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Multilayer, Halids Free, Retortable Barrier Film

Technical Field

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

Background 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 trans-
parent. 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 é 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 degradation. The material
must also be functional at high temperatures to withstand
the heat of sterilization; a process which wmost medical
packéges and nutritional products are subjected to prior
to shipment. The sterilization process usually includes
exposing the container to steam at temperatures typically
1219C and at elevated pressures. Thus, the material
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order to visually inspect solutions for particulate contam nants, the
contai ner nmust be optically trans- 15 parent. To infuse a solution froma
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PCT/ US96/ 05965  Therefore, the material should possess sufficient
dielectric loss properties to convert the RF energy to
thermal energy§

A further requirement is to minimize the

10 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

15 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.

20 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,

25 irritating, and corrosive, or other products which are
harmful, irritating, or otherwise cbjectionable upon
incineration. It is also desirable that the material be
free from or have a low content of low molecular weight
additives such as plasticizers, stabilizers and the like

30 which could be released into the wmedications or
biological fluids or tissues thereby causing danger to
patieﬁts using such devices or are contaminating such
substances being stored or processed in such devices.

For containers which hold solutions for transfusion, such



needs to withstand the tenperature and pressures w thout
distortions ("heat distortion resistance"). Fo

properti esyhQsagpyert the RF energy to thermal energ
further requirenent is to mnimze the310 envi ronnent al
di sposal of the article fabricated fromthe materi al
use. .For those articles that are disposed of in |an

desirable to %ﬁtﬂﬁlhatioﬁ éaxfa Infalie easteoséybi[&&rt%ea\e@aﬁ.fm&ne

’ |ncorporat|on of OM/HD|€ | ar__weli eachna

sig

ni fi cant

r ease of _
manuf acture into useful articles, it is desirable that the material be
seal able using radio 5 frequency ("RF') generally at about 27.12 M.
Therefore, the material should possess sufficient dielectric |oss

¥CTIUS96/05965

A

I mpact upon-t he

after its |ntended

dfills,

onents_t

it is

0 construct

the article. PRfhway;fnd nb&%ﬁ the p %t1§H5uFﬁ“?k99|iﬂﬂF?MéP§hFeéﬁB BRve good

. mechani cal st t&éegphtient. Furt her benefits are realized by using a material -

EggthQHSUg§¥ g?t[gfgéféibﬁizégrﬂﬂﬁﬂﬁeaﬁhartI% lréﬂyéyyagShagﬁggg%ﬁose
T x:s;s,z*;%m@;%i&:ssz:;:mm%z::z; a5
ot her wi se ObJ eeetoahsl sbuwrrequmeﬁsnaetatnmvéf |£8!Cﬁ|n'&9 geaei-a@ée t hat

adai 1 rves: QuchBiehi Shifle At T phored PRI (o?

ow Iec
roc

of
‘é,d

Hiar melght-

ric acrd when contacted with water) 'upon 1nc1neratlon,
causing corrosion of the lncinerator. PVC sometimes
contains plasticizers which may leach into drugs or
biological fluids or tissues that come 1n contact with
15 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
20 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 f£ilm
compositions capable of withstanding the steam steriliza-
tion, cannot be welded by radio frequency dielectric

25 heating thus cannot be assembled by this rapld low
costs,.relzable and pract1cal process " European Applica-
-tlon No. EP 0 310 143 Al discloses multilayer films that

meet most of the requ;rements, and can be RF

welded.

_ However, components of the disclosed £ilm are cross-

30. linked by radiation and therefore, cannot be recycled by

o the standard thermoplastic'prbdessing_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
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Traditional flexible polyvinyl chloride materials 5 neets a nunber of,

and in some cases fy &R0 Bbhedadk R0y E%HEB&&naﬁ@'&ﬁdny|
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with water) upon I'ncinera
5 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 com-
mercially used or marketed. The?broperties of such

10 materials includes flexibility, extensibility, and strain
recoverability, not just at room temperatures, but
through a wide range of ambient and refrigerated tempera-
tures. The material should be sufficiently optically
transparent for visual inspection, and steam sterilizable

15 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 physi-
cal and a cosmetic defect. A further objective is that
the material be capable of assembly by the RF methods.

20 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. Anocther objective is that the material be

25 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

30 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 of

the above objectives simultaneously. For example, in
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_ In addition to the_deslrab}e properties above; in
many medical and food storage applications, it is desir-
able to provide a fiim_that_has barrier properties to
oxygen,_carbon'dioxide, and water permeability. For
medical soiutions that are'packaged haviné a desired
concentration of a drug or solute,. the barrier to water
helps malntain this concentration by preventing water
from escaping from the container. . In solutions that have
a buffer to. prevent pH changes, such as a commonly used
sodlum bicarbonate buffer, the barrier to carbon dioxide
helps maintaln the.butfer by preventing carbon dioxide
from escaping from the container._ For medical solutions
containing proteins'or amino;ac;ds, the oxygen barrier
helps'prevent the ingress of oxygen which can oxidize the
protein or amino acid rendering the solution ineffective
for its intended purpose. For food containers, these
barriers help keep the flavor in the food and out of the
surrounding food items. '

components

Such a film may be used to construct contalners, and
other medical dev1ces. for containing, proces51ng and

-handling oxygen sens;tzve enteral and parenteral

solutions. Many of these solutions are stored and
shipped in_a container whlch must be terminally
sterilized after.filiing the container, Current
containers for storing'oxygen sensitive materials such as

*
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4 mgrates into the packagi ng contents as a contam nant and by
altering the pH of the contents acts as a potenti al chem cal reactant
to the contents or as a catalyst to the degradati on of the contents.
5 The maj ective of the present invention is the ' of
t hernopl astic W%‘I“hﬂl’zs whi ch are, overall, - superior to t%oseﬁ%égw
materials, of which we are aware, which $ have been heretofore known to
the art or have been com mercially used or marketed. The properties
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that the material
10 o flex cracking, pinholes, and have low impact
resistance. Additionally, the films containing PVDC have
high quantities of extractables which are known to
originate from the adhesives used to laminate the film.
PVDC also contains chlorine which may have a deleterious
15 environmental impact upon disposai.

Bthylene vinyl alcohol is another effective barrier
material. However, ethylene vinyl alcohol has preéented
difficulties in use where the material must be subjected
to an autoclaving sterilization process which at normal

20 autoclave temperatures exceed the melt point of the
ethylene viﬁyl alcohol.

The present invention is provided to solve these and
other problems. . |
Disclosure of Invention

25 In accordance with the present invention certain
multiple layer polymer based structures are disclosed.
The structures may be fabricated into medical articles
such as containers for storing medical solutions or blood
~ products, blood bags, and related itéms, or other
30 products constructed from multi-layered structures.

"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 preferably less than 25,000 psi when
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5 30%, and more preferably less than 15%, when measured for
a composltlon 9 mlls thlck and in accordance to ASTM D- -
1003, (4) the loss tangent measured at 1 Hz at processing
temperatures 1s greater than 1. 0, and more preferably
greater_than 2,0, (5) the content of elemental halogens

10 is less than 0'1%, and more preferably less than 0.01%,
(6) the low molecular weight water soluble fractlon is

less than 0.1%, and more preferably less than 0.

005%, (7)

the maximum dlelectrlc loss between 1 and 60 MHz and
between the temperature range of 25- 250 °C is greater

15 than or egual to 0.05 and more preferably greater than or
equal to 0.1, (8) autoclave res1stance measured by sample
creep at 121 °C under 27 psr load;ng 18 less than or
equal to 60% and more preferably less than or equal to
20%, and (9) there is no strain whltenzng after being

20 strained at moderate speeds of ‘about. 20 1nches (50cm) per
minute at about 100% elongatzon and the presence of

strain whltenlng is noted or the lack thereof

The multlple layer structure of the present inven-

tion comprises a skin layer preferably composed

of a

25 peolypropylene copolymers with styrene and hydrocarbon
block copolymers.. More preferably a propylene copolymer
with ethylene-butene styrene (“SEBS') w1thin a range of
0-20% by weight of the skin layer The structure further
‘includes a. radio frequency ("RF") susceptible layer .

30 adhered to the skin layer._ The RF layer is composed of a
first component of a polypropylene polymer, a second
component of a non- propylene polyolefln (one that does

not contaln propylene repeating units), a thlrd
of a radlo frequency susceptlble polymer, and a

component
fourth

»
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such as RF layer alone do not provide e addztlonal 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

15 has improved vapor barrier properties, greater 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.

20 Preferably, the first component is polypropylene which
constitutes about 40% of the core layer, the second com-
ponent is an ultra low density polyethylene ("ULDPE")
which constitutes about 50% by weight of the core layer,
and the third component is styrene-hydrocarbon block

25 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
30 during the processing of the £fiIm material back into the
" composition of a film structure. This can lead to using
significant'amount of scrap material as a weight percent

of the entire layer structure, thereby substantially
decreasing the costs of the film product. The reground

miiiil‘ li‘i‘ilfﬂfi‘ uﬂl‘ii’“
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6 . - vitanins, are constructed froma filmthat is | am nated and

i ncoripofates foil. and\ or pol yvi nyl i dene dichl ori de (PVDC) barrier

| ayers. Such: {-ami'hated films are quite costly on a unit basis as
conpared to the coextruded film 5 products of the present invention.
Further, t ﬁ#’ pate foil and PVDC filns are not susce tible to radio
frequency A ggland thus cannot be seal ed using RF %ﬂ'*@chnlques.
The foil containers, even when t oyhened usi ng nylon renarn a fragile

structure prone 10 to flex cracking, pi nhol es, and have | ow i npact

resi stance. A ' e Ll ontar ing
quantities ofggkéé' éi ﬁﬁmgﬁrggﬁg aE°V8r$§?ﬁE}%quon1the
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Et hyl ene vi ny} e?i drs anggher ef f cnéve barr%§ N @E erral Fbmever
ethyl ene vi ny? S REo, Eeﬁ?ﬁﬁ ayerag appafitiepalise where the
mat eri al rfustcompenssitect g either amseutsigrficgnst eesbirzeds errepr ocess
which at norngdved by reprocessing the scrap material.

- To increase gas barrler_prope:tles_of the structure,
it is desirable to incorporate a barrier layer between
the skin layer and the RF layer. The barrier layer may

10 be attached to_surrounding_1ayers.uei39:adhesi6e_tie
layers. 'The.barxier 1ayer'may be selected from ethylene
vinyl E1cohols.euch as that sold under the name Evalca
(Evalca Co.), highly glass or crystalline polyamide such
~ as Sclar PA ® (Dupont Chemical Co.), high nitrile content
15 acrylonitrile copolymers such as those sold under the
tradename Barex °_eold_by_Bxitiéh.Pé;roleum.i In particu-
lar the barrier.stxucture'wiil'héve,a,skinelayer of poly-
propylene having a thickness within the range of 0.5 mil-
4.0 mil, more preferably 1.0 mii-B‘Q,mil, and most -
20 preferably 1.0 mil, a barrier layer of ethylene vinyl ‘

: alcohol_having a thickness within the fange of 0.3 mil-
5.0 mil, more preferably 1.5 mii-e.o mil, and most
preferably 2.0 mil, and an RF susceptible layer within |
the range of 2.0-8.0 mil, more preferably 3.0-6.0, and

25 most preferably 4.0 mil. It hes:been_found that such a
structure may be subjected to eutdclave sterilization
temperatures wzthout loss of integrity of the ethylene
vinyl alcohol layer
_ Increased reslstance to oxygen, ‘water, and carbon

30 dioxide permeability has been realized by dividing the
barrier layer into a multi-ply stack of thin barrier
layers separated by_tle layers. A single barrier layer

. 3.0 mil thick may:be;divided into anywhere_from two to

ten barrier layere; In the ten barrier layer embodiment
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di scl osed. J@&l@ Juctures may be fabricated into nedical p&fo6deSoss
such as contai ners storing nedical solgblons or bl ood product s,

bl ood bags, and related itens, or other 30~ products constructed from

mul ti-layered structures. It is an object of the present invention
to prepare (1? nehéh hﬂé»ﬁre%d 1b lmba\lngoéhﬁ j@iz'loﬂhﬂekphélﬁdC@é%h layer
properties: a nechani u ess t psi..an re
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PCT/ US96/ 05965 multi-ply barrier sandw;ch wdhld resembieuthe Parwiewr dance
with ASTM D-882, (2)1R HHAR¥Rfres discussed immediately above having a skin
5 layer of polypropylene, a tie layer, and a multi-ply
barrier sandwich having from say 1 to 10 consecutive
barrier and tie layer units, followed by the RF active
layer or a sealant layer of a polyolefin such as a
polyethylene or polypropylene.

