 40 is composed of a heat seal layer 41 and an aluminum layer 42.

[Examples]
<<Production of Laminate for Blister package>>
<Production of Substrate Film>

[0075] A reinforcing layer in the form of polyethylene terephthalate having a thickness of 12 pm (Lumirror 12310,
TORAY INDUSTRIES INC.) was laminated onto a laminate composed of a substrate layer in the form of a Nylon (Ny)
film having a thickness of 25 um and an aluminum layer in the form of aluminum (Al) foil having a thickness of 40 ym
(AL/AL Substrate, UACJ FOIL CORP.) using a dry laminator (INVEX Pilot Coater, TECHNO SMART CORP.) to obtain
a substrate film. Here, a polyurethane-based adhesive comprising a main agent (Takelac® XA1151, MITSUIl CHEMI-
CALS, INC.) and a curing agent (Takenate® A12, MITSUI CHEMICALS, INC.) was used for the adhesive for dry lami-
nation, and an adhesive layer having a thickness of 5 pm was formed at a feeding speed of 10 m/min.

<Production of Absorbing film>

[0076] Inorganic absorbent in the form of zeaolite (Molecular Sieve 4A, UNION SHOWA K.K.) and pellets of a thermo-
plastic resin in the form of LDPE (Petrocene 202, TORAY INDUSTRIES INC.) were kneaded and pelletized using a twin
screw extruder (PCM70, IKEGAI CORP.) to obtain pellets containing 47% by weight of zeolite content for the absorbing
layer.

[0077] Pellets of LLDPE (Evolue SP2520, PRIME POLYMER CO., LTD.) were prepared for use as the resin for the
inner skin layer and outer skin layer, and these pellets were subjected to co-extrusion process with the aforementioned
pellets for the absorbing layer by air-cooled inflation process at a temperature of 170°C and feeding speed of 10 m/min
to obtain an absorbing film. Here, a three-layer inflation machine (TUL-600R, PLACO CO., LTD.) was used. In addition,
the thickness of the absorption layer was made to be 90 wm and the thicknesses of the inner skin layer and outer skin
layer were made to be 20 pm.

<Adhesion of Substrate Film and Absorbing film by Adhesive Resin Layer>
* Laminate of Comparative Example 1

[0078] The reinforcing layer of the substrate film and the outer skin layer of the absorbing film were adhered by dry
lamination. Here, an adhesive layer having a thickness of 5 pm was formed using a dry laminator (INVEX Pilot Coater,
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TECHNO SMART CORP.) and a polyurethane-based adhesive comprising a main agent (Takelac® XA1151, MITSUI
CHEMICALS, INC.) and a curing agent (Takenate® A12, MITSUI CHEMICALS, INC.) were used at a feeding speed of
10 m/min to obtain the laminate of Comparative Example 1.

“ Laminates of Comparative Examples 2 and 3 and Examples 1 to 3

[0079] Laminates of Comparative Examples 2 and 3 and Examples 1 to 3 were obtained by bonding the reinforcing
layer of the substrate film and the outer skin layer of the absorbing film by sandwich lamination while changing the
thickness of the adhesive resin layer. Here, LDPE for adhesive resin (Suntec-LD L1850K, ASAHI KASEI CHEMICALS
CORP.) was melted at 300°C and extruded using a sandwich laminator (TP45.45 P46010, PLACO CO.,LTD.) to obtain
laminates at a feeding speed of 30 m/min to 45 m/min. Furthermore, prior to adhering the respective layers, an anchor
coating agent (main agent: Takelac® XA1151, MITSUI CHEMICALS, INC., curing agent: Takenate® A12, MITSUI
CHEMICALS, INC.) was coated onto the reinforcing layer of the substrate film at a thickness of 1 pm.

<<Evaluation>>

[0080] A pocket for containing contents was formed in the laminates obtained in this manner with a blister molding
machine to evaluate the incidence of molding defects.

[0081] More specifically, pockets having a depth of 5.75 mm were molded in the aforementioned laminates at room
temperature. A high-speed hydraulic press (HYP505H) manufactured by JAPAN AUTOMATIC MACHINE CO., LTD.
was used for the molding machine. The plug material consisted of ultra-high molecular weight polyethylene resin having
a viscosity average molecular weight of 5.5 million (New Light®, SAXIN CORP.), the plug diameter was made to be 13
mm, and the molding speed was made to be 200 mm/s. This test was repeated ten times, and those laminates in which
cracks, scratches or other visual defects did not occur in the molded pocket to a degree that could be determined with
the naked eye were evaluated as acceptable and the number of acceptable laminates was investigated.

[0082] The results are shown in the table below.

[Table 1]
Thickness of Adhesive Resin No. of Acceptable Percentage of Acceptable
Layer Laminates Laminates

Comp. 5pm 2/10 20%
Example 1

Comp. 15 um 4/10 40%
Example 2

Comp. 20 pm 5/10 50%
Example 3
Example 1 25 pm 8/10 80%
Example 2 30 pm 8/10 80%
Example 3 40 pm 10/10 100%

[0083] Asisclearfromtheseresults, itwasdetermined that the incidence of molding defects decreases as the thickness
of the adhesive resin layer increases, and if an adhesive resin layer is formed at a thickness of 40 pm, molding defects
no longer occur even if the pocket is molded at a depth of 5.75 mm.

INDUSTRIAL APPLICABILITY

[0084] A laminate for a blister package that uses the absorbing layer of the present invention allows the molding of a
deep pocket therein, and a blister package using that laminate makes it possible to store comparatively large contents
in a stable state (by inhibiting deterioration) over a long period of time.

BRIEF DESCRIPTION OF THE REFERENCE SYMBOLS

[0085]

10 Substrate film
11 Substrate layer
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12 Aluminum layer

13 Reinforcing layer

20 Adhesive resin layer

30 Absorbing film

31 Outer skin layer

32 Absorbing layer

33 Inner skin layer

40 Cover

41 Heat seal layer

42 Aluminum layer

100  Contents

A Blister packaging product
B Laminate for blister package
Claims

1.

A laminate (B) for a blister package, comprising a substrate film (10), an adhesive resin layer (20), and an absorbing
film (30) in that order; wherein,

the adhesive resin layer (20) has a thickness of 25 pm to 100 pm, and
the absorbing film (30) comprises an absorbing layer (32) containing a thermoplastic resin and an inorganic
absorbent.

The laminate (B) according to claim 1, wherein the adhesive resin layer (20) comprises a polyolefin-based resin.

The laminate (B) according to claim 1 or 2, wherein the adhesive resin layer (20) is formed through sandwich
lamination.

The laminate (B) according to any ane of claims 1 to 3, wherein the adhesive resin layer (20) has a thickness of 25
pm to 50 pm.

The laminate (B) according to any one of claims 1 to 4, wherein the absorbing film (30) comprises an outer skin
layer (31) on the side of the adhesive resin layer (20), the absorbing layer (32), and an inner skin layer (33).

The laminate (B) according to claim 5, wherein the outer skin layer (31), the absorbing film (30) and the inner skin
layer (33) of the absorbing film (30) are formed through co-extrusion.

The laminate (B) for a blister package according to claim 1, composed of the following layers:

a substrate layer (11) having a thickness of 12 pm to 25 pm and comprising a resin selected from the group
consisting of a polyolefin-based resin, polyvinyl chloride, polyvinylidene chloride, polychlorotrifluoroethylene,
polytetrafluoroethylene, saturated or unsaturated polyester, polyamide and polyacrylonitrile;

an aluminum layer (42) having a thickness of 7 um to 45 pm;

a reinforcing layer (13) having a thickness of 8 pm to 60 pm and comprising a resin selected from the group
consisting of polyvinyl chloride, saturated or unsaturated polyester and polyamide;

an adhesive resin layer (20) having a thickness of 25 pm te 50 um, comprising a polyolefin-based resin, and
formed by sandwich lamination;

an outer skin layer (31) having a thickness of 10 um to 30 um and comprising a polyolefin-based resin;

an absorbing layer (32) having a thickness of 10 pm to 200 pm and comprising a polyolefin-based resin and 5
% by volume to 70 % by volume of zeolite; and

an inner skin layer (33) having a thickness of 10 pum to 30 pm and comprising a polyolefin-based resin.

A blister package comprising the laminate (B) according to any one of claims 1 to 7 and a cover (40) having a heat
seal layer (41) and an aluminum layer (42), wherein the laminate (B) and the cover (40) are at least partially adhered,
and the laminate (B) has a pocket so that contents (100) are able to be contained between the laminate (B) and the
cover (40).
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A blister packaging product (A) having the blister package according to claim 8 and having contents (100) contained
in the pocket.

10. A method for producing a laminate (B) for a blister package, comprising the following:

providing a substrate film (10);

providing an absorbing film (30) comprising an absarbing layer (32) containing a thermoplastic resin and an
inorganic absorbent; and,

forming an adhesive resin layer (20) having a thickness of 25 pm to 100 wm between the absorbing film (30)
and the substrate film (10), on the absorbing film (30) or on the substrate film (10), to adhere the absorbing film
and the substrate fiim (10).

11. The method for producing a laminate (B) for a blister package according to claim 10,
wherein
the substrate film (10) comprises a substrate layer (11), aluminum layer (42) and reinforcing layer (13) in that order,
the absorbing film (30) comprises an outer skin layer (31) and an inner skin layer (33) that sandwich the absorbing
layer (32), and
the adhesive resin layer (20) is formed between the outer skin layer (31) of the absorbing film (30) and the reinforcing
layer (13) of the substrate film (10), or on the outer skin layer (31) of the absorbing film (30) or on the reinforcing
layer (13) of the substrate film (10).

Patentanspriiche

1. Laminat (B) fiir eine Blisterpackung, die einen Substratfilm (10), eine klebende Harzschicht (20) und einen absor-
bierenden Film (30) in dieser Reihenfolge aufweist, wobei,

die klebende Harzschicht (20) eine Dicke von 25 pm bis 100 um aufweist und
der absorbierende Film (30) eine absorbierende Schicht (32) aufweist, die ein thermoplastisches Harz und ein
anorganisches Absorptionsmittel enthalt.

2. Laminat (B) nach Anspruch 1, wobei die klebende Harzschicht (20) ein auf Palyvinylchlorid basierendes Harz auf-
weist.

3. Laminat(B) nach Anspruch 1 oder 2, wobei die klebende Harzschicht (20) durch eine Sandwichlaminierung gebildet
worden ist.

4. Laminat (B) nach einem der Anspriiche 1 bis 3, wobei die klebende Harzschicht (20) eine Dicke von 25 p.m bis 50
pm aufweist.

5. Laminat (B) nach einem der Anspriiche 1 bis 4, wobei der absarbierende Film (30) eine au3ere Hautschicht (31)
auf der Seite der klebenden Harzschicht (20), die absorbierende Schicht (32) und eine innere Hautschicht (33)
aufweist.

6. Laminat (B) nach Anspruch 5, wobei die duRRere Hautschicht (31), die absorbierende Schicht (30) und die innere
Hautschicht (33) der absorbierenden Schicht (30) durch eine Coextrusion gebildet worden sind.

7. Laminat (B) fir eine Blisterverpackung nach einem der vorhergehenden Anspriiche, die aus folgenden Schichten

gebildet worden ist:

eine Substratschicht (11), die eine Dicke von 12 pm bis 25 pm und die ein Harz aufweist, das aus der Gruppe
ausgewahlt worden ist, die ein auf Polyvinylchlorid basierendes Harz, ein Polyvinylchlorid, ein Polyvinyliden-
chlorid, ein Polychlortrifluarethylen, ein Polytetrafluorethylen, ein geséttigtes oder ungesattigtes Polyester, ein
Polyamid und ein Paolyacrylnitril umfasst,

eine Aluminiumschicht (42), die eine Dicke von 7 pm bis 45 pm aufweist,

eine verstarkende Schicht (13), die eine Dicke von 8 pm bis 60 um und die ein Harz aufweist, das aus der
Gruppe ausgewahlt worden ist, die ein Polyvinylchlorid, ein geséattigtes oder ungeséttigtes Polyester und ein
Polyamid umfasst,
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eine klebende Harzschicht (20), die eine Dicke von 25 pm bis 50 pm und ein auf Polyolefin basierendes Harz
aufweist und die durch eine Sandwichlaminierung gebildet worden ist,

eine auliere Hautschicht (31), die eine Dicke von 10 pm bis 30 pm und ein auf Polyolefin basierendes Harz
aufweist,

eine absorbierende Schicht (32), die eine Dicke von 10 pm bis 200 pm und die ein auf Polyolefin basierendes
Harz und 5 Volumenprozent bis 70 Volumenprozent Zeolith aufweist, und

eine innere Hautschicht (33), die eine Dicke von 10 pm bis 30 pm und ein auf Polyolefin basierendes Harz
aufweist.

8. Blisterpackung, die das Laminat (B) nach einem der Anspriiche 1 bis 7 und eine Abdeckung (40) mit einer
HeiRsiegelschicht (41) und einer Aluminiumschicht (42) aufweist, wobei das Laminat {B) und die Abdeckung (40)
zumindest teilweise verklebt sind, und das Laminat (B) eine Tasche so aufweist, dass ein Inhalt (100) zwischen
dem Laminat (B) und der Abdeckung (40) enthalten sein kann.

9. Blisterverpackungsprodukt (A), das die Blisterverpackung nach Anspruch 8 und einen Inhalt (100) aufweist, der in
der Tasche enthalten ist.

10. Verfahren zur Herstellung eines Laminats (B) fiir eine Blisterpackung, welches das Folgende umfasst:

ein Bereitstellen eines Substratfilms (10),

ein Bereitstellen eines absorbierenden Films (30), das eine absorbierende Schicht (32) aufweist, die ein ther-
moplastisches Harz und ein anorganisches Absorptionsmittel enthalt, und,

ein Ausbilden einer klebenden Harzschicht (20), die eine Dicke von 25 pm bis 100 pm zwischen dem absor-
bierenden Film (30) und dem Substratfilm (10) aufweist, auf dem absorbierenden Film (30) oder auf dem
Substratfiim (10), um den absorbierenden Film und den Substratfilm (10) anzuhaften.

11. Verfahren zur Herstellung eines Laminats (B) fiir eine Blisterpackung nach Anspruch 10, wobei

der Substratfilm (10) eine Substratschicht (11), eine Aluminiumschicht (42) und eine verstarkende Schicht (13)
in dieser Reihenfolge aufweist,

der absorbierende Film (30) eine duflere Hautschicht (31) und eine innere Hautschicht (33) aufweist, die die
absorbierende Schicht (32) zwischen sich aufnehmen, und

die klebende Harzschicht (20) zwischen der aulieren Hautschicht (31) des absorbierenden Films (30) und der
verstarkenden Schicht (13) des Substratfilms (10) oder auf der auReren Hautschicht (31) des absorbierende
Films (30) oder auf der verstarkenden Schicht (13) der Substratfiims (10) gebildet worden ist.

Revendications

1. Stratifié (B) pour une plaquette thermoformée, comprenant un film de substrat (10), une couche de résine adhésive
(20), et un film absorbant (30) dans cet ordre ; dans lequel,

la couche de résine adhésive (20) a une épaisseur de 25 pm a 100 pm, et
le film absorbant (30) comprend une couche absorbante (32) contenant une résine thermoplastique et un
absorbant inorganique.

2. Stratifié (B) selon la revendication 1, dans lequel la couche de résine adhésive (20) comprend une résine a base
de polyoléfine.

3. Stratifié (B) selon la revendication 1 ou 2, dans lequel la couche de résine adhésive (20) est formée par stratification
sandwich.

4. Stratifie (B) selon I'une quelconque des revendications 1 a 3, dans lequel la couche de résine adhésive (20) a une
épaisseur de 25 pm a 50 pm.

5. Stratifié (B) selon 'une quelcongue des revendications 1 a 4, dans lequel le film absorbant (30) comprend une

couche d’enveloppe externe (31) du c6té de la couche de résine adhésive (20), la couche absorbante (32), et une
couche d’enveloppe interne (33).
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6. Stratifié (B) selon la revendication 5, dans lequel la couche d’enveloppe externe (31), le film absorbant (30) et la
couche d’enveloppe interne (33) du film absorbant (30) sont formés par co-extrusion.

7. Stratifié (B) pour une plaquette thermoformée selon la revendication 1, composé des couches suivantes :

une couche de substrat (11) ayant une épaisseur de 12 pm a 25 pm et comprenant une résine choisie dans
le groupe constitué d’'une résine a base de polyoléfine, de chlorure de polyvinyle, de chlorure de polyvinylidene,
de polychlorotrifluoroéthylene, de polytétrafluoroéthyléne, de polyester saturé ou insaturé, de polyamide et de
polyacrylonitrile ;

une couche d’aluminium (42) ayant une épaisseur de 7 pum a 45 pm ;

une couche de renforcement (13) ayant une épaisseur de 8 pm a 60 pm et comprenant une résine choisie
dans le groupe constitué de chlorure de polyvinyle, de polyester saturé ou insaturé et de polyamide ;

une couche de résine adhésive (20) ayant une épaisseur de 25 pm a 50 pm, comprenant une résine a base
de polyoléfine, et formée par stratification sandwich ;

une couche d’enveloppe externe (31) ayant une épaisseur de 10 pm a 30 pm et comprenant une résine a base
de polyoléfine ;

une couche absorbante (32) ayant une épaisseur de 10 pm a 200 pm et comprenant une résine a base de
polyoléfine et 5 % en volume a 70 % en volume de zéolite ; et

une couche d’enveloppe interne (33) ayant une épaisseur de 10 pm a 30 pm et comprenant une résine a base
de polyoléfine.

8. Plaquette thermoformée comprenantle stratifié (B) selon'une quelconque des revendications 1a7 et un revétement
(40) ayant une couche thermoscellable (41) et une couche d’aluminium (42), dans laquelle le stratifié (B) et le
revétement (40) sont au moins partiellement collés, et le stratifié (B) comporte une poche de telle sorte que le
contenu (100) peut étre contenu entre le stratifié (B) et le revétement (40).

9. Produitde plaquette thermoformée (A) ayant la plaquette thermoformée selon la revendication 8 et ayant le contenu
(100) contenu dans la poche.

10. Procédé de production d’un stratifié (B) pour une plaquette thermoformée, comprenant les étapes suivantes :

fourniture d’un film de substrat (10) ;

fourniture d’un film absorbant (30) comprenant une couche absorbante (32) contenant une résine thermoplas-
tique et un absorbant inorganique ; et,

formation d’une couche de résine adhésive (20) ayant une épaisseur de 25 um a 100 pm entre le film absorbant
(30) et le film de substrat (10}, sur le film absorbant (30) ou sur le film de substrat (10), pour coller le film
absorbant et le film de substrat (10).

11. Procédé de production d’un stratifié (B) pour une plaquette thermoformée selon la revendication 10,

dans lequel

le film de substrat (10) comprend une couche de substrat (11), une couche d’aluminium (42) et une couche de
renforcement (13) dans cet ordre,

le film absorbant (30) comprend une couche d’enveloppe externe (31) et une couche d’enveloppe interne (33)
qui prennent en sandwich la couche absorbante (32), et

la couche de résine adhésive (20) est formée entre la couche d’enveloppe externe (31) du film absorbant (30)
et la couche de renforcement (13) du film de substrat (10), ou sur la couche d’enveloppe externe (31) du film
absorbant (30) ou sur la couche de renforcement (13) du film de substrat (10).
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Description
TECHNICAL FIELD

[0001] This invention relates to a multilayer vessel, and in particular to a multilayer vessel for medical packaging
(medical multilayer vessel), and a method for manufacturing the medical multilayer vessel.

BACKGROUND ART

[0002] Glass vessels in the forms of ampule, vial and prefilled syringe have been used for storing chemicals filled
therein in a sealed manner. These glass vessels, however, suffer from that they generate a fine vitreous substance
called "flakes", and that they easily fractures upon impact caused by dropping or the like. Another disadvantage of the
glass vessels is that the vessels per se are heavy due to a relatively large specific gravity of glass.

[0003] In contrast, plastic is lighter than glass, and some of them even excels in impact resistance, heat resistance
and transparency, depending on their materials. Plastic vessels have therefore been investigated as a substitute for the
glass vessels. For example, Patent Literature 1 discloses a medical vessel made of a polyester resin. Also cycloolefin
polymer (occasionally be referred to as "COP", hereinafter) has widely been used as a substitute for glass materials in
the field of medical vessel, by virtue of its high impact resistance, heat resistance and transparency.

[0004] Many of the plastic vessels are, however, inferior to the glass vessels in terms of gas barrier performance,
which is desired to be improved. With the aim of improving the gas barrier performance of plastic vessels, there has
been investigated a multilayer vessel having a gas barrier layer as an intermediate layer. For example, Patent Literature
2 discloses a prefilled syringe whose innermost layer and outermost layer are made of a polyolefin resin, and whose
intermediate layer is made of a resin with a high barrier performance.

[0005] Polymetaxylylene adipamide (occasionally be referred to as "N-MXDG6", hereinafter) has been known as a
thermoplastic resin with a high oxygen barrier performance (Patent Literatures 3 to 6). N-MXD6, however, very quickly
crystallizes at 250 to 320°C, which is a temperature range for heat forming of the polyolefin resin such as COP. Hence,
in some case when forming a multilayer vessel that uses N-MXD6 for the gas barrier layer and uses COP for the innermost
layer and the outermost layer, the N-MXD6 layer would cause breakage, non-uniform thickness or blushing, resulting
in degraded performances such as gas barrier performance and transparency, or deformation. It would also cause
blushing after heat sterilization, damaging the transparency.

[0006] Known methods for suppressing N-MXD6 from causing blushing includes a method of adding a specific metal
salt of aliphatic acid as a blushing inhibitor, and a method of adding a specific diamide compound or a diester compound.
These methods for suppressing blushing with the aid of additives are known to be effective for a single-layered film
which is brought into direct contact with water, or for an application associated with stretching, such as a multilayer
stretched bottle with a layer structure of PET/N-MXD6/PET using polyethylene terephthalate (occasionally be referred
to as "PET", hereinafter) . However, as for a multilayer vessel with a layer structure of COP/N-MXD6/COP, an effect of
suppressing blushing after heat sterilization is not satisfactory. Other known methods include a method of adding a
nucleation agent for crystallization to N-MXD®6; and a method of blending a crystalline polyamide resin such as nylon 6,
which acts as a nucleation agent for crystallization, with N-MXD® in the process of heat sterilization. Again with these
methods, obtainable is only an unsatisfactory effect of suppressing blushing after heat sterilization, for the multilayer
vessel with a layer structure of COP/N-MXD6/COP.

CITATION LIST

PATENT LITERATURE

[0007]
[Patent Literature 1] JP-A-08-127641
[Patent Literature 2] JP-A-2004-229750
[Patent Literature 3] JP-A-2012-201412
[Patent Literature 4] JP-A-2012-30556

[Patent Literature 5] JP-A-2014-69829
[Patent Literature 6] JP-A-2014-68767
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SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0008] This invention is aimed at solving the above-described problems, and is to provide a medical multilayer vessel
with gas barrier performance and transparency suitable enough for medical packaging materials which are subject to
heat sterilization.

SOLUTION TO PROBLEM

[0009] The present inventors have extensively studied the medical multilayer vessel which excels both in gas barrier
performance and transparency after heat sterilization, and found that excellent gas barrier performance and transparency
could be achieved even after heat sterilization, by using a specific polyamide resin composition for the gas barrier layer.
The finding led us to complete this invention.

[0010] Thatis, the present invention relates to a medical multilayer vessel. Specifically, the present invention relates
to the following <1>, preferably <2>~<12>.

<1> A medical multilayer vessel comprising a layer (X) containing, as a major ingredient, a water vapor barrier
polymer that contains at least one species or more of polyolefin resin(s), and a gas barrier layer (Y) composed of
a polyamide resin composition (P),

the polyamide resin composition (P) comprising:

10 to 45% by mass of polyamide resin (A) that contains a diamine unit with a content of a structural unit derived
from xylylenediamine of 70 mol% or more, and a dicarboxylic acid unit with a content of a structural unit derived
from a straight-chain aliphatic dicarboxylic acid having 6 to 18 carbon atoms of 70 mol% or more; and,

90 to 55% by mass of a poly(hexamethylene isophthalamide)/poly(hexamethylene terephthalamide) copolymer
(B).

<2> The medical multilayer vessel of <1>, wherein the polyolefin resin is at least one or more species selected from
the group consisting of cycloolefin polymer, cycloolefin copolymer and polypropylenes.

<3> The medical multilayer vessel of <1>, wherein the polyolefin resin is at least one or more species selected from
the group consisting of cycloolefin polymer and cycloolefin copolymer.

<4> The medical multilayer vessel of any one of <1> to <3>, wherein the xylylenediamine is metaxylylenediamine,
paraxylylenediamine or a mixture of them, and the straight-chain aliphatic dicarboxylic acid is adipic acid, sebacic
acid or a mixture of them.

<5> The medical multilayer vessel of any one of <1> to <4>, wherein the dicarboxylic acid unit of the polyamide
resin (A) contains a structural unit derived from aromatic dicarboxylic acid, and, the molar ratio of the structural unit
derived from straight-chain aliphatic dicarboxylic acid and the structural unit derived from aromatic dicarboxylic acid
(straight-chain aliphatic dicarboxylic acid/aromatic dicarboxylic acid) is 80/20 to 99/1.

<6> The medical multilayer vessel of <5>, wherein the aromatic dicarboxylic acid contains isophthalic acid.

<7> The medical multilayer vessel of any one of <1> to <3>, wherein the polyamide resin (A) contains: a diamine
unit with a content of a structural unit derived from metaxylylenediamine of 90 mol% or more; and a dicarboxylic
acid unit with a content of an adipic acid-derived structural unit of 90 to 100 mol% and with a content of anisophthalic
acid-derived structural unit of 10 to 0 mol%.

<8> The medical multilayer vessel of any one of <1> to <7>, having the layer (X) as each of an inner layer and an
outer layer, and having at least one gas barrier layer (Y) as an intermediate layer.

<9> The medical multilayer vessel of any one of <1> to <8>, wherein the gas barrier layer (Y) has a thickness that
accounts for 2 to 40% of the total thickness of the multilayer vessel.

<10> The medical multilayer vessel of any one of <1> to <9>, being an ampule, vial, vacuum blood collecting tube
or prefilled syringe.

<11> The medical multilayer vessel of any one of <1> to <10>, being an injection blow molded article.

<12> A method for manufacturing a medical multilayer vessel, comprising forming the medical multilayer vessel
described in any one of <1> to <10> by injection blow molding.

ADVANTAGEOUS EFFECTS OF INVENTION

[0011] The medical multilayer vessel of this invention has gas barrier performance and transparency suitable enough
for medical packaging materials which are subject to heat sterilization. The medical multilayer vessel can therefore store
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the content for a long period, allows the content to be seen through even after heat sterilization, and can be a substitute
for glass vessels, with an improved convenience for customers.

DESCRIPTION OF EMBODIMENTS

[0012] This invention will be detailed below. Note that all numerical ranges given in this specification, using "to"
preceded and succeeded by numerals, are used to represent the ranges including these numerals respectively as the
lower and upper limit values.

[0013] The medical multilayer vessel of this invention (occasionally be referred to as "the multilayer vessel of this
invention", hereinafter) has at least: a layer containing, as a major ingredient, a water vapor barrier polymer that contains
at least one species or more of polyolefin resin(s), which is more preferably a layer (occasionally be referred to as "water
vapor barrier layer", hereinafter) (X) containing, as a major ingredient, a water vapor barrier polymer that contains at
least one or more species selected from the group consisting of cycloolefin polymer, cycloolefin copolymer (occasionally
be abbreviated as "COC", hereinafter), and polypropylenes (occasionally be abbreviated as "PP", hereinafter); and a
gas barrier layer (Y).

[0014] The layer structure of the multilayer vessel of this invention is not specifically limited. There are no special
limitations on the number and types of the water vapor barrier layer (X) (may simply be referred to as "layer (X)",
hereinafter) and the gas barrier layer (Y) (may simply be referred to as "layer ()", hereinafter).

[0015] The medical multilayer vessel of this invention may be composed of at least 3 layers, more preferably 3 to 10
layers, and more preferably 3 to 5 layers.

[0016] The number of layers (X) in the medical multilayer vessel of this invention is preferably 1 to 5, and more
preferably 2 to 4. The number of layers (Y) in the multilayer vessel is preferably 1 to 3, and more preferably 1 or 2.
[0017] An exemplary structure may be an X/Y structure of or an Y/X structure, composed of a single layer (X) and a
single layer (Y); or a three-layered structure X/Y/X composed of two layers (X) and a single layer (Y). The multilayer
vessel of this invention may have therein the layer (X) and the layer (Y) brought into direct contact, or may have an
optional layer such as an adhesive layer (AD) composed of an adhesive thermoplastic resin. The multilayer vessel of
this invention preferably has a three-layered structure of water vapor barrier layer (X) /gas barrier layer (Y)/water vapor
barrier layer (X) arranged in this order from the inner layer towards the outer layer; or a five-layered structure of water
vapor barrier layer (X)/adhesive layer (AD)/gas barrier layer (Y)/adhesive layer (AD) /water vapor barrierlayer (X) arranged
in this order from the inner layer towards the outer layer. Besides them, a variety of thermoplastic resin layers may further
be stacked depending on needs.

[0018] The multilayer vessel of this invention preferably has the layers (X) for the inner layer and the outer layer, and
has the layer (Y) for at least one of the intermediate layer (s) (X/Y/X structure).

[0019] The inner layer in this context means a layer which resides on the inner side of the layer (Y) which is one
intermediate layer out of layers composing the multilayer vessel, and, the outer layer means a layer which resides on
the outer side of the layer (Y) which is one intermediate layer out of layers composing the multilayer vessel. The inner
layer and the outer layer may be the innermost layer and the outermost layer, respectively, or there may be additional
innermost layer and outermost layer. In this invention, at least the innermost layer is the layer (X).

1. Water Vapor Barrier Layer (X)

[0020] The water vapor barrier layer (X) that composes the multilayer vessel of this invention is a layer containing, as
a major ingredient, a water vapor barrier polymer that contains at least one species or more of polyolefin resin(s), and
is more preferably a layer containing, as a major ingredient, a water vapor barrier polymer that contains at least one or
more species selected from the group consisting of COP, COC and PP.

[0021] Now, the phrase stating "containing, as a major ingredient," means that the content of the polyolefin resin (water
vapor barrier polymer) in the layer (X) is 70% by mass or more, preferably 80% by mass or more, more preferably 90
to 100% by mass, and even more preferably 95 to 100% by mass. The layer (X) may contain only one species of
polyolefin resin, or may contain two or more species. When two or more species of polyolefin resins are contained, the
total content falls within the above described ranges.

[0022] Besides the water vapor barrier polymer, the layer (X) may contain additive(s) such as antioxidant, matting
agent, weathering stabilizer, UV absorber, crystal nucleating agent, plasticizer, flame retardant and antistatic agent,
depending on desired performances without damaging the effects of this invention. The multilayer vessel of this invention
may have two or more layers (X), and such two or more layers may have the same composition or different composition.
[0023] The water vapor barrier layer (X) preferably has a thickness of, but not limited to, 20 to 2000 pm from the
viewpoint of strength and cost, which is more preferably 50 to 1500 pm. If there are two or more layers (X), the thickness
in this context is given by the total thickness.

[0024] Itis particularly preferable in this invention that the layer (X) that resides at the innermost of the medical multilayer
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vessel, out of all water vapor barrier layers (X), has a minimum thickness of 50 um or above, more preferably 80 pum or
above, even more preferably 100 wm or above, and yet more preferably 150 pum or above. The layer (X) which resides
at the innermost preferably has a maximum thickness of 400 p.m or below, more preferably 350 um or below, even more
preferably 300 pum or below, and yet more preferably 250 p.m or below.

[0025] Meanwhile, the layer (X) that resides at the outermost of the medical multilayer vessel, out of all water vapor
barrier layers (X), has a maximum thickness of 100 pm or above, more preferably 400 pm or above, and even more
preferably 500 pm or abave. The layer (X) which resides at the outermast preferably has a maximum thickness of 1000
pm or below, more preferably 800 pm or below, and even more preferably 700 pum or below.

[0026] The ratio of the thickness of the layers (X) which reside at the outermost and the innermost of the medical
multilayer vessel (innermost layer (X) : outermost layer (X)) is preferably 1.0:2.0 to 1.0:4.0, and macre preferably 1.0:2.5
to 1.0:3.5.

[0027] The water vapor barrier polymer is the best material since the chemical properties such as heat resistance and
light stability, and chemical resistance are features derived from polyolefin resin; meanwhile the physical properties such
as mechanical characteristics, melting, fluidity, and dimensional accuracy are features derived from amorphous resin.

Polyclefin Resin

[0028] The polyolefin resin used in this invention is not specifically limited, for which any of known polyolefin resins
are employable. The polyolefin resin is specifically exemplified by thase described in paragraphs [0101] to [0103] of JP-
A-2014-068767, the contents of which are incorporated into this specification.

[0029] The polyolefin resin is preferably COP, COC or polypropylenes (PP). COP and COC are preferable since they
have chemical properties such as heat resistance and light stability, are chemical resistance expectable from polyolefin
resin; and has physical properties such as mechanical characteristics, melting, fluidity, and dimensional accuracy ex-
pectable from amorphous resin. Meanwhile, PP is preferable from the viewpoint of oil resistance.

1-1. Cycloolefin Polymer (COP)

[0030] COP is a polymer obtained typically by ring-opening polymerization of norbornene, followed by hydrogenation.
COP is described for example in JP-A-H05-317411, and commercially available as ZEONEX (registered trademark) or
ZEONOR (registered trademark) from ZEON Corporation, and as Daikyo Resin CZ (registered trademark) from Daikyo
Seiko Ltd.

1-2. Cycloolefin Copolymer (COC)

[0031] COCistypically a copolymer originated from olefins such as norbornene and ethylene; or a copolymer originated
from olefins such as tetracyclododecene and ethylene. COC is commercially available as APEL (registered trademark)
from Mitsui Chemicals, Inc.

1-3. Polypropylenes

[0032] For PP, any of known polymers such as propylene homopolymer, prapylene-ethylene block copalymer, and
propylene-ethylene random copolymer are employable. PP is commercially available, for example, as Bormed RB845MO
from Borealis AG.

2. Gas Barrier Layer (Y)

[0033] Thegas barrier layer (Y) that composes the multilayer vessel of this invention acts to block oxygen from entering
the vessel from the outside, and to prevent the content of vessel from degrading through oxidation. From the viewpoint
of good gas barrier performance, the gas barrier layer (Y) preferably has an oxygen transmission coefficient in an
environment at 23°C with 60% relative humidity (RH) of 1.0 mL-mm/ (m2-day- atm) or smaller, and more preferably 0.05
to 0.8 mL-mm/(m2- day-atm). The oxygen transmission coefficient may be measured in accordance with ASTM D3985,
typically by using "OX-TRAN (registered trademark) 2/61" (from Mocon Inc.).

[0034] The multilayer vessel of this invention may have two or more gas barrier layers (Y), and such two ar more gas
barrier layers (Y) may have the same structure or different structures. The thickness of the gas barrier layer (Y) is
preferably, but not specifically limited to, 1 to 800 pm from the viewpoint of gas barrier performance and transparency,
and is more preferably 100 to 700 um. If there are two or more layers (Y), the thickness of the layer (Y) in this context
is given by the total thickness.

[0035] The thickness of the gas barrier layer (Y) in the multilayer vessel of this invention preferably falls within the
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range from 2 to 40% relative to the total thickness of the multilayer vessel, from the viewpoint of gas barrier performance
and transparency, which is more preferably 5 to 38%, and even more preferably 10 to 35%. The thickness of the gas
barrier layer (Y) in the multilayer vessel may be measured after cutting the vessel, and separating it from the water vapor
barrier layer (X).

[0036] The ratio of the thickness of the gas barrier layer (Y), and the layer (X) which resides at the innermost of the
multilayer vessel of this invention (layer () :innermaost layer (X)) is preferably 0.5:1.5 to 1.5:0.5, and more preferably
0.8:1.2 to 1.2:0.8. The ratio of the thickness of the gas barrier layer (Y), and the layer (X) which resides at the outermost
of the multilayer vessel of this invention (layer (Y) : outermost layer (X)) is preferably 1.0:2.0 to 1.0:4.0, and more
preferably 1.0:2.5 to 1.0:3.5.

3. Polyamide Resin Composition (P)

[0037] The gas barrier layer (Y) composing the multilayer vessel of this invention is made of a polyamide resin com-
position (P) . The polyamide resin composition (P) contains 10 to 45% by mass of polyamide resin (A) that contains a
diamine unit with a content of a structural unit derived from xylylenediamine of 70 mol% or more, and a dicarboxylic acid
unit with a content of a structural unit derived from a straight-chain aliphatic dicarboxylic acid having 6 to 18 carbon
atoms of 70 mol% or more; and, 90 to 55% by mass of a poly(hexamethylene isophthalamide)/poly(hexamethylene
terephthalamide) copolymer (B) (occasionally be abbreviated as "N-61/6T", and also occasionally be referred to as
polyamide resin (B)).

3-1. Polyamide Resin (A)

[0038] The polyamide resin (A) is a xylylene group-containing polyamide, containing a diamine unit with a content of
a structural unit derived from xylylenediamine of 70 mol% or more, and a dicarboxylic acid unit with a content of a
structural unit derived from a straight-chain aliphatic dicarboxylic acid having 6 to 18 carbon atoms of 70 mol% or more.

<Diamine Unit>

[0039] The diamine unit of the polyamide resin (A) contains 70 mol% or more of the structural unit derived from
xylylenediamine . The content of the structural unit derived from xylylenediamine in the diamine unit of the polyamide
resin (A) is preferably 80 to 100 mol%, more preferably 90 to 100 mol%, and even more preferably 95 to 100 mol%.
[0040] Xylylenediamine is preferably metaxylylenediamine, paraxylylenediamine, or mixture of them, and more pref-
erably metaxylylenediamine, or mixture of metaxylylenediamine and paraxylylenediamine. From the viewpoint of achiev-
ing an excellent gas barrier performance, the content of the structural unit derived from metaxylylenediamine in the
diamine unit of the polyamide resin (A) is preferably 70 mol% or more, more preferably 80 to 100 mol%, even more
preferably 90 to 100 mol%, and yet more preferably 95 to 100 mol%.

[0041] Diamine compounds capable of composing the diamine unit besides xylylenediamine are exemplified by, but
not limited to, aliphatic diamines such as tetramethylenediamine, pentamethylenediamine, 2-methylpentanediamine,
hexamethylenediamine, heptamethylenediamine, octamethylenediamine, nonamethylenediamine, decamethylenedi-
amine, dodecamethylenediamine, 2,2,4-trimethyl-hexamethylenediamine, and 2,4 ,4-trimethyl-hexamethylenediamine;
alicyclic diamines such as 1,3-bis(aminomethyl)cyclohexane, 1,4-bis(aminomethyl)cyclohexane, 1,3-diaminocyclohex-
ane, 1,4-diaminocyclohexane, bis(4-aminocyclohexyl)methane, 2,2-bis(4-aminocyclohexyl)propane, bis(aminome-
thyl)decalin, and bis(aminomethyl)tricyclodecane; and aromatic ring-containing diamines such as bis(4-aminophenyl)
ether, paraphenylenediamine, and bis(aminomethyl)naphthalene,.

<Dicarboxylic Acid Unit>

[0042] The dicarboxylic acid unit of the polyamide resin (A) contains 70 mol% or more of the structural unit derived
from straight-chain aliphatic dicarboxylic acid having 6 to 18 carbon atoms. The content of the structural unit derived
from straight-chain aliphatic dicarboxylic acid having 6 to 18 carbon atoms, in the dicarboxylic acid unit of the polyamide
resin (A), is preferably 80 mol% to 100 mol%, more preferably 90 mol% to 100 mol%, and even more preferably 90
mol% to 97 mol%.

[0043] The straight-chain aliphatic dicarboxylic acid having 6 to 18 carbon atoms is preferably o, m-straight-chain
aliphatic dicarboxylic acid having 6 to 18 carbon atoms, and is exemplified by adipic acid, pimelic acid, suberic acid,
azelaic acid, sebacic acid, 1,10-decanedicarboxylic acid, 1,11-undecanedicarboxylic acid, and 1,12-dodecanedicarbo-
xylic acid. Among them, at least one species selected from adipic acid and sebacic acid is preferable from the viewpoint
of achieving an excellent oxygen barrier performance, where adipic acid is more preferable. They may be used inde-
pendently, or two or more species may be used in combination.
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[0044] Dicarboxylic acid components other than the straight-chain aliphatic dicarboxylic acid having 6 to 18 carbon
atoms are exemplified by, but not limited to, aliphatic dicarboxylic acids such as oxalic acid, malonic acid, succinic acid
and glutaric acid; and aromatic dicarboxylic acids such as terephthalic acid, isophthalic acid and 2,6-naphthalenedicar-
boxylic acid. They may be used independently, or two or more species may be used in combination.

[0045] From the viewpoint of transparency of the medical multilayer vessel particularly after heat sterilization, the
dicarboxylic acid unit of the polyamide resin (A) preferably contains the structural unitderived from straight-chain aliphatic
dicarboxylic acid having 6to 18 carbon atoms and the structural unit derived from aromatic dicarboxylic acid. The aromatic
dicarboxylic acid is preferably one species selected from isophthalic acid and 2, 6-naphthalenedicarboxylic acid, wherein
isophthalic acid is more preferable.

[0046] When assuming the dicarboxylic acid unit of the polyamide resin (A) as 100 mol% in total, the molar ratio of
the structural unit derived from straight-chain aliphatic dicarboxylic acid having 6 to 18 carbon atoms and the aromatic
dicarboxylic acid-derived structural unit (straight-chain aliphatic dicarboxylic acid/aromatic dicarboxylic acid) is preferably
80/20 to 99/1, more preferably 85/15 to 98/2, and even more preferably 90/10 to 97/3.

[0047] In particular, the polyamide resin (A) in this invention preferably contains the diamine unit with a content of a
structural unit derived from metaxylylenediamine of 90 mol% or more; and the dicarboxylic acid unit with a content of
an adipic acid-derived structural unit of 90 to 100 mol%, and with a content of an isophthalic acid-derived structural unit
of 10 to 0 mol%; and more preferably contains the diamine unit with a content of a structural unit derived from metaxy-
lylenediamine of 95 mol% or more; and the dicarboxylic acid unit with a content of an adipic acid-derived structural unit
of 90 to 97 mol%, and with a content of an isophthalic acid-derived structural unit of 10 to 3 mol%.

[0048] The polyamide resin (A) used in this invention, which is composed of the diamine unit and the dicarboxylic acid
unit, can also contain some other moiety, such as a structural unit other than the diamine unit and dicarboxylic acid unit,
or a terminal group. Such other structural unit is exemplified by, but not limited to, lactams such as e-caprolactam,
valerolactam, laurolactam and undecalactam; and aminocarboxylic acid-derived structural unit such as 11-aminounde-
canoic acid and 12-aminododecanoic acid. The polyamide resin (A) can also contain trace components such as additives
used for the synthesis. In the polyamide resin (A) used in this invention, the diamine unit or the dicarboxylic acid unit
typically account for 95% by mass or more, and preferably 98% by mass or more.

<Preparation of Polyamide Resin (A) >

[0049] The polyamide resin (A) may be prepared by a method and under polymerization conditions which are freely
selected without special limitation. For example, the polyamide resin (A) may be prepared by heating a salt composed
of a diamine component and a dicarboxylic acid component under pressure in the presence of water, and by allowing
melt-polymerization to proceed while removing the added water and released water. The polyamide resin (A) may be
prepared alternatively by adding the diamine component directly to the dicarboxylic acid component kept in a molten
state, and by subjecting the mixture to polycondensation under normal pressure. In order to keep the reaction system
with a uniform liquid condition, the polycondensation in this case is allowed to proceed by continuously adding the
diamine componentto the dicarboxylic acid component, while heating thereaction system so thatthe reaction temperature
would not fall below the melting points of the oligoamide and polyamide produced therein. During the polycondensation,
a small amount of monoamine or monocarboxylic acid may be added as a molecular weight modifier.

[0050] The polyamide resin (A) is preferably a product obtained by polycondensation based on melt polymerization,
followed by solid phase polymerization. According to an exemplary method of melt polycondensation, a nylon salt
composed of a diamine component and a dicarboxylic acid component is heated under pressure in the presence of
water, and the melt is subjected to melt polymerization while eliminating the added water and released water. According
to another exemplary method, the diamine component may be added directly to the dicarboxylic acid component kept
in a molten state, and the melt is subjected to polycondensation. In order to keep the reaction system with a uniform
liquid condition, the polycondensation in this case is allowed to proceed by continuously adding the diamine component
to the dicarboxylic acid component, while heating the reaction system so that the reaction temperature would not fall
below the melting points of the oligoamide and polyamide produced therein.

[0051] The solid phase polymerization is carried out preferably after the polymer, obtained in the melt polycondensation,
is taken out. As a heating apparatus used for the solid phase polymerization, a batch type heating apparatus that excels
in air tightness and can substantially isolate the polyamide resin from oxygen is preferred over a continuous type heating
apparatus. In particular, heating apparatuses with a rotary drum, such as tumble drier, conical drier and rotary drier; and
a conical heating apparatus with an internal rotary blade, called Nauta mixer, are suitably used, but not limited thereto.
[0052] In order to avoid mutual adhesion of palyamide resin pellets or to avoid adhesion of the polyamide resin pellets
to the inner wall of apparatus, the solid phase polymerization of polyamide resin is preferably carried out according to:
afirst step of raising crystallinity of the polyamide resin; a second step of increasing the molecular weight of the polyamide
resin; and a third step of cooling the polyamide resin after the solid phase polymerization was allowed to proceed to
reach a desired molecular weight. The first step is preferably carried out at a temperature not higher than the glass
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transition temperature of the polyamide resin. The second step is preferably carried out under reduced pressure, and
at a temperature lower than the melting point of the polyamide resin, but not limited thereto.

<Physical Properties of Polyamide Resin (A)>

[0053] Relative viscosity is widely used as an index of the degree of polymerization of the polyamide resin. The relative
viscosity of the polyamide resin (A) used in this invention is preferably 2.2 to 4.0 from the viewpoint of melt viscosity of
the water vapor barrier layer (X) and moldability in co-extrusion molding, which is more preferably 2.3 to 3.5, and even
more preferably 2.4 to 3.0. Method of measuring the relative viscosity follows a method described later in EXAMPLES.
[0054] The polyamide resin (A) preferably has a melting point of 200 to 250 °C from the viewpoint of moldability or
workability, which is more preferably 210 to 245°C, and even more preferably 220 to 240°C.

3-2. Polyamide Resin (B)

[0055] The polyamide resin (B) is a poly(hexamethylene isophthalamide)/poly(hexamethylene terephthalamide) co-
polymer, and is obtained by polycondensation of terephthalic acid, isophthalic acid, and hexamethylenediamine. The
polyamide resin (B) is an amorphous polyamide resin, and acts to reduce crystallization rate of the polyamide resin (A)
in the polyamide resin composition (P), to thereby improve the moldability. N-61/6 T may be a block copolymer or may
be a random copolymer. N-61/6T may be any of commercially available products which include "Novamid (registered
trademark) X21" (from DSM Japan Engineering Plastics, Inc.), "Selar (registered trademark) PA 3426" (from Du Pont-
Mitsui Polychemicals Co., Ltd.), and "Grivory (registered trademark) G21" (from EMS-CHEMIE Japan Ltd.).

