WD 01/18112 PCT/ US00/ 24710 Description CYCLOOLEFI N BLENDS AND METHOD FOR
SOLVENT BONDI NG POLYOLEFINS Technical Field This invention relates to >{
pol ymer bl ends and nore particularly to cyclic olefin. containing polyners
or bridged wapbiy¥ed i ¢ hydrocarbon containi ng pol yners bl engegdrusod/t4710

et hyl ene and a-ol efin copolyners that are obtained utilizing a netall ocene
catalyst 5 system Background Art In the nedical field, where beneficial
agents are collected, processed and stored in containers, transported and
ultimately delivered through drip chanmbers, tube . 10 connectors and tubes
by infusion .to patients, there has been a recent trend toward devel opi ng
materials useful for fabricating such containers, tubings and devices

wi t hout the disadvantages of currently used materials such as pol yvinyl
chloride. These new nmaterials nust havResgriptidmue conbi nati on of properties
to be used in fluid adm nistration sets. Anong these are the materials in
nmost i nstances nust be opCYCGILOQLEFRINBLENDSANDMEEHROGD FORonpati bl e, have
sufficient yield strength an@dL¥ENT BONDING POLYOLEEIN®r oduct s and
sufficient rigidity for rigid products, have a |ow quantity of | ow

nol ecul ar wei ght additives, be capable of being solvent bonded to soft

pol yol efin nmedi cal products and be conpatible with nedical solutions. It

i s desirable fqre ﬁgncglclah!products in an infusion delivery set to be

optically 20 to allow for visual inspection of fluids therein.

It is al so desirabl qhisiatentibs rélies 3polyhérdiémis and motspartiaitaBnioadytlc olefin
conpati ble as a great deal of_ nedical products are disposed of in
landfills and CAREHE RakaRsTe orbrdged Pob@yfmy%%%opt@nt&ﬂ%n&@%lwz@&lweﬁsi ng

a material whi %hg; ethyidHe'ah8 Rldisti &?&wwfﬁﬁyt%@wtﬁmﬁﬁnizmq'xﬁ&&u&%ﬁlﬁ:t hat
are disposed of by 1'"ncineration, Tt Is necessary to use 25 a materi <l

that does nSt gegstenate or mnimzes the formati on of by-products such as WO
01/18112 PCT/ US00/ 24710 2 inorganic acids which nmay be environnental ly
harnful, irritating, and corrosive. For

ackeround Arf

In the medical field, where beneficial agents are collected, processed and stored
in containers, transported and ultimately delivered through drip chambers, tube

10 connectors and tubes by infusion to patients, there has been a recent trend toward
developing materials useful for fabricating such containers, tubings and devices without
the disadvantages of currently used materials such as polyvinyl chloride. These new
materials must have a unique combination of properties to be used in fluid administration
sets. Among these are the materials in most instances must be optically clear,

15 environmentally compatible, have sufficient yield strength and flexibility for flexible
products and sufficient rigidity for rigid products, have a low quantity of low molecular
weight additives, be capable of being solvent bonded to soft polyolefin medical products
and be compatible with medical solutions. |

It is desirable for medical products in an infusion delivery set to be optically

20 transparent to allow for visual inspection of fluids therein.

| It is also desirable that the medical materials be environmentally compatible as
a great deal of medical products are disposed of in landfills and through incineration.
Further benefits are realized by using a material which is thermoplastically recyclable.

For medical products that are disposed of by incineration, it is necessary to use

25  a material that does not generate or minimizes the formation of by-products such as



exanpl e, PVC may generate objectionable anbunts of hydrogen chloride (or
hydr ochl oric acid when contacted with water) upon incineration, causing
corrosion o i,ncinerator. 5 To be conpatible w th nedi b%‘;'ons,
it is desi r&‘h‘*@ﬁt‘;#gt t he conponents of the infusion deli vef?bls]g@ el'ofree
fromor have a mnimal content of |ow nolecular weight additives such as
pl.asticizers, stabilizers and the like. In2sone applications, these
conponents can be extracted into the therapeutic solutions that conme into
contact with tihergamit acidaivhichineayctstoénvirommaentally harmdfil, infitating, laad coreosiyee (Harc
agents or otherw se render the 10 sol effective |

1ion | This is, especiall
troubl esome i n HaBPleedh rﬁ‘ﬁyf%ﬁ“ﬁﬁfeapgﬁﬁ@ r Bmounts, of, Hydregen, ¢ ftcﬁe Y

drug is measur d}dahmﬁaaad%&mdndc%“ﬁw&ethmemﬁﬁ, dalisikBécH¥sion@F the
vol ume percentages. Even m nuscule | osses of ‘the bio-tech drug can render
the fornul ati anciverateabl e. Because bi o-tech fornul ati ons can cost several
t housand dol_lars p dose, j.i, 1S.i rati.ve that {he.do not be
changed. 15_5 Pol yvi n(yellro Qqﬁogmah@e@l&gfcaﬁggu%%nﬁw ‘{fgw‘il%@g‘g&? &Tﬁ%@ﬁf e
nedi cal t ubi Ngshéthsidnelitéry 8étbe Bée frbmBRRive aiifimD boritéift SEloWaAblEE B4R ght
However, because PVC by itself is a rigid polyner, |ow nolecular weight

conmponent s knoveddisiyey papht ascplagticizers, stebibigera gné dhe like.r dn gemne mppligatiens, shese

These pl asticizers t i ' fluid
passing thr oughcom?gnprso%fﬁ‘g}%g xﬁ%&ec&o}%foamgﬁﬂaz?ag’e@ﬂéesoﬁuﬁﬂ%&tgtr &{}‘ge fpggn é’F&PﬁletL
fluid 20 unusabhemafefisl. The sddives Ry reBtwitieths treapeitid dgentd bf dthervlideir@ier the

encountered in incinerating PVC there is a need to replace PVC in at
| east the flOui (f°B’6‘ﬁ¥l&Leﬁe?@’epB"Ptsi‘-‘cﬁﬁse%#uytq?@blem‘t@ib&ﬂ‘iteﬁ‘ég'ﬁﬁé‘ifmé‘ulﬂ&mﬁi)WEm

preferably in i | | : ‘éﬂh'ﬁxﬂi%‘?éh”a”y
of the requi re%ﬁ%@%ﬁﬁ%g@g{lﬁg%ﬁééﬁg@\%ﬁﬁ%@%,GJP\?{AB felﬁtc})lut t g '
di sadvant ages assobina pefcentages.PBen niibuseuleylodsed ofthetbigrtach|dryg aarerenderpthei bl e

wi th nedi cal appligations cguse the ave mjnimal extractahility to the
1t de - and con i BARORiGR BRI i Dt e R APCmalsBp s fooh Vet ousdnd dbflas
envi ronment al | e @bliadit &Sindpe¥ive hat Bk d0RBEhat R diadgeiiul degradants upon

I ncineration, "and in nost cases are capabl e ofbeing thernoplastically

recycl ed. N&nypol yolPelyvinyl ehleride ¢ C') hisbeer widelynsesito fabticatemediggljubingsande an

econom c alternatjve to.PVC. Ho r. 30.ther e hur er cone
Lo onl aco ol | PhetRm S itmtas HOREY fltestfehl. HofilBLYcRCTVE b} faclif
01/ 18112 PCT/ Ugf¥id péliyrher, low molecular weight components known as plasticizers must be added

to render PVC flexible. These plasticizers may leach out of the medical product and into

the fluid passing through the products to contaminate the fluid or to render the fluid

20 unusable. For this reason, and because of the difficulties encountered in incinerating

PVC, there is a peed to replace PVC in at least the fluid contacting portions of the
infusion pathway and more preferably in its entirety.

Polyolefins have been developed which meet many of the requirements of

medical containers and tubing, without the disadvantages associated with PVC.

25 Polyolefins typically are compatible with medical applications because they have

minimal extractability to the fluids and contents which they contact. Most polyolefins

are environmentally sound as they do not generate harmful degradants upon incineration,

and in most cases are capable of being thermoplastically recycled. Many polyolefins are

cost effective materials that may provide an economic alternative to PVC. However,

30 there are many hurdles to overcome to replace all the favorable attributes of PVC with

a polyolefin.



3 For exanpl e, because of the inert nature of polyolefin, due in part to

the non- polar nature ofthe polyner, difficulties have been encountered in
bondi ng t Lvolefin materials to rigid housings positj ng the -
I nf usi on ggyﬁ&éégof an infusion set. Typically, nedicalkggﬁﬁgwﬁéﬁs such as
|.V. bags are connected to a patient through a series 5 of connected tubing

that have in fluid communication drip chlanbers, Y-type injection sites,
venous catheters and the |ike between the bag and the patient. Many of

these conponent s Fonétatiple, bedanst dfahesinag aatiferofipalolefias, due dnpadiothendsnat es,
acrylics, ABS, copolyesters and_.the |ike. The housipngs have sl eeves in

whi ch the t uPPkgnatareiohthe pelymes, difficniticshaveben engowntersd mbopding thepelyolefia t upe

to the housi ; btoolSor Y/ : ' ' to be
connect od o A Fteiifi Sousides'baEEAAGIR n: Mulibf pdy AP pf &l

housi ngs. PVQ@ypichily)gnedicalcppiainetsisyches £ ¥ bags micconnected tota patiend thuopghaseney

sol vent bgnding techniques. .Sol vent . bonding reguires ex | ng.t.he. end of

he tubing. 1 &7 Bemeed AbGHE (itave 1y i GG RS 4D SPRTRS SRS ayecton

cycl ohexanongjtey vERjul “hthEibRYndHRE REEbetwbéh HEbYE Bhd thbPaBérte Manyedfihesef t ens

or dissolves the PVC so when the tubing is inserted into the housing, a
bond is for medmp@wsintsdncludeoigid housings mannfacredHfropepelycarbonates,Acryiies t on

certain polyolefins i i n | yet hyl en nd. . . ens
have al so be@ﬂp‘ﬁ}éﬁge%ﬁ{&g’eg@mr gm%gllo LR é’ﬁ%%ﬁ%%%‘é‘%@?ﬁ%ﬁ%&“&gﬁ ur opean
Pat ent  Appl i Galesepidlp fashiol Bfatidchthel hibe tothehowsinge dfhefelfore, i5is heveevaty foftha 20
material containing a resin of a cyclic_ olefin conmpound or. a bridge

] d
pol ycycl 18 medicababing to be peymgeted torthe rigid hoysing fo, forna-flyid tight segl willptheny ki ng
devi ces such sin ringes, injection needles, drip chanmbers, blood bags and
tubing fromthesé€resins. Wiile the EP 034 Patent application discloses a
non- PVC nmat eri al PW¥IC fubingiic stpicaily semuéd withiprsuchibousings using solvent tbndimgose a

met hod for bonding a _rjgid hqusing.of a cyclic 0] ef i 0. a fl.exible

tubi ng of a (ﬁﬂg{“ﬂ %o Igéh%ﬂtql?f‘&(‘}gﬁ TEHTPEH 4hﬁ§1.’d ?zéh‘f JB’EW@?? ﬁe Wf%ifgél)ﬁgr e al so
vel I known. Wh&%ﬂ%it@a@&v&tgh&h ad &jcRhbkMBnd e Hetlyl Ryl ketonEOThexawgdte, U. S.
Pat ent No. 5,359,001 discloses a nultiple conponent polynmer blend having a

first cowponeffectiyelysofensiondissaiyes the e sowhendboybingis ingarted info thebiosing: and a
third t qf. cv el g AN
ycl oot of | Srkgedde fufibh SRivehf ol yebRfel Hohvehh, GG ofiBolelf |

i npact nodi f yblyglefihe ifishglihg polyethglene and polypropylene. Problems have also been

encountered in using adhesive bonding techniques.

ok o,

European Patent Application No. 0 556 034 discloses a medical instrument of a
20 - material containing a resin of a cyclic olefin compound or a bridged polycyclic
hydrocarbon compound. The EP ‘034 Application discloses making devices such as
syringes, injection needles, drip chambers, blood bags and tubing from these resins.
While the EP ‘034 Patent application discloses a non-PVC material for fabricating
medical products it does not disclose a method for bonding a rigid housing of a cyclic

25  olefin to a flexible tubing of a cyclic olefin or other polyolefins.

Cycloolefin blends are also well known for providing rigid, injection molded
parts. For example, U.S. Patent No. 5,359,001 discloses a multiple component polymer
blend having a first component of a cycloolefin, a second component of a polyolefin and
a third component of a cycloolefin block copolymer to compatibilize the cycloolefin and

30 polyolefin. The ‘001 Patent discloses such blends for impact modifying the highly rigid



WO 01/ 18112 PCT/ USOQ 24710 4 and brittle cycloolefnms. The 001 Patent does
not disclose a nethod for solvent bonding these blends. United States
-Patent No. 5,863,986 discloses polyner alloy blends of a

copolyrrers f"l"llsb e or nore-core-shell particles ‘and one OFE#&'P@%?{?CK 5
copol yners. Again, these polyner blends are tough on inpact and have high
flexural strength and el ongation at break.4 The' 986 patent does not disclose
a method for solvent bonding the polyner alloy blends. Disclosure of

I nvention 10 ThHA bBiktRsyBloolefids MHeO00Patehit d6es nbiisdlgse @ ntiddosolveptbonding

bl ends for fabricati ng medi cal devices. The bl ends of the present

i nventi on contthpse blends, conponent honopol yners or copol yners of cyclic
s o e 1920 Rl aldsCrAul’ R625483986 ehkclost Baher ARG DIERRCHE o

i nvention provides a ynMer ‘conposition conprising I rst” component

obt ai ned by cogeloptefini mpugmrsrwnbonmenmom)merdmﬂamﬂndes mdmdeemendxﬁ bhaxkoner ,
the first corrponent bei n an a unLlfrom about 1-99% b g\quﬁgt& of the

conposi ti o ’bdh‘??&ﬁ@ ends ¥ oA r‘?él "Qﬁﬁct B5rdiner |

the a- ol efi n QB foRkdt £130 31 bre4le ﬁﬁmq,aﬁﬁmemms%wgmbmoa&r%ma&t
f rom about 99%to out % by wei ght of "'the conposition. It has been

found by the phaslingtth¢ pelgmeoatioytthends. a- ol efi n havi ng 6 carbons when bl ended
wi th norbornene result in blends having greater 20 clarity when conpared

wi th bl ends of norbornene with a-olefins having 4 or 8 carbons. 1In a
preferred fornpgtlobi@ of yenkioAn the ethyl ene and a-ol efin copolyner is
obtai ned wusing a netallocene catalyst. The present invention al so pI’OVI des
three conplhent polTheeprasenéninventionr proyides amuitinlen sompmitcytmolymer cblguds, fe

a cyclic olefig,or . a bri.d =T

above-descri be b?%ﬁ?“%@nﬂo%@r%ﬁg% ?ﬁ\%ﬁiepﬁs%ﬁéper&?errec QHCAIE?IQE%E&AW% e%‘ﬁ}l on,
t he norbor nenehdiﬂ@o@rﬂdr@@&opmgﬁﬁfstdfmﬁeemﬁﬁg atbidgedpolyayelic hydeeoarbba® Forand
t he second honDpoI or copolymer of _a cyclic olefin _or a bridged

pol yeyclic B%Pwa@t an‘gqnae% provides g ?Qlﬂ“?’e‘?ﬂﬁ'%ﬂ%‘t“&?é°8?“ﬁ‘i"§hérﬁ"fthan
120C. 30 Bri ef Qg}\f)n%ﬁéﬂtp%tﬁﬂecp 3yf>£@w1ﬂ.9e%zﬁfgga nbrboRRE MotirAd AR | hyldRW Of

an infusion del
15 monomer, the first component being in an amount from about 1-99% by weight of the

composition; and a second component of an ethylene and a-olefin copolymer, the a-
olefin having 6 carbons, the second component being in an amount from about 99% to
about 1% by weight of the composition. It has been found by the present inventors that
a-olefin having 6 carbons when blended with norbornene result in blends having greater
20  clarity when compared with blends of norbornene with a-olefins having 4 or 8 carbons.
In a preferred form of the invention the ethylene and «a-olefin copolymer is obtained
using a metallocene catalyst.
The present invention also provides three component polymer blends where a
second homopolymer or copolymer of a cyclic olefin or a bridged polycyclic
25  hydrocarbon is added to the above-described two-component blend. In a preferred form
of the invention, the norbornene has a glass transition temperature of lower than 120°C
and the second homopolymer or copolymer of a cyclic olefin or a bridged polycyclic
hydrocarbon has a glass transition temperature of higher than 120°C.

