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ABSTRACT

04 Apr 2013

A flexible tubing matenal inclides a radiation crosslinked blend of a first elastomeric
polymer including a styrenic thermoplastic elastomer, an ethylene vinyl acetate elagtomer,
a polylefin elastomer with a2 second clastomeric polymer including a polyolefin elastomer,
a diene elastomer, or combination thereof, with the proviso that the first elastomeric

polymer and the sccond elastomeric polymer are different. In an embodiment, a method

of making a material includes providing the first elastomeric polymer, providing the

second elastomeric polymer, blending the first elastomeric polymer and the second

2013202461

elastomeric polymer; extruding or injection molding the blend, and crosslinking the blend

with radiation:
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Invention Title;

“A FLEXIBLE TUBING MATERIAL AND
METHOD OF FORMING THE MATERIAL™

The following statement is a full deseription of this invention includuny the best method

of performing it known to us.
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This application 1s a ‘divisional” application derived from Australian Patent
Application No. 2010343054 (International Application No, PCT/US2010/062430 : WO
2011/090759), claiming priority of US Application No. 617290731, the entire text of

which are hereby incorporated herein by reference.

FIELD OF THE DISCLOSURE

This disclosure, in general, relates to « flexible tubing material and methods of making the

aforementioned material.
BACKGROUND ART

Currently, flexible medical tubing is used to transport any variety of Houids dading
medical procedures: A flexible polyvinyl chloride (PVC) is a typical material used for medical
tubing due to their inherent fexibility and translucency. Unfortunately, polyvingl chloride
tubing has significant amounts of low-moleculdr weight chemicals that can be Teached inte the
human body during medical tecatments. Further, disposal of PVC-based wasted by incineration

causes environmental {zsues doe to the lsase of toxic gases.

Alternative materials to flaxible PV have been adopted 10 make flexible medical tubiing:
Polymers that may be desived typically include those thatare flexible, transparent, and
appreprate for coriain applications. Unformnately, these polymers may not have all the physical
or mechapical properties desired for flexible medical tubing applications. Further, many of these
polymers do not perform well under steam sterilization dus to severe softening at temperatures
figher than sbout 100°C. As a result, manufacturers are often left to choose the physical and

mechanical properties they desire without an option as to whether it can be steam sterilized.

Ag such, an improved polymeric matertal that can be steam stecilized s desived.

-1 A~
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DISCLOSURE OF INVENTION

In a particolar embodiment, a flexible tubing material includes a radiation crosslinked
blend oft a} a first elastomeric polymer including a styrenic thermoplastic slastomer, an ethylene
vinyl acetate elastomer, & polyolefin elastomer, or combination thereof; and b) a second
elastommeric polymier including a palyolefin elastomer, 3 diese elustomer, or combination thereof,
with the proviso that the first elastomeric polymer and the sseond elastomeric polymer are

different,

Tn another exemplary embodiment, a method of making a material includes providing a
first elastomeric polymer including a styrenic thermoplastic elastomer, an ethylene vinyl acetate
clastomer, 3 palyolefin elastomer, or combinations thereof). providing  second efastomeric
polymer including a polyolefin elastomer, a disne elastomer, or combination thereof, with the
proviso that the first elastomesie polymer and the second elastomeric polymer are different;
hlending the first elastomeric polymer and the second elastomeric polymer, extruding or

injection molding the blend: and erosslinking the blend with mdiation.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and its numerous features and

advantages made appatent to those skilled v the art by referencing the accompanying drawings.

FI(h 1 inchudes physical properties of exemplary bleads of styrenic thermoplastic

elastomer and a diene elastomer before cross-linking,

FIG. 2 includes physical propertes of exsmplacy blends of styrenic thermoplastic

slastomer and a diene slastoner after cross-linking,

FIG. 3 includes a yraphical ifustration of Dynamic Mechanical Analysis (DMA) results
for exemplary blends of styrenic thermoplastic elastomer and a diens elastomer with and without

e-beam cross-linking weatment.

FIG, 4 includes physical properties of exemplary blends of styrenic thermoplastic

elastomer and & diene slastomer tubing before e-beam eross-linking treatment.

FIG. § includes physical properties of exemplary blends of styrenic thermoplastic

glastomer and a diene clastomer tabing after e-bean cross-tinking treatment.
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FIG. 6 includes a graphical Hlusteation of Dynamic Mechanical Analysis (DMA) results
for exemplary blends of styrenic thermoplastic elastomer and a diens slastemer with and without

e-beam cross-linking treatment.

FIG. 7 inchudes a graphical lustration of Dynamic Mechanical Analysis {DMA) results
for an exemplary blend of a tecpolymer of ethylene, propylene and a diene monomer (EPDM)

and ethylene methyl acrylate (EMA) with and without e-beam croas-linking treatiment,

FIG. § includes a graphical ilusiration of tear testing results for exemplary blends of

polyolefin slastomer and diene elastomer with and without echeam cross-linking treatment.

FIG. 9 includes 3 graphical itlostration of Dynamic Mechanical Analysis (DMA) resulis
for an exemplary blend of 4 polyolefin elastomer and a diene elagtomer with and without e-beam

cross-Hnking freatment.

FIGL 10 inchudes a graphical illustration of gel content testing results for exemplary blends

of polyolefin elastomer and diene slastomer with e-beum erass-linking treatraent.

FIGL 11 includes physical properties of exemplary blends of thermoplastic elastomers and

ionomer elastomers before cross-linking,

The wie of the same reference symbols in different drawings indicates similar or identical

items.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

In 1 particular embodiment, a flexible tubing material inchudes a blend of a first
elastommeric polymer with a secoud elastomeric polymer, Typieally, the Hest elastomeric
polymer is a styrenic thermoplastic clastomer, an ethylens vinyl acetate clastomer, & pulyclefin
elastomer, or combination thereof. Typicaily, the second elastemeric polymeris a polyolefin
slastomer, & diene elastomer, or cambination thereof, The flexible tubing material inchudes the
first elastomeric polymer and the second elastomerie polymer with the provisn that the first
elastomeric polymer and the second slastomeric polymer are different. Ina particular
ermbodiment, the first slastomeric polymer and the second elastosede polymer are not both
potyolefin elastomers. The blend of the first elastomeric polymer with the second elastomer

advantageously provides @ material that can be radiation erosslinked. In an exonple, radistion
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crosslinking incltdes gamma radiation and e-beam radiation. Further, the radiation crosstinked

material can be sterilized.

