W01147576 PCT/ US90/ 23899 Description METHOD OF SURFACE MODI FYI NG A,H-
MEDWCAL TUBI NG Rel ated Applications This application is a
cofitinuation-in-part of U S. Patent Application Serial No. 09/ 084 816
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Application 08/ 642,275 filed on May 3, 1996 and now IS

Patent No. 5,932,307. U S. Patent Application No. 09/084,816 and U.S.

Pat ent No. 5,932,307 are hereby incorporated herein by reference, and nade
a part hereof. Technical Field This invention relates to a nethod of
surface nodifying a nmedical tubing and in particular applying a surface
nodifier to a polyolefin tubing to functionalize the surface of tubing for
i mproved adhesion and to increase lubricity of the surface. Background Art
5 1n the nmedical field, where beneficipbks#egsd S are coll ected, processed
and stored in containers, transported and ultimately delivered through

tubes by infusion t OMEPOBTOF SURFACE MUDINARGA MEBICAL TeRINGOWar d

devel oping materials useful for fabricating such containers and tubing
wi t hout the di sadvantages of currently used materials such as pol yvinyl

chl oride. Theserfigias KpbRédt@he for tubings nust have a 10 uni que conbination
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of in landfills and through incineration. Further benefits are realized by
using a material which is :

Technical Field
This invention relates to 2 method of surface modifying a medical tubing and

in particular applying a surface modifier to a polyolefin tubing to fimctionalize the
surface of tubing for improved adhesion and to increase lubricity of the surface.
Backeround Art
5 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 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

10  unique combination of properties, so that the tubing may be used in fluid
administration sets. Among these are the materials must be optically clear,
environmentally compatible, have sufficient yield strength and flexibility, bave a low
quantity of low molecular weight additives, and be compatible with medical
solutions.

15 It is desirable for medical tbing to be optically transparent to allow for visual
inspection of fluids in the tubing.

It is also a requirement that the tubing materials be environmentally

compatible as a great deal of medical tubing is disposed of in landfills and through
incineration. Further benefits are realized by using a material which is



WO 01/17576 PCT1US00123899 2 thernoplastically recyclable so that scrap
generated during manufacturing nay be incorporated into virgin nateri al
and refabricated into other useful articles. For tubing that is disposed of
by incinerati owodit17s76 necessary to use a material that doegTnstogsmerate
or mnimzes the formati on of by-products such as inorganic 5 acids which
may be environnentally harnful, irritating, and corrosive. For exanple,

PVC nmay generate objectionabl e amounts of hydrogen chloride (or

hydrochl oric acid when contacted with water) upon incineration, causing
corrosion of t Heerinpplasticatlytresyclablosdibat sonpgenéritbddwing manefdéterig rsaylbet i ons; it
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Because bio-tech formulations ¢an cost several "t housan | ars per dose,
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pol ymer, | dw nedckaesplasticiaes,glabilieospdnieriiks. Ksevongenghiasulddiezerstedust be
added to render PVC flexible.. As set.forth ahgv t hese..pl asticizers may
Teach out of "t e Pt BeREERiichs GRS ind Fp el fembRaay 5 FREMLD ng 1o
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need to repl acﬁ‘?’@éﬁ chg{uueﬁﬂﬂmg_ ’°2‘5°S‘I§}Pg3-_84“8‘flﬂnﬂgs ‘215%'5‘58 et oped
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w t hout the di sadvantages associated with PVC.. Polyolefins typically are

conpat i bl e t PErFFEBEEa FveRgpinTseHle fastes offbe Biadwh drgyamipder the formulation

unusable. Because bio-tech formulations can cost several thousand dollars per dose, it

is imperative that the dosage not be changed.
Polyvinyl chloride ("PVC") has been widely used to fabricate medical tubings
as it meets most of these requirements. However, because PVC by itself is a rigid

20  polymer, low molecular weight components known as plasticizers must be added to
render PVC flexible. .As set forth above, these plasticizers may leach out of the tubing
and into the fluid passing through the tubing to contaminate the fluid or to render the
fluid unusable. For this reason, and because of the difficulties encountered in
incinerating PVC, there is a need to replace PVC medical tubing.

25 Polyolefins have been 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 the fluids and contents which they contact. Most polyolefins
are environmentally sound as they do not generate harmful degradants upon

30 incineration, and in most cases are capable of being thermoplastically recycled. Many

polyolefins are cost effective materials that may provide an economic alternative to



m ni mal extractability to the fluids and contents which they contact. Mbst
pol yolefins are environnentally sound as they do not generate harnful
degradants upon 30 incineration, and in nost cases are capable of being
t her nopl ast i%@PVisI6éecycl ed. Many polyol efins are cost ef fpedhisysagemt eri al s
that may provide an economc alternative to WO 01/17576 PCTI USOQ 23899 3
PVC. However, there are many hurdl es Bo overcone to replace all the
favorable attributes of PVCwth a pol yol efin. For exanple, because of the
i nert natureg ef ol yol efi ns, due part to the non- poI ar nature of the

C

pol yner, di FYEcHOWPES thesgare pamnh %ﬂeﬁeﬁtf@?@wpﬁe%ﬁa#lﬁg BRebls pol yol ef i n
material s tauidgledbr PVAC Kb Bolyoletagh as poI ycar bonates and acrylic polyners.
Typi cal ly, nmedical contalinerS such as I. &as are connected to a patient
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pol yner s5 smﬂinloé@npmtgrxabnbpdatmdwubs,rsym assolsmmtes&piﬂcmmdwmrﬂhe housi ngs
have sl eev h th bin |nser i fashion to
attach theefyl.%cau)fcl)n clgfou grﬁéu‘%fﬁe\/e'?aé?' e{}g&rﬁ’e esszﬁ“&ggg the nedical
tubing to mnésmﬂlmeumbmgﬂﬁthawgdﬁb chﬂmsctrmg{-typeirgzcnbmslfels weﬁbdsl ght seal wth
the housi n PVC,t.u i s typical secur n such housi ngs using
sol vent bo 'ﬁrs af%“?i‘k?ﬁﬁ‘?“dﬁfé‘ﬁ%&%%? p‘ﬁ’(‘iﬁ‘dﬂﬂ‘yﬁi&ﬁﬁ‘é’g’p@}ﬁb‘&| ng the end
of the tubiif@udeQighthdusiagy hafifaciufd Frob R lhRS4uol ad lyta®ehat@dcriiesh as

cycl ohexanone or nethyl_ ethyl ketone. The _solvent effectjvely softens or

di ssol Vids t%écm&egﬁsmmq"ﬁés%fm slesvesdn which thednbingisdnseried iNAousi ng, a bond

is formed. takscbﬁngrammlaaa&h@émmgﬂﬁ%ﬁarmgt ume?&oz@@ﬁ%&rssaaefora@pr oxi mately
t he sane di nensi on or I g ger than the inner dianeter of the 20

housi ng t o Meskca) tibing Fﬂ@r"P@?‘é‘ﬁg@ the rtlsld hepsing 4o form g fluidtight sea] with these
dlnen5|on51@§§m§ts in formng a secure bond. Sol vent bondi ng techniques,
however, are ineffective on certain polyolefins including polyethylene.

Probl ems have aFP¥6 teiegis smiceliytecwrediwithin surhhgusingsasing solvent bonding

15 techniques. Solvent bonding requires exposing the end of the tubing to be inserted

into the housing to a solvent such as cyclohexanone or methyl ethyl ketone. The
solvent effectively softens or dissolves the PVC so when the tubing is inserted into the
housing, a bond is formed. It is desirable that the outer tubing diameter be
approximately the same dimension or slightly larger than the inner diameter of the

20  housing to form an interference fit, as close tolerances in these dimensions assists in
forming a secure bongd.

Solvent bonding techniques, however, are ineffective on certain polyolefins
including polyethylene. Problems have also been encountered in using adhesive
bonding techniques.

25 One attempt at overcoming this problem was to use a two step process of
applying a primer material to the surface of the tubing to be bonded followed by an
adhesive. The primer was applied to the tubing when the tubing was in a solid state
and when both the primer and tubing were at room temperature. Cyanoacrylate
adhesives have worked with some success using this technique with a primer.

30 However, the two step process adds an additional step to a manufacturing process

which could slow down the production line and increase the labor costs. Further,
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punp conpat i b| 10 In ) cat Ser No. 08/ 642, 278, the
addi ti ves werév %F}&e‘;ameam PF%‘%&‘FB‘”@H&% alrﬁ%fqrﬁlf%ﬁ{w. al. This

pr ocedure Vﬁsccﬁ?aﬁ&ﬁb&nﬁﬁfe&ﬁ&@lﬁﬁdn Fmgm Q}gﬂ@‘ surface of nonol ayer and
multiple | ayere tubln%asthelowm)ecu ar additives mgrated to
é

the outer*Qurf ace BU-3-Ratert fpheptionBrrial e 03/6‘??@27§f‘g?/\ﬁ1§&¥35e‘ﬁ%%’01ﬁ’9‘?ﬁed was t hat
for the monol aye%ﬂﬂ}nm@ba emt&faﬂ'msvrﬁ&eakré%&ﬂme BP&%&:%W thd> mMgrate

to the inner surface of e tubi ng where they were exposed to t he infusion
pat hway wher eoui¢rsyriase gf momoéeaenﬁnéumlqphlwerqdéummmﬂes}ow mmﬁg wigldugh t he
tubing. The p r Di scl osure
of I nvention %;ﬁ?tﬁr@émgg?é{%ﬂ%, H@gﬁﬁgf%uﬁﬁ&rog@?g&ﬁq{og%gegsosn% d| fying the

surface of a encountered was that for the monoiayercd tubings the addmves also could possibly
15  migrate to the inner surface of the tubing where they were exposed to the infusion
pathway where they could leach out into the liquids flowing through the tubing.
The present invention solves these and other problems.

Disclosure of Invention

The present invention provides a process for modifying the surface of a
20  polyolefin medical tubing for increasing the compatibility of the tubing with adhesives
and increasing the surface lubricity of the tubing.

The present invention provides a method for fabricating a medical tubing. The
method includes the steps of: (1) providing a material selected from the group
consisting of ethylene homopolymers and ethylene copolymers, wherein the ethylene

25  copolymers are obtained by copolymerizing ethylene with a comonomer selected from
the group consisting of lower alkyl olefins, lower alkyl esters of a carboxylic acid and
lower alkene esters of a carboxylic acid, the lower alkyl and lower alkene each have
from 3-18 carbons, or blends thereof; (2) providing an extruder with an extrusion die;
(3) extruding the material into a medical tubing; {4) providing a surface modifier

30 solution; (5) preheating the surface modifier solution to a temperature within the range



20 pol yolefin nedical tubing for increasing the conpatibility of the tubing
wi th adhesives and increasing the surface lubricity of the tubing. The
present invention provides a nethod for fabricating a nedical tubing. The
met hod i ncl uskesoiteze st eps of (1) providing a material sel es¢Bisdopsuspt he
group consisting of ethyl ene honopol yners and et hyl ene copol yners, wherein
the ethyl ene 25 copol yners are obtai ned by copol ynerizing ethylene with a
conmononer selected from the group consisting of |ower alkyl olefins, |ower
al kyl esters of a carboxylic acid and |ower al kene esters of a carboxylic
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tenperature W|th| n the range WO 01/17576 PCT/ USOQ 23899 5 of about 30-95
C. and (6) apphypwgp fonad Wa&s@aa%ﬂawwqmbsn%fw&l weioNe imetpe exits the
ext r usi ons i GibhO Tt Beihbdl B fies' e §téi'>s af: m;l prAUing Anftedl s@etEl fron et €N St at e.
The present 1nvention further provides rret hod of using a medical tubing
with a punp growp coasistinigof ethylers hemwpelymers ammlmeépp@yrb@heﬁhewaﬂhefl ui d over
tinme to a 5 f Loviding a
material sel ect (ﬁp éd%;[é}ﬁ%ﬁg{r?tgﬁgdﬁonébigl?l??é&e?ﬂwlgﬁ%r@naecoﬁ%%%g%I yners and
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and | owero al dieme earhthevesrand 3{18 cabdm;qublendsaherebf @hprobxdmgranaktkqderaﬂhl | ower 10

al kene each have fro 18 carb bl ends. t eof ovi di ng an
extruder witffe EWF“?&‘{T}F f@%ﬁ" e ')en@k‘ftf’ﬁ{ﬂ @&?‘é‘?&?\to a medi cal
tub:c ng; (421 snﬁawf rﬂbdli@:raoluﬁ?dﬁf {sagﬁhémdg ﬂlbedirfa‘éé)hidﬂlﬁexf‘soh(rt]@h tdd ehea]El ng the
surface nodifier solytion to a ure.w t ran of . 30-95 C
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The present invention further provides a method of fabricating a multilayered

