ETHYLENI C POLYMER AND | TS USE CROSS- REFERENCE TO RELATED APPLI CATI ONS
[0001] This application clains priority fromU. S. provisional patent

appl i cat iwo 2mwdoad9snunber 61/ 222,379, filed July 1, 200®PcTiuseoidiosawbosur e of
which is incorporated herein by reference for purposes of U S. practice. 5
BACKGROUND OF THE | NVENTI ON | ymer s have been
commercial for several yearsEﬂﬁﬁﬁlggééJ%gg%BﬁEﬁgﬂgbéﬁgqagg appl i cations,
such as packagi ng, personal hygi ene, autonotive, flooring, adhesives,

fi bers, nonwovens, filnms, sheets, and fabrics. The netal |l ocene-catal yzed
pol ymer s haVeRQ85 R FERIINGR {TAYBELAJUIThARELHAATEIWNIO nol ecul ar wei ght

di stributi : ft.h met II h
por ymers. t hat HIST1 ol T GrERT 5y NG aRega b pent o oer et

processabi | idpplicddonaveil ,nuﬁﬁ)tsati/ggpsr@ e Bty €CR0P0! theRIisSloah@ ofkihidh isubj ect
t o degradation under ultraviol et Ilght and have cross-1ink i ng

char act er i stinesperatgd hagieby Fréerengesfer pyrpeeastodLhS appsiticeat i ons nore

chal | engi ng. Further t hose netal |l ocene- 15catal yzed pol yners whi ch have
rel atively hi ﬁrgth@ﬁQH@hﬁNqﬂgﬁanchlng typically exhibit poor hot

t ack strengt or a narrow sealing w ndow, which renders them| ess

useful in cert E()002]| | Maafibdenaichanged pOIROB}Hvabedretanhhacahércatahblyzed

pol ymers i ncl ude both ﬁ¥£ t he ho geneous branched substantially |inear

et hyl ene pol¥ffir dargppgein Y ERIA APE DR IAUPY SHFNTS PACKIEBIRSPIEIHED geonet ry
catal ysts (* Pﬁ% Cal @l Sve) ﬂo§1'1'1§gh a@l?esg»'e§ HiREEHohWodRE, Ank/dheédCargnd USP
5,278, 272, W93/ 08221, as well as the honogeneous |inear ethylene

pol yners ( LEBOs. \mhueametatoeelm erpdymdl nedymeys bveesertat alvhotagese sychals nedowbi s- CP

cat al yst Var i .ous ades. of SLEPs, i variety o ensities and

ol ¢ 11 1 apeEe e e, Shtkior B B fest Rl list ealsiriare Company
as 25 ENGAGHdhBgeR@uY pbBidns &hﬂﬁv@m&{gsc}ﬁ{n lﬁEEdh T%ﬁ{fcﬁknlﬁ)irﬁésl @Bprs. Various
grades of LEPs are commercially available from ExxonMbil Chenical Conpany

as EXACT(t mprmesgkmdipwrvgonyt@lpsene[qa@@ﬂqeﬂp@lym@at@rerstlﬁtsu'me@fto
nmet al | ocene- zed t the hav ant | eve
(typi a1y iRl E B T it Py Bt MR et e Pl P hnafat o

unsat urati orth&eumnlcertadarappmsm@@grfﬁbfbaﬂmmﬁguegﬁdﬁlﬁrﬂ‘i@umlﬂcsse@;tetﬂnﬁelw- nmor e of
t he follomnng unsat ur at ed groups vi nyl i dene, vinyl ene, vinyl-3,

and tri -ISubsafalyzed @obineyy ol 1C[1@@t>ﬂste§t§bfﬁf9rléglt tferats ofi fygtchpattirgiedingand
particul arl y%;@zﬁl))’éxr}'ﬁﬂlt S’oogfh PRk st’%ngﬂf@ S\ERrio, &Qgﬂ%tvﬂtﬂfo% GRidhong-term

pol ymer degradation, as well as culties in ntrolTing e|ther or
bot h of desnemﬂx$ﬂmsﬂe%nmmmnguwhamamalqnmbmnﬁkrons or undesired

cross-linking (s as _the for t|on of in other end-use applications
(such as fil mst “?Booéfr:tmwsta ofge-cpial xr%ﬁaﬁt)yrrt%ﬂnslﬁéebs)tl (?)siﬁesi rable to

have a broa as
oot bl v ohBERRlus branch (2008 Réhuitl Pk TR Al yich. [ STIRY) ARtk 2

| NVENTI QR [ QO&pafddusang ¢anstraieedbgatinmtryt cagfly sth@ ClGEv €ntal yoth), sudeaedls@oq@ddwi ded
an et hyl eni 0 LSi.ng. ne ens of not nore
fhan 0 00n JEETEE RIBESE e 7, PSR BR Y R et Mot 00
car bons; anql@aﬁtﬂﬁQnegﬁilth&tsl(ﬂlngf) wiaéh %@%ﬁal’bﬂmsih@ othd? h@alBodeROGanbAl N
branches/lOOO car bons; vrnyl-3 content of less than 5 per 100, 000 carbons;

and a total htﬂw@Bﬁat@tysvlthargquéatﬁsﬂﬁmt}%LE%@r bavisg afvatiety of timsrtletshedwétntr ty
(0007w, s] R, Loty contents el bl cLGUR ARAstbegent s are

measur ed by per meat on SCD

20[ 0008]25he m@yttqu)owarnwamrﬁé@bahmvmwm SeSodersaMagiond gnatléyydf groups
to total ol efin groups accordlng}to the forrmula: V@ TOG > (conononer nol e
per cent age/ d-Bsars cammescidlygvaneie frgmExxpnipbilidemial Gyampgpyaps, and TOG =

t ot al Olef'ﬁaﬁ&@%ﬂsor%%k%&&%tnﬂgyﬁ&ﬂy'e“'C pol yner can al so preferably

conprise total unsaturation of om about 10 to about 125 per 100, 000
carbons total L(del ur aA icharacteriddicuyd manal&cbmmgatﬂhmdrpoﬂ)ymm ixethatltBOPho@rabons;

and a d 200 r at of no t .nore th 001Q0] The et hyl.en
pol yner can ® Ig%caeblﬁ‘r?t CoiGIiRgIEss %f[rre?%ﬁq uar?élgtatt?%tvrlghthatmum
wher ei n 3gphe fidkdiRiBh b¥inBYh FadSTRWB bt iBhs Mﬂsﬂﬁd{fn?stdf%e RIS off e

following unsaturated groups:



30at least 0.2:1, preferably at least 0.3:1, nore preferably at |east from
about 0.4:1 to about 0.8:1; and the ethylenic polyner can have less than 5
per 100, 080 20avdoea98 of vinyl-3 content. The ethyl eni c pecyraseoloamal so have

| ess than 5 per 100, 000 carbons of vinyI 3 content. [ 00011] Anot her
enbodi nent of the invention a; |t|on r15|ng (£ nape from at
| east one ethyl enic poY Peringil %ﬂ ¥ ‘Wﬁf@? 3@% FepppsHfutidyayls portion of

the ethylenic polymer has been cross-1linked, or functionalized. [00012]
Conposi tion conprising, or made from at Ieast_one et hyl eni ¢ pol yner
5di scl osed her HI005hnd Sch Iresadial nmsetugathoss, anatpartedulasky tb«ymtnlybﬁ igooypel arerer ,

preferably sel.ected fro sistin f at st, ope. .. .

Pher nopt ast (g sl LS i B PP B S i ionr YinefiT Brig Wficplisain one
st yreni ¢ 5bl aektr610Rg l}i@Tor batheofaleSite dC@BIsEIXi @t ﬁ@om@ta?pnca@leff@@ﬁmﬂdeg?@
conprising, or nmade from at |east one ethylenic polyner disclosed herein

and at | eastcr@%émé;me(lsuféwﬁb%@ﬁmag@ elcgcdd in pHST efeugrapppcationd ferk s ng of a
tackifier, g@i and an oil are al so contenpl at ed. [ 00013] Conpositions
conprising a persion or emul sion of particles in a fluid are also an
enbodi ment of [0086] nv dhirithen forvwhiar giphicithspidistdesirgiste aoigye ladeoadohediat made
from at |east one ethyl enic polyner discl|losed herein. £00014 Anot her
enmbodi rrent |t}?€f11§16é’§lné‘?1wét€ﬁ‘ﬂ3@ re T8E Y Hevel barhstatiyslndow RAt eelpinatiation pol yrer
density ffethan 0.9 g/cnB; total unsaturation of not nore than 125
per 100, 00 caP ons; a G200 gel rating of not nore than 15; vinyl-3
content of |ess than 5 per 100, 000 carbons; and a vinyls anpbunt and a total

unsaturatio i i vinyl s anount:total unsaturation
anount is bgy@gﬁﬁﬂ@mgfgﬁgﬁép6&@?@&9@%%@3615] Fabricated articles in which
at |east one | 7] Or TRAMkQMIRihOR of aRrihcaiied, @blii¢ bR vERIRMe8/FeniOF 1S

made from at [east one ethylenic polyner of the invention are &l so
cl ai med, pr efoéyradsiopnipnisingi eh ovérall fpabmies deesdtyaf mot merectbapP 082 g/can’t fdtahy  a

DESCR! PrPON e AU os s o e e 860 BB TERRL] BBl Reg ot o

used, i ncl udgsreahdn ¥; up&o 9fio Inl rhischekyil 600 E@baisi Gyt ReoenRPsdst kR, as
wel | as reactlon 8roducts and deconposition products formed fromthe

material s of> ReidVeQRPeabensyand aeeta ravrber of vinggrpnesy' | Wosathons aklegsdan mean
timat

ot o2 EPUSR O LBl St DAY BEREH 9k BT

mol ecul ar | ewemeasufedbyeged pHﬁﬁeaﬁbnl&Bﬂmﬂ@dgr@yﬂhM)&@@&ﬂmMﬁ (126°bj)end may or

may not contal(gﬁge or_nore domai n configurations, as determ ned from
transni <9 on el¥08} on Hisechygue splymer P@I‘fﬁra@wt"tﬂ@ﬁ?f‘r‘?@ ragio pLYIn¥LgerRY Png, and

ot her nEthQQél&@ﬂﬁ%nh@sﬁ r&h%u)%g?lghﬁﬁd may be effected by physically
m xing the two or re poly on t e macro |l evel (for exanple, nelt

bl endi ng resins or conpGidb ngyompndhe mble porcertagd/0.(5 or 1ExahPl e,

si mul t aneous form ng.w t hi ane react or ear as used, refers
to pol ymers where t RS54 y;heér koo %?upﬁf%dﬂgq)‘;neﬁotallaﬁlg SRS r abl e or
denonstrabl e | ong chaln branches for exanple, the polyner is substltuted
wi th an average of |ess than O. 01 | ong branch per 1000 carbons. "Pol yner"
refers 25 a pol8f88ti c Bompudeni¢ pﬂlypmepm@@b myfqmlynempmeﬁgtahnmatreatson

whet her of to'}%rom a u?%% ouft ?Ef PYJ @g'@q%o carbongota s (s:atltlr%glon 3188 l éo(r thus 10

enbraces the term fETe mer s
prepared frash@an mecﬁemeomamm a Gamb dd)eatln@roNnot Aoy Aah YSEr " as
defined. The terns "ethylene/a-olefin polyner is indicative of

i nt erpol yners K90 él@lsch@é@hylemﬁpelfvp@r gaeso compriggad/inyle papentiagd gdpsiher s
prepared by AR 0, noners.
e gener i & ALY RChChheRidhe Bid bl ML AT Al Rl RIS,
refer t@Opolayiests).pr epafeeabl§ noleadt @3: Hinidre pesférabiyrao tmsts&oralablom@l Lymn S
prepared fromnore than two different types of nong Et hyl eni c

pol ymer" r efd@pPut §-8 1aandthg ﬁ%w@rfaﬁolee?ﬁ%%PﬁeV%{?ﬁ%ﬂ%érPesé)OQw%Q%caﬁ@néeﬁ
pol ymer | zed 41} ERReAD AMIRInHASEy 08 LiCudntAL IATRIALS BF 1Bobyger | zabl e
nDnoners) and,” optionaily, y contain one or nore conononers. 20The term
ethyIene/acmﬂemsnfvmbepmMmMEr refers to an interpolymer that contains
nore than 50 nol e percent polynerized ethyl ene nononer (based on the total
anount of pol ynerizabl e nononers) and at | east one a-olefin. Test Methods
and Measurenents 25[00017] Density: The density of a polymer (g/cnB) is
nmeasured according to ASTM D 792-03, Bkthod B, in isopropanol. Specinens
are nmeasured within 1 hour of nolding after conditioning in the isopropanol
bath at 23C for 8 mn to achieve thermal equilibriumprior to neasurenent.
The spe0|nens are conpre55|on nDIded accordlng to ASTM D-4703-00 Annex A