Typicsily, the styrenic thermoplastic elastomer is a styrene based block copolymers such
as styrene-butadiens, styrene-isoprene, biends thereof, mixtures thereof, and the fike. In an
embodiment, any styrenic themmoplastic elastomer iy envisioned. Excemplay styrenic
thermoplastie elastomers {nclude tiiblock styrenic block copolymers (SBC) such as styrene~
butadiene-styrene {SBS, styrene-isoprans-styrens {318), stvreng-ethyiens butyvlene-styrene
{SEBS), styrenc-ethylene propylene-styrene (SEPS). styrene-ethylenc-ethylene-butadiene-
styrene {SEEBS), stvrene-ethylene-ethylene-propylenc-styrene (SEEPS), styrene-isoprane-
butadiene-styrene (SIBS), or combinations thereof,. Commerial examples include some grades
of Kraton ™ and Hybear™ resins. In an embodiment, the styrenic thermoplastic elastomer
containg at least one free olefinie double hond, 1.e. an unsatumated double bond. For instance, the
presenice of the free olefime double bond i the polymer provides -molecular sites that will
crosslink snder radiation. Exemplary styrenic polymers with unsaturated double bonds inclade
styrene-isoprene-butadiene-styrene (SIBR), styrene-tsoprene-styrene (SIS), styrene-butadiens-
styrene {3B38), and the tike. In an embodiment, the styrenio thermoplastic elastomeris saturated,

i.e. does not contain any free olefinic double bonds.

Typically, the styrenic thermoplastic elastomer has a molecular nember of at keast about
15,000 Mn, such as atleast about 25,000 Ma. In an embodiment, the styrenic thermoplastic
clastomer is present at an amount of &t least 10% by weight, such as at least about 20% by
weight, or even st least about 30% by welght of the total weight of the blend. Typically, the
tevel of the styrenic thermoplastic elastomer present in the Mlend may be optimized based on the

final properties desived,

Typically, the ethylene vinyl acetate clastomer s an amorphous polar polyvmer,
“Arporphons™ as nsed herein vefers 1o a polymer that is substantially non-crystalline, Le. with no
crystalline elting point. The amount of vinyl acetate tound in the ethylene vinyl acetate
polymer determines the eeystallinity of the polymer. In particular, the higher the percentage of
vinyl scetate in the EVA copolymer, the more the crystalline regularity of the sthylene chain is
disturbed or destroyed. Crystallization is progressively hindered and i€ substantially absent with
ann EVA copalymer containing about 30% vinyl acetate, rendering an amorphous polymer. Inan
snbodiment, the ethvlone vinyl acetate of the present disclosure has a vinyl deetate pontent of

greater than about 30% by weight of the faal weight of the sthylene vinyl scetste. For fnstance;

o
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the ethylens vinyl scetate has a vinyl acetate content of greater than about 60% by weight o
about 80% by weight of the total weight of the ethylens vinyl acetate, such as about §0% by
waight to about 70% by weight of thetotal weight of the ethylene vinyl acetate. Further, the
glasy transition emperature, Tg, s typically low for the amorphous polymer, Le. less than about
0°C. In an embodiment, the glass rransition temperature for amorphous ethylene vinyl acetate s
tess than about 0°C, such as less than about -15°C, or even less than sbout ~25°C. In an

embodiment, the ethylene vinyl acetate has a number average molecular weight (Mn) of about

TG0 to about $0.000; such as about 80,000 to abmut 85,008, The cthyvlene vinyl acetate may

have a weight average molecular weight (Mw) of about 230,000 to about 400,000, such as about
280,000 to about 350,000, In an embodiment, the ethylene vinyl acetate has a poly dispersity
index (Mw/Mn} of about 3.0 to about 5.0, such as about 3.5 to about 4.0, In an cenbodiment, the
ethylene vinyl scetate has g desirable melt flow index (M), such as about | to about 7, such as
abeet 1.5 to about 6, at a testing panmeter of 190°C/2LIN, Generally, the melt viscosity at
200°C with a 100 145 shear rate may be up to about 600 Pa.s, sach as about 400 Pas to about 500
Pa.s. With a 1000 1/s shear rate, the melt viscosity may beup to about 300 Pa.s, such as about
100 Pa.s to abour 200 Pas, In an embodiment, the solution viscosity 18 ap to ebout 2000 mPas,
such ay about 200 mPas to 1500 mPas at a 13% concentration in toluene, or up to about 30,000
mPas, such as about 7000 mPas to 30,000 mPas &t a 30% concentration in tolusns. A

commercially available BVA Ix Flvax ¢ available from DuPont,

In an exemplary embodiment, the elastomene ethylens vinyl acetate polymerhas a
desirable shore A hardness, such as about 30 to-about 40, In conteast; 4 orystaliine pofar

polymer, such as erystalline EVA typically has & shore A hardbess of more than 40,

Typically, antorphous ethylene vinyl acetste is vynthesized by solution polymerization at 8
prassure of about 200 bar to absast 100 bar and 8 tempersture of about 30°C 1o about 120°C. In
an embeodiment, the amorphouss ethylene vinyl acetats may be synthesized by emulsion
polymerization conducted at about 1 bar o about 200 bar pressure and temperature of 30-70°C.
In contrast; crystalline ethyvlene vinyl acetate is prepared by muss polymerization at 3 pressure of

about 1000 bar t» about 3000 bar at a temperature of about 150°C w about 358°C,

In an example; the hlend includes the ethylene vinyl acetate présent at a range of ghout 1%
by weight to about 99% by weight of the totad weight of the polymeric blead,. In an embodiment,
the ethylene vinyl scetate is present at greater than at least ahout 5% by weight of the total

weight of the polymeric blend, such as grester than about least sbout 13% by weight of the total

N
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weight of the polymeric blend, In a particular embodiment, the ethylene vinyl acetare is present
at greater than about least gbout 10% by weight of the total weight of the polvimeric blend, such
as a range of about 10% by weight 10 about 90% by weight of the total weight of the polymeric
blend, or even o range of about 25% by weight to aboit 80% by weightof the total weight of the
polymeric blend. Typicaily, the level of the ethylene vinyl acetate presentin the blend may be

pptimized based on the final propenties desired.