medical tubing including the steps of: (1) extruding a multilayered tubing having a
first layer and a second layer, the first layer of an ethylene monomer copolymerized
with at least one monomer selected from the group consisting of lower alkyl esters of
20  acarboxylic acid and lower alkene esters of a carboxylic acid, the lower alkyl and the
lower alkene each have from 3-10 carbons, the second layer of homopolymers and
copolymers of alpha olefins, the second layer being disposed concentrically within the
first layer and having a modulus of elasticity greater than a modulus of elasticity of
the first layer, (2) providing a surface modifier solution; (3) preheating the surface
25  modifier solution to a temperature within the range of 50-80°C; and (4) applying the
preheated solution onto the tubing at it exits the extrusion die when the tubing is in 2
molten state or a semi-molten state.
The present invention further provides a method for fabricating medical tubing
including the steps of: (1) extruding with an extruder having an extrusion die a tubing
30 having a first layer selected from the group consisting of ethylene homopolymers and

ethylene copolymers, wherein the copolymers of ethylene are an ethylene monomer



medi cal tubing including the steps of. (1) extruding a nultilayered tubing
having a first layer and a second |l ayer, the first |ayer of an ethyl ene
nononer copol ynmerized wth at | east one nononer selected fromthe group
consi sting of wamsmans7al kyl esters of 20 a carboxylic acid angdrwsesizs® kene
esters of a carboxylic acid, the lower alkyl and the |ower al kene each
have from 3-10 carbons, the second | ayef of honopol yners and copol yners of
al pha ol efins, the second | ayer being disposed concentrically within the
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at it exits tHevesglkyllsyvisgfemd tq\ﬁewrhons andﬂgwwgiﬂfese ¢sterseof appbpgtlicgeidt e or a
sem - nol ten stat : [ ' frar . { thod for
fabricating n%%ilg‘gﬁrmg%ﬁq%glﬁg ?-%1&33%%%&% (}sﬁtprtra%gc{u%ﬁoafsg q’Z&d?’?éggi ng wth an
extruder havi ngution; 8} prebestingthel sueface ihotifiergolut3d thateimpepatird witlgt theagrge sel ect ed
fromthe grou I-Si.hng,of ethyl e onopo rs_and. et hyl ene copol yners,
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car bons, and ham&ﬁo@mk@{)@o@é&@ma afik oPth€ LG XY AdiGe afdriinted BiARelePttYis al kene
having from 3 to 18 carbons, (2) providing a surface nodifier 5 solution;

(3) prehed®i n&s%‘h@@iﬁ“f‘%ﬂ:@mﬁﬁﬁ?Wé@@@ilsfiﬁmg)‘?ft?ﬁ“@n%enperature within the
range of 50-80C; ﬁé)pm%ps%m@?m;eﬂﬁn%ﬁ&%hﬁ& piRided é;?&‘siﬁﬁ‘&x@uﬁ:ﬁx% Subing at it
exits the extrusion die when the tubing is in a nolten state or a

sem - nol t en sioaizing dosp)of mdighipmig imprigee penformagee withmedital ipfusioatnempy def i ne an
initial dianme ; ) ing the tubing in a direction along a

| ongi t udi nal Bknd Pof rsith o define an oriented dianeter that is 10
| ess than the inithigll iskincamdatged crossradctiofal virsad! asminplayeg reflicaltebitgidlithey. The
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; P present mxaan ?n, . . . . :
i oni zi ng dose” 6T radiatron to i nprove perfornmance with nedi cal infusion
punps. Fig. 2 is an enlarged cross-sectional view of a multi-layered tubing of the

invention;

Fig. 2a is an enlarged cross-sectional view of 2 multi-layered tubing of the
invention;
20 Fig. 3 is a schematic representation of a method for forming, surface
modifying, 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;
Fig. 3b is a schematic representation of a method for forming, dry orienting
25  and heat setting medical tubing;
Fig. 4 is a schematic of a method of pumping fluid through polymeric tubing;
Fig. 5 is a cross sectional view of a polymeric tubing during an up-stroke in a
pumping operation;
Fig. 5ais a cross-sectional view of a polymeric tubing during a down-stroke in

30 apumping operation;



Brief Description of Drawings Fig. 1 is an enlarged cross-sectional view of
a nonol ayer nedical tubing of the 15 present invention; Fig. 2 is an

enl arged cross-sectional view of a nmulti-layered tubing of the invention;
Fig. 2a is aW®N1ged cross-sectional view of a nulti-| ayecouswadlisng of
the invention; 20 Fig. 3 is a schematic representation of a nethod for
form ng, surface nodifying, orienting7nd heat setting nedical tubing;

Fig. 3ais a plan view of a serpentine pattern that tubing nay foll ow

t hrough a heati ng o .cool i ng bat h,of fthe racess shown ir],Fi gure 3; Fig.
3b is a schematic 'S'e%r%%'é"ﬁfs' Frsmalofevsof pnofyaene BIbing prgy 1ogmutiple "o i enting 25
and heat set thhistediRHs 524 pimghi Ng; Fig. 4 is a schematic of a nmethod of

punpi ng fluid through polyneric tubing; Fig. 5 is a cross sectional view
of a polyneric tUBEmg itRFPHpeetionglyiew ofgipelymerigtubipg afieripuiipler ati on; Fig. 5a
IS a cross-s I 1 .a polymeric tubing during a dowmn-stroke in 30
a punpi ng opg‘?;é‘%’?%ﬁ%’swv\%ﬁ%vﬁ%%?a PCT/ USOQ) 23899 7 Fig. 5b is a

cross-sechi onal \VFig\6 io# grephiocdl yepeeserdation lof thg relationshin ketweentppip@ccumasypr essi ons
by a punp; Fig BG: kis Mz{ﬁ&%&e&gggnal view of a polyneric tubing after
mul tiple conpressi R a punp;- 5 Fig. 6 is a graphical representation
of the rel ati onshiig 7bdt agrephiqalirepresantativracfithe elatonshipdletweed) pgapagunagdi at i on
dosage; Fig. i raphi cal. representation of the relationship between
pump accur ac?z“dacéer‘fgmgﬁ’%ﬂ'g%ﬁtmﬂedgﬁqgg’adi ati on dosage; Fig. 7b is a graphical
represent ati on ofFig.ITe iy £raphicahfepregenttibnbfihe jelatipnship between pump

10  accuracy and gamma radiation dosage;
Fig. 8a is a graphical representation of the correlation between modulus of
elasticity and yield strength with varying electron beam radiation dosages;
Fig. 8b is a graphical representation of the correlation between modulus of
elasticity and yield strength with varying gamma radiation dosages; and
15 Fig. 9 is a schematic representation of surface modifying a tubing exiting an

extruder die.



2.0 accuracy and gamma radi ati on dosage; Fig. 8a is a graphical
representation of the correl ation between nodulus of elasticity and yield
strength with varying el ectron beamradi ati on dosages; Fig. 8b is a

graphi cal repr 8H{iZon of the correl ation between nodul us Refrused/zsei city
and yield strength with varying ganma radi ati on dosages; and 15 Fig. 9 is a
schematic representation of surface nodif&ing a tubing exiting an extruder
die. WO 01/17576 PCT/US00123899 8 Detailed D sclosure Wile the invention

I s susceptible ﬁém#@%%ﬁgp& in many different forns, there is shown in
the draw ngs an be described in detail preferred enbodinents
of the invention w tWhilehie iuveddorst andptige biwibotirentin amantifdfescbasire is to 5
be consi dered an exenplifjcation,of the prjnciples of the invention and
is not int endggerfgsﬁ?wnﬁ ﬂiﬁrﬁéﬁ"ﬂ?%éad willfisren @fdef‘ﬁ’égi HeRt P ¢ he

enbodi ment s i | lebbttitdetd of thd invivitidh Gath the WideRehnting Wafthd pRBQWEisdoRNPIAY er
tubing structure 10 having a sidewall 12. Preferably the tubing sidewall

i's fabricat&d fAaeEMeHcrg Ry fespEpliisaemiofhe princplesal My iavration @ddoysl yneri zed
Wi th COMDNONEY SnbRie@ & 1Rkt i BThd DBectl QiGN B'hdWnidlink AGfucBldy | Ol €TINS,

and | ower al kyl and | ower alkene substituted carboxylic aci'ds and ester and
anhydri de derivati vkMedigal ®wling Pr ef er abl y, the carboxylic acids have from

310 carbons. - Suchegat RoRMLL £nitifs: LIRESEOLE: |ORLIIS AEelh ¢ act d, acrylic

acid and butyric aci e term ™ Tower ene 'ower alKyl" is nmeant
to i nclude a c&rdieeblythaitubingSidawsll is ebficatah Boni Spalyndriznsateriai ef qaredfykpabl y 3- 10

and nost prefer - rbons. In ,on referred formof, the invention,,
t he tubi ngﬁlss 3@%& en@alaér?f VI seggtgfggrg%le(’giswwppéﬁzmﬁgéﬁow&r A nyl

acet at e cont entlefifis, hreﬁswérhﬂdgl Ald ddter aﬁ%e@&bg}ﬂﬁtelﬁf&hrboﬁﬁfé acidmﬂfeaérf&hy I e; S

t han about 33% I ght and. nost efer ess than or equal to about
28% by wei ght . m%'d?m% ‘%T"éaéwff‘r‘g 'r%'ggefagﬁt‘%f’ bWic pradsdxe K -fol ecul ar

V\/Bll 8ht_ 20 and garbek.t Siich@ivbbAyle icidIhdi@ars iHehide R ARV ablylid 28 #ld thssie than 5.0
g m nut es,

acid. The term "lower alkene” and "lower alkyl" is meant to include a carbon chain

15  having from 3-18 carbons more preferably 3-10 and most preferably 3-8 carbons. In
one preferred form of the invention,, the tubing is an ethylene and viny! acetate
copolymer having a vinyl acetate content of less than about 36% by weight, more
preferably less than about 33% by weight and most preferably less than or equal to
about 28% by weight. It is also preferred that the EVA have a high molecular weight

20  and a melt flow index as measured by ASTM D-1238 of less than 5.0 g/10 minutes,
more preferably less than about 1.0 g/10 minutes and most preferably less than 0.8
/10 minutes or any range or combination of ranges therein. '

In another preferred form of the invention, the tubing of the present invention

is an ethylene copolymerized with alpha-olefins. The alpha-olefins may contain from

25 2 to about 20 carbon atoms or any range or combination of ranges therein. Alpha-
olefins containing from 2 to about 10 carbon atoms are more preferred. Thus, the
olefin polymers may be derived from olefins such as ethylene, propylene, i-butene, 1-
pentene, 4-methyl-1-pentene, 1-octene, 1-decene, 4-ethyl-1-hexene, etc., or mixtures
of two or more of these olefins. Examples of particularly useful olefin polymers

30  include ethylene-butene copolymers and ethylene and propylene copolymers, ethylene

and hexene-1 copolymers and ethylene and octene-1 copolymers which will be



nore preferably less than about 1.0 g/10 mnutes and nost preferably |ess
than 0.8 g/ 10 mnutes or any range or conbination of ranges therein. In
anot her preferred formof the invention, the tubing of the present

i nventi on WORAT®6hyl ene copol yneri zed wi t h al pha- ol ef i ngcT/lisen23899

al pha-olefins may contain from 25 2 to about 20 carbon atons or any range
or conbi nation of ranges therein. Al pha olefins containing from2 to -about
10 carbon atons are nore preferred. Thus, the olefin polynmers may be

derived fromol efins such as ethylene, pr o%g ene, |-butene, | - pentene,
4- et hyl - | refpesed togeultrp-lovodansityepolyethylenes(VLDRER tSyph ULDPEsdwea®, etc., or

m xtures of i 3 ia%Pfl i .arly useful
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propyl ene captdllppane satalgstisystaprse Suchnuitahsisaresaild tebpbinglesite” aratyset hyl ene and
octene- | copol rs, which wi|l. he 01/ 17576 PCT/ USO0Q/ 2389 9 referred
to as ult raggwyecr}g?@?aﬁa ﬂﬂglﬁé{eﬂfﬁ?lgﬁgvgdf%ﬁ?ﬂﬁé&quﬁ%‘ﬁ’l{ﬁﬂ%&ﬁtpé’s /& a density
of pr ef esabbypredilthd Zieglér-Nutta Hije QatiSls Fhich Bre ko Gibed mbikipleab@lyps oduced
using netal] ocene catal yst ';g'stems. Such cat aléﬁyg are said to be "single

site" catal yiass Sugfumetpliaceneicatalyped sthylene prplafins are s Doppnderdhe| ect roni cal |y
equi val ent  gadepbie WFPINITY a8 bPBupbnDBR%8Ekr HR talkenafle TN GA GRaPHiRipt Y Pe

catal ysts which are known to ‘have nultlg{le catal ysts sites. Such

net al | ocene ChgmigphGampaay wWiderthenaneIARLEL, snddy Sxken widersgotradeaane t he
tradename AERMTTY and by Dupont-Dow under the trade name ENGAGE, Phillips
Chem cal Conpany under the name MARLEX, and by Exxon under the tradenane
EXACT. 10 |t nayltbaydedésiraii o adda mdiatian seasitive ddditivetorihe wpipg matatiat i ve to the

