MULTI - LAYERED POLYMER BASED FI LM STRUCTURE FOR MEDI CAL GRADE PRODUCTS
DESCRI PTI ON Techni cal Field The present .invention relates generally to
materials for making nedical grade products and nore specifically to a thin
fil mproduct “which may be used to nanufacture articles such as plastic
contai ners and nedi cal tubing. Backgrourd Prior Art I.n the nedical field,
wher e beneficial agents are collected, processed and stored in containers,
transported, and ultinmately delivered through tubes by infusion to patients
to achieve therapeutic effects, materials which are used to fabricate the
contai ners nust have a uni que conbination of properties. For exanple, in
order to visually inspect solutions for particulate contam nants, the
cont ai ner nust be optically transparent. To infuse a solution froma
cont ai ner by collapsing the container walls, without introducing air into
the container, the material whi-ch fornms.the walls nust be sufficiently
-flexible. The material nust be functional over a w de range of

tenperatures. The material must function at |ow tenperatures by maintaining
its.flexibility and toughness because sone sol utions, for 12 exanpl e,
certain prem xed drug solutions are stored and trans- ported in containers
at tenperatures such as -25 to [err] to mnimze the drug degradation. The
material nust al so be

MULTI-LAYERED POLYMER BASED
FILM STRUCTURE FOR MEDICAL GRADE PRODU'C'I’S

DESCRIPTION.

Technical Field

The ‘present 1nvent10n relates generally to materials for
maklng medical grade products and more spec1f1cally to a thin
film product_whlch may be used to manufacture articles such as
plastic containers and medical tubing.
Backgrouhd Prior Art

In the medical field, where beneficial agents are collected,
processea 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 cdllapsing the container
'walle, 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 functlon at low’ temperatures by maintaining

“its. flexlblllty'and toughness becausé ‘some solutions, for



functional at high tenperatures to withstand the heat of sterilization; a
process whi ch nost nedical packages and nutritional products are subjected
to prior to shipnment. The sterilization process usually includes exposing
the containersto steamat tenperatures typically [err] and at el evated
pressures. Thus, the. material needs to withstand the tenperature and
pressures “wi thout significant distortions 3"heat distortion resistance").
For ease of manufacture into useful articles, it is desirable that the

mat eri al be seal able using radio frequency ("RF") generally at about 27.12
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For ease of manufacture into useful articles, it is
desirable that the material be sealable using radio frequency

s ("RF") generaily'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 materiail 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 matexrial 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 othérwise
objectionable upon incineration. _

It is also desirable ﬁhat the material be free from or have
a low content of low mélecular weight additives such as

plasticizers, stabilizers and the like which could be released



products which are harnful, irritating, or otherw se objectionable upon

I ncineration. It is also desirable that the material be free fromor have a
| ow content of |ow nolecul ar weight additives such as plasticizers,
stabilizers and the |ike which could be rel eased 3 into the nedications
or biological fluids or tissues thereby causing danger to patients using
such devi €es or are contami nating such sdbst ances bei ng stored or processed
i n such devices. For containers which hold solutions for transfusion, such
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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.

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
w1thstand1ng the steam sterilization, cannct be welded by radio
frequency dielectric heating thus canndt 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 cf 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



requi renents. There have been many attenpts to develop a filmmaterial to
repl ace PVC, but npst attenpts have been unsuccessful for one reason or
anot her. For exanple, in U S. Patent No. 4,966, 795 which discl oses

mul tilayer fklm conpositions capable of w thstanding the steam
sterilization, cannot be wel ded by radio frequency dielectric heating thus
cannot be assenbl ed by this rapid, | ow ¢dsts, reliable and practi cal
process. European Application No. EP 0 310 143 Al discloses nultilayer
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refrigerated temperatures. The material should be sufficiently
optically trénsparent for visual inspection, and steam
sterilizable at temperatures up to 121°C. 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
incinération 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. Finally, the material should serve as a
cost effective alternative to various PVC formulations
currently being used for medical devices.

When more than one polymer is blended to form an alloying
composition, it is difficult to achieve all cf the above
objectives simultaneously. For example, in most instances
alloy composition may scatter light; thus, they fail to meet
the optical clarity objective. The light scattering intensity
(measured by haze) depends on the domain size of components in
the micrometer (n) range, and the proximity of the refractive

. indices of the components. As a general rule, the selection of

components that can be satisfactorily processed into very small



at room tenperatures, but through a w de range of anbient and refrigerated
tenperatures. The material should be sufficiently optically transparent for
vi sual inspection, and steamsterilizable at tenperatures up to [err]. The
mat eri al shoul d be capabl e of being subjected to significant strains

wi t hout exhibiting strain whitening, which can indicate a physical and a
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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 40,000 psi and more pfeferably
less than 25,000 psi when measured in accordance with ASTM D-
882, (2) a greater than or egqual to 70%, and more preferably
greater than or equal to 75%, recovery in length after an
initial defor-mation of 20%, (3) and optical haze of less than
30%, and more preferably less than 15%, when measured for a
composition 9 mils thick and in accordance to ASTM D-1003, (4)
the loss tangent measured at 1 Hz at processing temperatures is
greater than 1.0, and more preferably grearer than 2.0, (5) the
content of elemental halogens is less than 0.1%, and more
preferably less than 0.01%, (6) the low moiecular weight water
soluble fraction is less than 0.1%, and mcrz preferably less
than 0.005%, (7) the maximum dielectric loss between 1 and 60
MHz and between the temperature range of 25-250 °C is greater
than or equal to 0.05 and more preferably greater than or equal
to 0.1, (8) autoclave resistance measured by sémple 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 (9) there is no
strain whitening after being strained at moderate speeds of
about 20 inches (50cm) per minute at about 100% elongation and
the presence of strain whitening is noted or the lack thereof.
~ The multiple layer structure of the present invention
compfises a skin layer preferably composed of a polypropylene
copolymers with styrene and hydrocarbon block copolymers. More



5 domain sizes, and yet wwth a mninmum of refractive index m snmatches, is a
difficult task. The present invention is provided to solve these and ot her
probl ems. Summary of the Invention In accordance with the present invention
certain nultiple |ayer polynmer based structures are disclosed. The filns
may be fabricated into nedical grade artieles such as containers for
storing neédi cal solutions or blood products, blood bags, and related itens,
or other products constructed fromnulti-layered structures. It is an
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maxi mum di el edgatdonassiavexieuch #sdcege, scrap, and barrier layers are
added to the skin and RF layers to confer additional or
enhanced functionality of the resultant film structure.

The RF layer is the subject of the concurrently filed United
States Patent Application docket no. 1417 P030 which is
incorporated herein by reference. The multi-layered film
structure of the present invention offers additional features
that the compositions of the RF layer alone do not provide.

The additional features of the multi-layer film include an
exterior surface gloss and reduced tackiness to the outside
surface of the film structure. Additionally, the multilayered
film structure has improved vapor barrier properties, dJreater
strength and optical clarity, and is cleaner or has reduced
tendency to migrate into the contents of the container.