[0056] N-61/6T may contain some other moiety, such as a structural unit other than the structural units derived from
terephthalic acid, isophthalic acid and hexamethylenediamine, or a terminal group, without departing from the spirit of
this invention. Such other structural unit is exemplified by, but not limited to, lactams such as s-caprolactam, valerolactam,
laurolactam and undecalactam; and aminocarboxylic acid-derived structural units such as 11-aminoundecanoic acid
and 12-aminododecanoic acid. N-61/6 T used in this invention can also contain trace components such as additives used
for the synthesis. In N-61/6T used in this invention, the structural units derived from terephthalic acid, isophthalic acid
and hexamethylenediamine typically account for 95% by mass or more, more preferably 98% by mass or more, and
even more preferably 99% by mass or more.

[0057] The content of the polyamide resin (A) and polyamide resin (B) in the polyamide resin composition (P), given
in the form of (A) : (B), is 10 to 45% by mass: 90 to 55% by mass, preferably 15 to 40% by mass:85 to 60% by mass,
even more preferably 20 to 40% by mass:80 to 60% by mass, yet more preferably 20 to 35% by mass:80 to 65% by
mass, and furthermore preferably 25 to 35% by mass:75 to 65% by mass. With the content of the polyamide resin (B)
of less than 55% by mass, an effect of delaying crystallization of the polyamide resin (A) will be insufficient, resulting in
nonconformities such as blow failure or blushing during injection blow molding due to crystallization. Meanwhile, with
the content of the polyamide resin (B) exceeding 90% by mass, heat moldability will be improved, whereas the gas
barrier performance will unfortunately degrade. Although it might be preferable, from the viewpoint of improving the
oxygen barrier performance, to control the ratio of the polyamide resin (A) above 45% by mass, this invention succeeded
in achieving a composition with all-round performance of the medical multilayer vessel, by intentionally employing the
above-described ratio of (A) and (B) .

[0058] In the polyamide resin composition (P) of this invention, the total content of the polyamide resin (A) and the
polyamide resin (B) preferably accounts for 80% by mass or more, more preferably 90% by mass or more, even more
preferably 95% by mass or more, and yet more preferably 99% by mass or more.

[0059] Only one species, or two or more species of each of the polyamide resin (A) and the polyamide resin (B) may
be contained. When two or more species are contained, the total content preferably falls within the above-described
ranges.

[0060] Although the polyamide resin composition (P) in this invention may contain some polyamide resin other than
the polyamide resin (A) and the polyamide resin (B), it preferably contains substantially no polyamide resin other than
the polyamide resin (A) and the polyamide resin (B). Now the phrase stating "contains substantially no ..." means that
the content is 3% by mass or less of the polyamide resin composition (P), which is preferably 1% by mass or less.

3-3. Additive
[0061] The polyamide resin composition (P) may contain freely-selectable additive(s) such as thermoplastic resin
besides the polyamide resin, lubricant, matting agent, heat stabilizer, weathering stabilizer, UV absorber, crystal nucle-

ating agent, plasticizer, flame retardant, antistatic agent, anti-coloring agent and antigelling agent, without damaging the
effects of this invention.

77/300
8



10

15

20

25

30

35

40

45

50

55

EP 3 360 530 A1
3-4. Preparation of Polyamide Resin Composition (P)

[0062] The polyamide resin composition (P) may be prepared by employing afreely selectable method of mixing and/or
kneading, to thereby mix and/or knead the polyamide resin (A) and the polyamide resin (B). When they are mixed,
polyamide resin pellets may be fed into a rotary hollow vessel, or may be fed by predetermined portions through a
volumetric feeder into a hopper. The method of kneading is exemplified by melt kneading. It is particularly preferable to
blend predetermined amounts of polyamide resin (A) and polyamide resin (B) according to a dry process, and then
feeding the mixture all at one into the hopper, to prepare the polyamide resin composition (P). For the case where any
additive is blended to the polyamide resin composition, the additive is added to the polyamide resin (A) and/or the
polyamide resin (B) before they are mixed and/or kneaded, or may be added at the same time when the polyamide resin
(A) and the polyamide resin (B) are mixed and/or kneaded.

4. Optional Layer

[0063] The multilayer vessel of this invention may include, besides the layers (X) and (Y), an optional layer depending
on desired performances. The optional layer is exemplified by an adhesive layer.

<Adhesive Layer (AD)>

[0064] When itfailstoobtain a practical level of interlayer adhesion strength between two adjacent layers, it is preferable
to provide an adhesive layer between the two layers. The adhesive layer preferably contains a thermoplastic resin with
an adhesive property. Such adhesive thermoplastic resin is exemplified by acid-modified polyolefin resins obtained by
modifying a polyolefin resin such as polyethylene, polypropylene or the like with an unsaturated carboxylic acid such as
acrylic acid, methacrylic acid, maleic acid, maleic anhydride, fumaric acid, itaconic acid or the like; and polyester-based
thermoplastic elastomer that contains a polyester-based block copolymer as a major ingredient. The adhesive layer
preferably uses a resin obtained by modifying a resin equivalent to the water vapor barrier polymer used as the layer
(X), from the viewpoint of adhesiveness. The adhesive layer is preferably 2 to 100 wm thick, from the viewpoint of
balancing a practical level of adhesion strength and moldability or workability, which is more preferably 5 to 90 pm thick,
and even more preferably 10 to 80 pm thick.

5. Medical Multilayer Vessel and Method for Manufacturing the Same

[0065] The medical multilayer vessel of this invention preferably has an oxygen transmission rate (OTR) of 0.00100
mL/(0.21 atm-day-package) or below, more preferably 0.00090 mL/{0.21 atm-day-package) or below, and even more
preferably 0.00070 mL/(0.21 atm-day-package) or below. The lower limit value of oxygen transmission rate is typically,
but not specified to, 0.00040 mL/(0.21 atm-day-package) or above, and more preferably 0.00045 mL/(0.21 atm-day-pack-
age) or above. Even a level of 0.00050 mL/(0.21 atm-day-package) or above is practical enough.

[0066] The medical multilayer vessel of this invention preferably has a water vapor barrier performance (WVTR) of
0.0010 g/ (day-package) or below, more preferably 0.0008 g/ (day- package) or below, and even more preferably 0.0007
g/(day- package) or below. The lower limit value of the water vapor barrier performance is typically, but not specified to,
0.0005 g/(day-package) or above. Even a level of 0.0006 g/(day- package) or above is practical enough.

[0067] The medical multilayer vessel of this invention, when assumed to be 300 pm thick and treated at 121°C for 30
minutes, preferably has a haze of 10. 0% or below, which is more preferably 7.0% or below, even more preferably 5.0%
or below, and yet more preferably 4.0% or below. The lower limit value of haze is preferably, but not specified to, 1.0%
or above, and more preferably 2.5% or above. Even a level of 3.0% or above is practical enough.

[0068] The medical multilayer vessel of this invention, when assumed to be 300 wm thick and treated at 121°C for 30
minutes, preferably has a total light transmittance of 70% or above, which is more preferably 80% or above, and even
more preferably 85% or above. The lower limit value of haze is typically, but not specified to, 95% or below. Even a level
of 93% or below is practical enough.

[0069] OTR and WVTR, as well as, haze and total light transmittance after heat sterilization are measured according
to methods described later in EXAMPLES.

[0070] The medical multilayer vessel of this invention preferably has a total thickness of 100 to 3000 pm, more
preferably 500 to 2000 pm, and even more preferably 810 to 1200 pm.

[0071] In particular in this invention, it is preferable to use the layer (X) that contains, as a major ingredient, the water
vapor barrier polymer that contains at least one or more species selected from the group consisting of cycloolefin polymer
and cycloolefin copolymer, for the innermost layer of the medical multilayer vessel. With such constitution, the medical
multilayer vessel will advantageously have less adhesion of the content to be stored on the inner surface thereof, and
will cause less elution from the inner surface thereof. In particular for the case of medical vessel that contains drug or
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so, adhesion of an active ingredient to the inner surface of vessel, or elution from the inner surface would adversely
affect drug potency. In contrast, with the constitution of this invention, the above-described problem is effectively avoid-
able.

[0072] The medical multilayer vessel of this invention is preferably manufactured by injection molding or injection blow
molding, wherein the injection blow molding is more preferable . According to the injection blow molding, the obtainable
multilayer vessel will be less deformable even after sterilization under high pressure steam, will be suppressed from
blushing effectively, and will keep a high level of barrier performance. According to the injection blow molding, first a
test tube-like preform (parison) is formed by injection molding, the preform that is kept suitably heated is then inserted
into dies with a final shape (blow molding dies), then expanded to be fit in the dies using air blown therein through an
inlet, and then cooled to solidify into the form of bottle.

[0073] The preform may be formed by a well-known injection molding method. For example, by using an injection
molding machine having two or more injection units and injection molding dies, a material for composing the water vapor
barrier layer (X) and a material for composing the gas barrier layer (Y) are injected from respective injection cylinders
through a hot runner into a die cavity, to thereby manufacture a multilayer preform conforming to the shape of the injection
dies.

[0074] Alternatively, a three-layered X/Y/X multilayer preform may be manufactured by first injecting the material for
composing the water vapor barrier layer (X) from an injection cylinder, then injecting the material for composing the gas
barrier layer (Y) from another injection cylinder, at the same time with the material for composing the water vapor barrier
layer (X), and then injecting a necessary amount of the material for composing the water vapor barrier layer (X) to fill
the cavity. Still alternatively, a five-layered X/Y/X/Y/X multilayer preform may be manufactured by first injecting the
material for composing the water vapor barrier layer (X), then injecting only the material for composing the gas barrier
layer (Y), and then finally injecting a necessary amount of the material for composing the water vapor barrier layer (X)
to fill the cavity.

[0075] The above-described dies with a final shape is heated to preferably 120 to 170°C, more preferably 130 to
160°C. During blow molding, the outer surface of molded article is kept in contact with the inner surface of the dies for
a predetermined duration.

[0076] As another method for manufacturing a blow-molded article, employable is a two-stage blow molding process
according to which the above-described multilayer preform is blown in primary stretch blow dies to obtain a primary
blow-molded article larger than the final blow-molded article, the primary blow-molded article is then allowed to shrink
under heating, and again blown in secondary dies to obtain a final blow-molded article. According to this method for
manufacturing a blow-molded article, the obtainable blow-molded article will have a fully stretched and thinned bottom,
and will have high deformation and impact resistance during hot filing and heat sterilization.

[0077] The multilayer vessel of thisinvention may be coated with an evaporated film of inorganic substance or inorganic
oxide, or with an amorphous carbon film. The inorganic substance or inorganic oxide is exemplified by aluminum, alumina
and silicon oxide. The evapocrated film of the inorganic substance or inorganic oxide can block eluates such as acetal-
dehyde and formaldehyde from the multilayer vessel of this invention. Method of forming the evaporated film is exemplified
by, but not specifically limited to, physical vapor deposition methods including vacuum evaporation, sputtering and ion
plating; and chemical vapor deposition methods including PECVD (plasma CVD, plasma-enhanced chemical vapor
deposition). The evaporated film is preferably 5 to 500 nm thick from the viewpoint of gas barrier performance, light
shielding property and flex resistance, which is more preferably 5 to 200 nm thick. The amorphous carbon film is a
diamond-like carbon film, which is a hard carbon film also referred to as i-carbon film or hydrogenated amorphous carbon
film. An exemplary method for forming the film is such as evacuating a hollow molded article to vacuum, feeding therein
a carbon source gas, and applying a plasma generating energy to form a plasma from the carbon source gas. In this
way, the amorphous carbon film may be formed over the inner surface of vessel. The amorphous carbon film is capable
of not only blocking transmission of low molecular inorganic gas such as oxygen and carbon dioxide to a considerable
degree, but of also preventing sorption of various odorous low molecular organic compounds. The amorphous carbon
film is preferably 50 to 5000 nm thick, in consideration of an effect of suppressing sorption of low molecular organic
compounds, an effect of improving the gas barrier performance, adhesiveness to plastics, durability and transparency.
[0078] The medical multilayer vessel of this invention is particularly suitable for ampule, vial, vacuum blood collecting
tube or prefilled syringe (preferably, a barrel (outer cylinder) of prefilled syringe).

[0079] For details of the ampule, vial, vacuum blood collecting tube and prefilled syringe, descriptions in paragraphs
[0074] to [0080] of JP-A-2015-048097 may be referred to, the contents of which are incorporated into this specification.
[0080] Substance to be stored in the medical multilayer vessel of this invention is exemplified by, but not specifically
limited to, vitamins such as vitamin A, vitamin B2, vitamin B12, vitamin C, vitamin D, vitamin E and vitamin K; alkaloids
such as atropine; hormaones such as adrenalin and insulin; saccharides such as glucose and maltose; antibiotics such
as ceftriaxone, cephalosporin and cyclosporin; benzodiazepine-based drugs such as oxazolam, flunitrazepam, clo-
tiazepam and clobazam; and freely-selectable natural products and compounds.

[0081] Methods of heat sterilization of the medical multilayer vessel of this invention include those based on steam

79/300
10



10

15

20

25

30

35

40

45

50

55

EP 3 360 530 A1

system, hot water reservoir system and shower system. Sterilization temperature preferably falls within the range from
80°C to 140°C, and sterilization time preferably falls within the range from 10 to 120 minutes.

[0082] The medical multilayer vessel of this invention may alternatively subjected to electromagnetic sterilization using
ultraviolet radiation, microwave and gamma ray; gas treatment typically using ethylene oxide; or chemical sterilization
using hydrogen peroxide, hypochlorous acid and so forth.

EXAMPLES

[0083] This invention will further be detailed below, referring to Examples. This invention is, however, not limited to
these Examples. Various methods of measurement in these Examples are as follows.

(1) Relative Viscosity

[0084] Precisely weighed was O . 2 g of a polyamide resin, the resin was then dissolved into 20 mL of a 96% by mass
aqueous sulfuric acid solution at 20 to 30°C under stirring. After thorough dissolution of the polyamide resin, 5 mL of the
solution was immediately sampled in a viscometer, allowed to stand in a thermostat chamber at 25°C for 10 minutes,
and falling time (t) was measured. Also falling time (t0) of a 96% by mass aqueous sulfuric acid solution as a blank was
measured in the same way. Relative viscosity was calculated from t and t0, according to the equation below. The viscasity
was measured using a Cannon-Fenske viscometer.

Relative Viscosity = t/to0

(2) Oxygen Barrier Performance of Multilayer Vessel (OTR)

[0085] Oxygen transmission rate (OTR) of the multilayer vessel was measured at 23°C, under a relative humidity
inside the medical multilayer vessel of 100%, and a relative humidity outside the medical multilayer vessel of 50%, in
accordance with ASTM D3985 using an oxygen transmission rate measuring instrument. The smaller the measured
value, the better the oxygen barrier property. The oxygen transmission rate measuring instrument employed has a model
name of "OX-TRAN (registered trademark) 2/61", from Mocon Inc.

(3) Water Vapor Barrier Performance (WVTR) of Medical Multilayer Vessel

[0086] Onthe 10th day from the start of measurement, water vapor transmission rate (WVTR) of the medical multilayer
vessel was measured at 40°C, in an atmosphere with a relative humidity of 100%. For the measurement, a water vapor
transmission rate measuring instrument with the model name of "PERMATRAN-W (registered trademark) 3/33G" from
Mocon Inc. was used. The smaller the measured value, the better the water vapor barrier performance.

(4) Transparency of Multilayer Vessel after Heat Sterilization (Haze and Total Light Transmittance)

[0087] The multilayer vessel was heat-sterilized (retort-sterilized) in an autoclave at 121°C for 30 minutes, and the
thus sterilized medical multilayer vessel was sampled by cutting the side wall thereof for measurement of haze and total
lighttransmittance. The haze was measuredin accordance with JISK7136, and the total lighttransmittance was measured
in accordance with JIS K7375. The above-described time for heat sterilization includes neither heating (temperature
elevation) time nor cooling time. The thickness was measured at the spot of measurements, and used for converting
the measured results into values expectable from a vessel of 300 pm thick.

[0088] The autoclave employed here was Model "SR-240" from Tomy Seiko Co., Ltd. The measuring instrument
employed here was a color and turbidity measuring instrument under the model name of "COH-300A" from Nippon
Denshoku Industries Co., Ltd.

(5) Oil Resistance Test of Multilayer Vessel
[0089] Ten milliliters each of an oil (100% medium-chain triglyceride with aliphatic fatty acid residues having 8 to 12
carbon atoms) was poured in the multilayer vessels, and stored at 40°C for 6 months. The multilayer vessels whose

appearances were kept unchanged were marked with "O", and those found to cause oil leakage were marked with "X".
The oil employed here was Nisshin MCT.
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Example 1

[0090] Predetermined amounts of N-MXD®6 (under the trade name of "MX-Nylon S6007" from Mitsubishi Gas Chemical
Company, relative viscosity =2.65, as polyamide resin (A1)) composed of metaxylylenediamine unit and adipic acid unit,
and N-61/6T (under the trade name of "Novamid (registered trademark) X21" from DSM Japan Engineering Plastics,
Inc., as polyamide resin (B1)) were fed into a single screw extruder, kneaded, and pelletized. Polyamide resin composition
(P1) composed of 30% by mass of polyamide resin (A1) and 70% by mass of polyamide resin (B1), was thus prepared.
[0091] Next, a three-layered multilayer preform (21.5 g) with an (X)/(Y)/(X) structure was obtained according to con-
ditions below, by injecting a material for composing the layer (X) from an injection cylinder, next by injecting a material
for composing the layer (Y) from another injection cylinder, at the same time with the material for composing the layer
(X), and then by injecting a necessary amount of the material for composing the layer (X) to fill the cavity. A resin
employed for composing the layer (X) was a cycloolefin polymer (under the trade name of "ZEONEX (registered trade-
mark) 690R" from ZEON Corporation). A resin employed for composing the layer (Y) was the polyamide resin composition
(P1) described above. The thus obtained preform was cooled to a predetermined temperature, and then transferred to
blow forming dies for blow molding that is carried out as the secondary process. A multilayer vial was thus manufactured.

(Geometry of Multilayer Vial)

[0092] The multilayer vial was 45 mm long, 24 mm in outer diameter and 1.0 mm thick, with an outer water vapor
barrier layer (X) of 600 pum thick, a gas barrier layer (Y) of 200 pum thick, and the inner water vapor barrier layer (X) of
200 pm thick. The multilayer vial was manufactured using an injection blow integrated molding machine (Model
"ASB12N/10T" from Nissei ASB Machine Co., Ltd., four-cavity type).

(Vial molding Conditions)
[0093]

Cylinder temperature for layer (X): 300°C

Cylinder temperature for layer (Y): 280°C

Resin channel temperature within injection molding dies: 300°C
Blow temperature: 150°C

Temperature of cooling water for blow molding dies: 40°C

Example 2

[0094] In a 3-L jacketed reactor equipped with a stirrer, a partial condenser, a cooler, a dropping tank, and a nitrogen
gas feeding tube, 4.70 mol of adipic acid (AA) and 0.30 mol of isophthalic acid (IPA) (from A.G. International Chemical
Co,, Inc.) were placed after precisely weighed, the reactor was thoroughly replaced with nitrogen gas, and the content
was allowed to melt at 160°C under stirring while feeding a small amount of nitrogen gas, to prepare a slurry. To the
slurry kept under stirring, 4.97 mol of metaxylylenediamine (MXDA) was added dropwise over 160 minutes. During the
process, the inner temperature was continuously elevated up to 250°C. Water released as a result of the dropwise
addition of metaxylylenediamine was removed out from the system, through the partial condenser and the cooler. After
completion of the dropwise addition of metaxylylenediamine, the inner temperature was elevated up to 260°C, and the
reaction was allowed to continue for one hour. The obtained polymer was taken out in the form of strands through a
nozzle at the bottom of the reactor, cooled in water, and chopped into pellets. Polyamide resin pellets with a molar ratio
of adipic acid and isophthalic acid of 94:6 was thus obtained.

[0095] The pellets were then fed into a heating device with a stainless steel rotary drum, which was then rotated at 5
rpm. After thorough replacement with nitrogen gas, the reaction system was further heated from room temperature up
to 140°C under a small amount of nitrogen gas flow. When the temperature in the reaction system reached 140°C, the
system was then evacuated down to 1 Torr or below, and the temperature in the system was further elevated to 190°C
over 130 minutes. After the temperature in the system reached 190°C, the solid phase polymerization was allowed to
continue atthat temperature for 30 minutes. Upon completion of the reaction, the evacuation was stopped, the temperature
in the system was lowered under a nitrogen gas flow, and upon reaching 60°C, the pellets were taken out, to obtain
polyamide resin (A2). Polyamide resin (A2) was found to have a relative viscosity of 2.68.

[0096] Polyamide resin composition (P2) was prepared in the same way as in Example 1, except that polyamide resin
(A2) was used in place of polyamide resin (A1). A multilayer vial was manufactured in the same way as in Example 1,
except that polyamide resin composition (P2) was used in place of polyamide resin composition (P1).
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Example 3

[0097] Polyamide resin composition (P3) composed of 40% by mass of polyamide resin (A2) and 60% by mass of
polyamide resin (B1) was prepared, by altering the ratio of blending of polyamide resin (A2) and polyamide resin (B1)
in Example 2, followed by kneading and pelletizing. A multilayer vial was manufactured in the same way as in Example
1, except that polyamide resin composition (P3) was used in place of polyamide resin compaosition (P1).

Example 4

[0098] Polyamide resin composition (P4) composed of 15% by mass of polyamide resin (A2) and 85% by mass of
polyamide resin (B1) was prepared, by altering the ratio of blending of polyamide resin (A2) and polyamide resin (B1)
in Example 2, followed by kneading and pelletizing. A multilayer vial was manufactured in the same way as in Example
1, except that polyamide resin composition (P4) was used in place of polyamide resin composition (P1).

Examples 5to 8

[0099] Multilayer vials were manufactured in the same way respectively as in Examples 1 to 4, except that cycloolefin
copolymer (under the trade name of "TOPAS (registered trademark) 6013S-04", from TOPAS Advanced Polymers
GmbH) was used in place of cycloolefin polymer (under the trade name of "ZEONEX (registered trademark) 690R", from
ZEQON Corporation), as a resin for composing the layer (X).

Examples 9 to 12

[0100] Multilayervialswere manufacturedinthe same wayrespectively asin Examples 1to 4, exceptthat polypropylene
(under the trade name of "Bormed RB845MO", from Borealis AG) was used in place of cycloolefin polymer (under the
trade name of "ZEONEX (registered trademark) 690R", from ZEON Corporation), as a resin for composing the layer (X).

Comparative Example 1

[0101] A multilayer vial was manufactured in the same way as in Example 1, except that polyamide resin (B1) was
used in place of polyamide resin composition (P1).

Comparative Example 2

[0102] A multilayer vial was manufactured in the same way as in Example 1, except that polyamide resin (A1) was
used in place of polyamide resin composition (P1).

Comparative Example 3

[0103] A multilayer vial was manufactured in the same way as in Example 1, except that polyamide resin (A2) was
used in place of polyamide resin composition (P1).

Comparative Example 4

[0104] Polyamide resin composition (P5) composed of 70% by mass of polyamide resin (A1) and 30% by mass of
polyamide resin (B1) was prepared, by altering the ratio of blending of polyamide resin (A1) and polyamide resin (B1)
in Example 1, followed by kneading and pelletizing. A multilayer vial was manufactured in the same way as in Example
1, except that polyamide resin composition (P5) was used in place of polyamide resin composition (P1).

Comparative Example 5
[0105] Polyamide resin composition (P6) composed of 70% by mass of polyamide resin (A2) and 30% by mass of
polyamide resin (B1) was prepared, by altering the ratio of blending of polyamide resin (A2) and polyamide resin (B1)

in Example 2, followed by kneading and pelletizing. A multilayer vial was manufactured in the same way as in Example
1, except that polyamide resin composition (P6) was used in place of polyamide resin compaosition (P1).
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Comparative Example 6

[0106] Polyamide resin composition (P7) composed of 90% by mass of polyamide resin (A1) and 10% by mass of
polyamide resin (B2) was prepared, by using nylon 6 (under the trade name of "UBE-Nylon", grade 1015B, from Ube
Industries, Ltd.) as polyamide resin (B2), in place of polyamide resin (B1), and feeding predetermined amounts of
polyamide resin (A1) and polyamide resin (B2) into a single screw extruder, followed by kneading and pelletizing. A
multilayer vial was manufactured in the same way as in Example 1, except that polyamide resin compaosition (P7) was
used in place of polyamide resin composition (P1).

Comparative Example 7

[0107] A multilayer vial layer (X) was manufactured in the same way as in Example 1, except that polycarbonate (under
the trade name of "lupilon (registered trademark) S3000", from Mitsubishi Engineering Plastics Corporation) was used
in place of cycloolefin polymer (under the trade name of "ZEONEX (registered trademark) 690R", from ZEON Corpora-
tion), as a resin for composing the layer (X).

[0108] The multilayer vials obtained in Examples 1 to 12 and Comparative Examples 1 to 7 were measured regarding
the oxygen transmission rate and the water vapor transmission rate according to the methods described above. The
multilayer vials obtained in Examples 1 to 8 and Comparative Examples 1to 7 were heat-sterilized, and the post-treatment
haze and total light transmittance were measured. The multilayer vessels obtained in Examples 9 to 12 were heat-
sterilized, and the post-treatment total light transmittance was measured. The multilayer vials obtained in Examples 9
to 12 and Comparative Examples 1 to 7 were also subjected to the oil resistance test according to the method described
above. Results are summarized in Tables 1 to 3.
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[Table 2]
Example 9 10 il 12
Inner layer and Outer layer(X) PP PP PP PP
Metaxylylenediamine
Diamine Unit . 100 100 100 100
(mol%) '>-<1
10 Polyamide Adipic Acid (mol%) 100 o o o
. Resin (A
GasBarrier A) Dicarboxylic >.<2
Layer (Y) Acid Unit Isophthalic Acid
. 0 6 6 6
15 (mol%) '>-<2
Polyamide Resin(B) N-6l/6 T N-61/6 T N-61/6 T N-61/6 T
Contentof Polyamide Resin (A):(B)(Mass Ratio) 30:70 30:70 40:60 15:85
Total light transmittance after treated at 121° C for 30 minutes (%) 75.3 76.2 75.2 75.3
20
OTR(mL/ (0.21atm- day- package)) 0.00067 | 0.00065 | 0.00062 | 0.00094
WVTR(g/(day-package)) 0.0008 0.0008 0.0008 0.0008
Oil Resistance Test O O O O
25
30
35
40

45

50

55
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[0109] In Comparative Example 1 where xylylene group-containing polyamide (polyamide resin (A)) was not used,
the vesselwas found to have high oxygen transmission rate and poor gas barrier performance. In Comparative Examples
2 and 3 where N-61/6T (polyamide resin (B)) was not used, the vessels caused blushing after heat sterilization, showing
poor transparency. This is supposedly because the N-MXD6 slowly crystallized during the heat sterilization at 121°C,
and grown up into a large spherulite.

[0110] Also in Comparative Example 6 where nylon 6, which is a crystalline polyamide, was blended in place of N-
61/6T, the vessel was found to cause blushing after heat sterilization, showing poor transparency. The crystalline polya-
mide resin has been known to act as a crystal nucleating agent for N-MXD6 during the heat sterilization, and to micronize
the spherulite size of N-MXD®, thereby suppressing the blushing during the heat sterilization. This effect was, however,
found to be insufficient for suppressing the blushing of the multilayer vessel of this invention after heat sterilization.
[0111] In Comparative Examples 4 and 5 where the content of the polyamide resin (B) was less than 55% by mass,
an effect of delaying crystallization of the polyamide resin (A) was found to be insufficient, and the vessel was found to
cause blushing due to crystallization, showing poor transparency.

[0112] In Comparative Example 7 where PC was used for the layer (X), the vessel was found to be considerably
inferior in water vapor barrier performance.

[0113] In contrast, the multilayer vessels of Examples 1 to 8 were found to excel in water vapor barrier performance
and transparency even after heat sterilization. In particular, the vessels of Examples 2 to 4 and 6 to 8, where the polyamide
resin (A) that contains the aromatic dicarboxylic acid unit was used, were successful to reduce the haze after heat
sterilization to a considerable degree.

[0114] It was also found that the multilayer vessels of Examples 9 to 12 were excel in water vapor barrier performance
and oil resistance.

INDUSTRIAL APPLICABILITY

[0115] The multilayer vessel of this invention has water vapor barrier performance and transparency suitable enough
for medical packaging materials which are subject to heat sterilization. The multilayer vessel can therefore store the
content for a long period, allows the content to be seen through even after heat sterilization, and can be a substitute for
glass vessels, with an improved convenience for customers.

Claims

1. A medical multilayer vessel comprising a layer (X) containing, as a major ingredient, a water vapor barrier polymer
that contains at least one species or more of polyolefin resin(s), and a gas barrier layer (Y) composed of a pclyamide
resin composition (P),
the polyamide resin composition (P) comprising:

10 to 45% by mass of polyamide resin (A) that contains a diamine unit with a content of a structural unit derived
from xylylenediamine of 70 mol% or more, and a dicarboxylic acid unit with a content of a structural unit derived
from a straight-chain aliphatic dicarboxylic acid having 6 to 18 carbon atoms of 70 mol% or more; and,

90 to 55% by mass of a poly(hexamethylene isophthalamide)/poly(hexamethylene terephthalamide) copolymer
(B).

2. The medical multilayer vessel of Claim 1, wherein the polyolefin resin is at least one or more species selected from
the group consisting of cycloolefin polymer, cycloolefin copolymer and polypropylenes.

3. The medical multilayer vessel of Claim 1, wherein the polyolefin resin is at least one or more species selected from
the group consisting of cycloolefin polymer and cycloolefin copolymer.

4. The medical multilayer vessel of any one of Claims 1 to 3, wherein the xylylenediamine is metaxylylenediamine,
paraxylylenediamine or a mixture of them, and the straight-chain aliphatic dicarboxylic acid is adipic acid, sebacic
acid or a mixture of them.

5. The medical multilayer vessel of any aone of Claims 1 to 4, wherein the dicarboxylic acid unit of the palyamide resin
(A) contains a structural unit derived from aromatic dicarboxylic acid, and, the molar ratio of the structural unit derived
from straight-chain aliphatic dicarboxylic acid and the structural unit derived from aromatic dicarboxylic acid (straight-
chain aliphatic dicarboxylic acid/aromatic dicarboxylic acid) is 80/20 to 99/1.
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EP 3 360 530 A1
The medical multilayer vessel of Claim 5, wherein the aromatic dicarboxylic acid contains isophthalic acid.
The medical multilayer vessel of any one of Claims 1 to 3, wherein the polyamide resin (A) contains: a diamine unit
with a content of a structural unit derived from metaxylylenediamine of 90 mol% or more; and a dicarboxylic acid
unit with a content of an adipic acid-derived structural unit of 90 to 100 mol% and with a content of an isophthalic

acid-derived structural unit of 10 to 0 mol%.

The medical multilayer vessel of any one of Claims 1 to 7, having the layer (X) as each of an inner layer and an
outer layer, and having at least one gas barrier layer (Y) as an intermediate layer.

The medical multilayer vessel of any one of Claims 1 to 8, wherein the gas barrier layer (Y) has a thickness that
accounts for 2 to 40% of the total thickness of the multilayer vessel.

The medical multilayer vessel of any one of Claims 1 to 9, being an ampule, vial, vacuum blood collecting tube or
prefilled syringe.

The medical multilayer vessel of any one of Claims 1 to 10, being an injection blow molded article.

A method for manufacturing a medical multilayer vessel, comprising forming the medical multilayer vessel described
in any one of Claims 1 to 10 by injection blow molding.
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chloride and vinyl chloride or methyl methacrylate. The barrier layer
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MULTILAYER BARRIER FILM

The present invention relates to an oxygen and moisture impermeabie muitilayer
barrier film, and to articies produced therefrom inciuding ostomy bags, laminates for
transdermal delivery of drugs, and heatsealable bags.

Plastic film laminates -having oxygen and moisture vapor barrier properties are
desirable for current packaging requirements, as well as for use in medicai applications such as
the fabrication of ostomy bags or transdermal drug delivery systems. Such films have been
provided through the use of muiti-ply film laminates where at least one of the plies is oxygen
and moisture vapor impermeable. Typically, the films comprise chlorinated polyethyiene fiims
or plasticized polyvinyl chloride films, polyvinylidene chloride copolymer films, or muitilayered
structures such as ethylene vinyl acetate-poiyvinylidene chioride/ethylene vinyl acetate
combination films.

Several other methods for producing barrier films have been proposed. For
example, Manne et al, U.S. Patent 3,753,828 describes a method of preparing oxygen
impermeable film packaging materiais using an adhesive-containing Saran resin which is
applied to one ply of a two-piy laminate and then cured. However, the process requires the
addition of an adhesive and involves curing s';eps which ~2quire the use of a printing press or
laminator.

Lustig et al, U.S. Patent 4,348,437 relate to a coextruded muitilayer food
packaging film comprising a first layer of an ethylene vinyl acetate copolymer, a second layer
comprising a polyvinylidene chloride copolymer or an ethylene vinyl alcohol copolymer, and a
third layer comprising a blend of a polyurethane poiymer and an ethylene vinyl acetate
copoiymer. However, the film does not provide other aesirabie physicat properties such as
softness and low noise characteristics which are required for ostomy applications.

Accordingly, the need still exists for muitilayer barrier films which may be
produced by simpie and inexpensive conventional processes and for films which are
impermeable to moisture and oxygen, provide odor barrier, softness, and low noise properties,
and which have a heat sealable surface for forming bags or the like.

The present invention meets that need by providing an oxygen and moisture
impermeabie muiltilayer barrier film which may be produced by coextrusion or lamination
techniques. The film provides excellent adhesion between layers, odor barrier and softness
characteristics, and provides a heat sealable surface for the fabrication of bags.

According to one aspect of the present invention, an oxygen and moisture

impermeable multilayer barrier film having a heat seal strength of at least 1.0 Ibfinch of film
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width, and preferapiy greater than 1.5 ib/inch of film width, is provided. By "oxygen
impermeable”, itis meant that the film nas an oxvgen transmission rate of eaual to or less than
90 c¢/m/day-atm. By "moisture impermeable"”, itis meant that the film has a water vapor
transmission rate of equal to or less than 5 gm/m2/day.

In one embodiment, the film comprises a barrier layer with at least one heat
sealable skin layer thereon. The barrier layer comprises, for exampie, any suitable barrier layer
materiai which wiil provide the desired oxygen and moisture impermeability while being
compatible with the neat sealable skin layer or layers. A preferred barrier material is a
copolymer of vinylidene chioride with vinyl cnloride or methyi methacryiate. Where the barrier
layer includes a copolymer of vinyiidene chioride with vinyi chloride or methyl methacrylate,
the barrier layer may also optionally include from 0 to 6 percent by weight of a copolymer of
ethylene and vinyi acetate, and more preferably from 4-6 percent as a processing aid.

in one embodiment of the invention, the barrier layer is coextruded with at least
one heat sealable skin {ayer. To provide the desired softness characteristics, the heat sealable
skin layer preferably has a 2 percent secant modulus of iess than 15,000 psi in both the machine
(MD) and transverse (TD) directions. The heat sealable skin layer preferably comprises either a
thermoplaétic polyurethane, a substantially linear copolymer of ethylene and an a-olefin
having a density in the range of from 0.87-0.92, or a homogeneousiy-branched linear
polyolefin resin. To aid in processing of the film, the ski~ ‘ayer or layers may contain from 0 to
10 percent by weight of a copolymer of ethylene and v:~  acetate, and more preferably, from
0.5-5 percent of the copolymer as a processing aid. in aaa:tion, the skin layer may optionally
contain from 0.5 to 6 percent by weight of a slip additive/antiblocking agent package. Where
the skin layer is a substantially linear copolymer of ethylene and an a-olefin, it may be desirable
to coextrude an adhesive tie layer of a copolymer of ethyiene and vinyl acetate between the
skin and barrier iayers to improve adhesion of those iayers.

In a preferred embodiment of the invention, the barrier layer is coextruded
between two heat sealable skin iayers, where the skin layers comprise 70 percent by volume
(thickness) of the fitm and the barrier layer comprises 30 percent by volume (thickness) of the
film. This construction may be used to form reusable ostomy bags or pouches. The barrier and
skin layer or layers may also be formed separately and then laminated together using suitable
adhesive polymers, liquid adhesives, or hot meit adhesives. The muitilayer barrier fiims of the
present invention exhibit a noise of less than 85 dB when subjected to flexing through a 65°
angle at 0.45 Hz, preferably exhibit a noise of less than 83 dB when subjected to flexing
through a 65° angie at 0.45 Hz, and most preferably exhibit a noise of less than 81 dB when
subjected to flexing through a 65° angle at 0.45 Hz.

In another embodiment of the invention, additional layers may be added 1o the
barrier film to form a system for transdermai delivery of drugs. The system preferably

comprises a backing layer of the barrier film which functions as a barrier to the drug system. An
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adhesive containing an active drug is preterably adhered to one surtace of the film. Adjacent
the adhesive is a controlled release membrane which is adapted to contact a patient’s skin and
to controllably reiease the drug.

In another form of this embodiment, the backing layer may form a reservoir for
containing the active drug with the controlled release membrane covering the ooening of the
reservoir to control the diffusion of the drug into a patient's skin. A peripherai or overal!
adhesive may be used to adhere the transdermal delivery system to a patient's skin. Preferably,
arelease liner overiies the adhesive and membrane to protect the construction prior to use.

Accordingly, itis a feature of the presentinvention to provide an oxygen and
moisture impermeable multilayer barrier film which may be produced using coextrusion or
lamination processes. Further features of the invention inciude odor barrier, softness, and low
noise properties. Additionally, a heat sealable surface for use in forming bags and pouchesis
provided. These, and other features and advantages of the present invention will become
apparent from the foliowing detailed description, the accompanying drawings, and the
appended claims.

Fig. 1is a schematic cross-section of one embodiment of the multilayer barrier
film of the present invention;

Fig. 2 is a schematic cross-section of another 2mbodiment of the multilayer barrier
film of the presentinvention;

Fig. 3 is a schematic cross-section of one e~ - 2diment of a transdermal drug
delivery system in accordance with the present invention:

Fig. 4 is a schematic cross-section of another embodiment of a transdermal drug
delivery system in accordance with the present invention; and

Fig. 5is a front elevational view of an ostomy bag or pouch formed from the
multilayer barrier film of Figs. 1 or 2 of the presentinvention.

In one embodiment, the multilayer barrier film of the present invention may be
produced using standard extrusion technigques such as feedblock coextrusion, multi-manifoid
die coextrusion, or combinations of the two. The volume (thickness) of each individual layer
may be controlied as it is extruded. Thus, the overall thickness of the muitilayer structure may
be controiied. Alternatively, the individual layers may be formed separately and laminated
together using suitable adhesive bonding layers.

The polymers in the films are not intentionally stretched or oriented other than as
a natural conseguence of their manufacture to preserve their iow noise characteristics. For
example, films produced by a biown process will inherently have some orientation in both the
machine (MD) and transverse (TD) directions, while cast films will remain unoriented in the

transverse direction. Generally, the less orientation which is introduced into the films, the less
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noisy they will be. The multilayer barrier films of the present invention exhibit a noise of less
than 85 dB wien subjected to fiexing througn a 65° angie at 0.45 Hz, preferabiy exhibit a noise
of less than 83 dB when subjected to flexing through a 65° angte at 0.45 Hz, and most
preferably exhibit a noise of less than 81 dB wnen subjected to flexing through a 65° angle at
0.45 Hz

Additionally, to provide the desired softness characteristics, the heat sealable skin
layer preferaply has a 2 percent secant modulus of less than 15,000 psi in both the machine
(MD) and transverse (TD) directions. 2 percent secant modulusis a measure of the stiffness or
softness of a film. We have found that the lower the value for 2 percent secant madulus for the
heat sealable skin layer, the softer the resuiting fitm will be. Generally, itis desirable for the 2
percent secant modulus of the film to be as low as possible and yet still remain processable by
conventional equipment. For the overall multitayer film, itis preferable that the 2 percent
secant modulus be 30,000 psi or below. The resuiting multilayer films possess low oxygen and
vapor transmission rates, as well as having the odor barrier, softness, and iow noise properties
needed for ostomy applications.

Re:ferring now to Fig. 1, an oxygen and moisture impermeable multilayer barrier
film 10isillustrated. The film 10 inciudes a barrier layer 12 which may be of a copolymer of
vinyl chloride (15-20 percent by weight) and vinylidene chioride (80-85 percent by weight) or a
copolymer of vinylidene chioride (93-94 percent by weiar-) and methyi methacrylate (6-7
percent by weight). Examples of suitable barrier mater'= - ‘nclude Saran® 469 and Saran® MA,
commercially availabie from The Dow Chemical Company. Where a Saran ® barrier layer
material is used, the barrier layer may also include from § to 6 percent by weight of a
copolymer of ethylene and vinyl acetate, and more preferzbly from 4-6 percent by weight of
the copolymer as a processing aid. A suitable class of ethylene/vinyl acetate copolymer
compositions are those copolymers sold commercially as Eivax® resins by E.i. du Pont de
Nemours & Co., Inc.

As shown, the barrier layer is preferably coextruded with or laminated between
two heat sealable skin layers 14 comprising either a thermoplastic poiyurethane, a substa ntially
linear copoiymer of ethylene and an a-olefin having a density in the range of from 0.87-0.92
gm/cc, or a homogeneously-branched linear polyoiefin resin. Suitable thermoplastic
polyurethanes include those based on the reaction of a polyisocyanate (aromatic or aliphatic)
with polyester, polyether, or polycaproiactone polyots. Chain extenders such as diols and
diamines may aiso be used in the reaction. Such thermoplastic polyurethanes are commercially
available from the B.F. Goodrich Co. under the trademark Estane® and from The Dow Chemical
Company under the trademark Pellathane®. A preferred thermoplastic polyurethane
composition is Pellathane® 2355-95AE.

| To aid in processing of the thermoplastic polyurethane skin layers, the skin 1ayers

may contain from 0 to 10 percent by weight of a copoiymer of ethylene and vinyl acetate, and
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more preferably, from 0.5-5 percent by weignt. In addition, the skin iayers may contain from
0.5-6 percent by weight of a siip additive and/or antiblocking agent sucn as Akzo 16LB15,
commercially available from Akzo Chemicals Iinc. The thermoplastic polyuretnane skin iayers
used in the present invention typically will provide a heat seal strengtn in the range of from 7
t0 9 Ib/inch of film width {(measured in accordance with ASTM D 903).

Asuitable substantially linear copolymer resin of ethylene and an a-ciefinis
taughtin commonly-assigned published PCT application PCT/US92/08812, published April 27,
1993, the disclosure of which is hereby incorporated by reference. These copolymer resins are
commercially available from The Dow Chemical Company as polymer resins made using
Insite™ constrained geometry catalyst technology (CGCT). The constrained geometry catalysts
are described in commonly-assigned copending U.S. application Serial Nos. 545,403, filed fuly 3,
1990; 758,654, filed September 12, 1991; 758,660, filed September 12, 1991; and 720,041, filed
June 24, 1991. The catalysts may be generally characterized as comprising a metal coordination
complex of a metal of Groups 3-10 or the Lanthanide series of the Periodic Table of Elements
and a delocalized a-bonded moiety substituted with a conszrain-inducing moiety.

Such substantiaily linear copoiymers have the strength and toughness of linear
low density polyethylene (LLDPE) but with processability similar to highly branched low density
polyethylene (LDPE). Thus, the polymers have processing irdices (P!'s) less than or equal to 70
percent of those of a comparabie linear olefin polymer arc a critical shear rate at onset of
surface melt fracture of atleast 50 percent greater than -~ = critical shear rate at onset of
surface melt fracture of a traditional linear olefin polymer st the same I; and My,/M,, where |,
is the melt index measured according to ASTM D-1238, Condition 190°C/2.16 kg (formerly
known as "Condition E"), My, is the weight average molec.lar weight, and M, is the number
average molecuiar weight of the polymer. The substantially linear copolymers will have from
0.01 to 3 long chain branches/1000 carbon atoms aiong the polymer backbone, where iong
chains are defined as a chain length of atleast 6 carbon atoms. The substantialiy linear
copolymers also have homogeneous branching distributions. Copolymers having
homogeneous branching distributions are those in which the comonomer is randomiy
distributed within a given molecule and wherein all the copolymer molecules have the same
ethylene/comonomer ratio, as described in U.S. Patent No. 3,645,992, to Eiston, the disclosure
of which is incorporated herein by reference.

Moreover, these substantiaily linear copolymers have desirable quietness for use
in ostomy applications. Such substantially linear ethyiene/a-olefin copolymers typically will
provide a heat seal strength in the range of from 2 to 3 Ib/inch of film width (ASTM D 903).
Thus, these substantially linear copolymers afe preferred for use in the present invention
because they possess a uniqgue combination of processability, quietness, and heat seal strength.

A suitable homogeneously-branched linear polyolefin resin is commercially

available from Exxon Corporation under the trademark Exact® or from Mitsui Chemical Co.
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under the trademark Tafmer*. These resins aiso provide good heat seal strength and have
desirable guietness properties.

The barrier film 10 may be usea to form a reusaple ostomy bag or pouch by
folding the film and heat sealing either the thermapiastic poiyurethane, substanuaily linear
ethylene/a-olefin copolymer, or homogeneousiy-branched finear polyotefin resin skin layers to
each other. Preferably, the bag will have an oxygen permeability of less than 90 c¢/m2/day-atm
(1.8 c/100 in¢/day-atm). The barrier film 10 may have a total thickness of between 35 and 100
micrometers, with the barrier layer 12 making up from 10 to 30 percent of the totai thickness of
the film. The skin layers (and adhesive iayers, if needed) wiil typically make up 70 to 90 percent
of the total thickness of the film. '

The multilayer barrier films of the present invention may also be formed by
lamination techniques using suitable adhesives. For example, the barrier and skin layer or
layers may be formed separately and then laminated together using adhesive polymers,‘ liquid
adhesives, or hot melt adhesives. Suitabie adhesive polymers to bond the barrier and skin layers
include, but are not limited to, ethylenically unsaturated copolymers of vinyl acetate, ethyi
acrylate, ethyl methacrylate, methyl acrylic acid, acrylic acid, and carbon monoxide. Other
examples include ionomers of ethylene and methyl acrylic acid or acrylic acid and grafted
anhydride copolymers. Suitable liquid or hot melt adhesives include, but are not limited to,
adhesives based on urethanes, copolyesters, and copolymers of amide acryiates.

Fig. 2 schematicaily iliustrates a five-layer o» en and moisture impermeable
barrier film 10. The film 10 includes a barrier layer 12 of a sLitable barrier material as discussed
above. The barrier layer is preferably coextruded with two outer heat sealable skin layers 14
with adhesive layers 13 sandwiched therebetween. The heat sealable skin layers in this five
layer embodiment may comprise the substantially linear conolymer of ethylene and an a-olefin
of published PCT application No. PCT/US92/08812 or homogeneously branched linear
polyolefin resins such as the Exact® and Tafmer? resins. Suitable adhesives for layers 13 include
copolymers of ethylene and vinyl acetate which improve the adherence of the barrier and skin
layers to each other.

