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(57) Abstract

The present invention provides a method for fabricating flexible medica
of a polymer material, the tubing (32) having a longitudinal axis and an init

to heat set the tubing (32) to maintain dimensional stability of

the tubing (32)
exposed.

43

1 tubings (32) compnsmg the steps of providing 2 tubing (32)
ial diameter, orienting the tubing (32) along the longitudinal

axis of the wbing (32) to reduce the diameter of the tubing (32) to define an oriented diameter, and applying heat to the oriented tubing (32)

over a temperature to which the tubing (32) will normally be

Pl



20 quantity of |ow nol ecul ar wei ght additives, and be conpatible with
nmedi cal sol utions. It is desirable for nmedical tubing to be,
optically transparent to allow for visual inspection of fluids in

the tubing. Utrasonic waves nust also be capable of 25 passing through the

t ubi ng becaus&tﬁgﬂ;&{s associ at ed - with an infusion pumaﬁ%gﬁ#f% use
S

ul trasoni c waves detect abnormal conditions such as

t he t ubi ng. WO 97/ 42021 '

PCT/ US97/ 07033 _ 2 It is also a

requi renent that the tubing be environnmental |y conpati ble as a great

deal of nedical tubing is disposed of in landfills and through

i nci neration. For tubing disposed of ipedaangtibhs, it is 5 desirable to

use as little material as possible to ‘fabricate the tubing. Further -
"~ benefits are realized by HEAT RRETTING OF MEDEGABhTVBINGRr nopl astically

recycl abl e so that scrap generated during manufacturing may be

incorporated into virgin material and refabricated into 10 other useful

articles. For i that is disposed of by incineration, it
I S necessary toI§§%§%F$é£i;4£§ t hat does not generate or m ni m zes the
formati on of by-prodikis bangntden relgsmecto a meihdsd viexcfabayjcheing
envi ronnent al | ymeas8dul cubidg taald horel partdeuLOFIPSId/& prEeksexgdpl e, PVC

Ry generate heat treating the tubing after the tubing has been
oriented along ité longitudinal axis to maintain
5 dimensional stability of the tubing.
Background Art _

In the medical field, where beneficial agents are
collected, processed and stored in containers,
transported and ultimately delivered through tubes by

10 infusion to patients, there has been a recent trend
toward developing materials useful for fabricating such
containers and tubing without the disadvantages of
currently used materials such as polyvinyl éhloride.
These new materials for tubings must have a unigue

15 combination of properties, so that the tubing may be used
in fluid administration sets and with medical infusion *
pumps. Among these properties are the materials must be
optically clear, environmentally compatible, have
sufficiert yield strength and flexibility, have a minimum

20 quantity of low molecular weight additives, and be
compatible with medical solutions.

It is desirable for medical tublng to be optically
transparent to allow for visual 1nspectlon of fluids in

- the tubing. Ultrasonic waves must also be capable of

25 passing through the tubing because sensors associated
with an infusion pump typically use ultrasonic waves to
detect abnormal conditions such as air bubbles in the
tubing.



obj ecti onabl e amounts of hydrogen chloride (or hydrochl ori c acid when
contacted with water) upon I nci neration, causing corrosion of the

i nci nerator and possi ble pollution to the environment. 20 To be
conpati ble with nmedical solutions, it is desirabl e that the tubing
‘material be frge fron1or have a m ni mal content of |ow nol ecul ar wei ght
additives sJtR”4 pl asticizers, stabilizers and the || R&TURHGAS3
conmponent s could be extracted by the therapeutic solutions that cone 25
into contact with the material. The additives may react with the
therapeutic agents or otherw se render the solution ineffective Thi s

Is especially tro“bEESQEEdﬁéb a r%ggg}%%gg dEHQt mhere the

concentration of the asure er con (pp
rather than BOenVﬁrRBW@ﬁFa¥ﬁY\RﬂWB%§1&%Pcéﬁtég€§eatE&ﬁﬂ ﬂfn@§éepé Iosses
of ,the bio-techuding tandigssksd tdfe iholanbaiilna ammmﬁﬂﬂdﬁgh Because

bi 6- t ech L Of ot AELAREAER, ©0Shord QB HIGHERNE or 5 UadidaE 48585 1 10

i nperative that the dosage not
PCT/ US97/ 0Fo33desirabie fo use as little materigl as p0551b1e Bol yvi nyl

chloride (" PVCfébbﬂéab@efhé/\ﬂﬂ&imwse@uﬁtQher behePid £ Fadh %Edt ybi ngs as
it meets npbst ogl

PVC t I | ear to
al | ow for V|s%a? m%%%%&ﬁ%iﬁ$l % ﬁﬁe§PFﬁ?8p#?%Nﬁé%}#@hggﬁéﬁ?ﬁp P
t ubi ng has provBattscyep kosratatied gumpradmenniactuyinyg may beets. PVC

medi cal tubi ngigtsspbastélesintPhlrglihemiterial and refabricated into

10 other useful articles.

For tubing that is disposed of by incineration, it

- 1is 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. For example, PVC may generate
objectionable amounts of hydfogen chloride (ox
hydrochloric acid when contacted with water) upon
incineration, causing corrosion of the incinerator and
possible pollution to the environment.

20 To be compatibleIWith 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 parté per million (ppﬁ), rather than

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



strain characteristics so that the material may be oriented along a

| ongi tudi nal axis of the tubing w thout causing a reduction in the

di anmeter of the tubing. In 10 other words, PVC tubing resists necking.
PVC nedi cal tubing also has favorable surface characteristics to
allow for conweskeeg the flowrate of fluid through the pE¥RLDTHST NY
slide clanps which operate by crinping the sidewal | of the tubing to
stop or reduce the flow of 15 fluid threugh the tubing. The slide clanp
may be used wi t hout causing scoring or cutting of the tubing.

Because PVC by itself is a rigid polyner, |ow nol ecul ar wei ght
conponents known as Fagniigiylechlanide b&' PVC" )adued beenr wndelyPvé2d |texi bl e.

As set forth aboﬁ’aﬁsrﬂdﬁ%e rr%@lcﬁhagﬁbfﬁﬁra% w n%%t%xﬁnﬁggt Sﬁ ngé??()f the

tubing by the fluid. For this reason, and because 0 iculties
encou%t e)r/ed in i FRIHGSRTYS -PVEYCt Fehing & s aRtedaldy cleprpracdl IvC faxdi cal
t ubi ng. vipiajoliefspestand pbdl yiod eflividaldleyd nbavarbegn 25, dexel oped

whi ch. meet many QfbstRe HL0W-LGRRNES ‘Q&Mﬁﬁ' 8uu§°?&ﬁ}.ﬁ$£§r§cﬂd t ubi ng,

wi t hout the di sadvant a associated wt I'ns p| cally
are conpat i BT 5ni t%vl?eﬂ‘ieééFaépb‘FlP’c%ﬁ Eehey B’é@aﬁ‘@élﬂfﬁéye heveess- ni ni nal
extractability tstddin dharbleserpstjos eéd ﬁ:ﬁha&l’ Qh&omaeaﬂé@nﬁ@pt@é l'y sound as

t hey do not gen S 4pqn | tipn, and in nost
casgs are cgéa (;%frq‘ft}%&jﬁ t%%f%gro céaﬁl)? Prélcbg Ub{RGwithout

pol yol efins are %ﬁm@f ﬁeé@ﬂvgtmanan m@memr prfottheletublnsan geonom ¢
alternativeioo RtGerHowrde!,  Prhete@ME r@¥lkts necking. Wb9F/ dediZh

PCT/ US97/ 07033 tubing also has favorable surface characteristics to

allow for controlling the flow rate of fluid through 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