t ubi ng mat e [ ' radi.at.i Ich as gama
rays, elect ?{3?145 5ees§§}ng¥vﬁ Ilt(f?xgg&geﬁgﬂga%loﬁ gﬁ? ?épg%g}l;frla%sgfllcg tn%tg?ﬂ’g%lﬁ%r I oni zi ng
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Gener at  ng BUMES MG b Sl Fucs SR o R STl £ o B 01 s
i ncl ude 15 eadicyl geheratirpcotipouwtide N@therefred-ridiail sensivyedfuyctional gangs irehuyde| nyer s,
ot B2 g o LB RS ol e Ul 07
urethane, hydroxyl, epoxy, ester, pyrolidone, acetate, carbon monoxide, ketone,
imidazoline, photo and UV initiators, fluoro-compounds, etc. These functional groups
may be in polymeric and non-polymeric compounds. More particularly suitable
additives include ethylene vinyl acetate, ethylene methyl acrylate (EMA), ethylene
20 acrylic acid (EAA), fatty amides, low viscosity functionalized and non-functionalized
styrene-butadiene copolymers and their hydrogenated derivatives, functionalized and
non-functionalized polybutadiene, polyisoprene, ethylene propylene diene monomer
terpolymer, polybutene, urethane acrylate, epoxy acrylate, photoinitiators, etc. Even
more particularly the additives include low viscosity functionalized ultra-low density
25  polyethylene, functionalized with epoxys, carboxylic acids and their ester and
anhydride derivatives, A-C polymers by Allied Signal, SR/CN and Esacure products
from Sartomer, functionalized fatty products from Akzo Nobel and Henkel,
photoinitiators from Ciba-Geigy, fluoro compounds from 3 M, EVA from DuPont,
EAA from Dow Chemical and EMA from Chevron and 1,2-syndiotactic
30 polybutadiene from Japan Synthetic Rubber Co. The ethylene-propylene terpolymers

have a third component of a chain nonconjugated diolefin e.g. 1,4-pentadiene, 1,4-



i m dazoline, photo and UV initiators, fluoro-conmpounds, etc. These
functional groups may be in polyneric and non-pol yneric conpounds. More
particularly suitable additives include ethylene vinyl acetate, ethylene

met hyl acryl at svwd(dtsys et hyl ene 20 acrylic acid (EAA), fatt \pqfistfsgs! OW
viscosity functionalized and non-functionalized styrene-butadiene

copol yners and their hydrogenated derivatives, functionalized and
non-functional i zed pol ybut adi ene, pol yi soprene, ethyl ene propyl ene di ene
nononer terpolynmer, polybutene, urethane acrylate, epoxy acrylate,

phot oi ni ti at orkexadiéne, 1, EHexadiefByra cpak pbigede2igl dcytiogentditné,i ves incl ude | ow
viscosity functi gxn;al ized ultra-]ow density 25 polyethylene, functionalized
wi th epoxys, tBysappereormene gdhylidencaerborpene sy elpociadi#n@nhydri de deri vati ves,

A- C pol yners %@Q artomer,
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from Ci ba- Gei (8uitabik BRDRI cosiidinder the @dembmlvh NEXZBEU(andauemcal EAA from Dow
Chem cal and fr and - i 0 actl C 3 but adi ene from
Japan Synt het F@M’ﬁﬁﬁg%%%g\f‘ "}rmg{; f"éf’p %‘ﬁ@ﬁé have a third
conponent of gﬁh&a{m %Em&%m%@uﬁéheﬁu@lgemﬂmﬁ pent adi ene, 1,4 WO
01/ 17576 PCT/ USOOQx 23899 10 hexadi ene, 1,5-hexadi ene or a cyclic poI yene

e. g di cycl opent adi gh@adlamsﬁwfé’ﬁé%?‘{?w%w&e adder ya heBhegsraseiRbine,
cycl ooct adi en%ﬁect%%ﬂ)ﬁrﬁ%&f@:}am%ﬁ) 1b|3:g%D%ht thﬁ'esxﬁoﬁo‘l’ un%ﬁte@ﬂ et Ives

shall be referred to as Suil t abl e s are sol er t
t radenames NOFOELO.( DRG0t mah prefarably SBon00.Apa® (% andnsT arefrelERASAYY%. KELTAN

(Dutch st eMnes t = Mt sui
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t ubi ng mat eri ahd & rore férd St In/epraﬁamd'ibsn Meeiuerbbéryzmd tha canbayert 15Skaye wei ght  of

t he nonol ayer or ter. | ayer 0% ef.er from

0. 01- 10. 0% and® ?ﬁ%‘%{ ds?fél?ee%’gﬁf’?{c ggﬁéhyesaféetﬁi’@ﬁ ‘}2)% g’ﬁ&%é nul til ayered
t ubi ng havi ng reutsrials. M@neriﬂd cdrmnayaairs 1mﬁen5 ddinothit tabeofthe dait¢aiatelial I n a
preferred form the utg [h% L{Pe cor.e Ia er, 15, arle dtc nstructed
of the sane ndét &5%PHEnd" e&‘d%ifﬁ H’é‘“ %Yeg °‘f58‘r“?‘ﬁ‘°é?8 ey s selpge ng

15 homopolymers and copolymers of alpha olefins. More preferably the inner layer 14

polyolefin is an ethylene copolymer with alpha olefins having from 3-18 carbons and
more preferably from 4 to 8 carbons and most preferably is a ULDPE. Preferably, the
inner layer has a minimum amount of components that are capable of migrating into a
solution passing through the tubing 10. Also, the outer layer 12 should have a
20  modulus of elasticity of less than the inner layer 14. In a preferred form, the core layer
15 will be the thickest layer and constitute from 55-99%, more preferably from 75-
99% and most preferably from 90-98% of the total wall thickness or any range or
combination of ranges therein.
In a two-layered tubing structure shown in Figure 2, preferably the outer layer
25 12 should be thicker than the inner layer 14. Preferably the inner layer will have a
thickness in the range of 1-40%, more preferably from 1-25% and most preferably

from 2-10% of the total wall thickness or any range or combination of ranges therein.



materials. The outer and core layers 12 and 15 do not have to be of the
sane material as one another. Preferably the inner |ayer 14 or solution
contact layer is selected from 15 honopol ynmers and copol yners of al pha

ol efins. Morwopresmrably the inner |layer 14 polyol efin i spcuspbhaghene
copolynmer with al pha olefins having from 3-18 carbons and nore preferably
from4 to 8 carbons and nost preferably is a ULDPE. Preferably, the inner
| ayer has a m ni num anount of conponents that are capable of mgrating into
a solution passing.throu the tubing 10. Al so, the outer |ayer 12 should
have a 20 nodul ull &‘““@P‘&S abricgting Medica) Tubitg ¢ he i nner |ayer 14. In a

preferred form {hewsmberihdybent 1115ed{‘f8{\ éx ?e?ab‘if'ﬁ fériHed (SRS e Jhﬁ)ﬁ‘éﬁ affd
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ranges ther t r gure 2,
preferably t%hgmglju@g?et%m%ll?&%ggﬂ%t%}gﬁ% too‘d? E%l%p'%ﬁghaﬁ@ﬁg I nner Iayer
14. Pr ef ér akliameten dmnemﬂen within ¢ire ranige lof B.42-6.58 mchéu Mare particularhhmediaglge of
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or any range or na
increase the compatibility of the tubmg with polar adhesives and to increase the

surface lubricity of the tubing. By increasing the compatibility with adhesives the
tubing can be more readily bonded to rigid medical housings fabricated from polar
polymers such as polycarbonates, acrylics, polyesters and the like. The surface
20 modification also increases the surface lubricity of the tubing so that a slide clamp can
be used to regulate the flow of fluid through the tubing without severing the tubing.
Further, the surface modification enhances performance of the tubing when used with
medical infusion pumps.
Figure 9 shows the tubing 10 exiting an extruder 30 having extrusion die 100
25 and entering a station 102 where a preheated surface modifier solution is applied to
the outer surface of the tubing. The surface modifier may be applied by any method
that allows for relatively uniform application over the surface of the tubing. It is
contemplated that the surface modifier may be applied by drawing the tubing through

a bath of the solution. To accommodate varying extrusion line speeds the length of



therein. 111. Method of Surface Moddifying the Tubing 15 In a preferred form
of the invention the surface of the tubing 10 is nodified to increase the
conpatibility of the tubing with polar adhesives and to increase the
surface | ubri cWWUE17¢ he tubi ng. By increasing the conpati bPCTagonmssoh
adhesives the tubing can be nore readily bonded to rigid nmedical housings
fabricated frompolar polyners such asl$ol ycarbonates, acrylics,

pol yesters and the like. The surface 20 nodification al so increases the

f | ub f the tubi t hat i d
equlate the AAORS PR POSRPoLRE= R 5 NHEHBORSE 208D e ¢ ubi ng.

regul ate the f

Further, the sdgitvaaRe dkld suffet hRAifeMdaNTRSsuERIIIITRAER aGb bt Bgpliedby Ng When
used with medi cal infusion punps. Figure 9 shows the tubing 10 exiting an

ext ruder 30 héi?’iaﬁ’ﬁg dhepsuriase Bdigpramderprespe, M‘%@‘%Wﬁéﬂd’“@%@% 102 where a
preheated sur a&gopﬂg&fdr%oﬁg&gﬁ 1 1&o ﬁg.(_to the outer surface of the
tubing. The surface nodifier e appli y any nethod that allows for
rel ativel y5unifor nﬁammn@ammmmmsmfh@mff/albsigo&epﬂqientia‘bénﬁgn It is
contenpl at ed t hat g f a g the tubing
through a ba Rt dfegfogg%g%?ﬂ&% 0 ‘gdé%%%n%ggp%mgg ﬁ%‘g%ex @E}fg?on i ne
speeds the Ielgtxﬂszfthmbmgkﬁx%%xﬁﬁrdnmdm%heﬁﬁngtmsbhdxﬁedmymbe changed
or the concent atio of, ..t urf.ace nmodjfier h| eve the
Gest red" sur  ackehin Ml 18 e €6 e Tpollen of ot Pl i, ik 6851 e by
spraying the @m&m&nawﬂtofm@mwmd@kmﬁfswee forappyiyg mgmtté}ﬂpmd*efl er with- a
sponge, roIIer 0 ot her neans wel | known he 5 Unlike
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provides for ﬂfe%h@ﬁ&dnnﬂ:ebb&wklé&ﬁ&%ﬁf&%fe&%rat e Bf Bé1H aBPBOL Ng 1T toO
the. tubing soon after the tubing exits the rusion die and before the

t ubi ng has soP? @ fogpreferably fromdi0 Cm:agstpmqubb'ffq%ahoijﬁon@ s in the
i ten o Ser - DI §gGuEbaht. mBlRY indhde SRR TREOERABERON 10 he

present inventors provided for spraying roomterrperature 10 surface
modi fi ers ont ecrpreyAdst §m§9é#ea10mpelmzm adgitives can boselegted framdhe grouneipeef er r ed
form of

15  polymeric aliphatic or aromatic hydrocarbons having greater than 5 carbon atoms but
less than 500, more preferably less than 2b0 carbons and most preferably less than 100
carbons in the backbone. Further, the non-polymeric additives should have electron
negative groups selected from the group of amines; amides; hydroxyls; acids; acetate,
ammonium salts; organometallic compounds such as metal alcoholates, metal

20  carboxylates. and metal complexes of numerous 1,3 dicarbony! compounds; phenyl
phosphines; pyridines; pyrrolidones; imidazoline, and oxazolines.

More preferably, the non-polymeric additives are selected from the group
consisting of polyoxyethylene(5)oleylamine (Ethomeen 0/15, Akzo Nobel Chemical
Company), bis(2-hydroxyethyl)soyaamine (Ethomeen 8/12), bis(2-

25  hydroxyethyloleylamine (Ethomeen 0/12), and polyoxyethylene(5)octadecylamine
(Ethomeen 18/15).

Suitable polymeric surface modifiers include polyurethane, and copolymers of
ethylene copolymerized with comonomers selected from the group consisting of lower

alky!l substituted carboxylic acids, lower alkene substituted carboxylic acids, ester,



the invention, the surface nodifier is preheated to a tenperature of from
about 30- 95C, nore preferably from 40-85C and nost preferably from about
50-80C. Suitable surface nodifiers include both non-polyneric and pol yneric
conpounds. SaobaAs® non- pol yneric additives can be sel ect edtfusosndssye gr oup
of non- 3.5 polyneric aliphatic or aromati c hydrocarbons having greater
than 5 carbon atons but |ess than 500p3nore preferably |l ess than 200
carbons and nost preferably less than 100 carbons in the backbone.

