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Descri ption CRIENTED VEDI CAL TUBI NG

Technical Field ' This invention relates to a nmethod for
fabricating Jhescal tubing and nmore particularly to a praefRgSe7idsse
orienting the tu%lng along a longitudinal axis of the 5 t ubi ng.
Background Art In the nedical field, where beneficial agents are
col | ected, processed and stored in containers, transported and
ultimately delivered through tubes by 10 infusion to patients, there has
been a recent trend “toward devel oping materials useful for fabricating
such contai ners and tubing w thogeddid ptiismdvant ages of currently
used materials such as polyvinyl chloride. =~  These new naterials for

tubi ngs nust have a unique 15 Q@RYRNTER MEPISALYTTPENEi es, so that the
t-ubi ng may be used in fluid adm nistration sets and with nedical

I nfusi on punps. Anong these properties are the materials nust be
optically clea.nTe é rgﬂufaly conpati bl e, have sufficient yield

strength and fl a mninmum20 quantity of |ow nol ecul ar
wei ght -addi tives, aﬁﬁhtﬁe1nvenhyQMp§FﬂBtesmFPhanEGthQﬂ fogt flabaisating

It is desirabl gnd@{cdPH@Rind Wid thore BAreRELEAI1Y to a process for
orienting the tubing along a longitudinal axis of the
5  tubing.
Background Art

In the medical field, where beneficial agents are
collected, processed and stqred'in containers,
transported and ﬁltimately delivered through tubes by

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

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

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

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

25 passing through the tubing because sensors associated
with an infusion pump typically use ultrasonic waves to
detect abnormal conditions such as air bubbles in the
tubing.
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requi renent that the tubing be envronnental |y conpatible as a great
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enV|ronnent le wth nedica utions,
10 other useful articles.

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

15 = and corrosive. For example, PVC may generate objec-
tionable amounts of hydrogen chloride (or hydrochloric
acid when contacted with water) upon incineration,
causing corrosion of the incinerator and possiblé
pollution to the environment.

20 To be compatible with medical solutions, it is

' desirable that the tubing material be free from or have a
minimal content of low molecular weight additives such as
plasticizers, stabilizers and the like. These components

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

30 in weight or volume percentages. Even minuscule losses
of the bio-tech drug can render the formulation unusable.
Because bio-tech formulations can cost several thousand
dollars per dose, it is imperative that the dosage not be
changed.
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-allow for controlling the flow rate of fluid through the
tubing using slide clamps which operate by crimping the
sidewall of the tubing to stop or reduce the flow of
15 fluid through the tubing. The slide clamp may be used
without causing scoring or cutting of the tﬁbing.
Because PVC by itself is a rigid polymer, low
. molecular weight components known as plasticizers must be
added to render PVC flexible. As set forth above, these
20 plasticizers may be extracted out of the tubing by the
fluid. Por this reason, and because of the difficulties
encountered in incinerating PVC, there is a need to
replace PVC medical tubing.
Polyolefins and polyolefin alloys have been
25 developed which meet many of the requirements of medical
containers and tubing, without the disadvantages
associated with PVC. Polyolefins typically are
compatible with medical applications because they have
minimal extractability to fluids. Most polyolefins are
30 environmentally sound as they do not generate harmful
deéradants upon incineration, and in most cases are
capable of being thermoplastically recycled. Many
polyclefins are cost effective materials that may provide
an economic alternative to PVC. ' However, there are many
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For exanpl e, problens have been i '
nfo ghmp pressurfiegeédéi%f%%%éﬁfg%IQ%t%§H%%re the pump

controls the flow rate of fluid through the tubing by
consecutively impinging upon the sidewalls of the tubing
to deliver a precise amount of fluid over a given time
period. |
15 Pumps that are used to infuse beneficial agents to
patients typically have various éensors to detect such
conditions as back pressure of fluid in the tubing, and
air bubbles in the fluid stream. The sensors deactivate
the pump upon detecting an unacceptable back pressure or
20 an air bubble. The sensors usually have a sensor body in
which a segment of the tubing of the administration set
is secured in place. It has been found that there is a
tendency for the polyolefin tubing to deform when placed
_ in the sensor body due :6 resistance with side walls of
25 the sensor housing. This deformation in some cases leads
' the detectors to indicate an abnormal condition and to
inappropriately deactivate the infusion pump. '
Further, polyolefin tubing has been found to have
low yield strength and thus are readily susceptible to a
30 phencmenon which is referred to as necking. Necking is a
localized reduction in the diameter of the tubing that
occurs upon stretching the tubing under moderate strain
along the longitudinal axis of the tubing. Necking can
cause a reduction or complete restriction in the flow of
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15 effect.” Heat recovery is a complicated phenomenon that
occurs when oriented tubing is heated above the
temperature reached during the orientation process. When
this occurs the tubing loses its orientation causing
shrinking and dimensional changes of the tubing.

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

25 temperatures, and due to the orientation process referred
to above. The poof thermal stability of polyoléfin
tubings can lead to changes in the desired diménsions and

~ also lead to coiling of the tubing during shipping or
_ use. These dimensional and shape changes can in turn

30 1e§d to. functional problems such as accuracy, pump

compatibility, and cause other cosmetic defects.
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5 fluid through the tubing thereby rendering the tubing

i neffective. Because there is a linear relationship bet ween yi el d
strength and nodulus, it is possible to i ncrease the npdul us of the
material toWORWEESe the 5 yield strength. However, to BEIUS0P0; ci ent
yield strength for nedical applications, the resulting tubing has
too high a nodulus to function in punpsé - The Applicants have
found that it is possible to i ncrease the tubings' resistance to

necki ng by prﬁ 8 or i egi ng thg tubi ng al ong the | ongitudinal axis of
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transition 25 per at ur es, e orientdtion process referred
to above.lOrhe Bxsfe H?éb’rrﬁlhesti&BFF-P%ydB?mﬁB?’;?o}%f-"r% -300% tﬁHﬂW &R ead to
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in turn 30 Ieadt ct1onal rob ens such a 3/
conpatibility, °’§rﬁi’téé‘l$s@r8f=ﬁ§|s E 8ref| Ehgeferrs of exten 1n9 the

. tubing between a first puller and a second puller spaced
15 apart by a distance and controlling the relative speeds

of the first puller and the second puller so that the

rate of pulling of_the second puller is greater than that

of the first puller to orient the tubing therebetween.
In the wet orientation process, the tubing is passed

20 through an agueous bath during the orientatign step and
in the dry process the tubing is not.

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

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

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



WD 97/ 41906 ' ' PCT/ US97/ 07040
6 . Di scl osure of Invention The present invention provides a
met hod for fabricating flexible nedical tubings conprising the steps

of ‘providing a polyneric tubing having a longitudinal 5 axi
initial di aneW™%7%44¥enting the tubing al ong t he | ongi t}(fia‘z'gqﬁg“)’?fms of
the tubing to reduce the di aneter of the tubing to define an oriented
di anet er, and applying heat to the ofiented tubing to heat set the
tubing to maintain dinmensional stability of the tubing. 10 Preferably the

initial diameter is 10% 300% . orj en di t
Preferably the & gfé%?ggr]%fﬁgggLEEr%E???J%lltnlgﬁiér? t?e%g%ogggi n"&gFl V\g Ogr
dry process. Eadihermal gtRbAfiRY-process shares the steps of extending the

fj !Jbit ng bet wgen atf'i Irfﬂ;'epu%her sélﬂdéiﬁgsgﬁéﬁdfjﬂéliddﬁs safmf%@e _ oaparlt by a ;

i stance and contral,lin el ati speeds .. . .0 e fi,rst puller an

the second pul | aé"&nﬁhg'lhet ﬁé’glng a¥§f"’é gge pﬁ’f‘zfrht_:gm(ﬂ‘.sttﬁg %éICS‘ngleSE%Fer i's

- greater thars t haqueous batbhe Preferpblyerthe ttimm ishaoctubrignted

therebetween.  gurihgy the mht%ﬁeatapl Bit PL{OGRSH Jdde! RiFFd cisnpassed 20
e

‘through an aqueous bhath during t rientation step and in the dry
process the tubiffS¥™&L. prevent t ?hﬁ%}%%egﬁm? n%&%“@n f dFt A& aEFB\/i des
for heat sqiddeidplef tbhallloli thet bubimg cankititie mdmoky sof thet tubing

di scussed above. : \VN0 PEO§ESS]1d : .ep .
o mont b the_tuﬁayg}%ta%%h@%hy REOSE 514;@%%@431% 2Rat Wﬁ%ght:?%én?ubi g

) a tenRer%t grgthigher tto v tréat W b
wi il nornmaldy b FEPeFtss: Vi§ EHFBPY Rt RESVARE, CInBRdBI26ut bel ow
t he tenperat ure fatrther omtieattingeofubhagtubiigy |y nelted. By exposing the
t ubi ng to teﬁperﬂhlérlq@'alg_gvgst hesdPRb1&Ald YPbdivTReN Al Phral¢ss of
spaced rollers in the heating bath. The tubing is
trained about the rollers to define a serﬁentine.pattern
15 so that the tubing makes several lengthwise passes
through the heating bath. It may be desirable to
motorize these rollers.
Brief Description of Drawings
Fig. 1 is an'enlarged cross-sectional view of a
20 medical'tubing fabricated from a monoclayer polymer blend
of the present invention;
Fig. 2 is an enlarged cross-sectional view of a
multi-layered tubing of the invention; .
Fig. 3 is a schematic representation of a method for
25 forming, orienting and heét setting medical tubing;
Fig. 3a is a plan view of a serpentine patfern 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
30 for forming, Adry orientihg and heat setting medical
| tuSing; _
Fig. 4 is a plan view of a gfavity pressurized fluid
administration set; '
Fig. 4a is a plan view of a slide'clamp;
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tenperatures resulting in a tubing with good thermal stability.

The heat setting step includes the st ep® of heating the tubing after

the orienting step in a heated 5 aqueous bath. Preferably, the tubing

s not oriented  eigduring,the Nyl Yeel Bl BrDeLd-rOdETe BU41 i ent

tension to prevent t Ubl ng f om saggi ng. POSSI
al | ow the tubi RMANEEErRELIGNBKEL0 t he tublng may sag slightly. It-is

al so preferable tharlghestublmﬂ%ené& wahbedmn%bng Stseghene &9
prevent or m nim.ze ther orienting of the tubing

r
Finally, it |sm88%cP§bF8b%§ p05|t|on a plurality of spaced rollers in
the heating bath. TR&gtuBi hg asside elevgtion aybdewt inheecoicmrefta define a

serpentine patt@biingSandase ﬁb@élﬁ%qutlt&} S TRkesc$8MesLl thENAiihge passes
t hrough t he hea gt atg?vlt may be desirable to notori ze these

roll ers. g%?%h of Draw ngs Fig. 1 is an enl arged
Cross- sectional V|eﬁﬁ9i 8 29 a side llevaydiomg vielr inasect iomnef aonol ayer

pol ymer bl end tub1n§fahbeheﬁgfﬁﬁnaéééﬁﬁﬂy‘Wlth the tubing inserted into
' 10 the housing;
Fig. 9 is an end view of a housing sleeve; andg,
Fig. 10 is an end view of a housing sleeve with a
tubing inserted therein. ' '
Best Mode for Carrying Out the Invention
15 While the invention is susceptible of embodiment in
' many different forms, there is shown in the drawings and
will herein be'described in detail preferred embodiments
of the invention with the understanding that the present
disclosure is to be considered as an éxemplification-of
20 the principles of the invention and is not intended to
limit the broad aspect of the invention to the embodi-
ments illustrated.
I. Polymer Blends
The polymer blends of the present invention may be
25 embodied in monolayer polymer structures or may be
adhered to other substrates such as polymers to form
multi-layered structures. The polymer blends of the
present invention include a polymeric material and an
additive. The polymer blends are capable of being
30 fabricated into medical tubing and attached to rigid
polymers.
The polymeric material may be selected from the
group consisting of polyclefins and their copolymers,
ethylene-propylene rubber, ethylene vinyl acetate



Fig. 2 is an enlarged cross-secti onal view of a mul ti-layered tubing

of the invention; Fig. 3 is a schematic representation of a
gpthog for 25 I form ng, orienting and heat setting medical tubing;

Fig. 3a is a plan view of a serpentine pattern that t ubi | ow
t hrough a heaM&Y48%6cool i ng bath of t he process shown |ggE| gu7r’Je7m3?;
Fig. 3b is a schematic representation of a nmethod 30 for formng, dry
orienting and heat setting nedical t%bing; Fig. 4 is a plan
view of a gravity pressurized fluid adm ni stration set; Fi g.

4a is a plan view of, a slid , /g@ggm
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| g.
plan view of a punb?pr@&@@#f@dbﬁPG?d°°P°1YHﬁﬁFn?%??a§$oﬁF%%ﬁ?eg
E! g. ? i's punpdwmi%@u%it@g-eeieami BgyZenegliraprefie-styremsi copolymers; 5
I g. s a side e]levation viewin ctalon . : | a housin
prior to inserti?ﬂ#(ﬁﬁﬁﬁﬁaqxﬂﬁQ%fnat%% ?ﬁ?gvgﬁéQ%%UsF?éﬁg%ighéggk Fig.|89is
a side el evas i orelassenierss soidho@soPodyurethangs ngPahia Rt | 33 RIBRFSLH t h
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Slecve witha Snd [SHHANYSAREFA Q¥ aPorhose sbla otk Uhe' e Aadiiahdd
HYTREL, polybutadiene, polyisoprene, polyisobutylene,
styrene butadiene rubbers, and other cross-linked

10 elastomers.

~ Suitable polyolefins include both homo and

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

i5 ‘Preferably, the polyolefin is an ethylene
copolymerized with alpha-olefins including butene-1,
octene-1 {(collectively referred to as ultra low density
polyethylene ("ULDPE")), methyl acrylate (with less than
33% methyl acrylate comonomer)., vinyl acetate (with less

20 than 33% methyl acrylate comonomer). ULDPE generally has
a density within the range of about 0.8 g/cm® to about
0.95 g/cm®.

The additive should be a polymer or an aliphatic or

aromatic hydrocarbon having greater than 5 carbon atoms

25 in the backbone and further having electron negative
groups selected from the group of amines; amides;
hydroxyls; acids; acetate, ammonium salts; orgénometallic
compounds such as metal alcoholates, metal carboxylates,
‘and metal complexes of numerous 1,3 dicarbonyl compounds;

30 phenyl phosphines; pyridines; pyrrolidones; imidazoline,
and oxazolines.

The blends should have the polymeric component in an

amount by weight within the range of 90%-99.999%, morxe
preferably 98.0%-99.99%. The additive should be in an
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embodi ed in on%u%eﬁﬁyp%\ig@,& VLEHEhUERS PQn?_BYOE’eO.OOl%-@.cUle,r Qghd @oleher
substrates such as pollyners to form mul Ti-1ayered structures. The
pol yner bl end®rstempdly O-%Fégént i nvention include a polyneric nmateri al

?ng an ; ~addi tiwe. ;I'I)&qmldyastr'_smbnddlagare capabl e of being 30

abricated into nedica i ng.,andcat{ac Q.. 1,9 rs.

