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Description ORI ENTI NG EXTRUSI ON PROCESSES FOR MEDI CAL TUBI NG
APPLI CATI ONS Technical Field This invention relates to a
met hod for fabricating medi cal tubing and nore particularly to a

rocess for hianting the tubing along a | ongitudinal | Mlﬁe
Pubing. 5 Bg% g@%ﬁﬁa-Art In the nedical field, mﬁgb@mg cia
agents are coll ected, processed and stored in containers,
transported and ultimately delivered through tubes by infusion to
patients, there has been a recent trend 10 toward devel oping materials
useful for fabricating such containers and tubing wthout the

di sadvant ages of currently used reegydigitdonuch as pol yvinyl chlori de.
These new materials for tubings nust have a uni que conbi nati on of
properties, so that ORRENTING #HXTRYBION BBGEESSES |FOR MEDICAUNTURENG at i on set s
and with nedical infusion punps. ARRBREGATH®NRE properties are the

mat erj al s nust be optically clear, environnmentally conpatible, have
sufficient yield strength and flexibility, have a m ni num quantity of

| ow nol ecul ar wWeldhiicaddriby¥gs. and be 20 conpatible with nedical

uti ons. 1 esirable_for nmedical tubing to be optical
sol This invent{on relates to a method for fabricgting Y

medical tubing and more particularly to a process for
orienting the tubing along a longitudinal axis of the
tubing.

5 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, there has been a recent trend

10 toward developing materials useful for fabricating such
containers and tubing without the disadvantages of
currently used materials such as polyvinyl chloride.
These new materials for tubings must have a unique
combination of properties, so that the tubing may be used

15 in fluid administration sets and with medical infusion
pumps. Among these properties are the materials must be
optically clear, environmentally compatible, have
sufficient yield strength and flexibility, have a minimum
quantity of low molecular weight additives, and be

20 compatible with medical solutions.

It is desirable for medical tubing to be optically
transparent to allow for visual inspection of fluids in
the tubing. Ultrasonic waves must also be capable of

'_passing'through-the.tubing because sensors associated

25 with an infusion pump typically use ultrasonic waves to
detect abnormal conditions such as air bubbles in the
tubing.
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requi renent that the tubing be environnmental | y conpati ble as a great
deal of nedi cal tubing is disposed &f in landfills and through

I nci neration. For tubing disposed of in landfills, it is 5 desirable to
use as little materi:al s@s si hle 1.0 fabricate the_ tuping. Further
benefits are real i.zeIg 5?) afgéual‘sibx}legguéfrr?ﬂ‘farenr:i a atmk%ﬁ‘& GudL ﬁegﬁopl astically
recycl abl e so SRVITRAMeRERRLY rompadidd edasi ag@rRAtuideslucEngedigabe

i ncor porat ed i rdubivigr §endiBpEsédlo At 3aﬁabilﬁéta?mblanz@u§ﬁ ot her usef ul
articles. N~ i ng.that .i.s _di,sposed, o i.nci.necation, it

i s necessar tolnucsfgeggﬁgggfi gll:oﬁ %‘é’fk_’lalgegl%% s‘_egder?efr lgfdglifﬁi nthilfes the
formati on of bylgfigakdestauese s ilidtdanmeteriala@sdponlsiibhenty be

envi ronnent al | yEaraticchyk, the ridisindl, FlSthaPdo&fidS e rEaligs@R e, PVC

may generate .Qhj ect L onabl nount.s hydroogen chl.ori de r .
hydr ochl ori ¢ aculsc?‘q%ngn&%g% et et JVﬁ'.f’t H‘?\A/g[']8¥'¥° ica 1P’n5faﬁ¥lgg?]?3cﬁ1_,scbau5| ng
corrosi on of tHhdthEcHapagererated durjsgsnapetamivnimigomayobehe envi r onnent .

20 ~ To be wnmppbirateaihto MBHGH miebHid PNnd idefabricardgsif@bl e that
the tubing,gat el Be kel oMy, have a

For tubing that is disposed of by incineration, it
is necessary to use a material that does not generate or
minimizes the formation of by-products such as inorganic
-acids which may be environmentally harmful, irritating,

15 and corrosive. FPor example, PVC may generate
objectionable amounts of hydrogen chloride (or
hydrochloric acid when contacted with water) upon
incineration, causing corrosion of the incinerator and
possible pollution to the environment.

20 To be compatible with medical solutions, it is
desirable that the tubing material be free from or have a
minimal content of low molecular weight additives such as
plasticizers, stabilizers and the like. These components
could be extracted by the therapeutic solutions that come

25 into contact with the material. The additives may react
with the therapeutic agents or otherwise render the
solution ineffective. This is especially troublesome in
bio-tech drug formulations where the concentration of the
drug is measured in parts per million (ppm), rather than

30 . in weight or volume percentages. . Even minuscule losses
of the bio-tech drug can render the formulation unusable.
Because bio-tech formulations can cost several thousand
dollars per dose, it is imperative that the dosage not be
changed.



m ni mal content of | ow nol ecul ar wei ght additives such as pl asti ci zers,

stabilizers and the |ike. These conponents coul d be extracted by the

t herapeutic solutions that come 25 into contact with the material. The
additives may react with the therapeutic agents or otherw se render the
sol ution inegﬁﬁghbx . This is especially troublesone in Péﬂﬁgﬁﬁmﬁhdrug
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fabricate medi c@quizemegesas BUC radxingndst opkiealdse clearr bquakleerfiar PVC
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strain char act esitst.i c#Veomedigalt kalbimgeplap hagy drsirabler sbnessl al ong a
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for controllingfFausdng gwreduetisn finjitet diaugker af the tubing. usimg slide

clanps whi gp opanire wRras! | BVt TUBiHY resistdenetiinyf. t POct WBaDEaio stop or

reduce the fl(n%dging also has favorable surface characteristics to
allow for controlling the flow rate of f£fluid thrxrough the
tubing using slide clamps which operate by crimping the
sidewall of the'tubing'to stop or reduce the flow of

15 fluid through the tubing. The slide clamp may be used
‘without ‘causing scoring or cutting of the tubing.

Because PVC by itself is a rigid polymer, low
molecular weight components known as plasticizers must be
added to render PVC flexible. As set forth above, these

20 plasticizers may be extracted out of the tubing by the
fluid. For this reason, and because of the difficulties
encountered in incinerating PVC, there is a need to
replace PVC medical tubing.

Polyolefins and polyolefin alloys have been

25 developed which meet many of the requirements of medical
containers and tubing, without the disadvantages
associated with PVC. Polyolefins typically are
compatible with medical applications because they have
minimal extractability to fluids. . Most polyolefins are

30 environmentally sound as they. do not generate harmful
degradants upon incineration, and in most cases are
capable of being thermoplastically recycled. Many
polyolefins are cost effective materials that may provide
an economic alternative to PVC. However, there are many



15 fluid through the tubing. The slide clanp may be used wi t hout _
causi ng scoring or cutting of the tubing. Because PVC by itself is
a rigid polyner, |ow nol ecul ar wei ght conmponents known as pl asticizers
nmust be added to render PVC flexible. As set forth above, these 20
plasticizers may be extracted out of the tubing by the  fluid. For this
reason, and % €§ #9020 of the difficulties encount ered i nPCHUBIOMGEL i ng
PVC, there is a need to repl ace PVC nedi cal tubing.

Pol-yol ef i ns and pol yol efin all oys have4been 25 devel oped whi ch neet many of
t he requirements of nedical contai ners and tubing, wthout the
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conpatible wt ecause
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as they do not geneeat Q:da&p&fewprobl@lﬁ@ﬂﬁ%lnbéeﬂp@il?célﬁi%é}.@'clﬁtlinoﬂsn.ﬁgd in
nost cases ar b t astica e
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to replace all f ol I ut e P wth a olefin
p 1tt_ s 1A 1&% usce &gfe Q: g&t hngs ﬁléreg'dlrﬁgl

For exanpl e, prob enB een RREoUnter ol efins, such
as an ultra- | OFFRINY Wheporyamping iche SubinpPEying oa fabide atlampedi cal

tubing. Such tulDFR) thsng alboeprdSumik (i FFava1 PSS Mizﬁf%@l%acte“ stics
so that 301 i AU 1343CERAL P & 42 124! LEPG: WwROLS A4S O,

controls the flow rate of fluid through the tubing by
consecutively impinging upon the sidewalls of the tubing
to deliver a precise amount of fluid over a given time
period.

i5 Pumps that are used to infuse beneficial agents to
patients typically have various sensors to detect such
conditions as back pressure of fluid in the tubing, and
air bubbles in the fluid stream. The sensors deactivate
the pump upon detecting an unacceptable back pressure or

20 an air bubble. The sensors usually have a sensor body in
which a segment of the tubing of the administration set
is secured in place. It has been found that there is a
tendency for the polyolefin tubing to deform when placed
in the sensor body due to resistance with side walls of

25 the sensor housing. This deformation in some cases leads
the detectors to indicate an abnormal condition and to
inappropriately deactivate the infusion pump.