The core layer, which is interposed between the skin layer
and the RF layer consists of three components. Preferably, the
first component is polypropylene which constitutes about 40% of
the core layer, the second component is an ultra low density
polyeﬁhylene (*ULDPE") which constitutes about 50% by weight of
the core 1ayef, andithe third component is styrene-hydrocarbon
block copolymer and more preferably an SEBS block copolymer
which constitutes about 10% by weight of the core layer. The
entire core layer should be 4.0 mils thick.

it is also desirable, for economic reasons among others, to
incorporate reground scrap material recovered during the
processing of the f£ilm material back into the composition of a
£ilm structure. This-can lead to using significant amount of

SCrap material as a weight percent of the sntire layer struc-



MHz and between the tenperature range of [err] is greater than or equal to
0.05 and nore preferably greater than or equal to 0.1, (8) autoclave

resi stance neasured by sanple creep at [err] under 27 psi loading is |ess
than or equal: to 60% and nore preferably | ess than or equal to 20% and (9)
there is no strain whitening after being strained at noderate speeds of
about 20 Fnches (50cm per nminute at about 100% el ongati on and the presence
of strain mhitening is noted or the lack thereof. The nmultiple |ayer
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surrounding layers using adhesive tie layers. The barrier

layer may be selected from ethylene vinyl alcohols such as that
sold under the name Evalca (Evalca Co.), highly glass or
crystalline polyamide such as Sclar PA ® (Dupont Chemical Co.),
high nitrile content acrylonitrile copolymers such as those
sold under the tradename Barex ® sold by British Petroleum.
" Films having the aforesaid structuxé and compositions have
been found to be flexible, optically cleaxr, non-strain
whitening, and steam and radiation sterilizable. Additionally,
the films are compatible with medical applications because the
components which constitute the film have a minimal
extractability to the fluids and contents that the composition
come in contact with. Further, the films are environmentally
sound in that they do not generate harmful degradants upon
incineration. Finally, the films provide a cost effective
alternative to PVC. ‘
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;



I ncorporated herein by reference. The multi-layered filmstructure of the
present invention offers additional features that the conpositions of the
RF | ayer -al one do not - provide. The additional features of the multi-Iayer
filminclude an exterior surface gloss and reduced tackiness to the outside
surface of the filmstructure. Additionally, the nmultilayered film
structurefhas inproved vapor barrier propértles greater strength and
optical clarity, and is cleaner or has reduced tendency to mgrate into the
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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 ¢ shows a cross-sectional view of a film structure
having a barrier layer dividing the core layers; and,

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

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 toc 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 heét distortion resistance and
abrasion resistance and is preferably a polypropylene and more
preferably a polypropvlene copolymer blended with styrene and



above-descri bed structure either as an additional discrete |ayer |ocated
somewhere between the skin |ayer and the RF | ayer or may.be bl egnded into
the core layer as an additional conponent. In either case, significant
resources are:saved by reprocessing the scrap material. To increase gas
barrier properties of the structure, it Ps desirable to incorporate a
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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 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 undexr the
trademarks TAFMER® (Mitsui Petrochemical Co.) under thé product
designation.A485, Exact® (Exxon Chemical Company) under -the
product designations 4023-4024, and Insite® technology polymers
(Dow Chemical Co.). In addition, poly butene-l1 ("PB"), such as
those sold by Shell Chemical Company under produét 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



Figure 1 shows a cross-sectional view of a two |ayered filmstructure of
the present invention; Figure 2 shows a cross-sectional view of a three

| ayered filmstructure of the present invention including a core |ayer
added to the filmof Figure 1; 8 Figure 3 shows a cross-sectional view
of the filmof Figure 1 with a solution contact |ayer; Figure 4 shows a
cross-sectfonal view of a four |ayered strifcture of the present invention

having a discrete Iayer of scrap material between the skin and the core
| ayers; ‘Figu
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contai ner cQpatfidehedrkromone of the film

Preferably the flrst 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 propyliene 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 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 ethylehe copolymers including ULDPE, polybutene,
butene ethylene copolymers, éthylene 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 Mitsui Petrochemical Company under the designation
TAFMER A-4085, or polybutene-1, PB8010 and PB8310 (Shell
Chemical Co.), and should constitute approximately 25-50%, more
preferably 35-45%, and most preferably 45%, by weight of the
film. '



structures of the present invention. Detail ed Description Wile this

I nvention is susceptible of enbodinments in many different fornms, and wll
herein be described in detail, preferred enbodi nents of the invention are
di scl osed with the understanding that the present disclosure is to be
considered as exenplifications of the principles of the invention and are
not intended to linit the broad aspects ot the invention to the enbodi nents
illustrated. According to'the present invention, nultiple Iayered film

structures ar r ovi ded t ﬁﬂ% t i gure
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t hi ckness §?€% t e ran y %&% k é#ﬁfu% yfé The RF suscep |blel¥hl%r
14 of the 9@@9@%@ ngepe fénC%%m'au'h%v%e'éW%ﬁ%l%‘&t'?% Pypseeighlyeh ‘hé

0.05 at frggngC|es mﬁthln the range of 1-60 MHz within a tenperature range

of a”b'ent tOTLe a;@e dle ectrlc igégrgglgh aﬁFff ayer 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 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 environmentally 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
(randoﬁ, block or graft).

Polyamides such as nylons are widely used in film material

.because they offer abrasion resistance to the film. However,
rarely are the nylons found in the layer which contacts medical

solutions as they typically contaminate the solution by



conponents. The RF layer 14 confers RF sealability, flexibility, heat
distortion resistance, and conpatibility to the film.structure 10. The
first conponent of the RF layer 14 is chosen from pol ypropyl ene copol yners
and preferablsy the propyl ene al pha-ol efin random copol yners ("PPE"). The
PPE s possess the required rigidity and the resistance to yielding at the
aut ocl ave®t enperatures of about [err] Hovever, by themselves, the PPE' s are
too rigid to neet the flexibility requirenments. Wien conbi ned by all oying
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neutrali z@polymers that are modified by maleic anhydride, epoxy, or

carboxylate functionalities. Most preferably the fourth
component is an SEBS block copolymer that is maleic anhydride
functiconalized. Such a product is sold by Shell Chemical
Company under product designation KRATON RP-6509. The fourth
cbmponent 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 functioﬁal groups, such as the one sold by the Shell
Chemical Company under the product designation KRATON G-1652.
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
within the range of 1-9 mils are more preferably 5.0 mils-8.0
mils, and most preferably 5.0 mils. The skin layer will have a

~ thickness within the range of 0.2-3.0 mils and most preferably
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.



10 salts and iononmers, such as [err](Dow Chem cal Conpany) and [err] (E. I.
DuPont de Nenours & Conpany) were al so acceptable. Typically, ethylene
based copol yners have nelting point tenperatures of |ess than about [err]
are not suited for autoclaving at [err] applications. Furthernore, only a
limted range of proportions of each component allows the si mul t aneous
fulfillment of the flexibility and aut ocl “avabi | i ty requirenents. Preferably
the first conponent is chosen fromthe group of pol ypropyl ene hono and
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core 1ayer 16 including ULDPE, polybutene copolymers. Prefera-
bly, the second component of the core layer is ULDPE or
polybutene-1 in an amount by weicht 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 compo-
nents 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 preférably 7-15%,
and most preferably 15%. '

It is also possible to adc as a'fourth component of the core
layer 16, reground trim scrar 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 show§ the film or sheet structure of Figure 1
including a solution contact layer 17 adhered to a side of the
RF layer oppcsite the skin laver 12. The solution contact
layer 17 includes three componsnts that may be chosen from the
same first three components anZ the same weight percentage
ranges of the core layer 16 se:t forth above. Preferably, the
solution contact layer 17 has z thickness within the range of
0.2-1.0 mils and most preferatly 1.0 mils.

Figure 4 shows another embcdiment of the multiple layer film

structure having'nhe skin laver 12, core layer 16, and RF layer



acrylate copolynmers with n-butyl acrylate content of between 20-40%
ethyl ene acrylic acid copolyners with the acrylic acid content of greater
t han approxi mately 15% An exanple of these products are sold under such
product designations as Tafnmer A- 4085 (Mtsui), EMAC DS-1130 (Chevron),
Exact 4023, 4024 and 4028 (Exxon). Prefeﬁgply, t he second conponent is
ei ther ULBPE sold by Mtsui Petrochem cal” "Conpany under the designation
TAFMER A- 4085, or pol ybutene-1, PB8010 and PB8310 (Shell Chem cal Co.), and
shoul d constyi ‘%le%l&'i%éki”&b%kr)é 21.5.1:50%/91 gaser PoRAET abkYrdbeddyeadndsnost
preferably 45% b ht of and second_c onents
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copol yners having seven layers including the skin 12, core 16, and RF
layers 14 d;scussed above, with a barrier layer 26 interposed
between the core 16 and RF layers 14 and adhered thereto with
tie layers 28 attached to ppposite sides of the barrier layer
26. Figure 8 shows the barrier.layer 26 between the core layex
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 acryioni;rile copolymers such as Barex ©
sold by British Petroleum. Preferably, the barrier layer 26 i:
ethylene vinyl alcohol, and has a thickness within the range oi
- 0.3-1.5 mils and most preferably 1.0 mils.

