NCNJPVC COEXTRUDED MEDI CAL GRADE PCRT TUBING BACKGROUND OF THE | NVENTI ON 5
The present I nvention rel ates ge

_ rfrl al.s for maki ng nedi cal
grade*products. More specifically, the prese i nvention relates to

medi‘cal grade port tubing. It is known in the nedical industry to house 10
products such as fluids that are admnistered,to a patient in plastic
containers. Heretofore, sone flexible containers have been constructed from
pol yvinyl chloride. It is also known to use nedi cal

port tubing (ports) to
provi de access either to a container or froma 15

contai ner. Such
medi cal port tubing has uses in such therapies as renal and bl ood. It is

al so known to construct the nmedical port tubing from polyvinyl chloride. In

order to make polyvinyl chloride sufficiently 20 flexible, so that it
can be used to create flexible EoBtEBi@eFF R g T I QN

- +Ag, plasticizers
have been added thereto. The toxicity of ﬂ@mi ci zers has increasingly
becone a matter of concern both in

e.g., contai'ner or port td&if %’gpv(‘%cgm&ges? émgﬁgﬁ{}{ o‘%&%aﬁ FhReuc

e material .
In the medical industry, typi cwwmﬂd oils are

utilized assplastici PbkUfen&BSED |ﬁblﬁﬁﬂgbwﬂls '
DEHP has becone a sus%géfple%gént%yéﬂﬂ%n rggére ?‘gecontl n%'ed t glyto :
determne if DEHFoF¥ smaking medlcal grade products. More spec

the present invention relates to med1cal grade port
tubing.

It is known in the medical industry to house
products such as fluids that are administered to a
patient in plastic containers. Heretofore, some flexible
containers have been constructed from polyvinyl chloride.

It is also known to use medical port tubing (ports)

to provide access either ‘to a container or from a
container.

10

15 Such medical port tubing has uses in such

therapies as renal and blood. It is also known to.
construct the medical port tubing from polyvinyl
chloride. ' _

In order to make polyvinyl chloride sufficiently -
flexible, so that it can be used to create flexible
containers and port tubing, plastiéizers have been added
thereto. The toxicity cf plasticizers has increasingly

become a matter of ccncern both in -proqessing the

20

material into a product, e.g., .container or port tubing,
and in the end use of the material. In the medical
industry, typically, DEHP and/or epoxidized oils are

utilized -as .plasticizers for polyvinyl chloride.
Recently,

25

however, DEHP has become a suspect compound in
that there is continuec¢ testing to determine if DEHP is
a health hazard. addizionally, Ppolyvinyl chloride is
percelveé‘to be an environmentally unfriendly material.
Examples of therapies wherein flexible containers
including port tubinc are used include intravenous

30



30 ‘é heal t h hazard. Addi tionally, polyvinyl chloride is perceived to
be an environmental ly unfriendly material. Exanples-of therapies wherein
fl exi bl e containers including port tubing are used include intravenous

In

-2- t'herapy, continuous anbul atory dialysis (CAPD), and bl ood therapy.
CAPD, the container includes a dialysis fluid that can be infused into the
peritoneal of the patient through the port-tabing that is fused to the 5

cont ai ner.

Typically, for nedical uses, there are a variety of

characteristics that a nmedical port tube should have. Anobng the

characteristics the port tube shoul d exhibit
a materi al

exanpl e,

tubi ng can be heat se
certain of the

it is known in nmanufacturing containers with port tubing to RF

seal such port iy OcBrtdmhdichmbllatbryl &0atipsisatarsyenchoLoea!

port tubing, if

pol yvi nyl

chl ori
S

10

15

20

25

30

nitheAPYs  In | GCARR¢ r tBe

able so as to be<:égh i ple w,th

Mt OSKhEUEH. AHStonol eaRihY LA 92 FushPi€s! ke
container. .

Typically, for medical uses, there are a variety of
characteristics that a medical port tube should have.
Among the characteristics the port tube should exhibit
is the ability to be bonded to a material from which the

container may be constructed. For example, it is known

in manufacturing containers with port tubing to RF seal
such port tubings to a container. It is also desirable
that the port tubing can be heat sealable so as to be
compatible with equipment used in certain of the medical
industries.

Furthermore, such port tubing should be sufficiently
flexible as well as translucent. Additionally, the port
tubing, if it is coextruded, must not easily delaminate.