Fig. 3illustrates another embodiment of the invention in which additional layers
are included with the barrier film to form a system 16 for transdermat delivery of drugs. Inits
simplest form, the barrier layer 12 and skin {ayers 14 of the film serve as a backing film that is a
barrier to the drug system. The barrier film further inciudes an adhesive layer 18 containing anb
active drug blended in a matrix therein adhered to one surface of the film. The adhesive which
is selected shouid be compatible with the active drug and permeabie to the drug. There are
many active drugs which can be administered to a patient in this manner including, for
example, estrogen, nitroglycerin, nicotine, and scopolamine. In theory, almost any drug may be

administered in this manner.
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A controlled reiease membrane 20 adapted to contact a patient’'s skin and to
controiiably release the drug overiies adhesive iayer 18. An additional adhesive layer 22, which
may be applied peripheraily or over the entire surface of memprane 20, may aiso be present to
secure the transdermai deiivery system 16 to a patient's skin. The adhesives used in the practice
of this embodiment of the invention should be medical grade adhesives such as silicone, acrylie,
or vinyl acetate adhesives. Generally, in this embodiment, the system 16 wiil be sealedina
package or secured to a second barrier film which is removed prior to use.

Fig. 4illustrates an alternative form of a transdermal drug delivery system 16in
accordance with the present invention. Barrierlayer 12 and skin layer 14 form a barrier film
which is formed into a reservoir to contain active drug 17 therein. The opening to the reservoir
is covered by a controlied release membrane 20. An adhesive 18, which may either be
peripherally applied or applied over the entire area of membrane 20, acts to secure system 16
to a patient’s skin. Again, the adhesive which is selected shouid be compatible with the active
drug and permeable to the drug. Preferably, arelease liner 23 or the like covers and protects
the adhesive 18 and membrane 20 prior to use.

Fig. Sillustrates a typical reusable ostomy bag 24 including an opening 26 formed
from the muitilayer barrier films of either Figs. 1 or 2. The bag may be formed by folding and
heat sealing the edges of multilayer film 10. The film is preierably folded and sealed such that
one heat sealable skin fayer provides the inner surface of t~2 bag or pouch 24. The barrier film
of the present invention provides softness and quietness “= :“ures which are desirable for
ostomy applications, as well as moisture resistance and oaor and oxygen barrier properties. As
will be appreciated by those skilled in the art, the barrier fiims of the present invention may
also find use in other packaging applications where moistura and oxygen barrier properties are
required.

in order that the invention may be more readiiy understood, reference is made to
the following examples, which are intended to be illustrative of the invention, but are not
intended to be limiting in scope.

Example 1

A five-layer barrier film was produced in accordance with the present invention
and included a core barrier layer, two outer skin layers, and two intermediate tie layers joining
the core and outer skin layers together. The layers were coextruded usi ng conventional
techniques. The core barrier layer was Saran® 469, commercially available from The Dow
Chemical Company and included 4 percent by weight of a processing aid (Elvax® 3180 resin
available from £.I. du Pont de Nemours & Co., Inc.). The two outer skin layers comprised a
thermoplastic polyurethane (Pellathane® 2355-95AE, available from The Dow Chemical
Company) which included 5 percent by weight of a slip additive (Akzo 16LB1 5, commerciaily
available from Akzo Chemicals inc.). The two intermediate tie layers were also a therm oplastic
poiyurethane (Pellathane® 2355-95AF).
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The resuiting muitilayer barrier fiim had a thickness of approximateiy 2.0 miis and
an ultimate tensiie strength (ASTM D-882) of 12,330 (MD) and 7,492 (TD) psi, respectively. The
film had an oxygen transmission rate (ASTM D-3985) of 0.39 cc/100 in2/day-atm and a water
vapor transmission rate (Permatran W) of 0.181 gm/100 in2/day. The film also had a 2 percent
secant modulus (ASTM method D-882 using an Instron tensile tester) of 18,450 psi (MD) and
21,180 psi (TD).

Example 2

Three different five-layer barrier films were produced in accordance with the present
invention, and each film included a core barrier layer, two outer skin layers, and two
intermediate tie layers joining the core and outer skin layers together. The layers were
coextruded using conventional techniques. The core barrier iayer in each instance was Saran?®
469, commercially available from The Dow Chemical Company and inciuded 4 percent by
weight of a processing aid (Elvax® 3180 resin (28 percent vinyl acetate, 25 meit index) available
from E.1. du Pontde Nemours & Co., inc.). The two outer skin iayers comprised the polyolefin
resinsreported in Table 1 below. The two intermediate tie :ayers were copolymers of ethylene
and vinyl acetate available from Exxon Corp. under the designation Exxon LD 7490.16 (23
percent vinyl acetate, 5 melt index).

The resuiting multilayer barrier films had nom:nal thicknesses of approximately
3.0 mils, with the core layer and tie layers making up aporo~ mately 10 percent of the film
thickness and the outer skin layers making up approxima:z 990 percent. The fiims alsohad a 2
percent secant modulus (ASTM method D-882 using an Instren tensile tester) as reported
below.

These films were tested for quietness by forming a 4"x4" piece of the film into a
cylinder and flexing the film through an angie of 65° at a frequency of 0.45 Hz and measuring
the sound level in decibels (dB). Data are reported in Table 1 below. The noise leveis show the
improved quietness for the substantiaily linear a-olefin poiymers (Samples 2 and 3) of the
present invention versus conventional low density polyethyiene (Sample 1).

Example 3

Three samples of four-layer barrier films were produced in accordance with the present
invention, and each film included a core barrier layer, a tie layer and aseal layer, and an outer
skin layer. The layers were coextruded using conventional techniques. The core barrier layer in
each instance was Saran® 469, commercially available from The Dow Chemical Company and
included 4 percent by weight of a processing aid (Eivax® 3180 resin (28 percent vinyl acetate, 25
meitindex) available from E.I. du Pont de Nemours & Co., Inc.). The outer skin layer comprised
the polyolefin resins reported in Tabie 2 below. Theintermediate tie layer and seal layer were
copolymers of ethylene and vinyl acetate availabie from Exxon Corp. under the designation
Exxon LD 740.16 (23 percent vinyl acetate, 5 meit index). The resulting multilayer barrier films

had nominal thicknesses of approximately 4.0 mils, with the core layer and tie layer making up
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TABLE L
2% secant Modulus
S’amp‘le Polymer Resin Noise
# (psi) (dB) MD
. TD
{psi)
1 Low density polyethylene 89 23,000 | 23,000
(0.9245 gmvsce, 1.9 MI)
2 Blend of 50% CGCT substantially 81 9,500 11,000

linear ethylene/a-olefin copolymer
(0.909 g/ce, 3.2 MI)/50% CGCT
substantially linear ethvlenes a-
olefin copolymer (0.870 g/ce, 1.0 MD)

3 Blend of 25% CGCT substantially 81 8,600 9,000
linear ethylene/a-olefin copolymer
(0.909 g/ce, 3.2 MI)/75% CGCT
substantially linear ethvlene/ a-
olefin copolymer (0.870 g/ce, 1.0 MI)

approximately 10 percent of the film thickness. The seai layer represented approximately 20
perceni of the film thickness, while the outer skin layer made up the remainder of the
structure.

These films were tested for quietness by form:~ga 4"x4" piece of the filminto a
cylinder and flexing the film through an angle of 65°ata :-z uency of 0.45 Hz and measuring
the sound level in decibelis (dB). Data are reported in Table 2 below. The noise levels show the
improved quietness for the substantially linear a-olefin polymers (Sample 2) of the present
invention versus conventional low density poiyethylene (Sampie 1). Comparable noise levels

are shown in comparison to a commercial film with a cnicrinated polyethylene resin {(Sample 3).
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TABLE 2
2% secant Modulus|
S’amp-le Polymer Resin ‘;\mse
# (psi) (dB) MD
T TD
(psi}
1 Low density polyethylene 86 27,000 | 28,000
(0.925 gmvsec, 1.9 MI)
2 % Blend of 50% CGCT substantially 81 17,000 | 17.000
linear ethylene/a-olefin copolymer
(0.909 g/ec, 3.2 MIV/50% CGCT
substantially linear ethylene/ a-
olefin copolymer (0.870 g/cc, 1.0 MI)
3 Chlorinated polyethylene 80 17,000 | 17,000
Example 4

To demonstrate the quietness of the skin layers used in the multilayer barrier
films of the present invention, a number of monolayer films were prepared using a cast film
process. Monolayer films of a thermopiastic polyurethane ard a substantially linear
ethylene/a-olefin copolymer of the present invention werz <ast and tested for comparison
purposes against prior art chlorinated polyethylene and kc — :geneousiy-branched
polyethylene films.

The monolayer films were tested for quietness by forming a 4"x4" piece of the
film having a 2.0 mil thickness into a cylinder and flexing the film through an angle of 65° at a
frequency of 0.45 Hz and measuring the sound level in cz::zels (dB). Data are reported in Table
3 below. The data show that the films using the thermopiastic polyurethane (Sampieé 6and7)
and constrained geometry catalyst technology (CGCT) linear ethylene/a-olefin copolymers
(Samples 3-5) of the present invention were at least comparable in quietness to chlorinated
polyethylene (Sample 8) and better than other conventional low density polyethylene films
(Sampies 1 and 2) in commercial use. The films also had a 2 percent secant modulus (ASTM

method D-882 using an Instron tensile tester) as reported below.

-10-
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TABLE 3
2% secant Modulus
Samp.le Polvmer Resin ~oise
# (psi) (dB) MD
- TD
{pst)
5
1 Ultra low density polvethylene 36 16,000 | 16,500
(Dow Attane? 4202, 0.912 g/cc, 3.2
MDD
2 Linear low density polvethvlene 85 18.000 | 18,500
(Dow Dowlex? 2047, 0.917 glee, 2.3
MDD
10
3 CGCT substantially linear ethylene/ | 79.5 | 11.500 | 1 1,500
a-olefin copolymer (0.9096 g/cc, 4.7
MI)
4 CGCT substantially linear ethylene/ | 83.5 8.300 8,000
a-olefin copolymer (0.9015 gjce, 4.5
MD
15
5 CGCT substantially linear ethylene/ | 80.5 6,500 6,500
a-olefin copolymer (0. 8966 g/ce, 1.9
MD
B Thermoplastic polyurethane (Dow 81.5 7.200 7,000
Pellathane® 2355-95AE)
20 - i
7 Thermoplastic polyurethane (Dow 79.5 - .00 5,000
Pellathane® 2363-90AE)
8 Chlorinated polyethylene 79.5 | +.000 4,000
25
While certain representative embodiments and details have been shown for
purposes of illustrating the invention, it will be apparent to those skilled in the art that various
changes in the methods and apparatus disclosed herein may be made without departing from
the scope of the invention, which is defined in the appended claims. '
30
35

-11-
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CLATMS

1. An oxygen and muoisture impermeable muitilayer barrier film having a heat
seai strength of atleast 1.0 Ib/inch width of said film, said film comprising a barrier layer and at
least one heatsealabie skin layer, said skin layer comprising a thermopiastic poiymer having a 2
percent secant modulus of less than 15,000 psi in both the machine and transverse directions,
said barrier film exhibiting a noise of less than 85 dB when subjected to flexing tnrougn a 65°
angie at 0.45 Hz.

2. The multilayer barrier film of claim 1 wherein said skin {ayer comprises
etther a thermoplastic polyurethane, a substantially linear copoiymer of ethylene and an a-
olefin resin having a density in the range of from 0.87-0.92 gm/cc and from 0.01 to 3 long chain
branches/1000 carbon atoms along the polymer backbone, or a homogeneously-branched
linear olefin resin.

3. The muitilayer barrier film of claim 1 wherein said heat sealabie skin layer
comprises a thermoplastic polyurethane, and said skin iayer contains from 0 to 10 percent by
weight of a copolymer of ethylene and vinyi acetate.

4. The multilayer barrier film of ciaim 1 wherein said barrier layer is selected
from the group consisting of a homcpolymer of vinylidene chioride, a copolymer of vinylidene
chloride with vinyl chloride or methyl methacryiate.

5. The muitilayer barrier film of claim 1 wh=-2in said film has an oxygen
transmission rate of less than 90 c¢/m2/day-atm.

6. The multilayer barrier film of claim 1 wner=in said barrier layer is
positioned between two heat sealable skin iayers.

7. The muitilayer barrier film of ciaim 6 wherein said skin layers comprise 70
percent by weight of said fitm and said moisture barrier iaver comprises 30 percent by weight
of said film.

8. The multilayer barrier film of claim 1 wherein said skin layers contain from
0.5-5 percent by weight of a slip additive/antiblocking agent package.

9, The multilayer barrier film of claim 3 wherein said skin layers contain from
1-10 percent by weight of a copolymer of ethylene and vinyl acetate.

10.  The multilayer barrier film of claim 1 wherein said skin layeris a
substantially linear copolymer of ethylene and an a-otefin having a density in the range of from
0.87-0.92 gm/cc, from 0.01 to 3 long chain branches/1000 carbon atoms along the polymer
backbone.

11.  The multilayer barrier film of claim 10 inciuding an intermediate tie layer

of a copolymer of ethylene and vinyl acetate between said barrier layer and said skin layer.

-12-
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12.  The multiiayer barrier film of claim 1 wherein said barrier layer comprises a
homopolymer of vinylidene chloride or a conolymer of vinyiidene chloride with vinyi chioride
or methyl methacrylate, and from 1-6 percent of a copolymer of ethylene and viny! acetate.

13. Themuitilayer barrier fiim of claim 1 wherein said barrier fiim further
inciudes:

a) an adhesive containing an active drug adhered to one surface of said barrier
film; and _

b) a controlled release membrane adjacent said adhesive and adapted to
controilably release said drug to a patient's skin.

14, Themuitilayer barrier film of claim 13 further inciuding an adhesive
adhered to a least a portion of said controlled release membrane and a release liner overlying
said adhesive and release membrane to form a system for transdermal delivery of drugs.

15.  Themultilayer barrier film of claim 13 wherein said at least one skin layer is

heat sealed along its edges to form a bag or pouch.

13-
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(57) Zusammenfassung: Die vorliegende Erfindung beschreibt eine neue transparente Polymermischung mit verdndertem Relaxa-
tions- und Schrumpfverhalten enthaltend Cycloolefinpolymere. Die Polymermischung enthilt mindestens ein amorphes Polyolefin.
Die Polymermischung wird zur Herstellung von mono- oder biaxial orienticrten Folien, Blisterverpackungen, Filmen, Gemischen
mit anderen Kunststoffen, besonders Polyolefinen verwendet. Die Polymermischung wird beim Spritzguss, Spritzblasen und Blas-

extrusion verwendet.
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Beschreibung

POLYMERGEMISCH ENTHALTEND EIN AMORPHES POLYOLEFIN ENTHALTEND CYCLOALIPHATISCHE
OLEFINEN

Die vorliegende Erfindung betrifft eine neue transparente Polymermischung mit

verandertem Relaxations- und Schrumpfverhalten enthaltend Cycloolefinpolymere.

Das Relaxationsverhalten von Polymeren beschreibt die Veranderung des
Elastizitatsmoduls als Funktion von Temperatur und Frequenz. Das
Relaxationsverhaiten eines Cycloolefinpolymers oder bekannten
Cycloolefingemisches zeigt einen steilen Abfall des Elastizitdtsmoduls innerhalb
eines engen Temperaturbereiches, dem sogenannten Glasumwandlungs- oder

Erweichungsbereich.

Das Schrumpfverhalten beschreibt die Ladngendnderung mono- oder biaxial

orientierter Probekdrper als Funktion von Temperatur oder Zeit.

in Delfolie et al, Makromolecules 32, 1999, 7781 - 7789, wird die Mischbarkeit von
Ethylen-Norbornen-Copolymeren untersucht. Die Grenzen der Mischbarkeit werden
mittels DSC aufgezeigt: Das Auftreten einer einzelnen Glasumwandlungstemperatur
wird als maf fur Mischbarkeit angesehen, wahrend die Unmischbarkeit sich im

Auftreten zweier separierter Glasstufen dulRert.

In Utracki, Polymer Alloys and Blends-Thermodynamcs and Rheology, 2™ edition,
Munich, Hanser 1989, 3ff, wird allgemein der Elastizitatsmodulus als Funktion der
Temperatur fur 50/50 Polymermischungen in der Nahe der
Glasumwandlungstemperatur beschrieben. Fir homogen mischbare Polymere wird
ein steiler Abfall des Moduius bei einer mittleren Glasumwandlungstemperatur
beobachtet. Fiir unmischbare Polymere werden zwei Springe im Elastizitatsmodul
und somit zwei Glasumwandlungstemperaturen beobachtet, die denen der
Ausgangsstoffe entsprechen. Fur teilweise mischbare Polymere werden zwei
Spriinge im Elastizitatsmodul und somit zwei Glasumwandlungstemperaturen

beobachtet, die von denen der Ausgangsstoffe leicht abweichen. Fur unmischbare
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Polymere mit feiner Disperson unter 15 nm sog. vertragliche Polymere wird ein
breites Gebiet der Glasumwandiungstemperatur mit einem leichten Abfall des

Elastizitatsmodulus beobachtet

In Hsiue und Ye, J. Appl. Pol. Sci. 37, 1989, 2803 — 2836, wird das
Schrumpfverhalten von verstreckten Polyesterfolien oberhalb der Glastemperatur
beschrieben. Es wird aufgezeigt, dal das Schrumpfverhalten amorpher Polymere in
diesem Bereich durch die Verschlaufung der Polymerketten bestimmt wird. Eine
Erhéhung des Molekulargewichtes und eine Absenkung der

Verstreckungstemperatur filhren zu einem starkeren Schrumpfen.

In US-A-5,824,398 und US-A-5,589,126 wird aufgezeigt, dal? durch Zugabe eines
Weichmachers zu Polyester die Tempefatur des Schrumpfbeginns orientierter Folien

zu tieferen Temperaturen verschoben wird.

Ein wesentlicher Nachteil des steilen Abfalles des Elastizitdtsmoduls mit der
Temperatur ist, dall die Dehnung von Probekdrpern nur in einem engen
Temperaturbereich maéglich ist. Das ist beispielsweise relevant beim mono- oder
biaxialen Verstrecken von Folien. Der steile Abfalls des Elastizitatsmoduls als
Funktion der Temperatur bewirkt dariiber hinaus eine schnell Anderung des
Schrumpfes von verstreckten Folien mit der Temperatur. Dadurch kénnen
hergestellte Folien nur unzureichend auf ungieichmalig geformte Probekérper
aufgeschrumpft werden. Die starke Langenanderung orientierter Probek&rper mit der
Temperatur (bt zusammen mit einem hohen Verschlaufungsgrad der Polymerketten
eine starke Schrumpfkraft auf dem Probekdérper aus, was bei einer geringen
Wandstarke zu einer unerwiinschten Volumenanderung fuhren kann. Daher bestand
seit langem die Bestre'bung, einen Weg zu finden, um die Temperaturabhangigkeit
des Elastizitatsmoduls im Glastbergangsbereich und des Schrumpfes unter

gleichzeitiger Wahrung der Transparenz zu beeinflussen.

Die Aufgabe der vorliegenden Erfindung liegt darin, eine neue transparente
Polymermischung, enthaltend Cycloolefinpolymere, mit verandertem Relaxations-

und Schrumpfverhalten bereitzustellen.
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Die Aufgabe der vorliegenden Erfindung wird geldst durch ein Polymergemisch
enthaltend mindestens ein amorphes Polyolefin. Die Zugabe eines amorphen
Polyolefins bewirkt iberraschend eine unerwartete Anderung des Elastizitatsmoduls

und des Schrumpfeverhaltens mit der Temperatur.

Das erfindungsgemaéafe Gemisch enthalt bevorzugt mindestens ein
Cycloolefinpolymer. Die Zugabe mindestens eines amorphen Polyolefins zum
Cycloolefinpolymer bewirkt gute Ergebnisse bei der Anderung des Elastizitatsmoduls

und des Schrumpfverhaltens mit der Temperatur.

Das erfindungsgemafe Gemisch enthalt bevorzugt mindestens ein amorphes
Cycloolefinpolymer. Die Zugabe mindestens eines amorphen Cycloolefinpolymer zu
einem Cycloolefinpolymer bewirkt besonders gute Ergebnisse bei der Anderung des

Elastizitatsmoduls und des Schrumpfverhaltens mit der Temperatur.

Das erfindungsgemafie Gemisch enthait mindestens ein Cycloolefinpolymer,
enthaltend 0,1 Gew.-% bis 100 Gew.-%, bevorzugt 0,1 Gew.-% bis 99,9 Gew.-%,
bezogen auf die Gesamtmasse des Cycloolefincopolymers, polymerisierte Einheiten,
welche sich ableiten von mindestens einem polycyclischen Olefin der Formein |, Il I,
i1, IV, V oder VI
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worin R', R%, R®, R* R® R® R’ und R® gleich oder verschieden sind und ein
Wasserstoffatom oder einen C-C,o-Kohlenwasserstoffrest, wie einen linearen oder
verzweigten C1-Cg-Alkylirest, Cs-C1s-Arylrest, C+-Cao-Alkylenarylrest, einen cyclischen
oder acyclischen C,-Cyo-Alkenyirest bedeuten, oder einen geséattigten, ungesattigten
5 oder aromatischen Ring bilden, wobei gleiche Reste R' bis R® in den verschiedenen
Formeln [ bis VI eine uhterschiedliche Bedeutung haben kénnen, worin n Werte von
0 bis 5 annehmen kann, und enthaltend 0 bis 99,9 Gew.-%, bevorzugt 0,1 bis 99,9
Gew.-%, bezogen auf die Gesamtmasse des Cycloolefincopolymers, polymerisierte
Einheiten, welche sich ableiten von einem oder mehreren acyclischen Olefinen der
10 Formel VI
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(vi),

worin R®, R'®, R"" und R'? gleich oder verschieden sind und ein Wasserstoffatom,
einen linearen, verzweigten, gesattigten oder ungeséttigten C1-Cxo-
Kohlenwasserstoffrest wie einen C1-Cg-Alkylrest oder einen Cg-C1g-Aryirest

bedeuten.

AuBerdem kénnen die erfindungsgemaf verwendeten Cycloolefincopolymere 0 bis
45 Gew.-%, bezogen auf die Gesamtmaése des Cycloolefincopolymers,
polymerisierte Einheiten enthalten, welche sich ableiten von einem oder mehreren
monocyclischen Olefinen der Formel VIII

HC — CH (VIII),

\ /
[ om),

worin m eine Zahl von 2 bis 10 ist.

Bei den cyclischen Olefinen sind ebenfalls Derivate dieser cyclischen Olefine mit
polaren Gruppen, wie Halogen-, Hydroxyl-, Ester-, Aikoxy-, Carboxy-, Cyano-,

Amido-, Imido- oder Silylgruppen, eingeschlossen.

Bevorzugt im Sinne der Erfindung sind Cycloolefincopolymere, die polymerisierte
Einheiten enthalten, welche sich ableiten von polycyclischen Olefinen der Formeln |
oder llI, und polymerisierte Einheiten, welche sich ableiten von acyclischen Olefinen

der Formel VII.

Besonders bevorzugt sind Cycloolefincopolymere, die polymerisierte Einheiten

enthalten, welche sich ableiten von Olefinen mit Norbornengrundstruktur, ganz
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besonders bevorzugt von Norbornen und Tetracyclododecen und gegebenenfalls

Vinylnorbornen oder Norbornadien.

Besonders bevorzugt sind auch Cycloolefincopolymere, die polymerisierte Einheiten
enthaiten, welche sich ableiten von acyclischen Olefinen mit endstandigen
Doppelbindungen wie a-Olefinen mit 2 bis 20 C-Atomen, ganz besonders bevorzugt
Ethylen oder Propylen. Auerordentlich bevorzugt sind Norbornen/ Ethylen- und

Tetracyclododecen/ Ethylen-Copolymere.

Bei den Terpolymeren sind besonders bevorzugt Norbornen/Vinylnorbonen/ Ethylen-,
Norbornen/Norbornadien/Ethylen-, Tetracyclododecen/Vinyinorbornen/ Ethylen-,
Tetracyclododecen/Vinyltetracyclododecen/Ethylen-Terpolymere oder
Norbornen/Dicyclopentadien/Ethylen. Der Anteil der polymerisierten Einheiten, die
sich ableiten von einem Polyen, bevorzugt Vinylnorbornen oder Norbornadien, liegt
bei 0,1 bis 50 mol-%, vorzugsweise bei 0,1 bis 20 mol-%, der Anteil des acyclischen
Monoolefins der Formel VII betragt 0 bis 99,9 mol-%, bevorzugt 5 bis 80 mol-%,
bezogen auf die Gesamtzusammensetzung des Cycloolefinpolymers. In den
beschriebenen Terpolymeren liegt der Anteil des polycyclischen Monoolefins bei 0,1
bis 99,9 mol-%, bevorzugt 3 bis 75 mol-%, bezogen auf die

Gesamtzusammensetzung des Cycloolefinpolymers.

Weitere geeignete Polymere werden in EP-A-317262 beschrieben. Hydrierte
Polymere und Copolymere, wie von Styrol oder Dicyclopentadien und anderen

amorphen Polyolefinen sind ausdriicklich ebenfalls geeignet.

Abmischungen dieser Polymere mit typischen Kunststoffadditiven wie Antioxidantien,
Metalldesaktivatoren, Lichtschutzmitteln, Weichmachern, Gleitmitteln,
Verarbeitungshilfsmitteln, Antistatika, Optische Aufheller, Biostabilisatoren
Brandschutzmittel, Pigmente, Farbstoffe sowie Full- und Verstarkungsmittel (siehe
auch Géchter, Muller, Plastics Additive Handbook, 4" edition, 1993, Minchen,

Hanser) sind ausdriicklich ebenfalls geeignet.

Die erfindungsgemaf verwendeten Cycloolefincopolymere kénnen hergestellt

werden bei Temperaturen von -78 bis 200 °C und einem Druck von 0,01 bis 200 bar,
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in Gegenwart eines oder mehrerer Katalysatorsysteme, welche mindestens eine
Ubergangsmetaliverbindung und gegebenenfalls einen Cokatalysator und
gegebenenfalls ein Tragermaterial enthalten. Als Ubergangsmetallverbindungen
eignen sich Metallocene, insbesondere stereorigide Metallocene. Beispiele fir
Katalysatorsysteme, welche fur die Herstellung der erfindungsgemaéalen
Cycloolefincopolymere geeignet sind, sind beschrieben in US-A-5,008,356, EP-A-0
407 870, EP-A-0 485 893 und EP-A-0 503 422. Auf diese Referenzen wird hiermit
ausdrucklich Bezug genommen. Die Offenbarung dieser Referenzen ist somit

Bestandteil der vorliegenden Patentanmeldung.

Beispiele fur eingesetzte Ubergangsmetallverbindungen sind:
rac-Dimethylsilyl-bis-(1-indenyl)-zirkondichliorid,
rac-Dimethylgermyi-bis-(1-indenyl)-zirkondichlorid,
rac-Phenyimethyisilyl-bis-(1-indenyi)-zirkondichlorid,
rac-Phenylvinylsilyl-bis-(1-indenyl)-zirkondichlorid,
1-Silacyclobutyl-bis-(1-indenyl)-zirkondichlorid,
rac-Diphenyisilyl-bis-(1-indenyl)-hafniumdichlorid,
rac-Phenylmethylsilyl-bis-(1-indenyl)-hafniumdichlorid,
rac-Diphenyisilyl-bis-(1-indenyl)-zirkondichlorid,
rac-Ethylen-1,2-bis-(1-indenyl)-zirkondichlorid,
Dimethylsilyl-(9-fluorenyl)-(cyclopentadienyl)-zirkondichlorid,
Diphenyisilyl-(9-fluorenyl)-(cyclopentadienyl)-zirkondichlorid,
Bis(1-indenyl)-zirkondichlorid,
Diphenyimethyien-(9-fluorenyl)-cyclopentadienyizirkondichlorid,
Isopropylen-(9-fluorenyl)-cyclopentadienyl-zirkondichlorid,
rac-lsopropyliden-bis-(1-indenyl)zirkondichiorid,
Phenyimethyimethylen-(9-fluorenyl)-cyclopentadienyl-zirkondichlorid,
isopropylen-(9-fluorenyl)-(1-(3-isopropyi)cyclopentadienyl)-zirkondichlorid,
Isopropylen-(9-fluorenyl)(1-(3-methyl)cyclopentadienyl)-zirkondichlorid,
Diphenylmethylen-(9-fluorenyl)(1-(3-methyl)cyclopentadienyl)-zirkondichiorid,
Methylphenylmethylen-(9-fluorenyl)(1 -(3-methyl)cyclopentadienyl)-zirkondichlorid,
Dimethyisilyl-(9-fluorenyl)(1-(3-methyl)-cyclopentadienyl)-zirkondichlorid,

Diphenyisilyl-(9-fluorenyl)(1-(3-methyl)cyclopentadienyl)-zirkondichlorid,
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Diphenyimethylen-(9-fluorenyl)(1-(3-tert.-butyl)cyclopentadienyl)-zirkondichlorid,
Isopropylen-(9-fluorenyl)(1-(3-tert.-butyl)cyclopentadienyl)-zirkondichlorid,
isopropylen-(cyclopentadienyl)-(1-indenyl)-zirkondichlorid,
Diphenylcarbyl-(cyclopentadienyl)-(1-indenyl)-zirkondichlorid,
Dimethylsilyl-(cyclopentadienyl)-(1-indenyl)-zirkondichlorid,
Isopropylen-(methylcyclopentadienyl)-(1-indenyl)-zirkondichlorid, 4-( n°-
cyclopentadienyl)-4,7,7-trimethyl-(n>-4,5,8,7-tetrahydroindenyl-zirkondichlorid,
[4-( n°-cyclopentadienyl)-4,7,7-triphenyl-( °-4,5,6,7-
tetrahydroindenyl)]zirkondichlorid,

[4-( n°-cyclopentadienyl)-4,7-dimethyl-7-phenyl-( n°-4,5,6,7-
tetrahydroindenyl)]zirkondichlorid,

[4-( n°-3'-tert.-butylcyclopentadienyl)-4,7,7-triphenyl-( n°-4,5,6,7-
tetrahydroindenyl)]zirkondichlorid,

[4-( n°-3'-tert.-butylcyclopentadienyl)-4,7-dimethyl-7-phenyl-( n°4,5,6,7-
tetrahydroindenyl)]zirkondichlorid,

[4-( n°-3'-methylcyclopentadienyl)-4,7,7-trimethyl-( n°-4,5,6,7-
tetrahydroindenyl)]zirkondichlorid,

[4-( 1°-3'-methylcyclopentadienyl)-4,7,7-triphenyl-( n°-4,56,7-
tetrahydroindenyl)]zirkondichlorid,

[4-( n°-3'-methylcyclopentadienyl)-4,7-dimethyl-7-phenyl-( n°-4,5,6,7-
tetrahydroindenyl)]zirkondichlorid,

[4-( n°-3'-isopropylcyclopentadienyl)-4,7,7-trimethyl-( n°-4,5,6,7-
tetrahydroindenyl)]zirkondichlorid,

[4-( n®-3'-isoproplycyclopentadienyl)-4,7,7-triphenyl-( n°-4,5,6,7-

tetrahyd roindenyl)]zirkqndichlorid,

[4-( n°-3'-isopropyicyclopentadienyl)-4,7-dimethyl-7-phenyi-( n°-4,5,6,7-
tetrahydroindenyl)]jzirkondichlorid,

[4-( n°-cyclopentadienyl)( n°-4,5-tetrahydropentalen)]zirkondichlorid,

[4-( n°-cyclopentadienyl)-4-methyl-( n°-4,5-tetrahydropentalen)]zirkondichlorid,
[4-( 1°-cyclopentadienyl)-4-phenyl~( n°-4,5-tetrahydropentalen)]zirkondichlorid,
[4-( n®-cyclopentadienyl)-4-phenyl-( n°-4,5-tetrahydropentalen)]zirkondichlorid,
[4-( n°-3'-methyl-cyclopentadienyl)( n°-4,5-tetrahydropentalen)]zirkondichlorid,
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[4-( n5-3'-isopropylcyclopentadienyi)( n°-4,5-tetrahydropentalen)]zirkondichlorid,
[4-( n°-3'-benzyl-cyclopentadienyl)( n°-4,5-tetrahydropentalen)]zirkondichlorid,
[2,2,4Trimethyl-4-( n°-cyclopentadienyl)-( n°-4,5-tetrahydropentalen)]-
zirkoniumdichlorid,

[2.2,4Trimethyl-4-( n°-(3,4-Di-isopropyl)cyclopentadienyl)-( n°-4,5-

tetrahydropentalen)]-zirkoniumdichlorid.

Die Herstellung der Cycloolefincopolymere kann auch auf anderen, nachfolgend kurz
skizzierten Wegen erfolgen: Katalysatorsysteme basierend auf Mischkatalysatoren
aus Titansalzen und Aluminiumorganylen werden in DD-A-109 224 und DD-A-237

070 beschrieben. EP-A-0 156 464 beschreibt die Herstellung mit Katalysatoren auf

Vanadiumbasis.

Die Cycloolefincopolymere kénnen auch durch ringéffnende Polymerisation
mindestens eines der Monomere mit den Formeln | bis VI und anschlieRender

Hydrierung der erhaltenen Produkte.

Die Polymerisation kann auch mehrstufig erfolgen, wobei auch Blockcopolymere
entstehen kénnen (DE-A-42 05 4186).

Cycloolefincopolymere sind bevorzugt amorphe, transparente Werkstoffe. Die
Warmeformbestéandigkeiten der Cycloolefincopolymere lassen sich in einem weiten
Bereich einstellen. Als Anhaltspunkt fiir die Warmeformbestandigkeit, wie sie nach
ISO 75 Teil 1 und Teil 2 an Spritzgulformkdrpern bestimmt werden kann, 1403t sich
fur Cycloolefincopolymere die Glasiibergangstemperatur heranziehen gemessen
nach DIN EN ISO 11357-1 mit Hilfe einer DSC. Die beschriebenen
Cycloolefincopolymere weisen Glastibergangstemperaturen zwischen -50 und 250
°C auf. Bevorzugt sind Glasiibergangstemperaturen zwischen 0 und 220 °C,

besonders bevorzugt sind Glasiibergangstemperaturen zwischen 40 und 200 °C.

Die mittlere Moimasse der Cycloolefincopolymere lat sich durch Wasserstoff-
Dosierung, Variation der Katalysatorkonzentration oder Variation der Temperatur in
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bekannter Weise steuern. Die in den erfindungsgeméafen mikrostrukturierten
Bauteilen enthaltenen Cycloolefincopolymere weisen massenmittlere Molmassen Mw
zwischen 1.000 und 10.000.000 g/mol auf. Bevorzugt sind massenmittlere
Molmassen Mw zwischen 5.000 und 5.000.000 g/mol, besonders bevorzugt sind
massenmittlere Molmassen Mw zwischen 5.000 und 1.200.000 g/mol. Diese mit Hilfe
der Gelpermeationschromatographie (GPC) in Chloroform bei 35°C mit Hilfe eines Rl
Detektors bestimmten Molmassen sind relativ und beziehen sich auf eine Eichung

mit engverteilten Polystyrolstandards.

Die hier beschriebenen Cycloolefincopolymere weisen gemald DIN 53 728
Viskositatszahlen zwischen 5 und 5.000 mi/g auf. Bevorzugt sind Viskositdtszahlen
zwischen 5 und 2000 mi/g, besonders bevorzugt sind Viskositatszahlen zwischen 5

und 1000 mi/g.

Die optischen Eigenschaften der Polymermischungen wurden an 1 mm dicken

Prefiplatten mit dem Auge qualitativ beurteilt.

Die erfindungsgemaé&Ren, transparente Polymermischung, enthaltend
Cycloolefinpolymere, mit verandertem Relaxations- und Schrumpfverhalten kénnen
besonders fur folgende Produkte eingesetzt werden. Mono- oder biaxial orientierte
Folien mit geandertem Schrumpfverhaiten. Produkte, bei denen durch
erfindungsgemafRen Abmischungen ein zu den Ausgangsprodukten geénderté
Warmeformbestandigkeit erreicht wurde. Blisterberpackungen , bei denen durch die
erfindungsgemaRen Abmischungen ein verandertes Thermoformbarkeit erreicht
wurde. Mischungen mit anderen Kunststoffen, besonders Polyolefine bei denen
durch die erfindungsgemafien Abmischungen ein verandertes Reaixationverhalten,
Schrumpfverhalten oder Warmeformbestandigkeit erzielt wurde. Durch Mono- oder
biaxiale orientierte Folien, bei denen durch die erfindungsgemaéien Abmischungen
ein breites Arbeitsfenster beim Verstrecken ermdéglicht wird. Durch Spritzblasen
hergestellte Probekdrper wie Flaschchen bei denen durch die erfindungsgeméle

Abmischungen ein breites Arbeitsfenster beim Aufblasen erméglicht wird. Durch
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Blasextrusion hergestellte Filme, bei denen durch die erfindungsgemalie

Abmischungen ein breites Arbeitsfenster ermdéglicht wird.

Die Erfindung wird nun anhand von Beispielen und Diagrammen naher erkiart.

Beispiel 1

500 g eines Norbornen-Ethylen Copolymer Granulates mit einer Glastemperatur von
69 °C, einer VZ von 90 ml/g und M,, = 120000 g/mol (Handelsname Topas® 8006,
Ticona GmbH, Frankfurt) wurden mit 500 g eines Norbornen-Ethylen Copolymer
Granulates mit einer Glastemperatur von 145 °C, einer VZ von 65 mi/g und M,, =
70000 g/mol (Handelsname Topas® 6013, Ticona GmbH, Frankfurt) auf einem
Rollstand homogenisiert. Das homogenisierte Gemisch wurde auf eine
SpritzguRmaschine gegeben und bei einer Schmelzetemperatur von 250 °C

Probekorper hergestellt. Die Probekérper waren transparent.

An den Probekérpern wurden Glastemperaturen bestimmt gemessen nach DIN EN
ISO 11357-1 mit Hilfe einer DSC (TAlnst 2920)bei einer Heizrate von 20 K/min in der
zweiten Heizkurve. Die Glastemperatur (Tg) betrug 87 °C und der
Temperaturunterschied zwischen Beginn und Mittelpunkt (Tg-Breite) 8,3 °C.

Das Elastizitdtsmodul und Tang Delta als Funktion der Temperatur wurden mit einem
Torsionspendel bei einer Frequenz von 5 Hz und einer Heizrate von 5/min an
Probeképern der Abmessungen 50*10*1 mm bestimmt. Das Maximum von Tang

Delta (tang d max) wurde bei 97 °C beobachtet.

Aus den Probekérpern wurden mittels einer Presse Foiien mit einer Dicke von 1 mm
hergestellt. Daraus wurden Proben von 20 mm 20 mm zugeschnitten. Diese Folien
wurden mittels eines Zug-Dehnungs MeRgerats (Instron) mit einer
Zuggeschwindigkeit von 500 mm/min bei 125 °C auf die fiinffache Lange gedehnt
und unter Zugspannung abgekuhit. AnschlieBend wurde das Langenanderung dieser

verstreckten Folien als Funktion der Temperatur bestimmt. Bis zu einer

Temperaturen unter 90°C wurden die verstreckten Folien fiir 30 s im Wasserbad

gelagert, oberhalb von 90 °C erfolgte die Lagerung fur 180 s im
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Umlufttrockenschrank auf Sand. Der Schrumpf ist die Langenénderung vor und nach

der Warmilagerung geteilt durch die Ausgangslénge.

In der folgenden Tabelle sind weitere Beispiele und Vergleichsbeispiele

zusammengefalit:

Bsp.2 V-Bsp.1 V-Bsp.2 |V-Bsp.3 V-Bsp 4
Komponente 8006 8006 8006 8006 8006
1
Anteil / % 75 100 50 75 75
Komponente 6013 |- Zeonor Kraton G Topas TM
2 1060 1560
Anteil / % 25 0 50 25 25
Herstellung Spritzgu® | Spritzgu | Spritzgul’ | Extrusion Extrusion
Transparenz |transparent |transparent |trib opak transparent
Tg/°C 80 69 70/102 68 67
Tg-Breite / °C 6,8 4,7 5,9 6,3 7.4
Tan d max/ 86 73 70/102 71 71
°C
Verstreck T / 110 90 | Nicht 90 90
°C maoglich

Zeonor 1060 ist ein amorphes Cycloolefinpolymer von Nippon Zeon Co. Ltd. (Japan)

mit einer Glasumwandlungstemperatur von 106 °C.
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Kraton G 1650 ist ein thermoplastisches lineares S-E/B-S Elastomer der Deutsche
Shell Chemie GmbH, Eschborn.

Topas TM ist ein Norbornen-Ethylen Copolymer mit einer Glastemperatur von 65 °C,
einer VZ von 15 ml/g und M,, = 10000 g/ mol der Ticona GmbH, Frankfurt.

Die vorliegende Erfindung wird anhand der Figuren 1 und 2 néher erlautert. Figur 1
zeigt die Elastizitatsmoduli der Bespiele und Vergleichsbeipiele als Funktion der

Temperatur.

Figur 2 zeigt den Schrumpf der Bespiele und Vergleichsbeipiele als Funktion der

Temperatur.

Beispiele 1 und 2 zeigen das gewiinschte veranderte Relaxations- und

Schrumpfverhalten unter Wahrung der Transparenz.

Vergleichsbeispiel 1 zeigt das bekannte Relaxations- und Schrumpfverhalten

amorpher Polyolefine.

Vergleichsbeispiel 2 ist ein trubes Produkt, welches zwei separate
Glasumwandlungstemperaturen aufweist. Die beiden Stoffe sind also nicht homogen

mischbar. Ein Verstrecken war bei keiner Temperatur méglich.

Vergleichsbeispiel 3 ist eine opake Polymermischung, welche das bekannte

Relaxations- und Schrumpfverhalten amorpher Polyolefine zeigt.

Vergleichsbeispiel 4 ist eine transparente Mischung amorpher Polyolefine , welche

das bekannte Relaxations- und Schrumpfverhalten amorpher Polyolefine zeigt.

Weiterhin kdnnen Weichmacher, wie Phthalsdureester, Phosphorsaureester, Ester
der Adipin-, Azelanin- und Sebacinsaure, Fettsdureester, Epoxidierte Fettsdureester,
Zitronenséureester nieermolekulare Polyester, und Chlorierte Kohienwasserstoffe,
zugesetzt werden um die Glasumwandlungstemperatur und somit den Abfall des
Elastizitdtsmoduls und den Schrumpfbeginn zu tieferen Temperaturen zu

verschieben. Ausdriicklich besonders geeignet sind hochsiedende medizinischen
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WeiRsle wie Ondina 9xx (Deutsche Shell), Cobersol (Céiner Benzin Rafinerie) und
Enerpar (BP Schmierstoffe), welche selbst eine geringe Eigenfarbung aufweisen und

mit amorphen Polyolefinen transparente, farbiose Mischungen ergeben.
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Patentanspriiche

1. Polymergemisch enthaltend mindestens ein amorphes Polyolefin.

2. Polymergemisch nach Anspruch 1, enthaltend mindestens ein
Cycloolefinpolymer.

3. Polymergemisch nach Anspruch 1 oder 2, mindestens ein amorphes
Cycloolefinpolymer.

4. Polymergemisch nach einem oder mehreren der Anspriche 1 bis 3,

enthaltend mindestens ein Cycloolefinpolymer, enthaltend 0,1 bis 100 Gew.-
%, bevorzugt 0,1 bis 99,9 Gew.-%, bezogen auf die Gesamtmasse des
Cycloolefincopolymers, polymerisierte Einheiten, welche sich ableiten von

mindestens einem polycyclischen Olefin der Formeln |, 11, I, 1Il, IV, V oder VI
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worin R', R?, R?, R*, R®, R® R’ und R® gleich oder verschieden sind und ein
Wasserstoffatom oder einen C+-Czo-Kohlenwasserstoffrest, wie einen linearen
oder verzweigten C4-Cg-Alkyirest, Cs-C1s-Arylrest, C;-Cop-Alkylenaryirest,
einen cyclischen oder acyclischen C,-Cj¢-Alkenylrest bedeuten, oder einen
gesattigten, ungesattigten oder aromatischen Ring bilden, wobei gleiche Reste
R' bis R® in den verschiedenen Formeln | bis VI eine unterschiedliche
Bedeutung haben kénnen, worin n Werte von 0 bis 5 annehmen kann, und
enthaltend 0 bis 99,9 Gew.-%, bevorzugt 0,1 bis 99,9 Gew.-%, bezogen auf
die Gesamtmasse des Cycloolefincopolymers, polymerisierte Einheiten,
welche sich ableiten von einem oder mehreren acyclischen Olefinen der
Formel Vi
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Vi),

/
11— —

worin R®, R'%, R und R'? gleich oder verschieden sind und ein
Wasserstoffatom, einen linearen, verzweigten, gesattigten oder ungesattigten
C:-Coo-Kohlenwasserstoffrest wie einen C1-Cg-Alkylrest oder einen Ce-Cig-

Aryirest bedeuten.

Verwendung eines Polymergemischs nach einem oder mehreren der
Anspriiche 1 bis 4 zur Herstellung von mono- oder biaxial orientierten Folien,
Blisterverpackungen, Filmen, Gemischen mit anderen Kunststoffen, besonders

Polyolefinen.

Verwendung eines Polymergemischs nach einem oder mehreren der

Anspriiche 1 bis 4 beim Spritzgu3, Spritzblasen und Blasextrusion.
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IMPROVED PACKAGING METHOD THAT CAUSES AND MAINTAINS THE
PREFERRED RED COLOR OF FRESH MEAT

FIELD OF THE INVENTION

The present invention relates to food packaging, and more specifically to
a method and packaging film adapted to transfer a material to a food surface to promote

an attractive appearance of the food product contained in the packaging.

BACKGROUND AND SUMMARY OF THE INVENTION

By itself, color remains the single most important quality characteristic of
meat that affects its merchandizability. Consumers use color as an indicator of freshness.
The color of meat comes from myoglobin. This is a complex pigmented protein present
in the muscle tissue of all animals. Its biological function is for oxygen storage and
delivery. It achieves this function by reversibly binding molecular oxygen, thereby
creating an intracellular source of oxygen for the mitochondria. Pork and poultry contain

lower amounts of myoglobin than beef and thus are lighter in color than beef.

Myoglobin consists of a non-protein portion called heme and a protein
portion called globin. The protein portion is a large polypeptide chain that determines
the three dimensional configuration of the myoglobin molecule. The heme portion
consists of an iron atom in a planar ring. The globin portion surrounds the heme group
and interacts with it in a manner that stabilizes the molecule. The heme group is the
reactive center of myoglobin. It has an open binding site that attracts a ligand. The
ligand must be small enough to fit into the heme pocket and have the proper electron
configuration to bond to the iron atom. Oxygen meets these requirements perfectly and
this is how myoglobin carries out its biological function to transport oxygen from the

blood to the mitochondria.