10 Films having the aforesaid structure and
compositions have been found to be flexible, optically
-clear, non-~strain whitening, and steam and radiation
sterilizable. Additionally, the films are compatible
with medical applications because the components which

15 constitute the film have a minimal extractability to the
£fluids and contents that the composition come in contact
with. Further, the films are efivironmentally sound in
that they do not generate harmful degradants upon
incineration. Finally, the films provide a cost

20 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.

25 Brief Description of Drawings .

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

Figure 2 shows a cross-secfional view of a three

- layered film structure of the pifésent invention including

30 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 preseﬁﬁ"invention having a



than or equal to 70% and nore preferably greater than or equal to 75%4
recovery in length after an initial deformation of 20% (3) and optical
haze of less than 5 30% and nore preferably |ess than 15% when neasured |
for a conposition 9 mls thick and in accordance to ASTM D 1003,

(4) the loss tangent measured at 1 Hz at. processing tenperatures is
greater than 0, and nore preferably greater than 2.0 4%&% t he content
of el enent¥P f(éqsygens 10 is less than 0.1% and nore pr &F& P4Pess than
0.01% (6) the lIow nol ecul ar wei gl water soluble fraction is | ess
than 0.1% and nore preferably | ess than- 0.005% (7) t he maxi num’
dielectric |oss bet ween nper e range
of 25-250 [er FF-ESFE g%Y%’F "_Id.%sclrﬁgnmﬁpeﬁhﬁhlb?to ??noé%?nﬁkﬁﬁr an r'gé%rabl y
greater than gpre 1anqnat to 0.1, (8) autoclave-resistance neasured by

sanpl e. creep a?l&@ée[§réﬂd§§J@d%&033 Bébtiéﬁ&ﬂfﬁléwSeristEﬁ” or

equal to 60% and norée preferabl an or al 20% and (9)
there is no sBFEPAT uﬁ?t%ﬁ&?g,Eﬁﬁ%ﬂungeﬁﬁgaaoass?cﬁﬁ Eﬁzlﬁgﬁgrate speeds of
about 20 |mchbet@5§nn#h@ecore and WMEeRRtlayens 100% el ongation and the -
presence of { prbdruhy Ofatthwa 2ro8befelidin Vidk WEeheehin The

mul tiple |ayer struc resent I nven-- onprises a skin
| ayer pref er aBFFUEEHPBSRRLRY %Fgé@unﬂoﬁﬁﬁ?BpW eihedwaﬁ%ayem Y’nglflyr ene
and hydrocarbeplits thectoreiaysreiato Moecorefimss; a propyl ene

OO e g e Bl S Sl e HUEERECLERS Wi dlf B B 2aignge of

0- 20% by wei ght of e skin layer e structure furt cludes a
radio f reh%enéyr(mmﬁ? %Gs%%tnrassnt:aye-veeel%dwéﬁéw ts@"teﬁe]-é]{?ﬁsl ayer .

The RF |ayer hacloapages irrier laleirSbetRa®ehd red apd YReORy! ene
polyner,- a se gygrs and two tie layers; _ _ _

Figure 8 shows the same structure of Flgure 6 except
the barrler layer 13 d;sposed between the core layer and
.15 the skin layexrs; : .

Figure 9 shows a cross- sectional view of a film
structure having a barrier layer dividing the core
layers, . B o .

Figure 10 shows a container. constructed from one of

20 the film structures of the present invention;

Figure: 11 shows a cross-sectional view of a struc-
ture having a skin layer, a barrier layer and an RF lay-
exr; i o : - . .

Figure 12 shows.the.struéture_qf_Eigure.11 further
25 including tie layers between the principal layers;
Figure 13 shows a multiple layered film having a
'layer of polypropylene dividing the RF. layer; and
Flgure 14 shows a multiple layered film having a

barrier 1ayer leided into 2- 10 1ayers .

30

‘While this invention'is_susceptible_of embodiments
in many different forms, and will herein be described in
'detail,ipreferred embodiments. of the invention are
disclosed with the understanding that the present



i
conponent of a non-propyl ene polyolefin (one that does not contain

propyl ene repeating units), a third conponent of a radio frequency
suscepti bl e polyner, and a fourth 8
conponent of a polyneric conpatibilizing agent. In alternate

enbodi nent s, aﬁ@iskﬂfﬁ' | ayers such as core, scrap, and berpnsdénosseyer s
are added to the skin and RF | ayers to,gconfer additional or enhanced
functionality of 5 the resultant film structure. The RF | ayer is.
t he subject of the concurrently filed PCT application publication no.
WD 95/ 14739 discMistirel $si B6 0B OEcHiElidregeaB byemel PfrtdonEN®f the

mul ti-layered film_structure af the, present i_ngwentLo 0y dht.L.opa
features that tfu33§ﬁﬁﬁi§ﬁﬁﬁoﬁg B%et %&eﬁ%lqﬂFaﬁéy%%éaﬁ%%eléggégﬁ?'%%beﬁggg
The additional fedthe dxoad agpeche ofithe |inventipnntenehe Rmkadimenssi or

surface gl oss _ Angddredwerad tackiness to the outside surface of the film

structure. Additionally, the,multilagyered film,structure 15 has i nprove
vapor barrier properti &9 Eéﬁ?eF°s%%%§ﬁFWent invention, m&itlﬁie Tayere
film structures are provided which meet the regquirements

gset forth above.
Figure 1 shows a two layered film structure 10 -
having a skin layer 12 and a radio fregquency ("RF")

10 susceptible layer 14. The skin layer 12 confers heat
distortion resistance and abrasion resistance and is
preferably a polypropylene and more preferably a poly-
propylene copolymer blended with styrene and hydrocarbon
block copolymers. More preferably, the skin layer .12 is

15 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

20 should have a dielectric loss of greater than 0.05 at
frequencies within the range of 1-60 MHz within a
temperature range of ambient to 250 °C. The RF layer 14
preferably has four components. The RF layer 14 confers
RF sealability, flexibility, heat distortion resistance,

25 and compatibility to the £ilm 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

30 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.



and optical clarity, and is cleaner or has reduced tendency to mgrate
into the contents of the container. The core layer, which is

i nt erposed between the skin | ayer and the RF | ayer consists of three
conponents. 20 Preferably, the first conponent is polypropyl ene which
constitutes about 40% of the core |ayer, the second com ponent is an

ultra | ow pol yet hyl ene (" ULDPE") whi ch const | ' ut 50% by
wei ght of'?ﬁgagg¥e | ayer, and the _third conponent is%&*ﬁﬁﬁmﬁ&%

styrene- hydrocarbon bl ock 25 copolyne?3and nmore preferably an SEBS bl ock
copol yner ~ which constitutes about 10% by weight of the core |ayer.

The entire core | aytes hou hondeeBlbiyidilcan include bin el <0

desirabl e, for econom c, reasons amon I ncof e reground
scrap naterlaPa?%QOEQPQ%YWQFQj&PFHgaFh%t¥N¥ﬁRERSQﬂ316V1tﬁéeF$¢¢nlﬂaterlal back
into the ¢ bEYRAS) | | etthydfene icol-alpha Uusleff inhs, Tldrs thansbeagli€d usi ng -

significant agpypt Péws(g t(%?#ﬁ{:affyal.é/%e%tanp%r gsgéébkosof the entire

| ayer structure; thereby su creasin ts of the film
product. The p@byeﬁhylenes “ULD 96/nhgg§3ULDPE include those

PCT/ US96/ 05966ommercially available products sold under the trademarks
TAFMER® (Mitsui Petrochemical Co.) under the product
de51gnatlon A48S5, Exact® (Exxon Chemical Company) under
the product de51gnatlons 4023- 4024,_and Ins:.te®

10 technology polymers (Dow Chemlcal Co.). In addition,
poly butene- 1 ("PB"), such as those sold by Shell
Chemlcal Company under product de51gnatlons PB~8010, PB-
8310; thermoplastic elastomers based on SEBS block
copolymers, (Shell Chemical Company), poly isobutene

15 ("PIB") under ‘the product de51gnatlons 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 deS1gnatlon EMAC 2707,
and DS-1130 (Chevron), and n- butyl acrylates ("ENBA")

20 (Quantum Chemical) were found to be acceptable
copolymers. Ethylene copolymers_auch as the acrylic and
methacrylic acid copolymera and their partially
neutralized salts and ionomers, such as PRIMACOR° (Dow

_ Chemical Company) and SURYLN® (E.I. DuPont de Nemours &

. 25 Company) were also acceptable._ Typlcallyh ethylene based
copolymers have melting point temperatures of less than
about 110°C are not suited for'autoclaving at 121°C
appllcatlons Furthermore, cnly a limited range of
proportlons of each component allows the simultaneous

. 30 fulfillment of the flexibility and autoclavabllity
requirements.

Preferably the first component is chosen from the
group of polypropylene homo and random copolymers with
alpha olefins which constitutes approximately 30-60%,



i
9 scrap may be incorporated into the above-descri bed structure

either as an additional discrete |ayer |ocated sonewher e between the
skin | ayer and the RF | ayer or nmay be bl ended into the core | ayer as an
addi ti onal conponent. In either case, significant resources are

saved by reproqﬁaawwggrmascrap mat eri al . To i Nncr easgcHasodtasds er
properties of thé structure it is desirable to incorporate a barrier
| ayer between the skin layer and the REY ayer. The barrier |layer may

10 be attached to surrounding | ayers using adhesive tie | ayers. The

balr(rjl erdl ayer may HSrée#f&féﬂaﬁlr @sehbxelcgaﬁd mosﬁ“ﬁ?défle%‘aﬁQ?Oh§%§Lﬂt§1hl ?s t hat
sol d under e nane al ca ass or sta

pol yani de such Wﬁég]SEI%# e | - (FOp o%ﬂ‘ ‘@l‘g?n ﬁ%dEB’ pﬁ%j% g t?
content 15 acryl oprépylene ool Wesachhasetﬁwset&wil@nandentehe is m
tradename Barex [epg] ?ﬁﬁ«k& %&L'nt Lt?tg ggﬁgglem -6%, “al%r hb‘f& refe!:%l he

barrier structure wl ave a

L OF PO 1%% E che awgg{_eea
thi ckness withith tWatRIRJheraRas Q| 2-6%, oL ¢ I"’e"ﬁ(?rt r ERer BEPRYYE
ml-3.0 ml|, and nbstpPéfexred amithe FiPsti domporemy.i er | ayer of ethylene

\n1i InyI nor e Slr g?Q?l’iblhaw ng’éa %&f@%ﬁp@%&ﬁf%ﬁs:ﬁlé %&g%'a%r a%? géJ”Be and
an RF susceptible fég }oi ity and 1°Wh§emaﬁ§%tﬂﬁe:ﬁqyﬂ}h@tﬁlF° B¢ RF layer
preferably 3.0-6. 014 28d 20s dHiEenDERLRAr Bhe Yarorb fBdneiskinBast bpEIyd Tamiths

D e ach s A hoCh 58 A MG UL 6L B gl YR usbe bl 00
| ayer . propylene based polyoleflns“) lncludlng ethylene
copolymers including ULDPE, polybutene, butene ethylene
copolymers, ethylene vinyl acetate, copolymers with vinyl
acetate contents between approximately 18-50%, ethylene
15 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%.
20 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
25 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.
_ The first and second components of the RF layer 14
30 wmay be replaced by a single component selected from a
high melting temperature and flexible olefins such as
those polypropylenes sold by the Rexene Company under the
product designation FPO. The melting point temperature
of this component should be greater than 130 °C and the



I ncreased resistance to oxygen, water, and carbon 30 dioxide perneability

has been realized by dividing the barrier layer into a nulti-ply stack
of thin barrier | ayers separated by tie layers. A single barrier layer,
3.0 mil thick may be divided into anywhere fromtwo to ten barrier

| ayers. In the ten barrier |ayer enbodi nent WO 96/ 40512

PCT/ US96/ 05965 : : 10 each barrier Iayer
woul d be OWOWHSI2hi ck, and each layer -  separated by BEHYSI6PSIER,
filmstructure with such a mul ti-P%y barrier sandwi ch woul d resenble
the barrier filmstructures dlscussed |nned|ately above having a skin

5 Jlayer of pq Iene er, .and nul barrier
sandwi ch havi H’bag 3%/ ﬁﬁnl 0 (gqv]n v vgﬁ ‘If%%'ft muﬁide | ayer
units, foll om@%ﬁlttmel?behueeneao 60% dyewedght efathmiRR d.werof a
pol yol ef i n 'such as e mpapeluﬁt&wépé&ﬂ% RELEPESPYAE R TdYer Fi | ms

’ af or esai.d - truct a osit|ons have been found to be
P?g;Pgléheopt| %I nown Hzgh é&electrlcngoss ingredients are

5 1nc1uded as the thlrd component of the film structure 10.
For example, EVA and EMA of sufflciently high co-monomer
contents exhibit significant loss properties at 27 MHz to
allow the compositions to be sealed by the dieleetric _
pfocess.- Polyamides as a class of material, and ethylene

10 wvinyl alcohol ("EVOH") copolymers  (typically produced by
hydrolysing EVA éopolymers), both possess high dielectric
loss properties at suitable temperatures. Other active
materials include PVC, vinylidine chlorides, and fluo-

 rides, copolymer of bis-phenol-A and epichlorchydrines

15 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

20 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

25 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_qopqumexs (random, block or
graft). :

30 Polyamldes such as nylons are widely used in £ilm
material because they offer abraslon resistance to the
film. However, rarely are the nylons found in the layer
which contacts medlpal solutions as they typically
contaminate the solution by leaching out into the



i
clear, non-strain whitening, and steam and radi ation sterilizable.