Typically, polyvinyl chloride plasticized with DEHP
has been used tb achieve these needs. However, as
previously noted, the use of DEHP has been under sone
scrutiny and criticism.

| SUMMARY OF THE INVENTION

The present invention provides an improved
coextruded medical port tubing that does not include PVC
and materials for making same. The material of the
present invention provides characteristics that are
desirable in the medical industry and therefore can be
used to make medical port tubing for use in, for example,
renal therapy or blood donor tubes. At the same time,
the present invention providés a non-PVC material.

To this end, the present invention provides a non-
PVC coextruded medical grade port tubing comprising: an

_ e U|pnen&.ug§d.|n
RS r &NCLRERS, & SERLYRYS
shoul d be sufficifaniily €theyi Pam ase Wehifusedt riartd uthat peAddidrieadaldf, thiae

Is the ability to be bonded to
fromwhich the 10 contai ner may be constructed. - For



20 has been used to achi eve these needs. . However, as previously
noted, the use of DEHP has been under some scrutiny and criticism SUMVARY ..
OF THE | NVENTI ON The present invention provides an inproved 25
coextruded nedi cal port tubing that does not include PVC and materials for
maki ng sane. The material of the present invention provides
characteristics that are desirable in the nedical industry and therefore
can be used to make nedi cal port tubing for dse in, for exanple, 30

renal therapy or bl ood donor tubes. At the sane tine, the present

I nvention provides a non-PVC material. To this end, the present invention
provi des a non- PVC coextruded nedi cal grade port tubing conprising: an
outer layer conprising a blend of pol ypropyl ene copol yner and

styrene- et hyl ene- e \/ Ve, f¥$¢ nd
of pol yam de and gtu %Fegg \éni.n?/ CfQ;PRé %%1e%§8%%+§¥§{-oégg3ié ‘%b *
pol yam de conponefhdc GhyTena-qkh yiene-bukylenerstyrenadcopolYBeryad del

The resul tant por takeli;n@ands aRcozealldier cUmpisainea ablénd tér ﬁbﬁaﬁﬁidﬂac

i t Lafispecf’“f?, Za%&ﬁt&'ﬁ HSSTR AFHRN yvi nyl chl ori do material

In an embodlment the polyamide component comprises
at least two separate grades of polyamide. The resultant
_port tubing is RF sealable, or heat sealable, to an
olefinic surface. Such a poft tubing eliminates the
concerns that have been raised with respect to a DEHP

10 plasticized polyvinyl chloride material.

In an embodiment, the tie layer comprises a blend
of polyesﬁer, polypropylene copolymer, styrene-ethylene-
butylene-styrene copolymer, and ethylenevinyl acetate.
Preferably, the tie 1layer is a blend comprising:

15 approximately 30 to about 60% by weight copolyester:
approximately 0 to about 20% by weight polypropylene
copolymer; approximately 30 to about 60% by weight

styrene-ethylene-butylene-styrene copolymer; and
approximately 0 to about 30% by weight ethylene vinyl
20 acetate. '

In an embodiment, the outer layer of the port tube
comprises approximately 40 to about 99% by weight
polypropylene copolymer and approximately 1 to about 60%

_ by weight styrene-ethylene-butylene-styrene copolymer.

25 An advantage of the bresent invention is that it.
provides a non-PVC radio frequency active material. The
material is RF sealable to olefinic materials such as
polyethylene, polypropylene copolymer, and styrene-
ethylene-butylene-styrene copolymer. ’

30 A further advantage of the present invention is that
it provides a steam and radiation (e.g., gamma)
sterilizable material. ’



In an enbodi ment, the tie |ayer conprises a blend of polyester,
polypropylene copolyner styrene-et hyl ene- butyl ene-styrene copol yner, and
et hyl enevinyl acetate. Preferably, the tie layer.is a blend conprising: 15
30 to about 60% by wei ght copol yester; 0 to about 20% by wei ght

pol ypropyl ene copol yner; 30 to about 60% by wei ght

styrene-et hyl ene-but yl ene-styrene copol ywnmar ~ and 0 to 30% by wei ght

et hyl ene vinyl 20 acetate. In an enbodi nent, the outer |ayer of the
port tube conprises 40 to 99% by weight polypropyl ene copolyner and 1 to
60% by wei ght styrene-ethyl ene-butyl ene-styrene copol yner. 25 An

advant age of the present invention is that it provides a non-PVC radio
frequency active material. The material is RF sealable to olefinic

materials such as pol ygbbuboae, B8l aﬁraathgaeo@mbygs&esemd ﬁ'i\wmﬁ(bn is

ethyl ene: buty| eneg el e SRS+ 00 exspne (Renird PEhy RARRENS Ol e

sterilizable nateopaicallySblead andlb&uxmmxhsﬁstantaIhg&ﬂeﬁnntkanttinﬂar :

outer layer and tfgmﬁﬂég E@¥35gth, good compatibility, is clampable, and
5 provides good extrusion processability.