When oxygen enters the heme pocket, its electron configuration changes
the shape of the globin portion of the molecule in a manner that affects light absorption
characteristics. It is the presence or absence of a ligand in the heme pocket, and the

ligand itself that affects visible color changes of myoglobin.

1
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When there is no ligand in the heme pocket, myoglobin is in its native
state. This form of the molecule is called deoxymyoglobin. Its color is purple. When
oxygen is present at high concentrations such as the level in the earth’s atmosphere, it is
pulled into the heme pocket and deoxymyoglobin becomes oxymyoglobin. Its color is
red. If oxygen tension becomes low it tends to dissociate from the oxymyoglobin
molecule. When this occurs there is a tendency for the oxygen to take an electron from
the iron atom and leave it in the ferric state. As this occurs, a water molecule moves into
the heme pocket and becomes the ligand that affects light absorption. The oxidized form
of myoglobin with H,0 in the prosthetic heme group is referred to as metmyoglobin and
its color is brown. When the chemical state of iron changes from ferrous (Fe*?) to ferric
(Fe*?), the three-dimensional structure of the globin part changes in a manner that allows

water into the heme pocket. The oxidation of the iron atom always causes a brown color.

Other variables that affect the stability of the globin portion also affect the
affinity of the heme group for oxygen and the tendency of the chemical state of the iron
atom to become oxidized. Acidity and high temperature, such as that associated with
cooking, can denature the globin part thus leading to instability of the heme group. In
the absence of stabilizing ligands the oxidation of the heme iron is automatic when the

globin is denatured.

In fresh meat (postmortem muscle tissue) oxygen is continually
associating and disassociating from the heme complex. Thus, it is the relative abundance
of three forms of the muscle pigment that determines the visual color of fresh meat. In
summary they include deoxymyoglobin (reduced myoglobin), which is purple;
oxymyoglobin (oxygenated myoglobin) which is red; and metmyoglobin (oxidized

myoglobin) which is brown.

The deoxymyoglobin form dominates immediately after the animal is
slaughtered. Thus, freshly cut meat has a purple color. This purple color can persist for
a long time if the pigment is not exposed to oxygen. Cutting or grinding exposes the
pigment to oxygen in the atmosphere, and the purple color quickly converts to either
bright red (oxymyoglobin) or brown (metmyoglobin). Even though deoxymyoglobin is
technically fresher, it is the red or bloomed meat color that consumers use as their

primary criterion for perceiving freshness.
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Changes in the relative percentage of each of these forms continue to
occur the longer fresh meat is exposed to oxygen. The immediate conversion of the
purple color to the desirable bright red or undesirable brown depends upon the partial
pressure of oxygen at the surface. The purple color is favored at the very low oxygen
levels. It dominates at levels of 0-0.2%. The brown color is favored when the partial
pressure of oxygen is only slightly higher (0.2% to 5.0%). Consumer discrimination
begins when the relative amount of metmyoglobin is 20%. A distinctly brown color is

evident at 40% metmyoglobin, which typically renders the meat unsaleable.

There are biochemical reactions that occur in muscle tissue after death
that are important to fresh meat color. These reactions are caused by the presence of
active glycolytic enzymes that convert oxygen to carbon dioxide. The effect on meat
color is the presence of reducing coenzymes that continually convert metmyoglobin back
to deoxymyoglobin. These reducing coenzymes are called metmyoglobin reductases,
and their activity is called “MRA” which is an abbreviation for metmyoglobin reducing
activity. MRA can be described as the ability of muscle to reduce metmyoglobin back to
its natural deoxymyoglobin state. It is lost when the oxidizable substrates are depleted or
when heat or acid denatures the enzymes. When the enzymes lose their activity or are
denatured, the iron of the heme pigment automatically oxidizes to the metmyoglobin

form, and the brown color stabilizes and dominates.

MRA persists for a period of time after death depending on the amount of
exposure of the meat tissue to oxygen. During this time oxygen is continually consumed
by the meat tissue. The oxygen consumption rate is referred to as “OCR”. When meat
that has a high OCR is exposed to oxygen, the oxygen tension is reduced so rapidly that
the rnetrnyc;globin is favored below the viewing surface. If it is close to the viewing
surface, the perceived color of the meat is affected. The MRA is important to minimize
this layer of metmyoglobin that forms between the bloomed surface and purple interior.
As the MRA wears out, the brown metmyoglobin layer thickens and migrates toward the
surface, thus terminating display life. When the MRA is high, the metmyoglobin layer is

thin and sometimes not visible to the naked eye.

There is a practical relationship of MRA and OCR to the specifications of
a package intended for retail sale in order to prolong the desirable appearance of meat as

long as possible. Hermetically sealed packages with films that are a barrier to oxygen
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will cause a low oxygen tension on the meat surface. Thus, metmyoglobin formation
occurs and the viewing surface changes to an undesirable brown color. However, if the
OCR is high enough to keep ahead of the oxygen that migrates across tﬁe packaging
film, and the MRA is good enough to reduce metmyoglobin that forms on the surface,
then native deoxymyoglobin replaces metmyoglobin. Afier a period of time, the
perceived color changes from brown to purple. Both of these colors are unacceptable to
the consumer. For this reason, vacuum packaging by itself has historically been an
unacceptable format for case ready fresh meat. On the other hand, vacuum packaging is
the format of choice for cooked and cured processed meats where the myoglobin
pigment is denatured by heat and stabilized by the presence of nitrite. When oxygen is
eliminated from a cured processed meat package, the product’s color and flavor

deteriorate slower than when oxygen is present.

Some fresh meat applications are suited to vacuum packaging because of its
inherent advantages in protecting product quality. For example vacuum packaging is
commonly used for wholesale primals and subprimals as well as for frozen steaks. The
product’s color is not critical in these applications. However, the color of retail cuts is
very critical and the color caused by vacuum packaging is unacceptable. Thus, the
industry has not been able to capitalize on the benefits of vacuum packaging for case

ready applications.

As mentioned previously, the prosthetic heme group is responsible for
color. Relevant literature teaches us that ligands other than oxygen or water also affect
meat color. For example, cyanide and fluorine cause a brown coior, carbon monoxide
(CO) causes the preferred bright red color and nitric oxide (NO) causes a dull red color.
In particular, methods of treating fresh meat with carbon monoxide have been developed
for case ready packaging applications. The bright red myoglobin complex is referred to

as carboxymyoglobin.

Sodium nitrite also affects color when added to meat. This approved
additive is a commonly known preservative used in the curing process for products such
as hams, lunchmeat, bologna and hot dogs. Its effects on meat color and bacterial
growth are the basis for its wide spread use in the meat industry. Almost immediately
after its addition, the raw meat color changes to a grayish brown. This is a commonly

experienced occurrence. The pigment associated with the characteristic brown color of
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raw cured meat is sometimes referred to as nitric oxide metmyoglobin. It has been
shown that nitrite is reduced to nitric oxide gas upon dissolution into meat juices. Nitric
oxide is the simplest known thermally stable paramagnetic molecule (i.e. a molecule
with an unpaired electron). Upon contact with raw meat in the presence of oxygen,
nitrite and nitric oxide turn the color brown by encouraging the disassociation of oxygen
from the oxymyoglobin complex. The presence of oxygen oxidizes available nitric oxide
to nitrite thus reducing its availability to associate with the myoglobin molecule. During
these conversion processes, the heme group losses an electron thus forming brown

metmyoglobin.

Upon cooking in the presence of nitric oxide, the globin portion of the
metmyoglobin molecule denatures and nitric oxide is attracted to the heme pocket. Since
nitric oxide has an unpaired electron, its presence in the heme group encourages the
reduction of the iron atom back to its ferrous state. The color changes to pink or maroon
depending on the relative amount of myoglobin in the muscle tissue. Cooked cured pork

or poultry is pink and cooked cured beef is more of a maroon color.

The denatured (cooked) myoglobin complex with nitric oxide as its ligand
is called nitrosohemochrome. In the absence of oxygen this pigment is very stable,
however the presence of oxygen eventually oxidizes the nitrosohemochrome and the
color changes to grayish brown. As a result, the packaging format of choice for
processed meat is vacuum packaging with a high barrier film. This protects the

nitrosohemochrome from oxidation by oxygen so that the color is stable for months.

The conventional packaging format used by the retail grocer for fresh
meat is to stretch a thin PVC film around a foam tray that supports the product. The film
is permeable to oxygen so that the initial color of the meat is bright red. However, the
shelf life for the bright red color is only about three days. Thus, this packaging format is
undesirable because the color often becomes unacceptable before it can be displayed or
sold. As a result, a packaging format that maintains the fresh meat color for a longer

period of time is required for the centralized packaging operation.

As an alternative, a high oxygen content-modified atmosphere tray can be
utilized. Presently, it is the most commonly used case-ready packaging format. Pre-

formed oxygen barrier trays of this type are filled and sealed on high-speed equipment.
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The tray is typically either formed of foam with an oxygen barrier layer or of a rigid
oxygen barrier plastic. An oxygen rich gas is then flushed into the tray before
hermetically sealing a clear film on the top of the tray. In this case, the film used for the
lid also has an oxygen barrier film as well as some slight shrink properties. The product
is loose inside the package, as the film does not contact the meat such that there is
considerable space between the film and the product (headspace) allowing the gas to
affect the meat color. Centralized or regional packers currently manufacture whole
muscle cuts and ground beef with this type of package. The high oxygen content
atmosphere in the package creates a thick bloomed color that lasts longer when
compared to meat that is exposed to only atmospheric levels of oxygen. The maximum
attainable shelf life is about 14 days for ground beef and 10 days for whole muscle cuts.
As it pertains to the modified atmosphere inside these packages, the most common
approach is to use a blend that contains 60-80% oxygen and the balance carbon dioxide.
The partial pressure of oxygen at the meat surface supplies enough oxygen for enzyme
activity as well as reactions with myoglobin. The surface myoglobin pigment is
converted to oxymyoglobin before tissue respiration consumes the excess oxygen, and
the result is the formation of a thicker layer of surface oxymyoglobin and consequently
an extension of display life. However, as the MRA is depleted toward the end of color

display life, the thick, oxymyoglobin layer oxidizes to metmyoglobin.

The high oxygen packaging format has additional shortcomings as well. More
specifically, the actual display life is much shorter than 14 days because exposure to light
actually catalyzes or speeds up the oxidation of the bright red color to the undesirable
brown. Further, whole muscle cuts fade more quickly than ground products when
exposed to light. As a result, they are priced and printed with a three day sell-by-date at
the store level, greatly reducing the available selling time for the meat. Also, oxidative
rancidity, core metmyoglobin development and premature browning are quality issues
due to the long exposure to an elevated level of oxygen. Furthermore, the characteristic
headspace in the individual package takes up room in the box, thereby increasing
shipping and storage costs. The headspace is less attractive to the consumer than the

tightly wrapped piece of meat.

Recently the use of carbon monoxide was approved as a component of the gas

used for the modified atmosphere case ready package. It has been shown to effectively
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extend the shelf life. As mentioned previously, when carbon monoxide is the ligand of
the myoglobin complex, the bright red preferred color develops. This is a very suitable
method to extend the color life and as such a number of commercial applications are
presently being pursued by the industry. This type of modified atmosphere package will
have no oxygen and only 0.4% carbon monoxide to produce the desired effect. A
headspace is required by this method and development of the preferred bright red color
will be thwarted any place there is contact between the meat and the film. U.S. Patents
4,522,835, 6,113,962, 6,270,829 and 6,521,275 describe methods utilizing carbon

monoxide and other gases to cause and maintain the desirable fresh meat color.

Another approach used by some packers to permit centralized packing
and have economy of scale is to use the conventional PVC wrapped format with its
oxygen permeable film inside another oxygen barrier package. One or more of the
conventional packages are over wrapped in a masterpack that is flushed with either a low
or high oxygen gas to extend shelf life of the packages contained therein. If low oxygen
gas is used, the meat blooms when the individual trays are removed from their
masterpack. It does a good job extending color life, but sometimes bloom is difficult
because atmospheric levels of oxygen do not adequately penetrate the film that covers
the meat surface. The high oxygen gas approach is limited to a regional level of
distribution because the shelf life is shorter than the low oxygen modified atmosphere
packages described above. As such, the masterpack approach is more commonly used

for pork and poultry.

Other packaging formats to enhance the appearance of the packaged food
products have also been disclosed by others in the industry. For example, one such
format uses carbon monoxide (CO) as part of the gas that is flushed into a secondary or
outer master package. The carbon monoxide penetrates the permeable inner package and
affects the color of the food product in a manner similar to oxygen, causing the food
product to bloom. However, since there is no oxygen present in the gas including the
carbon monoxide that is flushed into the package to oxidize the myoglobin, the red color
developed by carbon monoxide is more stable. Therefore, it lasts longer that the red
color caused by oxygen. This extension of the time before the red color turns brown
consequently increases the attractiveness of the food product to a consumer and the

likelihood of the sale of the product to a consumer. However, the oxygen free/carbon
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monoxide format requires special packaging equipment and an additional outer package

to accomplish the desired effect.

In addition to the previously mentioned formats, a variety of other
additives and gases have been used and disclosed in prior art to enhance or extend the
bacteriological and color shelf life of case ready fresh meat. For example, U.S. Patent
4,683,139 describes a method to enhance and maintain fresh meat color for up to two
weeks. The method utilizes direct additives that include phosphate salts, ascorbic acid,
or alkali metal salts, and a sequestering agent, such as citric acid, in combination with a
modified package atmosphere. This patent, and references cited therein, refers to

stabilizing the color of fresh meat that is caused by the presence of oxygen.

Several patents also describe the use of pressurized gases as a means to
treat meat prior to packaging so as to intensify and stabilize the preferred red color. U.S.
Patent 6,716,464 discloses use of the oxygen gas in this manner. Again, these methods

emphasize the importance of the red color of fresh meat.

Other methods that actively exchange the package atmosphere to cause
the meat color to change are described in U.S. Patent 5,481,852, and U.S. Patent
5,989,613. The display life of the packages formed by these methods is very short and
oxygen is used as the agent to cause the color change. Similarly, the method described
in U.S. Patents 5,866,184 and 5,711,978 uses perforations in the tray or lid of a modified
atmosphere package to allow for a passive ingress of oxygen into meat surface at a time
just prior to retail display. U.S. Patents 5,759,650, 5,591,468 and 4,055,672 describe
methods where an exterior barrier film layer is removed leaving behind a permeable
layer of film. When the barrier layer is removed just prior to display, atmospheric
oxygen diffuses into the meat surface thereby causing the preferred color change.
Further, U.S. patents 5,989,610, 5,597,599 and 5,352,467 describe the use of a variety of
gases and additives. All of these methods are attempts to cause and maintain the

oxygenated (red) form of the meat pigment for an extended period of time.

U.S. Patents 6,046,243, 5,965,264 and 5,888,528 relate to the
encapsulation and subsequent release of biocidal gases for the purpose of retarding,
controlling, killing or preventing microbiological contamination. Nitrite and nitric oxide

are mentioned in the patents as agents to achieve these specific effects. Applications to
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meat packaging are also mentioned more specifically with regard to chlorine dioxide as
the active antibacterial agent. U.S. Patent Application 2004/0137202 discloses a method
for coating a contact film surface of a food wrap with active ingredients or agents that
carry out a variety of secondary effects or functions. Nitrite is mentioned in this method

for a preservative function

Further, several patents disclose use of nitrite in the packaging material as
an inhibitor of corrosion. They include U.S. Patent Nos. 6,533,962, 6,465,109,
6,033,599 and 5,281,471. U.S. Patent No. 5,271,471 is a broad disclosure which also

mentions vacuum packaging and packaging food.

Prior technologies relate to methods of affecting meat color using passive
or active treatments of the meat with gases or chemicals. Some of these methods also
employ physical properties of the package to assist in transforming the color of fresh
meat which include peelable barriers, perforations, and packages with multiple film
layers. However, none of these technologies teach us anything about selecting for the
preferred red color of fresh meat using nitrite, nitrate or nitric oxide. Furthermore, none
of these methods are able to create and maintain the preferred red color of fresh meat in a

vacuum package.

Therefore, it is desirable to develop a novel packaging format that creates
and maintains the red display color of the meat food product and has the appearance that

more closely resembles the packaging format traditionally offered to the consumer.
SUMMARY OF THE INVENTION

It is a primary object of the present invention to cause and maintain the
preferred red color on the surface of fresh meat. The color of interest is that typically
associated with fresh meat that has been exposed to oxygen to create the oxygenated red
form of the meat pigment. The present method achieves this goal by using nitrite or
nitrate compounds in a packaging format that significantly extends the desirable color of
a meat food product. More specifically, the present invention causes and maintains the
preferred red color by using nitrite or nitrate in a manner that allows reaction with the

myoglobin pigment of meat to form nitroxymyoglobin as defined herein.

9
152/300



WO 2005/097486 PCT/US2005/011387

The present method accomplishes the objectives by creating conditions
inside the meat food package that allow nitroxymyoglobin to form. More specifically, it
has been found that when raw meat is exposed to sodium nitrite after vacuum packaging
in a barrier film, its color changes from red to brown within minutes. However,
surprisingly and unexpectedly after a period of time (1-5 days) the color changes back to
bright red. Thus, during this time period the predominate pigment on the meat surface
changes from oxymyoglobin to metmyoglobin to nitroxymyoglobin. This is because the
elimination of oxygen and reduction of metmyoglobin allow for nitroxymyoglobin to
form. The vacuum that is applied during the packaging step is not able to eliminate
oxygen that absorbed into the meat surface because it was bound into the heme pocket of
the myoglobin complex. However, the OCR and MRA of the meat are able to eliminate
this oxygen and reduce the remaining metmyoglobin pigments. Several days may be
needed to allow enough time for this change to occur. Once the metmyoglobin pigments
are reduced, nitroxymyoglobin pigments begin to dominate and the color on the meat

product surface turns to the preferred bright red.

It is another object of the present invention to create conditions that allow
the nitroxymyoglobin to form on the visible surfaces of meat without extending
throughout the meat's thickness. More specifically, a nitrite or nitrate is sprayed onto or
incorporated into the packaging film that forms the sealant layer for the film that is
positioned directly over and in contact with the food product. The amount of nitrite to
affect the efficient conversion of surface deoxymyoglobin to nitroxymyoglobin is related
to the concentration of myoglobin molecules that are naturally present in the meat
product being packaged. This amount varies greatly between meat types with beef and
lamb being greater than pork and poultry. Furthermore, there are variances in the
myoglobin molecule concentration between individual animals, and their age, sex or
breed. Individual muscle type and slaughtering conditions further affect the rate and
efficiency of the conversion of the myoglobin molecules. Thus, the present invention is
utilized to cause nitroxymyoglobin formation only on the viewing surface of the fresh
meat leaving the center of the product in its natural myoglobin state. Specifically, the
desired depth of improved color penetration provided by the method is preferably less
than about 10mm (0.375 inch), and more preferably less than about 6mm (0.25 inch).
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Numerous other objects, features and advantages of the present invention
will be made apparent from the following detailed description taken together with the
drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate the best mode currently contemplated as
practicing the present invention.

In the drawings:

FIG. 1 is an isometric view of a package incorporating the packaging film
containing an oxide of nitrogen,;

FIG. 2A is a cross-sectional view of the packaging film FIG. 1 where the
nitrogen-containing compound is sprayed onto the film;

FIG. 2B is a cross-sectional view of the packaging film of FIG. 1 where
the oxide of nitrogen is incorporated into the film; and

FIG. 3 is an isometric view of a vacuum package incorporating the
packaging film of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The undenatured (raw) nitric oxide myoglobin complex is of major
significance to the present inventive method and packaging film. The current scientific
teachings describe “nitric oxide metmyoglobin” as the pigment that forms from the
exposure of raw meat to nitrite. Little research has been done on the reduced form of this
pigment. Terminology for the pigment is inconsistent. Researchers refer to it as “nitric
oxide myoglobin”, “nitrosomyoglobin”, or “nitrosylhaemochromagen” among others. In
order to avoid confusion, in this writing the undenatured and reduced form of the nitric

oxide myoglobin complex will be referred to as nitroxymyoglobin.

As previously mentioned, the viewing surface of untreated fresh meat is
actually the combination three forms of myoglobin. Pigments on the surface and
subsurface contribute to the color. When meat is exposed to the atmosphere,
oxymyoglobin dominates the relative percentage of the pigments and the color is a bright
red. When the raw fresh meat is exposed to nitric oxide, metmyoglobin dominates on the
surface and the color is brown. However, below the surface the meat color is dull red
and deep in the core the color is bright red. The perceived color of nitrite treated meat is
a combination of four pigments that include nitroxymyoglobin. If no oxygen is present

and the metmyoglobin is reduced to deoxymyoglobin, the nitroxymyoglobin form will
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begin to outnumber the other three forms. Conditions have to be just right for all of the
metmyoglobin to be reduced. The results of experiments with the method of the present
invention suggest that the color of nitroxymyoglobin is the same as oxymyoglobin and
carboxymyoglobin. Thus, when nitroxymyoglobin is the predominant form of the

myoglobin pigment on the meat surface, the perceived color is bright red.

With reference now to the drawing figures in which like reference
numerals designate like parts throughout the disclosure, a food package according to the
present invention, such as a tray, is illustrated in FIG. 1 generally at 10. The package 10
can have any desired shape depending upon the size and configuration of the food
product 12 having a viewing surface 100 to be contained therein. In accordance with this
invention, the method may advantageously be employed with any myoglobin or
hemoglobin containing tissue and has special relevance to food products harvested from:
livestock such as beef, pork, veal, lamb, mutton, chicken or turkey; game such as
venison, quail, and duck; and fish, fishery or seafood products. The phrases ‘“meat food
product” or “food product” used throughout this application refer to any of the above
referenced types of meat. The meat can be in a variety of forms including primals,

subprimals, and retail cuts as well as ground, comminuted or mixed.

Furthermore, the package 10 can be formed of any number of suitable
materials, such as foam and plastic materials, which are well known for use in forming
food packages or trays 10. Indeed the film alone may be used to package the food by
means of a pouch or bag which is vacuum packed about the meat, and the film may be
heat shrinkable or not. In a particular preferred embodiment, the food product 12 is a
meat such as fresh red meat having a top meat surface 13a, and opposing bottom
surface(not shown) connected by a continuous meat side wall surface 13b which is
packaging by a film according to the present invention. In a preferred package, food is
vacuum skin packaged in a tray such as package tray 10 which includes a bottom wall
14, a pair of side walls 16 extending upwardly from the bottom wall 14, and a pair of end
walls 18 extending upwardly from the bottom wall 14 and connected to the side walls 16.
The respective walls 14, 16 and 18 forming the package tray 10 form an enclosure 20
within which the food product 12 can be positioned. The food product 12 is retained
within the package tray 10 by a packaging film 22 positioned over the food product 12
and tray 10, and secured at each end to the tray 10. The package film 22 can be secured
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to the package tray 10 in any suitable manner, such as by heat shrinking, heat sealing, an

adhesive or any other suitable method.

Referring now to FIGS. 2A and 2B, the packaging film 22 can be formed
from any suitable and preferably at least generally transparent packaging material, and
can be formed to have one or more layers. In a preferred embodiment, the film 22
includes a number of layers to enable the film 22 to function movably for its intended
purposes. In a particularly preferred embodiment, the packaging film 22 includes an
inner sealing layer 24 having a meat contact surface 25, and an outer layer 26.
Additionally, one or more inner layers 28a and 28b can be incorporated into the
packaging film 22. The invention contemplates use of films having 1, 2,3, 4, 5, 6, 7, 8,

9, or more layers.

The sealing layer 24 includes an amount of an oxide of nitrogen, a nitrite
or a nitrate compound 30 that is used to control the exhibited color of the food product
12. Then nitrate or nitrite compound 30 is applied to or incorporated in the formation of
the layer 24, and optionally layers 26 and 28. The compound 30 can be applied to the
meat contact surface 25 of layer 24 or incorporated into the sealing layer 24 in any
conventional manner, so long as it is evenly dispersed over the contact surface 25 of the
layer 24 and/or throughout the entire layer 24 to enable any length of film 22
incorporating the layer 24 to include approximately similar amounts of the compound 30
within the sealing layer 24 for a uniform transfer to meat via surface 25. In the
embodiment where the compound 30 is incorporated within the sealing layer 24, the
thickness of the sealing layer 24 is adjusted to optimize the migration of the compound
30 from layer 24 upon contact with the top and side surfaces 13a and 13b of food product
12. The layer thicknesses and/or amount of compound 30 for the layer 24 can be
adjusted so as to vary the speed of the migration of the compound 30 out of the layer 24,
as desired. Also, the film 22 may also be formed with an adhesive layer 34 disposed
between layers 24 and 28 of the film 22. The adhesive 34 may contain the nitrogen-
containing compound 30 in order to release the compound 30 through the layer 24 in a

controlled manner depending upon the materials used in forming the layer 24.
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EXPERIMENTAL

The packaging film 22 of this invention was developed using experiments
in which a variety of chemicals were sprayed onto raw meat prior to vacuum packaging.
The chemicals used were various reducing agents and oxidizing agents, which were
tested in an attempt to affect the myoglobin reducing activity (MRA) and oxygen
consumption rate (OCR) of the raw meat. The objective was to stabilize the respiratory
conditions of the meat so as to retard myoglobin oxidation after exposure to oxygen.
Commonly used meat additives were evaluated as well. The chemicals included a
variety of phosphates, sulfites, acids and alkalis, salts, different forms of ascorbic acid,
antioxidants, oxygen sequestering agents, plant extracts such as rosemary extract, and

others that are beyond the scope of, and not necessarily related to this disclosure.

In the course of these experiments, sodium nitrite and sodium nitrate were
tested. It was found that very small amounts of nitrite or nitrate affected the color of
vacuum packaged meat. More specifically, when nitrite was coated onto the inner
contact film surface of a vacuum package, the color would turn brown immediately after
evacuating oxygen away from the viewing surface. However, unexpectedly and
surprisingly in some experiments the preferred red color gradually displaced the brown

color and remained stable for several months.

As a result of the testing performed, it is believed, without wishing to be
bound by the belief, that nitric oxide (NO) gas forms as a result of the reduction of the
nitrite on the package and this gas affects the color of the meat food product. The nitric
oxide gas is believed to have a similar effect on bloom as carbon monoxide gas. Trials
where meat food products were contacted with nitrite found that the bloomed color
occurs only in the absence of oxygen. It is the initial small amount of residual oxygen
that causes initial browning of the food product. It was found that when residual oxygen
is high, a longer time is required for the initial brown color to be replaced by the
preferred red color. In the initial experiments, five days were needed for the red color to
fully develop. The freshness of the muscle and the specific cut affects this “bloom time”
as well. Also, when a poor barrier film is used for the packaging material, the time
necessary to achieve the desired bloom is extended. This is because oxygen migrates

through the film causing and maintaining the brown or dark color of the meat inside.
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In efforts to shorten the bloom time, extended vacuum times were used
during packaging of the food product. It was observed that when a high vacuum level
was applied, the bloom time decreased. With higher vacuum levels, it was also observed
that when the food product surface was sprayed, dusted or otherwise coated with a water-
based solution of nitrite, the bloom time could be reduced to approximately 60 hours.
When the nitrite solution was sprayed, dusted or otherwise applied onto the inside
surface of the package and allowed to dry before packaging the bloom time was reduced
to approximately 48 hours. Additionally, it was observed that in general bloom time is
shorter for pork than beef. Less than 24 hours was required for pork. Enhanced pork
(pork with about 10% or less added mixture of water, salt and phosphate) exhibited a
shorter bloom time than non-enhanced pork. Beef that was more than 20 days
postmortem appeared to require the longest bloom time of up to 72 hours. On the other
hand, 10 day postmortem beef bloomed in 24 hours. This illustrated that the higher

oxygen consumption rate of fresher meat is important to minimize bloom time.

The red color developed by the application of the nitrite or nitrate in this
manner is very stable, and does not turn brown during cooking. The uncontrolled
addition of nitrite or nitrate can be a problem in that a visually perceptible “well done”
indication of cooking for the food product is hard to achieve when the nitric oxide gas
(or color changing material) penetrates intact muscle or ground meat to depths that
almost reach the center of the individual portion. Therefore, it is important to control the
level of nitrite utilized so that only enough is used to achieve a very shallow penetration
by the color effect (believed to be causes by nitric oxide penetration) of the viewing
surface of the food product. As the depth of the nitric oxide gas penetration increases,
the internal color is no longer affected by cooking temperatures that normally turn the
color brown or grey. When this occurs it is not possible to cook the product to the
normal appearance of a well-done level. Thus, it is important to minimize the amount of

nitrite exposure to the meat-viewing surface.

This objective can be achieved by adding nitrite to the contact surface 32
of the sealing layer 24 or the packaging film 22. After vacuum packaging, the film 22
contacts the viewing surface 100 of the food product 12. Nitrite from the film surface 24
dissolves into the meat juices and breaks down into nitric oxide to achieve the desired

result. Best results occur when the level of nitrite is controlled so that only enough nitric
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oxide is released to affect the pigments within the viewing surface 100 of the food
product 12. The nitrite level required for this result is less than one-tenth (1/10) of the
nitrite commonly used for curing. In fact, it is part of the focus of the present method to
controllably deliver only enough nitric oxide to affect the viewing surface 100 of the
meat 12. Nitrite levels typically associated with curing are so high that their effect on the
color lasts after cooking. In a preferred embodiment the level of nitrite that can be used
in the present inventive method is so small that in most embodiments it is not
analytically detectable as nitrite or nitrate in the finished product by commonly used test
methods. Furthermore, the amount is insufficient to effectively cure the entire product

12.

More specifically, in one example of the present invention the immediate
0.25 inches of beef that was exposed to the film containing the proper level of nitrite was
tested for nitrite. It is an important observation that after short (about 48 hours) and long
(about 7-10 days) periods of exposure, no nitrite was measured in the meat (minimum
detection level = 2.0 ppm). Thus, a very small amount of sodium nitrite is needed for
its desired affect. While the preferred depth of penetration of the nitrite is about 0.25
inch (~6 mm), it is also acceptable for the nitrite to penetrate decper into the viewing

surface to a maximum of about 0.375 inch (~10 mm).

In earlier studies when nitrite was coated onto the film surface,
concentrations of levels higher than 20 ppm were observed. At these levels, the nitrite
appeared to penetrate the viewing surface very deeply. Upon cooking it was not possible
to achieve a “well done” appearance level of odor in the meat. The pink color created
from the nitroxymyoglobin was present in the core of the meat cut. These trials
evaluated film that contacted both sides of the cut of meat. Subsequent evaluations with
a tray that did not contain nitrite on the meat contact surface still found a significant
depth of penetration when the higher levels of nitrite were evaluated. However, when
the 20,000 ppm sealant film was used on the skin pack package, the penetration was less
than 3/16"™ inch. It was found that at this level, subsequent cooking performance is
similar to the control after 30 days of refrigerated storage prior to cooking. Both the core
and surface of the meat browned during cooking. A thin layer of pink color often

remains between the surface and core.

The preferred embodiment of this method is to use the treated film 22 for
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a vacuum package 10°, as shown in FIG. 3. During vacuum packaging all air is removed
from the inside of the package 10° so that the film 22 intimately contacts top surface 13a
and side surface 13b i.e. the viewing surface 100 of the meat 12. Best results are
achieved when the contact packaging film 22 effectively prevents the ingress of oxygen
from the atmosphere after packaging. This is because small amounts of oxygen
accelerate unacceptable discoloration as described previously. Thus, it is desirable to
minimize the time of exposure by the raw meat to oxygen during the cutting or grinding
procedures that occur prior to packaging. Residual oxygen that absorbed into the meat
surface during the cutting and grinding operations is eliminated by the postmortem
respiratory activities of the raw meat tissue. Since time is required for this to occur, the
method works best when the nitrite dissolution into the meat juices occurs gradually. It
was found that incorporating the nitrite compound 30 into the thin polymer sealing layer
24 of a multi layer packaging film 22 gave better results than coating or dusting the
nitrite compound 30 onto the inner film surface 24 where all of the compound 30 is
immediately available to the viewing surface 100. In one embodiment of the invention
encapsulating the nitrite compound 30, or otherwise protecting it in a manner that
controls or delays the release of nitric oxide, is contemplated as beneficial to the present

method.

One of the best appearing types of vacuum packages is referred to in the
industry as a “skin pack”. This type of package generally uses a rigid tray that supports
the product. The clear top film is formed around the product during the vacuum
packaging procedures. The thin film forms a skin around the entire viewing surface of
the product. It appears as though there is no film on the product surface. Thus, an

excellent fresh meat appearance can be achieved when this method is used with a skin

packaging film.

It is contemplated that oxygen barrier trays with or without the nitrite or
nitrate containing surfaces may be employed with packaging films according to the
present invention. The oxygen barrier tray may keep a fresh purple color on the meat to
tray contact surface which will bloom red after unwrapping and exposure to oxygen or

the tray may contain nitrite or nitrate on its surface as is done with the inventive film.

Another application of the present method is to utilize it with the vacuum

packaging of cured processed meats such as ham, lunchmeat, bologna and hot dogs.
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They are most commonly vacuum packaged with barrier films to maintain their
characteristic color. This color is much more stable than fresh meat and typically lasts
more than 60 days. When color fading occurs, it is attributable to an oxidation of the
nitosohemachrome pigment. This most likely occurs because of the depletion of residual
nitrite and ingress of very small amounts of oxygen through the packaging film. The
present method advantageously maintains a residual nitrite level at the film 22 to meat

contact surface thereby extending color life.

To control the rate and amount of nitric oxide gas that releases from the
internal film surface after packaging, impregnating or permeating the nitrite or nitrate
compound 30 in the polymer that comprises the film contact surface layer 24 would
enable a slow and controlled release of the compound. Polymer films for this purpose
were prepared using 0, 1,000, 5,000, 10,000, 20,000 and 25,000 parts per million of
sodium nitrite incorporated into surface layer 24 (based on the weight of the surface layer
24). It was found that even the lowest amount of nitrite tested induced the preferred red
color formation in the food product. Further, different types of food products showed
different results with different levels of nitrite present in the film 22. For example, pork
showed the best results with a film having 10,000 ppm of nitrite, where beef had the best
results with a 20,000 ppm nitrite level in the film 22. Thus, the level of nitrite needed in
the film 22 to produce the desirable and stable color is related to the level of myoglobin

present in the food product.

Although the description of the present invention has been described with
respect to nitrite is will be appreciated that the invention contemplated use of a sodium or
potassium salt of nitrite or nitrate or blends thereof and these commonly available
materials or less common oxides of nitrogen may be usefully employed in the present

invention.

Preferably, the surface of the film will have 0.01 mg per square inch or
less, and more preferably 0.0077 mg per square inch or less, of the nitrogen oxide agent,
for example nitrite, to avoid an undesirably deep penetration of the agent into a meat
during contact. This amount minimizes haze to produce a beneficially transparent
package. Beneficially, the nitrogen-oxide containing film will have good optical
properties and be transparent. Advantageously, the film will preferably have a haze

value of less than 25 percent, preferably less than 20 percent, and more preferably less
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than 15 percent as measured by ASTM D-1003-52. Preferably, the surface will have at
least 0.0008 mg per square inch and beneficially at least 0.0016 mg per square inch in a
transferable amount in order to effect a suitable color change within 96 hours after

contact with an uncooked meat in an oxygen barrier vacuum packaged environment.

Advantageously, for use with beef an amount of at least 1 ppm (based on
the weight of the beef) available on the nitrite or nitrate treated surface of the film may
be advantageously used. Similarly for pork only 0.5 ppm (based on the weight of the
pork) may be used to similar effect. It has been found that film containing 10,000 ppm
(0.106 mg per square inch) of nitrite (in the form of sodium nitrite) after 48 hours will
make available for transfer 0.0017 mg per square inch to the surface of meat. At 20,000
ppm (0.211 mg/ square inch) 0.0077 mg/ square inch is available for transfer at 48 hours.

Although the description of the invention above relates to its application
to fresh red meat, this method also offers benefits when applied to fresh fish. More
specifically, when the packaging film and method is applied to vacuum packaged fresh
fish, it improves its bacteriological safety. Currently the safety of a low oxygen fresh
fish package is at more risk than an oxygen permeable or high oxygen content package
because low content oxygen packaging creates conditions that favor the growth of certain
bacteria, such as Clostridium botulinum. The higher oxygen content packaging is
preferred for this reason and is actually mandated by regulatory agencies. However, the
presence of increased levels of oxygen also allows the faster growing bacteria to degrade
the product more quickly. Nitrite or nitrate and nitric oxide gas inhibit the ability of the
Clostridium bacteria to produce its toxin. Therefore, its presence at the surface of a

vacuum package reduces this risk and extends the bacteriological shelf life for the fish.

Food products, such as pork, beef, etc., that have been enhanced also
work well with the method and film of the present invention. More specifically,
common ingredients of enhancements that include antioxidants such as rosemary extract
or erythorbate help to accelerate the break down of nitrite to nitric oxide. Other
ingredients of these types of enhancements such as sodium phosphate help to stabilize

the myoglobin pigment and elevate the oxygen consumption rate of the meat tissues.
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Various alternative embodiments of the present invention are
contemplated as being within the scope of the following claims particularly pointing out

and distinctly claiming the subject matter regarded as the invention.
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CLAIMS

I claim:

1. A food packaging film for use in creating and stabilizing a desirable color on a
viewing surface of a raw myoglobin-containing food product without deleteriously affecting the
subsurface color of the food product, the film comprising:

a) afood contact layer capable of contacting the food product held within a
package formed with the film; and

b) an effective amount of a nitrogen oxide -containing compound applied to the
food contact layer and capable of interacting with the myoglobin-containing food

product to produce the desirable color.

2. The packaging film of claim 1 wherein the food packaging film is a barrier to

oxygen.

3. The packaging film of claim 1 wherein the nitrogen oxide -containing compound

forms nitric oxide when contacted with the food product.

4. The packaging film of claim 3 wherein the nitrogen oxide -containing compound

1S a nitrite.

5. The packaging film of claim 4 wherein the nitrogen oxide -containing compound

is a sodium nitrite.

6. The packaging film of claim 1 wherein the nitrogen oxide -containing compound

1s present in an amount sufficient to affect the viewable surface of the food product.

7. The packaging film of claim 6 wherein the nitrogen oxide -containing compound

is applied to the surface of the food contact layer.

8. The packaging film of claim 6 wherein the nitrogen oxide -containing compound

is incorporated into the food contact layer.

9. The packaging film of claim 1 further comprising at least one additional layer

positioned on the food contact layer.

21
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10. The packaging film of claim 9 wherein the food contact layer is an adhesive.

11. The packaging film of claim 10 wherein the at least one additional film layer is

disposed on the food contact layer.

12. The food packaging film of claim 1 wherein the film is adapted to vacuum

package the food item.

13. A food packaging container comprising:

a) atray adapted to hold a food item therein; and
b) a film positioned over the tray to maintain the food item therein, the film
including an effective amount of a nitrogen-containing compound and adapted to be

in contact with the food item held within the tray.

14. The food packaging container of claim 13, wherein the film is used to vacuum
package the food item in the tray and substantially eliminate the presence of oxygen between the

film and the tray.

15. The food packaging container of claim 13 wherein the nitrogen-containing

compound is applied to the tray.

16. A method of packaging a food item to prolong a desirable appearance for the
food item, the method comprising the steps of:
a) providing a film including an oxide of nitrogen; and
b) contacting the film with the food item to form a package for the food item.
17. The method of claim 16 further comprising the step of evacuating oxygen from

between the film and the food item after contacting the film with the food item.

18. The method of claim 17 further comprising the step of introducing other gases or

mixture of gases between the film and the food item after evacuating the oxygen.

19. The method of claim 16 wherein the step of providing the film having the oxide
of nitrogen comprises the steps of:
a) providing a packaging film; and

b) applying the oxide of nitrogen to the film.
22

165/300



WO 2005/097486 PCT/US2005/011387

20. The method of claim 19 wherein the step of applying the oxide of nitrogen to the

film comprises permeating the film with the oxide of nitrogen.

21. The method of claim 19 wherein the step of applying the oxide of nitrogen to the
film comprises applying the oxide of nitrogen to the film in an amount sufficient to affect the

viewable surface of the food item.

22. The method of claim 18 wherein the step of applying the oxide of nitrogen to the
film comprises applying the oxide of nitrogen to a contact surface of the film which contacts the

food item.

23. The method of claim 16 further comprising the step of evacuating oxygen from

between the film and the food item prior to contacting the film with the food item.

24. The method of claim 16 further comprising the step of treating the food item with

the oxide of nitrogen prior to contacting the film with the food item.

25. A method for creating and stabilizing a desirable color in a food product, the
method comprising the step of contacting a viewable surface of the food product with an effective

amount of a nitrogen-containing compound.

26. The method of claim 25 wherein the step of contacting the viewable surface
comprises releasing the nitrogen-containing compound into contact with the food product in a

controlled manner.

27. A vacuum packaged meat comprising an uncooked meat product vacuum
packaged in a multilayer polymeric film having a first oxygen barrier polymeric layer and a second
surface layer containing an oxide of nitrogen, selected from a group consisting of sodium nitrite,
sodium nitrate, potassium nitrite, potassium nitrate and blends thereof, in an amount sufficient to
transfer between 0.0008 and 0.016 milligram per squire inch to the uncooked meat product within 96

hours.
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MULTILAYER SHRINK FILMS, LABELS MADE THEREFROM AND
USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The application claims priority from U.S. Provisional Application Scrial No.
61/108,334, filed October 24, 2008, the contents of which are incorporated by reference in

their entirety.

FIELD OF INVENTION

[0002] The present disclosure relates to multilayer shrink films comprising at least one
core layer comprising an alpha-olefin polymer and at least one skin layer comprising a cyclic
olefin polymer. More specifically the disclosure relates to labels made from these films, in
particular sleeve labels, and to the use of such films and labels in packaging.

BACKGROUND OF THE INVENTION

[0003] Shrink labels represent a high proportion of labelling applications. High shrink
labels are the fastest growing segment in the labelling business due to the trend toward using
contoured containers and shrink sleeve labels with 360° graphics for high customer appeal.
[0004] Application of heat to a shrink label around a contour container causes the label
to shrink preferentially in the direction extending circumferentially around the container to
conform to the outside container shape.

[0005] Shrink labels fall into two categories: roll-on-shrink-on (ROSO) labels and sleeve
labels. ROSO labels are supplied from a reel, cut into sheets, applied around a container and
scamcd around the containcr during the labelling step using hot mclt to form a scam, with the
machine direction (MD) of the film extending circumferentially around the container. ROSO
label films primarily shrink in the MD direction and generally employ biaxially oriented
polypropylene (BOPP) films.

[0006] In contrast sleeve labels are solvent seamed into a tube and supplied from that
tube placed around a container, with the transverse direction (TD) of the film extending
circumferentially around the container. Application of heat causes the label to shrink
preferably in the direction extending circumferentially around the container and to conform to
the container. Sleeve labels primarily shrink in the TD direction.

10007] Current high shrink sleeve labels are sleeves made of a TD shrink film that is
solvent seamed into a folded tube. These high shrink labels provide more than 60% shrinkage
and are usually made of polyvinyl chloride (PVC), polyethylene terephthalate (PET),
polyethylene terephthalate glycol (PETG), polylactic acid (PLA) or oriented polystyrene
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(OPS). PVC and PET labels are not casily separated from PET bottle flakes using the
flotation technique in the recycling process as the films have a density higher than 1 kg/dm?.
OPS film requires transportation and storage under controlled conditions due to high natural
shrinkage phenomenon occurring gradually at a storage temperature in a warchouse. Natural
shrinkage causes deformation problems in a roll form.

[0008] While ROSO labels offer a cost advantage, the sleeve labels enjoy an advantage
in the extent of shrink percentage that can be obtained. Sleeve labels typically shrink up to
60-70% around the circumference of the container whereas commercial ROSO films shrink
only up to 20%.

[0009] Currently, no "all polyolcfin” shrink films arc known to bc solvent scamed to
form a tube, due to the inability of solvent to swell semi-crystalline materials. Solvent
scalable material like polystyrene (PS) or PET may be coextruded on the polyolefin based
film, but it will require an expensive tie layer to bond the solvent sealable skin on the
polyolefin core layer. Such combination of a solvent sealable skin on a polyolefin core layer
using an adhesive tie layer has other disadvantages like the development of haze on film after
shrinkage or poor optics when the film is recycled.

[0010] It is therefore desirable to identify a polyolefin based film suitable for sleeve
labelling that can be seamed on the current available solvent seamed machines and shrink
around a container to at least 50%, has low natural shrinkage and can be easily separated
from PET flakes for recycling. Shrinkage in a steam tunnel for high heat efficiency would be
preferred.

[0011] WO02006/071826 discloses multilayer heat shrink film having a core layer
comprising a blend of (i) at least one polyterpene and (ii) a syndiotactic polypropylene or a
cyclic olefin copolymer (COC) and skin layers comprising one or more polyolefins having an
ultimate shrinkage of at least 25% at 135°C. These films suffer from low stability and
stiffness.

[0012] EP 1632343 discloses a multilayer heat shrinkable film composed of at least three
layers comprising skin layers made of resin composition comprising 55 to 95% by mass of
cyclic olefin based resin and from 45 to 5% by mass of a linear low-density polyethylene and
an intermediate layer composed of a resin composition comprising 95 to 55% by mass of
propylene-a-olefin random copolymer and from 5 to 45% by mass of the cyclic olefin based

resin. The density and cost of such films are high.
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[0013] It has now been discovered that combining a polyolefin core layer with one or
two skin layers composed of solvent sealable or swellable polymer such as cyclic olefin
copolymer (COC) provides a film that can be used for shrink sleeve labelling with up to
about 70% shrink at temperature compatible with steam tunnel. The COC is solvent sealable
using the standard solvent used in sleeve labelling. The films and/or labels made from the
films have high stiffness for good dispensing. Their low natural shrinkage provides good
storage stability and usually avoids transportation and storage under controlled conditions.
Finally the multilayer films according to the disclosure are particularly suitable to produce
labels that are easily separated from the PET containers.

SUMMARY OF THE INVENTION

[0014] Accordingly, in some embodiments, the present disclosure relates to a multilayer
heat shrink film comprising a core layer comprising one or more alpha-olefin polymers and at
least one skin layer comprising one or more cyclic olefin polymers or amorphous polyesters
or polylactic acids.

[0015] In other embodiments, the film is a three layers film comprising one core layer
and two skin layers.

[0016] The film may also be a five layers films comprising one core layer, two skin

layers on cach side of the core layer and a tie layer between the core layer and each skin

layer.
DETAILED DESCRIPTION
[0017] Various specific embodiments, versions, and examples are described herein,

including exemplary embodiments and definitions that are adopted for purposes of
understanding the claimed invention. While the following detailed description gives specific
preferred embodiments, those skilled in the art will appreciate that these embodiments are
exemplary only, and that the invention can be practiced in other ways. For purposes of
determining infringement, the scope of the invention will refer to any one or more of the
appended claims, including their equivalents, and elements or limitations that are equivalent
to those that arc recited. Any reference to the “invention” may refer to one or more, but not
necessarily all, of the inventions defined by the claims.

[0018] As used herein, “polymer” may be used to refer to homopolymers, copolymers,

interpolymers, terpolymers, etc.
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[0019] As used herein, the term “COC” means random copolymers of ecthylene or
propylene and cyclic olefin. Examples of cyclic olefins are norbornene and/or its derivatives,
and/or tetracyclododecene and/or its derivatives.