The tie layers 28 may be selected from modified ethylene anc
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 0.2-1.0 mils
and most preferably 0.5 ﬁil.

The above layers may be processed by coextrusion,
coextrusion coating, or other acceptable process. It should b
understood; however, that the method 6f manufacturing the film
structure is not a part of the present invention, and thus the
~scope cf this invention should not be limited to this extent.



(typically produced by hydrolysing EVA copol yners), both possess high
dielectric loss properties at suitable tenperatures. OQther active materials
i nclude PVC, vinylidine chlorides, and fluorides, copolynmer of bis-phenol-A
and epi chl orohydrines known as [err] (Union Carbide). However, significant
contents of these chlorine and fluorine g@ntaining polyners would nmake them
environnental |y unsound as incineration of such a material would generate

i norgani ¢ acids. Therefore, the third conponent of the RF layer 14 is

preferably chegggef mapethg16! As§ BE BokiarbdgsnuPhefgrabkyv.t bRepapbyaphdses
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VERSAM D d&oxotone hour. The autoclave resistance must be less than or
equal to 60%.
(2) LOW AND AMBIENT TEMPERATURE DUCTILITY:
(A) Low Temperature Ductility -

In an instrumented impact tester fitted with a low
temperature envircnmental chamber cooled with liquid nitrogen,
film samples about 7 by 7 inches (18 cm by 18 cm) are mounted
onto circular sample holders about 6 inches (15 cm) in
diameter. A semi-spherical impact head with stress sensors is
driven at high velocities (typically about 3 m/sec) into the
preconditioned film loading it at the centexr. The stress-
displacement curves are plotted, and the energy of impact is
calculated by integration. The temperature at which the impact
energy rises dramatically, and when the fractured specimen
changes from brittle to ductile, high strain morphology is
taken as a measuré of the low temperature performance of the
film ("L.Temp"). _

{B) .Mechaqical Modulus and Recovery:

The autoclaved film sample with a known geometry is mounted
on a servohydraulically driven mechanical tester having cross
heads to elongaﬁe the sampls. At 10 inches (25 cm) per minute
crosshead speed, the sample is eloﬁgated to about 20%
elongation. At this point, the cross-heads travel and then
reverse to travel in a direction opposite that originally used
to stretch the sample. The stress strain behavior is recorded
on-a digital recorder. The elastic modulus ("E(Kpsi}") is

taken from the initial slope on the stress-strain curve, and



'ead to such contam nation and thus are the nost preferred third conponent
of the RF layer 14. The third conponent should constitute approximtely
3-40% nore preferably between 7-13% and nost preferably 10% by wei ght of
the RF layer 14. The fourth conponent -of the RF |ayer 14 confers
conmpatibility between the polar and nonpolg conponents of the RF | ayer 14.
The fourth’ component was chosen fron1styr& e- hydrocarbon bl ock copol yners
and preferably SEBS bl ock copol ynmers that are nodified by mal ei c anhydri de,

epoxy, Or CPRAOYLALE LUBCLLANPLY B MPsieprelfablasabislopral gomonent

IS an SEBS cop ofF Tefc an functio |zed Such a
product is pgrqenyasnepﬁ caspieal Qﬁﬁ%ﬁh?nunder product designati on KRATON
RP-6509. Thgsfougkhpaereasesir.gdeul d constitute approxi mately 5-40% nDre
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of 1-9 mls ar nDre r%&gra Y 3 % 8n0 m |5, and é rgfgrgbs a
TS, The SERRR AREFI RF REVEFaoFnALEREEea: THPRLTRICT alie Srretsoustart s
and nost, prabgﬂﬂ@dy O Whem the RFguyelé shomxeanotherdeebndlqpenedfanﬂethe
present inv%%gdylant seal examined by manually pulling apart the two
sheets. The strength of the seal (versus the film strength)
and the mode of failure (peel, tear, or cohesive failures) are
used to rate the RF responsiveness of the material.
Alternatively, the candidate film is first sputter coated
with gold or palladium to a thickness of 100 angstroms to
render the surface conductive, cut into a circular geometry and
mounted between the parallel electrodes in a dielectric
capacitance measuring cell. Using a Hewlett Packard 4092
automatic RF bridge, the dielectric constant and the dielectric
losses are measured at different frequencies up .to 10 MHz and
temperatures up to 150°C. The dielectric loss allows the
calculation of heat generation under an RF field. From
calculations or correlations with RF seal experiments the
minimum dielectric loss for performance is obtained.
If the RF seal performance is obtained from the Callahan
sealer, the following ranking.scale is adopted:
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OPTICAL CLARITY:

Post autoclaved film samples are first cut into about 2 by 2

inches (5 by 5 cms) squares, mounted on a Hunter Colorimeter

and their internal haze measured according to ASTM D-1003.

Typically,

internal haze level of less than 30% is required,

‘preferably less than 20% for these thicknesses ("Haze %").

(5)

STRAIN WHITENING:

The autoclaved film is strained at moderate speeds of about

20 inches (50cm) per minute to about 100% elongation (twice the

original length) and the presence of strain whitening

(indicated by 1)

(*S.Whitening") .

(6)

ENVIRONMENTAL COMPATIBILITY:

or lack thereof (indicated by 0) is noted

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 of medical delivery,

and (3) when disposed of by energy reclaim by incineration, no

significant inorganic acids are released to harm the environ-

ment.
0.1%
melt

("Envir.") .

processing,

halogens by weight.

-The composition will also contain less than
In order to facilitate recycling by
the resultant composition should have a loss

tangent greater than 1.0 at 1 Hz measured at processing

temperatures.



| ayer 16, reground trimscrap material recovered during the manufacturing
of containers. The scrap material is dispersed throughout the core |ayer
16. Scrap may be added in an anount preferably between approximately 0-50%
by wei ght of tshe core layer 16, arid nore preferably within the range of

10- 30% and nost preferably within the rang,_e8 of 3-12% Figure 3 shows the
filmor sheet structure of Figure 1 including a solution contact |ayer 17
adhered to a side of the RF |ayer opposite the skin layer 12. The sol ution

contact |ayef7)17 ddtiiadns doMpaereaiaerent s that nay be chosen fromthe sane
first three conponents and the sg wei ght ggrcenta e ranges.of the core
S

| ayer 16 set fdhf FHBGIOD SoPAtIRL) 1¥h¥esBRAR| BRAt oAt BRFUTEgRCIBEFRES
t hi ckness wiwitdhird hthe dige dfs G- totamisatad hpstoppehentdl which ml s.