The polyneric mat e&ihéel ML ne%gggl ggt gééf Pg%ﬁnﬁg i‘aﬂéﬁ’ds r%%oﬁg%?]ﬁs% ting of

pol yol ef i 5s akdenssid tdyjsigmapdten mixapgy| BRESHFRLYP IMBHEFCE &yl ene
\IQIC'T'yllJSggleE)?BE (g.umble blenddd)7b4188her means such as reactive

- . ' 9 copol yners, ethyl ene
nmet hyl acrylafgﬁﬁﬂﬁﬁ%ﬂﬁws, styrene and hydrocarbon bl ock copol yners
such as styrene- IITout M ofy Faprigating, ¥pdicad FuHREt yrene

copol yners and giligire hy dhegenaeadcder tubihyeso bdheth®dreddnt

10 invention fabricated from one of the blends of the
present invention. The tubing 10 should have an inner
diameter dimension within the range of 0.003-0.4 inches,
and an outer diameter dimension within the range of 0.12-
0.5 inches. More particdlérly, medical tubing for use in

15 the administration of fluid using a medical infusion
pump, such as Baxter infusion pump sold under the
tradename FLO-GARD®, and COLLEAGUE®, have an inner
diameter within the range of 0.099-0.105 inches, an outer
diameter within the range of 0.134-0.145 inches, and a

20 wall thickness within the range of 0.018-0.021 inches.
The tubing should be flexible having a modulus of
elasticity of less than 50,000 psi, and more preferably
less than 40,000 psi.

Figure 2 shows a multilayered tubing 20 having a

25 first layer 22, which is a solution contact layer, a
second layer 24 and a tie layex 26 therebetween. ‘The
first layer 22 may be selected from the same group of
polymers set forth above for the polymeric component.

The first layer 22, however, will not have the additive.

30 The second layer 24 will be of the blends specified above
ha@ing a polymeric material and an additive selected from
the groups and amounts specified above. In many cases
the first layer 22 will be sufficiently compatible with
the second layer 24 to do without the tie layer 26.



5 el astoners such as pol yuret hanes, pol yam de and pol yester

copol yners such as those sold under the tradenane PEBAX, and

copol yesters such as those sold under the tradenane HYTREL,
polybutadiene ﬁpl | soprene, polyisobutyl ene, styrene bu}e? 7040
rubbers, and 2%, 0ss-1i nked 10 el ast oner s. ' apl e

pol yol efins include both hono and ol ynmers of pol yethylene. Suitable
conononers may be sel ect ed fron1théu§roup consi sting of aliphatic

ol efins, - met hyl acrylate and vinyl acetate. 15 Preferably, the

polyolefin is an et éﬁgirﬁl 1z b&nﬁﬁléﬁg WMBE gbpgﬂogi&fhg§elgcludlng

but ene- 1, octene-1 ively referred to as ultra | ow density
pol yet hyl ene ("thispmess é1f1’43t""r1}H“'r&@l"‘)'f‘lagt"-‘e°Fvv|tll"l'§i Fesaliyapl thicknesse: hyl
acryl ate cononafighin WHe |radeet aife sEwi-Sio s, es&eZQecoh&aha)Bé% et sybubdryl ate

U t bout
OB orant o shie Bl snan SileUabl U BLBoLTCAR 0, Oy 800N

pol yner or Jan ad3yati& %?C'uldg haéfﬁoﬁttpécpf?ﬁﬁécaiﬁbhnh%? nﬁaﬁﬁi%a‘?%ro't han 5

carbon atons 2% 0%Jin the backbone and further having el ectron negatlve

groups sel ected 11 oMy 1 MR e HIMACTerdTulCing ozt lMLINS v

acetate, anmoni um sa ganomnet ounds s as ne
al cohol ates, netal ok mﬁlﬁceglesz.rablgngowettap ébhpn@&ekotﬂo nt@reb@us 1,3

di cgr bolnyl Cowdecﬁ(hloﬂl@h@hﬂlrph.@i@*ilt&ainaQYEkéb nes-rhpylr%%émﬁet B

i m dazol i an 0oxXazo e ou av, e
bol yrer ¢ ittt iheEHEd Wt vic1a crrenbif QeCHRE RN IRy

90% 99. 999% ndrangitudignad dixeckion G%egsbwgwdmﬁenadwmwnMd&me in

an VWY /Ay to neck during use. 1In effect, pre-orienting

PCT/ US97/ 07040 of the tubing increases the resistance to further

necking. Preferably, the tubing 10,20 should be oriented

15 so that the initial inner and outer diameters of the
tubing are anywhere from 10%-300% greater than the
diameter of the tubing 10,20 after orienting and more
preferably from 20%-120% and most preferably from 30%-70%
higher. These ranges further include all combinations

20 and subcombinations therein. The ratio of the beginriing
diameter to the diameter after orienting shall be
referred to as the orientation ratic. The orientation
process may be a wet orientation process of a dry one as
set forth below.

25 Figure 3 shows a schematic representation 30 of the
method of orienting the tubing in a wet orientation
process. The method of wet orienting includes the steps
of providing a tubing 32 from a polymeric blend, and
orienting the tubing 32 along its longitudinal axis so

30 that the tubing 32 has a desired innef and outer
diéﬁeter, as specified above in Section III, and
orientation ratio. The orienting step orients the
molecules of the tubing along the longitudinal axis to
increase the resistance to necking upon subsequent



10 | amount by weight within the range of 0.001% 10% and nore

pr ef er abl y 0.01% 2% Il. Method of Bl ending The
conponents of the polynmer blends should be 5 bl ended t hrough nolten

m xi ng, phy, endi ng such as tunbl e bl ending, or gifgéergeaps such
as reacti ve‘%bcg%l%itrum on. [11. Method of Fabricati ng”NEdl cal
Tubi ng - Figure 1 shows nedi cal1 tubing 10 of the present 10

i nvention fabricated fromone of the brénds of the present invention.
The tubi ng 10 shoul d have an inner di ameter di nension within the range

0]1: 8 223 4 I1 %udﬁnal @r&éeaalﬁgberlﬁharreﬁsiggl BB NSk QihéM tmi_an: tdha ragge
0 - inches ar medi use in

t he adm ni st r§'t° STBFS F&F&"&?Pﬁ g ﬁgﬁ _Eg?éif’ﬂfﬁgﬁ%oﬁo rl%lﬁw% uRING, as
Baxt er infusidm ;nmpomlentedddmenewn tradenane FLO-GARD{err], and

COLLEAGUE[ err], ha"l“r‘xea'i‘.ub'iﬂ ' 32 (whﬂbﬁ”ﬁ&?rb&/' &héi‘n§f€ Iﬁf&i%d)f 1@3191%9' 0.105
i nches, an out er er wiithipn.the'r 145 i nches, and

e
a 20 wal P thit€kR&s& mutlﬁ”ﬁaerﬁ‘éeﬁaﬁ 198 305182 P r?dhés directipp’
t ubi ng shoul d ibditchdedbby barowg 3a4nallahgsaofontinuehsigatd tohasf magss t han

50,000 psi, apd HRFe Reaf %BaQL.-'»Ya l:l.neI es‘f‘héh@@rlﬂoﬂ'@?ﬁﬂ%“ shall refedi gure

Zshowsarmltlla)ieredtubln er which is a

sol uti on cont&®t Hegations a °n§eE§ E?ﬁ?e?‘“ﬁ hﬂe‘ét’cc? pﬁﬂﬁrlt%t e
t her ebet ween. di"fleet:.on thi the faper of2theytbkingl 22t edcdnvamselie ,sarhe gr oup

of el Y "% §ﬁ'§\?/e°%r tl'inéh%ﬁai%aréférDEEYYSEé&&S’é"’F&q{‘ The

first |ayer ver ditive e second | ayer

24 will be of dreskiondotstbei fiey Q OGBIe tubingyi Ny LAY FS ¥R eri al
and an additi védinel"edtedhbudm not behthgughpsthat tieusEthabaenisti &g above.

I'n many cases carrlehh%u 5ot al 8¥Ri ﬁtv‘&iheberéﬂﬁéfci@rgk{%ﬁwtéaw& W th
t he secondla;t/_' 24 to_do thout the . tie la
o mean that the method is carr ed out in a sequence of

15 consecutive steps.
As shown in Figure 3, tubing 32 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
20 preferably from 20%-120%, and most preferably from 30%-
70% greater. The diameter of the tubing exiting the
extruder 36 shall be referred to as the initial diameter.
The tubing 32 is pulled from the extruder 36 with a
first puller 37, a second puller 38, a third puller 39,
25 and a fourth puller 40. The pullers 37, 38, 39 and 40
may have a silicone or rubber coating to increase‘the
coefficient of friction with the tubing 32. The second
and third pullers 38 and 39 may have a plurality of
axially spaced and circumferentially extending grooves to
30 accommodate more than one set of tubing 32 on a surface
of the pullers 38 and 39 at a time. ‘
After exiting the extruder 36, the tubing 32 passes
through a first cooling bath 41 where the tubing 32 is
cooled with air or a liquid. Preferably, the first
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11 : The first layer 22 of the tube 20 should have a
t hi ckness as a percentage of the total wall thickness - wi thin the range
of 98% 50% the second | ayer 24 shoul d have a thickness ppidy :
range of 2- 50%° it % e tie 5 | ayer 26 should have a thi cknessgj\?,\noﬁfn
the range of O- 10% | V. thod of Heat Setting and
Orienting the Tubing It is also“desirable for the tubings 10, 20
to be oriented along their |ongitudinal axes. This orientation 10

step increases t%%i&g%'%aihrﬁﬁgﬁg waﬁéﬁitﬁgﬁﬁmhﬁ’htﬂEﬁperatuEQnGhEHtha

direction thereby reduaci ng the tendency the tubing to neck during
use. In effect, YhaeeX@igening°C-45°6f the tubl ng increases the resistance
to further neckinfyerPlesfieinll yhet fitrdtibrowml ity 2Gitdhéal dhbetubisgt ed 15

so that the in'é&?f s %@Qw@gheEhg fﬂ?ﬁ@rénéﬁsééghd pullE!Q'@g gh8 3820

anywhere from1 ograﬂert diianeter of the tubin

after orienti ngwieFendhe tubing,ag e?%b?’;'/l?‘i‘Qﬁ'ﬁ RCRRTRART FBSt sﬁFgP@r ably
from 30% 70%  pulleghas aﬁesgréaﬂgesréwtwrspm udanakhec dipsnat i ons 20

and subconbi “at'mﬁe@%e't% achifybathe &lsilis Rt ditaton ratdbamifls!o

the di ameter af F&¥ "6ri éntimn S as the orlentatlon
rati 0. The ori eestiegm of therdimsswidhy be %Fﬁﬁ%r§§|Q9ﬂ§§tFBﬁ praesgingr a
dry one as geit il a2 belpgefeRably the deqtid phildeanssaiscbperated

representati on 3q of A% wichifPHI Mol LML (194 ihid ¥ldsRete!

orlentatlonl pro wet orlentln I NC e steps
than the first puller 37. By controlllng the relative

speeds of the first and second pullers 37 and 38 one can
control the final inner and outer diameters of the tubing
32 and achieve the desired orientation ratio.

15 In the orienting section 42 the tubing 32 is passed
through a second cooling bath 43 where the tubing 32 is
cooled with air or a liquid. Preferably, the second
cooling bath 43, as the first cooling bath 41, is an
aqueocus bath at a temperature within the range of 4°C-

20 45°C. ' '

To overcome the memory effect of the oriented tubing
32, it is necessary to heat the tubing to a temperature
above that which it will normally be exposed during
shippihg, storage and use, but below the temperature at

25 which the tubing is fully melted. By exposing the tubing
to temperatures above the application temperature, less
ordered lower melting crystals are melted leaving higher
melting crystals which will be thermally stable over the

_ application temperature range. Part of the highly |

30 oriented macro-molecule chains will be relaxed to provide
a éubing with enhanced thermal stability.

Toward this end, after exiting the second cooling
bath 43, the tubing 32 trains about the second puller 38
and extends between the second puller 38 and the third



of providing a tubing 32 froma polyneric blend, and orienting the
tubing 32 along its longitudinal axis so 30 that the tubi-ng 32 has a

desired inner .and outer di aneter, as specified above in Section II1,
and orientation ratio. The orienting step orients theg cul es
of the tubi Wé”:ﬂ" the longitudinal axis to [ ncrease'--\__tcﬁléjs?-’ém St ance
to necking upon subsequent WO 97/ 41906 :

PCT/ US97/ 07040 _ 14 12 | ongi t udi nal
stressings. The tubing 32 is then heat set to reduce shrinkage of the

tubing and to ubi Ny | The
tubing 32 (\/\/n|‘J"Ll)€h=’tll‘"%’gt The tublf‘g ergxﬁ:ﬁéﬁﬁ% 2 '@.%be%fztb g];ered

be a’'sin
tubing 20) is Wﬁ’%ﬁ the fXHUEer Bﬁ and t}?m‘-’é'htaealeﬁﬁl&ﬁrbﬁé 3343l ong a
conti nuous patwhddetth®tubing he hedersed. t Prasfexrabilye. theeheat nbith- i ne"

nal L TSTer g i geAiRialn 3800 Lhe dd0ed hdiaeebianegPRgSbhGe! e

direction to the nver se
"down-| i né@ stdidon &pRce .o II‘TG’U&P’Pﬁnsth#F tR&Sltlomdigr d6t pesienatpe fl ow of
the tubing. ByrHis R@ritien &fMthe protésie will Browetervedbeot Asughe that the

TeLhod ISt Decar BNt ohlo? SLGHIAN IRt galer chL s0gK!d De

t aken |s carried out équence 0
consecutive stagfsing step 45 is dopg amoling r?ﬁﬁeg}’urtélesorﬂGBFFIQQSZ |s formed

Wi th an exddridni 436. blite coubinge ?t?qﬁldﬂﬂlg.:ldée iexar pdekh3fode
8{ 2;,?;?b![:¥0ahas agq’ %t# ?;rﬂqﬁragn%;%h dhggtpséeq_nc i g‘ﬁ"tst:\’é"pI IAlsbet:he tuLE.R&] 39% 300%

is passed through a heatlng bath 44 where the tubing 32
is heated with a medium such as heated air or liquid.
The heating bath 44 preferably is an aqueous solution of
water at a temperature of between about 50-99°C.

