Office de la Propriete Canadian CA 2091306 C 2003/06/10

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 091 306
Un organisme An agency of | 12 BREVET CANADIEN
Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de depdot/Filing Date: 1993/03/09 (51) CL.Int.>/Int.CI.°> A61L 29/00, B32B 27/00
(41) Mise a la disp. pub./Open to Public Insp.: 1993/10/01 (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2003/06/10 MUELLER, WAL TER BERNDI, US
(30) Priorité/Priority: 1992/03/30 (856,844) US (73) Proprietaire/Owner:

CRYOVAC, INC., US
(74) Agent: SMART & BIGGAR

(54) Titre : TUBULURE POUR SOLUTION MEDICALE
(54) Title: MEDICAL SOLUTION TUBING

(57) Abregée/Abstract:

A medical solution tubing useful in combination with medical solution packages and pouches includes an outer layer of
polypropylene, ethylene propylene copolymer, or modified ethylene propylene copolymer; an intermediate layer comprising a
polymeric elastomer, a blend of a low meltindex EVA and a high melt index EVA, EnBA, or blends thereof, or a blend of an EVA-

based polymeric adhesive and an elastomeric polyester; and an inner layer comprising EVA, a blend of a low melt index EVA
and a high meld index EVA, EMA, EnBA, or blends thereof, or PVC.
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Abstract of the Disclosura

A medical solution tubing useful in combination with medical
solitlon packages and pouches includes an outar layer of polypropylene,
ethy.lzne propvlene copolymer, or modified ethylene propvlene copolymer; an
1ntarzediate laver comprising a polymeric elastczer, a blend of a low melt
index ZVA ancd a high melt index EVA, EnRA, or blends thereof, or a blend
of an EVA-based polymeric adhesive and an elastomeric polyester; and an
inner layer ccmprising EVA, a blend of a low melt index EVA and a high

meli index EVA, EMA, EnBA, or blends thera0f, or PYC.
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MEDICAL SOLUTION TUBING

Thls invention relates to autoclavable flexible tubing suitable

for use with medical solution packaging.

Currently, it is common medical practice to package liquids
such as medical solutions for parenteral administration in disposable,
flexible pouches. These pouches should be characterized by collapsibili-~
ty, transparsncy, and adequate mechanical strength. They must also be
aple to resist the relatively high temperatures required for heat steril-
ization of their contents, for example in an autoclave. ?ypic_ally, medi-
cal solutions and the like are autoclaved at asout 253°F. for periods of

15 to 30 minutes.

Connector tubing is used in combination with such flexible
pouches. This tubing is used to introduce additional materials to the
medical solution inside the pouch, and to administer the medical solution
to the patient. This connector tubing must be chemically and physically
- compatible with the medical solution pouch material. The tubing must also
be resistant to the heat generated during autoclaving of the medical solu-
tion pouch and tubing. When the tubing is used in combination with for
example a polycarbonate connector, it sometimes must be sealable to the
connector material by means of ultrasonic, radio frequency (RF) or heat
sealing. In some cases, a pin heater is inserted into the tubing to heat
the inside as well as the outside of the tubing. It is especlally re-
quired of such tubing that it be flexible without embrittlement or crack-
ing of the tubing. In this regard, it is known that polyvinyl chloride

- for example becomes brittle at relatively low temperatures.

Of interest is U. 8. Patent 4,643,926 issued to Mueller and

assigned to a common assignee with the present application. In the '926
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patent, a flexible film suitable for medical solution pouches 1is dis-
closed. Thls film may include a sealant layer of ethylene propylene
copolymer, modified ethylene propylene copolymer or flexible copolyester:
at least one interior layer of a polymeric material which imparts flexibil-
ity to the film, such as vervy low density polystayvlene, ethylene propylene
monomer blended with ethylene vinyl acetate cccolymer, modified ethylene
propylene copolymer, ethylene methyl acrylaze copolymer, and modified
ethylene wvinyl acetate copolymer; and an outer layer of copolyester or

etnylene propylene copolymer.

Also of interest is U.S. Patent 4,948,643 issued to Mueller and
assigned to a common assignee with the presant application. The '643
patent discloses a flexible medical solution tibing having an outar layer
of e.g. modified EPC, an intermediate layer c? e.g. a blend of modified
JEMA and EVA or VLDPE, and an inner layer of e.g. PVC, or a blend of
copolyester and EVA.

OBJECTS

It 1s an object of the present invention to provide a tubing

suitable for use with medical solution packaging, the tubing having good
flexibility.