Further, the non-polyneric additives should have el ectron negative groups
sel ect ed fr @nhydnide niffed derivatives thendod cRrefetablyy g yarboxylic acids hagc et at e,

ammoni um sald s: | t ). Ql.ates, netal
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consi sti ng S?Ilbérb?}? Wﬁ?ggﬁé{geﬁwgwgﬁpﬁgeﬁ%ﬁa%gmﬁ} E@,ferﬁﬁi%%mbel
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hydr oxyet hyl ) ol eylogm' ne (Et h%en 0/12), and )

pol yoxyet hy s #EuR)oh pely e sipiene Yipylassate ropplymess)and ethyleasyigylnol yreri ¢
surface nDdifchiR)l Sopolimlepsde pol yuret hane, and copol yners of ethylene

copol ynerized with conononers, sel ected fromthe group consisting of |ower
al kyl ~subst i t ut ebheceddibussean e igedrppsated inigesolutipisef aatey; lkstonesyaléshydess boxyl i ¢

aci ds, estegyprifd Qédh&?Weﬁn,%@%iabé%@a%xﬁéﬁ?cﬁ%enﬂs%rlépmchg&ﬁmomeni fied

derivatives thereof. Prefera ] e carboxyl1c aci ave from 3-10
car bons10 Sueid rekxtues)of the same | Sitabléalinbatir aicohels inghide, dutare gotdimiitéd taacryl i ¢ aci d

and butyric [ " . ) ) s s meant to
I ncl ude a E@bgwraﬁgit%ﬁﬁg&?%gwﬁ%%u ?'E?epagr ‘c’)en%somrf@% gglpé% %?llé%ﬁ y 3-10 and
nost pr ef er aftiopale@pénenta siwhas emiblsifiersphickenens ablinérsraoiopdntd, igtiblackent i on t he

pol ymeric additive.i lected, from t r . of polyurethanes, ethylene
vinyl acet a'flgemg 8P fw?ﬁ’% %Bts'e{%wr‘%’éec{;ﬁﬁg PPtHg}ncYWgP’ %%ﬁc@l“&?’ﬁer s. The
addi tives csrutive hasfeon geuat86lto abbw 50% tytweight ol famyasreide inceiporaed, al dehydes,

15 into a 50:50 solution of water and isopropy! alcohol.

It is critical to apply the correct amount of additive to achieve both increased
lubricity and increased bond strength with polar housings. To increase bond strength,
the portion of the additive that is interacting with the adhesive must be anchored to the
tubing outer layer. If too much additive is applied to the outer surface of the tubing,

20 the portion of the additive that is interacting with the adhesive will not be anchored to
the tubing and can slide along a portion of the additive that is anchored to the tubing.
In such an instance, the bond strength of the tubing to the housing will not be

increased.

25 IV. Method of Heat Setting and Orienting the Tubing
Optionally, it may also desirable for the tubing 10 to be oriented along its
longitudinal axis and set in this dimension using heat. This orientation step increases
the yield strength of the tubing in the longitudinal di_rection thereby reducing the

tendency for the tubing to neck during use. In effect, pre-orienting of the tubing



al i phatic al cohols, freon, freon replacenent solvents other common organic

solvents 10 and m xtures of the sane. Suitable aliphatic al cohols include,
but are not linted to, ethyl, isopropyl, tertiary butyl, and isobutyl. The
addi tive sol ut "WA9%KEal so include optional components suchp@Susezssss

enul sifiers, thickeners, thiners, colorants, antiblock agents and UV

bl ock agents. In a preferred formof thet4nvention, the additive solution

has from about 15%to about 50% by wei ght of a fatty am de incorporated 15
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sl i de al ong5a [futhti includsfallichmbiagtibng andesubdombinh&mauh’angeethetem. tThe rdtiolefng. I n

such an instan bond str nth he.tubin L he housing will not
be increased. S’%g’e 1\1;11:1%\}@%0%{:%% TP Piré | ﬁ’ﬁsrsﬁl?ee Tubi ng
Optional ly, it orempatiah sbodEhd d’rﬁbth@onf;ﬁdiceﬁshﬁy%bhﬁt}arkﬁtaﬁ@& f6cetd dretired al ong
its longitudi naI am(i_g@)é@ set in this dinmension using heat. This
orientation st e ‘the yield strength of the tubing in the

l'ongi t udi nal di r ectRigife $ BRe RYcheRBkGepteschiifon J0QPHE Revhofi OF oriddBnd #PI Ny to
neck during use, In effect, pre-orienting of the tubing WO 01/17576

PCT/ CJ SO0 D3g0wbing 40 inacye gEekation gropess Theanathodioh weiatienéng inadedes thg steps
Preferably, t h g i nner and
out er di anet e?‘g pg?)&%dri\% ttqigml n@ldg&ficé&gl%é\ﬁtﬁg& ?%?%gnﬁlmgr%%%n%l%%t g?‘ {t han t he
di amet er of t H&e tuhipeA§ hasr @sw} rnngt dndppiendjametet, asopesifiedabivsrim Beogion Hom

20% 120% and | ud
20% 1200 a0 glosligl Al 1 COMANH MU Il B ATASS R T |l e
begi nni ng di arfeting aloeg thipnglhudimet axis ta_fmeasedwrwﬂtanngtosﬂaahmg penreferred to as
t he or I erh?ﬁ ti dsggse&l%;l{ Bnglmgﬁai%ésgﬂgsa t’ll‘hg %b?n%qg?sstﬁenr?e& S%FYO reciNe et Sh%l;d( cptat I on

process or

of the tubing and to fix the tubing in the oriented dimension.

The tubing 10 (which may be a single layered or multilayered) is pulled in a
direction indicated by arrows 34 along a continuous path that may be referred to as 2
line. The term "up-line" shall refer to locations along the line in a direction opposite

20  the direction to the flow of the tubing 32. Conversely, the term "down-line" shall refer
to locations in the dirgction of the flow of the tubing. By using the term “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.

25 As shown in Figure 3, tubing 10 is formed with an extruder 36. The tubing 32
exiting the extruder 36 preferably has an outer diameter dimension that will be from
10%-300% greater than after orienting and more preferably from 20%-120%, and
most preferably from 30%-100% greater. The tubing 10 is pulled from the extruder
36 with a first puller 37, a second puller 38, a third puller 39, and a fourth puller 40.



one as set forth below Figure 3 shows a schematic representation 30 of the
met hod of orienting the 1 0 tubing 10 in a wet orientation process. The

nmet hod of wet orienting includes the steps of providing a tubing 10, and
orienting th&waaurytg 10 al ong its | ongitudinal axis so tharcTu$mwassedi ng 10
has a desired inner and outer dianeter, as specified above in Section 11,
and orientation ratio. It is believed ftlRat the orienting step aligns the
nol ecul es of the tubing along the |ongitudinal axis to increase the

resi stance tq_neckin on. ;.5 subsequent_ | ongitudjnal, stressings. The
t ubi ng 10 is%ﬁéﬁ"ﬁ?g?y‘g%f“b’c“ga'féﬂg@&"@ﬁ‘rzﬂmk’ﬁab‘he‘%‘gmgh%mtaéﬁli‘ Bnd to fix
the tubing i '},hilh&@Feﬁ%@gﬂﬂiiﬁﬁﬂﬂiaﬁﬁter.Tﬁﬁedﬁdﬂ@}sBQ, 38034 mimnagqmv@@ a single

| ayered or nultilayered) is pulled in a direction indicated by arrows 34
al ong a cont isigereor sehber qopting teingrense thegoefficient of friction withithefubinghe t er m
"up-line" sh & [ @,gm | e s Al L®N opposite
20 the di rec??’(%ﬁ ctglf(l)&t dgﬂﬂ@\?\l/@%fsgtgﬁdeﬁ?ﬁ i ngé]%%'uag%n&\fg?‘?é’f%??&?tﬁ%@t erm
"down- | i n§" sireinifercatiadly extendibggravestosiciommddateaiarethan one sef oftkhingf 320w of t he

t ubi ng. By u%hgg%llf%goh%mli;_sijgga%?%atamyl d not be thought that the nethod
u |

must be carrie I'n a stra I'ne, tather it should-be taken to nean
that the nethod i Afteraxiting the@ntruden3§) theahigy B2c which isdn 8 emiten srsemit eps. 25 As

shown in Figure 3, tubin 0 i,s formed wi th an extruder  36. The tubing 32
exiting the E@F%@?fe’%“ r‘%‘f’%ﬁ’%‘%@tcﬁg&“g&ﬁ&’é&t"&’m ) %ﬁtfﬁ’@l i on that
wi |l be fromwithQifeosd(gaidr Prefetubly! tha firshédoting Bdth $NisiaverteaBathiaod € pref erably

from20% 120% and npst ﬂgr ef erﬁb{j%“f rom 30% 1000{%(%{,eat er. The tubing 10 is

pul | ed fr8m foRPeEsYs IBER O ¥1G dihe prbingshouldbe converted foya slid) er 38, a
third pull er pgfle irARélcalih@bath #1.pul | er 40. WO 01/17576 PCT/ US00/ 23899 15 The
di aneter of the tubing at the first puller 37, when the tubing is in a

solid state, shaffteris&itingthefirst goolipg bath f hie tybing 1Qiexigndghetvegen detisstpul | ers 37,
38, 39 and A0 R¥oldUberd37 éid'3?ﬁ@x@n% t%e_rtuﬁiﬂgg(ﬂs o%ﬁrﬁéd E}%éﬁnz%tihé‘@é Siaha t he

coefficient of friction with e tubing e Séc and third pullers

38 and 39 mapulitaddata estatr mte efypesd tharithe fingt yerdd o achisvetheidesitgdt erent i al | y
ext endi ngs 9r GQMBRioh Mutid Oif RTRRARY Biaf Bleftidg A BRE whfil inQhe {0HAsAR iSrore

effective in achieving an oriented tubing than by stretching the tubing immediately
after exiting the extruder 36 or as it is passes through the first cooling bath 41 while
the tubing is in a molten or semi-molten phase. This section of the line will be referred
to as the orienting section 42. Preferably the second puller 38 is operated at a rate
20  within the range of about 4-10 times faster 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 10 and achieve the desired orientation ratio.
In the orienting section 42 the tubing 10 is passed through a second cooling
bath 43 where the tubing 10 is cooled with air or a liquid. Preferably, the second
25  cooling bath 43, as the first cooling bath 41, is an aqueous bath at a temperature
within the range of 4°C-45°C.
To overcome the memory effect of the oriented tubing 10, it is necessary to
heat the tubing to a temperature above that which it will normally be exposed during

shipping, storage and use, but below the temperature at which the tubing is fully



on a surface of the pullers 38 and 39 at a tine. After exiting the extruder
36, the tubing 32, which is in a nolten or sem - nolten phase, passes
through a first cooling bath 41 where the tubing 32 is cooled wth air or
a liquid. Pref®Bdbiip76 the first cooling bath 41 is a water battismims 10
tenperature within the range of 4 C45 C. The tubing should be converted to
a solid phase in the cooling bath 41. ¥ter exiting the first cooling bath
41 the tubing 10 extends betmeen the first and second pullers 37 and 38

where the tubi n is orie g operat i nq}gt he second puller 38 at a
greater rate JFf"€ %e%%le’ipﬁ%i?g Royng fodlemprratiicgs 20gye the applipAtie) EPPRE™esi red 15

orientation ragsk Grdeleli Idwer ﬂeskmg&%ﬁ Déneld 18R g M nbNReiinsinRGIsMAlibie 1 n the

solid state is nmore effective 1 n achieving an oriented tubi ng t han by
stretchi ng t hevill ipthasnallysabie ates by application tenderatagrangre Pastpf thelbighlse or as it

|'s passes thr %HQJR & Berd-hb hnagguk?%ink B &E}Elgxeﬁjr Wd? mBﬂE \Jﬂ#lgﬁl%gcéds ina

mol ten or semi-molten 'S section of I'ne“w referred to
as the oriént it}wgnaiembihan 42. Preferably the second pul | er 3 8 is operated

at a rate 20 withi N f about hant e first
pul l er 37. By cont?o I ng atﬂ% XI?;% £ fcoﬁg%%agg% {hﬁgl g’ %%cond

pul l ers 37 anthe38ont pulizadl adrkends béth/eezfmﬂ&bonmﬂér3samﬂﬂxauixﬁrpun¢raaeters of
t he tubing 10_and. ac heve the desire rientation.r t|o he orienting
section 42 thg% E‘B’inﬁg prycseds 53 §%‘iﬁ‘°’f‘ﬁ?"g ‘;%géﬁﬁﬂﬁf é&Bﬁ‘?hFﬁj’g;‘Bath 43 where

the tubing 10 héding B4h 84wiéré the Bibing @ heat de: PedfekabiP RS RaEAtNA4 i§ pRitkaednd 25
cooling bath 43, as the first cooling bath 41, is an aqueous bath at a

t enper at ut-@ alavp e seaqad ?%H% afy 4340 E?‘V&@U@f PGS BIPWPFYEH s POSBIORBESY v ef fect of
the oriented E;Sfl@nﬁg Tﬂxﬁ pox'tx%n bﬁh@ﬁﬁ(’:’eﬁ'{%e tréferréi!@@ﬁs thieal &Qi'n% BectiOn &

t enper ature above t which it - wll normally be exposed during shipping,
storage and usep 45@&6@@@%#1@}@ ss@ng)esﬂa‘ti}p éormonvlmeﬁﬁrﬁmnﬁmﬁgcﬁos fully
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t enper atures above the application tenp ture %ﬁgwer mel ting
crystals are ﬁ@lthee@blmwvumgseldltlghah amtmmgthéﬂysémalﬂsmmng:w is hiatdd be

ther mal 1y, 5t aBlg, QY sih 8RBkGA T} Al CHRYAl Y En @Bt b O Lhe i GI Y

aqueous solution of water at a temperature of between about 50-99°C. Additives such

as salt may be added to the aqueous solution.
In order to control the dimension of the tubing, it is desirable that the tubing 10
not be oriented during the heat setting step 45. For this reason the tubing 10 should be

20  kept under minimum tension to keep the tubing taught or the tubing should be allowed
to sag an amount, between the second and third pullers 38 and 39, to prevent or
control the shrinkage. Thus, the second and third pullers 38 and 39 should be
operated at similar speeds or puller 39 could be operated at a slightly slower speed
than puller 38 to accommodate some shrinkage.