1 4



30190C and a 15C/mn cooling rate per Procedure C. The specinen is cool ed
to 45C in the press with continued cooling until "cool to the touch."
[00018] MeDbt20oiwmdpa9es and Melt Index Ratio: The nelt i nd@xT(UB2)100807a1 pol ymer
is measured in accordance with ASTM D 1238, Condition 190 C/2.16 kg, and is

reported in gr uted per 10 m nutesg, .and the nelt index q(e‘lg,lgo is
measured in ac@@&ﬁwceﬁ%t %e@m@niﬁgg? ”@féﬁ’i‘&P’P?’i?rfOfWS]@Pﬁ)f T Is
reported in giRMPork! HiQL ARNcthedTt PUlyRRr ditBBsd¥Biideih NHteinak 1@sdd Jd¥id?) 1s a
ratio of these two nelt indices. 00019] Differential Scanning

Cal ori net r y:of D éthylenicipal yn8e innbeen c@atisdinkadtar yur(cdb8@)lizedn be used to nmeasure
the nelting an tagllization behavior of 5 a pal r over, a W gde range
of t enper at ur o VRBET e L@ o ERR e Cbr Bt PR ot pecFlg e BB T h° an
RCS (ref 5i gafigi®dd aereld 41 4 Yskesie oling nafrd W anilcgiol e pRErhgly per f or m
this analysis. During testing, a nitrogen purge gas flowof 50 m/mn is
used. Each salegted fiosm thelgroyy @asisdng oft a Ieast erierfheimaplagtic.6&ast g5 C; t he

nel ted sanpl g i e [ |- r f r - 3-10 ng, 6
nmm di anet er e?ﬁkozlﬁée% (ﬂ%f?lﬂ f) 95&%1)% %Igic%tg%fsgé)@ngnf el%gg% ecgp ﬁgolgﬁﬁ)%}rrfeg%e al\"%ei ghed,

pl aced i n a donghtplatd nDthent@apositichs @OmPpEYing aordncleifrape it $astoneAdallamst s i s
then perforned to determne its thermal properties. The thermal behavior of
the sanpl e iROlBEhisElred) hergin st Iigst He ohersPapPPRan 8sletter Bomghas®@uaown to
create gghealy, Lil@yy yer Le Kkl £ R 9L 1218 coffehSliated NE sanple is rapidly
heat ed tc()) 180"¢ %d he%gaflségﬁgr’rm or 3 rzhisntﬁ)ese natefLSor der to renove its
t her mal hi st or 00018kt ,Cdrtygosgtamp kcempssiog oldegetson-ot@nilsaén of phbticléninraut e

cooling rate, and held isothermal .at -40 C for 3 njnutes. The sample is then
heat ed-to- 185 Gsedod SREnaE of Beaiiuon: Vg e Ples PR B HEat i ng
rate. The capldeNgorAM 1GSCARE N Bglfyﬁiéf URSloXEnS&ROr ded. The cool curve is

anal yzed by setti ng basel i ne eéndpoi nfs fromthe beginning of
crystal | i zat i ol000d4]} 2A@ therieanbled pene ctudey en pylenid pohwdenppmypsisingngnbasel i ne

endpoints from-20 Cto th d_. of |t .. .The val ues determ ned are peak
mel £ i ng 'DemsSe B LRRLTSen ifeahios et B 0228/ wREBRAGYEId ¢ Mofraby of
fusion (Hf) tham1250pHr@80080 c&H8M; a GINGD bé1QaGd Siorhible B ns,ﬁaa%ﬂ.% Bbdeyntf or

pol yet hyl ene sanpl es usi na: % Crystallinity = ((H)/(292 J/g)) x 100. 25
The heat of afdessdmnHpey 18RG00 serbpes rndra vinyrpeeb aRde (td uwpERERdr t ed from

t he second Ve, - tal i i, IS jhed from
the cooli nghdglﬁéru\l/lg%}[egedﬁgﬁ]%wg%%l?%rah@%ﬁ% ! %%@nﬁ%ﬁgﬁ%}%ﬁ&%}égﬁgat ion
Chr omat ogr apihy (8&PC) : The GPC system consists of a Waters (M Iford, M)
150C hi gh tenperature chromat o%_r aph (ot her suitable high _tenPer atures GPC
30 i nst Fment s[9094PLddabErypbrtickes 4 whishiableagtsie dp€h Pr BOTtipkpt Mdel 210 and
Model 220) i i Qn- ' I ' ?yrg] ).

Addi ti onal det e%?eg?dsrmggEoﬁﬁgﬁa@gﬁgﬂgyoﬁfa%%tghe(%gl fee.gti:\Ct r1 r%rn?f(lgo yner
ChAR ( Val enanegntiSpairelso @niewids pieferiddy ectvbrch tijeNmhecaed akible cdmgpnigésen filaser

| ight scatteri n& dg1 ect or Mbdel %04.0, and a Viscotek (Houston, TX) 150R
4-capi | | ary SUFth # GRely P SEBWRYEy 2 [aigge Qfig ARSI F-ast two i ndependent
detectors and at |east one of the first detectors is sonetines referred to
as "3D-GPC', while the term"GPC'" alone generally refers to conventi onal
GPC. DepéndiPigT S H-EpOEARIPEION QI EHE INVESTH2Nr ee angl e or the 90- degree
angle of the |} pt.scatteri ng detector is used for cal cul ati on purposes.
Dat a 5col | ecti Mrform&d usi ng Viscotek Tri SEC software, Version 3,
and a 4- channe[(0di16F ot EonipakitiolVEn8 @esd, MdhRRs a hiiRtuSy 6t BfetiSls aths¢éh equi pped
wi th an on-1line solvent de‘%lassi ng device from Pol ymer Laboratories

( Shr opshi r e,comyise thgicoamoaitinngl Wedlhasapaptign @radocts @pfl dasrnrosiioneredists such as
four 30 cm|l ! ums or four 30 cm Pol yner Labs
col ums of fgﬂgﬁe@?%ﬁ%% %%nggoz-ﬂ{sglézbé%%éﬁ%gbki ng (MxA LS, Polymner Labs).
The sanpe car ous@EBleadhpaipoiyeindr blhddpBriasd tneaah ah4btirhataptydided ndoturaghat
conpartnent is gperated at 150 C. The sanples are prepared at a.

concent rat i di YofiYL FAGHARST 60 poMmPHEROlYRES0 AbIPd 1RY 8F B3 106’ PERIPIe The

chromat ogr agﬂbtﬁghﬁé’é %‘?Qﬁatéﬁ‘lﬂa@ nfdM&uBAMRB, A CIRAT fHal QR 29 InbERE pieRPLHafat&P0 ppm
of butyl ated hydroxytol uene (BHT). Bot'h solvents are sparg%d w t'h nitrogen.
The 15pol yethplesdenayanrphaysnohcentgirrine pr gtare dedaiatcoiBur@idor afdatarminodr s.  The

injection valu is 200 microliters. The f]low rate through.the i s set
at 1 m/nm nijoén@ransn[“éﬁ%‘?LI]BC“T%SP@E?SSBPXJ%LL%P“%“&érr%? 8%%@??5@% unni ng
t he pol yner by running twenty-one narrow nol ecul ar wei ght distribution

pol ystyrene standards. The nol ecul ar seight (MN of the standards ranges
fromb580 to 8,400,000 granms per 20 nole, and the standards are contained in
6 "cocktail" mxtures. Each standard mi xture has at |east a decade of
separation between individual nolecular weights. The standard m xtures are

o o N o o o,



is perfornmed in a manner consistent with that published by Bal ke, Mourey,
et al. 5 (Muwurey and Bal ke, Chromat ography Polym , Chapter 12, (1992))
(Bal ke, TWoOtzorizmgz®Rul , Lew, Cheung, Mourey, Chromatogr aph§/usedipmuq79Chapt er
13, (1992)), optimzing triple detector Iog (Mv and intrinsic viscosity)

results from 683 hr oad ne C Pol r Standards Corp
Ment or, ‘?Dﬁ?@%“@&& %}Feeadf Jfﬁc/F ‘ﬁ‘é}’ 6 E‘Et%\fﬁﬁlé S}t/fgﬁﬁ X8I B PTon
resul ts frorﬂl&laeogaltrérs)% BRI iy (SBE(F&Ashana bl tﬁaldnkglegm@er curve. The

nol ecul ar wei ght a, accounting for detector volune off-set

det er mi nat i memparediopt@ithenidrp levehfinnerampdn sinstlemeowsi fotminp atithputhicisgimed by
Zimm (Zimm B. H. Chem Phys., 16, 1099 (1948)) and Kratochvil