Still further, an advantage of the present invention
is that the material does not generate harmful degradants
upon incineration.

Additional features and advantages of the present

10 invention are described in, and will be apparent from,
the detailed description of the presently preferred
embodiments and from the drawings. '

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a cross-sectional view of a

15 coextruded port tube constructed pursuant to an
embodiment of the present invention.

Figure 2 illustrates a perspective view of a
container including the port tubing of the present
invention. :

20 ' _ DETAILED DESCRIPTION

OF_ THE PRESENTLY PREFERRED EMBODIMENTS

The present invention provides a coextruded medical

grade port tubing and material for making same that
. achieves many of the characteristics that are desirable,

25 in the medical industry, for such port tubing. For
example, the port tubiﬁg, in an embodiment, exhibits RF
sealability, flexibility, translucence, and ability to
resist delamination after severe bending or autoclaving.

At the same time, the present lnventlon provides a

30 port tubing that is constructed from a material that does
not include -polyv1nyl chloride. In this regarqg,
coextruded polyolefin materials are provided that are RF
heat sealable to other polyolefins.



the internmediate tie layer including styrene-ethylene-butyl ene-styrene
copol yrmer . which interacts with the pol ypropyl ene copol yner in the outer

| ayer; and a pol yester copolynmer, which interacts with the pol yani de 5
conponent in the core |layer. EP-A-0380370 discloses tubing having outer,
core and internedi ate |ayers. The core |ayer may include EVA and the

I nternmedi ate | ayer preferably includes PVGC & PVDC to provi de good RF
properti es. -4- Moreover, an advantage of the present invention is that
the material is flexible (has a | ow nodulus), is optically clear and bl ush
resistant, has excellent inter |am nar strength, good conpatibility, is

cl anpable, and 5 provi des good extrusion processability. Still further,
an advantage of the present invention is that the material does not
“generate harnful degrartarttsisuEord,i recicoexdriuded mediicadn giraden Perds tikdng
advant ages of th io r i islesb@
“apparent from eloocf'?g}lto‘?%%dscr#gp%l:é%}] optﬁgoﬁége%tg?grp?g g;&rﬂlg‘ﬂ"

enbodi nents and falmnd hef dPRMWPFSPYRRNEF qORESEAMEN (RPEr ’FMEeBRA\%F%Q%eﬁegure
1 illustrates a<¥ﬁ¥§¢éﬁgié@y§éng|@w iyiels a tieeldysicdlspprieferaiay

construct Ed purséjoan?grlstfng a b‘i % pncglycgster, %r Sﬂr%ntopy eer?et Icct)nrf)olymer,
styrene-ethylene-butylene-styrene copolymer, and may or
may not include ethylene vinyl acetate; and a core layer
16 comprising a blend of polyamide and ethylene vinyl
acetate.
- 10 The outer layer 12 can comprise approximately 40 to
99% by weight polypropylene copolymer, that includes 2
to 6% by weight polyethylene, and approximately 1 to 60%
by weight styrene-ethylene-butylene-styrene copolymer,
for example, Kraton. 1In an embodiment, the outer layer

15 12 comprises approximately 60% by weight polypropylene
copolymer and approximately 40% by -weight styrene-
ethylene-butylene-styrene copolymer.

Preferably, the core layer 16 comprises ethylene
vinyl acetate and polyamide. However, in an embodiment,

20 the polyamide component of the core layer 16 coﬁprises
more than one grade of polyamide. In an embodiment, the
core layer comprises polyamide Grade No. 1 and polyamide
Grade No. 2.

‘Grade No. 2 polyamide is a softer grade than Grade

25 No. 1 containing less polyamide and therefore is less RF
active and less autoclavable. The tertiary blend of two
different grades of polyamide and ethylene vinyl acetate
in the core layer 16 provides excellent adhesion of the
core layer 16 to the tie layer 14.