Additionally, the filns are conpatible w th nmedi cal applications
because the conponents which 15 constitute the filmhave a m ni nal
extractability to the fluids and contents that the conposition cone in
cont act her, the films are environnental |y sou | t hat
they do not ge ﬁglpg@éﬁ arnful degradants upan I nci nerati o%}gg?lﬁglﬁlg? t he
films provide a cost 20 effective al terndfive to PVC Addi ti onal
features and advant ages of the present i nvention are described in, and

wi |l be apparent %Bﬁ{ﬂzlon. (el &a ﬁEQ B@&;dﬁssﬁid o4 éaaca i@é‘n@é t he
presently preferred embodi ment s. L @% 2 §$ ﬂg
Figure 1 shows a € ogges%ﬁﬁ??ﬂﬁﬂlqugﬁ189 g ?gwyarloqs P8 FRFRY sBrtture

of the present inpebyambdes sold by,Fifgur exa8mshonHenkedo Sorporat bonl undey of
a three 'ayerﬁﬂetfﬁ}é‘%ﬁ# %%éil_g%a%oh?emﬂéﬁéﬁéﬁr 'agme%h@mgchadw@ 30 a

core | ayer added to ure ows a
cross-sectionad viéﬁﬂo¥°t$ﬁph|QQH§§m1nat1P?gﬁW% Qhﬁﬁtﬁ¥ﬁat§GIGP?Bn cont act

| ayer; Fpgaferﬁe@ hgy&da dﬁr%&ﬁeﬁerfOﬂQé RE Q4yefr a4fourhe thingered
structure of the gresgg nt %Qh. cons%xggtg'approxlmately 3-40%, more
preferably between 7-13%, and most preferably 10%, by
weight of the RF layer 14.

10 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 block copolymers and preferably SEBS
block copolymers that are modified by maleic anhydride,

15 epoxy, or carboxylate functionalities. Most preferably
the fourth component is an SEBS block copolymer that is
maleic anhydride functionalized. Such a product is sold
by Shell Chemical Company under product designation
KRATON RP-6509. The fourth compoment should constitute

20 approximately 5-40%, more preferably 7-13%, and most
preferably 10% by weight of the RF layer 14.

It ﬁay also be desirable to include a £ifth
component to the RF layer 14 of an SEBS block copolymer,
not modified by the above functional groups, such as the

25 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 susceptibie layer will have a

30 thickness within the range of 1-9 mils are more
preferably 5.0 mils-8.0 mils, aqd‘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.
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~ discrete layer of scrap material between the skin and the core | ayers;
Figure 5 shows a cross-sectional viewof a film structure using
reground scrap as a discrete layer 5 between the core and the RF | ayers;
Figure 6 shows a cross-sectional viewof a film structure usjng

r egr ound ﬁﬁbggmﬁﬁza di screte | ayer which splits the Qeﬁﬁkﬁéﬁﬁﬁé into two
core |ayers Figure 7 shows 3ﬂpross sectional viewof a filml1l0 -

structure of the present invention havi'ng seven | ayers i ncluding a
barrier layer between the core and the RF  layers and two tie |ayers;

Figure 8 shows thersgjiFe S} il GrdknEkOufiBodifHtolr the bhEsbaErier | ayer

i s di-sposed between he cos €l ayerand 15 skin Figure 9
Shows a_or 0so LEUBRF 4RI BAYARG & Geth LAVeT L6, TRRATROB AL bRRESS SR | or Ol Byer

di vidi ng the s&ie layeramzﬁand the RF la?eQUEe 1Gﬂﬁh@wsealagera1ﬂer
constructed fLogeaps ﬂ&@%ﬁé&éﬁ%&igﬁ%&s &fa tﬂe:ab@ieﬁff tgvention;

Figure 11 sho 0Sss-secti onal vi r.ucs aving a skln
| ayer, a barrtef Fé@@rsEﬁﬁFEHFqQﬁ | BP€ °°mP%ﬁlb111tY among t

components of the fllm structure 10. Preferably, the
core layer w111 have a th;ckness w1thin the range of 0.5-
10 mils and more preferably 1- 4 mlls._ The core layer 16
includes three components. The flrst component is a
10 polyolefin and preferably a polypropylene in an amount
~ that constitutes in a range of 20 60% by we1ght of the
'core layer 16, more preferably 35- 50% and most pref-.
__erably 45% of the core layer 16.
" The second component of the core 1ayer 16 is chosen
15 £from a group con51st1ng of compounds that confer
'flexibility to the core layer 16 includlng ULDPE,
polybutene copolYmers' Preferably;'the second component
of the core layer is ULDPE or polybutene -1 in an amount
by wezght of 40% 50% more preferably 40- 50% and most
20 preferably 40%.

The thlrd component of the core layer 16 is chosen
from a group of compounds that confer compatlblllty among
the components of the core layer 16 and includes styrene-
hydrocarbon block copolymers and most preferably ‘SEBS

25 Dblock copolymers The third component is in an amount
preferably w1thin a range of 5-40% by weight of the core
- layer 16, more preferably 7- 15%, and most preferably 15%.
It 1s also possxble to add as a fourth component of
the core layer 16, reground trim scrap mater1a1 recovered
30 during the manufacturlng of contalners The scrap
material is dispersed throughout the core layer 1s.
Scrap may be added in an amount preferably between
- approximately 0-50% by welght of the core layer 16, and



A

Figure 12 shows.the structure of Figure 11 further 25 including tie |layers
bet ween the principal |ayers; Figure 13 shows a nultiple | ayered
fd I mhaving a .lL.ayer of polypropylene dividing the RF |ayer; and

Figure 14 shows a nmultiple layered filmhaving a barrier layer divided
into 2-10 | ayewdreedbkiz Best Mode for Carrying Qut the | nventi @ernsssossss
While this invention is susceptible of enq_ I ments I n many different
forms, and will herein be described in detail, preferred enbodi nents of
the invention are di scl osed with the understandi ng that the present

WO 96/ 40512 more preferably within the range XT{0/SY% @Ghd6Mmost

orinci pl es of ¢ hePERGBREPER MRt GO APoRRer 1% T imi ¢~ the b oad
aspects of the inventi 8aguvetheshowsbdiheedidm or sheekststaueguresof Figure
According to the presenhqinyeRtdMtiBy CoBb8ctayeyéd 17 adher@astbuat Bige
are provi ded which _neet the_ requirenents \ .

5 “of the RF layer opposite the skin layer 12. The solution
contact layer 17 includes three components that may be
chosen from the same first three components and the same
weight percentage ranges of the .core layer 16 set forth
above. Preferably, the solution contact layer 17 has a

10 thickness within the range of 0.2-1.0 mils and most
preferably 1.0 mils.

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

15 discrete layer of scrap 20 between the skin layer 12 and
the core layer 16. Figure 5 shows the discrete scrap
layer 20 between the core layer 16 and the RF-layer 20.
Figure 6 shows the scrap layer 20 dividing the core layer
16 into first and second core layers 1l4a and 14b.

20 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

25 16, and RF layers 14 discussed above, with a barrier
layer 26 interposed between the core 16 and RF layers 14
and adhered thereto with tie layers 28 attached to
opposite sides of the barrier layer 26. PFigure 8 shows

~ the barrier layer 26 between the core layer 16 and the

30 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



set forth above. Figure 1 shows a two layered filmstructure 10 '
having a skin layer 12 and a radio frequency ("RF") 10 susceptible |ayer

14. - The skin layer 12 confers heat di stortion resistance and abrasion ,
reS|stance and is preferably a pol ypropyl ene and nore preferably a
pol y- propylene copol yner bl ended with styrene and hydrocarbon
bl ock copolynmers. Mre preferably, the skin layer 12 is 15 ol ypropyl ene
copol yner B%EW %02 wi t h SEBS bl ock copol ymer within a fHH%BBE?X 20 by
wei ght. The skin | ayer 12 should Héve a thickness within the range of

- 0. 2- 3.0 mle thick. _ The RF susceptible |ayer 14 of the

P eavonci oo witARRaRCShah e (e BoTurbRghE, fub i mliel! Schian 0 05 2
anmbi ent to 259 éan@hW&msmm CHStallpm%fm]étﬂ“}ﬂ-d?a§u1cbuﬁScorrponents
The RF |ayer béle&nmre (Du %&ﬁ: Lonidlalli by, )f'l@i@lblﬂ:dttr}ﬁaleh%htéhﬁtprtlOn

t 25 lity to the,f I { The.f t
Carmonent of - eREvReniBIREe Blodivihese WUEp pr BEVEY'S M e by oBifLth VL
and pr ef erabl yetrolpuwpy| Rreferaiiar oltbei harner a'-\rmn @Spdisy REhylenepE") .

The PPE s possgsgit choholreéﬁ& rlﬁé fal ﬂh@bkﬁeé‘é‘%itﬂﬁr{ %ﬂé&%ﬁ%@ be yielding
at the 30 autoc ave ter a ures of boug%lzl err, Howeveér, by

t hemsel ves, tRe PPEPsTY 0qal PreseRallyhe” ™ % | exi bi-lity
requirenents. V\henThenbiee]:h)bersalzaoyuaygbw shlectectéﬂcm modd@isddul us

pol yners, googo&§8¥e9iﬁétWmﬁ?%mﬁﬁiled @Eﬂ&f¥ﬁg and propylene

10 copolymers such as those sold underrthe_product
designations Admer (Mitsui) which is a maleic anhyrdide
modified polypropylene, Prexar (Quantum Chemical Co.) and
Bynel (Dupont) and should have a thlckness ‘within the
range of 0.2-1.0 mlls and most preferably 0.5 mil. |

“15 Flgure 11 shows a barrler structure having a skin
layer 12 a barrier layer 26 and an.RF layer 26. The skin
layer may- be a polyolefln, including polypropylene
(modified and unmodified), polyethylene, and polyolefins |
blended with styrene and hydrocarbon block copolymers

20 such as styrene-ethylene-butene-styrene block copolymer
Figure 12 shows the structure of Figure 11 having
optional tie layers 28 interposed between the principal
layers. Preferably, the skin layer 12 has a thickness
within the range of 0.5 mil-4.0 mil, more preferably

25 within the rahge'of 1.0 mil-3.0 mil,. and most preferably
2.0 mil; the barrier layer 26 has a thickness within the
range of 0.3 mil-5.0 mil, more preferably 1.5 mil-4.0
mil, and most preferably 2.0 mil; the RF layer 14 has a
thickness w1:h;n the range of 2.0 mil-8.0 mil, moxe

30 preferably 3.0 mil-6.0 mil, and most preferably 4.0 mil,
and the tie layer (when used) preferably has a thickness
within the range 0.3 mil-1.0 mil, and more preferably 0.3
mil-0.5 mil. Preferably, the barrier structures shown in
Figures 11 and 12 are coextruded. |
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13 These | ow nodul us copol yners can include ethyl ene based
copol yners such as ethyl ene-co-vinyl acetate ("EVA"), ethyl ene co-al pha
ol efins, or the so-called ultra low density (typically |ess than
0.90Kg/L) 5 Redydolisl enes ("ULDPE"). These ULDPE incl ude t pomess6/05965s
commercially avail abl e products sold under ,fhe tradenmarks TAFMER] err]
(Mtsui Petrochem cal Co.) under the product desi gnati on A485,
Exact[err] (Exxon Chem cal Conpany) under t he product designations