Further, polyolefin tubing has been found to have

low yield strength and thus are readily susceptible to a

30 phenomenon which is referred to as necking. Necking is a
localized reduction in the diameter of the tubing that
occurs upon stretching the tubing under moderate strain
along the longitudinal axis of the tubing. Necking can
cause a reduction or complete restriction in the flow of



scoring when clanping the tubing using a slide clanp. ULDPE tubi ng al so
presents difficulties during use in 10 punp pressurized adm nistration

sets where the punp controls the flowrate of fluid through the tubing
by consecutively inpinging upon the sidewalls of the tubing to
deliver a pregl unt of fluid over a given tine peryd

Punps t hat aS@bgg% to infuse beneficial agents to paliééﬁkgéé%ﬁ%ajly
have various sensors to detect such condi tions as back pressure of
fluid in the tubing, and air bubbled in the fluid stream The sensors
deactivate t he punp upon detecting an unacceptabl e back pressure or 20

an air bubble. £1lhe tapseys tifddubninda¥ledebPNEdHdd?afy tRe tub¥hgch a
segnment of the.tugkn% of tkm%éggué1|%§%atlon sei. LS ggcureﬁiln pl ace. It
has been found ¥ATAESFR&VE | BeFaUSe THSHSNES ¢ +19%% FEL95FPPRLR ubing to
def of m when pl &Redwween viald rtxangidy apddpodudus o itedisspamsdbhetbosi de wal | s
of 25 the sens@icAeQWsi BHe mddliludFFORMR! hQPet{hlS AE ipREREELECERS the

detectors tgQ indicate_an abnornml condition and to_. . inappropriately

deacti vate PMBXHﬁ§%B§5ﬁeB%€$t Houeves, EQr 8fik2 iﬁﬁ%ﬁﬁlgpFnBEﬁggng has been
found to have strengwhyferdnediaigEppdndathoss arthe gedullyisgstepingl e to a
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reduction in the di ter of the tubing that Qoccurs upon. stretching the
t ubi ng under noder at es??%fhcanms é?aé’ﬁg%f’ﬁggl BRRF tifdilﬁap°5§f‘glﬁft? he tubing.
Necki ng can incnes@ea theduehings ‘'orresdspbace tegtadkingobyi prehe fl ow of

?D 97/ 420290 orienting the tubing along the longiéﬂaﬂhg§93&930§g the

tubing. However, the orientation process may lead to
dimensional instability. 1In particular, oriented
polyolefin tubing experiences a phenomenon known as heat
recovery, which is sometimes referred as the "memory

15 effect." Heat recovery is a complicated phenomenon that
occurs when oriented tubing is heated above the
temperature reached during the orientation process. When
this occurs the tubing loses its orientation causing
shrinking and dimensional changes of the tubing.

20 Polyoclefin tubings have also been shown to have poor
thermal stability during storage, transportation, and end
applications. The poor thermal stability is thought to
be due in part to polyolefins’ low melting or
crystallization temperatures, low glass transition

25 temperatures, and due to the orientation process referred
to above. The poor thermal stability of polyolefin
tubings can lead to changes in the desired dimensions and
also lead to coiling of the tubing during shipping or
use. These dimensional and shape changes can in turn

30 lead to functional problems such as accuracy, pump
compatibility, and cause other cosmetic defects.



fluid through the tubing thereby rendering the tubing I neffective.

Because there is a linear relationship bet ween yield strength and
nodulus, it is possible to ~increase the nodulus of the nmaterial to
increase the 5 yield strength. However, to get a sufficient yield

strength for_nedical applications, the resulting tubing has too high a
nodul us to fYRSTHI® i n punps. The Applicants havePEHUSIOMBAt it is
possible to i ncrease the tubings' resistance to necking by pre- 10
orienting the tubing along the |ongituflinal axis of the t ubi ng.

However, the orientation process may lead to di nensional instability.

I n partlcular,Diyal hgg of I éﬁ@4,=fin tubi ng experiences a phenonenon
known as heat 5 sonetines referred as the "nenory 15

ef fect. Heat recé'"\?@r 9r1e§elat cﬁ?ﬁﬁﬂ%@rshémdvﬁﬁm for occurs when
oriented tubi nipkird cheahgdf béoilsld ikedicall EAPLAGE Wsmpraaahed L HET ¥dpd he

orientation pr&:gﬁgng\@gg . %Ef esrloc%u%s thﬁa‘;#% Re I os%%al ts frl entation

causi ng shri k|ng I-ona
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during storagehe ﬂ&ﬁgmeﬁaﬂhapmxﬁldaﬁ&&e tubﬂ:ﬁlj"ﬁ&%éd%i&% thee poor thermal
stability is t be due I.n @ art to olefbpgﬂﬁlom/neltlng or

crystallizati on%t errperafu'r:he ty ngltgs elf?ﬁ?ls? BeE®Yr es, and
due to the ori®t #PPANipgckeat teftde ediented otlstbmga toTfheaposet t tier nal

stability of pﬁﬁﬁ@betbnmalnt&iﬁﬂdwﬁéﬂﬁiﬁnbﬁagtiﬁhpﬂﬁﬁgﬁﬁthB tisifgsired
direns ons Ao alsg LECLAA o0 Ling oL (e 1ol s SR ng o

use. Thesé di nensi ona ape thanges Tncti onal
probl ems such He grdepheqd, dpamgrer. @mﬁarablymlge st ofuseienting cosmetic

def ect s. the tubVey9¢4A20@Mone in a wet or a dry process. Each
PCT/U897/0703%u1ent1ng process shares the steps of extending the
tubing between a first puller and a second puller spaced
15 apart by a distance and controlling the relative speeds
of the first puller and the second puller so that the
rate of pulling of the second puller is greater than that
of the first puller to orient the tubing therebetween.
In the wet orientation process, the tubing is passed
20 through an aqueous bath during the orientation step and
in the dry process the tubing is not.

The present invention further provides for heat
setting of the tubing to overcome the memory effect
discussed above. The heat setting process includes the

25 step of exposing the tubing to a temperature higher than
that which the tubing will normally be exposed during
shipping, storage, and use, but below the temperature at
which the tubing is fully melted. By exposing the tubing
to temperatures above the application temperature; less

30 ordered, lower melting crystals are melted leaving higher
melting crystals which will be thermally stable over the
application temperature range. Part of the highly
oriented macro-molecule chains will also be relaxed at



6 Di scl osure of Invention The present invention provides a
nmet hod for fabricating flexible nmedical tubings conprising the steps
of providing a polyneric tubing having a longitudinal 5 axis and an

initial dianeter, orienting the tubing al ong t he | ongi tudi nal axis of

the tubing t t he di anmeter of the tubing to defi BSrhdsgnt ed
di anet er, Owgﬁq applying heat to the oriented tubing to hggf se@;dgﬁe

tubi ng to naintain di nensi onal stabilit;g of the tubing. 10 Preferably the
initial dianeter is 10% 300% greater than the oriented dianeter.
Preferably the step of orienting the tubing can be done in a wet or a

dry process. Edfdat set¥ingntémfePdtinRss r23alesng htn H eRbidly @itangbsq the
t ubi ng bet ween ghélLrﬁslt Sod hﬂt nd a second puller spaced 15 apart by a

di stance and controllin e relative speeds .of the first puller and
the second pul |l er sdFhehdeathgetting gtepfinsindengthy auapssedond pul ler is

greater than thaéating @het BabingSAfe Itle bRieftoRy ddi tiblangeated g
et ekl B! SRR B RCE SR e dP o fz=sed 20
process the tubfwing thet heating stepffmtprissbaldiyndan iswfiigiener provi des
(LobSed aboree yfEmice Pesrui (Ot e aEmn b e
SoVsEe ool e, SELLT,P RS WSHER e BaTsEbRroT
normal |y be expededsatuslightly. shippisn@lsst praferakinl uhwd, thet tubiog t he
o oL e S e it YeTpL e B ipaung L |
tnrgl E.ern'Sef;ratyS{ gfgggt%eernéﬁ%ggegﬁ \C/‘?Enb%?gﬁ?r‘ rl?‘rg(31 melting crystals which will
be thermal |y stabl e BARallyheit isagrsinaklieotot papilinmnrze plawgditPacf of the
hi ghl'y or i egphREbdB10erB! 86 Ut e GhaitinigVbkthal Sehdauringxed at
trained about the rollers to define a serpentine pattern
15 so that the tubing makes several lengthwise passes
through the heating bath. It may be desirable to
motorize these rollers.
Brief Description of Drawings
Fig. 1 is an enlarged cross-sectional view of a
20 medical tubing fabricated from a monolayer polymer blend
of the present invention;
Fig. 2 is an enlarged cross-sectional view of a
multi-layered tubing of the invention;
Fig. 3 is a schematic representation of a method for
25 forming, wet orienting and heat setting medical tﬁbing;
Fig. 3a is a plan view of a serpentine pattern that
tubing may follow through a heating or cooling bath of
the process shown in Figure 3; and
Fig. 3b is a schematic representation of a method
30 for forming, dry orienting and heat setting medical
tubing.
Best Mode for Carrying Out the Invention
While the invention is susceptible of embodiment in
many different forms, there is shown in the drawings and
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7 heat setting tenperatures resulting in a tubing with good

thermal stability.

