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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. 5,998,019. 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,

Bac 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
therapeutic 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 solutions are stored
and transported in containers at temperatures such as -25 to -30°C to minimize the drug degrada-
tion. The material must also be functional at high temperatures to withstand the heat of steril-
ization; 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 tempera-
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tures 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 molet;ular
weight additives such as plasticizers, stabilizers and the like.

Traditional flexible polyvinyl chloride materials meets a8 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
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
implement 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,
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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 multilayer 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 process. European Application No. EP 0 310 143 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, appre-
ciable 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 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 straing 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 high 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

following 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 (.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 a-olefin copolymers having a
dengity less than about 0.930 g/cc. The mdio 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 a-olefin
copolymers, 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
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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.

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;

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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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 un-
derstanding 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 confers heat distortion resistance and
abrasion resistance and is preferably a polypropylene and more preferably a polypropylene co-
polymer blended with styrene and hyﬂmcarb-on copolymer. The styrenc and hydrocarbon co-
polymer can be a block copolymer including di-block, tri-block, star block, it can also be a ran-
dom 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 am-
bient 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 them-
selves, the PPE's are too rigid 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 Petrochemical Co.),
AFFINITY VP8770 (Dow Chemical Co.) under the product designation A4085, Exact® (Exxon
Chemical Company) under the product designations 4023-4024, and Insite® technology poly-
mers (Dow Chemical Co.). In addition, poly butene-1 ("PB"), such as those sold by Shell Chemi-
cal 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
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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 meth-
acrylic 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. Furthermore, 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 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 copoly-
mers including ULDPE, polybutene, butene ethylene copolymers, ethylene vinyl acetate, co-
polymers 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 Petro-
chemical 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.

Theﬁrstandsecondc&mponentaoftheRFlayu14maybereplacedbyauingle
component selected from a high melting temperature and flexible olefins such as those polypro-
pylenes 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.
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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 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 environmentzlly 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 medi-
cal solutions as in some instances they can contaminate the solution by leaching out into the solu-
tion. 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 ap-
proximately 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 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 functional-
ized. 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 prefera-
bly 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 compo-

/:D
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nent 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 inter-
posed 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 compo-
nent 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 & 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%.

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 compo-
nent 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 approx-
imately 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 in-
cludes 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



10

15

ao

a5

10 | /%

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 2 barrier layer 26 inter-
posed between the core 16 and RF layers 14 and adhered thereto with tie layers 28 attached to
opposite sides of the barrier layer 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 polyemide 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 (Dupont)
and should have a thickness w1thm 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 manufacturing the film
structure is not 2 part of the present invention, and thus the scope of thia invention should not be
limited to this extent.

These materials may be used to manufacture L.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 contginer 52 con-
taing 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 hercof. It has been found the films 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 additionsl 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
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has been autoclaved at 121°C for about 20 minutes and stored for 12 months or more in an envi-
ronmentally regulated compartment having 35% relative humidity at 25°C. The 50 ml container
should also satisfy the same WVTR criteria when an auntoclaved container is placed in an envi-
ronmentally 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 polypro-
pylene polymers and copolymers and ethylene homopolymers and blends of ethylene homopoly-
mers and ethylene and a-olefin copolymers. In a preferred form of the invention, the polypro-
pylene 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 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 ethylenc conomoners up to about 3% by weight of
the copolymers. Suitable polyproﬁylenes 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.

Figure 13 ghows 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 thm. 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 get 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 ea-olefin copolymer having a density of less than about 0.930 g/cc and more pref-
erably from about 0.900 g/cc to about 0.930 g/cc and preferably is a linear low density polyethyl-
ene. 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
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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 a radio

frequency susceptible layer 74 and an intermediate layer 76. The skin layer 72 and radio fre-

quency 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
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 hydro-
carbon 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 frequency
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 abave for the
radio frequency susceptible layer for the two-layered film shown in Figure 12. The first interme-
diate layer 76 preferably is an ethylene and a-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 designa-
tions 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 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 r-econstitution 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
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less than 100,000 psi. These barrier films also have 8 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%, more 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 1 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% clongation.

Barrier films of the present invention were tested in accordance with the following
procedures.

(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 leas 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 thermoplastically recycled into useful items upon fulfilling the primary purpose
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of medical delivery, and (3) when disposed of by energy reclaim by incineration, no significant
inorganic acids are released to harm the environment. ("Envir."). The composition will also con-
tain 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.

(5) SOLUTION COMPATIBILITY

By solution compatibility we mean that a solution contained within the film is not
contaminated by components which constitute the composition. ("S.Comp."} The low moleculer
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 layer was fabricated from a four component blend of polypropylene,
ultra-low density polyethylene, dimer fatty acid polyamide and styrene-ethylene-butene-styrene
block copolymer. The films were fabricated by coextrusion.