CORE LAYERS

[0020] As described above, the core layer comprises one or more alpha-olefin polymers.
The alpha-olefins polymers used for the core layer preferably have melting points as
determined by differential scanning calorimeter (DSC) in the range of from 60°C to 125°C,
more preferably from 60°C to 100°C. Propylene and ethylene homopolymers and copolymers
and combination thereof are usually used for forming the core layer of the films according to
the disclosurc. Corc laycrs includc propylenc bascd clastomers, cthylenc bascd plastomcers,
metallocene catalysed linear low density polyethylenes as defined hereafter and combinations
thereof provide good results.

PROPYLENE-BASED EL ASTOMERS

[0021] Propylene-based elastomers have a heat of fusion (Hf) less than or equal to 75 J/g
and a triad tacticity of three propylene units, as measured by '’C NMR, of 75% or greater, or
even 90% or greater. The lowered Hf may result from sterco- or regio errors and/or from the
incorporation of one or more units derived from a comonomer of a C, or C4-C; alpha-olefin
and optionally diene-derived units. Such propylene-alpha-olefin elastomers can comprise
between 6 to 25 wt.% alpha-olefin and more preferably more than 7 wt.% alpha-olefin.
Polypropylene-based clastomers comprising from 8 to 12 wt.% ecthylene are particularly
suitable.

[0022] Triad tacticity is determined according to the method as disclosed in US-A-
20040236042. The propylene-alpha-olefin elastomers may have a Hf which is greater than or
equal to 0.5 J/g and preferably less than or equal to about 50 J/g. The Hf is determined using
ASTM E-794-95 (version E-794-01). Preferred propylene-alpha olefin elastomers have a
Mooney viscosity [ML (1+4) (@ 125°C], determined according to ASTM D1646, of less than
100, preferably less than 60 or less than 30 MU. The molecular wt. distribution index
(Mw/Mn) of the propylene-alpha olefin elastomers may be from 1.8 to 3 as determined by
Gel Permeation Chromatography (GPC). Propylene-based clastomers may be produced by
different types of single site catalysts such as bridged metallocenes (see WO199907788),
pyridine amines (see WO03/040201) and unbridged metallocenes (see US5969070),
preferably in a solution process. Propylene-based clastomers that may be useful in

accordance with this disclosure are commercially available from ExxonMobil Chemical

175/300



10

15

25

30

WO 2010/047906 PCT/US2009/057762

Company under the trade name of Vistamaxx™. Some of these materials are further available
from the Dow Chemical Company under the trade name Versify™.

ETHYLENE BASED PLASTOMERS

[0023] Ethylence bascd plastomers arc very low density lincar polycthylenes (VLDPE)
having a density between 0.85 g/cm® to 0.91 g/cm’ determined according to ASTM D1505.
Ethylene-based plastomers contain a sufficient quantity of units derived from a C; to Cyo
comonomer, preferably C; to Cg alpha-olefins to, among other things, achieve required
density. Ethylene-based plastomers are preferably produced in solution or under high
pressure conditions using single site catalysts such as biscyclopentadienyl or
monocyclopentadienyl metallocenes.

[0024] Such plastomers are commercialized by ExxonMobil under the trade name of
Exact™, by Dow under the trade name of Affinity™ and by Mitsui under the trade name of
Tafmer™.

METALLOCENE CATALYSED LINEAR LOW DENSITY POLYETHYLENES

[0025] In LLDPE, Metallocene linear low density polyethylenes (LLDPE’s) have a
density of from 0.91 g/cm’ to 0.94 g/cm’ determined according to ASTM D1505. They may

be produced in solution, slurry or gas phase conditions using a single site catalyst, such as a
metallocene activated by methods well known for such components, for example with
aluminoxane or a non-coordinating anion. Low melt index ratio linear polyethylene polymer
is a linear polyethylene with a shear sensitivity expressed as melt index ratio 126 / 1216 ratio
(MIR) of less than 30 as determined by ASTM-1238 (2.16 kg and 21.6 kg at 190°C). The low
MIR indicates no or a low level of long chain branches as well as a narrow molecular wt.
distribution. High MIR linear polyethylenes include LLDPE’s with an MIR of more than 30
which in combination with a relatively low Mw/Mn value is generally accepted to be
indicative of the presence of long chain branching. These polymers may be referred to as
“homogeneously branched linear polyethylenes”. The branches are believed to be linear in
structure and may be present at a level where no peaks can be specifically attributed to such
long chain branches in the 13C NMR spectrum.

[0026] Metallocene LLDPE's are commercialized by ExxonMobil Chemical Company
under the trade name of Exceed™ and Enable™ and by Dow Chemical Company under the

trade name of Elite™,
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[0027] Core layers including propylene-based eclastomers such as Vistamaxx™,
metallocene linear low density polyethylene such as Exceed™, ethylene based plastomer such
as Exact'™, or blend thercof provide improved propertics like gradual shrink curve and low
shrink initiation temperature.

[0028] In some embodiments, the core layer consists essentially of alpha-olefin
polymer(s). In other embodiments, the core layer comprises polymer blend(s) of alpha-olefin
polymer with other polymers, preferably with different alpha-olefin polymer(s).

[0029] Polymer blends containing (i) from 50 to 98 wt.% of at least one polymer selected
from of propylene based e¢lastomers, ethylene plastomers, metallocene catalysed linear low
density polycthylencs or blend thercof and (ii) from 50 to 2 wt.% of at Icast onc other alpha-
olefin polymer polymers having a higher melting point and more preferably a higher Hf
generally provide films that can be easily oriented on a tenter frame with uniform film
flatness and web integrity.

[0030] In a preferred embodiment the core layer contains from 5 to 20 wt.% of low
density polyethylene (LDPE). According to the present description, LDPE have a density
range of 0.910 - 0.940 g/cm?® and are produced using a high pressure process via free radical
polymerisation.

[0031] Another preferred embodiment uses polymer blends containing from 50 to 95
wt.% of cthylene based plastomer and 50 to 5 wt.% of metallocene lincar low density
polyethylene.

[0032] Core layer comprising polymer blends of propylene based eclastomer and
copolymer of propylene with ethylene and optionally butene (copolymer or terpolymer)
having a melting point preferably lower than 145°C provide easily orientable films. These
copolymers have preferably a melting point of higher than 100°C, more preferably higher
than 125°C. In an embodiment of such films to be preferably used in steam shrink tunnels,
the polymer blends contain from 50 to 95 wt.% of propylene based elastomers and 50 to 5
wt.% of copolymer of propylene with ethylene and optionally butene (copolymer or
terpolymer) having a melting point preferably lower than 145°C. Polymer blends containing
from 5 to 50 wt.% of propylene based elastomers and 50 to 95 wt.% of said copolymer or
terpolymer are used more often in hot air shrink tunnels.

[0033] Copolymers of propylene with ethylene and optionally butene copolymer can be
manufactured in any conventional manner using Ziegler-Natta or metallocene catalysts or any

other suitable catalyst systems. Examples of suitable commercially available resins include:
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XPM-7794 and XPM-7510 both C;-Cs-C4 terpolymers available from Japan Polypropylene
Corp; EP-8573 a C3-C; copolymer available from Total Petrochemical Company; PB0300M
and Adsyl 3C30FHP available from Basell. Copolymers of propylene with ethylene are
preferably used.

[0034] The core layer may contain cyclic olefin copolymer (COC) as defined below.
Films comprising a core layer having up to 30 wt.% of COC have improved stiffness. The
core layer usually contains less than 20 wt.%, preferably from 5 to 10 wt.%, COC based on
the wt. of the polymers present in the core layer. In some embodiments, the COC in the core
layer may come from the recycling of the edge trims or reclaimed film.

[0035] It is contcmplatcd that thc corc laycr may comprisc other polymer(s) such as
PETG, PET, polylactic acid (PLA), PVC, polystyrene (PS) or combination therecof. However
these polymers are usually excluded from the core layer of the films according to the
disclosure.

[0036] The core layer may contain other additives such as inorganic fillers, pigments,
antioxidants, acid scavengers, ultraviolet absorbers, processing aids such as zinc stearate,
extrusion aids, slip additives, permeability modifiers, antistatic additives, cavitating agents
such as calcium carbonate and B-nucleating agents. These additives may be introduced into
the core layer in the form of master batch in a polyolefin, typically in low density
polyethylene (LDPE).

[0037] The core layer will preferably comprise from 20 to 90%, more preferably from 30
to 90% still more preferably from 50 to 85% and even more preferably from 50 to 70 wt.% of
the multilayer films of the present disclosure. For economical reasons, the core layer usually
comprises from 70 to 85 wt.% of the multilayer films of the present invention.

SKIN LAYER

[0038] The multilayer film of the present disclosure also comprises at least one skin
layer comprising preferably at least one cyclic olefin copolymer (COC). Preferably, the film
comprises 2 skin layers, each comprising at least one COC.

[0039] The COC used in the present disclosure are random copolymers of ethylene or
propylene and a cyclic olefin, such as, norbornene and/or its derivatives and
tetracyclododecene and/or its derivatives. The glass transition temperature of the COC used
according to the present disclosure is usually from 60°C to 120°C, more preferably 70°C to
80°C to achieve low natural shrinkage. COC with lower glass transition temperature, for

example with a glass transition temperature as low as 50°C, may be used for films which
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shrink at very low temperature but those films could have higher natural shrinkage and could
require transportation and/or storage under controlled conditions. The material’s volume flow
rate (MVR) measured at 260°C under 2.16 kg according to ISO 113 is preferably between 1
and 60 ml/10min preferably between 20 and 50 ml/10min. The density of the COC according
to ISO 1183 is preferably in the range of from 1.00 to 1.06. The number average molecular
wt. measured by GPC is typically from 1,000 to 1,000,000. COC useful according to the
present disclosure include Topas® products available from Ticona and Zeonor® products
available from Zeon Chemicals.

[0040] In an embodiment, the skin layer comprises at least 55 wt.%, preferably at least
70 wt.%, and most prcfcrably, at lcast 90 wt.% of COC of thc polymecrs present in the skin
layer. In addition to the COC the skin layer(s) may also contain other film forming polymer
resin(s) in a lesser amount, generally less than 45 wt.%. Amounts less than 30 wt.%,
preferably less than 15 wt.% and more preferably less than 10 wt.% based on the other
polymer resin(s) are suitable. Such polymeric resin(s) include propylene and ethylene
homopolymers and copolymers and any combination thercof.

[0041] The use in the COC skin layer of polymer(s) with melting point lower than, or
equal to, the stretching temperature, such as for example, the Exceed metallocene LLDPE or
the Exact ethylene based plastomer, is preferred for the preparation of transparent films. The
addition of material with higher melting point may be used when transparency is not an issue.
[0042] The skin layer(s) may also advantageously contain other additives such as
pigment, antioxidants, acid scavengers, ultraviolet absorbers, processing aids such as zinc
stearate, extrusion aids, antiblock, slip additives or antistatic additives.

[0043] The skin layers may comprise from 10 to 80 wt.%, preferably from 10 to 70 wt.%
and more preferably from 15 to 50 wt.% and even more preferably from 30 to 50 wt.% of the
multilayer films of the present disclosure. For economical reasons, the skin layer usually
comprises from 30 to 15 wt.% of the multilayer films of the present invention.

[0044] The skin layers may be made of different polymer(s) or of the same polymer(s)
in different or in the same ratio. More preferably the films according to the present disclosure
have two skin layers of the same polymer configurations and polymer composition ratios.
[0045] The multilayer film of the disclosure may optionally comprise one or more tie
layers. Tie layers can be beneficial in helping to ensure good adhesion between the skin
layers and the core layer. The tie layer, if present, will preferably comprise from 5 wt.% to 15

wt.% of the entire multilayer film. Tie layers may also be used to increase the stiffness of the
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films to level required by the sleeve dispensing devices. The polymer to be used preferably
for the tie layer(s) are alpha-olefin polymers having a melting point from 50 to 145°C. Their
tensile modulus us usually higher than 20 MPa. Secant modulus is usually higher than 50
MPa. Materials suitable for these tie layers include 8573 commercialised by Total

Petrochemical or JPP 7701, JPP 7510 and JPP 7790 commercialised by Japan Polypropylene

Corporation.
[0046] In some embodiments, the multilayer films of the disclosure do not comprise tie
layer(s).

[0047] The film has typically a thickness of from 5 to 300 um, preferably from 10 to 150
pm. Films having a thickncss of from 20 to 90 um arc particularly suitablc according to the
present disclosure.

[0048] The films of the present disclosure can be produced by any known method. The
films may be obtained by extrusion or coextrusion through cast die or annular die. The films
may be oriented in either the machine direction (MD), the transverse direction (TD) or in
both directions.

[0049] In a preferred embodiment the films are preferentially oriented at least in the
transverse direction. The following method may be used. Using a plurality of extruders, the
resins are melted, coextruded from the T-die, solidified by cooling with a chilled roll, roll
stretched in the MD if needed, tenter-stretched in the TD, heat set, cooled, optionally
subjected to corona discharge treatment at least on one surface, and wound up with a winder,
thus obtaining a film. While stretching in the MD does not seem essential according to that
embodiment, some stretching in the MD direction is desirable to improve the ecasiness of
splitting the film in the lateral direction. As the conditions for the MD stretching, the
following ranges are preferable. The temperature is from 70 to 90°C, the stretching ratio is
from 1.05 to 1.35, preferably 1.2 to 1.3, and the stretching time is more preferably as short as
possible specifically below 0.3 second. The conditions for the TD stretching are preferably as
follows. The temperature is in the range from 80 to 120°C, the stretching ratio is from 4 to 8.
The films according to the disclosure may also be taken through secondary processes. This
includes, corona and/or flame plasma treatments, metallization through vacuum metallization,
printable topcoat applied as needed to enhance the decorative nature of the label, lamination
or protecting coating such as lacquers.

[0050] In a preferred embodiment the multilayer film of the present disclosure consists in

a three layers film mono-oriented in the transverse direction and comprising a core layer
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comprising at least 90 wt.% of a at least one alpha-olefin polymer selected from propylene
based clastomers, cthylene plastomers and metallocene catalysed linear low density
polyethylene, or preferably a blend of propylene based elastomer and copolymer of propylene
cthylene and optionally butene as described above, and two skin layers comprising at least 90
wt.% of a COC having a glass transition temperature of from 70 to 80°C.

[0051] The multilayer heat shrink films of the present disclosure usually have a
shrinkage of 30% or more, preferably 40% or more, more preferably 50% or more in the
oriented direction when placed during 7 minutes in an oven at temperature of from 60°C to
150°C, typically from 70°C to 135°C or during 10 seconds in water bath at temperature of
from 60 to 100°C. Shrinkagc is dctecrminced by mcasuring the diffcrence of sample length
before and after placing the sample, unrestrained, in an oven or in a water bath at the selected
temperature (ASTM 1204). Shrinkage below 20% tends to undesirably limit the extent to
which a film can conform to a container contour. While an upper limit on the extent of shrink
is unknown, it will be preferably below 95%.

[0052] Clarity (especially contact clarity) and transparency are desirable in applications
where a non-obscure view of the product around which the films label resides. High clarity
and transparency are also desirable for "reverse" printing of labels where printing resides
between the labels and the container and a consumer views the printing through the label.
[0053] Typically, films of the present disclosure have transparency values at a film
thickness of 50 pm of 10 or more, preferably 15 or more, more preferably 20% or more.
Transparency is determined according to ASTM method D-1746.

[0054] Haze values of the films according to the disclosure may range depending on the
application. When the application requires high clarity and low haze, the haze wvalue,
determined according to ASTM method D-1003, at a film thickness of 50 um is 20% or less,
preferably less than 15%, more preferably 10% or less. Haze values lower than 5% are
preferably obtained with films whose skin layers use polymer(s) with melting point lower
than, or equal to, the stretching temperature.

[0055] The stiffness of the multilayer films of the present disclosure is measured by
using a Handle O Meter according to the ASTM D2923-70 and is provided in g/15 mm. The
stiffness in the orientation direction according to the disclosure is of at least 25 g/15 mm,
preferably at least 30 g/15 mm. Values of between 35 and 45 are easily obtained.
Accordingly the oriented films according to the disclosure can be used in sleeve labelling at

high line speeds.
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[0056] Tensile strength is measured according to ASTM D882 and is provided in
N/mm?.

[0057] The shrink tension of the present films is preferably lower than 10 N/mm?, ideally
lower than 5 N/mm?, to avoid container deformation or sleeved label breakage during label
shrinkage. The shrink tension is measured using a Retramat equipment. A Retramat
equipment is equipped of a heated oven. The film sample is connected to a transducer capable
of measuring a force. When the test starts, the heated oven moves to enclose the sample
which starts to shrink. At the end of the test, the oven moves back to its original position. The
transducer measures the shrink force as a function of time. The temperature around the
samplc is also rccorded. The conditions for the test arc: oven heated at 150°C, oven around
the sample for 45 sec. It has been discovered that the presence of propylene-based clastomers,
such as Vistamaxx, in the core layer lowers the shrink tension.

[0058] The film density as determined according to ASTM D1505 is preferably lower
than 0.96 g/cm’. Values lower than 0.96 g/cm’ may be obtained according to the present
disclosure and are useful for easy separation of PET bottles flakes from the labels during the
recycling process.

[0059] The films according to the disclosure are useful in many shrink film applications
for packaging articles including without limitations, batteries, aluminium can containers,
acrosol cans, plastic liquid beverage containers, glass containers and irregular shaped
containers.

[0060] The films of the present disclosure further have a particular utility as labels such
as sleeve labels.

[0061] To convert a film of the present disclosure into a sleeve label, the stretched film is
usually subjected to printing by a suitable method such as gravure or offset printing on the
surface subjected to corona discharge treatment. To obtain a tubular label from the printed
planar heat shrinkable film thus prepared, centre sealing is carried out with the use of an
organic solvent as described from example in EP 1 632 343 and cut into appropriate lengths
thereby obtaining labels as sleeve form. The organic solvent is not particularly limited insofar
as it dissolves or swells the front back film layers of the film. Organic solvents comprising
tetrahydrofuran (THF), cyclohexane or methyl ethyl ketone (MEK) are preferred and more
preferably blends of these solvents.
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[0062] Films and labels of the present disclosure can also advantageously possess
perforations through the film or label. Perforations are most desirably carried out
immediately before the sealing.

[0063] The benefits of the presence of COC in the skin layers enable the solvent seaming
of the films. The films according to the disclosure have improved stiffness.

[0064] Finally it was surprising to discover that a relatively thin COC layer not only
greatly increased the shrink percentage at low shrinkage temperature, but also decreased
natural shrinkage during roll storage, which would create film's deformation and difficulties
on printing.

[0065] The following cxamplcs scrve as an illustration of the disclosurc, the mcasurcd
features and the units for their expressions are explained hereafter.

EXAMPLES

Examples 1 to 6

[0066] Multilayer cast films were prepared using multilayer cast film line. Each

coextruded film had an A/B/A structure where the A layers were the skin layers comprising

the COC and the B layer was the core layer.

[0067] The composition of the layers and properties of the oriented films are given in

Table 1 below, wherein:

Topas® COC commercialized by Topas. Topas 8007 has a glass transition
temperature of 78°C, Topas 9506 (used at Table 5) has a Tg of 65°C,

EODO01-05 Metallocene random copolymer of propylene commercialized by Total
Petrochemicals containing 4 wt.% cthylene, having a peak melting point
at 122°C and a melt flow index according to ASTM D1238, 230°C, 2.16
kg of 8 g/10 min,

Exceed™ 1018 Metallocene LLDPE comprising hexene commercialized by ExxonMobil
having a Melt Index according to ASTM 1238 (2.16 kg 190°C) of 1.0
g/10 min, a peak melting point at 119°C,

Vistamaxx'™ Propylene based elastomer commercialized by ExxonMobil. Vistamaxx
3980 has a peak melting point at 77°C,

Tospearl ™M145 4.5 um spherical crosslinked silicone antiblock manufactured by Toshiba

Silicone Co., Ltd.
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Table 1
Example1 | Example2 | Example3 | Example4 | ExampleS | Example 6
Topas® 8007 Topas® Topas® 8007 | Topas®8007 | Topas® 8007 | Topas® 8007
+ 1000 ppm 8007+ 1000 + 1000 ppm | + 1000 ppm + 1000 ppm | + 1000 ppm
A Tospcarl™ ppm Tospcarl™ Tospcarl™ Tospcarl™ Tospcarl™
145 Tospearl'™ 145 145 145 145
145
7pum 7pum 6um 6pm 6pum 6pm
Vistamaxx + | Exact 8201 + | Exact 3132 +
B EODO01-05 Exceed 1018 Vistamaxx 30 wt.% 10 wt.% 10 wt.%
exceed LLDPE LLDPE
[0068] The core layer had a thickness of about 32 to 39 um. The average total film

thickness before the orientation step was 100 - 500 um.

[0069]

The coextruded structures were cooled on a chilled roll, roll stretched in the MD,

tenter stretched in the lateral direction. The MD stretching conditions comprised a

temperature of 90-95°C and a stretching ratio of about 1.25, the TD stretching conditions

comprised a temperature of between 80°C to 110°C depending on the composition of the core

and a stretching ratio of 4 to 8. The properties of these films are reported in Table 2.

Table 2
Ex.1 [ Ex.2 | Ex.3 | Ex4 | Ex.5 | Ex. 6
Gauge um 48 46 51 50 48 52
Haze % 4.9 24 12 23 11 10.6
Dim. Stab. TD (%) 70°C -1 -5 0 0 0 -1
(7 minutes in a 30°C -9 -11 -5 -5 -6 -2
heated oven) 90°C -15 -15 -56 -53 -64 -7
100°C -24 -24 -78 -78 -77 -28
110°C -42 -42 -81 -81 -81 -78
120°C -66 -62 -81 -81 -82 -79
135°C -74 -76 -81 -80 -84 -81
Dim. Stab. TD (%) 70°C 0 0 0 0 0 0
(7 minutes in a 80°C -1 0 1 1.5 1 1
heated oven) 90°C -2 0 7 1 7 5
100°C -2 0 -9 -7 -10 5
110°C -1 -1 13 -12 -18 -7
120°C 0 0 15 -18 -21 -7
135°C -18 -4 19 -21 -30 -12
MD Stiffness (g/15 cm) 27 27 31 30 26 29
TD Stiffness (g/15 cm) 30 27 38 34 33 37
Storage Stability (%) -6.4 -1.7 -1.6 2.5 -1.8
Weld Strength (g/25 mm) 8040 | 9000 | 2160 | 1875 | 1485 | 1765
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[0070]

that had been placed during 7 min in a ventilated oven at the given temperature (ASTM D

Dimensional stability was measured a temperatures from 70 to 135°C on films

1204) or 10 sec in a water bath at the given temperature (ASTM D2732).
[0071] Storage stability in the TD dimensional stability was measured on samples stored
during 7 days in a ventilated oven at 50°C.

[0072]

samplcs to be tested were first welded by wiping a cotton strip dipped in solvent, folding the

Weld strength was measured on an Instron™ tensile tester equipment. The

sample and applying pressure by rolling a 2 kg weigh roll. The weld strength was measured
after 1 hour. Tetrahydrofurane (THF) was the most commonly used solvent for solvent
seamed shrink films, and had been used in the tests to evaluate welding properties. Other
solvents (dichloromethane, carbon tetrachloride) had been tested as well and gave good weld
strength.

Examples 7 and §

[0073] These examples are given by comparison. Multilayer cast films were prepared as
in examples 1 to 6.
[0074] The composition of the layers and properties of the films are as follows:
Table 3
Example 7 | Example 8
A EODO01-05 Exceed
1018
B EODO01-05 Exceed
1018
[0075] The coextruded film had a thickness of about 50 um, the average total film
thickness before the orientation step is about 400 um. The propertics of these films were as
follows:
Table 4
Example 7 | Example 8
Gaugc um 52 50
Haze % 2.0 1.5
Dim. Stab. TD (%) 70°C -5 -5
80°C -10 -8
90°C -18 -13
100°C -26 -20
110°C -44 -38
120°C -63 -81
135°C -69 -84
Dim. Stab. TD (%) 70°C -1 0
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80°C -7 0
90°C -1 0
100°C -2 0
110°C -4 0
120°C -8 21
135°C -17 -20
MD Stiffness (g/15cm) 61 17
TD Stiffness (g/15cm) 95 21
Storage Stability (%) -3.7 -6.0
Weld Strength (g/25 mm) 0 0

[0076]

machine Seam 300D-HS from Karlville using THF as solvent produced sleeves with

With samples as Examples 1-6, tubes were welded on an automatic seaming

destructive bonds when pulled apart.
[0077]
and applied around a bottle requiring 60% shrink showed perfect appearance after shrinkage

Sleeves made of film as described in Examples 3-6 were cut into individual labels

in a steam tunnel.
[0078]

labels and applied around a bottle with more than 50% shrink requirements showed perfect

Sleeves made of film as described in Examples 2, 4 and 5 were cut into individual

appearance after shrinkage in a hot air tunnel.
[0079]
[0080]

Slceves madce of films of cxample 1 did not give a sufficient shrink %.
Samples as described in examples 7 and 8 could not be welded to form a tube
using THF as solvent.

Examples 9to 11

The following multilayer films have been prepared and tested.

Table S
Example 9 Example 10 Example 11
Skin 5 pum Topas 8007 Topas 8007 Topas 9506
Core 40 pum Vistamax+Total 8375 Vistamax+Total 8375 40/60 | Vistamax+Total 8375
80/20wt.% wt.% 80/20wt.%
Skin: 5 um Topas 8007 Topas 8007 Topas 9506
Dim. Stab. 70T -1 2 -21
(in oven) 80T -27 -12 -32
™D % 90T -47 -25 -51
100 -59 -40 -65
IIO‘C -68 -53 -68
135C -80 -76 -82
Dim. Stab 70T 0 0 5
(in oven) 80T 8 2 7
MD % 90T 16 2 10
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100 17 2 8

110T 12 2 5

120C 2 1 -4

135 7 -13 17
Dim. Stab 70C 0 0 -10
(in water) 80T -8 -4 -33
D % 90%C -43 22 51

100C -60 -37 -67
Dim. Stab 70C 0 0 3
(in water) 80T 3 1 8
MD % 90°C 13 2 10

100C 13 2 7
Shrink Force 3,7 N/mm’ 6 N/mm’ 3,3 N/mm’
Retramat

Wherein Total 8573 is a copolymer of propylene containing 3.5% ecthylene and having a
melting temperature of 135°C commercialised by Total Petrochemicals.

Film of Example 9 performs particularly well in shrink steam tunnel and does not need
storagc under controlled conditions, Film of Examplc 10 performs particularly well in shrink
air tunnel and does not need storage under controlled conditions, Film of Example 11
performs particularly well in shrink steam tunnel. Having a high shrink at low temperature
film of example 11 needs storage under controlled conditions (low temperature).

[0081] All patents and patent applications, test procedures (such as ASTM methods, UL
methods, and the like), and other documents cited herein are fully incorporated by reference
to the extent such disclosure is not inconsistent with this disclosure and for all jurisdictions in
which such incorporation is permitted.

[0082] When numerical lower limits and numerical upper limits are listed herein, ranges
from any lowcr limit to any upper limit arc contcmplated. Whilc the illustrative cmbodiments
of the disclosure have been described with particularity, it will be understood that various
other modifications will be apparent to and can be readily made by those skilled in the art
without departing from the spirit and scope of the disclosure. Accordingly, it is not intended
that the scope of the claims appended hereto be limited to the examples and descriptions set
forth herein but rather that the claims be construed as encompassing all the features of
patentable novelty which reside in the present disclosure, including all features which would

be treated as equivalents thereof by those skilled in the art to which the disclosure pertains.
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CLAIMS

What is claimed is:

1.

A multilayer heat shrink film comprising:
a) a core layer including at least,

(1) from 50 to 98 wt.% of at least one polymer selected from propylene
based eclastomers, ethylene plastomers, metallocene catalysed linear
low density polyethylenes, and blend thereof, and

(i1) from 50 to 2 wt.% of at least one alpha-olefin polymer having a
melting point higher than polymer (i); and

b) at lcast onc skin laycr comprising a cyclic olefin copolymer (COC).

The film of claim 1, comprising two skin layers, cach of the skin layers comprising a
cyclic olefin copolymer.

The film of claim 1 or 2, wherein the alpha-olefin polymer has a peak melting point in
the range of from 60°C to 125°C.

The film of any one of claims 1 to 3, wherein the metallocene catalysed core layer
further comprises a copolymer of propylene and ethylene.

The film of any one of claims 1 to 4, wherein the core layer contains (i) from 50 to 95
wt.% of ethylene plastomer and 50 to 5 wt.% of metallocene lincar low density
polyethylene.

The films of any one of claims 1 to 4, wherein the core layer contains 50 to 95 wt.%
of propylene-based elastomers and 50 to 5 wt.% of copolymer of propylene with
ethylene and optionally butene (copolymer or terpolymer) having a melting point
lower than 145°C.

The films of claim 4, wherein the core layer contains 5 to 50 wt.% of propylene-based
elastomers and 95 to 50 wt.% of copolymer of propylene with ethylene and optionally
butene (copolymer or terpolymer) having a melting point lower than 145°C.

The films of any one of claims 1 to 7, wherein the COC is selected from random
copolymers of ethylene or propylene and a cyclic olefin comprising at least one of
norbornene, norbornene derivatives, tetracyclododecene, and tetracyclododecene
derivatives.

The film of claim 7, wherein the COC has a glass transition temperature of from 70 to

80°C.
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10.

11.

12.

13.

14.
15.
16.
17.

The film of any one of claim 1 to 9, wherein each skin layer comprises at least 50
wt.% of COC.

The film according to claim 1, consisting in a three layers film monoaxially oriented
in the transverse direction and comprising a core layer comprising at least 90 wt.% of
one or more alpha-olefin polymer selected from propylene based elastomers,
metallocene catalysed copolymer of propylene and ethylene, ethylene plastomers and
metallocene catalysed linear low density polyethylene, and two skin layers
comprising at least 90 wt.% of a COC having a glass transition temperature of from
70 to 80°C.

A process for the preparation of the film according to any one of claims 1 to 11 by co-
extrusion through a cast die and monoaxial orientation in the transverse direction.

A process for the preparation of the film according to any one of claims 1 to 11 by co-
extrusion through a cast die and biaxial orientation.

Use of the film according to any one of claims 1 to 11 in packaging and/or labelling.
Label comprising a film according to any of claims 1 to 7.

The label of claim 15, wherein the shrink label is a sleeve label.

Article comprising a film according to any one of claim 1 to 11 or a label according to

claim 15 or 16.
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UV- und Licht-Schutzfolie

Die vorliegende Erfindung betrifft eine zumindest kontakttransparente, UV-Strahlung
und kurzwelliges, sichtbares Licht absorbierende und/oder reflektierende, einschicht-
ige oder mehrschichtige Folie umfassend wenigstens eine Schicht basierend auf
wenigstens einem gegebenenfalls modifizierten thermoplastischen Olefin-Homo-oder
Copolymeren enthaltend eine Kombination aus wenigstens einem kurzwelliges, sicht-
bares Licht absorbierenden und/oder reflektierenden organischen oder anorgan-
ischen Farbpigment oder Farbstoff und aus wenigstens einer die UV-Strahlung ab-
sorbierenden und/oder reflektierenden, organischen oder anorganischen Verbindung,
sowie die Verwendung dieser Folie als Schutzfolie gegen die Einwirkung von UV-
Strahlung und kurzwelligem, sichtbaren Licht, vorzugsweise in Kanalsanierungs-

systemen, sowie ein entsprechendes Kanalsanierungsystem.

Aus dem Stand der Technik sind Schutzfolien bekannt, die zwar eine Schutzwirkung
gegen UV-Strahlung aufweisen, jedoch blickdicht sind.

Aus verschiedenen Griinden ist es jedoch vorteilhaft, wenn derartige Schutzfolien
transparent sind. So ist es bspw. im Fall von Lebensmittelverpackungen winschens-
wert, dass die vor der Einwirkung von UV-Strahlung zu schutzenden Verpackungs-
glter von auRen vom Kéaufer betrachtet werden kénnen. In EP 1 138 479 B1 wird
eine solche Schutzfolie beschrieben, die vor Einwirkung von UV-Strahlung bis zu
einer Wellenlange von < 350 nm schitzt, indem sie Titandioxid als UV-Strahlung
absorbierendes Pigment enthalt. Das Titandioxid muss in einer bestimmten fein-
dispersen Form vorliegen, um eine ausreichende Transparenz der Schutzfolie zu

gewabhrleisten.

in DE 1 002 177 A1 wird eine thermoformbare, transparente Folie aus einem
Thermoplasten beschrieben, bei der die UV-Strahlung bis zu einer Wellenlange <
380 nm mit Hilfe von organischen oder metallorganischen Verbindungen volistandig

absorbiert wird.
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In WO 00/27914 wird eine transparente ein- oder mehrschichtige Folie beschrieben,
die eine Schutzwirkung gegen UV-Strahlung in einem Wellenlangenbereich von 280-
390 nm aufweist, indem sie eine UV-Strahlung absorbierende Kombination aus einer
anorganischen und einer organischen Verbindung wie z. B. einer Kombination aus

Zinkoxid oder Titandioxid und einem Benzotriazol aufweist.

Schutzfolien, die eine Schutzwirkung gegen UV-Strahlung aufweisen, werden u.a.
bei der Sanierung von Kanalen und Kanalrohrieitungen im sogenannten Schlauch-
lining-Verfahren eingesetzt. Geman diesem Verfahren wird zunachst ein flexibler
Schlauch bereitgestellt, der in das zu sanierende Rohr eingezogen wird. Dieser
Schlauch umfasst zwei Schlauchfolien mit unterschiedlichem Durchmesser zwischen
denen ein Tragermaterial, vorzugsweise Glasfasermaterial, eingebracht ist, das mit
einem reaktiven Kunststoffharz getrankt ist. Nach dem Einbringen des Schlauches in
das Kanalrohr und Aufblasen des Schlauches im Kanalrohr muss das Kunststoffharz
zwischen den beiden Schlauchfolien ausgehartet werden, um ein stabiles Rohr an
der zu sanierenden Innenwand des Kanalrohres zu ergeben. Die Aushartung kann
durch Bestrahlung mit UV—Strathng erreicht werden, wobei Photoinitiatoren in dem
Kunststoffharz bei Einwirkung von UV-Strahlung den Polymerisations- bzw. Aushéart-
ungsvorgang auslosen. Um eine ungewollte, vorzeitige Aushartung des Kunststoff-
harzes vor dem Einbringen in das zu sanierende Kanalrohr zu verhindern, muss die
auRenliegende Schlauchfolie des Schlauches eine Schutzschicht aufweisen oder
daraus bestehen, die eine vorzeitige Einwirkung von UV-Strahlung und damit eine
vorzeitige Harzhartung verhindert. Die innenliegende Schlauchfolie eines solchen
Sanierungsschlauches muss dagegen UV-Strahlung durchldssig sein, um im aufge-
blasenen Zustand den Aushartungsvorgang zu ermdéglichen. Schlauche aus her-
kommlichen mehrschichtigen Schlauchfolien, die bei der Kanalsanierung geman
Schlauchlining-Technik eingesetzt werden, weisen Ublicherweise eine ausreichende
Absorption der UV-Strahlung auf. Da jedoch die in den reaktiven Kunststoffharzen
enthaltenen Photoinitiatoren auch bereits bei Einwirkung langerwelliger Strahlung wie
bspw. von kurzwelligem, sichtbaren Licht aktiviert werden konnen, ist es notwendig,
auch diese Gefahr einer vorzeitigen Aushartung, insbesondere bei Lagerung zu
unterbinden. Dies wurde u. a. durch die Verwendung undurchsichtiger Schlauchfolien

versucht.
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Dadurch ist jedoch keine Kontrolle einer gleichmafigen Trankung des Trager-
materials mit dem auszuhartenden Kunststoffharz und damit keine Vermeidung von
durch ungleichmaflige Trankung verursachten Fehilstellen im sanierten Kanalrohr

maglich.

Es besteht daher ein Bedarf an Schutzfolien, die zumindest eine Kontakttransparenz
aufweisen, d.h. nicht blickdicht sind, aber trotzdem sowohl die Einwirkung von UV-

Strahlung als auch von kurzwelligem, sichtbaren Licht unterbinden.

Eine Aufgabe der vorliegenden Erfindung war es daher, eine Schutzfolie zur Verfug-
ung zu stellen, die zumindest kontakttransparent ist, aber trotzdem die Einwirkung

von UV-Strahlung und von kurzwelligem, sichtbaren Licht verhindert.

Diese Aufgabe wird geldst durch die Bereitstellung der erfindungsgemafien, zumind-
est kontakttransparenten, UV-Strahlung und kurzwelliges, sichtbares Licht absorb-
ierenden und/oder reflektierenden, einschichtigen oder mehrschichtigen Folie um-
fassend wenigstens eine Schicht basierend auf wenigstens einem gegebenenfalls
modifizierten, thermoplastischen Olefin-Homo-oder Copolymeren enthaltend eine
Kombination aus wenigstens einem kurzwelliges, sichtbares Licht absorbierenden
und/oder reflektierenden organischen oder anorganischen Farbpigment oder Farb-
stoff und aus wenigstens einer die UV-Strahlung absorbierenden und/oder reflektier-

enden, organischen oder anorganischen Verbindung.

Unter dem Begriff "kontakttransparent” wird im Sinne dieser Erfindung verstanden,
dass die erfindungsgeméf&e Folie zumindest so transparent ist, dass die Kontrolle
einer gleichmafigen Trankung des Trégermaterials mit dem auszuhartenden Kunst-
stoffharz mdglich ist. Dies beruht auf der Prafung der Helligkeit des getrankten
Tragermaterials. Die Bestimmung der Kontakttransparenz wird mit der nachstehend

in den Beispielen beschriebenen Methode durchgefiuhrt.

Unter dem Begriff "UV-Strahlung” wird im Sinne dieser Erfindung elektromagnetische
Strahlung in einem Wellenldngenbereich von 200 bis 400 nm verstanden.
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Unter dem Begriff "kurzwelliges, sichtbares Licht" wird im Sinne dieser Erfindung
elektromagnetische Strahlung in einem Wellenlangenbereich von 400 bis 500 nm,

vorzugsweise von 400 bis 450 nm verstanden.

Die erfindungsgemalde Folie enthalt vorzugsweise wenigstens ein organisches oder
anorganisches Farbpigment oder wenigstens einen organischen oder anorganischen
Farbstoff ausgewahlt aus der Gruppe umfassend Carbonyl-Farbstoffe, vorzugsweise
Chinon-Farbstoffe, Indigo-Farbstoffe und Chinacridone, Azo-Verbindungen, Cyanin-
Verbindungen, vorzugsweise Triphenylmethan-Verbindungen, Azomethine, Iso-
indoline, Dioxazine, Metalloxide, Ubergangsmetalloxide, Metalloxidhydrate und Uber-
gangsmetalloxidhydrate. Besonders bevorzugt werden von diesen Farbstoffgruppen
oder Farbpigmenten die gelben Farbstoffgruppen oder Farbpigmente ausgewahit.

Vorzugsweise liegt ein organisches, gelbes Farbpigment oder ein organischer, gelber
Farbstoff ausgewéahlt aus der Gruppe umfassend Benzimidazoi-Derivate,
Benzotriazol-Derivate, 1,4-Chinon-Derivate, 1,4-Naphthochinon-Derivate, 9,10-
Anthrachinon-Derivate, Phenylazophenol-Derivate, jeweils in Form der freien Ver-
bindungen, in Form von Tautomeren oder der Salze von Sauren oder Basen oder der
Solvate, vorzugsweise der Hydrate vor. Vorzugsweise liegt ein anorganisches,

gelbes Farbpigment oder ein anorganischer, gelber Farbstoff ausgewahlt aus der
Gruppe umfassend Ubergangsmetalloxide und Ubergangsmetalloxidhydrate vor.
Besonders bevorzugt ist ein gelbes Farbpigment oder ein gelber Farbstoff
ausgewahlt aus der Gruppe umfaséend 4-Phenylazophenol, 2-(2'- Methyl)phenylazo-
4-methylphenol, N-(4- Phenylazo)phenyldiethanolamin, Benzotriazole,
Benzimidazolon, Eisenoxid und Eisenoxidhydrat, ganz besonders bevorzugt ist

Benzimidazolon.

Vorzugsweise absorbiert und/oder reflektiert das organische oder anorganische
Farbpigment oder der organische oder anorganische Farbstoff kurzwelliges, sicht-
bares Licht im Wellenbereich von 400 bis 500 nm, besonders bevorzugt im Wellen-

bereich von 400 bis 450 nm, vorzugsweise jeweils zu mehr als 90 %.
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In einer bevorzugten Ausfuhrungsform enthalt die erfindungsgemafe Folie wenig-
stens eine organische oder anorganische Verbindung ausgewahlt aus der Gruppe
umfassend Metalloxide, Ubergangsmetalloxide, Metalloxidhydrate, Ubergangsmetall-
oxidhydrate, Phosphite, Benzophenone, Anthranilate, Salicylate, Dibenzoylmethane-
Derivate, p-Aminobenzosaure-Derivate, Zimtsaure-Derivate (Phenylacrylsaure —
Derivate), Benzimidazol-Derivate, Benzotriazol-Derivate, Cyanoacrylate, Benzo-
triazol-Derivate, B-B -Divinylacrylate, Alkyl-a-cyano-B-B -divinylacrylate, 1,3,5-Triazin-
Verbindungen und sterisch gehinderte Amine, jeweils in Form der freien Verbind-
ungen, in Form ihrer Tautomeren oder jeweils ihrer Salze von Sauren oder Basen als
UV-Strahlung absorbierende und/oder reflektierende Verbindung. Derartige Verbind-
ungen sind teilweise marktgefuhrte Produkte, wie z. B. Uvinule® der BASF AG.

Unter dem Begriff "sterisch gehinderte Amine" werden Verbindungen verstanden, bei
denen an wenigstens ein dreibindiges Stickstoffatom ein oder mehrere raumflllende,
organische Reste gebunden sind. Vorzugsweise handelt es sich um aromatische

oder aliphatische, azyklische oder zyklische, sekundére und tertiare Amine wie N,N’-

disubstituierte p-Phenylendiamine oder substituierte (Amino)-Piperidine.

Vorzugsweise liegt als UV-Strahlung absorbierende und/oder reflektierende, organ-
ische oder anorganische Verbindung wenigstens eine Verbindung ausgewahilt aus
der Gruppe umfassend Metall- und Ubergangsmetalloxide und Verbindungen der

nachstehenden allgemeinen Strukturformeln a bis u vor:
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R' in denen jeweils fiir einen oder mehrere, z.B. zwei, drei oder vier Reste jeweils
unabhéangig voneinander ausgewahlt aus der Gruppe umfassend Wasserstoff; OH;
Halogen; NH;; CN; C(=0O)H; C(=0O)OH; SO3H; O-C4_10-Alkyl, NH(C1.10-Alkyl), N(C1-10-
Alkyl)z, C1.10-Alkyl, -C1.10-Alkyl-O-C1.10-Alkyl-, jeweils verzweigt oder unverzweigt,
gesattigt oder ungesattigt, unsubstituiert oder einfach oder mehrfach substituiert mit
OH, Halogen, =0, C(=0O)H, C(=0)OH, Phenyl, NH,, C(=0)-C1.10-Alkyl, C(=0)-O-C1.10-
Alkyl, O-C4.10-Alkyl, O-C(=0)-C1.10-Alkyl, jeweils verzweigt oder unverzweigt, ge-
sattigt oder ungesattigt; Phenyl, Menthyl, Homomenthyl, Benzyl, Cyclohexyl, jeweils
unsubstituiert oder einfach oder mehrfach substituiert mit OH, Halogen, C(=O)H,
C(=0O)OH, NH, C(=0)-C1.10-Alkyl, C(=0)-O-C1.10-Alkyl, O-C1.10-Alkyl, O-C(=0)-C1.10~
Alkyl steht;

R? jeweils fur einen oder mehrere, z.B. zwei, drei oder vier Reste jeweils unabhéngig
voneinander ausgewahlt aus der Gruppe umfassend Wasserstoff, Cig-Alkyl, jeweils
verzweigt oder unverzweigt, gesattigt oder ungesattigt, unsubstituiert oder einfach
oder mehrfach substituiert mit OH, Halogen, =O, NH2, C(=0)H; C(=0)OH; CN;
C(=0)-C1.10-Alkyl, C(=0)-O-C1.10-Alkyl, O-C1.10-Alkyl, O-C(=0)-C1.10-Alkyl, jeweils
verzweigt oder unverzweigt, gesattigt oder ungesattigt; Phenyl, Menthyl, Homo-
menthyl, Benzyl, Cyclohexyl, jeweils unsubstituiert oder einfach oder mehrfach sub-
stituiert mit OH, Halogen, C(=O)H; C(=O)OH; NH,, C(=0)-C1.10-Alkyl, C(=0)-O-C1.10-
Alkyl, O-C1.10-Alkyl, O-C(=0)-C1.10-Alkyl steht;
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R? jeweils fur einen oder mehrere, z.B. zwei, drei, vier, finf oder sechs Reste jeweils
unabhangig voneinander ausgewahilt aus der Gruppe umfassend Wasserstoff; OH;
NHgz; CN; C(=0)H; C(=0)OH; =0; SO3H; O-Ci.10-Alkyl, NH(C1.10-Alkyl), N(C1.10-
Alkyl)z, Cq-40-Alkyl, -C4.10-Alkyl-O-C1.10-Alkyl-, jeweils verzweigt oder unverzweigt,
gesattigt oder ungesattigt, unsubstituiert oder einfach oder mehrfach substituiert mit
OH, Halogen, =0, Epoxy, NH,, Phenyl, C(=0)-C4.g-Alkyl, C(=0)-O-C1.40-Alkyl, O-C;.
10-Alkyl, O-C(=0)-C1.19-Alkyl, jeweils verzweigt oder unverzweigt, gesattigt oder
ungesittigt; Phenyl, Menthyl, Homomenthyl, Benzyl, Cyclohexyl, jeweils
unsubstituiert oder einfach oder mehrfach substituiert mit OH, Halogen, C(=0O)H;
C(=0)0OH; NHz, C(=0)-C1.10-Alkyl, C(=0)-0O-C1.10-Alkyl, O-C1.10-Alkyl, O-C(=0)-C1-10-
Alkyl steht;

X fur C420-Alkyl, verzweigt oder unverzweigt, gesattigt oder ungesattigt, unsub-
stituiert oder einfach oder mehrfach substituiert mit Substituenten unabhangig von-
einander ausgewahlt aus der Gruppe umfassend H; Halogen; OH; =O; Epoxy; NHy;
C(=0)H; C(=0)OH; CN; C(=0)-C1.10-Alkyl, C(=0)-O-C1.10-Alkyl, O-C1.10-Alkyl, O-
C(=0)-C1.10-Alkyl, jeweils verzweigt oder unverzweigt, gesattigt oder ungesattigt
steht, wobei ein oder mehrere, z.B. ein, zwei oder drei C-Atome des Cq.20-Alkyls ggf.
durch ein oder mehrere, z.B. ein, zwei oder drei Heteroatome unabhangig
voneinander ausgewahlt aus der Gruppe umfassend N, O, S, NH oder N(C1_g-Alkyl)

ersetzt sein konnen;

n fur 0 bis 200, vorzugsweise fur 0 bis 100, besonders bevorzugt fur O bis 20, ganz

besonders bevorzugt fur 0 bis 10 steht;

Die Ausdriicke "Cq.10-Alkyl" und "C4.20-Alkyl" umfassen im Sinne dieser Erfindung

| acyclische, gesattigte oder ungesattigte Kohlenwasserstoffreste, die verzweigt oder
unverzweigt sowie unsubstituiert oder ein- oder mehrfach substituiert sein kdnnen,
mit 1 bis 8 bzw. 1 bis 20 C-Atomen, d.h. C.qo-Alkanyle, C,.10-Alkenyle und C;.1o-
Alkinyle bzw. C1.20-Alkanyle, Cz.20-Alkenyle und C,0-Alkinyle. Dabei weisen Alkenyle
mindestens eine C-C-Doppelbindung und Alkinyle mindestens eine C-C-Dreifach-

bindung auf.
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Bevorzugt ist Alkyl aus der Gruppe ausgewéihlt umfassend, die Methyl, Ethyl, n-Prop-
yl, 2-Propyl, n-Butyl, iso-Butyl, sec.-Butyl, tert.-Butyl, n-Pentyl, iso-Pentyl, neo-Pentyl,
n-Hexyl, n-Heptyl, n-Octyl, n-Nonyl, n-Decyl, Ethylenyl (Vinyl), Ethinyl, Propenyl
(-CH,CH=CHg,, -CH=CH-CHj3;, -C(=CH2)-CHa), Propinyl (-CH-C=CH, -C=C-CH3),
Butenyl, Butinyl, Pentenyl, Pentinyl, Hexenyl und Hexinyl, Heptenyl, Heptinyl, Octenyl
und Octinyl.