25 To further prevent orienting of the tubing 10 in the heat setting section 45, it
may also be desirable to support the tubing 10 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 10 through the heating setting section 45. Another



oriented macro-nol ecule chains will be relaxed to provide a tubing with
enhanced 5 thermal stability. To this end, after exiting the second cooling
bath 43, the tubing 10 grains about the second puller 38 and extends

bet ween t he WOdYKH7@ul | er 38 and the third puller 39. Theranmsonzpsds
proceeds in a direction back toward the extruder 36 and through a heating
bath 44 where the tubing is heat set. lIF1'>referany, the heat bath 44 is
positioned 10 above the second cooling bath 43 to save fl oor space.

However, thi ot D87 § ' : ' ISgn rocess will be
referred tosggﬁﬁﬁiétskeat g@ts?ipélag%sagc |éﬁ°r;c§p‘tﬁ%‘?xgp4ﬁ§ﬁd%{% eerq'r}t y, the heat
setting st ephatbf the tulimg evhemein| thewebiag i @ is shppertat byethd integiosexfatoof thel2, but coul d
be done off-| iz{'ei in a batch node process. During the heat setting step 45,
the tubing 8" passed through a heating bath 44 where the tubing 10 is
heated 15 with aAfedixitiy tHedbatiAg bih @t Abe @bihg 00 exténdsibélweeh e h@rdt i Ng bat h 44

preferably is a aguegus, sqolution of water at a tenperature of between
Dbout | 20500 PRCT A gt T aria et *6oPulet 40 hauje BEonstHRo F Sl Peedous

sol ution. | Burdebr {1ightGOyIwe? thah NS thrERASIAKE: Bfientdli®n! T Rifingiibid S desirable
that the tubing 10 not be oriented during the heat setti'ng step 45. For

thi s reasonPassed agamithrgughghesssennd gogling bath 43 e Bf cqurrg s pessiblatepravidsi on to keep
the tubi e .
e tubing ?‘ﬁ“gg'?,%&%ﬁ’ﬁﬁt ﬁaﬂpbﬁiq?l? Q,ngg%gg%ﬁgggg%@?gpmgo sag an anoun

bet ween the sec ird pullers _ t'o prevent or control the
shri nkage. Thus, It magalsebaodesirablecto pravidd forohd tabing BBtoawake $&vemdhoul d be oper at ed

at simlar I sl ower speed
than put fer PHEEHEe Heallbebih o oSH) Rl (RETE Giin 21 sLobl B Flghed

ori enting oBa tolpeovidelforrgaxirhurh wodling ohkeatingefithd tnging act minimal amoust of may al so be
desirable tgQ suppert t.he tubi. 0 while bei |led thro t he heating
bath 44 wt aa?‘gﬁ‘bsp%ﬂl?er?écogiprh%%fi%ﬂ'gm?f#m Mg?',gy %e\%ir%l%h?%g supporting
structure definea sapéntioeipdtiernShriotighthe haaripgpbath 4@ coélingdatvdds 47 i ncl ude a

conveyor that es at th sane rate speed as the tubing 10 through the
ont 1 ng. set £ 1 ng. BT SR RO o HLTe h Sesy RSP SD 17
supportisg 6perdi€he forrth pulled 40atd sirfildr 6pead oNBightly st wdté ol vpeédBaritheli anet er
greater than.

third puller 39.

After passing the fourth puller 40, the tubing has an oriented diameter and
passes through a cutter or spool 48 where the tubing 10 is cut to the appropriate length
or wrapped about the spool for storage or shipment.

20 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 10 is oriented in section 42 between pullers 37 and 37a. Puller 37a is operated
at a speed greater than puller 37. During the dry orientation step 42, the tubing 10 is
not submerged in the aqueous bath 43 as is the case in the wet orientation step 42. In

25  the dry orientation process, pullers 38, 39, and 40 will be run at a rate similar to or
slower than puller 37a. Notwithstanding these differences between the wet and the
dry orientation process, it is desirable that the tubing is oriented while in the solid

state.



that of the tubing wherein the tubing 10 is supported by the interior
surface of the conduit. After exiting the heating bath 44, the tubing 10
extends between the third 5 puller 39 and the fourth puller 40. Puller 40
shoul d be oper afyg@ydis7ea Si m |l ar speed of puller 39 or slighpbyusdawes than
39 to prevent further orientation. The tubing 10 is passed again through
the second cooling bath 43. O course itigs possible to provide for a
separate cooling bath, but this arrangenent saves floor space. It may al so
be desirable to provide for the tubing 10 to make several 10 | engthw se
passes t hrough the ®ooMetlgdbilmadidingrthhBeltinng bath 44 as shown in Figure

3a to provide for l.mum cool i r .heatin f..the tubj I N..a.m ni mal
anount of space. T |u§n57§]§/° c&@%‘&ﬁﬁ*?@%‘:@dy‘%ﬁ i ?#éﬂegg%lldaﬁ}llasity of
spaced rol | ers w@ fode seglided cRaligRn periliatish ipapreired jnbthel Fugirkiaglyemt i ng bat h
44 or cooling hath 43. To prevent any further orieptation of the tubing 10,
it may be neced@nbsynfging g ﬁé‘?"éit’éatf‘i‘?éh‘ﬂtgh?xﬁw ?%‘P‘nﬁﬁ’ smdardsi i | ar speed

or slightly | Queli diigh Bosafes SPRABHL 4 M8 nibli pedfdtinhkte RYinkbAlred By akdlifaby ofpassi ng
the fourth puller 40, the tubing has an oriented dianeter and passes

through a cut t dhidsosagsdelivengwagriapmvadn dssbaymyip Figores §a andBby BUMPHEEHHr opri at e
ength —or W apReds @l intiRing B9kes' Pb-vShAeARYFigS) BERm AT € b

shows a dry orientation proceSs . e dry orientation process I's sanme in
nost respects t(BigtT wet orientation process with the najor exception that

the tubing 10 is og] | t WS

Puller 3 7ais oper‘éf %%Wg? t%“’%%%‘edé‘gg?ééi’%gsﬁﬁﬁd g‘% +§%‘§%§‘L Oggfrilst%égt he dry

ori ent at i onost epthé Zybirghkinet A0pdeacgaskd with increadingsdosages ofechenm (FigeBahandeous bat h 43

as is the case in the.wet .orie tjon step. 42. ln 25 the.dr rientation
process, pul | e&% fa%ffé‘?n g‘ffﬁgeim 4" PARRRS ﬁ’f’t éeslg éfcéeag?sﬁ{' fﬂé?ﬁ Sow%r% sl ower
than puller 37act dednviahiss b spiigeantdesrasdif yield g o thic iy dshelicartt and the

dry orientation ﬁrocess, it is desirable that the tubing is oriented while
inthe solid $¥&re82-W0 01/17576 Pt T/US00123899 18

Sterilization radiation is typically carried out at much lower doses of radiation

15  than are used to cross-link polymers. The typical magnitude of such sterilization
radiation is on the order of about 25 kGys, but can sometimes be as low as 15 kGys.
In some instances, although not necessarily, exposing the tubing to radiation
sterilization results in a measurable change in gel content of the tubing. Gel content
indicates the percentage of the weight of insolubles to the weight of the tubing
20  material. This definition is based on the well-accepted principle that cross-linked
polymer fnaterials are not dissolvable. However, significant gel content such as about
50% renders the material a thermoset. Such thermosets are undesirable for medical
usages as they are not capeble of recycling using standard recycling techniques.
It is important to note that it is possible to expose tubing to sterilization
25  dosages of radiation and achieve enhanced tubing performance with pumps without
observing any changes in the gel content of the tubing. The medical tubing 10 of the
present invention exhibits a gel content preferably ranging from 0% to 49.9%, more
preferably 0% to 45%, and most preferably 0% to 40%, or any range or combination

of ranges therein. Preferably, the tubing is exposed to a low dose of gamma radiation



V. Method of Irradiating the Tubing During the course of nedical device
manuf acturing, nost nedi cal devices have to be sterilized. Radiation
sterilization is a preferred nethod. Surprisingly, it has been found in
this i nvestWQ&U1E7 t hat by exposing the tubing to standarkfTASE¥E8M j zati on
dosages of radiation, the tubing perfgrmnce as neasured by accuracy of
fluid dosage delivery was inproved. /&S shown in Figures 8a and 8b, punp
accuracy increased with increasing dosages of e-beamradiation (Fig. 7a)

and ganma radiial £OM 15&GySo SERGys, MorSHrefRbly SkGEHb ask@R, Adnddb, it was al so
found that the nodulus of elasticity 10 of the tubing, |ine 80, decreased
Wit h i ncr easeianpbliolSddiys to¥S kéiys.csany Engs. or sembipatign ofmages thesrd-athusn dosages
(8b). It . NOEPSY L8aSSECd Ahd R not

acconpani ‘é’g;ﬁg;ﬁ%ﬁ’%%%ﬂ%l |caﬁ%m§§§?§§g§ﬁl n yi gfédﬁgt rengﬁo%yg{e?ﬁre tubi ng as

i ndi cat ed 1egycledsing 2tanddtdresykclizgte¢homuesadi ation is typically carried out at
much | ower doses, of radiation 15 tha r j | ymers. The
typi cal 5magni tu é‘“@fac%%ﬁcﬂaésroiqein?%{ﬁ'%r@ °’$%¥ |§’9€eg)§°s?;s&§%di+ og%v(l)lfg’ger of about
25 kGQys, bulencusaifbheithbadatol-ensite: atlbitikéydescribed stoveare addedtxes,

al t hough notg {)\fgcessari [éa/ eXposi ng the tubing to radiation sterilization
resul ts in tBe ARIRREHCIRTtEna RUFTSREXUNSIBl  content of the tubing. Gel content

i ndi cates the penckahpleef Hpungia whh@himprbvntaoinuiissperforrhidnee ki ght of t he

tubing 2 C material . This definition I t wel | -accept ed
principle ther O@P’E{E%lslﬂi‘erméhGAﬁa@?@ﬂ' ﬁ?&%‘%@@éyﬁdfaﬁf‘%‘%w ble.
Howeveryo Sifghd felee@dthecBlicat poditRlprasbifeé) padsta0 Uitravérdlie, irfislrdevickle material a
t hernoset. Such thernosets are undesirabl e for medical _usages as they are

not capabl érhspumpdsdssignes togpaste with pandard I Ee iRrYSrgUs WRipdHgLoB0omRE 5
dosages of 0B T B R e L oo wi th pumps
wi t hout  obslefhui Thy seqepdasheengrais 1itm995tmel /b br b pren limi il hethe snems.  The
ot bR R AR S et
pref er alsl y pORbaromddsis oto 9498/mE afibie pamp basrthe eanatiility of exferating ydth at her ei n.
Preferably "wi eh \Ef\arlteg'boif Ql%n&a%d w.pa%?nqstrtaﬁor?seltsqx%l&ml?gq b9;ic QATHRer rs&Qi ation
CONTINU-FLO®, and BURETROL® sets. The pump accuracy should be within
+10% for any flow rate se.tting during 24 hours of continuous service using the same
[.V. administration set.
20 As depicted in Figure 5, the pump has a series of eight "fingers." The fingers
provide positive pressure to squeeze fluid out of the pump segment for delivery to the
patient. The eight fingers move up and down in sequence and perform a peristaltic
infusion function. During this process, the tubing undergoes repetitive cyclic
deformations which eventually may cause permanent deformation in the tubing
25 geometry. (See Figures 5aand 5b). This permanent deformation (See Figures 6 and
7) leads to a volumetric reduction in the tubing which, in turn, causes an under-

delivery of fluid to the patient. Such phenomenon is generally referred to as "pump

fall-off."



