POLYMER COWPCSI TI ONS, METHODS OF MAKI NG THE SAME, AND ARTI CLES PREPARED
FROM THE SAME REFERENCE TO RELATED APPLI CATI ONS 5Thi s application clains

t he benefw0 20f1/0088387 Provi si onal Application No. 61/225, @8T/ustelomdioen Jul y
15, 2009, and fully incorporated herein by reference. BACKGROUND OF THE

| NVENTI ON Aut onoti ve weat her-strip applications require a uni que bal ance of
properties to 10 qualify as an acceptable product. A polyner fornulation
must have an excellent m xi n rate %nM?Ea and nust roduce a product with

excel | ent nechanlpéHIYMEBEé}‘M @ITIQYy HO3hsOB %THEMM@daI
(typically one pol yner) \RPDMPRIESRIGTAIGT MRWE1 ¥ARKGQRE abl e ni xing rates
and/ or form products wi th unacceptabl e nmechanical properties. Fornul ati ons
based on binpdal (two pol ymers) EPDM bl ends typically cannot be prepared

r epr oduci bl C%“f’o variability in the pol yner

formul ati or‘?ﬁ?ﬁ&%ﬁ na gt%“tiggﬁﬁ% gﬁ&ﬁ“lrbéq?gkg need for EPDM based formul ations
t hat have excel Tbnapmtmmctlasmsﬂmlbeme@sDﬁUénE@VM@Mdeaspphazn@nMMU&i@éd to

f orm aut om%ltle V- yaltsh%09sa€|g5‘%?y 1ncor80ra érLe bl er%gcanl cal properties. There

is a further need->for an |on ¢an be used in a
free-flowng pellet formfor both rapi d mX| ng of the final polyner

formul atio eof 20the formulation. There is a
further @&%@B@n‘aﬁ?‘%@f}@ﬂ%{) can be pelletized for rapid m xing of
t he pell et i N aAatehbeare fvodimatlsaip @plicafios raquite @unfefue Baléide @Nplopérgesab t he
forrrulﬁblon nd to red ethe er mal plstO%dueto hi hte er at ure and
hi gh sH8ar 9HIRY ﬁsgafbﬁ“?ﬂ% ng‘t‘tck Pely g logRulAR Y R gRietrrlleny nExingat ent
7,199, 189 dits@Vryasd aua%oaﬂteéap&ﬂmwlthIesaa:u@nmchaﬁﬁdagp@pémésa%ﬁﬁlﬁnﬁms

25cat al yzed reactor blend of; a) 10 to 30 wei %tt percent sem crystalline

ni nor corrp@?féﬁtonahla\n%gl<9@1%BY?@MI@%1E%%M@ meg PR BAYe UBRSE§ units; O
to 10 wei gmlmﬁgféﬁ%%d/ét%ﬁﬁpﬁﬁlﬁbt&’%h%ﬁ&&@ptalﬁ@fﬁeéﬁa%ﬁ p%p%fde@ A& hu¥@nni t's
having 3 to 10 carbon atons maki e remai nder t he m nor conponent;
and b) 70 teasedon Ryt (t‘b@P@é‘ﬁﬁfShW%?MmﬁlS frRjcally @@ﬁ?f&q@rﬁpareﬁaﬁmr%bwl@ty to 70
wel gt |Ber Gl Pl EBE G5AMRL AL btvml (bniohehd AhyRRLEEMheflliepe deri ved
30 units; and al pha olefin derived f/ having 3 to 10 carbon atons maki ng
up the r enaﬁerdofer ERpMtthpeedgjranlatcmsuonkaye eXCEHent\M% ewkicpszh ofsistanec vedjesr
conponent e t r nent, and
wherein the % %“ﬁ%ﬁ‘gé& élfrtlogﬁ{{:t{c\)lgt“}gn “Ie gﬁpcs% he%g(?{ealt@&:h%&h ro%g{trggnt bas ed
on t he t ot dhewes ghirthafnethr bt BRAM ddowesigon thgiuwh bbheddsa fraafﬁowmgat:lilatel y

hi gh viscosity. a h, shear .rat re ul t tof cate

i nto parts%vtn“ﬁ‘%r b ﬂ%ld IS Y depid p‘%“%eraf toné“%iélg@%)dbt?“soéﬂrose%s a

met hod 20f Iﬂ’ﬂ:lfbt]lj}llﬂ@ﬂy fiaere i aeﬁudBermsa:m@r 3 easmpa:smba dot andeanlietacdrii adpidocene
catal yst. Mire specifica n relates to i bl ends of
Ep (et hyi enbrr Spgr el Ry el g e Sl SO 1 er i n
anxd/ o; t he afld)ilolr@&uc@gleﬁlhbﬁﬂhal(lﬁ@dfiﬂyﬁhé Gﬂil%lﬂ-t)ami@aﬁ@@sdnﬂlhoghl sBéarlfth;iag:uf alr wei ght,h
and 3) crystallinit This re rence i scl oses propyl ene-base pol yners that
typi cal |y HaRFEleHZEdPrms 0b et ?rﬁlﬁ? Nefficiencies with peroxides. U 'S. Patent
5,242,971 discl g@@a@ttm%n@ RisePYs @rperyqie@aﬁnﬂoattbﬁ5an151awgrhgnaa1Ma@fttey 10
V|sc05|tyfrom50to 120, and rising from90 to 40 percent by wei ght of
a hi gh2fpl &delyad asteyiend ofiy) &@%Wp@lﬁ@ﬁé@tﬂﬁwmwtwcmwﬁm havi ng
an et hyl en%ax%’é‘éﬂ?ﬁs%el&@p&&e@@thglfkhe RENEPMivs: @ﬂ) tor\%&gtﬂ%b&eﬁ{'dﬁeﬁ%éﬁv)éd' il of
2.5t0 5.0 /'g, as neasured 35C i n decal i and an i odi ne val ue of 15
to 35; and upityarddphacoletn desivedwits hgvipged &hi0 @fboa ‘apopwrrpAkenaipahe RElagider

et hyl ene- pr, I I tent 15 of
75 T0 85 ol T AP B BEnE AREL VRS of WeRE e bRt BRI BIRGER" 7T, as
measur ed ahavi@s® tory Odexgit percerandlylane daididenitsal tsvelO(Welglﬁ pergerBienT Heived

conponept s b 70C.

T e sran P APy e ST o ST R0 oL B TR el

r heol ogi calof the mayirepmperenc I’lﬂnsszlsca)tskw ngthbatmmomp@fent 1I9 tess tlnblh)eme foui:tISthe Pat ent

6, 040, 351 di scl os 03| tions c ai.n W 20
ol scul ar JETGHE SbPRTERCoBPUBYT afETRAT b it SuisBrBRatie 1t

havi ng a metgeypetcalcne&edynﬂlemnlmlghooﬂtﬁe bland. elﬂdswéveneﬁthmmyltmraslatueq by
wei ght from 65/35 to 50/50, an iodine value from20 to 30, and a Q val ue
(MM Mn) not exceeding 3, as determ ned by gel perneation chromatography;
(B) a high-nol ecul ar et hyl ene-propyl ene-5- et hyli dene-2-norbornene

terpol ynmer having a Mooney viscosity from 100 to 300, an

25et hyl ene/ propyl ene ratio by weight from65/35 to 50/50, an iodine val ue
from20 to 30, and a Q value (MW M1) from6 to 10; (C) a vul cani zi ng agent
containing sulfur as a vulcani zer, and zinc carbamate and sul fenam de as
accel erators; and (D) a foam ng agent cont a| n| ng

o o . . g —— T Y M



(b) a high nol ecul ar wei ght copol ynmer rubber, which is an

et hyl ene/ a- ol ef i n/ nonconj ugat ed di ene copol yner rubber havi ng a Mooney

vi scosi t ywQONR111084837100 C) of 60- 150, an et hyl ene cont erCTaAfS2@0/08043ei ght
percent, and an iodine nunber of 5-35. The rubber conposition has a Mboney
viscosity (M. 1+4, 100C) of 20-50. These |ow 20viscosity bl ends woul d have
limted oil extension and limted filler extension. The crosslinking
efficiency would al so be reduced. The et hyl ene/ a-ol efi n/ non-conj ugat ed

di ene copo IrigerscpLiyisehich ahrianigies, anl giermerg diTisdigefabyicup igpartsathalopiplexr ange
of "0.4-1.G.ahdifes. has a Mooney viscosity (M1+4, 100 C of 19 or less. It
is widely know that the neasured Mooney viscosity of a polynmer generally
decr eases wit h UdcPaarie,318.908 diselpserametipg of anjsiag aelymer blqily sising pasichboney

vi scosity y | ower

t han t he I\/g%ﬁg)r \?]":d ég%egﬁlftgg&%gtgfé?tg Jarfgg‘l%ﬁg%iyl\/ﬁjis lgfgél%ggat&%%{aﬂﬁgdl tional
EPDM bl énd@leaduwf(ﬂP (oaty leoetgropflepy) epza)rlymrgs nuybieh thel dendsompencdissigifasedhyi n U. S.

Patent 5,1 2 P 6,.153, 704, Pat ent

6, 329, 477, %ilt g%@frw 0 fg%agt%suc ﬁ%bﬁz B Olf{?t)] Ee%&%bw%l%%G%%iEW@B@y'di scussed
above, theI‘IhlsrrﬁlEtEnCEsdlﬁclm%ﬁoﬁmnemwmdthhﬁyﬁudlaitﬁawEwtehérbssﬁalﬂng)e used to
f or m weat he r excel l ent nmechanical properties with a high degree
of consi st gﬁ&}iml‘f‘ﬁgglép?r%l tations shoul d be usable in free-flowing pellet
formfor both rum. dateiti>d4@70Histibes bihiRhe-pobyloRsdit e ibtledd ha®@mhgarMoaehi gh

production rate e formul ati on, Thes s and oth ve been net by
the foll powvﬁﬁosftﬁgrgﬂlt%&ﬂ 18@6%@%@@%'?@@? éﬁ'ﬂewg’rﬁ%&lgﬁﬁ%ﬁﬁ%n provi des a
conposi t i omdkRuRF W@l'gﬂ@tl@flffnbfp%py&(ﬁ&ﬁ@ﬁé &dp@[}f,me\i\/ﬁlb%& BARRY inSe@tsy1dnB@oki@t] ow ng:
A) a first interpolynmer conprising, tP n'erlzedform et hyl ene, an

y n

a-ol efin afb’3o ﬁE‘HrﬁF’iﬁ@‘&t%’dn%fﬂg‘/éﬁ%‘)Sl of 2.5 10 5.0p/2 s dsadties 4LAg s8I ymer

conpr i si Ng dedaln P@H¥ARIGiZREIE OF M toelsh¥ldahsn 1@D @'peﬂe@nt@y%él%ht @f‘Qlo@v
nonconj ugat ed pol yene; and wherein the first conposi has an

RVL(1+4, 1258y W@B%W@Eﬂ@@vl@ﬁéﬁtﬂé FoRabaReT oubhbon h@mmgeangethylene cortpt _
i nventign af $§to%r5%él%@§eﬁ &QHM&& s O8§ @ﬂ% b5 090.8 a7k =S Enegs%%oa% '135 en, which

conprises the followng: 15A)a first interpolymer conprising,
pol yneri zedn (ﬂf@tﬂm apd Wpémevalemofalﬁdb 8f.i ﬁh%g@dlpan@@m,fébﬂ 1ybler et nmitl hgl@mled B) a

d inter lefi
second In g%ﬁ%g%{ﬁg‘%“%% i ?’7(5“@ ghﬂ sR4 f%%m%&ﬂglhfﬁs% C&%%%%S%E%Od&{blﬂ orerin

and a nonc ene; ositron has
a Mooney ViisdosheplpgicMbehdvidr, an42®®hn@mgat@v1020fthambbar equal to, 70, and has

a | ow shear vis t sec ess 100 000
Pasee. - ThaoRms R TeHOa L s eBERl o R s B B 7 4

conposi2bi omoleﬂa]aﬁh’el(gmmylesesprdﬁyknédlelthz\lvdﬂg 2- norbornene terpob}hﬁeﬁhiﬁmﬁ@&

2 nanon; udeaty Bty gom 20 O BT ERTk B e Bl ) SRE BB IBg. T T

pol yner i zedof50yamiodhdydl@feom a0 coaB0, a{dei‘cgmalaadv{az/mmm)oagcugaﬁ apol yene; and

wherein the first. conposition hasal\/b \/s 05|t (1+4, 1

gr eat er th&ﬁtemb‘Pe nEp‘if@eat‘P@ chromatGerap g k?é\ﬁl\%éﬁlﬁ% RTOPXEJ%%J gt han
1.2. 30 BR'elﬁEh&E@QFﬂo%ngﬂe eIrpolyikerBRAWE Nmoney v1sd6hwr&n10@@)mootﬁ1 t he Mooney
viscosity (M, 1+4, 125C) versus nol ecul ar MM conv) for the

i nvent 2Ve EfbpvRe{AGPY IR rénparaehEnEpTE © 50/50, an IOth@mlae ﬁomgoéo Harngr aph

showi ng t hg § alihaMRAlMBD PREY6 M IBCRS latyil Taﬁl b E&Ysﬁﬁ ﬁﬂﬁ?!ase&&{h@a'h wei ght
(or (Mooney Q\F/I sceg(m tyN?IVL, 1+4 aV y M\‘;\? gt < lﬂ% for thelzl nventive

conv
and conpar &89 ¥iac g and sulfenammeg”ta ﬂ@e@rqt@s @ng élg) @foa@mg%@wwgalmé ratio of

Mooney Vi sQOS diirh Qi hdithy @R AdEnc2BLRGURL ¢ d@%oggﬁts &ﬂﬁe fMPQARYmYiE Scosi ty
(M., 1+4, 125C) / I\A]/?/(ab s))”  * 1000) for the i1 nventive and conparative EPDM.

Figure 4 dépndtdssingdensinsanes vatod 7910 Olhds vignificecthervat bigont m@ucemm@ee}
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Also, the broader molecular weight distribution of the high molecular weight component
will tend to lower the crosslinking efficiency of the rubber.

U.S. Patent 5,973,017 discloses a foamed rubber blend comprising an EPDM blend,



As di scussed above, the invention provides a conposition conprising a first
conposition, which conprises the following: Aa first interpolyner
conpri si Ny 20m/qo883yneri zed form et hyl ene, an a-ol efi n &ou/ts20m0/0¢evn3 ugat ed
pol yene; 15B)a second interpolynmer conprising, in polynmerized form

ethylene, an a- olefin and a nonconjugated pol yene; and wherein the
first conposition has an RM_(1+4, 125C))/Mm conv) 1*1000 greater than 0.429
nol e/ g, preferably greater than 0.45 nole/g. The invention al so

provi des aCeBApG AlH W6 Hishinxilirglag weiehseomponb and atdatst applahmebedpr i ses

the foll vafégght componerﬁ) THe lfn%ﬁ ﬁiolécﬁ‘lﬁ%&@ﬁ%@ﬁ'bo&ﬂ%s 'a%&?erfg@l’t a\'ie'i]agg%df&ﬁfak zed
form ethylene, an a-ol efin and a nonconjugated pol yene; B) a second

i nt er pol ynﬂwelglilbﬁﬁwi EPIngO0,080) ©F0).AE0. iapee molsewipr weiblyldetreutighindex dleNin and a
nonconj uga Mboney

U scos) 1y (R PRIAPRT AR EIARE Rhin Rgbhit BN e R
shear vbsc (wlghy(l\(IW] fram 160,20G @d08.660, ah(és moteh@lnr weghtgpudiutipnindbOVe0MnPasec.
The inventi r tio ition,
whi ch conp rfrl%glegg EOhS 7 ﬂ%/el %\%ﬁ\r/{q‘ub%gg%gsah 1pvergl WQ%F avglla egm%},eg%lér welghs Ir(’r@gvj in

pol ymer i zedrofro0M00et}10e106, Therado of éf palymndblandm lﬂcecfn;lmglatmmabr pehyeriex B) a

dint | f . - ol efi
o nonc SRR B 35 gph g ob ASent Bigerf o Vrbhief pteefibedh Fon has a
Mooney Vi secospdigntdWifelbtéhd vﬂ;BS&ﬁ)d)to giselainatiort Maied proc@ejbaity dfahe M6pd, amdl has an

| MM abs) 14 con | ess. t.han r ef by I ess I n one
enbodi ment WFF&“?% Fl“’s‘fmés H]SB%Fﬁf‘F’&HCYh éheaﬁﬁ@ o] ‘élsrbrWe‘{1 laﬁfc%%ré’fer‘%hbuu on
5(MAD) | esgistrihanos. O, preferably Iess than 2 8 and nore preferably |ess
than 2.5. In a further enbodi ne erived from conventi onal

