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(57) Abstract: The present invention provides a multiple layer
thermoplastic structure of a (1) skin layer selected from the
group consisting of polypropylene, ethylene homopolymers
having a density of from about 0.930 g/cc to about 0.960 g/cc,
and ethylene homopolymers having a density of from about
0.930 g/cc to about 0.960 c/cc blended with an ethylene and
o-olefin copolymers having a density less than about 0.930
g/cc, the skin layer having a thickness of greater than about
3.0 mils; (2) a radio frequency susceptible layer adhered to

the skin layer, the radio frequency susceptible layer having a dielectric loss greater than 0.05 at 1-60 MHz and at temperatures
of ambient to 250°C, the radio frequency susceptible layer having: (a) a first polyolefin selected from the group consisting of
polypropylene and polypropylene copolymers, (b) a second polyolefin selected from the group consisting of ethylene copolymers,
ultra-low density polyethylene, polybutene, and butene ethylene copolymers; (c) a radio frequency susceptible polymer selected
from the group consisting of (i) ethylene copolymers having 50-85 % ethylene content with comonomers selected from a first group
consisting of acrylic acid, methacrylic acid, ester derivatives of acrylic acid with alcohols having 1-10 carbons, ester derivatives of
methacrylic acid with alcohols having 1-10 carbons, vinyl acetate, and vinyl alcohol (ii) homopolymers and copolymers containing
at least one segment of urethanes, esters, ureas, imides, sulfones, and amides, and (d) a compatibilizing agent of a styrene and
hydrocarbon copolymer; wherein the structure when fabricated into a 50 ml container has a water vapor transmission rate of less
than 8 % by weight after the container has been autoclaved at 121°C for 20 minutes and stored for 90 days in an environmentally

regulated compartment having 15 % relative humidity at 40°C.
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MULTI-LAYERED POLYMER BASED MOISTURE BARRIER
STRUCTURE FOR MEDICAL GRADE PRODUCTS

DESCRIPTION

Related Application

This is a continuation-in-part of U.S. Patent Application Serial
Number 09/334,957, which was filed on June 17, 1999, which is a continuation
of U.S. Patent Application No. 08/153,602 filed on November 16, 1993, now
U.S. Patent No. 5,99‘8,019. Both of these are incorporated herein by reference

and made a part hereof.

Technical Field

The present invention relates generally to materials for making
medical grade products and more specifically to a moisture-barrier film product
which may be used to manufacture articles such as plastic containers and

medical tubing.

Background Prior Art

In the medical field, where beneficial agents are collected,
processed and stored in containers, transported, and ultimately delivered
through tubes by infusion to patients to achieve therapéutic effects, materials
which are used to fabricate the containers must have a unique combination of
properties. For example, in order to visually inspect solutions for particulate
contaminants, the container must be optically transparent. To infuse a solution
from a container by collapsing the container walls, without introducing air into
the container, the material which forms the walls must be sufficiently flexible.
The material must be functional over a wide range of temperatures. The
material must function at low temperatures by maintaining its flexibility and
toughness because some solutions, for example, certain premixed drug solu-
tions are stored and transported in containers at temperatures such as -25 to -

30°C to minimize the drug degradation. The material must also be functional
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at high temperatures to withstand the heat of sterilization; a process which most
medical packages and nutritional products are subjected to prior to shipment.
The sterilization process usually includes exposing the container to steam at
temperatures typically 121°C and at elevated pressures. Thus, the material
needs to withstand the temperature and pressures without significant distortions
("heat distortion resistance").

For ease of manufacture into useful articles, it is desirable that the
material be sealable using radio frequency ("RF") generally at about 27.12
MHz. Therefore, the material should possess sufficient dielectric loss
properties to convert the RF energy to thermal energy.

A further requirement is to minimize the environmental impact
upon the disposal of the article fabricated from the material after its intended
use. For those articles that are disposed of in landfills, it is desirable to use as
little material as possible and avoid the incorporation of low molecular weight
leachable components to construct the article. Thus, the material should be
light weight and have good mechanical strength. Further benefits are realized
by using a material which may be recycled by thermoplastically reprocessing
the post-consumer article into other useful articles.

For those containers which are disposed of through incineration, it
is necessary to use a material which helps to eliminate the dangers of biological
hazards, and to minimize or eliminate entirely the formation of inorganic acids
which are environmentally harmful, irritating, and corrosive, or other products
which are harmful, irritating, or otherwise objectionable upon incineration.

It is also desirable that the material be free from or have a low
content of low molecular weight additives such as plasticizers, stabilizers and
the like.