Figure 4 sho q;ng_r Q_Q'g%g . .Qqf. .t he (ol Bl es{ ay f{

havi ng t he scf\iglsl}lsa%ayer fg{gbcor gi)t/:groni& (g%dgé&@bfa{/erﬁe,%élmlﬁégésl&djégs%ri bed
above with areighfi tWahen sqladde £nagfdPnoPisthgpcotrpeiiteh Yhe! ke nlesser
12 and the cogn l®@yer. 16. Figure 5 shows the discrete scrap |ayer 20

bet ween the corg | r- 16, and the RE.l ayer 20. Figure 6.sho the scra
Taver 20 divi o e LISy SPLRECisRS Fers: CaRaceceonicohe ipR ok
and 14b. Prefer abhe fidms |saterfafthy dgdiowd shoul d have a thickness within

the range of 0.5-5.0 mls and nost preferably 1.0 mls. Figure 7 shows
anot her enbodi nent of the present invention



havi ng seven |ayers including the skin 12, core 16, and RF |layers 14
di scussed above, with a barrier |ayer 26 interposed between the core 16 and
RF | ayers 14 and adhered thereto with tie |ayers 28 attached to opposite
sides of the barrier |layer 26. Figure 8 shows the barrier |ayer 26 between
the core layer 16 and the skin layer 12. Figure 9 shows the barrier |ayer
26 dividing the core layer 14 into two co¥® layers 14 a and 14 b. The
barrier layer 26 increases the gas barrier properties of the filmstructure
10. The barrier layer 26 is selected fromthe group consisting ethylene

Vi nyl al COnL ID oUuU TS T:‘.uf > A uL UII\,:Cl t:_IU TICTTC :L } i hly
gl assy or g¢rystgl|inegpol yarji dg such @s Sclar PA [erir] (Dupogt Chem cal
Co.), high nit@ 1k cohtent derylonitr¥le copol ynef s jsuch as Bar ex [ eri]
sol d by Br iH-rs—Petroretm—Areterabty—tie—barrer—Hayer—26—s—et-hy
vinyl al coljo} ¢ Sanfl hag a thijckhess wighin the range jof 0.3-195 nils afpd
most prefedab®E 110 nBls. THe {ie |ay®rs 28 may b del ected 3rom nodifi el

L.a

et hyl ene affF—prepyenre—eopohyrers—steh—as—those—spl g—under—the—produs
desi gnati ons Brexar (Cpantunhchenical Co.) and Byhell (Dupont?) -and shoul dj

have a thidknéé% Mt hion the [rahge of ©.2-1.0 mls}and nost preferably}0.p
ml. The aHovs’1ayers may bg ptocessed by coextrugidn, coextrusion coatipg,
or ot her agee bie—process: t—strottd—b—understpod
o
h

M y y
met hod of ranufacturing the [filmstructure is notja lpart of the present
: . L . g
i nvention, |and g hus t[ge scoae Pf t hi sgi nventi on s1od|d not bg linited|to
thi s extent]. 2
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15 These materials may be used to manufacture |.V. therapy bags such as the
one shown in Figure 10 and generally designated as 30. Filns having various
conbi nati ons of the above conponents and wei ght percentages as set forth in
t he exanpl es bel ow were tested using the foll ow ng nmethods. (1)
AUTOCLAVABI LI TY: Autocl ave resistance i-s neasured by sanple creep, or the
increase in the sanple length, at [err] urifer 27 psi | oading for one hour.
The autocl ave resistance nust be |less than or equal to 60% (2) LOW AND
AVBI ENT TEMPERATURE DUCTILITY: (A) LOM/Tenperature Ductility In an

i nstrunente

rfitted with o lowtenerature onvirgngenta
chanber cooled wnth l'iquid,_nitrogen, filln ganpl es about 7 by 7 i fches (18
cmby 18 c punt ed ofito circul ar sanﬂleﬁholders.about 6 §J nghes (15
cm in dia - i i headwith stress._sensprg is driven
at high vel dcj siges| (typi cably about 3 npe¢) jsnto the precondifigned film
loading it qtSEhe kenter. Zhe stress- dikpllacgnent curves are pl ¢tted, and
-~ o . ’ . . H
the energy @f inopapt is calculated by intedration The tenperafude at which
the inpact ¢neggy fises dramatically, anfl when the fractured speg¢i men
changes frofm bBi&t]e to dugtile, high styaijn gorphology is takenlas a
measure of f§hegbow tenperature performangelof the film ("L. Tenp"). (B)
Mechani cal I'/hrlllLlLQ and Recovery: The autbcllaved filmsanple withja known
geonetry is|{nountefd
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on a servohydraulically driven nmechanical tester having cross heads to

el ongate the sanple At 10 inches (25 cnm) per m nute crosshead speed, the
sanple is elongated to about 20% el ongation. At this point, the cross-heads.
travel and then reverse to travel in a direction opposite that ori.ginally
used to stretch the sanple. The stress s@dlain behavior is recorded on-a
digital recorder. The elastic nodulus ("E(Kpsi)") is taken fromthe initial
sl ope on the stress-strain curve, and 16 the recovery taken fromthe
excess sanpl e di mension as a percentage of sanple elongation. (3) RF
PROCESSI BI LI TY: Connected to a Callahan 27.12 MHz, 2 KW Radi o Frequency
generator, is a rectangular brass die of about 0.25 (6.3 mm by 4 inches
(10 cm opposing to a flat brass el ectrode, also con- nected to the

generator. (Upon ¢rosing tNe dre W tit two SNEeis of Lne candrdate m
I n between mh;ﬁ olution sidgs facing each pther, RF poweg of different
anpl i tudes]and®ddirati ons are applied. Wen thq RF cycle is over, the d|elis
opened and{theesrésultant seal exam ned by mhndally pulling apart the tjo
sheets. The¢ 35 gemgth of the eal (versus the flilmstrengt® and the noHe |of
failure (peel” ®tgar, or coheSive failures) used to rate the RF
responsi vehess off the material. Alternativelly,| the candidate filmis f|rgt
sputter coateglgwijth gold or palladiumto a ghijckness of 1Q0" angstrons {o
render the|suy§fade conductive, cut into a cijrqul ar geonetry and.
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nmount ed between the parallel electrodes in a dielectric capacitance
measuring cell. Using a Hew ett Packard 4092 automatic RF bridge, the
dielectric constant and the dielectric |osses are neasured at different
frequencies up to 10 Mz and tenperatures up to [err]. The dielectric |oss
allows the cal cul ation of heat generation under an RF field. From

cal cul atiohs or correlations with RF seal experinents the m ni num
dielectric loss for performance is obtained. IZ2the RF seal performance is

obtained fromthe Call ahan sealer, the foll ow ng ranking scale is adopted:
17 RF Power RF Tine Seal ' ¢

_ G Envs No
0 80% 10 Peel abl e . & 1 80% 05 Pegl abl e
2 60% 03 Strong 3 3 50% 03 St{ong
4 30% - 03 Strong S~ —EPH-EAE—CEARFA—Ppst
autocl aved filmsanples are [ig &% cut into algput 2 by 2 incheg (p by 5 cns)
squares, nounted on a Hunter @iheter andJheir internal hgze{neasured
according to ASTM D- 1003. Ty p+ecakd—internal—haze—tevel—of !TS{’ t han 30%
is required, preferably |ess{than 2D%for these thicknesses ("{Hage %). (5)
STRAIN WHI TENI NG The autocl ave@ &i|mis strasned at noderate |spgeds of
about - 2-
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20 inches (50cn) per mnute to about 100% el ongation (tw ce the original

| ength) and the presence of strain whitening (indicated by 1) or |ack
thereof (indicated by 0) is noted ("S. Wiitening"). (6) ENVI RONVENTAL
COVPATI BI LI TY: ~The environnmental conpatibility conprises three inportant
properties: (a) the material is free of |l.ow nol ecul ar wei ght plasticizers
whi ch could leach into landfills upon dispgsal, (2) the material can be

t hernopl astically recycled into useful ites upon fulfilling the primary
pur pose of medical delivery, and (3) when di sposed of by energy reclaimby
incineration, no significant inorganic acids are released to harmthe

environ- nent. ('fERVIT. ). ffTe CONpPOST LT O Wl al s0 contarim regs than
0. 1% hal ogens by igﬁ% In order to facilitgte recycling by nelt
processi ng, the rdsul t@&ng conp05|t|on shoul d”have a | oss tangent greater
than 1.0 at 1 Hz GLUTI ON
COVPATI BI LI TY By [ntained
within the filmi nt am nat ed t he
conposition. ("S. he—How—e = action of
the conposition wil | e ltess than 0.1% The follomnng conblnatlon- wer e
tested using the abo@?gtést for the filnms set forth bel ow
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19 [err] 20 [err] O _21 [err] O 22 0 0 [err] 23 [err]

¢ 24

It will be understood that the invention may be embodied in
other specific forms without departing from the spirit or
central characteristics thereof. The present examples and
embodiments, therefore, are to 5e considered in all respects as
illustrative and not restrictive, and the invention is not té
be limited to the details given herein.