In g particular embodiment, the blend includes a polyelefin slastomer, Any polyolefin
slastomer i envisioned. A typieal polyelelin may include a homopolymer, a copolymer, g
terpalymer, an alloy, or any combination thereof formed from'a mononer, such as ethylene,
propylene, butene, pentens, methyl pentene, hexene, octene, or any combingtion thereof. In an
embodiment, the polyolefin elastomer may be eopolymers of ethylene with propylene or alpha-
olefins or copolymers of polypropylene with ethylens or alpha-olefins made by metaliocene or
non-metaiiocene polymerization procssses, Commercial polvolefin examples include
Affinity™, Engage™, Flexomer™, Versify™, Infase™, Exaet™, Vistamaxx™, Softel™ and

5]

Tafmer™, Notio™ produced by Dow, ExxonMobil, Londel-Bagell and Mitsul, In an

embodiment, the polyolefin elastomer may include copolyroers of ethylene with polar vinyl
monomers such as acetate (EVA), acrylic acid (EAA), methyl acrviate (EMAL methyl
methacrylate (EMMAY, ethyl acrviate (EEA) and botyl serviate (EBAY. Exemplary suppliers of
these ethylens copalymer resing inchude RuPont, Dow Chensical, Mitgsiand Adkemaete. In
another embodiment, the polyolefin elastomer can be a terpolymer of sthylene, malcic subydnde
and acrylates such as Lotader ™ made by Arkema and Bvalloy™ produced by DuPont, Tn yt
anvther emibodiment, the patyolefin elastomer can be an tonomer of ethylene and acrylic aord wr
methacrylic acid sueh as Surdyn ™ made by DuPont. In an embodiment, the polyolefin is e
reactor grade thermoplastic polyolefin elastomer, such as PORIA-DOSB available from Flint Hills
Resources. In anembodiment, the polvolefin elastomers should bave flexural modulus lower
than 200 MPa. Typieally, the polyelefin elastomer v present ot an amount of at least 106 by
weight, such as ot leastaboot 205 by welght, or evert at leastabout 30% by weight of the total
weight of the blend. Typioadly, the kevel of the polvolefin elastomer present in the Mend roay be

optimized based on the final properties desired.

I an smibodioent, the blend may include & disbe clastomen Any sppropriste dieng

elastomer is envisioned. Forinstance, the diene elastomer may bﬂ,_ps}}ytmtzmls*.em: angd

polyisoprens or their copolvmers: it can alse be a terpolymer of ethylene, propylens and a diene

monomer {EPDM). In an embodiment, the diene slastomer may be synthesized by any means

<y
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envisioned. For instance, the diene elastomer is synthesized by metallocens or non-mataliocene
polymerization processes. In an exemplary ernbodiment, the EPDM is a reaction product of
dienes such as DCPDY {dicyclopentadiens), ENB (ethylidene norbornene) and VNB (vinyl
norbornene). Exemplary EPDM resins are available from BxxonMobil Chemieal as Vistalon™
and Dow Chemical as Nordel™ and other suppliers. In ah embodiment, the diene elastomer is
present at an amount of at least 109 by weight, such ax at-least about 20% hy weight, or even at
least sbout 30% by weight of the total weight of the blend. Typically, the lovel of the diens

glastomer present fn the blend roay be optimized based on the final properties desired,

To crossiink the bleads by frradiation of e-beam or gamma rays, reactive sites are neaded
in the blends, For instance, in the embodirsent when the styrenic thermoplastic elastomer
containg at least one free olefinic double bond, the free olefinic double bond in the polymer
provides molecular sites that will erosslink under radiation. In an embodiment, i saturated
resins are used 1o make the blends, small amount of radiation sensitizers or crosslinking
promoters may be added to assure sufficient crossiinking and prevent degradation of the
materials caased by chain scission during exposwie to radiation. Any reasonable radiation
sensitizer may be snvisioned. Exemplary radistion sensitizers are typically multifunctional
monomers such ag: disthylene glycol dimetharylste (DEGDMA), rimethylolpropane
rrimetharcviate (TMPTMA), dipeats erithritol acrylate (DPEA), tetramethylol methane
tetrazerylate { TMMTA), triallyl cyanurate {TAQ), toluens dilsceyanante {TDT), hexamethylene
diisocyanate (HMD1), m-phenylene dimaleimide, the like, and any combination thereof. When
used, the radiation sensitizer may be present at about (1.5% to about 3.0% by weight of the total

weight of the blend.

Tn an embodiment, a crosslinking promoter may be used to provide reactive sites o
crosalink the blends by irradistion, Any reasonable crosslinking promoter may be envisioned.
Fxemplary crosslinking promoters include polymers with oossturated double bonds in the
molecular chains such as polyisoprene, polybutadiens, EPDM, 815, 8BS, thelike, and any
combination thersof, In a particelar embodiment, the unsaturated double bonds of the
crosstinking promoters will crosslink by e-beam or gamma rays, Typically, e crosslinking

promoter may be present at greater than about 5.0% by weight of the total weight of the blend,

Th 4n embodiment, an oif may be used in the blead. Any suitable oil may be envisioned.
In 3 particuiar ensbodiment, the ol is mineral ofl that is-either paraffinic or naphthenic or a

mixture of paraffinic or naphtheois with zero womatic content. For instanee, a mineral off may
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be used at gn gmount of about 0% by weight to sbout 70% by weight of the tofal weight of the
blend. In an embodiment, the blends are substantially oil-free. “Substantially oif-free’™ as used
herein refers to a blend that includes mincral il present at less than abow §.1% by weight of the.
total weight of the blend. For fnstance, the styrenic thermoplastic elastomers may be melt-
processible without the addition of an extending oil or plasticizer, In an embodiment, the
sthylene vinyl acetitte elastomers may be melt processible without the addition of an extending

ofl ot plasticizer.