Traditional flexible polyvinyl chloride materials meets a number of,
and in some cases, most of the above-mentioned requirements. Polyvinyl
chloride ("PVC") also offers the distinct advantage of being one of the most
cost effective materials for constructing devices which meet the above

requirements. However, PVC may generate objectionable amounts of
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hydrogen chloride (or hydrochloric acid when contacted with water) upon
incineration, causing corrosion of the incinerator. PVC sometimes contains
plasticizers which may leach into drugs or biological fluids or tissues that come
in contact with PVC formulations. Thus, many materials have been devised to
replace PVC. However, most alternate materials are too expensive to imple-
ment and still do not meet all of the above requirements.

For certain medical products it may be necessary to provide a
barrier against the transmission of water to provide a low water vapor
transmission rate (WVTR). For example, for a 50 ml flexible diluent container
associated with medical reconstitution devices it is desirable that the container
be capable of being left outside of an overpouch or overwrap material for a 12
month period without losing 8% of its diluent content to evaporation through
the film. While the barrier to water vapor transmission can be enhanced by
increasing the thickness of layers that resists water vapor transmission, such an
increase in thickness of these barrier materials can render the container too
rigid to collapse upon draining or make the container too rigid to easily
perform a drug reconstitution procedure.

There have been many attempts to develop a film material to
replace PVC, but most attempts have been unsuccessful for one reason or
another. For example, in U.S. Patent No. 4,966,795 which discloses multi-
layer film compositions capable of withstanding the steam sterilization, cannot
be welded by radio frequency dielectric heating thus cannot be assembled by
this rapid, low costs, reliable and practical prc;cess. European Application No.
EP 0310 143 Al discloses multilayer films that meet most of the requirements,
and can be RF welded. However, components of the disclosed film are cross-
linked by radiation and, therefore, cannot be recycled by the standard
thermoplastic processing methods. In addition, due to the irradiation step,
appreciable amounts of acetic acid is liberated and trapped in the material.
Upon steam sterilization, the acetic acid migrates into the packaging contents

as a contaminant and by altering the pH of the contents acts as a potential
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chemical reactant to the contents or as a catalyst to the degradation of the
contents.

The main objective of the present invention is the creation of
thermoplastic materials which are, overall, superior to those materials, of which
we are aware, which have been heretofore known to the art or have been
commercially used or marketed. The properties of such materials includes
flexibility, extensibility, and strain recoverability, not just at room tempera-
tures, but through a wide range of ambient and refrigerated temperatures. The
material should be steam sterilizable at temperatures typically at 121°C or
slightly above or below. The material should be capable of being subjected to
significant strains without exhibiting strain whitening, which can indicate a
physical and a cosmetic defect. A further objective is that the material be
capable of assembly by the RF methods. Another objective is that the material
be substantially free of low molecular weight leachable additives, and be
capable of safe disposal by incineration without the generation of significant
amounts of corrosive inorganic acids. Another objective is that the material be
recyclable by standard thermoplastic processing-methods after use. It is also
desirable that the material incorporate reground scrap material recovered during
the manufacturing process to save material costs and reduce manufacturing
waste. It is also desirable that the material have hi gh barrier to water vapor
transmission so that the material may be fabricated into fluid containers that do
not require the use of an overpouch or overwrap material. It is also desirable
that the material not be oriented as oriented films may shrink when subjected to
heat. Finally, the material should serve as a cost effective alternative to
various PVC formulations currently being used for medical devices.

The present invention is provided to solve these and other problems.

Summary of the Invention

In accordance with the present invention certain multiple layer
polymer based structures are disclosed. The films may be fabricated into

medical grade articles such as diluent containers for reconstitution devices.
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It is an object of the present invention to prepare a multi-layered
film having the fo_ll'owing physical properties: (1) a mechanical modulus less
than 150,000 psi and more preferably less than 120,000 psi when measured in
accordance with ASTM D-882;(2) a content of elemental halogens less than
0.1%, and more preferably less than 0.01%, (3) a low molecular weight water
soluble fraction less than 0.1%, and more preferably less than 0.005%; 4)a
maximum dielectric loss between 1 and 60 MHz and between the temperature
range of 25-250°C greater than or equal to 0.05 and more preferably greater
than or equal to 0.1; (5) an autoclave resistance measured by sample creep at
121°C under 27 psi loading is less than or equal to 60% and more preferably
less than or equal to 20%; (6) there is no strain whitening after being strained at
moderate speeds of about 20 inches per minute at about 100% elongation and
the presence of strain whitening is noted or the lack thereof; (7) has a water
vapor transmission rate for a water filled 50 ml container of less than 8%, more
preferably less than 7% and most preferably less than 6% by weight when left
outside an overpouch for a 12 month period and more preferably a 14 month
period and (8) is not oriented.