4 hurdl es to overconme to replace all the favorable attributes of
PVC with a polyolefin. For exanpl e, probl ens have been-encountered
i n using pol yol efins, such as an ultra-low density polyethylene 5
(ULDPE), to fabricate nedical tubing. Such tubing has been found to
have poor s aracteristics so that it is readlly le to
~cutting, shlrwé@%lﬁ?{g&gr scoring when cl anpi ng the tubing u5| %ﬁ@&dg | de
cl anp. ULDPE tubing also 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

si dewal | s of thmﬁd]bi'sng:o oveh:eoﬁlelwere@am@@il&e taeDgatofdbld ui d over a
given tine ]s5of PV # oalr% .used to infuse benefici al
agents to patlentset ave i%0Us serisors to detect such

condi tions as back ﬁ'@sﬁﬂaélpé? fpml@lw\s tl’ﬁéfﬁ Uisieng engaunterediin dsies in

the fl wt dblstrg@mym%ﬁmsogscﬂeagtéryamra 1&%9&5’0@ yUBOT, &8Py g an
unaccepta ssure Sensors usually ave
a sensor gy ?ﬁﬁxﬁﬁ-ﬁ L§é§?ﬁé?1tm%‘#l?aﬁebﬁuﬁ‘dﬁqg UER FURARGREF at i on

set [ s secmeedl |frmpida¢9 havembmﬁacumd:mahattehesmas so thatt endency
for the polyol gfd nd ti@araqlPl SQEEQ%me&I&&%qn sh?e&&frﬁ%%&sor body due

to resistance w th .side_wa t he sensor housi is defornmation

in sone cases IS59FdN9 whepec EEPBbT%r%h‘T FYRIL 4 gn2 aﬁzh’cﬂlw ahrdi ti on and
to | nappr ofpiliteEe ltpbdegce bl pat present mfdisifdreupudps during usduid her,

pol yol ef i ny pubijpgh %%‘eg‘as%@lggﬁngdrhﬁa:{?é’:eatlon s%\e’ﬁybﬁlege S\;}{eeg:g.;r%boand thus

are readily susceptltig referr
necking. NeckiGegtrelg the fiey ?"’k"e%i P diitidb it hrrughet e RIS 31 t he
t ubi ng t hat copERLS. iveds smpfeﬁg:mg\gzﬁdie thebisigewalles &b dsHattSial n

al ong the | ongitH@A3l,eaX1y SPQLcﬂ_Qg a'i ﬁf\l%.iﬁ:gﬁgogg:p a gl&eq'yﬁ:%.me

I’edUCtIOI’l or COpr| ete restriction In ow O
period.
15 Pumps that are used to infuse beneficial agents to

patients typically have various sensors to detect such
conditions as back pressﬁre_of fluid in the tubing, and
air bubbles in the fluid stream. The sensors deactivate
the pump upon detecting an unacceptable back pfessure 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 thch 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
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5 fluid through the tubing thereby rendering the tubing .

i neffective. Because there is a linear relationship bet ween yi el d
strength and nodulus, it is possible to i ncrease the nodulus of the
material to i egemsethe 5 yield strength. However, to get pcBuésietizent
yield strength for nedical applications, the resulting tubing has
too high a nodulus to function in punps. s The Applicants have found
that it is possible to i ncrease ‘the tubings' resistance to necking by
pre- .10 orienting the tubing along the |ongitudinal axis of the t ubi ng.

However, the orifhuddiomeugatads mapihgathexeby reafidesrisigohbe twsimbility.

In-particular, ofjented ;e PHALEE BrbDI 1Y £><1pﬁ{éa%n&%§aei9ﬂ§nﬁ@vnon
known as heat recovery, which iIs soneti ;%s referred as the "nmenory 15

effect." Heat rebBversnivieldAherghbeanPnB n ¥hats Possgeifirs® when
oriented tubi ng ischeasediebonelile of themeratiale tredokedadarting t he

orientation oc ng% t hi rs ; [ : [ i entation
causi ng E%rlﬁli;é]ﬁ% and ¢ tn}‘le'ns?%rvfglgggha%%e_ %?g)téﬁgf{l%‘%%%t.&gﬁf& .

Pol yol ef i n t ubi n§S*#aFE af o MsFadnaRAL i B2 RERRS pddie rESUtlgéFaaw%%%i lity
.during storage, haanseporhigh e modnduento fun@pivr Gat ipwps.The poor ther mal
stability is thought 49, e d t .t neééing or

crystallization tenperaﬁtﬁgﬁéaqa'%%gbgggaf?%ﬁgﬁ?%%%qggﬁkgﬁﬁg%o?u eSS, and due
to the orientatiéncpearesthy didringg’ resistanrs o ReEkIaer byhereml
stability ofipol yei&hting the tubing along the longitudinal axis of the
' ' tubing. Howewver, the orientation process may lead to
dimensional instability. In particular, oriented
polyclefin tubing experiehces a phenomenon known as heat
recovexry, 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 durihg the orientation process. When
this occurs the tubing loses its 6rientation causing
shrinking and dimensional changes of the tubing.

20 Polyolefin 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 polyclefins’ low melting or
crystallizacion temperatures, low glass transition

25 temperatures, and due to the orientation process referred
to above. The poor thermal stability of polyoclefin
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 1lead to functional problems such as accuracy, pump
compatibilityy.and cause other cosmetic defects.



tubings can lead to changes in the desired di nensi ons and also lead to
coiling of the tubing during shipping or use. These di nensi onal and
shape changes can in turn 30 lead to functional problens such as accuracy,
punp conpatibility, and cause other cosnetic defects. WO

97/ 42021 PCT/ US97/ 0703 -
6 Di scﬁ)%?}r/%o%f | nvention The present i nvent?%ﬁ"f)grwgvades a
met hod for fabricating flexible nedigal 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 to rnibﬁxbgdya of Iﬁb&ﬁeleﬁ of the tubing to define an oriented
di anmet er, and agﬁ1 t:to gge orlqg; d tubln h § heat set the

t ubi ng to maintain ﬁ%l s?a% B &5t &b g ©30*°Preferably the
ini,tial dianet eia%lmgo@%g#b&eeme@hm tubmné epmpniedngli Emetereps

Preferably the st %&flﬁhgeat bBYymerit h@uw@ 'Pzﬁv‘iﬁ& QGIQHQ tu&aﬁalwet or a
dry process._ Each l@ﬁtgﬁg gcess shares extendi ng the
|

tubi ng bet wéen 45 r?td 1RBRYTH rﬁ.’ﬂlleé‘FlEEaEgﬁ jubingAlkong) a
di stance and comhecﬂdnguyunheaﬂehansvefs@@edsmung ob rbéutershe pul |l er and

the second pu"&ﬁaﬁgtéﬂ“@f EB@ tublﬁéléb(ﬁeﬂEHé bﬂgogieﬁggd f&ﬁ&ké%“' er is
greater than that first EP? er. to orient the tu

t her ebet ween. 284 Iaerteré“\%ePeBFl Eft Hroegs S ubipg Fﬁbli‘%t |%etpac§’§ed

tubing to malntaln.dlmen31ona1 stability of the tubing.

10 Preferably the initial diameter is 10%-300% greater than
the oriented diameter. Preferably the step of orienting
the tubing can be done in a wet or a dry process.. Each
orienting 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 sc 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 tubiné 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.mélted. 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



20 t hr ough 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 overcone the nenory effect

di scussed above. The heat setting process includes the 25 step of

exposi ng the @y7Re2i0 a tenperature higher than that wWhicghydohirekd b NQ
wll normally be exposed during shi ppi ng, storage, and use, but bel ow

the tenperature at which the tubing is fully nelted. By exposing the
t ubi ng to tenperatures above the application tenperature; |ess 30
ordered, lower nelting crystals are nelted | eaving higher mel ting
crystal s which Jiddt lsetthegnbehpesitabies asesultheg in apphbioat iwdnth good

t enper at ure ranggunﬁ@ﬂtsggb3b§t§| ghly oriented macro-nol ecul e chains
will also be rel axed % WD 97/ 42021

PCI/U897/07033 e heat setting step includes the S?ﬁ%ﬁ‘ﬁ%ttlng

t enper atures resdatimg itheattbhbhaga fd d1h Weodrientihgr s®ep sirabi |t;iefa)£edf
The heat settin | R des ti e _t.ubing after
3 gacﬁfe%s ch P{'gf3 §él’§“l s Q%laet ﬁubgggf X g%c%@ enteg

the orienting step In a ea ted aque e tubing is
not oriented Wﬁhqghﬁhﬁhﬁeﬁﬁhﬁ$rif%ﬂ<QFQMH$ P§1ﬁeuﬁd%ﬁmﬁyfﬁmﬂﬁﬁm§|ent

tension to prevesgndiboa ltubpﬂgvém@nm@gg%mg;g troinSs@4§Png . Jﬂ:?%%j[ P'l%ot 0 -
a1 50 prof er abl o HIBR bR EPUBT G 107 Db o LEbEUF (O iy £0pgoe
prevent or mni mazfe sag Siwbhbﬁr’ orlienltﬂ i sof prhéerablegthat the tubing
10 be supported with a structure to prevent or minimize
further orienting of the tubing.
Finally, it is desirable to position a plurality of
spaced rollers in the heating bath. The tubing is
trained about the rollers to define a serpenﬁine 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 invent;on; R

- 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 tubing;

- 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. oo
Best Mode for Carrying Dut the Invention
While the invention is susceptible of embodiment in
many different forms, there is shown in the drawings and