The films were fabricated into 50 ml containers by placing two sheets of film into
registration and sealed using radio frequency energy to form a container having a fill port. The
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containers had a surface area of about 23 square inches. Each container was then filled through
the fill port with about 53ml of water. The containers were steam sterilized in an autoclave at
about 121°C for 20 minutes. The containers were removed from the autoclave and placed in a
container having a relative humidity of 15% and a temperature of 40°C. The rate of water loss
was measured in grams/day as reported in Table 1. The time for each container to lose 6% of its
water weight calculated based upon a plot of the water loss vs. time. A plot of these data is
shown in Figure 13,

TABLE 1

ISample No. | Seal layer | Skin layer Pvmge measured water loss [Number of days to lose 6% of
thickness thickness (G/day) | weight of water (Calculated)

223-5 .0 mils 5.35 mils 0.0285 109 days

223-6 .0 mils 5.30 mils 0.0272 114 days

223-7 .0 mils 4.75 mils 0.0305 100 days

223-8 .5 mils 5.0 mils 0.0286 107 days

223-9 4 mils 5.15 mils 0.029 98 days

It will be understood that the invention may be embodied in other specific forms without
departing from the spirit or central characteristica thereof. The present examples and
embodiments, therefore, are to be considered in all respects as illustrative and not restrictive, and
the invention is not to be limited to the details given herein.
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CLAIMS

1. A multiple layer thermoplastic structure:
(1) a skin layer selected from the group consisting of polypropylene, ethylene
5 -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 g/cc blended with an
ethylene and a-olefin copolymer 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
10 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 copolymere,
.‘ (b) a second polyolefin selected from the group consisting of ethylene copolymers,
15 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
20 alcohols having 1-10 carbons, vinyl acetate, and vinyl alcohol (ii) homopolymers and
copolymers containing at least one segment of urecthanes, 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
2. 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.

2. The structure of claim 1 wherein the styrene and hydrocarbon copolymer is a block
30 copolymer selected from a diblock, triblock or star block copolymers.

3. The structure of claim 2 wherein the block copolymer is selected from a group
consisting of a first styrene-cthylene-butene-styrene block copolymer, and a maleic anhydride
functionalized styrene-ethylene-butene-styrene block copolymer.

as

4. The structure of claim 1 wherein the skin layer is a polypropylene having a melt flow

rate of from about 0.5-20 g/10 min.
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5. The structure of claim 1 wherein the skin layer is a high density polyethylene.

6. The structure of claim 1 wherein the skin layer is a blend of high density polyethylene
and a linear low density polyethylene.

7. The structure of claim 6 wherein the skin layer comprises by weight of the skin layer
from about 25% to about 95% high density polyethylene and from 5% to about 75% linear low

density polycthylene.

8. The structure of claim 7 wherein the skin layer is 30% by weight high density
polyethylene and 70% linear low density polyethylene.

9. The structure of claim 1 wherein the skin layer has a thickness from about 3.5-8.0 mils
and the radio frequency susceptible layer has a thickness from about 3.0 mils to about 8.0 mils.

10. The structure of claim 1 wherein the structure is not oriented.

11. The structure of claim 1 further comprising:
a first intermediate layer disposed between the skin layer and the radio frequency susceptible
layer, the first intermediate layer being selected from the group consisting of (1) a
polypropylene blended with an elastomer and (2) an ethylene and a-olefin copolymer having
a density of from about 0.900 g/cc to about 0.930 g/cc.

12. The structure of claim 11 wherein the elastomer is selected from the group consisting
of styrene and hydrocarbon copolymers ethylene-propylene rubbers, ethylene propylene diene
monomers, ultra-low density polyethylenes, and very-low density polyethylenes

13. The structure of claim 12 wherein the first intermediate layer comprises by weight
from about 99% to about 70% polypropylene and from about 1% to about 30% of the elastomer.

14. The structure of claim 13 wherein the first intermediate layer is 75% polypropylene
and 25% SEBS.

15. The structure of claim 12 wherein the first intermediate layer is a linear low density
polyethylene.
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16. The structure of claim 15 further comprising 8 second intermediate layer attached to
the first intermediate layer.

17. The structure of claim 16 wherein the second intermediate layer is a tie layer.

18. The structure of claim 17 wherein the tie layer is a modified ethylene and propylene
copolymer. '

19. The structure of claim 1 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 30 minutes and stored for 90 days in an environmentally regulated
compartment having 15% relative humidity at 40°C,

20. A multiple layer thermoplastic structure suitable for manufacturing medical products,
the structure comprising:
(1) a 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 g/cc blended with an ethylene and
a-olefin copolymers having a density less than about 0.930 g/cc, and the skin layer having a
thickness greater than about 3.0 mils; and
(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 and comprising:
(a) a first polyolefin in an amount in a range of 30-60% by weight of the radio
frequency susceptible layer and selected from the group consisting of polypropylene
and polypropylene copolymers,
(b) a second polyolefin in an amount within the range of 25-50% by weight of the
radio frequency susceptible layer selected from the group consisting of cthylene
copolymers, ultra-low density polyethylene, polybutene, and butene ethylene
copolymers;
(c) a radio frequency suscepiible polymer in an amount within the range of 3-40% by
weight of the radio frequency susceptible layer selected from the group consisting of
(i) ethylene copolymers having 50-85% ecthylene 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 (i)
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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 in an amount
within the range of 5-40% by weight of the radio frequency susceptible layer, and
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.