30  Brief Description of Drawings
Fig. 1 shows a diagrammatic view of an infusion delivery set; and



WO 01/18112 PCT/US00/ 24710 5 Fig. 2 shows a diagrammtic view of a syringe
barrel having end cl osures solvent bonded thereto. Best Mode for Carryi ng
Qut the | 5 Wiile the invention is susceptible of in

many di ff@l&ﬂ%‘kﬁgr there is shown in the draw ngs and’cmﬂm% e| n be
described in detail preferred enbodi nrents of the invention with the

under standi ng that the present disclosur® is to be considered as an
exenplification ofthe principles of the invention and is not intended to
linmt the broad ®Fipechowfadisgarmnutinwievwoof 4 syribgebaeindingend elosurtsseiveat ed. 10
Figure 1 shows an, i nfusion delivery set 10 having an |.V. container 12 and
port tube 1hopded{Bete®d t o0 a tubi ng 16 which provides at its distal end a
venous catheter 18 for establishing fluid-flow access to a vascul ar system
of a patient. Posrtroned at internediate portions of the infusion pathway
is a drip chdBe ] ngiQutthe Inventionn srte 22. It should be

under st oo that o] Ld nedic keer Ags. 15
t ubi ng uni“ons andt‘;gﬁtetp% onk%%%ep{?ﬁgﬁte a°r #&ﬁt‘ﬁj .]"'fl"l'éjs}gﬁ(?:ébrrponents
coul d be useds sHownifl YheERingabadwill Herdin Beldsutiot ifi détail Preféried enmbodintnes\s a

syringe barrel 24 having, en cl osures 26 sol vent, honded aqn opp&ﬁi@ie ends
of the syring§ th%tﬂ'@llon with thewnderstanding that thepresent disclosure s tohe cgpst # both

ends of the Sycl 060 MBSElraRdudhibbb he ifarlEnshl RSO AN HER RSN

i nvention provr ol'yners ynmers contal ni ng nononers of
cyclic ol efi raspe(cmbﬂ‘thanﬁ;emﬁtmtmmmmdnsﬂlmtaded to as cycl ic ol efr n

contarnrn pol yners) and bl ends ther pf as
copol _yrrer cont ai rﬁlé’lﬁ f‘rgl?RWFér”é fié 8’&'565% %BB'@%‘%{)? R% ch
sonet | nes e 14%nﬁé’cie%ft6 Eﬁbbin% 18%‘iuhlp9'&ﬁa€slaﬁlts\tﬁstaleh@a %ﬂéh@@aﬂt&@&ns for

cont ai ni ng po ynmers) and blends thereof to fabricate both the flexible,
rigid and serestabhsjpnrtg ﬂmdrﬂwemcgessftomelamlar \systomsef; a Jmitiog. o Rgsitiopadhaly

provi des sol vent din ndi n

Poget her ol cfRHRRHGHERPE o B FRp eyt diiabi DBy SpfeSdih,
subassenbl i e%neg@rtts}ioamemad@gtmmfmsﬂeﬂngaetnearcanrobﬁﬁgsrmaudeamedmﬂgs, wel |
known in the nedcial arts. The terntpolyolefraﬁu ed herein is ant to

i ncl ude - HEnoFehipgpiensAng othersywllimawa nhe ait.ppd °S5,COmPPREHis cO & fied
pentene, hexgp SO1E Q@S&:‘E e
copol yrrers of gﬂty enlgﬂraﬁcl:l?gga%?a) et %?ﬂﬁ%s%%%ol yneri zede%\n‘;tﬁr?lﬁg?aid

closures 26 solvent bonded on opposite ends of the syringe barrel. Of course the end

closure 26 can be on one or both ends of the syringe barrel 24.
As will be described below, the present invention provides polymers and
20 . copolymers containing monomers of cyclic olefins (which sometimes shall be referred
to as cyclic olefin containing polymers) and blends thereof as well as homopolymers and
copolymers containing monomers of bridged polycyclic hydrocarbons (which sometimes
shall be referred to as bridged polycyclic hydrocarbon containing polymers) and blends
thereof to fabricate both the flexible, rigid and semi-rigid components of the delivery set
25 10 and further provides solvent bonding and cement bonding techniques for attaching
together olefin components to fabricate medical device assemblies and subassemblies
contained in an infusion set or other medical devices well known in the medcial arts.
The term polyolefin used herein is meant to include homopolymers and
copolymers of ethylene, propylene, butene, pentene, hexene, heptene, octene, nonenene,
30 and decene. Suitable copolymers of ethylene include: (a) ethylene copolymerized with

monomers selected from the group of a-olefins having 3-10 carbons, lower alkyl and



nononers selected fromthe group of a-olefins having 3-10 carbons, |ower
al kyl and WD 01/18112 PCT/USOQ 24710 6 | ower al kene substituted carboxylic
aci ds and anhydride derivatives thereof, (b) ethQy&ang yl ene
rubbers, (ﬁ?béli{bﬁwand (d) iononers. Preferably, the carboxylic 0/2{;1?658 have
from 3-10-carbons. Such carboxylic acids therefor#e-include acetic acid,
acrylic acid and butyric acid. The term"l@&wer al kene" and "l ower alkyl" is
meant to 5 include a carbon chain having from 3-18 carbons nore preferably
3-10 and nost lgwerhlkendsupstiButBd canlvdxytic aciddwnd ester and bshytiridé darivatvegthemgpfd(b)

conononers incl ydes, as repres Lye non-1limti eXx | e, vi.nyl
acet ates, vinyF @F‘?Pﬁ’@’@%}’e H’g’gﬂ% &’gﬁmaé@%) WB?‘H?’F'WBV}/&%%@&“&%‘F §I iC
aci ds, net hacr yLihe havd flsm RiG¥bess YSiherboaPhc 8lilly thefdtré|ih@udePideds acit) | -
Cyclic Aefins and Bridged Pol ycyclic Hydrocarbons Suitabl e honopol ymer and
copol ymers of eyli¢ ecidland butyrieiacidb Thel tremh "Powsrajikene't andylowercalkyd b issmeand to

bl ends th f. be f i.n,U..S. t - Nos. 5,218, 049, .5, 349

5. 863 986, ?7@%?‘@&5“%%'?%%‘%%1’?“&5 %’%ﬁégf%%’gmiéﬂ“ f %‘E?EI%’AY 3%@46“‘%1}’,3‘567

which are 15 i Bregémplys-8 Gatbbnd, NEhis, @kubdetbY tHiCERUP o ¥ombhchasd Gichaled, Abdde a
part hereof. In a preferred formof the invention these honopol yners,

copol ymer s andrqpegspriativebutpanslimjting expmple, yinydrogtates; viny] a¢rylatas, methyl eeralatase of

greater than 5 r f . 7 t asity
greater than o%ﬁ%@‘é@%’%@?’g%ﬁ? {éig’ernrl %‘B{%}g l*‘:ra%lr%ls’oeﬁyigg %gestl%ggéhggﬁ%ﬁ%%

g/ cc and nost p¢ig.erably from 0.980 g/cc to about 1.3 g/cc and have from at
20 |l east about 20 nole % of a cyclic aliphatic or a bridged polycyclic in

t he backboh® ofthe polymer nore preferably from about 30-65 nol e % and
nost preferably fro 3 0 : formof the

I nvention, sui tx'abl e@gecwgfégg??%ﬁkggé é’&ég‘r"g{ﬁn@%’gﬂ’g I ¢ conpounds havi ng
fromb5 to about 10 Suitdbbaiwmapolyner andeppolfimercofclyclic altfaisiand bridgedpmiycyelicect ed

fromthe group,consistin f stituted. ang. tif.ut t.ene,

cycl opent adi enBYHTRGAY %ﬁé&%ﬁ@n‘fs ﬁé&ﬁfdﬁO&Wﬂ‘P*@?-ﬁiﬁ%@P%ﬁélgx’%s%%qﬁ%’

cycl ohept adi en91863,93@59195@%,65,7921@4991:b@dh,eos,-Bms%wﬁEp 0l9Y ;5657 GMich are
i ke

I ncl ude | ower al kyl, acryi ate derivatives and the .
15  incorporated in their entirety herein by reference and made a part hereof. In a preferred

form of the invention these homopolymers, copolymers and polymer blends will have a
glass transition temperature of greater than 50°C, more preferably from about 70°C to
about 180°C, a density greater than 0.910 g/cc and more preferably from 0.910g/cc to
about 1.3 g/cc and most preferably from 0.980 g/cc to about 1.3 g/cc and have from at
20 least about 20 mole % of a cyclic aliphatic or a bridged polycyclic in the backbone of the
polymer more preferably from about 30-65 mole % and most preferably from about 30-
60 mole %.
In a preferred form of the invention, suitable cyclic olefin monomers are
monocyclic compounds having from 5 to about 10 carbons in the ring. The cyclic olefins
25  can selected from the group consisting of substituted and unsubstituted cyclopentene,
cyclopentadiene, cyclohexene, cyclohexadiene, cycloheptene, cycloheptadiene,
cyclooctene, cyclooctadiene. Suitable substituents include lower alkyl, acrylate
derivatives and the like.
In a preferred form of the invention, suitable bridged polycyclic hydrocarbon
30 monomers have two or more rings and more preferably contain at least 7 carbons. The

rings can be substituted or unsubstituted. Suitable substitutes include lower alkyl, aryl,



In a preferred formof the invention, suitable bridged polycyclic

hydr ocarbon 30 nononers have two or nore rings and nore preferably contain
at least 7 carbons. The rings can be substituted or unsubstituted. -
Suitabl e ¥@8VI8A% es include | ower al kyl, aryl, WO 01/ 181RCT/ER0M4TEOY 24710
7 aral kyl, vinyl, allyloxy, (meth) acryloxy and the |ike. The bridged
polycyclic hydrocarbons are selected frgmthe group consisting of those

di sclosed in the above incorporated patents and patent applications.

Sui t abl e bri ool AAVIeaVIox y@@ggl;)ag{gﬂa t @l Ny Y :d by
Ti cona underd%ﬁgylfﬂé ehgi%gﬁy@ , by |§%gﬁazgggh%guﬁgllgr t e taé(g}ééﬁgﬂe
ZEONEX and ZHGhdearbops Beiselecteddiom theigraupusoasistinighef thoseatisdesed irCiherabover, and
by Mtsui Petrochen gal Co ny under the tra me APEL. _Suitabl
CONDNONES S | rfEF‘?IB%‘aEf-ﬁ@F‘@WF gg‘i‘ﬂéWﬁﬁﬁWB?ﬂsBEsfﬁadb@gﬁ e ?%%%?‘?’ émcargon

hydr ocar bons, ctdehe foi§inkik oR] Bid BieTie6h dbibdEeadahiie YOPAS, by NigpeaZeans. |t
may al so be desirable to have pendant 8rou§s associated wth the above- 10

nent i oned Shomndet fheetradename ZEONEXwand Rehv Daikygr Goma Sgiko pader the

compati bilizing the.,cyclic qlefin.containi I npeged
pol ycyclic hy%&ﬁ?ﬁ?%g%}{eégln?’gi%ﬁ\&lgm lgg)e ;‘/’ﬁ%"'rﬁgﬂ%oﬁﬁ ﬂﬂ%@?%‘f‘& PO g'r%‘gg

i ncl udi ng am ne, &giidBle dofiof6mer8Sheliide &dldfidy haviag dvintl 3-18nchrisins caromatiar
functional groups. Suitable ‘Eendant groups i nclude aromati c hydrocarbons,

carbon di oxi deydreesrheas. ieficeayclis olefing packiridesd pelyexsliF Brdrpesbans- 15
acrylonitriles, vigyl, ea;aeﬁéd?smx lo ﬁﬂeegénlgmié;%?(ﬁﬁrﬂséhﬁﬁted‘%% Iéwmees,

vinyl halides, epoxides, cyclic esters I'c ethers. o
nonet hyl enci aikntionsd hémopalyemeriiymdrcopelyinerss Thé peniiand grospkare farcompatibilizingind

aryl acrylates. The cyclic .ester. includes | ei c, anhydride., |l.. Bl.ends
Cont ai ni ng Cy@erycliep ﬁ°‘l‘i}ﬁln§PW@S@E@%&%R&WWCQ%?W%@IWWW% iC

d b ( Wall: | i i®4dcid h
Hydr ocar bon leﬁ@&g@mmﬁmmmm%am&mh@m e

present inve irst conponent the honopol yners and
copol yner s of andhethey qlolar funetidnal @oovpai niSutble (ppadant greyns ineludp arggpatic

pol ycyclic hydrocarbon cont ai nj. ol cl e el

soneti nmes refxg)f“?‘éc&ﬂfogs’ascapoe&sd‘&gggs #%é@y{g@%@?f i Irllﬁs g‘k%‘?&;nﬁﬁg%gﬁ{ébcs
shoul d beis pr&sasiitriles, afnydretend, vinydresteiso winylanfioés vinyhieghes, ofinyl helidésend,
nore preferably from 25 about, 30-99% d nos referably f about 35-99.
wei ght percen?P°?5¥de%ﬁ¥Fll96#B‘Pﬁna"c‘iyﬁh“ﬂb‘?’s'%ﬁ&?ﬁf}i‘ﬂg?‘?‘ﬂ ugye ?cﬁ%lp n. In
a preferred fornoindNRraR4S Bhd 891 dchRatbd. "He cyclic ester includes maleic anhydride.