In an exemplary embodiment, the blend further includes any additive envisioned such as 2
lubricant, a filler, o plasticizer, an antioxidant, or any combination thereof. Exemplary lobricants
include silicone ofl, waxes, slip aids, antiblock sgents, and the Hike. Exemplary lubricants further
include silicone grafted polyolefin, polvethylens or polypropylene waxes, Oleic scid amide,
srucamide, stesrate, fatty acid esters, and the like, Typically, the lubricant may be present at less
than shout 2.0% by weight of the total weight of the blend. In an embodiment, the lubricant may
be present at less than about §.5% by weight of the total weight of the blend.. Exemplary
antioxidunts include phenolic, hindered amine antoxidants. Exemplary fitlers include calciom
carbonate, tale, radio-opaque fillers such as barbum sulfate, brsmuth oxyehionde, any
cornbinations thereof, and the like, Exemplary plasticizers include any known plagticizers such
as mineral oils and the like. Typically, an additive may be present at an amount of not greater
than about S0% by weight of the total weight of the blond, such as not greater than about 40% by
weight of the total weight of the blend, or even not greater than sbout 30% by weight of the total
weight of the Mend, Alternatively, the blend miay be free of lubricants, fillery, plasticizers, and

antioxidars.

The compaonents of the bland of the first elastomerie polymer with the second elastomeric
polymer may be melt processed by any known methed to form the blend. In an embodiment, the
first elastomeric polymer with the second clastomeric polymer may be mielt processed by dry
blending or compounding. The dry blend may be in powdsr, granular, or pellet form. The blend
can be made by a continuous twinscrew compounding process or batch réluted Banbury process.
Pellets of thess blends may then be fed into a single serew extruder 1o make anticles such as
flexible whbing products. Blends van alko be mixed in 1 single-sorew extruder exuipped with
fmixing elements and then extruded dircotly into articles stch as tubing prodocty. In a particular
ambodiment, the blend cant be melt provessed by any method envistoned known in'the art such as

faminating, casting, molding, and the like. In an embodiment, the blend can be injection molded.
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In an embodiment, sny agticle can be made out of the blends depending on specific
application needs. The resulting articles are then srradiated using e-besm or ganuma-rays in a
batch process of a roll-to-voll process. I 2 particular embodiment, e-heam radiation includes an
electron heam gencrated by a Van de Graaff generator, an electron-accelerator. E-beam with
energy of between about (.3 Mev o about 10.03 Mey fron an electron beam accelerator can be.
used to crossiink the blend of the resulting srticle. Doses between about 10 KGy to about 200
KGy {sbout 1 Mrad to sbout 20 Mrad) are typical. 1n an exemplary embodiment, for
crosslinking of the blend by gamma rays, about 1 Mrad te about 10 Mrad of radiation from a

o source can be used,

The polymeric blends advantageously can withstand sterilization processes. It an
embodiment, the polymesic blend is sterilized by any method envisioned. For instance, the
potymeric blend is sterilized after radiation crosalinking. Exemplary sterilization methods
include steam, gamma, ethylene oxide, E-beam techniques, combinations thereof, and the hke.
In a pasticular embodiment, the polymeric blend is sterilized by steam sterilization, Inan
exemplary embodiment, the polymeric blend s heat-resistant to steam sterilization at
temperatures up to ghout 121°C for 2 time of up to about 30 minutes. In an embodiment, the
polymeric blend is heat resistant o parform steam sterilization at temperatures of ﬁp wabout

135°C for a time of up 1o about 20 mimstes:

In an embodinient, the polymeric Mend may be formed into a single layer article, a mulus
fayer article, or can be lamdnated, coated, or formed on 2 substrate. Multi-layer articles tasy
include layers such as reinforcing tayers, adhesive layers, barier laysres, chenmcally resistant
{ayers, metal layers, any combination thereof, and the like. The blend can be formed into any
useful shape such as film, sheet, tubing, and the like. The polymeric Flend may adhese or hond
to other substeates inctuding polyolefing (polypropylene (PP}, poiyethylene (PE}, and the like)
and styrenics (polystyrene (PS), acrvlonitrile butadiens styrene (ABS), high impact polystyrene

{HIPS), and the Bkel)

Tn a particular srbodiment, the polymeric blend may beused to produce tebing and hoses,
For instance, the polymeric blamd can be tsed as tubing or hosing to produce low: toxicity pamp
tubing, reinforced hosing, chemically resistant hosing, braided hosing, and low permpability
hosing and tubing, For instance, tibing may be provided that has any useful diameter stz for
the particular application chosen. Inan smbodiment, the tubing may have an outside diamefer

{OD) of up to about 2.0 inches, such as about §:25 inch, 0.30 inch, and LU inch: Tubing of the

L9
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polymeric blend advantageously exhibits desired properties such s chernical stability and
increased lifetime, For example, the tulie may have a pump life greater than about 10 hours,
such as greater than about 20 hours, or cven greater ay measwred at 600RPM using a standasd

pump head.

The present embodiments can produce low toxicity srticles having desirnble mechanical
properties. 1 8 partivular embodiment, the radiation crosslinked article formed {5 substantislly
free of plasticizers or other low-miolecular weight extenders that can be Teached inta the fluids i
transfers. “Substantially free” as used herein refers 1o a radintion crosstinked article having a
total organics content {TOC) (measured in accordance to ISO 15705 and EPA $10.4) of less than
about 100 ppm..

In embodiment, the resulting radiation crosslinked articles may buve further desirable
physical and mechanical properties. For instance, thy radiaticn srosslinked articles ars flexible,
kink-resistant and appear trausparent or at least translocent. In pardeular, the resulting radiation
crosshinked articles have desirable flexibility, sobstantial clarity or translucency, desirable glass
transition temperaturey, desirable Jow temperature performance, and chemical resistance to oils:
and alechols, Fordnstance, the radiation crosslinked articles of the firstelastomeric polymer
with the second elastomeric polymer may advantagecusly produce low durometer articles: For
example, a radiation orosslinked articls having a Shore A dusometer of between about 40 and
about S0 having desirable mechasical properties may be formed. Such properties are indicative

of a flexible material.

o addition to desirable hardness, the radizdon erosslinked artivles have advantageons
physical properties, such ss desirable uitimate elongation andlow compression et at glevated
temperztures. Lltimats elongation v determined using an Instron instrument in accordance with
ASTM D-412 testing methods, For example, the radiation erosslinked articles may exhibitan
ultimate elongation of at least about 400%:, such as at least abowt 300%, such as at least gbont
600%, vreven ab loast about 700%. s an erobodiment, the compression set i accordance with
ASTM 11-395 measurad atabout 121°C of the radiation crosslinked articies 1a less than about