21. The structure of claim 20 wherein the styrene and hydrocarbon copolymer is a block
copolymer selected from a diblock, triblock or star block copolymers.

22. The structure of claim 21 wherein the block copolymer is selected from a group
consisting of a first styrene-ethylene-butene-styrene block copolymer, and a maleic anhydride
functionalized styrene-ethylene-butene-styrene block copolymer.

23. The structure of claim 20 wherein the skin layer is a polypropylene having a melt
flow rate of from about 0.5-20 g/10 min.

24. The structure of claim 20 wherein the skin layer is a high density polyethylene.

25. The structure of claim 20 wherein the skin layer is a blend of high density
polyethylene and a linear low density polyethylene.

26. The structure of claim 25 wherein the skin layer comprises by weight of the skin
layer from about 25% to about 95% high density polyethylene and from 5% to about 75% linear

low density polyethylene.

27. The structure of claim 26 wherein the skin layer is 30% by weight high density
polyethylene and 70% linear low density polyethylene.

28. The structure of claim 20 wherein the skin layer has a thickness from about 3.5-8.0
mils and the radio frequency susceptible layer has a thickness from about 3.0 mils to about 8.0

mils.

29. The structure of claim 20 wherein the structure is not oriented.
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30. The structure of claim 20 further comprising:

a first intermediate layer disposed between the skin layer and the radio frequency
susceptible layer, the first intermediate layer being selected from the group consisting of (1) a
polypropylene blended with an elastomer and (2) an ethylenc and a-olefin copolymer having a
density of from about 0.900 g/cc to about 0.930 g/cc.

31. The structure of claim 30 wherein the elastomer is selected from the group consisting

of styrene and hydrocarbon copolymers ethylene-propylene rubbers, cthylene propylene diene
monomers, ultra-low density polyethylenes, and very-low density polyethylenes

32. The structure of claim 31 wherein the first intermediate layer comprises by weight
from about 99% to about 70% polypropylene and from about 1% to about 30% of the elastomer.

33. The structure of claim 32 wherein the first intermediate layer is about 75%
polypropylene and about 25% SEBS.

34, The structure of claim 31 wherein the first intermediate layer is a linear low density
polyethylene.

35. The structure of claim 34 further comprising a second intermediate layer attached to
the first intermediate layer.

36. The structure of claim 35 wherein the second intermediate layer is a tie layer.

37. The structure of claim 18 wherein the tie layer is a modified ethylene and propylene
copolymer.

38. The structure of claim 20 wherein the structure when fabricated into a 50 ml
container has a water vapor transmission rate of less than 6% 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.

39. A multiple layer thermoplastic structure suitable for manufacturing medical products
comprising:
(1) a skin layer seclected from the group comsisting of polypropylene, ethylene
homopolymers having a density of from about 0.930 g/cc to about 0.960 g/cc, and ethylene
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homopolymers having a density of from about 0.930 g/cc to about 0.960 g/cc blended with an
ethylene and a-olefin copolymers having a density less than about 0.930 g/cc;
(2) (2)aradio frequency susceptible layer adhered to the skin layer comprising:
(a) a polypropylene having a melting point temperature greater than 130°C and a
modulus less than 20,000 psi in an amount in a range of 30-60% of the weight of the
radio frequency susceptible layer,
(b) a radio frequency susceptible polymer in an amount within the range of 3-40% by
weight of the radio frequency susceptible layer and 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 .amidel.
(c) a first compatibilizing agent of a styrene and hydrocarbon copolymer in an amount
within the range of 5-20% by weight of the radio frequency susceptible layer,
(d) wherein 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; and
(3) 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.

40. The structure of claim 39 wherein the styrene and hydrocarbon copolymer is a block
copolymer selected from a diblock, triblock or star block copolymers.

41. The structure of claim 40 wherein the block copolymer is selected from a group
consisting of a first styrene-ethylene-butene-styrene block copolymer, and a maleic anhydride

functionalized ;ityrene-eﬂaylene-butene-stylme block copolymer.

42. The structure of claim 39 wherein the skin layer is a polypropylene having a melt
flow rate of from about 0.5-20 g/10 min.