The heat setting step .includes the steps of

heating the tubing after the orienting step in a heated 5 aqueous bat h.
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the tubing is not oriented during the heating step but
WO 974220 tension to prevent the tubing erﬁﬁﬂ#ﬁﬂﬁﬁﬁb.

possible to allow the tubing a little slack so the tubing

i's
It is
may

It is also preferable th8t the tubing 10 be supported with a
structure to prevent or mnimze further orienting of the tubing.
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de® 55t %QEﬁT t he
multi-layered structures. The polymer blends of the
present invention include a polymeric material and an
additive. The polymer blends are capable of being
fabricated into medical tubing and attached to rigid
polymers. _

The polymeric material may be selected f£rom the
group consisting of polyolefins and their copolymers,
ethylene-propylene rubber, ethylene vinyl acetate
copolymers, ethylene methyl acrylate copolymers, styrene
and hydrocarbon block copolymers such as styrene-
butadiene—styrene or styrene-isoprene-styrene copolymers
and their hydrogenated derivatives, thermoplastic
elastomers such as polyurethanes, polyamide and polyester
copolymers such as those sold under the tradename PEBAX,
and copolyesters such as those sold under the tradename
HYTREL, polybutadiene, polyisoprene, polyisobutylene,
styrene butadiene rubbers, and other cross-linked
elastomers.

Suitable polyclefins include both homo and

copolymers of polyethylene. Suitable comonomers may be

selected from the group consisting of aliphatic olefins,
methyl acrylate and vinyl acetate.

Preferably, the polyolefin is an ethylene
copolymerized with alpha-olefins including butene-1,

Fig. 3bis
rienting and
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described in detail preferred enbodi nents of the invention with the
under st andi n e present di sclosure is to be cons
exem:)lificatig‘?fhgzrﬁms‘i1 ?he principles of the invention and +§ﬁﬂ§ﬁmﬁﬁfended
to 51imt the broad aspect of the inveption to the enbodi - ment s

i I lustrated. l. Pol ymer Bl ends The pol yner bl ends of
the present invention may be enbodi ed i n nonol ayer pol ynmer structures
or may be 10 asthasd it qcelt@éc rrfétf%%rédcboaés Fiﬂ.'t)ﬁieﬂ.%wt 8ehsity

multi-layered struct r bI of t ent ventlon
i ncl ude a pol yHE tlr?é’ﬁ?? %ﬁ@%ﬁg gg‘& t?v’éylh fe (5’6'“ né?sﬁl Jéﬁ S are
capabl e of bei g% metmaﬂrFGaYkﬁt&rﬂqungmegéL YlmﬁlmPQQﬂgtstﬂuehbdle©sr|g|d
15 polyners. than 33s Illae ?pla'éwléter%%haheﬁﬁy haope! gehedaiipnide

group consi stin ns_.and
ot by P ener pr Sy 1 et v Ebb R i rand, £ BBRHY € 9/ o8 7 BT et hyi ene
met hyl acryl at €0 cp@Apmdrs, styrene 20 and hydrocarbon bl ock copol yners

such as styrene- Tﬁéu'faadheﬂ&‘e SENGARE KR aShY¥lipher 'oiOFHne '&Q‘iﬂxﬁ&%%r
copol yners and the'%w@? nated derivat

ol ast omer s suchEHa O IR0 BECRRET S SREbOR BERHEy mer s
such as those smd:hmdmckbheetammeﬁEBAXlngﬁlmmmgyesvers such as

t hose 30'dl%ndeﬁrédﬁttdéiéeeéaﬁfrom the group of amines; amides;
hydroxyls; acids; acetate, ammonium salts; organometallic
compounds such as metal alcocholates, metal carboxylates,
and metal complexes of numerous 1,3 dicarbonyl compounds;
phenyl phosphines; pyridines; pyrrolidones; imidazoline,

15 and oxazolines.

The blends should have the polymeric component in an
amount by weight within the range of 90%-99.999%, more
preferably 98.0%-99.99%. The additive should be in an
amount by weight within the range of 0.001%-10%, and more

20 preferably 0.01%-2%.

IX. Method of Blending

The components of the polymer blends should be
blended through molten mixing, physical blending such as
tumble blending, or other means such as reactive

25 extrusion.

III. Method of Fabricating Medical Tubing

Figure 1 shows medical tubing 10 of the present
invention fabricated from one of the blends of the
present invention. The tubing 10 should have an inner

30 diameter dimension within the range of 0.003-0.4 inches,
and an outer diameter dimension within the range of 0.12-
0.5 inches. More particularly, medical tubing for use in
the administration of fluid using a medical infusion
pump, such as Baxter infusion pump sold under the
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but ene- 1, WO 97/ 42020

PCT/ US97/ 07032 ' 10 9 oct ene- 1
(collectively referred to as ultra | ow density pol yet hyl ene ("ULDPE")),

nmet hyl acryl aﬁ:?aﬁi%&:ﬁe' t%s_é 3?8@ o apLykatg oner), vinyl
an

acetate (with | ess %'ng?ﬁy acrylaté conononer). ULDPE generally

has 5 a densPEFmGFehiWitiHe hsg&apgeapbl- 499 09 CR8L1EGHOAD OuteF, g5
g/lcnjerr]. diameteif heitddidi ttihee rahgal df e 1B4pol. ya6r inches, adndlati ¢ or

aromati ¢ nydr geaibef Hiddld JiHIheEnt gt G BOB18L8B21 1ndild Ne Dackbone

and further hayi ng el ectron ne%gtlve 1 roups selected fromthe group of
ani nes; an?dedhe tubiggrehignld bgcfdexible thavdngamndrduns % s;
organonet al | i elasticbtrpamhdessuchaassopt@d pHicohalanese pBdPérdAlboxyl ates,

and net al con&kggegh&fl wrwqo;f%oilﬁ di car bonyl conpounds; phenyl

phosphi nes; pyridi nés; pyrro nes; i mdazoljine, 15 and oxazolines.
The bl ends shoul d RiFere ife shawpner malesbavarad tubiag 20 bayinmta by wei ght
w thin the rafdesef 1808 X 9% ichmiksea solyiticcahkic08149eH0.D9% The

addi tive f@ouggcgﬁdifafgk 24 and a tie layer 26 therebetween. The
first layer 22 may be selected from the same group of
polymers set forth above for the polymeric component.
The first layer 22, however, will not have the additive.
The second layer 24 will be of the blends specified above
15 having a polymeric material and an additive selected from
the groups and amounts specified above. In many cases
the first layer 22 will be sufficiently compatible with
the second layer 24 to do without the tie layer 26.
The first layer 22 of the tube 20 should have a
20 thickness as a percentage of the total wall thickness
within the range of 98%-50%, the second layer 24 should
have a thickness within the range of 2-50%, and the tie
layer 26 should have a thickness within the range of 0-
10%.
25 IV. Method of Heat Setting and Orienting the Tubing
It is also desirable for the tubings 10,20 to be
oriented along their longitudinal axes. This orientation
step increases the yield strength of the tubing in the
iongitudinal direction thereby reducing the tendency for
30 the. tubing to neck during use. 1n effect, pre-orienting
of the tubing increases the resistance to further
necking. Preferably, the tubing 10,20 should be oriented
so that the initial inner and outer diameters of the
tubing are anywhere from 10%-300% greater than the



anount by weight within the range of 0.001% 10% and nore 20 preferably
0. 01% 2% 1. Method of Bl ending The conponents of the
pol ymer bl ends shoul d be bl ended through nolten m xing, physical

bl endi ng such as tunbl e bl endi ng, or ot her negns Fughbas reactive 25
ext rusi on. 1. Method of Fabricating Medical Tubi

Figure 1 shoﬁgo%g?%éﬂ tubing 10 of the present inventigﬁwpggpwgﬁted
fromone of the blends of the prese i nvention. The tubing 10 should
have an inner 30 dianmeter dinension within the range of 0.003-0.4 inches,
and an outer diameter dinmension within the range of 0.12- 0.5 inches.
More particul ardyamerssi ofl thabt@idpridie® afiter ofhentithy Rind makeon of »
fluid using a | | LON, ne m as | nf usiqn,p so
under the 9 nﬁf@f@ﬂﬁ%&%&%?éﬁoﬁg% 134¢ andSHSQt prg%g§§gly rom 98« 9&?

PCT/ US97/ 07032 higher. These ranges further incligde all qomidorasdeons

FLO- GARD[ err], andl $SB8dmBEhEE eths ,tﬁ@arﬂndbﬁeefatio dfh ARt t%g%hfﬂhé‘o; he
range of 0.Q99- ' e an. er Il ameter. wthi e range
0.134-0. 145%?nc§ie£s‘?&aér%%§ Ene il er asrsk SREoRT 1Y r?&‘a;lé‘n g of

0. 018- 0. 021 i nchekerresi tphast the rerienftdoperatéxi bl Thehpriiegtatdodul us of

el asticity of |pBscddmagOb808 W6t ,oriEhtMRABNPPLECESD I a dryeshet Ban
40, 000 psi. set £ Jﬁhgggfoa shows a multilayered tubing 20 having a
first layer 22, m%iéﬁ I's"a’sofution contact layer, a 10 second |ayer 24
and a tie layer 26 tHiguwgeBwebpws Frachematficr vepregentatdiampobefsehect ed

fromthe same ohethodlof orienting the tubing in a wet orientation

process. The method of wet orienting includes the steps
of providing a tubing 32 from a polymeric blend, and
orienting the tubing 32 along its longitudinal axis so
that the tubing 32 has a desired inner and outer

15 diameter, as specified above in Section IIT, and
orientation ratio. The orienting step orients the
molecules of the tubing along the longitudinal axis to
increase the resistance to necking upon subsequent
longitudinal stressings. The tubing 32 is then heat set

20 to reduce shrinkage of the tubing and to fix the tubing
in the oriented dimension.