(Krat ochvi | regtmj)d assical Light Scattering from Pol yner Sol utions,

El sevier 5 Oxford “LINeat,2 A8 WJet; refdi€ tOy@ybls Wit etk §dlyeRI bRkt bomeused in
the determ nation of the nol ecul ar wei ght 15is obtained fromthe mass

det ect or ar @1y lagks measerabletos deHPNLE g@tlarrﬁ clyén bripehosrigneampletthdl e | i near
pol yet hyl ene I t

cal cul ated o ecuﬁgr&ﬁv\gg{ut%d?&mﬁgﬁa&%% .‘ﬁég tﬁlbs{aff\ln(mﬁ E)Irﬁg bﬁ%n%ﬂ%@]{ fbco(l C-rglgboélcsjnst ant
derived from one ‘%lymi\m’r’(érdférsttdmpp@hmbhyﬂn@lﬁﬁtlﬁﬁ px‘edaredbyrpemmmﬁ@ and a
refractive index concentration coefficient, dn/dc, of 0.104. Cenerally, the
mass det ect dRONRGHIEIEthen ot 15 spme of p GHferertAvRee (TS EeaBitieERt PNBST dthie

determ ned f . ]ﬁm i of
about 5(r)1%000er (%Slrtlﬁs&@ eﬁ(glr Sco ﬂ%ﬁe\rﬁ%a g&k@gg&;\ﬁ{rgﬁ& tgbggcoﬁ?ﬁg% usi ng
t he net hods deB oniytrme tjz;y: dfheornenmuf acltthe ermoiintatpvbmeat avddfyney Theiterst he

publ i shed val ui.t abl e |inear. standards uch as, St ard Reference
ater o s ( SRy eramsaen Aayier gl e b e PoSHE i SeEg, aphi ¢

concentrations 25a5@asitFechs oW, %f@MQB pbQnekd Ib’feﬁﬁé&bﬁ%rﬁﬁha&aaﬂﬁofl iral
coefficient effects (concentration eff ect S on cular weight) [ 00024]
C13 NMVR Conuwbaeetrtwoghfferent types dfgnepsinierk Adwgenayiotsun Nmpglpm insdusiepi c

met hods .f.or determni nin sr ti ASTM D Randal |
ot o o e i BT ERbr EETRRRS fips il i sireei

30Randa| I, Eﬁenorr?dﬁ) 0 §BynRPE repMieg! mﬂoﬁgﬁ@fb thbh &vo ditREht typBs ofmoddtderd. C.
Randal | in "Polyner Sequence Determ nation", Acadenic Press, New York

(1977) provide geképaenigpelyags sferp Wn@rman@ay%qnsalmmmﬂh@p&morﬁscopy
Pol | Th
Dol yTer SRR g0y A AR A0R X3S SRR AR B SRR Al bR The

or t hodi chl ormmemdmmi@nﬁnlﬁzﬁayﬁdo@mﬁmmmracﬁeebmoacmmnate added as the
rel axatign agent._ Typically, ymer, was dissolved in 2.5 g of the

ol
sol vent 28 xt ure iHhege %“%mlﬂmﬂ#rﬂpge ms&moérmr\rz refGrsge an {HerPRNRY 6 was
capped and t ol yner.
Sanpl es wer 2‘% \%l‘rratgerhxéelr deﬁl ?iﬁr%ﬁ%ﬁ %Crgﬁk (ﬁ%tﬂ? g%ﬁd%a%ee @%&féqh%ﬁ%ggﬁegatr on. 5
Once the sartptlaezimomnxerﬁpo]amﬂtrleafcddniohemapp)elad airlest ofie @ofifingl e phase and
fl owed consistently, the sanple tube was left in the heating block for nore
than 24 hours for honbgeni zati on purpose. [ 00025] A Varian |Inova 400 VHz
system was usegefiMbiods aFMMRusdR&tsa. The foll owi ng paraneters were
used: tenperatUre at 400K~ 25,000 Fz spectral w dth, 101.3 second
acqui si t25on ti [%)01@13 dégrdr phe §enSlt8 %e@@b@@rr(@/malx)am ineasufed agﬁorcamg)@ scans,
and i nverse p ulation. The fr tion
decay (Fi Dy 1 1EE VST MR o PirnTr et e P Aab b B Yea vi
a cosi ne f ungtoh@fing laftev@mditRmeza e kopropthodbaif aﬁBKi’d:IleBln(ﬁh td h@fiéleor med.
The spectrum was pﬁased and baseline corrected manual ly. A pre-defined
i ntegral rarfBamahequlbiiyre grioptormepspement Bhe spseimens pigcogPagssionanalaed

chem cal shif A
Nuiart hanom. - PUREIERSTM Tt 000 Aaith achith p Py s NSHpe Percbon T,
| east - s@0ar eD0AD ahd/s [lS"GAmiIhcdoﬂneg caa ptir Riooddurd Cn Tk Bpechageis,cotlel.to B el |

Anal . Chem, 76, 5734 (2004)) was used to analyze the integral |ist for
conposrtron18HH”¥F$adﬂH?§WPP%hFF%Wg“26{G@GQ@PWRE§F@uaI Unsat ur ati ons

det ermi ned by jghoisNV U%@l@?n)/@%%&l‘i@el??ﬁy}%ﬁt% (MRl HABPLIGRora gﬁrolﬁh&ﬂ\'NR
experiments were prepared b issolvin l'ymers in a sol vent Xtu
tetrachloroeshaasxdﬂﬁpap@ﬁmmmoeﬂhﬁsehbDﬂaﬁB5©pmﬁu©n1thEIaﬁﬁaﬂmdNNR t ubes.
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sanple, two experinents were perforned. The first is a standard single
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the polyner backbone peak ( 1 4ppn) The end groups were then quantrfred by
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accordance with ASTM D 1238, Condition 190 °C/10 kg, and is reported in grams
eluted per 10 minutes. The melt index ratio (I;¢/I,) is a ratio of these two melt indices.
[00019] Differential Scanning Calorimetry: Differential Scanning
Calorimetry (DSC) can be used to measure the melting and crystallization behavior of
a polymer over a wide range of temperature. For example, the TA Instruments Q1000
DSC, equipped with an RCS (refrigerated cooling system) and an autosampler is used
to perform this analysis. During testing, a nitrogen purge gas flow of 50 ml/min is
used. Each sample is melt pressed into a thin film at about 175 °C; the melted sample
is then air-cooled to room temperature (~25 °C). A 3-10 mg, 6 mm diameter
specimen is extracted from the cooled polymer, weighed, placed in a light aluminum
pan (ca 50 mg), and crimped shut. Analysis is then performed to determine its
thermal properties. The thermal behavior of the sample is determined by ramping the
sample temperature up and down to create a heat flow versus temperature profile.
First, the sample is rapidly heated to 180 °C and held isothermal for 3 minutes in
order to remove its thermal history. Next, the sample is cooled to -40 °C at a 10
°C/minute cooling rate and held isothermal at -40 °C for 3 minutes. The sample is
then heated to 150 °C (this is the “second heat” ramp) at a 10 °C/minute heating rate.
The cooling and second heating curves are recorded. The cool curve is analyzed by
setting baseline endpoints from the beginning of crystallization to -20 °C. The heat
curve is analyzed by setting baseline endpoints from -20 °C to the end of melt. The
values determined are peak melting temperature (Ty,), peak crystallization
temperature (T.), heat of fusion (Hy) (in Joules per gram), and the calculated %
crystallinity for polyethylene samples using:
% Crystallinity = ((Hy)/(292 J/g)) x 100.
The heat of fusion (Hy) and the peak melting temperature are reported from the second
heat curve. Peak crystallization temperature is determined from the cooling curve.
[00020] Molecular Weight Measurements by Gel Permeation
Chromatography (GPC): The GPC system consists of a Waters (Milford, MA)
150C high temperature chromatograph (other suitable high temperatures GPC
instruments include Polymer Laboratories (Shropshire, UK) Model 210 and Model
220) equipped with an on-board differential refractometer (RI). Additional detectors
can include an IR4 infra-red detector from Polymer ChAR (Valencia, Spain),
Precision Detectors (Amherst, MA) 2-angle laser light scattering detector Model
2040, and a Viscotek (Houston, TX) 150R 4-capillary solution viscometer. A GPC
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with the last two independent detectors and at least one of the first detectors is
sometimes referred to as “3D-GPC”, while the term “GPC” alone generally refers to
conventional GPC. Depending on the sample, either the 15-degree angle or the 90-
degree angle of the light scattering detector is used for calculation purposes. Data
collection is performed using Viscotek TriSEC software, Version 3, and a 4-channel
Viscotek Data Manager DM400. The system is also equipped with an on-line solvent
degassing device from Polymer Laboratories (Shropshire, UK). Suitable high
temperature GPC columns can be used such as four 30 cm long Shodex HT803 13
micron columns or four 30 cm Polymer Labs columns of 20-micron mixed-pore-size
packing (MixA LS, Polymer Labs). The sample carousel compartment is operated at
140 °C and the column compartment is operated at 150 °C. The samples are prepared
at a concentration of 0.1 grams of polymer in 50 milliliters of solvent. The
chromatographic solvent and the sample preparation solvent contain 200 ppm of
butylated hydroxytoluene (BHT). Both solvents are sparged with nitrogen. The
polyethylene samples are gently stirred at 160 °C for four hours. The injection
volume is 200 microliters. The flow rate through the GPC is set at 1 ml/minute.

[00021] The GPC column set is calibrated before running the polymer by
running twenty-one narrow molecular weight distribution polystyrene standards. The
molecular weight (MW) of the standards ranges from 580 to 8,400,000 grams per
mole, and the standards are contained in 6 “cocktail” mixtures. Each standard
mixture has at least a decade of separation between individual molecular weights.
The standard mixtures are purchased from Polymer Laboratories (Shropshire, UK).
The polystyrene standards are prepared at 0.025 g in 50 mL of solvent for molecular
weights equal to or greater than 1,000,000 grams per mole and 0.05 g in 50 ml of
solvent for molecular weights less than 1,000,000 grams per mole. The polystyrene
standards were dissolved at 80 °C with gentle agitation for 30 minutes. The narrow
standards mixtures are run first and in order of decreasing highest molecular weight
component to minimize degradation. The polystyrene standard peak molecular
weights are converted to polyethylene My, using the Mark-Houwink K and a
(sometimes referred to as o) values mentioned later for polystyrene and polyethylene.

[00022] With 3D-GPC absolute weight average molecular weight (“My, abs”)
and intrinsic viscosity are also obtained independently from suitable narrow

polyethylene standards using the same conditions mentioned previously. These

_(
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narrow linear polyethylene standards may be obtained from Polymer Laboratories
(Shropshire, UK; Part No.’s PL2650-0101 and PL2650-0102).

[00023] The systematic approach for the determination of multi-detector offsets
is performed in a manner consistent with that published by Balke, Mourey, et al.

5 (Mourey and Balke, Chromatography Polym., Chapter 12, (1992)) (Balke,
Thitiratsakul, Lew, Cheung, Mourey, Chromatography Polym., Chapter 13, (1992)),
optimizing triple detector log (Mw and intrinsic viscosity) results from Dow 1683
broad polystyrene (American Polymer Standards Corp.; Mentor, OH) or its equivalent
to the narrow standard column calibration results from the narrow polystyrene

10 standards calibration curve. The molecular weight data, accounting for detector
volume off-set determination, are 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 in the determination of the molecular weight

15  is obtained from the mass detector area and the mass detector constant derived from a
suitable linear polyethylene homopolymer, or one of the polyethylene standards. The
calculated molecular weights are obtained using a light scattering constant derived
from one or more of the polyethylene standards mentioned and a refractive index
concentration coefficient, dn/dc, of 0.104. Generally, the mass detector response and

20  the light scattering constant should be determined from a linear standard with a
molecular weight in excess of about 50,000 daltons. The viscometer calibration can
be accomplished using the methods described by the manufacturer or alternatively by
using the published values of suitable linear standards such as Standard Reference
Materials (SRM) 1475a, 1482a, 1483, or 1484a. The chromatographic concentrations

25  are assumed low enough to eliminate addressing 2" viral coefficient effects
(concentration effects on molecular weight).

[00024] C®> NMR Comonomer Content: It is well known to use NMR
spectroscopic methods for determining polymer composition. ASTM D 5017-96, J.
C. Randall et al., in "NMR and Macromolecules" ACS Symposium series 247, J. C.