Besonders bevorzugt wird als UV-Strahlung absorbierende und/oder reflektierende,
organische oder anorganische Verbindungen wenigstens eine Verbindung aus der
Gruppe umfassend Zinkoxid, Titandioxid, 2-Ethoxy-ethyl-p-methoxycinnamat, Di-
ethanolamin-p-methoxycinnamat, Octyl-p-methoxycinnamat, 2-Ethylhexyl-2-cyano-
3,3-diphenylacrylat, Kaliumcinnamat, Propyl-4-methoxy-cinnamat, Amyl-4-methoxy-
cinnamat, a-Cyano-4-methoxyzimtsaure bzw. der entsprechende Hexylester, Cyclo-
hexyl-4-methoxycinnamat, Glyceryl-p-amino-benzoat, Amyl-p-dimethylaminobenzoat,
Ethyl-4-bis(hydroxypropyl)-aminobenzoat, Octyl-p-dimethylaminobenzoat, Ethoxy-
lierte-4-Aminobenzosaure, Octylsalicylat, Triethanolaminsalicylat, Salze der Salicyl-
saure, 4-Isopropylbenzylsalicylat, 2-Ethylhexyl-2-(4-phenylbenzoyl)benzoat, Homo-
menthylsalicylat, , 2-Hydroxy-4-methoxybenzophenon, 2,4,6-Trianilino-(p-carbo-2-
ethylhexyloxy)-1,3,5-triazin, 2-Phenylbenzimidazol-5-sulfonsaure, 1-(4-tert-Butyl-
phenyl)-3-(4-methoxyphenyl)propan-1,3-dion, p-Cumenyl-3-phenylpropan-1,3-dion,
1,3-Bis(4-Methoxyphenyl)propan-1,3-dion, Menthylanthranilat, Homomenthyl-N-
acetylanthranilat, 2-Hydroxy-4-octylbenzophenon (Uvinul® 3008, Uvinul® 3008 FL),
6-tert-Butyl-2-(5-chlor-2H-benzotriazol-2-yl)-4-methylphenol (Uvinul® 3026, Uvinul®
3026 GR), 2,4-Di-tert-butyl-6-(5-chlor-2H-benzotriazol-2-yl)-phenol (Uvinul® 3027), 2-
(2H-Benzotriazol-2-yl)-4,6-di-tert-pentylphenol (Uvinul® 3028, Uvinul® 3028 GR), 2-
(2H-Benzotriazol-2-yl)-4-(1,1,3,3-tetramethylbutyl)-phenol (Uvinul® 3029, Uvinul®
3029 GR), 1,3-Bis-[(2’-cyano-3’,3-diphenylacryloyl)oxy]-2,2-bis-{[(2’-cyano-3’,3’-
diphenylacryloyl)oxy]methyl}-propan (Uvinul® 3030, Uvinul® 3030 GR), 2-(2H-
Benzotriazol-2-yl)-4-methylphenol (Uvinul® 3033 P), 2-(2H-Benzotriazol-2-yl)-4,6-
bis(1-methyl-1-phenylethyl)phenol (Uvinul® 3034), Ethyl-2-cyano-3,3-diphenylacrylat
(Uvinul® 3035), (2-Ethylhexyl)-2-cyano-3,3-diphenylacrylat (Uvinul® 3039), N,N’-
Bisformyl-N,N'-bis-(2,2,6,6-tetramethyl-4-piperidinyl)-hexamethylendiamin (Uvinul®
4050 H), Bis-(2,2,6,6-tetramethyl-4-piperidyl)-sebacat (Uvinul® 4077 H, Uvinul®
4077 GR), Bis-(1,2,2,6,6-pentamethyl-4-piperidyl)-sebacat, Methyl-(1,2,2,6,6-

pentamethyl-4-piperidyl)-sebacat (Uvinul® 4092 H),
203/300



WO 2010/075946 PCT/EP2009/008845
11

[ 1 0
N /
(o}
Mﬂo\(i’:‘?ﬂ»m b;\/ \
S o
” n=4-7
L _J]n= 4-7
(Uvinul® 5050 H) und (Uvinul® 5062 H, Uvinul® 5062 GR)

eingesetzt.

Vorzugsweise absorbiert und/oder reflektiert die organische oder anorganische Ver-
bindung UV-Strahlung in einem Wellenlangenbereich von 200 bis 400 nm, besonders

bevorzugt von 300 bis 400 nm, vorzugsweise jeweils zu mehr als 90 %.

Vorzugsweise enthéalt die erfindungsgemafe Folie 0,05 bis 20 Gew.%, besonders be-
vorzugt 0,1 bis 5 Gew.%, ganz besonders bevorzugt 0,1 bis 2 Gew.%, jeweils bezog-
en auf das Gesamtgewicht der Folie, der Kombination aus wenigstens einem organ-
ischen oder anorganischen Farbpigment oder Farbstoff und wenigstens einer organ-

ischen oder anorganischen Verbindung.

Vorzugsweise enthalt die erfindungsgeméafe Folie 0,05 bis 10 Gew.%, besonders be-
vorzugt 0,1 bis 3 Gew.%, bezogen auf das Gesamtgewicht der Folie, des organ-
ischen oder anorganischen Farbpigments oder Farbstoff.

Vorzugsweise enthalt die erfindungsgemalie Folie 0,05 bis 10 Gew.%, besonders be-
vorzugt 0,1 bis 2 Gew.%, bezogen auf das Gesamtgewicht der Folie, der organ-

ischen oder anorganischen Verbindung.

Vorzugsweise ist jede Komponente der Kombination bei Temperaturen bis zu 300 °C
stabil.
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Die erfindungsgemale Folie ist einschichtig oder mehrschichtig, vorzugsweise mehr-

schichtig. Vorzugsweise ist die erfindungsgemale Folie nicht schrumpffahig.

Vorzugsweise umfasst die erfindungsgemafte Folie wenigstens eine Barriereschicht,

besonders bevorzugt eine Sauerstoffbarriereschicht, Wasserdampfbarrierschicht

oder eine Olbarriereschicht.

Zur Herstellung der Barriereschicht eignet sich bevorzugt wenigstens ein Polyamid
(PA), Ethylen-Vinylalkohol-Copolymer (EVOH), Polyvinylalkohol (PVOH), zyklisches
Olefin-Copolymer (COC), Polyvinylidenchlorid (PVdC) oder eine Mischung aus
wenigstens zwei der genannten Polymere, besonders bevorzugt wenigstens ein

Polyamid.

Die zur Herstellung der Barriereschicht eingesetzten Polyamide (PA) sind vorzugs-
weise thermoplastische aliphatische, teilaromatische oder aromatische Polyamide.
Entsprechend kénnen die zur Herstellung dieser Polyamide eingesetzten Diamine
entweder aliphatische Diamine mit 2-10 Kohlenstoffatomen wie z.B. Hexamethylen-
diamin oder aromatische Diamine mit 6-10 Kohlenstoffatomen sein wie z. B. p-
Phenylendiamin und die zur Herstellung dieser Polyamide eingesetzten Dicarbon-
sauren aliphatische oder aromatische Dicarbonsiduren mit 6-14 Kohlenstoffatomen
wie z.B. Adipinsaure, Terephthalsaure oder Isoterephthalsaure sein. Weiterhin
kénnen die Polyamide aus Lactamen mit 4-10 Kohlenstoffatomen wie z.B. ¢-
Caprolactam hergestellt werden. ErfindungsgemaR verwendete Polyamide sind z.B.
PA 6, PA 12, PA 66, PA 61, PA 6T und/oder Mischungen aus wenigstens zwei der

genannten Polymere.

Die zur Herstellung der Barriereschicht eingesetzten Polyvinylalhohole werden durch
vollstandige oder unvolistandige Hydrolyse von entsprechenden Polyvinylacetaten
(PVA) gewonnen und umfassen somit sowohl teilverseifte Polyvinylacetate, die einen
Verseifungsgrad von 50 bis 98 mol-% aufweisen, als auch vollverseifte

Polyvinylacetate mit einem Verseifungsgrad = 98 %.
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Die zur Herstellung der Barriereschicht eingesetzten Ethylen-Vinylalkohol-
Copolymere (EVOH) werden durch vollstidndige oder unvolistidndige Hydrolyse von
entsprechenden ethylenhaltigen Polyvinylacetaten (EVAc) gewonnen und umfassen

vor allem vollverseifte ethylenhaltige Polyvinylacetate mit einem Verseifungsgrad =
98 %.

Die zur Herstellung der Barriereschicht eingesetzten cyclischen Olefin-Copolymere
(COC) kénnen auch Copolymere von a,R-ungesattigten cyclischen Olefinen mit 4-10
Kohlenstoffatomen wie z.B. Norbornen und thermoplastischen a,R-ungeséttigten

Olefinen wie Ethylen oder Proplyen sein.

Vorzugsweise basiert wenigstens eine Oberflachenschicht der erfindungsgemafien
Folie auf wenigstens einem thermoplastischen Olefin-Homo-oder Copolymeren, das

vorzugsweise siegelfahig ist.

Olefin-Homo-oder Copolymere im Sinne dieser Erfindung sind thermoplastische
Polymere von a,-ungesattigten Olefinen mit 2-6 Kohlenstoffatomen wie z.B. Poly-
ethylen (PE, insbesondere LDPE oder HDPE), Polypropylen (PP), Polybutylen (PB),
Polyisobutylen (Pl) oder Mischungen aus wenigstens zwei der genannten Polymere.
Mit "LDPE" wird Polyethylen niedriger Dichte bezeichnet, welches eine Dichte im
Bereich von 0,86-0,93 g/cm? aufweist und sich durch einen hohen Verzweigungsgrad
der Moleklle auszeichnet. Mit "HDPE" wird Polyethylen hoher Dichte bezeichnet,
welches nur eine geringe Verzweigung der Molekilkette aufweist, wobei die Dichte

im Bereich zwischen 0,94 und 0,97 g/cm?® liegen kann.

Gegebenenfalls kbnnen die genannten Olefin Homo- oder Copolymere mit wenig-
stens einer organischen Saure oder wenigstens einem organischen Saureanhydrid,
vorzugsweise mit einen cyclischen, organischen Saureanhydrid, besonders
bevorzugt mit Maleinsaureanhydrid, modifiziert sein und so als Material fur eine

Haftvermittlerschicht in einer erfindungsgemafien Mehrschichtfolie dienen.

So kann in einer bevorzugten Ausfiihrungsform zwischen einer Oberflachenschicht
und der Barriereschicht eine Haftvermittlerschicht, vorzugsweise enthaltend

wenigstens ein modifiziertes Polyolefin, angeordnet sein.
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Als modifizierte Polyolefine sind ein thermoplastische Polymere von einem a,3-
ungesittigten Olefinen mit 2-6 Kohlenstoffatomen wie z.B. Polyethylen (PE, insbe-
sondere LDPE oder HDPE), Polypropylen (PP), Polybutylen (PB), Polyisobutylen (PI)
oder eine Mischung aus wenigstens zwei der genannten Polymere zu verstehen,
welche(s) mit wenigstens einer organischen Saure oder wenigstens einem organ-
ischen Saureanhydrid modifiziert sind. Bevorzugt ist als ein modifiziertes Polyolefin
ein mit einem zyklischen, organischen Saureanhydrid modifiziertes Polyethylen oder
Polypropylen, besonders bevorzugt ein mit Maleinsaureanhydrid modifiziertes

Polyethylen oder Polypropylen.

Vorzugsweise besteht die Haftvermittlerschicht aus einem modifizierten Polyolefin,

das besonders bevorzugt mit Maleinsaureanhydrid gepfropft ist.

In einer bevorzugten Ausfuhrungsform basiert jede der Oberflachenschichten der
erfindungsgemafien Mehrschichtfolie auf wenigstens einem vorzugsweise siegel-
fahigen Olefin-Homo oder -Copolymer und ist jeweils Uber eine vorstehend be-

schriebene Haftvermittlerschicht mit der Barriereschicht verbunden.

In einer bevorzugten Ausfihrungsform enthalt wenigstens eine der innenliegenden
Schichten einer erfindungsgemafien Mehrschichtfolie die die schadliche Strahlung
absorbierende und/oder reflektierende Kombination aus wenigstens einem organ-
ischen oder anorganischen Farbpigment oder Farbstoff und wenigstens einer organ-

ischen oder anorganischen Verbindung

Vorzugsweise liegen die Komponenten der Kombination in derselben Schicht einer
erfindungsgemaéafien Mehrschichtfolie, besonders bevorzugt in einer Haftvermittler-

schicht vor.

Vorzugsweise kann jede der Haftvermittlerschichten der erfindungsgemafien Mehr-
schichtfolie die schadliche Strahlung absorbierende und/oder reflektierende Kombi-
nation aus wenigstens einem organischen oder anorganischen Farbpigment oder
Farbstoff und wenigstens einer organischen oder anorganischen Verbindung ent-

haliten.
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In einer weiteren bevorzugten Ausfiihrungsform liegen die Komponenten der Kombi-
nation in unterschiedlichen Schichten einer erfindungsgeméaiien Mehrschichtfolie vor.

Vorzugsweise liegen das Farbpigment oder der Farbstoff in wenigstens einer Ober-
flachenschicht und die organische oder anorganische Verbindung in wenigstens

einer innenliegenden Schicht der erfindungsgemaflen Mehrschichtfolie vor.

Bevorzugt kann jede der Haftvermittlerschichten der erfindungsgemafien Mehr-

schichtfolie wenigstens eine organische oder anorganische Verbindung enthalten.

In einer weiteren bevorzugten Ausfuhrungsform kann jede der Schichten einer erfind-
ungsgemalen Mehrschichtfolie mit Ausnahme der Barriereschicht wenigstens ein

organisches oder anorganisches Farbpigment oder Farbstoff enthalten.

Vorzugsweise kann die erfindungsgemafie Folie in Bezug auf eine zentrale Verbind-

ungsschicht, vorzugsweise eine Klebstoffschicht symmetrisch angeordnet sein.

Vorzugsweise weist die erfindungsgemaéafe Folie eine Schichtdicke von 20 bis 2000
Hm, besonders bevorzugt von 50 bis 1500 yum, ganz besonders bevorzugt von 100

bis 1000 pm, insbesondere von 150 bis 500 pm auf.

Die Herstellung der erfindungsgeméafRen Folie kann nach beliebigen Herstellungs-
verfahren wie z.B. durch Laminierung, Extrusion oder vorzugsweise durch Co-

Extrusion erfolgen.

Dabei kdnnen sowohl einzelne als auch sdmtliche Schichten einer erfindungsge-
malen Mehrschichtfolie durch Extrusion, insbesondere durch Blasfolien-Extrusion
und/oder Flachfolien-Extrusion, insbesondere Blasfolien-Co-Extrusion und/oder

Flachfolien-Co-Extrusion gebildet werden.
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Werden einzelne Schichten einer erfindungsgemaien Folie nach einem der vorsteh-
enden Verfahren separat hergestellt, so kann der Haftvermittler z.B. als Pulver, in
Form einer Folie, Schmelze oder als Flussigzubereitung, zum Beispiel als Losung
oder Dispersion, nach ublichen Methoden wie Spriihen oder Gie3en auf eine der
Schichten der erfindungsgemafien Folie, wie z.B. der Barriereschicht oder eine der
Oberflachenschichten aufgebracht und eine weitere Schicht oder weitere Schichten
damit verbunden werden. Alternativ kann der Haftvermittler auch auf eine der
Schichten, wie z.B. der Barriereschicht oder eine der Oberflachenschichten durch
Extrusion laminiert werden und eine weitere Schicht oder weitere Schichten damit

verbunden werden.

Diese Herstellungsverfahren und entsprechende Produktionsparameter sind dem

Fachmann allgemein bekannt.

Die erfindungsgemafe Mehrschichtfolie kann vorzugsweise durch Co-Extrusion her-
gestellt werden, wobei ein Blasfolien-Co-Extrusionsverfahren ganz besonders bevor-

zugt ist.
Die erfindungsgemale Folie kann vorzugsweise gepragt und/oder gereckt werden.
Weiterhin kann die erfindungsgemafie Folie vorzugsweise bedruckt werden.

Die erfindungsgemafRe Folie, insbesondere die erfindungsgemaie Mehrschichtfolie
eignet sich zur Herstellung von Schutzfolien gegen die Einwirkung von UV-Strahlung

und kurzwelligem sichtbaren Licht.

Ein weiterer Gegenstand der vorliegenden Erfindung ist daher die Verwendung der
erfindungsgemafien Folie, insbesondere der erfindungsgeméafen Mehrschichtfolie
zur Herstellung von Schutzfolien gegen die Einwirkung von UV-Strahlung und

kurzwelligem sichtbaren Licht.
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Ein weiterer Gegenstand der vorliegenden Erfindung ist die Verwendung einer erfind-
ungsgemaen Folie als schlauchférmige Schutzfolie, insbesondere als duf3ere,
schlauchférmige Schutzfolie eines zwei, schlauchférmige Folien aufweisenden, d. h.
doppelwandigen, Schlauches zur Vermeidung von einer durch UV-Strahlung
und/oder kurzwelligem Licht ausgel6ste Aushartung eines zwischen den beiden

Schauchfolien verpackten, mit reaktivem Kunststoffharz getrankten Tragermaterials.

Besonders bevorzugt ist die Verwendung einer erfindungsgemaien Folie als auRen-
liegende, schlauchformige Schutzfolie eines doppelwandigen Folienschlauches mit
einem zwischen den beiden Folienschlauchen liegenden mit reaktivem Kunststoff-

harz getrankten Tragermaterial zur Kanairohrsanierung gemaf Schlauchlining-

Technik.

Die Verwendung einer erfindungsgemafRen Folie als aulenliegende schlauchformige
Schutzfolie des beim Schlauchlining zum Einsatz kommenden, doppelwandigen
Schlauches hat den grofden Vorteil, dass sie neben der Einwirkung von UV-Strahlung
auch die Einwirkung von kurzwelligem, sichtbaren Licht unterbindet. Dadurch kdnnen
die in den auszuhartenden Kunststoffharzen enthaltenen Photoinitiatoren auch bei
Einwirkung langerwelliger Strahlung nicht aktiviert werden, wodurch eine ungewolite
vorzeitige Aushartung verhindert wird und der Schlauch langfristig, vorzugsweise
wenigstens ein Jahr lagerfahig ist. Da die erfindungsgemaéfie Folie zudem kontakt-
transparent ist, kann die Kontrolle einer gleichmafigen Trankung des Trager-
materials mit dem auszuhartenden Kunststoffharz einfach erfolgen, wodurch das Auf-

treten von Fehlstellen im sanierten Kanalrohr verhindert wird.

Sofern die erfindungsgemalfe Schutzfolie auch eine Barriereschicht aufweist, wird
mit ihrem Einsatz als Schutzfolie beim Kanalsanieren durch Schlauchlining-Technik
zudem eine Barrierewirkung gegen eine magliche Austrocknung des Harzes sowie
ein Eintritt von Substanzen wie Monomeren in das Kanalsystem und ins Grund-
wasser verhindert. AuBerdem kann die siegelfahige Oberflache der erfindungsge-
mafRen Schutzfolie mit dem Tragermaterial durch vorzugsweise Heil}siegelung
zumindest teilweise, vorzugsweise voll umfanglich verbunden werden, was die

Stabilitat des Systems verstarkt.
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Weiterhin kann die erfindungsgemafe Schutzfolie auch zur Bedachung, als Aul3en-
verkleidung, fir Schutzanzuge, als au3enliegende Abdeckungen von Geb&udeteilen,
Schildern sowie Anzeigetafeln jeder Art, fur Brillengldser oder Fensterscheiben, als

Verpackungsmaterial verwendet werden.

Der bei der Kanalsanierung gemaf Schlauchlining-Technik zum Einsatz kommende
Schlauch sollte vorteilhafterweise nicht nur eine erfindungsgemafie Schutzfolie als
aufenliegende Schutzfolie aufweisen, um das zur Kanalsanierung zum Einsatz
kommende Tragermaterial, das mit einer auszuhartenden Kunststoffharzmasse ge-
trankt ist, zu schitzen, sondern auch als innenliegende Schlauchfolie eine vorzugs-
weise transparente Kunststofffolie, die die bei der Kanalsanierung notwendigen

Eigenschaften aufweist.

Dazu muss die Folie nicht nur ausreichend lagerstabile mechanische Eigenschaften
aufweisen, damit sie den Belastungen bei der Handhabung des Kanalsanierungs-
schlauches, insbesondere beim Aufblasen im Kanalsystem, bei dem vorangegang-
enen Transport und der vorangegangenen Lagerung standhalt, sondern auch nach
der Aushartung des Kunststoffmaterials im Tragermaterial zum Sanierungsrohr ohne

ein Ab- oder Zerreif3en davon abziehbar ist.

Dariiber hinaus muss gewahrleistet sein, dass bis zum Einsatz des zur Kanalsanier-
ung verwendeten Schlauches auch die innenliegende Schlauchfolie eine genligende
Barriere gegen das Austrocknen des Harzes, d. h. gegen den Verlust von Mono-
meren bzw. Ubrigem Trankmaterial bietet und bei der Aushéartung im Kanalrohr

genugend UV-Strahlung durchlasst.

Eine weitere Aufgabe der vorliegenden Erfindung war es daher, ein Kanalrohrsanier-
ungssystem zur Verfigung zu stellen, dass nicht nur vor dessen Einsatz die Einwirk-
ung von UV-Strahlen und kurzwelligen, sichtbaren Licht verhindert, sondern auch die
bei dessen Handhabung wahrend und nach der Kanalrohrsanierung auftretende

Probleme vermeidet.

Durch die Bereitstellung des erfindungsgemafiien Kanalrohrsanierungssystems

gelingt dies.
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Dieses erfindungsgemafRe Kanalsanierungssystem zeichnet sich nicht nur durch
einen Schlauch aus, dessen auf3enliegende Schlauchfolie der vorstehend beschrieb-
enen erfindungsgemafien Schutzfolie entspricht, die zumindest kontakttransparent
und UV-Strahlung und kurzwelliges, sichtbares Licht absorbierende und/oder reflek-
tierende Eigenschaften aufweist, sondern auch eine innenliegende Schlauchfolie, die
zumindest fur UV-Strahlen durchlédssig, vorzugsweise transparent ist, umfasst, die
das notwenige Eigenschaftsprofil aufweist. Vorzugsweise ist die innenliegende

Schlauchfolie nicht schrumpffahig.

Vorzugsweise weist der Schlauch eine auf3enliegende Schlauchfolie als Schutzfolie
und eine innenliegende Schlauchfolie sowie das dazwischenliegende Tréagermaterial
auf, das mit dem auszuhartenden Kunststoffharz getrankt ist. Aus diesem getrankten
Tragermaterial wird nach der Aushartung das sanierte Kanalrohr gebildet. Als Trager-
material kommt vorzugsweise Glasgewebe aus Glasfasern, Viiese und/oder non-
woven Textilfabrikate in Frage, das vorzugsweise mit ungeséattigten Polyestherharzen
und a,B-ungesattigten Monomeren, wie z. B. Styrol getrankt ist.

Nach der Aushartung wird die innenliegende, aufgeblasene Schlauchfolie vom

sanierten, aus Kunststoff und Tragermaterial gebildeten Kanalrohr abgezogen.

Um den Anforderungen einer problemlosen Handhabung der Innenschlauchfolie bei
der Kanalrohrsanierung gemafR Schlauchlining-Technik gerecht zu werden, wird er-
findungsgeman vorzugsweise wenigstens eine 3-schichtige Kunststofffolie einge-
setzt, die eine Barriereschicht, vorzugsweise eine Sauerstoffbarriereschicht, Wasser-
dampfbarriereschicht und/oder Olbarriereschicht umfasst, und deren an das getrénk-
te Tragermaterial unmittelbar angrenzende Oberflachenschicht sich mit auszuharten-
den, flissigen Trankmaterial, d. h. mit der auszuhartenden Kunststoffharzmasse,
nicht dauerhaft z. B. durch Quellung und Aushartung verbindet, sondern ohne Ab-

reiRen abziehbar bleibt.
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Vorzugsweise basiert die Barriereschicht auf wenigstens einem der Polymeren, die
auch fur die Herstellung der Barriereschicht der au3enliegenden, schlauchférmigen
Schutzfolie des erfindungsgemafien Kanalsanierungssystems vorstehend ange-
geben ist, besonders bevorzugt auf wenigstens einem Polyamid,
Ethylen/vinylalkohol-Copolymer, Polyvinylalkohol, einem zyklischen Olefincopolymer,

Polyvinylidenchlorid, ganz besonders bevorzugt auf wenigstens einem Polyamid.

Die Barriereschicht der innenliegenden schlauchférmigen Mehrschichtfolie des
Schlauches tragt vorzugsweise auf jede ihrer Oberflachen eine weitere Kunststoff-
schicht, von denen die an das auszuhartende Tragermaterial unmittelbar angrenz-
ende Oberflachenschicht durch die Trankflissigkeit weder in ihren mechanischen

Eigenschaften noch in ihrer Abziehbarkeit beeinflusst werden darf.

Bevorzugt eignen sich zur Herstellung dieser Oberflachenschichten Olefin-Homo
oder Copolymeren. Besonders geeignete Olefin-Homo oder Copolymere sind
thermoplastische Polymere von a,} ungesattigten Olefinen mit 2 bis 8 Kohlenstoff-
Atomen, wie beispielsweise Polyethylen, Polypropylen, Polybutylen, Polyisobutylen
oder Mischungen \)on wenigstens zwei der genannten Polymeren. Ganz besonders
bevorzugt wird ein Polypropylen, vorzugsweise mit statistischem Aufbau, oder eine
Mischung aus Polyethylen und Polypropylen, zur Herstellung einer oder beider Ober-
flachenschichten verwendet. Eine Mischung aus Polyethylenen, vorzugsweise aus
Polyethylen mit niedriger Dichte und aus einem linearen Polyethylen niedriger Dichte,
kann auch vorzugsweise zur Herstellung einer oder beider Oberflachenschichten
eingesetzt werden. Vorzugsweise ist die Barriereschicht mit den genannten Ober-

flachenschichten Uber eine Haftvermittlerschicht verbunden.

Die vorstehend angegebenen Polymermaterialien fir Haftvermittlerschichten konnen
auch zur Herstellung der Haftvermittlierschichten zwischen der Barriereschicht und

der jeweiligen Oberflachenschicht eingesetzt werden.
Ganz besonders bevorzugt wird als innenliegende Schlauchfolie fur das erfindungs-

gemafe Kanalsanierungssystem eine 5-schichtige Folie mit folgendem Aufbau ein-

gesetzt:
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Schicht a) basierend auf einer Mischung aus Polypropylen vorzugsweise mit
statistischem Aufbau, und Polyethyien die direkt an das auzuhartende Tragermaterial

angrenzt

Schicht b) basierend aus gepropften Polypropylen als Haftvermittierschicht

Schicht ¢) basierend auf einem thermoplastischen Polyamid als Barriereschicht

Schicht d) basierend aus gepropften Polypropylen als Haftvermittlerschicht

Schicht e) basierend auf Polyethylen, vorzugsweise auf einer Mischung von LDPE
und LLDPE,

Jede der Schichten des innenliegenden Folienschlauches kann auch, wenn
notwendig, jeweils unabhangig voneinander mit Additiven ausgewahit aus der
Gruppe umfassend Antioxidantien, Antiblockmittel, Antifogmittel, Antistatika,
antimikrobielle Wirkstoffe, Hitze-Stabilisatoren, Prozess-Stabilisatoren,
Prozesshilfsmittel, Flammschutzmittel, Nukleierungsmittel, Kristallisationsmittel,
vorzugsweise Kristallkeimbildner, Gleitmittel, Flexibilisierungsmittel, Siegelmittel,
Weichmacher, Silane, Abstandshalter, Flllstoffe, Peel-Additive, Wachse,
Benetzungsmittel, oberflaichenaktive Verbindungen, vorzugsweise Tenside, und

Dispergiermittel ausgerustet sein.

In dem erfindungsgemafien Kanalsanierungssystem wird vorzugsweise die innen-
liegende, schlauchférmige Mehrschichtfolie so verwendet, dass an die Oberflachen-
schicht basierend auf der Mischung von Polypropylen und Polyethylen das auszu-

hartende Tragermaterial direkt angrenzt.

Die innenliegende Schlauchfolie der erfindungsgemafien Kanalsanierungssystems
hat vorzugsweise eine Gesamtdicke von 20 — 2.000 pm, vorzugsweise von 120 —
300 um, ganz besonders bevorzugt 150 — 250 pm und zeichnet sich durch hervor-

ragende mechanische Werte aus.

214/300



WO 2010/075946 PCT/EP2009/008845

22

Durch den Einsatz des erfindungsgeméafien Schlauchsanierungssystems, insbe-
sondere durch die vorstehend beschriebenen Innenschlauchfolie, kann der in den zu
sanierenden Kanal eingezogene, doppelwandige Schlauch problemlos, d. h. ohne
Aufplatzen aufgeblasen werden, um eine problemlose UV-Aushartung des im
Schlauch befindlichen, mit dem flussigen Trankmaterial getrankten Tragermaterials
zu erzielen. AuRerdem kann nach der Aushartung, wenn das gefestigte, sanierte
Kanalrohr aus dem ausgeharteten Tragermaterial vorliegt, die Innenschlauchfolie

ohne Abreiften bzw. Festsitzen davon abgezogen werden.

215/300



WO 2010/075946 PCT/EP2009/008845
23

Beispiele:
Die nachfolgenden Beispiele dienen der Erlduterung der Erfindung, sind jedoch nicht

einschrankend auszulegen.

Chemische Charakterisierung der eingesetzten Rohstoffe:

Batch 1: Masterbatch (Zinkoxid und sterisch gehindertes Amin
(Polypiperidinaminoderivat) (60 Gew.%), LDPE (40 Gew.%))
Batch 2: Masterbatch (gelbes Pigment: Benzimidazolon (40 Gew.%), PE

(60 Gew.%))
Admer NF 498E: mit Maleinsaureanhydridgruppen modifiziertes LDPE der Firma
Mitsui (Haftvermittler)

Durethan C 38F: Copolyamid
Admer Q B 520 E: Polypropylen mit Maleinsdureanhydrid geproft
Dow R 338-02N: Statisch aufgebautes Polypropylen der Firma Dow

Die Mehrschichtfolien der Vergleichsbeispiele 1 bis 3 sowie des Beispiels 1 bestehen
jeweils aus 5§ Schichten, weisen eine Schichtdicke von jeweils 200 um auf und
wurden durch Blasfolien-Co-Extrusion hergestelit. Die Schichten 1-5 grenzen in
nachstehender Reihenfolge jeweils unmittelbar aneinander. Alle nachfolgenden %-

Angaben stellen jeweils Gew.% dar.

Vergleichsbeispiel 1 (farblose, transparente Folie):

Schicht 1 (65 um): 100% LDPE

Schicht 2 (20 pm): 100% Admer NF 498E
Schicht 3 (30 um): 100% PA

Schicht 4 (20 um): 100% Admer NF 498E
Schicht 5 (65 ym): 100% LDPE
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Vergleichsbeispiel 2 (farblose Folie enthaltend wenigstens eine UV-Strahlung

absorbierende und/oder reflektierende Verbindung):

Schicht 1 (65 um): 100% LDPE

Schicht 2 (20 um): 97% Admer NF 498E und 3% Batch 1
Schicht 3 (30 pm): 100% PA

Schicht 4 (20 pm): 97% Admer NF 498E und 3% Batch 1
Schicht 5 (65 pm): 100% LDPE

Vergleichsbeispiel 3 (gelbe Folie enthaltend wenigstens ein kurzwelliges, sichtbares
Licht absorbierendes und/oder reflektierendes Farbpigment oder Farbstoff):

Schicht 1 (65 pm): 97% LDPE und 3% Batch 2
Schicht 2 (20 pm): 100% Admer NF 498E
Schicht 3 (30 ym): 100% PA

Schicht 4 (20 pm): 100% Admer NF 498E
Schicht 5 (65 ym): 97% LDPE und 3% Batch 2

Vergleichsbeispiel 4:

Die Mehrschichtfolie des Vergleichsbeispiels 4 besteht aus 5 Schichten, weist eine
Schichtdicke von 230 um auf, ist handelsiblich erhaltlich und stellt eine
undurchsichtige silberfarbene bis graue Folie dar. Die Schichten 1-5 grenzen in
nachstehender Reihenfolge jeweils unmittelbar aneinander. Die nachfolgenden %-

Angaben stellen jeweils Gew.% dar.

Schicht 1 (95 ym): LDPE und silberner Farbbatch
Schicht 2 (9 ym): 100% Admer NF 498E

Schicht 3 (26 pm): 100% PA

Schicht 4 (9 pm): 100% Admer NF 498E

Schicht 5 (93 pm): LDPE und silberner Farbbatch
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Beispiel 1 (gelbe Folie enthaltend wenigstens ein kurzwelliges, sichtbares Licht
absorbierendes und/oder reflektierendes Farbpigment oder Farbstoff und wenigstens
eine UV-Strahlung absorbierende und/oder reflektierende Verbindung):

Schicht 1 (65 pm): 97% LDPE und 3% Batch 2

Schicht 2 (20 pm): 97% Admer NF 498E und 3% Batch 1
Schicht 3 (30 pm): 100% PA

Schicht 4 (20 ym): 97% 100% Admer NF 498E und 3% Batch 1
Schicht 5 (65 um): 97% LDPE und 3% Batch 2

Beispiel 2 (gelbe Folie enthaltend wenigstens ein kurzwelliges, sichtbares Licht
absorbierendes und/oder reflektierendes Farbpigment oder Farbstoff und wenigstens

eine UV-Strahlung absorbierende und/oder reflektierende Verbindung):

Die Mehrschichtfolie des Beispiels 2 besteht aus 9 Schichten, weist eine
Schichtdicke von 170 ym auf und wurde durch Blasfolien-Co-Extrusion und durch
Schlauchverklebung hergestellt. Die Schichten 1-9 grenzen in nachstehender
Reihenfolge jeweils unmittelbar aneinander. Die nachfolgenden %-Angaben stellen

jeweils Gew.% dar.

Schicht 1 (29 pm): 97,5% LDPE und 2,5% Batch 2

Schicht 2 (6 pm): 100% Admer NF 498E

Schicht 3 (30 um): 100% PA

Schicht 4 (6 um):  100% Admer NF 498E

Schicht 5 (68 um): 87,5 % Ethylen-Vinylacetat-Copolymer, 2,5 % Batch 2,
10% Batch 1

Schicht 6 (6 um): 100% Admer NF 498E

Schicht 7 (30 um): 100% PA

Schicht 8 (6 ym): 100% Admer NF 498E

Schicht 9 (29\pm): 97,5% LDPE und 2,5% Batch 2
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Beispiel 3 Eine farblose, transparente Mehrschichtfolie gemafl der nachstehenden
Angabe wurde mit einer Gesamtschichtdicke von 200 urh durch Blasfolien-Co-
Extrusion hergestelit. Die angegebenen Schichten grenzen in der angegebenen
Reihenfolge jeweils unmittelbar aneinander. Alle nachfolgenden Prozentangaben

stellen jeweils Gew.% da.
Beispiel 3 (farblose, transparente Folie):

Schicht 1 (65 um): Mischung aus 50 Gew.% Polypropylen (Dow R 338-02N) und 50
Gew.% LDPE

Schicht 2 (15 ym): 100 % Admer QP 520 E

Schicht 3 (40 pm): Durethan C 38 F (Copolyamid)

Schicht 4 (15 ym): Admer NF 498 E (Haftvermittler)

Schicht 5 (65 ym): Mischung aus LDPE/ LLDPE 70:30

Vergleichsbeispiel 5 (farblose/transparente Folie)

Diese Mehrschichtfolie mit der nachstehenden Schichtfolge und einer Gesamt-
Schichtdicke von 200 pm wurde durch Blasfolien-Coextrusion hergestelit.

Schicht 1 (145 ym): LDPE
Schicht 2 (15 pm): Admer QB 520 E (Haftvermittler)
Schicht 3 (40 ym): Durethan C 38 F (Copolyamid)

Bestimmungsmethoden:

Bestimmung der Kontakttransparenz:

Zur Bestimmung der Kontakttransparenz wird die jeweilige Folie auf eine mit
schwarzem Text (Schriftart: Arial, Schriftgr6fe 10) bedruckte weifle DINA4-Seite
gelegt und es wird die Lesbarkeit des darunter liegendes Textes mit einem

Schulnotensystem beurteilt:
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Note 1: sehr gut lesbar (Text klar erkennbar, es fallt nicht auf, dass eine Folie Uber
dem Text liegt),

Note 2: sehr leichte Beeintrachtigung der Lesbarkeit des Textes unter der Folie,
Note 3: leichte Beeintrachtigung der Lesbarkeit des Textes unter der Folie,

Note 4: Merkliche Beeintrachtigung der Lesbarkeit des Textes unter der Folie. Der
Text kann aber insgesamt noch gelesen werden.

Note 5: Deutliche Beeintrachtigung der Lesbarkeit des Textes unter der Folie. Die
Buchstaben erscheinen sehr verschwommen und sind verdeckt und sind fast nicht
mehr zu erkennen. Der Text kann praktisch nicht mehr gelesen werden.

Note 6: Der Text unter der Folie kann nicht mehr erkannt werden und ist unlesbar.
Die Folie deckt den Text (nahezu) vollstandig ab. Es liegt keine Kontakttransparenz

mehr vor.

Die Kontakttransparenz ist von den Schichtdicken der jeweiligen Folien abhangig.
Bei den Beispielen 1 und 2 und den Vergleichsbeispielen 1-3 ist die Schichtdicke der
Folie kleiner oder gleich 200 um. Bei Vergleichsbeispiel 4 betragt die Schichtdicke
der Folie 230 um. Ein analoges Resultat ware bei Vergleichsbeispiel 4 aber auch bei
einer Schichtdicke dieser Folie kleiner als 200 ym erzielt worden, da diese

undurchsichtig ist.

Bestimmung der UV/Licht-Blockerwirkung:

Verwendetes UV-VIS-Gerat: UV-3101PC von Shimadzu.

FUr die Bestimmung der Schutzwirkung der Folie gegen UV-Strahlung bzw.
kurzwelliges, sichtbares Licht wird aus der Folie ein kleiner Beutel (Abmessung 10
cm x 10 cm) durch entsprechendes Siegeln geformt. In diesen Beutel legt man —in
einem abgedunkelten Raum - innerhalb von 1 Minute ca. 50 g einer reaktiven
Harzmischung, die durch UV- oder kurzwelliges, sichtbares Licht ausharten kann.
AnschlieRend wird der Beutel vollstandig und dicht verschlossen, und dem
Sonnenlicht ausgesetzt (die Versuche fanden an Sonnentagen mit mehr als 8

Stunden Sonnenstrahlung pro Tag im Juli statt).
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Es wird die Zeit ermittelt, bis sich das verpackte Harz durch strahleninduzierte
Aushértung durch Sonnenlicht verfestigt hat. Bei maximaler Schutzwirkung gegen
UV-Strahlung bzw. kurzwelliges, sichtbares Licht kann das Harz unendlich lange dem

Sonnenlicht ausgesetzt werden, ohne auszuharten.

Messergebnisse:

Beispiel Transmission [%)] bei den | Kontakttransparenz Zeit der
Wellenlangen [Note] Aushartung
des Harzes in
300/350/380/400/430 und der Folie
450 nm durch
Sonnenlicht
Vergleichs- | 90.3/91.2/92.2/92.7/93.7/ 1 kleiner 1 min
beispiel 1 95.6
Vergleichs- | 1.02/0.12/0.58/33.6/84.9/ 1 30 min
beispiel 2 91.03
Vergleichs- | 12.31/20.63/3.25/2.25/1.32/ | 2 14 min
beispiel 3 0.92
Vergleichs- | 0.92/1.21/1.42/1.63/1.43/ 6 25 Tage
beispiel 4 1.30
Beispiel 1 0.22/0.33/0.043/0.037/ 2 keine Hartung
0.032/0.066 nach 3
Monaten
Beispiel 2 0.026/0.018/0.021/0.043/ 3 keine Hartung
0.071/0.082 nach 3
Monaten

Vergleichsbeispiel 1 zeigt, dass eine herkémmliche, farblose, hoch transparente Folie

keinerlei Blockerwirkung gegen UV- bzw. kurzwelliges sichtbares Licht (Vis) aufweist,
so dass bei Einwirkung von UV-Vis-Strahlung eine sofortige Aushartung des Harzes
stattfindet. Es liegt im Wellenlangenbereich von 300 bis 450 nm eine Transmission
groler als 90% vor. Zwar ist die Kontakttransparenz der Folie dabei hervorragend,
jedoch erfillt die Folie keinerlei Schutzfunktion gegentber strahleninduzierter Harz-

aushartung, wobei die Aushdrtung des Harzes im Bereich 300 bis 450 nm erfolgt.
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Vergleichsbeispiel 2 zeigt, dass durch Zugabe wenigstens einer UV-Strahlung ab-

sorbierenden und/oder reflektierende Verbindung gegenlber Vergleichsbeispiel 1
eine gewisse Schutzfunktion gegenuber Aushartung des Harzes durch UV-Strahlung
(bis 380 nm) erreicht werden kann, da sich die Transmission bei der Folie bis 380 nm
auf unter 1,1 % belauft. Die Aushartung des Harzes findet aber durch kurzwelliges,
sichtbares Licht mit Wellenldngen grof3er 380 nm dennoch statt, was durch die zu-

nehmende Transmission bei hoher werdenden Wellenlangen begriindet ist.
Somit ist die Schutzfunktion der Folie gegenuber strahleninduzierter Harzaushéartung
immer noch ungentugend. Die Kontakttransparenz der Folie ist dabei immer noch

hervorragend.

Vergleichsbeispiel 3 beweist, dass durch Zugabe wenigstens eines gelben, kurzwell-

iges, sichtbares Licht absorbierendes und/oder reflektierendes Farbpigments gegen-
Uber Vergleichsbeispiel 1 eine gewisse Schutzfunktion gegeniber Aushartung des
Harzes durch sichtbares Licht (ab ca. 400 nm) erreicht werden kann, da sich die
Transmission ab 400 nm bis 450 nm auf unter 3 % belauft. Die Aushartung des
Harzes findet aber durch UV-Licht mit Wellenlangen kleiner 380 nm dennoch statt, da
hier die Transmission viel zu hoch ist. Somit ist die Schutzfunktion der Folie gegen-
uber strahleninduzierter Harzaushartung immer noch ungenugend. Die Kontakttrans-
parenz der Folie ist durch Zugabe eines Farbbatches gegenlber Vergleichsbeispiel 1

etwas reduziert worden; die Kontakttransparenz ist aber immer noch hervorragend.

Vergleichsbeispiel 4 zeigt eine Folie, die keine Kontakttransparenz mehr aufweist.
Die Transparenz dieser Folie liegt unter 1 %, der Haze-Grad bei uber 99 %. In
diesem Fall wurde ein silbriges bis graues Pigment in hoher Konzentration in die
Folie gegeben, um eine Schutzwirkung gegen UV-Vis-Strahlung zu erreichen, damit
das Harz in dem kritischen Wellenlangenbereich 300 bis 450 nm nicht aushartet. Die
Folie weist eine deutlich erhdhte Schutzfunktion gegen UV-Vis-Strahlung gegenuber
den vorhergehenden Vergleichsbeispielen auf. Dennoch konnte nach 25 Tagen eine
Harzaushéartung festgestellt werden, nachdem das verpackte Harz dem Sonnenlicht
ausgesetzt war. Wegen der mangelnden oder nicht vorhandenen Kontakttransparenz
kann aber die Folie aus Vergleichsbeispiel 4 nur sehr eingeschrénkt verwendet

werden.
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Wird mit der Folie z.B. Glasfasergewebe getrankt mit Harz eingewickelt, so kann man
nicht mehr Gberprifen, ob die Trankung des Glasfasermaterials mit Harz volistandig

und homogen erfolgt ist.

Die Beispiele 1 und 2 belegen die Eignung der erfindungsgemalen Folien als
Schutzfolie zur Vermeidung der Aushartung strahlungshartender Harze im Bereich
300 bis 450 nm.

Nur durch die Kombination wenigstens einer UV-Strahlung absorbierenden und/oder
reflektierende Verbindung und wenigstens eines kurzwelliges, sichtbares Licht ab-
sorbierendes und/oder reflektierendes Farbpigment kann die Transmission derart
reduziert werden, so dass bei Lagerung in der Sonne nach 3 Monaten praktisch
keine Harzaushartung stattfindet. Die Werte fur die Transmission sind im Bereich 300
bis 450 nm stets kleiner 0,5 %. Besonders hervorzuheben ist dabei die immer noch

hervorragende Kontakttransparenz der erfindungsgemafien Folien.

Eignungstest als innenliegende Schlauchfolie

Zur Feststellung wie weit eine transparente Mehrschichtfolie gemaf Beispiel 3 bzw.
Vergleichsbeispiel 5 als innenliegende Schlauchfolie flir das erfindungsgemafe
Schlauchsanierungssystem in Frage kommt, wurden auf einer Unterlage auszu-
hartendes Tragermaterial aufgebracht und jeweils mit einer Mehrschichtfolie geman
Beispiel 3 bzw. einer Mehrschichtfolie gemaf Vergleichsbespiel 5 abgedeckt. Dazu
wurde die Mehrschichtfolie gemal} Beispiel 3 bzw. Vergleichsbeispiel 5 mit der
Schicht aus PP/PE Mischung bzw. aus Polyamid mit dem auszuhartenden Trager-

material in Beruhrung gebracht und anschlieend mit UV-Licht ausgehartet.