30 In an embodiment, the core layer 16 comprises
approximately 70% by weight block polyamide and approxi-
mately 30% by weight ethylene vinyl acetate. In an
embodiment,” the core layer 16 comprises approximately



‘Figure 2 illustrates a perspective view of a container including the port
tubing of .the present invention. 20 DETAI LED
DESCRI PTI ON OF THE PRESENTLY PREFERRED EMBODI MENTS The present invention
provides a coextruded nedical grade port tubing and material for mnaking
sane that achieves many of the characteristics that are desirable, 25

in the nedical industry, for such port tubihge = For exanple, the port
tubi ng, in an enbodi ment, exhibits RF.sealability, flexibility,:

transl ucence, and ability to resist delam nation after severe bending or

autoclaving. At the same tinme, the present invention provides a 30 port
tubing that is constructed froma material that does not i nclude
pol yvi nyl chl oride. . In this regard, coextruded polyolefin materials

are provided that 6 B¥ wedghtedlale polyihide pgoyaldel iNG. 1), - appfoxid s
e e 57 BP0 Y LU GG, ol SR, JREMICRE."2) e
styrene- et hyl ene- aRREMEkRately 2@t dopoveiaht ethyleheywinyd pcetetesbly 5
conprising a blend of ply6sieriapetYPs opy! €863 CLH%b ¥ e or bind the two
styrene-et h%l ene- bclﬁélnlxiecna?if)tr >éi.riesnseimC:i.Olpz‘;xox1 rart‘:"tre’ri('iarZ]LC..i; {:rﬁgtocrlefine the outer and
core layers 12 and 16, respectively. Preferably, the tie
layer 14 is a blend of material comprising:
approximately 30 to about 60% by weight copolyester, for
example, Hytrel available from DuPont; approximately O
10 to about 20% by weight polypropylene copolymer
(approximately = 2-6% by weight polyethylene) ;
approximately 30 to about 60% by weight styrene-ethylene-
butylene-styrene copolymer, for example, Kraton; and
approximately 0 to about 30% by weight ethylene vinyl
15 acetate, )

The tie layer 14 contains both polar and non-polar
groups. Thus, it exhibits excellent bonding properties
to both the polar core layer 16 material and the non-
polar outer layer 12 material. The strong adhesion

20 between the tie layer 14 and the core layer 16 is
' probably mediated by the interaction of polyester
copolymer, ethylene vinyl acetate, and the polyamide.
The binding between the tie layer 14 and the outer layer
16 is achieved by the interaction between the styrene-

ethylene-butylene-styrene copolymer and the polypropylene
copolymer. ) '

25

"The outer layer 12 provides the compatibility

required to RF or impulse heat seal the port tubing 10

to an olefinic surface. A higﬁ degree of interfacial

30 mixing, iﬁdicating excellent bonding performance, is
achieved as a direct result of the compatibility between

the outer layer 12 and the olefinic surface.

Additionally, a strong interlaminar strength is exhibited



may not include ethylene vinyl acetate; and a core |ayer 16 conprising a

bl end of pol yani de and ethyl ene vinyl acetate. 10 The outer | ayer
12 can conprise approximately 40 to 99% by wei ght pol ypropyl ene copol yner, .
that "includes 2 to 6% by wei ght pol yethyl ene, and approximtely 1 to 60% by
wei ght styrene-et ylene-butyl ene-styrene copolyner, for exanple, Kraton. In

an enbodi nent, the outer |ayer 15 12 cenpri-ses approxi mately 60% by
wei ght pol ypropyl ene copol ynmer and approxi mately 40% by wei ght styrene-
et hyl ene- butyl ene-styrene copol ymer. 20 t he pol yam de conmponent of the

core layer 16 conprises nore than one grade of polyam de. In an enbodi nent,
the core | ayer conprises polyam de G ade No. 1 and pol yam de Grade No. 2
Grade No. 2 polyamide is a softer grade than G ade 25 No. 1 contai ni ng

l'ess pol yam de anghyt hgpef %Srts $hasihR Fl@CtlbYetQﬂéj bagerayt ogtzeebion e

tertiary blend of fwo different grades of po an1de and et hyl ene vi
acetate in the com@YeRidls @ng ‘?:Ié%ate’)&é:fp c3?'?0? ??{’!E°%er}né/s1 ayer

16 to the tie layer 14.pxéferably, the medieamlodiradet porthtubing l0agerthe
P e " X ey ORI ed el RRLUEELEE SN gEr B8 nawlely
conprises ajproxi fldlawing ratio of layer thicknesses: the outer layer
12 comprises approximately 2.5% to about 30% of the total
cross-sectional thickness of the port tube 10; the tie
layer 14 comprises approximately 2.5% to about 20% of the
total cross-sectional thickness of the port tube 10:; and
10 the core layer comprises approximately 50 to about 95%
' of the thickness of the port tube 10.

The port tubing 10 does not include a PVC layer.
Accordingly, <concerns with respect to PVC and
specifically DEHP plasticizer can be avoided by use of

15 - the port tubing 10 of the invention.