30  Randall, Ed., Am. Chem. Soc., Washington, D.C., 1984, Ch. 9, and J. C. Randall in
"Polymer Sequence Determination”, Academic Press, New York (1977) provide
general methods of polymer analysis by NMR spectroscopy. Polymer samples for
’C NMR analysis were prepared as 6 wt% solutions. The solvent was a 5/95 (wt/wt)

mixture of paradichlorobenzene-d4 and orthodichlororbenzene with 0.025 M
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chromium actetylacetonate added as the relaxation agent. Typically, 0.2 g of polymer
was dissolved in 2.5 g of the solvent mixture in a 10 mm NMR tube. After N2 purge,
the NMR tube was capped and heated in a heating block set at 150 °C to dissolve the
polymer. Samples were vortexed during heating to facilitate sample homogenization.
5 Once the sample/solvent achieved the appearance of a single phase and flowed
consistently, the sample tube was left in the heating block for more than 24 hours for
homogenization purpose.
[00025] A Varian Inova 400 MHz system was used to take '°C NMR spectra.

The following parameters were used: temperature at 400K, 25,000 Hz spectral width,

10 1.3 second acquisition time, 90 degree pulse, 6 seconds relaxation delay, 8000 scans,
and inverse gated decoupling with Waltz modulation. The free induction decay (FID)
files were processed using NUTS. The spectrum was apodized with a cosine
function. It was then zero filled once and Fourier Transformed. The spectrum was
phased and baseline corrected manually. A pre-defined integral range was applied to

15  generate a list of integrals in the chemical shift ranges specified in XH. Qiu, O.D.
Redwine, G. Gobbi, A. Nuamthanom, P.L. Rinaldi, Macromolecules, 40, 6879
(2007). The “linear least-squares analysis with the constraint” (in M.R. Seger, G.E.
Maciel, Anal. Chem., 76, 5734 (2004)) was used to analyze the integral list for
composition and triad distribution.

20 [00026] Residual Unsaturations determined by "H Nuclear Magnetic
Resonance (NMR): Samples for 'H NMR experiments were prepared by dissolving
polymers in a solvent mixture, tetrachloroethane-d,/perchloroethylene (50/50 v/v), in
standard NMR tubes. The tubes were then heated in a heating block set at 115 °C
until polymers are completely dissolved. The '"H NMR spectra were taken on a

25  Varian Inova 600 MHz spectrometer using a broadband inverse probe. For each
sample, two experiments were performed. The first is a standard single pulse 'H
NMR experiment to quantify the polymer peak relative to the solvent peak. The
second is a presaturated 'H NMR experiment to suppress the polymer backbone peak
(~1.4ppm). The end groups were then quantified by referencing to the same solvent

30  peak. The following acquisition parameters were used: 5*T; relaxation delay, 90
degree pulse of 8 us, 2 s acquisition time, 0.5 second presaturation time with satpwr =
1, 128-256 scans. The spectra are centered at 4 ppm with a spectral width of 10000

Hz. All measurements were taken without sample spinning at 110+ 1 °C. The 'H
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NMR spectra were referenced to 5.99 ppm for the resonance peak of the solvent

(residual protonated tetrachloroethane).
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Par anet er St andard Screw 10 L/ D25/ 1 Coati ngChrone Conpression ratio3/1 Feed
ZonelOD Transition Zone3D 15 Metering Zonel2D M xi ng Zone Cast FilmDie:

ri bbon die, 150 x 0.5 mm available from OCS Optical Control Systens GrbH,

or equi val eniGrogd0 AT SKkthe. OCSN&htfonKNi 5o PULBBEA 1T M on the chill
roll, avail ablre from[C OpFi cal v{3orenE O 59y ST eNMGrig@todl) Oor equi val ent.
Cast FilmChill Rollg an {nding Unit: | OCS Model CR-8, available fro OCS
25 Optical Control Systens H, or equivalent| Profile Nupber 070 071 072
1 1 2
MELT | NDEX dg/m n 0. 'P‘S=(R‘ Vy1-cis 5.44 Triplet (4.4)
p~>=<+ Vy2-trans | ~5.52 multiplet
H
Vinylene ”‘>_< Vy2-cis ~5.49 multiplet
H H
} s Vy3 5.43 Dual-triplet
— (15.0, 7.0)
H Ri 5.26 Dual-doublet
o (15.3,7.8)
Ry
P—§_<H T1-trans 5.28 Quartet (6.4)
? T2-cis
= 5.23 Triplet (6.5)
— it 5.22 Triplet (6.5)
Trisubstituted L | T2-trans
unsaturation
H
; fichs 1 T3 5.23 Triplet (6.2)
= T4 5.20 Triplet (~6)
H RcHa | T5 5.18 Triplet (?
Ry
p—§_< T6 4.95
H
P f V1 5.90 Dual-dual-triplet
— 5.07 Doublet (17.1)
H H 5.01 Doublet (10.3)
Vinyl R
P H V2 5.67
—_— ~5.08
H H
=
folvdl 4.86 Singlet
Rl = 4.81 Singlet
Ry H
=
Vinylidene Ho| Vd2 4.83 Singlet
4 — 4.76 Singlet
H
\/:>_<“ Vd3 4.80 Singlet
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Gel rating of the polymers

Gels
[00027] Method/Description of GI200 test
5

Extruder: Model OCS ME 20 available from OCS Optical Control Systems GmbH
Waullener Feld 36, 58454 Witten, Germany or equivalent.
Parameter Standard Screw

10 L/D 2511
Coating Chrome
Compression ratio  3/1
Feed Zone 10D
Transition Zone 3D

15  Metering Zone 12D
Mixing Zone ---
Cast Film Die: ribbon die, 150 x 0.5 mm, available from OCS Optical Control
Systems GmbH, or equivalent.

20

Air Knife: OCS air knife to pin the film on the chill roll, available from OCS Optical
Control Systems GmbH, or equivalent.

Cast Film Chill Rolls and Winding Unit: OCS Model CR-8, available fro OCS
25  Optical Control Systems GmbH, or equivalent.

Profile Number 070 071 072
MELT INDEX dg/min 0.1-1.2 1.2-3.2 3.2-32
Density g/cm3 ALL ALL ALL
Throat °C 25+3 25+3 25+3
Zone 1 °C 180 +5 160 £ 5 140+ 5
Zone 2 °C 240 +£5 190 £5 170 £ 5
Zone 3 °C 260+ 5 200+ 5 175+ 5
Zone 4 °C 260+ 5 210+5 175+ 5
Adapter °C 260+ 5 225 +5 180+ 5
Die °C 260+ 5 225 +5 180+ 5
Screw Type Standard Standard Standard
Screw Speed RPM 702 702 702
Air Knife Flow Nm3/h 6+2 6+2 6+2
Die to Chill Roll | mm 61 61 6+1
Die to Air Knife mm 61 61 6+1
Chill Speed m/min. 3+1 3+1 3+1

11
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Chill Temp. °C 20+2 20+2 20+2
Tension Speed m/min. 6+2 6+2 6+2
Winder Torque N 8+1 8+1 8+1
Lab Temperature | °C 23+2 23+2 232
Lab Humidity % <70 <70 <70
Width mm 108 + 18 108 + 18 108 + 18
Thickness um 76 +5 76 +5 76 +£5

Gel Counter: OCS FS-3 line gel counter consisting of a lighting unit, a CCD detector
and an image processor with the Gel counter software version 3.65¢ 1991-1999,
available from OCS Optical Control Systems GmbH, or equivalent. The OCS FS-5
gel counter is equivalent.

[00028] Instantaneous GI200
Note: Gl stands for “gel index”. GI200 includes all gels 2 200 Lim in diameter.

The instantaneous GI200 is the sum of the area of all the size classes in one
analysis cycle:

4
X;=2 Arjx
k=1
where:
X; = instantaneous GI200 (mm?/24.6 cm?3) for analysis cycle j
4 = total number of size clauses
GI200

GI200 is defined as the trailing average of the last twenty instantaneous G1200

values:
20
<X>= XX/20
j=1
where:

<X> = GI1200(mm?/24.6cm3)

One analysis cycle inspects 24.6 cm3 of film. The corresponding area is 0.324m? for a
film thickness of 76 pm and 0.647 m? for a film thickness of 38 pm.

[00029] Gel Content Measurement: When the ethylene interpolymer, either
alone or contained in a composition is at least partially crosslinked, the degree of

crosslinking may be measured by dissolving the composition in a solvent for specified

12

Standard Standard Standard Screw Speed

mm 6
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Gel Counter: OCS FS-3 line gel counter consisting of a lighting unit,
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normally increases with increasing crosslinking levels.

[00030] Long chain branching per 1000 carbons: The presence of long chain
branching can be determined in ethylens homopolymers by using PC nuclear

5  magnetic resonance {NMR) spectroscopy and is quantified using the method
described by Randall (Rev, Macromol, Chem, Phyvs., C29, V., 2&3, 285-297), There
are other known technigoes useful for determining the presence of long chain
branches 1o ethylene polymers, including ethylene/l-octene interpolymers. Two such
exemplary methads are gel permeation chromatography coupled with a low angle

10 laser light scattering detector {GPC-LALLS) and gel permestion chromatography
coupled with a differeotial viscometer detector (GPC-DV), The use of these
technigques for long chain branch detection and the underlying theories have been well
documented in the luerature, See, for example, Zumm, G, H. and Stockmayer, W, H.,
. Chem. Phys., 17, 1301 (1949, and Rudin, A., Modern Methods of Polymer

15 Characterization, John Wiley & Sons, New York (1991 3 103-112,

[00031] Ethylenic polymers of this Invention: The ethylenic polymers of this
invention are relatively high molecular weight, relatively low density polymers that
have a unique combination of (A) a relatively low total amount of unsaturation, and
(B) arelatively high ratio of vinyl groups to total unsaturated groups in the polymer

20  chain, as compared to known metallocene-catalyzed ethylenic polymers. This
combination is believed to result in lower gels for end-use applications (such as films)
where low gels are important, better long-term polymer stability and, for end-use
applications requiring cross-linking, better control of that cross-linking, in each case
while maintaining a good balance of other performance properties.

25 [00032] The novel polymers of this invention are interpolymers of ethylene
with at least 0.1 mole percent of one or more comonomers, preferably at least one a-
olefin comonomer. The a-olefin comonomer(s) may have, for example, from 3 to 20
carbon atoms. Preferably, the a-olefin comonomer may have 3 to 8 carbon atoms.
Exemplary a-olefin comonomers include, but are not limited to, propylene, 1-butene,

30  3-methyl-1-butene, 1-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 1-
heptene, 4,4-dimethyl-1-pentene, 3-ethyl-1-pentene, 1-octene, 1-nonene, 1-decene, 1-

dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene.