II. ' Blends Containing Cyclic Olefin Containing Polymers and/or Bridged
Polycyclic Hydrocarbon Containing Polymers

20 Suitable two-component blends of the present invention include as a first
component the homopolymers and copolymers of the cyclic olefin containing polymers
and the bridged polycyclic hydrocarbon containing polymers {(collectively hereinafter
sometimes referred to as “COCs”) described above in Section I. The COCs should be
present in an amount from about 1-99% by weight of the blend, more preferably from

25  about 30-99%, and most preferably from about 35-99 weight percent or any combination
or subcombination or ranges therein. In a preferred form of the invention the first

_components has a glass transition temperature of from about 70°C to about 130°C and
more preferably from about 70-110°C. _
- The blends further include a second component in an amount by weight of the

30  blend of from about 99-1%, more preferably from about 70-1% and most preferably from

about 65-1%. The second component is selected from the group consisting of



conponents has a glass transition tenperature of from about 70C to about
130C and nore preferably from about 70-110C. The bl ends further include a

second conp&a%%milp an amount by weight of the 30 blend ofﬁm&%g‘yt
e out

99-1% nore preferably from about 70-1% and nost preferably Trom a

65-1% The second conponent is selected fromthe group consisting of WO
01/18112 PCTI US00/ 24710 8 honopol yners aml copol yners of ethyl ene,

propyl ene, butene, hexene, octene, nonene, decene and styrene. The second
conmponent pr ef homspolyhers and chpolymieys affetifyleme) pripyienebBeiie; hdxefd Ocighe aosened, nor e

referably from about, 0. 910-0. 960 g/ cc and npr ef er abl ro a
D! 530 0. 950 o/ SREen HsBIEIo TRAFCMILHTBPRHEPTEHN A3 deime LEEOR b8 it fron
is and 5 ethyl ggo aﬁdﬂoﬁéﬁféﬁ%gj #5MR abd 09 0105037 &Q ﬁﬁ'nfbr@??férﬁlﬁ?‘ﬁ%mlo

carbons, nore preferably from4-8 carbons and nost” preferab 6 carbons.
Most pr ef er abl gbauih@.930-0960 pisc. Inagrefercsddbimmofthgiovention thesecond bomponsdtisandg a

net al | ocene_catal yst. Suit.aple three-c opent .blLends .inc e a third
conponent 2 Ccff%?éf’%&l d"olFE‘bﬁP? &?%@%&?‘F@‘é&a‘f rqmﬁ'ab"ti(al e\ [ohvAch-(a1e

di fferent fronmpich@ably 56in 4DERTEGHE BR mbét preferdbly B@bbiis. RibsiRéfetably thé@hylene

I nvention the second COC will have a glass transition tenperature of higher

t han about 120a® ¢iedefincepolymersiareitninedusing metallegerp satelysn | ower t han about

120 C. In a preferr Im gf ' ' e Ay | sent
i n an anount by vvelg'%ﬁ{b?e{) rcgﬁagﬁéﬁﬁﬁﬂ%%ﬁ%g%% ‘\‘Aeﬁ‘uﬂgﬁgmg&g%&gg%g?%ﬁeﬁﬁﬁ t he
first and secoRgm thesECOCY descritedin ParbBatiove sl differentfrom thedirstfcofmponiembing 2: 1
to about 1.2 respectively of the, 15 first conmponent to the_ second

conponent . 19 n Brefresddempef theinventionithe sepend Q6 will hayeagiass HansHEIRMPHAYIS mer s
of nor borene  apgh.: S I;i@ﬁ;l | Hﬁﬁ@ f end.
These norbonengpmg%%g#@%?g{%o ee esc(rﬂ%b%gtlégeé{g%é?{uﬁ . ﬁ%ﬁ%&?\%@
5,783, 273, 5, 742Q°€54n a pre8ared 3ekth of tirnidvéntidh, 3h&Bird cdthponent ibpressnt instnlapioante
copol ymer preferably h fro t. | abaut 2 | e .percent nor bongne
nononer and rmg% "E‘é?éﬁ;fﬂ% ag‘]?'grﬁoé%&’y?ﬁ?‘% ‘?%&PE%%ﬂc%ﬁttﬁe 3&% ar?asﬁewnrae
preferably frogy ts ShbuiPbd PrbRniif b ¢R1dlor HEMBEHRDE tIRPGITE 2 redpediély of the
conbi nati on or subconbi nation of ranges therein. The norbornene ethyl ene

copol yner 1§hofirsticorapeneat tgithessecondgomponem. t enper at ure of from about 70-180

G, More P eferably i Offererda odd e Al vt h, HRASH Rt &iRBhoyleR Te A Bthene

and ethylene are selected as the first component of the blend. These norbornene
copolymer_s are described in detail in U.S. Patent Nos. 5,783,273, 5,744,664, 5,854,349,
and 5,863,986. The norborene ethylene copolymer preferébly has from at least about 20

20  mole percent norbornene monomer and more preferably from about 20-75 mole percent
and most preferably from about 30-60 mole percent norbornene monomer or any
combination or subcombihation of ranges therein. The norbornene ethylene copolymer
should have a glass transition temperature of from about 70-180°C, more preferably from
70-130°C and even more preferably from about 70-100°C.

25 The second component is preferably an ethylene copolymerized with an a-olefin
having 6 carbons. It has been found by the present inventors that using this ethylene and
a 6 carbon a-olefin as the second component yields blends with higher clarity when
compared to blends having ethylene copolymerized with a-olefins having 4 or 8 carbons.
Preferably, the ethylene and o-olefin copolymers are obtained using metallocene

30 catalysts. Suitable catalyst systems, among others, are those disclosed in U.S. Patent
Nos. 5,783,638 and 5,272,236. Suitable ethylene and o-olefin copolymers include those



25 The second conponent is preferably an ethylene copolynerized with an
a-olefin having 6 carbons. It has been found by the present inventors that
usi ng thi?l qﬁﬂ%gne and a 6 carbon a-olefin as the second conponent yields
bl ends wi M'® r clarity when corrpar ed to blends havi ﬁﬁ'r’é]ts%“é'ﬁe
copolynerized with a-olefins having 4 or 8 carbons. Preferably, the

et hyl ene and a-ol efin copolyners are obt@ai ned using netall ocene 30

catal ysts. Suitable catalyst systens, anong others, are those disclosed in’
U.S. Patent smymwmﬁaﬂmn@a@ﬁa&mmuwahamewﬁﬁmm thosd ef i n

copolynmers inc e_t hose NS00/ 24710 9_sol d fos Dow Chem cal
Conpany unders"{d NN&%%M%E@ osersolis by Phullips Ghemiealy
under the EX,Q%IDM gnm@ﬁ by Phillips Chemcal Conpany
under the tradena I\/ARLEX. As set forth above, the first conmponent ofhe
nor bor nene/ et hyl e setdgrth abowe, ﬂuainstc@npmlemoé'ﬂsmrbbmnddhyjbnecbpel?%ebm\ei ght

or ef or abl 5 38 BESBTORAPGH SR ARRALE i osebre b et ST AESR%s cconal

nor bor nene a vﬁé}yl@a%osgﬂ@ﬁmgs-pwowd@;khto the two conponent
nor bor nene- et hyl ene/ et hyl ene 6 carbon a- olefin blend. The second

nor bor nene et hyl efe %Bﬁ&memmménmm acepandnnerbornenargnd retitylensnt ent

of 30 nole p r r nol e
percent and g’%‘ﬁg}ggp ag&%%%,l oh e c'é[rFOa urg’;%{rg%eyeﬁﬁé& &?hgﬁ?%&%gﬁ?gnwt he
first conpopkfin blagl. aTlg stsend ﬂd&btﬁ'nénecum}ﬂﬁﬁpﬁpﬂytnéﬁs}mﬁld huve ra riodflsdinéné0C.

[11. Medical Products 15 I\/bdi cal devices such. as thoge shown | n Fl%ure 1

may be fd4Bri SMNEmer sontAnt AE30 mejegercent qr@rqa for anbpare Pezoumebewt déridi on
provi des for | [ omthe
G, hat | S REbal ae dasd uineib el of i ikt B CRRLEES BT g
a nodul us of ceipenenthasya ghdss frandittongempEatueod lpwér thdncl20f€asured i n
accordance with ASTM D790. What is nmeant by the term"sem -rigid" is parts
having 20 a nodul us of elasticity of greater than 20,000 psi but |ess than
150, 000 psi wWIen MedaGl Pesldets accor dance with ASTM D790. What is neant by
the term"flexible" is  articles having a nodul us of el ast|C|ty of less

t han abod§ 20, 000 Msdical\frvicessneh asdhose shown inPigurecbmay pp fabsicted fgm the

COCs set forth above. The present invention provides for fabricating, rigid, semi-rigid
and flexible devices from the COCs. What is meant by the use of the term *“rigid™ herein

is parts having a modulus of elasticity of at least 150,000 psi when measured in

accordance with ASTM D790. What is meant by the term “semi-rigid™ is parts having

20  a modulus of elasticity of greater than 20,000 psi but less than 150,000 psi when

measured in accordance with ASTM D790. What is meant by the term “flexible” is

articles having a modulus of elasticity of less than about 20,000 psi when measured in
accordance with ASTM D790.

Rigid parts such as Y-sites, filter housings, injection sites, spikes, syringe barrels,

25 closures and others may be fabricated from the COCs by injection molding, blow

molding, thermoforming processes or other plastic fabricating techniques. Semi-rigid

parts such as drip chambers and closures may be fabricated from injection molding, blow

molding, thermoforming and extrusion processes. Flexible parts such as medical tubing,

closures and medical containers may be obtained using extrusion, coextrusion,

30  lamination, blow molding and injection molding processes.



Rigid parts such as Y-sites, filter housings, injection sites, spikes,
syringe barrels, 25 closures and others may be fabricated fromthe COCs by
i njection nmoldin bl ow nol di ng, thernoform ng processes astic
fabricati ngwpgyhﬁ%ues. Sem-rigid parts such as drip cha%@ﬁfgg@%am

cl osures may be fabricated frominjection nolding, blow nvolding,

t her nof orm ng and extrusion processes. Flexible parts such as nedi cal
tubing, closures and nedical containers nay be obtai ned using extrusion,
coextrusion, 30 | aFop@kxiBR, andl i-Figid cafpaieftsi sitleas ibing)bniaiigrspamicéddis es.
WO 01/18112 PCT/ US00/ 24710 10 For f]|exihle and sem -rigid components such
as tubing, contchimist 20, mitable; pelymers alsa inclyude ather; polyalefing sy ?%%V@Bei" ude

ot her pol yol efi t VA Ldier | vi nyl
acot at o cont enfbape P BB R ISPkl Dilcrar i B RREWIE sy LU0 3806
cgpol %msrl S , /et Ieﬂiyﬁne n&tt)lichcqmdla edpalymtlns;mtlwmsaﬁ&a»dlﬂi;x copdbmers havingod ddnsitd;e

t han 0. cc, exi ol ypr.opyl enes such as Hunt n's, n
Montel |'s A LEﬁl%ﬁﬁdﬁ"é’t @Sé‘g WO@&%&WE‘(W%@WS S¥cha?s ég&%‘ﬁ?’? gﬁ&‘%‘?ﬁs}g%@ed
in US. Paten N9 Iof B Plea R soieted HET.S.

bl ends and fil %&gﬁl}:g as t osdgégélosc oglg Fﬂ%@%o@h@al?%wﬁm s5 849, 843 and
U.S. Patent ApPateatiNo.di5%8c080aBuitible poadgndrs 3ls6 Bludg polyiier lendsaad fimsich et

Bondi ng COCs The pr.esent, | nt.i on Qr oy a og_far, agsenbl in
conponents of 6 idﬁFﬁ’é?%Wnégt E’Fﬁ?ﬂﬁe%#%i?“ e tﬁggﬁmlﬁatéo&! %ee‘%% No.
bondi ng techni ggass ¢hp! vent bonding techniques can be used to join

toget her any conbination of rigid, sem-rigid and flexible parts including
joining twdOri dvd cdietbodef SolventBopding-COESnent to a senmi-rigid 15
conponent, a rigid nmonent . t f.l exi.bl RO - .- L]0l

conponent to a fl e;[?'ﬁlp es%‘gtnlﬁgér)\néﬁf‘,prg%gesmgﬁl gl d%gggﬁegﬁgﬁg%oﬁgﬁ%ﬁ%g an

sem -rigid conpemsiBh set dfiéimediciltagiemblibsusingsolventbpadiagteshriquesnSolaembhnading The
nmet hod of sol vent bonding includes the steps of. (1) providing,a first
article. of at¢sbnignescapbppesdite joynogeheranyeembipaion qfﬂgéemlmgd%“ ﬁ?l?
such as those ' 4GSt c -o&ﬁg;o CY Hoif cOinBdient At SHnhil

pol ymer or a b:}?%%g%hg%{'%&?%ﬂnﬁg&ﬁygggcar orrllgé:t(s)’nt aiérlli ng Em ynmer, the rgl]?st
conponent W&i ngompemsamhta vigid zompomenhto 4 flexibiharmpodett 3 semialigid comhpoenbfo a

Ml ght of the. GRITIE compbrient, 2 schli Hgid cBipSnent & Btk 'sefhl- gl oSttt 'l

certain flexible components to one another.

The method of solvent bonding includes the steps of: (1) providing a first article

of a polymer composition described above in Sections I and II such as those having a first

20 component of cyclic olefin containing polymer or a bridged polycyclic hydrocarbon

containing polymer, the first component being present in an amount from about 30% to

about 100% by weight of the composition; (2) providing a second article of a material

selected from the group comprising low crystallinity polymers; (3) applying a solvent to

one of the first article or the second article to define an interface area; and (4) bonding

25  the first article to the second article along the interface area. Suitable low crystallinity

polymers to fabricate the second article include COCs, COC blends having minimally

30% COC by weight, polymethyl pentene, polyolefins having a modulus of elasticity of

less than 10,000 psi when measured in accordance with ASTM D790, and styrene
containing polymers without modulus limitations.

30 Suitable solvents are those having a solubility parameter of less than about 20

(MPa)*, more preferably less than about 19 (MPa)'? and most preferably less than about



selected fromthe group conprising low crystallinity polyners; (3) applying
a solvent to one of the first article or the second article to define an

[ nterface‘gé(?@}" gnd (4) bonding 25 the first article to the second article.
al ong the e area. Suitable lowcrystallinity polBrhVS00R418 apricate
the second article include COCs, COC blends having mnimally 30% COC by
wei ght, pol ynethyl pentene, polyolefins baving a nodulus of elasticity of

| ess than 10, 000 psi when neasured in accordance with ASTM D790, and
styrene cont §8 (MPg)'Pahy rir¢lade)ibuh ard nowHmited d,i dliphatid BydrocadbnSUaromatie
solvents are those having a soluybility paraneter of |ess than about 20

(MPa) YZ, nor ehysiregaghons, mixugesofiafiphatis hydrocarbons\mixfures of somatia hydreopehons)| y

| th b Jﬁﬁ&ga hﬁ% cartiohs 1 Suft RAE @pﬂ;,% NG , but
arezsnot alni?r‘i?éeH q@%l phat |t§q§$ roca?é%%rg, ar S'ngtlc Iﬂ?oc r onsb,%g'? :
m xt ures of ainclldaisibstiyel exhmisvhstituted xhexans; heptane, eyelphexahg,dryolohefianes and
i Xt ti d aliphat.ic, hyd bons. .Sui t.ahl e al.i phatj

nyair ocar behs e g i, Bk Sulie HoHER DERKARENS Haciudte MpsBBied, and

cycl ohexane, gnkabsifed afnatie H/AFGREbOn sBRents RECH bk Ryled! tbRdlin® tLGRBLAS

hydrocarbons include substituted and unsubstituted aronatic hydrocarbon
sol vent s suchcumengy Suitable hysdrocarbon subssitugaisdncludedlipatisnbstinggisthaving from

hydr ocar bon s tit ts.i. d I D [ l,t yent s .havi ng, f.rom 1-12
Carbone. and ;a7 aPoEE alg RS FroB bR Sl g AR R Bpo P B
and conbi nat ¢opitindtions bEtheaame. WIRdt it fetcbyt th Yerind aaliphatitthydkdcaibeh? Gnd

hydr ocar bon" and 10 "aromatic, hydrocarbon” is a co;rrgound containing only

carbon antp hydrageic hydesarbon’Sisia compeuadropeaining oply icarkps gnd, Aydrogenraiome ul ar
wei ght | ess tﬁﬁ&bx%%g%mg%l AUsB Bk aHBIesulaP&,agg{ 18#%‘?“'3’%%%@’“%0%"’180

g/ nol e and nost preterably less than about 1 rst article
can be ri gi d, preferably less tbameabduf 186xg/inble ané diosigireforablyuess thaml abotteld0 gfimole t he

0oLy ot o o1 ochoe B AR et bt sl SR i BAPE RIS SoaRiBaeiy) nct™
oxygenat or s, R&HRhE gfoRp lcOfisistingl oFeB-sitéy) Hltel BSusings)Ciri \vhafiibeisC AbpaghilbéisE OF

component. The second article can be rigid, sem-rigid and flexible _
pol ymer i clSnatigiertion sites.catheters; prikes; fHEinge baFrls slopwres tWIngsp B XEENAems, MMt yr ene

cont ai ni NG POLYRL Sraive blirfre biid bty dillaP eflbidty EDORENS THOGkoBEd £180can

pol ycyclic hydrocar glon contarni ng - polyners. nd ar e can
the same 20 baigid,sembtigitiand fexible polymefic nmterial selected from the group comprising

polyolefins, styrene containing polymers, cyclic olefin containing polymers and bridged

polycyclic hydrocarbon containing polymers. The second article can be of the same
20 - device set forth for the first article.