The present invention provides a multiple layer thermoplastic structure
suitable for manufacturing medical products satisfying the above-mentioned
physical property requirements. The structure has a skin layer and a radio
frequency susceptible layer. The skin layer is selected from the group
consisting of polypropylene, ethylene homopolymers having a density from
0.930 g/cc-0.960 g/cc and blends of ethylene homopolymers and ethylene o-
olefin copolymers having a density less than about 0.930 g/cc. The radio
frequency susceptible layer is adhered to the skin layer and has a dielectric loss
greater than 0.05 at 1-60 MHz and at temperatures of ambient to 250°C. The
radio frequency susceptible layer comprises, in a preferred form of the
invention, a four component blend. The first component is a first polyolefin
selected from the group consisting of polypropylene and polypropylene
copolymers. The second component is a second polyolefin selected from the

group consisting of ethylene copolymers, ethylene and o-olefin copolymers,
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ultra-low density polyethylene, polybutene, and butene ethylene copolymers.
The third component is a radio frequency susceptible polymer selected from
the group consisting of ethylene copolymers having 50-85% ethylene content
with comonomers selected from a first group consisting of acrylic acid,
methacrylic acid, ester derivatives of acrylic acid with alcohols having 1-10
carbons, ester derivatives of methacrylic acid with alcohols having 1-10
carbons, vinyl acetate, carbon monoxide and vinyl alcohol. The RF susceptible
polymer may also be selected from a second group consisting of
homopolymers and copolymers containing segments of urethane, esters, ureas,
imides, sulfones, and amides. These functionalities may constitute between 5-
100% of the RF susceptible polymer. The fourth component of the radio
frequency susceptible layer is a compatibilizing agent of a styrene and
hydrocarbon copolymer.

The present invention further provides intermediate layers to
provide additional physical properties such as enhanced lower temperature
performance as will be discussed in greater detail below. Also, the present
invention provides using a three-component radio frequency susceptible layer.

Additional features and advantages of the present invention are
described in, and will be apparent from, the drawing and the detailed

description of the presently preferred embodiments.
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Brief Description of the Drawings

Figure 1 shows a cross-sectional view of a two layered film
structure of the present invention;

Figure 2 shows a cross-sectional view of a three layered film
structure of the present invention including a core layer added to the film of
Figure 1;

Figure 3 shows a cross-sectional view of the film of Figure 1 with a
solution contact layer;

Figure 4 shows a cross-sectional view of a four layered structure of
the present invention having a discrete layer of scrap material between the skin
and the core layers;

Figure 5 shows a cross-sectional view of a film structure using
reground scrap as a discrete layer between the core and the RF layers;

Figure 6 shows a cross-sectional view of a film structure using
reground scrap as a discrete layer which splits the core layer into two core
layers;

Figure 7 shows a cross-sectional view of a film structure of the
present invention having seven layers including a barrier layer between the
core and the RF layers and two tie layers;

Figure 8 shows the same structure of Figure 6 except the barrier
layer is disposed between the core layer and the skin layers;

Figure 9 shows a cross-sectional view of a film structure having a
barrier layer dividing the core layers;

Figure 10 shows a container constructed from one of the film
structures of the present invention;

Figure 11 shows a reconstitution device having a diluent container
and a vial containing a powdered drug to be reconstituted;

Figure 12 shows a two-layered water vapor barrier film of the

present invention;

PCT/US01/03993
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Figure 13 is a chart relating skin layer thicknesses to seal layer
thicknesses to achieve a WVTR within the desired range for one of the films of
the present invention;

Figure 14 shows an embodiment of a three-layered water vapor
barrier film of the present invention; and

Figure 15 shows another embodiment of a four-layered water vapor

barrier film of the present invention
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Detailed Description

While this invention is susceptible of embodiments in many
different forms, and will herein be described in detail, preferred embodiments
of the invention are disclosed with the understanding that the present disclosure
is to be considered as exemplifications of the principles of the invention and
are not intended to limit the broad aspects of the invention to the embodiments
illustrated.

According to the present invention, multiple layered film structures
are provided which meet the requirements set forth above.

Figure 1 shows a two layered film structure 10 having a skin layer
12 and a radio frequency ("RF") susceptible layer 14. The skin layer 12 con-
fers heat distortion resistance and abrasion resistance and is preferably a
polypropylene and more preferably a polypropylene copolymer blended with
styrene and hydrocarbon copolymer. The styrene and hydrocarbon copolymer
can be a block copolymer including di-block, tri-block, star block, it can also
be a random copolymer and other types of styrene and hydrocarbon
copolymers that are known by those skilled in the art. -In a preferred form of
the invention the styrene and hydrocarbon copolymer is a block copolymer of
styrene-ethylene-butene-styrene. More preferably, the skin layer 12 is a
polypropylene copolymer blended with SEBS block copolymer within a range
of 0-20% by weight. The skin layer 12 should have a thickness within the
range of 0.2-3.0 mils thick.