13
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t he novel polyners.of this inyention include (of0) und or conbi nati on of
Conpounds Ehat 1 o A0KPTEETS SRR LS STy RSN Re par £ cul ar
type of pol yyebilkalicongpimoeasinerdyalbsi@istes ddrivhiivanh@alfymer i zat i on,

slurry-pql yneri zat.i on or s- phase- pol ri zatign 2Qprocesses. [ 00035]
I n one e%bodinen?% QﬁqﬁPﬁgﬁ%ﬁﬁg0%3F§W§¥H§@“FWPbgPHV8%T? "is prepared in a
sol ut i on- polwyhRiEdcalisoy, HhoteatyR)Ingirécap9l, yikety aali(hahoaalybhntisd giohpbf i S a
nmet al conpl ex o%oapﬁplgvalent §$%%oxyether corresponding to the formul a:
25where M3 U8 1§70 apjs Bt cpymiing ably Zr; [00036] Ar4 independently each
occurrence i s a Sibsdepéndt@ly c&h i2Ouradinyd is Gydrogen, e h@irscatiye ugybtirbydnt,s,

i ndependent |y, each_occyrrenc e selected fromthe group.cqnsisting of
oyt eyl oo i Grag L A T s DA P LRI Sang

hal ohydri@carthylrR? g@upsdn theidaad adéink viag iogefertol @ Roind awiRE tpréupeonphicasins or t hat  at

| east one supstituent |.acks co-planarity with the a roup to which it is
attached: - ety 3SR BE R IR it e B o3 e R

cycl oal kyl eneo @ssitine boalnken yifenat gylongxingdkogatier; el t | y substit ut ed
derivative thereqfs .5R21 jndependently each occurrence is hydrogen, hal o,
ot oaar bel eyt R B RRT ROy oA SR RS BT B PP E RS e byl al Koxy or
di (hydrocar Qﬁh%&few 1SR WPo ofUip th 202fbrAd RITR offingdRRAdeR Sor Y RIP ?ﬂﬁﬁé

R3 i ndependently each occurrence is hydrogen, hal o, hydrocarbyl,

t ri hydr déar bggathdryare a hydragatbders, bydlrociprdiyld disoardyypoly(aydeoseybdisilsileneio of up
to 50 atonms not counting hydrogen, or 10two R3 groups on the sane aryl ene
ring togetheé?®'¥ an R3 and an R21 group on the same or different arylene
ring together f{owOBTR Bu¢BlpBRtvalehCaNbxYEBemahl @eiiBckes and ARirdfyMihesi€a@r oup in
two positions or join two different arylene rings together; and RD,

i ndependent |dps@&ther 1YW 2PRHER0496 aidY @ 29P7/d 3e4r BEiag Hipi systhesis procedures

tri hydrocar Lyl o) | or 2 RD
gr oups 15t03%%%%?52}g§é¥%9@%gggpp§l2%%?&ﬁ§§P%%%$%' ka%%&%ﬁ%%&@%@r

pol y( hy @0ocandyl Josiplanes ar: o@ufisclosed b0 le Buie WO ADIVABE@IN ant yik oxyet her
nmetal conpl exes and their synthesis are described in WD 2007/ 136496 or WO
2007/ 136497, eXa@Pkg  Hhis WihtH&i 36431 ovuitibiceocaipliets sed #olyanaatiern 004/ 0010103.
ATong the pregheiibRArh aly YA Bloraiod BIYEIdHe b Witk AncLOBRbRIES: L GisbhOSe

di scl osed as exéhp?e 1 ?n vm?fbo7/f§%%96 anr a exanﬁ e Al ?n WO °

2007/ 136497 .disloscd i & @ 306t 836496 or S¥Vd 2007/ d@t97zat i on conditions for use of
the preferred I | ent aryl oxyet her, netal. co exes are al so di.sclosed in
VO 2007/ 136496@0%% e S Ry =8 © & m&%ﬁw@w&&ﬁyﬁm zati on
cat al ystysmayanheiactdin§4REnip8sifion BY é5@bBindGbi Wah ©at 8 ¥dte &RARARISL i on by

conbi nation with one or nore cocatal ysts, preferably a cation formng

cocat al yst, macfstabbhycationifernaiog docasrlyd, Terigiamioncid renaombigtion disireof.
capeci al 1y rtApH Er MO RBE R el r B Bl T Eeciay
noncoor di nathéfyl dl@RinbRids, AgweIP APRERISom b2 hbeGormehtink Sidn T8k

al um noxane (MVAO or triethyl alum num 30(TEA) is also suitable for use as

|
a cocat al ystcompeendsecionsadae nfagifigs ety gmea mendEMA Q@ prariethy dvaman s

di scl os [ AS. : i No es can
oo Do AT I8 SRkulhor fedthoBial Q3R tg‘%}’é‘%‘,"’)fBbﬁfﬁﬁ&e%ﬁ@gl b
4,544,762 ( Kaodifiskylueiinadang js dsddsbd 7d0. 9. Batent Nb. £04 18584 (Crapudetm].D41, 585
(Deavenport et al.). [00039] Polynerjc Blends or Conpounds_of this

i nventi on: \/élPFB‘&%‘aﬁ%tgt‘ii‘P&ﬂso]d%“% 3 disctosgbiner Batenifdoopr-26eHe? (kdwponent s,
may be bl endgd 495449%@0(%&9&?(3%5!5-%*@ﬁs%y%cmh&&%ﬁé 24l st Sgsnvention to

formthe polymeric conpositions of this invention. Suitable polymers for

bl endi ng wi t(Petvempertiebdi)nent et hyl eni ¢ pol ymer 5i ncl ude t hernopl astic and
non-t hermopl asti ¢ pol yners including natural and synthetic pol ymers.

Sui tabl e synthetic polynmers include both ethyl ene-based pol yners, such as
hi gh pressure, free-radical |ow density pol yethylene (LDPE), and

et hyl ene- based pol yners prepared w thsZi egl er-Natta catal ysts, including
hi gh density pol yethyl ene (HDPE) and het er ogeneous |inear |ow density

pol yet hyl ene (LLDPE), ultra | ow 10 density pol yet hyl ene (ULDPE), and very
| ow density pol yethylene (VLDPE), as well as nultiple-reactor ethylenic
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Utra Low Density Linear Polyethyl ene Copol yner, DOALEXTM Pol yet hyl ene
Resi ns, and FLEXOMERTm Very Low Density Pol yethylene, all available from
The Dow Gwermrilozg@8npany. O her suitabl e synthetic pol ymeraseorolosiyel

pol ypropyl ene, (both inpact nodifying pol ypropyl ene, isotactic

Copol yrorsy el f9RGhe itntric Ruiblr Chapeingihammetiny SGeabatiiekva
et hyl ene/ vi wls%%haﬁlmy&%%mr&herraelnmﬁaﬁ&se, 'ﬁ?aiy HeBM&ibd Gpéérgfr)&glded with

pol ystyrene, ABS, styrene/ bu; adi ene bl ock copol'yners and hydrogenated
derivati ves thheoedpolySRS cfrthis SERB)ion tmihrmike palpinakt cempesitjonsef Henes.

Honogeneous .0l ef.i n- ha | yer uch as .ethyl epne-.base r.

JSor opy! ene- BEOUEM AL BT ER (B BEiane it el SPEEPRECHudruie PbmeBmonent s
i n bl ends  oringe@PGRARSH1RdanWnbi- thdioplhabtid 1y 8eR i@ S nftlral Bhdsyneent | on.
Commrer ci al exanpl es of honbgeneous netal | ocene-cat al yzed, ethyl ene-based

pl ast oner s drolehest dwiable §ymehetid @olmrErNTirmbad afayletd-baspd aelymees suckiidg
ENGAGETM pol L0 el-ast vai | T heni cal
Company.  and Ebirerst (R SBTE T P DR ERAR LTR8BS

pl astoners giutyredraprepard svitiZie pid e NdERSh I ipelutiogmagicdengn) powetyleayai | abl e
from The Dow Chem cal Conpany, and VI STAVAXTm pol yners available from
Exxonhbbi | CHERE and esisingayeous linpgdowsenstyeropvstpiens G- L&k o8t iohs of this
i nventi i i g LS : hyl.eni c

POl yer ot C R Rty B A (TR

i ncl udi ng r eactuloplepeathretis)enie pblyowrs (Gin earter” didnes of BragtndNutts PEdndch ot her

conponents may include, but are not.ljmte o,, nat ural nt hetic
macor i al's, govgtens Pk by B itiselied i SoenEE NFGRoTROR Teat st ant
addi tives, filolBifimeVees, 6, § K0 (CaFSwelPdlal )Y, SN, (PatidPédlal %69, 44,045

col orants, extenders, 5crosslinkers, blow ng agents, and/or plasticizers.

Such pol ynerKeltbonposéttal aris86thY/S (kolthammeh ef o pinalst. 448, pol (Folltofmper ¢TPO) |,

t her nopl.asti ¢, el ast oner TP her mopl astic vul cani zat ( / or
Styr ont et b RO b Bl HRAEREY B bt o RS B fRe AN

bl endi ng or GRAPWDEMGYA IR PRI 1@k MYpBRinter IPOWIEE X 0PolyBth§leh@vent i on
(including functionalized derivatives thereof) with an 1%ggti onal el ast omner

(i ncl udi ng ddenddidiXGMEaK ™ By sIpvePensiydobyatilene. alh agpablsfrarEihe bl ock

copol yner, - r ) - ' | ki ng or
vul cani zi ngqg%‘g%}x&r@“%g‘w nglr}ﬁefzé{ggﬁ%osg?{l]ﬁg%‘gg {5)1#' 8]I@%i dslyllugevg(%? ? %hh\%{:ﬂ d be
prepared by (bbrigipag nasdiBaigomsl fisto pgemd) ésotdctiopoB pafpyldne, fidugl eni ¢ pol ynmers
of this invention with one or nore pol yolefins (such as pol ypropylene). A
TPE pol yer iROVPEORYFHS0 14 jaHomB ethyiing/ Rreradsne cORONBIS Y- Bylphedisied” by

bl endi ng or : L ) j this

i nvention mlﬁﬁm&ﬁgﬁ%ﬁ’r&n}ﬁ}?gﬁe gg{% %Fﬁé&@gﬁﬁg%ﬁgmsﬂ?@?%ﬁ%%%gf %X@Ercs(’)pol ymer
or an ol ef i mpobysoone appdoy mexdificslipohy sggemt, 28 So seydenefbutidSine Pddokrropdlymers

7,355,089 (Chang.et al.))..A.TPV pol ric sition of this invention
woul d be pr é‘}ﬁ‘arhgﬁmﬁ?naﬁﬁf% Vﬁﬂvﬁrth%Sﬂ%@%ﬁ&“ﬂg’%’ ?ﬂ‘ft PESUE he et hyl eni ¢
20 pol yners gpfivifréthsnds NYRRIgER0Ms bRAANKSE! pdlPhersQhEhs AR I¥EPS&@BH 2

vul cani zi ng "agent. The foregoi ng pol yneric conpositions nmay be used in
f or m ng 24 nuirddensbhased plastaoetsparietstoinieys eanodsr bankdefid as hempensuistin bipnde| ded

article. A simlar ocedur. Si different onent s S_been .previously
i sctosed | "o aPouRb IR BRI SRk o MBI Gapg8E]