GPC. | n anot her Uenbagntfettl ;546 Fﬁée W@Epél%ﬁéﬂ‘%@dhﬂc}oé‘?ﬁ%@ﬂﬁ?fép@@n In a

preferred ephpchifEasa 1o histcdlAHRIPOLIPIBmed hivh&! $hich iOheiBicniRL € features,
such as ampunt of a nonomeric constituent, densi ty, crystalline nelting

poi nt (Tm oleﬁm@ﬁwom@gmdﬁ%mplywr rebhephasing adimigiag yiseositvi off-1.6 r om t he
second jint %I/Q%éé@iﬁéd in decalinlal1 € ﬁl'a*%ﬁ%th%ﬂé eonfté?l%oif AJ-&3 wélgﬁt%i%%t}’&lﬁr has a

mol ecul'ar wer'ght distribution (MAD) |ess O, preferably |l ess than
2.8. In a forathgy melatydafivveeght COHObéneIW\lbb?rsWh@hllmthxl@mﬂc@ﬁvémnr onal GPC. In

anot her e t 'YWP 5

enbodi ms\n{ﬂ‘3 Qrgh%? ésaedé%ltﬁgg? nter %@ﬁ%&;\/@}ﬁg&%ﬁgg&ftggﬁ\%gﬁh%obdIb thl ution
(MAD) | ess I6han eByRpe gnm‘nepmﬂ &OW@gm ptemamt dhdgn 1<mnmeeaanbef efr;abi.yTHeess t han
2.4. In a further e ¥ fr onventional GPC. In
2ot her  emboi eSO PREh TRt f BNt J5 LB QRN e

enbodi ent Vlstdisﬁyblehéstwd)lﬂcﬂ harv;adllnytmmamtdnmdfrmnﬂemmd filed exmmsipn.€Blech has a

20nol | tribut | t .0, . bly | th
2.5, rorc. prsnara ] FaL VENARRs by e £ e s oR e e i o
derived fr @apcnﬁﬁueﬁﬁbeﬂming@ﬁnuhgmmﬁ%pn oftib @sveitige of fe4-MAL1/gShader i ved

fromabsolyte GPC. In di the first tioon has n RVL(1+4,
1250) ) / Me( Of%t‘}éﬁs’sﬁf 1e+4n? r?ngf %%Of I5Peflds %(tﬂeﬁl @P@fa&’t‘f’éﬁhﬂtfﬂ%ﬁmﬁ 25, and
nore pref enaddnyy GE@akEs atﬂwin& 2ékrdBMIREBAGs with increhf i@RRagIORGE MENt , the
ratio of the weight avera nol ecul ar weight of the first mterpolyrrer to

t he weilght aRsFage hose®e MaonGeYiesinot! anedmis 8aARdt é2 D61 (Ydr4. 1 onv,

first,) Wlﬁs%éﬂ&mllé%%f‘éﬂhn tll'esh/l(gfn@ya{/@crosfft)hﬁ@as@tregét 1@?@?16&@1@1 Yo@csgater than
1.10, and nore preferab é reater than 1.15, and even nore preferably

greater than 1. éédltlglml HPBNeblends ad/ penethodsips preaging rapber hlendsairg/diprdosedit ent i n
the secondyj ?tfﬁ{eﬂpé Yé‘i%zt 05 PREnPIHENS: 199%%% 158 7PJI16U Pl cispy grpol yner

(pol yene (2)/polyene ( I's greater than 1.0, preferably greater than 1.1,
and nore plaedémrama}lljgﬁeefa%mﬂlcatmﬁ\@@0441688@4%@ enbodi nent , the rati o of the
pol yeng,cont ent i HIS%JQ dsa%&?er,‘?-%ef}kr‘ﬁ%iﬁ?&}{&?rf %@Dﬁ%ﬁseﬂ%%ﬁﬁﬁ 88&15 é” the
first i nt er pol yner ﬁyene /' pol'yene 3) | ess t 3 pre erably
| ess than 2sd,to &ovoh waather-piripd eitabiogliéng secliahaal frofertics with a high degree of

consistency. These formulations should be usable in free-flowing pellet form for both rapid



In one enbodi nent, the difference (absolute) in the polyene content of the
second interpolyner and the first interpolyner (polyene (2) - polyene (1))
i s great ewotzhamoss33 Swei ght percent, preferably greater PChars2@0541983 ght
percent, nore preferably greater than 1.0 wei ght percent, and even nore
preferably greater than 1.2 wei ght percent. I n one enbodi nent, the
difference (absolute) in the polyene content of the second interpolyner and
the first interpolynmer ({)ol yene (2) - polyene (1)) is less than 2.0 weight
percent, pmexiag abthy fipdgelynies fprmuBtigiesngachi@epredistion iy f tyylefraylaliny | ess t han
1.6 wei ght }0R&EGRMK others havel Ble @RS l%ﬂﬁ@ﬁﬂl%mg’in\teﬂﬁmg' fference (absolute) in
t he pol yene content of the second iInterpolyner and the pol yene content of
the first interpolyner (polyene (2) - polyene (1)) is less than 5 weight
percent, preilr W%@I i ght percent, and nore preferably | ess
than 3 wei ght pgf%?é(r)l%ﬁ[i%g n onfelogenbodi ment, the total polyene content is

| ess than, or edainvention roxeiegihtommesition tomprsafeer ol opnipeggort, kakh or equal
to, 7 wei g%mg?s%gﬁgtfollogv%ged on the sum weight of the first interpolymer and
second i nt eérpolymer. " I'n one enbodi ment, the first interpolyner
conprises from )8 tafirst ibteypeiygitt coepisaryt in jpiwlaizabioymf aloylens, & d-olebn 5 wei ght
percent of t%e (g)ollgen%d b?sed on the wei ght of the 20i nterpolyner. I n
one embodi ABhT "OCREUSA GO Rt er pol ymer conprises from 2.8 to 4.5 wei ght
percent, preferBpbly 4deotmd3nerpolynter boriyisgiat inpelydefitedforh eehyaky@ne, based on
t he wei ght fef' th(? i nt er.BoI$/ r. In one enbodi ment, the second interpolyner
conpri d8s Pregmaad g nengogLgal V9% 4B8rcent, preferably from4.8 to 8 wei ght
percent, and nDiBedineheEiBloynpbiifsn st [@I1We11950) perkeant)1ofood BRaRp! yene,
based on the wei ght of the interpolyner. I n one enbodi nent, the
second i nt étifaﬁ&“;?gré‘?deé%rrpri ses from5 to 6 weight percent of the polyene,
based on the weirghfhv@ioh Ao bRVRIEPHENIRKition comprising! dTirfNSnBORGSH, WRRhL, the
first interpolymer conprises, in polynerized I%orm fromo60 30 to 70 wei ght
per cent et KyneeEs thsfeljoaviasl y from 62 to 66 wei ght percent ethyl ene, based
on the ¢ei ght OfA)theafilgttiﬁ{eﬂﬁhm%ompﬁsing inlﬂ?)l}gﬁ@izm%,' &ﬁ"ﬁéne, &d’d?-ol%ﬁﬁond

i nterpol ynmer conprises, in polymerized form from64 to 80 wei ght percent
et hyl ene, ppéd eengbhiyefgdnpleeest o 76 wei ght percent et hyl ene, nore

preferably 68 tg, 73 - i . of . i V. _In one
enbodi ment , thegg ati%%g tlﬁtgrpépﬁﬁ\gén csbntlélwtafyllﬂr@% efggié’cegﬁﬁde Thter pol ynmer to
the rati o ofefietahyh emreonjogit@iyiolyenetahe first interpol ymer, EE(2)/EE(1l) is
greater than, or,equal 1. 05 r.ef er abl reater .t , | tq, 1.1,
more. pr ef or abl y " aFet MR anrBG O S ARG b TR, L2 . 2BEGS i he

di f f er @ace than, @tehydl @ &0.conhesd lowrshtdreistositg (n ardl sécandkss thheropoeduaimet s | S
greater th equal to, 2 weight percent, preferably greater than, or
equal to, jB%@%S%ﬁ'ercent, as determined by the wei ght of each

i nterpol ymer. The inventib aled proeiibogltomivkitioh bangshstdeer famcenptsigd)yhRe cont ent
in the first and second . interpolymers is greater than, or equal to, 6

wei ght perE%rﬁPr,lseba]@%%lpoéi‘B’P%} greater than, or equal 10to, 8 wei ght percent,
as deternined byt hes fivei i8ffpoRfine@actiprisee IiDIYIEIzed form, ethylerRNgh @BRAAI nent ,
the first interpolyner has a Money viscosity (M, 1+4, 125C) greater than
40, preéPer abf yngicerivgrcdnobisngs. In one enbodi ment, the second

interpol ymer hagya MQpsw iﬂﬂex%%%& YorhMsingLifidolyh?eri&dd @Ff aktfient NAN- 40,
preferably greater than 45. 15I'n one enbodi ment, the first interpolyner has
a Mooney viokéagnd ¢ ngngpnjugaiefl polyeBE)andr eat er t han 40, preferably greater than
45, and the secoRdehBhehRAloHBG AR % NIRADEYistb:Hs il § sl Msecﬁgéeate}%@
greater than 35, preferably greater than 40, nore preferably greater than
45. | n one tenbodigwa i, /0td4nd hasin [ vwohby @ Wsomel/lessitbaok?ties (M, 1+4, 125C)
of the,first 20and second interpolynmers (M(first)/M(second)) is less than
2.5, preferably less than 2. 2. I n one enbodi ment, the first

conposi t i olBRIEE DESVBOMEONOE ¢8F DRAWMINGS1+4, 125 C) greater than, or equal
to, 70, preferahl reater. than. or equ t oc-aNd nor ef erably
greater than, orplgérc?aa ep]tcgs,th oofey V(I)Sﬁ%mézltk)doLd?#‘éé? 3 C?Heers?sinr“g?&(i%%l %Ipti on
conpri ses 4Aw(@nSOfovveic giivien (eI aod the kem@ohtvediPDNK. er pol ymer, and 60 to 50
wei ght percent of the second interpolyner, and wherein each wei ght
percentage is based on the sum weight of the first interpolyner and the
second interpolyner. In one enbodinent, the first conposition conprises 43
to 47 weight percent of the first int ef‘pol ymer, and 57 to 53 wei ght percent
of the second interpolyner, and wherein 30 each wei ght percentage is based
on the sum weight of the first interpolymer and the second interpolyner.

In one enbodi nent, the first interpolynmer has a weight average nol ecul ar
wei ght (MM conv)) less than, or equal to, 320,000 g/nole. I n one



(MM conv)) from 150,000 to 230,000 g/ nole, preferably from 170,000 to
230,000 g/nole. In one enbodi nent, the first conposition conprises greater

t han 85 weOght1/qoes3cent, preferably greater than 90 wei girCTSR@OO81945Nnd nor e
preferably greater than 95 wei ght percent, of the first and second

i nterpolyners, based on the weight of the first conposition. 10 In a
further enbodi nent, the conposition conprises greater than 85 wei ght
percent, preferably greater than 90 wei ght percent, and nore preferably
great er than 95Uigaieght 2 pafrgahshowing thygaqq oiYloNSHIBSIstY BnveipHaEeragh t he

vei ght of 0% GRPRESHL (LPModnBy GB&sRITARML! MRN{aseE vl dorY)) & MD&)) Y ydrer and
the second interpolyner are prepared sequentially in at | east two reactors.
I n a furt hérveainsadi penparativaEPDMsst i nt er pol ynmer is 15prepared first, in a
first reactor, and.t LNt et | [ econd
reactor. In anot?]%grre 32§ gﬁﬁﬁﬁwlﬂgkﬂgég%ﬁ l?i% B%f(gﬁgwgg%rag%a e:d first,
in a fipst nrodaoloweightr(dr M@mey hiecokity ML, Inte 3530 )y/Mdw(abs)) prie@hfedhd n a second
reactor. . . n Qdi , the first interpolynmer is an EPDM 1), and
t he secondlefcﬁltévre%(r)1 f}(r?rné alr{[‘%1)@5‘%% 2). In a further enbodi nent, the diene
in EPDM 1) is 5Figid@ detehiglsithiefsbea? rnnoatior néke:” (VEINB) the aMdotdyeisdomeMin EPDM 2)

is 5-ethylid 2= horhor.nene (ENB). . one enbodi nent, the
conposi ti or]i+§’[}|§t5%e)rPO&%%PYeélg‘éead’yc)P@%r?m@nEéﬂ%ﬁi tive selected fromfillers,
crosslinking agents, foam ng agents, or conbinations thereof. In
one enbqdi , 0 j i S, ] ree-flow ng pellet form (at anbient
25congJi£i |0WAIL&B%§S®?H§M§%\¢JEM@?® n may conprise a conbi nation of
two or nore enbaduRBRES BEvel @8 GiVeBEsh f6Vi@ish. compositionfeohiphiSihg @ GiROSi tion may
conprise a conbination of two or nore enbodi ments as descri bed herein.
30The firsCOMPPsEPoViskrompiiPecffiliovdnsa conbi nati on of two or nore
enbodi ments as @descry HRGNREIBIr comprising] HEpoRRR@DE foRh SIIRAENETERT o-BRYn CONPr i se
a conbi nation of two or nore ‘enbodi ments as ‘descri bed herein. The
i nvention aMspnycewirerésxl pyeasti cl e conprising at | east one conponent formed
from ansinvent i g COROsidih@Ronhit: SodiHtiich BIVARM PRI, diffferdlkicl € 1 2
oamed profile extruded article. In a further preferred erbodi nent, the
articl e isokfnaad haencenjpgaied noyeagicnther enbodi nent, the article is an
aut onoti ve part . anot i Ay i anot her
enbodi nment , theW%‘%Ijtélllngﬁ%eirl]?tgcrogl%g%1 g‘%lr%ﬁgh M%ﬁgll.&gl ?l\éln %Oag)gh@gg{f}a%{ant , the
articl e i s twmntOHeP mepd/ g rdferablylgcarer thab 8.40 TPPYge. | n anot her enbodi nent, the
article is a fooh WEal, COMRORENL. UM SRRS,NET, #0160 3hog Nt er sole.
The invention al'so provi 8Py %doamqfoprrrea Fom an 4 nvent tve conpaosi tion.
The i neent icomnpides hepolowiickes an article conprising at | east one conponent
formed 10from an. inventive foam In a.furthir e.nbcg%genlﬁ,l the artjcle is a
weat her-strip. Ah i VSRR ONOEFCHRYEny HoSani7¢ naty g BF PR or nore
enmbodi ment an@snéRsgugdahbonenei n. An inventive article may conprise a
conmbi nation of fwo or nore enbodi nents. as described herein. 15 First
Conposi tion AddPli orfaicCUWEBEIPREMES CORPISHS: IiReSMeggrioen 15tbiF5ra® %i scussed

bel ow. A fiolehih a6@ARORLALOAcIFYyA&w@da conbi nation of two or nore
enbodi nents as di scussed herein. The first conposition is §r eferably

preparéd in a dwBfreindbchinsicospriitioniis 2Ry MEFPF U Mon 1+ A25CH tctter -
enbodi ment ah NG efjidi 88, 70 8RB HA 2 RY HOBVish&Sty @ dcPr B8R G1d¥0 LN, B BhIE Wei ght
average nol ecul ar wei ght, and the second reactor polynmer has a 130, 000

g/ nol e ni nilAAYQRE gt aver age nol ecul ar wei ght. The amount of pol yene (for
exanpl e, ENB) ceft ReediBh b6 SvidBs Lamibok®nk EQhpdsthe MbiBogBodifiéh pcont ent
overall, which w III gebrlovi deﬁgvf isrst cgrrlposi ti%nS \%n th ti rrp?gvéd’g?gr ch

r esi st ance comprisesthglfglowingf erred that the 25first conposition be

manuf agtured in a free- I £ - n odi . the
first ?grrposi ti 532 ha%ﬁlgﬁﬂ)%gpﬁgfpe \?férg R ’m(qell_)fmeff%! %1@5%)%%’ %{&Tﬁlgggt 70,
and a rati end dM¢rtedpgal@B©)yeMy( Conv) * 1000" > 0. 429. I n one enbodi nent,

the first conposition has .a Mpney viscosity (M,. 1+ 125 of at |east
75 and a rat ot M Casn BRI s eRR ol Mprisdibu iRt dh Bl hene
the first obfipasd i harohagatal fdeneyandi scosity (M., 1+4, 125C) of at | east
75, and a ratio "M(1+4, 125C)/ M(BB)*1000" > 0.257. I n one

enbodi ment, the first conposition has a Money viscosity (M, 1+4, 125C) of
at | east 35. In one enbodinent, the weight average nol ecul ar wei ghts of the
first and second >



interpolynmers neet the followng relationship: 1.05 < MMfirst)/Mu second)
< 3, and preferably 1.1 < MMfirst)/ MM second) <2. I n one enbodi nent,
t he firstwoanpa®sgron has a rati o, MM abs)/ MM Conv), | ePSTiUS20M0D41343
preferably less than 1.2, nore preferably less than 1.1, and even nore
preferably | ess 5than 1.05. I n one enbodi nent, the first conposition
has a ratio, Mz+1(BB)/M(abs), less than 7.1, preferably less than 6.9, and
nmore preferably less than 6.7. Ethylene/a-0d efin/Polyene |nterpol ymers
10The first andVE¥edke Estapnenarien ks aftNlemay Neeriiti g eb-4p b1yeh greater

i nter pol ynmg{.g, &%\ﬁ@al@@wrﬁ%ﬁhé@ﬁl %)F[W(céﬁi)mésecﬂﬁh z%ef&@lﬁ?tles%ﬁna ol efin
and a noncongugat ed pol yene. |ta | @ exanpl és of a-olefins include the
C3-C20 a-olldfins. Suitable exanples of nonconjugat ed pol yenes include the
C4- C40 nonconj u ~ e h t er pol yner
is an ethyl ene/ %@gg@ﬁ%ﬁgﬂeﬁg flll‘r%tc %lrﬂ JS %%%@nggpﬁ %& dls{rh)?gblg PDM

t er pol yfrer (MWD dlefsuhani#ed, pefidratly imntthanﬁﬁearmrmnepne&r@ﬂxﬂess than 2.5hle aa- ol ef i n
By e o BtnP Oyl IR LRI AN QTR SR RRA e A IR, SRRLA, Vi V! T €
unsaturati on or-a cyc nd, 'such as s yrene, -rret 18 yreneg,

cycl obut enmemymgplemeelrfmm Mdlumdﬁlk(m nene, i ncI udi ng nor borrene substl tuted
inthe 5 and 6 05|t n ith O -C20 hydyrocarbyl .groups. The a-olefin is
bref orabl y 8 AR S e rob BRI s SRR s RSy 1 o
conpound, amdudtof errmheilaﬁcaimhmt@en(:ﬂeﬁl@ caysitaph@tﬂmtiﬁg)pmmmmﬁb, Mseber r ed

et hyl eni cal | unsatur cl ude 4- v ohexene,

vi nyl cagl oRfE %?He Orér%o aﬂ’ﬁlg %M% ffamébee%eF éﬁl%’(‘??eél 'y propyl ene,

i sobutyl ene, Irmhts%ﬁfbodlﬂq'e@tefh% %ﬁ 1ntérp$l?1>ﬁ@ﬂf&s a%xdmhfaybveﬂghtnﬁmlmlen