The tubing 32 (which may be a single layered tubing

10 or a multilayered tubing 20) is pulled in a direction
indicated by arrows 34 along a continuous path that may

25 Dbe referred to as a line. The term "up-line" shall refer
to 1locations along the line in a direction opposite the
direction to the flow of the tubing 32. Conversely, the
term "down-line" shall refer to locations in the
direction of the flow of the tubing. By using the term

30 "line" it should not be thought that the method must be
carried out in a straight line, rather it should be taken
to mean that the method is carried out in a sequence of
consecutive steps.



pol ymers set forth above for the polyneric conponent. The first |ayer

22, however, will not have the additive. The second layer 24 will be of
t he bl ends specified above 15 having a polynmeric material and an additive
selected from t he groups .and anmounts specified above. In nmany cases

the first | Wi |l be sufficiently conpatible with t he second

| ayer 24 to out the tie layer 26. The fir SRCTABYW7T03 of t he
tube 20 should have a 20 thickness as a percentage of the total wall

t hi.ckness within the range of 98%%0% the second | ayer 24 shoul d

have a thickness within the range of 2-50% and the tie Iayer 26 shoul d

have a thickness wyathifn,f f 30- % ., Method of
Heat Setting and Ori eﬁtl n]belrL % brg ‘ tUblngmsf forgfagowﬁretélﬁbl e for

the tubings 16%58UHBrpa6-  Thy %thé& 3R pi b ing rtheo#gii‘—rudﬁha% axes. This
orientation prefeegblpchs&nsas cuterydthmetsdyr aligidhsaont BRat ubim g the

| ongi t udi nal (}lrgﬁ.cibgn?? r;ztg/at ?d't‘.ﬁhﬂgaf&er o@ﬁtl gfor% e the tubing to

neck during use In e re-orienting 9 ncreases the
resi st ance>t oPFgferRably fr% %1d20py e@@idﬁﬂ%}'— pmeéetrabilngfn_@n ADsshoul d be

oriented 0%t §akatée. | Mikd ah(;meaef @f\cht;;]éltﬂbﬁlgaaﬁieiﬁgcﬁhév\gegw 42020
tubi ng are an r 3 () ater than
PCT/ U%Q?/ 0703§%§{18e£ e éi'Pa’_/Pl Q‘)% rgl;‘fgrreé to aslfhe lnltaf‘ér’r%{aérfettﬁr ‘t he

tubi ng 10, 20 aft er TB®| BRing 3ndenbudled fxgreftdrealehyridem 20%itd0% and nost
preferably frdir80%idler 37 hixgketondheSEl&ANGES of %&Bsrpwﬁﬂ% al |
conbi nati 9§s ang FNEogHOE PRI L,9NS 'E‘qurfﬂﬂerghe.‘ﬁr atzbo 96 Lf begl nni ng
may have a silicone or rubber coating to increase the
coefficient of friction with the tubing 32. The second
and third pullers 38 and 39 may have a plurality of
axially spaced and circumferentially extending grooves to
15 accommodate more than one set of tubing 32 on a surface
of the pullers 38 and 39 at a time.

After exiting the extruder 36, the tubing 32 passes
through a first cooling bath 41 where the tubing 32 is
cooled with air or a liquid. Preferably, the first

20 cooling bath 41 is a water bath at a temperature within
the range of 4°C-45°(C,

After exiting the first cooling bath 41 the tubing
32 extends between the first and second pullers 37 and 38
where the tubing 32 is oriented by operating the second

25 puller 38 at a greater rﬁte of speed than the first
puller 37 to achieve the desired orientation ratio. This
section of the line will be referred to as the orienting
section 42. Preferably the second puller 38 is operated
at a rate within the range of about 4-10 times faster

30 than the first puller 37. By controlling the relative
speeds of the first and second pullers 37 and 38 one can
control the final inner and outer diameters of the tubing
32 and achieve the desired orientation ratio.



5 dianeter to the dianeter after orienting shall be referred to as the
orientation ratio. The orientation process may be a wet orientation
process or a dry one as set forth bel ow Figure 3 shows a
schematic representation 30 of the 10 nethod of orienting the tubing in a
wet orientati rocess. The nethod of wet orienting incl z(? Fe st eps
of providing \ggﬂjﬁ%g 32 froma polyneric blend, and or ﬁgﬂﬁ'}”

tubing 32 along its longitudinal axis s that the tubi ng 32 has a
desired inner and outer 15 diameter, as$ specified above in Section |11,
and orientation ratio. The orienting step orients the nol ecul es of

thektubl ng al ong therd @@ buﬂéﬂ@ir; >d@e°ctt1%n 42 tﬁér@ﬁﬁﬁlgt he %s%éégé@e Eﬁ
ne(:lngupons S nt 1 T.Uudl n SS S Uln 'S en
heat set 20 b}?reogiﬁ?h SEEC ﬂﬂg 'go%lf ri%}attzlb wéﬁ’get efl" f‘ﬂg ?abﬁlg in
the oriented dlmﬂsad)mlth air or #[Hd quild. ngPSQfem]cm e becangdi ngl e

| ayered tubing coolikly Watk 7Yl taé%qqﬂslebbaslzﬂg} 5a?crpt4|1| edgi gna direction

g Oy TN T SN M N BT,
in adirection ¥pfosite the di rectlon to the flow of the tubing 32.
Conversely, the H OV TEOHE - £ hd fn nﬁﬁ%‘ lefﬁssfzerof%ﬂé)%a%ﬁeéd' Bub{iy
direction of thf Wof t he tubin h Eete i ne" 1t~ should
not be thought 1%at* H’E‘s MECRBE? ’FXIS‘?° ﬂ'teyat thea FPPLRe Jift a1 ﬁeETP?F?'é‘l"@T'nt li ne,
rather it shoul%bduee ttdiegn whicht ot neidll trvadmaflhy betéxqubsesl dardihgd out in a
sequence of g sKOHSBIYL iSrab€Psna use, but bemgt?ﬁél%gerature at
PCT/ US97/ 07032 which the tubing is fully melted. By exposing the tubing
to temperatures above the application temperature, less
ordered lower melting crystals are melted leaving higher
melting crystals which will be thermally stable over the
15 application temperature range. Part of the highly
oriented macro-molecule chains will be relaxed to provide
a tubing with enhanced thermal stability.
Toward this end, after exiting the second cocoling
bath 43, the tubing 32 trains about the second puller 38
20 and extends between the second puller 38 and the third
puller 39. The tubing 32 proceeds in a direction back
toward the extruder 36 and through a heating bath 44
where the tubing is heat set. Preferably, the heat bath
44 is positioned above the second cooling bath 43 to save
25 floor space. However, this positioning'is optional.
This portion of the process will be referred to as the
heat setting section or step 45. Preferably, the heat
setting step 45 is done on-line after the orienting
section 42, but could be done off-line in a batch mode
30 process. During the heat setting step 45, the tubing 32
is passed through a heating bath 44 where the tubing 32
is heated with a medium such as heated air or liquid.
The heating bath 44 preferably is an aqueous solution of
water at a temperature of between about 50-99°C,.