24 1t will be understood.that the invention may be enbodied in other
specific fornms without departing fromthe spirit or central characteristics
t hereof . The present exanples and enbodi nents, therefore, are to be
considered in all respects as ilfustrative and not restrictive, and the

i nvention is not to be limted to the details given herein. 25 CLAI M5 1.
A multiple’layer structure conprising: a 8kin layer; 5 a radio :
frequency ("RF") susceptible |layer adhered to the skin layer, the RF | ayer
having a first conmponent of a propyl ene based pol ynmer, optionally a
second conponent of a non-propyl ene pol $RE L a third conponent of a
radi o frequency susceptible polynmer and a fourh conponent of a polyneric
conpati bilizing age % : %@3}6; e fp?. %gl havi ng physi cal
properties w thin R&eulr%i glge-al<ay : u%(si;lt&ir f%én d%ol ) c<-30% d>

1. 0% - a skin layer; o :

a radio frequéncy ("RF") susceptible layer adhered to the skin
layer, the RF layer having a first component of a propylene based
polymer, a second component of a nonpropylene polyolefin, a third
component of a radio frequency susceptible polymer, and a fourth
component of a polymeric compatibilizing agent;

the structure having physical properties within the range

a< 40,000 psi;

b>= 70%;
c< 30%;
d> 1.0;
ec< 0.1%;
f< 0.1%:;
g>= 0.05
h<= 60%;
i= 0;
wherein:

a is the mechanical modulus of the composition measured according
to ASTM D-882;

b is the percent recovery in length of the composition after an
initial 20% deformation;

c is the.optical haze of the composition processed into a £ilm 9
mils in thickness measured in accordance to ASTM D-1003;

d is the loss tangent of the composition at 1 Hz measured at melt
processing temperatures;

e is the elemental halogen content by weight of the composition;
f is the low molecular weight water soluble fraction of the
composition;

g is the dielectric loss between 1 and 60 MHz and over
temperatures of 25 to 250 °C of the composition;

h is the sample creep measured at 121 °C for a 1 inch strip of
the composition under 27 psi loading; and,

i the composition exhibits no strain whitening after being

strained at moderate speeds of about 20 inches (50cm) per minute

I R
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e< 0.1% f< 0.1% g> = 0.05; 20 h<= 60% i= 0; wherein: ais the

el astic nodul us of the structure neasured according to ASTM D-882; 25

b is the percent recovery in length of the structure after an initial 20%

deformation; c-~-is the optical haze of the structure processed into a film

0.229 mm (9 mls) in thickness neasured in accordance to ASTMD 1003; d is

the | oss tdngent of the structure at 1Hz $asured at nelt 30 processing

t enper at ur es; -c is the elenental hal ogen content by wei ght of the

structure; f is the | ow nol ecul ar meight‘mater sol ubl e fiaﬁ%ion
a

. f th
structure; §°i fRawE d1e9%ecelPRIREISNL ISR ThihOBEIMD “&FQS.Ban the
t enper at ur eprekedeet @f] ¥idain whttedingt (irdidatedthg danphe Tadepthereof

nmeasur ed at<B§§§Lﬁ%§§i%§?°Zﬁg%(%°%%5h) strip of the structure under [err]

pascal s (27 e'structure exhibits no strain whitening
after being strained at noderate speeds of about 50 cm (20 inches) per

mnute to aboub 10Q%:48+ighengaleenstivbesréheofprgbiay:| ength) and the

presence of strain  whitening (indic tedfsb}/’ %%?ﬂ?r | ack, t hereof (,indi.cat eg

by 0) is noted? 3SKinTHAYAH £ F‘B°f58§er° t Puck A PTG PR SHh P EFR

the skin | agefyrene ethylene- butene styrene block copolymer within a range
of 0-20% by weight of the polypropylene; and,

a radio frequency ("RF") susceptible layer adhered to the skin
layer, the RF layer having a first component of a propylene based
polymer, a second component of a nonpropylene polyolefin, a third
component of a radio frequency susceptible polymer, and a fourth
component of a polymeric compatibilizing agent.

3. The structure of claim 2 wherein the non propylene
polyolefin of the RF layer is selected from the group of ethylene
copolymers including ultra low density polyethylene, polybutene,
butene ethylene copolymers, éthylene vinyl acetate copolymers

- with vinyl acetate contents between approximately 18-50%,
athylene 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%.

4. The structure of claim 2 wherein the radio frequency
susceptible polymer is selected from the group consisting of
polyamides, ethylene vinyl acetate with vinyl acetate in an
amount of 18-50% by weight, ethylene methyl acrylate copolymers
with methyl acrylate in an amount between 20%-40% by weight,
ethylene vinyl alcohol with vinyl alcohol in an amount of 15%-
70%. '

mwmmmin i




is conposed of a pol ypropyl ene copol ymer bl ended with styrene ethyl ene- 15
but ene styrene within a range of 0-20% by wei ght of the skin layer. 4.

The structure of claiml1l, 2 or 3, wherein the second coonponent of the RF
| ayer is selected fromethylene copolyners including ultra | ow density

pol yet hyl ene, pol ybut ene, butene ethyl ene_copol yners, ethylene 20 vinyl
acetate copolyners with vinyl acetate &dnt ents bet ween appr oxi mat el y
18-50% et hyl ene nethyl acrylate copol yners mnth nethyl acrylate contents
bei ng betmeen ppr. % V. o 0 :
with n-butyl atiyla “t%% é@ %%%é@n‘lz %‘Jh oL ag'%? 28 a%ﬁfgc%ed
copol yners fkon @h@reﬂpycpesaéténﬁoﬁfen%lehﬁrb%I%?lzﬁm%ﬂaﬁ éﬁbPéRPﬁHtérym

1?‘%; h5- - rbﬁeSEbﬁaEﬂ{sﬁt?Bga%éﬂtﬁQfﬂlélﬂ @iaam%i;r]\lslsrman hl@elat hd:di]tdbctslename&
o e ayer 1s selecte o e ene wvinyl at e

vinyl acet a¥étpinag IAAGR ?é 281209¥E§pa8?§ﬁ oé?ﬁvFgﬁg %%?fi %%?@ 30
copol yners wbhbeneabybnacegtaieni ofadiaaoids bevmngnazoa@hew)bymberzwlthln

vei ght, et hyl ene,4d ngle 3 ool prsﬁmkgmraexl AAANInd NeABATHA! 0bndaHEa It

The. M5 ereln the polyarmde is selecte rom
group consi zepagion: of| pamari £apbYyanrides PE@UPTFﬁ@ FPBHFPH&“SOHBEQ%HPF6§
reaction of di-am nes having a carbon nunber within a range of [err]
al i phatic pol yam des resulting froma (%?nsatlpn reagéign QL

having a car bof -nunbémeni t5¥i ‘Pﬁhgé’ 51 VIR HRSE Y oS trﬁﬁiVPSEFC
t he condensabmpatibidtizdngohgentnedt thEtRFaéaMsr aﬁdaaﬁtdée®9ntahmﬂnge10

copol yners. b&ten g%y§%5gc535%kpgoﬁgiyaggcedrng claim wherein the fourth
conponent
7. . The structure of claim 6 wherein the styrene ethylene-
butene styrene block copolymer is maleic .anhydride functional-

ized.

8. The structure of claim 2 further including a first non
radio frequency susceptible core layer interposed between the

skin layer and the RF layer.