The RF susceptible layer 14 of the present invention should have a
dielectric loss of greater than 0.05 at frequencies within the range of 1-60 MHz
within a temperature range of ambient to 250 °C. The RF layer 14 preferably
has four components. The RF layer 14 confers RF sealability, flexibility, heat
distortion resistance, and compatibility to the film structure 10. The first
component of the RF layer 14 is chosen from polypropylene copolymers and
preferably the propylene alpha-olefin random copolymers ("PPE"). The PPE's
possess the required rigidity and the resistance to yielding at the autoclave

temperatures of about 121°C. However, by themselves, the PPE's are too rigid
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to meet the flexibility requirements. When combined by alloying with certain
low modulus polymers, good flexibility can be achieved.

These low modulus copolymers can include ethylene based
copolymers such as ethylene-co-vinyl acetate ("EVA"), ethylene co-alpha
olefins, or the so-called ultra low density (typically less than 0.90Kg/L)
polyethylenes ("ULDPE"). These ULDPE include those commercially
available products sold under the trademarks TAFMER® (Mitsui Petrochem-
ical Co.), AFFINITY VP8770 (Dow Chemical Co.) under the product
designation A4085, Exact® (Exxon Chemical Company) under the product
designations 4023-4024, and Insite® technology polymers (Dow Chemical
Co.). In addition, poly butene-1 ("PB"), such as those sold by Shell Chemical
Company under product designations PB-8010, PB-8310; thermoplastic
elastomers based on SEBS block copolymers, (Shell Chemical Company), poly
isobutene ("PIB") under the product designations Vistanex L-80, L-100, L-120,
L-140 (Exxon Chemical Company), ethylene alkyl acrylate, the methyl acrylate
copolymers ("EMA") such as those under the product designation EMAC
2707, and DS-1130 (Chevron), and n-butyl acrylates ("ENBA") (Quantum
Chemical) were found to be acceptable copolymers. Ethylene copolymers such
as the acrylic and methacrylic acid copolymers and their partially neutralized
salts and ionomers, such as PRIMACOR® (Dow Chemical Company) and
SURYLN® (E.I. DuPont de Nemours & Company) were also acceptable.
Typically, ethylene based copolymers have melting point temperatures of less
than about 110°C are not suited for autoclaving at 121°C applications. Fur-
thermore, only a limited range of proportions of each component allows the
simultaneous fulfillment of the flexibility and autoclavability requirements.

Preferably the first component is chosen from the group of
polypropylene homo and random copolymers with alpha olefins which
constitutes approximately 30-60%, more preferably 35-45%, and most
preferably 45%, by weight of the film. For example, random copolymers of
propylene and ethylene where the ethylene content is in an amount within the

range of 0-6%, and more preferably within the range of 2-6%, of the weight of
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the propylene is preferred as the first component. The relative comonomer
contents herein shall be stated as weight percentages except for ethylene vinyl
alcohol copolymers where the relative comononer content is stated as a mole
percentage.

The second component of the RF layer 14 confers flexibility and
low temperature ductility to the RF layer 14 and is chosen from the group
consisting of polyolefins that do not have propylene repeating units ("non
propylene based polyolefins") including ethylene copolymers including
ULDPE, polybutene, butene ethylene copolymers, ethylene vinyl acetate,
copolymers with vinyl acetate contents between approximately 18-50%,
ethylene methyl acrylate copolymers with methyl acrylate contents being
between approximately 20-40%, ethylene n-butyl acrylate copolymers with n-
butyl acrylate content of between 20-40%, ethylene acrylic acid copolymers
with the acrylic acid content of greater than approximately 15%. An example
of these products are sold under such product designations as Tafmer A-4085
(Mitsui), EMAC DS-1130 (Chevron), Exact 4023, 4024 and 4028 (Exxon).
Preferably, the second component is either ULDPE sold by Dow Chemical Co.
under the tradename AFFINITY VP 8770, Mitsui Petrochemical Company
under the designation TAFMER A-4085, or polybutene-1, PB8010, PB8310
and PB8410 (Shell Chemical Co.), and should constitute approximately 25-
50%, more preferably 35-45%, and most preferably 45%, by weight of the film.

The first and second components of the RF layer 14 may be
replaced by a single component selected from a high melting temperature and
flexible olefins such as those polypropylenes sold by the Huntman Company
under the product designation FPO. The melting point temperature of this
component should be greater than 130 °C and the modulus less than 20,000
psi. This component should constitute between 30-60% by weight of the RF
layer.