As shown in Figure 3, tubing 32 is formed with an extruder 36. The
tubing 32 exiting the extruder 36 preferably has an outer dianeter

di rension that will be from 10% 300% greater than after orienting and
nore 5 preferably from 20% 120% and nost preferably from 30% 70%
greater. The dianeter of the tubing exiting the extruder 36 shall be
referred t o W@S¥43820i nj tial di aneter. The tubi ng FCTWSIPOWIB2d from
the extruder 36 with a first puller 37, a second puller 38, a third
pul.l er 39, 10 and a fourth puller .40.1%he pullers 37, 38, 39 and 40 may
have a silicone or rubber coating to increase the coefficient of

friction with e tubin 2. _The, secon d third pullers 38 and 39 nmay
have a pl ural %{1&1%. ves &é:)% aF ?/alsf)a‘g%%ﬁd"dﬁ:&cﬁﬁf lé*;‘%r‘é)q%ﬁ‘?‘ﬁfg ext endi ng
grooves to 155@t¢e¥emdate nore than one set of tubing 32 on a surface

of the pullers 38 mndi3YUedlirablé Mhat the tubifbt 86 £XE thddhtieg e r uder 36,
the tubing 32 h,a first coolin 41 where the tubing

passe t hr ough. bat h
32 s coo?%ﬁ%%ﬁt h%ﬂqgagrsﬁ Y8R 5By ‘erEB?yFﬁf%ér??§?H B cooling
bath 41 i $ a tabing b3k should berkeptitundenntimimum tendion angdeaip
Al err] G 45[ er¢h& rubing taughtt 6F € tdfid HEL . the
t ubi ng 32_ext ends %g)t \é/gen thlg first ﬂrld;%gfghgﬁgzéc}%jé%%%g;ﬁ £38
where the tubfh@ iy SETERFRIEDS op i RT % @Ak 38 at a
greater rate 3%, streairavent phechéntxel the mhidimkad®.t drlachi et t he desired
orientation raéténd AHS thirdSpel1@hs Ofg tdi 1oNenWiLia B SEdAITSH 0 as the

orientin section 42.. Preteraply the second puller I S operated
at a rat g"%\ll tﬁ?“ﬂﬁ% TRGTGE SF %%gﬁ?élﬁﬁdz‘%‘ﬁ%g’ef g@?ﬁ?t%‘g dhéh the first
pul | er 37. Bystimhtly |sieyerhepeed athare pullegpdédsoosctdmmddatst smme second

pul l'ers 37 anghaBniede can control the final inner and outer diameters
of ‘the tubing 52 ARG ACNp St Mo AASISD OF BRLALLOMNS 4 %n che

heat setting section 45, it may also be desirable to
15 support the tubing 32 while being pulled through the
heating bath 44 with a supporting structure 47. However,
providing the supporting structure 47 is optional.
Suitable supporting structures 47 include a conveyor that
moves at the same rate of speed as the tubing 32 through
20 the heating setting section 45. Another supporting
structure 47 is a plastic or metal conduit having a
diameter greater than that of the tubing wherein the
tubing 32 is supported by the interior surface of the
conduit.
25 After exiting the heating bath 44, the tubing 32
extends between the third puller 39 and the fourth puller
40. Puller 40 should be operated at a similar speed of
puller 39 or slightly slower than 39 to prevent further
orientation. The tubing 32 is passed again through the
30 second cooling bath 43. Of course it is possible to
‘provide for a separate cooling bath, but this arrangement
saves floor space.
It may also be desirable to provide for the tubing
32 to make several lengthwise passes through the cooling
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13 In the orienting section 42 the tubing 32 is passed . .
t hrough a second cooling bath 43 where the tubing 32 is cooled with air
or aliquid. Pref erably, t he second cool ing bath 43, ?ﬁ thtehfl rst f
cooling bath aqueous bath at a tenperature w thin e _range o
4[err]%— wj%f’é#&f | To overcone the nenory ef f SIBPTRAIRR
oriented tubing it is necessary to heat the tubing to a tenperature
above that which it WI II normal |y be ex]psosed during 10 shipping, storage
and use, but below the tenperature at which the tubing is fuIIy mel t ed.

By exposing t hedtwisngor he&@:.ﬁ@r%&r}fittllir ot QH&W‘? {rbq?’zfﬁ?ﬂ]e' S?
tenperature, |ess | ower l'tin %/‘r%’rrl‘%/ are me ted | eavi ng

i gher el By i, 25 BSHHMN SRAling. N BFAEITY O deaCubERT L A0
appl i'cati on t erfievizadr ampunyecf $hade.of Thhie haghby accompiliehtddby
macr o- ol ecul e gikwiias ng bl pb@ré %% ngaeéavwﬁlers B ttBbhEﬁﬁ{‘étQ enhanced

thermal sta |I| e second

after exitin
cool g | 3o APEPSTtiRe PRETIAR shnepiah, ERGLBREC 1 BaCoAd Bl FeRLIRS 20
and extends bethaddn4B8he second puller 38 and the third pul I er. 39. The

d u
Eﬁfgﬂgh?:g proceeds iT® grebéﬁ@tégn éfiﬂ%‘ﬁer o i&%@é&cﬁ] %feﬁa(e ngr;exfg 39%1 y. the

heat bath i%gﬂgypg’gl PFSﬁ%ﬁaﬁg&ePe °ﬂe?€a§@c€g?i ?R}lﬂq}h@’uﬂ&ﬁ 48 3t save 25

floor space. Hdmdler, sphed pos$lightilygsileweptiarmlof speedhtBafotké on of
the procesgow ldhika lpqﬁggg-eglgto as the heat setting section or step 45.

Pr ef bly, the h ep. 45 | s done on-line after the

o:?eﬁ[ :angy gecte?éﬁtﬁf pﬁﬁ?”&%ﬁ'&? FougthePBtteY 4l itheatshing 1ilﬁ)%le 30

process. Durin@gn logikpsedséianetpestaad passthethrdidly a32utteri 6r passED

through a heat igig vkl /&ﬁew@@ﬁfng% 4Pl 88 the ap}fag,%g w%ﬁm g Medi um
h refrera

such as heated air or The heati ng |s an
aqueous sol uti &Fappe aLout the spool for storage or shipment.
15 Figure 3b shows a dry orientation process 30’. The

dry orientation process is same in most respects to the
wet orientation process with the major exception that the
tubing 32 is oriented in section 42' between pullers 37
and 37a. Puller 37a is operated at a speed greater than
20 'puller 37. During the dry orientation step 42’, the
tubing 32 is not submerged in the aqueocus bath 43 as is
the case in the wet orientation step 42. 1In the dry
orientation process, pullers 38, 39, and 40 will be run
at a rate similar to or slower than puller 37a.
25 v. Examples
A, Example 1
An ultra-low density polyethylene sold under the
name EXACT 4011 (Exxon Chemical Company) was fabricated
into tubing, oriented to various orientation ratios and
30 heat set. The EXACT 4011, in an amount by weight of
99.77%, was tumble blended with an ETHOMEEN 0/15 (Akzo
Nobel Chemical Company) in an amount by weight of 0.23%.
The tubing was fabricated by extruding in a 1.5 inch
extruder (Davis Standard). The extrusion conditions were



water at a tenperature of between about 50-99[err]C WO 97/ 42020

PCT/ US97/ 07032 14 Addi tives such as
salt nmay be added to the aqueous sol ution. It is desirable
that the tubing 32 not be oriented during the heat setting step 45. For

this reason the 5 tubing 32 should be kept under m ninumtension to keep
the tubing tYOMH#28BP? the tubing should be allowed to sag PCTARIZMANt
bet ween the second and third pullers 38 and 39, to prevent or control
t he shrinkage. Thus, the second and®third pullers 38 and 39 shoul d be
operated at 10 S|n1lar speeds or puller 39 could be operated at a

slightly sloweggspeethydan 41 #Dgéhg@%é% %%?élq_d%t E‘laq@c}hedt shrd ﬁkage

To-further prevent orientin nt
section 45, itPwEying shner §F"P59¥e°t%)2-’15lf§ﬂ9f§ort3?ﬁ§e¥ wmrmgm wlil—l e

bei ng pul | ed thrtmmﬁetduhres wbeat1ﬂgd§§&ébéh¥aurbhha1ﬁPpﬁﬁﬁﬂédﬁldﬂl&UCtUre

47. However, r di t sup t uctuce 47 IS option
Suitable su port i lrll)gpz\s/ét r uéchgzdr 2?54 ’lglg%l i‘%ge Mde con&eéolr:e'f'?l%ﬁat‘&ew5§ rat the
sane rate o'?o shRPgresshd ahnsnhgite ?%Eﬁ@%‘@dn h82heat?thg 4.t i ng secti on

45. Anot her suppor tTheg tubingt enttUhe e idktaudedSivhs ©FaifRidlapeprdyl t
having a_  diapple od@ £ 20 | Dere S 1B 9SS S bt

tubing 32 is suppor interior sur
After exiting ¥Pe Qﬁfl%ﬂ5hwﬁne eprratad @F the followimmls bet ween the
third puller SBeéﬁﬁbﬁivbfspﬂéd@ PH| F€t per minute: 17 FPM, 58 FPM, 41

10 FPM, 32 FPM, and 33 FPM.

The tubing was passed through heating and cooling
baths as schematically shown in Figure 3b. The heating
and cooling bath equipment is a triple pass
sizing/cooling system sold by Vulcan under model No.

15 (CS60STI. The temperature of the heat setting bath varied
as set forth in Table I below. The heating bath has a
series of rollers as set forth in Figure 3b so that the
tubing was in the heating bath for 13 seconds.

Tubing made in accordance with the above conditions

20 was subjected to shrinkage tests. The tubing length was
measured and recorded for each group of tubings. Tubing
samples were then placed in a conditioning oven at 150°F
and 50% relative humidity for 1 hour. Tubing samples
were then removed and allowed to cool to ambient

25 temperature. The samples were measured for length and
recorded. The percentage change in length was calculated
as set forth in Table I.