In a preferred form of the invention, the method comprises the steps of: (1)
providing a first article of a polymer composition comprising: (a) a first component
obtained by polymerizing a norbornene monomer and an ethylene monomer, the
norbornene monomer being present in an amount of at least about 20 mole percent of the

25  copolymer, the first component being present in an amount from about 30% to about
100% by weight of the composition; and (b) a second component of a first ethylene and
a-olefin copolymer, the second component being in an amount from about 70% to about
0% by weight of the composition; (2) providing a second article of low crystallinity
polymers; (3) applying a solvent to one of the first article or the second article to define

30 aninterface area; and (4) bonding the first article to the second article along the interface

area.’



In a preferred formof the invention, the nethod conprises the steps of.

(1) providing a first article of a polyner conposition conprising: (a) a
fi.rst conponent obtained by polynerizing a norbonmene nono

et hyl ene noWSHA812he norbonene nononer bei ng present in gﬁﬁgﬁ%ﬂﬁ?ngf at

| east about 20 nol e percent of the 25 copolyner, the first conponent being
present in an anmount from about 30%to abot 100% by wei ght of the
conposition; and (b) a second conponent of a first ethylene and a-olefin
copol yner, theysecogipeepaent being in an anount from about 70%to about
0% by wei ght of the conposition; (2) providing a second article of |aow
crystallinity pol yiferthpsefBxibigpalytnerg that dnstoybond well to athexfexiblepelymers uging c| e

or the second tigle to define 30 an interfdce , ' he

flrst artiole b MunstBniie hrame bt angn nieiton 10 g plesif b aiion 10

PCT/ US00/ 24710 prdddes\a cfélie Siefi @bnthiing! pelgmer baued leememotonipusitionhart britiged ot

bond well to other flexible polyners using the solvent bond;’é}gg tﬁ@{]gi{@ues
a

descri bed aBove@olyeyslichydnacarton eoptaiping seohimerbased Cement 7R
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PRI B has The t
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3-10% and a second conponen vent 10 having a solubility paraneter

of | ess thao abmuming20sohilility parapreter of ddse thap| apout 2O MpaYhmorsopreferabdy lespthan and
nost preferably_les an, about| 8 nd, ., nor hl rom
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bondi ng senfis- 1 i fogt Botg/mbrs to rigid articles or for bonding rigid articles
t o one anot her.

These cement compositions can also be used for bonding flexible articles to rigid
articles, flexible articles to semi-rigid articles, semi-rigid articles to one another or for
bonding semi-rigid articles to rigid articles or for bonding rigid articles to one another.
Accordingly, the cement compositions can be used to prepare medical device assemblies
20  such as joining flexible tubings to one another, joining flexible tubings to tubing unions

and flexible tubings to drip chambers, flexible tubings to Y-sites and otherrigid housings

or any of the components of the medical infusion set or other medical device assemblies.

It may also be desirable to include in the cement composition polymer resins from

the articles being joined. These optional components can be added in an amount by

25 weight of the composition from 0-10%, more preferably from 0.2-5% and most
preferably from 0.2-3%. The third component can be selected from the group comprising
polyethylene copolymers having a density less than 0.880 g/cc, polymethyl pentene,
polypropylene having a modulus of less than 10,000 psi and more preferably less than
4,000 psi, and certain styrene containing copolymers and interpolymers. Typically these

30 flexible type polypropylenes are atactic. Certain polypropylene copolymers with

ethylene are also suitable. Suitable styrene containing polymers include Dow’s



Accordi ngly, the cenent conpositions can be used to prepare nedi cal device
assenblies 20 such as joining flexible tubings to one another, joining
flexible tubings to tubing unions and flexible tubings to drup chanbers,
flexible WHABY2t o Y-sites and otherrigid housings or 2HVUSIUATIR

conponents of the medical infusion set or other nedical device assenblies.
It may al so be desirable to include in tjhe cenent conposition polynerresins
from the articles being joined. These optional conponents can be added in

an_amount by jnolyRied¥f siirerde @1 andPhé tradenhnd INDEXQ YOtherT seitablefsgrate! y from
0.2-5% and nost preferably from0.2-3% The third conponent can be sel ected

from the growontswming polymers inpindecSBS, |SIp and Bysspgangted dervativgs therof spehyas| ess
t han 0. 880 g/%&(al thyI pent ene, pol ypropyl ene having a nodul us of

| ess than 10 psi- and nore preferably I ess than 4,000 psi, and certain
styrene cont ai ni ngheﬁpmoaﬁeﬁsingmlynmmmémmsemﬂlqmbdiammﬂibémmpﬁ@es

fl exi ble type pol ypropyl enes are c. Cert ro Iyrrers
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| ncl ude Dow }%ﬂ%ﬂ&%ﬁ@ﬁ%&%@&b %%mt}?oryme%&%mov@f(sﬁmmﬂ@ ol d

under the tr I'NDEX. Ot her suitable Styfene containing polyners
i ncl ude SBS, a&leﬁentmdnippsihmdmvmg@cﬁrst@pmpmmm ayblé alefin enmigining polgmEIdrand

SEPS. The net si n r| c.cement, to assenbl e i ces
compri ses 5 & ited apfvexstlc By RpePe poang pry Py SR Ferple SRRl
crystal lini tkfﬂ&k%fiﬁfouﬁwfamo&ﬂihﬁhﬁy@sombmty pavietbflessthmabordo@peyd e of a
low crystallinity polyner set forth above; gél)ll? providing a cenent

conposi tilén radimoge arefe;ralgy selmmbﬁemﬂh@sroap of aliphatie hydrpearbenstand @romeatisol ymer

or a bridge ol cI|c ]

conponent of q’ﬂﬁm é'% c}fal n@%ﬁl&%%ﬁ és ven?g%‘g\%b%% sohqqhg“ii gﬂg

par anet er of deﬁ&ﬁcbb@ﬂslﬁ&ﬂbtonaefﬂﬁ/ﬂfs) énd]sﬁcﬁﬂdrtiﬁlﬁs&o gefefeearbmhdmgaehmﬂed from
the group of aliphati¢c hydroca

, d d
ol ecul a1 vioi(3rHapiyase iskariblotn o sisog HEF Elovai:e Ropyg HEs oacal ABRE, -

COWDOSitiOH eﬁgﬁmﬁﬂe}megé&ﬁgaﬁeg second articles to def| ne a bond| ng |
area; and attac the first article to the second article along the

bondi ng aISea to f |Sn3ableypelvolaﬁtls forlﬂs finist and sgeandcariiclesccanthe sglestsd drom thec| e. 15
BT Pl ot L e SRR A Bl S [
but ene, pentene, hexene, heptene octene, nonenene, and decene. Suitable copolymers of ’
ethylene include: (a) ethylene copolymerized with monomers selected from the group of
a-olefins having 3-10 carbons, lower alkyl and lower alkene substituted carboxylic acids
20 and ester and anhydride derivatives thereof, (b) ethylene-propylene rubbers, (c) EPDM,
and (d) ionomers. Preferably, the carboxylic acids have from 3-10 carbons. Such
carboxylic acids therefore include acetic acid, acrylic acid and butyric acid. The term
"lower alkene" and "lower alkyl" is meant to include a carbon chain having from 3-18
carbons more preferably 3-10 and most preferably 3-8 carbons. Thus, a subset of this
25  group of comonomers includes, as a representative but non-limiting example, vinyl
acetates, vinyl acrylates, methacrylates, methyl methacrylates, acrylic acids, methyl
acrylic acids, ethyl acrylates, and ethyl acyrlic acids.
The first component of the cement composition can also be a copolymer of the
cyclic olefins or the bridged polycyclic hydrocarbons set forth above in Section I
.30  Suitable comonomers of the COCs can be selected from the group comprising a-olefins

having from 2-10 carbons, aromatic hydrocarbons, cyclic hydrocarbons, and bridged



pent ene, hexene, heptene, octene, nonenene, and decene. Suitable copolyners
of ethylene include: (a) ethylene copolynerized with nononers sel ected
fromthe gr a-ol efins having 3-10 carbons, |ower al wer

al kene subgﬁgpﬂﬁéﬁzcarboxylhc acids 20 and ester and anhyd?%g%% er?@%tives
t hereof, (b) ethyl ene-propyl ene rubbers, (c) EPDM ' and (d) ionomers.
Preferably, the carboxylic acids have from3-10 carbons. Such carboxylic
acids therefore include acetic acid, acrylic acid and butyric acid. The
term "lower apdlevudic ydebciibonerinad profetred Sormeafithe inventivnl thel irsh compérent ishaai n

havi ng from 3-18 _carbgns re preferably 3-10 and nost ef er ahl -8
carbons. Thus, copobympL @ aW%ﬂF@W@%Gﬁﬁ“’bﬁ%mwr%ﬁﬁgge y the
represent ati ve, Gyl mBmbhdthdriidiskefneiith foast\dobit 20 618 hacaift of Mebbpoldmed ardl €S,

met hacryl ates, nethyl nethacrylates, acrylic acids, nmethyl acrylic acids,
et hyl acryl at esvenamute ptefigrably theinothbomsielis. presant fram shout ewit60anole percentrent

conposition. can al sq be a copol vuer of.the cyeli.c ol efi r | dged
pol ycycl i cnsnydr ocar ?FS“?&E”B@P?‘H%%?@F%%&%@%%“ (.)peho.ng% 0_%3 P{)%gfég&lté&g_

conononers of fh@ uﬁ&fpd?ﬁt%rﬁ%bﬂﬂyﬁlé@mﬁhgaﬂérﬁﬂ?}dwﬂiﬁﬁ alsdu00.886 glcef i ns
havi ng from 2-10 carbons, aronatic_hydrocarbons clic hydrocarbons, and

C
bri dged WO 01/ nelymethgtpentsnexyoiwpronylenehayipg a odpius ﬁ%ﬁ&i&%ﬂ@@ﬁ%lo,w ngi and

preferred form t ' ' hr st | . . a
nor bor nene. o Pratesb i niubit% 000 e QAR Hend Sor ot B REr

nor bor nene noniwEepolyme! eTgpitallynthete Flesible wbe yiolypPopyiddnes e amotic. 0fCeriam
copol yner and even nore preferably the norbhorng I.s.present fr bout 30
to about 6tf nol_"é‘yH@P%lSﬁ‘R‘?°P81yﬂ?§V@§¥Féqu sﬂtgﬁe'cilﬁggfa §WW§9’€P %ﬂ‘ﬁeﬂe

addi tional opt b&ﬂﬁhinggﬁgﬁks&fmﬁﬁé Do intdrp APMENGE sBfretoff uRiel HRiMERRR

copol yners having a ess than about™ 0.880 "g/cc, pol ynethyl

pent ene, pol ypINDPEXeOthehsuitablg styreme deritainingpolyswss indiude SBS 81S and h§d@gemmtedand
nore preferably | ess E}Ean bqut 0 I, and certain styrene containing
copol yner s andxerf"ﬁf‘%?s ‘Frﬁ‘?é?"g" aﬁ%@%‘ﬂo@gqﬁese flexible type polypropyl enes
are atactic. Certaip aiRefeRbdnaRY HRMVRAOE thREtRod Yok Bsifd AYoIHMEr eéetneht £0

sui table. Suitable styrene and ethylene containing polynmers include Dow s

i nt er pol yn¥r ofssemble appdicabflevices gemprises the siehse&in@) proxding a fiysh articla eftadlewe
styrene contai

t her eof such a@%ﬁﬁ%ﬁgﬂfﬂé@%@ﬁ@ﬁ %ﬁ%ﬁ%@gﬁaﬁl%ﬁ |f:)airlll,Yrﬁ1 .h\ées_'

met hod for usi pglymedsst foreH alsovep(8d proviiding a cement composition comprising: (2) a first

component in an amount by weight of from 1-20% of the cement composition and
obtained by copolymerizing a norbornene monomer and an ethylene monomer, the
20  norbornene monomer being present in an amount of at least about 20 mole percent of the
copolymer; (b) a second component of a solvent in an amount by weight from about 99%
to about 80% of the cement composition; and (c) an optional third component in an
amount by weight from about 0-10% by weight of the cement composition and selected
from the group of optional components set forth above; (4) applying the cement
25 composition to one of the first and second articles to define a bonding area; and (5)
attaching the first article to the second article along the bonding area to fixedly attach the

first article to the second article.
The present invention also provides a medical device assembly. The assembly
has a first article of a first polymeric material selected from the group comprising
30 polyolefins, styrene containing polymers, cyclic olefin containing polymers and bridged

polycyclic hydrocarbon containing polymers. The assembly also has a second article of



15 assenbl e nedi cal devices conprises the steps of. (1) providing a first
article of alow crystallinity polyner set forth above; (2) providing a

second article of a low crystallinity | ymer set forth _above: (3
provi di ng P ¥§3t  conposition conpri si ﬁ% (a) a first &%Pﬂl?ﬂ%"tg“i n an

amount by weight of.from 1-20% Ry tned by
copol yneri zi ﬁ‘é” W%%see %ﬁ?ﬁéﬁgﬁgﬁ%&rﬁwﬁyoﬁ%ﬁﬁgrﬁ% i {a&%&& )
nor bor nene NGRS, Bicig olkfins edtitaihing avlyxnersi mind Mridged Ipehsyclizbhydro&fbom| e
percent of the copolyner; ) .a second corrpgne t of 3 splvept in an anount
by wei ght frcaniang palymsts: Jhe fi5t is gttaghed to W sprond GRS WIth gfemspy (¢
an optional (i siGGNPANE erieft BSmpHiRiNhash ] Bfipondu® BF A ROLYKIQ oldlfl DY

wei ght of the cenment conposition and selected fromthe group of optional
conponent § s ebntkiningpaljmercor 4 Ulidged polyicyeict iydracarbon comginingrmedwher ad ano one

of the first d.second articl t.o defi a bondi ng area; ,a "
attaching thé?‘gFWWﬁ@Pédﬁﬁﬁﬁ‘@n%%%ogWgﬁgpﬁaﬂe&358%6}'%30%%8%6) area to
- fixedly attachqihife ptdféritily 36lbét6d BomQhé BRup %‘@2@1&5 thiyoBarbdrtendrseciaatic
invention also provides a nedical device assenbly. The assenbly  has a
first articl diydfocarbpishavingeimoiesular waightlessthanabput208 g/malenThefallepigg gre
conprising 30 pol.yolef n r containi ng polyners, cyclic olefin
cont ai ni ng p(ﬂ"%@?‘ “%Fi’i:?“}l’ﬁsé’g@ép If/tcuﬁ‘(': I%:I?'hydrocar bon cont ai ni ng pol yners.
The assengly al so has a second article of WO 01/18112 15 PCT/US00124710 a
polymeric material selected fromthe group conprising polyolefins, styrene
containing [¥apdess cyclic olefin containing polyners and bridged
pol ycyclic hydrocarbon containing polynmers. The first article is attached
to the second article with a cenent conposition. The cenent conposition
has a first daampdaieFest mdthods feryresinipeopestiesf i n 5 cont ai ni ng pol ymer or a bridged:
pol ycycl i ¢ hydr ocar bonggihaisdagsi@besger and an effective anmount of a
sol vent having a solubi]it anef e | ess than about 20 (MPa)l and
more prefl@rably sel ect EH"WJB‘ﬁ‘?“E“ﬁg‘%W&YE‘I-of al i phati c hydrocarbons and
aromati ¢ hydr ocar bons Ghss\irangjtion Temgeartest BSC.Wei ght | ess t han about 200
g/mole. The follow ng L6 rAQRadnleMAdhB1085a2NPI €s of the present invention..
10 Exanpl es: Exanple I.” Test methods for resin properties: Tensile
Modul us: ASTM D638.