To impart RF dielectric loss to the RF layer 14, certain known high
dielectric loss ingredients are included as the third component of the film

structure 10. For example, EVA and EMA of sufficiently high co-monomer
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contents exhibit significant dielectric loss properties at 27 MHz to allow the
compositions to be sealed by the dielectric process. Polyamides as a class of
material, and ethylene vinyl alcohol ("EVOH") copolymers (typically produced
by hydrolysing EVA copolymers), both possess high dielectric loss properties
at suitable temperatures. Other active materials include PVC, vinylidine
chlorides, and fluorides, copolymer of bis-phenol-A and epichlorohydrines
known as PHENOXYS® (Union Carbide). However, significant contents of
these chlorine and fluorine containing polymers would make them environmen-
tally unsound as incineration of such a material would generate inorganic acids.
Therefore, the third component of the RF layer 14 is preferably chosen from
the class of polyamides.

Preferably, the polyamides of the present invention will be chosen
from aliphatic polyamides resulting from the condensation reaction of di-
amines having a carbon number within a range of 2-13, aliphatic polyamides
resulting from a condensation reaction of di-acids having a carbon number
within a range of 2-13, polyamides resulting from the condensation reaction of
dimer fatty acids, and amide containing copolymers (random, block or graft).

Polyamides such as nylons are widely used in film material because
they offer abrasion resistance to the film. However, typically the nylons not
found in the layer which contacts medical solutions as in some instances they
can contaminate the solution by leaching out into the solution. However, it has
been found by the applicants of the present invention that various dimer fatty
acid polyamides sold by, for example, Henkel Corporation under the product
designations MACROMELT and VERSAMID do not‘ lead to such significant
leachable levels and thus are the most preferred third component of the RF
layer 14. The third component should constitute approximately 3-40%, more
preferably between 7-13%, and most preferably 10%, by weight of the RF layer
14.

The fourth component of the RF layer 14 confers compatibility
between the polar and nonpolar components of the RF layer 14. The fourth

component was chosen from styrene-hydrocarbon copolymers and preferably
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styrene hydrocarbon block copolymers such as SEBS copolymers that are
modified by maleic anhydride, epoxy, or carboxylate functionalities. Most
preferably the fourth component is an SEBS block copolymer that is maleic
anhydride functionalized. Such a product is sold by Shell Chemical Company
under product designations KRATON 1901X or 1924X. The fourth
component should constitute approximately 5-40%, more preferably 7-13%,
and most preferably 10% by weight of the RF layer 14.

It may also be desirable to include a fifth component to the RF layer
14 of an SEBS block copolymer, not modified by the above functional groups,
such as the one sold by the Shell Chemical Company under the product
designation KRATON G-1652 or G-1657. This component should constitute
between 5-40% by weight of the RF Layer, more preferably between 7-13%,
and most preferably 10%.

Preferably the RF susceptible layer will have a thickness from about
1-9 mils or more preferably from about 5.0 mils-8.0 mils, and most preferably
about 5.0 mils. The skin layer will have a thickness within the range of about
0.2-3.0 mils and most preferably about 0.5 mils.

Figure 2 shows another embodiment of the present invention having
a core layer 16 interposed between the skin layer 12 and the RF layer 14. The
core layer 16 confers heat distortion resistance, and flexibility to the film
structure 10 and compatibility among the components of the film structure 10.
Preferably, the core layer will have a thickness within the range of 0.5-10 mils
and more preferably 1-4 mils. The core layer 16 includes three components.
The first component is a polyolefin and preferably a polypropylene in an
amount that constitutes in a range of 20-60% by weight of the core layer 16,
more preferably 35-50%, and most preferably 45% of the core layer 16.

The second component of the core layer 16 is chosen from a group
consisting of compounds that confer flexibility to the core layer 16 including
ULDPE, polybutene copolymers. Preferably, the second component of the
core layer is ULDPE or polybutene-1 in an amount by weight of 40%-60%,
more preferably 40-50%, and most preferably 40%.
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The third component of the core layer 16 is chosen from a group of
compounds that confer compatibility among the components of the core layer
16 and includes styrene-hydrocarbon block copolymers and most preferably
SEBS block copolymers. The third component is in an amount preferably
within a range of 5-40% by weight of the core layer 16, more preferably 7-
15%, and most preferably 15%.

It is also possible to add as a fourth component of the core layer 16,
reground trim scrap material recovered during the manufacturing of containers.
The scrap material is dispersed throughout the core layer 16. Scrap may be
added in an amount preferably between approximately 0-50% by weight of the
core layer 16, and more preferably within the range of 10-30% and most
preferably within the range of 3-12%.