4023-4024, and Insite Ifiqumeczolshowspahytites Hddmiehenraatufe. having a

addi tion, pol y, but en "pPB! S .0 :
Chem cal Conpany u%ﬁ%ﬁr éﬁé oéYéﬁg %%sdii§§§§f€%tha¥ §Q§%% %# either
t her nopl astic elassxmmﬂtrinﬁiiy o sEBmmgtn@mallyu c@b@l?ﬁﬁﬂgtu¥€%ﬁ#¢wn in

GEria, S i w1l g el ot 13, .
Conpany), et hyl> enem"i( tig %ﬁye&'cfrﬁl -8t @lltm arﬁﬁleé'c VﬁFeBEOp f rf%’r]s tie

(" EMA") such abkayémse .nadl REelpyeriuts, dedi gvidt podyBkopy ey, 2.0
' mil RF layer 14, An example of an asymmetrical structure
would have a 1.0 mil RF layer 14'and a 2.0 mil RF layer.
Figure 14 shows another barrier structure having a

10 skin layer 12, a tie layer 28, a barrier sandwich layer
34 having anywhere from 2-10 sublayer units comprising a
barrier layer 26 and a tie layer 28. The structure
further includes an RF layer 14 attached to the barrier
sandwich 34, The barrier sandwich 34 should have a

15 thickness within the ranges set forth above for the
individual barrier layer 26, |

The above layers may be processed by coextrusion,
coextrusion coating, or other acceptable process. These
materials may be used to manufacture I.V. therapy bags

20 such as the one shown in Figure 10 and generally
designated as 30. The structures used to form the
container 30 way be sealed by any conventional means such
as using heated die and platen which may be followed by a
chill die and platen as is well known in the industry.

25 It is also possible to seal the structures using
conductive and inductive heat sealing techniques
including using RF sealing techniques.

Films having various combifiations of the above
~ components and weight percentages as set forth in the
30 examples below were tested using the following methods.
" (1) AUTOCLAVABILITY: '
Autoclave resistance is measured by sample creep, or
the increase in the sample length, at 121 °C under 27 psi



and DS-1130 (Chevron), and n-butyl acrylates ("ENBA") 20 (Quant um

Chem cal) were found to be acceptable copol yners. Ethyl ene copol yners
such as the acrylic and . met hacrylic acid copolyners and their partially ,
neutralized salts and iononers, such as PRI MACOR[ err] ( Dow Chem ca

Conmpany) and SURYLN[ err] (E.I. DuPont de Nermours & 25 Conpany) were al so
accept abl e I cally, ethylene based copol yners ha I_ng poi nt
.tenperatur‘¥9 WPESS t han - about 110[err]C are not su*&gﬁ#ééq"‘%%' .
autocl aving at 121ferr]C appllcatléns Furthernore, only a limted
range of . proportions of each conponent . allows. the simltaneous 30

et or ey« hobaFad' £5% Sl o L RLANA kot e hBUblfEE =

Preferably thg Sen. fromt
pol ypropyl enelfssothan emmimalcgobfiers with. . al pha ol ef| ns which

constitutes appyoxiomtmy AMBIEN 'rmzmmﬁ/\lﬂtﬂﬁ/ﬂ&&i:?
PCT/ US96/ 05965 14_' nor e preferably

'35-45% and nost p %’f erf%vbl']i?%atwe Duct:.l:.ty

In an instrumented impact tester fltted with a low
temperature environmental chamber cooled with liquid
nitrogen, film,samples about 7 by 7 inches (18 cm by 18
cm) are mounted onto circular sample-ho1ders about 6
inches (15 cm) in diameter. A semi- spherical impact head

10 with stress sensors is drzven at hlgh velocltles '
(typlcally about 3 m/sec) into the preconditioned film
loading it at the center. The stress ~displacement curves
are plotted and the energy of impact is calculated by

integration. The temperature at which. ‘the impact energy

15 rises dramatically, and when the fractured specimen
changes from brlttle to duct;le, high strain morphology
is taken as a measure of the low temperature performance
of the film ("L.Temp"). .

(B). Mechanical Modulus and. Recovery

20 The autoclaved film sample with a knqwn geometry is
mounted on a servohydraulically driven: mechanlcal tester
having cross heads to elongate the. sample. At 10 inches
(25 cm) per minute crosshead speed, the sample is
elongated to about 20% elongation,_ At this point, the

25 cross-heads travel and then reverse to travel in a
direction opposite that originally used to stretch the
sample. The stress straiu behavior is recorded on a
dlgital recorder. The elastic modulus (“E(Kps1)") is
taken from the. 1n1t1a1 slope on the stress- strazn curve,

30 and the recovery taken from the exoess.sample dimension
as a percentage of sample eiongation.



4
wei ght of the film For exanple, random copol yners of propyl ene and
et hyl ene where the ethylene content is in - an anmount within the range
of 0-6% and nore preferably 5 wthin the range of 2-6% of the weight of
t he propyl ene is preferred as the first conponent. The
second conponegl, ffsedihe RF 1 ayer 14 confers flexibility mAddosusoes
tenperature ductility to the RF | ayer s14 and is chosen fromthe group
consi sting of polyolefins 10 that do not have propyl ene repeating units
("non propyl ene based pol yol efins”) including ethylene copol yners

i ncludi ng ULDPE, pal)ybrireprocksseser. eyl ene copol yrrers et hyl ene vi nyl

185500 ety ene. 15 nECRYECHER Fa L EIIGRRRePL R R o RRBIRT R 1Y
contents bei nFriecpreney . gppevatiomt alsy a2®e¢ca@9@l¢§/|1®ﬁ@mﬂb@t pf about
acrylate copol ynergs 3 t('@ - i} Yby agr ‘e"s qq6t Gﬁlf %posdeQ;fd/\@e&l&Q 40%

et hyl ene acryl | c aci rrers W t cid content of
Ferset

a
greater than appr GXPR&t Bode o RGP é’)?&HﬁFEeg h%%ee X - ar 8PEB) d
under such productclosingeshgndie onitianswhabheets- ab8theg MarslidateEMaCeDEal130

(Chevron) | Bxact 4Q2hoc4024 pich ARAWICR Bkes, facBig!Giclothekhorsecond

conponent is either t SU| Petéog em cal Conpan under
the designation TROWER 98 d;.»\fﬁmt ARIEPSaE AR 1durRigeny 3%§ P '
(Shel | Chem cahefiothe RRdcpdhell i ewesd, i théedﬁ@pt@mymﬁsﬂ 3an35the 50%

nore preferab 3 d t y f e

The first andhs{ec%négg%ﬁggne e’gﬁhn%rﬁk' méﬁx{&igy%ullﬁ\@o%gargl gfg%dt y a
si ngl e conponent §&eetsed Th%n?%irengthmo&ht#ﬂ ge#y f‘é#i‘fﬁé’fsat 48 f1exi bl e
ol efins such as strength) and the mode of failure {peel, tear, or

cohesive failures) are used to rate the RF responsiveness

of the material. :

15 Alternatively, the candidate f£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.

20 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

25 calculations or correlations with RF seal experiments the
minimum dielectric loss for performance is cbtained.



t hose pol ypropyl enes sold by the Rexené Conpany under the "product

desi gnation FPO The nelting point tenperature of this conponent should
be greater than 130 [err]C and the WD 96/ 40512 _ 2
PCT/ US96/ 05965 15 nmodul us | ess than

20, 000 psi. This.conmponent shoul d constitute between 30-60% by wei ght

of the RF WwayRlosi2 To inpart RF dielectric |oss todfmsobissbayer 14,
certain known high dielectric loss in dients are 5 included as the

third conponent of the filmstructure For exanple, EVA and EMA of
sufficiently high co-nononer content s exhi bit significant |oss

properties at 27 NHI tHe RF ééélﬂﬁéif%rﬁﬁﬁaésiél6EEh£nédﬂffa&ahﬁ€ by the
dielectric ess Ptr d - mater,i al,, agq gt Iene 10

vi.nyl alcoholq? Fysing
EVA copol ynmers), boffi_T f es at
sui t abl e tenperat ur 4 vi nyl i di ne
chl orides, and fl uof
epi chl'or ohgdri nes

Peelable

0 I % Strong

Strong

Strong -

15 . '
(4) 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

20 according to ASTM D-1003. Typically, internal haze level
of less thanISd%ﬂis required, preferably less than 20%
for these thicknesses ("Haze %").

(5) STRAIN WHITENING: |

The autoclaved film is strained at moderate speeds

25 of about 20 inches (50cm) per minute to about 100%
elongation (twice the originai length) and the presence
of strain whitening (indicated by 1) or lack thereof
(indicated by 0) is noted (*S.Whitening"). |
(6) ENVIRONMENTAL COMPATIBILITY:

30 The environmental compatibility comprises three

| important propérties: (a) the material is free of low
molecular weight plasticizers which could leach into
landfills upon disposal, (2) the material can be

_ thermoplastiéally recycled into useful items upon

35 fulfilling the primary purpose of medical delivery, and

(3) when disposed of by energy reclaim by incineration;



15 known as PHENOXYS[err] (Union Carbide). However, significant

contents of these chlorine and fluorine containing pol yners woul d nmake
them environmental | y unsound as i nci neration of such a material would
generate inorganic acids. Therefore, the third conmponent of the RF
layer 14 2.0 iwolkgdses ably chosen fromthe class of pol yam degrmsssosses
Preferably, the poI yam des of the present jnvention w Il be chosen from
al i phatic polyam des resulting from the condensati on reaction of

di - am nes having a carbon nunber within a range of 2-13, aliphatic

pol yam des 25 reaulbhgglficuaﬁxxnmr@amsataomdseemaixaiawsam tachasmhaheng

a carbon number wit h| ﬁfﬁ%lp,.,)pol &ﬁﬁg s:.tl %S%_Mnglgéom t he

condensation reacfld aC| e contai
copol ymers (r andontpnbﬁmklws thafgroaﬂ-t") hagp,ggens by P{ﬂ% -dedRsBE eﬁst?]yl ons

f‘r et‘r’]"' dely ]ljsfd | Babih Mtate f@éylﬂﬂﬁig ecauze ﬁf@deéﬁ:‘fr@", aheagiesultest st ance
Wﬁl checont ac!t smneﬁPegsggg?'?ﬁﬁ};%‘ﬁé’?rqhﬁfgce %1"%2 ?%lgoeun r%r?{tg%q %gggr%h
sol ution by | eachehgloHt measurdit at processiyy oG¢mupERELures.
PCT/ US96/ 05965  (7) SOLUTION COMPATIBILITY
' By solution compatibility we mean that a solutidn_
contained within the film is not -contaminated by '
10 components which constitute the composition. ("S.Comp.")
The low molecular weight water soluble fraction of the
composition will be less than 0.1%.
{8) BARRIER PROPERTIES
The barrier film structure shown in Figure 11 was
15 tested by an independent laboratory for water vapor
transmission rate (WVTR) expressed in units of
gm/100in?/24 hours, oxygen transmission rate at a 50%
relative humidity (RH) and an 80% relative humidity, and
carbon dioxide transmission rate and the oxygen and
20 carbon dioxide transmission rates are expressed in units
of cc/100in%/24 hours.