Finally, it is desirable to position a plurality of spaced rollers in

the heating bath. The tubing is trai ned about the rollers to define a
serpentine pattern 15 so that-the tubing makes several |engthw se passes
through the heating bath. It may be desirable to notorize these
rollers. ri scription of Draw ngs - Fig. 1.is an enlarged
Cross-secti oW%’L”g%“ég\)/eof ap20 nmedi cal tubing fabricated frc}'rﬁ'réU%W(g?:“ayer
pol ymer bl end - of the present invention; Fig. 2 is an enl arged
cross-sectional view of a mul ti-| ayeer ed tubi ng of the invention;

Fig. 3 is a schematic representation of a method for 25 formng, wet

orienting and hegiy %?etxfélagbgeééﬁéh%é@'ﬁg detall refgkged?’@mﬁi ﬂne‘}ltasn V' ew

of a serpentine patter t hr ou eatin
cool i ng bath ofOf'O H@VSPG&%sW%EB\AFPgrf“lfi/egﬁ?r’:ém§m8n8ha the presep 3b is
a schematic rem:escdmmeonsotoabaetmmwe& ars bar skegpl Uf yeHt i gtdmg and

hedt setting m?g{é:%nflptlggl 8g- th?llﬁseecﬁtlwd%ndo Bcﬁ{:{yig%%n cﬁt%ét%f

I nvent i on he I nven on IS suscept
many di f f er ént ¥Bpis thenbredfsagpenh ¢hH the lmvmthgg Bfdthe
97/ 42021 embodiments illustrated. PCT/ US97/ 07033

8 wi |l herein jbe dggg%@gdsigh&lgt ail preferred enbodi nents
' The polymer blends of the present invention may be
embodied in monolayer polymer structures or'may be
10 adhered to other substrates such as polymers to form
multi-layered structures. The poiymer 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
15 polymers.

The polymeric material méy be selected from the
group consisting of polyolefins and.their copolymers,
ethylene-propylene rubber, ethylene vinyl acetate
copolymers, ethylene methyl acrylate copolymers; styrene

20 and hydrocarbon block copoiymers 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,

25 and copolyesters such as those sold under the tradename
HYTREL, polybutadiene, polyisoprene, polylsobutylene,
styrene butadiene rubbers, and other cross- linked
elastomers. |

Suitable polyolefins include both homo and

30 copolymers of polyethylene. Suitable comonomers may be
selected from the group consisting of aliphatic olefins,
methyl acrylate and vinyl acetate.

Preferably, the polyoclefin is an ethylene
copolymexrized w1th alpha-clefins including butene- 1



of the invention with the understanding that the present ‘disclosure is

to be considered as an exenplification of the principles of the .
invention and is not intended to 5 1imt the broad aspect of the invention
to'the enbodinents i I'lustrated. | . Polynmer Blends

The polymer Bl thf the present invention may be enbogi-Eesdrivress

nonol ayer polyner ructures or nmay be 10 adhered to other substrates such
as polymers to form mul ti-layered styuctures. The polymer bl ends of the
present invention include a polyneric material and an additive. The

pol ynmer bl ends are capabl e of being fabricated into nmedical tubing and

attached to ri gjcd:elﬁz pdicypreestively referited ol wseuni traeler idensiny be
sel-ected from ¢ yet! ée‘r%‘ép (Qﬁﬂﬁbﬁx )“guﬁ)e{ hgﬁ' %%kg&b?é ‘N?ch} helds GoRe! yrers,

et hyl ene- propyl¥e ene vin mers,  ethyl ene
net hyl acryl at é%«omt;mér @crythEn@owo"eﬁ?d hyépaéaﬁseﬁalkﬂ ol TodsisFer s
such as styrenehan 33¥ihREh¢NeasiylLe amciomieaie- | BDPPENFerfdnA1QRe has

copol yners and t h iy é%é%éggggat ed. derélcf_é%tﬂ él oSr yeg{%pltaSt%g Bl yrer s

el ast omers Such &8 po nes
such as those sbl%b Md-‘@f t he tradenarre PEBAX, 25 and copol yesters such as

those sol d under th@rﬂef FERN2IVe sholld R a w*%ukaarea@ anqinata@oro&ne
polylsobutylene X}g%e bu%adlene r ubber 'S, @g ross I|nked
el ast omers. romat%ﬁJ YESPE3RBPY FRF IS 9558 §de “BBEh° h QQHT
copol yners of pal mmydaak@oneSandaﬁhntmmgse&aytben negas:e'lv@ct ed from
the group ‘i‘éns'gsztd\%gz cgel@c'tQBaEkSmoél?é'ql%u of BREAXE; a&rﬁ:‘)’d@ée and vinyl

r ef

acet at e. er abl in i.s an |l e
copol yneri zed WF BN G‘Féfi?nsa? rc?%"d r?d"“lﬁ?t"élﬁ‘esi& y Stganometallic

compounds such as metal alcoholates, 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%.

II. Method of Blending .

The components of the polymer blends should be
blended through molten mixing, physical blending such as
tumble blending, of.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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9 octene-1 (collectively referred to as ultra | ow density

pol yet hyl ene ("ULDPE")), nethyl acrylate (with | ess than 33% et hyI
acryl ate conmononer), vinyl acetate (with |ess than 33% net hyl acrylate

conononer). enerally has 5 a density within the r ut 0 8
g/cnferr] t o™ §09 moz? 0.95 g/cnferr]. The additi \%%UIP@Q
pol ymer or an aliphatic or aromatlc1 ydrocar bon havi ng greater than 5

carbon atons in the backbone and further having el ectron negative 10
groups selected fromthe group of am nes; am des; hydr oxyl s; aci ds;

af:et ﬁtf ammnwalt:saélﬁ% qum' t anlai @OLLEAGOWOLH’!ﬂFe %ﬂphfr@%ﬂret al
al cohol at es ta al Do 1 C XeSs .0 nuner o
di car bonyl co 68?1‘8 ez wxéllblﬁ’eﬁté'[ ﬁﬁggﬁhfbﬁng gbyrﬁp?dnsgsmc&ﬁsr'ol d8H§
i m dazol i ne, 18iamatepxerdiimdhe range of Thd3bt @S sinalies.hand ahe

pol'ymeric conpaent thilciess widM¥NiHay raBbahbs W td’ﬂsld 21 angeeal
90% 99. 999%

refer 0%, % , The addj tive should be in an
anmount by i gﬁE’eMPh?“ﬁgtW%é’@ géf ﬁﬁ%n%rﬁj ylugy oIy ef er abl y
0. 01% 2% elastitity Meft Hcadasnfthalnersol, R0 psi, and Teerec gredrerbdyof the
pol ymer bl ends, gggu{:gagﬁ%o oodalpglded t hr ough m)l ten m xing, physical

bl endi ng such as endi n%é’& ot her ns such as reactive 25
ext r usi on. Figyre I\?et SR rtllcl:é?'?ﬁﬁ g 2fulieygne 2
Figure 1 showsfaedichhyérlang vﬂtﬂahf itshe poéseivn contavteiiayer,fabricated

fromone of,thechl, 8d§a r 12}€ ang 4 ‘i%e'ih Lpv é“él?é&eb% oI ngyl0 shoul d
have an i nner %8 g mensmn w t ?'n tﬁe range (%003 8 4 inches,

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-withoﬁt.the tie layer 26.

The first layer 22 of the tube 20 should have a

20 thickness as a pereentage of the total wall thickness
within the range of 98%-50%, the second layer 24 should .,
have a thlckness w1th1n the range of 2-50%, and the tie
layer 26 should have a thickness within the range of 0-
10%- | N _

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
Jlongitudinal direction thereby reducing the tendency for.

30 the tubing to neck during use. In 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



and an outer diameter dinmension within the range of 0.12- 0.5 inches.

More particularly, medical tubing for use in ~the adm ni stration of
fluid using a nedical infusion punp, such as Baxter infusion punp sold
under the WD 97/ 42021 ' :

PCT/ US97/ 070 . , 10 trad

FLO GARD[ err]e‘v%()9 c‘jzoz'b_LEACiJE[ err], have an inner di anet Z’reﬁ\;mnﬁglmv?\”t he
range of 0.099-0.105 inches, an outer 4, diameter within the range of

0. 134-0. 145 inches, and a wal I thickness within the range of

0.018-0.021 inches. 5 The tubing should be flexible having a nodul us of
elasticity of |asaméten &50,c0@0 tpBingand, norf tpirebeiaht yng and essrd han

40,000 psi. pﬁfeﬂfglgpa s?ﬂ afagwffzaf"%%Ctr.lﬂ@eeg%@fw%ﬂge@od? 39 A

first layer 22, ation-con cond ayer 24 and
a tie layer 26 hhghebhet Rhese TRages further |ippduderajdycembinietans from
thé same group &hd subdiApDARRES oBst tﬁeféihabcmé frat ibhef pohy "B tnrciegoonent .