Figure 3 shows the film or sheet structure of Figure 1 including a
solution contact layer 17 adhered to a side of the RF layer opposite the skin
layer 12. The solution contact layer 17 includes three components that may be
chosen from the same first three components and the same weight percentage
ranges of the core layer 16 set forth above. Preferably, the solution contact
layer 17 has a thickness from about 0.2-1.0 mils and most preferably about 1.0
mil.

Figure 4 shows another embodiment of the multiple layer film
structure having the skin layer 12, core layer 16, and RF layer 14 as described
above with an additional discrete layer of scrap 20 between the skin layer 12
and the core layer 16. Figure 5 shows the discrete scrap layer 20 between the
core layer 16 and the RF layer 20. Figure 6 shows the scrap layer 20 dividing
the core layer 16 into first and second core layers 16a and 16b. Preferably, the
layer of regrind should have a thickness within the range of 0.5-5.0 mils and
most preferably 1.0 mils.

Figure 7 shows another embodiment of the present invention having
seven layers including the skin 12, core 16, and RF layers 14 discussed above,
with a barrier layer 26 interposed between the core 16 and RF layers 14 and

adhered thereto with tie layers 28 attached to opposite sides of the barrier layer
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26. Figure 8 shows the barrier layer 26 between the core layer 16 and the skin
layer 12. Figure 9 shows the barrier layer 26 dividing the core layer 14 into
two core layers 14 a and 14 b. The barrier layer 26 increases the gas barrier
properties of the film structure 10. The barrier layer 26 is selected from the
group consisting ethylene vinyl alcohols such as that sold under the name
Evalca (Evalca Co.), highly glassy or crystalline polyamide such as Sclar PA ®
(Dupont Chemical Co.), high nitrile content acrylonitrile copolymers such as
Barex ® sold by British Petroleum. Preferably, the barrier layer 26 is ethylene
vinyl alcohol, and has a thickness within the range of 0.3-1.5 mils and most
preferably 1.0 mils.

The tie layers 28 may be selected from modified ethylene and
propylene copolymers such as those sold under the product designations Prexar
(Quantum Chemical Co.) and Bynel (Dupdnt) and should have a thickness
within the range of 0.2-1.0 mils and most preferably 0.5 mil.

The above layers may be processed by coextrusion, coextrusion
coating, or other acceptable process. It should be understood; however, that the
method of manﬁfactun'ng the film structure is nota part of the present
invention, and thus the scope of this invention should not be limited to this
extent.

These materials may be used to manufacture I.V. therapy bags such
as the one shown in Figure 10 and generally designated as 30.

Figure 11 shows a drug reconstitution device 50 having a flexible
diluent container 52 and a vial access device 54 connecting the container 52 to
a drug vial. The diluent container 52 contains water, saline solution or a
ringers lactate solution or other solution suitable for reconstituting a drug. The
diluent container typically is available in various sizes including 50 ml, 100 ml
and 250 ml. The drug vial 56 contains a powdered drug or liquid drug that
must be mixed with the diluent before being administered to a patient. The
operation of the drug reconstitution device 50 is more fully set forth in U.S.
Patent Application Serial No. 08/986,580 which is incorporated in its entirety

herein by reference and made a part hereof. It has been found the films
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discussed above have inadequate water vapor barrier properties to provide the
diluent container 52 in the 50 ml and 100 ml volume containers.

It is desirable that the container 52 is capable of being shipped and
stored without having an additional overwrap or overpouch barrier material.
This requires that the container sidewalls 60 be made of a material that has a
high barrier to moisture loss. In a preferred form of the invention the sidewalls
of a 50 ml container will have a water loss of less than 8% by weight, more
preferably less than 7% by weight and most preferably less than 6% by weight
after the container has been autoclaved at 121°C for about 20 minutes and
stored for 12 months or more in an environmentally regulated compartment
having 35% relative humidity at 25°C. The 50 ml container should also satisfy
the same WVTR criteria when an autoclaved container is placed in an
environmentally regulated compartment having 15% relative humidity at 40°C
for 90 days.

Figure 12 shows a two-layered water barrier film 70 that is suitable
for fabricating the diluent container 52. The film 70 has a skin layer 72 and a
radio-frequency susceptible layer 74. The skin layer 72 can be selected from
polyolefin materials and more preferably from polypropylene polymers and
copolymers and ethylene homopolymers and blends of ethylene homopolymers
and ethylene and «-olefin copolymers. In a preferred form of the invention,
the polypropylene should also be a high molecular weight polymer having a
melt flow rate from 0.5-20 g/10 min., more preferably 1-10 g/10 min. and most

99 ¢«

preferably 1-5 g/10 min. The term "melt flow,” “melt flow rate” and "melt flow
index" is used herein as the amount, in grams, of a thermoplastic resin which
can be forced through a given orifice under a specified pressure and
temperature within 10 minutes. The value should be determined in accordance
with ASTM D 1238.