_____ﬁ;______——————~
Sheet Has Been Replace
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of the RF layer is a styrene ethyl ene-butene styrene bl ock copol ymer. 15

8. The structure of Caim7, wherein the styrene ethyl ene-butene styrene
bl ock copolyner is mal ei c anhydride functionalised. 9. A multiple |ayer
structure according to any preceding claim wherein the first conponent is
provided in an anount in the range of 30-_20 60 % by wei ght of the RF

| ayer, the’ second conponent is provided i#8an amount within the range of
25-50% by wei ght of the RF |ayer the third conponent is provided in an
anount withingdghe g = 40% [ ghtgo : BF | . e rt
conponent is g'oviggg %ﬁggﬁ%gﬁur#ymﬁ ?hgh%g%g cw%%-eéllogétgycéggg%?yg
the RF | aydfclpmiery  The structure of Claim9, wherein the first conponent

of the RF | ayey fiirgtolodipemenmtnoflh polelsfingt ure of Claim9 or 10,
wherein the second ¢ onent _ of the | ayer is ultra |ow densi

pol yet hyl ene &t sﬁ&f’f@b pERRugnt & tﬁ%%;ﬁf‘ éﬁﬁeﬁr‘i‘ép 1cfnsﬁv¥en§ Cpl}lhéraof
Claim9, 1Qcor dehsiwhepeiliyetinyliemer,d podyputene copglimery.aend,pol yam de.

13. The strugf yngQf dduipldlieht: &l edhphieriaibyngChdeRel.yamde is a 5
dimer fatty acid polyam de. 14. The structure of any one of Claim9 to 15,
wherein the conponents of the RF |ayer are in an anmount within the range as

a wei ght percamtagerisd steudfuteayef ebaiml ® owlerdin the polib3efeAnpEnehe
- 0 0
35-45% se%nr%tcocrg)ngp%%rgné%ﬂé éohe first core layer is a polypropylene..

11. The structure of claim 9 wherein the second component of
the first core layer is an ultra low density polyethylene.

12. The structure of claim 9 wherein the third component of
the first core layer is a styrene ethylene-butene styrene block
copolymer. '

13. The structure of claim 2 further including a solution

contact layer attached to the radio frequency susceptible layer
on a side opposite the skin layer.

W




third conponent 7-13% and fourth conponent 7-13 % 15 15. The structure
of any one of Clains | to 14, further including a core |ayer interposed

bet ween the skin layer and the RF layer. 16. The structure of C aim 15,
wherein the core layer is a non radio frequency susceptible layer. 20 17.
The structure of Claim 16, wherein the core layer includes: a first
conmponent of polyolefin; a second conponeﬁ? selected fromultra | ow density
pol yet hyl ene, pol ybutene copolyners, and a third conponent of a polyneric

25 Compatibili gl n0ragent rifeuy INGESLIHGHULS GhelkBhMch SBIeIdh hineacy,

pol yol efi n of e first conponent o e core l.ayer 1s a polypropyl ene
19. The stl%&@nr%ﬂQﬁUQEQﬂln 17 or 18, wherein the second conponent of

REPLACEMENT SHEEH; 28k t binse éh&eﬁgnalpbxypﬁdﬁykeﬂeyN density pol yethyl ene.

20. The structure o Cla|n117 or, erejn the co ent 3 of
the third conp®dridft® ‘% FRP R ng«?P Ps~5%s yren nsé’f%aéa ey%é%%fgng
styrene bl ock aopniy@emomﬁﬁnenﬂTmf53rskgx#nﬁ(ﬁthuﬁenﬂnbuﬁenﬁzﬁﬁuiqnethﬁqu
wherein the Bégyhgy i ncludes a fourth conponent consisting of a scrap
mat eri al . The structure of any one of Clains 17 to 20, further

i ncl udi ng a Iayer of scrap material attached to the core | ayer and

i nterposed betyeen e eeredtare’ cidldia skiwhéagen ehebdtiween ddwe chager

layer and theciuges a fourth component consisting of a scrap material.

16.  The structure of claim 9 further including a layer of
scrap material interposed between the first core layer and the
skin layer.

17. The structure of claim 9 further including a layer of
scrap material interposed between the first core layer and the
radio frequency susceptible layer.

18. The structure of claim 9 further including:

a scrap layer adhered to the first core layer on a 'side .
opposite the skin layer; and,

a second core layer attached to the scrap layer on a side
opposite the core layer. |

19. The structure of claim 9 further including a barrier
layer.
20. The structure of claim 19 wherein the barrier layer is

interposed between the first core layer and the RF layer.

21. The structure of claim 19 wherein the barrier layer is
interposed between the first core layer and the skin layer.
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frequency susceptible layer. 15 23. The structure of any one of Claim17
to 20 further including a scrap | ayer adhered to the core | ayer on a side
opposite the skin layer; and, a second core |layer attached to the scrap

| ayer on a side opposite the first core layer, or interposed between the
first core layer and the RF 20 susceptible layer. 24. The structure of
any one of ‘daim 17 to 20 further includi3y a barrier l'ayer attached to the
core layer and interposed between the core |layer and the RF |ayer, or

bet ween the core | ayer and the skin _Layer 5 . The tucture of any one
of Clainms 1 té215 F\éFt'ﬁEFuFHBFEZPhgcg#ﬂr?hg\’lrggﬁ’ér-lﬁﬂ‘géﬁgg:?o t he ra)éi 0

frequency susaepidrddied dyayewnadheredd oppddiet ef itwt skone| dpyer fayy a side

contacti ng l, ut.i capt ai L-n contai ner made fromthe structure, in
ise, " 30opRtikE EReiBRIA Payer? ol

I'm 25, wherei-n the further |ayer ,
i ncl udes: a fier steeithoRete IRYSE VIARIKADNED éﬂ%eec}a%’ﬁlrt‘:%ﬁpiﬁé(ﬁt‘xcﬁ“ afitde
ultra | ow Wsti‘tepQMeEHiﬁbﬂn&o@ad1ay'élﬁi.rd conponent of a styrene
et hyl ene-butene styrene block 5 copolyner. 27. The structure of any one
of Clainms 15 to 24, as appendant to Claim 3, wherein the first conponent of
the RF | ayer i28.a hThh mEimictgreenptr slaie @A fuekhere ipslpdingy | ewe kaean

amount in t wan of,£3 Pa9dr& Noe 1984 HineHed 1 Al sihest Bierd
conponent il%%pe; OV?’,gdglan%%Ha%g%nt 3\?vlé?hi n the rangee of S-Bg) %byewesilghts- of
the RF | aydhe hagnigx layer.

24. The structure of claim 19 wherein the barrier layer is
selected from the group consisting of ethylene vinyl alcohols,
and highly glassy, crystalline polyamides.

25. The structure of claim 23 wherein the tie layers are
modified ethylene and propylene copolymers.

26. A multiple layer structure comprising:

a skin layer cdmposed of a polypropylene copolymer with'
styrene ethylene- butene styrene block copolymer within a range
of 0-20% by weight of the skin layer; and,

a radio frequency ("RF") susceptible layer adhered to the skin
layexr, the RF layer having a first component of a propylene based

- polymer in an amount in a range of 30-60% by weight of the RF
layer, a second component of a nonpropylene polyolefin in an
amount within the range of 0-60% by weight of the RF layer, a

" third component of a radio frequency susceptible polymer in an
amount within the range of 3-40% by weight of the RF layer, and
a fourth component of a polymeric compatibilizing agent in an
amount within the range of 5-40% by weight of the RF layer.

27. The structure of claim 26 wherein the first component of
the RF susceptible layer is polypropylene.
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fourth conmponent is provided in an anount wthin the range of 5-40% by

wei ght of the RF | ayer. 31 28. The structure of claim27 wherein the
second conmponent of the RF susceptible |layer is selected fromthe group of
ultra | ow density polyethylene, and polybutene-1. 29. The structure of
claim 28 wherein the third conponent is g fatty acid polyam de. 30. The
structure ‘of claim29 wherein the fourth &onponent IS styrene

et hyl ene- but ene styrene bl ock copol yner. 31. The structure of claim 30

wherein the s Yl el Zeg%ﬁécebate&faﬁﬂﬁ%e@eq%t@@pegxaﬁa éémﬁ@ﬁﬁh{:‘ of

anhydri de func | ona- he structure l'aim 31 wh
conponent stk? RPSWcertihlardayer 4% sederteni tFPR the FRAYR a5 Wl tEr glew

per cent agea@:flsixl,j@ Pl éyeyléste f chhdwsol fhutsén€onponent 35-45% second
conmponent 35-45% third conmponent 7-13% and, fourth conponent 7-13% 33.
The structure of claim32 wherein the fatty aC|d pol yam de is a diner fatty
acid pol yani d29. TI3®2 structutre of claim 28 wherein the third component is

a fatty acid polyamide.