Example I1. Resin Properties:

g
-

20
(1) COC Resins:
Topas resins are produced by Ticona, a member of the Hoechst Group.
CZ Resin is marketed by the Daikyo Gomu Seiko and The West Company.
Zeonex resin is produced by Nippon Zeon Co.,Ltd.
25
Resin Glass Transition Tensile Modulus Light Transmittance
Te, (°C) (kpsi) (%)
30 Topas 8007 85 377 92
' Topas 6013 130 464 92
Topas 6015 160 464 92
Topas 6017 180 464 92
CZ Resin 140 341 91

35 Zeonex 280 140 34 91



15 Fl exural Mdulus: ASTM D790. d ass Transition Tenperature: DSC. Light

Transm ttance: ASTM D 1003. Exanple Il. Resin Properties: 20 (1) CCC

Resins: Top i.ns are produced by Tico a nmenber of t G oup.
CZ Resin isa@a'i‘ﬁg{lgd by the Dai kyo Gonu Sei ko and. The West %ﬁﬁ%OZeonex
resin is produ ScdigRpn Zeon Co., Ltd. 25 Resin G ass Transition Tensile

Modul us Li ght ansmttance Te. (O (knsi) (9% 30 Topas 8007 85 377 92
Topas 6013 130 464 92 Topas 6015 160 464 92 Topas6017 180 464 92 CZ
Resin 140 341 QMatedi Zeonex 280 140 34flenéid/Fid¥oraD1/ 18 DDkiditd 6 PCT/Colbaidigd 710

(2) Non-COC Resins: Material Tensil e/ Modstusral Density Conononer Mdulus 5
(I'rnsi) (s/&c) —Palyethylene: Dow Chefipsinl s Affj nj {gfech/P8770 5 0 885 Cct ene
Dow Cheni cal s Ahilduidndt PL1880. 12 0.903 Qctene Du Pont Dow Engage 8003 5

0. 885 Cctene 10 Pont . Dow_En e 8411 3 0.880 Cctepne Dow Chenicals

Dowl ox 2045 38 BOYSHERAAERY NPT Tatiner Ad085 5089885 ButeHE  Exxon

Exact 3024 14 0.1@Sh&hitalsidfinity PL1830 12 0.903 Octene
Du Pont Dow Engage 8003 5 0.885 Octene
10 Du Pont Dow Engage 8411 3 0.880 Octene
Dow Chemicals Dowlex 2045 38 0.920 Octene
Mitsui Tafmer A4085 5 0.885 Butene
Exxon Exact 3024 14 0.905 Butene
Exxon Exact 3128 12 0.900 Butene
15 Exxon Exact 4033 3 0.880 Butene
Exxon Exact 3030 14 0.905 Hexene
Exxon Exact 3131 11 0.900 Hexene
Phillips Marlex mPACT D143 23 0916 Hexene
Phillips Marlex mPACT D350 64 0.933 Hexene
20
Polypropylene:
Huntsman Rexflex W304 2 0.88
Huntsman Rexflex W210 4 0.89
25 EVA
Du Pont Elvax CM576 25 0.95
Polybutene
Montell PB0200 35 0.915
30 Montell PB8340 32 0.908
Styrenic copolymer
Phillips K-Resin KR03 210 1.01
Shell Kraton G 1657 04 0.90

35



Exxon Exact 3128 12 0. 900 Butene 15 Exxon Exact 4033 3 0.880 Butene Exxon
Exact 3030 14 0.905 Hexene Exxon Exact 3131 11 0.900 Hexene Phillips

Mar | ex @@%B&é? 23 0.916 Hexene Phil Ili7ps Mar | ex nPACTPESEJ?m%}_IH 933

\I;I\%gnle1 0’8o opyl ene:  Huntsman Rexflex W04 2 0. 88 snan Rexfl ex

. x CVMb76 2.5 0.95 Pol ybutene Montell PBO200
35 0.915 30 %’/Dnt e@ﬁ%&% %}% 908 S%Yrenl c copolyner Phillips K-Resin .
KROB 210 1.01 &hwivenixyegnyishasyd figm fhe§ismadldgeh Cog5 WO 01/ 18112 17

PCTI USCQ' 24710 THe33mbiRy paafiibters tH&d belbw AEthEPAREER S6IEbility Parantd s WEXI IdEErante; &

purchased frqomit.h i AI drich " eported
bel ow are th '“Fﬁ{a'ﬂg‘gﬁd%b %g Bg%gar% er’s %%194364‘%%’5?%3’%&% éﬁeIrdl gt ed in
t he Pol ymér Handbook, 3' d Ed Chapter VII, Pages 540-544 unl ess ot herw se
specified. 5 Solubility Mol ecul adotuviitlyg ht tha@mh%arret er(MPa)"2 /nol Type
of conpound Q/s‘dwahtexane 16. 8 84pafimetpidba)'® hgioh Car DOType dffedrigtndcy cl ohexane

16.0 98 Al i phat ydr ocar bon 10, [t hyl cycl ohjexane 16 é% Aldghatic
%VF cycl ohexane lf 2* 126 AI | phatlc Aghm} onlsoﬂ

hydr ocar bon rocar
Methyl cyclohexane 16.0 1phat1c hydrocarbon
10 Ethyl cyclohexane 16.3* 112 Aliphatic hydrocarbon
Propyl cyclohexane 16.2* 126 Aliphatic hydrocarbon
n-Butyl cyclohexane 16.2* 140 Aliphatic hydrocarbon
t-Butyl cyclohexane -- 140 Aliphatic hydrocarbon
Decalin 18.0-18.8 138 Aliphatic hydrocarbon
15 Heptane 153 100 Aliphatic hydrocarbon
Xylene 18.0 106 Aromatic hydrocarbon -
Tetralin 20.0 132 Aromatic hydrocarbon
Cumene 17.6* 120 Aromatic hydrocarbon
Toluene 18.2 92 Aromatic hydrocarbon
20 Cyclohexanone 19.6 98 Ketone
Methy! ethyl ketone 19.0 72 Ketone
Methylene chloride 203 85 Halohydrocarbon
Tetrahydrofuran 19.4 72 Ether
Dimethyl formamide 24.8 73 Nitrogen containing
25 compound
Dimethyl sulfoxide 26.6 78 Sulfur containing
Compound
30 * Data from CRC Handbook of Solubility Parameters and Other Cohesion Parameters, 2™ Ed.

Example HI. Test articles and solvent bonding test results:

All the COC blends set forth in the table below were prepared using a Brabender mixer, mixed at

35 250°C at 50 rpm for about 4 minutes, and then compression molded into 0.010" to 0.025" thick sheets
at 450°F.
COC Blend Composition Blend Material Strength of Solvent Bonding!V
40 Ratio Rigidity to ULDPE® to EVA® to COC®
(wt %) {flexible) (flexible) __(xigid)
Topas 8007/Tafmer A4085 0/100 flexible none none good
30/70 semi-rigid  weak weak ~ good
50/50 rigid good good strong

45 70/30 rigid strong strong strong



n- Butyl cycl ohexane 16.2* 140 Aliphatic hydrocarbon t-Butyl cycl ohexane -
- 140 Aliphatic hydrocarbon Decalin 18.0-18.8 138 Aliphatic hydrocarbon 15

Hept ane 15.‘%0%08}3?1?# phati ¢ hydrocarbon Xyll ene 18.0 106 Ar WS@Q/Z?%

hydr ocar bon in 20.0 132 Aromatic hydrocarbon Cunene
Aromatic hydrocarRgn sodhd G Ypafe 2 ofdo Ar ORRIC hyglhocar boney,20 cod
Cycl ohexanone 19.6 98 Ketone Methyl ethyl ketone 19,0 72 Ketone i/ét hyl ene
chl oride 20.3 85 Hal ohydrocarbon ~T&? ahy®bf ur art*a®. 4 7288her  BPHet hyl
formam de 24.8 73 Nitrogen containing 25 conpound D nethyl sulfoxide 26.6
78 Sul fur containj * ta CRG Handboo f Solyhbility
Paraneters and O ogfgs&égﬁ%tgggggga%%rs,hé&m&. garrpl elﬁ?nl%l. Te‘g%j(
articles an®l sol vent bonding test &8¢t stigid\ | tHEeodoOC bl 899ds setsEPagrth in
the tabl e bel ow were prepared using a Brabender m xer, mxed at 35 250C at
50 rpm for about 4 m S th onpressi on nolded into 0.010" .to

0. 022" t hi ck shee??“sgﬁﬁgﬁ?gﬂg@ aﬂgfﬁd Cgﬁ’g’zesi ti B8 Bl end "Mt er i af*°St r engt h
of Sol vent Bonding") 40 Ratio Ri gi #PbY t origll DPE( =pooto EVA(gedd t 0 CHBtg> (wt
% (flexible) (flexible) (rigid) Topas 8007/ Tafiner A4085 0/100 fl exible
none none qgod 30/70 sem -rigid weak weak good 50/50 rigid good good

strong 45190/ 30 TP¥is807&* 6B st r ofgO%t r ofiblRD 017°PB112 189CT/ USBEK 24710
Topas 8007/ Affmty VP8770 0/ 100 f| eatsdl e migide nongoo@00d 5@o&D ri gitdngood
good strong 70/30 rigid strong strong strong
Topas 8007/Exact 3128 0/100 flexible none none weak
15 50/50 rigid good good strong
Topas 8007/Exact 4033 0/100 flexible none none good
50/50 rigid good good strong
20 Topas 8007/Engage8003 30/70 semi-rigid  weak
40/60 rigid good
50/50 rigid good
60/40 rigid strong
70/30 rigid strong
25 80/20 rigid strong
90/10 rigid strong
Topas 6017/Dowlex 2045 0/100 semi-rigid none none none
50/50 rigid good good strong
30
Topas 6015/Tafmer A4085 30/7¢ rigid weak weak good
50/50 rigid good "~ good strong
70/30 rigid good good strong
35 Topas 8007/Rexflex W304  0/100 flexible none none good
30/70 semi-rigid weak weak good
50/50 rigid good good strong
70/30 rigid strong strong strong
40 Topas 8007/PB0200 0/100 semi-rigid none none none

50/50 rigid good good strong



Topas 8007/ Affinity PL1880 0/ 100 fl exi bl e none none weak 5 50/50 rigid
good good strong Topas 8007/ Engage 8411 0/ 100 fl exi bl e none none good
50/50 rigid good.good strong 10 Topas 07/ Exact 3024 0 | exi bl e none.
none vveagwgd’?’%g“?i gi d good good strong @0/ 30 rigid stro%'p’gﬁ%ﬁ °strong
Topas 8007/ Exact 3128 0/100 fl exi bl e none none weak 15 50/50 rigid good
good strong Topas 8007/ Exact 4033 0/ 100 fl exi ble none none good 50/50

ri gid good goodorepWAEBESY Topad18807/ ERiEHE800%80/ 70 BN - r i YU weak

40/ 60 rigid good 50/50 rigid gawsb 60£igid ri gi ckosd r ong goéd/ 30 stbpy d St rong
25 80/20 rigid strong 90/10 rigid strong Topas 6017/ Dow ex 2045 0/ 100

sem -rigid none none none 50/50 rigid good good strong 30 Topas

6015/ Taf i her AZoBB6UEPBRE | gi d AW¥K wedsd good =9 50 ri&fPH goo¥¥ood strong
70/ 30 rigid good good strong 35 Topas 8007/ Rexfl ex WB04 0/100 fl exi bl e none
none good 30/70 sem.-riaglid wea ak goed 50/50 rigid od good strong
70/30 rigid stzrmg(g]flr%%gd stronEOI% Togﬁlg 8007/%0200 0%‘%80 ses%oegri gi d none
none none 50150 rigid good good strong - WO01/18112 19 PCT/ US00/ 24710

Topas 8007/Kraton G1657  0/100 flexible none none good

10 30/70 semi-rigid weak weak good
50/50 rigid good good strong
70/30 rigid good good . strong

Topas 8007/K-ResinKR0T  0/100 rigid none none weak
15 50/50 rigid good good strong
Topas 6015/K-Resin KRO1  50/50 rigid good good strong

Topas 6015/Tafmer A4085/KratonG1657
20 C 60/20/20  rigid good good strong

Topas 6017/Topas 8007/Affinity VP8770
25/25/50 rigid good good strong
30/20/50 rigid good good strong
25
Topas 6015/Topas 8007/Affinity VP8770
25/25/50 rigid good good strong

30 1) The solvent used is cyclohexane.

Bond strength was assessed by hand pull test, at one day after the solvent bonding.
None = Readily separable.

35  Weak = Some bond strength but easy to separate.
Good = Hard to separate, no material transfer is visible on the peeled surface but is suitable for providing
a sterile, sturdy connection. _
Strong = Very hard to separate, material transferring from one surface to another at the peeling bonding
interface is visible.

40  2) The ULDPE specimen was made from Dow Chemicals Engage 8003 resin and was extruded into a tube.