Polypropylene copolymers can have ethylene conomoners up to
about 3% by weight of the copolymers. Suitable polypropylenes are sold by
FINA under the product numbers 6253 and 6671 having melt flows of 1.5 g/10

min. and 11.0 g/10 min. respectively.



10

15

20

25

30

WO 01/56783

PCT/US01/03993
17

Figure 13 shows a graph of the relationship between the thicknesses
of the skin layer 72 and the radio-frequency susceptible layer 74 of the film
shown in Figure 12 to achieve the desired WVTR. The desired WVTR can be
achieved by having various combination of thicknesses for the skin layer and
seal layer (radio frequency susceptible layer). If the plot of the datapoint of the
relative thicknesses of the skin layer and seal layer places the datapoint on or
above the plotted line then, the resulting 50 ml container or 100 ml containers
described immediately above, will have the desired WVTR. For the 50 ml and
100 ml containers set forth above, the skin layer thickness will be greater than
3.0 mils and more preferably at least about 3.5 mils thick and even more
preferably from about 3.5 mils to about 8.0 mils. The seal layer should have a
thickness from about 3.0 mils to about 8.0 mils.

As set forth above, the skin layer may also be of an ethylene
homopolymer such as a high density polyethylene having a density from about
0.930-0.960 g/cc.

In yet another form of the invention, the outer layer can also be a
blend of an HDPE and -an ethylene and a-olefin copolymer having a density of
less than about 0.930 g/cc and more preferably from about 0.900 g/cc to about
0.930 g/cc and preferably is a linear low density polyethylene. The skin layer
blend should have by weight from 20-95% HDPE and conversely by weight
from 5% to about 80% LLDPE and more preferably from 25-45% HDPE and
from 55-75% LLDPE, and most preferably 30% HDPE and 70% LLDPE.

The radio frequency susceptible layer can be selected from those
three, four and five component blends set forth above and most preferably is a
four-component blend having in amount by weight of 40% polypropylene, 40%
ULDPE, 10% SEBS and 10% dimer fatty acid polyamide.

Figure 14 shows a three-layered water vapor barrier film having a
skin layer 72 aradio frequency susceptible layer 74 and an intermediate layer
76. The skin layer 72 and radio frequency susceptible layer 74 can be selected
from the same materials as set forth above for the two-layered film shown in

Figure 12. The intermediate layer 76 enhances the low temperature
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performance of the film 70 and in a preferred form of the invention is a
polyolefin material and more preferably a polypropylene blended with an
elastomer. Suitable polypropylenes for the intermediate layer 76 are those
having a melt flow rate from 0.5-20 g/10 min., more preferably 1-10 g/10 min.
and most preferably 1-5 g/10 min. Suitable elastomers include styrene and
hydrocarbon copolymers and particularly diblock, triblock and star block
copolymers, ethylene-propylene rubbers, ethylene propylene diene monomers,
ultra-low density polyethylenes, and very-low density polyethylenes.
Preferably the intermediate layer has by weight from about 70% to about 99%
polypropylene and from about 1% to about 30% elastomer.

In a preferred form of the invention the skin layer has a thickness
from about 2 mils to about 4 mils, the intermediate layer has a thickness from
about 2 mils to about 4 mils and the radio frequency susceptible layer has a
thickness from about 3 mils to about 7 mils.

Figure 15 shows a four-layered water vapor barrier film having a
radio frequehcy susceptible layer 74 and a skin layer 72 and two intermediate
layers 76 and 78. The skin layer 72 may be selected from the same materials
set forth above for the skin layer of the two-layered film shown in Figure 12
and most preferably is a high molecular weight polypropylene. The radio
frequency susceptible layer can also be selected from the same materials set
forth above for the radio frequency susceptible layer for the two-layered film
shown in Figure 12. The first intermediate layer 76 preferably is an ethylene
and o-olefin copolymer having a density of from about 0.900 g/cc to about
0.930 g/cc. The second intermediate layer 78 is a tie layer for adhering the
LLDPE layer 76 to the radio frequency susceptible layer 74. In a preferred
form the tie layer 76 is a modified ethylene and propylene copolymers such as
those sold under the product designations Prexar (Quantum Chemical Co.) and
Bynel (Dupont) and should have a thickness within the range of 0.2-2.0 mils
and most preferably 0.5 mil.