Processi ng Aix@mplek bf BShbginRo@sRealscet-chiapzbd\e@iliémRbased plagssbRdrai ds, such
as plasticizers, can also be included in the polyneric conposition. These
ai ds i ncl udelasgpera insludstAFHINITEH” pelyolefia phtstamegratkENGREHE Yspdydefiy |

pht hal ate a [ el c /i n, and
paraffin, n%g it dé%?tg) %g}%“lccliva;hrgl%)lrgm O?IEC@%? Ps%{)(glﬁeg%uﬁ%éi %S[?%ayb&dra%ﬁerﬁ%}ﬂ&ﬁ 1ef i ni ng),
and |iq®od reaampks bf bomogsicouopropgtiiabaddpBfoaetsimiokstomre ipialey cl asses
of oils useful aséﬁ&ocessi ng aids include white mneral oil _ such as
KAYDOL(r) oi YERTH Nt esfornfse Popngrds-apiable egmnlhe Lo Capmiat expryy- 371
napht heni ¢ _lol VISR AKUDBLEAM:Sayaltabis ko ETeIMobiORLARE ééﬂl% le oil is
TUFFLOQ(r) oil (Lyondell Lubricants; Houston, Tex). [ 00042 tabilizers
and ot her addi 100048} |Thegwiymérit @agesitonebf thiseinventientindude ¢onepositiops eni ¢

I t ted wit .stabili . for. I :
ant1 oxi dant $OTEEEHERY MRRSARRSR 5 et chibPeslbRpyerties I uiiagsaci ai ty

Chem cals; Gattbrugg, Switzerland). In general, polyners are treated with
one or nore 5 stabilizers before an epét rusi on or other nmelt processes. For
exanpl e, the conpounded pol ynmeric conposition may conprise from 200 to 600
wppm of one or nore phenolic antioxidants, and/or from 800 to 1200 wppm of
a phosphite-based antioxidant, and/or from 300 to 1250 wppm of cal ci um

T e Y b1 S - o o



variety of cross-linking agents nmay be used. Sonme suitable cross-Iinking
agents are disclosed in Zweifel Hans et al., "Plastics Additives Handbook, "
Hanser Gawonery/@edsBi cati ons, Cincinnati, OChio, 5th editipom/usghapsent 14,
pages 725-812 (2001); Encycl opedia of Chem cal Technol ogy, Vol. 17, 2nd

edition, Interscience Publishers 3Q (.1968);. and Danie] Seem "Organic
Per oxi des, " (%4 .%S%?w P@%@M@F%&P@H@Bg ff(a)fé%?f."dﬂﬁgs-‘iviﬂﬁ%? ?lrglfl%?éﬁlﬁﬁres of
sui tabl e cr Q@ardohtl, NehiSIEMEScInSdnbals nSriRNLAE But AP ABCSite @, dRfural or

al dehyde- ami ne reaction products, substituted ureas, substituted
guani di nes; syothsti¢ matesid!sxpelymatsesddigydysicinfotca agientsi igodiob aerattay ;

sul fur-contai,nin ounds, such as thiazoles,. sul fenam des

Uhi ur am di sathIEEs, TS5 SA0TH BRBCER AR e AW ST HENEd SR, sul fur
i m dazol gs; sbdshess, dNslvia® B Matah@os plabedi 94, . SINBBol yridrid dbghpRsRIBRS By Of

sui tabl e organi c peroxi de cross-|inking agents include al kyl peroxides,
aryl peroxi dedudpdeangastie Pelyofding x JRAr. blemaoakhstici¢largmps r@éEHes ,

per oxyket al i r.oxi des i i r

Erboc ment s, e Rksfie SRS TN FEL QR PR e bkad S ErE

t-butyl i sopraagylp\densy Bepepybe by eleading ot cdinpbundiy gtle or more ethylenic
peroxy-3, 3, 5-trinet hyl cycl ohexane,  2,5-di nmethyl-2,5-di (f-butyl peroxy)
hexane, t - buRyesRf fhiiavetiogdinchiding fygeyanalasddgriyatives thereof) with an

2, 5-di hy 1.2 Bs1di oo f d r [ ' . In
one enggginéﬁ%?§?ﬁ%mg&ggx#%hgggggﬁﬁ%u?gé%?%ﬁ%%PaBeroifgg%hggé%gﬁgﬁgﬁ

t eachi ngs r 3E3Siblogk compdymer, peEPRM] er ¢ matsisal rnbber )negpd D tiagrdiyt ascrasséinklingc| osed

in C. P. Park, "Polyolefin F ', Chapter 9 of dbook of Polynmer Foans
Lnd Technol By ulcaRSAeEY B TR MR Be R srmnes fien GRS B en o ey MBED) | onor's.

pp. 198- 204, My 6189883 or NaRpdunlinkigig o8 ¥RMPLESe efhyRitid fN Re % dfs
cross-linking agents include azi doformates, such as '
t et r amet hy| éneditiof avithdofer mutre polyaledinatsuch popalapriogesne)s dehPBgolymeric

R A S R A
cross- | i nki ngo@ @ MeSetie@ehib polyaiendof thisih@ntibBatheilontes mode 8domhak (g as
3,297,674. In sonme enbodi nents, the cross-1inking agents are silanes. Any
si | ane that adrrericfoieckicppplymgr ax an ¢lsfin htpck copelpysr, sighkasidagelosed in U.S.
et hyl ene/ a- LRy i At t\he . I . N _can be
ased, Non- il ot 2385880 KB B 1 ACRLY BB e B B S P SE AL T e
v ocar byl r oube shoh a8 o vievie Al Lyl T Soprobemy . but omyL
cyc |h ohe%@nK ;ﬁ{&mﬁégﬁ@ii iﬁﬁ?rﬁ')oif"r’% 8 OTAN PG (othey Balgir}neéa?@dé@ me&igé 3N gr oup
SucC as a : : I up.

, e%ﬁ:%l ﬁgg?g%'ymé}% o@ﬁ%@.ﬁ%%’l&@g%su nPYhiRg @ nﬁfuﬁfe%%t%ng P

Non-limting exa Suita zabl e groups™in t hoxy,
et hoxy, for mptiorally @ostioking ther eprliingiglotded artallk yA sandardbecedh@mismg gr oups. I n

ot her enbodi ppnts, the silanes are the unsaturat koxy. sil whi ch can
e or af teq. GHEBTtoTRYEIS B eh Pl bi G Hean I aridt KieabrRerTo
preparation (gtdedsapy e nore fully described in U S Pat. No. 5,266, 627.
The anount of "the cross-1linking agent can vary w dely, depending upon the
nature @0 the HO81knilropessipgetidyr Intdeetaipaispenty dfdhe orvpoisdn. pmeessen gouds,
cross-1linked thelggrticular 30858%ﬁﬁ]%nk'ngo ent e Io.ed,TBQ%aPSocessing

P S'llﬁh as 1€ ZCI'Sf, can al_F? cd 1n Ltne CI1C & POSIT101N. .
condi tions, The unt Or grartirng tnrtrato e ulrtrimate appllcatl on, and

ot her fact oriscluf®buexampt Bmitv&) thel ghylaldtdSBhdHoaKE AN VM) diiobused, the
anount of VIMOS is generahlé at | east about 0.1 weight percent, at |east
)

about 0.5 waihgrdatplenataral oilpisugh aq lapalin. apdparaffinueppjiieniindeipmatagidtd on t he
pol yrer 1 conpbit o PP oBRRE " B A L e R P C ol yrer

of thi s 30nvdad¢dsarksralixdmeplenypllayadfioils asafalr dsqirycesding oidy ardudenalite mineral
thernopl astic faprication processes tao 5Sproduce useful articles, including
obj ects conpii} ¥rhgs @YQ@%& Jhe- et Cares MigdlebrnysConnmpHs) %LEIFEW or at
| east one | aygabRnanit i ShayEibridah@ ks Thih M BB, BEaBlaRALed by cast,
bl own, cal endered, or extrusion coating processes; nolded articles, such as
bl ow nol ded, TUIRFI€Q®i coln(Liyohdildl ubgicantet dowstaedear.t i cl es; extrusions; fibers;
woven or non-woven fabrics; and conposite or |am nate structures nmade with
any of 10the foregoing articles. [ 00046] The ethylenic polyners of this
invention (either alone or in blends or conpounds wi th other conponents)
may be used in producing fibers, suchi7as staple fibers, tow,

mul ti conponent, sheath/core, tw sted, and nonofilanment fibers. Suitable
fiber-formng processes include spunbonded and nelt bl own techni ques, as
disclosed 15 in U S. Patent Nos. 4,340,563 (Appel et al.), 4,663,220
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parts and profiles; foam goods (both open and cl osed cell); inpact

nodi fiers for other thernoplastic polynmers such as high density

pol yet hylwoeptii®ewact i ¢ pol ypropyl ene, or other ol efi n polryusers/4wont ed
fabrics (such as artificial |eather); hoses; tubing; weather stripping; cap

liners; floori C .hard or soft flooring and artificial turf):; 10and
viscosity e WE T Mgy a P{heégbfge_tﬁs: JBEFRRAERF s e PEFOLF cant s.
[ 00050] Fur tdagfiedit palyARAL ar®frehBE weth Mk 8P hforP QhYNBES, 18f e RAPIERAiSxidants,

conpositions of this invention may be performed to render them nore

sui t abl e f orsuch helRE@AYOXB401(Fard BPOE® Ifi8d pidrasi peniglty bdiemicadpaeous and
non- agueous) ~.C al be fo d using et hyl eni 0 rs or _polymneric
Conposi &1 ondGiiaRe SrGenBdO ebtiel ndb b g EeBrL ¥R ofe it mBfY act ur i ng
process. 5Fr qkdbglekel OTEe GARRILSOMNEr bther e PCHRE. Ieirféxh@giegth@%waﬁn&an al so
be fornmed, as disclosed in PCT Publication No. 2005/021622. The ethylenic
pol yners or RSO GaanRosiion $nay @rerise fiont 200 @edRMYRPM flagneagr $gorp@henolic
crosslinked by a use of. ' . el beam
ol 1 ane, " asi dBtoSR AR RS0 S0 Wpehl S L P EBLREb A GHESHERE, 0°0T
20 pol ymeri dranGp0ss 1150nspph of fdlSiumnveinite.0h ether Bp&ds dethe heghdal, loyher
nodi fi ed, such as_ by graftinq (for exanple by use of maleic anhydride
(MAH) , si | arRedymegic gsidfibies gredilendsg ok geRPyUndad I sl YRETICHATRASItORS:

sul f onatjipon, . i i fi | . i ions,
publicaHPonngégfgﬂﬁgfﬁgggygggggggﬁ%ggéhg%%ﬂg% érggggéﬁé%%gagﬁkggggﬂg

i ncl udi ng priillers, Ship dgatnrding stardangs, plstigizemgoo@Eosiag eds biybriedhey; etabiizeéo, 25t he
extent such discl. Sy e is not inconsistent with the .disclos conposi tions
and et hods ‘I ARRDIGTT. JaroPbes BHRDRE TN AYHP A SOIBrk N 86 Bor S on i &
permtted. EYNYRLESIHRRRL iy, fdrdWampleetd@pise (&4 iYdreMeperdenPb} gf2€) and the
process sol vent (a 30 narrow Boiling range high-purity isoparaffinic

sol vent t r acombineddvdiglypdionEonmdrecel el addilives, based babicevdightraiExexon Mobi |
Corporation)tare. urified with nol ecul ar sieves before introduction into
the readti ot eAYY BANESE. Hydrogen is supplied in pressurized cylinders as
a high purity oeds| anhesadbiivdsUnafions piert {ddadies Th@adjgdaiomayeponer feed
(ethylene) streamis pressurized via mechanical conpressor to above