15 Additives such as salt may be added to the aqueous
' solution. a '

- It is desirable that the tubing 32 not be oriented
during the heat setting step 45. For this reason the
tubing 32 should be kept under minimum tension to keep

20 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

25 slightly slower speed than puller 38 to accommodate some
shrinkage. '

. To further prevent orienting of the tubing 32 in the -
heat setting section 45, it may also be desirable to
support the tubing 32 while being pulled through the

30 heating bath 44 with a supporting structure 47. However,
préviding the supporting structure 47 is optional.
Suitable supporting structures 47 include a conveyor that
moves at the same rate of speed as the tubing 32 through

the heating setting section 45. Another supporting



20 preferably from 20% 120% and nost preferably from 30% 70%

greater. The dianeter of the tubing exiting the extruder 36 shall be
referred to as the initial dianeter. The tubing 32 is pulled from
the extruder 36 w th a first puller 37, a second puller p8rusoriotbdod

pul | er 39, 25W°%{’6‘dp“£ fourth puller 40. The pullers 37, 38, 39 and 40

may have a silicone or rubber coating to |g1crease t he coefficient of
friction with the tubing 32. The second and third pullers 38 and 39

may have a plurality of axially spaced and circunferentially extending

grooves to 30 gggg@t t e E1t Bbh §2h sar face
of the pullers 38 and a?;gea Iﬂ%t@& ey Qﬁﬁlzgéidruder

36, the tubing 32i¥BREeX greatex, thag thaf pL t?&oFPang Hgﬁ - % the
tubing 32 is tulbind e3k W ¢ heupporreda blyi ghied inteefierabliyfacecof e
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13 cool i ng %a‘f‘ﬁ 41 is a water. bath at a tepperature with t he
range of 4[ePBr] C 45[ ehEyer exiting the heatdpg: Pagh: R4 fFPgtt‘é]Bb‘W me bath 41
the tubing SRt enderisst wesneshe e rid psitl lard 3seanddthel feust3 owhteB8 5

wher e the tubing,g2 |5,p{de %&d%}mm@%%ga%ak@a 38C8"ini1aPUbbeda e Al a

greater rate of Spee an t to ac |eve the desired
orientation ratipul¥ers39 or sgkighilyomlower) ithan, 3P| tBePFeYeRt ctl¥toheX t he
orienting segtient42ioll ef THeldubiinge 32edenpaprkldeagdBni shopegiat eige 10

i o 57 "8 conb i 0l TR 4, 0l TRRSLASSE!so ponbiBLe 111
provide for a separate cooling bath, but this arrangement
saves floor space.

It may also be desirable to provide for the tubing
32 to make several lengthwise passes through the cooling
15 bath 43 or heating bath 44 as shown in Figure 3a to
provide for maximum cooling or heating of the tubing in a
minimal amount of space. This may be accomplishea by
providing a plurality of spaced rollers 49 to define a
serpentine pattern through the heating bath 44 or cooling
20 bath 43.
To prevent any further orientation of the tublng 32,
it may be necessary to operate the fourth puller 40 at a
similar speed or slightly slower rate of speed than the
third puller 39.
25 After passing the fourth puller 40, the tubing has
an oriented diameter and passes through a cutter or spool
48 where the tubing 32 is cut to the appropriate length
or wrapped about the spool for storage or shipment.
Figure 3b shows a dry oriehtation process 30’. The
30 dry orientation process is same in most respects to the
_ wef orientation process with the major exception that the
- tubing 32 is oriented in section 42’ between pullers 37
and 37a. Puller 37a is operated at a speed greater than
puller 37. During the dry orientation step 42’, the



speeds of the first and second pullers 37 and 38 one can control the
final inner and outer dianeters of the tubing 32 and achi eve the _
desired orientation ratio. 15 In the orienting section 42 the tubing
32 is passed t hrough a second cooling bath 43 where' th ' S
cool ed with YOP™1%8 |iquid. Preferably, the second co%%’@%to 43

as the first cooling bath 41, is an aqueous bath at a tenperature
within the range of 4[err]C 20 45[ er RfC. To overcone the
menory effect of the oriented tubing it is necessary to heat the

32,
tubing to a te r.at.u . b ' [t W _ I posed
during shirzg%lﬁ , "32,[. or angﬁagésﬁ%g?é%\lﬁ}} f)%féov? %ée&f%%%{ﬁat%r gga? )é25

whi ch the tubi tde §a8gl AR wet opjeriPPmPhR 43bi A the dry

telrrp_er atures a:’c’ﬁ'\i%nkzheilaﬁpdblr@&'l ks belDer @tw,e,ssi,else&;d 40 vgrlcie:b@d\fhhgv\ﬁr -
nelting crysta re ted.lLeaving_hi gher mel tJ.n stal s ich wi
be thermally sta}b%erg\ggr St"ﬁ'é'la% £°a°%| ?g%‘f’el%nufaenm%%ia]te% g—'?/aange. Part of
the highlyS30 ori ¥t eMethedoofioPetngectheFuling || be rel axed to provide

a tubing with enhanggd meaieal &uBPhyi $¥.of the presekanfledtiionchdy after
exiting the seg%nd cgol.l n i uhing 32 trains .about the

. b . h .
second puller use éﬁdQS%t‘SHas%%g%él%’%nat‘Ff% + pstﬂqrblﬁ%g'nand t he

third adwindst2rdng fluid to a patient using an administration

PCT/ US97/ 07040 get 60 (Figure 4) where fluids are infused B#dnfla 23uidhe
tubi ng 32 roceedi i.n a dir .extruder 36.and

t o] dth
through a*ffeat iS7% Béf’ﬁﬁﬂucgcals\cl)ﬁﬁr gc{iheb?%bqt%?é\éa‘{ & rﬁfgt"%'.s BREFELAR v,

the heat bath system. The fluid flow rate may be controlled with fluid

control devices such as a clamp 63 which has a slot 64
that tapers along its length. By positiohing the tubing
at various positions within the slot 64, the walls of the

15 slot can impinge upon the sidewalls of the tubing 32 and
thereby alter the rate of fluid flowing through the
‘tubing.
' The tubing 32 may also be used in pump pressurized
system 65 (Figure 5) where fluids are infused to a

20 patient through the tubing 32 using a medical infusion
pump 66. Such medical pumps 66 include a linear
peristaltic pump, a rotary peristaltic pump and other
pumps that effect fluid flow through the tubing by
successively impinging upon the sidewalls of the tubing

25 32. .

In a linear peristaltic pump, a plurality of pump
fingers are spaced along a segment of tubing and-are
operated to impinge upon the tubing sidewalls in a step-
wigse fashion along the line of fluid flow to move fluid

30 through the tubing. -

" A rotary peristaltic pump has a circular drum that
is mounted for rotational movement. The tubing 32 is
positioned proximate a point along the drum. The drum
has a plurality of circumferentially spaced elements that



44 i s positioned above the second cooling bath 43 to save 5 floor space.

However, this positioning is optional. This portion of the process
will be referred to as the heat setting section or step 45.
Preferably, setting step 45 is done on-line aft

orienting H’Dggj'}%@&on 42, but could be done off-line in a batc %ﬁ?gg"ﬁo
process. During the heat setting step 45, the tubing 32 I s passed

t hrough a heating bath 44 where the tubiﬂa 32 is heated with a nmedi um
such as heated air or |iquid. The heating bath 44 preferably is an

aqueous sol utloeu%esswew %e%tev&fyvsﬁesgéetﬂé a%ihﬁgergf&%n@ awC 15

JAdditives such as salt may added tion
It is de5|rabletpﬁaPrPWerPﬁﬁFﬁﬁ pd HB?pr B%geﬁPEﬂugh they lrubiqg B -heat
setting step 45. For othex paapsnstbh as théubnegdéacsﬂmeﬂ dirbey Isap@auaiﬂ:r

™ nimum tensi Onyb0 Ke9812810 WBGebURLRGA! EHOMAR" cibid U N0 ShRUA G

all owed to sag he sec
39, to prevént é?sbéﬁflr éw Flﬁé°§mlpﬁk'ab% tyhing ewe of romstm aamet-hi r d

pul l ers 38 and 3gcilstive Easbpenat leuihat is toss@ylematsmefh?aé)rmggﬂtler 39
ld b t er o]
cou € opera Sﬂt%mé ﬁéfoﬁﬁh't%h ytﬁé"&%ﬁéa‘?f ;f{;] L f é}ﬁfa&el L 9F ng of

accommodat e sone
the tubing 32 |ﬁhFhEUblng H@&FhséPPFﬁgcée%?¢Bn°EE?r4td¢m§PQMMRkebe desirabl e

to supportcbheabublngpialuhhte gerﬂﬁypﬂhééibéf&tbﬂﬁytf&%?ﬂéncehﬁa%lng
suppor t1ng 0t uSERPRE bBY 5,187, 01F ada 18 UKElcway, ol oo ofos 47
i ncl ude a conveybe EREE descrﬁb@gg the tgrnexad prircivlepadd aperatdonubi ng
32 through oEhgubRaki pmbehhindTy SEkd | €extdSloldd et NOLL, i Ndne
63-Col. 5, line 25; and Col. 7, line 6-Col. 8, line 9.
Each of these pumps 66 may have various built-in
15 sensors that help control the pump. For example, medical
pumps 66 typically have air bubble sensors to prevent air
from being pumped into the vascular system of a patient.
Back pressure sensors are provided;to detect an increased
resistance to fluid flow which result from a patient
20 crimping the tubing or from the tubing being otherwise
kinked. As shown in Figure 6, the sensors usually have a
sensor housing 67 in which a segment of the tubing 32 of
the administration set is secured in place. Air bubbles
'may be sensed by passing light through the tubing to
25 detect air bubbles. Fluid back pressure may be sensed by
detecting changeé in the diameter of the tubing 32.
VI. Rigid Medical Housings -
The administration set 60 in Figures 4 and 5 include
tubing 32 connected to and in fluid communication with
30 various rigid plastic housings such as Y-type injection
sites 74. The tubing 32 connects to a housing sleeve 76
on each of these housings 72 and 74.
The housings 72 and 74 and their housing sleeves 76
are preferably constructed of a rigid polymer such as
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15 structure 47 is a plastic or nmetal conduit having a di anet er
greater than that of the tubing wherein the tubing 32 is supported by
the interior I of the conduit. 5 After exiti ting
bath 44, thew?)thz{‘ 32 extends between the third puller %@@%ﬁ"’?‘ﬁ@
fourth puller 40. Puller 40 should be operated at a simlar speed of
pul l er 39 or slightly slower than 391x3kﬁevent further orientation

The tubing 32 is passed again through the 10 second cooling bath 43. O
course it is p%;qi Hel DI f segara Ln , but this
ar r angenent S eagr ggress,pgébﬁo‘i?es‘irez%, QP?' négl_:g?ggébgngg%?'r able to
provi de for théQkMFtyFene, PLIYPYoRYdede, ehdph dREPALY sBopYRERELERR oUgh t he
cooling 15 batdoltsulfdnegt iang palllyidd des sirhentepmFrRilgEd3polwvmerst provi de
for maxi num coq|J h I f g 1lLub! | . s . Bi f
space. This na%’lbé;%g%%oeqpﬁ%})éh%gd;%y lh%r S%SFﬁseécf)ng%?i%% ,st)g%%rg

rol lers 49 %0 RFiR0 psi ande preferablyagrephernEBagh 1RQ. PRAtPSY- bath 44
or cooling 20 Baitaddy, the housimgpnevdst cangttuetbarueingnimjédmiasd the
t ubi ng 32, | t ry to operate the fourth puller 40 at a -
simlar speed 6Wi%¥$éh?%§ﬂgﬁg&%%:rate of speed than the . third puller

39. 25 After pessheyn ia Fdgurespdl rad 80, ithéstppeferhed that gn

or ib ent egzd! anetusiiy RAsee tvfs_rcma@lal a gehkealdy épﬁﬁbat(ej cgﬁifiﬁh@{h&hi he |

t ubi ng is cyt to appropri .en O WEa about, t he spoo
for stora eosor%s%élyplrreteohn'?’.avgng & %&’%Pég‘ﬁgtagb%h%\%gégﬁ%foﬁ ht gi'fl?%n process
30'. The 30 drapesHinghi82 ileads e s chambere8Anwhish iss@imensienedito

wet ori gn_t atiorrqﬁaeﬁaﬂgﬁetrm td&trwno” bfeg@pthamnghag .th-gh? hoﬁ%l%ﬂglg 32 is
oriented in sectio ' t r . r a is
operated at a scp}'é egrr eagt g‘rs\,\%%g’r?% lé:te(apz-'lc‘l &t %7?’3&??131??% %f?/w o?l?%lmea]t I on

step 42', the 86. As shown in Figure 4, the interior channel 82 is in

15 fluid communication with a container 88 holding a
beneficial agent to be conveyed toc a patient.
: Referring again to Figure 7, the housing sleeve 76
"has an inner surface 90 which defines a generally funnel-
shaped chamber 84. The chamber 84 has a first area 84a

20 proximate the opening 82 and having a first diameter, and
a second area 84b where a plurality of ribs 92 are
positioned. The interior flow channel 86 preferably has
a second diameter which is less than the first diameter.
A taper 94 connects the second area 84b to the interior

25 flow channel 86. The degree o of taper 94 preferably is
within the range of 0.25-1.0 degrees as measured’ from a
centerline 96 of the housing sleeve 76. ' _

Preferably, the first and second chamber areas 84a

and 84b first diameter gently tapers or decreases

30 diameter from the opening 82 to the flow channel 86.
This taper is known as the draft angle 8 as measured from
the centerline 96. Because the housing is typically
fabricated using an injection molding process, the
chamber 84 is formed by a tool whose shape defines the
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16 " “tubing 32 is not subnerged in the aqueous bath 43 as is t he
case in the wet orientation step 42. In the dry orientation process,
pullers 38, 39, and 40 will be run at arate simlar to t han
pul | er 37a. 5WO9S7M4I06,  \pthod of Using the Tubing p%’ggﬁe%g‘f‘gal
tubing 32 of the present invention nmay be used in various nedical
applications such as in admi ni-steriny®fiuid to a patient using an

adm ni stration set 60 (Figure 4) where fluids are infused froma fluid

The fluld f1ow r SPETRE) Be-colPPorron bt HY oiefved UEREY Boricac 8IS T,
as a clanp 63 whtbe heusang| apdehhe draftAngle & ofatbsgirterientrrisge
2741, Wikagsacs ol uaneing BeeayasmetEM O e
;Aﬁer:bg al ter th(griggéogﬁ ffiggﬁr??ﬁ?tlj\ﬁ?%% '{%&o}g%eﬁlgi gq tugi nu. o o
The tubing 3% nay al sdtbasudedirablenphal ddwusecomd diam@?@reﬁgGSh%FfQQWe
5) d\_/vhelr e H UISIdz n%hﬁnh@ﬁ.uSgdbgol%sggtharpaﬂiaﬁ:ﬂfoﬂ Wgﬁpﬁmd%uaéﬂ?; 3BF UShélg a
ggr: g?al ![ i cupurrp,flﬁx?gﬁépgugé?gs?gl ??gtquaﬁ%pa plr%’?}]?%ﬂ%elplf %hg Eﬁﬁ%ﬁ? :{lay
effect fluid fl owerMeoaghat BEopuBe nEe prevent fwatdwesdi iasgrtipnngf nghepon
the sidewal I's of +{;BenkUBRNYNES théZhousing sleeve 7@ lndedb peevéehel the
purp. - a plua%llt%iggagggg of adhesive into the fluid path. (See also
Figure 8). Also, it is preferable that the tubing 32
fluid passageway 70 be in alignment with the housing
sleeve 76 flow channel 86 to minimize the resistance to
fluid flow at the juncture. In effect, the taper %4
15 defines a recess where the tubing fits into to achieve
this desirable alignment. o
As shown in Figures 4, 8 and 9 the housing sleeve 76
also has a plurality of circumferentially spaced ribs 92
positioned in area 84b. As shown in Figure 9, preferably
20 there are at least three ribs 92 spaced apart about 120°
and more preferably 5 ribs. Of course the ribs 92 could
also be unevenly spaced without departing from the
present invention. Thére‘may also be any number of ribs
92 greater than three. The ribs 92 extend from the inner
25 diameter surface 90 in the second chamber area 84b and
preferably terminate at some point prior to the' fluid
channel 86. Each of the ribs 92 may be of varying and
differing lengths from one another and each may start and
stop at various locations within area 84b. Preferably, a
30 portion of the ribs 43 outer surface 50 extends parallel
to the housing centerline 96.
The ribs 92 have a height measured from the interior
surface 90 to a highest point 102 of the rib 92 ranging
from about 0.001 inches to about 0.010 inches. The



fingers are spaced along a segnent of tubing and are operated to

I npi nge upon the tubing sidewalls in a step- wi se fashion al ong the
line of fluid flowto nove fluid 30 through the tubing. A
rotary peristaltic punp has a circular drumthat IS no

rotational W The tubing 32 is posi ti oned proxipng%,ggggk%nt

al ong the drum The drum has a plurality of circunferentially spaced
el ement s t hat ' WO 97/41906