The first | ayer 2 hareier L noL have e agdit gy, pThe second

layer 24 wil S SpeCI DOVE po?yrrerl C
mat eri al and anraﬂ%n'ltéd/éOs@lse@bedomematlon W@tgpeupghanaramm@mpeci fied

above. In many £3s€sss may Infe B wat bayehr 2 oM lrobessuUbti &'&P&'é‘né?%[@at' bl e
W th t he. secondla er to do without the tie |ayer 26. The

first layer 22 BfCth& 5’@ ‘shoul d have a 20 thickness as a percentage of
the total wall thickiigegsre 3 shows a schematic representation 30 of the

10 method of 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 III, and’
orientation ratio. The orienting step orients the
molecules of the tubing aiong 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 be referred to as a line. The term "up-line" shall refer
to 1locations along the line in a direction'0pposite 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.



wi thin the range of 98% 50% the second | ayer 24 should have a

t hi ckness within the range of 2-50% and the tie | ayer 26 shoul d ,have a
t hi ckness within the range of O- 10% 25 V. Method of Heat
Setting and Orienting the Tubing It is also desirable for the

tubi ngs 10,20 to be oriented along their |longitudinal axes. This

"orientati on WO4RRY  ncreases the yield strength of the tuBFHESIA7Bhe

| ongi tudi nal direction thereby reduci _ngg1 the tendency for 30 the - tubing to
neck during use. In effect, pre-orientig of the tubing increases the
resi stance to further . necking. Preferably, the tubing 10,20 should be

~oriented so thajotbhe dDidtd 3 upaer apdy,u. dianef er f._the
t ubi ng are anywhere from 1r8°e 3?&%u3%e§t'e?gt l?lag_r{ne{%e el %ltBVWQW 42021
PCT/ US97/ 070338Xtruder 36. The tubing 32 exiting the extgugestdf of t he

tubing 10, 20 aprefepsbBptiaig anGutere diamepsef @il sid @MaR0% 120 and nost

. o 0 ,
ombi nati ons Lro8 h0%H00r dheltE. ehatc AEEEE e S5 PRESbeginning S
di ameter to° t herafandelyr fafamer205ril@Aki ngndhaest mreferabdfyefren 80%as t he
| orientation rato®.gdéer&r.i empat icﬁametegp?gcgﬁé A RE elg:(ii\ﬁﬁhgo%hgﬂga,tsi gn
Sehemtic ropr SXERNGTor SHDT ERe-EEoTRERNEY B A dAEENG L ALaPAEFRG i n a
wet orientation The tubing 32 is pulled from the extruder 36 with a
E first puller 37, a 'second puller 38, a third puller 39,
10 and a fourth puller 40. ' The pullers 37, 38, 39 and 40
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. Pfeferably, 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 rate 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. Prefefably 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 Qiameters of the tubing
32 and achieve the desired orientation raFio.



process. The nethod of wet orienting includes the steps of providing a

tubing 32 froma polyneric blend, and ~ orienting the tubing 32 algng its
| ongi tudi nal axis so that the tubing 32 has a desired inner and outer
15 dianeter, as specified above in Section Ill, and oriFntatlon ratio.
The orientin lents the nmol ecul es of the tubing
Iongitudinalgg§%§Q¥%g I ncrease the resistance to neckingqﬁgﬂﬁy@@@?bquent
| ongi tudi nal stressings. The tubing 32 i;g then heat set 20 to reduce
shrinkage of the tubing and to fix the tUbing in the oriented

di mensi on. The tubing 32 (which may be a single |layered tubing

10 or a multil ayeredm L@i@@::&@htlﬁﬁgpbébeﬂoﬂ A e Q@tslel@, 32tl§n§é§?él&d by
arrows 34 al ong, i nuous_pat ere o as_a line.
The term "up- Ilnél q’éﬁ RACIN cdol BQI%TB'é?lbns q”c?n&%hgupllﬂ% Th
direction opposc@@lemeW1th amrrgwtaothOIQhe.Hﬁqﬂenﬂhlwhethebsegoﬁ&

Coriversely, t hecool:.ﬁ@"ﬂatl‘g@@n | bngheshﬁiét r&;&rlrbo blaQ?xahhon? &, the
direction of_the 30 N it should

t term
not be thought ?‘F\‘é‘fmﬁg’ﬁfé{ %&dgn:‘jggpﬁ ‘l‘JIS'eI c‘g’rtrl'flébl rRRIg %fr‘h"%‘nt li ne,

rather it shoul ¢59@. t aken to mean that the nethod is carried out in a

sequence of CONSKS Wi orleCRBe memory effecemgfgl@ézgglenﬁgd tubing
PCT/-US97/ 07033 12 shown T n

Figure 3, tubi nbz 3A% 49 fisReFSRrYhtgnheat the tubing to a temperature
above that which it will normally be exposed during

10 shipping, storage and use, but below the temperature at
which the tubing is fully melted. By exposing the tubing
to temperatures above the application temperaturé, 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 cooling
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 heéating 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 thé 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 agueous solution of
water at a temperature of between about 50-99°C.

.')5*3..



extruder 36. The tubing 32 exiting the extruder 36 preferably has an

outer dianeter dinension that wll 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 ext ruder
36 shall be referred to as the initial dianeter. The tubing 32 is
pul | ed fromVRS"MX® uder 36 with a first puller 37, a §5§3%§”Bﬁ$?er 38,
athird puller 39, 10 and a fourth puller 40. The pullers 37, 38, 39 and
40 may have a silicone or rubber cddting to increase the

coefficient of friction with the tubing 32. The second and third

pul lers 38 andP§81E§¥eQa¥§cﬁ-é§l£5¥tih£y§§e add@&jé%'éﬁéS%%@%gF%nd.

circunferentia ext endr ng grooves to accomuodat e an one set of
tubi ng 32 on aSSuif-aee- of the pullers 38 and 39 at a tine. '
Af t Ier exibti Eg t he extrtidedesStradliee thilei Iﬂge32ubf\ﬁ§€§2 not udérwgbnlaeﬂi rzt
cooling bath 4 e e i ' 00 A | I I qui

Pref erably, théugﬁgéttgg h%%%ﬁ#%ﬁﬁégi%tﬁf #g'a 5%?&?”%5%%35%5a% gnperature
within I hetiRAge éf apenkd Gudfepts poder minimum gfensiosxitoi Kgephe fir st
cooling bath 4theheubiihgn@aught 3% @xecRdHiRgt vROM A R filnSwedndsgagnd
pullers 37 and %Sa unpﬁe£g£$§%1%.%ig c32di§n§r£eq£§dlﬁé_o er?ting the
second 25 puIFer B8Vat a greé%er Faf’s P speed Hah i 36 2 pul | er
37 to achi eve BRe #esPreventi@nteemitawlr hposhThnkage. Sdetsi,omhef the |ine

will be referredcbadasnhendFd gifliRGs 38 588t B 9NsKHedl PRl @prbhyeekhgrsecond
pul l er 38 if oggraggd t %:r%ég mﬁé?in t?& range of out 4-10 tines
faster 30 ~1har*fh Fi?g?e%ﬁﬁfep &r &8t o??ié&fﬁﬁ%? &tafi ve

speeds of the Bilightawmdsiewendomed ¢han3pudndr 338 drme acmemmodatenspwok t he

final inner andheuh@egdi aneters of the tubing 32 and achi eve the

desired orientation raglo. . . . .
. To further prevent orienting of the tubing 32 in the

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. o
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 sepafate cooling bath, but this arrangement
saves floor space.
It may also be desirable tc'provide for the tubing
32 to make several lengthwise passes through the coocling
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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. Preferably, the second cooling bath 43, as the first f
coal ing bath | n 5 aqueous bath at a tenperature wt ge o
4] err]%- %&7}4&2? ‘(i]'o overcone the nenory effect of h#‘ﬂréﬁ%??é%qed

t ubi ng 32, it is necessary to heat t tubing to a tenperature

above that which it will normally be exposed during 10 shipping, storage
and use, but below the tenperature at which the tubing is fully nelted.