The following combinations were tested using the
above test for the films set forth below.
25



16 solution. However, it has been found by the applicants of the
present invention that various diner fatty acid pol yam des sold by, for
exanpl e, Henkel . Cor poration under t he product designations. MACROVELT
and VERSAM D do not 5 lead to such contam nation and thus are the nost
preferred third conponent of the RF |ayer 14. The third conponent

shoul d con appr oxi matel y 3-40% nore preferablph?%g,- YRk 7- 13%
and nost p?J(#JG?%%I!y 10% wei ght of the RF | ayer 14. 6 The .
fourth conponent of th RFI [ 14 fers conpatibility between the
pol ar and noﬁpolaé Conponent s of the RF laydr 14. e tour conmponent -
was chosen fromﬂ st y#ene-hydr ocardon bl ock cqpol ymer € and preflerably
_SEBS bl odk_cobolvoers thal are nodified by Leic _anhvdride, I15 epoxy,
or car boxyl_ate LLQ’ICtIOI’@J itief.. I\/bst; preferably - . thg fourth donponent
I's an SEBS bl 03&& Eol y',ger thf 2 maleic adhydridegfunctionglized.
Such a produqt ¢ s . Shell Chemi cal Corfpany _under _pr odudt

desi gnati on KRATC]\I RP-650p. The fourth conpgnent shoul d constfitute 20
approximately 5 % noge prejerably, 7-13% and}|nost ~ Preferafly 10% by
wei ght of t he I@-‘I ayer 14. It may also|be desirable to ijnclude a
fifth confpanentl to the BE layer 14 of an SERS : , not
nodi fi ed by fhe aboyve functiopal . groups, such ag the 25 one sold by the
Shel | Chem c4dl ny ginder jhe pragluct . - degignati og KRATON ¢ 1652.
Thi s conponent slio ld ~ conatltute"betv\een ‘5-40% by w& ght of tlhe RF
Layer, nore preferably befween 7-13% and m st preferably 10%0

Yes
Yes

|
s & =

%
aze
10
12
15

Strain
Reonver
y E(kpsl)

75
75
70

1 Modulus
(psi)
5
25
25

Copolymer 4208
40% Mitsul Tafmer™ ULDPE
“15% Shell Kraton™ G1657

Copolymer 4208
40% Mitsul Tafmer™ ULDPE

10% Sheil Kraton™ EP-6509

Copolymer 4208 .
40% Mitsul Tafmer™ ULDPE

10% Shell Kraton™ RP-8509

Copolymer 4208
40% Mitsui Tafmer™ ULDPE

15% Shell Kraton™ G1657

5.0 mils - 40% Soivay Forthine®™ PP

Copolymer 4208

40% Mitsui Tafmer™ ULDPE

10% Shell Kraton™ RP-6509
10% Henkel Macromek™ 6301

0.5 mil - 100% Amaco PP Copolymer

8410

10% Menkel Macromelt* 6301
0.5 mil - 100% Amoco PP Copolymer 8410
10% Henkel Macromeli™ 6301

Layer Composition
0.5 mil - 100% Amoco PP Copolymer 8410

8.0 mils - 40% Soivay Fortiline™ PP
4.0 mils - 45% Solvay Fortiine™ PP
8.0 mils - 40% Soivay Fortfine™ PP
1.0 mils - 45% Saivay Fortiline™ PP

Layer
Type
Skin
RF
Skin
Core
RF
Skin
RF
Solution
- Contact
Skin

Reference
Number

Figure 2
Figure 3

Figure 1




iDreferany the RF susceptible |ayer will have a 30 thickness within the

range of 1-9 mls are nore preferably 5.0 mls-8.0 mls, and npbst
preferably 5.0 _ _ mls. The skin layer will have a thickness within the
range of 0.2-3.0 mls and nost preferably 0.5 mle. WO 96/ 40512
PCT/ US96/ 059630 961405 17 Fporrosvsdssshows
anot her enbodi nen ? t he present |nvent|on having a core layer 16
interposed betweep_the skin |l avaor 12¢! dtha-DRE L avar 14 . Tha cgore
| ayer 16 confprs gedt dlstor,tlon reS|stan ‘apd flexibility t§ 5 the
filmstructure 10f affti§conpati bi Bty among the xonmponents of the film
structure 10. Pr qq—t-he——ee&e—ha*e&%ﬁhha#e—a—&-h-&-eknee—;—mﬁthi n
t he range of O0.5- agl() mls agpd nmore preferpb y g-4 mls. The cpre |ayer
16 . includes thB gcé)rrponent 8 The first fcofpagent is a 10 polyolefin
and preferably a pwpu:.pgd.e.n.e Sl =T =Y. VAT AT Lhat—consti-tutes——ph—a range
of 20-60% by wei ght %0 fhe
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core | ayer 16, nore preferably 35-50% and nDst'pref- erably 45% of the

core | ayer 16. The second conponent of the core layer 16 is chosen
15 froma group. consi sting of conpounds that confer flexibility to the
~core |ayer 16 including ULDPE, pol ybut ene copol yners. Preferably, the
second conponent of the core layer is ULDPE or polybutene-1 in an
anount Wi oiisggit of 40% 60% nore preferably 40-50% and nost . _
preferably 40% - _ The third conponent of.the core I"%/"@F 61069‘?55 chosen
froma group of conpounds that conf erg onpatibility anong . the
conmponents of the core |layer 16 and includes styrene-  hydrocarbon bl ock
copol yners : ably SEBS 25 bl ock copol yners. The third:
conponent- fis i fn anount ‘preferably w{hijn a range o 0 DY ght
of .t he corje "’§ ayer 16, n&e preferably 7119% and rmst aoref erably 1%%
It is al sd-passi 1Jp to.add as - a fourth conpéndnt of the core layer|16,
reground tJri mesctap naterlah,recovered 30 gurjing the nanq;acturlng of
cont ai ner 4. ?51 scrap terial is dispgrded througtht the core | pyer
16. Sqrap hml he added in an ampunt prefedably betweer
approxinatel§ -p0% by wei.ght of the core |pydr 16, .and -
g4 . . 1 -
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WD 96/ 40512 PCT/ US96/ 05965

18 nore preferably within the range of 10-30% and nost preferably
within the range of 3-12% Figure 3 shows the filmor sheet
structure of Fi gure 1 including a solution contact |ayer 17 adhered to
a side 5 ‘&ggaﬁFJayer opposite the skin layer 12. The petrikécdoss

cont act Iayer mcfudes t hree corrponents that _may be chosen fromthe
sane first three co s _and ane 28 uweigh ercent age ranges of .
the core layer 16 det forfth abgve Pr ef erably, t he sol ution contact
layer 17 has a 10 [th¥gkness withif the range of 11.0 mls and nost
preferably 1.0 m | 4 Eigure 4 shauws.angtherlenbodi nent of the

mul tiple | ayer §fi Lm sfructure Baving the skin j ayer 12, core |ayer

16, and RF layer 14 & Fefscribed agove with an addj tfonal 15 discrete

| ayer of scrap 20 ethé’ the skin'layer 12 and he core | ayer 16.
Figure 5 shows the dlgcrete scrap | ayer 20 betmwe¢n t.he core | ayer 16
and the RF |ayer 2( Fi gure 6 ghows the scrap | ayer 20 dividing the
core | ayer 16 |ntg"f|brst and second core |layerpg l4a and 14b. 20
Preferably, the | ayer_of i ckhess ~ within the
range of 0.5-5.0 mjls agnd nost preferably 1.0 m Il s. Figure 7 .
shows anot her enbodi ne of the present i nventy oh havi ng seven | ayers
including the skinj{12, acoHre 25 167 and RF |layers [14}di scussed above, with
a barrier
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| ayer 26 interposed between the core 16 and RF | ayers 14 . and adhered

thereto with tie layers 28 attached to opposite sides of the barrier
| ayer 26. Figure 8 shows the barrier |ayer -26 between the core | ayer 16 .
and the 30 skin layer 12. Figure 9 shows the barrier |ayer 26 '
dividing the core layer 14 into two core layers 14 a and. 14 b. The
barrier |la m%ﬁgﬁncreases the gas barrier properties_of the film
structure 10.° barrier |ayer 26 is selected fromt 65
consi sting ethylene vinyl . - W2896/ 40512 - _ _
PCT/ US96/ 05965 e ch as that
sol d under the nane Engcq-(Evalca_ - Co.),ghighly glassy or crgstalline
" pol yam de such as Selgr PA [err] (EUpont?ChenicaI Co.), highffnitrile

cont ent acryl onftTTT € [COPOT YNEr S Sucn as_Barex [err] sorad . pygBritish 5

t

[

Petrol eum Preferaplags He barrier layer 268is ethylene vi nyl al cohol,
and has a thickness Bi 1 %
preferably 1.0 mls

the range of .3-1.5 mls and- nos
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The tie | ayers 28 may be selected fromnodified

nodi fi ed et hyl ene and propyl ene 10

product

modi fi ed pol ypropyl ene,

Hrged

(Dupont) and

and nost pref
havi ng a skin
| ayer
unnodi fied), poly
hydr ocar bon bl ocK
bl ock copol yner.

optional tie |ayd
Preferably, the s
ml-4.0 ml, nore
nost preferably
t he range of
nost preferably

4
range of 2.0 m| -

preferably 4.0 m
t hi ckness - Wi t
ml-0.5 ml. Pre

and 12 are coextr

| ayer

may be a pol yol efin,

5ml.
12 a barrier
i ncl udi ng pol ypropyl ene

Fi gur
| ayer

4

Co.) and

pol yol efi ns,
copol yners such as those sold under the
designations Adnmer (Mtsui) which is a maleic anhyrdide
Prexar (Quantum Chem ca
ave a thlckness within the

and

Bynel

range of p@risobuoshesi | s

11 shows a barrier
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structu
The

(nodi fied and

re
skin

Fi d
rs 28 i
kin |ay

mer s
jur e 1
nterp
er

Tomhg |

al

17

S

2 shoms the structure| of0%

ose

A %! log'ﬁAmeo pp I €
nmaﬁgﬁ yrene- ¢

d between the prin

has a thi ckness

wi t t )
%Eier
(RHS0%_ ]
'd%ﬁr %w&ﬁy

hinjthe r4g

gl

pref er
2.0

oty

deL:

25

W LT Tne T ange.
£ i /5 TH 2 AOMER BOESS

of 1.0{m 1 -3.
as a fhickne

0.3 ml

-Banidy

nidmi nooweevpn ef er abl y

1.5 ml}-4.0

.O0ml;
8.0 ml

e

Oaﬂaxﬁ& L)

Qe

ad
v 2 0
ra

t hi ckipess wi
il-6.0 ml,

hin the
ferably,
uded.

ard t

ran
th

hees dili Gi0% awro(nm ®P US

e O.

barn

3qw ﬂﬂaml

Tt

'O% Henkel Macromeit™
6301

bd) pr¢f erabl
ngd nore}prefer
shown i A

rene
e- st \
wWaGi
ers.
nge @
0 ml
mil,
thin it he
and st
y hast a
ably 0.3
igures 1

aggh

I Bdne
ngate ?‘
f 1dds

, thamg
SO f 44

aqp

1

|

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, therefqre, 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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20 - Figure 13 shows another barrier structure having a | ayer
of pol ypropyl ene 32 dividing the RF layer ‘14 eitHef \:SHEE : ly or
asymetrically. The structure shown in Figurg 1 'g rﬁ%

polypropylene skin layer 12, 0.5 5 ml tie lay CH barrier

| ayer tie Iayer 2.0 ml RF |ayer 14 1.

pol ypropyl gvﬁgwmﬂéla ml| RF |layer 14.- An exanpl e of anolaé%/,irjr%geatosrs’l“ al
structure woul d have a 1.0 mi| RF layér 14 and a 2.0 nmil RF |ayer.

Fi gure 14 shows another barrier structure having a 10 skin layer 12, a tie
| ayer 28, a barrier sandw ch | ayer éﬁﬁlﬂﬁv'ng anywhere from 2-10

subl ayer units. conprising a barrier layer 26 and a tie |ayer 28. The
structure further includes an RF | ayer 14 attached to the barrier

sandwi ch 34. The barri esrmandpm.ehléylezsm::ﬂuwma-eecamﬁxﬁisiﬁgckness Wit hin the
ranges set forth above for kiher | ndividual barrier |ayer 26.

The above | ayers may be processeﬁ %y coext rusi on, coextrusi on coati ng,
~or other acceptabl e pro@®arripsskayer; maceri als may be used to manufacture

|.V. therapy bags 20 suchra@id heregeendp\WaubBept W1& 1Qyend WAAMAI by
5 first polyolefin in an amount w1th1n a range of 30-60% by
weight, a second polyolefln in an amount within the range
of 25-50% by we;ght, a radlo frequency susceptible polymer
in an amount within the range of 3-40% by'weight a styrene
and hydrocarbon block copolymer in an amount within the
10 range of 5-40% by weight.

2. The structure of clalm 1 whereln the barrier layer
- is selected from the group cons;sting of ethylene v1ny1
" alcohol, and highly glassy, crystalline polyamides.

3. The structure of claim 2 wherein the skin layer
comprises: a polypropylene copolymer with styrene ethylene-
butene-styrene block copolymer within a range of 0-20% by
weight of the polyprop?lene.