Die Schlauchfolie gemaf Beispiel 3 konnte ohne Muhe nach der Aushartung des
Harz/Tragermaterials wieder abgezogen werden und zeigte keine mechanische
Beeintrachtigung. Dagegen war die Mehrschichtfolie an einigen Stellen fest mit dem
Tragermaterial verbunden, so dass an solchen Stellen ein Abriss der Folie erfolgte.
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Durch diese Gefahr einer zu intensiven Verbindung der Polyamidschicht der Mehr-
schichtfolie gemaf Vergleichsbeispiel 5 mit dem ausgeharteten Harz ist auch eine
Versprodung und damit mechanische Beeintrachtigung der innenliegenden
Schlauchfolie und die Entfernung der Schlauchfolie nach der Aushartung mit
Schwierigkeiten verbunden. Beide Beeintrachtigungen sind mit der innenliegenden,
schlauchférmigen Mehrschichtfolie bei einem erfindungsgemaRen Kanalsanierungs-

system nicht gegeben.
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Patentanspriiche:

1.

Eine zumindest kontakttransparente, UV-Strahlung und kurzwelliges, sicht-
bares Licht absorbierende und/oder reflektierende, einschichtige oder mehr-
schichtige Folie umfassend wenigstens eine Schicht basierend auf wenigstens
einem gegebenenfalls modifizierten thermoplastischen Olefin-Homo-oder
Copolymeren enthaltend eine Kombination aus wenigstens einem kurz-
welliges, sichtbares Licht absorbierenden und/oder reflektierendes organ-
ischen oder anorganischen Farbpigment oder Farbstoff, und aus wenigstens
einer die UV-Strahlung absorbierenden und/oder reflektierenden, organischen

oder anorganischen Verbindung.

Eine Folie nach Anspruch 1, dadurch gekennzeichnet, dass das organische
oder anorganische Farbpigment oder der Farbstoff kurzwelliges, sichtbares

Licht, vorzugsweise zu mehr als 90 %, absorbiert und/oder reflektiert.

Eine Folie nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass das organ-
ische oder anorganische Farbpigment oder der Farbstoff Licht im Wellenbe-
reich von 400 bis 500 nm absorbiert und/oder reflektiert.

Eine Folie nach einem der Anspriche 1 bis 3, dadurch gekennzeichnet, dass
als organisches oder anorganisches Farbpigment wenigstens ein Farbpigment
ausgewahlt aus der Gruppe umfassend Carbonyl-Farbstoffe, vorzugsweise
Chinone, Indigo-Farbstoffe und Chinacridone, Azo-Verbindungen, Cyanin-
Verbindungen, vorzugsweise Triphenylmethan-Verbindungen, Azomethine,
Isoindoline, Dioxazine, Metalloxide, Ubergangsmetalloxide, Metalloxidhydrate
und Ubergangsmetalloxidhydrate, vorzugsweise ein gelbes Farbpigment oder

ein gelber Farbstoff ausgewahit aus dieser Gruppe, vorliegt.
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5. Eine Folie nach einem der Anspriche 1 bis 4, dadurch gekennzeichnet, dass
als eine UV-Strahlung absorbierende und/oder reflektierende Verbindung
wenigstens eine Verbindung vorliegt, die die UV-Strahlung in einem Wellen-
langenbereich von 200 bis 400 nm, vorzugsweise zu mehr als 90 % absorbiert

und/oder reflektiert.

6. Eine Folie nach Anspruch 5, dadurch gekennzeichnet, dass als UV-Strahlung
absorbierende und/oder reflektierende Verbindung wenigstens eine Verbind-
ung ausgewahlt aus der Gruppe umfassend Metalloxide, Ubergangsmetall-
oxide, Metalloxidhydrate, Ubergangsmetalloxidhydrate, Benzophenone,
Anthranilate, Salicylate, Dibenzoylmethane-Derivate, p-Aminobenzosaure-
Derivate, Zimtsaure-Derivate (Phenylacrylsaure —Derivate), Cyanoacrylate,
Benzimidazol-Derivate, Benzotriazol-Derivate, B-f -Divinylacrylate, Alkyl-a-
cyano-B-B’-divinylacrylate, 1,3,5-Triazin-Verbindungen und sterisch gehinderte

Amine vorliegt.

7. Eine Folie nach Anspruch 6, dadurch gekennzeichnet, dass als eine die UV-
Strahlung absorbierende Verbindung wenigstens eine Verbindung ausgewéhlt
aus der Gruppe umfassend Zinkoxid, Titandioxid, 2-Ethoxy-ethyl-p-
methoxycinnamat, Diethanolamin-p-methoxycinnamat, Octyl-p-
methoxycinnamat, 2-Ethylhexyl-2-cyano-3,3-diphenylacrylat, Kaliumcinnamat,
Propyl-4-methoxy-cinnamat, Amyl-4-methoxycinnamat, a-Cyano-4-
methoxyzimtsaure bzw. der entsprechende Hexylester, Cyclohexyl-4-
methoxycinnamat, Glyceryl-p-amino-benzoat, Amyl-p-dimethylaminobenzoat,
Ethyl-4-bis(hydroxypropyl)-aminobenzoat, Octyl-p-dimethylaminobenzoat,
Ethoxylierte-4-Aminobenzosaure, Octylsalicylat, Triethanolaminsalicylat, Salze
der Salicylsaure, 4-l1sopropylbenzylsalicylat, 2-Ethylhexyl-2-(4-
phenylbenzoyl)benzoat, Homomenthylsalicylat, , 2-Hydroxy-4-
methoxybenzophenon, 2,4,6-Trianilino-(p-carbo-2-ethylhexyloxy)-1,3,5-triazin,
2-Phenylbenzimidazol-5-sulfonsdure, 1-(4-tert-Butylphenyl)-3-(4-
methoxyphenyl)propan-1,3-dion, p-Cumenyl-3-phenylpropan-1,3-dion, 1,3-
Bis(4-Methoxyphenyl)propan-1,3-dion, Menthylanthranilat, Homomenthyl-N-
acetylanthranilat, 2-Hydroxy-4-octylbenzophenon, 6-tert-Butyl-2-(5-chlor-2H-
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benzotriazol-2-yl)-4-methylphenol, 2,4-Di-tert-butyl-6-(5-chlor-2H-benzotriazol-
2-yl)-phenol, 2-(2H-Benzotriazol-2-yl)-4,6-di-tert-pentylphenol, 2-(2H-
Benzotriazol-2-yl)-4-(1,1,3,3-tetramethylbutyl)-phenol, 1,3-Bis-[(2’-cyano-3',3’-
diphenylacryloyl)oxy]-2,2-bis-{[(2'-cyano-3’,3'-diphenylacryloyl)oxylmethyl}-
propan, 2-(2H-Benzotriazol-2-yl)-4-methylphenol, 2-(2H-Benzotriazol-2-yl)-4,6-
bis(1-methyi-1-phenylethyl)phenol, Ethyl-2-cyano-3,3-diphenylacrylat, (2-
Ethylhexyl)-2-cyano-3,3-diphenylacrylat, N,N’-Bisformyl-N,N’-bis-(2,2,6,6-
tetramethyl-4-piperidinyl)-hexamethylendiamin, Bis-(2,2,6,6-tetramethyi-4-
piperidyl)-sebacat, Bis-(1,2,2,6,6-pentamethyl-4-piperidyl)-sebacat, Methyl-
(1,2,2,6,6-pentamethyl-4-piperidyl)-sebacat,

-

\ﬂ\/ Q
(CH 1721 o]
i
o N (¢] CHy b;\/ |
>(5< o
n=4-7

n=* und eingesetzt wird.

[

8. Eine Folie nach einem der Anspruche 1 bis 7, dadurch gekennzeichnet, dass
0,05 bis 20, vorzugsweise 0,1 bis 5 Gew.%, besonders bevorzugt 0,1 bis 2
Gew.%, der Kombination, bezogen auf das Gesamtgewicht der Folie, vor-

handen sind.

9. Eine Folie nach einem der Anspriche 1 bis 8, dadurch gekennzeichnet, dass

die Folie mehrschichtig ist.

10. Eine Folie nach Anspruch 9, dadurch gekennzeichnet, dass die Komponenten
der Kombination in unterschiedlichen Schichten oder in derselben Schicht

vorliegen.

11. Eine Folie nach Anspruch 9 oder 10, dadurch gekennzeichnet, dass die

Kombination in wenigstens einer der innenliegenden Schichten vorliegt.
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12. Eine Folie nach Anspruch 9 oder 10, dadurch gekennzeichnet, dass das kurz-
welliges, sichtbares Licht absorbierende und/oder reflektierende Farbpigment
oder der Farbstoff in wenigstens einer Oberflachenschicht der Folie und die
organische oder anorganische UV-Strahlung absorbierende und/oder reflek-

tierende Verbindung in wenigstens einer innenliegenden Schicht vorliegt.

13. Eine Folie nach Anspruch 9 bis 12, dadurch gekennzeichnet, dass sie
wenigstens eine Barriereschicht, vorzugsweise eine Sauerstoffbarriereschicht,

Wasserdampfbarrierschicht oder Olbarriereschicht, umfasst.

14. Eine Folie nach Anspruch 13, dadurch gekennzeichnet, dass die Barriere-
schicht auf wenigstens einen Polymer ausgewahit aus der Gruppe umfassend
Polyamid, EVOH, Polyvinylalkohol, COC, Polyvinylidenchlorid und einer

Mischung aus wenigstens zwei der genannten Polymere basiert.

15. Eine Folie nach einem der Anspriche 9 bis 14, dadurch gekennzeichnet,
dass wenigstens eine Oberflachenschicht auf einem Olefin-Homo oder —

Copolymeren basiert.

16. Eine Folie nach einem der Anspriiche 9 bis 15, dadurch gekennzeichnet,
dass zwischen der Oberflachenschicht und der Barriereschicht eine Haftver-

mittlerschicht angeordnet ist.

17. Eine Folie nach Anspruch 16, dadurch gekennzeichnet, dass die Haftver-

mittlerschicht aus einem modifizierten Polyolefin besteht.

18. Eine Folie nach Anspruch 17, dadurch gekennzeichnet, dass die Kombination

in der Haftvermittlerschicht vorliegt.

19. Eine Folie nach einem der Anspriche 9 bis 18, dadurch gekennzeichnet,
dass jede der Oberflachenschichten auf wenigstens einem Olefin-Homo oder
Copolymeren basiert und jeweils Gber eine Haftvermittlerschicht mit der

Barriereschicht verbunden ist.
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20. Eine Folie nach Anspruch 19, dadurch gekennzeichnet, dass jede der Haft-
vermittlerschichten die Kombination, vorzugsweise wenigstens die UV- Strahl-

ung absorbierende und/oder reflektierende Verbindung enthalit.

21. Eine Folie nach einem der Anspriiche 1 bis 19, dadurch gekennzeichnet,
dass das das kurzwellige Licht absorbierende und/oder reflektierende Farbpig-
ment oder der entsprechende Farbstoff in jeder der Schichten mit Ausnahme

der Barriereschicht der Mehrschichtfolie vorliegt.

22. Eine Folie nach einem der Anspruche 1 bis 21, dadurch gekennzeichnet,
dass sie in Bezug auf eine zentrale Verbindungsschicht, vorzugsweise eine

Klebstoffschicht symmetrisch angeordnet ist.

23. Eine Folie nach einem der Anspruche 1 bis 22, dadurch gekennzeichnet,
dass jede Komponente der Kombination bei Temperaturen bis zu 300 °C

stabil ist.

24. Eine Folie nach einem der Anspriiche 1 bis 23, dadurch gekennzeichnet,
dass die Folie durch Coextrusion erhaltlich, vorzugsweise durch Blasfolien-

coextrusion erhaltlich ist.

25. Eine Verwendung einer Folie nach einem der Anspruche 1 bis 24 als Schutz
folie gegen die Einwirkung von UV-Strahlung und kurzwelligem sichtbaren
Licht.

26. Eine Verwendung nach Anspruch 25 als Schutzfolie in Form einer aufden lieg-
enden Schlauchfolie eines doppelwandigen Schlauches zur Vermeidung von
durch UV-Strahlung und/oder kurzwelligem Licht ausgeléster Hartung eines
zwischen der aufieren und der innenliegenden Schlauchfolie verpackten, reak-

tiven Kunststoffharzes.

27. Eine Verwendung nach einem der Anspriiche 25 oder 26 als schlauchférmige

Schutzfolie bei der Schlauchlining-Technik zur Kanalrohrsanierung.
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28. Verwendung einer Folie nach einem der Anspriche 1 bis 24 zur Bedachung,
als Aulenverkleidung, fir Schutzanzige, als aul3enliegende Abdeckungen
von Gebaudeteilen, Schildern sowie Anzeigetafeln jeder Art, fur Brillenglaser

oder Fensterscheiben, als Verpackungsmaterial.

29.Ein Kanalrohrsanierungssystem geeignet fir eine Schlauchlining-Technik
umfassend einen, fur das Einbringen in das zu sanierende Kanalrohr vorge-
sehenen doppelwandigen Schlauch aus einer aullenliegenden, schlauch-
formigen Schutzfolie gemaf einem der Anspruche 1 — 23 und einer innenlieg-
enden, mehrschichtigen Kunststoffschlauchfolie und einem zwischen den
beiden Schlauchfolien befindlichen, durch UV-Strahlung aushartbaren,
impragniertem Tragermaterial, vorzugsweise einem mit einem ungesattigen

Harzsystem getrankten Glasfasermaterial.

30.Ein Kanalrohrsanierungssystem nach Anspruch 29, dadurch gekennzeichnet,
dass die innenliegende, mehrschichtige Schlauchfolie eine Schicht a) aus
wenigstens einem Polyolefin, wenigstens einem Olefin-Copolymeren oder aus
einer Mischung von Polyolefinen, die mit dem Tragermaterial direkt in Berthr-
ung kommt, eine Haftvermittlerschicht b), eine Barriereschicht c) basierend auf
Polyamid, eine weitere Haftvermittlerschicht d) und eine Schicht e) basierend

auf wenigstens einem Olefin-Homo oder Copolymeren umfasst.
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ADHESIVE PATCH AND METHOD OF USING THE SAME

FIELD

foool] The present disclosure generally relates to adhesive patches, for example,

patches for repairing damaged surfaces of health care devices.
BACKGROUND

[0002] A typical health care device undergoes significant use and wear throughout
its lifespan. Damage to the surface of the health care device, such as, tears, punctures,
rips, burns, wear, cracks, and other surface damage, is unattractive, unsanitary and
presents potential health risks. Increasingly, health care providers are becoming aware
of the role that contaminated environmental surfaces play in the transmission of
pathogens. Patient care initiatives, particularly infection control efforts, are becoming
more prevalent. At least 30% of health care associated infections can be prevented by
following infection prevention and control strategies (Haley RW, Culver DH, White
JW, Morgan WM, et al. (1985) The nationwide nosocomial infection rate: a new need
for vital statistics. Am J Epidemiol. Vol. 121:159-67). One challenge in cleaning or
disinfecting the surfaces of health care devices is the occurrence of small tears and
other damage to the surface of the device. Not only is routine cleaning of health care
devices suboptimal, but damaged surfaces typically cannot be fully cleaned or

disinfected thereby creating a potential reservoir for infectious agents.

{0003] Health care devices used in hospital environments have been found to be a
source of health care associated infections. Environmental microbiological surveys
have indicated that hospital devices (for example, beds, tables, stools, wheelchairs,
racks, trolleys, stretchers, mattresses, catheter-bag, and other furniture, equipment and
articles used in a hospital environment) can be contaminated with pathogens at a
higher incidence relative to other surfaces (see, for example, Rampling A, Wiseman
S, Davis L., et al. (2001) Evidence that hospital hygiene is important in the control of
methicillin-resistant Staphylococcus aureus. J Hosp Infect. Vol. 49:109-116; and
Blythe D, Keenlyside D, Dawson SJ, Galloway A. (1998) Environmental
contamination due to methicillin-resistant Staphylococcus aureus. J Hosp Infect. Vol.
38:67-70). In addition, there have been reports of hospital mattresses contaminated

with infectious agents, including for example, Pseudomonas acruginosa, methicillin-
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resistant Staphylococcus aureus (MRSA), vancomycin-resistant Enterococci (VRE),
Acinetobacter, and other fungal and viral pathogens. Hospital mattresses damaged by
extensive use, tears and sharp objects, such as needles, may create a potential
reservoir for infectious agents and a portal for entry and exit of infectious agents.
Several studies have demonstrated that damaged mattresses have had a role in
outbreaks, the transmission of disease to patients, and in some cases patient death (see
Creamer E, Humphreys H. (2008) The contribution of beds to healthcare-associated
infection: the importance of adequate decontamination, J Hosp Infect. Vol. 69:8-23;
Sherertz RJ, Sullivan ML. (1985) An outbreak of infections with
Acinetobactercalcoaceticus in burn patients: contamination of patients’ mattresses. J
Infect Dis. Vol. 151:252-258; Moore EP, Williams EW. (1991) A maternity hospital
outbreak of methicillin resistant Staphylococcus aureus. J Hosp Infect. Vol.19:5-16;
Ndawula EM, Brown L. (1991) Mattresses as reservoirs of epidemicmethicillin-
resistant Staphylococcus aureus. Lancet. Vol. 337:488.; Fujita K, Lilly HA, Kidson A,
Ayliffe GA. (1981) Gentamicin resistant Pseudomonas aeruginosa infection from
mattresses in a burns unit. Br Med J. Vol. 283:219-220; Robertson MH, Hoy G,
Peterkin IM. (1980) Anti-static mattress as a reservoir of pseudomonas infection. Br
Med J. Vol. 280:831-832; and O’Donoghue MA, Allen KD. (1992) Costs of an
outbreak of wound infection in an orthopaedic ward. J Hosp Infect. Vol. 22:73-79).
These studies discuss that damaged hospital mattresses may harbour infectious agents
and result in nosocomial infections, and intact mattresses or health care devices are

preferred for appropriate cleaning, disinfection and infection prevention and control.

[0004] As a result, many health care providers have instituted policies requiring
the replacement of health care devices having damaged surfaces or the replacement of
the damaged components of the device. However, replacement of a health care device
or its damaged components can be costly, may result in equipment downtime, and the
likelihood of a tear or other surface damage occurring after replacement is high. Thus

many health care devices are left in a damaged state.

[0005] Prior art solutions exist to repair damaged surfaces of a variety of non-
medical devices. In one solution, ready-mix glue is applied to the damaged portion of
the surface. However, this solution tends to be messy, leaves the surface temporarily

out of service, and may create toxic fumes or be toxic through direct contact. In
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another solution, duct or other types of tape are applied to the damaged portion of the
surface. However, the edges of the tape tend to breakdown after extended use or
following the application of liquids or body fluids. These edges can be difficult to

clean properly, thereby, creating an additional potential reservoir for infectious agents.

SUMMARY

[0006] The disclosure provides, at least in part, adhesive patches for repairing

damaged surfaces of health care devices.

[0007] In certain aspects the disclosure provides a method of repairing the surface
of health care device by applying an adhesive patch over a damaged portion of the
surface, the patch comprising a film layer and an adhesive. In certain aspects, the
disclosure provides an adhesive patch for repairing the surface of a health care device

comprising a film layer and an adhesive.

[0608] The film layer may comprise one or more of the following properties:
adhesion or bonding to the adhesive or interlayer, anti-decubitus, heat-resistance,
resistance to ultraviolet radiation, durability, flexibility, stretchable, breathability,
cleanability, resistance to chemical cleaning products; anti-microbial properties,

hypoallergenic and non-cytotoxic properties.

[0009] The adhesive may comprise one or more of the following properties:
adhesion to film layer or interlayer and device surface, heat-resistance, pressure-
resistance, resistance to ultraviolet radiation, durability, flexibility, cleanability,
resistance to chemical cleaning products; plasticizer resistant, anti-microbial,

hypoallergenic and non-cytotoxic properties.

[0010] As used herein, the term ‘patch’ refers to articles having a size and
adhesion characteristics suitable for affecting a durable repair to health care devices
such as, for example, mattresses used in hospital beds. In certain embodiments, the

patches are generally planar in shape with a film layer and an adhesive layer.
[0011] As used herein, “a” or “an” means “at least one” or “one or more”.
[0012] This summary does not necessarily describe all features of the

invention. Other aspects, features and advantages of the invention will be apparent to
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those of ordinary skill in the art upon review of the following description of specific

embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

{0013] Figure 1A is a top plan view of a health care device having a damaged

surface.

{0014] Figure 1B is a side elevation view of the health care device shown in

Figure 1B.

{0015] Figure 2A is a top plan view of the health care device shown in Figures 1A
and 1B having an adhesive patch applied to the damaged portion of the surface of the

health care device.

[0016] Figure 2B is a side elevation view of the health care device shown in
Figures 1A and 1B having an adhesive patch applied to the damaged portion of the

surface of the health care device.
{0017] Figure 3A is top plan view of the patch shown in Figures ZA and 2B.

[0018] Figure 3B is side elevation view of the patch shown in Figures 2A and 2B.

DETAILED DESCRIPTION
[0019] The present adhesive patches comprise a film layer and an adhesive.

[0020] The film layer may be any suitable substance. For example, the film layer
may comprise a thermoplastic or thermosetting polymer or a combination of
polymers. Examples of thermoplastic polymers include, but are not limited to,
polyacetals, polyolefins, polyacrylics, polycarbonates, polystyrenes, polyesters,
polyamides, polyvinyl, polysulfonates, polysulfides, polythioesters, polysulfones,
polysulfonamides, polyureas, polyurethane, or the like, and combinations thereof. The
present film layer may comprise a polyethylene, polyurethane, polypropylene, nylon,
silicone, polyamide, polyester, polyvinyl, or the like, or combinations thereof.
Preferably the film layer comprises a polyvinyl, polyurethane, or the like. Such films
are available commercially from a variety of sources, such as, for example Dartex

Coatings Inc. (Nottingham, UK), DermaMed Coatings Company LLC. (Ohio, USA),
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Argotec Inc. (Massachusetts, USA), Flexcon Inc. (Massachusetts, USA), ETC
Technologies Inc. (Massachusetts, USA), and Medical Adhesive Tape Technologies
Inc. (New York, USA). Films available from Dartex Coatings may include, but not
limited to, DartexTC84. Films available from DermaMed Coatings Company may
include, but not limited to, DermaMed4mil PU. Films available from Argotec may
include, but not limited to, Argotec2mil PU. Films available from Flexcon may
include, but not limited to, FlexconV400 and V600. Films available from ETC
Technologies may include, but not limited to, ETC 2 mil, 3 mil, 4 mil, and 6 mil.
Films available from Medical Adhesive Tape Technologies may include, but not
limited to, M.A.T.T. 2.5GA PU, M.A.T.T. 3.0GA Vinyl, and M.A.T.T. 3.5GA vinyl.
The film layer may be non-cytotoxic, hypoallergenic, resistant to bacterial growth, or
a combination thereof. The film layer may have a dyne level of 36 dynes/cm or
greater, 37 dynes/cm or greater, 38 dynes/cm or greater, 39 dynes/cm or greater, 40
dynes/cm or greater, for the side that will come into contact with the adhesive in the

final construction.

[0021] Any suitable adhesive may be used herein. For example, pressure-sensitive
adhesives (PSA), permanent adhesives, adhesives that cure with time, light-activated
adhesives that cure with electromagnetic energy such as UV or visible light, or heat-
activated adhesives may be used. The adhesive may be non-cytotoxic, hypoallergenic,
resistant to bacterial growth, or a combination thereof. The adhesive may be in the

form of an adhesive layer.

[0022] A pressure-sensitive adhesive may comprise polyurethane, silicone
polymer, or other synthetic polymer based adhesive, and may or may not be cross-
linked. Adhesives are available commercially from, for example, Adchem Inc. (New
York, USA), 3M Canada Inc. (Ontario, Canada). Flexcon Inc. (Massachusetts, USA),
and Medical Adhesive Tape Technologies Inc. (New York, USA). Adhesives from
Adchem may include, but not limited to, Adchem 7833, Adchem 653, Adchem 7603,
Adchem 7854, Adchem 7333 and Adchem 730. Adhesives from 3M may include, but
not limited to, 3M9465. Adhesives from Flexcon may include, but not limited to,
Flexmark TT200. Adhesives from Medical Adhesive Tape Technologies may include,
but not limited to, COL-RZ002, COL-ACR003 and COL-ACR007.
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[0023] In certain aspects, the present patches preferably are able to elongate at
least 30%. For example, 31% or more, 32% or more, 33% or more, 34% or more,
35% or more, 36% or more, 37% or more, 38% or more, 39% or more, 40% or more.
While not wishing to be bound by theory it is believed that the ability to elongation
reduces the risk of peeling or separation from the surface of the medical device while
in use. Peeling or separation could reduce the efficacy of cleaning and/or disinfection
procedures thus creating a potential reservoir for pathogens. The average of
elongation may be measured by any suitable method such as, for example, ASTM
D882.

[0024] In certain aspects, the present patches preferably have an average edge
thickness of 10 mil or less, such as 9 mil or less, 8 mil of less, 7 mil or less, 6 mil or
less. While not wishing to be bound by theory it is believed that thicker patches can
present a risk of peeling or separation from the surface occurring. Peeling or
separation could reduce the efficacy of cleaning and/or disinfection procedures thus
creating a potential reservoir for pathogens. The edge thickness may be measured by
any suitable method such as, for example, using thickness gauges available from

Mitutoyo or Mahr.

[0025] In certain aspects, the present patches pretferably have an adhesion value of
at least about 2.5 Ibs/inch for at least 7 days after application wherein the temperature
is 16-21°C and the relative humidity is 15-50%. For example, the adhesion value may
be 2.6 lbs/inch, 2.7 lbs/inch, 2.8 Ibs/inch, 2.9 Ibs/inch, 3.0 lbs/inch. While not wishing
to be bound by theory it is believed that patches with lower adhesion values can
present a risk of peeling or separation from the surface occurring. Peeling or
separation could reduce the efficacy of cleaning and/or disinfection procedures thus
creating a potential reservoir for pathogens. The adhesion value may be measured by

any suitable method such as, for example, ASTM D3330 or PSTC-101.

[0026] Health care devices may be subjected to cleaning and disinfection via a
number of methods. For example, mattresses on hospital beds may be cleaned with
compositions comprising hydrogen peroxide, sodium hypochlorite, ammonium-based
cleaning compositions, isopropanol, or the like. In certain embodiments, the present

patches are resistant to one or more of such compositions. That is, the performance of
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the patches in situ is not significantly affected by transitory but repeated exposure to

the cleaning solution.

[0027] The present patches may be provided in any suitable shape such as, for
example, square, rectangle, circle, oval, rhomboid, cross, or the like. The present
patches may be provided in a roll or sheet form. In certain embodiments the patch
may be trimmed to the desired size before application. The present patches may be
provided in any suitable size. For example, the maximum diameter of the present
patches may be 1 cm or more, 2 cm or more, 3 cm or more, 4 cm or more, 5 cm or
more, 6 cm or more, 7 ¢cm or more, 8 cm or more, 9 cm or more, 10 cm or more, 11
cm or more, 12 cm or more, 13 cm or more, 14 cm or more, 15 ¢cm or more. The
maximum diameter of the present patches may be 100 cm or less, 95 cm or less, 90

cm or less, 85 cm or less, 80 cm or less, 75 cm or less.

[0028] The present patches may comprise an anti-microbial agent. As used herein,
the term “anti-microbial” means the reduction or inhibition of microbial bioburden,
colonization, or attachment by microbial organisms. Antimicrobial agents include but
not limited to, antibiotics, antiseptics, biocides, or other antimicrobial compounds,
such as, for example, silver, silver nanoparticles, ionic silver, combinations of one or
more one silver compounds, other metals such as zinc, copper, gold, platinum, and
their salts or complexes, for example, zinc undecylenate, quaternary ammonium salts,
isoniazid, ethambutol, pyrazinamide, streptomycin, clofazimine, rifabutin,
fluoroquinolones, ofloxacin, sparfloxacin, rifampin, azithromycin, clarithromycin,
dapsone, tetracycline, erythromycin, ciprofloxacin, doxycycline, ampicillin,
amphotericin B, ketoconazole, fluconazole, pyrimethamine, sulfadiazine,
clindamycin, lincomycin, pentamidine, atovaquone, paromomycin, diclazaril,
acyclovir, trifluorouridine, foscarnet, penicillin, gentamicin, ganciclovir,
iatroconazole, miconazole, Zn-pyrithione, chlorohexidine,
polyhexamethylenebiguanides, polyhexamethylenebiguanides, triclosan, iodine,
iodinepolyvinylpyrrolidone complex, urea-peroxide complex, benzalkonium salts,
quaternary ammonium compounds based on saccharinate, algaecides, carbamates,
Cyanates, turmeric extract, other natural anti-infective compounds and combinations
thereof. Anti-microbial agents may be effective against one or more bacteria from the

genus Bordetella, Borrelia, Brucella, Campylobacter, Chlamydia, Chlamydophilia,
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Clostridium, Corynebacterium, Enterococcus, Escherichia, Francisella, Haemophilus,
Helicobacter, Legionella, Leptospira, Listeria, Mycobacterium, Mycoplasma,
Neisseria, Pseudomonas, Rickettsia, Salmonella, Shigella, Staphylococcus,
Streptococcus, Treponema, Vibrio, and/or Yersinia. For example, Bordetella
pertussis, Borrelia burgdorferi, Brucella abortus, Brucella canis, Brucella melitensis,
Brucella suis, Campylobacter jejuni, Chlamydia pneumoniae, Chlamydia trachomatis,
Chlamydophila psittaci, Clostridium botulinum, Clostridium difficile, Clostridium
perfringens, Clostridium tetani, Corynebacterium diphtheriae, Enterococcus faecalis,
Enterococcus faecium, Escherichia coli, Francisella tularensis, Haemophilus
influenzae, Helicobacter pylori, Legionella pneumophila, Leptospira interrogans,
Listeria monocytogenes, Mycobacterium leprae, Mycobacterium tuberculosis,
Mycobacterium ulcerans, Mycoplasma pneumoniae, Pseudomonas aeruginosa,
Rickettsia rickettsii, Salmonella typhi, Salmonella typhimurium, Shigella sonnei,
Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus saprophyticus,
Streptococcus agalactiae, Streptococcus pneumoniae, Streptococcus pyogenes,
Treponema pallidum, Vibrio cholerae, Yersinia pestis, and the like. It is preferred that
the present anti-microbial agent be efficacious against Escherichia coli, Legionella

pneumophila, Streptococcus pneumoniae, Streptococcus pyogenes, and the like.

[0029] The present patches may contain an interlayer film to enhance the rigidity
and handling of the invention. This interlayer can be, but not limited to, polyurethane,
polyvinyl, polyester, kraft paper, or the like. Such films are available commercially
from Adhesive Films. Inc. (New Jersey, USA). Examples from Adhesive films may

include, but not limited to, UAF-472 1 mil, UAF-472 2 mil, and PAF-110 2 mil.

[0030] The present patches may comprise a release liner and/or a transfer liner on
the film layer and/or adhesive layer to protect the patch before use. Such liners may

also improve the ease of handling of the patch prior to application to device.

[0031] Referring to Figures 1A and 1B, an embodiment of a health care device 10
is shown. The health care device 10 may be any device used in a health care
environment, such as, for example, beds, tables, stools, wheel chairs, racks, trolleys,
stretchers, mattresses, catheter-bags, and other furniture, equipment and articles used
in a health care environment. The device 10 generally comprises a surface layer 12

and a supporting layer 14. The surface layer 12 defines at least a portion of the outer
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surface of the device 10 that may be subject to contact with a person during the use of
the device 10. The surface layer 12 may be comprised of any material suitable for a
health care environment, such as, for example, while not limited to, nylon, silicone,
polyurethane, polyvinyl, polyethylene, polyamides and polyesters. The supporting
layer 14 supports the surface layer 12 and may be comprised of any material suitable
to provide structural support to the surface layer 12, such as, for example, while not
limited to, foam, wood, cotton, plastics, and metals. In the alternative, the device 10

may not comprise a supporting layer 14.

[0032] Figures 1A and 1B depict a damaged portion 20 of the surface layer 12.
The damaged portion 20 may comprise one or more tears, punctures, rips, burns,
wear, cracks, and other damage to the surface layer 12. As discussed above, damaged
portions 20 of surface layers 12 in health care devices 10 are unattractive, unsanitary

and present potential health risks by creating a host or reservoir for infectious agents.

{0033] Referring to Figures 2A and 2B, one embodiment of an adhesive patch 30
for repairing damaged surfaces of a health care device 10 is shown. The patch 30 is
applied to the surface layer 12 of the device 10 to cover the damaged portion 20 and
adhere to the surface layer 12. The patch 30 is configured to be suitable for
application in health care environments. In particular, amongst other suitable
properties for a health care environment, the patch 30 may comprise one or more of
the following properties: physical properties, including, adhesion, anti-decubitus,
heat-resistance, resistance to ultraviolet radiation, durability, flexibility, stretchable,
breathability, cleanability, resistance to chemical cleaning products; anti-microbial

properties, hypoallergenic and non-cytotoxic properties. The patch 30 comprises an

adhesive layer 34 and a film layer 32.

[0034] Referring to Figures 3A and 3B, the patch 30 generally comprises a film
layer 32, a peel-off layer 36, and an adhesive layer 34 disposed in between the film
layer 32 and peel-off layer 36. Prior to application of the patch 30 to a health care
device 10, the adhesive layer 34 functions to adhere the film layer 32 and peel-off
layer 36 into a unitary patch 30. The film layer 32 and peel-off layer 36 protect the
adhesive layer 34 and prevent the adhesive layer 34 from adhering to other objects.
During application of the patch 30 to the device 10, the peel-off layer 36 is removed
from the patch 30 and the adhesive layer 34 functions to adhere the film layer 32 to
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the surface layer 12 of the device 10. The adhesive layer 34 may be comprised of any
suitable adhesive suitable for a health care environment, such as, for example, acrylic,
silicone. In particular, amongst other suitable properties for a health care environment,
the adhesive layer 34 may comprise one or more of the following properties: physical
properties, including, adhesion to film layer and device surface, heat-resistance,
pressure-resistance, resistance to ultraviolet radiation, durability, flexibility,
cleanability, resistance to cleaning products, plasticizer resistant, anti-microbial

properties, hypoallergenic and non-cytotoxic properties.

[0035] The film layer 32 comprises a top surface 42 and a bottom surface 44. The
top surface 42 is an externally facing surface that may be subject to contact with a
person during use of the device 10; while the bottom surface 44 is an interior surface
that is adhered by the adhesive layer 34, adhesive layer 34, adhesive layer 34 is also
adhered to the top layer 46 of the peel-off layer 36, which prior to application of the
patch 30 to the device 10 the peel-off-layer 36 is removed from the adhesive layer 34,
and is adhered by the adhesive layer 34 to the surface layer 12 of the device 10 during
application of the patch 30 to the device 10. The film layer 32 may be comprised of
any material suitable for a health care environment, such as, for example, nylon,
silicone, polyurethane, polyvinyl, polyethylene, polyamides and polyesters. In
particular, amongst other suitable properties for a health care environment, the film
layer 32 may comprise one or more of the following properties: physical properties,
including, adhesion or bonding to the adhesive, anti-decubitus, heat-resistance,
resistance to ultraviolet radiation, durability, flexibility, stretchable, breathability,
cleanability, resistance to chemical cleaning products; anti-microbial properties,

hypoallergenic and non-cytotoxic propetties.

[0036] The peel-off layer 36 comprises a top surface 46 and a bottom surface 48.
The top surface 46 is an internal surface that is adhered by the adhesive layer 34 to the
bottom surface 44 of the film layer 32, prior to application of the patch 30 to the
device 10 and peel-off layer 36 is removed from top surface 46 during application of
the patch 30 to the device 10. The peel-off layer 36 may be comprised of any material
suitable to be removably adhered to the film layer 32 by the adhesive layer 34, such

as, for example, kraft paper or polyester.
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{0037] The present disclosure provides health care devices comprising a patch
according to the present invention. The present disclosure provides a mattress

comprising a patch according to the present invention.

[0038] The present disclosure provides the use of a patch as described herein for
repairing the surface of a health care device such as a mattress. Said use comprises

applying the patch over the damaged portion of the surface of the health care device.

[0039] The present disclosure provides a method of repairing the surface of health
care device by applying a patch according to the present invention over a damaged
portion of the surface. The patch may comprising a film layer and an adhesive layer.
The patch may comprise an anti-microbial agent. The patch may comprise one or
more of the following properties: adhesion, heat-resistance, pressure-resistance,
resistance to ultraviolet radiation, durability, flexibility, cleanability, resistance to
cleaning products; anti-microbial, wound healing, hypoallergenic and non-cytotoxic
properties. The film layer may comprise a polyvinyl, polyurethane, or the like. The
adhesive layer may comprise an acrylic, silicone, or the like. The patch may comprise

a peel-off layer removably adhered to the film layer by the adhesive layer.

[0040] It is contemplated that the different parts of the present description may be
combined in any suitable manner. For instance, the present examples, methods,
aspects, embodiments or the like may be suitably implemented or combined with any

other embodiment, method, example or aspect of the invention.

[0041] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as is commonly understood by one of ordinary skill in the art
to which this invention belongs. Unless otherwise specified, all patents, applications,
published applications and other publications referred to herein are incorporated by
reference in their entirety. If a definition set forth in this section is contrary to or
otherwise inconsistent with a definition set forth in the patents, applications, published
applications and other publications that are herein incorporated by reference, the
definition set forth in this section prevails over the definition that is incorporated
herein by reference. Citation of references herein is not to be construed nor considered

as an admission that such references are prior art to the present invention.
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[0042] Use of examples in the specification, including examples of terms, is for
illustrative purposes only and is not intended to limit the scope and meaning of the
embodiments of the invention herein. Numeric ranges are inclusive of the numbers
defining the range. In the specification, the word “comprising” is used as an open-
ended term, substantially equivalent to the phrase “including, but not limited to,” and

the word “comprises” has a corresponding meaning.

[0043] The invention includes all embodiments, modifications and variations
substantially as hereinbefore described and with reference to the examples and
figures. It will be apparent to persons skilled in the art that a number of variations and
modifications can be made without departing from the scope of the invention as
defined in the claims. Examples of such modifications include the substitution of
known equivalents for any aspect of the invention in order to achieve the same result

in substantially the same way.

[0044] The present invention will be further illustrated in the following examples.
However it is to be understood that these examples are for illustrative purposes only,

and should not be used to limit the scope of the present invention in any manner.

EXAMPLES

[0045] 28 different prototypes were developed based on a combination of 13
commercially available film layers and 9 commercially available adhesives layers.
These prototypes were evaluated for their suitability in repairing damaged portions of
the surfaces of health care devices. The film and adhesive layers were combined using

standard manufacturing techniques.

[0046] Patches were evaluated for their ability to withstand standard hospital

cleaning products.

[0047] Table 1 compares patch (Dartex + acrylic PSA, 3M and Adchem) relative
to other tested compositions and that which is commercially available (Tear-Aid).
Physical damages (cracking, shrinking, wrinkling) was observed for the material
tested after 1 hour of immersion in the four chemicals (5.5% Sodium Hypochlorite,

7% Hydrogen Peroxide, 70% Isopropanol, Ammonium Chloride)
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TABLE 1
Adhesio hefore 60

Adhecive o "_ I ."' owronanol (0% :'
ArgotexPU2mil | FlexmarkTT200 | Mattress Cover Yes n/a Yes n/a
Flexcon V400 3M9465U Mattress Cover nfa nfa Yes n/a
Flexon V400 FlexmarkTT200 | Mattress Cover No Yes Yes n/a
EYC 3mil PU Flexmark 1200 | Mattress Cover Yes Yes Yes n/a
Argotex PU 2 mil 3M9465U | Mattress Cover nfa nfa Yes n/a
ETC 3mil PU 3M94650 Mattress Cover No No Yes No
MATT.25GAPU |  COLRIO02 | Mattress Cover n/a n/a Yes nfa
MATT.30GAVinyl|  COL-ACRO03 | Mattress Cover nfa nfa Yes n/a
MATT.35GAVind |  COL-RZO02 | Mattress Cover nfa n/a Yes n/a
ETC 3mil PU AdChem 730 | Mattress Cover No Yes Yes No
ETC 4mil PU AdChem 730 | Mattress Cover No Yes Yes No
DermaMed 4mil 3Mo4650 | MattressCover | No | - No No No
Dartex TC84 3M3465U- | Mattress Cover No No o Noo ] No
DartexTC84 | AdChem7833 | MatressCover |~ No No | N No
Tear-Aid Mattress Cover No Yes Yes No
Masta Plasta Mattress Cover Yes Yes Yes Yes
Duct Tape Mattress Cover nfa n/a Yes nfa

The patch may comprise an antimicrobial additive. Table 2 summarizes the presence

or absence of an additive for a sample of patches.

5 TABLE 2
Composition Additive (film / adhesive)
Dartex TC84 / Adchem 7833 Yes / Yes
DartexTC84 / 3M 9465U Yes /No
Tear-Aid No / No
MastaPlasta 7 No /No
Duct Tape No / No

The patch may have a thickness of 10 mil or less after application to the health care

device. Table 3 summarizes the thickness of a sample of patches.

TABLE 3
Composition Thickness
Dartex TC84 / Adchem 7833 (5mih)
DartexTC84/ 3M 94650 (7mily
Tear-Aid (12mil)
MastaPlasta (>20 mil)
- 13-
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| Duct Tape
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(8 mily

The adhesive is preferably non-cytotoxic, hypoallergenic, and/or resistant to microbial

growth. Table 4 summarizes these characteristics for certain adhesives.

TABLE 4

Composition

Non-Cytotoxcitiy

Adchem 7833

Yes

3M 94650 No
Tear-Aid No
MastaPlasta No
FlexconTT200 No
Adchem 730 No
ACRO007 Yes
ACRO003 Yes
RZ002 Yes

Composition

Hypoallergenic

Adchem 7833

Yes

3M 94650 No
Tear-Aid No
MastaPlasta No
FlexconTT200 No
Adchem 730 No
ACR007 Yes
ACRO003 Yes
RZ002 Yes

Sample Microbial Growth

S. aureus P. aeruginosa A. brasiliensis

Control Heavy Growth Heavy Growth Heavy Growth
3M9465U No Growth No Growth No Growth
Tear-Aid Adhesive | Minimal Growth Minimal Growth Minimal Growth

The film layer is

preferably non-cytotoxic, hypoallergenic, and/or resistant to

microbial growth. Table 5 summarizes these characteristics for certain films.

TABLE 5
Composition Non-Cytotoxic
Dartex Yes
Tear-Aid No
MastaPlasta No
ETC PU (3mil, 4 mil, 6mil) Yes
3M7931 No
DermaMed4mil Yes
Argotex2mil No
FlexconV400 / V600 No
L Composition Hypoaliergenic
Dartex Yes
Tear-Aid No
MastaPlasta No
ETC PU (3mil, 4 mil, 6mil) Yes
3M7931 No
DermaMed4mil Yes

-14 -
251/300



10

WO 2012/119227

PCT/CA2012/000195

Argotex2mil No
FlexconV400 / V600 No
Sample Microbial Growth*

S aureus P aeruginosa Abrasiliensis
Control Heavy Growth Heavy Growth Heavy Growth
DartextTC84 No Growth No Growth Minimal Growth
Tear-Aid No Growth No Growth Minimal Growth

* microbial growth rate of less than 10% based on test standard ASTM G21

The adhesion value of the patch to the device is preferably 2.5 lbs / inch or greater 7

days after application at 16-21°C and relative humidity of 15-50% relative humidity.

Table 6 summarizes the performance of certain patches.
TABLE 6
180 degree Peel (Ibs/in)
Condition Test Surface | Adchem ‘T Adcem 3M9465V Tear-Aid
730 7833
1 day @RT Stainless 59 3.9 3.3 52
Steel
1 day @RT Mattress 3.0 20 24 n/a
Surface
7 day @RT Stainless 9.1 4.9 4.4 nfa
Steel
7 day @RT Mattress 6.5 27 3.2 n/a
Surface
7 day @ 150 Stainless 9.1 6.9 77 n/a
Steel
7 day @ 150 Mattress 36 3.8 4.6 nfa
Surface

In summary, 2 samples made from the film Dartex TC84 and the adhesive Adchem

7833 or 3M9465 were found to perform best against a variety of criteria required to be

a function patch for the repair and regeneration of surface integrity on mattresses or

other planar surfaces in a health care environment.
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Claims:

1. A repair patch for health care devices, said patch comprising a film layer and

an adhesive wherein the patch has an average edge thickness of 10 mil or less.

2. A repair patch for health care devices, said patch comprising a film layer and

an adhesive wherein the patch has an average of elongation of 30% or greater.

3. A repair patch for health care devices, said patch comprising a film layer and

an adhesive wherein the patch has an adhesion value of at least about 2.5

Ibs/inch.
4. A patch according to any of claims 1 to 3, comprising an antimicrobial agent.
5. A patch according to any of claims 1 to 4, wherein the film layer comprises

polyethylene, polyurethane, polypropylene, nylon, silicone, polyamide,

polyester, polyvinyl, or a combination thereof.

6. A patch according to any of claims 1 to 5, wherein the film layer comprises

polyvinyl, polyurethane, or a combination thereof.

7. A patch according to any of claims 1 to 6, wherein the adhesive is a pressure-

sensitive adhesive.

8. A patch according to any of claims 1 to 7, wherein the adhesive is comprised

within an adhesive layer.

9. A patch according to any of claims 1 to 7, wherein the adhesive is comprised

within an adhesive layer and the layer comprises acrylic.

10. A patch according to any of claims 1 to 9, wherein the patch comprises a film
layer and an adhesive layer, each layer having an average thickness of from 1

to 9 mils, wherein the average thickness of the two layers does not exceed 10

mils.

11. A patch according to any of claim 1 to 10, wherein the health care device is a

mattress.
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12, Use of a patch according to any of claims 1 to 11 for the repair of a health care
device.

13. A health care device comprising a patch according to any of claims 1-11.

14. A method of repairing a health care device, said method comprising providing

a patch according to any of claims 1 to 10 and adhering said patch to said

health care device.

15. The method of ¢laim 14 wherein the health care device is a mattress.
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BARRIER FILMS

CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application claims the benefit of U.S. Provisional Patent Application No.

61/525,439 filed August 19, 2011, which is incorporated herein by reference in its entirety.

FIELD

[0002] The present subject matter relates to polymeric barrier films for reducing transmission of
odors. The subject matter also relates to articles comprising such films. The subject matter additionally
relates to methods for reducing transmission of odors by use of the polymeric barrier films. The films,
articles, and methods associated therewith are useful in various fields such as medical and health care

applications, and find particular application in ostomy appliances and devices.

BACKGROUND

[0003] Barrier films in medical applications and particularly as used in ostomy applications, typically
contain halogens. An example of a material used in such applications is polyvinylidene chloride (PVDC).
Although use of that material is satisfactory in many regards, films containing halogens such as chloride
and bromide are difficult and costly to recycle. In fact, with increasing environmental awareness, many
regulations prohibit the disposal of halogens, thereby further increasing the inconvenience and/or cost
of handling used medical products containing halogens.