WO 01/17576 PCT/ USOQO 23899 19 ranging from 15 kGys to 58 keys, nore
preferably 15kGys to 45kGys, and nost preferably 15 kGys to 35 kGys, or
any range or conbination of ranges therein. Thus, this tubing 10 mai ntains
its thernopl astw@gegfgdsact eri stics and can be reprocessed or pd9666hR6h USI NQ
standard recycling techniques. 5 Punp accuracy can al so be inproved after
even | ower doses of radiation when very,¢i nute anounts of the

radi ati on-sensitive additives described above are added to the polyneric
material prior to extrusion. An exanple of a punp in which an inprovenent
in tubing perfor nan&‘hehmapldgbdmmﬂsmwehhtt}&mmo&zm@p@ém(nvrntﬁrzmd The

FLO GA 62Q1 t h t
pr essurRE( r Lerl ‘fsélf"fa\née mlfﬂgfré\?&‘ﬁfﬁgz ﬁ?ﬁﬁ’ﬁ%‘?% %agﬁé?geﬁgﬂ%}n%&a{mn goales: \éﬁed

to operate W t Recgiliguadatifl MY exibtihy PNk fubil. N Ulushale aondioity to Baxter
specifications. The punp has a primary flow rate range froml to 1999

nL/ hr. The secsHenpies of degeesens tubinggare o opl belgw. I\B!fnewﬁéothifﬁé%mﬂ’ FHRE will be

t he sane as YR thaSieldie vol une
for both seconggar'd ggg{\%@glﬁr}%ﬁt% %i@?ngal?gs%gb% .SCQI'ﬂhl s punp has the
capability of dbeﬁmm giver herein amxu@:dvmou@sgratethemvam@araad potyn any sense
admnlstratlon i hcl i sets CONTI NU- FLO(r) ,
and BURETRC]_(r) meﬁthewglpghlcpﬁgtn%g%?ﬁ g"L”J(Lﬁég‘geedvvlth| n t10% for any flow
rate setting during 24 hours of continuous service using the sane |.V.
adm nistration set. 20 As depicted in Figure 5, the punp has a series of
eight "fingers." The fingers provide positive pressure to squeeze fluid
out of the punp segnent for delivery to the patient. The eight fingers
nove up and down in sequence and performa peristaltic infusion function.
During this process, the tubing undergoes repetitive cyclic deformations
whi ch eventually may cause pernmanent deformation in the tubing 25 geonetry.
(See Figures Sa and 5b). This permanent deformation (See Figures 6 and 7)
| eads to a volunetric reduction in the tubing which, in turn, causes an
under- delivery of fluid to the patient. Such phenonenon is generally
referred to as "punp




fall-of f." WD 01/17576 PCT/ US00123899 20 The Exanpl es below wi || show t hat
the tubing of the present invention had |ess change in flowrate over a 72
hour period when conpared to non-radiation sterilized tubing and existing
PVC nedi cal YBBVNG™® I11ustrative, non-limiting exanples ®cCTuseosssent

tubi ngs are set out bel ow. Nunerous gyher exanples can 5 readily be

envi sioned in |light of the guiding principles and teachings contai ned
herein. The exanples given herein are intended to illustrate the invention
and not.in vhy $Examelesto |imt the manner in which the invention can be

practiced. WO 01/.,17576. PCT/ USOQ 99 21 VI, Ex | es Bil ayer tubing was
coext ruded havi #@la%Fﬁ theeras F%R}QP‘@ AWRGN B lanyrﬂ? EB%(@E? e Q‘I’E%‘ﬁol ymer
(DuPont CM @#8lymed (DUP&HR OMISTS) with ¥e innéY laye bBthétAtRAR caagy@;cmsﬂptl DPE  ( Dow
Engage 8401). The outer |ayer was extruded u5|ngﬁa 1.5 inch Davis Standard

5 extruder (Pavifingase 8Ahy dhe gerdayenvasztpded yeinga 45 dnchdivis Sandardg a
t emper ag}” Cexihider Bz 4 6'5{?:@1 20RRSE 3907¥ Ghd Y8R 26n¢k ﬁé@ @ﬁg@rat]n-é dich Davis
ha e 34

St andar ving 3 barr zones and 2 die zones a OF. The tubing had an
i nner di ane3987F. gFhedne0Bydr wak esgrudeden ahinginPavis $tardardhayingf3 terel1 95 i nches.

U it _ . ) ) ) . q
through o HNEanE S edShe S0t b iEisg Hhd e sahdc MUEI 88 CTOVD L o of
from 15% 5G8d by walbthighbess of (30190 irffsbess dlpat ex0tingdn ewartsion diedf theepruderyl  al cohol .

The sol uti s heated 1o 60C ubi hg. cut i approximately 6
i nch | engt ﬁge. Mgiﬂ%wﬁ%?%ﬁ’\‘ﬁé@g?g%“l%g’aﬁ’oclpmﬁ'%wﬁt{’?’gﬁe&oﬁﬂﬁ% dconpatibility
and sl ih@de cbroentration BPRdnh D5%i50%6 byhbeightid & S0:50 Stutioa o watet &fidédpropyl set  of

t ubi ng segnen re gamm sterjlize t 35.1 kGQy. The tubi segnent s
wer e attacggﬂ;"iﬁo\%ﬂ?}g%ﬂ"ﬁﬁﬁifaée BQéicggﬂ’e\M’bt“Fg‘ﬁasc ‘&W&QBW%‘%ggdhesi ve and
pul I ed untijpchimptk. The forced required to break the tubing

The tubing was tested for bond strength, pump compatibility and slide clamp

compatibility.

15 To test the bond strength, a set of tubing segments were gamma sterilized at

" 35.1 kGy. The tubing segments were attached to polycarbonate housings with a

cyanoacrylate adhesive and pulled until break. The forced required to break the tubing
was measured by an Instron tester. The results of these tests are set forth below in
Table 1.

20 TABLE 1-Gamma Sterilized 35.1 kGy

Sample No. Concentration | Bonding Std. Dev. Min. pull
of Additive Force, Ib. (N=10) force, 1b.
Ave.
1 15 10.2 0.33 95
2 20 9.5 0.50 8.7
3 25 9.8 0.36 9.1
25 4 30 92 0.31 8.7
5 50 7.6 224 38




was neasured by an Instron tester. The results of these tests are set forth
belowin Table 1. 20 TABLE 1-Gamma Sterilized 35.1 kGy Sanpl e No.
Concentration Bonding Std. Dev. Mn. pull of Additive Force, |b. (N=10)
force, Ib. AveYOW/WE610.2 0.33 9.5 2 20 9.5 0.50 8.7 3 25,,(91,,§S 8,23’39 9.1
25 4 30 9.2 0.31 8.7 550 7.6 2.24 3.8 01/ 17576 PCT/ USO0/ 23 5 2 To
test punp conpatibility, sections of t ub ng were inserted into a Baxter
COLLEAGUETM punp. The punp has sensor to detect air bubbles. If the tubing
has insufficient ?Q&E%p‘@ohpatfbﬂ@'ﬁ&:%ﬁrof%f&gW\/@ﬁiﬁ%&&ﬂt aé%ﬁnépccur if the

tubing has insufficient Fubricity, the senso soun ault al arm and
will not all oWQIREASHMTPump. Bhe puptpibanseashr toTstsetradr bukbless d€she tubirgdhans set

forth above a t havi.ng 15 wei ght rcent Et honeen
07 15 and hear aspfERAoAL NS bkl BoustiB 08 ohif B e BEREER N 1Mool ng
was found to lsufficenfifbrivitg the dendor will soyind afzait dlant and iwili Adtialigw defpuinbe punp.

These secti.ons of tubin re al so supjecte o nul tiple uses of a slide
clanp 10 i tﬁ% ac@Yagﬁﬁ‘@ %“%\’g%f"%ﬁ’ﬁﬁ’@e‘f% sﬁﬁ%‘gﬁﬁ?ﬁﬁ’eﬁ&.‘i dWﬁ“Ithgﬁbﬂaﬂ! c

embodi ment's  hamendoEsesesht bersdnt BihosleadIba SURS RéateR @060 0 MRE Aibine wHRELS | Cat i ons
are possible without departing fromthe spirit of the invention, and the

scope of pr ot 8¥fpysictlized il tubingiwas fpupd tothaie syfisisat lpbricitido allovoinisiaing ng
clai ms. WO 0134F576nPCT/ USCQ 23899 23 CLAI MS

These sections of tubing were also subjected to multiple uses of a slide clamp
10  without significant damage to the tubing.
‘While specific embodiments have been illustrated and described, numerous
modifications are possible without departing from the spirit of the invention, and the

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



W claim 1. A nethod for fabricating a nedical tubing conprising the steps
of. providing a material selected fromthe group consisting of ethylene
honopol ynmers and et hyl ene copol yners, wherein the ethyl ene copolyners are
obt ai ned by wopbLIsaeri zi ng et hyl ene with a conononer sel ectedudooessps he
group 5 consisting of |Iower alkyl olefins, |ower alkyl esters of a
carboxylic acid and | ower al kene estexs of a carboxylic acid, the | ower

al kyl and | ower al kene each have from 3- 18 carbons, or bl ends thereof;
provi ding an extruder with an extrusion die; extruding the material into a
medi cal tubing; 10 providing a sur€k&BMEpdifier solution; preheating the

surface rmdlvyécq‘rﬁﬁ,gol ution to a tenperature within the range of 30-95C, and
appl ying the preheated solution onto the tubing at it exits the extrusion
die when the tubi Agnetledifor fabricating @medicalttebing canpising thestepeof: st ate. 15 2. The

tubing of claim]l fuyrther co I,Si he step of. ex ing the tubing to a
sterilization do%rggémgfn?agﬂ'fdgégﬁé %%n%l}c&ﬁqugﬁ:gwsn%of%ﬁyé@ ut 45 kGys. 3. The
met hod of chéhépolynidieaiethyleh€copblpmenf wittr§ip terRthyleh€cdpolyimes aked 20

sterilization _docfa e of radiation conprises the step of exposing the tubing

to a sour ce°P@ned WaroReyBRNaRg ysog itk 85PRARPTTE STUFFIdTRD e BYP of gamma rays,

ultra-viel e&orisamghofamcr aRdyPA&Mng NoRePdIky] 4sterd 0fa FRRIAOKL &2fd Mmiddwerl wherein the
material is an ethyl ene vi ng{lﬁ acetate 25 copolyner having a vinyl acetate

content of wkeneester of psabaals aridaihe lopes alitykand Jowsgalkgpn caght havp Eomcol yner .
111113 HE 18830k or blehds trerdgS VIO 01/ 17576 PCT/ US00123899 24

providing an extruder with an extrusion die;
extruding the material into a medical tubing;
10 providing a surface modifier solution;
preheating the surface modifier solution to a temperature within the range of
30-95°C; and
applying the preheated solution onto the tubing at it exits the extrusion die
when the tubing is in a molten state or a semi-molten state.
15
2. The tubing of claim 1 further comprising the step of exposing the tubing to

a sterilization dosage of radiation of from about 15 to about 45 kGys.

3. The method of claim 2 wherein the step of exposing the tubing to
20 sterilization dosage of radiation comprises the step of exposing the tubing to a source
of radiation selected from the group consisting of gamma rays, ultra-violet rays, and

electron beam.
4. The method of claim 1 wherein the material is an ethylene vinyl acetate

25  copolymer having a vinyl acetate content of not more than 36% vinyl acetate by

weight of the copolymer.

R 0 A



5. The method of claim4 wherein the ethylene vinyl acetate copolynmer has a
nmelt flow index of |less than about 5.0 g/I O mnutes. 6. The nethod of
claim4 wherein the ethylene vinyl acetate copolyner has a 5 nelt flow

i ndex of |ess YR BHout 1.0 g/ 10 ninutes. 7. The nethod of PETEBH28Mher ei n
the ethyl ene vinyl acetate copolyner has,a nelt flow index of |ess than
about 0.80g /10 mnutes. 10 S. The neth Y of claim1 wherein the material
is an ethylene and al pha olefin copolynmer. 9. The nethod of claim8

wherein the ethyl ege etﬁdd@?%ia@# @%if‘é}eiﬁ =8 Vi??a?ﬁeéﬁcé?ﬁgmh&%ss t han

0.9 10 g/cc. 15 10. The netho arm erel and al pha
ol efi n copol yreelt flogv indeixtod lepsethianabout§.Ceg/ Iixniabiencene catal yst. 11. The net hod
of claim1l wherein the surface nodifier solution includes as a 20
conponent sel ected fromthe group consisting of an aliphatic or aromatic
hydr ocar bon havi ngé.gtieatathiodtolfielainbt wharéin theathglase Vit adeesscopbizmebid aand an

el ectron egat iV roup.sel ected fromthe group of am nes; am des;
5o PR Toagex B ess bt | fellgmigu

hydr oxyl s; rganonetal | i ¢ conpounds such
as netal al coholates, nmetal carboxylates, and netal conpl exes of numerous
1, 3 di carbonyl conpounds; phenyl 25 phosphines; pyridines; pyrrolidones;

i mi dazol i ne, and okaImetod of dlgim STwherein the SHYIgRe ERVA RepTaISICORPIMES fifs B he

hydr ocar bon hgﬁltlﬁﬁn&pgﬂeg%ag@&@_@%ﬂojﬂi dds! 1] 111111 12311 theal e nnl
L Ms WO 01/17576 PCT/US00123899 25 "13. The nethod of claim 11 wherein the

hydrocarbon has | ess than 100 carbons. 14. The nethod of claim 13 wherein
the functignal gr oy $nedlla g'fgliqx%'l wherein the material is an ethylene and alpha olefin

copolymer.

9. The method of claim 8 wherein the ethylene and alpha olefin copolymer has
a density less than 0.910 g/cc.
15
10. The method of claim 9 wherein the ethylene and alpha olefin copolymer is

obtained using a metallocene catalyst.

11. The method of claim 1 wherein the surface modifier solution includes as a
20  component selected from the group consisting of an aliphatic or aromatic
hydrocarbon having greater than 5 carbon atoms but less than 500 and an electron
negative group selected from the group of amines; amides; hydroxyls; acids; acetate,
ammoniwm salts; organometallic compounds such as metal alcoholates, metal
carboxylates, and metal complexes of numerous 1,3 dicarbonyl compounds; phenyl

25  phosphines; pyridines; pyrrolidones; imidazoline, and oxazolines.