43. The structure of claim 39 wherein the skin layer is a high density polyethylene.

44. The structure of claim 39 wherein the skin layer is a blend of high density
polyethylene and a linear low density polyethylene.
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45. The structure of claim 44 wherein the skin layer comprises by weight of the skin
layer from about 25% to about 95% high density polyethylene and from 5% to about 75% linear
low density polyethylene.

46. The structure of claim 45 wherein the skin layer is 30% by weight high density
polyethylene and 70% linear low density polyethylene.

47, The structure of claim 39 wherein the skin layer has a thickness from about 3.5-8.0
mils and the radio frequency susceptible layer has a thickness from about 3.0 mils to about 8.0

mils,
48. The structure of claim 39 wherein the structure is not oriented.

49. The structure of claim 39 further comprising:
a first intermediate layer disposed between the skin layer and the radio frequency susceptible
layer, the first intermediate layer being selected from the group consisting of (1) a polypropylene
blended with an elastomer and (2) an ethylene and «-olefin copolymer having a density of from
about 0.900 g/cc to about 0.930 g/cc.

50. The structure of claim 49 wherein the clastomer is selected from the group consisting
of styrene and hydocarbon copolymers ethylene-propylene rubbers, ethylene propylene diene

monomers, ultra-low density polyethylenes, and very-low density polyethylenes

51. The structure of claim 50 wherein the first intermediate layer comprises by weight
from about 99% to about 70% polypropylene and from about 1% to about 30% of the elastomer.

52. The structure of claim 51 wherein the first intermediate layer is about 75%
polypropylene and 25% SEBS?

53. The structure of claim 50 wherein the first intermediate layer is a linear low density
polyethylene.

54, The structure of claim 53 further comprising a second intermediate layer attached to
the first intermediate layer.

55. The structure of claim 54 wherein the second intermediate layer is a tie layer.
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56. The structure of claim 55 wherein the tie layer is 8 modified ethylene and propylene
copolymer

57. The structure of claim 39 wherein the structure when fabricated into 2 50 ml
container has a water vapor transmission rate of less than 6% by weight after the container has
been autoclaved at 121°C for 30 minutes and stored for 90 days in an environmentally regulated
compartment having 15% relative humidity at 40°C.
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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 g/cc blended with an ethylene and a-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 .ﬁ'equency
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: (2) 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; (¢) 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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POWER OF ATTORNEY 7[_.

“:! o.é(.no;ou:m). abajo firmado(s)
BAXTER INTERNAT.LQNAL. JNG.

por el presente conferimos poder a

GERMAN CAVELIER tpa. 832
GONZALO' PERDOMO ‘tpa. B31

EMILIO FERRERO tpa. 31929..............
" LUZ CLEMENCIA DE PAEZ tpa. 23555 ...

--------------------

bomfct1Tados ‘en 1a Carrera ka. No. 72-3 ’

y para obtener la proteccién de mi (ouestra) pro-
piedad ‘Industrial, a cuyo efecto autorizamos a
los dichos apoderados para que nos representen
ante cualesquiera entidades o personas, ejerzan
o no jurisdiccién, especlalmente ante las del or-
den administrativo, contencioso-administrativo y
judicial, en todo lo concerniente a los siguientes
asuntos: a) Obtencién de patentes de invencién,
modelos y dibujos industriales; el registro de
marcas de fabrica, colectivas y de servicio; el de-
posito de nombres comerciales y ensefias; su re-
nowcién, traspaso, cambio de nombre o domi-
cilio, cancelacién voluntaria, y el registro de li-
cencias de uso de.esos derechos; b) las acciones
. de oposicién, cancelacidn, nulidad, medidas cau-
telares, concesién de licencias y en general los
juicios civlles, penales, administrativos o conten-
closo-administrativos relacionados con estos de-
rechos; acciones y juicios que promovamos o se
nos promuevan; y c) para que en todos. los
asuntos arriba determinados, puedan sustituir
este mandato, transigir, desistir, cancelar, reci-
bir, renunciar, aceptar notificaciones y nombrar
- apoderados judiciales y extrajudiciales.

y
7

BAXTER IHTERNAT%
!

il Loprcnatl

----------------------------------------

hereby grant to Mesars. Cavelier, |

GERMAN CAVELIER, GONZALO PERDOMO,
EMILIO FERRERO, LUZ CLEMENCIA DE

----------
---------------------------------------------

and to obtain the protection.of my (our) indus-
trial property, for which purpose we authorize
the said attorneys to represent us before any
authorities or persons, with or without jurisdic-
tion, specially those administrative, administra-
tive contentious and judicial, in all matters con-
cerning the following: a) Obtainment of patents,
models and designs; the registration of trade-
marks, collective and service marks; the deposit
of commercial names and ensigns; its renewal, -
assignment, ¢change of name or domicile, volun-
tary cancellation; and the registration of licen-
ses of use of the above rights; b) actions of op-
position, cancellation, nullity, infringement,
granting of licenses; and in general the civil, pe-
nal, and administrative suits relating to those
rights; actions and suits instituted by me (us) or
against me (us); and that in all the above mat-
ters they may substitute this Power of Attorey,
compromise, desist, cancel, receive, renocunce,

accept potifications and appoint attorneys-in-
fact in or out of Court.