By exposing thekﬁmhimg or hé&tiﬁgﬂhﬁﬁﬂI4Measabﬁwenth@ Eﬂgﬂﬂdﬂﬂa QB

| | eavi ng
b oher " Civel ¢ Brgads oF&F (R et " BroP¥E S FEHE syBinen s
appl i'cation tenferara eame\m@e of mpaceof {Théshingnl e accq;rmlersthed by
macro- nol ecul e ghavnaing! 4 gﬁlfﬁ@gﬁ%ﬂ %paeeal g811ers & d Wy A FMLEN; eNhanced

thermal stabplit ter exiting the second
cool i ng LBat ﬁ%ﬁ§enfﬁﬁet%‘ﬁeg"%%htr é‘lgrti‘s tgﬁoﬁ at e ?@c‘&hg‘l @F1 EPO3BNSQ
and ext ends bet wesh #he second puller 38 and the third puI ler 39. The

t ubi ng 32 proceeds Imoapﬂéxﬁé%lé}{y t}.’%‘ijﬁher o&@é‘ﬁf&lti&? c?f’“tr}féd ? ?aggy t he

through a heatl n bat e tubin heat set

heat bat h % B3 0ke RerRRPIIORS CREBEEOREE CEONTTy I‘?r43°t 8tsave 25
fl oor space. H@\mwéar spéed posigliighitily s3owpti paed .of spe'EIall ghparthen of
the processqyil |tb|?1§dr§\§ﬂéfd3§0 as the heat setting section or step 45.
Preferably, the setting step 45 is done on-line after the

ori enting sect i o’f\ Ber PRASIBLITPeDE HBRE BRELST AP i the Babéngnbee 30
process. Duri ngnt beiémaed skidnatprshed passébethrdidly s32utteri 5rpassET

through a heatipg Qﬂé9e4€héwﬁﬂﬁimkﬁ%ztﬁgiG9t3@o the appropriate length
or wrappéd about the spocl 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 aqueous 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



is heated with a nmedium such as heated air or l'i quid. The heating bath

44 preferably is an aqueous sol ution of water at a tenperature of
bet ween about 50-99[err]C. WO 97/ 42021
PCT/ US97/ 07033 : 14 - Addi tives such as

salt may be ded _to the aqueous sol ution. It J | |l e
that the tubﬁg’g"%’é?zhot be oriented during the heat sett#%régsgi'g@%{& For
this reason the 5 tubing 32 should be kept under m ninumtension to keep

t he tubing taught or the tubing should be allowed to sag an anount,
bet ween the second and third pullers 38 and 39, to prevent or control

the shrinkage. skhis;1608: aisqoandures BhhndedHl b 8340 3G and 39nahqued be
operated at 10 m | ar speeds or %Iler 39 could be operated at a

.S
ol i ght Iy ol onePU8PiBE tRERT A ERC 5 O 4 28 LRIl SR Zones APPnige.
To further prevenemperantureg wird hier degirrgs3Rahnenimeit, rdmpaictseelyng

section 45, it 488y 0 desid ablg of @ohS nSHPPPLE ¢ I 3 ile
bei ng pul | ed tﬁrgglﬁ %btghelpgz' flie%t,i g bath 44w th 2 sél]f?%)rlré?iur%%ssf%?%%fure

g bath 44 t
47. However> 1N BFEYEEF nbREFRPRS Do PRECELYEEY urt2 27 4% oftPonal .
Sui t abl e supporti ngThér babini® Sexdit irrc lthdeeat cadeeywds thrdined apBvesaat the

same rate of spged.as the 5&‘?%&953‘;75 Q&;gmgbizgl}%h%@%ée}g i%]e%&i figesection
45.  Anot her sugpor |ng S ructure IS a plastic or nmeta ¢gnaui t
havi ng a 3b. Pullers 1-5 were operated at the following
respective speeds in feet 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 coocl to ambient
25 temperaturé. 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 cqnducted 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



di aneter 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
simlar spee puller 39 or slightly slower than 39 tg

further Sygé%fm%lon The tubing 32 is passed again through tﬁﬁﬁ@g
second cooling bath 43. O course it ig.possible to provi de for a
separate cooling bath, but this arrangeient saves fl oor space.

It may al so be desirable to provide for the tubing 32 to make several
Ien?thmﬁfe passeso$ e drgdadilke asl 88d to representWEh97§ﬂ8ﬁaigf th%

PCT/ US97/ 07033 . at or heating
bath 44 as shomm |r1%ﬁ 13§'strep°rted ln 9or naX|nun1cooI|ng or heating
of the tubing in a ExaQﬁlﬁWhélWaﬁDGh$Oo¢XE¥Hdﬁﬁ unidies mayibar acconpl i shed by
providing a pl usshditids SRRCEdrnel! eheo 4ubthd afiithgud tl5e seEperddme
pattern thrgugh t he heatlng bath 44 or cooling bath 4 ‘To
prevent any’fur®hei®Hiientation of the tubing 32, - it nay be necessary
to operate the fourtThqqusyit$Osat forth & ffakide Jpebdworn simgpted sl ower

rate of speed tdxaghddeinl GireRishdnRY! 5€4b3Pity and yiel&f $8fh PRSS Nkt he
fourth puller 40

and oé&éﬁgmdp%uglng as compared to non-heat set tubing.
The shrinkage is measured as a percentage change from the
10 initial length before being placed in the oven and the

final length after being removed from the oven.

TABLE I
IlTUBING Temp. (°C | Shrinkage | Yield
COMP. of heat
bath)
15 Exact n/a _ 21.88 920
4011
Il Exact 73 5.38 1100
4011 and 74 3.00 1030
Ethomeen 75 2.54 970
76 2.33 "1 950
77 1.60 850
78 0.49 820 .
79 1.37 770 :
80 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 opefating 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 fahréhheit: 374, 375,



an oriented diameter and passes through a cutter or spool 48 where the
tubing 32 is cut to the appropriate |length or w apped about the spool
for storage or shipnent. 15 Figure 3b shows a dry orientation process
30 The dry orientation process is sane in nost respects to the

met orlentatlonlﬁﬁﬁcess with the major exception that the t ubi n 32 S
oriented i n™ 42' between pul lers 37 and 37a. PuFPfFEPSIPZ0
operated at a speed greater than 20 puller 37. During the dry orlentatlon
step 42', the tubing 32 is not subﬁ%rged i n the agueous bath 43 as is
the case in the wet orientation step 42. In the dry orientation

process, pull & 3pgSosandod Wl dddilenre Bbr 26 GSLL Y 1O o

sl ower than puIIer

An ultra-|ow ¥ &F pfelyernyiemeIsnes Lfr?d’éﬁe“?‘ﬁét 37$1an%7';5xp?d16 4011 (Exxon
Chemi cal Conpame) puadefrabpeeds ask pul]ld’ttsDNdsbl ngs Oérer&@@bécﬁtwllyous
orfentation r 3 ‘mi EXACT 401 nt. by

wei ght of - %§%Q%9%Bgﬁagnt€%%%é§%% anﬂET%tWEEN ("AKZo

Nobel Chen?cal mﬁ@wﬁlmﬁnawr@ﬁomawm @m@ E#ebdz?,%ength data The

t ubi ng was faQ&@p@defbytﬁxbélgurEhIThBiélfi_lnCh extruder (Davis
St andar d) . g?EﬁE{ %IOH condi tions were - WD 97/ 42021
PCT/ US97/ 0703 16 . as follows: die pin
outer dianete : 'nc ,__an
. Tubing Temp. (°C Shrinkage | Yield
Comp. of heat :
bath) _
10 | EvVa _ n/a 10.00 925
EVA and 70 4.09 560
Ethomeen 71 1.83 550
172 1.67 595
73 1.60 520
74 1.23 490
75 1.23 510
76 1.11 480
77 1.49 500
78 1.76 510
cC. 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) so0ld 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.



bushi ng i nner dianeter 0.325 inches.

were in degrees
Nos. 1-3 tenper
425, 426. -

f ahrenhei t,

atures were,

Barr el
respectively:
5 in degrees fahrenheit,

zone Nos.

1-

4 tenperatures

425, 428, 422, 425. Die Zone

respectively: 425,

The tubing exiting the extruder was trai ned about a

series of 5 puybloeuseas schematically set forth in Figure
1-5 were operated at the follow ng

m nut e:

Figure 3b. The

heat i ng

and cool i ng bath equi pnent

PCIlUsotitodxr S

respective speeds in feet per
17 FPM 58 FPM 41 10 FPM 32 FRM and 33 FPM
was passed through heating and cooling. .