The port tubing 10 provides a varlety of advantages
over other known medical grade port tubings including:
non-PVC radio frequency active wmaterials; RF heat
sealable to olefinic -materials such as polyethylene,

20 polypropylene copolymer, and styrene-ethylene-butylene-
styrene copolymer; steam or radiation sterilizable;
flexibility; optical clarity:; excellent interlaminar
strengths; good compatibility:; does not generate harmful
agents upon incineration; good extrusion processability;

25 and it is clampable.

The three layer coextruded tube structure 10,
derives its radio frequency response from the core layer
16 which éontaihs highly RF active components such as the
polyamide and EVA. These RF active components exhibit

30 dielectric loss exceeding 0.1 at about 27 MHZ.
The port tubing 10 of Figure 1 can be used with a
medical container 20 illustrated in Figure 2. The

container 20 is constructed from a non-PVC material, for



-6- 60% by wei ght bl ock polyam de (G ade No. 1), approxi- mately 20% by

wei ght Dbl ock pol yam de (G ade No. 2), and approximtely 20% by wei ght

et hyl ene vinyl acetate. The tie layer 14 is used to bridge or bind the two
5 chemcally dissimlar materials that define the outer and core | ayers
12 and 16, respectively. Preferably, the tie layer 14 is a blend of
mat eri al conprising: approximately 30 to abgut 60% by wei ght copol yester,
for exanple, Hytrel available from DuPont; approxinmately 0 10 to about .
20% by weight polypropylene copolyner (approximtely 2- 6% by
wei ght pol yet hyl ene); approximately 30 to about 60%by wei ght
styrene-et hyl ene- butyl ene-styrene copol yner, for exanple, Kraton; and

approximately 0 to about 30% by wei ght et hyl ene vinyl 15 acetate. The
tie layer 14 cont @ixangid | haprﬁ!’r eﬂogtﬂﬂémr@rawwana;bus pblypxbp !Léﬁe
excel | ent bondlngcpro ertles ot #R lgolar .cor.e Ia lp Jj%e £2
the non- pol ar out&P 8P grhyleng, vinyd, Aceipke/fcag modi

between the tie Iamhylbhenuhﬂj&aametateyeccnﬁ is probably medi at ed by
o S vt v R APy M ) oLt
achi eved by5t he i magess itth apdwEran @& gmmemmgrza? of the container 20.
et hyl ene- bUty|eneﬂﬁkyﬁﬁﬂﬁtC@ﬁﬁiﬂﬁmioaaé the ﬁ?é¥9ﬁ€pih€8ﬁtlon is believed
to be particularly suitable for use in renal
applications, especially CAPD. However, the port tubing
10 can be used to construct other medical products.
10 By way of example, and not limitation, examples of
the present invention will now be given.
EXAMPLE NO. 1
Samples of the port tubing of the present invention
were constructed using the following two parameters:
15 Sample A
Core Layer: 30% 3315 EVA (DuPont)
‘ 70% 4033 Pebax (Atochem)
Tie Layer: 50 weight % Kraton G-1660 (Shell):
38 weight % Hytrel 4056 (DuPont);
20 - 10 weight % UE 697000 (Quantum); and
2 weight % Polypropylene copolymer 23M2 (El
Paso) ; _ .
Outer layer: 60 weight % Polypropylene copolymer Fina
8473 (Fina):
25 and
40 weight % Styrene-ethylene-~butylene-
styrene - Kraton G-1652 (Shell).
Sample B
Core layer: 60% Pebax 4033 (Atochen)
30 20% Pebax 2533 (Atochem)
'~ 20% EVA 3315 (DuPont)
Tie Layer: 50 weight % Kraton G-1660 (Shell);
38 weight % Hytrel 4056 (DuPont):



copol ynmer. The outer layer 12 provides the conpatibility required to RF or

| mpul se heat seal the port tubing 10 to an olefinic surface. A high degree-
of interfacial 30 m xi ng, indicating excellent bonding perfornmance,

is achieved as a direct result of the conpatibility between the outer

| ayer 12 and the olefinic surface. Additionally, a strong interlam nar
strength is exhibited -7- by the port tudbigng 10 by the careful selection
of materials and the ratio of the respective conponents. Preferably, the
medi cal grade port tubing 10 of the present invention has a structure so
that it has the 5 followng ratio of |ayer thicknesses: the outer

| ayer 12 conprises approximately 2.5%to about 30% of the total
cross-sectional thickness of the port tube 10; the tie |ayer 14 conprises

approximately 2.5%to about ZO%mfwéihﬁ,ﬂ qt YE YOG eGiuNm) hi amdess of
2bout 85% of the thi ckness of ¢ HeVBSERt, hIELIGEORY s EARRIYE 16 Mae Ehor
include a PVC | aypasoAccordingly, concerns wth respect to PVC and
specifically DEPORLS! | Iyer: °88 WoibiY elrBiyEbppiehd copdifudFina
5 8473 (Fina):
and :
40 weight % Styrene-ethylene-butylene-
styrene - Kraton G-1652 (Shell).
These samples were RF sealed to a non-PVC material
10 (polypropylene copolymer, Kraton/ethylene vinyi
acetate/acid modified ethylene vinyl acetate/PCCE and
tested and provided the following properties:

Result:
Tubing ID Bulk Pull Force (1b) Peel Force (1b)
15 Sample A 50 (film break) ' 9.2 very good
' 78 (pull out) 9.1
Sample B 55 (film delaminate 7.7 very good
and pull out 7.8
These results demonstrate that both samples provide
20 sufficient strength to be used as port tubing in medical
applications.

It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the

25 art. Such changes and modifications can be made without
departing from the spirit and scope of the present
invention and without diminishing its attendant
advantages. It is therefore intended that such changes

_ and modifications be covered by the appended claims.
30 '



The port tubing 10 provides a variety of advantages over other known

nmedi cal grade port tubings including: non-PVC radio frequency active
materiral s; RF heat sealable to olefinic materials such as p |

pol ypr opyl ene copol yner, and styrene-ethyl ene-butyl ene- styﬁmmmﬂmmwmm‘
steamor radiation sterilizable; flexibility; optical claritys excellents *
interlam nar strengths; good conpatibility, jgpes not generate harnful

agents upon incineration; good extrusion processability; 25 and it is

cl anpabl e. The three | ayer coextruded tube structure 10, derives its radio
frequency response fromthe core layer 16 which contains highly RF active
conponents such as the polyam de and EVA. These RF active conponents.

exhi bit 30 dielectric | oss exceeding 0.1 at about 27 MHZ The port
tubi ng 10 of Figﬁ@géé¥§§ghbe used with a nedical container 20 illustrated
in Figure 2. T er 20 is constructed froma non-PVC nmaterial, for
-8- exanple, a four | ayer shrnentP¥Cagoextreded medicnbgnadt POSfotPRiRg

Kraton/ethyl ene vigyl,-feehgt e/ aci d nodified ethylene vinyl acetate/PCCE.
The port tubing 10 provideS fluid conmuni cati,on ang 5 access to ind
lend of po ene

froman interior 22 of2RheUESH: ARKEF SEMPrising a YPTOopy
5 copolymer and styrene-ethylene-butylene-styrene
copolynmer;

a tie layer; and
a core layer comprising a blend of polyamide and
- ethylene vinyl acetate.

10 S 2. The non-PVC medical grade port tubing of Claim
1 wherein the tie layer comprises a blend of polyester,
polypropylene copolymer,' styrene-ethylene-butylene-
styrene copolymer, and ethylene vinyl acetate.

3. The non-PVC coextruded medical grade port

15 tubing of Claim 1 wherein the tie layer is a blend
comprising: _

approximately 30 to about 60% by weight copolyester;
approximately 0 to about 20% by weight polypropylene
copolymer;

20 approximately 30 to about 60% by weight styrene-
ethylene-butylene-styrene copolymer; and

approximately 0 to about 30% by weight ethylene
vinyl acetate.
4. The non-PVC coextruded medical port tubihg of

25 Claim 1 wherein the outer layer comprises:

approximately . 40 to about 99% by weight
polypropylene copolymer; and

approximately 1 to about 60% by weight styrene-
ethylene-butylene-styrene copolymer.

30 . 5. The non-PVC coextruded medical port tubing of
Claim 1 wherein the outer layer comprises approximately
60% by weight polypropylene copolymer and approximately
40% by weight Styrene-ethylene-butYlene-styrene.



The port tubing 10 of the present invention is believed to be~=--h_\‘\N_\“~‘
particulariy - suitable for wuse in renal applications, especially CAPD.

However, the port tubing 10 can be used to construct other nedi

products. the present invention will now be given. EXAVPLE NO. IWM”‘!M,!”HM

the port tubing of the present invention were constructed using thé
follow ng two paraneters: 15 - 11 - Sanmpl e A Core
Layer: 30% 3315 EVA (DuPont) 70% 4033 Pebax 8Atochen) Tie Layer: 50

wei ght % Kraton G 1660 (Shell); 38 weight % Hytrel 4056 (DuPont); 20

10 wei ght % UE 697000 (Quantumnm); and 2 wei ght % Pol ypropyl ene copol yner
23M2 (El1 Paso); Quter |ayer: 60 wei ght % Pol ypropyl ene copol yner Fina 8473
(Fina); 25 and 40 wei ght % Styrene-et hyl ene-butyl ene-