PCT/ US97/ 07040 ' successi vel y

operatively er}%a]%q} *&% Eﬂg 29ps! gﬁvﬂ&a&i the aetsil%efa' w&e%%%an&@a@urm

fluid through g such_as the on
descri bed |r1l9¥§34@¥9§n etween\gn gugey %HE??ﬁﬁM%Q#qu &hFhF89§HgtaB|ng in a
control led 5 and asid entey gereiohsglobeof utiengitst sof toodedine annon-

occl usi ve fashig t@?g = &BGSQKF}Qﬁé¥&£Eﬁheﬂﬁﬁ§%dhe31vgxh&ggelos

def ormati on, tﬂ] i nternal surfaces of th ubi ng whi ch

appr oach é%crl&hQR%AJh&olﬁ6gen&E€“9h to capgmiedans, i Syfdchentpy

It Rcor porate bquae{tqrt@nw Hdﬁesiog Pat enéat.a Hebulre) Eihasd vienbpadi, i cul ar
ose portion X Cc er. | e f

operation sm& %o&c nghﬁ %’gn"g§ H‘%}* n‘?%%ﬁlr%ﬁ%t e1 akpkeg%g EPQ

63-Col . 5, || raigmng éﬁdaeél 3 hppﬁeng gipevey 7§ jand @ poor bond. Each of

these punps 66 may Thvaeightoof bHel £ibs 95, @rhidldt hasikebp dawkrdl the

P v o B hie TRUniRs 02 miBMAP2LEOLVAIARIINEANA BLiaBilY! Brgensors

to prevert® air° 0 syst
pati ent. Qiuﬁ@hﬂﬁy¥§uﬁ§°@eﬁ Gr§u§F§ ?ﬂ%ﬁ§QEu}Qﬁo°EéF§@tt&ﬁlpﬁcﬁéased

upon insertion of the tubing 32 into the chamber 84. The
ribs 92 can have any geometric profile, but are
preferably radiused, or slightly rounded, again so that

15 the ribs 92 minimally interfere with the adhesive. 1If a
significant amount of adhesive is removed during
insertion of the flexible tubing 32, channels could form
between the tubing 32 and the housing sleeve 76, allowing
for undesirable leakage of the fluid being transferred

20 through the tubing 32.

The ribs 92 also serve as a guiding means that
assists in centering the tubing 32 within the housing
sleeve 76. Centering the tubing 32 within the housing
sleeve 76 is important for providing equal

25 circumferential distribution of the adhesive between the
tubing 32 and housing sleeve 76, and providing for a more
reliable adhesive bond. ' ' '

- Figure 10 shows the housing and tubing assembly 78
in a connected position. Tubing 32 is positioned in the

30 chamber 84 of the housing sleeve 76 such that a tubing
end 108 abuts the stop 98. The adhesive area 106 is
shown filled with an adhesive.

A further aspect of the present invention provides a
method of forming a tubing and housing assembly 78 shown



resistance to fluid flow which result froma patient 20 crinping the

t ubi ng"or fromthe tubing being otherw se ki nked. As shown in Figure
6, the sensors usually have a - sensor housing 67 in which a segnment of
the tubing 32 ‘96 1006 L Ne administration set is secured in pl pefysdHioros0
bubbl es 9be sensed by passing light through the tubing to 25
detect air bubbles Fl ui d back pressurezfay be sensed by detecting
changes in the dianmeter of the tubing 32° VI. Rigid Medica
Housi ngs The adm nistration set 60 in Figures 4 and 5 include
tubi ng 32 conneghegi grandol Asihgl €he OUBIHSE AJ GmaNithe BBusiabi 8useykyi d
e |nJect|on sites 74. The tubing 32

pl'astic housing
connects to a h365| cgfggve g on each of these housings 72 and 74.

The housings 72 and. Theamgtbn@|¢ommxéﬁ¢g;qnq*an§p57@f proyidipgefierapi¢

constructed of @oiis§hg BRLYVEN 76 Usdvasy an opemngv\@z97/1éaa% to a
PCT/ US97/ 07Q40

caH)nMe,
copol-yesters AS8amRer, P whigh in, turn c?ﬂﬂ%ﬁﬁﬁyf@hén bBE?§¥8§ngﬁﬁ?eiigh
density pol yet hpéenepd plurapitysof foirqunietentliplliydepated rébs YR gsd

pol ymers™ WeSckhBea hKB¥YEUarfe t%r&fd %lna%ﬁaleC'chxthﬁ%lsgge?héh S

50, 000 psi and prefera reater_t 100, 000

housingp14 i s C§W§LP ?Bétﬂgfnbn?}ﬁ e step ﬁEI&PR§Yﬁ€Shﬁ|GHé§t1tY

As shown in Fig@ﬁeadneamde8p0|thesa¢heﬁiyawaiemhab6 insketihggthbecend 76
have a gengrpl | 160%.0;89%9 e B3 37 dne P2 89B341 BEeAIngPEY! 0FeB? At

Its distal end.
. he tublng end 108 contacts the stop 98. More preferably

the tubing 32 is inserted into the chamber 84 and the
adhesive is then added to the adhesive area 106 and
allowed to wick about the circumference of the tubing 32.

15 The ribs 952 guidé the end portion 108 of the tubing 32
into a central portion of the housing sleeve 80 thereby
defining the boundaries of the adhesive-afea 106 between
the outer surface of the tube 104 and the inher surface
90 of the housing sleeve 80. The method finally includes

20 the step of hardening the adhesive forﬁing a bond in the
adhesive area 106 to secure the tube 32 within the
housing sleeve 80. The curing step may include the step
of applying heat, U.V. energy, pressure or other means to
harden the adhesive.

25 Suitable adhesives for use in the above method
include cyanoacrylate, hot melt adhesives, U.V. cured
adhesives, emulsions, epoxies, and-pfessure sensitive
adhesives.

VII. Examples
30 A, Example 1
" The polymer components shown in Table 1 were tumble
blended having 0.23 weight percent of the additive and
the remainder the polymeric material. The blend had 0.23
weight percent of the additive and the remainder the



opening 82 leads to a chamber 84 which is dinensioned to - receive an:

end portion of the tubing 32. The housing chanber 84 is connected to
an interior fluid fl ow channel 86. As shown in Figure 4, the interior
channel 82 is in 15 fluid communication with a container ggrhalti-gg a
benefi ci al é’{fj@ﬁ’f"‘t’?ﬁ be conveyed to a patient. Referring again to
Figure 7, the housing sl eeve 76 has an i nner surface 90 which defines
a generally funnel - shaped chanbe??84. The chanber 84 has a first area
84a 20 proxi mate the opening 82 and having a first dianeter, and a

second area 8 erﬁeo:@tgpl % 2 éflaf h,ggbéx@gu@é@ into mﬂg Qﬁe,qn TI&Q

interior flow ¢Hanne pre a_second di_angt.er mhlch
| ess than the dutest diiamesesr within’ BhEaFarge oL it 0 ife JDheF épga 84b
to the interigin 2mned ldumeasnelitBén thacrange asf [Cerrdl -of. A0EpEnches.

preferably is thin th ag 0 5; é@%ﬁ rmi‘:%%‘& froma
centerline 96 B t%#%ngugaﬁg%slé Qﬂﬁo Ehgeg idell refera Iy the irst and
second cha@nberd yappayylate aéﬁGSBHB pridt by Lerdiidre ginds ryt'chﬁpers or

decreases 30 psidim! efuridednyblte epeniBgdSLot conrect |the ahdving 86.

This taper is knovvn as the dra g e measured from t he
centerline 96 5%BEEH&E & ous&lﬁglhﬁFL EELFF§ fabricated using an
i nj ection nol di ng Fhedaer lhlﬁPéISlng héﬁaﬁBePPBEni‘% haF Rt By iamesST Wose
shape defines ¢ 50 inches tha®0184d441986a chamber having diametrically

ool mustie MR PEReTRY sigeralle to a dinension SN BE. THE
inches. An end of the tubing is inserted into the
opening of the luer to form an interference fit in the
luer chémber. A quantity of the cyanocacrylate is added
to the luer opening which wicks about the outer

15 circumference of the tubing.

' The tensile strength of the tublng and housing
assemblies were tested using an Ametek apparatus. The
tubing and housing assemblies were mounted on an Ametek
where a pull test study was conducted. The force

20 required to break either the tubing or the bond is

. reported below in Table 1.
The tensile strength data for the polymeric material
and additive blends compare favorably with the tensile
strength of tubing constructed without any additive as

25 shown below.



the housing and the draft angle [err].of the interior surface 90

assi st's i'n renoving the tool by reducing the frictional interference
with the tubing. 5 It is desirable that the second dianeter of the
fl ow channel 86 be | ess than that of the outer dianeter

flexible tubiWg?31%% that a portion of the taper 94 nay Pé;lé/irr\glﬂgmgqsma
stop 98 to prevent further insertion of the tubing 32 into the housing
sleeve 76 and to prevent the 10 mgration 23 adhesive into the fluid path.
(See al so Figure 8). Also, it is preferagh] hat the tubing 32

fluid passageway 70 be in alignment wth theﬁagﬁgiﬁb sl eeve 76 flow
channel 86 to m nimze the reS|stance to fluid fIOM/at t he

In effect, the taper] r aéﬁitivegrﬁc

achi eve this d.@ a4 S =» - h
| eRyer 4011 al so rmmephuoaist

and 9 the housing s
poSTtioneq 1 n area q} A3 spown i

spaced ri bs_92
preferably 20 therfp2X28t %0 aci—ihs

120[ err] - and expeefarabl y 5 ri hsEtidmeenu 412 t he 13 488492bgoul
al so be unevenly sp

d t departi t N, LNverg i on.
There may al so be a p e 3‘? s “chég%g};cg?{js ildﬁé"?z??etelkg:ﬁle i bs
92 extend fromthe i EBaCQ54011d| aneter s%#liqlmg B0/23H fhe &HI8ndPEhantr
area 84b and pref g tLaPRsRt Mol i Org 1A 2t hgsf | Ui
channel 86. Each of 52 nuy tejof—var

from one adBt her and
within area 84b. Pre :
extends parall el ; IR T e T DS 92
have a hei ght neasured fron1the |nter|or surface 90 to a hlghest poi nt
102 of the rib 92 rangi Nnggxact 4012Mi8batuitr@0iow RS tiOpabpstnyletiél
i nches. Thgs Ethomeen 0/15 is polyoxyethylene (5)oleylamine.
Ethomeen S/12 is bis(e—hydroxyethyl)soyaamine.
Ethomeen 0/12 is bis(e-hydroxyethyl)oleylamine.
Ethomeen 18/15 is polyoxyethylene(5)octadecylamine.
Ethomid NT/23 is ethoxylated aliphatic amide.
20 E-32052 is an additive.
Lankrostat-104 is a fatty amide additive.

Luncture.
f 0 to

ofs cazrseabéere ;

N Feouge s

ially

T Ut OITC LAY A>3 LI

ylng’qga

S T o o Bl

Vrlng‘1 ngt hs

3. Example 2
Tubing constructed in accordance with Example
25 1 having the additive Ethomeen 0/1i5 (Akzo Nobel
Chemical Company) has been found to be effective in
forming secure adhesive bonds with rigid housings
even after 6 weeks after blending. For tubing
where a primer is sprayed onto the outer surface of
30 the Exact 4011 the on-part life is roughly 24
hours. ' ' -

C. Example 3
An ultra-low density polyethylene sold under
35 the name EXACT 4011 (Exxon Chemical Company) was
fabricated into tubing, oriented to various .
orientation ratios and heat set. The EXACT 4011,

SUBSTITUTE SHEET (RULE 26)
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20 hei ght of the ribs 92 provide the desired circunferenti al

cl earance between an outer surface 104 of the tubing 32 and the outer
portions 104 004? ribs 92 to define an adhesi ve area pPusoTiT040

t her ebet ween A& Bdhesi ve area 106 5 should be | arge enough to
accommodate a sufficient quantity of adheS| ve to create a secure -
adhesive bond, = . but not so large as t F%isk creati ng a | eak between the
tubing 32 and the hou3| sI d bo The hei ght
of the ribs 92, and a?“ gle?f Je%g%\?\/arg 9%0;7% Qgs it enl ng.82. m ni m ges

i nterference and sb%ﬁﬁ!ﬁ?f—b WGF:F‘ an E"EﬁOMgENegh/% W‘Gﬁl ?’?Fégloflh&gugﬁ}face 104 of
the tubing 32 agapanylsdént amramdunthbyt weighy 32 Pp2d¥ + h&dhehanber 84. The
ribs 92 can have apynh9pPRRish EsbPIcdtddebybekt Aiding inpd f & abky radi used, or

sliohi|y gounded, ggal(uid BABls Shandadly [| Dl L,ERbE |y 1 nicrfere wi th

t he adhesive. Ilve is.renpved during

i nsertion of the fF%‘k‘?’tﬂ’é’ntsuBFﬁ@ %% f°ng8)Hﬁel ’Ceogl"ﬁ ?‘ifr?ﬁ dlameb%’fween t he
tubi ng 32 and the hozst rngxqbleeev%ndiailﬂabhemlmg inner dpamenededi-abl e | eakage
of the fluid bei ngihénesf epagde?Ozond Woeugh- 4 herpabatigred? were in The

ribs 92 also serve n L 1 agggst@d nggentering the
tubing 32.within tﬁggﬂ%eusg:#ﬁﬂkgﬂhé@ %:eL-BE twe n eqrt he4t ubi ng 32 wi thin

t he housiRg stedve B¢ %8 e Y §‘n¥ F%mp JFCgtw PngTequar 25
circunferential "di eg¥era |thr91Phﬂfe éGﬁBQFVEV?J‘ét ‘wééh: t4%e+ 426.t ubing 32 and
housi ng sl eeve 76, and phewviubing éritingwhe extrudeg| wabl eraidiedlsi ve bond.