4- met hyl -1 - pent ene, cene and 1-dodecene), and nore preferably

C3-C10 al i fHYPLley ﬂéﬂ“ér@ rﬁéefefﬁblﬁ%ﬁsethﬁ? efelteries. eﬁéeemnhmeﬁ%ﬂ?e a-ol efin

i s sel ect edefive@Monl@nIEiidRal ¢TSI 18 ahdlBer@mbBaiRRY! BRRIWEriDUEBRE frodr hexene and
1-octene, and nore preferably propylene. In a preferred enbodi nent, the

i nt er pol ymebsoiuie GRCEPDM i nt er pol yner. In a further embodi ment, the diene is
5- et hyljsdene2- ngy har, Hl%B@lm(aEtNﬁ)asec'oHd &%%a??%lec&l@@w&@tﬂ%@s%ﬂﬁ%ﬁ ed

pol yene is a C6-Cl5 strai ght chain, branched 30chain or ¢cyclic hydrocarbon

diene. Il lﬁMlea)tlpSﬁéhafmoWs@rqf@gldy &egs @ﬂ@ﬁ@sﬁl@m@f@tfﬁ@v@ﬁﬁ% thamarn Imefpetheic di enes,
such as 1, e h i enes,
cieh o0 & SDRIPhCIEIRIE o DOBhAL RO PSP OB

6- met hyl - 1,1\‘5WDept1ameérﬁemabsolntetG?¢l 1, 6- oct adi ene,
3,7-dinmethyl-1, -oct a 1-1 7-0ctadi.en

di mret hyl-1, 7-oc "t eng()(%ﬁflegt Jlrsgm I'B(I)ﬁ//merdamdﬂ>l<ees C(?nélé)o ’rmfrofwhdhaﬁydr onyr cene;

si ngl e 20i ngloadculaywbught CﬁStl&lﬁlElS)n$MWDHBsslha41 -0y pleddre a thisethen 2.8, Iﬁereycl ooct adi ene

i encs. SuGR AR bor Ay ko bra e B nIRarn AT iEgha "

al kyl i dene,GPazth@@dﬂk@ramlbocaﬂﬁmcmeleﬁyhmdemeoﬂmbb@me@m such 5as

5rrethy|ene2nrborn 5- et hyl j dene- 2- rbor B inyl-2-
nor bor nene, I’dﬁ’éﬁ? C%“%Btrgﬁlﬁﬁséﬁ‘emp‘{?“}oé‘ W}O“ @6@% %Bn@o\é

5- (4-cycl Ogmkeﬂmﬂbﬂs%rmabgrgmwxhaara)szSaIﬁMﬁérebﬁ-w&mﬂgeeeﬁmm bprnene. The
diene is preferably a nonconjugated diene selected fromthe group

consi st ?ng Mie/ENB, ~ di cycl opent adi ene, 1, 4- hexadi ene,

7-net hyl - 1, 6- ociadie@BodifRA &E@it%@@le)&welgl\e@veré’ge%&édﬁ%% {@nkeARd 1,4- 10
hexadi ene, nore preferably ENB and di cycl opent adi ene even nore

pr ef er abl y ifEiBolymer o theThegte tahgrhgmedlecuddrefeight olghe mpm@atemlygmcﬂrylﬂeeonv
interpolyners are prepared in the presence of a single site catal yst, such
as a const riab & georrets JF SRR QSce;eﬁerabﬂmreeirahﬂ k10, gnd more preferably”

nonocycl op li <t net al | ocene catalyst. In a
preferred g%%gllh?}g%tls dnﬁ%oéq%%%et%%eﬁ%teﬁhw??n/ nonconj ugat ed pol yene 15
i nt er péDyner cohpmiesebodimeny, tieiratip (ﬁlﬂwmmiyeoé cqm@ﬁnymeh@ %:e@hdenﬂawoemex thased on
t he melght i he second
et hyl ene/ a- elpoﬁyerﬁ? %Ogﬁlego%qh%gﬁ{lgteﬂj %merép Ol%etng %&O{ Ter ﬂ@olﬁgeater i ria1 pT’B.j ority
anount of pcdfqrmtﬂygmetdrtﬁhﬂnﬂmndmdmpmﬁbrmﬂygrhaervthang]hi of the interpolymner.

20l n one enbodi nt of the I@V 51

et hyl ene/ a- ol ef 9nﬁ8Hl ST ated 180‘1 GE’rPé) MM %ﬂﬂg%l F s SR B EEaf%r wei ght
distribution (M - -vv(Conv)/th(Conv)) from2 to 3, preferably from2.05 to
2.8 and nore preferably from2.05 to 2.5, and even nore preferably from
2.05 to 2.25. Al individual values anﬁ subranges from2 to 3 are included
herein and di scl osed herein. In a preferred enbodi nent, the interpolyner is
an 25 et hyl ene/ propyl ene/ di ene i nterpol yner, and further an EPDM
terpolynmer. In a further enbodinent, the diene is ENB. In one enbodi nent,
the fi rst et hyI ene/ a-ol efin/ nonconj ugat ed poI yene | nt er poI ymer has a Mboney

e o, A N~ e e "



In one enbodi nent, the first ethyl ene/a-ol efin/nonconjugated pol yene

i nterpolynmer 10 has a M conv) from 150,000 to 280,000 g/ nole, preferably
from 180,W0Q0t100280, 000 g/ nol e. An et hyl ene/ a- ol ePCm/usenoowjugat ed
pol yene interpolymer may conprise a conbination of two or nore enbodi nents
as descri bed herein. An et hyl ene/ al pha-ol efi n/ di ene i nterpol yner
may conprise a conbination of two or 15 nore enbodinents as descri bed

her ei n. An et hyl ene/ propyl ene/ di ene ter may conprise a

conbi nat i ofhegoleppcastenhiythe BihigETRabme ( %yeaeéﬁ i/yeep Herigless hagdiPt i ves 20An
inventive GRINASY idsOfafRY, éi@'i‘fﬂfré piefePdd gyl%s /R €s.addi tives. Suitable
additives include, but are not limte fillers, antioxidants, W
stabilizers, vulm@nlembﬂ@}n@gteﬂwshfferf@an{ahgﬂetg)eintt@ polyeagreontast air Hepacend

| asticize i i ereof. In
gnesenbeél%EG?BWQ%Jﬁmm&g%%ﬁ?@%ﬁb@%ng#|sesjéiIﬁggmgagﬁégg%gﬁ?%vggselected
from fi bl emgjghapricakipddertigy stdutesthad biveeghs peroant.eme picfrgatdggnater, thdrobbi ng
agents, 25%&%&%‘%&%@5& &en oréprb{%m Eyoé}’gétgl Caof‘?w‘é fil e&)Jent Fillers include,

but are not car tesVor dlum hum magnesi um
cal cium sodi unin qmetemsahumtanﬂ diffexdnae @bsdlinerie dic; pod;&ndecmmneef tbé sccahdci um

magnesi um a xt ur ereof oxi il on aI nc ron

D um SRyt i 6 FSmsb e (TR R o) TR Pl b O

trihydrate peﬂafagnestlemmyhys@ ltmndaewe@m@heeml mélerpméldmny@e;hamw&ﬁgm ene and
pon(aI hanmet hyl ) -styrene resins, natural fibers, synthetic fibers, and the
li ke. oR&®tbodi nent, the filler is carbon bl ack. Pl astici zers

i ncl ude but arﬁlda@tenibbmhfe@tdtheglffe@@ké @lbmﬁrmhlt&pomﬁ@ccaﬁenamﬁmécsncand
napht heni c oils; polyal kyl benzene oils; organic acid nonoesters, such

as
al kyl and 1%@?6&?%H%yﬁmﬁﬁeﬁPeémﬁﬁﬂog@%ﬁﬁét dﬁ@@éﬁ@%“ﬁé@b‘ﬂﬂ%%@épém such
as di al kyl jesdinah s Qeyat iSé&&ent %MGI%I§YGJSS anay i W@@hhﬁ&%@%ﬂd Bl%feeﬁ?@ftaﬂaﬁll)/%sgs
sebacat es, adi pates, and gl'utarates; glycol diesters, such as tfi-, tetra-,
and pol yet Hynéneigltpeisentdi al kanoates; trialkyl trimellitates; trialkyl, _
trialkgyyal kyl il ine 806 doleAl dnicANOIROM: RS oGl B1 & %tgﬁﬂ paraf fin
oils; coumarone- 5indene resins; pine tars; vegetable oils, such as castor,
tall, r ape@ere@nt ragfdrablyyl¢se Arnoiriequal e 7eretight sereend beﬁfdmndlilqse@ waghtwétheves
thereof ts and anti ozonants include, but are
not I|n1te QHLR&R&kﬁgﬁe Sec%ngﬁéﬂﬁgﬁgghenols and t hi obi sphenaol s;
substituted hydhnquwnmn@smnmﬂm§@ahkqp¢ﬂmnvkmgh&$ﬁhmtégto5S\WHanmrmm
dlalkylthlodl henyl na nes; tut i phenyl am nes;
di al kyl , apﬁ‘%mﬁg q%§§)d§gmM§FK%qu¥Fﬁ) Ba% e ‘%W%ﬁ |g%£nes;
nDnoneQDc andp@@hwnerlc di hydr oqui nol i nes;

2- (4- hydr oxy- u anilin oct | thi

hexahydro- 1, 3, Sf_’nt(?ﬂle méxélﬁne%t E!i’ne?%“ﬂi&wti)ly%g 6#&%/%%?‘%6"%%/?6%6“{“ azi ne
, 2,4, 6-trips(fdrdbl¢frdinees foy. ma@mlgahemwfen@oweaénbmﬁoﬁ {2, veei gHt oAt ne,

trls (3 5-di-t-butyl-4- hydroxybenzyl)isocyanurate, nickel
dlbutyldltﬁ?ﬁB%Wﬁﬁ te, 2-mercaptotolylimdazole and 15its zinc salt,

petrol eum waxesn @REmbb@nkhkehe second ink@Fs1y A& c@ﬂ\?ﬂﬁeﬁ fro5es. sito 9 Reilg@ki ng the
resulting foam structure include, but are not limted to, deconposable

cheni caP f GFHgPralgEhldTonsh8 ko 8 Waightrarceno apd mereasderrlly dvabhodsevaighte| evat ed
tenperatUr%&f&ﬁOf@k@b@@&ﬁﬁmﬁﬂON@@QkﬁmE&HHé9Mﬁ%hﬁn80lynEr into foam form
The agent preferably takes a solid form so it 1s conveniently dry-Dbl ended
with the 20 pol {mase craedipienl the errend BedrPHY Bl REIPEE A0 1 1oc] Weight PBigentar e not
linited toofﬁl%?gfy% BROAM @lewe?gapgﬂthé&ma%afgrﬁ i trile barium

azodi car boxyl a N, N - di net h r osot er epht hal ami de,

N, N - di nit rosopbmnanefohqmentethetfm%mtmolymemmewl ngehywria fday, from 60

4, 4- oxypen I zi de,

o b - o)é?/bl gd(e evr@lgﬂu é?g {1 %@F@ E%r dal %% onPs3 0! d8&NEu? Bt QR ¥y REMHERE BR

3,3 d|sulﬂanhygnaﬁmdeﬁdpQMEﬂylsulfone 25azobi si sobutyronitrile,
azoblsfornanlde and t] e

azodi car bonani d& FRESE @3%%%%wsgmgaanﬁgym%me?hsS]Pgnfnwnﬁgﬁ%%ﬁggm}ure of
two or nor é&4td 80 waghtemmemh eging, riréferablydronngp @Fénteighs padent atylgan inord oam ng
agent, such as ammoni um car bonat e, sodi um bi carbonate, anhydrous sodi um
nitrate and the |ike. Vul canizing agents include, but are not limted to,
sul fur-contai ni ng conpounds, 30 such as elemental sulfur,

4, 4' -di t hi odi nor phol i ne, thiuramdi-and pol ysul fides, alkyl phenol

di sul fi des, and 2-norphol i no-dithi obenzot hi azol e; peroxi des, such as

di -tertbutyl peroxide, tertbutyl cunyl peroxide, dicunyl peroxide,
2,5-dinmethyl-2,5-di-(tertbutyl peroxy) hexane, di-(tertbutyl peroxyi sopropyl)
benzene tertbutyl peroxybenzoate and 1 1 d|

Y T ~ O~ ™ T 1 L I o e



The olefin nmulti-block interpolyners and their preparation and use, are
described in 30 US2006/0199744, US2006/ 0199030, US2006/ 0199006 and

US2006/ 01wo288700essch publication is fully incorporated IreraiSnolop4res er ence.
Appl i cations 5The conpositions of the present invention nmay be used to
prepare any of a variety of articles, or their conponent parts or portions.
The inventive conpositions are especially suited for foaned, crosslinked

extruded profile agplrcatrons i ncl udi ng weat her strip applrcatrons The
i nventive OBREARY PP BHE bl Mehe wpighiral s INGERSIYAICE] ni shed article of
manuf act ure by ﬁﬂ%e%ﬂ@o@ﬁwﬁtHMQQﬁﬁﬁ%keﬁ%ﬂ%@@&h&ﬁ%tmgg&%ﬁé e§?ﬁﬂgma@paratus.
I'l'lustrative 10processes i nclude, but are not limted ext rusi on,

cal ender i ndhe g efcethydane gontenit pythe élmtrprtfe’s@ymw FB(2/ERGL) lsagtelat@tthfelr otagpilcal

t her mopl ast;i [ a par inj ection
Y S T I L g Sy R P A

mol di ngy conpr ebmnonmlmcﬂldlemgthedrftbrttnheld qtltoéeneApmtﬁlttllmsherfmm bodigcoiut are not
limted to r

j acket i ng, il%térggln}%e%sl %Eengrr th? {)Il e%iual tg ? gt%gg%glﬁh%%fa%wg}gatér%? gélar e&g%l ds,
ext ruded pawmSmngmdmaﬂhesﬂmesmﬁ&ﬂnwaaamQMeﬁemeMqusmosrty adhesi ves).