Given and signed this .. A6,.1993.......
in S ﬂa%;m i
3 T .
ﬁ 06 FEB 2001 4.1
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.A._GERARD. STECK, ASSTSTANT SECRERARY /520
Benerds R do Martinss
| < Ohwien ¢ Suiape Ofiid
' Beolucile 68 Misjuaticia 1994
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Conskads Gonorad do Colombia

122 SOUTH MICHIGAN AVENUE. SUTTE 1441
CHICAGO. ILLINQIS 60803

TEL (312) 341-0658 FAX (312) 34)-1980

lo.[é/a /_f_:b_

chicage, JUN 28 1193
El guscrito Cdnsul acuin.l. da Colombia, CERTIFICA que el sallor
‘:ﬁ“{l M '%unhn autoriza el presente documento,

J

ajercia legalmente, o la fecha allf expresada, las funciones da

icudiwi«_ et Woormdadi— Y que la firpa y sello qua

an sl documgnto aparacen CoOmO SUyOS. sOn los Que usa y acostumbra em sus aoctos

oficiales, de acusrdo con el :-gl.lt:o que se lleva en ests consulado.

El Cénsul no asume responsabilidad alguna por el contenido dal documeate,

PAGADO IMPUZSTO DE TIMBRE
US$ 6.00 (Seis dblares)

AT RRES
5 (985 (quinns, @RARALERE
eadlh SONDO BOTEICAID

LTI Y A

MNUEL n Ao
‘5‘-, P, .m'gggeno MEDINA
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LINDA 1aANuzI HESS

LAKE COUNTY CLERK

18 NORTH COUNTY STREET g':""‘" R & -”""5-

WAUKEGAN, ILLINOIS 60085 actera ¢ Inirprets Ofcial
Resoliscitn 68 Alinjusticia 1991

l'.-:-éneral Services 708/360-3610 + Elections 708/360-6628 * Tax Extension & Redemption 708/360-6657

STATE OF ILLINOIS)
) 8s

COUNTY OF L A K E)
CERTIFICATE OF AUTHORITY 1 \ IR
G i;j
%g}g of° .=
"~y -,

o -t

I, Linda Ianuzi Hess, County Clerk of Lake County in the S _
is an office of record having a seal, Gedtify~

1111% which :’f‘iic
tha ﬂLLLJ - by whom the foregoing or

annexed documégt was_notarized, was, on the day of .
1 ilul/ ' 19£ng appointed a Notary Public in and for the

Coﬁnty of Lake, State of Illinois and that as such, full faith and

credit is and ought to be given to this Notary's official

In testimony whereof I have affi{xpd my signature 9{5?
day of e 19 "

LINDA IANUZI HESS

Certificetion naot valid unleaes the sasl
of Leke County, ILlinofs e affixed, LAKE COUNTY CLERK

attestations.
the seal of this office this

113-208 12/88

L%
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ER"'I!'ICADO NOTARIAL (CORPORACION)
Este é&s Unidos de América

Cox¥cdo de  Lake

Erintio de 11linols 5 °

Oy 6. de. Junla........... de 19 o3
romEa1ei0 s, Garard.Siack. ..o . @ quien

:_'ono'_z:en. quien, debidomente juramentado, decla-

10 .7 dijo que é) 5 SubSecretarla........c.......

ds | BAXTER. {NTERNATIONAL NG coocccccrorccoo

lio mpo lo. nombroda en el documenio que ont
cr42, una corporacion organizada conlorme o }Js
lnyas del Estodo de, Nelaware

Eiadode | L1.10001s,. EABulNanernnenenreecnanne Yy
legulmante constituido para un perlodo da dura-
cion que oun no ho terminado, que el declarante
314 ouiorizado por dicho compafifa pora conferis
‘e poder y gue el sello estompadp por él ol pié de
podes, en nombre y en rapreseniacion de lo ex-
~rescdo compoiiia, es el sello tocial de ella.

Tl suscrito Notario ho visto los estatutos de incor
2orocion HImodos BN, poeaflalde-comrearmeoemmnnsns
Fadode . [1) mnls"w‘ﬂQM ......... con fecha

et 1,9,3_1 .y certifica que de conformidad con

» I legislocion de dicho Estodo la onterior declosa-

. t:6n juramentada es pruebo suliciente degue los
" | Rachos sobre que ella versa son ciertos o verdada-
103, de lo cuol da fe.