The tubing

bat hs as schematically shown in
is atriple pass

si zi ng/ cool i ng syst efhsoflimdnsivmadastehdéi tyoaed WNeldi5tresgobTdatahe

tenperature of Lhe Bsat fé@iﬁlﬁaoma&h ¥apbhedrz,
series of

fig was in the heating bath for

gTIe@Hgt h°Qap Shrinkggey

bel ow. The heat
3b so that the

Tubi ng made in |

shrinkage tests
group of tublng

oven at  150[ err]

were then renov
sanpl es were ne
| ength was cal c
strength tests
i nner, and oute
was neasured
sanples were th
speed of 20 inc

10

15

20

25

|Rg bat

Tpkdngybi n
5 COMPubi ng
E—and-!

has a

Ies were then

as set for

bl aced in

th in Table |

rollers as set forth in Figure
13 seconds.

gdedfd re

ubjected to
rded for each
condi ti oni ng
Tubi ng sanpl es

baypand 7al | oyed tgacool |t o zdrwsent | 25 24owperdt ure. The
ASured_tor tength and %ecorde IQe perdent age change in
iVat.ed 7° diset forth Tabl e 11 . Tensi l e '
M€§§°%L%% cod éucted on f é 5 ﬁéges of {the tubing. The
anmeter 95530 the tpRi'gg and thg;pybi ng Il thickness
using a LasgerM ke 18B3Beschtop {ppbgal M groneter. The
bn tested wit7b an I nstfano3d201 teptterowi th a crosshead
hes per m nyBe. Stressjatil 1000
81 0.86 1030
82 0.43 900
83 0.31 870
84 0.62 800
85 1.00 770
86 1.13 760
86 1.01 720
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

ratio.

A second sample was not oriented.

The tubing was

made from the. constituents set forth below in Table IV,
namely, Exact 4011, EVA,
resistance of the tubing was measured by initially

and VP1770.

The necking

measuring the inner and outer diameters, and length of

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 1lb.

longitudinally on the tubing for 10 seconds.

the tubing was allowed to sit for 5 minutes.

force
Afterwards,
The tubing

dimensions were measured again and compared with the
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17 100% el ongati on was used to represent the Yield of the t.ubi ng
in psi as reported in Table I. Exact 4011 was al so extruded under

simlar conditions and formed into tubing without the heat set 5
rocess. ' he results set forth in Table |I show an

Ehange I n di#g%g?gﬂél stability and yield with heat set ngg%%%ﬁgﬁted

tubi ng as conpared to non-heat set tubi?g. The shrinkage .is 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

| - TUBING inid#P gifedshibe mSBELPKASSE s Y alhd ercenmizé%?— in Of heat

bath) 15 Exact ' .n/a . . 21.8 20 .
Exact 73 alg_:he lengg? gémen51onliﬁoset E%IEHJPflgﬁdln ?able Iv. 3.00
1030 Et hoPARIEE IV/5 _ 2.54 970 76
2.33 95 ++ =66 S50 o
78 0. 49 Tubing GMposition 79 - | Pperdemt/ chagﬁ$ if/
80 0.1 730 20 B. Exanpl €| Pength e _
procedure f@r fLP L cat ) tubing and testing the tubing_ as_set torth in
Exanple 1 mgé Jahké 9-46¥%!1 _ '%8‘45 r

Exact 4011 (50% orientation) 0.73

EVA 15.35

EVA (50% orientation) 0.72

ve 1770 ‘ ‘11.42

10 VP 1770 (50% orientation)} _ 0.83

E. Example 5
An ultra-low density polyethylene Exact 4011 was
produced into tubing having an outer diameter within the
15 range of 0.135-0.145 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 ratio 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 ratio 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.



slightly different operating conditions to produce a 25 sanple of tubing
froma blend of ethylene vinyl acetate (EVA) (UE-634, Quantum Chem cal

Corporation) with Et honeen 0/ 15 (0.23% by wei ght) (Akzo Nobel Chemi cal
Company). Tubi ng sanples were al so prepared from pure EVA of the sane
type in the bkep The barrel zone tenperature for zepBsdRsessl 4
wer e respectlvgﬁg'as follows in degrees fahrenheit: 374, 375,

WO 97/ 47021 - ' 21 - PCT/ US97/ 07033

18 378, and 375. Die zone tenperature for zone Nos. 1-3 were as

follows in degrees fahrenheit: 375, 375, 376. The pul | er speeds of

pul l ers Nos. 1-Sheeredespedifielynce imldmjthowasi notegtiperavienute: 17,
“60,- 41, 31, and . D “The dinensional stability and Yield strength
dat a are set torth belowin Table Il. =~ TABLE Il Tubi ng

Tenp.” ([err] C Shri nkiife othieg| gample @fnfubing off 3p&aprientayhay) WA  EVA

n/ a 10. Othot heat92Feated ifEVA wtkr bat®h. The nonshé&d treatedH0
Eggonpen 7% tubing w%sS%laced i35§he oven and the pergént differe%b%7

in the length was noted. The results reported in Table V
shows that the heat setting step greatly reduces the '

tendency for the tubing to shrink.

TABLE V
10 Temperature of Time in Heat Set % 1%
"Il Heat Set (°C) (Sec.) Change Change
. : in in

Length Length
(before (after

oven) oven)
65 10 1.46 -3.48
70 10 3.75 ~1.40
85 5 0 -0.63
i5 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.



73 1.60 520 74 1.23 490

75 1.23 510 * 76 1.11 480

77 1.49 500 ' 78 1.76 510

C. Exanpl e 3 15 The procedure for fabricating tubing and testing

t he tubiRPeAse5et forth in Exanple 1 was repeated with slll‘ghtly
different operating conditions to produce a sanpl e of PEEP

bl end of an ultra-1low density pol yg&hyl ene (ULDPE) sold by the Dow
Cheni cal Conpany 20 wunder the nane Dow Affinity VP1770, and Ethoneen 0/15
(0.23% by weight) (Akzo Nobel Chem cal Conpany). Another sanpl e of

t ubi ng was fomedifaigin Dow Af fi ni ty ULDPE ~al one. The barrel

zone tenperature fqr zone No re 25 respectively as faollows in
degrees fahrenhei tq‘ % 3550"1 £ r’a"r‘?&lﬁ‘%gfﬁ‘é %%rf&e‘%’é??&er ature for
zone Nos. 1-3tubingsy @Oaprﬁein@v\she nsu:h&'mﬁs fahrenhei t: 425, 425, 425.

The pul | er Speeds oﬂlihhﬁ Sa N@@bnﬂg e %Jl%@?cltnétygfv% ]9,7/%%85]\_1%1[118\/\5 in

ng;uggg/gygg 5 1ng’a ongltugghafugxis and anqgnitial diameter;

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

applying heat to the oriented tubing to heat set the
tubing to maintain dimensional stability.

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 polymer
material is a blend of a polymeric material and an
additive wherein the polymeric material is selected from
the group consisting of polyolefins and their copolymers,

5 ethylene-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, polyurecthanes, polyamide and

10 polyester copolymers,'copolyesters, polybutadiene,
polyisoprene, polyisobutylene, styrene-butadiene rubbers,
and cross-linked elastomers.
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The di nensional stability and Yield strength data are set forth bel ow

in Table I11. TABLE |11 Tubi ng Tenp. ([err]C Shrinkage. Yield
5 Conp. of heat bath ) VP 1770 n/ a 23.75
2400 VP 1770 74 4. 86 ' 1140 and 75

4. 34 Iw&d7a2021 Et honmeen 76 3. 96 1150pcTrUS97/07033

77 3.95 1100 78 3.08 1090

79 2.03 1070 23 80 1.11 1000

81 0.86 1030 82 0.43 900

83" 0.31 870 84 0.62 800

85 1.00 4.770The method of claim8F wherein thel%tep of 760

86 - 1. 0lorientidg0crd tubing comBrlsegxéﬂylétébs of: Tubi ng
sanples were al so produced in a 'sinla orientation process set forth

above in Exanpl es 1-3Pul¥ng hesﬁﬁb%ﬁﬁ EEBMNGe bt B ST d it énfédsSto a 50%

orientation 15 puaflee; A second sanple was not oriented. The tubing was -

de fromth t f | T ly, Exact
3011, Eva, and vei77B TR ndle iR gl L B0 'nlnaen cBTRE T A

nmeasured by i ni PPgRF§ON sP#ﬁﬁénﬁl temee Aner BhRl Bhrsk Rﬂléﬁétéﬁ§h and
| engt h of 20 thecbubipglleihenﬁnd of the tubing was clanped. A

Chatill on gauge was the Q1R e end of t ubi n The
Chatillon gauge exer?e{’igg&ﬁﬂr S5 5eea w% i RRIG] nalrliGiua ﬁ‘rtslﬁe gﬁ?’ﬁg f or
10 seconds. Aft@enflakhs, seconq ikl 99 WagtaFheweate (Pf5|PtU1f19F1950|ﬁ1 B¢ es.
The tubing 2& @eaaﬁalp@ma&erﬁ RRSteed tagai Phanth LAnad Wirbh ok Bent

the tubing therebetween.

5. The method of claim 4 further comprising the

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

7. The method of claim 1 wherein the heat settihg
step comprises the steps of:

heating the tubing after the orienting step; and,

cooling the tﬁbing after the heating step.