Another object of the present invention is to provide a tubing
suitable for use with medical solution packaging characterized by compati-
bility with prior art packaging and ability to withstand autoclaving of
the tubing. '

DEFINITIONS

The term "flexible" is used herein to define specific polymeric
materials as well as characteristics of a resuiiing tubing whereby im-
proved flexibility and/or bendability is obtained by the use of these
speclfic polymeric materials. Flexible materials may be characterized by
a modulus of preferably less than 50,000 PSI (ASTM D-882-81) and more
preferably less than 40,000 PSI (ASTM D~-882-81}).
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The term "polymer", "polymeric", and the like, unless specifi-
caily defined or otherwise limited, generally includes homopolymers,

copolymers and terpolymers and blends and modifications thereof.

The term "ethylene n-butyl acrylats copolymer! or "EnBA" is
used nerein to refer to a copolymer formed of ethylene and n-butyl
acrylate ccmonomer wherein the ethylene units are present as more than

hall of the total copolymer.

The term "intermediate" is used herein to refer to a layer of a
maltilayer tubing which is bonded on both of its major surfaces to another

layer.

The terms "melt flow", "melt index", "MI", and the like are
used herein to mean the amount, in grams, of a thermoplastic resin which
can de forced through a given orifice under a specified pressure and tem-

perature within 10 minutes. The value should be determined in accordance
with ASTM D 1238-79.

The term "ethylene propylene rubber” or EPR is used herein to
define a polymeric elastomer obtained by the stereospecific
copolymerization of ethylene and propylene, or the two of them with a
third monomer such as diene (EPDM). Densities are typically below about
0.88 gm/cc as measured by ASTM D-1505.

The term "ethylene vinyl acetate copolymer" (EVA) is used here-
in to refer to a copolymer formed from ethylene and vinyl acetate monomers
wherein the ethylene derived units in the copolymer are present in major
amounts and the vinyl acetate derived units in the copolymer are present

in minor amounts.

The term "ethylene propylene copolymer" is used herein to refer
to a copolymer formed from polypropylene monamer and minor amounts, usual-
ly less than 6%, of ethylene.
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The terms "“copolyester" and "elastomeric copolyester" (EPET)
ancd the like refer to polyesters synthesized from more than one diol and a
dibasic acid. Copolyesters as used herein may also be characterized as
ccrolymers of polyether and polyethylene terspnthalate. More preferably
ccrolyesters as used herein may be characterized as polymeric materials
derived from 1,4 cyclohexane dimethanol, 1,4 cyclohexane dicarboxylic

acz2, and polytetramethylene glycol ether, or equivalents of any of the

above, as reactants.

The term "modified" and the like is used herein to refer to a
polymeric material in which some or all of tha substituents are replaced
or supplemented by other materials or substituents, providing a change in
properties such as improved flexibility or elastomeric properties. For

example, a modified ethylene propylene copolymer 1is for example an

.ethvlene propylene copolymer to which an elastomeric material such as

Kraton™ rubber has been added by any means.

The term "polymeric elastomer" is used herein to refer to :

elastomeric styrene copolymers, EPR, or blends “hereof.

SUMMARY OF THE INVENTION

A polymeric tubing comprises an intermediate laver comprising a
polymeric elastomer, a blend of a low melt index EVA and a high melt
index EVA, EnBA, or blends thereof: an inner layer, bonded to an inner sur-~
face of the intermediate layer, comprising a polymeric material selected
from EVA, a blend of a low melt index EVA and a2 high melt index EVA, EMA,

EnBA, or blends thereof; and an outer layer, bonded to an outer surface of

- the intermediate layer, comprising a polymeric material selected from

- polyvoropylene, ethylene propylene copolymer, and modified ethylene

propvlene copolymer.

In another aspect, - a polymeric tubing comprises an intermediate

‘layer comprising a blend of an EVA-based polymeric adhesive and an

elastomeric copolyester; an inner layer, bondeé to an inner surface of the
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intermediate layer, comprising polyvinyl chloride; and an outer layer,
bonded to an outer surface of the intermediate layer, comprising a
polymeric material selected from polypropvylene, ethylene propylene

copolymer, and modified ethylene propylene copolymer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-section of a three layer tubing

made in accordance with the invention.
DETAILED DESCRIPTION OF THE PREFERIED EM'BODIMENTS_

Flgure 1 shows a three layer tubing 20 in accordance with the

lnvention. Outer layer 22 is a polypropylene, an ethylene propylene

copolymer (EPC), or modified EPC. A suitable EPC is Eltex™ KS 409X6206
availaple from Solvay. This copolymer has ar eﬁhylene content of about

3.8%., A suitable modified EPC is a blend of ethylene propylene copolymer

(e.g. Fina Z 95350 available from Fina), and styrene ethylene butylene

styrene copolymer (e.g. Kraton 1652 available from Shell). Polyallomers
can also be u_sed, "su'ch as ethylene propylene block copolymer, available
from Eastman as M7853-368A, having a melt flow index of about 12. The
inner lay'er 26 will be in contact at one end with a connector such as a

polycarbonate' connector.  Inner l'ayer 26 will sometimes require

~ sealability with the polycarbonate or other connector material. Sealing
may be done by e.g. ‘ultrasonic sealing, heat sealing, or RF sealing depend-

- ing on the ma.terials used.