" Notary Public (Notarlo Poblico)

NOTARIAL CERTIFICATE (CORPORATION)

- A (..,

United Stotes of America

State of IIZINOTS 8
County of IAKE
On this_.. .16tk ...... day of _ Jne,........... 19.93...

pe:sonully cmne R .GERARD . STECK oo vnso-+

known tg me, :;Iho :eiing u?y me duly sworn dad de
ose and say that he is the

o1, BREEER, TR, I oo

the Compony nomed within, a Corporotion orge-

nized under the laws of the State of. . pELARE

domiciled ot the City of _REFRFIELD...

State of

nure nol yei expired, that the deponent is outhori-
zed by soid Company to confer this Power of
Atlorney, ond thol the seo) offixed hereunto by the
deponenmt in the nome ond on beholf of said Cor-
poration is the Corporate seol thereo!

The undersigned Noiary Public hos seen the Ar.
ticles of Incorposation of sald Corporation executs.y

under dote of ooy 19,. m;gnd I\oteby cerii!
that under the lows of said State the foregoing ach.-
nowledgment is a sufficient pzoof that the facts
therei contained o1 trus, which the attests,

"OFFICIAL SEAL*
Mary 1. Cross
Notery Pubic, Stats of INinois
§ My Gmmmn E:plm 6/26/94

Trmards R. de Alartine
Treductors & Iniprete Bficiel
Rasoluciin 653 -ﬂlm}m‘mﬂ 1o




TRADUCCION OFICIAL No. 8.90.93 de un documento escrito en
inglés el cual para su identificacidon se sella con el sello del
Traductor al mismo tiempo que la presente. Esta traduccién ha
sido preparada por Bernarda R. de Martinez, Traductora Oficial
debidamente reconocida por el Ministerio de Relaciones
Exteriores y aprobada por el Ministerio de Justicia de Colombia

mediante Resolucién No. 683 de 1991.

{Se traducen sellos Y legalizaciones que gparecen a
continuacidn de un Poder escrito en inglés y espehol otorgado
por la sociedad BAXTER INTERNATIOMAL IRC., a favor de los
Doctores GERMAN CAVELIER, GONZALO PERDOMD, EMILIO FERRERO Y LUZ
CLEMENCIA DE PAEZ).

Dado y firmado hoy 16 de junio de 1993, en Deerfield, Illinois,
Estados Unidos de América, por el Befior A. GERARD SIECK,
ASSISTART SECRETARY

CERTIFICADO EOTARIAL (SOCIEDAD) en inglés y espafiol referente a

la existencia y representacion de la sociedad

,.
[« ]
ofle

IRTERNATIONAL INC., expedido en la Ciudad de Deerfield

&

de Illinois, Estados Unidos de Améri
1993.
(Firmado), Mary H. Cross, Notario Public: '

(Sello Notarial en tinta que dice):

“-’\lFTENTlCA

Cross, Notario Publico, Estado de Ilhnox

6/726/94
CERTIFICACION

LINDA IAWUZI HESS
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ESCRIBANO DEL CONDADO LAKE

18 NORTH COUNTY STREET

WAUKEGAN, ILLIROIS 60085

Servicios Generales 708/360-3610 * Elecciones 708/360-6628 *

Prorrogas y Rede-nciones de Impuestos 708/360-6657

ESTADO ILLIROIS )
) S8
CORDADO DE LAKE )

CERIFICADO DE AUTORIDAD

Yo, Linda Ianuzi Hess, Escribzno de Condado del condado de Lake
en el Estado de 1Illinois, cuya oficina es una oficina de
registro que tiene un sello, certifico que Mary H. Cross guien
ha notarizado el documento anterior o adjunto, era el 26 de
junio de 1990, Notario Piiblico nombrado en y pare el Condado de
Lake, Estado de Illinois y como tal, todas sus certificaciones
deben ser reconocidas. En testimonio de lo cual he firmado y
estampado el sello de esta oficina hoy jumio 17 de 1993,

(Firmado): LINDA IANUZI HESS

ESCRIBARO DEL CONDADO
(Sello seco en relieve que dice): SELLO OFICIAL CONDADY
ILLINOIS

(Impreso): Esta certificacion no es vil-';‘ﬁ"’;'“

- TRADG A LAVSTA /
sello del Condado Lake, Illinois. E K
>
(Impreso): 113-208 12/89 § .
(En espafiol): Legalizacidén de la firmauAgusw i s ha por

slbir

el CONSULADO GENERAL DE COLOMBIA EN CHICAGO, ILLINOIS, bajo el
Bo. 1610/93, de fecha junio 29 de 1993, firmada por la seiiora

Maria Teresa Gonzalez, Encargada de Funciones Consulares.



Pagados Impuesto de Timbre y Derechos Consulares por valor de
veintiun ddlares.

(Sello Consular en tinta que dice): CONSULADO GENERAL DE
COLOMBIA * CHICAGO *

Legalizacién de-la firma que antecede hecha por el MINISTERIO
DE RELACIOMES EXTERIORES DE COLOMBIA bajo el BHo. 481652 de
fecha 5 de agosto de 1993, firmada por el sefior Nelson Sanchez

Torres, Jefe Legalizaciones.