8. The method of claim 7 wherein the step of
heatlng the tubing includes the step of:
providing a heating bath having a heating medium
with a temperature within a range of about 50-99°C; and
5 pulling the tubing ﬁhrough the heating bath.

—_—
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20. i nitial dinmension neasurenents. The percent change in t he

| ength dinmension is set forth belowin Table IV.. TABLE |V Tubi ng
Conposition . Percent change in

| ength 5 gt 4011 : 28. 45

Exact 4011 (50 @ %Ent ati on) | 0.73 EVvAPCT/US97/07033

15. 35 EVA (50% ori entation) 0.72 VP
1770 24 11.42 10 VP 1770 (50%
orientation) 0 83 . E. Exanpl e 5 An

ultra-low density pglyethyLe WS wh “Q tublng
havi ng an outer djameter m%t |n t ég%%gh ewoFrSEéSgH%q%= H%ches and an
i nner di anet er MH9HM s a Fﬁélgange of 0. 101 0. 105 inches. One sanple of
the tubing was oriented to a 50%orientation ratio and a second

saﬁple of the'tUbinQOWaSTBEiﬁ@&ﬁgdtékz%fgiﬁ’8 wherein the heating bath
has a lengthwise dimension and wherein the step of
heating the tubing includes the steps of :
providing a plurality of spaced rollers in the
5 heating bath; and ' h
training the tubing abbut the rollers to define a
serpentine pattern such that the tubing makes several
- lengthwise passes through the heating bath.

11. The method of claim 10 whereinr the rollers are

motorized.

12. The method of claim 1 further comprising the
step of:

supporting the tubing during the step of applying
heat to the oriented tubing.

13. The method of claim 1 further comprising the v
step of: ' .
extending the tublng between two pullers without
further orienting the ‘tubing during the step of applying
5 heat to the oriented tubing.

-

A R

—_—
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orientation ratio. Sanples of the tubing that were 20 oriented to a 50%

orientation ratio were separately subnerged in a water bath at
65[err]C, and 70[err]C for 10 seconds and 85[err]C for 5 seconds with
opposite ends of the tubing clanped to prevent novenent or shrinkage of
t he t ubi ”gvosﬁf&tﬁi the exposure to the heat the tubing wes-ggswpfafmped
and the length of the tubing was neasured after cooling 1 n anbi ent
tenperature water for 5 mnutes. The ogercent difference in the change
of the length of the tubing is reported in Table V bel ow The

tubi ng was then placed into an oven at 57[err]C for 30 4 hours. The

| ength after heatingisas messdied andbing heeompgrad imidika ldsgebebeinde
Eg¥?888;?8$835nSEHEaBYSTfor connec?i?g WQ gzg#&g%éusings_ﬁﬁgﬁﬁéf&gﬁf

di fference in | engt h2wdddewr el def iramoe avEiluidppplyway and havimgeaot her
sanpl e of tubi ngontiBodtinal emtdd,| WherasdewalDObehg@tot LPAGmer a wat er
bath.. The ngn- Qﬁ%rﬁf@t ed 5 tubing was placed in the oven and the
percent difference In the Ietgg.h was noted. The results reported in
Table V shows t heke¥ain heka inangast bpenrenidntabdicey tthe
tendency for thechyhtigih®l sdkisko decrEABLEiYs dfametk8 MY @kbYhfeOf

TTWE in Heat Se%rie%%ed diametexr; and
' wherein the tubing has been heat tréated to maintain
10 a dimensional stability over a temperature range to which
the tubing will normally be exposed.

15. The tubing of claim 14 wherein the polymer
material has a polyméric material and an additive, the
additive has greater than 5 carbon atoms and further has :
electron negative groups selected from the group of

5 amines, 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.

16. The tubing of claim 15 wherein the polymeric
material is selected from the group consisting of
polyolefins and their copolymers, ethylene-propylene
rubber, ethylene vinyl acetate copolymers, ethylene

5 methyl acrylate'cbpolymers, styrene and hydrocarbon block
cppolymer, hydrogenated.derivatives of styrene and
hydrocarbon block copolymers, thermoplastic elastomers,

' polyurethanes, polyamide and polyester copolymers,
-copolyesters, prolybutadiene, polyisoprene, _
10 polyisobutylene, styrene-butadiene rubbers, and cross-

linked elastomers.
\\g“~
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‘Heat Set ([err] Q) | (Sec.) Change .Change

in in : * Length Length
(before (after ' oven) oven)
65 10 1.46 -3.48 70

10 7 -1.40 85 5

-0.63 15 %o 9§M%ne NA NA PCTSH7/0%33

Wi | e specific enbodi nrents have been il | ustrated and descri bed,

nunmer ous nodifications are possible wi Phout ~departing fromthe spirit

of the invention, and the scope 20 of protection is only limted by the

scope of the aQPP”p@mﬁ @ﬂbgh | g8 c1 16 wh h
S Ve 8 clalm w ere&n t englY ?$%%

fl exible nedlcb? SEleCt?4nﬂrﬁ@stEGn%F?%PrﬁP??ﬁ??ﬂﬂ§p§foP°th homo and
provi di ng an ieoopokymériatgpollyathplygner material, the initial tubing
havi ng a | ongi t udi nal axis and an initial dianeter;
18. The tubing of claim 17 wherein the comonomers
may be selected from the group consisting of aliphatic
olefins, methyl acrylate and vinyl acetate.

19. The tubing of claim 18 wherein the polymeric
material is an ult;a-low density polyethylene.

20. The tubing of claim 18 wherein the polymeric
material is an ethylene vinyl acetate copolymer.

21. The tubing of claim 14 wherein the initial
diameter of the tubing is within the range of 10-300%
greater than the oriented diameter.

This Sheet Has Been Rep
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10 orienting the initial tubing along the | ongi t udi nal
axis to reduce the dianeter of the - initial tubing and thereby produce
an oriented t ubi ng having an oriented dianmeter; and

applying heat to the oriented tubing to heat 15 set the oriented
tubing to ' j di mensi onal stability. ' e

nmet hod of clg?"tnlﬁ érein the initial di aneter of the F%%F%er%y
within a range of 10% 300% 20 greater than the oriented dianmeter. -

3. The nethod of claim1 wherein the pdif}ner material is a blend of
a polyneric material and an additive wherein the polyneric materi al
is selected 25 fromthe group consisting of polyolefins and their

copol ynmers, ethyl ene-propyl ene rubber, ethylene vinyl acetate
copol yners, ethylene nethyl acrylate ' copol yners, styrene and

hydr ocar bon bl ock copol yner, hydr ogenat ed derivatives of styrene and
hydr ocar bon 30 bl ock copol yners, t hernopl astic el ast oners,

pol yur et hanes, pol yam de and pol yester copolyners, = . copol yesters,

pol ybut adi ene, pol yi sopr ene, pol.yi sobutyl ene, styrene-butadi ene
rubbers, and cross-|iaked. el astopprg.A3 (o]
23 4. The neth® cl ai reijn th stepﬁf{g
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orienting the init i"a’r";t'“ubi"ng conprises the steps of _ pul l'i ng
the initial tubing froman extruder at 5 afirst rate w th_a_fjrst

puIIe; pulling the initial tubing fromthe firs{y REPLACE N&e :
at a'second rate to a position spaced a 22 di stance fromthn_ lrémE SHEET

puller with a second puller; and 10 controllipgfthe. r J}gt ive
first and second rates so that the second rate of pullifg 14 g?ﬁdﬁﬁﬂ
t han the first rate of pulling to thereby orient the tuhing
between the firwe widisd :and the second puller. 15 5. The

met hod of claim4 further conprising the step of cool‘-wﬁrgs]----t-lcna«—l nitiagl
tubing during the step of orienting the initial tubing. 20

6. The nmethod of claim5 wherein the step of cooling the initial
tubing during the step of orienting the initial tubing conprises the

steps of 5 : providi ngy améthed o it ali gyt Eﬂ!@ﬁﬁ.ﬁﬁ.gr ":r‘nedlc%l wi thin

a range of 4[err] C-.45[err] C, .and passing the initial tubi ng through
t he f?rs_t fl[ud g[s olmr:|.31ngp % sgll:r‘?spsrré? od of clalml wherein the

heat setting slpecra)vumhiprg" sesnt hénit&ps Oftublr:jg of Beatpdl@rﬂélen he

ori ont ed tubi ng"BrEEi e Fag; tmytial’ cupEhSP g a longicudiihog

of claim7 wher @éxist mldstaép igfitdml dilmewetieny t he oriented tubing includes

the step 1of orienting the initial tubing along the
longitudinal axis to reduce the diameter of the
initial tubing and thereby produce an oriented
tubing having an oriented diameter; and

applying heat to the oriented tubing to heat

15 set the oriented tubing to maintain dimensional
stability.
2. The method of claim 1 wherein the initial
diameter of the tubing is within a range of 10%-300%
20 greater than the oriented diameter.
3. The method of claim 1 wherein the polymer

material is a blend of a polymeric material and an
additive wherein the polymeric material is selected
25 from the group consisting of polyolefins and their
copolymers, ethylene-propylene rubber, ethylene
vinyl acetate éopolymers, ethylene methyl acrylate
copolymers, styrene and hydrocarbon block copolymer,
hydrogenated derivatives of styrene and hydrocarbon