Togas 8007/ PB8340 0/100 sem -rigid none none none 50/50 rigid good good
strong 5 Topas 6015/ PB0200 50/50 rigid good good strong Topas 6015/ PB8340

50/50 rigid d strong Topas 8007/ Kpgton GL657 0/ 100 i none
none good 16)9@8?'7%92em -rigid weak weak good 50/5Q0 rigid ggé%%é{e)og%%sotrong

70/30 rigid goog) THOMEA ldirkkil SraskidaERonSBiPéAt KivRENI Y6 KR Whi nd@Skod V A bdteROREwEONE
weak 15 50/50 rig ,go%g,@good strong Topas 6015/ K-Resin KROL 50/50 rigid
good good strony P&&"615/ Taf i ner A4085/ Kr at onGL657 20 60/ 20/ 20 rigid
good good st r on{) Thd OP@ speiidn ifad opdrSroR(TOpas 8007 rasin tmyd Wi Bjéction RibII&TiND §-sitel vjthdhego0d
good strong 3%&%&:&%%9 g0ag, good strong 25 Topas 6015/ Topas

8007/ Af fini t% VP87 25/ 25/%0 ri'gid good good strong 30 1) The sol vent
used i s cycl-bhexane. Bond strength was assessed by hand pull test, at one
day after the solvent bonding. Ratings: None = Readily separable. 35 Wak
= Some bond strength but easy to separate. Good = Hard to separate, no
material transfer is visible on the peeled surface but is suitable for
providing a st®i Examplesofpsing diffrentsolvants tp bomt GQfignteiningdeyicdsiar d t 0 separ at e,
material transferring fromone surface to another at the peeling bonding
interface ig, vi il%[ex 40 2) The gLDfI‘D’{I‘E}F%‘R ci men was made from Dow Chem cal s

Engage 8003t esYH At was NPt tube S 01/ 18112 28
PCT/ US00/ 24710 7 6 resin

whi ch had 28% %gﬁ W&l a’f‘&aéﬁ&ﬁw to Engage 8003®  Cyclohexane good

Ethyl cyclo hexane good

15 Propyl cyclo hexane good

n-Butyl cyclo hexane good

t-Butyl cyclo hexane good

Xylene good
Tetralin good
20 Decalin good
Heptane good
Cumene good
Toluene weak
Cyclohexanone none
25 Methyl ethyl ketone none
Methylene chloride none
Tetrahydrofuran none
Dimethy! formamide none
Dimethyl sulfoxide none
30
Rigid to Flexible Topas8007¢ to Elvax CM576®  Cyclohexane good
Ethyl cyclo hexane good
Propyl cyclo hexane good
35 n-Butyl cyclo hexane - good
t-Butyl cyclo hexane good
Xylene good
Tetralin : good
Decalin good
40 Heptane good
Cumene good

Toluene weak



extruded into a tube. 4) The COC speci nen was nmade from Topas 8007 resin
and was injection nolded into y-site with the bonding site in a tube

geonetry. anpl es of using differgnt solvents to ont ai ni ng
devi ces: faok%h%ﬁﬁation-Nhterial-l to Ma eriaI=2.So|ventqggﬂﬁﬁag?ﬁ%neth
Rigid to Flexible Topas8007t1" to Engage 8008{Rlexfnifel Ohexang.good Ethyl
cycl o hexane good 15 Propyl cyclo hexane good n-Butyl cyclo hexane good .
t-Butyl cyclo hexane good Xyl ene good Tet r¥fristetyd¥ksnoo DI i n good

Hept ane good Cunene good Tol uene weak CycMeahyesachivfiée Nona@ond5 Met hyl et hyl
ket one none Methyl ene chloride none Tetra Y8 none | met hyl
fonnam de none Dinethyl sulfoxide none 30h¥5:]q£h to FIexiBFEHTopa58007(8)
to Elvax 8Vb76(e) Cycl ohexane good Ethyl cyRimethy&rmavddegoodoncpr opyl cycl o
hexane good 35 n-Butyl cyclo hexane good t-Biukgyadiphled hexaide good Xyl ene
good

Rigid to Rigid Topas 8007 to Topas 8007@  Cyclohexane strong
| n-Butyl cyclo hexane strong
10 Xylene strong
Tetralin strong
Heptane strong
15
Note:
(a) Injection molded into y-site.
(b) Extruded tubing.
(c) Compression molded sheet.
20

Bond strength was assessed by hand pull test , at one day after the solvent bonding.

Ratings:

None = Readily separable. .

Weak = Some bond strength but easy to separate.

25 Good = Hard to separate, no material transfer is visible on the peeled surface but is suitable for providing

a sterile, sturdy connection.

Strong = Very hard to separate, material transferring from one surface to another at the peeled bonding

interface is visible.

30 V. Examples of cements made by dissolving the COC resin in solvents for bonding flexible
polyolefin components:

The COC cements were prepared by dissolving the COC into a solvent at room temperature.
Elevated temperature such as 50°C can be used to enhance the speed of the preparation of the cement

35  solution.

Cement
formulation Composition
40 A coc resin: Topas 8007 1 %wt

“solvent:  Cyclohexane 99%wt



Tetralin good Decalin good 40 Heptane good Cunene good Tol uene weak WO
01/18112 21 PCT/ US00/ 24710 Cycl ohexanone none Methyl ethyl ketone none
Met hyl ene chl or.i none Tetrahydrof uran e 5 Dinethyl fo ] ne
Di met hyl sup\t%@{’ggunone Rigid to Rigid Tor%gms 8007() to TOpé‘gP’g%ngC@?
Cycl ohexane stro n-Butyl cyglo.e rong s1Q.Xylene strong Tetralin
strong Heptane gltgrong 15 Notoé:pes'n(g%gﬁesr?ﬁacti onsﬁded into y-site. (b)
Extruded tubing. (c) Conpresst¥ftnpCirdicarcet . 9P¥Bond strength was
assessed by hand pull test, at one day after the solvent bonding. Ratings:
None = Readily separable. Wak = So stren but easy to separate.
25 Good = Hard togsepar ate, no 'e?ﬁ%ﬁﬁ%pfansferlg%’% vi sible on the peel ed
surface butS5is suitable for psobveitdi Gyrlohekamst eri | 85%wtt ur dy connection. Strong
= Very hard to separate, material transferring fromone surface to another
at the peeled bonding interface jis_visible.

D coc resin: Topas 8007 5 %wt

solvent: n-Butyl cyclohexane 95%wt

10 E coc resin: Topas 8007 5 %wt
solvent: Decalin 95%wt
F coc resin: Topas 8007 5 %wt
solvent: Heptane 95%wt
15
G cocresin: Topas 5013 5 %wt
solvent: Cyclohexane 95%wt
H coc resin: Topas 5013 20 %wt
20 solvent: Cyclohexane 80%wt

V1. Examples of bonding a flexible component to a flexible component using COC cement
compositions of Example IV.

25 Tubings made of ULDPE (Engage 8003) or EVA (Elvax CM 576) were extruded and cut into segments.
Cement was applied between bonding interfaces of the tubing segments identified in the following table.
The bonding was done by applying small amount of the cement at the bonding interface. Bond strength
was measured by a hand pull test conducted one day after bonding.

30 Flexible to flexible bonding Cement_ Bong Strength
Engage 8003 to Engage 8003 A weak
Engage 8003 to Engage 8003 B good

35 Engage 8003 to Engage 8003 C good
Engage 8003 to Engage 8003 D good
Engage 8003 to Engage 8003 E good

40

Engage 8003 to Engage 8003 F good



30 V. Exanpl es of cenments made by dissolving the COC resin in solvents for
bondi ng flexible polyolefin conponents: The COC cenents were prepared by

di ssol vin into a solvent at ro t enper at ur e. t .
t enper at US@E@@%S 50C can be used to ginyhance t he speedg&q‘yﬁqﬁgﬂ?"epar ation
of the cenent 3B Ll B%lvéé{f?ﬁt fogmul ation Conpogition 40 A coc resin:
Topas 8007 1 % sol vent: cl ohexane 99%t WO 01/18112 22 PCT/ US00/ 24710
B coc resin: Topas 8007 5 %u solvent: Cycl ohexane 95% C coc resin: '
Topas 8007 15%\ElvaxCM ST6\(€Eax CR¥S76 ohexaBe 85%w D cogoosdesi n: Topas 8007 5
%w solvent: n-Butyl cycl ohexane 95%Wwt 10 E coc resin: Topas 8007 5 %
solvent: Decalin 95%w F coc resin: Topas 8007 5 % sol vent: Heptane
95% 155G cocEvedMs7T6 Tl CYOT8 5 omf  sol vent: O$ohexane 95%wt H coc
resin: Topas 5013 20 %t 20 sol vent: Cycl ohexane 80%M VI. Exanpl es of
bonding a flexiple onent fl exibl e component ysing COC cenent
conposi tions of B‘&‘éﬁ?@%‘?”@?“?&‘oﬁ‘gbi ngsbmade' of ULDPEm?Enggge 8003) or EVA
(Elvax CM 576) were extruded and cut into segnents. Cenent was applied

bet ween bondi nggj A8k §BGEEVRM$E t ubi By segnents i geptified in the
foll ow ngl tabl e. The bondi ng was done by applying snmall anount of the
t

cement atl® he bondi ng interface. Bond strength was neasured by a hand pull
test conduct ed pin& clayread Blesk Cha16i Ng. F good :
Elvax CM 576 to Elvax CM 576 G good
15 Elvax CM 576 to Elvax CM 576 H good

Bond strength was assessed by hand pull test, at one day after the bonding.
Ratings: |
20  None =Readily separable.
Weak = Some bond strength but easy to separate.
Good = Hard to separate, no material transfer is visible on the peeled surface but is suitable for providing
a sterile, sturdy connection.
Strong = Very hard to separate, material transferring from one surface to another at the peeled bonding

25  interface is visible.

V1. COC Blends

Blends of the components set forth in the following talbe were prepared with a Brabender mixer at 250°C
30  at 50 rpm for 4 minutes.

Films were prepared by compression molding at 450°F to a thickness about 0.4 mm.

The Haze property is useful for the end user to see through the medical device for the purpose of

examining the liquid level, particulates, contamimu'on, or the presence 6f drugs. Lower haze gives clearer

view and higher haze gives a fuzzy view. Low haze is frequently a desirable property for medical devices
35 such as solution containers, drug delivery devices, L.V. and blood sets, dialysis devices, and syringes.

The haze and total light transmittance of the film were measured using a ColorQuest instrument with both

sides of the film wetted with isopropyl alcohol to remove the effect of surface roughness.

Example VI A: Blends of COC with styrenic copolymers and polypropylene.
40
COC Blend Composition Blend



30 Flexible to flexible bonding Cenent Bond Strength Engage 8003 to Engage
8003 A weak Engage 8003 to Engage 8003 B good 35 Engage 8003 to Engage

8003 C goo 8003 to Engage 8003 D,good Engage 800 8003
E good 40qﬁﬂ§§g@' 003 to Engage 8003 F gggd WO 01/18112 2§C38¥¥@@8824710
El vax CM 576 to El vax CM 576 A weg Pt 1 FRnshiRtakek (v X 24 B good 5
El vax CM 576 to El vax CM 576 C goo vax > 10 Elvax D good

El vax CM 576 to Hoya¥ootibmébwboagoadzo 10 El vax Cve576 to El vax 8€M 576 F good
El vax CM 576 to Elvax CM 576 G gog@ 15 El vax CM%S?G to EIvax8§NI576 H good
Bond strength was assessed by han S%II test, at'"one day after the bonding.
Ratings: 20 None = Readily separaliP80 Wak = Soif® bond strengt8h but easy to
separate. Good = Hard to separate, no material transfer is visible on the
peel ed surface but is suitable for providing a sterile, sturdy connection.
Strong = Very hartgras 8004Emn G657 mﬂ’g?i al transféfring from ond®surface to
anot her at the peeled bonding 255o¢erface is Bsible. VI. CBC Bl ends

Bl ends of the conponents set fort ok€ the followy,ng tal be werg,prepared
with a Brabender m xer at 250C 30 at 50 rpmfor 4 mnutes. Filns were
prepared bl0 conpression nolding at 450F to a thickness about 0.4 mm The

Haze property is 1dssbotrkisnkhRer endisoiser to see ohrough the nmedi cal device
for the purpose of

Topas 6015/K-Resin KRO1  50/50 58 86

15
Examples VI B-D: Blends of COC with polyethvlene:

Summary:
The polymer blends that have Jower haze, i.e. better clarly, are Topas 8007 blended with ethylene

20  copolymers that have hexene comonomer polymerized with metallocene catalyst. The blends with the
lowest haze are from the blends with polyethylene with hexene comonomer, polymerized with a
metallocene catalyst and with a density of higher than 0.900 and more preferably higher than 0.93 (e.g.
Marlex D350). '

25  Example VI B: Blends of Topas 8007 (Tg ~ 80 deg C) and polyethylene with different comonomers.

COC Blend Composition Blend Comonomer
in

Ratio  Polyethylene Light Transmittance(%) Haze{(%
30
Topas 8007/Tafmer A4085 30/70  Butene 84 80
50/50 89 70
70/30 81 61
35 Topas 8007/Exact 3024 50/50 Butene 88 83
Topas 8007/Exact 3128 50/50 Butene 88 77
Topas 8007/Exact 4033 50/50 Butene 81 81
40
Topas 8007/Exact 3131 50/50 Hexene 923 60

Topas 8007/Exact 3030 50/50 Hexene 84 64



examning the liquid level, particul ates, contam nation, or the presence of
drugs. Lower haze gives clearer view and higher haze gives a fuzzy view
Low haze is freguently a desirable propergy for nedical devices 35 such as:
sol uti on C‘Hﬂt"w‘ﬁé’r s, drug delivery devic®s, |.V. and bl ooRF=E3082479 3| ysi s
devices, and syringes. The haze and total light transmttance of the film
were mnmeasured using a Col or Quest instrunent with both sides of the film
wetted with i soperap3f07MprledBd? t 03¢ ¥novdisxese ef f ect of 8Burface rodghness.
Exanple VI A Blends of COC wi thsgdoyreni c copol ynmers and pol yprogyl ene. 40
CCC Bl end Conposition Blend WO Oé{ 8112 24 PC r1 USO0/ 24710 Rati Q (wm 9

Li ght Transmittance(% Haze Topa’B007/ Rexflex W04 36770 70 85 330/50 75
83 5 70/30 75 81 Topas 8007/ Kraton GL657 30170 64 86 50/50 82 80 70/30
84 80 10 TOpaST@p%b-}ﬁwBﬁﬁbﬂo KRObo/$9015Q4efae 83 Topas P15/ K Resi g4 KROL

50/ 50 58 86 15 Examples VI B-D:_Blends of COC with vol vethvl ene: Summary:
The pol yner bl ends that have | on¥%haze, i.e. better & ariy, are*opas 8007
bl ended with ethyl ene 20 copol ysmses t hat have hexenesronononer pgel ynerized
with metal |l ocene catalyst. The blepds with the |owesp, haze are fromthe

bl ends with pol yet hyl ene wi th hexene conononer, polynerized with a

metal | ocele catal yst and with a ¥8sity of higher thaf 0.900 and2¥ore
preferably higher than 0.93 (e.g. Marlex D350). 25 Exanple VI B: Bl ends of

Topas 8007 (Tg :. 80 G p ethylene with djiffgrent conon rs. COC
Bl end Conposi ti Ewogﬁ%ﬁﬂ%r@g%ﬂegd’%én Iéacfef’eo Pol yet hyl g'{\e Li ght i

Transmttance(% Haze(Yo)

Topas 8007/Affinity PL1880 50/50 Octene 90 S ¥
15 _
Topas 8007/Engage 8411 50/50 Octene 91 84
20
Example VI C: Blends of Topas 6015 (Tg ~ 160 deg C) and polyethylene with different comonomers.
COC Blend Composition Blend Comonomer
25 in
Ratio_ Polvethylene _Light Transmittance(%) Haze(%)
Topas 6015/Tafmer TFB-01  30/70 Butene 65 84
50/50 78 85
30 70/30 47 85
Topas 6015/MarlexD143 30/70 Hexene 76 85
50/50 83 83
70/30 77 79
35
Topas 6015/MarlexD350 30/70 Hexene 54 81
50/50 80 72
70/30 79 76
40 Topas 6015/Exact 3030 30/70 Hexene 86 84
50/50 82 84

70/30 62 83



30 Topas 8007/ Tafiner A4085 30/70 Butene 84 80 50150 89 70 70/30 81 61 35
Topas 8007/ Exact 3024 50/50 Butene 88 83 -Topas 8007/ Exact 3128 50/ 50

But ene 88 7 T 8007/ Exact 4033 50/50 Butene 81 81 40 Topas 8007/ Exact
3131 50/ 50 éf&‘@ﬁgﬁ% 60 Topas 8007/ Exact 3030 50/ 50 Hex endP G0

01/18112 25 PCTI USO0/ 24710 Topas 8007/ Marl exD 143 30/ 70 Hexene 87 53 50/50
91 58 70/30 90 52 5. Topas 8007/ Marl exD350 20/ 80 Hexene 89 54 30/70 87
44 50/50 91 46 Exgmgle¥IIy) 45 10 90/ 10 92 25 Topas 8007/ Affinity VP8770

50/ 50 Cctene 85 Biehds of TS 608D IELIAD B D), TypabRd0B B ~30 d&E(T) ek pelyehfidde with diffdrend OPAS
8007/ Engage 8411 oS0/ 20 Cctene 91 84 20 Exanple VI C Blends of Topas 6015
(Tg - 160 deg C‘? and pol yethylene with different conononers. COC Bl end
Conposi ti on3Bl end Conpnonmer 25 in Ratio Polyethyl ene Light

Transm tt ance( YWeohi®n: TOpas 6015/ Tafi ner TFB-0I 30/ 70 Butene 65 84 50/50

78 85 The blend that has reduced haze contains Topas 8007 and a metallocene catalyst polymerized ethylene

-hexene copolymer.