Tensile strength tests were also conducted on other
samples of the tubing. The inner, and outer diameter of

30 the tubing and the tubing wall thickness was measured
using a LaserMike 183 Benchtop Optical Micrometer. The
samples were then tested with an Instron 4201 tester with
a crosshead speed of 20 inches per minute. Stress at



40. Puller 40 should be operated at a simlar speed of pul l er 39 or

slightly slower than 39 to prevent further orientation. The tubing 32
i s passed again through the 30 second cooling bath 43. OF course it is
possible to provi de for a separate cooling bath, but this arrangenent
saves fl oor It may al so be desirable to Pr Q4 t he
t ubi ng 32'to %T?e several |engthw se passes through the CIH{WIB‘BSZ

WD 97/ 42020 PCT/ US97/ 07032

15. bath 43 or heating bath 44 as shovvn in Figure 3ato provi de
for maxi mum cooling or heating of the tubing in a m ni mal anmount of

space. This nayidve atengatishashdised tproepriduhta theuvakilyooftisdaced
rollers 49 to d‘ﬁjﬂigs 3n Bs§e£§)$[gﬂor}%eaa§£e{,£b#§r ugh the heating bath 44 or

cool i ng bat reven ‘her orientation of the
t ubi ng 32, it nEYaBE fRtkdws y"‘ltsé’ sﬁéma%/%dtwerroﬁwlam ler 40 at a
simlar speed awordliitgbhbyasd ofwrmdcatiaitef§ caphegl witdivuthentOnkht réepul | er 39.
After. passigg %f ggrth pul l er 40, the tubing has an oriented dianmeter
and passes thrdug cutter or spool 48 where the tubing 32 is cut to
the appropriate | ené‘flﬁ resubs \GetpFegthbint Talhke sh@diow en dmprawes or
Zhl pment. 15  changki gﬁl’alﬁ@néﬁﬂiﬁ %td:ofilﬂtj' &ﬂ%&t}{ﬂﬂt@m‘éﬁsﬁegt@ set Th? t

ry orientatio respects to orientation
br ocess wi th ¢ EAarsackd BAEd B RdmarsR e hioirest per Fibiey
section 42' betWeefhyinkage BSZ measuged 8$aa M¢Qé?tayﬁach§n99efm!e¢m a

Speed greati@r timintial length before being placed in the oven and the
final length after being removed from the oven.

TABLE I
TUBING Temp. (°C | Shrinkage | Yield
COMP. of heat
bath)
15 Exact n/a 21.88 920
" 4011
Exact 73 5.38 1100
4011 and 74 3.00 1030
Ethomeen 75 2.54 970
2.33 950
1.60 850
0.49 820
1.37 770
0.19 730

20
B. Example 2

The procedure for fabricating tubing and testing the
tubing as set forth in Example 1 was repeated with
slightly different operating conditions to produce a

25 sample of tubing from a blend of ethylene vinyl acetate
(EVA) (UE-634, Quantum Chemical Corporation) with
Ethomeen 0/15 (0.23% by weight) (Akzo Nobel Chemical
Company) . Tubing samples were also prepared from pure
EVA of the same type in the blend.

30 The barrel zone temperature for zone Nos. 1-4 were
respectively as follows in degrees fahrenheit: 374, 375,



20 puller 37. During the dry orientation step 42', the tubing 32 is not

subnerged in the agqueous bath 43 as is the case in the wet orientation

step 42. In the dry orientation process, pullers 38, 39, and 40 will be
run at arate sinilar to or slower than puller 37a. 25 V.

Exanpl es A Example 1 An ultra-1ow density pol yet hyl ene

sol d under WRIM2W20n5ne EXACT 4011 (Exxon Chenical ConpanyCTE8797833r i cat ed
into tubing, oriented to various orientation ratios and 30 heat set. The
EXACT 4011, in an anount by weight of 18  99.77% was tunble bl ended with

an ETHOMEEN 0/ 15 (Akzo Nobel Chem cal Conpany) in an anDunt by wei ght
of 0.23% bi a t |n .5 inch
extruder ( DaV| s St 3%%93'; #ﬁ,e""iﬁpfe gégﬁea}c%nﬁfggsgg% Nos. WO
97/ 42020 were as follows in degrees fahrenhedt: U385/ 0¥ B2 376.

16 as f echkopllélt espgid@=Owifepull afetids 0.1240wkpehesspantdi vi1g

bushi ng inner _di 0 3 N hes Barrel o] nper at ur es
were in de reeg ?glflren% ,%%r es%ert‘ln\:?lé 172 %§5N2228 ,42321d 21?5% Di e Zone
Nos. 1-3 tenperat ufFee @sé'r@sms'allnsaegitbefsy fané ddRadt styengydridatal y: 425,

425, 426. are setNfortlibegoaxiihi rgbléerextruder was trained about a
series of 5 Py bhgﬁs fs schematically set forth in Figure 3b. Pullers
1-5 were operate % respective speeds in feet per

(ed at the follow ng
V 1 The tubing
atically shown in

10

EVA and 70

4.09 560

Ethomeen 71 1.83 550
72 1.67 595

73 1.60 520

74 1.23 490

7% 1.23 510

76 1.11 480

77 1.49 500

78 1.76 510

c. Example 3
15 The procedure for fabricating tubing and testing the
tubing as set forth in Example 1 was repeated with
slightly different operating conditions to produce a
sample of tubing from a blend of an ultra-low density
polyethylene {ULDPE) scld by the Dow Chemical Company
20 under the name Dow Affinity VP1770, and Ethomeen 0/15
(0.23% by weight) (Akzo Nobel Chemical Company). Another
sample of tubing was formed from Dow Affinity ULDPE
alone.
The barrel zone temperature for zone Nos. 1-4 were
25 respectively as follows in degrees fahrenheit: 424, 425,
422, and 425. Die zone temperature for zone Nos. 1-3
were as follows in degrees fahrenheit: 425, 425, 425,
The puller speeds of pullers Nos. 1-5 were respectively
as follows in feet per minute: 17, 60, 41, 31, and 31.5.



and cooling bath equipnent is a triple pass si zi ng/ cool i ng system sold
by Wul can under nodel No. 15 CS60STI. The tenperature of the heat setting

bath vari ed as set forth in Table |I below. The heating bath has a
series of rollers as set forth in Figure 3b so that the tubing was in
the heating bath for 13 seconds. Tubi ng made in accordance with
the above con¥PPT#® 20 was subj ected to shrinkage tests. T'Ffér’?%’f’mzl ength
was measured and recorded for eachanroup of tubings. Tubing sanpl es
wer.e then placed in a conditioning ove At 150[err] F and 50 rel ative
hum dity for 1 hour. Tubing sanples were then renoved and allowed to

cool to ambient 25 l@efidetstond!IGmliey WRECYIEAS Ueidnolh bEpgtn and
recorded. The percentaqge CF‘EQ I n, l ength was cal cul ate as set forth
in Table 1. are setT%r%"lt gf?‘én’g‘i ﬁrafg"éset dIkere al so conducted on ot her

sanples of the TABLBI\JLIIThe inner, and outer dianeter of 30 the tubing and
t he tubi ng wal |p==hekresswas—Raastige= Ea=g—audmas-adaiiake 183 Bencht op

Optical Mcro Tafppl (@ WsSh-inkaget ¢stigddwi t h hn I nstron 4201
tester withb5 dosmat of [20 i nches ger minute.j Stress at
WD 97/ 42020 vl/abath) PCT/ US97/P7032
17 100% gabd on S tojre t t he t ubi ng
in psi as repor {Z?} .f‘?.'b@ab}e .L.uﬁ%j péj\i@ 44 extruded under
simlar cordVPi Bn30 and Thr ned i ntjct t8ébi ng wi eat set 5
process. andhe resfl 1% set forthr 3% Tabl 4 112how anfl i npr oved
Ethomeen 76 3.96 1150
77 3.95 1100
78 3.08 1090
79 2.03 1070
80 1.11 1000
81 0.86 1030
82 0.43 900
83 0.31 870
84 0.62 80cC
85 1.00 770
86 1.13 760
I 86 1.01 720
10

D. Example 4
Tubing samples were also produced in a similar
orientation process set forth above in Examples 1-3. One
set of tubing samples was oriented to a 50% orientation
15 ratio. A second sample was not oriented. The tubing was
made from the constituents set forth below in Table IV,
namely, Exact 4011, EVA, and VP1770. The necking
resistance of the tubing was measured by initially
measuring the inner and outer diameters, and length of
20 the tubing. One end of the tubing was clamped. A
Chatillon gauge was attached to the opposite end of the
tubing. The Chatillon gauge exerted a 5 lb. force
- longitudinally on the tubing for 10 seconds. Afterwards,
the tubing was allowed to sit for 5 minutes. The tubing
25 dimensions were measured again and compared with the



change in dinensional stability and yield with heat set and oriented

tubing as conpared to non-heat set tubing. The shrinkage i s neasured as
a percentage change fromthe 10 initial length before being placed in the
oven and the final length after being renoved fromthe oven. TABLE
I TUBI NG Tenmp. ([err]C Shrinkage Yield COVP. of heat
bath) 15  WOHM2020 n/ a 21. 88 920 PCU/URIT07032  Exact
73 5.38 1100 4011 and 74 3.00 1030
Et honeen 75 2.54 97020 76 2.33
950 77 1.60 850 78
0. 49 820., . . . 79
30. 0. ﬁgﬁtlal dlmﬁﬁﬁl&& measuremqus é%é Frcapt é%é%ge l?h
procedur e forthebvength tjmensing idsdsetefonkd bhéOW intTakkey s set forth in
Exanpl e 1 waspigpeatywed with slightly different operatlng condltlons to
produce a 25 sanple of tubing froma bleond of othyleone Nyl _acoet
(EVA) (UE-GSAf}gy uea gygn Cor poration) wt percégguyygﬁBeOQQS (0 23%
by wei ght) (A Zo m cal Conpany) . Tu-lnguaﬁﬂp es were aljso
pr epar ed fro ! 0 gsane Type | end, 30 he
barrel zom tjpERR E 0 ane NQ =4 _were espe?d itk = ol | ows
~in degrees -1 Eﬁ&éel ao1i37elso%37o&1entauon) 0.73
EVA 15.35
EVA (50% orientation) 0.72
%VP 1770 11.42
10 | VP 1770 (50% orientation) 0.83