“‘This Sheet Has Been Re laced
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desi gnated as 30. The structures used to formthe cont ai ner 30
seal ed by any conventlon%,sgma \ iﬂiﬁfe as usi ng heat gd—=

whi ch may be fol | oved:-by and platen as i ST in the
i ndustry. 25" T |as al so t he structureg '
conductive anqwb %H ve h eal 'ng techni ques in BETSdABod3

seal i ng techniques. Fi | ms havi ng va§ ous conbi nati ons of the above
conponents and wei ght percentages as set fo in the 30 exanples bel ow
were tested using the foll ow ng nethods. (1) AUTCOCLAVABI LITY:

Autocl ave resistance ij, rfea&%eds@mc&.afﬁé Eof! QRinOr 3 whdrdn NEheasEidgt
the sanple |l ength e,rr C u der WD .96/

PCT/ US96/ 05965 P°i1Y°%e%“[‘ SEYtoly epne'z gnd the segond po IPIERR s
The aut ocl ave resseﬂ.am:ednﬁsombehe grbupsof hanhyleneuadpolysdss inclyding

LON AND AMBI ENT TEW%%M&%Jﬂethylene, polybutene-1, butene ethyl-
5 ene copolymers, ethylene vinyl acetate copolymers with

vinyl acetate contents between approximately 18-50%,
ethylene methyl acrylate copolymers with methyl acrylate
contents being between approximately 20-40%, ethylene n-
bui:_vl acrylate copélymers with n-butyl acrylate content of
10 between 20-40%, ethylene acrylic acid copolymers with the
acrylic acid content of greater than approximately 15%.

5. The - structure of claim 3 wherein the radio
frequency susceptible polymer is selected from the group of
polyamides, ethylene vinyl acetate with vinyl acetate in an
amount of 18-50% by weight, ethylene methyl acrylate

5 copolymers with methyl acrylate in an amount between 20%-
40% by weight, ethylene vinyl alcohol with vinyl alcohol in
an amount of 15%-70%.

6. The structure of claim 5 wherein the styrene and
hydrocarbon block copolymer ‘is a styrene-ethylene-butene-
styrene block copolymer.

7. The structure of claim 6 further including two tie
layers, one tie layer being disposed between the skin layer
and the barrier layer, and the other tie layer being
disposed between the barrier laye¥ and the radio frequency

5 susceptible layer. -

‘8. The structure of claim 7 wherein the tie layers
are selected from the group of modified polyolefins, and
modified polypropylene and polyethylene copolymers.

A



(A) Low Tenperature Quul.i H ‘y 'n an instrumented inpact tester

fitted with a low .. e onnental cha uid

nitrogen, .film sanpl es ee e&}gegl\‘éﬁghes (18 cm by | T8I1G SHEERHAS nted .

ontao- ci rcuI ar- sarrpl e ho -+ inches (15 4m i NRERLAGEDer . '

sem - spheri cal mpact h ress sensors i s—driven at hi gh
~velocities plcally about 3 nfsec) into the precondbé+

| oading it 5? ? e center The.:stress-di splLacenment ‘curves are pFott ed,

and the energy of inpact is calculated b3?3 integration. The tenperature.

at which the inpact energy 15 rises dramatically, and when the fractured

SpeciMen  eohangep, 11 OMY! dklrh@eloeduct | Leash o ahéeéﬂnwwokgafzo s

taken as a neasure of the_low tenp ture nce _
(L. Tenp").  frequency QPlYR)@Ehéﬂlﬁ: 195 %Yaﬁﬂlﬁee%iéﬁ%l 0 he
autocl aved filmsanple with a known geonetry is- nounted on a

servohydraulically | V%T%E%E\:ﬁﬂe 6% éfé’f% 7 %‘Qe’l‘i& %ﬁu‘és@k.hnﬁ % Speed

el ongate the sanpl e. Cr 0SS
the sanple is bas | Ghdgknaassovibbin QOWBGné’J-tlQ)‘rF mwe 4l smbbi nfhethe 25
cross- heads trwa/ﬂueanaatyleeﬂhaeverﬂeidlmésrsawehhm the rard;d@ftlooa ﬁlﬁ!]DOSI te

that origi nal Ié/ djsg&lt o éet %Q;};h requ e-gl:e.\.b {,r Pav! or
TREE3r det eTATT m)(?ul p5| ) is

i s recorded on di gi
t akén fromst hethlfﬁltnﬁﬂs Q'Ilébénoﬁh@ heange é’s‘fszspr Bih-2u il :3@ndaﬁ et e

recovery takendyeys té%ﬁ‘:luehﬁeésasﬁlﬁfi&l&@m&hﬂﬂ the rFinge RABCRARLAYEOOf
sanpl e el ongati on.
1. A multiple 1ayer structure comprising:
_ a skin layer;
10 _ a barrler layer;
| a radio frequency susceptlble layer having a
first polyolefin in an amount within a range of 30-60% by
weight, a second polyolefin in_anramount within the range
of 25-50% by weight, a_radio'frequency susceptible polymer
15 in an amount within the range_of'3-40% by weight, a styrene
and hydrocarbon block copolymer in an amount within the
range of 5- 40% by weight; and _ '
a first polypropylene layer dividing the radio
frequency susceptible layer into first and second radio
20 frequency susceptible layers, each of the first and second
radio frequency susceptible layers having .a thickness
within a renge of thicknesses. .

12. The struoture of claim 11 wherein the first and
- 25 second radio frequency susceptible layer are essentially of
" the same thickness.

13, The structure of clalm 11 wherein the first and
- second radio frequency susceptlble 1ayer are of different
30 thicknesses. :
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22
Mz, 2 KWRadl Q - F R eque is a rectangul ar
about 025(63m1) by m opposing to alflat

'(:3). RF. PRECESS| Bt Sty HasBﬂﬁn e laced (4, nected to a e
E \ % R'.EF N

el ectrode, also connected to the generator. Upon cl osi ng th
two sheets of WRI¥4%F date materi al in between with sol uﬁlﬁﬂg&%’&
facing each other, RF power of different 3énplltudes and durations are
appl i ed. Wien the RF cycle is over, the die is opened and the 10

resul tant seal exam ned by wRn UQL*X?MA ld}g cggg{:nt % n thesﬂi%?:s ;’PQ

strength of the seal (versus the rengt e node of failure
(peel, tear, or St |%°P&FPGPE%‘IE£%1§}'Sed to rate the RF
responsi veness of the mat er| al. 15 Al ternativel y, t he candi date

filmis first sputter Wi ol d. ar. d
100 angstrons to ré"t?der Eﬁﬂgg% %n(ﬁ}&ag\/léti‘ acc;ﬁﬁm%icul ar
geonetry and nmdunt ed bet fdawtt néephajaezr aglisposed between the skin layer and
the barrier layer; and
a second tie layer disposed between the barrier layer

and the first radio frequency susc_:eptible layer.

i0 16. The structure of c¢laim 11 wherein the barrier
layer is selected from the group consisting of ethylene
vinyl alcohol, and highly glassy, crystalline polyamides.

17. The structure of claim 16 wherein the first
15 polyolefin is a second polypropylene, and the second
polyolefin is selected from the group of ethylene copoly-
mers including ultra low density 'polyethylene, polybutene-
l, butene ethylene copoclymers, ethylene wvinyl acetate
copolymers with vinyl acetate contents between approxi-
20 mately 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

25 approximately 15%.

' 18. The structure of claim; 17 wherein the skin layer

comprises: a polypropylene copolymer with styrene ethylene-

_ butene-styrene block copolymer within a range of 0-20% by
30 weight of the polypropylene.

19. A multiple layer structure comprising:
a skin layer;

R O B R



electrodes in a dielectric capacitance neasuring cell. 20 Usi ng a

- Packard 4092 automatic RF bridge, the - dielectric co

di el ectric | 0Sses :ar @his Sheet FREBeth Rep l:aéd different freq &nwm S\s\Eﬂb 0

and “tenperatures u . The dielectric)loss RERLOW '

cal culation of heat ge an RF field. Fram al cul ations or
n

correl atiqQns vm t h RF s s the m ni mum di F&‘F/%Js}ngysgoss for

per f or mancel P45k ai ned. - WD 96/ 40512 ,
PCT/ US96/ 05965 | 35 23 | |f the RF seal
performance i s obtained from t he . Cal l ahan sealer, the follow ng ranking

scal e i s adopted: o 2 barr:.exRFsg):?%ﬁqu %al;_éfmhavﬁ?g?l ggé);‘er%gté'b g&tl ng -

80% 10
Peel abl e unitg of a barr:.er layer and a tie layer; and

a rad:.o frequency susceptible layer having a

first polyolef:.n in an amount within a range of 30-60% by

5 weight, a second polyolefin in an amount within the range

of 25- 50% by weight, a radio frequency suscept:.ble polymer

in an amount w:.th:l.n the range o:E 3- -40%. by we:l.ght, a styrene

and hydrocarbon block copolymer in an amount w:.th:.n the
range of 5-40% by weight.

20. The structure of claim 19 further comprising a

tie layer between the gkin layer and the barrier sandwich.

21. The 's'tructur'e\ of claim 20 wherein the first
15 polyolef:.n is a polypropylene, and the second polyolefin is
selected from the group of ethylene copolymers incluyding
ultra low density polyetb_._y_lene, pol_ybutene -1, butene ethyl-
- ene copolymers, ethylene vinyl acetate 'copolymers with
vinyl acetate cont"ents' between approxlmately 18-50%,
20 ethylene methyl acrylate copolymers w:.th methyl acrylate
contents be:.ng between approx:.mately 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%.

25 .

22. The structure of claim 21 wherein the barrier
layer is selected from the group consisting of ethylene
vinyl alcohol, and highly glassy, crystalline polyamides.

30 23, The structure of claim 22 wherein the tie layer

is selected _frcm the group of modified polyolefins, and
modified polypropylene and polyethylene copolymers.
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80% 05 Peel abl e 2 10 60% 03

Strong 3 50% 03 Strong 4
30% 03 . Strong 5 (4) OPTICAL CLARITY:

Post autoclaved filmsanples are first cut into about 2 by 2 inches (5
by 5 cns) squ nted on a Hunter Col orineter and t

haze rreasuredagg%ﬂggggrdl ng to ASTM D- 14 q Typically, int e:}ﬁ!{(uda%ég{evel
of less than 30%is required, preferably'l'ess than 20% for these

t hi cknesses ("Haze %). (5) STRAI N WHI TENI NG The aut ocl aved
filmis strained at noderate speeds 25 of about 20 inches (50cnj per

m nute to about el ongation (twice the original |ength) and the
presence of § sty itening (indicated by 1) or |ack thereof
(indicated by 0) is not ed ( S V\hl tenl ng") . (6) ENVI RONVENTAL
COVPATI BI LI TY: 3@

- al ?orrpati hility conprises three
| npor ttant pr opey Rl ree of |ow nol ecul ar wei ght
pl asti ci zers Iandflll 1 osal, (2) the
edfic| ed i Atenrs upon 35

mat eri al can be

fulfilling the jpriny i/ al dellvery, and 2
| I~ 20
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4
FIG.2
N
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FIG.3
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(3) when di sposed of by energy reclai mby incinération, WO

96/ 40512 PCT/ US96/ 05965

24 no significant inorganic acids are released to harmthe
environnent. ("Envir."). The conposition will also contain | ess than

0. 1% hal ogens b;; V\@iﬁ?ht. In order to facilitate recycli pgrhisoéidobs
processi ng, e tant 5 corrpositiglgs]houl d have a | oss tangent greater
than'1.0 at 1 Hz neasured at procesSithg tenperatures. (7) SOLUTI ON
COVPATI BI LI TY By solution conpatibility we nean that a sol ution
cont ai ned wi t hi [ I's not contam nated by 10 conponents which
constitute the Fn‘ig‘t :-z ("S. Comp. ") The | ow nol ecul ar wei ght water
soluble fractioh o <] conposition will be less than 0.1% (8)
BARRI'ER PROPERTI ES The barrier filmstructure showmn in Figure 11
was 15 tested Lad8ry for water vapor transm ssi on
rate (WTR) eRNresSsen y 0 16

Rommmmats  FG.I0
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F'Gs ///// /////// 30
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bnilOOin[err]/24 hours, oxygen transmi ssion raté at a 50% relative

hum dity (RH) and an 80% relative humdity, and carbon di oxi de

fransm ssion rate and the oxygen and 20 carbon di oxide transm ssion rates
are expressed inunits of cc/100in[err]/24 hours. The

fol  ow ng conbi nations were tested using the above test Bsdek | B
set forth bel R 9646512 WO 96/ 4:9;312 p&Hrudsd

PCT/ US96/ 05965 25

FIG. I FIG. 12
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28
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I emada,

component of a polymeric compatibilizing agent. In
alternate embodiments, additional layers such as core,
scrap, and barrier layers are added to the skin and RF
layers to confer additional or enhanced functionality of
5 the resultant film structure.