In a preferred form of the invention the skin layer 72 has a thickness

from about 1 mil to about 4 mils and more preferably from about 1 mil to about
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3 mils, the first intermediate layer 76 has a thickness from about 2 mils to
about 4 mils and more preferably from 2 mils to about 3 mils, the tie layer 78
should have a thickness from 0.2-2.0 mils and more preferably 0.5 mils and the
radio frequency susceptible layer has a thickness from about 3 mils to about 7
mils.

The barrier films of Figures 11, 12, 14 and 15 have sufficient
flexibility to serve as a container for a reconstitution device. By sufficient
flexibility it is meant to have a modulus of elasticity of less than 150,000 psi
and more preferably less than 120,000 psi and most preferably less than
100,000 psi. These barrier films also have a WVTR where a 50 ml container
when stored in an environmentally regulated compartment having 35% relative
humidity at 25°C for 12 months or longer and when placed in an
environmentally regulated compartment having 15% relative humidity at 40°C
for 90 days the container loses less than 8%, Iﬁore preferably less than 7% and
most preferably less than 6% by weight of the contained water. The barrier
films also have a content of elemental halogens less than 0.1%, and more
preferably less than 0.01%, a low molecular weight water soluble fraction of
less than 0.1%, and more preferably less than 0.01% and most preferably less
than 0.005%, a maximum dielectric loss between I and 60-MHz and between
the temperature range of 25-250 °C of greater than or equal to 0.05 and more
preferably greater than or equal to 0.1, an autoclave resistance measured by
sample creep at 121 °C under 27 psi loading is less than or equal to 60% and
more preferably less than or equal to 20%, and the material does not strain
whiten after being strained at moderate speeds of about 20 inches per minute at
about 100% elongation.

Barrier films of the present invention were tested in accordance with

the following procedures.
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(1) AUTOCLAVABILITY:
Autoclave resistance is measured by sample creep, or the increase in
the sample length, at 121 °C under 27 psi loading for one hour. The autoclave

resistance must be less than or equal to 60%.

(2) RF PROCESSIBILITY:

Containers of 50 ml volumes are sealed on a commercial scale RF
sealing equipment sold by Kiefel at 12 kilowatts for a cycle time of about 5-6
seconds. The containers are filled with water and autoclaved at about 121°C
for about 20 minutes. The autoclaved containers are squeezed with 20 psi

pressure for about 10 seconds and checked for leakage.

(3) STRAIN WHITENING:
Film cut into about a %; inch strip and stretched on an Instron
machine to 100% elongation at 20 inches/minute and the stretched strip is

observed for the presence of strain whitening.

(4) ENVIRONMENTAL COMPATIBILITY:

The environmental compatibility comprises three important
properties: (a) the material is free of low molecular weight plasticizers which
could leach into landfills upon disposal, (2) the material can be thermoplasti-
cally recycled into useful items upon fulfilling the primary purpose of medical
delivery, and (3) when disposed of by energy reclaim by incineration, no sig-
nificant inorganic acids are released to harm the environment. ("Envir."). The
composition will also contain less than 0.1% halogens by weight. In order to
facilitate recycling by melt processing, the resultant composition should have a

loss tangent greater than 1.0 at 1 Hz measured at processing temperatures.
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(5) SOLUTION COMPATIBILITY

By solution compatibility we mean that a solution contained within
the film is not contaminated by compbnents which constitute the composition.
("S.Comp.") The low molecular weight water soluble fraction of the

composition will be less than 0.1%.

(6) BARRIER PROPERTIES

The barrier properties are tested by measuring the WVTR of
containers subjected to two different sets of environmental conditions. The
containers are 50 ml containers and have sidewall thicknesses from 9-12 mils.
Each container is filled with about 53-55 ml of water. Each container is
autoclaved at 121°C for about 20 minutes. One container is placed in an
environmentally regulated compartment having 35% relative humidity at 25°C
and the weight loss is monitored over time. A second container is placed in an
environmentally regulated compartment having 15% relative humidity at 40°C
for and is monitored for weight loss. The percentage of water loss is measured

based upon a plot of the weight loss over time.

(7) NOT ORIENTED

What is meant by the term “oriented” is a process of stretching a
material in a non-molten state either in a single direction or in more than one
direction to align a portion of the molecules of the material in the direction
stretched. The film of the present invention is fabricated in an extrusion
process that does not have an orientation step after the film exits the extruder

and has solidified.

Examples:

Two-layered barrier films of the present invention were fabricated
and tested to determine the WVTR of the container. In particular two layer
films having skin layer and seal layer thicknesses as set forth in Table 1 below.

The skin layers were fabricated from polypropylene (Fina 6253) and the seal

PCT/US01/03993
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layer was fabricated from a four component blend of polypropylene, ultra-low
density polyethylene, dimer fatty acid po<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>