E. Example 5
Ann ultra-low density polyethylene Exact 4011 was
produced into tubing having an outer diameter within the
15 range of 0.139-0.145 inches and an inner diameter within
the range of 0.101-0.105 inches. One sample of the
tubing was oriented to a 50% orientation ratioc and a
second sample of the tubing was oriented to a 35%
orientation ratio. Samples of the tubing that were
20 oriented to a 50% orientation ratioc were separately
submerged in a water bath at 65°C, and 70°C for 10
seconds and 85°C for 5 seconds with opposite ends of the
tubing clamped to prevent movement or shrinkage of the
tubing. After the exposure to the heat the tubing was
25 unclamped and the length of the tubing was measured after
cooling in ambient temperature water for 5 minutes. The
percent difference in the change of the length of the
tubing is reported in Table V below.
The tubing was then placed into an oven at 57°C for
30 4 hours. The length after heating was measured and
compared to the length before being placed in the oven.



WD 97/ 42020 PCT/ US97/ 07032

18 378, and 375. Die zone tenperature for zone Nos. 1-3 were as
follows in degrees fahrenheit: 375, 375, 376. The pul |l er speeds of
pul | ers Nos. 1 5 were respectively as follows in feet per nlnute

60, 41, 31, ﬁhﬁ% The di nensi onal stability and ftrength
dat a are se? th belomlln Table I1. TABLE |1

Tenp. ([err]C Shrinkage Yield COQg. of heat

bat.h) 10 EVA n/ a 10500 925 EVA and 70

4.09 560 Et honeen 71 1.83 550 72
1.67

595The percent differédce in len%clﬁq\ras noteéZQn Table V

74 1.2%elow 490 510
76 1.1 480 77 1.49 500 78
1.76° 510 The other @ampkrapfl buBing of 35% Thiepracbaunead or

fabri ;:azj ing L ulabaghlaae tlfééddéa]gflhhs wateirupz%ag a&h‘éeh?ﬁoﬁéat'&&atgéaﬂl e 1 was
repea e V\ﬂ SLI | ere era n I T1 ONS oduce a
: 945 Hianed S0 Aha BYef | i sh pesooht oif Erxansie

sanpl e of tublnﬁbﬁ
(ULDPE) sol d bynt ﬁbe%wmma@ahocsdpan?heorem repernadeerdnabﬁfe‘ |Vh| ty

VP1770, and Et@ﬁﬁﬁgntﬁé@5the hea@osgé%ﬁﬁy ¥eONDe st Mz P RbEL Ghem cal
Conpany) . Anot%er ? g Lublng s, f.ormed rOWIDOW;MfInIty ULDPE
al one. STAEPEY 1 FnEUPARFe St BPEL T zone Nos. 1-4 were 25
respectively agABBE|l 8ws i n degrees fahrenhelt. 424, 425,
10 Temperature of Time in Heat Set % %
Heat Set (°C) (Sec.) Change Change
in in
Length Length
{(before (after
oven) oven)
€5 10 1.46 -3.48
70 10 3.75 -1.40
85 5 0 -0.63
15 u None ‘NA NA -21.9

While specific embodiments have been illustrated and
described, numerous modifications are possible without
departing from the spirit of the invention, and the scope

20 of protection is only limited by the scope of the
accompanying claims.



422, and 425. Die zone tezggiﬁ%;%ﬁ.iQL_ZQﬂﬁ_hbs. 1-3 were as follows in
degrees fahrenheit: 425 The puller Nos

1-5 were respectively I mm“ per i TSeSHEET Hisp BEG!
L5 vere "vo o7 NN

N 131,
REPLACED’
PCT/ US97/ 07032 The di nensi onal

stability aifOY428 strength data are set forth bel ow RGT/USATN7632) | | .
TABLE 111 Tubi ng Tenp. ([err]C Shrinkage Yield 5 Conp.

of _ heat bat h) VP 1770 22 nl/a 23. 75 2400

VP 1770 .74 4.86 1140 and 75 4. 34
1120 Et h 3.96 1150 77

3. 95 %%g%ﬂalm 78 3. 08 1090

79 2.03 1. Amethod for fabricating gilexible medigal 1000
81 0. 8fabings comPBlsing the steps of: 82 0.43 900
gg ' g'gé provisgﬁb a tubing from a péi?meric mat%rg%l, the ggg
86 1. Ottubing having golongitudinal axis and an initial

5 diameter; and .
orienting the tubing along the longitudinal axis of
the tubing to reduce the diameter of the tubing to define
an oriented diameter.

2. . The tubing of claim 1 wherein the initial
diameter of the tubing is within the range of 10%-300%
greater than the oriented diameter.

3. The method of claim 1 wherein the step of
forming a tubing from the polymeric material comprises
the step of extruding the tubing in an extruder.

4. The method of claim 1 wherein the polymeric
material is a blend comprising:
a polymeric material selected from the group
consisting of polyolefins and their copolymers, ethylene-
5 propylene rubber, ethylene vinyl acetate copolymers,
ethylene methyl acrylate copolymers, styrene and
hydrocarbon block copolymer, hydrogenated derivatives of
styrene and hydrocarbon block copolymers, thermoplastic
elastomers, polyurethanes, polyamide and polyester
10 copolymers, copolyesters, polybutadiene, polyisoprene,
polyisocbutylene, styrene-butadiene rubbers, and cross-
linked elastomers.
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D. Exanpl e 4 Tubi ng sanpl es weng T é‘h‘ﬁ!a simlar
orientation proceﬁmﬂﬁullmnﬂmmﬂ“ze i n ExnpHissSt %T.Hpé set of tubing
sanpl es was orien ntation {5 r BEPEAC d sanpl e was
not oriented. The*tubirg Was® * nmade fromthe constituents set forth
below in Table |V namel y, Exact 4011, EVA, and VP1770, necki ng
resi stance oMOH¥2MPhi ng was neasured by initially nmea E-P%ﬁ’dm?ﬁ i nner
and outer dianeters, and length of 20 __the tubing. One end of the tubing
was clanped. A Chatill on gauge WS attached to the opposite end of the
tubing. The Chatillon gauge exerted a 5 I b. force | ongi tudinally on the

tubing for 10 seconrds. AhLLehdMP of clailiCatl WRdAD Magedkt tosit for 5
m-nutes. The tubing 25 di nensjons were neasured apgsaior%_an conpared with

t he oXA8Iging,5hg tubing comprises the ste
PCT/ US97/ 07032 pulling the tubing from the &@Qtruder wihhtaafixBtnensi on

measur ements. g Jiercent change in the length dinension is set forth

below in Table V. '__ TABLE |V Tubi it
Per cent chéngg i n Pulling the tubing frgmlg eCPQEQEHgdfigr to a length 5

Exact 4011 position spaced a distance from tR8. first pullkzmcwidid (50%

orientati on) gecond puller; afd /3 EVA
15. 35 EVA (50% o | en&at i 0 , 0.72 VP 1770
11.42 10 VP 1770 OB6FC Bt G FfLative speeds of the fipsggpuller

and the second puller so that the rate of pulling of the
10 second puller is greater than the first puller to orient
the tubing therebetween.

6. The method of claim 5 further comprising the
step of cooling the tubing during the step of orienting
the tubing.

7. The method of claim 6 wherein the step of

cooling the tubing during the step of orienting the

tubing comprises the steps of: providing a first fluid

bath at a temperature within the range of 4°C-45°C, and
5 passing the tubing through the first fluid bath.

8. The method of claim 1 further comprising the
step of heat setting the tubing.

9. The method of claim 8 wherein the heat setting
step comprises the steps of:

heating the tubing after the orienting step; and,

cooling the tubing after the heating step.