Figure 10 shows thgphousi n@gra8d &£k pA1aEsS M Msci%maucan@v ge€onnect ed
position. Tubing 3 orts'tl oélFtiggpgdaﬂ ndtp?gégp% 1 @%@Sro;?e‘ka dt_%_ housi ng

sl eeve 76 such tha e adhesi ve

sto
area 1061Ps sﬁbﬂnfcf]rllqwé&gmﬁﬁ’eﬁ“é(ﬁhﬁg? h'gedt ;Per minut
17 FPM, 58 FPM, 41 FPM, 32 FPM, and 33 FPM.

" The tubing was passed through heating and
cooling baths as'schematically shown in Figure 3b.
The heating and cooling bath equipment is a triple
20 .- pass sizing/cooling system sold by Vulcan under
' model No. CS60STI. The temperature of the heat
setting bath varied as set forth in Table 2 below.
The heating bath has a series of rollers as set
forth in Figure 3b so that the tubing was in the
25 ‘heating bath for 13 seconds.

Tubing made in accordance with the above
conditions was subjected to shrinkage tests. The
tubing length was measured and recorded for each
group of tubings. Tubing samples were then placed

30 in a conditioning oven at 150°F and 50% relative
humidity for 1 hour. Tubing samples were then
removed and allowed to cool to ambient temperature.

| The samples were measured for length and recorded.
The percentage change in length was calculated as

35 set forth in Table 2.

Tensile strength tests were also conducted on

. other samples of the tubing. The inner, and outer
diameter of the tubing and the tubing wall

SUBSTITUTE SHEET (RULE 26)



A further aspeCt of the present invention provides a met hod of formng

a tubi ng and housi ng assenbly 78 shown WO 97/ 41906

PCT/ US97/ 07040 _ 21 “in Figure 10 using

t he tubing BZVﬁQQHIQ% housi ng sl eeve 76 described above. pepmuse, The
met hod conprises the steps of providing a rigid housi ng sFEeve

havi ng an opening 82, leading to a 5 chanmber 84 which in turn connects to

an interior channel 86. A plurality o?%ﬂrcunferentially spaced ri bs

92 as descri bed ROSLII ' e The
met hod further inclu gg&%('ﬁee&;?@% %?%%%P%S“%%&%E?%@Ee %%3 of adhesive to
t he adhesi ve area 108en¢hERR QpkdcphMESTFPMEEET potProfaIashderBLERRP 32 into

t he sl eeve openi ng 82ested |[with ant hmstingm Ag0krkst88 eitt acicsobhikeasd op 98.
l\/gLe- prefer ablhy ddsbé@dtwizr@giaahéé peIsaLARE | NEordde acthlalt’fber 84 and Lhe
adhesive is.then a . e r%;l,g@f n . to wic
about the C|5rcumc ere%gg?%gﬁmﬁe@'tggb;&énélggg’. ¥ g ?P%syw%gﬁg\ggg? he end

portion 108 of the tGBPHEE 32 Psi ag xPoxtedndt 8%h8r%i on of the housing
sl eeve 80 t hereby deExadtht OlAevwae Lider estruwied bodexheigiidarar ea 106

bet ween t he out ebnéitioneecand fdendaibacd Mhband wivhdutneheshefiace
90 of the housing sl ggyepxe&esghe nmet hod finally includes 20 the step of

har deni ng the adhesive formng a.bond in the . dhesive area 106 to
secure theEPube 32 Wit hi n£??lelges“1tsh5%%ir}r?§tgl b‘é\?@bgﬁ.zﬁfé"“&ﬁf’i ng step nay

i ncl ude the step improvas)chrAge hghtdimensionade shgbi Jirtes snfeybrldt her
neans to har denwitie ls@iteseveand oriented tubing as compared to
non-heat set tubing. The shrinkage is measured
as a percentage change from the initial length
15 before being placed in the oven and the final
length after being removed from the oven.

TABLE 2
e
TUSING Temp. (°C
20 COMP. of heat
' bath)
Exact 4011 n/a

Exact 4011 | 73
and 74
Ethomeen 75

OoOHOPRPMDMWWYM
v e e s s e e

25
D. Example 4
The procedure for fabricating tubing and
testing the tubing as set forth in Example 3 was
repeated with slightly different operating
30 . conditions to produce a sample of tubing from a
blend of ethylene vinyl acetate (EVA) (UE-634,
Quantum Chemical Corporation) with Ethomeen 0/15
(0.23% by weight) (Akzo Nobel Chemical Company) .

SUBSTITUTE SHEET (RULE 26)



25 Sui t abl e adhesi ves for use in the above nethod I ncl ude
cyanoacryl ate, hot nelt adhesives, U V. cured adhesi ves, enul sions,
epoxi es, and pressure sensitive adhesi ves. VI1. Exanples 30
A.  Exanpl e koewaisne The polyner conponents shown in Tabl epérisgsforbsondl e
bl ended having 0.23 wei ght percent of the additive and t he remai nder
the polyneric material. The bl end had O. 2%@ wei ght percent of the
additive and the renuai nder the WO 97/ 41906 :

PCT/ US97/ 07040 : s agtadQdl. The

bl end was extruded i'rﬁ%%n %a“ﬁleﬁa‘\v/?re aﬁﬂo prep%?tftderfrarinaprr%erﬁ evi‘?%i n the
range of 0.139-0. 145"FnE#es in the, R1eRfer diameter within the range of
0.101-0. 105 i nches. Thpebathsilingona st W rpREEe tineaonediPssednént s for
testing. 5 A cyaneacsytredp=cadielsy s folllloky imdegtreesimddrehheit :

- product nugber 40613ygs p£d shg, COMNEGs . t NG1d URIHA cemperatQ@@ERLS O an

acrylic luer housing. _~ Jhe | uer, usin as_an openi ng having a

di anet er of 0. %gﬁeil‘rll%ﬁesl Chat" g e""asdsfo?gc.’“és c’%‘a%ﬁgfeﬁavi ng dianetrically
10 inwardly taper £ABrerRRl P25t %% (dPABnsi Bif Fnldenspeeds of nches. An

end of the tubing i pulhees tNeh.i tH weére respegpiemlygasifdllewsubtn to form an
interference fit ingbbe per minu€E: CBNMRAL . ¢ £ Baankhiyspfs.t he cyanoacryl ate
i s added to the lue pening ; Wi ' b . oyt er
circunfer élr?ce of the tub?ﬁg.gmqungAf@ﬁ%qﬁﬁgi% sYtEng%g r%gigl?he t ubi ng

and housing' data are set forth below in Table 3

TABLE 3
Tubing Temp. (°C Shrinkage Yield
15 Comp . of heat
bath)
EVA n/a 10.00 925.
EVA and 70 4.08 560
Ethomeen 71 1.83 550
72 1.67. 585
73 1.60 520
74 1.23 490
75 1.23 510
76 1.1 480
77 {11.48 ’ 500
78 1.76 ' 510
20 - E. Example 5

The procedure for fabricating tubing and
testing the tubing as set forth in Example 3 was
repeated with slightly different operating ,
conditions to produce a sample of tubing from a
25 blend of an ultra-low density polyethylene (ULDPE)
sold by the Dow Chemical Company under the name Dow
Affinity VP1770, and Ethomeen 0/15 (0.23% by
weight)} (Akzo Nobel. Chemical Company). Another
sample of tubing was formed from Dow affinity ULDPE
30 alone. .
The barrel zone temperature for zone Nos. 1-4
were respectively as follows in degrees fahrenheit:

SUBSTITUTE SHEET (RULE 26}



assenblies were tested using an Ametek apparatus. The t ubi ng and

housi ng assenblies were nounted on an Anet ek where a pull test study
was conducted. The force 20 required to break either the tubing or the
bond is reported below in Table 1. The tensil dat a
for the pol yn¥q¥4i¥eri al and additive bl ends conpare ?ﬁa@%@@%& th
the tensile strength of tubing constructed w thout any additive as 25
shown bel ow. WO 97/ 41906 27

PCT/ US97/ 07040 . . 23
424,p4Rynettc MRAef?R DPAGQPORS SEMPeTaturg, £OTp| | Force

TABLE 1
Exact 4011 Hrdeomeen /3l were asof@2@wBbin degrees Exact 4011
Et honeen S-12 Har33nhbSe: 425, 425, 425.Ex@né pilkr speeds offt homeen
0/ 12 5.984 I bs._ .4 Exagt iv ELDPSREN K18/ 15

. e . 1-5 AL crivel
6.308 | bs. pulizre Yo% i o I;t(_:hglr'ﬁa, {7123, X 576 | bs.
Exact 4011 5 feft PSS WARYESL 17 481 2 Y pdl- 2 Exact 4011 .

4. 51 |The dimensional stghiliityqang Yield strengiNg
data are set forth below in Table 4.

IABLE 4

Henkel E32052
3.66 | bs.

Yield

10

IlTubing
Comp .

Temp. (°C
of heat
bath)

Shrinkage

vP 1770

n/a

2400

VP 1770

1140
1120

and 75
Ethomeen 76

l " | 86

1s
F. Example 6
Tubing samples were also produced in a similar
orientation process set forth above in Examples 1-
3. One set of tubing samples was oriented to a 50%
20 orientation ratio. A second sample was not
oriented. The tubing was made from the
constituents set forth below in Table 5, namely,
Exact 4011, EVA, and VP1770. The necking
resistance of the tubing was measured by initially
25 measuring the inner and outer diameters, and length
" of the tubing. " One end of the tubing was clamped.
A Chatillon gauge was attached to the opposite end
of the tubing. The Chatillon gauge exerted a 5 1lb.
force longitudinally on the tubing for 10 seconds.
30 Afterwards, the tubing was allowed to sit for §
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Exact 4011 is an ultra |l ow density pdlyethylene. 15  Ethoneen

0/ 15 i-s pol yoxyet hyl ene(5) ol eyl am ne. Et honmeen S/ 12 is

bi s(e- hydroxyet hyl ) soyaam ne. : Et honeen 0/12 is

bi s(e- hydr OWHI%&O' eyl am ne. _ Et honeen 18/pkrnirs»7107040

pol yoxyet hyl'ene(5) oct adecyl am ne. ' Ethom d NT/23 is

et hoxyl ated al i-phatic am de. 20 28 E- 32052 is an additive.
Lankrostat-104 is a fatty am de additive® B. Exanmple 2

addi tive Ethoneen U 0. NQb i Chem.cal Conpany) has been
found to be effect3Rfe cPRPared with th¢ A8 sJUTFE 88 hesi ve bonds with
ri gi d housings measuremepten Fhecpewraidekbarge dm Shent?ndflk For tubing

Tubi ng construct eq ﬁ%@i&ﬁ;ﬁ?&‘%‘ﬁb‘f‘ﬁé MM bRs Ak re measurel B@¥hiAY the

where a priner is $iM-a%een0i$ GethEopth &eloul incmhile 80 “the Exact
4011 theag)n- part life is roughly 24 - hour s. C.
Exanpl e _ An ultra-low density pol yet hyl ene sold under 35

t he nane EXACT 4011 (Exxon Chenical Conpany) was : fabricated into
tubing, oriented to various orientation ratios and heat set. The
EXACT 4011, WO 97/ 41906 : '
PCT/ US97/ 07040 : 24
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in an amount by weight of 99.77% was tunble - bl ended wth an

ETHOVEEN 0/ 15 (Akzo Nobel Cheni cal Conpany) in an anount by
melght of 0.23% The - tubing was fabricated by extruding in a 1.5
inch 5 wo S%k er (Dav! s Standard). The extrusion PCI‘éUS 710
conditions were as follows: die pin outer dianeter 4 es,
and di e bushing inner dianeter 0.325 I nches. Barrel zone hbs

1-4 tenperatures were in : degreeF ahrenheit, respectively: 425,
428, 422, 10 425. Die Zone Nos. g tenperatures were, in

degrees fahrenheit, respectively: 425 42 ‘3;~_¥ﬁ The tubing

e pu | ers as

gre gperat ed

gct _per _mnrnotre.
28.45 The 1Ml ng was

as &phgnatlcalﬂy shown

exiting the extruder about 3§ rl
schematically set b lngEE#E?% 1t1%nFlgure 3b. P II cegs éb
. s

at 15 ‘the fo
17 FPM 58 FPM 41 HpExag® tﬁ#& nnd,QQ EDM

passed through heatifngxaBél 4011 (50% orféHatignpat h$

in Figure 3b. e nheating and cooTlng D@ ﬁgpl la triple
20 Bass Si zi |pgFEes s cdn—urider node
No. CS60STI. The te -evatus&%(ﬂyxbheaﬁmuﬁ) set toi.ng bath viried as
set forth in Table 2IQglo 0 The heatlng batf) ,hag a seridgs of
rollers as set 6 so—tF Fre—E8b+re a:ﬁ in the
25 heati ng bpVR 1iﬂ01£§o§e99n£ntatlon> . 0T@Bi ng nad¢ in
accordance wth the above condi tions was subjected to ST ri nkage
tests. Theip tub@rm)ﬁgamgua mas measured and recorded for each.

group of tubings. Tubing ga 3@%6 KPF i§k5§lene Exac?“é%lglty for 1

condi tioning oven at 150[err

hour. Tubing sanpl es¥3®RFANERT “ines’ tub lngr REARS 28 guEET SHe=E8T cool to
anbi ent tenperature.within the ramgg ofafiphas-heh4d nogbes czhd @am famep h and
r ecor ded. dihevear eebhhga@haagge i of lenghhowass Galctekat ed as 35

set forth 4§ Table Zppe sample of the tuE?P?HL@s %ﬁl@ﬂggg &?SJ $ogere also
conduct ed on ner,., and outer

The
dianmeter of the tubl?ﬁf%ﬁ%@tfﬁg f%ghﬁugnaaflsec°n safpre 'St 'He"kun iy

was oriented to a 35% orientation ratio. Samples
of the tubing that were oriented to a 50%
orientation ratio were separately submerged in a

20 ' water bath at 65°C, and 70°C for 10 seconds and
85°C for 5 seconds with opposite ends cof the tubing
clamped to prevent movement or shrinkage of the
tubing. After the exposure to the heat the tubing
was unclamped and the length of the tubing was

25 measured after cooling in ambient temperature water
for 5 minutes. The percent difference in the
change of the length of the tubing is reported‘in
Table 6 below. ' '

The tubing wae then placed into an oven at

30 57°C for 4 hours. The length after heating waé
measured and compared to the length before being
placed in the oven. The percent difference in
length was noted in Table 6 below. _

The other sample of tubing of 35% orientation

35 was not heat treated in a water bath. The non-heat

treated tubing was placed in the oven and the
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SUBSTI TUTE SHEET (RULE 26) WD 97/ 41906