12. The method of claim 11 wherein the hydrocarbon has less than 200

R, A 0
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5 15. The nethod of claim 14 wherein the conponent is selected fromthe
group consisting of pol yoxyethyl ene(5)ol eyl am ne,

bi s(2- hydrOXé,et h'\é,l ésoyaam’ ne, bis(2- hydroxyethyl)ol eyl am ne, and

pol yoxyet hyl 8988t t adecyl ani ne. 10 16. The method of cl BFEVYSHRBI%I n t he
surface nodifier solution includes as @ conponent sel ected fromthe group
consi sting of polyurethane, and copol yiters of ethylene copolynerized with
conononers selected fromthe group consisting of |ower alkyl substituted

carboxylic aci ds,ls.lm@eﬁet@meﬁmpp@h&'r&immyaf»}aémm fessthikifpo ester,

anhydri de and saponified derivatives thereof. 15 17. The method of claim!]
| wherein tlverbansr f ace nodifier solution further conprises a sol vent
containing a nenber selected fromthe group consisting of water, ketones,
al dehydes, aliphatic al cohols, freon, freon replacenent solvents. 20 18. A
met hod of usi ng . Bdinegiodbfitipingl Ivvhdneimthp finptidnal grewgnis an sthglei ng  neasur ed
anounts of .a beneficial fluid over tine to a patient conprising the steps
of. providing a material selected fromthe group consisting of ethylene
honopol yner s andi®tThyhted edslainy MEwkereinihe t@hpontdi 6 s2lebied o thogoby mers are

obt ai ned by copal rjzin th ne with a conongner selected fromthe
group 25 CG?&S*SQ‘L@/ %EQ"’ Pxxeglx@flcé} a“BPeeP'F&‘s!‘?' 8‘["630&5}}[}?)3?31@9@'"@5’{1@%5 of a
carboxylic ggdn 3%&21)&1%in@,|aK@Bﬁy&§Etﬁ§l§ne@§fo&ad@éymﬂﬁé(| ic acid, the |ower

al kyl and | ower al kene each have from 3- 18 carbons, or bl ends thereof;
provi ding an extruder with an extrusion die; extruding the material into a

e cal 1hubl ng; o bk bllioa bt ikl 1 ddelh bt bl otk e 001117576
PCT/ US00123899 26 providing a surface nodifier solution; preheating the

surf ace nodedmponens g¢leptedsrom de group pensisting ef @olximethiare, akdbcopahygersof  30- 95 C;

ethylene copolymerized with comonomers selected from the group consisting of lower

alkyl substituted carboxylic acids, lower alkene substituted carboxylic acids, ester,

anhydride and saponified derivatives thereof.

15
17. The method of claim 11 wherein the surface modifier solution further
comprises a solvent containing a member selected from the group consisting of water,
ketones, aldehydes, aliphatic alcohols, freon, freon replacement solvents.
20 18. A method of using a medical tubing with a pump for administering

measured amounts of a beneficial fluid over time to a patient comprising the steps of:
providing a material selected from the group consisting of ethylene
homopolymers and ethylene copolymers, wherein the ethylene copolymérs are
obtained by copolymerizing ethylene with a comonomer selected from the group
25  consisting of lower alkyl olefins, lower alkyl esters of a carboxylic acid and lower
alkene esters of a carboxylic acid, the lower alkyl and lower alkene each have from 3-
18 carbons, or blends thereof;

providing an extruder with an extrusion die;

extruding the material into @ medical tubing AR 00 R
* [ L M s *



appl ying the preheated solution onto the tubing at it exits the extrusion
die 5 when the tubing is in a nolten state or a sem-nolten state; and
punping fluid through the tubing with the punp. 19. The tubing of claim18

further conprisigethg step of exposing the tubing to a stepdihatisen
dosage of radiation of from about 15 to_about 45 keys. 10 20. The nethod of

claim19 wherein the step of exposing t K& t ubi ng to sterilization dosage
of radiation conprises the step of exposing the tubing to a source of

radi ati on sel ected fr"?‘mﬁégﬁ griﬂgﬁiﬁ%%ﬁm&f"ﬁj ng of gamma rays, ultra-violet

rays, and el ect rof bea od of claim 18 wherein the
material is an et hyrehestingitheysurfae etodifier sobutipmioyarempdnaivie mthin the 1ayde ddcet at e
content of not (ggneé_than 36% vi nyl acetate by weight of the copolyner. 20
22. The net hod®b *aim 21 wherein the ethylene vinyl acetate copol yner has

a nelt flow index %pzb@%&etpka@atmmio@m@o Gt dingianiy ks thedBirildien diet hod of
claim21 wherein the ethyl ene vinyl acetate copolyner has a nelt flow
i ndex of |e%s whanihembing 1sin poghencia gseaimolsnsie #ide net hod of cl ai m 23

wherein the ethyle 00 Yl a6 et Ak GOROHIBE plags. a nelt flow index of less
t han about 0. 808 /%g‘“ﬁ]h’gut es. 2% The ér)ret hodpofécl aim 18 wherein the

material is an ethylene and al pha 30 olefin copolyner. |
1111111111111 111153 1dddehd de it 14 smliQolibhididod® B3 dipie2Réing 27 26.
The method of claim?2 erern e ethyl ene and al pha ol efin copo%yrrer has
a density | esstolsariliftiod Gosggesd radiation of from about 15 to about 45 kGys.
10
20. The method of claim 19 wherein the step of exposing the tubing to
sterilization dosage of radiation comprises the step of exposing the tubing to a source
of radiation selected from the group consisting of gamima rays, ultra-violet rays, and
electron beam.
15
21. The method of claim 18 wherein the material is an ethylene vinyl acetate
copolymer having a vinyl acetate content of not more than 36% viny! acetate by

weight of the copolymer.

20 22. The method of claim 21 wherein the ethylene vinyl acetate copolymer has

a melt flow index of less than about 5.0 g/10 minutes.

23 The method of claim 21 wherein the ethylene vinyl acetate copolymer has
a melt flow index of less than about 1.0 g/10 minutes.
25
24. The method of claim 23 wherein the ethylene vinyl acetate copolymer has

a melt flow index of less than about 0.80g /10 minutes.

25. The method of claim 18 wherein the material is an ethylene and alpha

RN R

30 olefin copolymer.



27. The nethod of claim 26 wherein the ethylene and al pha ol efin copol yner
5 is obtained using a netall ocene catal yst. 28. The nethod of claim 18
wherein the surface nodifier solution includes as a conponent sel ected
fromthe gr¥Q@&sTsi sting of an aliphatic or aromatic hysrmusestsssw havi ng
greater than 5 carbon atons but |ess,than 500 and an el ectron 10 negative
group selected fromthe group of am nes; am des; hydroxyls; acids; acetate,
anmoni um sal ts; organonetal lic conpounds such as net al alcoholates nmet al

car boxyl at es, apél Thet radth@sTRlaB 25 whkrcifl tHER B 1S and?al;sha%ﬁb%ydlyxﬁ&ﬁpounds
phenyl %ﬁ_ghl nes, g%{l d(ng pyrrolidones; imdazoline, and oxazolines.
15 29. The olF 2 §/°\ﬁ/nere| n the hydrocar bon has | ess than 200
carbons. 30. The method of claim28 wherein the hydrocarbon has |ess than

100 carbons. 20 31. The nethod of claim30 wherein the functional group is
an amde. 32. ThE Thetmrikpdef cleim2tviBteinthectylene dnd alnbaplsfie nepolsneel ect ed from

the group yl ene(5) ol eyl am ne,
bi s(2- h%dréiﬁtaﬁlggﬁggﬁﬁmﬁ%?{gﬁ%}%g 25 hydroxyet hyl ) ol eyl am ne, and

pol yoxyet hyl ene(5) oct adecyl am ne. 33. The nethod of claim 18 wherein the

surface nodifi cl ude ac onent s I.ecte fromthe group
consi sting of ef yurér% thé’ﬁé)m Sl}%ﬁ‘@/%?"g%g?moggaesf’ PR 9 B yneri zed

vv| th cononemponsﬂlselettaﬁfrém dmgrdup coxsiztifg eﬁmsdlﬁahitng)rexfoniaﬁ&\er 1111111142 111\
P\ 01/ 17576 PCT/ UsS0012 9 28 kyl bstituted
car boxy! i CE%JE?C&b‘m ViRg erait Aban Scathon piogs By &F@ag eqeon est er

anhydride adpetieapoup skieewd Homitheairbup@s athiies; aﬁﬁdes 3&&0&1@ agmk: h:@éiat@f claim28
wherein the surface nodifier solution further

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.

15 29. The method of claim 28 wherein the hydrocarbon has less than 200

carbons.

30. The method of claim 28 wherein the hydrocarbon has less than 100
carbons.
20

31. The method of claim 30 wherein the functional group is an amide.

32. The method of claim 31 wherein the component is selected from the group
consisting of polyoxyethylene(5)oleylamine, bis(2-hydroxyethyl)soyaamine, bis(2-
25  hydroxyethyl)oleylamine, and polyoxyethylene(5)octadecylamine.

33. The method of claim 18 wherein the surface modifier solution includes as
a component selected from the group consisting of polyurethane, and copolymers of

30 ethylene copolymerized with comonomers selected from the group consisting of lower

T



5 conprises a solvent containing a nenber selected fromthe group
consisting of water, ketones, aldehydes, aliphatic alcohols, freon, freon
repl acenent solvents. 35. The nmethod of claim?21 wherein the step of

extrudi ng a tukidg st her includes the step of providing apduizosnssi th a
second | ayer concentrically disposed 10 within the first layer of the
tubing. 36. The nmethod of claim 35 wher et the second | ayer has a nodul us
of elasticity that is greater than the nodul us of elasticity of the first

| ayer. 15 37. ] (N i , : ks sel ected
from honopol y-r%eh&sg{%%\tgﬁgdo%gqog lﬁrag11 d%? O%%&ﬁegygé?ﬁtﬁg.g&gégglhérﬁae&rﬁ%étteﬁbd of claim
37 wher ei n t he asigcladelandayenified daivatisles thareblow density pol yet hyl ene. 20 39. A
met hod of fabricating nedical tubing conprising the steps of: extruding a
mul til ayered tubing having a first |ayer and a second | ayer, the first

| ayer of an et hyl eng4. e afeivd 600 28eHeZRheutficeatodifitasdlutivadurtienomer
selected 25 fromthe group consjsting,of l&z;?t\é%ﬁ al kyl esters of_.a carboxylic

A
aci d and | ofer CoRRERBE sobepisrataigmg § MeRbEGE %R 1 ZFPREPENRE OV RFt and t he
| ower al kene egebndidii@hfded NighabOalcshdlsORRS, fridoh &piesmnbsdanel of honopol ymers
and copol yners of al pha olefins, the second |ayer being di sposed
concentrically within the first layer and having a nodulus of elasticity
greater than a nodu At NEe dhehn'oF Lxtdu@¥ b tubat: M@y ding a
surface modifier so%"’gtslihg%‘;“’&%’?!&ﬁ Y ke b gl b Ef_l 111, L Ms WO
01/ 17576 PCT/ UB@btiaaBogep dfproyidiigeathingywitthesesendflayseconesairicalds digpgsest i on to a
tenperature w thin nan f. ,.30-95C, and applying the preheated
sol ution oﬁ?o Wﬁe}ntt%‘foi'rﬁtéaygfqgﬁt%t%?(l?%'s the extrusion die when the tubing is
in amlten state or a sem-nolten state.

36. The method of claim 35 wherein the second layer has a modutus of

elasticity that is greater than the modulus of elasticity of the first layer.

15 37. The method of claim 36 wherein the second layer is selected from

homopolymers and copolymers of alpha-olefins.

38. The method of claim 37 wherein the second layer is an ultra-low density
polyethylene.
20

39. A method of fabricating medical tubing comprising the steps of:

extruding a multilayered tubing having a first layer and a second layer, the
first layer of an ethylene monomer copolymerized with at least one monomer selected

25  from the group consisting of lower alkyl esters of a carboxylic acid and lower alkene

esters of a carboxylic acid, the lower alky! and the lower alkene each have from 3-10
carbons, the second layer of homopolymers and copolymers of alpha olefins, the
second layer being disposed concentrically within the first layer and having a
modulus of elasticity greater than a modulus of elasticity of the first layer,

30 providing a surface modifier solution;

LT
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5 40. The nethod of claim39 further conprising the step of exposing the
tubing to a sterilization dosage of radiation of fromabout 15 to about 45
kGys. 41. The nmethod of claim 39 wherein the first layer is an ethylene

vi nyl acet aweor/i876copol ynmer having a vi nyl acetate cont engcofsobisegror e t han
36% vi nyl acetate by weight of the %gpol ynmer. 42. The method of claim4l
wherein the ethylene vinyl acetate copolyner has a nelt flow index of |ess
than about 5.0 g/ 10 mnutes. 15 43 The nethod of claim 41l wherein the

et hyl ene vinyl gg&giafhethe SRSy ARH; : dridelvid t han about
1.0 g/ O m nut gs. 44§ The r?et hoéﬁgf&luglagi{%tﬁ?ﬁ\;hg{’reei ﬁﬁ?ﬁgf%n%ﬁ?fene vi nyl

acetate cop@t¥neramas 20 a nelt flow index of |less than about 0.80g /10

m nutes. 45. Th LT 0t L. i s an ethyl ene
and al pha ol ef ?prﬁlggﬁo%‘g%%?agd%ﬁhé&%@g%&ﬁggﬁggggﬁggﬁégd ferein the

et hyl ene arwhenthsltzbing iein amclgpotaynmem sethiamoleendttresi ty | ess than 0. 910 g/ cc.