0%,

Applications for the polymgdie blend are numercus. In purticular, the non-toxic patuge of
the polymeric blend makes the material usefid for any application whers toxicity is undesived,
For instance, the polymeric blend has patential for FDRA, USP, and other regulatory approvals.

in an exemplary embodiment, the polvmeric Mend may be used in applicatinns sech as

T
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industrial, medical, health care, biopharmaceutical, drinking water, food & beverage, laboratory,
and the hike. In an embodiment, the polymeric blend may slse be safely disposed as it generates
substantially no toxic gases when incinerated and keaches fo'plasticizers into the environment i

land filled.
EXAMPLES
EXAMPLE 1. Blend of styrenit thermoplastic elastomer-and a'polyolefin

Kraton D109 is tested for mechanical and physical properties. In genersl terms, Kraton
D209 is a melt compounded material of styrenic TPE resin, polyolefin, and mineral oil obtained
from Sonmeborn, Petrolia, PA. Kraton 2109 is injection molded at a flat profile of about 400°F
into plagues for Shote A hardness, tensile and high tempedature compression set testing. Itis
also directly extraded into (1375”7 cutside diameter (O1) X 0.25" inner diameter (1D} tubing.
Processability Is good as there are no problems with tube dimensions and temperature window.
It is sitky to touch (as opposed to being “grabhy™ as is the case with C-Flex) and has a “silicone
teel”. The tube noticeably displayed signs of resifience and elasticity. The plagues and tubing
coils are irradiated with e-bedim at 2 different dosage rafes of about 6.8 MRad and sbout 13.8
MRad corresponding to 4 and 8 passes each of about 1.7 MRad, The irradiated plagues are then
tested for hardness, teasile and compression set as measared by ASTM D-393, The results are
tabulated in Tables | and 2. Santoprene obtained from Advanced Elastomer Systems is used as

comparison tubing with three grades tested for compression set.

Tabie 1
Properties Unexposed Er-beam Expoysed
Kraton D2109 4 Passes § Passes
Shore A Hardness | 48 30 32
Break Strength, pat 475 B 1045
T Ultmate Elongation, % a7 690 ‘ 73§
120°C Compression Set | 328 1 1v§8 {1 11S
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Tahle 2
Santoprene (Grade 120°C Compression Set
B8281-64 212
R281-63 279
§281-73 o

The cheam crosstinked tube can he heat sealed, although at a higher temperature setting
than normal with standard C-Flex. However, heat selting temperature has o bedncreased from
160°C for standard C-Flex wbe to about 180°C to heat sea} the radiation crogslinked Kraton
D2109 tube, The trradiated Kraton D2109 product exhibits higher bragk strength, lower
elongation at break and dramatically improved high tempersture (120°C) compression set that
excels Santoprens's performance. The irradiated Kraton D210% compound yields a hardness of
about 304, about 1000 psi of break strength, about 735% uwltimate elongation and compression

set of about 12% at about 120°C.

Keaton D2109 pump tubing (0:25 x 0.38 inches) irradiated for up to 8 passes of ebeam for
effecting erosslinking is subjected to peristaliiv pump test at 600 RPM osing a standard head.
The irradiated tubing is also tested for pump Life at 600 RPM using an B load head. For the
sake of comparison, clear R70-374 C-Flex aize 17 tubing is glso tested on EZ load. Ascan be
seen from results in Table 3 below, XL-UFlex (Kraton D2109) is pumped on the standard head
for sbout 50 hours before failure. Suiprisingly, the same tubing pumped for about 1000 howrs on
EZ load before faihure, In comparisan, cléar C-Flex R70-374 ts pumped for about 10 heurs both
on standard and EZ load heads before fatfure, indicating that the design of the punip head is
tnconsequential.  Also, the spallation behavior of R70-374 is visually worse than irradiated
Kraton D2109 {(X1L-CFlex) that shows minimal spallation (ax visually observed during the pomp

testy,
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Tuble 3

‘ Pump Life thours)

| C-Flex ' 8, | B2

XL-CFlex (Kraton D2109) franslucent) ~50 ~1000

R70-374 {cleary <10 Y
R70-001 {opaque O-P puimp tubing) -5.8”‘ Not tested
AdvantaFlex {millcy but wanslicent) ~300 Not tested

EXAMPLE 2. Blends of EPDM with:Saturated Styrenic Block Copolymers (SBCY:

To make flexible tabing, blends of diene elastomers and styrenic thermoplastic elastomer
with hardness mnging from Shore A of about 40 to about 90 can be used. Diene elastomers and
styrenic thermoplastic elastomers used to demonstrate the concept of making crossiinkable
blends by ionizing radiation arc listed in Table 4, Four styrenic thermoplastic clastomers of
different chemistries and physical propertes are chosen, Kraton G 1643M and Kraton MD 6945
are resins produced by Kraton Polymers and are based on chemistoy of polystyrene-block-
poly{sthylene-butylens)-block-polystyrens (S8EBS). Hybrar 7125 has a chemical structure of
polystyrene-block-poly(ethylene-co-propylene -bock-polystyrene (SEPS), while Hybrar 7311
has a chemieal stracture of polystyrene-block-polylethyiene-co-(ethylene-co-propylene)]-block-
polystyrene (SEEPS). The Hybrar resing are supplied by Kuraray Co. Lid., Kurashiki, Japan.
EPDM is chosen o make the crosslinkable blends. Inoan embodinent, BFOM resing made by
the metallocens polymerization technology van be used in order to use common thermoplagtic
extrasion techniques to make tubing cut of the blends. Unlike EPIIM rubbers, which are
completely amorphous and thus are in bale form at room tomperature, the metallocene EPDM
resins can be produced i peiet form due to some degree of crystallinity {typically in the range
of about 3% to about 20% ay measured by DEC at 10 min.) existing in this type of materials.
Nordel IP 4725 provided by Dow Chamicsl is the metallocens EPDM resin selected to make
crossiinkable blends in this Example, Nordel IPA725 resin iy in transparent pellet form and is

reported by the producer to have shout 12% erystallinity,
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Table 4: Styrenic thermoplastic elastorner and EPDM raw materials