The RF layer is the subject of the concurrently
filed PCT application publication no. WO 95/14739

which is incorporated herein by reference. The
multi-layered f£ilm structure of the present invention

10 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

15 has improved wvapor barrier properties, greater 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.

20 Preferably, the first component is polypropylene which
constitutes about 40% of the core layer, the second com-
ponent is an ultra low density polyethylene ("ULDPE")
which constitutes about 50% by weight of the core layer,
and the third component is styrene-hydrocarbon block

25 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 alsoc desirable, for economic reasons among
others, to incorporate reground scrap material recovered

30 during the processing of the film material back into the
composition of a film structure. This can lead to using
significant amount of scrap material as a weight percent
of the entire layer structure, thereby substantially
decreasing the costs of the film product. The reground

o2V 05 wamd o gUA
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1. A multiple layer structure comprising:

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

a barrier layer having a thickness within the range of 1.5 mil-4.0 mil is
selected from the group consisting of ethylene vinyl alcohol, and highly glassy,
crystalline polyamides; and

a radio frequency susceptible layer having a first polyolefin in an amount
within a range of 30-60% by weight, wherein the first polyolefin is a
polypropylene; a second polyolefin in an amount within the range of 25-50% by
weight, wherein the second polyolefin is selected from the group of ethylene
copolymers including ultra low density polyethylene, polybutene-1, butene ethylene
copolymers, ethylene vinyl acetate copolymers with vinyl acetate contents between
approximately 18-50%, ethylene methyl acrylate copolymers with methyl acrylate
contents being between approximately 20-40%, ethylene n-butyl acrylate
copolymers with n-butyl acrylate content of between 20-40%, ethylene acrylic acid
copolymers with the acrylic acid content of greater than approximately 15%; a
radio frequency susceptible polymer in an amount within the range of 3-40% by
weight, a styrene and hydrocarbon block copolymer in an amount within the range
of 5-40% by weight, wherein the radio frequency susceptible polymer is selected
from the group of polyamides, ethylene 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%.

2. The structure of claim 1 wherein the styrene and hydrocarbon block
copolymer is a styrene-cthylene-butene-styrene block copolymer.

3. The structure of claim 2 further including two tie layers, one tie

A
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layer being disposed between the skin layer and the barrier layer, and the other tie
layer being disposed between the barrier layer and the radio frequency susceptible

layer.

4. The structure of claim 3 wherein the tie layers are selected from the
group of modified polyolefins, and modified polypropylene and polyethylene

copolymers.

5. The structure of claim 3 wherein the radio frequency polymer is a
dimer fatty acid polyamide.

6. The structure of claim 3 wherein the skin layer has a thickness
within a range of 0.5 mil - 4.0 mil, the barrier layer has a thickness within the
range of 1.5 mil - 4.0 mil, the radio frequency susceptible layer has a thickness
within the range of 2.0 mil - 8.0 mil, and the tie layers each have a thickness
within the range 0.3 mil - 1.0 mil.

7. A multiple layer structure comprising:

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

a barrier layer having a thickness within the range of 1.5 mil-4.0 mil is
selected from the group consisting of ethylene vinyl alcohol, and highly glassy,
crystalline polyamides;

a radio frequency susceptible layer having a first polyolefin in an amount
within a range of 30-60% by weight, wherein the first polyolefin is a
polypropylene; a second polyolefin in an amount within the range of 25-50% by
weight, wherein the second polyolefin is selected from the group of ethylene
copolymers including ultra low density polyethylene, polybutene-1, butene ethylene
copolymers, ethylene vinyl acetate copolymers with vinyl acetate contents between
approximately 18-50%, ethylene methyl acrylate copolymers with methyl acrylate

AR A
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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%; a
radio frequency susceptible polymer in an amount within the range of 3-40% by
weight, a styrene and hydrocarbon block copolymer in an amount within the range
of 5-40% by weight, wherein the radio frequency susceptible polymer is selected
from the group of polyamides, ethylene 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%; and

a first polypropylene layer dividing the radio frequency susceptible layer
into first and second radio frequency susceptible layers.

8. The structure of claim 7 wherein the first and second radio
frequency susceptible layer are essentially of the same thickness.

9. The structure of claim 7 wherein the first and second radio
frequency susceptible layer are of different thicknesses.

10. The structure of claim 7 wherein the layers are stacked in

consecutive order.

11.  The structure of claim 10 further comprising:

a first tie layer disposed between the skin layer and the barrier Iayer; and

a second tie layer disposed between the barrier layer and the first radio
frequency susceptible layer.

12.  The structure of claim 7 wherein the barrier layer is selected from
the group consisting of ethylene vinyl alcohol, and highly glassy, crystalline

polyamides.
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be understood thai3, thEhe bifiy@ive SFclaifffy2 wWiRrein the i Popgbléfin & Heécond
specific fornms without departing fromthe spirit or central

char act eri st i cgplyprapylens,. and thyisecondr polyglefin is Sm%ffégl thergrowmBb afhiene s,

ot restri ct vpopilts SEIRGEIER o dongh pBlvberh BB EL e L it Bl Ge

gi ven her &jpdlymers, ethylene vinyl acetate copolymers with vinyl acetate contents between

approximately 18 - 50%, ethylene methyl acrylate copolymers with methyl acrylate
contents being between approximately 20 - 40%, ethylene n-butyl acrylate
copolymers with n-butyl acrylate content of between 20 - 40%, ethylene acrylic
acid copolymers with the acrylic acid content of greater than approximately 15%.

14.  The structure of claim 13 wherein the skin layer comprises: a
polypropylene copolymer with styrene ethylene-butene-styrene block copolymer
within a range of 0 - 20% by weight of the polypropylene.

15. A multiple layer structure comprising:

a skin layer;

a barrier sandwich layer having from 2 to 10 units of a barrier layer
and a tie layer, wherein the barrier layer is selected from the group consisting of
ethylene vinyl alcohol, and highly glassy, crystalline polyamides; and

a radio frequency susceptible layer having a first polyolefin in an
amount within a range of 30-60% by weight, wherein the first polyolefin is a
polypropylene; a second polyolefin in an amount within the range of 25-50% by
weight, wherein the second polyolefin is selected from the group of ethylene
copolymers including ultra low density polyethylene , polybutene-1, butene
ethylene copolymers, ethylene vinyl acetate copolymers with vinyl acetate contents
between approximately 18-50%, ethylene methyl acrylate copolymers with methyl
acrylate contents being between approximately 20-40%, ethylene n-butyl acrylate
copolymers with n-butyl acrylate content of between 20-40%, ethylene acrylic acid
copolymers with the acrylic acid content of greater than approximately 15%; a
radio frequency susceptible polymer in an amount within the range of 3-40% by
weight, a styrene and hydrocarbon block copolymer in an amount within the range

of 5-40% by weight, wherein the radio frequency susceptible polymer is selected
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CAM- ... 1 - structure conpri sing: a skin
yproopyl ene cdpdgl yner with styrene ethyl ene-
o8 Gl BG7 ¢

| ayer conprising a, po

b 4 epiaced in arange of 0-20% b
pol a barrier |ayer] having a thickness
of I is selected from tihe gBdup consisting

al cohol, and hi ghl y -gkassy,—crystal litne pol yani des; and
frequency susceptible layer having a first polyolefin in an anobunt within a
range of 30- 60%gRYtheirl} of phlgamides, difyibhd EhylREme) & dnlarhurt 0P Q8YIOB BY! €ne;
a second polyolefin in an amunt within the range of 25-50% by wei ght,
wherei n the seweight,pethylene methyil acgdite copelymersnith anaiiryd asryiateciniap ameunt
copol ynmers includin I | ow densi pol yet hyl.e pol ybut ene- 1. but ene
et hyl ene copol ?F&P%‘?Z@ﬁh%a@@@gﬁﬁhﬂ%'&vé?ﬁ %ﬁ%%ylgwt\#fﬁ“\i%% ANOUREt o
contents betwegpiqgpypxi mately 18-50% ethylene nethyl acrylate copol yners

with nmethyl acrylate contents bei ng between approxi mately 20-40% ethyl ene
n-butyl acrylate copolynmers with n-butyl acrylate content of between

20-40% ethylene acgylic.acid copol [ | the acrvlic aci ont ent of
greater than appr oxﬁﬁ’at e@ei@@l&qﬁﬁ%ﬁm ncé’@l%ﬁé‘%eﬁ)??gwg Y’Vﬁ’e ®in an
amount within g [4ypasd the BarfiePsdiidwiei.ght, a styrene and hydrocarbon bl ock
copolymer in an amount within the range of 5-40% by wei ght, wherein the

radi o frequency susceptible polynmer is selected from pol yam des,

et hyl ene-co-vi nyl acgt at A),..COROol \.I1E h e t hyl rykate.( EVMA)

copol yners, ethyl eng‘?\/i n?ﬁ%ﬂ%&?ﬁﬂ—gég’%@%&?’fk e5ll§§?1§§?&ltrﬂ%¢f(’de

(PVQ), vinyli dgrfipCht aiddified pylydlefies,n@nd modified polypropylene and polyethylene
copolymers.
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f-l uori des, copolynmers of bis-phenol-A, epichlorohydrines, ethylene vinyl

acetate copolyner with a vinyl acetate content in an anoun %0

wei ght, ethyl ene nethyl acrylate copolyners with nmethyl ac rg@altﬁﬁjm SIHEET
amount between 20-40 % by wei ght, ethyl ene vinyl alcohol cppplymer with
vinyl al cohol in an anount of 15-70% 31 18 FEB w98

32 2. IRAIT\H structure of claim1l wherein the styfehe and

hydr ocar bon bl ock copol yner is a styrene-ethyl ene-but ene- si yrene—ntock

copol yner. 3. The structure of claim2 furtherpincluding two

tie layers, one tie _|ayer, bein i sposed between. the skin |ayer and the
1 ﬁ@?ﬁ%%yggéwme@%f§%ed bet ween the barri er

barrier layer, and t'he o

llayer and the radio,f geg llﬁ‘j&koﬁ?ﬁﬁﬁti BoRpképiiine copolymer with styrerd)8thylene-

structure of claim3 wheréin the tié€ |ayéers "are selected fromthe group of
nmodi fi ed pol yobetenerstyrened blacki copalymet ywithipy h erasgenef $520%t hy| weight of the
copol yners. ie ~ The structure of claim3 wherein the radio
frequency pol yREIPIPYLEDS: ner fatty acid pol yani de.

a barrier layer having a thickness within the range of 1.5 mil-4.0 mil is
selected from the group consisting of ethylene vinyl alcohol, and highly glassy,
crystalline polyamides; and

a radio frequency susceptible layer having a first polyolefin in an amount
within a range of 30-60% by weight, wherein the first polyolefin is a polypropylene;
a second polyolefin in an amount within the range of 25-50% by weight, wherein the
second polyolefin is selected from the group of ethylene copolymers including ultra
low density polyethylene, polybutene-1, butene ethylene copolymers, ethylene vinyl
acetate copolymers with vinyl acetate contents between approximately 18-50%,
ethylene methyl acrylate copolymers with methyl acrylate contents being between
approximately 20-40%, ethylene n-butyl acrylate copolymers with n-butyl acrylate
content of between 20-40%, ethylene acrylic acid copolymers with the acrylic acid
content of greater than approximately 15%; a radio frequency susceptible polymer in
an amount within the range of 3-40% by weight, a styrene and hydrocarbon block
copolymer in an amount within the range of 5-40% by weight, wherein the radio
frequency susceptible polymer is selected from polyamides, ethylene-co-vinyl acetate
(EVA) copolymers, cthylene methyl acrylate (EMA) copolymers, ethylene vinyl
alcohol (EVOH) copolymers, polyvinyl chloride (PVC), vinylidene chlorides, vinlidine
fluorides, copolymers of bis-phenol-A, epichlorohydrines, ethylene vinyl acetate
copolymer with a vinyl acetate content 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 copolymer with vinyl alcobol in an amount of 15-70%.
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6. The structure of claim3 wherein the skin |ayer has |RFPhACEMENT SHEET

within a range of 0.5 ml| - 4.0 ml, the barrier layer ha IR QGRS
within the range of 1.5 ml| - 4.0 ml, the radio frequenc %us beb L

| ayer has a thickness within the range of Oml - 8.0 mé‘l . aﬁggﬁ%*ﬁi}e

| ayers each have a thickness within the ra 3e 0.3 ml - 10"t

7. A multiple |ayer structure conprising: a skimn layer including

a pol ypropyl ene copol ynmer with styrene et hyl ene- butene- sf‘%"r ehe~btock

copol ymer within a 2ange 1% stuews pf clainghwherein the yirepp apd iydrsarbon block 5
b [ | havi .1 hi L hi f 114.0 m1 i
ool ccted 11 om ERboIghsis L HIE M Ak MR B ek ot - 0 O S,

gl assy, crystalline polyam des; a radi o frequency susceptible |ayer

having a first polyolefin in an anount. within a range of 30-60% by wejght,
wherein the first pdyol fherftugtuge phelgin & fyrtherdncluding two tie layers, one tie layer

first pdyol SRS &8 e ayers, one i laver
wherein the scOoly Goret binfn BREUTh ek bR e SukRERR e ap bihet e el

copol ynmers i nclbethigndisposéd between the barrier layer and the radio frequency susceptible layer.