47. Thesmet hod of claim 46 wherein the ethyl ene and al pha ol efi n copol yner
is obtained using a netall ocene catalyst. 30 MS WD 01/ 17576 PCT/ USOQ 23899
30 48. The net hetl The nesttwid B AAnybEfucthdt cobiprisiigithete dfetpdsimpthembidgi on

i ncludes as a gonmponent sel ected fromthe grou onsi sting of an aliphatic
or aronat i 6°aﬁ?}'ﬁ%n@“&ldﬁﬁﬁgeﬁgv(ﬁﬁﬂmb?ffwwtﬂé% 5“@%1‘? Sat oms but | ess than
500 and an el ectron negative group selected fromthe group of am nes;

am des; hydroxyls;_acids; acetate, 5 ammoniumsalts; organonetallic

conpounds such™Hs Themgthod ot elpiat 41 whereipide st layeriniethleneinyl Acetateet al
conpl exgS  edpoly B hakiy alviryl deEAE BN ofGRIREE AR 36RNEM lacetate by

weight of the copolymer.

42. The method of claim 41 wherein the ethylene vinyl acetate copolymer has
a melt flow index of less than about 5.0 g/10 minutes.
15
43 The method of claim 41 wherein the ethylene vinyl acetate copolymer has

a melt flow index of less than about 1.0 g/10 minutes.

44. The method of claim 41 wherein the ethylene vinyl acetate copolymer has

20 amelt flow index of less than about 0.80g /10 minutes.

45. The method of claim 39 wherein the second layer is an ethylene and alpha

olefin copolymer.

25 46. The method of claim 45 wherein the ethylene and alpha olefin copolymer
has a density less than 0.910 g/cc.

47. The method of claim 46 wherein the ethylene and alpha olefin copolymer
is obtained using a metallocene catalyst.

30
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phosphi nes; pyridines; pyrrolidones; imdazoline, and oxazolines. 49. The
nmet hod of claim 48 wherein the hydrocarbon has | ess than 200 7.0 carbons.
50. The nethod of claim48 wherein the hydrocarbon has |ess than 100
carbons. 15 51.waéhe#mt hod of claim50 wherein the functi onai, ﬁ”’?? an
am de. 52. The nethod of claim50 wherein the conponent is se ecte rom
the group consisting of polyoxyethyl ene@g) ol eyl am ne,

bi s(2- hydr oxyet hyl ) soyaar ni ne, bi s(2- hydroxyethyl) ol eyl am ne, and

e o e ) oAb 2SN AU B S0t HRSHIEL DRG0 RASE Thidiec T 2

the surface nodifier s tiron contains as a co ®S&| ect ed
fromthe group atempeiest w@cqgéﬁymrtmgnmpepnmdg oitﬁmbymrosarefnaﬁi hyI ene

copol yneri zed TErs se fromth r.ou consi t| ng of | ower
al kyl “substi t ut gé!&g%?égq, ]Inggreﬁgr% ﬁ%ﬂé?“’g‘ﬁ&‘é‘ﬁ"@g 5?9 ?Boncar boxyl i ¢
aci ds, ester, ampyite pep m!udtesmmnhd‘ drep dfeminda hinies h&&l@kﬁ@faezdﬁ-’-&ceta@e met hod
of claim49 V\/nerel n.the surface nodifier solution further conprises a

sol vent confai APl ereasometallicrompeunds fskaygreaplcobplars e of wat er,

ket ones, al dehya®sxylads) ldRtekt cHhIOROS sol vent S.
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A method for f&BPsPhises P@dmmwhd@m& imidazelinerand oxagolinee steps of. extruding
wi th an extruder having an extrusion die a tubing having a first |ayer
selected fromthe group consisting of ethylene honopol yners and et hyl ene
copol yners, wher ei % ngm‘éleﬁyf*mim 48 fwheteimthechrydroagriboraims ddsiighkeP3® nonomer 5
copol yneri zgd W, (fhs | east one nononer selected fromthe group consisting
of | ower al kyl efins having from3 to 18 carbons, |ower alkyl esters of

a carboxylic acid, the
50. The method of claim 48 wherein the hydrocarbon has less than 100

carbons.
15 51. The method of claim 50 wherein the functional group is an amide.

52. The method of claim 50 wherein the component is selected from the group
consisting of polyoxyethylene(5)oleylamine, bis(2-hydroxyethyl)soyaamine, bis(2-
hydroxyethyl)oleylamine, and polyoxyethylene(5)octadecylamine.

20

53. The method of claim 39 wherein the surface modifier solution contains as
a component a polymér selected from the group comprising polyurethane, and
copolymers of ethylene copolymerized with comonomers selected from the group
consisting of lower alky! substituted carboxylic acids, lower alkene substituted

25  carboxylic acids, ester, anhydride and saponified derivatives thereof,

54. The method of claim 49 wherein the surface modifier solution further
comprises a solvent containing a member selected from the group consisting of water,
ketones, aldehydes, aliphatic alcohols, freon, freon replacement solvents.
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| ower al kyl having from3 to 18 carbons, and | ower al kene esters of a
carboxylic acid, the |ower al kene having from3 to 18 carbons, providing a
surface nodifier solution; 10 preheating the surface nodifier solution to a
t enper at ur ewgoidvsys t he range of 30-95 C appl yi ng the preedTasoethssol ution
onto the tubing at it exits the extrygion die when the tubing is in a
nolten state or a sem-nolten state; cooling the tubing to a solid state to
define an initial dianeter; and 15 stretching the tubing in a direction

al ong a | ongi t usk. N@nethsi ﬁ)rﬁbn&dﬁﬁghié&hﬂgumﬁg cod@ﬁinﬂ@thaﬁtepﬁdfent ed di aneter

that is less than the initial dianeter. (‘Lhe rreth | ai m 55 wherein
the initial di a‘??%‘ﬂléﬁ“gwéthﬁ‘@ﬁﬁ“i@?%‘%% e’ﬁ‘i"‘%‘&'ﬁ f attHl%iﬂg ffrétnt ed di ameter.

20 57. The, aﬁﬁiéﬁfégte@%roﬁlt @%omhgb&tﬁﬁ&xelheinbp@&mas ﬂﬂ%ﬂ@(ﬂenbs from 20% 120%

greater th e oriented dianeter. he nmet hod of claimb55 wherein the
initial di amimers,svhﬁnemrwmmlxmwfg@zlgw@m@rethﬁ?aﬁmpmn%r| ented di anmeter.

acet at o° comapyiegrEd Pl iF P e fim 0P ERbe LBl ECS Y ™

PCT/ USOQ/ 2&8ﬁ9)leﬁ312 h&6ng fféne 3 td 8 lkartiorsf lowteralkml ﬁgemm@rmxyliveac@s tel ene vi nyl

acetate copol flow in ex of g/ 10
i nut es. % %ﬁg}’lﬁ}g{"ﬂ%&m@gﬁ%ﬁ%ﬁﬁ?% er"‘éelral %Z&E{SE ‘é&ﬁlge& E’T‘Pacet ate
copol yner hﬁ&ow&a&eiﬂabm@lﬁﬁwamduarbdnsj ess than about 1.0 g/ 10 m nutes. 62.

The net hod of cl al er e|§ thel et hyl ene vinyl acetate copolyner has a
melt flow i ndexprB‘I'1 §§§ FeRoHAFOMEOB0 g/1 0 ni nutes.
10 preheating the surface modifier solution to a temperature within the range of

30-95°C;
applying the preheated solution onto the tubing at it exits the extrusion die
when the tubing is in a molten state or a semi-molten state;
cooling the tubing to a solid state to define an initial diameter; and
15 stretching the tubing in a direction along a longitudinal axis of the tubing to

define an oriented diameter that is less than the initial diameter.

56. The method of claim 55 wherein the initial diameter is from 10%-300%
greater than the oriented diameter.

20
57. The method of claim 55 wherein the initial diameter is from 20%-120%

greater than the oriented diameter.

58. The method of claim 55 wherein the initial diameter is from 30%-100%

25  greater than the oriented diameter.

59. The method of claim 55 wherein the first layer is an ethylene vinyl acetate

A

copolymer.



10 63. The nethod of claim59 further conprising a second | ayer
concentrically disposed within the first |layer, the second | ayer having a
nodul us of elasticity greater than a nmodulus of elasticity of the first

| ayer. 64. The webhasksof claim 63 wherein the second | ayer imﬂg :ng ene
and al pha 15 ol efin copol yner wherein ge al pha olefin has from3 to 8
carbons. 65. The nethod of claim64 wheréin the second layer is an
ultra-1ow density polyethylene. 20 66. The nmethod of claim55 further

conprising the stemoofrh@fﬁeﬂéd&mamgﬂvﬂ%ﬂ%ee&rgzeﬁeah abété:ﬁ@ééi g@m&’ﬁ%ﬁge of

radi ation of from about 15 to about 45 keys e net al m 55
wherein the su?fﬂa%egowmﬁiﬂﬁP@fﬁssﬁﬁnahqubﬁogﬂﬁlnum as a conponent sel ected
fromthe group consisting of an aliphatic or aromati c 25 hydrocarbon havi ng
greater than 5 carbon atons but |ess than 500 and an el ectron negative
group sel ected frorﬁltIﬁkgc@ﬂnfolfaimﬁﬁwhamn&rﬁiedg&neﬁmdbwé SopoBtiefiids acet at e,

anmoni um s ts; anog | i 0 such as netal al cohol ates, netal
car boxyl at ng an%t H’Ige’& &ﬁf@%@bﬁg&y@ﬁ%m@ 1.3 di car bonyl corrpounds
phenyl phOSphInes, pyrldlnes pyrrolldones i m dazol i ne, and oxazol i nes.

30 I liiit 1rrntni 0 T e 1 e I T I A V\D01/17576PCT/USOO/23899 33 68.
The met hod of cl ai #%G%H‘W’i‘é eq of clata Shybseie shasd lone winyl @state gegelypwrg hasc ar bons.

69. The met hod: Aélt SdvrinBex®F 10h@LLIvBuL e drdhages bon has | ess than 100 5
carbons. 70. The nethod of claim67 wherein the functional group is an

am de. 71. The nethod of claim67 wherein the conponent is selected from

the groupql0 consgstifagnedoaRPl 9@2(,% Q@‘g

bi s(2- hydr oxyet hyl )sogaam r?e {)%ﬁs ﬁyyejtrjrgo ye %ngyl%kmy?egﬁlorﬁgnmcan

pol yoxyet hyl edépsrs st ’ééhﬁyﬂrarhynrethe second layer having a medulus of elasticity greater
than a modulus of elasticity of the first layer.

64. The method of claim 63 wherein the second layer is an ethylene and alpha

15  olefin copolymer wherein the alpha olefin has from 3 to 8 carbons.

65. The method of claim 64 wherein the second layer is an ultra-low density

polyethylene.

20 66. The method of claim 55 further comprising the step of exposing the tubing

to a sterilization dosage of radiation of from about 15 to about 45 kGys.

67. The method of claim 55 wherein the surface modifier solution includes as
a component selected from the group consisting of an aliphatic or aromatic
25  hydrocarbon having greater than 5 carbon atoms but less than 500 and an electron
negative group selected from the group of 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.

30
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72. The nmethod of claim55 wherein the additive solution contains as a
conponent a pol yner selected fromthe group conprising pol yurethane, and 15
copol ymers of ethyl ene copol ynerized with conmononmers selected fromthe
group conswebisirgrsof | ower al kyl substituted carboxylic acrdspodsseser al kene
substituted carboxylic acids, ester, _anhydride and saponified derivatives
thereof. 73. The method of claim67 wierein the surface nodifier solution
further 20 conprises a solvent containing a nmenber selected fromthe group

Cept aceront sol gbnie m PRy SRR AR A & fr s, Treon Treon

carbons.

69. The method of claim 67 wherein the hydrocarbon has less than 100

5 carbons.
70. The method of claim 67 wherein the functional group is an amide.

71. The method of claim 67 wherein the component is selected from the group
10 consisting of polyoxyethylene(5)oleylamine, bis(2-hydroxyethyl)soyaamine, bis(2-
hydroxyethyl)oleylamine, and polyoxyethylene(S)octadecylamine.

72. The method of claim 55 wherein the additive solution contains as a
component a polymer selected from the group comprising polyurethane, and
15  copolymers of ethylene copolymerized with comonomers selected from the group
| consisting of lower alky! substituted carboxylic acids, lower alkene substituted

carboxylic acids, ester, anhydride and saponified derivatives thereof.
73. The method of claim 67 wherein the surface modifier solution further

20 comprises a solvent containing a member selected from the group consisting of water,

ketones, aldehydes, aliphatic alcohols, freon, freon replacement solvents.
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