Es traduccidn fiel y completa de la cual se deja copia en los

Rt U i T

< . PP LD T L] |
archivos de esta oficina para su confrontac!:.é:n,.‘.;r_ﬁq__;}.arufacu,o‘&?e

Lt THERES

i

remito.

Bogotad, agosto 9 de 1993
COLO 5873-702-001-4

BRM-~-27
e No.
) RELACIONES EXTEMURES
JREA L7 ¥E30010S CENERALES

» BACE CONSTAR

Que ol soior b
REep R £O8 LT T s
rece 8l pio daf presente

Cuya firma sp2 techs | CONIQ
nto, desorapenuba on et - NOTaxt
dzcumsnla, GesarPS COTS 13,0 g

i indicadas.
las funciones alli indica " 1 -‘
% Senlelé de Bogotd, qi. . LI"“Le\I S
werita Jole de Legalizacicnes e
Elsu::lﬂmponnbil'\dad alguns pot o
| carianldo do este .,

cpa lafrogistrada eq cila
Notarfa;
0GOTA D, (-'-]h!I

prese, s SRF .
JEFE k‘IEALI:AE‘DNE

- Y R AL -



TRADUCCISN OFICIAL No. 08.03/00 preparada por Maria Elvira
Martelo, Traductora Oficial aprobada por el Ministerio de Justicia
mediante Resolucién 2879 de 1995 y reconocida por el Ministerio de

Relaciones Exteriores.

MODIFICACION A LA TRADUCCION OFICIAL No. 8.90.93. REALIZADA POR
BERNARDA R. DE MARTINEZ CON FECHA 9 DE AGOSTO DE 1593.

Se modifica especificamente lo Que se subraya en la sigulente
transcripeidén de la parte de la traducclén que corresponde al

CERTIFICADO DE AUTORIDAD otorgado por el Escribano del Condado de
Lake, la cual dice asi: "Yo, Linda Ianuzxl Hess, Escribano de
C ndado del Condado de Lake en el Estado de Illinois, cuya oficina

es una oficina de registro que tiene un sello, certifico gue Mary

H. Cross quien ha notarizado el documento anterior o adjunto, era

Condado de Lake, Estado de Illinois y como tal,

he firmado y estampado el sello de esta ofi

1993",

-ur

PARA QUE AHORA SE LEA aAs¥:
JUAN Mmum. EL BoTe
Yo, Linda Ianuzi Hess, Escribano de Condado 3ETQESHQEBGFE

el Estado de Illinois, cuya oficina es una oficina de registro que

O lll INA

tiene un sello, certifico que Mary H. Cross, quien ha notarizado

el documento anterior o adjunto,

de Illinois y como tal, a todas sus certificaciones deben ser

reconocidas. En testimonio de lo cual, he firmado y estampado el

sello de esta oficina hoy junio 17 de 1993.

27



(Al dorso) Legalizacién de la firma que antecede expedida por el
MINISTERIO DE RELACIONES EXTERIORES bajo el No. 481652 del 5 de

agosto de 1993, firmada por el Jefe de Legalizaciones.

Es traduccitn fiel de la cual se deja copia en esta oficina para

su confrontacién.

COLO WPCL 5873-702-001-4

MAR.13/00
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TELEFAX- (537) (1) 2738830

TeLex: 48479 ‘CAVE €O
1231740 227% CAVE UuC

¥/

CAVELIER
ABOGADOS ) CORRED ELICTROMNICO MUNDIAL CAVE
EDIFICIO SISKI TELEFONO (37) (1) 2120100

CARRERA 49, No. 72-13 CaLES. CAVELEYES

BOGOTA 8, COLOMBIA

Sefior Jefe de la

DIVISION DE NUEVAS CREACIONES
Superintendencia de Industria y Comercio
E [ ] s [ ] - D .

Poderdante: BAXTER INTERNATTONAL INC.

Poder conferido el: 16-06-93

Yo, GERMAN CAVELIER, obrando en mi calidad de apoderado
principal del poderdante arriba mencionado atentamente
manifiesto a Usted que sustituyo el poder conferido en el
doctor EMILIO FERRERO, Abogado con Tgrjp;g_*eP:ofesional

¥ TRIOWTARD & SR 1
No. 31.929, con todas las facultades gue me }f -1

Hago la anterior sustitucidn conforme i:
Codigo de Procedimiento Civil ya que IEL-
faltan en este momento.

Sefior Jefe,

5!