reaction prddenged ogeompaindad wyiththeetypleyis polyapss ebsisreriopto fdtene) feed is
pressurized Vi C | cal i kv e e . feaction
pressure atHﬁg?%ﬁi{ﬁﬁmﬁngﬁgﬁgﬁﬁﬁgPﬂ?gﬁéﬁégg% a#%%%gﬁ%gmgggxﬁﬁﬁﬁa||y bat ch
di luted to spdadih@angeinppaeitles,cOolcendlig tabs)sitamitirh dipxidd, zeditsopywidred | sopar
E) and pressured to above 5reaction pressure at 525 psig. Al reaction feed
flows ard neBERFEASHIIPIHBRYEMIF SReirdtnsheling rhandesen ddisPr pitadntiPErl ed with
conput er autuated Y ale LMy S@Pcorging). (AR, HhkeCaRbofluous

sol ution pof&ne%?gék?%%’reacgor(g n?%stsag?nngqu| it ef noﬁ-adiabatic,

i sot her mal , extendersdinchiginggrachffindepeaplehtlkyic odnt sahdtenksl ioopmbiflagon gabt or has
i ndependent control esh ?olvent, nmononer, conononer, hydrogen, 10

of all f
and catalysﬂ”@%ﬁﬁ%ﬁ@ﬁ?dE%éﬂgﬁﬁ*ﬁﬁyﬁﬁﬂﬁined sol vent, nononer, conononer and
hydrogen feed (GooU4lE 'G6d-Bhking ARNREraL b &GRANIEappIRAHbA AWMBLT§s bet ween
5C to 50C and typically 25C by passing the feed streamthrough a heat
exchanged. Tesirdd ledhlly ormpmbatbyr crbsselink gie@ﬁleflq@m patemerefithgnnveation.onyiof af ed in
w th the solyenf (eeds iRfotobal oliash S&Fe:?or}lé’suel%ﬁ{é c‘r’é’s'sﬁ{fi;{ﬁ zaLl Qn, L eactor
is injected‘fn g THET SACH &85 Mg IoP 8t at T one Wt roudh f ual™ Tt eactor

vol umes bet we@iose@ahZiveif€dldm Rt AIQCRLdsO8: AddigvésI@aiibbsied Hafiset Ontdret | ed
typically with each injector rece|V|%grhaIf of the total fresh feed nass
e

fl ow. The cdtubligationsdmpeinant. Ohie.oth adiien.dehaptard 4t preepdty et (2PAL):on react or
through SPeCEﬂ%%/%%pé’cﬁébﬂ@ﬁ{lnfthﬂ Fehh 0 it\!'di.gf’f,ﬁ andidh k& %@P%l?sth@{sy
injected into the sanme relatlve dcati’on in’the reactor Wth no contact
time pri3or t(0963)eanrddaatiarSeerihEO2Enr Paratigessaval. Yy sWilkkgrperseivincd, & £270) s
conputer controlled to maintain the reactor nonomer concentration at a
speci fi ed t argetimtmgexaip e o spaNstoso g tEe8tsdPE U CRETB%EeY PEF%%I cul at ed
speci f | ed ”DJzﬁfes,ra@(iéh9§e—5ﬁ’iiﬁen‘éa0‘?irohFééﬁcf‘s?glﬁ)!sﬁﬁﬁed%%pﬁﬁ)@ﬁtutéd Hfdﬁie@,l y
foll ow ng each fresh injection location (either feed or catalyst), the feed
streans are swbst@dtedixtuithithe sobstitutbdtlitimgcapbdyates; iszlfiti ontaigag tonpownisent s Wit h
Keni cs 25stati,c m xing el nt.s. The contents of each reactor are

Cont i nuous| SE PL D By YAFGUEReH A BRGNS SrE BRI B or r envi ng
much of the heat of reaction and with the tenperature of the cool ant side
responsi bl e for maintaining isothernals reacti on environnment at the
specified tenperature. Circul ation around each reactor |oop is provided by
a screw punp. 30[00054] The effluent fromthe first polynerization reactor
(contai ning sol vent, nononer, conononer, hydrogen, catalyst conponents, and
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[ 00058] Table 1 describes the polynerization conditions used to produce

each of the copol yners. [ 00059] Unl ess otherw se stated, inplicit
fromthe wonbexw2e8 conventional in 30the art, all part @Carus2@efnewnt ages
are based on wei ght. [ 00060] Cbnparative Sanpl es A through D and

Examples | thr . Ei et hyl eni ¢_pol mers are ared i er to
conpare the ‘J&P gl?atr?c&’én%‘%g]foéﬁ?e Seiy Spidarglenetl %Pﬁ?r‘g?%‘g?%%’ért 'fe Sanpl es
A through D)NG-BR&RAXFIPRG o sKRBMore ARE BEloRERNEoE ARl Iﬁgsigeﬁtg ifdhicRiigper ti es
of five ethyl ene-octene polyners (Exanp es 1 through 4) this invention.

[ 00061] Tabuwﬂmmﬁesmwlbﬂemﬂhepgwkyw&n$zanmaanb@ﬂdﬁmdmnﬂpupedcﬁo produce
each of the c ose, condi tions, bei set to odu alrs of
ol yrers. (oS Svelitob 0t B i ERPITERartc T S S BRBS R
conpar ablke g ztmé bgids i diddm r&r&@(ﬂl@‘ ity sopr@ilﬁi@ﬁé p@o%ﬁﬁdﬁzﬁ%ﬁ i1 Q-di-t- Lt

. Z9 S. 99 8.LS H2 Ie LI 0 Reactor Poly

Conc. (W % tgtyl P?Z)XY1373 3] Zrlmgglylcygl'pZe)gane %5- dlmethzlz2 5-di(t-butyl peroxy) hexane,
t-butyl-cumyl peroxide, di-t-butyl peroxide, 2,5-dimethyl-2,5-di-(t-butyl peroxy)
hexyne or a combination thereof. In one embodiment, the organic peroxide is
dicumyl peroxide. Additional teachings regarding organic peroxide cross-linking

10 agents are disclosed in C. P. Park, "Polyolefin Foam", Chapter 9 of Handbook of
Polymer Foams and Technology, edited by D. Klempner and K. C. Frisch, Hanser
Publishers, pp. 198-204, Munich (1991). Non-limiting examples of suitable azide
cross-linking agents include azidoformates, such as tetramethylenebis(azidoformate);
aromatic polyazides, such as 4,4'-diphenylmethane diazide; and sulfonazides, such as

15  p,p-oxybis(benzene sulfonyl azide). The disclosure of azide cross-linking agents can
be found in U.S. Patent Nos. 3,284,421 and 3,297,674. In some embodiments, the
cross-linking agents are silanes. Any silane that can effectively graft to and/or cross-
link the ethylene/a-olefin interpolymer or the polymer blend disclosed herein can be
used. Non-limiting examples of suitable silane cross-linking agents include

20  unsaturated silanes that comprise an ethylenically unsaturated hydrocarbyl group,
such as a vinyl, allyl, isopropenyl, butenyl, cyclohexenyl or gamma-(meth)acryloxy
allyl group, and a hydrolyzable group such as a hydrocarbyloxy, hydrocarbonyloxy,
and hydrocarbylamino group. Non-limiting examples of suitable hydrolyzable
groups include methoxy, ethoxy, formyloxy, acetoxy, proprionyloxy, alkyl and

25 arylamino groups. In other embodiments, the silanes are the unsaturated alkoxy
silanes which can be grafted onto the interpolymer. Some of these silanes and their
preparation methods are more fully described in U.S. Pat. No. 5,266,627. The
amount of the cross-linking agent can vary widely, depending upon the nature of the
ethylenic polymer or the polymeric composition to be cross-linked, the particular

30  cross-linking agent employed, the processing conditions, the amount of grafting
initiator, the ultimate application, and other factors. For example, when
vinyltrimethoxysilane (VTMOS) is used, the amount of VTMOS is generally at least

about 0.1 weight percent, at least about 0.5 weight percent, or at least about 1 weight
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percent, based on the combined weight of the cross-linking agent and the ethylenic
polymer or the polymeric composition.

[00045] End Use Applications: The ethylenic polymer of this invention may
be employed in a variety of conventional thermoplastic fabrication processes to

5  produce useful articles, including objects comprising at least one film layer, such as a
monolayer film, or at least one layer in a multilayer film, which films may be
prepared by cast, blown, calendered, or extrusion coating processes; molded articles,
such as blow molded, injection molded, or rotomolded articles; extrusions; fibers;
woven or non-woven fabrics; and composite or laminate structures made with any of

10 the foregoing articles.

[00046] The ethylenic polymers of this invention (either alone or in blends or
compounds with other components) may be used in producing fibers, such as staple
fibers, tow, multicomponent, sheath/core, twisted, and monofilament fibers. Suitable
fiber-forming processes include spunbonded and melt blown techniques, as disclosed

15 in U.S. Patent Nos. 4,340,563 (Appel et al.), 4,663,220 (Wisneski et al.), 4,668,566
(Nohr et al.), and 4,322,027 (Reba), gel spun fibers as disclosed in U.S. Patent No.
4,413,110 (Kavesh et al.), woven and nonwoven fabrics, as disclosed in U.S. Patent
No. 3,485,706 (May), or structures made from or with such fibers, including blends
with other fibers (such as polyester, nylon or cotton, and drawn, twisted, or crimped

20  yarns or fibers) or in composition or laminated structures with fibrous or non-fibrous
materials (such as nonwovens or films).

[00047] The ethylenic polymers of this invention (either alone or in blends or
compounds with other components) may be used in a variety of films, including but
not limited to clarity shrink films, collation shrink films, cast stretch films, silage

25  films, stretch hooder films, sealants (including heat sealing films), stand-up-pouch
films, liner films, and diaper backsheets.

[00048] The ethylenic polymers of this invention (either alone or in blends or
compounds with other components) are also useful in other direct end-use
applications, such as for wire and cable coatings, in sheet extrusion for vacuum

30  forming operations, and forming molded articles, including articles made via any of
the known thermoplastic molding technologies, including injection molding, blow
molding, or rotomolding processes. The polymeric compositions of this invention can
also be formed into fabricated articles using other conventional polyolefin processing

techniques.
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[00049] Other suitable applications for the ethylenic polymers of this invention
(either alone or in blends or compounds with other components) include films and
fibers; soft touch goods, such as tooth brush handles and appliance handles; gaskets
and profiles; adhesives (including hot melt adhesives and pressure sensitive
5 adhesives); footwear (including shoe soles and shoe liners); auto interior or exterior
parts and profiles; foam goods (both open and closed cell); impact modifiers for other
thermoplastic polymers such as high density polyethylene, isotactic polypropylene, or
other olefin polymers; coated fabrics (such as artificial leather); hoses; tubing;
weather stripping; cap liners; flooring (such as hard or soft flooring and artificial turf);
10 and viscosity index modifiers, as well as pour point modifiers, for lubricants.
[00050] Further treatment of the ethylenic polymers or polymeric compositions
of this invention may be performed to render them more suitable for other end uses.
For example, dispersions (both aqueous and non-aqueous) can also be formed using
ethylenic polymers or polymeric compositions of this invention, such as by a
15  dispersion-manufacturing process. Frothed foams comprising the embodiment
ethylenic polymer can also be formed, as disclosed in PCT Publication No.
2005/021622. The ethylenic polymers or polymeric compositions of this invention
may also be crosslinked by any known means, such as the use of peroxide, electron
beam, silane, azide, or other cross-linking technique. The ethylenic polymers or
20  polymeric compositions of this invention can also be chemically modified, such as by
grafting (for example by use of maleic anhydride (MAH), silanes, or other grafting
agent), halogenation, amination, sulfonation, or other chemical modification.
[00051] All applications, publications, patents, test procedures, and other
documents cited, including priority documents, are fully incorporated by reference to
25  the extent such disclosure is not inconsistent with the disclosed compositions and

methods and for all jurisdictions in which such incorporation is permitted.