Addi tional artigles includes mer sh fibers oatings ut onoti ve
parts (Tor exanfi @ cPputes R FEREs FiTRaRe sy oTonpe 8T splifed by G ng
mat eri al s, ihaysigholsds @pgpbr taaacelsequell e \K/¢1§I&|peﬁ:tﬂr§lp[bryfefh®1ysgréuyﬁ,thdn[ asdgugans,
storage or ckagi cont |ners niture strjps or webbing, |awn
mower , 909&?3 ﬁ%ggfmﬁﬁﬁ 8?%@P“U§F‘%ﬁ@§ 5ﬁeﬁﬁdgﬁﬁﬁb%§? refrigerator

gas kets, acoust IrConS Y 8dEent itk lirdt Ynt&ps 1y mBieab 8 MEHRSKviSGinh@L 1A% s18RC) wat er
craft parts. The conpositions can al so be used in roofing applications,

such as roéF?WQ&W%ﬁ%ﬂ&ﬁ@@mYﬁﬁ@méﬁﬁﬁoé|t|ons can further be used in
fabricating a fHﬂﬁ%@ﬁ%o&ﬁﬁﬂp@ﬁ@&mnﬂHﬁﬁﬂghﬁgﬂmpykkﬁﬂbJﬁ&ﬂﬁf@MLQ+4a shaf t
for a boot, gartrcular é%an i ndustrial work boot. The conpositions can al so
be used in 1P 67 Breaer g 36 arioatly Bipalcp@rn - A skilled artisan can readily
augnent; st hi's l i ﬁltonWehllBQﬂﬁnehtngl@%rs@)ﬁRQ{)ol%&tlﬁg 'a%on%gd&lw % 11'36155%)m
‘conposition,” as used herein, includeS a mxture of materials, ch 30
conpri se tﬁem@oﬁpoéﬂﬂmﬁﬁﬂmagﬁmé*ﬂma§5ﬁ@éd@ﬁgwnéﬂo@n@WQWQMQad@emﬁposrt|on
products f h erm
"pol yner, 'QEgﬁﬁgggﬂgg%E?%ﬂ@ gfgg&ﬁ?gﬁaﬁﬂ%?ﬁﬁ”g%%k%%BﬂgLngﬁﬁgeiﬂﬁgé
pol yneri zi ggamwothendd.s, whet her of the sane or a different type The generic
term polymer thus e he ter e o]
pol ymer s prepared“?rgﬁ?%n?ntIwrm?”ﬁqkqg HV amtwggqg f 9% jﬁ% %?%olyner
as defi2fed ahxesreemrthhtegrolynilélme(MIe(rﬁmt)/Mntsecrqmd])ysrrlexs thana255 lpseédaﬂsleﬂees than2@f ers to
pol ymers prepared by th rization of at l|east.two Bﬁo types of
ononer s, | The. olrarFebpSpRR SR heHios et Ator R iR dboryhars P
(enpl oyed ftfeateetn@n, dr oquadioy N® Heef@uiap arcadr hadmr bywal @i 74, eﬁeﬂlbretp;ﬁeﬁb@f
nononers), and Iyners ﬁfared fromnmore than two different types of
nononers. &reater %‘?89 Eb as used herein, is in reference to weight of
a conposi tional rmméﬁtﬁatthleﬁtethetﬁlrs\reoﬁlposhwrttébﬁgnsréaﬂ@@ m‘wéllgrﬁ 6fa€nt OF (HaDT €
et hyl ene/ a- ol ef i n/ noncon ugated pol yene interpolynmers. 10The term "parts,’
i n ref @ endEtineraplyapip ait 6P 59 “ea%%eeﬁf of thereé? iNSTROREKEANGReISHY t s of a
conponent bﬁbh@v&?@%érﬁag‘é@s bal@lBort BE hn WeRARS R Qe 1nterﬂo[}9ﬁelr' dhd@e secoR@Vi NG,
and their derivatives, are not intended to exclude the ‘presence of any
addrtronalﬂé@ﬁ®6ﬁ@ht step or procedure, whether or not the same is
speci i cally di R kfogihinOfd%k tomAARIH AicOUSLy 47l Ligh QERERIE LN
cl ai med 15t hrough use of term"conprisin may 1 ncl u%e any addi ti onal
addi tive, d&idjtinerpelymet, ar@bﬁ?oodadvelglwhmrmr ofib¢ segend iotegrolymednandivdiereinun| ess
st at ed ,},0 ially of’
ol uddl 't sl P Eabmc s GROHARL b DRk The ERREh Rl (RERETELRY Yo
step or proueudymm:exceptrng t hose that are not essentral to operability.
The term "consistin exc n nent edur e not
spect 11 cal 1y 00T SaBhunths i PET LA ERIRLE Netsut B8 B BRE L
I nt er pol ymeMwidong Wilckshaator 2@dmClo, BR0,0®agmioled i n accordance wth ASTM 1646-
25 04, with a one mnute preheat tinme and a four mnute rotor operation
time. The instrument is an Al pha Technol ogi es Rheoneter NMDR 2000. For
dual reactor polynerizations in series8 t he Mooney viscosity of the second
reactor conponent is determ ned by the®follow ng equation: log M. = n(A)
log ML(A) + n(B) log M.(B); where M. is the Money viscosity of the final
react or product, M(A) is



30 the Mooney viscosity of the first reactor polyner, M/(B) is the Money
viscosity of the second reactor polyner, n(A) is the weight fraction of the
first reawOapipoBssnrer, and n(B) is the weight fraction eCTtuseoiseensl
reactor polynmer. Each measured Mooney viscosity is neasured as di scussed
above. The weight fraction of the second reactor polymer is determ ned as
follows: n(B) = 1- n(A), where n(A) is determ ned by the known mass of
first polyner transferred to the second reactor. Gel Perneation

Chr ot ogr aphy GRErMBRE My the hsit delymar hanaiwieht eesage mplossleepigBd by hi gh

t emper at ur envitiddal B &t BRLRD (980 RBIRALT on chromat ogr aphy (3D-GPC). The

chr omat ogr aphi ¢ syst em consi st ed ofg a Pol yner Laboratories (Amrherst, M,
now part of Var [ngme epbedimghty he it pelymexdjasapieighpayepaeg makicglar weigpler at ur e

chr omat ogr i r Pr.eci. si on

Det ectors W%?ﬁg? ﬁ%&iﬁo\g’ogn% %ﬁﬁ)@‘éﬁ%l% %%f%agl g‘:‘ﬁ;@noé)b e%sé)c(ﬁ)gﬁhﬁ del

2040, ahd 10a 4Incawichibadipent ﬂrbélmn@ma}mtmmshammeht aetagcmoleculibrieght 220, from
Vi scot ek ( n | i.ght tor vvas
used tor o Suiealp tbiiote L2 RO R pridRpl o 1 GRL LI RORBRSE P

VI SCOTEK Tr i SEGr&mfateModameetr gie iinst Bompusdlioa cdmplhmslgﬁhtei\/ﬂhm E&gﬁlqtea:emanager

DVH00O. Th i d th |
Haeasser SyRiaHiY pEaRe AR RS el ieons phSer e nl e Pt S Me &M mort s
oper at ed apert&DOrtR figpiny e¢doyd Binep@nderS Pasddamn t]ERWq’lghta)lﬂ thetfht@ combaonion,

conpart s operated at 150C. The colums were f Pol ymer Lab M x-A
30 cm @E i?m?‘ﬁ'ﬁ‘e BRI HELORRPS el COUGISES E57Ler Hhag "@b%ﬁ‘@ cent,

1, 2, 4-tri chipsahe @p’é@t@ﬁthﬁﬁr GBeigilinrce AT i orFfer]  PRAGHhAL 9RwEigRCeNt r ati on
of "0.1 grans of mer in 5(% of TCB." The chromatographic sol vent and

t he sanpl epﬁﬁc%a‘?fé@q At COBIPYEHN. E%ﬁ%l 87 Heavesiid Oprf oRPOsioBut yI at ed

hydr oxyt ol uene ﬁ%)embgﬁlhﬂntsﬁlle\ﬁ%'ﬂnté@&?&@ n\ﬂ@l'ieese&ntdrlﬁ)c%ﬂlyﬁiéf 88 @repared

Pol yet hyl ene sanples were stirred gent for four hours. EPDM
sanpl es wepIUghtjally dyatdenst vy r%act%deaﬁwhebﬁebm@nt tmy HrsEiateBshy BT 4T k

cont ai nkng,, &?Qﬂéh%&x ifs AFiRPRabAGKd eﬁeéth@%éﬂa}{@glt&yolﬁﬂeﬂpﬁe dr@Eme 'staéJnat' on that
was perftornme 50C, under nitrogen pressurized f hrough a pre-heated
| ayer of PERC(THD anothercearhdingsnf, ithetsegond THerpplpinecis pmar@@ fightren @Asst Z@Coul , and
t he 25f1 ow - J.on of the GPC col um set
was perfor rr%@gh\?\? w%%ﬁ%l&er&%%ﬂ%ﬁgarf%}n a{/\seg?édﬁl%%l stribution polystyrene
standards. The hoinecubadimagd @hﬁ@stoﬁelpﬁemsmlanmaPEM(t)amgfeue fecom 580 to

8, 400, 000, .and were a cockt ai | X | east a
Gecade of  ARREERFE A EPRRER. iRaRurGEa el IR sp RS boryet yr ene
st andard pemkzhalnnbeeuﬁlmrne&@ (BEB g htdsthwdicee deRDM(Qed; i@hgdmlleyfet Inyibemenaol ecul ar
wei ght's umﬁg the followi ng equation (as described in Wlllams and Ward, J.
Pol ym Sci . (ENBy) ym Let., 6, 621 (1968)): Mpolyethylene = A X

( Mpol ystyr ene) BIn(ohA)amthlﬁié@t, e icsmpdraionah@ey b@tiprived ghdast dhe haditiee ssrkwue of

0. 39 and BIS eg@f ésglgl%o Afgﬁrth order pol ynom al f used to fit the
respect i ve 981 §IETH$IOSHER g a8PLr ERDIMEASHE-£F FYRPIpYIoRE dereo The total
plate count of e GRGoGRkHThe $6hpNRATNREMTRETREIN feleEbEOGANRLCRI epar ed at
0.04 g in 50 milliliters of TCB, and dissolved for 20 minutes with gentle
agi t at i?dn. YOrEmBlat e count and symmetry were measured on a 200 nicroliter
i nj ection accor ghng ch®etdd/pbSlid M\ DnfLEL b&ﬁlﬁnat@ﬁ'oﬁiv@)q}%re— 5.54 * (RV at
Peak Maxinum/ (Peak width at 1/2 height)) A 2 (2A), where RV is the
retention yobodaennanddseiticlberen, and the peak width is in millili ters
Symmetry = (Rean iRgakmpbdidh iy QRfrilentdhihighbr t'wo%\lnﬁ)tre BealiER I (RV
at Peak Maxi mum - Front peak \/& one tenth height)(3A), where RV i's
the retentidowrbeglhenenin nilliliters, and the peak W|dth isinmlliliters.
10The stemat i fsets
LOTIe Y51 TR SRR ARAA G O AR TLABELRI Bl T bRl g0l oet
Al (Mour ey desedbdsetickan. Chr onat ogr aphy Polym Chpt 12, (1992)) (Bal ke,
Thitiratsakul, Chroma t ogr 1992)).
Gt i ng dual THokeEREHCRs MRS PEY st SRR ARRYrES Fhne Mhipodionl

pol yet hyl elaed@éritileﬂil’meﬁﬁﬂ to the narrow st andard col urm calibration 15results
fromthe narrow standards calibration curve using in-house software. The
nol ecul ar wei ght data for off-set determ nation was obtained in a nanner
consistent with that published by Zi mwb(Zi mm B.H, J.Chem Phys., 16, 1099
(1948)) and Kratochvil (Kratochvil, P.7 Cassical Light Scattering from

Pol ymer Sol utions, Elsevier, Oxford, NY (1987)). The overall injected
concentration, used for the determ nation of the nolecular 20 wei ght, was
obtained fromthe sanple refractive index increnent area, and the Rl

det ect or cal | br at| on from a I | near poI yet hyI ene hormpol ymer. of 115 000

~ 1 .



Mal a + 1 M = 5where ais a material dependent paranmeter which rel ates
the intrinsic viscosity Gip to the nolecular weight of the polyner.
I n addi t iwo 200/00B887above cal cul ati ons, a set of alternaPCrasSeaboen43
[ MM(abs), Mz(abs), Mz (BB) and Mzi (BB)] values were also calculated with
t he nethod proposed by Yau and G || espie, Pol yrrer, 42, 8947-8958 (2001),
and determned fromthe follow ng equations: E E(Ls,) 1()Mwv (abs) = C *

8A), where, Ics = LS-MWNcalibration constant / a, ER ,* (LS, I R
() 2) Mz(abs) = ETR invgntign alsp ppryidey an giagle COWS(IBB§ least)@rzscompmtﬁ@ra%ﬂon )1(. s,
\j\h Meal :_tS) r atﬁ'oﬁ{‘aﬁl?l)l\ie(él&géoéomﬂ&lﬁ%n (ﬁ@furﬂ(el- lﬁ)}@dlgeﬂtk}%e aI)tIQi‘C%% a Magkd Bfo?ﬁe' 0 nt

ere is e egree signal, and brati on uses equation
1A, and t hexingedettiglst émaélrihgrrmefmred embpslingnsdhq ddele praevdaghgsbyip. 61 n order to
(caused by Ao EbbaREn e | TE n ARG T CBNBIE: Gl Bltad 38 S80ER by
punp changedpse. dn hitleer embodimgntnide amwepeaﬂowrmggmwraalln ynqnlmdmh@dlmeﬂtf low rate
e Ker P sy al O B el YRS NG FLALGEEMAMARIR, Rsgron Lhe o1
sanpl e pr emmmehrlcamﬂ'@ﬁnt Rlcow sh@t ienaraslk er shwasuttseik. t 0 I i nearl y correct the
flowrate for a es b i gnpent. of the ailr aks or ecane peaks.
Any changes i n_TRTT e 30 Piraickit RaR i i RSk Subiss B8 be &l at ed
to a |inear shifhe inRedtioh blsd bewideodrearacld catifridimgtogaaphe comsjoape formeie pl at e
count f§r t he chromat ogr ap |c syste based on CEI COSANE as .di scussed
pr evi oddl yYOHBUPEHE ARadng iy SrrF Lt YIRS HBE d be bet ween
1.00 and 1.12. NethestiveqbarPata@ o laQ:Bm@fnabef@QBbﬂﬁ@fe%bB@ﬂrﬂéﬁﬂ@@§ in an
Et hyl ene/ a- A ef i n/ Pol yene Interpol yner by NVR 10The ethyl ene and
non- conj ug&4t¥HBHIYERe contents of an interpol ymer conprising ethylene, an
a-olefin and a pamveRiNcUg@ietla hﬁ&lrﬁ(&ﬁ@a@&ﬁb@ﬁmﬂ%& Bl a1 RSl BibdBfze AL aslH
Nucl ear Magnetic Resonance (N spectroscopy. For exanple, the 1H NW\R
spectra cafessEbgbieaiimed via a Varl an XL-400 NMVR spectroneter, operating in
Fouri er15Tr ansform node, with the follow ng instrunment condi tions: pul se

angl e, ggggﬁzﬁlbgglg&ltl me, 0.7 sec; pulse 15delay, 5.0 sec; spectral

wi dt h, 12 nunber of transient accunul ated, 200. Sarrpl es are

di ssol ved in deﬁﬂ@tlamaédmbmlmﬁm ofr thy fiest qummﬁntlt)@mtp@lrsa@awbbelm Afiesncentrati on
of 1-2 wei t al e For the
det er m nat ?@%p(%ﬁ {Ogl gogrébq@agtr(]) %f{\x%o'?r%o\??é lg%lrlrg%nstst %fdlst%ﬁ s flé%ﬁy'l regi on

(chem cal shi ftThteﬂulseconexo&USn B@tqfaatdy Iyepatedimen dualre88opphaibo 0. 94 ppn) and
the ne er re on ne reqiaon deta-llo 4 ppm
can bo npPayuttoudh AOFORTEBpReAE B bRt BapbiRa "N beR)) Ehe
cont ent Calﬂllﬁlhﬁlﬁl \bagldatvaagn neitclnoneipineandesodeved ramdmblyﬁmehﬁs raal30 pe@k .

The non-conjugat ed pol yene cont en erm ned fromthe |nt ral of
The poak s SidRSEr BRI arStsa wORE reRnG e ReDui PO Bl s e

net hyl ene, BNyl bed@dors®intactered@s@g nQiigi & the ENBrceﬁx&@d)v&@n wiiéh wilesence of
t he non-conj ugated pol yene units incorporated in the polynmer, For exanple,

when the dPENElcadirggBMPeRony gL PEdgt! 8rfrch resigiicsr Hilhal PreisHd that thee egral of
the peak f @itst@bifhdsiion bEhALAAGURE GHé ﬁﬁ@&ﬂ@‘&/p@ﬂ)&lﬂém}s 28 and 5.02 ppm (for
cis- and trans-nethi neﬁgrotons of =CH CH3, ectivel y?, and t

net hyl ene, net hif ongsEbAEIKN R figy CoRROsH{o8 héfb% eReydifeaHiyt(Nd-» ér‘éé@ﬁ@é of

i ncor por at g5 70, ind DRGHN ERR] HERERHWRCLKFABOFOL § 48410t her ki nd,
characteristic NVR spectral shlft(s) can be resolved, and the int egral of

t he cheni cal shlfqneeagpdpenicdn fifss Cebpasitivadas 4 Mogeiyi visconty (WHi. htbrigdiat ed
non- conj UgRF §4RPHY BP ralid i PEANI25°C AN B 1Bk aybgN1ed by the presence of
vi nyl protons is way, the proton analysis i's capable of yielding
unanbi glous val hemefeabodihentc dn fien cempdsiten hyd eMeong-viicefiiyiMls ueh 135°C)

propyl ene, d L. s Simlarly, the
content of Of%geagloﬁsng%dnpﬁ%?ﬁ%ﬁ& 1%%%}/% Bqﬁt gdragory'mer' conpri sing ethyl ene,
an a-olefin andIrmm@MOmnpn@mEMtpmhwn@nMa Mosmybéscdetye M, hed 108i(hg 13C
NVR and ot hFatlésapte%troscopi ¢ met hods.