4, The structure of claim 3 wherein the tie layers are selected from the
group of modified polyolefins, and modified polypropylenc and polyethylene
copolymers.

S. The structure of claim 3 wherein the radio frequency polymer is a
dimer fatty acid polyamide.

6. The structure of claim 3 wherein the skin layer has a thickness within
a range of 0.5 mil - 4.0 mil, the barrier layer has a thickness within the range of 1.5
mil - 4.0 mil, the radio frequency susceptible layer has a thickness within the range
of 2.0 mil - 8.0 mil, and the tie layers each have a thickness within the range 0.3 mil
- 1.0 mil.

7. A multiple layer structure comprising:

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

a barrier layer having a thickness within the range of 1.5 mil-4.0 mil is
selected from the group consisting of ethylene vinyl alcohol, and highly glassy,
crystalline polyamides;

a radio frequency susceptible layer having a first polyolefin in an amount
within a range of 30-60% by weight, wherein the first polyolefin is a polypropylene;
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l-ow density polyethyl ene, polybutene-1, butene ethyl eng} )
et hyl ene vinyl acetate copolynmers with vinyl acetate cgntefts—betwn n
approxi mately 18-50% ethylene nmethyl acrylate copoly ri Wi %&%t hyl

acrylate contents bei ng between appr oxi rratglt% 20-40% dt ylé Bﬁﬁ%/l

acryl ate copolyners with n-butyl acrylate tent of bét\fveen 20-40%
et hyl ene acrylic acid copolynmers with the acrylic acidjcontent of greate
than approximately 15% a radi o frequency suscepti bl e pebyher—in.an._anpupt
vvith: n the rang@e@éncﬁpdl%ieﬁgim&i&lﬁbunt&vﬂim’ 'f ItIﬁHmnS 40§/mdfmc%cwh bem%hblmdfeiﬁ the
copol ynmer in an amount wi thin the range of 5- 0 wei ght, erein the

radi o frequencyeeandcRqlyolsiin insnlertad frpm the 1ssopeof ¢ %lﬁ%sm%meré@cludmg ultra

et hyl ene- co- vi g&y@, re, e

copol yners, et % e%seiﬁbiﬁhgiy a coﬁ%ﬁc%%%ﬁéﬂg? p vi nyl étgﬂﬁgér %i
(PVQO), vinyli deetatthcopolgkasrs with! vitlyh acdthta ocontieasts betwaehy spproxiofately 18-50%,
bi s- phenol - A, epi chl orohydri nes, ethylene vinyl acetate copolyners with a

vinyl acetate cutiens methyhcaile SOPOYmER. Watl, Bthykagpiate SOMGRLE heingebefjeen
| at I « | | A5 él\ﬁﬂﬂ =400
\?/gir)g;h?, eetc?\5IOe3r4f1gB%/Q?(r]%{}af“IB I gﬁg%’c%%g%%@n{é_?u%?t eﬂ,\}l nyl B@P@%ﬁo | ntg’g%@gré%%ﬁm of
15-70% and contentiof betsitcep 20N psthylere harylic adidviopolygpers evithastie actylisgacddicy
tible | iptp fi d jo f tible | .
" P he. st r uioHeBt oF BT R SRERRHEWS 1 # B RAGDeE RRPPBRIE PPP Bk hy

suscepti bl e | ay@raRédht SHBER thétdnge Af I40% Ky Reight, (4 NG fehe and hydrocarbbn block Ne

structure of claim 7 wherein the first and second radio frequency
suscepti bl e | ayepolymer dh agi Foheumt rwithinithk nageeof. 5-40% by weigls, whetedn she vadior e

of ol aim 7 wherigl b LRl B8R s 51600k BoSOpRGStIdeY SRS, o-vinyt acetate

(EVA) copolymers, ethylene methyl acetate (EMA) copolymers, ethylene vinyl alcohol

(EVOH) copolymers, polyvinyl chloride (PVC), vinylidene chlorides, vinlidine
fluorides, copolymers of bis-phenol-A, epichlorohydrines, ethylene vinyl acetate
copolymers with a vinyl acetate content 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 copolymer with vinyl alcohol in an amount of 15-70%;
and '

a first polypropylene layer dividing the radio frequency susceptible layer into
first and second radio frequency susceptible layers.

8. The structure of claim 7 wherein the first and second radio frequency
susceptible layer are essentially of the same thickness.

9. The structure of claim 7 wherein the first and second radio frequency
susceptible layer are of different thicknesses.

10.  The structure of claim 7 wherein the layers are stacked in consecutive

order.
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11. The structure of claim 10 further conpri sing: .
I'ayer di sposed between the skin |ayer and the barrier Iay&ﬁ%ﬁ?afﬁga
second tie |layer disposed between the barrier |ayer and ”T first radio ‘2
frequency susceptible | ayer. 12. The structurejoff cl8iFEY @253 i
wherein the barrier |layer is selected from%e gr oup cons s§ing of et hyI ehe
vi nyl al cohol, and highly glassy, crystalline pol yam des. $3-
The structure of claim 12 wherein the first polyolefin i s second

pol ypropyl ene, and tifle séﬂmrmtuplure/(bfdaimmsfusmrwmismg@mthe group of

but en. ot by enb. copdt PibHE Wy%rﬁwé%g'q‘% Fugrm i binigved Gpd o Bl Rk AR
acetate contents betyngQandRR O ?g%dlgeta@gﬁ Rd Mhib?elaii&t B t@@rfygtafaqw

copol ymers with nmethyl acryl ate contents bei ng between approxi mately

20- 40% et hyl edeeqnensiyt spsceptiblel layes- copol ymers with n-butyl acrylate content
of between 20-40% ethylene acrylic acid copolyners with the acrylic acid
content of greater than approximately 15 %

12.  The structure of claim 7 wherein the barrier layer is selected from the

group consisting of ethylene vinyl alcohol, and highly glassy, crystalline polyamides.

13.  The structure of claim 12 wherein the first polyolefin is a second
polypropylene, and the second polyolefin is selected from the group of ethylene
copolymers including ultra low density polyethylene, polybutene-1, butene ethylene
copolymers, ethylene vinyl acetate copolymers with vinyl acetate contents between
approximately 18-50%, ethylene methyl acrylate copolymers with methyl acrylate
contents being between approximately 20-40%, ethylene n-butyl acrylate copolymers
with n-butyl acrylate content of between 20-40%, ethylene acrylic acid copolymers
with the acrylic acid content of greater than approximately 15 %.

14. The structure of claim 13 wherein the skin layer comprises: a
polypropylene copolymer with styrene ethylene-butene-styrene block copolymer
within a range of 0-20% by weight of the polypropylene.

15. A multiple layer structure comprising:

a skin layer;

a barrier sandwich layer having from 2 to 10 units of a barrier layer
and a tie layer, wherein the barrier layer is selected from the group consisting of
ethylene vinyl alcohol, and highly glassy, crystalline polyamides; and

a radio frequency susceptible layer having a first polyolefin in an
amount within a range of 30-60% by weight, wherein the first polyolefin is a
polypropylene; a second polyolefin in an amount within the range of 25-50% by
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T4.  The structure of claim 13 wherein the skin layer cdibbilLAEEMENT

pol ypropyl ene copol yner with styrene ethyl ene-but ene-styr ” b o - 3
copol ymer within a range of 0-20% by wei ght of the pol yprdpyl esg F¢S 1903
15. A multiple layer structure conpri sing: d skin layer; %

a barrier sandwich layer having from2 to 3 units of a barriertayer~andda
tie layer, wherein the barrier layer is selected fromthejgroup consisting
of ethylene vinyl alcohol, and highly glassy, crystalline polyanides amnd
a radi o frequergglity swigptinbiie bapad putyolefin ds fselestedpfiopoitled ighoup) of nethyletdt
wi thin a range of 30-60% by wei ght, wherein the first polyolefinis a

pol ypropyl ene; cAPRIFMSEYinGding @gﬁdowrﬁe&ﬁ%%whyqu%ﬂm@%n@@w ethyleng)o,

by i i : o . !
second pol yol efcfoﬁo1 S egséleéh tl%I%f ¥1P%Ima%eﬁaéc g?%o&%mgx%s vﬁ%}/ éne copo(foyrre%‘gbgt

i ncl udi ng ul t r apprxidaely 18506, yeehyisrieemethyp abmyitate eopelimetsu tvithemethiyl heryéate
copol yners, ethylene vinyl acetate copol y;Erers wth viny] acetate contents

bet ween appr oxiCRBERIS,peiNE brigrenAnpyeximatehe il %a cttpilene a-RuBaciHateccappiymers
met hyl ‘acryl at guigp Hlug?%;ﬁggggh@%%h%?ﬂeﬁﬁeﬁ 914859 Srhy1ehk 4Q¥hic GEYdopBfmers

n- butyl acrylate cop
with the acrylic acid content of greater than approximately 15%; a radio frequency

susceptible polymer in an amount within the range of 3-40% by weight, a styrene and
hydrocarbon block copolymer in an amount within the range of 5-40% by weight,
wherein the radio frequency susceptible polymer is selected from polyamides,
ethylene-co-vinyl acetate (EVA) C(;polymers, ethylene methyl acrylate (EMA)
copolymers, ethylene vinyl alcohol (EVOH) copolymers, polyvinyl chloride (PVC),
vinylidine chlorides, vinlidine fluorides, copolymers of bis-phenol-A,
epichlorohydrines, ethylene vinyl acetate copolymer with a vinyl acetate content 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 copolymer
with vinyl alcohol in an amount of 15-70%.

16.  The structure of claim 15 further comprising a tie layer between the
skin layer and the barrier sandwich.

17.  The structure of claim 16 wherein the tie layer is selected from the

group of modified polyolefins, and modified polypropylene and polyethylene
copolymers.
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vis co
V\$1th n-butyl acrylate content of between 20-40% ethylene acrylic aci d”l vy

opol yners with the acrylic acid content of greater than approxi mately 15%
radi o frequency. susceptible polyner in an amount within the rgses of

3-40% by wei ght, a styrene and hydrocarbon bl ock copol yner in dgGampunt
within the range PCT— 40% by wWeRIDINTELLRTEAIHR 'n‘remwanhmoﬁrequenc
susceptible polyner 1s selected from e | ene co-vin acetate
( EVA) copolwﬂgt‘hylﬁé’ﬁﬂcﬂ%m@éﬁ %U@%WW@%F mﬁi VPR
al cohol (slﬁ\mmmmkewnﬁmm yvinyl chl 021&%&1%)/&)».:»&&%&&%6 ¢ hiAro i96/48512
vinlidine ZP copol yners of Ai" - phenol - A, epi chl orohydri nes,
et hyl end vi ny acet at e copolyner with (MW%HMt 19 RecemberA36 (142.96)

of 18- 5¢% by Wer ght, et nytrene netnyl—acrylrgpte copol yners Wlththyl
3EBurops nent(AT BE,

acryl at e~(2l)ﬁnmﬂMm!utbeﬂm 2043-‘1%9!5505% @nm%}%ﬂm F\ﬂxn’y

copol y {%t l,gohol pf 155 0.
struatu 2) | gﬁ? urt her rrprl g%alrég&?i tie l'ayer between the skin |ayer
and the barrl er sandvm ch 17. The_structure of claim 16 wherein

the tie|PRfepdyBatkel ect ¢ %?ﬁ gr oupupf“ﬂﬂffg“mywj#&s and
modi fied polypr pyI ene an"ae ol'ye §/I ene CopPOol YNBofe. the expiration of the time limit for amending the
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