- MFER, Hardaess 100%- Tensile
Matgrials Grade g/ 10min @ ;‘it};;‘ﬁ'{, Mochalus, Strength,
k[ O R MPa MPy
Kraton G 1643M I8 52 .5 6.3
‘ Kraton MDGO4S 4 35 0.8 12.8
SBC Resin , -~ 3
Hybrar 7125 4 64 1.7 132 ©
Hybrar 7311 2 41 0.5 9.3
EFDM Nogdel IP4728 NA 66 17 144

To make small batches of the blends, the polymer components are mixed in a Brabender
mixer at differcnt ratios at abowt 200°C and abeut 60 rpm forabout 5 min, The resulting
mixtures are used to mold about oo thick slabe tna Carver hot press. Dog-bone testing
specimens areeut out of the slabe for tensile west., FIG, 1 Hsts the mechardcal and optead
proparties of blends before crogslinking. 1t can be seen that transparent blends result for the
EPDM/Kraton MDGO4S and EPDM/Hybrar 7311 systerns at all mixing levels, while transhucent
blends are obtained for blends of EPDM/Kraton G1643 and EPDM/Hybrar 7123, Hardness of
these blends ranges from Shore A of about 40 to ahout 70, which is within the desired range for
flexible thenmoplastic elastomer tubes, The clongation of the resulting blends is usually higher
thany about 1000%. The modulus of the blends goey generally between the two extremes of raw

resing and e tensile strength of the blends is higher than those for the raw resing.

To crosstink the blends, molded slubs are sent to B-BRAM Services Inc. in Lebaron, Ohio
for crosslinking treatment. 10 samples from the EPDM/Kraton MD6943 and EPDM / Hybrar
T311 series sre exposed to about 6.8 Mrad {4 passes x 1.7 Mrad / puss) e-beam of about 10 MeV,
After e-bearn treatrnent, no samples show any changes in clarty or yellowing due to degradation.
(el content tests are conducted by soaking a erosslinked sample in boiling hexane for about 12
hes and then mvasuriog perocentage of reowining solid conteat in the sample. About 40% o
about 70% by weight gel content of the total weight of the blend is measured for the e-beam
greated blends of EPDM/Kraton MDG04S and EPDM MHybrar 7311 depending on their
compusitions. For dneated ERDMstyrenic thermoplastic elastogier samples, 0% gel content is

found {completely dissolvedy. By comparing physical properties for crosslinked samples in FIG.

2 and results of comesponding wn-crosdlinked samples in FIG. L, no significant chabges are
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found in the ecbeamn weated blends i terms of hardness and modulos, sHeht increase in tensile
modulus is found after e-beam treatment, whils slongation of the crosslinked samples is seen to

decrease by gbout 10% 1o about 20%.

To check the influence of e-beant exposure to heat resistance of the blends, dynamice
mechanical analysis {DMA) is performed in the temperature range of about -R0°C to about
200°C. This test can determuine the glass transition temperature, melting point of a thermoplastic
by following changes in viscoslastic behavior of a materal with temperature. In a typiest DMA
test, the storage modulus measures how stiff and elastic the materiat is, the loss modutus
indicates how fhiid-like and viscous the material iz and the Toss tangent §s the ratio of loss
rnodulus to storage modules. For 3 polymer material (o exhibit some heat-resistance so that #o
deformation oocurs under its own weight when exposed to slevated temperatures, the storage
modulus of the materisl is typically at leastabove about | MPa, while the Toss tangent value is
typically lower than about 0,23 MPa. Using these criteria, the maxisuun lemperature that 2
thermoplastic elastomer material can be exposed to for short time, such as & steany sterilization
process, can be sstimated, FIG. 3 shows the change of storage modulus and loss tangent with
temperature for the blend of S0/30 Nordel IPA725EPDM. Without crosdlinking by e-beam,
storage modulus of the blend shows a sharp deop above about 100°C, suggesting a-melting and
flow behavior., Storage modulus fadls below about | MPa at about DR and loss tangent rises
above about 0,25 at about §2°C, therefore the maximum shurt-tesm exposure temperature for thiy
blend will be around 80%C, After crosslinking by about 6.8 Mrad e-beam, the storage modulus
of the 5050 Nordel IP4725/EPDM blend displays a plateau from about 70°C and about 200°C.
It does not £l below about 1 MPa uniil about 160°C. The loss tangent is not below sbout 835
MPa cven atabout 1935°C. Therefore, this crosstinked blend s suitable for steam sterilization

processes at both about 121°C and ghout 135°CL

EXAMPLE 3. Tubing Made of EPDM/styrenie thermoplastic elastomer blends:

To make flexible tubing of the blends, mixteres of 30/30 Kraton § 1643M/Nordel P43

and cooled by a water bath and cut into pellets. The resulting pellets are later fod o 2 single-
serew sxtruder, which is equipped with a fubing die. A regular 3-zone screw is used for the
tubing extrusion. The femperature profile is sot at about 280°F, abiput 3207F and shout $00°F for

three segments of the extruder. The adapter and dis temperatures are setat about 405°F and

3.
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about A15°F, respectively. The polymer melt flowing out of the die is discharged intoa
submerging water tank for cooling, where the extrudate is frozen into a tubing shape. Intemnal sir
prossure, serew speed and pulling rate are combined to control the tubing dimensions znd wall
thickness. Translucent and flexible tubing with dimensions of 0.28 for ID and (L3735 for ODx is
obtained through the above compounding and extrusion procedures. When an extruder with
mixing screw sections is available, the twin screw compounding process can be omitted,

Flexible tubing can be extruded from the blends by fesding dry blends of these resing directly
into the extruder due to relatively high compatibility betwesn EPDM and styrenic thermoplastic

elastomers.