30 block copolymers, thermoplastic elastomers,
polyurethanes, polyamide and polyester copolymers,
copolyesters, polybutadiene, polyisoprene,

polyisobutylene, styrene-butadiene rubbers, and

cross-linked elastomers.
35
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24 provi ding a heating bath having a heating ] J

a tenperature within a range of about 50-99[err] C, and RESEKEQWENN SHEET
pulling the oriented tubing through the heating 5 bat h. “”,gi

The method of claim8 wherein the heating 23 mediumis a §flhid. 1 Jipi9s3
10. The nethod of claim8 wherein the heating bat h hap | engt hwi se

di nensi on and wherein the step of heating the orientedjtubing

i ncludes the steps of4.  The methodowfdiabpimpluwierejnofthepastepraofiers

in the 15
the rollers

heat-0gnPahl: t#d initial tubi

NEBRpEgeQr iteid SLdMbi gg about

to define a serpentine pattern such that the

oriented tubi ng frakes several |engthw se passes t hrough the heating

bath. 20
not ori zed.
t he step oP:

10

15

20

25

30

35

1lpulhengetdhed iafitclal edPingeEebn e dadtedsr at  are

a fiver Hre WScHPLNEd gk §l3ily} further comprising 25

pulling the initial tubing from the first
puller at a second rate to a position spaced a
distance from the first puller with a second puller;
and

controlling the relative first and second rates
so that the second rate of pulling is greater than
the first rate of pulling to thereby orient the
tubing between the first puller and the second

puller.

5. The method of claim 4 further comprising
the step of cooling the initial tubing during the
step of orienting the initial tubing.

6. The method of claim 5 wherein the step of
cooling the initial tubing during the step of
orienting the initial tubing comprises the steps of

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

7. The method of c¢laim 1 wherein the heat

~ setting step comprises the steps of

heating the oriented tubing after the orienting
step; and,

cooling the oriented tubing after the heating
step. '

8. The method of claim 7 wherein the step of
heating the oriented tubing includes the step of

T
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i i i i f Y=ot
supporting the oriented tubing during the step of app fREﬁi cﬁﬁN*OSHEET

t he oriented tubing. 13. The method of claiml1

conprising 30 the step of: ext endi ng the orientedg—tubimg

bet wéen two pul lers wthout further24rienting the origntjeds ¢4 4 1389
tubing during the step of applying heat to the orientdd tu%ihg. 35

25 14. A nedical tubing having an initi gramnet er
and suitable for conp¥evifdngo @ gihpating fhﬁé%ngbaﬁbﬂﬁri§in@eatlng a

sidewal | defini pgadufl Wrikpahhwesmpeicht\gvd Ngidhin & ! 9&&%@ Al pesS, the
si dewal | being of a _pal yner mat eri al ; erein the tubing

has been orientéa‘gpaﬁg png | ongitudinal axis to decrease its initial
di anmet er and t pullhéheb hdeforiermtedriwining thasegRr thantheb®@ ing

wher ei n tge tub'gg has been heat treated to mai ntai n a di nensi onal
stability over gﬁperature range to which the tubing will normally
be exposed. 15. The tubing in claim 14 wherein the polynmer 15

material has a pol ymgric ﬁteerrafuh@aﬂdoﬁncilg%t lgV&herein £HE 3ddithingp has
greater than 5 carbon atons an :
medium is a fluid.

10 10. The method of claim 8 wherein the heating
bath has a lengthwise dimension and wherein the step
of heating the oriented tubing includes the steps of

providing a plurality of spaced rollers in the
15 heating bath; and
training the oriented tubing about the rollers
to define a serpentine pattern such that the
oriented tubing makes several lengthwise passes
through the heating bath.
20
11. The method of claim 10 wherein the rollers
are motorized.

12. The method of claim 1 further comprising
25 the step of:
supporting the oriented tubing during the step
of applying heat to the oriented tubing.

13. The method of claim 1 further comprising
30 the step of:
extending the oriented tubing between two
pullers without further orienting the oriented
tubing during the step of applying heat to the
oriented tubing.
35
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further has el ectron negative groups selected from t he

am nes,, am des, hydroxyls, acids, acetate, ammoni um sal
organonetal | i ¢ conmpounds 20 such as netal al cohol ates, netal

car bbxyl ates, and metal conpl exes 25%f numerous 1, B dlkérﬁ%ﬁ)}ﬂgg
conpounds, phenyl phosphi nes, pyri di nes, yrr)Ilﬂnn"“

I m dazol i ne, and oxazol i nes. 25, 16. The .tubin , clal 15
wherein the pol§mer fic n‘ﬁ?‘g:f‘?%} | $WHNE e BRS¢ hgngr(u‘s@----vT1
consisting of @bayeteki nandndsuitehle cHPpl yrwehnecting to rigid

et hyl ene- propyl e r I V|nyI acetate _ copol yners,

et hyl ene net hyl g@?%#ggg ES%észgﬂg styrene and hydr ocar bon
bl ock  copol yrner, a Sﬂ@ﬁﬂ&k&ﬂdﬁﬁﬂhk&gi&aﬁiued wlatdwaye rancinbdaving
hydr ocar bog a BbAGKLudioRe! YAEES: the WNYIRAIAYdfng of %!

pol yur et hanes,
pol ybut adi ene,
rubbers,

26

fromthe group

po yam de and pol yest er

copol ymers,
matsyidléoprene, 35

pol yi sobut yl ene,

copol yest ers

1$nd . Whé&élhIMhﬁiﬁﬂbﬁﬂgﬁﬁﬁ§ b?ﬁn orleﬁtﬁg along 1tst g
. e_tupi of claim erein the ST ks selecte
conepiPhAngs R bR Srrathl Sher S Ial  BEADRERE.

and to thereby define an oriented dlameter, and
10 wherein the tubing has been heat treated to
maintain a dimensional stability over a temperature

range to which the tubing will normally be exposed.

18.

material has a polymeric material and an additive,

The tubing in claim 14 wherein the polymer
15
the additive has greater than 5 carbon atoms and
further has electron negative groups selected from
the of

acetate, ammonium

group amines, amides, hydroxyls, acids,

salts, organometallic compounds

20 such as metal alcoholates,
of

phenyl

metal carboxylates, and
1, 3

phosphines,

metal complexes numerous dicarbonyl

compounds, pyridines,

pyrrolidones,

imidazoline, and oxazolines.

the

group

25 1s6.

polymeric

The

material

of 15

from

wherein
the
copolymers,

tubing claim

is selected

consisting and their

of polyolefins
ethylene-propylene rubber,

‘copolymers,

ethylene vinyl acetate
methyl
hydrocarbon

ethylene acrylate

block
hydrogenated derivatives of styrene and hydrocarbon
block

polyurethanes,

copolymers,

30 styrene and copolymer,

copolymers, thermoplastic elastomers,

polyamide and polyester copolymers,

copolyesters, polybutadiene, polyisoprene,

35 polyisobutylene, styrene-butadiene rubbers, and

cross-linked elastomers.
-

A

styrene- butadlene



18. The tubing of claim 17 wherein the conononers may be selected fromthe

‘group consisting of aliphatic olefins, nethyl acrylate and
19. The tubing of claim 18 wherein the polynmeric material is
density pol yethyl ene. . 20. The tubing of claim 18 wher
polymeric material is an ethylene vinyl acetate copol yner.
tubing of claim14 wherein the initial dianmeter of the tubin
range of 10-300% greater than the orixgnted di aneter.
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17. The tubing of claim 16 wherein the polyolefin- -

is selected from the group consisting of both homo and

copolymers of polyethylene.

18. The tubing of claim 17 wherein the comonomers

may be selected,from the group consisting of aliphatic

olefins, methyl acrylate and vinyl acetate.

19. The tubing of claim 18 wherein the polymeric

material is an ultra-low density polyethylene.

20. The tubing of claim 18 wherein the polymeric

material is an ethylene vinyl acetate copolymer.

21. The tubing of claim 14 wherein the initial

diameter of the tubing is within the range of 10-300%

greater than the oriented diameter.
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