- . 0
(A ochem 30 rooeSnd ) TR oty aRAYLI e por
(DuPont) Tie Layetubirgp efi fiaim Kt awbereincdthe shelypmide \qauprisgsyatel
4056 (DuPont); least two separate grades of polyamide.
7. The non-PVC coextruded medical grade port
5 tubing of Claim 1 wherein the polyamide includes
polyamide Grade No. 1 and polyamide Grade No. 2.
8. The non-PVC coextruded medical grade port
tubing of Claim 1 wherein the core layer comprises:
approximately 70% by weight block polyamide; and
10 : approximately 30% by weight ethylene vinyl acetate.
9. The non-PVC coextruded medical grade port
tubing of Claim 1 wherein the core layer comprises:
approximately 60% by weight block polyamide (Grade
No. 1);

15 approximately 20% by weight block polyamide (Grade
No. 2); and

approximately 20% by weight ethylene vinyl acetate.
10. A non-PVC coextruded medical grade port tubing

comprising: .

20 an outer 1ayer'comprisihg a blend of polypropylene
copolyner and styrene-ethylene-butylene-styrene
copolymer:;

a tie layer comprising approximately 30 to about 60%
by weight copolyester, approximately 0 to about 20% by
25 ., weight polypropylene copclymer, approximately 30 to about
60% by weight styrene-ethylene-butylene~styrene
copolymer, and approximately 0 to about 30% by weight
ethylene vinyl acetate; and
a’ core layer comprising a blend of at least one
30 grade of.polyamide and ethylené vinyl'acetate.
11. The non-PVC coextruded medical grade port
tubing of Claim 10 wherein the outer layer comprises:



10 wei ght % UE 697000 (Quantum): and 2 wei ght % Pol ypropyl ene copol yier———
23M2 (El1 Paso); CQuter layer: 60 weight % Polypropyl ene cop Mn

8473 (Fina); and 40 wei ght % Styrene-ethyl ene-butyl ene- st MIII’Q@”?H”"I
G 1652 (Shell). These sanples were RF sealed to a non-PVC nhtefi

(pol ypropyl ene copol yner, Kr at on/ et hyl ene vinyl acetate/acid

nodi fi ed ethyl ene vinyl acetate/ PCCE and teaked and provided the foll ow ng
properties: Result: Tubing ID Bulk Pull Force (IDb) Peel Force

(1b) 15 Sanple A 50 (film break) 9.2 very good 78
(pull out) 9.1 Sanple B 55 (filmdel am nate 7.7
very good and pull out 7.8 These results denonstrate that both
sanpl es provide 20 sufficient strength to be used as port tubing in

medi cal applications. a@g&-éxgﬂﬁtew t ogd he twescwidut pr afodr r etbyenbwdighht s
descri bed herein w ar e t hose_skilled in the 25 art. Such
changes and nDdlfQQiX?EﬁB$£§ ebﬁoﬁﬁggmﬁffhﬁﬁ%
approximately 1 to about 60% by weight styrene-
ethylene-butylene-styrene copolymer.

5 12. The non-PVC coextruded medical grade port
tubing of Claim 10 wherein the outer layer comprises
approximately 60% by weight polypropylene copolymer and
approximately 40% by weight styrene-ethylene-butylene-
styrene. :

10 _ 13. The non-PVC coextruded medical grade port
tubing of Claim 10 wherein the polyamide includes
polyamide Grade No. 1 and polyamide Grade No..2.

14. .The non-PVC coextruded medical grade port
tubing of Claim 10 wherein the core layer comprises:

15 approximately 70% by weight block polyamide; and

approximately 30% by weight ethylene vinyl acetate.
15. The non-PVC coextruded medical grade port
tubing of Claim 10 wherein the core layer comprises:
approximately 60% by weight block polyamide (Grade
20 No. 1); ' : '

approximately 20% by weight block polyamide (Grade
No. 2):; and
approximately 20% by weight ethylene vinyl acetate.
16. A non-PVC medical container for housing medical
25 fluid including a non-PVC coextruded medical grade port
tubing that comprises:

an outer layer comprising a blend of polypropylene

copolymer and styrene-etbylene-butylene—styrene
copolymer; _ ' ’
30 a tie layer; and

a core layer comprising a blend of polyamide and
ethylene vinyl acetate.