10 COC Blend Composition Blend Comonomer

in
Ratio Polyethylene  Light Transmittance(%) Haze(%)

Topas 6017/Topas 8007/Affinity VP8770 Octene
15 25/25/50 65 85
30/20/50 69 85

Topas 6017/Topas 8007/Marlex D350 Hexene

15/15/70 91 69
20 25/25/50 82 75
35/35/30 89 42

It should be understood that any ranges or sets of ranges set forth herein includes

25  any and all ranges, combination or subcombination of ranges therein.
While specific embodiments have been illustrated and described, numerous modifications
are possible without departing from the spirit of the invention, and the scope of protection

is only limited by the scope of the accompanying claims.



30 70/ 30 47 85 Topas 6015/ Mar| exD143 30/ 70 Hexene 76 85 50/50 83 83 70/30
77 79 35 Topas 6015/ Mar| exD350 30/ 70 Hexene 54 81 50150 80 72 70/30 79

76 40 Topas. 6015/ Exact 3030 30/ 70 Hexeng,86 84 50/50 82 62 83 WD
01/ 18112 ?’é"ﬂ%‘bsom 24710 Exanple VI ?)7 Bl ends of Topaggéﬁlf&'%& 180 deg

C), Topas 8007 (Tg - 80 deg C) and pobiggﬁl ene with different comonomers.
5 Conclusion: The blend that has re ze contains _
net al | ocene catal yst polynerized ethyl ene -hexene copoJﬂmmlﬁmﬂ:mE" nd
Conmposition Bl end Conpnoner  in Ratio Polyethylene Lightt TFansm#&tance( %9
Haze (% Topas 601¥/ TopAPOBIIS? cOMPOSHIONFOPPHTARE (Oct ene 15 25/ 25/ 50 65 85

30/ 20/ 50 69 85 Topas g%&t?cj t A ],Bégg FERdhSN 69 20
25/ 25/ 50 82 75 35/ 35/ 88@9@ ?ﬂgﬁodﬁ(yogag un elrl.stood t%géﬂﬂgél%grr%%ges or
sets of rfingas ethglené arohbmére the first cophpeciest lRgan an amsunt from abopsd 9% bi nat i on
or subconbi nat ig?ln iotL ranges. t herein. - _

weight of the comy qs1t_1_on; and :

a secoi_ld component of an ethylene and a-olefin copolymer, the o.-olefin

having 6 carbons, the second component being in an amount from about 99% to about
1% by weight of the c_:o_mposition.
10 |
2. The composition of claim 1 wherein the first component has from about

20 to about 75 mole percent of the norbornene monomer.

3. The composition of claim 1 wherein the first component has from about

15 30 to about 60 mole percent norbornene monomer.

| 4.  The composition of claim 3 wherein the glass transition temperature of

the first component is ﬁfom about 70°C to about 130°C.

20 5. The composition of claim 4 wherein the first component is present at least

in an amount of about 30% by weight of the composition.

6. The composition of claim 1 wherein the second component is obtained
using a metallocene catalyst.

25

7. The composition of claim 6 wherein the second component has a density

from about 0.870 g/cc to about 0.960 g/cc.

- 8. The composition of claim 1 further comprising a third component of a
30 homopolymer or copolymer obtained using a monomer selected from the group of a
cyclic olefin or a bridged polycyclic hydrocarbon.

9. The composition of claim 5 wherein the third component is a second

norbornene and ethylene copolymer different from the first component.



Whi | e specific enbodi nents have been. illustrated and descri bed, nunerous
nodi fi cations are possible wi thout departing fromthe spirit of the

i nvention, scope ofpratection is ly limted by t f the
acconpanyi ngﬂg?lgllgfr%. WO 01/18112 27 PCr/ U_Szc?nbl 24710 CLAI M5 m&@%&% 1]
LI LHETE 1T 11T S0, 1. The RenpoBort R 9'%&9'&11%&&%%3%4@%&% glass

conponent obtai ned by copol ynerizing a norbornene nononer
et hyl ene nononwansitiore tenipesature dughsn than abeutnl P0G ad therfisttcomponent hesie glas®9%

by weight of the.conposition; and a se L., Gonponent of an ethyl ene and
a-ol efin copol {,:mrf'”?glpg:a rgﬁwg}ﬁ\?ﬁ?\%qggé‘r bons, the second conponent
being in an anount from about 99%to about 1% by wei ght of the

conposition. 10 2. The conposition of claiml wherein the first conponent
has from abdut 20 té. abdhecompasision of elpiehwhetein the third compenant ispresartin ag.
The conpositio éﬁi ' tlgg A4S 0 has from about 15
30 to about 60 %ngpergg%ttgﬁgé%g%n n%%ﬁgﬁe%&%ﬁga%onposition of claim
3 wherein the glass transition tenperature of the first conponent is from
about 70C to about 130C. 20 5. The conpqgsition of claim4 wherein the first
conponent is presentl2at T8&&empositionplglgmnt!l whersindhe fintoompongat and sespnd he
conposition. 6 I Ll : | I &1 . conponent is
obt ai ned usi né:oaﬂﬁneétﬂgﬁ@%géesh%t(?@gﬁ&o&@o%ébo%f+ﬁ%%&gﬂ%§?&ﬁ?% tbf claimé6
wherein th&0second conmponent has a density from about 0.870 g/cc to about

: . 8. Th i ] | aj furt i Si third
Component of & |30 o abBeIrE CeSioe CUBSREATOT: B G SRR i Aeherh in
selected from thegng1qup of a cyclic olefin or a bridged polycyclic

ag
hydr ocar bon.

14. A method for using a polymeric cement to assemble medical devices

15  comprising the steps of:
//_ . qn - . e
roviding a first article of a low crystallinity polymer;

N O R poving s ot st v epeliy ptymes

providing a cement composition having a first component of a cyclic
olefin containing polymer or a bridged polycyclic hydrocarbon containing polymer and
20  asecond component of an effective amount of a hydrocarbon solvent having 2 solubility
parameter of less than about 20 (MPa)* and a molecular weight of less than about 200
g/mole;
applying the cement composition to one of the first and second articles to
define a bonding area; and
25 attaching the first article to the second article along the bonding area to
fixedly attach the first article to the second article.

15.  Themethod ofclaim 14 wherein the low crystallinity polymers is selected

from the group comprising COCs, COC blends having minimally 30% COC by weight,

30  polymethyl pentene, polyolefins having a modulus of elasticity of less than 10,000 psi
when measured in accordance with ASTM D790, and styrene containing polymers

without modulus limitations.



9. The conposition of claim$5 wherein the third conponent is a second
nor bor nene and et hyl ene copol yner different fromthe first conponent. WO

01/18112 § / US00/ 24710 10. The ceggposition of claj Wkl n the -
third corr‘pvgﬁogﬁg as a glass transition tenperature hi ghe?ej{@gn a?)l?ut 120C

and the first compgnentndariddHBoism ifm&d%lbmétﬁiiﬂﬁfpbgﬁf i$ gan
about 120C. 5 11. The conposition of claim9 wherein"the third conponent is$s
present in ahomepaiymer dricopelipes afpoliethylen@0%. by wei ght of the -conposition.
12. The conposition of claim 11 wherein the first conponent and second
conponent are present in a ratio of fromabout 2:1 to about 1:2 by weight.

10 13. A nedical gpvi Cehd Béthod el chimf 160 Hetdin e Yopdlynidicofetiiaiatd seledted et
forth in clains 1-12. 14. A nethod for using a polyneric cement to
308

assenbl e $redifon thejgroppeomprismgédehwiene pepolyreerizedyih monomers sglestedfrom the 5t
article of a WAl : I ok | I ¢ |1
[111 providi ﬁ%f?lg ogé%'(%% a?‘??l%%/e?'pg# X%B{S%Whoﬁést 'Iall?é]il{)d;érlpo é/ﬂr(rie%u;bgtfhdglrlovi di ng
a cenent conpabobtylieracids\ahd gster fnd athydidepdetivatives fthemeafly () icthylenk-piopylene :
cont ai ni ng polymer or a bri‘ggsd pol ycycl i c hydrocarbon contai ni ng pol yner
and 20 a se&BherscGhEBRM,andd) opo ctive anmount of a hydrocarbon sol vent
having a solubility paraneter of |ess than about 20 (NDa) 16 and a nvol ecul ar
wei ght of | ess than about 200 g/ nole; applying the cement conposition to
one of th@ first a%d sEwomethed of oldimsl 4twheraiethe nyclis hydiodarbopsdarefromiddo 25
attaching the first arti.cl.e to the second article along the bonding area to
fixedly attaﬁﬁ’f"itmc‘l"g?%stmg}et’?n&e to the second article. 15. The nethod '
ofclaim 14 wherein the low crystallinity polymers is selected fromthe
group conprising COCs, COC blends having mnimally 30% COC by wejght, 30
pol ynet hyl pent ent9. poFReomethpd of plaim 48 wherpinthe gycliss hydrocarboas g5p ssfeciedss t han
10, 000 psi s i r ko] / ; Shen
cont ai ni ng po glnen?lg %ﬁ%ho@?%&u?ﬁg%ﬁ%ﬂ ﬁ%@{&%&&mﬁm el &

15 cyclopentadiene, cyclohexene, cyclohexadiene, cycloheptene, cycloheptadiene,

cyclooctene, cyclooctadiene.

20. Themethod of claim 14 wherein the bridged polycyclic hydrocarbon has
at least 7 carbons.

20
21.  The method of claim 20 wherein the bridged polycyclic hydrocarbons

have at least two rings.

22.  The method of claim 21 wherein the bridged polycyclic hydrocarbon is

25 norbornene.

23.  The method of claim 14 wherein the first component is obtained by
copolymerizing the cyclic hydrocarbon or the bridged polycyclic hydrocarbon with a
COMONOMET.

30 _

24.  The method of claim 23 wherein the comonomer is selected from the

group comprising «-olefins having from 2-10 carbons, aromatic hydrocarbons, cyclic

hydrocarbons, and bridged polcyclic hydrocarbons. -

R



WD 01/18112 - 29 PCT/ US00/ 24710 16. The met hod of claim 15 wherein the | ow
crystallinity polyner is a honopol yner or copolynmer of polyethylene. 17.

The met hod (u'oﬁ{/ﬁi.lm 16 wherein the copol yr’rg?s of ethyl ene ﬁéﬁgﬁf@@gg&d 5

fromthe group conprising (a) ethylene copolynerized with ected

f th f | ef ' - )
al kene subst i tat ed Sar bt iSen 2 ARIHORE ook OlERor i heoBllinb S,
t hereof, (b) etrivybanenepnansmiée and arr ethylenesmofamjerEPDM, - and (d) i ononers. 10

18. The method of claim 14 wherein the cyclic hydrocarbons have from5 to
about 10 carbons in the ring. 19. The nethod of claim 18 wherein the cyclic

hydrocarbons are selgct e%efﬂéﬂﬁﬂéé}%}%%%l&?élﬁhﬁtﬂo% e Shidtohdel W ke -

unsubstituted cycl opentene, 15 cycl opentadi ene, cycl ohexene,

cycl ohexadi éne, at teast abloui2lmele pexcentafdhpt cagobyner. cycl ooct ene,

cycl ooct adi ene. 20. The nethod of claim 14 wherein the bridged polycyclic
hydr ocarbon has at |east 7 carbons. 20 21. The nethod of claim 20 wherein

the bridged polycyclax hmemmalmwwh%idmrbém&eﬁéﬁ%antﬁamaizﬁlgﬁso

met hod of claim 21 wherein the bridged polycyclic hydrocarbon is
nor bor nene. 23.togheut@Bmeleperrent] ai m 14 wherein the first conponent is
obt ai ned by copol ynerizing the cyclic hydrocarbon or the bridged

pol ycyclic hydrocarbon with a conmononmer. 30 24. The nethod of claim23
wher ei n t helgcononomes. i s Thelngtliciboffcln27heherdh Ceplae anditon@mpenhat oNthe
having from 2-10 carbons, .aromatic hydrocarbons, cyclic hydrocarbons, and
bri dged pol cyclﬁrétwaﬁﬁﬂ%?@.ab&%fﬁfﬁo gbop 180°G 1 11 j1111 T ~—~ 1111 CL MW
01/18112 30 PCT/ US00/ 24710

29.  The method of claim 14 wherein the cement composition has a third

component of a polymer selected from the group consisting of polyethylene copolymers

15 having a density less than 0.880 g/cc, polymethyl pentene, polypropylene having a
modulus of less than 10,000 psi, styrene containing copolymers and styrene containing

interpolymers.

30.  The method of claim 29 wherein the first component of the cement is a

20  copolymer of norbornene and ethylene.

31.  The method of claim 30 wherein the third component is an ethylene and

a-olefin copolymer.

25 32.  The method of claim 14 wherein the first component is present in an

‘amount of from about 1-20% by weight of the cement composition.

33.  The method of claim 14 wherein the first component is present in an
amount of from about 1-15% by weight of the cement composition.
30
34.  The method of claim 14 wherein the first component is present in an

amount of from about 3-15% by weight of the cement composition.