PCT/ US97/ 07040 25

t hi ckness was neasured using a LaserM ke 183 ‘Bencht op Opti cal
Mcroneter. W@ daeP! es were then tested W th anp&pekimesd201
tester wth a crosshead speed of 20 inches per mnute. Stress at
100% 5 el ongation was used to repgéasent the Yield of the '
tubing in psi as reported in Table 2. Exact 4011 was al so

ext ruded under si mp 3kent dszerenfgoﬂg'éﬂ Q@,@{}g Jahr gggea Nt GfeUbi ng wi t hout

t he heat ro results set forth in
Tabl e 2 show an resulck re t@\?ean cTRRiSe ©i ﬁh‘a'fsrré"ﬁ?l ohBf M3 1ty and
yield - wiselt heat sten gamatbyweqﬂl@esmm fgndencynfrar &det o
non- heat set tubi ngubing The sHyiinkkage is nmeasured as a
percent agg change fromthe initial length 15 before being placed in
the oven and the final | engt ter being renoved fromthe oven.
TABLE 2 ﬁﬁi&—-
Temperature of Time in Heat % Change % Change
Heat Set (°C) Set (8ec.) 4in Length in Leagth
{(before {after
oven) oven)
65 10 1.46 -3.48
10 i 70 10 3.75 -1.40
ﬂ 85 5 0 -0.63
“ None NA NA -21.9

H. Example 8

15 : Exxon Exact 4011 {(ULDPE) was extruded with and

without additives. The Exact 4011 was obtained

from Exxon Chemical Company and the Ethomeen

additives were obtained from Akzo Nobel Chemical

" Company. Henkel additives were obtained from

20 Henkel Corporation. The extrusion equipment was
obtained from several suppliers as noted: 1.5"
extruder from Killion, belt pullers model 212-2 and
"118 from RDN, vacuum sizer model 2.0 PVS from RDN.
The material blends comprised 0.23% additives and

25 99.77% Exact 401) resin. 0% additives and 100%
Exact 4011 was also extruded as a control. Tubings
were extruded by blending the resin and additives
and then placing them into a single screw extruder
for extrusion into tubing form. The extrusion

30 conditions were as follows: Die Pin outer diameter
.120"; Die bushing inner diameter .185";

* Temperatures, Barrel Zone (BZ)#1 375°F, BZ#2 375°F,

BZ2#3 375°F; Die Zone (DZ) #1 374°F, DZ#2 375°F;
head Pressure 1600 psi; Motor Amperes 9.5. Line

35 speed was 25 Feet Per Minute. The effectiveness of
the additive in improving the tubing compatibility
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- TUBI NG Tenp. ([err]C Shrinkage Yield 20 COwP. . of

heat ' bat h) Exact 4011 n/ a 21. 88
920 - Exact 4011 73 5.38 1100 and
74 3 1030 "~ Et honreen 75 -

970 VLQ(997I41906 76 5 33 950  pcTvSomieso
77 ©1.60 850 78 - 0.49

820 ' 79 ' 1.3y 770 80

0.19 730 25 | . D. Exanple. 4 . __. .The
procedure for fabri ®3FPngy R FFFalids evaivated by SILEARY tHRE CUBFRG as set
forth in Exanpl e 3 wath solution (disptblesdwared) sipighihy thef frabéng
operating 30 . inConéiphingnantocpsmitisc €ha &oo epeh anbidigseroma

bl end of ethylene vipyl 3561l mbEY A ikdd- BRén reading the nt um Chem cal

Cor porat i og? W th E%QgggzenvaO{u%S 577’21':194‘(5‘6t£8'5’2“%) l&xsg\iaé}g-ht h(aAkzo Nobel

Chem cal any) .
PCT/ US97/ 07040 desirable value range for each sensopgis 400-650. Tubi ng
sanpl es were al so prebhe et Yisum pheexdavdesf for Exxon Exa¢theiozanwitype in the
bl-end. and Wiehd L@l EORSs RdPeRRdEtesl 9h ZQRRWRS. 1-4
computability for ULDPE with the additive.
10 IABLE 7
Material . _ Air Air
. Sensor- Sensor-
Minimum Normal
Exact 4011 . 330 339 "
Exact 4011 + Ethomeen 0/15]| 386 407 : “
Exact 4011 + Ethomeen 0-12] 501 | 503 Il
15 Exact 4011 + Ethomeen S-12} 431 _ 405 u
{| Henkel E32054 382 378
IlHenkel E32052 471 457
u Henkel E32053 518 520

20 I. Example 9
Another indication that the additive is
assisting in improving the tubing compatibility
with pump air sensors is the improvement gained in
how the tubing seats in an air sensor housing.

25 Tubings with the additives maintain their rounded
cross-sectional shape when placed in a pump air’
sensor housing. Without the additive the tubings
form a "teardrop" or "pinched" shape which
indicates the tubing is not fully seated in the air

30 sensor housing. When the tube was fully seated in

- the housing the tube took a "sguare® shape and
sensor values were greater. Samples were extruded
using a similar extrusion process. Table B8 lists
additional test samples that exhibited this

35 phenomencon as well as their air sensor values.
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were respectively as follows in degrees fahrenheit: 5 374, 375,

378, and 375. Die zone tenperature for zone Nos. 1-3 were as
foll ows in degrees fahrenheit: 375, 375, 376. The puller speeds
of rs Nos. 1-5 were respectively as fol | owspegn.
: 1 $97/07040
feet per m‘rvlvu({g(;’?’IJ 1/, 60, 41, 31, and 31.5. 10 The di nensi onal
stability and Yield strength data are set forth below in Table
3. ' TAELE 3 Tubi ng
Tenp. ([err]C  Shrinkage Yield 15 Conp. of heat:
bat h) . EVA /g TABEE-S 10 00
EVQSand ggo Materiafl.OQ 560 | air sensor-
- 14ormal 1} Bdbing at
780 1.60 520 /densor regiod.
4 Al 139
Exact 4 without : inched
76 : 1.11 Ethomeegﬁ%} - Z%A 1'4%
500 —76 5026
E. Exam¥ e 5 _Exact 4011 Wl‘FhPEF)thﬁﬁmréﬂﬁnr fabri clagyare ubi ng ard
testing the tubi ng @S geind@ tﬁlghbge@arrpl 4 gpvas pinchdaepeated jwi th
slightly dlfferenlcgpsratlng cqndi tions to fproduce a sanplfe of
tubing froma 25 trg- _.J3%W densityj gola}/et hyTene (IIULDPE)
sold by the Dow Cleke=es: R e RO it y
VP1770, and Ethoneen 0/15 (0 23% by wei ght) (Akzo Nobel Chenica
Conpany}t0 Anot her 9- Example 18anple of tubing was formed from Dow Affinity
ULDPE 30 al onepow Affinity VP1770 ThOPBawastlexronded onipér at ure for
zone Nos. 1-4 and withdiRl 81&P5ieEaz¥eENe 2S Thel ¥9¥%7d Nadegr ees
fahrenheit: obtained from Dow and the oleylimidazoline was
obtained from Henkel Corporation. The extrusion
15 equipment was obtained from several suppliexrs as

noted: 1.5" extruder from Davis Standard, belt
pullers model 212-2 and 118 from RDN vacuum sizer
model 2.0 PVS from RDN. The material blends
comprised 0.20% ocleylimidazoline and 99.80% VP1770

20 resin. 0% oleylimidaioline and 100% VP1770 was
also extruded as a control. Tubings were extruded
by blending the resin and oleylimidazoline and then
placing them into a single screw extruder for
extrusion into tubing form. The extrusion

25 conditions were as follows: Die Pin outer diameter
.240%"; Die bﬁshing inner diameter .325%;
Témperatures, Barrel Zone (BZ)#1 425°F, BZ#2 427°F,
BZ#3 432°F, BZ#4 440°F; Die Zone (DZ)#1 440°F, Die
Zone (DZ)#1 440°F, DZ#2 440°F, DZ#3 440°F; head

30 Pressure 2460 psi; Motor Amperes 1.3. Line speed
was 26 Feet Per Minute. Testing was done on the

. tubing to illustrate the benefits of using the

additive in the tubing with the use of a slide
clamp. A production released Flo-Gard® slide clamp

35 {(stock number 03-20-16-490) was used to cycle the
clamp 10 times over the same area of the tubing.
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422, and 425. Die zone tenperature for _ zone Nos. 1-3 were as

foll ows
of
feet per

stability and Yield strength

4.
([err]C
bat h)
VP 1770
4. 34

77

1090

in dqgéﬁﬁ?

17, 60, 41, 31, and 31.5,

m nut e:

Shri nkage

5

10

i5

20

25

30

35

74
1120
3.95

1906

27

ers Nos. 1-5 were respectively as follows in

ubxy wat&aut the IAG&{éyi shows that SASngHﬂﬁls

\ﬁggppposhowed ququlng q%ezgug%?g with ?%ho
additifeS86hows that]3/4PH samples testedgpgoduced

scoring of EhdRAg. SPring is mord. 86sirable
than s%%ggding as is does not produce Zﬁy lose
.particulate where shredding does.

K. Example 11

Exxon Exact 4011 (ULDPE) was extruded with and

without additives. The Exact 4011 was obtained
from Exxon Chemical Cempany and the Ethomeen
additives were obtained from Akzo Nobel Chemical
Company. The Henkel additives were obtained from
Henkel Corporation. The extrusion equipment was
obtained from several suppliers as noted: 1.5"

extruder from Killion, belt pullers model 212-2 and

118 from RDN, vacuum sizer model 2.0 PVSy

y from RDN. The material blends comprised 0.23%
Ethomeen additives, and 99.77% Exact 4011 resin.
0% acdditives and 100% Exact 4011 was also extruded
as a control. Tubings were extruded by blending
the resin and additives and then placing them into
a single screw extruder for extrusion into tubing
form. The extrusion conditions were as follows:
Die Pin outer diameter 0.120%; Die bushing inner
diameter 0.185"; Temperatures, Barrel Zone (BZ)#1
375°F, BZ#2 375°F, BZ#3 375°P; Die Zone (DZ) #1
374°F, DZ#2 375°¥; head Pressure 1600 psi; Motor
Amperes 9.5. Line speed was 25 Feet Per Minute.
Testing was done on the tubing to illustrate theé
benefits of using the additive in the tubing with
the use of a slide clamp. A production released
Flo-Gard® slide clamp (stock number 03-20-16-490)
was used to cycle the clamp 10 times, in the same

- gpot on the tubing. The tubing was then inspected

for damage. The tubing without the additive shows

" that 5/5 samples tested produced shredding of the

tubing. The tubing with the additive shows that
5/5 samples tested produced scoring of the tubing.

SUBSTITUTE SHEET (RULE 26)

424, 425,
fahrenheit: 425, 425, 425. TheP@@thMN@needs

The dlnen3|onal
dé?a are set forth below in Table

Tenp.

75
1150
3.08



79 2.03 1070 _ . 80 1.11

1000 81 . -7 0.86 1030
82 0.43 900 = - : 83 ‘ 0.31
870 84 - 0. 62 800
85 wYoggasee 77 86 PCTUSIpI7ege
. 760 86 1.01 720 15 _
F. Exanple 6 Tubi ng sanpB#s were al so produced in a sinilar

orientation process set fqQrth above.i anples 1-_ .. 3. One set
of tubing sanpl es FERFF &t BYS (5]"'515%5/1?2(7}‘“_ShIEd%PFelﬁ?‘éﬂsﬁn Fatio. A
second sanpl e was @oes not produce @gpychessl Parvheulafs whevRs nmade fromthe
constituents set fghidudiehonséd. Talabee 5 liawel yhe tubes with dmdact 4011,

EVA, and VP1770. T, rmg;kgasitives and thd §s8iA0CERf therd Widig was

measured by initia fl 2 measuring the inner and outer dianeters,
and | engt slide,clapR t475*WF: One end of the tubing was cl anped.

A Chatillon gauge was attached to the opposite end of the

tubi ng. The Chatillon gauge exerted a TABUE 9 force longitudinally

on the tubing for ge=secores—SCa== e=t=eior=ryy wWas al | oned

to sit for 5 10
PCT/ US97/ 07040 : Clampopest m nut es.
The tubing di nensijppsvergiReasured again = | s/5 shred “
10 . Exact 4011 + Ethomeen 0/15 §/5 score
. Exact 4011 + Ethomeen 0-12 4/5 shred
. | 1/5 score
Exact 4011 + Ethomeen S-12 4/5 shred
1/5 score
Henkel E32054 4/5 shred
.11/5 score
Henkel E32052 4/5 shred
1/5 score
1s - Henkel E32053 5/5 shred

While specific embodiments have been
illustrated and described, numerous modifications
20 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.
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29 TABLE SREPLAGED Teriskor/07040
Conposi tion WO 9741906 Per cent changé— b

in length Exact 4011 28. 45

Exact 4011 (50% orientation) 0.735 5 EVA

15. 35 EVA 50% orientation) 0.72 : VP
1770 We claim 11. 42 VP 1770 (50%

ori entation) 19. ggpoipmeric tubing haying ERaiwpitelal

An ultra-1 ow densit gisamdneat Ayd ene dabaet £dHldonnecting to xd@idpr oduced into

t ubi ng havi ng an ouﬁg&smggrrgg,gﬁnsm . wthin the range of 0.139-0.145"

i'nches andsan I nner ide {1 in W t hj {51mt$ %6 eaofd %101 0. 105
i nches. 15 One sa?'n:ﬁed B'f' i ﬁg PENTEH 1% BYde
orientation ratio aﬁdl%%’é@%’élajsé\ﬁlse bhe t fidepwapilngf a P°1Y“‘erlcvvas oriented
to a 35% orient ati onatetiiad. ifvasplaunt by weightofvitlnn ttilei egngdadf wer e _
oriented to a 50% g9.999%-90.6%,; AHaALhoRadAlive WA &n SARARALBYY subnerged in
a weight within the range of 0.001%-10%; and
10 wherein the tubing has been oriented along its
' longitudinal axis to decrease its diameter to
define a oriented diameter.

2. The tubing of claim 1 wherein the additive
15 has greater than 5 carbon atoms and further has
electron negative groups selected from the group of
amines, amides, hydroxyls, aci&s. acetate, ammonium
salts, organometallic compounds such as metal
alcoholates, metal carboxylates, and metal
20 complexes of numerous 1,3 dicarbonyl compounds,
phenyl phosphines, pyridines, pyrrolidones,
- imidazoline, and oxazolines.

3. The tubing of claim 2 wherein the
25 polymeric material is selected from the group
consisting of polyolefins and their copolymers,
ethylene-propylene rubber, ethylene vinyl acetate
copolymers, ethylene methyl acrylate copolymers,
styrene and hydrocarbon block copolymer, _
30 hydrogenaced'derivatives of styrene and hydrocarbon
block copolymers, thermoplastic elastomers,
polyurethanes, polyamide and polyester copolymers,
copolyesters, polybutadiene, polyisoprene,
: polyisobutyiene, styrene-butadiene rubbers, and
35 cross-linked elastomers.

ThlS Sheet Has Been Re

- i
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\C for 10 seconds and _
t he tubing ~ ¢l anped
tubi ng. After the

oo AN RB ORI 7)ot b

to prevent moVerfent* or shri
exposure to @B@.,,ng t he t was uncl anped andedriessbetost h of
t he tubi ng was 3 after cooling in anbient tenperature

wat er for 5m nutes The perce difference in the :
change of the length of the tubing is reported in Tabl e 6 bel ow.

The tubing was then plaged {xi G #H1ngVER @fa::%pB whereln 3R for 4 hours. The

| ength after heatin d. he_| h
bef ore being P%1Y°15fl;j’be’~(f e ﬁlfﬁ‘ée%\)fg-’ﬁ‘“ ?ﬁ% ?fé’?’ggﬁ%gﬁ%cgé’t?eﬁ eelngt

| ength was noted i bo¥hbhem® andl gRpolymers of polyethy}pgeot her sanple of
tubi ng of 35%orientation 35 was not heat treated in a water bath.