In one embodiment, the weight average molecular weights of the first and second

10



Addi ti onal spectroscopic nmethods are described in the follow ng references,
each 5fully incorporated herein by reference. 1. Yasuyuki Tanaka, Hi saya
Sat 0, Yukwo 20umekB§37Masaru | keyana and Takefum Sato, " DeCeruskerations of
unsaturation in ethyl ene-propyl ene terpolyners and butyl rubber by

ti me-averaged 1H n.mr. neasur errents", Pol yrmer, 16(10)(1975), 709-713.

2. United States Patent 5229478, "Process for production of high nol ecul ar

wei ght EPDM 10el astomers using a netal | ocene-al unoxane cat al yst systent,
07/ 20/ 1993 igterpalymers gt the &dloatngrrelsdonshinel 8o rdbRCig g vsespnd) <33andy  Hej nena”

L N. Ba||ljtpﬂ§éi,ably\ll\l AwORNPUEDR) £, Wntersa, J. Lugtenburga, M van
Synthesi s and characterization of carbon-13 |abel|ed

2 et hyl i dene- 5- humgsmbediaicalo e dirs corgp EPOMbeUbHHED.. M@E@e)/Mm(ﬁ?@w) d¢ss than

crossl i nki t y J. A

Phi i psen, I?l%lﬁllafegrr %n%% tlcl)élr}lplo nﬁﬁé ﬁg?ega[bﬁplegsltgg?% |1 éﬁég}/egit r| Itje?eg%lbslﬂ%%lsr

synt het b¢c peinyfidr s", Journal of Chromat ography A, 1037 (2004) 329 350 5.

S. DiMartino an er 11

et hyl ene- propyl glnéélreﬁ %8(?@ us{ﬁg@%ﬁ% rygq%sc %ﬁg%ﬁﬂaﬁ%ﬁ%ﬁ@ G y SCI.

56(13) (2003) pﬂ:i?eﬁia’lalﬁ.l%&?nhan69&ndhh)wa;ﬁhﬁerabm lessitima6e. Y., Chuj o, R.,

"Et hyl ene- Propyl ene Copol yneri zati on Mechani sm Based on 20t he Sequence

Distri butl Det e C N ect ra", Macronol ecul es 21 (1988)

3139- 3146 f'f%‘ﬁ&%?‘%’[eé?i{'tr‘?ﬁmw 3f Wei ght Percentage of ENB in an

Et hyl ene/ Pr opyl enefifsNBd (&R thyRh@eblimon®inigattd pdRyddd TherpvlingRthaper cent age

of 5-ethylidenenorbornene (ENB) can be determ ned using a Fourier Transform

I nfrared Spelytraeddpiren @ﬁf?thylelpﬁét%&fast@fleﬂ WA @ OpITIR IS P2 1) |

Accordi ng ts, itdbd &a@ %P&%%%s %%mﬂ@&l@%% g ofchiR, Cﬁﬂaﬁgk 1@&%“ m ned from
its |nfrare absorbance at 1681-1690 cm 1, a neasure o0 ENB' s exocyclic
doubl e bondondéopg&&mnlmtainylzé@thﬂmm@ r@nuglhlgaedpelym alnesprefetrbde 1 nf rar ed
absor bance b n out 1688 .cm 0] ahsor e aof the
EPDM i nt er 50 yérj%%anta i‘ﬁ%ﬁ&&‘%ﬁs '$° Pgl FEey e“eéﬁﬁé‘e mtefggl?’ me%?‘n‘%%“ id t he

mass frlact EPPM ergétnsrnimetirtbyr eododinreat, theglidnhés EX¥BL r unent wi t h known EPDM
st andards. The ﬁ,ﬂesepgs of oil and other conponents are first renpved, such

as by extractio &3y g cphqr gD Alphiaje prean at‘(ﬁlchBS)(‘f“élnH’éldmﬁ’d‘ioi}Wﬂ]r s, the
oi I can be gIOVRdLHSLAG: @EM: MahhRdd RudfkGryr&RCH-hRthy Pty hd, eddbuthe, and
ASTM Met hod 297. 35The FTIR spectra are collected w t% 32 scans, at a
resol uti on cHflopEniens nd Waoreﬁ@etne&dme PORORBICRT SPOEHPEY s Ped ﬁlﬂf‘e@mp%waart nent
(Po) were fjhst .68k ?5%1 t 6L oSAMR i€ f?eaﬁJl £84.¢ af e B&ihp il
conpart nent ,1 and %)dh b rCy atérl;mb‘gpgher eal S re1 set éb }lasheéj I r’i‘éﬁf?él thef)spem men
conpar 2frenpreferiidy 8 (igl 6 abiebatic spmpeund, {i)mae prebuitiec €84 10ahphatine speci men
absor bance n WM 4N A = -log
10( P/ Po) . ﬁé@%%unga?l%tf)e%fl %Ehl){%m%% uen(gérlrtﬁ & dﬁ%‘?“ﬁ%"“i n}(l)évlm s4t ‘grﬁ}gg%g)tshe)é%\?erl ng the
desired \Alewgiylcyclpba‘xami’lhncﬂﬂjE@GEO nlighgec atqu@insedquclaﬂly@mp@leh@ isbBuwdehght percent.
The calibration ma ased on prjmary st for which the weig

per cent of% r]réﬂ?}{tﬁeeé é%’leléﬁléglyl/iﬁe'{t %ﬁ[??’i‘tﬁ‘hergzoﬁtéf‘%gcﬂece@uch as
Nucl ear Magpetd6dddasonal %re(mabga@@@@ahpﬁm &-bleBnd. €& tnotdHciABNCYT €
prepared by pressing 0.20 +/- 0.0 ranms of the pol yner 5sanple, placed
bet weed5t w§ 1pliphatie redetsn is ppd¢otry fmrrpthaigmppmeswng heerbesdenst 1-DEBE, + - 5C, and
a 4 MPa pr 60, +/ - ngds. e ed s oled to
anbi ent te?}lrg)xee'}{é udr {egét%lep?“é‘(c%orég re? %gbq%8§gglg%'f e?%rgeg u?1 Bl eﬁt' nm by 50
mi' si zed s$merpblemenindn BPBYEd erpylondrhén FfﬁlrtRemnémﬂmwphdteeim&eﬂs-stayd]ﬁieee-hol der
wi ndow f or ) ftﬁt ral ui sition. Additional spectroscopic nmethods are

descri bed | éefl% ‘'ng references, each 10fully incorporated herein by
reference. 1. ASEMeRb6dAéntOhe ndmivajudacdpdasit iNeChods skaght R etanciraw -

Det er m_nat i on of 5- | i denenor ornene ENB clo i.ene ( DCPD)
e B Al e s SRl Bl airn DR Bep o kel it e RSN SR Ty

St andar ds, ad—ﬁﬁ@dﬂeﬁ&uﬁmh as?l 441exdmenwum es heMcﬁeneEﬁamme@a{mn RycIR dikrk,i kh, D.
J. Mangol d and M J. her mal and Spect roscopi c

(Vi brat i ond¥chaid- %’&Xléa“rh%%‘ﬁ‘e@e ?@W&éé&ﬁé%ﬁjﬂ@h@%&% PSP RGROF -

Et hyl enePr apw &N &-Joanrae, GERENe1El-a8tRMBIAe, 3, FUifs AL £d-BladidR2Rd- Fal |

Techni cal Meeti ng, Rubber "Di vi si on, Anerican Chenical Soci et y, O evel and,
Chi o, Cctober 21-24, 1997. Paper No. 40. 3. S. DiMartino and M

Kel cht ermans, Determ nation of the conposition of ethyl ene-propyl enerubbers
usi ng 13C- NMR spectroscopy, J. Appl. P]&Iy. Sci. 2003, 56 (13), 1781-1787.
204. Hayashi, T., Inoue, Y., Chujo, R, "Ethylene-Propyl ene

Copol yrneri zati on Mechani sm Based on the Sequence Distributions Determ ned
by 13C NMR Spectra", Macronol ecul es 1988, 21, 3139- 3146. 5. Ray, G J.,
Johnson P. E, Knox, J. R, Carbon 13 Nuclear Magnetlc Resonance

~ o ,__‘.:_,_ Y AA ~ = = ~ 1



vul cani zed by conpression nolding a section of the above sheet, follow ng
ASTM D3182 (2001), into "2 mmthick" plaques, by vulcanizing for a tinme of
t 95 pl us wbred/msssat es, at the desired curing tenperat uPeT(GsSad10011943

formul ati ons were cured at 160C, peroxide fornulations were cured at 175C),
using a press manufactured by Biirkle of Freudenstadt, 5 Gernmany nodel LA
100 at a pressure of 200N cnR. Pips (6 nmthickness) for the conpression
set test were vulcanized for a tine of t95 plus 15 m nutes. The neasure
"t95" is t{engthkd.-ortadingt bt decadicnsy and weked saerrsed dihgdropyicens siple rigxi num
torque in LHgNORLEShAR 1%@@[&@}?&@1&1@ 1|5590ﬁ)%9tgdleﬁaetanhh% é}@ﬂ%@(‘i&fé&d{é& of

cure. Cured specimens were conditioned in-air at 23 50 percent

rel ati ve huoniltgiing alfcyelicfusddaad brideedmng digngre fushas teergltl}idﬁgnde!!@ n8impl es fromthe
cure sheet o) g |1 SO or
ASTM nor m “anfirGiberk Qukdag) SRS 295 FRAR R bl R FRARC LR

Swi t zer bands S-methylenG@rpriassing AM&BY), Saetbylivieas tnedbomand GNB)ui-tiapi-2ed sanpl e
accordi ng 8 n i 0 hours
usi ng spec%ﬁ%’ﬂls%gnef% i%p]eggtjzdll}/og%}ﬁ&e & IS%%rgg}el ﬁeg%c%mglr%{lésgga 5 aage% e‘“%li "
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20 Table 1 First Reactor - Product Targets Val ues Ethylene, wt% 64 ENB, w %
(FTIR) 4 First Reactor - Results Mwoney (M. 1+4, 125C) 90 Final - Product
Targets WORgl8837wt % 71 ENB, Wm % (FTIR) 5 Fi nal Produ®CTRISo@entis%es

Mooney (M. 1+4, 125C) 80-85 I n one enbodi nent, nononers, solvent,
catal yst, cocatalyst, as well as a small amount of MVAO as a scavenger,
were flowed to the first reactor (Rl), according to the 25process
conditions in Table 2. The first reactor contents (see Table 2) were fl owed
to a second6f-aae pieferalpy lepsihane py eyl tadidlt Inoneiefesisd vapedimemriBerer s, cat al yst

and cocat alyyshoREEis @g%%{leﬁ@pl%}%qe&ﬁﬁ%%t&g LQf anfRiriE! dn rdHMe Sal | amount
of MMAO as a scavenger. The 2011/ 008837PCT/ US2010/ 041943 wei ght percent

sol i ds of papglymer. dhe &rfhagenbpdinensshddieneae EDB- was 9. 0 percent, by wei ght,

of dry pol ymer gelatiye tQ Sl QIR Sner 04 B ok Al XRbos Tabl'e 2
Rl R2 Reactor Cont Ir?%':\){ggﬁ%.l ?’&sﬁg%e Ifgg‘ %gfo\)glﬁetrﬁé}l gfé)%k% é? etgg ﬁ % 84.9
78+ Et h§| epelyFertpr qum%s that onfaif & filler, such as carbon black, and/or an oil). The neat

polymer refers to the polymer without filler and without oil.

In one embodiment, the first ethylene/a-olefin/nonconjugated polyene interpolymer
has a Mnpy) from 50,000 to 120,000 g/mole, preferably from 80,000 to 100,000 g/mole.
In one embodiment, the first ethylene/a-olefin/nonconjugated polyene interpolymer
10 has a Mwcony) from 150,000 to 280,000 g/mole, preferably from 180,000 to 280,000
g/mole.
An ethylene/a-olefin/nonconjugated polyene interpolymer may comprise a
combination of two or more embodiments as described herein.
An ethylene/alpha-olefin/diene interpolymer may comprise a combination of two or
15  more embodiments as described herein.
An ethylene/propylene/diene terpolymer may comprise a combination of two or

more embodiments as described herein.

Additives

20 An inventive composition may comprise one or more additives. Suitable additives
include, but are not limited to, fillers, antioxidants, UV stabilizers, vulcanizing agents,
foaming agents, flame retardants, plasticizers or oils, colorants or pigments, and
combinations thereof. In one embodiment, the composition comprises at least one additive
selected from fillers, antioxidants, UV stabilizers, vulcanizing agents, foaming agents,

25  plasticizers or oils, or combinations thereof.

Fillers include, but are not limited to, carbon black; silicates of aluminum,
magnesium, calcium, sodium, potassium and mixtures thereof; carbonates of calcium,
magnesium and mixtures thereof; oxides of silicon, calcium, zinc, iron, titanium, and
aluminum; sulfates of calcium, barium, and lead; alumina trihydrate; magnesium hydroxide;

30  phenol-formaldehyde, polystyrene, and poly(alphamethyl)-styrene resins, natural fibers,
synthetic fibers, and the like. In one embodiment, the filler is carbon black.

Plasticizers include, but are not limited to, petroleum oils, such as aromatic and

naphthenic oils; polyalkylbenzene oils; organic acid monoesters, such as alkyl and
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O T N e N
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S AT T N R A L
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125C)/ MM cony) 1*1000 ENB wt % ( FTI.R) , o .
hexahydro-1,3,5-tris-f-(3,5-di-t-butyl-4-hydroxyphenyl)propionyl-s-triazine, 2,4,6-tris(n-
1,4-dimethylpentylphenylene-diamino)-1,3,5-triazine, tris-(3,5-di-t-butyl-4-
hydroxybenzyl)isocyanurate, nickel dibutyldithiocarbamate, 2-mercaptotolylimidazole and
15  its zinc salt, petroleum waxes, and the like.
Foaming agents useful in making the resulting foam structure include, but are not
limited to, decomposable chemical foaming agents. Such chemical foaming agents
decompose at elevated temperatures to form gases or vapors to blow the polymer into foam
form. The agent preferably takes a solid form, so it is conveniently dry-blended with the
20  polymer material. Chemical blowing agents include, but are not limited to,
azodicarbonamide, azodiisobutyro-nitrile, barium azodicarboxylate, N,N'-dimethyl-N,N'-
dinitrosoterephthalamide, N,N'-dinitrosopentamethylenetetramine, benzenesulfonhydrazide,
4,4-oxybenzene sulfonyl semicarbazide, p-toluene sulfonyl semicarbazide, p,p'-oxybis-
(benzenesulfonyl hydrazide), 3,3'-disulfonhydrazide-diphenylsulfone,
25  azobisisobutyronitrile, azobisformamide and the like. In one embodiment, the blowing
agent is azodicarbonamide. These foaming agents may be used alone or in admixture of
two or more. In one embodiment, the foaming agent is an inorganic foaming agent, such as
ammonium carbonate, sodium bicarbonate, anhydrous sodium nitrate and the like.
Vulcanizing agents include, but are not limited to, sulfur-containing compounds,
30  such as elemental sulfur, 4,4'-dithiodimorpholine, thiuram di-and polysulfides, alkylphenol
disulfides, and 2-morpholino-dithiobenzothiazole; peroxides, such as di-tertbutyl peroxide,
tertbutylcumyl peroxide, dicumyl peroxide, 2,5-dimethyl-2,5-di-(tertbutylperoxy) hexane,

di-(tertbutylperoxyisopropyl) benzene, tertbutyl peroxybenzoate and 1,1-di-
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EPDM 51 (Inv.) 80-85 >0.429 5 Conparatives** KELTAN 4703 65.5 0.37 9
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(tertbutylperoxy)-3,3,5-trimethylcyclohexane; metal oxides, such as zinc, magnesium, and
lead oxides; dinitroso compounds, such as p-quinone-dioxime and p,p'-dibenzoylquinone-
dioxime; and phenol-formaldehyde resins containing hydroxymethyl or halomethyl
functional groups. The suitability of any of these vulcanizing agents for use in the invention

5  will be largely governed by the choice of polymers, as is well known to those skilled in the
compounding art. Sulfur can be a crystalline elemental sulfur or an amorphous elemental
sulfur, and either type can be in pure form or supported on an inert carrier. An example of a
supported sulfur is Rhenogran S-80 (80 percent S and 20 percent inert carrier) from Rhein
Chemie.