[
e —

T



25. The nethod of claim 24 wherein the first conponent is a copolyner of a
nor bor nene nononer and an et hyl ene nononer. 26. The nethod of claim25
wherein tfw ﬁlzfsi rnene nonomer i s prese in 5 at |east about 20 nole
percent of"'? pol yner. 27. The nethod of claim 26 wherfSTSB7Hbor bor nene

I s present from abut t . | e per.cent... 10.28. Th hod of
claim27 wherein ?’ %é gﬁggrsneﬁ‘ro gﬁg"ﬂ%ﬁ‘%& ‘Y@%@Sﬁﬁ?ﬁr&gf apd, es?"f"?‘g?mng%ﬁf?onent
i s from aboutflegfle.t 0 about 180' C. 29. The nethod of claim 14 wherein the

cenment conposition has a third conponent of a polyner selected fromthe
group consi sting of polyethylene copolyners 15 having a density |ess than

0.880 g/cc, pol ymgghyl Tﬁ@ﬁfe&.e&ofmhyﬂrméiﬁﬁgd?&%&ieameﬂumbﬁg}éo%&ss than
10, 000 psi, styrene contal ning copolyners and styrene contalnin

i nt er pol yder sthylkiie afidhe-olafintogolymerdranretifyeneivbybacetatd wopdblynmet ocorgtiyiart  of
the cenment is 2Q copol yner nor bqr nene. and ethyl ene. 31. The nethod of
claim 30 Meﬂﬁﬁﬁgefm%n?’@ﬂgg‘?éﬁ‘fmgw léf‘lﬂﬁdlé’ﬁ@/“&'ﬁ’ﬁg' a-olefin
copolymer. 25 32. The nmethod of claim 14 wherein the first conponent is

present in an anount of from about 1-20% by weight of the cenent
conposi tion. 33. BRe n¥heimgthod of ¢laimm3G whevnioythe medinal bopsisg basarpodwlus ofi s

Composi t1 on. a5 St psdler el Bt ookl b iebtyntFlatheonfonct AL PRTRRR TR e 1 6

present i1g an anount of from about 3-15% by wei ght of the cenent
conposition. I I"LLE~L e op "1 111" I 11l CL W 01/18112 31
PCT/ US00/ 24710 338 Tihe mathedoef <daim 37 whersin fhe medical heusing;ig of g/nopamesicang t he

second arti cl ' : ' F%&r P first
article is an(r?raé |a2%ﬁléctkeg)lﬁogmgﬁgp%gwﬂ%€%t y e%gggﬁ@t%%?éé n cgggp?& r or an
et hyl ene vi nypblyayaicdiydorcarpak guntainiog palymetshy| ene

15 39. A medical device assembled using any of the methods of claims 14-38.

40. A method for assembling a medical device using solvent bonding
techniques comprising the steps of:
h providing a first article of a polymer composition comprising
20 a first component of a homopolymer or copolymer obtained using
monomers of cyclic olefin or a bridged polycyclic hydrocarbon, the first component
being present in an amount from abdut 30% to about 100% by weight of the composition
and a second component from 0-70% by weight of the composition;
providing a second article of a material selected from the group
25 comprising low crystallinity polymers;
applying a solvent to one of the first article or the second article to define
an interface area; and
bonding the first article to the second article along the interface area.

30 41.  The method of claim 40 wherein the cyclic olefins have from 5 to about

10 carbons in the ring.

42.  The method of claim 41wherein the cyclic olefins are selected from the

group consisting of substituted and unsubstituted cyclopentene, cyclopentadiene,
-

A



met hacryl ate copol ynmer and the second article is a nedical housing. 37. The
met hod of claim 36 wherein the nedical housing has a nodulus of elasticity

of greater ut 30,000 psi as neasurngd in accordance \w D790.
10 38. The %a“ﬂ/dgﬁgf claim 37 wherein the 3'(rinsdi cal housing i"?{#n@% ymeric
mat eri al sel ec fr th of cyclig.h car talni | rs
and bri dged p%ﬁi%?/%‘l% h orhggg%lg{']ec’cocﬁf %Pﬁé{t%égpgﬁ@%reétwlfgé’%. K% %’e I'tal
devi ce assenbl egtlovetadignany: of the net hods of clains 14-38. 40. A nethod for

assenbl i ng a nedi cal device using solvent bonding techniques conprising
the steps of: providing a first article of a polynmer conposition conprising

20 a first conponenj, of Sk j Hljr?ll-da JRAPer s
of cyclic olefin ora% br?‘d%}ggag%[’ycycl4?§v*ﬁ%%$%§§§g%%%ﬂﬁgaﬁ st grgr?ponent
bei ng present atlessnh7amboms. from about 30% to about 100% by wei ght of the
conposition and a second conponent from 0-70% by wei ght of the
conposition; providing a second article of a material selected fromthe
group 25 conpri si ngy | ovrkdmiéthéd dficRiith}3 MakIRESbridiRl p¥iyBElie hp@b¥EBdnshfe One
of the first article or the second article to define an interface area;
and bondi ng t hseléctedsron theigedup consisting of palpensliohydrodacbaais baxgng #tdeastii earions.e
area. 30 41. The nethod of claim40 wherein the cyclic olefins have from5
to about 10 carbons in the ring. 42. The nethod of claim4lwherein the
cyclic olefans are szl eCI‘l%hlEth@dfbf&lﬁmMﬁh&eﬁ%ﬁﬁ%eﬂ?ol%ﬁy&iéb@ﬁfdc%eﬁiiﬁnd
unsubstituted cycl opentene, cyclopentadiene, 1111111111121102111111211VII1
t~ s WD 01/ 181ngrbomemecT/ USO0/ 24710 cycl ohexene, cycl ohexadi ene,

cycl ohept ene, cycl ohept adi ene, cycl ooctene, cyclooctadi ene, 43. The net hod
of claim 40 wherein the bridged pol ycyclic hydrocarbon has 5 at |east 7
car bons. 46.  The method of claim 40 wherein the first component is obtained by

copolymerizing the cyclic olefin or the bridged polycyclic hydrocarbon with a

15 comonomer.

47.  The method of claim 46 wherein the comonomer is selected from the
group comprising o-olefins having from 2-10 carbons, aromatic hydrocarbons, cyclic
olefins, and bridged polcyclic hydrocarbons.

20
48.  The method of claim 47 wherein the first component is a copolymer of a

norbornene monomer and an ethylene monomer.

49.  The method of claim 48 wherein the norbornene monomer is present in

25  atleast about 20 mole percent of the copolymer.

50.  Themethod of claim 49 wherein the norbornene is present from about 30

to about 60 mole percent.

30 51.  The method of claim 50 wherein the glass transition temperature of the
first component is from about 70°C to about 180°C.

—_—
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44. The net hod of claim43 wherein the bridged polycyclic hydrocarbons are
sel ected fromthe group consisting ofpolycyclic hydrocarbons havi ng at

| east 7 c ... 10 45. The nethod of aim44 wherein t | dged :
pol ycycl i %ﬁ@ﬂf‘&?ar bon is norbornene. ACIJ(? The net hod of li;ﬁé‘%:?b Mherein
the first conpone IS t aj.ned_hy. | voerizing. the cyclic olefin or the
bri dged pol ycycli rcs&hydrjﬁ'gﬁ'eglgﬁ05\39%(_‘?‘gp‘%%&%oﬁ%ﬁ%@e%%wggﬁ%rP%%nﬁnE)f
cl ai m 46 whergfiapolyiferceletiad ffom thé gdap ecrisizting bHNorhdpdlyngirO il POIYiieds 6

a-ol efins having from 2-10 carbons, aromatic hydrocarhons, cyclic olefins,
and bridged pEnEsns) ProPYisRe Butsns, Bexene, pgteng nongs, dstyreieai m 47 wher ei n
the first conponent is a copolynmer of a norbornene nononer and an et hyl ene
nononer. 49. The net hod of claim48 wherein the norbornene nononer is .
present i 25 at Seas(Thamethpd 8frlaiml52 whereinethe segbnd dompongnd isamethyleb®andThe

met hod of cl ai nk 9 V\,hc?rei n the norbornene is present fromabout 30 to
about 60 nol & PEHREMRCYBH- 51. The nethod of claim50 wherein the gl ass
transition tenperature of the first conponent is fromabout 70C to about

180C. 1111111111111 11111 illll 11 1 MS W 01/18112 - 33 PCI/.USQQ 24710
52. The nethod of &¥ai mIhomethed ef claimi3 wherain thg low enyetallipity polymergpselectadhonent

of a polyner selgcted from.i- I Sif . f :

copol yners oftﬁmé ﬁ"e“ﬁ’é?g‘g]r’%‘géfzgﬁ’f@%gt%%%g?ﬁﬁ?g%éﬁ‘é{“t%@%e‘?‘aﬁé’ é'?legé,h’decene
and styreqoe. golyndethylpentems, polyolefing having Hoivles of elastidity cfdess tithnd0QOOPaint i s
an ethylene and a-olefin copolyner. 54. The nethod of claim53 wherein the
| ow cryst al | iWhenymeasuseddp aF@r%@F%(‘}‘tl@dAsTMoP??%ém SEEHe ORHNRS RAYESESs, coc
bl ends havi ng,:&i.0 ) by weight, 10 pol ynethyl pentene,

pol yol efi ns ﬁ"é‘ﬁ%ﬁghﬁg‘“‘u 1u{%t of elasticity of less than 10,000 psi when
measured in accordance with ASTM D790, and styrene containing polyners

55. The method of claim 54 wherein the low crystallinity polymer is a
15  homopolymer or copolymer of polyethylene.

56.  The method of claim 55 wherein the copolymers of ethylene are selected
from the group comprising (a) ethylene copolymerized with monomers selected from the
group of c-olefins having 3-10 carbons, lower alkyl and lower alkene substituted

20  carboxylic acids and ester and anhydride derivatives thereof, (b) ethylene-propylene
rubbers, (c) EPDM, and (d) ionomers.

57. The method of claim 56 wherein the second article is selected from an ultra
low density polyethylene and ethylene and vinyl acetate copolymer.

25
58. The method of claim 57 wherein the ulira low density polyethylene is

obtained using a metallocene catalyst.

59. The method of claim 57 wherein the ethylene vinyl acetate copolymer has a
30 vinyl acetate content from 5% to about 32%.

60. The method of claim 40 wherein the second article is of an ultra low density

AR 0

polyetylene.



wi t hout nodulus limtations. 55. The nethod of claim54 wherein the | ow
crystallinity polymer is a 15 honopol yner. or. copol yner of pol yethyl ene.

56. The net Woﬁimle ai m 55 wherein the copgy ynmers of ethyl ep@.nﬁg&mgl;lloect ed
fromthe group conprising (a) ethylene copolynerized with nononers sel ected
fromthe group of g0kl inbihod ekl 48 whidreihb Sidnd Arf¥IB is R ki dthy RSk

al kene substituted 20 carboxylic acids and ester and anhydri de derivatives
t hereof, (b) etaosthtecepglympt/| ene. rubbers, (c) EPDM and (d) ionomers. 57.
The met hod of claim56 wherein the second article i's selected froman ultra
| ow density pol yethyl ene and ethyl ene and vinyl acetate copol yner. 25 58.
The nmethod of clai mg27 WThe ehdthéd 6f dlaini al0! WHérelgth¢ bdcoB lanilld)d 6N nhdterial

obt ai ned using a netall ocene catalyst. 59. The nethod of claim57 wherein
the et hyl ené visalgrted &omathe group Of yighdy sartigigid amghflexitle polymersat e content from
5% to about 32% 60. The nethod of claim40 wherein the second article is
of an ultra low density polyetylene. 1111 2121221 1100 L 1Erielr 10 dill MS
WO 01/ 18112 34 PCTI 86300On4'hé¢ Gnethdd off blaintesBhfacthef comiprising4d) thikie cenhponeheof acond

article is of an ethylene and vinyl . acetate copolyner.. 62, The nethad of

o1 ai m 40 wher o/ TRTOREVBEEGHAPATIEE APl i5/ne TP EIT SHecied 0Bt be gBUP PTORE he

group of rigi d1ol¢°fﬁn_§10iﬁibﬂh%d%§ﬂycfykl?€<ﬁﬁ}€ca%h¥”ers- 63. The nmethod of claim
Ir

53 further conprising at conmponent of a honopol ymer or copol yrer
obt ai ned udlng a nononer selected fromthe group of cyclic olefins or a

bri dged pol ycyclic drogar bops. .64 . The .npt hod of cl aim 63 wherein the
first conponent has®d gl ﬁgwﬁ*gﬂg@mﬁéw g&ﬁ%mq8°‘8?°ﬁeﬁ‘{§@?a$ﬁéﬁf¥“f?&enand
a ggct hird conpagfipératifts oft a2 thart 12070 ah@the HERIPESAbdHeR: RisUh &ilask iMsiEBAUL

' temperature higher than about 120°C.

15 65.  The method of claim 64 wherein the third component is present in an
amount from 10% to about 90% by weight of the composition.

66. The method of claim 65 wherein the first component and second

component are present in a ratio of from about 2:1 to about 1:2 by weight.

20
67.  The method of claim 66 wherein the first article is a medical housing.
68.  The method of claim 67 wherein the second article is a medical tubing of
a polyolefin.
25

69.  Themethod of claim 40 wherein the solvent has a solubility parameter of

less than 20 (MPa)* and having a molecular weight less than about 200 g/mole.

70.  Themethod of claim 69 wherein the solvent is selected from the group of
30 aliphatic hydrocarbons, aromatic hydrocarbons, mixtures of aliphatic hydrocarbons,

mixtures of aromatic hydrocarbons and mixtures of aromatic and aliphatic hydrocarbons.
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15 65. The nmethod of claim64 wherein the third conponent is present in an
anmount from 10%to about 90% by wei ght of the conposition. 66. The nethod

of claim in the first conmponent ,and second conp resent
inarati ?%w lgm about 2:1 to about 13 by wei ght. %%R}Isﬂ@{ﬁbqohod of
cl aim 66 wherein e f [ 4l I t hod of
claim 67 wherein ?Ee sgfé%%n g?to?éﬁﬁﬁg%ﬁ%?%ﬁhwé%%oﬁg %ﬁ%fo efin. _
25 69. The nwohiite groupdonsisingof wibstitaied addimsetstitutxit helvarse, bepmnb;dycloheygane,
paranmeter of |ess than 20 (MPa)l and having a nol ecul ar wei ght | ess than
about 200 g/ FBtleheptane, 2ndd hod of claim69 wherein the solvent is

sel ected fromthe group of 30 aliphatic hydrocarbons, aronmatic

hydrocar bons, m xtures of aliphatic hydrocarbons, mxtures of aromatic
hydr ocar bsns and ﬂﬁxt uTks mefhod of plain domm thetagamaticthydragedhon imgslected

111111111111 I I 11111, 81 [ USO0/.24 71.. The
met hod of cl B e F@Fﬁ%ﬁ@%ﬁ‘%ﬁﬁ? W@‘S@‘gﬁ"b’ﬁ’ R I
group consi suup,gnégf substituted and unsubstituted hexane, heptane,

cycl ohexane, cycl oheptane, and decalin 5 72. The nethod of claim 70

wherein the aromati c hydrocarbon is sel ect jﬂlllll lﬂlﬂmu mlﬁ consi sti ng of
substituted and unsubstituted xylene, tetr cunene.
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