[0004] Many currently known barrier films and particularly those used in certain medical
applications, employ one or more layers that contain amorphous cyclic olefin copolymers (COCs). These

materials provide an effective barrier to odor producing compounds such as skatole or 3-methylindole.

Page 1 of 31
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However, incorporating COCs into a thin multilayer film presents a formidable technical challenge,
particularly if other characteristics of the film are to be maintained such as flexibility, strength, and
ability to be joined with other material(s) to form articles or goods. Accordingly, a need remains for a
barrier film that provides comparable or superior odor blocking properties as currently known barrier

films, without compromising flexibility, strength, and other characteristics.

SUMMARY

[0005] The difficulties and drawbacks associated with previously known barrier films and products
using such films are addressed in the present compositions, films, and methods.

[0006] In one aspect, the subject matter provides a barrier film comprising a semi-crystalline cyclic
olefin copolymer (COC) having a melting temperature {Tm) of from about 70°C to about 100°C, and a
glass transition temperature (Tg) of from about -20°C to about 32°C. The cyclic olefin copolymer has a
norbornene content of from about 5 mole % to about 25 mole %.

[0007] In another aspect, the subject matter provides a multilayer barrier film comprising at least
one layer including a semi-crystalline cyclic olefin copolymer (COC) having a melting temperature (Tm)
of from about 70°C to about 100°C, and a glass transition temperature (Tg) of from about -20°C to about
32°C. The cyclic olefin copolymer has a norbornene content of from about 5 mole % to about 25 mole
%.

[0008] In yet another aspect, the subject matter provides a multilayer barrier film comprising a
barrier layer including ethylene vinyl alcohol (EVOH), at least one flexible support layer including one or
more polyolefins, an antimicrobial layer including at least one antimicrobial agent, and at least one layer
including a semi-crystalline cyclic olefin copolymer (COC).

[0009] In still another aspect, the present subject matter provides a method for reducing

transmission of odorous species. The method comprises providing a semi-crystalline cyclic olefin

Page 2 of 31
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copolymer (COC), forming a film including the semi-crystalline COC, and positioning the film between a
source of odorous species and a user.

[0010] As will be realized, the subject matter is capable of other and different embodiments and its
several details are capable of modifications in various respects, all without departing from the subject

matter. Accordingly, the drawings and description are to be regarded as illustrative and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Figure 1 is a schematic perspective view of a preferred embodiment multilayer polymeric

film according to the present subject matter.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0012] Generally, in accordance with the present subject matter, various preferred embodiment
single and multilayer films have been identified that can be used in a wide range of applications and
particularly ostomy applications.

[0013] The preferred embodiment barrier films and/or multilayer barrier assemblies are preferably
halogen-free and are particularly well suited for medical applications such as forming ostomy pouches.
Since the films and multilayer assemblies are halogen-free and particularly free of chlorine, they can be
recycled and/or subjected to a wide array of material reclamation operations. In addition, the unique
barrier materials and combination of barrier layers and/or other functional layers as described herein
are particularly well suited for use in ostomy applications. These aspects and others are all described in

greater detail as follows.

Page 3 of 31
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Polymeric Barrier Film

[0014] In one aspect, the present subject matter provides a unique barrier film that can be utilized
in a wide range of applications in which it is desired to block the transmission of odor-producing
molecules, water, and/or oxygen across the thickness of a layer. Typical barrier films use water vapor
transmission rate (WVTR) and oxygen transmission rate (OTR) to characterize their barrier properties.
Materials known to have good barrier properties against water and oxygen permeation have a high
modulus, and thereby are “noisy”. A goal of the present subject matter is to prevent the passage of
hydrogen sulfide and other malodorous molecules and/or species. The solution may not require the
same approach needed for achieving low WVTR and OTR.

[0015] In a preferred embodiment of the present subject matter, a polymeric barrier film is
provided which comprises at least one layer comprising a semi-crystalline cyclic olefin copolymer (COC).
Cyclic olefin copolymers are also known as cyclo ethylene copolymer, COC, cyclo olefin copolymer, cyclic
olefin polymer, and ethylene-norbornene copolymer. The terms “cyclic olefin copolymer” or “COC” are
used interchangeably herein and include these various terms of art. It is contemplated that in certain
embodiments, various norbornene-based materials may be used instead of or in addition to the COC’s,
as described in greater detail herein. And, in particular embodiments, an elastomeric COC is used. In
other embodiments, it is preferred to utilize blends of one or more of these COCs and optionally with
other materials such as polyolefins, tie components, and/or amorphous COCs as described in greater
detail herein.

[0016] Presently, there exist numerous grades of commercially available cyclic olefin copolymers
based on different types of cyclic monomers and polymerization methods. Cyclic olefin copolymers are
typically produced by chain copolymerization of cyclic monomers such as 8,9,10-trinorborn-2-ene
(norbornene) or 1,2,3,4,4a,5,8,8a-octahydro-1,4:5,8-dimethanonaphthalene (tetracyclododecene) with

ethene. Non-limiting examples of commercially available cyclic olefin copolymers include those

Page 4 of 31
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available from TOPAS Advanced Polymers under the designation TOPAS, Mitsui Chemical's APEL, or
those formed by ring-opening metathesis polymerization of various cyclic monomers followed by
hydrogenation, which are available from Japan Synthetic Rubber under the designation ARTON, and
Zeon Chemical's ZEONEX and ZEONOR.

[0017] In accordance with the present subject matter, a barrier layer comprising a semi-crystalline
COC is provided. In other preferred embodiments, a combination of COCs is used in one or more barrier
layers. Most preferably, the combination of COCs includes a semi-crystalline COC and one or more
amorphous COCs. However, the subject matter includes a combination of two or more semi-crystalline
COCs and optionally further combined with one or more amorphous COCs.

[0018] Preferably, the semi-crystalline COC has a melting temperature (Tm) of from about 70°C to
about 100°C, more preferably from about 80°C to about 90°C, and most preferably from about 82°C to
about 86°C. Preferably, the semi-crystalline COC has a glass transition temperature (Tg) of from about -
20°C to about 32°C, more preferably from about -8°C to about 20°C, and most preferably from about 0°C
to about 12°C. In certain embodiments, it may be preferred to use a semi-crystalline COC having a glass
transition temperature of from about 3°C to about 9°C. Preferably, the semi-crystalline COC has a
norbornene content of from about 5 mole % to about 25 mole %, more preferably from about 10 mole
% to about 20 mole %, and most preferably from about 12 mole % to about 18 mole %. In certain
embodiments it is preferred to utilize a semi-crystalline COC having a norbornene content of less than
20 mole %. In certain embodiments, it is preferred to utilize a semi-crystalline COC having a particular
degree of crystallinity. For example, in certain applications it is preferred to use a semi-crystalline COC
having a crystallinity of 5% or more by weight. In other applications, it is preferred to utilize a semi-
crystalline COC having a crystallinity of 10% or more by weight. And in still other embodiments, it is

preferred to use a semi-crystalline COC having a crystallinity of 20% or more by weight.

Page 5 of 31
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[0019] A most preferred semi-crystalline COC is commercially available under the designation E-140
from TOPAS. The melting temperature of the E-140 grade is about 84°C and has a Vicat softening
temperature of about 64°C. The glass transition temperature of the E-140 grade is about 6°C. The
norbornene comonomer content of the E-140 grade is believed to be about 12 mole % to about 18 mole

%. Details and property information regarding the E-140 grade are set forth below in Table 1.

Table 1 — Grade E-140 Cyclic Olefin Copolymer From TOPAS

Property | Value | Unit Test Standard
Physical Properties

Density 0.940 g/cm? ISO 1183
Melt volume rate (MVR) at 190°C and 2.16 kg | 3.0 cm?/10 min ISO 1133
Melt volume rate (MVR) at 260°C and 2.16 kg | 12.0 cm®/10 min ISO 1133
Hardness, shore A 89 - ISO 868
WVTR (23°C / 85% RH) 1.0 g*100um/m’ *day ISO 15106-3
WVTR (38°C / 90% RH) 4.6 g*100pm/m? *day ISO 15106-3
OTR (23°C / 50% RH) 1060 cc*100pum/m? *day ISO 15105-2

Mechanical Properties

Tensile stress at break (50mm/min) >19 MPa ISO 527-T2/1A
Tensile modulus (Imm/min) 44 MPa ISO 527-T2/1A
Tensile strain at break (50mm/min) >450 % ISO 527-T2/1A
Compression set (24hr / 23°C) 35 % ISO 815
Compression set (72hr / 23°C) 32 % ISO 815
Compression set (24hr / 60°C) 90 % ISO 815

Tear strength 47 kN/m ISO 34-1
Puncture resistance 44 J ASTM D3786-08

Film Properties - 50 um / 2 mil cast film

Tensile stress at break (machine direction) 8.8 Ksi ASTM D882
Tensile modulus (MD) 5.26 Ksi ASTM D882
Elongation at break {MD) 640 % ASTM D882
Tensile stress at break (transverse direction) 7.31 Ksi ASTM D882
Tensile modulus (TD) 4,93 Ksi ASTM D882
Elongation at break (TD) 620 % ASTM D882
Elmendorf tear (MD, 3200 grams) 1103 Grams ASTM D1922
Elmendorf tear (TD, 3200 grams) 1221 Grams ASTM D1922
Haze 1.5 % ASTM D1003
Gloss (60 °C) 94 % ASTM D2457
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Electrical Properties

Relative permittivity at 1 GHz 2.24 - ASTM D2520/B
Dissipation factor at 1 GHz 2.6E-04 | - ASTM D2520/B
Dielectric strength 4000 V/mil ASTM D149-97a
Thermal Properties

Glass transition temperature 10°C/min 6 °C Internal method
Ductile-brittle temperature <-90 °C ISO 974

Tm - melt temperature 84 °C Internal method
Vicat softening temperature, VST/A50 64 °C ISO 306

[0020]

crystalline COCs with one or more amorphous COCs. The preferred amorphous COCs have a Tg of from
about 332 C to about 1802 C, more preferably from about 452 C to about 1302 C, and most preferably
from about 602 C to about 802 C. Preferred amorphous COCs which are commercially available include

grades 9506 and 8007, and particularly grade 8007F-04 from TOPAS. Details and property information

for these materials are set forth below in Tables 2

As noted, in certain embodiments, it may be preferred to combine one or more semi-

and 3.
Table 2 - Grade 9506 Cyclic Olefin Copolymer From TOPAS
Property Value | Unit Test Standard
Physical Properties
Density 1020 | kg/m? ISO 1183
Melt volume rate (MVR) 6.0 cm?®/10 min ISO 1133
MVR test temperature 230 °C ISO 1133
MVR test load 2.16 Kg 1ISO 1133
Melt volume rate (MVR) - 2nd value 1.0 cm?/10 min ISO 1133
MVR test temperature - 2nd value 190 °C ISO 1133
MVR test load - 2nd value 2.16 Kg ISO 1133
Water absorption (23°C-sat) 0.01 % ISO 62
Thermal Properties
Glass transition temperature 10°C/min | 65 | °C ISO 11357-1,-2,-3
Mechanical Properties (Film)
Tensile modulus (machine direction) 1700 | MPa ISO527-3
Tensile modulus (transverse direction 2000 | MPa ISO 527-3
Tensile strength @ break (machine direction) 55 MPa ISO527-3
Tensile strength @ break (transverse MPa ISO 527-3
direction) 55
Elongation at break (machine direction) 2.9 % ISO 527-3
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Elongation at break (transverse direction) 3.6 % ISO 527-3
Elmendorf tear strength (machine direction) 230 G ISO 6383-2
Elmendorf tear strength (transverse direction) | 240 G ISO 6383-2
Dart Drop Impact Strength, F50 <36 G ISO 7765-1
Optical Properties (Film)

Gloss, 60° >100 | % ISO 2813
Haze <1 % ISO 14782
Barrier Properties (Film)

Water vapor permeability @ 38°C, 90% RH 0.8 g-100pm/(m?-day) ISO 15106-3
Oxygen Permeability @ 23°C, 50% RH 170.0 | cm?-100um/(m?-day-bar) | ASTM D3985

Table 3 - Grade 8007F-04 Cyclic Olefin Copolymer From TOPAS

Property | Value | Unit Test Standard
Physical Properties
Density 1020 | kg/m? 1SO 1183
Melt volume rate (MVR) 12.0 | cm?*/10 min ISO 1133
MVR test temperature 230 °C ISO 1133
MVR test load 2.16 Kg ISO 1133
Melt volume rate (MVR) - 2nd value 2.0 cm?/10 min ISO 1133
MVR test temperature - 2nd value 190 °C ISO 1133
MVR test load - 2nd value 2.16 Kg ISO 1133
Water absorption (23°C-sat) 0.01 % ISO 62
Thermal Properties
Glass transition temperature 10°C/min | 78 | °C ISO 11357-1,-2,-3
Mechanical Properties (Film)
Tensile modulus (machine direction) 2200 | MPa ISO527-3
Tensile modulus (transverse direction) 1800 | MPa ISO527-3
Tensile strength @ break (machine direction) 57 MPa ISO527-3
Tensile strength @ break (transverse MPa ISO 527-3
direction) 50
Elongation at break {machine direction) 2.9 % ISO527-3
Elongation at break (transverse direction) 3.0 % ISO527-3
Elmendorf tear strength (machine direction) 225 G ISO 6383-2
Elmendorf tear strength (transverse direction) | 230 G ISO 6383-2
Dart Drop Impact Strength, F50 <36 G ISO 7765-1
Optical Properties (Film)
Gloss, 60° >100 | % ISO 2813
Haze <1 % ISO 14782
Barrier Properties (Film)
Water vapor permeability @ 38°C, 90% RH 0.8 g-100pum/(m?-day) ISO 15106-3
Oxygen Permeability @ 23°C, 50% RH 200.0 | cm®-100um/(m’-day-bar) | ASTM D3985
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[0021] If one or more amorphous COCs are used in combination with the semi-crystalline COC, it
preferred that the weight proportion of the semi-crystalline COC range from about 1% to about 99%,
more preferably from about 5% to about 75%, and most preferably from about 10% to about 50%,
based upon the total weight amount of COC's in the barrier layer. However, it will be appreciated that
the subject matter includes barrier layers with less than 1% semi-crystalline COC, and greater than 99%
semi-crystalline COC.

[0022] For certain applications, it may be preferred to utilize a COC having elastomeric properties.
As will be appreciated, elastomers exhibit a property of viscoelasticity or as commonly referred,
elasticity. Elastomers typically have a relatively low Young’s modulus and a high yield strain as compared
to most other materials. It is contemplated that an elastomeric COC could be used in the various
embodiments described herein. Reported information for an elastomeric COC from TOPAS indicates that
the COC elastomers have a tensile modulus of about 4,412 N/cm? and elongation at break greater than
450 %. In addition, the elastomeric COC exhibits relatively low dielectric properties comparable to
certain fluoroelastomers, thereby providing excellent electrical insulation performance. Furthermore,
the material is reported to maintain ductility at temperatures below 80°C. The noted elastomeric COC
also reportedly exhibits a Shore A hardness of 89.

[0023] In certain other embodiments, it is preferred to utilize ethylene vinyl alcohol (EVOH) in the
polymeric barrier film. Specifically, the EVOH may be incorporated in the layer(s) comprising COC,
and/or be provided in one or more separate layers proximate the COC-containing layer(s) in the barrier
film. Ethylene vinyl alcohol, commonly abbreviated EVOH, is a formal copolymer of ethylene and vinyl
alcohol. Because the latter monomer mainly exists as its tautomer acetaldehyde, the copolymer is
prepared by polymerization of ethylene and vinyl acetate to produce the ethylene vinyl acetate (EVA)
copolymer followed by hydrolysis. EVOH is typically used to provide barrier properties, primarily as an

oxygen barrier for improved food packaging shelf life and as a hydrocarbon barrier for fuel tanks. EVOH
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is typically coextruded or laminated as a thin layer between cardboard, foil, or other plastics. EVOH
copolymer is traditionally defined by the mole percent ethylene content. Lower ethylene content
grades have higher barrier properties, and higher ethylene content grades have lower temperatures for
extrusion. Additional information as to preferred aspects of EVOH used in the films of the subject

matter are described in greater detail herein.

Multilayer Barrier

[0024] The present subject matter also provides multilayer films for use in medical applications and
in particular, for ostomy applications. As will be appreciated, an important characteristic for such films
is preventing or at least significantly reducing transmission of odors through the film, and particularly
reducing transmission of skatole or 3-methylindole through the film. Another important characteristic
for such films is that the films be relatively quiet and not emit excessive noise upon deflecting or
movement of the film. A preferred multilayer barrier construction uses one or more barrier layers that
include a semi-crystalline cyclic olefin copolymer (COC) and in combination with one or more flexible
support layers. Another preferred multilayer barrier construction includes one or more barrier layers
that include ethylene vinyl alcohol in conjunction with one or more layers which include a semi-
crystalline COC. In other embodiments, the preferred multilayer barrier construction includes one or
more of the previously noted aspects in further combination with an inner layer containing one or more
antimicrobial agents.

[0025] Figure 1 is a schematic illustration of a preferred embodiment multilayer barrier assembly
100 in accordance with the present subject matter. The multilayer assembly 100 comprises an outer
layer 10 defining an outer face 2, a first flexible support layer 20, a second flexible support layer 30, a
first moisture and odor barrier layer 40, a secondary barrier layer 50 for reducing transmission of

oxygen, a second moisture and odor barrier layer 60, a third flexible support layer 70, a fourth flexible
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support layer 80, and an inner antimicrobial layer 90 defining an inner face 92 for contacting a microbe
containing medium. Table 4 set forth below describes a preferred embodiment multilayer film and
properties and materials for each of the layers 10, 20, 30, 40, 50, 60, 70, 80, and 90.

Table 4 - Preferred Multilayer Film

Layer Layer Material Weight % Density Weight %
Thickness %

10 10.00% 18% VA EVA 80.00% 0.940

Slip/AB 20.00% 1.010

Total: 100.00% 0.953 10.31%
20 14.00% Plastomer 100.00% 0.870

Total: 100.00% 0.870 13.18%
30 14.00% Plastomer 100.00% 0.870

Total: 100.00% 0.870 13.18%
40 8.00% COC Elastic 80.00% 0.940

Tie resin 20.00% 0.910

Total: 100.00% 0.934 8.08%
50 7.00% 44 mol EVOH 100.00% 1.130

Total: 100.00% 1.130 8.56%
60 8.00% COC Elastic 80.00% 0.940

Tie resin 20.00% 0.910

Total: 100.00% 0.934 8.08%
70 9.00% Plastomer 100.00% 0.870

Total: 100.00% 0.870 8.47%
80 20.00% 30% BA EBA 60.00% 0.930

Plastomer 20.00% 0.870

Tie resin 20.00% 0.910

Total: 100.00% 0.913 19.79%
90 10.00% 30% BA EBA 70.00% 0.930

Slip/AB 20.00% 1.010

Antimicrobial 10.00% 1.068

Total: 100.00% 0.958 10.35%

100.00% 0.924 100%
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[0026] Layer 10 is the outermost layer and preferably comprises ethylene vinyl acetate (EVA)
having a vinyl acetate content of preferably about 18%. Layer 10 also optionally contains a masterbatch
of slip and anti block (AB) agents. The masterbatch is preferably SAB1220 NG masterbatch available
from A. Schulman, added at about 20% by weight. The masterbatch contains 8% slip and 12% antiblock
agents. The slip agent is preferably Erucamide and the antiblock agent is preferably SiO,. It will be
appreciated, however, that a wide array of other slip agents and/or antiblock agents could be used.
Non-limiting examples of other slip agents include primary and secondary amide slip agents,
polydimethyl siloxane and its copolymers, polywax slip agents, and other like agents. Non-limiting
examples of other antiblock agents include inorganic fillers such as talc, calcium carbonate, clay and the
like; and polymeric agents such as low density polyethylene (LDPE), highly branched low density
polyethylene, and other comparable components. In certain embodiments, effective amounts of
ethylene butyl acrylate (EBA) can be included in layer 10. Optionally, an effective amount of a tie
component can be used in this layer. If a tie component is used in layer 10, the material is preferably
anhydride (M.A.) modified. An example of such a material is BYNEL E418, available from DuPont. That
material is described as anhydride-modified EVA, and is believed to be maleic anhydride grafted EVA
polymer. Another example is PLEXAR from Equistar which may include grated M.A. HDPE, LLDPE, PS, or
PP.

[0027] Layers 20, 30, 70 and 80 are each a flexible support layer. The preferred embodiment
multilayer film preferably includes multiple flexible support layers. The support layers provide bulk,
strength, softness, and cohesiveness to the resulting multilayer assembly. In certain multilayer
configurations, the one or more flexible support layers serve to dampen noise that might otherwise be
emitted upon deformation or movement of the film. These layers preferably comprise one or more

polyolefins, plastomers, styrene elastomers, and/or combinations thereof. Preferably, the flexible
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support layers such as layers 20, 30, 70, and 80 comprise one or more polymers having a relatively low
density of from about 0.75 to about 1.10 g/cm?, more preferably from about 0.85 to about 1.01 g/cm 3,
and more preferably from about 0.865 to about 0.91 g/cm®. Preferably, the polyolefins in the support
layers such as layers 20, 30, 70 and 80 have a melt flow index (Ml) of from about 0.1 to about 1000 g/10
min, and more preferably from about 0.5 to about 10 g/10 min. Preferably, the polyolefins used in the
support layer(s) such as layers 20, 30, 70, and 80, include an ethylene based polymer with one or more
alkyl comonomer(s) selected from the family of propylene, butylene, hexene, octene, and the like. The
polyolefin can be a random copolymer or a block copolymer. In certain embodiments, it may be
preferred to utilize one or more plastomer(s) in the support layer(s) such as layers 20, 30, 70, and 80. A
plastomer is a polyolefin elastomer. A preferred plastomer is a propylene based plastomer having an
alkyl comonomer in the family of ethylene, butylene, hexene, octene and the like. The noted plastomer
can be a random copolymer or a block copolymer.

[0028] As noted, the flexible supports in the preferred multilayer constructions utilize a low density
polyolefin and preferably, a polyolefin elastomer. A wide array of commercially available polyolefin
elastomers can be used for one or more of the flexible support layers. Representative preferred
examples of such materials include KRATON™ D1164P and G2832 available from Kraton Polymers US,
LLC of Houston, TX; DOW AFFINITY™ DG8200 and EG8100; DOW VERSIFY™ 3200 and 3000; and DOW
INFUSE™ such as INFUSE 9000 from Dow Chemical Corp. of Midland, MI; DYNAFLEX™ G2755 from GLS
Corp. of McHenry, IL; SEPTON™ 2063 from Kuraray of Tokyo, Japan; and VISTAMAXX™ VM1100 from
ExxonMobil Chemical Co. of Houston, TX. Another preferred commercially available material for any of
layers 20, 30, 70 and/or 80 is an elastomer material available from Mitsui Chemicals under the
designation NOTIO ™. A preferred grade is NOTIO™ PN 2070. Table 5 set forth below presents
representative modulus, tear strength, and density values for films made using various specific grades of

these materials.
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Table 5 - Summary of Modulus, Tear Strength and Density

] Modulus [MPa] Tear Strength [g] Density
Core Resin Name MD ™ MD ™ [g/cmg]
KRATON™ D1164P 40.3 9.6 95 776 0.96
KRATON™ G2832 5.0 1.7 179 207 1.01
DOW AFFINITY™ DG8200 8.8 8.1 150 188 0.93
DOW AFFINITY™ EG8100G - - - - -
DYNAFLEX™ G2755 9.8 3.2 175 186 0.89
DOW VERSIFY™ 3200 52.8 59.3 368 1026 0.93
DOW VERSIFY™ 3000 128.9 138.4 554 1205 0.87
DOW INFUSE™ 9000 - - - - 0.88
Kuraray SEPTON™ 2063 8.0 8.1 83 56 1.00
Exxon VISTAMAXX™ VM1100 7.1 7.6 108 111 0.98
Mitsui NOTIO™ PN2070 - - - - -

[0029] Generally, a particular combination of properties is desired for the film material forming the

flexible support(s) in the preferred ostomy multilayer film summarized in Table 4. A relatively low
modulus should contribute to lower noise. Tear strength should be relatively high. Density may also be
important. Typically, preferred films exhibit a modulus of less than about 9.5 MPa for MD and less than
about 9 MPa for TD; a tear strength of at least about 100 g for MD and at least about 108 for TD; and a
density of less than 1.1 g/cm®. Preferably, preferred films exhibit a modulus of less than or equal to
about 9.3 MPa for MD and less than or equal to about 8.8 MPa for TD; a tear strength of at least or
about 108 g for MD and at least or about 110 g for TD; and a density of less than or equal to 1.0 g/cm®.
These combinations of properties for the materials forming the flexible supports, e.g. layers 20, 30, 70,
and 80 in the preferred multilayer construction, have been found to provide a favorable combination of
properties and promote ease of processing. However, the subject matter includes the use of suitable
materials exhibiting only some of these properties. It will also be understood that the subject matter
includes films exhibiting different properties. For example, it is contemplated that fully formed films

would exhibit modulus values less than these values, and/or tear strength values that are greater than
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these values. The preferred materials of the group of commercially available materials listed in Table 5
are Exxon VISTAMAXX™ and Dow AFFINITY™, VERSIFY™ and INFUSE™. It will be appreciated that the
present subject matter multilayer barrier constructions are not limited to the use of these particular
elastomers.

[0030] In certain versions of the subject matter, it is preferred to utilize one or more styrenic
elastomers in one or more of the support layers, such as layers 20, 30, 70, and 80. The one or more
styrenic elastomers can be used exclusively or in combination with one or more polyolefins and/or
polyolefin elastomers. An example of a commercially available styrenic elastomer is the previously
noted SEPTON™ material. In certain embodiments, it may be preferred to incorporate acrylonitrile
butadiene styrene (ABS) in one or more of the support layers.

[0031] One or more of layers 20, 30, 70 and 80 may also comprise ethylene butyl acrylate (EBA). A
variety of different grades of EBA can be used, however, a commercially available grade under the
designation LOTRYL 30 BA 02 from Arkema has been identified as providing desired characteristics. It is
also contemplated that effective amounts of ethylene vinyl acetate (EVA) for example having a vinyl
acetate content of about 18% or higher, can also be included in one or more of the layers 20, 30, 70, and
80. Although EBA or other acrylate, or EVA can be incorporated in any of the layers 20, 30, 70 and/or
80, it is preferred to incorporate EBA in layer 80. If EBA or EVA is incorporated in one or more layers
such as layer 80, it is preferred to incorporate the EVA or EBA at a weight ratio of about 99% to about
50% with from about 1% to about 50% of polyolefin elastomer(s), i.e. plastomer(s). Most preferably, if
EBA or EVA is used in layer 80, it is preferred to utilize about 60% of that material based upon the total
weight of components in that layer.

[0032] In addition, one or more of layers 20, 30, 70, and 80 may also comprise a tie component.
The tie component may be as previously described, and is preferably BYNEL CXA 410E710 from DuPont.

Although the subject matter is not limited to any particular concentration of the tie component in any of
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the noted layers, a proportion of up to about 20% based upon the total weight of the respective layer is
useful. As noted in Table 4, in certain embodiments it is particularly preferred to include about 20% of a
tie component in layer 80.

[0033] The barrier layer 50 is primarily for reducing transmission of oxygen and/or water,
preferably comprises EVOH. The EVOH is incorporated at nearly any effective concentration, however
typical concentrations range from about 40 % to about 100 %, preferably from about 50% to about 80%,
and most preferably from about 60% to about 70%. In the preferred embodiment multilayer assembly
of Table 4, layer 50 includes 100% of EVOH. Layer 50 preferably comprises ethylene vinyl alcohol
(EVOH) SP292, E171, and/or G176 available from Eval Americas. The EVOH used in layer 50 preferably
has an ethylene content of from about 25 mole % to about 50 mole %, more preferably from about 32
mole % to about 48 mole %, and most preferably from about 35 mole % to about 48 mole %. In the
embaodiment detailed in Table 4, the EVOH used in layer 50 has an ethylene content of 44 mole %. As
will be understood, these values are molar percents, i.e., the molar proportion of ethylene in the
ethylene vinyl alcohol material used.

[0034] It is also contemplated that the barrier layer 50 may comprise one or more cyclic olefin
copolymers instead of or in addition to EVOH. In certain embodiments, it may be preferred to provide
an odor blocking layer that comprises one or more cyclic olefin copolymers. Although not wishing to be
bound to any particular theory, it is believed that upon incorporation of a cyclic olefin copolymer, the
shape of the norbornene rings in the polymeric matrix tend to trap or block odor producing molecules
and/or chemical species. The use of one or more cyclic olefin copolymers in a barrier layer may be
particularly desirable if water vapor transmission rate (WVTR) is not a concern for that layer.

[0035] Each of layers 40 and 60 comprises one or more semi-crystalline cyclic olefin copolymer
(COC). These layers primarily function as odor barrier layers and are as previously described herein. As

noted, the preferred COC is from TOPAS under the designation E-140 and has a density of 0.94 g/cc and
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a comonomer content of about 12 mole % to about 18 mole % norbornene. As previously noted, the E-
140 COC is a semi-crystalline material and has a melting temperature of about 842C, a Vicat softening
point of about 64°C, and a glass transition temperature of about 62C. It is also contemplated that two
grades of amorphous COC from TOPAS, grade 9506F and/or grade 8007, may be blended with the E-140
grade. A non-limiting representative blend ratio of semi-crystalline COC to amorphous COC is about
50/50 by weight. The Tg of grade 8007 is 782C. The Tg of grade 9506F is 652C. The one or more COCs
can be used in the moisture or odor barrier layer in nearly any concentration, such as from about 10% to
about 100%, more preferably from about 50% to about 99%, more preferably from about 65% to about
95%, more preferably from about 70% to about 90%, and most preferably about 80%. The COCs used in
layers 40 and 60 may be same as one another. Alternatively, the COCs used in these layers may be
different from one another.

[0036] One or both of layers 40 and 60 preferably also comprise a tie component. Preferably, the
tie component is a polymeric resin. The tie component can be used at any effective concentration, such
as from about 1% to about 40% by weight, preferably from about 10% to about 30% by weight, and
most preferably about 20% by weight, based upon the total weight of the respective layer, such as layer
40 or layer 60. In layers 40 and 60, the tie component is preferably BYNEL CXA410E710. It is believed
that this is an anhydride modified olefin.

[0037] Layer 90 is an inner layer and preferably includes one or more antimicrobial agents. In the
preferred embodiment layer film listed in Table 4, layer 90 comprises 70% EBA 30, 20% of a slip and
antiblock masterbatch, and an effective amount of a silver ion anti-microbial masterbatch. In certain
versions, the amount of the antimicrobial masterbatch is from about 8% to about 15%, and more
preferably from about 10% to about 12%. As previously described with respect to layer 80; in layer 90,
one or both of ethylene vinyl acetate (EVA) and/or ethylene butyl acrylate (EBA) can be used. If EVA is

used, EVA having a vinyl acetate content of about 18% or higher is preferably utilized. For the
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embodiment shown in Table 4, layer 90 preferably comprises 70% EBA having a butyl acrylate content of
about 30%. In layer 90, 20% by weight of the SAB1220 NG masterbatch is preferably used. The SAB1220
NG masterbatch comprises slip agent(s) and antiblock agent(s) as previously described herein. In layer
90, the anti-microbial masterbatch is ABACT 422VA from A. Schulmann. However, it is also
contemplated that such anti-microbial masterbatch may be substituted with BACTIBLOCK from
Nanobiomatters. The Nanobiomatters antimicrobial is a silver ion on a modified organoclay. If the
BACTIBLOCK masterbatch is used, in certain embodiments it is preferred to incorporate the masterbatch
in the layer at a concentration of about 12%. In certain embodiments, the antimicrobial layer also
preferably comprises one or more sealable polymers such as metallocene-catalyzed linear low density
polyethylene (LLDPE).

[0038] The preferred embodiment multilayer barrier film described in Table 4 and schematically
depicted in Figure 1, preferably utilizes each of layers 10, 20, 30, 40, 50, 60, 70, 80, and 90 at certain
thicknesses. That is, by appropriate selection of thickness for each layer, the overall thickness of the
resulting multilayer barrier is still relatively thin, yet the film exhibits excellent barrier properties. In
certain embodiments, a preferred ratio of thickness for layers 10, 20, 30, 40, 50, 60, 70, 80, and 90 is
10/14/14/8/7/8/9/20/10, respectively. Other slight variations in thickness are contemplated. The total
thickness of the three middle layers, i.e. layers 40, 50, and 60, is preferably about 30% or less of the total
thickness of the multilayer film. Preferred film thickness for an ostomy application is about 70 to about
100 microns, but could be thinner or thicker.

[0039] In certain embodiments, the total layer thickness of layers 80 and 90 will be from about 25%
to about 30% of the total thickness of the multilayer film. In certain embodiments, the layer containing
EVOH, e.g. layer 50, has a thickness of from about 3% to about 10%, more preferably from about 5% to
about 9%, and most preferably from about 6% to about 8% of the total thickness of the multilayer film.

In certain embodiments, the total or combined thickness of layer(s) containing COC, e.g. layers 40 and
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60, is from about 10% to about 40%, more preferably from about 12% to about 36%, and most
preferably from about 14% to about 30% of the total thickness of the multilayer film.

[0040] Preferably, layers 80 and 90 impart heat sealability characteristics to the resulting multilayer
barrier film. Preferably, at least the materials selected for these layers render the resulting multilayer
barrier film weldable and most preferably thermally weldable. Accordingly, at least a portion of the
materials used in layers 80 and/or 90 are polar. This enables RF welding of the multilayer assembly.
One or more polar materials such as EVA or EBA are provided in the outer layer to facilitate RF welding.
However, if heat sealing or other thermal means, polar compounds may not be necessary. Instead,
agents such as octene-based PE’s, ULDPE (non-polar), and the like can be used.

[0041] It is also contemplated that one or more ionomers and preferably zinc ionomers can be
incorporated in any of the layers of the multilayer barrier film. For the embodiment depicted in Table 4,
one or more ionomers can be incorporated in any of the support layers 20, 30, 70 and/or 80. Preferably
and in certain embodiments, one or more ionomers are included in layer 80. It is also contemplated
that one or more ionomers could be included in the secondary barrier layer 50 containing EVOH. The
one or more ionomers can be used at any effective concentration. However, typically such
concentrations range from about 5% to about 40%, preferably from about 10% to about 30%, and most
preferably from about 15% to about 20%.

[0042] The present subject matter includes a wide array of multilayer barrier assemblies and in no
way is limited to the embodiment depicted in Table 4. For example, in another preferred embodiment,
a multilayer barrier film is provided in which one or more support layer(s) are disposed between a COC-
containing layer and a layer containing EVOH. Representative sequences of layers in accordance with

preferred embodiments of the subject matter may include:
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(i) COC/Support/EVOH/Support/COC,

(i) COC/Support/EVOH/Support,

(iii) Support/EVOH/Support/COC,

(iv) COC/EVOH/Support/COC,

(v) COC/Support/EVOH/COC,

(vi) COC/Support/EVOH,

(vii) Support/EVOH/COC,

(viii)  COC/EVOH/Support, and

(ix) Support/COC/EVOH.
Again, it is to be understood that in no way is the subject matter limited to any of the particular layer
sequences noted herein. Moreover, it will also be appreciated that the subject matter includes one or
more additional layers included or otherwise incorporated in the representative examples (i) — (ix) such
as for instance, outer face layers and/or inner layers which may optionally include antimicrobial agents.
[0043] As stated previously, in addition to barrier properties, it is often desirable that a polymeric
barrier film not emit noise when deflected, crumpled or otherwise moved. For example, in ostomy or
incontinence applications, it is desirable that the ostomy or incontinence bag not emit noise. As will be
appreciated, such articles are typically worn under a user's clothing so as to hide the article from view.
Films or polymeric layers that are not quiet tend to emit undesirable noise when the user undergoes
motion such as when walking or sitting. In the case of the preferred embodiment multilayer barrier
films, the films are significantly quieter than comparable ostomy films.
[0044] The present subject matter also provides various methods. In one aspect, the subject
matter provides a method for forming a polymeric barrier film with excellent barrier properties. The
method generally includes providing a polymeric barrier composition. Examples of such compositions

include those previously described herein. The method also includes forming a film from the polymeric
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barrier composition. Extrusion techniques are preferred, however other known methods can be used
for forming films. As explained herein, in certain embodiments, it is preferred that the at least one
polymeric barrier composition includes a semi-crystalline cyclic olefin copolymer. In other
embodiments, it is preferred that the at least one polymeric barrier composition includes ethylene vinyl
alcohol (EVOH). In many of the embodiments, it is preferred that the polymeric barrier composition is
free of halogens.

[0045] The various layers and films can be extruded, coated, or otherwise formed by techniques
known in the art. Co-extrusion techniques can also be utilized. For certain applications in which
increased toughness and/or durability are desired, films can be blown.

[0046] The subject matter further provides methods of using the various compositions, films, and
multilayer assemblies described herein. For example, a method for reducing transmission of odorous
species is provided. The term “odorous species” as used herein refers to molecules or chemical species
which are generally perceived by a user as unpleasant. A non-limiting example of odorous species is
skatole or 3-methylindole. Another non-limiting example of an odorous species is hydrogen sulfide. Still
another example of odorous species is 1-propanethiol. Combinations of these odorous species and
potentially with other species are contemplated. The method comprises providing a semi-crystalline
cyclic olefin copolymer, preferably as described herein. The method also comprises forming a film which
includes the semi-crystalline cyclic olefin copolymer. And, the method also comprises positioning or
placing the film between a source of the odorous species and a user. This latter operation typically
involves forming the film into a container or pouch, or incorporating the film into such, and then using

the container or pouch to hold, store, or collect material containing the odorous species.
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[0047] The preferred embodiment barrier film constructions are believed to exhibit several
advantages over currently known ostomy films. The preferred films are halogen-free and avoid the use
of polyvinylidene chloride (PVDC). The preferred films are relatively quiet and exhibit significantly less
"rustle". And, the preferred films exhibit superior odor blocking characteristics. Furthermore, the
preferred films exhibit a combination of some and preferably all of these features. The film construction
may be transparent or contain coloring agents.

[0048] The present subject matter also provides a wide array of articles using the barrier film(s)
described herein. A non-limiting example of an article using the barriers described herein is an ostomy
pouch. The barrier film(s) and preferably the multilayer barrier film(s) described herein can be joined
with one or more other components. For example, in forming an ostomy pouch, a flexible wall
container or pouch is formed from the multilayer film of Table 4. Sealed regions are formed by thermal
welding contacting face regions of the film so as to form a pouch with an enclosed interior. One or more
outer external protective layers may be applied along the outer face such as face 2 of the assembly
depicted in Figure 1. The external layer(s) can be fabric, nonwoven, or other materials.

[0049] Many other benefits will no doubt become apparent from future application and
development of this technology.

[0050] All patents, applications, and articles noted herein are hereby incorporated by reference in
their entirety.

[0051] It will be understood that any one or more feature or component of one embodiment
described herein can be combined with one or more other features or components of another
embodiment. Thus, the present subject matter includes any and all combinations of components or

features of the embodiments described herein.

Page 22 of 31
286/300



WO 2013/028398 PCT/US2012/050720

[0052] As described hereinabove, the present subject matter solves many problems associated
with previously known compositions, films, multilayer assemblies, and related methods. However, it will
be appreciated that various changes in the details, materials and arrangements of components and
operations, which have been herein described and illustrated in order to explain the nature of the
subject matter, may be made by those skilled in the art without departing from the principle and scope

of the subject matter, as expressed in the appended claims.
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WHAT IS CLAIMED IS:

1. A barrier film comprising:
a semi-crystalline cyclic olefin copolymer (COC) having a melting temperature (Tm) of from
about 70°C to about 100°C, a glass transition temperature (Tg) of from about

-20°C to about 32°C, and a norbornene content of from about 5 mole % to about 25 mole %.

2. The barrier film of claim 1 wherein the semi-crystalline COC has a melting temperature

of from about 80°C to about 90°C.

3. The barrier film of claim 2 wherein the semi-crystalline COC has a melting temperature

of from about 82°C to about 86°C.

4. The barrier film of any one of claims 1-3 wherein the semi-crystalline COC has a glass

transition temperature of from about -8°C to about 20°C.

5. The barrier film of claim 4 wherein the semi-crystalline COC has a glass transition

temperature of from about 0°C to about 12°C.

6. The barrier film of any one of claims 1-5 wherein the semi-crystalline COC has a

norbornene content of from about 10 mole % to about 20 mole %.

7. The barrier film of claim 6 wherein the semi-crystalline COC has a norbornene content

of from about 12 mole % to about 18 mole %.
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8. The barrier film of any one of claims 1-7 further comprising at least one amorphous

COcC.

9. The barrier film of claim 8 wherein the amorphous COC has a glass transition

temperature of from about 33°C to about 180°C.

10. The barrier film of claim 9 wherein the amorphous COC has a glass transition

temperature of from about 45°C to about 130°C.

11. The barrier film of claim 10 wherein the amorphous COC has a glass transition

temperature from about 60°C to about 80°C.

12. The barrier film of any one of claims 8-11 wherein the weight percent of the semi-
crystalline COC is in a range of from about 1% to about 99% based upon the total weight of COCs in the

film.

13. The barrier film of claim 12 wherein the weight percent of the semi-crystalline COC is in

the range of from about 5% to about 75%.

14. The barrier film of claim 13 wherein the weight percent of the semi-crystalline COC is in

the range of from about 10% to about 50%.
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15. A multilayer barrier film comprising:
at least one layer including a semi-crystalline cyclic olefin copolymer (COC) having a melting
temperature (Tm) of from about 70°C to about 100°C, a glass transition temperature (Tg) of from about -

20°C to about 32°C, and a norbornene content of from about 5 mole % to about 25 mole %.

16. The multilayer barrier film of claim 15 wherein the at least one layer includes (i) a first
layer including a semi-crystalline cyclic olefin copolymer (COC), and (ii) a second layer including a semi-

crystalline cyclic olefin copolymer.

17. The multilayer barrier film of claim 16 wherein the semi-crystalline cyclic olefin
copolymer in the first layer is the same as the semi-crystalline cyclic olefin copolymer in the second

layer.

18. The multilayer barrier film of any one of claims 15-17 further comprising:

a secondary barrier layer including ethylene vinyl alcohol (EVOH).

19. The multilayer barrier film of claim 18 wherein the ethylene vinyl alcohol has an

ethylene content of from about 25 mole % to about 50 mole %.

20. The multilayer barrier film of claim 19 wherein the ethylene vinyl alcohol has an

ethylene content of from about 32 mole % to about 48 mole %.
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21. The multilayer barrier film of claim 20 wherein the ethylene vinyl alcohol has an

ethylene content of from about 35 mole % to about 48 mole %.

22. The multilayer barrier film of any one of claims 15-21 wherein the at least one layer
including the semi-crystalline cyclic olefin copolymer also includes at least one amorphous cyclic olefin

copolymer.

23. The multilayer barrier film of any one of claims 15-22 further comprising:
at least one flexible support layer including one or more polymers selected from the group

consisting of styrenic elastomers, polyolefins, and polyolefin elastomers and combinations thereof.

24. The multilayer barrier film of claim 23 wherein the one or more polymers has a density

of from about 0.75 to about 1.10 g/cm>.

25. The multilayer barrier film of claim 24 wherein the one or more polymers has a density

of from about 0.85 to about 1.01 g/cm?®.

26. The multilayer barrier film of claim 25 wherein the density is from about 0.865 to about
0.91 g/cm®.
27. The multilayer barrier film of any one of claims 23-26 wherein the one or more polymers

has a melt flow index of from about 0.1 to about 1,000 g/10 min.
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28. The multilayer barrier film of claim 27 wherein the melt flow index is from about 0.5 to

about 10 g/10 min.

29. The multilayer barrier film of any one of claims 15-28 further comprising:

an inner antimicrobial layer including at least one antimicrobial agent.

30. A multilayer barrier film comprising:

a barrier layer including ethylene vinyl alcohol (EVOH);

at least one flexible support layer including one or more polyolefins;
an antimicrobial layer including at least one antimicrobial agent; and

at least one layer including a semi-crystalline cyclic olefin copolymer (COC).

31. The multilayer barrier film of claim 30 wherein the semi-crystalline cyclic olefin
copolymer (COC) has a melting temperature (Tm) of from about 702 to about 1002 C, a glass transition
temperature (Tg) of from about -202 C to about 32°C, and a norbornene content of from about 5 mole %

to about 25 mole %.

32. The multilayer barrier film of any one of claims 30-31 wherein the at least one layer
including a semi-crystalline cyclic olefin copolymer (COC) includes a first layer having a semi-crystalline

COC and a second layer having a semi-crystalline COC.

33. The multilayer barrier film of claim 32 wherein the barrier layer including EVOH is
disposed between the first layer having a semi-crystalline COC and the second layer having a semi-

crystalline COC.
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34. The multilayer barrier film of any one of claims 30-33 wherein the at least one flexible
support layer includes a first support layer, a second support layer, a third support layer, and a fourth

support layer.

35. The multilayer barrier film of any one of claims 30-34 further comprising:

an outer layer including ethylene vinyl acetate (EVA).

36. The multilayer barrier film of claim 35 wherein the outer layer defines an outer face, the
multilayer barrier film further comprising:
a protective cover layer disposed along the outer face, the protective cover layer including at

least one of fabric and nonwoven material.

37. The multilayer barrier film of any one of claims 30-36 wherein the at least one flexible
support layer is disposed between the at least one layer including a semi-crystalline COC and the barrier

layer including EVOH.

38. A method for reducing transmission of odorous species, the method comprising:
providing a semi-crystalline cyclic olefin copolymer (COC);
forming a film including the semi-crystalline COC; and

positioning the film between a source of odorous species and a user.
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39. The method of claim 38 wherein the semi-crystalline COC has a melting temperature
(Tm) of from about 70°C to about 100°C, a glass transition temperature (Tg) of from about -20°C to

about 32°C, and a norbornene content of from about 5 mole % to about 25 mole %.

40. The method of any one of claims 38-39 wherein the odorous species is selected from

the group consisting of skatole, hydrogen sulfide, 1-propanethiol, and combinations thereof.
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Kit comprising a Packaging Material and a Solid
Pharmaceutical or Nutraceutical Product Contained in the

Packaging Material

The present invention relates to a kit comprising a
packaging material and a solid pharmaceutical or

nutraceutical product contained in the packaging material.

The term “pharmaceutical product”, as used throughout this
application, refers to any chemical substance intended for
use in medical diagnosis, cure, treatment or prevention of
disease, both in humans and animals. It includes both the
active agent (i.e. the chemical substance) in pure form,
as well as in combination with any other active agent(s)

and/or excipient (s).

Furthermore, the term “active agent’”, as used throughout
this application, includes all forms of a pharmaceutically
or nutraceutically active substance, including salts and

complexes thereof.

The term “nutraceutical product”, as used throughout this

application, refers to a food or food product that
provides health benefits. Examples of nutraceutical
products are, for instance, dietary supplements,

functional foods or medical foods. Again, these products
may be intended for humans or animals. Furthermore,
“nutraceutical products” includes both the active agent in
pure form, as well as in combination with any other active

agent (s), food and/or excipient(s).
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