The non- heat st eah e JuikigNes Wesa sl ACeReidi RBeOVEN and the
WO 97/ 419%6 s CET'/ usa7/ 07040

30 per(‘,’é’ﬁ‘f’natf‘?’fsef'?l’{cgel BEIFR e 5PN SRSs R ‘tl%d The

results reported i gomabsein® sfordiphatiq r?éeﬁea%' ‘methacrylic &&idi ng step

greatly reduces thanteniley\adematehe tubing to shrink. 5

TABLE 6 Tenper at ure of Time in Heat Change % Change
10 6. The tubing of claim 5 wherein the

polymeric material is an ultra-low density

polyethylene.

7. The tubing of claim 5 wherein the

15 polymeric material is an ethylene vinyl acetate
copolymer.
) 8. The tubing cf claim 1 wherein the initial
) diameter of the tubing is within the range of 10%-
20 300% greater than the.oriented diameter.

9. A medical tubing having an initial
diameter for attaching to rigid housings
comprising:

a tubing wall def1n1ng a fluid pathway having

25 a longitudinal axis, the wall having a first layer
of a polymeric material, the blend having a first
polyolefin and an additive, the additive being
selected from the group consisting of polymers
having electron-negative functional groups selected

30 from the group consisting 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,

35 pyridines, pyrrolidones, imidazoline, and
oxazolines; .
a second layer of a seccond polymerie material;
and,
______~___-____________.
as Been R laced

RN oo asi



l(_igal“ tl“l“l“;lllllsfm!ll ?Set ;:ec.) in Length in Length oven)

overy) ¢ L 1 S BEEN 1.46 -3.48 10
70 o 3. 75| THIS Sﬁt‘%g @ PCT/USOT040
8 woubes REP A}i B NA

NA -21.9 H. e Exxon Exact
4011 (ULDPE) was extruded with and 37 without additives. The Exact

4011 was obt ai ned ro XQn em cal and t he Et honeen
%?%3%§§1n§ﬂls.%éiengggpgggﬁg 1@

t
additives were obtai ned_fw Sf’ﬁe%@z . em cal , Eorrpany. Henkel
addi tives were obt aile®@irpdinglp axis to degngase &b$ H2AEFER. ©° The extrusion
equi pnment was defineobt @it eflr diramenear.al suppliers as noted: 1.5"
extruder fromKillion, belt pullers nodel 212-2 and 118 from
RDN,” vacuum si zer nodel 2.0 PYS f eIy . The terl bl ends
conprised 0.23% addi t.i vegloénd¥§% v 5Dglf953faf'}rb/q9E>¥g(e:)felgbf¥gr gé%?}ial 0%
addi tives and 1009 diameter of fhe tuhbing if#ifpin W& Faa88 A P¥ontrol .
Tubi ngs 0§ gxeatmiedhbp bhemiiiegptedediamguerand additi ves
and then placing theminto a single screw extruder for extrusion
into tubing form The extrusi 3 ; i{d S £ ows: Die
Pin outer _dianeter 1 q'.ﬂ Zg“buﬁ éafbﬁgﬁﬁﬂgfq %ﬁgf% gt}%; effr19.£585";
Tenper at uf®s, Bar r el2*Fo AECPEY)RPLYBIEL € P ﬁf,rlBéﬁza@BE[eéFFf > Lrom BZ#3
375[err] F; Di e Zone thEZBreup FRHsAFELRT oi/pplypipfing mnd their head _
Pressure 1600 psi; Muaipolyfhepe exhyléneiprupylibne rubber,Speeghemes 25 Feet Per

Mnute. The effectiMeResgc&fate copolymerd,h@cdgtidd W’ech&l(sié% W@y the
Eg?lng Conpatlblllt)éopolymers,_styrene and hydrocarxbon b§oc TI TUTE SHEET (RULE
15 copolymer, hydrogenated derivatives of styrene and

hydrocarbon block copolymers, thermoplastic

elastomers, polyurethanes, polyamide and polyester

copolymers, copolyeéters, polybutadiene,

poiyisoprene, polyisobutylene, styrene-butadiene
20 rubbers, and cross-linked elastcmers.
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31 with a punp ai ey filling the tubing
with solution (distilled wat e”"'“ﬂ"ﬂm Hmﬂ | ubi ng in the punp
t

and cl osi ngwid$nsdege’ . open and*closeg ¥ s » he door tweCTSEAM4Pes,

then reading the Air 5 Sensor val ues present in the punp displ ay.
The desirabl e val ue range fgg each sensor is 400-650.

Table 7 lists the results for Exxon Exact 4011 with and w t hout
additives and indicates an inproved conmputability for ULDPE with
the additive. 10 12. The tubing of claim TQ\Beerein the first and
Materi al Ayheri his are selected from the grou
Sensor - Sensor-ﬁecm:ld I,) erl]\'/lcnt'mttranrﬂl}:\lo mal Ef<aq£t gA:LOlf
330 339 consisting pFaBPtHORINR BUflCHRRRLGISES Rfs POIYSthylehs,
Exact 4011 + Et hompeyly@rbdyd@he, polybutéfi8-15 polyisopredencipolyfictene.
Et honeen $-12 431 405 Henkel E32054 382
378 Henkel E32052 471 457

Henkel E32053 13. 5The tubing ofjpladpy 12 whergin yhe, pomonpmers

Anot her indi cati on gahatbd heladdedi ffomsthe group comsistsingipf miighaning

the tubing conpati t2>i].|eifti¥'1s, methyl acrylate and vinyl acetate.
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Wi th punp air sensors is the inprovenent gained in how t he

tubing seats in an air sensor housing. 25" Tubings with the additives
mai ntain their rounded cross-sectional shape when placed in a
punp air sensor housing. Wthout the additive the tubings
forma "teardr B I"6pi nched" shape- whi ch i ndi cat e%c‘f’ﬂg"f“ﬁ?ﬂ’ng
Is not fully seated in the air 30 sensor housing. Wen the tube was
fully seated in the housing the gpgbe took a "square" shape and
sensor values were greater. Sanples were extruded using a
simlar extrusion process. Table 8 lists addi tional test sanples
that exhibited this 35 phenonmenon as-rwel | as their air sensor
val ues. WD 97/ 41906 'SJ’G’
PCT/ US97/ 07040 v
TABLE 8 Mat eri al Sqgnsor- Shape of
Nor mal tubi ng at ™ _
sensor region Exact 4011 wi¥-he L 339 Pi nched
Et honeen 0/15 5 Exact 4011 with Hi 4Qq7 Squar e
EVA wi t hout Ethoneen 001 g\ED Pi n 0/ %
EVA with Ethonmeen 0/ 15 330 Squ J. Ex\at‘;%l e 10
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e f S
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Dow Affinity VP1770 ULDPE was extruded with - and wi t hout

ol eyl i m dazoline. The VP1770 was obt ai ned from Dow and t he

ol eyl i m dazol i ne was obt ai ned from Henkel Corporation. The
extrusion 15 woornaisgui pnent was obtai ned from several suppl iPETaIS2307040
noted: 1.5" extruder from Davis Standard, belt pul | ers node
212-2 and 118 from RDN vacuum si zer nodel 2.0 PVS from RDN. The
mat eri al bl ends conpri sed O.ZO%JQH%Hinidazoline and 99. 80% '
VP1770 20 resin. 0% ol eylimdazoline and 100% VP1770 was

al so extruded as a control. Tubings were extruded by bl endi ng the
resin and ol eyli m dazoline and then pl acing theminto a single
screw extruder for trugjon into tubing form The extrusion 25
conditions were as foll ops: (E;p ﬁ:L outer dianeter .240"; Die
bushi ng i nner dianeter .325"; Tenperatures, Barrel Zone (BZ)#1
425F, BZ#2 427[err]F, BZ#3 432[ err]F, BZ#4 440[err]F;, Di e Zone
(Dz)#1 440[err]F, D e Zone (DZ)#1 440][ k2 440F, DZ#3

440[err]F; head 30 Pressure 2460 psi;
was 26 Feet Per M nute. Testing was done on thfg

Li ne speed .
to

illustrate the benefits of using the ubing with
the use of a slide clanp. A pig&k ‘ rd[err]
slide clamp 35 (stock nunber 03-20-16-H 3 used tol ycl e the

clanp 10 tinmes over the sane area of the tubin'.
PCT/ US97/ 07040
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tubing wthout the additive shows that 5/5 sanpl es tested showed
shreddi ng. The tubing with the - additive shows that 5/5 sanpl es
tested produced scoring of the tubing. Scoring is nore
desirable 5 t han shredding as is does not produce any

particul ate wWWe&74#9&ddi ng does. K. Exanple 11 Pctfornmde
Exxon Exact 4011 (ULDPE) was extruded with and - W t hout

addi tives. The Exact 4011 was obtained 10 g3/4 from Exxon Chemi ca
Conmpany and the Et honeen ~additives were obtained from Akzo Nobe
Chem cal Conpany. The Henkel additives were obtained from
Henkel Corporation. The extrusi on equi pnent was obt ai ned from
several suppliers as noted: 1.5" 15 extruder fromKillion, belt
pul | ers nodel 212-2 and 118 from RDN, vacuum si zer nndel 2.0
PVSy - y from na ‘ial blends conprised 0.23%

Et honeen additives, and 9 4011 resin. 0% addi ti ves
and 100% Exact 4011 was al so extruded 20 ; 2 Tubi ngs

wer e extruded by bl endi ng the resin ay hen
placing theminto a single screw extr into
tubing form The extggssi on.conditions \
Bie Pin outer diameter 0.120"; é?é\hgshing i nner er
0.185"; Tenperatures, Barrel Zone (BZ)#1 2 ] 37?( rr]F 2
- 375[err]F, Bz#3 375[err]F; D e Zone (Dz) #? err] Dz#2
375[err]F;, head Pressure 1600 psi; Motor i ne speed
was 25 Feet Per M nute. Testing was dfjpe, on the tu i\Ngfto
illustrate the 30 benefits of using the zéﬁltlve,ln tHe\ttiibi ng with
the use of a slide clanp. A production rel eased / -, =H af d[ err ]
slide clanp (stock nunber 03-20-16-490) Se v ycle t he
clanp 10 times, in the sane spot on the t W t ubi ng was
t hen i nspected 35 for danmage. The tubing wt t ot addi tive
shows that 5/5 sanples tested produced shrgdging of the

tubing. The tubing with the additive shows t#@

5/5 sanpl es
tested produced scoring of the tubing. '

74 | 10
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PCT/ US97/ 07040 34 Scoring is
nore desirable than shreddi ng because it does not produce any

| ose parti cul @ig7akse e shreddi ng does. Table 9 |i stEcCTOsTOUERES
wi th and W thout additives and the results fromthe 10 cycle 5
slide clanp testing. TABLE 9

Mat eri al 10 Cycle Sl 44

Cl anp Test Exact 4011 5/5 shred 10

Exact 4011 + Eth 5/5 score Exact 4011 + Ethoneen
0-12 4/ 5 shreﬁq 7 1/5 score Exact 4011 +
Et honeen S— 12 4] 80' 1/5
score \ 84

N o I
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X A 100 08 84b
70’ lios 00| AN \ \%\

A
78

FG.8 ) w
o 00 o2 |
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e
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Henkel E32054 . 4/5 shred 4% T ip -3

1/5 score - - Henkel E32052 4/5 shred 0
1/5 score 15 053 5/5 shred (25
Wil e specific ,muc"mumimwmlzbeen illustrated and described,
nunmer ous nodi fi caticons * are possible without d€ 1 u.,. + ht,.
spirit of the |nvent|on and the scope of prqt ?r ENToiH

limted by the scope of the acconpanylng 33 ai ns.

35 W Cdaim: 1. A single-layeredijpql r

having an 5 initial dianeter and suitable for connecti rgyztg Q%F%w

housi ngs COh‘pI’I‘iI nﬁg} a sidewall defining a flt .
havi ng a #Pnal axis, the sidewall of a pol yneric mat eri fl

in an anmount by wei ght within t he range of 10 99.999% - 90.0%  and

additive in an amount by :
1. A single-layered polymeric tubing having an

5 initial diameter and suitable for connecting to rigid
housings comprising :
a sidewall defining a fluid pathway and having a

longitudinal axis, the sidewall of a polymeric

k) material in an amount by weight within the range of
ddf 10 99.999% - 90.0%, and an additive in an amount by

weight within the range of 0.001% - 10%; and
wherein the tubing has been oriented along its
longitudinal axis to decrease its initial diameter to
define an oriented diameter, the initial diameter
15 being within the range of 30% - 300% greater than the
oriented diameter, and the oriented diameter is set

by the application of heat.

2. The tubing of claim 1 wherein the additive
K/ 20 has greater than 5 carbon atoms and further has
vy electron negative groups selected from the group of
— amines, amides, hydroxyls, acids, acetate, ammonium

salts, organometallic  compounds such as metal
alcoholates, metal carboxylates, and metal complexes
25 of numerous 1,3 dicarbonyl compounds, phenyl

phosphines, pyridines, pyrrolidones, imidazoline, and

oxazolines.
3. The tubing of claim 2 wherein the polymeric
30 material is selected from the group consisting of

polyolefins and their copolymers, ethylene-propylene

rubber, ethylene vinyl acetate copolymers, ethylene

1%e5 Sq{e-q
23 (\§\R\



wei ght within the range of 0.001% - 10% and Mﬁiéiﬁgghe—%u R
has beensori ented aluug -5 -Longi tudi nal axis to d¢c Lﬂf§?5ht1ﬂa

di aneter to

an orlented dianeter, the initial jdi aneter
bei ng wi t hi n’thﬁ 00% greater than the o exire
er is set by the p;L%;?;LEE%giﬂEFd

di aneter, and t ;|

2. The tublng of cIa|n11 mhereln the additive 20 has

carbon atonms and further has el &tron negatlWQ_ngggg_EEL%%%ﬁgu
fromthe group of am nes, am des, hydroxyls, acids, acetate

sal ts,
car boxyl at es,

t.

m

or ganoneéghylc acsipaendsopsligheras g®imdne andallep@@d;aaﬂsonrret al

conmpounds,

and

pol ymeric 30
pol yol ef i ns andelhetomenpolym@lgurethqmeae pohydreide andr ubbkyesieehyl ene

t | th
Lyt SERPPPERES copol yor <P YRR na hyar odbiftadiens,

vi nyl
36
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10

15

20

25

30

and netal conpl exes 25 of NUITer Qus di car bonyl

phBh9FK COoPOKBERh| ﬂ&gdrqgﬁn%ﬁ%sdemv%wa@n&f sHY B2 i ne,
Oxa20|éﬂﬁs hydrocarb?n 3b okie t9§289¥ﬂér§|a'nﬁﬁeﬂﬂgﬁfégtige
material 1s se ecte fromt gf oup consi st

polyisoprene, polyisobuthylene, styrene-butadiene

rubbers, and cross-linked elastomers.

4. The tubing of claim 3 wherein the
polyolefin is selected from the group consisting of

both homo and copolymers of polyethylene.