10 In one embodiment of the invention, the sulfur containing compounds and the
peroxides are the preferred vulcanizing agents, and the sulfur containing compounds are
most preferred. It is understood that mixtures of these vulcanizing agents can be employed,
though this is generally not preferred. The amount of the vulcanizing agent can range from
1 to 10 parts by weight, based upon 100 parts of the polymers in the composition.

15 Vulcanization temperatures and time employed are typical. Temperatures ranging
from 250°F to 440°F, and times ranging from one minute to 120 minutes can be employed.

Additional additives include other polymers, including, but not limited to, ethylene-
base polymers, and olefin multi-block interpolymers. Suitable ethylene-base polymers
include, but are not limited to, high density polyethylene (HDPE), linear low density

20  polyethylene (LLDPE), very low density polyethylene (VL.DPE), ultra low density
polyethylene (ULDPE), homogeneously branched linear ethylene polymers, and
homogeneously branched substantially linear ethylene polymers (that is homogeneously
branched long chain branched ethylene polymers).

Some commercial examples of suitable ethylene-base interpolymers include

25  commercially available HDPE, commercially available LDPE, ATTANE, AFFINITY,
DOWLEX, FLEXOMER, ELITE, all available from The Dow Chemical Company; and
EXCEED and EXACT available from ExxonMobil Chemical Company.

The olefin multi-block interpolymers and their preparation and use, are described in
WO 2005/090427, US2006/0199931, US2006/0199930, US2006/0199914,

30  US2006/0199912, US2006/0199911, US2006/0199910, US2006/0199908,
US2006/0199907, US2006/0199906, US2006/0199905, US2006/0199897,
US2006/0199896, US2006/0199887, US2006/0199884, US2006/0199872,

15



EPDM F 45.9 0.32 EPDM G 21.0
EPDM J 25.5 0.21 EPDM K 60. 6
EPDM O 19w6 201128883EZPDM P 98. 9

0.13 2 EPDMH 67.7 0.37 EPDM 1| 39.0 0.29 4
0.41 EPDML 70.3 0.39 EPDM N 63.3 0. 35
NA 3 EPDM Q 64. 2 PCT/US2010/041943

US2006/0199744, US2006/0199030, US2006/0199006 and US2006/0199983; each

publication is fully incorporated herein by reference.

Applications

5 The compositions of the present invention may be used to prepare any of a variety of
articles, or their component parts or portions. The inventive compositions are especially
suited for foamed, crosslinked extruded profile applications, including weather strip
applications. The inventive compositions may be converted into a finished article of
manufacture by any one of a number of conventional processes and apparatus. I[llustrative

10 processes include, but are not limited to, extrusion, calendering, injection molding,
compression molding, and other typical thermoplastic processes. For example, articles can
be prepared by injection molding, extrusion, extrusion followed by thermoforming, low
pressure molding, compression molding, and the like.

Articles include, but are not limited to, foams, weather strips, belts, hoses, wire and

15  cable jacketing, tubes, flooring materials, gaskets, membranes, molded goods, extruded
parts, and adhesives (for example, high viscosity adhesives). Additional articles includes
polymer sheets, fibers, coatings, automotive parts (for example, tires and tire components),
computer parts, building materials, household appliances, electrical supply housings, trash
cans, storage or packaging containers, lawn furniture strips or webbing, lawn mower,

20  garden hose, and other garden appliance parts, refrigerator gaskets, acoustic systems, utility
cart parts, desk edging, toys and water craft parts. The compositions can also be used in
roofing applications, such as roofing membranes. The compositions can further be used in
fabricating a footwear component, including, but not limited to, a shaft for a boot,
particularly an industrial work boot. The compositions can also be used in fabricating

25  automotive parts. A skilled artisan can readily augment this list without undue

experimentation.

DEFINITIONS
The term "composition,” as used herein, includes a mixture of materials, which
30  comprise the composition, as well as reaction products and decomposition products formed
from the materials of the composition.
The term "polymer," as used herein, refers to a polymeric compound prepared by

polymerizing monomers, whether of the same or a different type. The generic term polymer
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2.71 KELTAN 4903 69, 630 249, 720 868, 400 3.59 89, 641 393,730 1, 134,000 4. 39
VI STALON 5601

thus embraces the term homopolymer (employed to refer to polymers prepared from only
one type of monomer), and the term interpolymer as defined hereinafter.

The term "interpolymer," as used herein, refers to polymers prepared by the
polymerization of at least two different types of monomers. The generic term interpolymer

5  thus includes copolymers (employed to refer to polymers prepared from two different types
of monomers), and polymers prepared from more than two different types of monomers.

The term “phr,” as used herein, is in reference to weight of a compositional
component relative to hundred parts of the one or more ethylene/a-olefin/nonconjugated
polyene interpolymers.

10 The term “parts,” in reference to an amount of a component, refers to the weight
parts of a component in a composition.

The terms “comprising,” “including,” “having,” and their derivatives, are not
intended to exclude the presence of any additional component, step or procedure, whether or
not the same is specifically disclosed. In order to avoid any doubt, all compositions claimed

15  through use of the term “comprising” may include any additional additive, adjuvant, or
compound, whether polymeric or otherwise, unless stated to the contrary. In contrast, the
term, “‘consisting essentially of”” excludes from the scope of any succeeding recitation any
other component, step or procedure, excepting those that are not essential to operability.
The term “consisting of”” excludes any component, step or procedure not specifically

20  delineated or listed.

TEST METHODS
Mooney Viscosity
Interpolymer MV (ML1+4 at 125°C) is measured in accordance with ASTM 1646-
25 04, with a one minute preheat time and a four minute rotor operation time. The instrument
is an Alpha Technologies Rheometer MDR 2000.
For dual reactor polymerizations in series, the Mooney viscosity of the second
reactor component is determined by the following equation: log ML = n(A) log ML(A) +
n(B) log ML(B); where ML is the Mooney viscosity of the final reactor product, ML(A) is
30  the Mooney viscosity of the first reactor polymer, ML(B) is the Mooney viscosity of the
second reactor polymer, n(A) is the weight fraction of the first reactor polymer, and n(B) is
the weight fraction of the second reactor polymer. Each measured Mooney viscosity is

measured as discussed above. The weight fraction of the second reactor polymer is
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determined as follows: n(B) = 1- n(A), where n(A) is determined by the known mass of first

polymer transferred to the second reactor.

Gel Permeation Chromatography (GPC)

5 Polymer molecular weight was characterized by high temperature triple detector gel
permeation chromatography (3D-GPC). The chromatographic system consisted of a
Polymer Laboratories (Amherst, MA, now part of Varian, Inc, Shropshire, UK) “PL-GPC
210" high temperature chromatograph, equipped with a concentration detector (RI), a
Precision Detectors (Amherst, MA) 2-angle laser light scattering detector, Model 2040, and

10 a4-capillary differential viscometer detector, Model 220, from Viscotek (Houston, TX).
The 15° angle of the light scattering detector was used for calculation purposes.

Data collection was performed using VISCOTEK TriSEC software version 3, and a
4-channel VISCOTEK Data Manager DM400. The system was equipped with an on-line
ERC-34150a four channel degasser system from ERC Inc (Tokyo, JP). The carousel

15  compartment was operated at 150°C for polyethylene and 85°C for EPDM, and the column
compartment was operated at 150°C. The columns were four Polymer Lab Mix-A 30 cm,
20 micron columns. The polymer solutions are prepared 1,2,4-trichlorobenzene (TCB).
The samples were prepared at a concentration of “0.1 grams of polymer in 50 ml of TCB.”
The chromatographic solvent and the sample preparation solvent contained 200 ppm of

20  butylated hydroxytoluene (BHT). Both solvent sources were nitrogen purged. Polyethylene
samples were stirred gently at 160°C for four hours. EPDM samples were stirred gently at
160°C for one hour. For carbon black containing samples, carbon black was removed by an
one-time filtration that was performed at 150°C, under nitrogen pressurized flow through a
pre-heated layer of PERLITE in a ceramic filter. The injection volume was 200 ul, and the

25  flow rate was 1.0 ml/minute.

Calibration of the GPC column set was performed with 21 narrow molecular weight
distribution polystyrene standards. The molecular weights of the standards ranged from 580
to 8,400,000, and were arranged in 6 “cocktail” mixtures, with at least a decade of
separation between individual molecular weights. The polystyrene standard peak molecular

30  weights were converted to polyethylene molecular weights using the following equation (as
described in Williams and Ward, J. Polym. Sci., Polym. Let., 6, 621 (1968)): Mpolyethylene
= A x (Mpolystyrene)® (1A), where M is the molecular weight, A has a value of 0.39 and B
is equal to 1.0. A fourth order polynomial was used to fit the respective polyethylene-

equivalent calibration points.
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The total plate count of the GPC column set was performed with EICOSANE
(prepared at 0.04 g in 50 milliliters of TCB, and dissolved for 20 minutes with gentle
agitation.) The plate count and symmetry were measured on a 200 microliter injection
according to the following equations:

PlateCount = 5.54 * (RV at Peak Maximum / (Peak width at %2 height)) * 2 (2A),
where RV is the retention volume in milliliters, and the peak width is in milliliters.

Symmetry = (Rear peak width at one tenth height - RV at Peak maximum) / (RV at
Peak Maximum - Front peak width at one tenth height) (3A),
where RV is the retention volume in milliliters, and the peak width is in milliliters.

The Systematic Approach for the determination of multi-detector offsets was done in
a manner consistent with that published by Balke, Mourey, et. Al (Mourey and Balke,
Chromatography Polym. Chpt 12, (1992)) (Balke, Thitiratsakul, Lew, Cheung, Mourey,
Chromatography Polym. Chpt 13, (1992)). Optimizing dual detector log molecular weight
results from a broad polyethylene of 115,000 to the narrow standard column calibration
results from the narrow standards calibration curve using in-house software. The molecular
weight data for off-set determination was obtained in a manner consistent with that
published by Zimm (Zimm, B.H., J].Chem. Phys., 16, 1099 (1948)) and Kratochvil
(Kratochvil, P., Classical Light Scattering from Polymer Solutions, Elsevier, Oxford, NY
(1987)). The overall injected concentration, used for the determination of the molecular
weight, was obtained from the sample refractive index increment area, and the RI detector
calibration from a linear polyethylene homopolymer of 115,000 Dalton molecular weight.
The refractive index increment (dn/dc) for polyethylene is -0.104 ml./g and dn/dc for
EODM is -0.094 ml./g. The chromatographic concentrations were assumed low enough to
eliminate addressing 2nd Virial coefficient effects (concentration effects on molecular
weight).

The calculations of Mn, Mw, and Mz based on GPC (conventional GPC for Mn,

Mw and Mz) results using the RI detector were determined from the following equations:
RI. -
o 2RI, @A), 2RI Meat,) (54).

i Mw=

RI, l-
z( Mcalibmtimi j Z Rlz
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i(RL- * Mcalzij

e (6A).

i

> (RI, # Mcal,)

Another form of molecular weight average is the viscosity average which can be

calculated using Equation 7A:

. Ve
i

a+1
Z[Rll *Mcali j (7A),

i

>.(RI)

Mz =

5 where o is a material dependent parameter which relates the intrinsic viscosity ([n]) to the
molecular weight of the polymer.
In addition to the above calculations, a set of alternative values [Mw(abs), Mz(abs),
Mz (BB) and Mz,; (BB)] values were also calculated with the method proposed by Yau and
Gillespie, Polymer, 42, 8947-8958 (2001), and determined from the following equations:

2.(LS,)
10 Mw(abs) =K, *——— (8A), where, Ki s = LS-MW calibration constant,

> (IR)

Zl:Rll. #(LS,/RI)
Mz (abs) =— OA),
DRI, *(LS,/RI)

zi: (LS, * Mcalibration,) (10A) Z (LSl * Mcalibrationlz)
Mz (BB) = : * M, (BB)=—

Z (LS,) z (LS, * Mcalibration, )

(11A),

where LS; is the 15 degree LS signal, and the Mcalibration uses equation 1A, and the .S
detector alignment is as described previously.

15 In order to monitor the deviations over time, which may contain an elution
component (caused by chromatographic changes) and a flow rate component (caused by
pump changes), a late eluting narrow peak is generally used as a “flow rate marker peak.”

A flow rate marker was therefore established based on the air peak in TCB or a drop of

20
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2011/ 008837PCT/ US2010/ 041943 Several polynmer fornulations, as shown in
Tables 5 and 6, were prepared for nechanical testing. The nechani cal
properties of these fornmulations are shomn in Table 7. Table 5:
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( Conpar at i eganellawmagkepdicedyadar %.eb@yg %p@p@e icoiidhr ey vy HE#‘DMVSSl (phr)
100 used to linearly correct the flow rate for all samples by alignment of the air peaks or decane

peaks. Any changes in the time of the marker peak are then assumed to be related to a
linear shift in both flow rate and chromatographic slope.

5 The plate count for the chromatographic system (based on EICOSANE as discussed
previously) should be greater than 22,000, and symmetry should be between 1.00 and 1.12.

Method for Determination of Non-Conjugated Polyenes in an Ethylene/a-Olefin/Polyene
Interpolymer by NMR
10 The ethylene and non-conjugated polyene contents of an interpolymer comprising

ethylene, an a-olefin and a non-conjugated polyene can be determined by 13C or 1H
Nuclear Magnetic Resonance (NMR) spectroscopy. For example, the 1H NMR spectra can
be obtained via a Varian X1.-400 NMR spectrometer, operating in Fourier Transform mode,
with the following instrument conditions: pulse angle, 40°; acquisition time, 0.7 sec; pulse
15 delay, 5.0 sec; spectral width, 12,000 Hz, and number of transient accumulated, 200.
Samples are dissolved in deuterated chloroform, at room temperature, at a
concentration of 1-2 weight percent, based on the total weight of the solution. For the
determination of the ethylene content, the integrals of the methyl region (chemical shift
delta versus tetramethysilane = 0.88 ppm to 0.94 ppm) and the methylene region and
20  methine region (delta = 1.10 ppm to 1.54 ppm) can be employed. Similarly, if the a-olefin
is propylene, the propylene content can also be determined from the resolved methyl
spectral peak.
The non-conjugated polyene content can be determined from the integral of the peak
for the olefinic protons occurring at around 5 ppm, and the methylene, methyl and methine
25  regions are corrected for the presence of the non-conjugated polyene units incorporated in
the polymer. For example, when the diene is ENB, the diene content is determined from the
integral of the peak for olefinic protons occurring at about 5.28 and 5.02 ppm (for cis- and
trans-methine protons of =CH-CH3, respectively), and the methylene, methyl and methine
regions are corrected for the presence of incorporated ENB. If the non-conjugated polyene
30 is another kind, characteristic NMR spectral shift(s) can be resolved, and the integral of the
chemical shift regions can be obtained. In addition, unincorporated non-conjugated
polyene, if present, can be distinguished by the presence of vinyl protons. In this way, the
proton analysis is capable of yielding unambiguous values for the contents of ethylene, -

olefin, such as propylene, and diene incorporated in the polymer.
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Similarly, the content of the non-conjugated polyene an interpolymer comprising
ethylene, an a-olefin and a non-conjugated polyene can also be determined using 13C NMR
and other spectroscopic methods.

Additional spectroscopic methods are described in the following references, each
fully incorporated herein by reference.

1. Yasuyuki Tanaka, Hisaya Sato, Yukio Ozeki, Masaru Ikeyama and Takefumi Sato,
“Determination of unsaturation in ethylene-propylene terpolymers and butyl rubber by time-
averaged 1H n.m.r. measurements”, Polymer, 16(10)(1975), 709-713.

2. United States Patent 5229478, “Process for production of high molecular weight EPDM
clastomers using a metallocene-alumoxane catalyst system”, 07/20/1993

(hitp:/fwww. freepatentsontine.com/3229478 humlb).

3. W. Heinena,, L..N. Ballijnsa, W.J.A. Wittenburga, R. Wintersa, J. L.ugtenburga, M. van Duinb ,
“Synthesis and characterization of carbon-13 labelled 2-ethylidene-5-norbornene containing EPDM
rubber. Observation of crosslinking and oxidation”, Polymer 40 (1999) 4353-4363.

4. Harry J.A. Philipsen,” Determination of chemical composition distributions in synthetic
polymers”, Journal of Chromatography A, 1037 (2004) 329-350.

5. S. DiMartino and M. Kelchtermans, Determination of the composition of ethylene-propylene-
rubbers using 13C-NMR spectroscopy, J. Appl. Poly. Sci. 56(13) (2003) 1781-1787.