Tubing formulations and resuliing tubing properties without esbeam trosslinking treatment
are shown in FIG. 4. As low surface friction usually helps with pumping Hfe n peristaltic
punping applications, thrve lubricants are evaluated af about 1% by weight addition level of the
total weight of the blend. A 50% by weight silicone oil (vinyl terminated polydimethyl siloxane)
master batch in BEVA carrier resin is obiained from Dow Coming. Lubotene RLPANG6 isa
silicone grafted low density polyethylene (LDPE) resin obtained from Optateh Corporation,
Ampacet 102468 is a magter barch of Eruamide in LDPE supplied by Ampacet Corporation. At
about 1.0% by weight addition lovel of the total weight of the blend, all three lubvicants show nu
significant effects on the kink resistance, which is measured by MBR (minimem beyiding radius),
clarity and mechamical properties of the tebe: Lubricants do tnerease pumping life of the tubing
when these tubes are used as the pumping scgment in the standard head of 2 Masterflex™
peristaltic pump. The pumping tosts gre ron at a speed of about 400 rpm in this study, Without
lubricant, the tubing could only operate about 2 hours dec to wearing caused failures, By adding

about 1.0% by weight of lubricant, praping #fe of the tabing is extended up to abuat &-17 hrs.

The tubes extruded from blends of 50/50 Kraton G 1643M/Nordel IP45 are also
crosslinked by about 6.5 Meads e-beamy treatrnent. FIG § Hats properties of the tobeg aftere-
beam crosslinking. Compared to the corresponding resudts in FIG. 4, 1t s clear that the e-beam
crosstinking process do not affect clasity, Kink resistance, hardness and teasile mechaniecal
properties. However, 4 very significant inprovement can be seen m pumping life of the whing.
The unlubricated tubing ralses pump life from about 2 hre to sbout 3¢ hws, while the lubricated
tubes improve their pump lives from about 611 hrs to the range of about 13-39 hrs,

Fusthermore, significant improvernent in heat resistance of the tubes can be achieved through the
e-bewm crosslinking treatment. As Hiustrardd by the DMA sésults in FIG. 6, the vilubricated

tubing of 30/30 Kraton O I643MNaorde] 1P43 cho only withstand short exposure o about 80°C,

- e
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while the e-beam crosslinked tube can be used ot about 130°%C {or short term: Therefore, thig
crosslinked blend 15 suitable for steam sterilization processes at both about 121°C for a time of

up to about 30 minutes and about 135°C for a time of up to about 28 minutes,
EXAMPLE 4: Blends of polvolefin elastomers and dicne elastomers

The following blends of polymers are mixed in different ratios at about 200°C te 230°C
using & Brabender mixer. The resulting mixtures are molded into Smm thick slabs and dog bone
testing speeimens are cut out of the slabs for tensile and tear testing in avcordance with ASTM

638 and ASTM 624, respectively, Properties can be seen in Tabie 5,

Table 5
Sample Starage moduios | Srovags moduluy Tg at Tan Delta
(MPa)at-70°C | (MPa) ar 100°C eurve (°C}
EPDM/EMA | 1987 0.489 -19.67

EPDM/EMA 81803 ] 1.317 j -17.50

4 e-beam passes

EPDM/EMA 1796 L.o3d -16.69

& e-beam passes

 EPDM/EMA 1735 1508 RTRE

Dynsmic mechanical analysis of the EPDM/EMA blend with and without e-beam
irradiation can be seen in FIG, 7. 6.8 MRad {4 passes) of e-beam irradiation sufficiently
crosstinks the EPDM/EMA blend. Forinstance, the EPMA/EMA Mend that has not besh e~
beam irradiated is clearly not crosslinked as evidenced by the dramatic drop in storage modulus
as the temperatare increases. Further, 6.8 Mrad (4 passes} of e-beam irradiation 3¢ sufficient to
craate a blend with heat resistance i temperatures greater than 100°C and in particular, steam
sterilization processes at both about 121°C for 3 time of up o about 30 mimstes and about 135°C

for a time of up to-about 20 minutes.



04 Apr 2013

2013202461

T

Four samples are chosen to be extruded into tubing {.5623 inches QD X 0.375 inches 1D

for evaluation. The formulation and propenties before and after e-beam treatment can be seen in

Tables 6,7, and 8.
Table 6
Materials Grade Ampount Hardness {(Shore A}
Blvax 360 o g 75
Polyolefin resin Versify 2400 100:g 68
Affinity BG3200 100 g 70
Engage 8180 100 g 63
EPDM Nardel 1P4723 10 ¢ 60
Table 7. Properties before e-beam eatment
Material | Shore A | Young | MIO% 300% Tensile | Elongation
hardness | modalus | Modulos | Modulus Soength | (%)
MPay | (MPa) | (MPO) (MPa)
EPDM/Evax | 77 113 2T LS 193 1048 |
EPDM/Versify |62 7.0 1.7 .8 138 1255
EPDOM/Ainity | 66 6.5 2.0 1D 134 1232
 EPDM/Engage 64 5.3 1.8 10 L 13.9 1744

18-
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Table 8. Propertics after e-beam treatment

Material Shore A Young - 100% 3N0% Tensile Elongation
hardness modulus Modulus | Modulus | Strength (%)
{MPa) ‘ {MPa) {MPa} {(MPD
EPDM/Elvax |76 121 3.0 1.7 19.0 801
EPDM/Versity | 60 6.9 17 0.9 11.1 582
EPDM/Aftinity | 67 6.8 280 .1 17.5 R 3
EPDM/Engage | 64 53 18 | 1.0 15.6 991

As seen in Tables 3-8, the crosslinking of the blends provides matenials with advantageous
properties. After e-beam irradiadon, the material remains flexible. The materials exhibit a
negligible change in Young modulus, 100% Modulus, 300% Modulus, and tensfle strength after
e-beam treatment, Aftere-heam treatment, the material shows a slight decrease in Elungation

whicl indicates no chain scission of the material,

Tear testing can be seenin FIG. 8. FIG. 9 is an illustration of the dynamic mechanical
analysis (DMA)} of a blend of EPDM/Afinity, The graphs show that there ars no negligible.
change 1 properties fromr 4 to § e-beam passes, As.seen in FIG. 9, 6.8 Mrad (4 passes) of e-
bram irvadiation ts sufficient to create a blend with heat resistance at temperstures greater than
100°C and in particular, steam sterilization processes at both about 121°C for g time of up 10

about 30 rnutes and about 135°C for a dme of up to shont 20 minutes.

Gel content testing as described above is performed on the materials of Tables 5. Asseen
in FIG. 10, the gel content testing illustrates that thers are no significant changes in the cross-link

density between 4 and 8 e-beam passes.
EXAMPLE 5 Blends of thermoplastic elastomers and lonomers.