Intermediate_ ‘layer 24 can be any of various polymeric

~ elastomers whic':h-":'.mpart flexibility to the rssulting film. Especially
".preferred materials are elastomeric styrene copclymers such as those avail-

| ,able. ._from_ Shell as Kraton™ resins. These include styrene ethylene
| butYIene 'styr_en'e_ dopolym,er_ (SEBS) (e.g. G 2706, G 2703, and G 2712);
gsz:t‘yrene- isdpre’ne -st'yr.ene COpolymer (5IS) (e.g. D 1107); and styrene

o _ibuta.diene styraene 'copc')lymer (SBS) (e.g. D 1102). Also useful in intermedi-
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ate layer 24 is EPR, such as Tafmer™ resins from Mitsui, e.g. Tafmer P-
0480 and P-0680.

Another material suitable for layer 24 is a blend of a low melt
incex (LMI) EZVA (i.e. MI is less than 1) and a high melt index (HMI) EVA
(L.e. MI is greater than or equal to 1). An example of an LMI EVA is
Elvax™ 3165 available from Du Pont, and having a vinyl acetate content of
about 18% by weight and a melt index of about .7. An example of an HMI
EVA 1is Elvax 3182, also available from Du Pont, and hawving a vinyl acetate
content of about 28% by weight and a melt index of about 3. These respec-
tive LMI and HMI EVA copolymers can be blended in any suitable percentages

frem 1 to 99% of each material.

Intermediate layer 24 can also be an EnBA such as EA719.009
from Quantum/USI.

Layer 24 can also comprise a blend of any of the materials

indicated above for layer 24.

Inner layer 26 of the three layer embodiment of the present
invention is preferably an ethylene vinyl acetate copolymer, such as those
mentioned above for intermediate layer 24. o

The EVA of inner layer 26 can be irradiated to improve certain
properties of the tubing, but irradiation can also adversely affect “the

tubing in some respects.

An alternative for layer 26 is a blend of an IMI EVA and an HMI

. EVA,' such as the blend given above for intermediate layer 24.
| An alternative. for layer 26 1is the use of ethylene methyl
acrylate copolymer’ (EMA) such as Chevron DS 1193 having 33% methyl

acrylate and a melt index df about 2.

- Another alternative is the blending of either ILMI or HMI EVA,
or both, with EMA. The respective percentages of EVA and EMA can range

3/920310.1/TXATMBQ/03/23/92/04:03:16 PM
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from 1 to 99% of each material. This alternative is especially useful in
applications where tubing is solvent welded to DVC fittings, using a sol-

vent such as cyclohexanone.

Still another alternative for inner layer 26 is an EnBA such as
EAT719.009 frcem Quantum/USI.

Layer 26 can also comprise a blend of any of the materials

indicated akove for layer 26.

The materials of inner layer 26 are especially chosen for their
heat resistance so that the tubing may be autoclaved along with the accom-

panying medical solution pouch and still maintain its structural integri-

ty.

An alternative tubing structure includes the same outer layer
as described above for tubing outer layer 22:; an intermédiate layer 24 com-
prising a blend of an EVA-based polymeric adnesive and an elastomeric
copolyester; and an inner layer comprising polyvinyl chloride (PVC). An
example of the EVA-based polymeric adhesive is Bynel™ E 361 available from
Du Pont. An example of the elastomeric copolyvester is ECDEL 9965 avail-

able from Eastman Chemical.

The _tubing after coextrusion or other suitable processing by
conventional means may optionally be cross-linked by radiation techniques
well known in the art. This irradiation may strengthen the tubing particu-
larly for autoclaving purposes. Alternatively, a chemical cross-linking
agent may be introduced to the resin melt of any or all of the lavers

discussed above prior to extrusion to effect the cross~linking of one or

more layers of the tubing.

EXAMPLES

Exemplary multi-layer structures were coextruded by convention-
al means, and in one case (Example 6) irradiated. These structures are

viewed as pc':»tent_ial,' replacements for polyvinyl chloride tubing. Examples

13/920310.1/TXTMBQ/03/23/92/04:03:16 PM
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MATERIAL

EPC#1

SEBS#1
SEBS#2
SEBS#3

Modified EPC:

SIS:

EVA#1:
EVA#Z:

EMA:

EPR:

ADHESIVE:

EPET:
EnBA

PVC:

1 through 11 are listed below with their respective formulations, begin-
ning with the outer layer and ending with the inner layer. All exanmples
exXcept Example 10 were actually produced. Examples 1 through 11 include

the following materials:

TRADE DESIGNATION

2 9550

KRATON G 2706X

KRATON G 2703

KRATON G 1652

70% 29550 + 30% KRATON G 1652

KRATON D 1107

ELVAX 3165
ELVAY 3182

CHEVRON DS 1193
TAFMER P 0480

BYNEL E 361

- ECDEL 9965

EA719.009

TEKNOR APEX 3300R-68NT

In Example 1 the -'multilayer tubing comprised modified

 EPC/SEBSH1/EVA#1.