30. The structure of claim 29 wherein the fourth componént is
styrene ethylene-butene styrene block copolymer.

31. The structure of claim 30 wherein the styrene ethylene-
butene styrene block copolymer is maleic anhydride functiona-
lized.

32. The structure of claim 31 wherein the components of the
RF layer are in an amount within the range as a weight percentage
of the RF layer as follows:

first component 35-45%;

second component 35-45%;

third component 7-13%; and,

fourth component 7-13%.

33. The structure of claim 32 wherein the fatty acid
polvamide is a dimer fatty acid polyamide.
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34. A multiple layer structure conprising: a skin |ayer conposed of a

pol ypropyl ene copol ynmer with styrene ethyl ene- butene styrene bl ock
copolymer within a range of 0-20% by weight of the skin layer; a core |ayer
havi ng one side adhered to the skin layer; and, a radio frequency ("RF")
susceptible layer adhered tc the core layer on a side opposite the skin

| ayer, the RF | ayer being conposed of a f34st conponent of a propyl ene
based polynmer in an_anmount in a range of 30-60% of the weight of the RF

| ayer, a second conponent. af nonpropyl ene polyolef .in in an amunt wthin
t he range of -50 oé@ﬁgﬁéﬁﬁkﬁﬁﬁF OF% hé%ﬁﬁe|§$§ Flglpﬁ‘rd conponent of a
radi o frequen®y skdoeptayte gompesed nofin aanpahyPwPPHilanehecormigoner 8-i40:%
by wei ght of¢ J:he RedaYifine -AMh R0 Wil en@MRABER! b yRRIY NRENS 5 s
conpati bili ztli;n(g?a eent}%iyln r,laen am)ug_‘ﬁn vvis;%en t he rangg;pof YE{-&A]SO% by vveiagrjfta“oJ
the RF | ayé&tf 0%y sedghtudd SheciSEim 38YGRérein the core layer is non
radi o frequency ¢coiss dpiydy dhaving3dne6 siflee agihetetutte aheclskiim 3aveler ang,

t he second conpq t eptihl e | i I romthe group
of Ul tra | ow doRStRy BEPTAERCY cheRan ég%c%@&?éﬁlg. 1v3E SEhEPehrOTmis ol
suscept i bl elqaotynen jas eidi neppeaity 4bkd skoinyabiver. t K&ef diF t haxenpbrény
of the RF sUSESPdPISE lA¥EE-sitS cBRpSEBRL LoPCK ARG} VRS bdSH Gy &

includes: a first conmponent of ol yal efin; a second comqnént “sel ect ed”
from the gritFRoniisti AGRGE @k r30-60% of 'the weight of 'the RF layer, a

second component of a nonpropylene polYolefin in an amount within
the range of 25-50% of the weight of the RF laver, a third
component of a radio frequency susceptible polymer in an amount
within the range of 3-40% by weight of the RF lavexr, anc a fourth
component of a polymeric compatibilizing agent :In an amount

within the range of 5-40% by weight of the RF laver.

35. The structure of claim 34 wherein the core laysr is non
radio frequency susceptible.

L
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| ow density pol yet hyl ene, and pol ybutene copol yners; and a third conponent
of a conpatibilizing. agent. 37. The structure of claim 36 wherein the

pol yol efin of the first conmponent of the core layer is a polypropyl ene 38.
The structure of claim37 wherein the second conponent of the core layer is
an ultra |l ow density pol yethylene. 39. The structure of claim38 wherein

t he conpati’bilizing agent of the third com@onent of the core layer is a

styrene et hyl ene-but ene styrene-block copolyner The structure of
claim 39 wherein the core |ayer f i g es a c nponent of scrap
mat eri al . 33641 The AimdShYEe 2 eF §f?u% IPE T the §§SPRFeFEmPonent of

conpri si ng: tReSKF nshayept Ltlohe dseyk0fis gedlequresp flreme thepglrpuer ofi thtshyiene
ethyl ene bug gggégwsgg% ﬁfﬁ&@p%ﬁﬁ&,@gﬂm@ angeHaf 0239 bxrggugnc}é

of the skin requenc suscept’i bl'e_1 ayer,
bei ng conposuaceptibipr pelyBABoRENE éimarp?éb?Yeﬁ%l%aB%HY§B+9ﬁerthﬁ ﬁﬂurth

amount in acbaagﬁeﬁt S6- B/ pra shaeePewnb vhybhei Karl gpws b&o&ﬁceaﬂolyrfner,

conmponent a non ene olefin in an amount within the range ©
25- 50% of tﬁ@emEP§Et95¥thénE§ %3 Yér, a third conponent of a radio

frequency suscepfilrse pompuaentnoﬁnaapohyblaﬁihtn t he range of 3- 4096by

vei ght of the BF.Laxen cafbiedOWhRAAPERER! AL Adnl o 40%%51% ltra

conpati bilizing agent anount |n t he range
the RF Iayeﬂ-owad\eplséﬂ:)’c§PéY?§9¥ileB€tl weéﬁ PﬁéV§nFﬁn¢a9@P°émerﬁe RFdI ayer

a third component of a compatibilizing agent.

37. The structure of claim 36 wherein the polyolefin of the
first component of the core layer is a polypropylene.

38. The structure of claim 37 wherein the second component of
the core layer is an ultra low density polyethylene.

39. The structure of claim 38 wherein the compatibilizing
agent of the third component of the core layer is a styrene.
ethylene-butene styrene block copolymer.

' 40. The structure of claim 39 wherein the core layer further
includes a component of scrap material.

A 1
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and, a scrap layer attached to the core layer. 42. The structure of claim
41 wherein one side of the skin layer is attached to the core |ayer, the
scrap layer is attached to the core |ayer on the side opposite the skin

| ayer, and the RF susceptible layer is attached to the scrap |ayer on the
side opposite the core layer. 43. The structure of claim4l wherein one
side of thé skin layer is attached to the ¥%rap |ayer, the core layer is
attached to the scrap |ayer on a side opposite the skin layer, and the RF
susceptible layer is attached to the core IQ%er on the side gpp03|te t he

scrap |ayer. 441-Th® SRLLIPERLBYCE| SF IR Rt StackaLdPNGTs SeFbTd Si8se
| ayer interposed betiweeha}téle e:ompoba;&eroﬁn@h tpelRbropgtenti apdlayesr witdb

45. The St”%q-,a%{fe S 0fa Jﬂ'ezﬁ iRl %t%%n%eﬁqgg Bg'gg?gﬂ%gotuﬂ:ﬂgnlqg range

suscepti bl e IS S romthe-grou ensi
pol yet hyl eneofarft 30 Mt‘@ﬁﬁhf Otfhéheaélkénf ﬂéb(&é‘rhcy suscept.i bl e poI ymer is a

dimer fatty acigl rl&@i'ﬂbaﬁ}:QQuehB? t-qw-t)h queoiayae REhé Use aRfvidY ®eing
| ayer is an SEBS bl co o Y % core | yer i ncl u cfes a fi rst
conponent of SR ] §e88ﬂ8°88‘ﬁlbo?l it %‘%9961 an

consi sting cdmanlritr auh ow danget pfpcﬁqfadﬁll@fnethandepghybmfertme:ombl yages, a
and, a thi rdsé:@m%%ogen@.Sf@q{c;rmxldﬁlrégleaggmgfolefin in an amount within
the range of 25-50% of the weight of the RF layer, a third
component of a radio frequency susceptible polymer in an amount
within the range of 3-40% by weight of the RF layer, and a fourth
component ‘of a polymeric compatibilizing agent in .an amount
within the range of 5-40% by weight of the RF layer;
a first core layer between the skin layer and the RF layer;
and,

a scrap layer attached to the core layer.