departing fromthe spirit and scope of the present invention and—withott

dimnishing its attendant advantages. It is therefore int
changes a 10 CLAIMS 1. A non-PVC coextruded nmedical gr Eﬂ@ﬁﬂ ﬂimmulumm
conprising: an outer |ayer (12) conprising a blend of polyp

copolynmer 5 and styrene-ethyl ene-butyl ene-styrene copol yner; a core Iayer
(16) conprising a blend of polyam de and ethy3 ene vinyl acetate, and an
intermediate tie |layer (14) bonded to the outer layer (12) and the core

| ayer (16), an internediate tie l‘ayer (14) including styrene-ethylene- 10
but yl-ene-styrene copol yner, which interacts with the pol ypropyl ene

copolyner in the outer |layer (12), and a pol yester copolyner, which
interacts with the pol yanm de conponent in the core |ayer (16). 2. The

non- PVC nedi cal grade |1c7r.t e ngoafPCraimedicdikr ciontiaimer eof5 Claimr 16

conprises a blend fer o} pyke r
et hyl ene- butylenew§F§g§ﬁ%q%%po @%E#Xpéﬁdgttﬁé?eﬁgaé¥%§l aceta?ﬂﬁt'tublﬂ?
non- PVC coext r ude¢ompdiissls gr hdendorf poliyester, QlyPORYkeRe rcannl ymer

layer (14) is a bl TN IHheight 1ene-é¥§ﬂéﬁé¥b/$WYﬁ6 ?%hdethylene
copol yester; O to Wbby mel ht polypropylene copolyner 0 60 %b

wei ght styréne et A e ASREA S e- st yrene” copol yner
1s8. The non-PVC medical container of Claim 16

wherein the tie layer of the medical grade port tubing
is a blend compr151ng°
approximately 30 to about 60% by weight copolyester.
10 approximately 0 to about 20% by weight polypropylene
copolymer;
approximately 30 to about 60% by weight styrene-
ethylene-butylene-styrene copolymer; and

approximately 0 to about 30% by weight ethylene
15 vinyl acetate.

19. The non-PVC medical container of Claim 16
‘wherein the outer layer of the medical grade port tubing

comprises:
approximately 40 to about 99% by weight
20 polypropylene copolymer; and

approximately 1 to about 60% by weight styrene-
ethylene-butylene-styrene copolyner.

20. The non-PVC medical container of Claim 16
wherein the polyamide of the core layer of the medical

, 25 grade port tubing includes at least two separate grades
of polyamide.



and 0 to 30% by wei ght ethylene vinyl acetate. 25 4. The non- PVC
coextruded nedi cal port tubing of any precedi ng claimwherein the outer

| ayer (12) conprises a blend of 40 to 99% by wei ght pol ypropyl ene
.copolyner; and 1 to 60% by wei ght styreng4et hyl ene-butyl ene-styrene

copol yner. 30 5. The non- PVC coextruded nedical port tubing of Claim4
wherein the outer |ayer (12) conprises a blend of approximtely 60% by

wei ght pol ypropyl ene copol ynmer and approxi mately 40% by wei ght styrene-

‘et hyl ene-butyl ene-styrene. 5 6. ThABSERALTcoext ruded nmedi cal grade port
tubi ng of any preceding clai mwherein the polyam de conponent in the core

| ayer (16) conprises at |east two separate grades of polyamde. 10 7.

pol yan do. conpaNONVE! X TRUTERE ML AL CRARY B 1 i e

'No. 2. 8. The non- PVC coextruded nedi cal grade port tubing of any one of
‘15 Cdains 1 to 5 wherein the core |ayer (14) conprises: approxi mately 70%

atetate. o ThECHRRSIRinGAMGRTIONIR B fimbilyed UEARME] BERRE et

port tubing. The medical grade port tubing (10) provides characteristics that are

desirable in the medical industry and therefore can be used as a medical port
tubing in, for example, renal therapy or blood donor tubes. To this end, the
present invention provides a non-PVC coextruded medical grade port tubing
comprising : an outer layer (12) comprising a blend of polypropylene
copolymer and styrene-ethylene-butylene-styrene copolymer; a tie layer (14);

and a core layer (16) including a blend of polyamide and ethylene vinyl acetate.

Figure 1



20 V\/ner,ei‘ﬁ t he pol yam de conmponent conprises: approximtely 60% by wei ght

bl ock pol yam de (G ade No. 1); and approximately 20% by wei ght bl ock

pol yarfide (G ade No.2); and the core |ayer (16) conprises approxi mately 20%.
by wei ght of the ethyl ene vinyl acetate component. 25 10. A non-PVC nedi cal
contai ner for housing nedical fluid inclutdfhg a non-PVC coextruded nedi cal
grade port tubing (10) according to any preceding claim 30 [err] FIG 2