3/920310.1/TKTMBO/03/23/92/04:03:16 PM
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In Example 2 the multilayer tubing comprised modified
EPC/SEBS#2/EVa#l.

In Example 3 the multilayer tubing comprised modified
EPC/SIS/EVA#1L.

In Example 4 the multilayer tubing comprised modified
EPC/EPR/EVA#1.

In Example 5, the multi-layer tubing comprised modified
EPC/SEBS#1/80% EVA#1 + 20% EVA#2.

In Example 6, the multi-layer tubing comprised modified
EPC/SEBS#1/EVA#1 (irradiated).

In Example 7, the multi-layer tubing 'comprised modified
EPC/SEBS#2/60% EVA#1l + 40% EMA.

in Example 8, the multi-layer tubing comprises modified
EPC/SEBS/50% EVA#2 + 50% EMA. |

In Example 9, the multi-layer tubing comprised modified EPC/50%
EnBA + 50% EPR/EnBA.

In Example 10, the multi-layer tubing comprised modified
EPC/50% EVA#1 + 50% EVA#2/EnBA.

In Example 11, the multi~layer tubing comprised modified
EPC/SO" ADHESIVE + 50% EPET/PVC

It c'hould be noted that the detailed description and specn.f.m

.examoles wh:.c:"m 1nd.mate the presently preferred embodiments of the inven-

~ tion are given by way of illustration only. Various changes and modifica-

tions within the spirit and scope of the claims will become apparent to
those of ordinary skill ‘in the art upon review of the above detailed de-

. scription and examples.

3/920310.1/TKTMBQ/03/23/92/04:03:16 PM
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY OR PRIVILEGE
IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A polymeric tubing comprising:

a)

b)

©3/920310.1/TXTMBQ/03/19/92/04:43:32 PM

an intermediate laver comprising a polymeric material

selected from the grocup consisting of
1) polymeric elastomer,

11) a blend of a low melt index EVA and a high melt

index EVA,
i11) ethylene n-butyl acrylate copolymer, and
iv) blends thereof:;
an inner layer, bonded to an inner surface of the
intermediate layer, and comprising a polymeric materi-
al selected from the group censisting of

i) ethylene vinvl acetate copolymer,

ii) a blend of a low melt index EVA and a high melt
index EVA, '

1ii) éthylene methyl acrylats copolymer,

iv) ‘ethy,lene n-putyl acrylats copolymer, and

~v) Dblends thereof; and
| : an: 'oute'r".layer, bonded to an outer surface of the
_inte‘rm'edi_ate layer, and comprising a polymeric materi-

al selected from the group ccnsisting of

: i)  polypropylene,

10



2091300
11) -ethylene propvlene cccolymer, and

111) modified ethylene prccriene corolymer.

2. The tubing of claim 1 wherein <he intermediate layer com-

priizs an elastomer selected from the group consisting of:
a) styrene ethylene butylene styrene copolymer;
b) styrene isoprene styrene cccolymer;
c) styrene butadiene styrene ccrolymer:
d) ethylene propylene rubber; and
e) Dblends of the above.
3. The tubing of claim 1 wherein the intermediate layer com-

prises a blend of 1 to 99% by weight éf a low melt index EVA, and 99% to
1% of a high melt index EVA.

4. The tubing of claim 1 wherein the inner layer comprises a
blené of 1 to 99% by weight of a low melt index EVA, and 99% to 1% of a
high melt index EVA.

5. A. polymeric tubing comprising:

a) an intermediate layer comprising a blend of an EVA-
based polymeric adhesive and an elastomeric
copolyestet; .

.b') an inner layer, bonded to an inner surface of the

intermediate laver, and cezprising polyvinyl chlo-
~ ride; and

S . 3/920310.1/TXTMBQ/03/19/92/04:43:32 PM
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4091300
c) an outer layer, bonded to an outer surface of the

lntermediate layer, and ccmprising a polymeric materi-

al selected from the grous consisting of
1) polypropylene,

ii) ethylene propylene_ cccolymer, and
111) modified ethylene precsyvlene copolymer.

6. The tubing of claim 5 wherein the polymeric adhesive in-
cludes carboxylic acid or acid anhydride moieties.

jfsmarr“ & Biggar
Ottawa, Cenada
Patent Agents
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FIG. 1
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