5. The tubing of claim 4 wherein the
comonomers may be selected from the group consisting
of aliphatic olefins, methacrylic acid and vinyl

acetate.

6. The tubing of claim 5 wherein the polymeric

material is an ultra-low density polyethylene.

7. The tubing of claim 5 wherein the polymeric

material is an ethylene vinyl acetate copolymer.

8. The tubing of claim 1 wherein the initial
diameter of the tubing is within the range of 30% -

120% greater than the oriented diameter.

- 9. A medical tubing having an initial diameter
forfattaching to rigid housings comprising
a tubing wall defining a fluid pathway having a
longitudinal axis, the wall having a first layer of a

polymeric material, the blend having a first



bl ock copol yner, hydrogehat ed derivatives of styrene arre—Lhydrocar bon
bl ock c9po%?ﬁﬁ??t“**%hepaanggxic el astonmers, po Jﬂﬁ@ﬂﬁEﬁﬂmﬂ;SHgET

pol yam de an(jlm,l 5 copol yners, copol yesg er s, -

pol ybut adi end, rﬂqf ! ﬂ ne, polyi sobuthyl ene, | dt ysenea di dn
rubbers, and cYogs-Li l'l tomers. 4. ?I'I]e éf’tl;@?ﬁ f
claim 3 wherein the 10 “polyolefin is _selected fr¢m _ _
consi sting of bot h honbo and copolyne?g of pol yet iyl ene. ' 5.
The tubing of <claim 4 wherein the conononer s nmay pe-sekected

fromthe group pohgodtifig 1mnd of anal igalthitticre 0l efhas, adwtthiaas,yl i eheaci d
and vinyl acet at e. ] 6. he tuping of claim5b wherein the
pol yneric ﬁégéFFX? F&%ﬁglﬂq¥%£q§ﬂN ﬂﬁif CpSPEEh TR SBERT of

7. The tubing p{qgbah¥oen¥her ghPih§e in¥8€f6ﬁ—ne%atﬂ@éer'fﬁn?ﬁiaﬂal

et hyl ene vinyl acetate copol ymer. ' 8. he tubing of claim1
wher ei n the ini graipss sgileesedr fofom hishe ugicaypi sonistilsitringheof aagénes, 30% -
120% greatgr thap.the orjented di ameter 9. A.nedical, tubing
havi ng an sniti%ﬁlé?ghet%xékoxy For A%ni ﬁ&%ﬁ?gg’gi8mW8B§PWgs?§iﬁﬁrising
30 a tubing wekyanemétaibgca ddmpcliitis heayhhayd ngetal aléoRgLapdinal

axis, the wall having a first |ayer of _a polyneric material, the
bl end havi ng getal gqarboxylates, and metal complexes of numerous

1,3 dicarbonyl compounds, phenyl phosphines,

(m) . pyridines, pyrrolidones, imidazoline, and oxazolines;
éyJ 10 a second layer of a second polymeric material;
</

and,

wherein the tubing is oriented along its
longitudinal axis to decrease its diameter to define

an oriented diameter, the initial diameter being

15 within the range of 30% - 300% greater than the
oriented diameter, and set in the oriented diameter

by the application of heat.

10. The tubing of claim 9 wherein the initial

.

20 diameter of the tubing is within the range of 30% -

120% greater than the oriented diameter.

~

11. The tubing of claim 10 wherein the first

and second polymeric materials are selected from the

25 group consisting of polyolefins and their copolymers,
ethylene-propylene rubber, ethylene +vinyl acetate
copolymers, ethylene wmethyl acrylate copolymers,
styrene and hydrocarbon block copolymer, hydrogenated
derivatives of styrene and hydrocarbon block

30 copolymers, thermoplastic elastomers, polyurethanes,



37 polyolefin and an additive, the additive, additive
bei ng seiee%ed-##enLLhe_gLQup comsist ydroc rﬁﬁ%ﬁCEﬂ@W?
e

R ™
fromt 4%& I

el ectr.on-n functi onal !
consistingj ,uu ,ul m dels, hy 3i ds, | dce ate
salts, onpounds such as netal al cgh I_ CT‘E99

carboxylates and netal conplexes of nuner,Qus 1,3 rbonyl
conpounds, phenyl phosphi nes, pyridi nes, pyrr¢lidones,
i m dazol i ne, and oxazolines; 10 a second Iayer | ynefic

material ; spdyamide and wmolyester tCOPALYNETDy | eﬁppelaregﬁgrsr,s
| ongi t udi nal & eits gqgt efine nt ed
di aneter, the |PEE&§PQ§|§%§%ér be.&% é%%ééﬁﬁn t he 8% éggPBEQE&Fe: 300%

greater than tbeyrene-butedtietedi anetabbessd set amd t he etroestadnitiednet er
by the appllcatlgn of heat. 10. The tubing of claim9 wherein
the initial elasLRREER of the tubing is within the range of 30% -

120% gr eat gr than the oriented dianeter. 11. The tubing of
claim10 wherein the first and second polyneric materials are selected
fromthe 25 group é&8nsi Fhendtwhinmwl pdl e¢latmaid th]eereﬂ;npdil}mefirst

ethyl ene-prony| eis Kibhel SITMGIE. VhAVL-25EL208e se1 S04 VERLR cBLY! N

group con51sting of both homo and copolymers of

L ! polyethylene, polypropylene, polybutene-1,
A 10 polyisoprene, polyoctene.
L

13. The tubing of «claim 12 wherein the
comonomers may be selected from the group consisting
of aliphatic olefins, wmethyl acrylate and wvinyl

15 acetate.

14. A polymeric tubing having an initial
diameter and suitable for connecting to rigid
housings comprising :

le 20 a sidewall defining a fluid pathway and having a
- longitudinal axis, the sidewall of a polymeric
\/ material in an amount by weight within the range

99.999% - 90.0% and an additive in an amount by
weight within the range of 0.001% - 10%;

25 wherein the tubing has been oriented along its
longitudinal axis to decrease its diameter to define
an oriented diameter that is smaller than the initial
diameter; and , .

wherein the tubing has been set in the oriented

30 diameter.
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styrene and hyd

pol yi soprene, =
cross-1linked
wherein the fir
group consistin
pol ypr opyl ene,
13. The tubin
selected fromt
acrylate and vi
having an ini

rigid hous
5
L)
I 10
(\» 7
15
o 20
p
25
30

rocar bon bl ock copol yner, hydrogenated

, 2 i gn
¢ pal ymsobut st yr ene- but adilerje pr%ﬁ%&@f {

el ast oners. 12. The t ubifng of~ctrem-10_]

st and second ponner?@ mat eri al sfare selected fro
g of both hono and copol yners of pol yet hyTeme;s

psl.ybﬂ'henaub,ingo of puxlayiins bt em]merep)inh ybhéeadditive

% claim é? mhereln t he % may be
@SgrgﬁﬁaE8ﬁ5| g 2 Ca%ﬁo%uuﬁﬂﬂﬂ%<:%ﬂ f th bps

BYkctleon Rfl@R groups seleckdd f&oﬁokﬁ@”%fbuﬂugfng
tial ditaneter “and suitable for <connecting to

pngvesonpamider) : hydroxyls, acids, acetate, ammonium

salts, organometallic compounds such as metal
alcoholate, metal carboxylates, and metal complexes
of numerous 1,3 dicarbonyl compounds, phenyl
phosphines, pyridines, pyrrolidones, imidazoline, and

oxazolines.

16. The tubing of claim 15 wherein the
polymeric material is selected from the group
consisting of polyolefins and their copolymers,
ethylene-propylene rubber, ethylene vinyl acetate
copolymers, ethylene n@thyi acrylate copolymers,
styrene and hydrocarbon block copolymer, hydrogenated
derivatives of styrene and hydrocarbon block
copolymers, thermoplastic elastomers, polyurethanes,

polyamide and polyester copolymers, copolyesters,

polybutadiene, polyisoprene, polyisobutylene,
styrene-butadiene rubbers, and cross-linked
elastomers.

17. The +tubing of «c¢laim 16 wherein the
polyolefin is selected from the group consisting of

both homo and copolymers of polyethylene.

18. The tubing of claim 17 wherein the
comonomers may be selected from the group consisting
of aliphatic olefins, methacrylic acid and wvinyl

acetate.

: . of
styrene + and—hydrocarbomnm  biock 30 copolyners, th raﬁ? EMENT SHEET ;

el ast qner s, _
pol yam de aﬁﬁ mHm I]EEL IHmml yrrer s, copol yesters

and

1.t he



20 a sidewall defining a fluid pathway and h
| ongi tudi nal axis, the sidewall of a polyneric '
hntan

g?/m\tlj\ﬁ!t o WI t h”“lﬂmmmml’" lmt th.r ggg? 01: 8008;A3)/()a | 8‘?% 2%; | \/98 V\Iper ein
axi s t

t he tubi ng has beeh driéntéd along its | ongi t pdtnal a[ease
!ts di ameter to define an oriented di aneter t at i n the
initial di aneter; and wher ei n t he as been hdgat set

in the oriented dianeter.
15. The tubing of dl%ai mThe whenbiingt heofiddictliaien 18 haghepebner thean 5

carbon atons and further has | ect.ron negatiyv s selectedq from
the group of POLYRRII&S, aﬂ?ﬁ%ﬁlaﬁydr&fyls Ig0|d§?tg #5 5%%5%3@%15

salts, or gangyALaldHA erﬁprrpounds such as netal alcoholate, met al
carboxylates and netal conpl exes of nunerous 1,3 di car bonyl

conpounds, phenyl phosphi nes, pyridines, pyrrolidones, imdazoline,
and azollnes g f erein
t he polynerlc &%%erlaeaistggﬁé ted;€r0n1 gpgrég &ﬂé%con3|35¥%g of

pol yol efins apblyntdtiic netfdtidieris an etlatlwtenempromdetete ubber ,
et hyl ene vinyl acetate 15 copolyners, ethylene nethyl acrylate

copol yners, copglpgte and hydr ocar bon bl ock copol yner, hydr ogenat ed

Q& 21. The tubing of claim 14 wherein the initial
é_/ 10 diameter of the tubing is within the range of 30% -

300% greater than the oriented diameter.

22. The tubing of claim 14 wherein the tubing
is set by exposing the tubing to heat.
15 |
23. The tubing of claim 22 wherein the process
of exposing the tubing to heat comprises
heating the tubing after orienting the tubing;
and, |

W, 20 cooling the tubing after the heating step.

~

~/ 24. The tubing of claim 22 wherein the process
of exposing the tubing to heat includes the step of

raising the temperature of the tubing to a

25 temperature above which it normally will be exposed

during shipping, storage and use.

25. The tubing of claim 22 wherein the process
of exposing the tubing to heat includes the step of
30 raising the tubing to a temperature below which the

tubing will be fully melted.



derivatives of styrene and hydr ocar bon bl ock
t her noplastt ol yu ; '

L AR o

el ast oners. The “tubing of claim
polyolefin is selected from the group con Jsting of

both honn‘a.d

copol ymers of pol yethyl ene. 1 The tubim :
wherein the conononers may be selected fromthe group conS|st|ng 30
of aliphatic olefi28s, ﬂa’ehaubyhgc ofacilhiman22 wheyein th@aqetcmess
40 19 The .tubin clagm .18 wher ynmeric
material is OgnexPBFﬁPg ﬁﬁ% t?ﬁﬁﬁ?tbo heaﬁxﬂ?&f% ?%ngﬁe sep "o o 20.
The tubing ofexgbdaing dife ﬂ\@etﬁgntotaeheatedpptqﬁeal c material is an
et hyl ene vinyl acetate copol yner.

5 27. The tubing of claim 26 wherein the heated

liquid is water.

28. The tubing of claim 26 wherein the process
-, of exposing the tubing to heat includes the step of
é%{ 10 exposing the tubing to heated air.

29. A polymeric tubing having an initial
diameter and suitable for connecting to rigid
housings comprising

15 a sgidewall defining a fluid pathway and having a
longitudinal axis, the sidewall of ultra-low density
polyethylene in an amount by weight within the range
99.999% - 90.0% and an additive in an amount by
weight within the range of 0.001% - 10%; and

LJ' 20 wherein the tubing has been oriented along its

Lo longitudinal axis to decrease its diameter to define

—/ an oriented diameter that is smaller than the initial
diameter.

25 30. The tubing of claim 29 wherein the tubing

is exposed to heat to set the tubing in the oriented

diameter.
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21. The tubing of claim 14 wherein the initial 10 dianmeter oﬂ

t ubi ng IS Wﬂthln the-range of 30%--: - "~ 300% greater than the oriente

di anet e

22. The tubing of cIa|n114 wher ei n the tubing

00—3

(Phsu

is set by exposUMMIﬁll“H'lE“‘ heat 23. The tubing of claim
22 wherein the Xposi ng the tubing to heat conprises :
heating the tubifg G t'er orlentlng the tubing; and, 20 cool i ng

the tubing after the heating st ep.

24. The tubing of claim 22

wherein the process of exposing the tubing to heat includes the step
of rai si ngolyheidéenpedat wod yesftext hecopalbymerst o cap@byestemper at ur e

above which it nornall w ll be expaqsed during shippin storage and
use. polyButagiiepgpi ng oﬂ£5;¥%§ﬂgﬁfqﬁhereln Pﬂé98?888§¥& ne’ of
ﬁ???@né%ﬁ@ﬁ&bﬁ%‘ udesriisesd ep Oof 3y rakgbee-theKdding to

exposing the t
a tenperature

5

10

15

20

25

ow whi ch t ubi ng w1 be fully nelted.
elastomers.

12. The tubing of claim 10 wherein the first
and second polymeric materials are selectéd from the
group consisting of both homo and copolymers of
polyethylene, polypropylene, polybutene-1,

polyisoprene, polyoctene.

13. The tubing of <claim 12 wherein the
comonomers may be selected from the group consisting

of aliphatic olefins, wmethyl acrylate and vinyl

acetate.

14. A polymeric tubing having an ihitial
diameter and suitable for connecting to rigid
housings comprising :

a sidewall defining a fluid pathway and having a
longitudinal axis, the sidewall of a polymeric
material in an amount by weight within the range
99.999% - 90.0% and an additive in an amount by
weight within the range of 0.001% - 10%;

wherein the tubing has been oriented along its
longitudinal axis to decrease its diametef to define
an oriented diameter that is smaller than the initial
diameter; and ,

wherein the tubing has been heat set in the
oriented diameter.
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41 ”26 The tubing of claim22 wherein the process of

exposing. the tubing-to heat includes the -step of exposing the tubing
to a heated 1iquid. 5 27. The tubing of cl 26 wherei n t he
heated < liquid is water. 28. The t Euﬂﬂuﬂﬂl Hﬂ’ﬂﬂl
wherein the process of exposing the tubing to step

of 10 exposing the tubing to heated air.
' 41
26. The tubing of claim 22 wherein the process
of exposing the tubing to heat includes the step of
exposing the tubing to a heated liquid.

5 . 27. The tubing of claim 26 wherein the heated

liquid is water..

28. The tubing of claim 26 wherein the process
of exposing the tubing to heat includes the step of
10 exposing the tubing to heated air.