42. The structure of claim 41 wherein one side of the skin
layer is attached to the core layer, the scrap layer is attached
to the core layer on the side oppoéite the skin layer, and the RF
susceptible layer is attached to the scrap layer on the side
opposite the core layer.

43. The structure of claim 41 wherein one side of the skin
layer is attached to the scrap layer, the core layer is attached
to the scrap layer on a side opposite the skin layer, and the RF
susceptible 1ay§r is.attached to the core layer on the side
opposite the scrap layer.

‘44 . The structure of claim 43 further including a second core

layer interposed between the core layer and the RF susceptible
layer. '
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46. A nultiple layer structure conprising: a skin |ayer conposed of a

pol ypropyl ene copol ynér with styrene ethyl ene- butene styrene bl ock
copolymer within a range of 0-20% by weight of the skin layer; a radio
frequency ("RF*) susceptible layer, the RF | ayer being conposed of a first
conponent of a propyl ene based polyner in an anount in a range of 30-60% of
t he wei ght of the RF | ayer, a second conpdf®ent of a nonpropyl ene pol yol efin
in an anount within the range of 25-50% of the weight of the RF |ayer, a

third conponent _of a radio frequency,susceptible polyner i , n

within the ranf@: offR& EG%“S)F‘W% Bﬁtg%‘?l‘f‘h Plﬁ‘—hﬁraeylenr c aengeé:%fn%rc?ﬁgc%gr%ﬁgngﬁt

of a pol ynethe kRPnpatddpt ikiadiagentis medecuesufron thien gripupr gfgelsraslee%

by wei ght O&eﬁg%l}F éﬁféé%@%ﬂé StarkPr &R PRIMEEN thiae $high ol a¥eeqaBHcy
; |

the RF | ayer; . ayer attachéd to the_ core Iaéer. 47 Tge
structure ofuefePhilbevpRIERAr ok 3idRmef TRECEKRRIfaRIYREIdR: abhedtPYTERe
barrier | ayebmﬁéhén'é%ﬂ Y RF easabptiblibellayertie draSHEY blaykr copoayside

opposite the s hn | ayer, and the.RFlsgsg.epti ble layer is attached to the
core |ayer bRt hErE&FAECEBpdeYEs tREIBAFFT er | ayer. 36 48. The structure
of claim 41 wher Eéinsbnecwpdaent oficaskphyPhgbinis attached to the core

| ayer, the bar !séféﬁa%tﬁp%ﬁﬁt 9Red O FLBR €RE GgFAYScEINE R} ¢F ultra

opposite the skin layer, he RF susgeptibLe Iazer I s.attached to the
barri er |ayépwoﬁepﬁé y polyethylene, and polybutene copolymers; and,

a third component of a compatibilizing agent.

46. A multiple layer structure comprising:

a skin layer composed of a polypropylene copolymer with
styrene ethylene- butene styrene'block copolymer within a range
of 0-20% by weight of the skin layer;

a radio frequency ("RF") susceptible layer, the RF layer being
composed of a first component of a propylene based polymer in an
amount in a range of 30-60% of the weight of the RF layer, a
second component of a nonpropylene polyolefin in an amount within
the range of 25-50% of the weight of the RF layer, a third
component of a radio frequency susceptible polymer in an.amount
within the range of 3-40% by weight of the RF layer, and a fourth
component of a polymeric compatibilizing agent in an amount
within the range of 5-40% by weight of the RF layer;

a first core layer between the skin layer and the RF layer;
and, '

a barrier layer attached to the core laver.

47. The structure of claim 46 wherein one side of the skin
layer is attached to the barrier layer, the core layer is at-
tached to the barrier layer on a side opposite the skin layer,
and the RF susceptible layer is attached to the core layer on the

side opposite the barrier layer.
-
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side opposite the core layer. 49. The structure of claim47 wherein a
second core layer is interposed between the core |ayer and the RF
susceptible | ayer. 50. The structure of claim46 wherein the second
conponent of the RF susceptible layer is selected fromthe group of ultra
| ow density pol yet hyl ene and pol ybutene-1, the radio frequency susceptible
polymer is’'a dinmer fatty acid polyanide,3§he fourth conponent of the RF
susceptible | ayer is an SEBS bl ock copol ynmer, wherein the barrier layer is

sel ected fromhe gioun GoNRiSl 0t ¢ AEYLCURIH HLUS 0B khd SRy
gl assy pol yam'dés. . he Structure of claimae furt er 1ncluding two tie
layers onelewegadls stdedifed Heo blle | €pre ajdyer pothenhbagriget dryest @ At 51

therlei_n lth%lafcih%d RYCE Be B Srdmdiydrednethy | £1de &ftiial dyiwltmesma?wyefs.aﬁ.
mul tiple | ayer structure.conprising: ski a c ose a '
pol ypr opy| &h€ %p&Pﬁ%Pg&ﬁ}ﬁ sHYrent eatt%ﬂcg’rﬁrah- 6&’%’@%‘8 gggféﬁg g‘%%ﬁ on the
copol yner wilde mpposdnge tbe @o2eddbyewel ght of the skin layer; a core |ayer
havi ng one side adhered to the skin layer; and, a radio frequency ("RF")
susceptible | ayer adhered to the core |ayer Qn a . .side oppoaite t he skin,
| ayer, the RF4%yeTHSefREuebipesel oFaim rﬁ"gﬁ"i‘r?élet’inn@ SERPBAaFRFE Layer is
f1 exi bl e ponHagdeNddtvern adeurbrienlayeangardothd0RBOSustephibvei Ddyeof
the RF layer, a radio frequency susceptible polyner in an anount within the
range of 5-20% by weight of the RF |ayer, and a polyneric conpatibilizin
agent. i n an arfdunt Thiet Atruehere Ry leimisoohereitdif SSConse CREPPRGEE ©
the RF susceptible layer is selected from the group of ultra low
density polyethylene' and polybutene—l, the radio frequency
susceptible polymer is a dimer fatty acid polyamide, the fourth
component of the RF susceptible layer is an SEBS block copolymer,
wherein the barrier layer is selected from the group consisting.

of ethylene vinyl alcohols, and highly glassy polyamides.

51. The structure of claim 46 further including two tie
layers one on each side of the barrier layer.

52. The structure of claim 51 wherein the tie layers are

modified ethylene and propylene copolymers.

53. A multiple layer structure comprising:

a skin layer composed of a polypropylene copolymer with
styrene ethylene-butene styrene block copolymer within a range of
0-20% by weight of the skin layer;

a c¢ore layer having one side adhered to the skin layer; andg,

a radio frequency ("RF") susceptible layer adhered to the core
layer on a side opposite the skin layer, the RF layer being
composedkﬁfa.high.melting temperature and flexible polypropylene
in an amount in a range of 30-60% of the weight of the RF layer,
a radio frequency susceptible polymer in an amount within the
range of 5-20% by weight of the RF layer, and a polymeric
compatibilizing agent in an amount within the range of 5-20% by
weight of the RF layer.
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37 54. The structure of claimb53 wherein the radio frequency susceptible
pol'ymer of the RF susceptible layer is a dinmer fatty acide pol yam de and
the polyneric conpatibilizing agent is a styrene ethyl ene-butene styrene

bl ock copol ymer. 55. The structure of claim54 wherein the core includes: a
first conponent of a polyolefin; a second conponent selected fromthe group
consisting’of -ultra | ow density pol yethyl gge, and pol ybutene copolyners

and a third conponent of a conpatibilizing agent.

54. The structure of claim 53 wherein the radio frequency
susceptible polymer of the RF susceptible layer is a ditﬁer fatty
acide polyamide and the polymeric compatibilizing agent is a
styrene ethylene-butene styrene block copolymer.

55. The structure of claim 54 wherein the core includes:
a first component of a polyolefin;
. a second éomponent selected from the group consisting of ultra
low density polyethylene, and polybutene copolymers; and
a third component of a compatibilizing agent.
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