6. Hayashi, T., Inoue, Y., Chujo, R., “Ethylene-Propylene Copolymerization Mechanism Based on
the Sequence Distributions Determined by 13C NMR Spectra”, Macromolecules 21 (1988) 3139-
3146.

Method for Determination of Weight Percentage of ENB in an Ethylene/Propylene/ENB
(EPDM) Terpolymer using FTIR

The weight percentage of 5-ethylidenenorbornene (ENB) can be determined using a
Fourier Transform Infrared Spectroscopic (IFTIR) method (for example, ASTM D65047-
99). According to this ASTM D65047-99 method, the ENB content is determined from its
infrared absorbance at 1681-1690 cm'l, a measure of the ENB’s exocyclic double bond. For
EPDM catalyzed with a single site catalyst, the infrared absorbance band at about 1688 cm™
can be used. The absorbance of the EPDM interpolymer at 1688 cm™ is related to ENB
mass fraction, and the mass fraction is determined by calibrating the instrument with known
EPDM standards. The presence of oil and other components are first removed, such as by
extraction, before the FTIR analysis. For oil-extended polymers, the oil can be removed
using ASTM Method D 1416, section 67 through 74, and ASTM Method D 297.

The FTIR spectra are collected with 32 scans, at a resolution of 2 cm™. The spectra
for the dry empty specimen compartment (Po) were first collected. The test sample is
placed in the specimen compartment, and the dry atmosphere is re-established inside the
specimen compartment. The single beam spectra (P) are collected, and the specimen
absorbance (A) is calculated according to the following equation: A = -log 10(P/Po).

The calibration may be made using known standards covering the desired weight
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0.5 0.5 0.5 0.5 BUTYL ZIMATE (phr) 2 2 2 2 MBT (2-nerpto- benzothiazol e)
(phr) 11211 5* Wight (phr) relative to 100 parts rubber (EPDM . Table
6: For mulwsDi20n®08837 Per oxi de Cure Sanpl es* Exanpl e 2 (| megnsemep4®ianpl e D
(Conparative) Exanple E (Conparative) Exanple F (Conparative) EPDM 51 100
EPDM K 100 EPDM L 100 EPDM P

percent diene range, typically from O to 10 weight percent. The calibration may be based on
primary standards for which the weight percent of ENB may be established via the use of
primary methods, such as Nuclear Magnetic Resonance (NMR) methods.
The FTIR test specimen are prepared by pressing 0.20 +/- 0.05 grams of the polymer
5  sample, placed between two Mylar sheets, using a platen press, heated at 125°C +/- 5°C, and
a 4 MPa pressure, for 60 +/- 10 seconds. The pressed sheet is cooled to ambient
temperature. A piece of the pressed film is cut into “15 mm by 50 mm” sized sample, and
placed into the FTIR spectrophotometer sample holder window for spectral acquisition.
Additional spectroscopic methods are described in the following references, each
10  fully incorporated herein by reference.

1. ASTM D 6047-99, “Standard Test Methods for Rubber, Raw — Determination of 5-
Ethylidenenorbornene (ENB) or Dicyclopentadiene (DCPD) in Ethylene-Propylene-Diene (EPDM)
Terpolymers”, Annual Book of ASTM Standards, 1999 Issue.
2. J. M. Winter, M.S. Edmondson, D. R. Parikh, D. J. Mangold, and M.J. Castille, Jr. “Thermal and
15  Spectroscopic (Vibrational and Nuclear Magnetic Resonance) Characterization of Ethylene-
Propylene-Diene (EPDM) Elastomers”, Presented at 152nd Fall Technical Meeting, Rubber
Division, American Chemical Society, Cleveland, Ohio, October 21-24, 1997. Paper No. 40.
3. S. DiMartino and M. Kelchtermans, Determination of the composition of ethylene-propylene-
rubbers using 13C-NMR spectroscopy, J. Appl. Poly. Sci. 2003, 56 (13), 1781-1787.
20 4. Hayashi, T., Inoue, Y., Chujo, R., “Ethylene-Propylene Copolymerization Mechanism Based on
the Sequence Distributions Determined by 13C NMR Spectra”, Macromolecules 1988, 21, 3139-
3146.

5. Ray, G. J., Johnson, P. E., Knox, J. R., “Carbon-13 Nuclear Magnetic Resonance Determination
of Monomer Composition and Sequence Distributions in Ethylene-Propylene Copolymers Prepared

25  with a Stereoregular Catalyst System’, Macromolecules 1977, 10, 773-778.

Formulations
All EPDM formulations were prepared in a HARBURG-FREUDENBERGER GK
1.5E intermeshing internal mixer with 1.5 liter volume. The temperature of the water in the

30  heating jacket of the mixing chamber was 50°C. All components including crosslinking
agent were added at once, and mixed at 50 rpm, until the formulation reached 95°C. The
ram was lifted, swept and re-lowered, and the compound mixed for a further 60 seconds.
After this time, the door below the mixer was opened, and the uncured compound allowed
to fall into a receptacle.

35 Sheets of uncured compound approximately Smm thick were obtained by passing
the compound, obtained on the internal mixer, between the rolls of a 15cm two-roll mill,
manufactured by J.R Dare (model 300x150mm Lab Mill). The temperature of the water in
the rolls was maintained at 50°C, and the roll speed was 20rpm.

Sheets of vulcanized rubber were obtained by compression molding the uncured

40  sheet from the above roll mill. Test samples about “15 cm x 15 cm x 2 mm” were
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100 Paraffin G1 (g) 70 70 70 70 CB N650 (g) 115 115 115 115 Stearic acid
(g) 1111 DCP-40%* (phr) 8 8 8 8 TMX** (ppr) 1 1 1 1 HVA #2**** (phr) 1
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is dicuny peroxide at 40% active ingredient dispersed on inert mneral
filler. 10***TMQ is 1, 2-di hydro-2,2,4-trinethylquinoline. ****HVA #2 is

N, N phenyl ene bismal eimde. 15 20 WD 2011/008837PCT/ US2010/ 041943 Tabl e

7: Test Properties . . . .
vulcanized by compression molding a section of the above sheet, following ASTM D3182

(2001), into “2 mm thick” plaques, by vulcanizing for a time of t95 plus three minutes, at
the desired curing temperature (sulfur formulations were cured at 160°C; peroxide
formulations were cured at 175°C), using a press manufactured by Biirkle of Freudenstadt,

5  Germany model LA100 at a pressure of 200N/cm?. Pips (6 mm thickness) for the
compression set test were vulcanized for a time of t95 plus 15 minutes. The measure “t95”
is the time in minutes to required reach 95 percent of the maximum torque in the MDR test
as described in ISO 6502, at the temperature of cure. Cured specimens were conditioned in
air at 23°C and 50 percent relative humidity for at least 24 hours before testing.

10 Samples from the cure sheet were cut to the dimensions specified in the corresponding [SO
or ASTM norm, using cutters supplied by the NAELF company of Ziirich Switzerland.

Compression set was measured on the vulcanized sample according to ISO 815:
1991 Method B, at 25 percent deflection for 22 hours, using specimens of “13 mm
diameter,” and either comprised of 3 plies of “2 mm thickness” or a single molded pip of “6

15 mm thickness,” as noted in the tables below. The actual height of the pip was measured,
and the thickness of the spacers between the plates was chosen to ensure that the deflection
is 25+/-1 percent. After the test, the test plates are placed on a wooden surface and opened
immediately. The thickness of the specimens is measured after 30 minutes after
equilibrating at ambient conditions (typically, 23°C and 50 percent relative humidity).

20 Mooney viscosity (MLL1+4 at 125°C) of the EPDM formulations was measured in
accordance with ASTM 1646-04, with a one minute preheat time and a four minute rotor
operation time. The instrument was an Alpha Technologies Rheometer MV2000FE.

The Mooney scorch (125°C) was measured on the uncured elastomers using an
Alpha Technologies MV 2000E. The tests were run at 125°C using the “small” rotor, as

25  described in ASTM D1646-04. The t5 and 30 data (time taken for the reading to increase
by 5 and 30 Mooney units respectively) were tabulated.

The MDR data, used describe the curing properties of the compound, including the
t95 percent cure time used to determine the time required for compression molding, were
obtained according to ISO6502:1991 using an Alpha Technologies MDR 2000 rheometer,

30  at the desired vulcanization temperature (sulfur formulations were cured at 160°C; peroxide
formulations were cured at 175°C). The “t95” is the time, in minutes, required to reach 95
percent of the maximum torque, as described in Rubber Technology Compounding and

Testing for Performance, J.S. Dick, Hanser Munich 2001, pp. 38-39.
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Tensile Strength and Percent Flongation were each measured according to [SO
37:2005, using cured samples cut to the T2 shape, and a strain rate of 500 mm/min using a
tensile tester manufactured by Zwick-Roell of Ulm, Germany (model Z010).
Compound hardness was measured to Shore A according to ISO 868:2003 at 23°C,
5  using a machine manufactured by Zwick Roell (model 7206.07/00). The stylus contacted

the cured specimen for three seconds before the reading was taken.

Low shear Viscosity (n at 0.1 rad/sec, 190°C)
A 25 mm parallel plate was used for this melt theology measurement. The sample
10 was prepared by compression molding 2.0 to 2.2 grams of polymer in a circular mold of
“2.1 mm in thickness” and “25 mm in diameter.” The sample was molded at 190°C and
20,000 psi for four minutes, and then cooled with chilled water (5-10°C) in a platen press
for two minutes.
Melt rheological testing was performed on a TA Instruments Advanced Rheometric
15  Expansion System (ARES), equipped with 25 mm parallel plates under a nitrogen purge.
The sample was placed in the sample chamber, and heated at 190°C for five minutes. The
sample was pressed to 2.1 mm, and the edge was trimmed. The sample was heated for
another five minutes, and then pressed to 2.0 mm, and the edge was trimmed again. The
rheological test was conducted at 190°C over a frequency range from 0.1 to 100 rad/sec. A
20  strain of 10 percent was set for all samples.
The following examples illustrate, but do not, either explicitly or by implication,

limit the present invention.

EXPERIMENTAL
25  Polymerization
In general terms, it is desirable to produce the inventive polymer under the
conditions as explained in U.S. Pat. No. 5,977,251 and 6,545,088, and the references
therein. The polymer product of EPDM 51 was produced in a solution polymerization
process using two continuously mixed, loop reactors, operated in series. The catalyst (for
30  example, a fused ring substituted indenyl titanium complex (CGC)) was activated in situ,
with a trispentafluorophenyl borane or tetrakispentafluorophenyl borate activator, and
modified methyl aluminoxane scavenger. The polymer product was stabilized with 2000
ppm IRGANOX 1076, which is a hindered phenol stabilizer, that is, octadecyl-3,5-
ditertiarybutyl-4-hydroxyhydrocinnamate. IRGANOX is a trademark of, and made by,

25



71 60 79 85 76 67 83 Mooney Scorch, 125 C, mnutes to 5pt rise 10.8 11.4
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Tensile Strength, MPa 15.94 17.15

Ciba-Geigy Corporation.
Ethylene was introduced in a mixture of a solvent of [ISOPAR E (a mixture of C8 —
C10 saturated hydrocarbons available from ExxonMobil), propylene and 5-ethylidene-2-
norbornene (ENB), forming a first reactor feed stream. The outlet of the first reactor feed
5  stream was consequently a mixture of produced first reactor polymer, solvent, and reduced
levels of the initial monomer streams. The molecular weight of the first reactor polymer
(and second reactor polymer) may be controlled by adjusting reactor temperature and/or the
addition of a chain terminating agent such as hydrogen. Similar to the first reactor feed
stream, additional reactive components were added prior to the second reactor. The
10  polymerization reactions were performed under steady state conditions, that is, constant
reactant concentration and continual input of solvent, monomers, and catalyst, and
withdrawal of unreacted monomers, solvent and polymer. The reactor system was cooled
and pressured to prevent two phase flow at any point in the process.
After polymerization, a small amount of water was introduced into the reactor
15 stream as a catalyst kill, and the reactor exit stream was introduced into a flash vessel, in
which the solids concentration was increased by at least 100 percent. A portion of the
unreacted monomers, that is, ENB, ethylene, and propylene, and the unused diluent were
then collected, and reintroduced into the process as appropriate. Table 1 describes the

overall product characterization.

20
Table 1
First Reactor - Product Targets Values
Ethylene, wt% 64
ENB, wt% (FTIR) 4
First Reactor — Results
Mooney (ML 1+4, 125°C) 90
Final — Product Targets
Ethylene, wt% 71
ENB, wt% (FTIR) 5
Final Product Properties
Mooney (ML 1+4, 125°C) 80-85

In one embodiment, monomers, solvent, catalyst, cocatalyst, as well as a small
amount of MMAO as a scavenger, were flowed to the first reactor (R1), according to the
25  process conditions in Table 2. The first reactor contents (see Table 2) were flowed to a
second reactor (R2) in series. Additional solvent, monomers, catalyst and cocatalyst were

added to the second reactor, as well as a small amount of MMAO as a scavenger. The
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weight percent solids of polymer entering the second reactor was 9.0 percent, by weight, of

dry polymer relative to solvent, monomers, and catalyst flows.

Table 2
R1 R2
Reactor Control Temp. (°C) 88 105
Solvent (ISOPAR E) Feed (wt %) 849 78+
Ethylene Feed (wt %) 7.6 7.5+
Propylene Feed (wt %) 6.5 4.2+
ENB Feed (wt %) 0.82 1.07+
Hydrogen Feed (wt %) 0.000014 0.000019+
Catalyst Conc. (MM Ib poly/ Ib Ti)* 0.84 1.67
Cocatalyst Conc. (molar ratio to catalyst) 4.0 4.0
MMAO** Conc. (molar ratio to catalyst) 5 5
Wt fraction produced in reactor# 45 55

*Catalyst addition is defined as one million pounds of polymer produced per pound of Ti in the catalyst.
Catalyst = (t-butlyamido) dimethyl (n5—2—methy1—s—indacen—1—yl) silanetitanium 1,3-pentadiene (other
suitable catalysts described in US Patent 5965756). Cocatalyst is trispentafluorophenyl borane.

** MMAO-3A available from Akzo Nobel.

+ Inclusive of the solvent and unreacted components from the first reactor flowing into the second reactor.
# Fraction of the total polymer weight produced in the first and second reactor on a dry polymer basis.

Additional properties of the inventive polymer and some comparative polymers are

shown in Table 3 below, and their molecular weight properties are shown in Table 4 below.

Additional viscosity/molecular weight relationships for these polymers are shown in Figures

1-3. Figure 4 provides a low shear rate viscosity versus Mooney viscosity profile for these

polymers. As shown in Figures 1-3, the inventive EPDM has a much higher Mooney

viscosity at molecular weights (Mw (conv), Mw(abs)) similar to comparative EPDMs. As

shown in Figure 4, the inventive EPDM has a much lower shear viscosity at a higher

Mooney viscosity relative to the comparative EPDMs.
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Table 3: EPDM Polymers

EPDM Mooney Viscosity of Neat | [ML(1+4, 125°C)/ ENB
Polymer* ML(1+4, 125°C) | Mw(conv)[*1000 | wt%—(FTIR)
EPDM 51 (Inv.) 80-85 >0.429 5
Comparatives**
KELTAN 4703 65.5 0.37 9
KELTAN 4903 (60 at (1+8) at 150C) 0.40 9
VISTALON 5601 61.2 0.36 5
VISTALON 7001 60 0.35 5
EPDM A 273 0.23 0.9
EPDM B 38.6 0.27
EPDM C 70.4 0.38
EPDM D 19.1 0.17
EPDM E 16.9 0.18
EPDM F 459 0.32
EPDM G 21.0 0.13 2
EPDM H 67.7 0.37
EPDM I 39.0 0.29 4
EPDM J 25.5 0.21
EPDM K 60.6 0.41
EPDM L 703 0.39
EPDM N 63.3 0.35
EPDM O 19.8 0.23
EPDM P 98.9 NA 3
EPDM Q 64.2 0.37 2

*Neat polymer (no oil, no carbon black)  **EPDM A-O are dual polymerization products.
NA = Not applicable because of carbon black presence.