7y a._ T GERMAN_CAVELIER
S Tt U pBiA. No. 832
C.C. No. 2.877.924 de Bogotd

Acepto:
G 0" Goe
EMILIO FERRERO
__-:".-"""-.:.'1"‘; TIPIAI Ng 31-929
FF
Fal C.C% No. 438.019 de Usaquén
.. ’-,
-‘-. -;.'a.
. o
2e-780-2 Sy g

CAVELIER ABOGADOS NIT. 840.041.367-3
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Industria y Comercio
SUPERINTENDENCIA
Y
- I T .'..:: o
. NILIESITT 4 sienndde emmeess eeese -
"tm b M mi) Bweteater abeTaind
TiubE L NlERTTL L BELD T aal
RIT : 890.734430-2
.....3 OFICIAL SE CASR ¢+ 01 - 4,105

@ s : FOPRORC 5 3 200t

$M CONSIGHATDION

- Lt b J rr nanmn nepnar o ™AFM L nn - apm
-E‘L‘u:. “'E e M - ua CUE H PR Lo 70 Y. Pl

. A am ama . - - - o w W e S A B o o ey el A O

chveeiln ACTUASTS GHOIGRDI0N  haw retuman  sew 743408 TAad  0U/0R/256 T 2R T T

otTe RETTISTIOD vEPTD ToTAL TULIEPTD

IOBIS-21-31 SOLICITURES L OTRAMTED O ZOL. O PATEWTE LE In vl 00

& TOTAL % 758, 642.2¢

Siw:  TRESCIEXTOS CINCLINTA ¥ CLIS WL STITCIERTOS CURREMTA PESCE

FIFTIUSRRLE ¢ M._

Camrera 13 No. 27-00 Pisos 5, 7y 10
Conmutador: 382 0840
RECIDC DU CAJA APLICASY AL EXPEDITHTC “;. Fax: 350 5220
e-mail: Info@sic.gov.co
www.siC.gov.co
Bogot4, D.C.,Colombia
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Industria y Comercio
SUPERINTENDENCIA
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RISOTVIREL: ¢

RECIES DE CAZA APLICASD AL
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Carrera 13 No. 27-00 Pisos 5, 7y 10
Conmutador: 382 0840
Fax: 350 5220
e-mall: info@sic.gov.co
WWW.SIC.gOV.CO
Bogotd, D.C.,Colombia
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Industria y Comercio

SUPERINTENDENCIA

REQUISITOS MINIMOS PARA ADMISION A TRAMITE

PATENTE DE INVENCION‘}( MODELODE UTILIDAD [ ]

d

e Indicacion de que se solcita ia concesion de una patente

e Datos de identificacion del solicitante 0 de la persona que presenta la soicitud
» Descripcion de lainvencion o~ -
¢ Dibujos de ser estos pertinentes

) Cbmuobartaderodehstamestd)bcldas -

[ R e

INCOMPLETA [ ]

— —
Sl S

— g—
el Srwed

INCOMPLETA [ ]

INCOMPLETA [ )

Feche:. .:.....-..- _ Carrera 13 No. 27-00 Piso 5y 10
S Conmutador: 334 12 21 234

S L. Lo Fax: 281 31 25 s-mal: info@ic.gov.co

$anta Fe de Bogoth D.C. -Caolombia
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Industria y Comercio

SUPERINTENDENCIA
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Doctor

EMILIO FERRERO

Apoderado Sustituto

REFERENCIA: Radicacién No. 01-8830
Trémite 002
Evento 001
Actuacién 430
Oficio No. 1190
Folios 001

" Como resultado del examen de forma, reallzado con fundamento en el articulo 38 de la Decisidn
488 de la Comigién de la Comunidad Andina, se le comunica que:

- Da conformidad con el articulo 1° de la Resolucién 210 del 2001, este Despacho considera pertinents que
se allegue la traduccién simple de la documentacidn allegada con la solicitud.

- Debe allegar copla del documanto en que consta la cesién del derecho a la patents otorgado por el inventor
al solicitante o a su causante (art. 26-k,Dec 488/2000).

En cumplimiento del articulo 39 de la Decisién 488 de la Comisién de la Comunidad Andina, se
le requiere para que dentro del término de dos (2) meses siguientes a la fecha de notificacién del
presente oficio, complete los requisitos anteriormente enunciados. En caso de no dar
cumplimiento al presente requerimiento, la solicitud se considerard abandonada y perderéd su
prelacion.

Notifiquese el presente ofigiq conforme a lo dispuesto en el articulo 8 de la Resolucién

Jofe de la Dj¥sién de Nuevas Creaciones

E! anterior requerimiento fue notificado por fijacién en lista de fecha 13 ABR. 201

Se recuarda al interesado que debe presantar, dentro de los disclsédla meses sigulentes contados a partir de la fecha de presentacion
de (a solicitud cuya prioridad se i'wocs, copla de la misma certificads por la autorided que [a expidid y, an los casos en que haya lugar,
la traduccidn aimple del capitulo relvindicaiorio. El incumplimiento de éate plazo, acareand la pérdida de la priorided Invocada.
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