Blends of polymers are mixed in different ratios at temperatures ranging from about 300°F
to about 400°F using & Brabeader mixer, The blends are compression molded at a flat profile of

about 373°F into pligues for Shore A hardness, Young moduhss (E), 100% Modulus elongation

19
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(E-100%), clongation {g), tensile strength and tear sirength testing. Shore A harduess rangeg

froem about 30 toabout 83, indicative of v soft, flexible material, Results can be seen in FIG, 11,

Two samples are chosen 10 be extruded into wbing §.385 inches DD X 0,285 inches ID for
pumnp life evaluation, before and after e-beam treatment. Provessability iy good as there are po
problems with tube dimensions and tempersture window. Pump Hfe s tested at 600 RPM using

an BZ load I pump head. Regalte can be seen in Table 0.

Tate 9. Pumop life of styrenic thermoplastic elastomer/ionomer blend

Muaterial Average Pump life thours)
Surlyn 8320/SEBS G 1643 (50:50 blend) 1.90
Surlyn &320/8EBS G1643 (50:30 blend) 483

4 pass E-beam

Surtyn 8320/8EBS G645 (30:50 blendy 4.20
Suriyn 8320/SEBS G1645 (30:30 blend) 14.83

4 pass E-beam

As seen in Table 9, irradiation of the tubes increases the pump life of both blends,

Note that not all of the activities described above in the geoeral deseription or the
examples are required, that a portion of a specific sctivity may not be required, and that one or
more further activities may be performed in addition to those described. Still funtber, the onder

in which activities are Histed are not necessarily the order in which they ave performed.

In the foregoing specification, the concepts have been descrbed with reference to specific
embodiments. However, one of ardinary skill in the art appreciates that various modifications
and changes can be made without departing from the scope of the invention as set forth in the
claims below. Accordingly, the specification and figures sre to be regarded in an illustrative
rather than 2 restrictive sense, snd all such modifications are intended to be included withig the

scope of invention.



04 Apr 2013

2013202461

10

e ¥

As used herein, the termis “comprises,” “tomprising,

ey

includes,™ “including:,-“‘-“ihas,“’
“having'” or any other variation thereof, are intended t cover a non-exclusive inclusion. For
example, 4 provess, method, article, or apparatus that comprises a Hist of features is not
necegsarily limited only to those fedtures but may include other features not expressly lsted or
inherent to such process, method, article, or apparatus, Further, unless expressly stated to the
contrary, “or” refers o an inclusive-or and not to an exchusive-or, For example, a condition A or
B is satisfied by-anv one of the following: A I wue {or prasent) and B s false (or not present), A

i false! (o not present) and B i tne {or pressat), and both ‘A and B are true {or prisent),

T

Also, the use of “8" or “an” wre smployed o deseribe elements and components described
herein. This is done merely for convenience and to give 3 general sense of the scope of the
invention. This description should be read to include one or at least one aund the singular also

includes the plural unless it is obvicus that it is meant otherwise,

Benefits, other advantages, and solutions {o problems have been described above with
regard to specific embodiments. However, the benefits, advantages, solutions to problemss, and
any feature(s) that may cause any benefit, advantage, or solution to cceur or become morg
pronounced are pol o be construed as 2 critical, required, or essential feature of any or all the

claims,

After reading the specification, skilled ardsans will appreciate that certain features se, for
clarity, described herein in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features that are, for brevity,
described in the context of a single embodiment, may also be provided separately or in any
subcombination. Further, references to values stated in ranges include each and every value

within that range.

3
P
3
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What is claimed is:

I A tubing matenal comprising an clectron beam radisted crosslinked blend of:

a first elastomerte polyvmer comprising a diere elastomer; and

a second elastomeric polymer comprising a polyolefin elastomer, wherein the
clectron beam radiated crosshinked blend has & gel content of at least 75% by weight,

wherein the polyolefin elastomer includes a homopolymer, & copolyimer, a
terpoiyvmer, an alloy, or a combination thereof formed from at least one monomer selected

5

from the group consisting of ethylens, propyleng, butene, pentene, methyl pentene, hexene,

actene, or combmations thereof

2. The tubing material of claim 1, wheremn the diene elastomer imcludes polybutadiene,

palvisoprene, and a terpolyvmer of ethylene, propylene and a diene monobmer,

3. The tubing matenial of claim 1, wherein the eleciron beam radiated crosslinked

blend has a gel content of at least 90% by weight.

4, The tubing material of claim 1, wherein the fivst elastomenc polymer and the setond

elastomeric polyimer are prosenl in an amonnt ratio off 1RG0

3. The tubing material of claim 1, wherein the frst elastomeric polymer and the second

elastomeric polymer are present in an amount ratio of! 100:33.

6. The tubing material of claim 1, wherein the diene elastomer 5 a terpolviner of

ethylenc, propyienc and a diene monomer (EPDM}.

7. The tehing material of claim 6, wherein the polyolefin elastomer is an othylene-

octene copnlvmes.

8. The tubing material of claim 1, wheramn the-electron beary radiated crosstinked

blasd has a shore A duromister of about 50 &0 abow 80,

22
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9. A method of making s material comprising:

providing a fivst elastomeric polvmer comprising a diene elastomer;

providing a second elagtomeric polymer comprising a polyoleiin elastomer;

blending the first elastomeric polymer and the second elastomeric polymer;

extruding or injection molding the blend of the first elastomenic polvmer and the
second elastomeric polyvimer; and

crossiinking the blend with electron beam radiation,

wherein the polyvolefin elastomer includes @ homopolymer, a copelymer, a
terpolymer, an alloy, or & combination thereof formed from at least one monomer selected
from the group consisting of ethyleng, propylene, butene, pentene, methyl pentene, heXene,

octene or combinations thereof,

10, The method of claim 9, wherein the diene elastomer 18 a terpolymer of ethylene,

propylene and & diene monomer (EPDM}.

i1, The methed ef clanm 9, wherein the polyolefin slastomer is an ethylene-octene

copolvmer.

12 The method of claim 9, wherem the electron beami radiated crosshinked blend hasa

gel content of at least 90% by weight.

13. Themethed of claim 9, wherein the blend is wradiated with a § MeV clectron beam.

14,  The method of claim 9, further comprising a step of sterilizing the electron beam

radiated crosslinked blend.

Ba 1B3GHA

[
e
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