5  Table 4: Analytical Properties of Polymers

EPDM Mn* Mw* Mz* Mw*/Mn* | Mn** | Mw** Mz** Mw**/Mn**
EPDM 51 68779 174790 374850 2.55 75759 | 186791 489575 2.47
KELTAN 4703 65830 174840 376900 2.66 75636 | 204860 | 474700 2.71
KELTAN 4903 69,630 | 249,720 868,400 3.59 89,641 | 393,730 | 1,134,000 4.39
VISTALON 5601 [ 48910 169580 466600 3.47 57380 | 208480 | 572400 3.63
VISTALON 7001 | 44660 172540 569400 3.86 54828 | 213050 | 583100 3.89
EPDM A 53690 119420 221300 2.22 72079 | 158700 | 285200 2.20
EPDM B 45620 145620 356300 3.19 51803 | 165370 | 386900 3.19
EPDM C 70080 183130 383900 2.61 91157 | 234420 | 474200 2.02
EPDM D 28350 114810 358700 4.05 29178 | 118250 | 332800 4.05
EPDM E 24200 96310 260800 3.98 25296 | 119900 | 338300 4.74
EPDM F 56440 142710 273500 2.53 54885 | 147340 | 272100 2.68
EPDM G 59000 167770 369100 2.84 75813 | 214430 | 457000 2.83
EPDM H 71400 181940 371800 2.55 93089 | 241650 | 509700 2.60
EPDM I 36900 136090 334600 3.69 41977 | 161840 | 397400 3.86
EPDM J 33350 121640 332800 3.65 39925 | 139430 | 371700 3.49
EPDM K 68540 148380 277100 2.16 65471 | 141430 | 267300 2.16
EPDM L 59360 180590 424000 3.04 68248 | 212610 | 499000 3.12
EPDM M 54090 180240 434100 3.33 62939 | 201690 | 468400 3.20
EPDM N 36320 85090 163300 2.34 38091 | 89920 169,000 2.36
EPDM O 65010 171580 366800 2.64 80761 | 216010 | 454600 2.64

* Conventional GPC ** Absolute GPC (Light Scattering)
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(Inventive) (Comparative) (Comparative) (Comparative)
EPDM 51 (phr) 100
EPDM K (phr) 100
EPDM L (phr) 100
EPDM P (phr) 100
Paraftin Oil (phr) 50 50 50 50
N550 CB (phr) 80 80 80 80
Sulfur (phr) 1.5 1.5 1.5 1.5
7ZnQ (phr) 5 5 5
StH (stearic acid) (phr) 1 1 1 1
TMTD (tetramethyl 0.5 0.5 0.5 0.5
thiuram disulfide) (phr)
BUTYL ZIMATE (phr)
MBT (2-merpto- 1 1 1 1
benzothiazole) (phr)
5 * Weight (phr) relative to 100 parts rubber (EPDM).

Table 6: Formulations for Peroxide Cure

Samples* Example 2 Example D Example E Example F
(Inventive) | (Comparative) | (Comparative) | (Comparative)
EPDM 51 100
EPDM K 100
EPDM L 100
EPDM P 100
Paraffin Oil (g) 70 70 70 70
CB N650 (g) 115 115 115 115
Stearic acid (g) 1 1 1 1
DCP-40%** (phr) 8 8 8 8
TMQ*** (ppr) 1 1 1 1
HVA #2%%%* (phr) 1 1 1 1

* Weight (phr) relative to 100 parts rubber (EPDM).

**DCP-40% is dicumy peroxide at 40% active ingredient dispersed on inert mineral filler.
10 ##%TMQ is 1,2-dihydro-2,2,4-trimethylquinoline.

***¥*HVA #2 is N,N’ phenylene bismaleimide.
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80 130 60 80 130 Paraffinic Gl 110 120 170 110 120 170 Stearic acid 1 1 1
111Zncoxide 555555 300 nesh sulphur 0.3 0.3 0.3 0.30.30.3

Tet r amet hyDt2hitvoesssm di sul phide 1.6 1.6 1.6 1.6 1.6 1.6 PBCcmaSdetoo4ivys yl

di t hi ocarbamate 1.9 1.9

Table 7: Test Properties

Sulphur Cure Peroxide Cure
EPDM | EPDM | EPDM | EPDM | EPDM | EPDM | EPDM
EPDM P L K 51 p L K 51

Ex. C Ex.B | Ex.A | Ex. 1 Ex.F | Ex.E | Ex.D | Ex.2

Mooney Viscosity, ML1+4,

100°C 80 71 60 79 85 76 67 83
Mooney Scorch, 125° C, minutes

to Spt rise 10.8 11.4 9.6 12.6 13.6 12.6 12.4

MDR 95 16.2 193 18.2 20.7 3.7 3.7 4.0 3.6

Physical Properties at 23°C Press cured: tc95+3mins Press cured: t¢95+3mins

Tensile Strength, MPa 15.94 1715 | 13.13 | 1495 | 12.89 | 14.44 | 12.39 | 13.87
Elongation , % 418 432 362 378 364 285 274 293

Hardness, Shore A 65 75 72 71 66 77 74 73

Compression Set, Method B
(6mm pips) cured MDR t95 + 15

min.)
22hr/-25 °C 30 min 12 17 15 13 14 18 13 10
22hr/70 °C 16 15 16 16 12 8 10 9
22hr/100 °C 26 25 29 25 32 34 34 33
70hr/ 125 °C 57 54 58 53 12 8 9 9
70hr/150 °C 63 62 65 60 24 19 19 22

As shown in Table 7, the unique balance of molecular architecture of the inventive

EPDM enables the production of a dense weather strip compound which will meet a

5  minimum of “8 MPa tensile strength,” a maximum of 35 percent compression set up to
100°C, a compound Mooney viscosity, and other good properties. Compared to the
comparative polymers, the inventive polymer is seen to have fast cure and good
mechanical properties. Further the inventive polymer has a pellet form, which enables
both rapid mixing at the compounder and high productivity. The inventive EPDM also

10  provides a fast cure, and high scorch resistance.

Additional formulations and their associated properties are shown in Table 8.
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1.9 1.9 1.9 1.9 Tetranet hyl t hi uram nonosul phide 0.6 0.6 0.6 0.6 0.6 0.6
4,4" -dithionmorpholine 2 2 2 2 2 2 Total loading of oil, filler, polyner
and cur atwoes1 4883300 650 450 500 650 Mooney Vi scosity, PRIAB4010000@ 62 60
50 65 61 51 Mooney Scorch, 125 C, mnutes to 5pt rise 14 14.6 16.1 12 12.8
14.7 MDR t95 2.8 3.1 3.0

Table 8: Additional Formulations and Properties

1 2 3 14 5 6

EPDM P 128 128 128
EPDM 51 100 100 | 100
Carbon Black type ASTM N550 142 152 | 212 170 180 | 240
Calcium carbonate 60 80 130 60 80 | 130
Paratfinic Qil 110 120 170 110 120 | 170
Stearic acid 1 1 1 1 1 1
Zinc oxide 5 5 5 5 5 5
300 mesh sulphur 0.3 0.3 0.3 0.3 03] 0.3
Tetramethylthiiuram disulphide 1.6 1.6 1.6 1.6 1.6 1.6
Zinc di-n-butyl dithiocarbamate 1.9 1.9 19 1.9 191 19
Tetramethylthiuram monosulphide 0.6 0.6 0.6 0.6 0.6 0.6
4 4’ -dithiomorpholine 2 2 2 2 2 2
Total loading of oil, filler, polymer and curatives 450 500 650 | 450 500 650
Mooney Viscosity, ML1+4, 100°C 62 60 50 65 61 51
Mooney Scorch, 125° C, minutes to Spt rise 14 14.6 16.1 12 12.8 14.7
MDR 95 2.8 3.1 3.0 2.8 2.9 2.8

Press cured: Press cured:
Physical Properties at 23°C tc95+3mins tc95+3mins
Tensile Strength, MPa 8.1 7.2 54 7.6 7.2 54
Elongation , % 634 567 518 623 610 529
Hardness, Shore A 64 65 74 72 71 70
Compression Set, Method B (6mm pips) cured
MDR 95 + 15 min.)
22hr/-10 °C 30 min 7 7 10 6 6 11
22hr/70 °C 12 10 10 20 16 22
22hr/100 °C 12 12 22 16 16 16
compounds cured at 180°C

As shown in Table 8, the tensile properties (tensile strength and elongation to
5  break) and compression set properties worsen, as the amount of oil and filler increase.
Concurrently, the curing performance, as measured by t95, becomes slower. However, the
EPDM 51 retains properties slightly better, at high oil and filler extension levels, than
EPDM P. Tensile strength decreases by 2.2MPa (see Examples 4 and 6) for EPDM 51,
but by 2.7MPa for EPDM P (see Examples 1 and 3). Percent elongation decreases by 116
10 percent (units) for EPDM P, and by 94 percent (units) for EPDM 51.
The inventive composition can be used in weather-strip applications, and in other
extrusion applications, such as injection molded parts (for example, automotive parts).
The inventive polymer would be expected to be useful in other extruded applications, such
as hoses, wire & cable jacketing, and sports flooring. The unique balance of a crystalline

15  and soft phase will make this polymer useful as the soft phase in a TPV composition.
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2.8 2.9 2.8 Physical Properties at 23C Press cured: tc95+3m ns Press cured:
tc95+3mns Tensile Strength, MPa 8.1 7.2 5.4 7.6 7.2 5.4 Elongation , % 634
567 518 6&6 26108839 Har dness, Shore A 64 65 74 72 71 70PCorgse@ssima3 Set

Met hod B (6nm pips) cured MDR t95 + 15 min ) 22hr/-10 C 30 mn 7 7 10
6 6 11
CLAIMS:
1. A composition comprising a first composition, which comprises the following:
A) a first interpolymer comprising, in polymerized form, ethylene, an a-olefin

5 and a nonconjugated polyene;
B) a second interpolymer comprising, in polymerized form, ethylene, an a-
olefin and a nonconjugated polyene; and

wherein the first composition has an [(ML(1+4, 125°C))/Mw(conv)]*1000 greater

than 0.429 mole/g.
10
2. A composition comprising a first composition, which comprises the following:
A) a first interpolymer comprising, in polymerized form, ethylene, an a-olefin

and a nonconjugated polyene;
B) a second interpolymer comprising, in polymerized form, ethylene, an a-
15  olefin and a nonconjugated polyene; and
wherein the first composition has a Mooney Viscosity (ML, 1+4, 125°C) greater

than, or equal to, 70, and has a low shear viscosity (1 at 0.1 rad/sec) less than, or equal to,

100,000 Pa-sec.
20 3. A composition comprising a first composition, which comprises the following:
A) a first interpolymer comprising, in polymerized form, ethylene, an a-olefin

and a nonconjugated polyene;
B) a second interpolymer comprising, in polymerized form, ethylene, an a-
olefin and a nonconjugated polyene; and
25 wherein the first composition has a Mooney Viscosity (ML(1+4, 125°C)) greater
than, or equal to, 70, and has an [Mw(abs)]/[Mw(conv)] less than 1.2,

4. The composition of any of the previous claims, wherein the first composition has a
molecular weight distribution (MWD) less than 3.0.

30
5. The composition of any of the preceding claims, wherein the first composition has

an [(ML(1+4, 125°C))/Mz(BB)]*1000 greater than 0.23.

6. The composition of any of the previous claims, wherein the ratio of the weight
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22hr/70 C 12 10 10 20 16 22 22hr/ 100 C 12 12 22 16 16 16 conpounds cured at
180C As shown in Table 8, the tensile properties (tensile strength
and el ongaDi20n/M08833br eak) and conpressi on set properti ePCRAISI@N/ 041983 t he
anount of oil and filler increase. Concurrently, the curing performance, as
measured by t95, becones slower. However, the EPDM 51 retains properties
slightly better, at high oil and filler extension |evels, than EPDM P.
Tensil e st LRGN AR IR0H BYthLfidMRR richafer BX MO BB AetRE nflechlf wh 51,
but by 2. 7MPa Tor EPDM Pfg?see Exanpl gﬁ: 1 and 3).%%ercgdr%t el ongat i ?EM

decr eases bytht & ondingapdener, Manbd Si)so f B RPNV, isamehtdyyha@d.Q3er cent (units)
for EPDM 51. The i nventive conposition can be used in weather-strip
applications, and in other extrusion applications, such as injection nolded
parts (for 7exanpheconiiobi@tmbf ang op ik tpEdvioud bRinhNwRAEInVE: A6d YNME pypeted be
expected to be useful in other extruded applications, such as hoses, wre &
cabl e j dck&PRERY 1N BRACOPOIEPHYBE P Hig PolRRe qpmicguia teirsliRlerrey ¥ er yst al | i ne
15and soft pphasa2wdllend@keistohiater pAhYEr useful as the soft phase in a TPV
conposition. CLAIMS: 1.A conposition conprising a first conposition, which
conprises the foll ow ng: A) a first interpolynmer conprising, in
pol yneri zeg forfhe &nlpoki&BLor &) ot lp&ividhs Blafiid wleRRNGOMN YRS EhsBRIY BNE;

B) a second interpolymer conprising, in polynerized form ethylene, an

a- ol ef i n aty nehisahewtnuglahescprs] pemelympadnd the first iggspaymen (Relygrier(3x—

conposihi 0 - + nv) 1*1000 greater than 0.429

nol e/ g.lblolﬂ%&%%c(gprﬁo i%tgrgﬁanc%%g]rg?g)sl{ﬂr\%&ggfi rst conposition, which conprises
the foll ow ng: A) a first interpolynmer conprising, in polynerized
form ethylene, Tﬁlé‘co?ﬁp%hﬁf)ﬁHfa%g%f%e'r%%?ogﬁs‘%ﬂ%t, & rEBltP{eethﬂ olyene ¢ Q%ti _second
i nterpolymer conprising, 1n polynerized torm et yl ene, BRYEC “9881'8t i n and
a nonconj udgat édn,pokyeh®, 8 svagght percent, whed en thetshe Wdighs vf o fipositdrpdpméras a
Mooney \ﬁsggﬂewm{me O?.Jﬁ% 125C) greater than, or equal to, 70, and has a

| ow shear VISCOSity j(ﬂ y afr' 0.1 rad/sec) less than, or equal to, 100, 000
Pasec. 1203. A conposition conprising a first conposition, which conprises
the foll OWlB.g' The composition of any of the previous claims, wherein the ratio of the ethylene
content in the second interpolymer to the ratio of ethylene content in the first interpolymer

(EE(2)/EE(1)) is greater than, or equal to, 1.05.
20 11. The composition of any of the previous claims, wherein the first interpolymer has a
Mooney viscosity (ML, 1+4, 125°C) greater than 40, and the second interpolymer has a

Mooney viscosity (ML, 1+4, 125°C) greater than 35.

12. The composition of any of the previous claims, wherein the first interpolymer and

25  the second interpolymer are prepared sequentially in at least two reactors.

13. The composition of any of the previous claims, wherein the first interpolymer is an

EPDM(1), and the second interpolymer is an EPDM(2).

30 14. The composition of any of the previous claims, wherein the composition is in free-

flowing pellet form.

15. An article comprising at least one component formed from the composition of any
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A) a first interpolynmer conprising, in polynerized form ethylene, an

a-ol efin and a nonconj ugat ed pol yene; B) a second i nterpolyner

conpri si My 20m1/qo883yneri zed form et hylene, an a-ol efi n aou/ts200n0ea3 ugat ed
pol yene; and 25wherein the first conmposition has a Mooney Viscosity
(M.(1+4, 125C)) greater than, or equal to, 70, and has an

| MM abs) 14MM conv) 1l I ess than 1.2. 4. The conposition of any of the previous
clai ms, wher gk prdvifs blafnit conposition has a nol ecul ar wei ght distribution
(MAD) less than 3.0. 30 5. The conposition of any of the preceding clains,
wherein the first conposition has an RM.(1+4, 125C))/ M (BB)1*1000 greater
than 0.23. 6. The conposition of any of the previous clains, wherein the
rati o of the wei ght average nol ecul ar wei ght of the first interpolyner to
t he wei ght average nol ecul ar wei ght of the second interpolyner, M-wconv,
first) / MM conv, second), is greater than 1.05. 7. The conposition of
any of the previous clains, wherein the ratio of the polyene 5content in
the second interpolynmer to the polyene content in the first interpolyner,
pol yene (2)/polyene (1), is greater than 1.0. 8. The conposition of any
of the previous clains, wherein the difference (absolute) in the pol yene
content of the second interpolyner and the first interpolyner (polyene (2)
- 10polyene (1)) is greater than 0.3 weight percent. 9. The conposition of
any of the previous clainms, wherein the total polyene content is |ess than,
or equal to, 8 weight percent, based on the sum weight of the first

i nterpol ynmer and second interpolyner. 15 10. The conposition of any of the
previ ous clains, wherein the ratio of the ethylene content in the second
interpolyner to the ratio of ethylene content in the first interpolyner
(EE(2)/EE(1)) is greater than, or equal to, 1.05. 2011. The conposition of
any of the previous clains, wherein the first interpolynmer has a Money
viscosity (M., 1+4, 125C) greater than 40, and the second interpol yner has
a Mooney viscosity (M., 1+4, 125C) greater than 35. 12. The conposition of
any of the previous clainms, wherein the first interpolyner and 25t he second
i nterpol ynmer are prepared sequentially in at least two reactors. 13. The
conposition of any of the previous clainms, wherein the first interpolyner
is an EPDM 1), and the second interpolyner is an EPDM 2). 3014. The
conposition of any of the previous clainms, wherein the conposition is in
free- flowing pellet form 15.An article conprising at | east one conponent
formed fromthe conposition of any 33 of the previous clains.
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