\
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E. Exanpl e 5 Ar. ultra-low density polyethyl ene Exact 4011 was
produced into tubing having an outer. dianmeter ‘wWwthin the 15 range of
0.139-0. 145 inches and an inner dianeter within t he range of

0.101-0. 105 inches. One sanple of the tubing was oriented to a 50%

orientation ratji d a second sanpl e of the tubing wa 5‘8%& to a
ori eWPa?l"lggﬁp » o%&g

35% rati o. Sanples of the tubing that were rirented to
a 50% o orientation ratio were separatelm subnerged in a water bath at
65[err]C, and 70[err]C for 10 seco ; and 85[err]C for 5 seconds with
opposite ends of the tubi ng cl anped to prevent novenent or shrinkage of
t he tubing. After the exposure to t heat the tubing was 25 uncl anped
and the length of the tubing was neasurefl_after cooling in anbient
tenperature water for 5 minutes. The rﬁrc t |di@ference in the change
of the length of the tubing is repptted i bl e V bel ow.
The tubing was then placed into an oven}fat [57[efr)IC for 30 4 hours. The
| ength after heating was neasured ar@ d d to the Iength before
bei ng placed in the oven. oy D7| 4
PCT/ US97/ 07032 o© / Thegger cent
difference in length was notedf{h Tablej ¥y W. - X _g7irhe ot her
sanpl e of tubing of 35%orientaji on was at treated a water
bath. The non-heat treated 5 ubi ng was jpl ijn the oven &nd the
percent difference 8 ™ o
- 7 <
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\ A
~ N 9 N
< L

Al
s [t r
L sl 30
/"g ',% /v—g
%,_ w—b S~cg"‘:%'
B O TR | <]
8 B
O
T



in the Iength was noted The re:ults reportedEn Tabhle V shows that the

heat dett] ng step greatly reduces the ' ‘ten enRERLGYCANIENT \§pETrst O SG
shri nk. TAB Iu‘ m’lﬂf" ature of TiBEsseriptiont: pBgad ... to Yrzed ...

% Heat Set Sec.) EEhga(s) Ch@ag@i% (md%‘f
in L 22 | U Drawing(s) :bag@t N ¢ eyl
(before (af ter 0 Abstract aged . ; T
oven) | 65 10 1.46 T 3/% aged ....
70 - We claifd 3.75 - 114 arE 5

5 0 -0.63 15 None L—a1E OF RECEIPMé/ﬂ----- A
-21.9 Wi | e specific enbodi nents have been illustrated and

described, nunerousl.modiA inetidcofor fabricating Siekible metiicaltfubings cbRfHsing el r om
the spirit of he invention, and the scope 20 of protection is only
limted by th espc,socHe of the acconpanyi ng cl ai ns.

22 providing laiolymeric material; 1. A met hOd for

L?bri cating flexible medl Ce}bp.‘égP@:ﬂstr@m@(yﬁ%&g@aﬂ%r#hsl tubing having a gps

formng a tUblldihgltﬁﬁiﬁﬁléﬂ’@amhdrfﬁﬁdlaldﬁiﬁt&*" al, the tubing having a
| ongi tudinal axis and an initial diane orienting

the tubing al ong tNQeP%ﬁhﬁdﬁP'ﬂ%P'%ﬂlt@ l?PgltlI'fﬂnalll%lser thetubing tededuge the

initial diameter of the tubing to define an oriented diameter; and
heat setting the tubing in the oriented diameter.

10 2. The tubing of claim 1 wherein the initial diameter of the tubing is
within the range of 10%-300% greater than the oriented diameter.

3. The method of claim 1 wherein the step of forming a tubing from the
polymeric material comprises the step of extruding the tubing in an extruder.

4. The method of claim 1 wherein the polymeric material is a blend
15 comprising: .

a polymeric material selected from the group consisting of polyolefins and
their copolymers, ethylene-propylene mbber, ethylene vinyl acetate copolymers,
ethylene methy| acrylate copblymers, styrene and hydrocarbon block copolymer,
hydrogenated derivatives of styrene and hydrocarbon block copolymers,

20 thermoplastic elastomers, polyurethanes, polyamide and polyester copolymers,
copolyesters, polybutadiene, polyisoprene, polyisobutylene, styrene-butadiene
rubbers, and cross-linked elastomers; and

an additive material wherein the additive has greater than 5 carbon atoms
and further has electron negative groups selected from the group of amines,

25 amides, hydroxyls, acids, acetate, ammonium salts, organometallic compounds
such as metal alcoholates, metal carboxylates, and metal complexes of numerous
1,3-dicarbonyl compounds, phenyl phosphines, pyridines, pyrrolidones,
imidazoline, and oxazolines.

REPLACEVENT SHEET/

5. The method of claim 4 wherein the step of orienting the tubing
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initial dianeter of the tubing to define an oriented dianeter; and

heat setting the tubing in the oriented dianeter. 0

2. The tubing of claim1 wherein the initial dlarreter of thetublngls
wi thin the range of 10% 300% greater than the ori ente 1 ”m

3. The method of claim1 wherein the £8ep of form mul he
polynmeric material conprises the step of extruding the tub| ng |

ext ruder. 4. The met hod of claim1l vvherel n the
pol ymeri ¢ mat eomprisés the siepsof: conpri si ng:

fhei r” copol yner s, ﬁ%@ﬁéﬁ%‘%ﬂ}dpﬁﬁké@?ﬁﬁw‘ﬁ%-tﬁi’ﬁ?@rféétaf‘ﬁ. oyt Tacetate o
copol yners, pulling the tublrighfydre ittee firet puller &ca pbsitich syieed Wdistancétrdmene
and hydrocarb hydr ogenat ed derivati ves

| ock. copol yner, i
of styrene angﬁﬁgﬁ?%'&q’ﬂ@ﬁ %F%‘iﬂ?dcpd'ﬂﬁrl'ﬁﬁ%rs 20 thernoplastic
el astoners pol yur ohtrolirg tI'@Q*elaﬁ% dpe@dscbfﬂﬁéY%itpﬁllerCﬂmOﬂhﬁfﬁbénd puller so

| t b t adi r
D ees bt auitBtdie e or Blifing 8the spaisEndier BatatpbRaniine Retipuleste orients: and

an additive mahetubilg tersbetwednhe additive has greater than 5 carbon atoms
and further has el ectron negative groups selected fromthe group of am nes,
25 am des, hydroxyls, acids, acetate, anmonium salts, organonetallic

conpounds 6.  TheHEModf BRI ﬁiﬂﬁ@h%tﬁbﬁng YR §tbp O'cBBINY fheeS
and net al conplexes of nunerous 3-di carbonyl corfpounds,
phenyl phosphitvRivg dgting Hierftep ofgrentng @@1@9‘"9 : i mi dazol i ne,
and oxazol i nes. 5. The nethod of claim4 wherein the step of orienting
t he tubi n‘[q0 ' ) 23

7. The method of claim 6 wherein the step of cooling the tubing during

~ the step of orienting the tubing comprises the steps of: providing a first fluid bath
at a temperature within the range of 4°C-45°C, and passing the tubing through the
first fluid bath.

8. The method of claim 1 wherein the step of heat setting the tubing
16 includes the step of exposing the tubing to heat.

9. The method of claim 8 wherein the step of exposing the tubing to
heat comprises the steps of:

heating the tubing after the orienting step; and,

cooling the tubing after the heafing step.

20 " 10.  The method of claim 8 wherein the step of exposing the tubing to
heat includes the step of raising the temperature of the tubing to a temperature
above which it normally will be exposed during shipping, storage and use.

11.  The method of claim 8 wherein the step of exposing the tubing to
heat includes the step of raising the tubing to a temperature below which the

25 tubing will be fully melted.

12. The method of claim 8 wherein the step of exposing the tubing to

heat includes the step of exposing the tubing to a heated liquid. REPLACEMENT. ' SHEET
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conprlses the steps of: pul l'i ng the -tubing—from_the_extruder

with a first puller; : pul l'ing the tubi fromthe first puller
to a position spaced a distance from the fir mq‘ IMHHMSecond
puller; and 5 controlling the relative s

pul l er and the second puller so tl2dt the rate of pu Ilng of *t he
second puller is greater than the first puller to orient t he tubi ng
t her ebet ween. 6. The met hod of claim5 further
conprising the step3of dhelmettod béclaim 12 wherdin tige Neated quidi ¢s whtep. of
orienting the tubing. 10 7. The nethod of claim6 wherein the
step of cooling the tubing during the step of orienting the tubing

conprises the stepsi4of: Theavéttod of alafm BWhdréiri tHe Biphof exposing thertubfiger at ur e

wi thin the range, of r err i n e. tubing through the
first fluid bé‘gﬁt Rotidbs e]sepo exp '"9 tﬁe%{:@ng&lp%&ecﬂplrd aim1 wherein the
‘step of heat setting the tubing 15 i ncludes the step of exposing the

tubing to heat. 9. The net hod of claim8 wherein the
step of exposing the tubing to heat conprises the steps of:

heating the tubing after the orienting step; and, cooling the
tubing after the heating step. 20 10. The nethod of claim$8
wherein the step of exposing the tubing to heat includes the step of
raising the tenperature of the tubing to a tenperature above which it

normally will be exposed during shipping, storage and use.

11. The nethod of claim8 wherein the step of exposing the tubing to

heat includes the step of raising the tubing to a tenperature bel ow which
the 25 tubing will be fully nelted. 12. The nethod of
claim 8 wherein the step of exposing the tubing to heat includes the
step of exposing the tubing to a heated |iquid.

REPLACENIENT SHEEY
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24 ‘%?3 * The, et hod of c{aim 12 wherein the heated liquid is
wat er . 14. The nethod 0f claim$8 V\hereﬂ_ﬂrgﬁ &Q.t"ép ‘of _exposi ng
the tubing to heat includes the stgp of exposing the tubing tqﬁéagd@Pg
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