EXAMPLES
[00052] All raw materials (ethylene, 1-octene) and the process solvent (a
30  narrow boiling range high-purity isoparaffinic solvent trademarked Isopar E and
commercially available from Exxon Mobil Corporation) are purified with molecular
sieves before introduction into the reaction environment. Hydrogen is supplied in
pressurized cylinders as a high purity grade and is not further purified. The reactor

monomer feed (ethylene) stream is pressurized via mechanical compressor to above
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reaction pressure at 525 psig. The solvent and comonomer (1-octene) feed is
pressurized via mechanical positive displacement pump to above reaction pressure at
525 psig. The individual catalyst components are manually batch diluted to specified
component concentrations with purified solvent (Isopar E) and pressured to above

5  reaction pressure at 525 psig. All reaction feed flows are measured with mass flow
meters and independently controlled with computer automated valve control systems.

[00053] The continuous solution polymerization reactor consists of a liquid

full, non-adiabatic, isothermal, circulating, and independently controlled loop. The
reactor has independent control of all fresh solvent, monomer, comonomer, hydrogen,

10 and catalyst component feeds. The combined solvent, monomer, comonomer and
hydrogen feed to the reactor is temperature controlled to anywhere between 5°C to
50°C and typically 25°C by passing the feed stream through a heat exchanger. The
fresh comonomer feed to the polymerization reactor is fed in with the solvent feed.
The total fresh feed to each polymerization reactor is injected into the reactor at two

15 locations with roughly equal reactor volumes between each injection location. The
fresh feed is controlled typically with each injector receiving half of the total fresh
feed mass flow. The catalyst components are injected into the polymerization reactor
through specially designed injection stingers and are each separately injected into the
same relative location in the reactor with no contact time prior to the reactor. The

20  primary catalyst component feed is computer controlled to maintain the reactor
monomer concentration at a specified target. The two cocatalyst components are fed
based on calculated specified molar ratios to the primary catalyst component.
Immediately following each fresh injection location (either feed or catalyst), the feed
streams are mixed with the circulating polymerization reactor contents with Kenics

25  static mixing elements. The contents of each reactor are continuously circulated
through heat exchangers responsible for removing much of the heat of reaction and
with the temperature of the coolant side responsible for maintaining isothermal
reaction environment at the specified temperature. Circulation around each reactor
loop is provided by a screw pump.

30 [00054] The effluent from the first polymerization reactor (containing solvent,
monomer, comonomer, hydrogen, catalyst components, and molten polymer) exits the
first reactor loop and passes through a control valve (responsible for maintaining the
pressure of the first reactor at a specified target). As the stream exits the reactor it is

contacted with water to stop the reaction. In addition, various additives such as anti-
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oxidants, can be added at this point. The stream then goes through another set of
Kenics static mixing elements to evenly disperse the catalyst kill and additives.
[00055] Following additive addition, the effluent (containing solvent,
monomer, comonomer, hydrogen, catalyst components, and molten polymer) passes
5  through a heat exchanger to raise the stream temperature in preparation for separation
of the polymer from the other lower boiling reaction components. The stream then
enters a two stage separation and devolatization system where the polymer is removed
from the solvent, hydrogen, and unreacted monomer and comonomer. The recycled
stream is purified before entering the reactor again. The separated and devolatized
10 polymer melt is pumped through a die specially designed for underwater pelletization,
cut into uniform solid pellets, dried, and transferred into a hopper. After validation of
initial polymer properties the solid polymer pellets are manually dumped into a box
for storage. Each box typically holds ~1200 pounds of polymer pellets.
[00056] The non-polymer portions removed in the devolatilization step pass
15  through various pieces of equipment which separate most of the ethylene which is
removed from the system to a vent destruction unit (it is recycled in manufacturing
units). Most of the solvent is recycled back to the reactor after passing through
purification beds. This solvent can still have unreacted co-monomer in it that is
fortified with fresh co-monomer prior to re-entry to the reactor. This fortification of
20  the co-monomer is an essential part of the product density control method. This
recycle solvent can still have some hydrogen which is then fortified with fresh
hydrogen to achieve the polymer molecular weight target. A very small amount of
solvent leaves the system as a co-product due to solvent carrier in the catalyst streams
and a small amount of solvent that is part of commercial grade co-monomers.
25 [00057] Unless otherwise stated, implicit from the context or conventional in
the art, all parts and percentages are based on weight.
[00058] Table 1 describes the polymerization conditions used to produce each
of the copolymers.
[00059] Unless otherwise stated, implicit from the context or conventional in
30  theart, all parts and percentages are based on weight.
[00060] Comparative Samples A through D and Examples 1 through 4. Eight
ethylenic polymers are prepared in order to compare the properties of four ethylene-

octene polymers (Comparative Samples A through D) prepared using a known
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metallocene catalyst to the properties of five ethylene-octene polymers (Examples 1
through 4) of this invention.

[00061] Table 1 describes the polymerization conditions used to produce each
of the copolymers, with those conditions being set to produce pairs of polymers (e.g.,

5  Comparative Sample A and Example 1 are one pair) with comparable melt indices

(I2) and densities
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2007C28R04 40.5 12.5 13.5 21.5 26 27.5 6.5 Conp A 2007C28R06 10 9 0 13.5 63
14.5 12 1 2007C28R01 30 5.5 6 9.5 14 14 3.5 Conp B 2007C28R12 7.5 6 0 11
41.5 8 10w6 2811/002998 PCT/US2010/040791

Table 3: Details of H' NMR data on unsaturations for examples of Tables 1

and 2
Structure Vinylene | Vinylene | Internal | Trisubstitute Symmetric | Asymmetric
Name (trans) (cis) Vinylene | (internal) Vinyl Vinylidene | Vinylidene
Structure Vy1- Vyi-cis | Vy3 T3, T4 VA Vd3 Vd1
Code trans Vy2-cis (mainly T4)

Vy2-

trans
Peak 5.49 5.44 5.43 5.04 4.80 4.86 Example
position 5.26 5.28-5.18 5.90 4.81 Number

Per Per Per Per Per Per Per

1000000 | 1000000 | 1000000 | 1000000 1000000 | 1000000 1000000

C’s C’s C’s C’s C’s C’s C’s
2007C28R04 | 40.5 12.5 13.5 21.5 26 27.5 6.5 Comp A
2007C28R06 | 10 9 0 13.5 63 14.5 12 1
2007C28R01 | 30 5.5 6 9.5 14 14 3.5 Comp B
2007C28R12 | 7.5 6 0 11 41.5 8 10.5 2
2007C28R02 | 31.5 6.5 6.5 8 14 15.5 3 Comp C
2007C28R10 | 10 7.5 0 12.5 61 13.5 13.5 3
2007C28R03 | 32.5 10 8 15 20 23.5 5 Comp D
2007C28R11 | 7 5.5 0 8.5 48.5 7 7 4
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77 4 WO 2011/002998 PCT/US2010/040791
We Claim:
1. An ethylenic polymer comprising an overall polymer density of not more

than 0.905 g/cm’; total unsaturation of not more than 125 per 100,000
5 carbons; and a GI200 gel rating of not more than 15; up to 3 long chain
branches/1000 carbons; vinyl-3 content of less than 5 per 100,000 carbons;
and a total number of vinyl groups/1000 carbons of less than the quantity
(8000/M,), wherein the vinyl-3 content and vinyl group measurements are
measured by gel permeation chromatography (145°C) and 'H-NMR
10 (125°C).

2. The ethylenic polymer of claim 1 further comprising a ratio of vinyl
groups to total olefin groups according to the formula:
VG/TOG > (comonomer mole percentage/0.1)* x 10 x 0.8
15 where a = -0.24, VG = vinyl groups, and TOG = total olefin groups.

3. An ethylenic polymer comprising total unsaturation of from about 10 to
about 125 per 100,000 carbons total unsaturation; and up to 3 long chain
branches/1000 carbons; and a GI200 gel rating of not more than 15.
20
4. The ethylenic polymer of claim 1 further comprising a vinyls amount and a
total unsaturation amount, wherein the ratio of vinyls amount:total
unsaturation amount is at least 0.2:1, and wherein the ethylenic polymer
has less than 5 per 100,000 carbons of vinyl-3 content.
25
5. The ethylenic polymer of claim 1 further comprising a vinyls amount and a
total unsaturation amount, wherein the ratio of vinyls amount:total

unsaturation amount is at least 0.3:1.

30 6. The ethylenic polymer of claim 5 wherein the ratio of vinyls amount:total

unsaturation amount is at least 0.4:1.
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The ethylenic polymer of claim 6 wherein the ratio of vinyls amount: total

unsaturation amount is from about 0.4:1 to about (.8:1.

The ethylenic polymer of claim 1, wherein the polymer has less than 5 per

100,000 carbons of vinyl-3 content.

A composition comprising, or made from, at least one ethylenic polymer
of claim 1, wherein at least a portion of the ethylenic polymer has been

cross-linked.

A composition comprising, or made from, at least one ethylenic polymer
of claim 1, in which at least a portion of the ethylenic polymer has been

functionalized.

A composition comprising, or made from, at least one ethylenic polymer

of claim 1 and at least one other natural or synthetic polymer.

The composition of claim 11 in which at least one of the other natural or
synthetic polymer(s) is selected from the group consisting of at least one
thermoplastic, at least one elastomeric olefin polymer and at least one

styrenic block copolymer.

A composition comprising, or made from, at least one ethylenic polymer
of claim 1 and at least one other component selected from the group

consisting of a tackifier, a wax, and an oil.

A composition comprising a dispersion or emulsion of particles in a fluid,
wherein the particles comprise, or are made from, at least one ethylenic

polymer of claim 1.
An ethylenic polymer comprising an overall polymer density of not more

than 0.9 g/cm’; total unsaturation of not more than 125 per 100,000

carbons; a GI200 gel rating of not more than 15; vinyl-3 content of less
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10. 15 11. 12. 20 13. 25 14. 30 15. than 5 per 100, 000
carbons; and a vinyls anobunt and a total unsaturation anount, wherein the
rati o of worngligoayunt :total unsaturation amount is bet weerus@o/0io7and
0.8:1. 516.A fabricated article in which at |east one |ayer or portion of
the fabricated article conprises, or is made from at |east one ethylenic
pol ymer of clai m 1. thhi.5Tgee 10@000 cabed; and a einglseindihaand d@tdl anvdtuatiorn he

fabricated article conprises 10a film_a sheet, a fjber, a nonwoven, a
laminate. or a ¢ orrpé@PE“gz wherein the ratio of vinyls amount:total unsaturation amount is

between 0.4:1 and 0.8:1.
5 16. A fabricated article in which at least one layer or portion of the fabricated
article comprises, or is made from, at least one ethylenic polymer of claim

1.

17. The fabricated article of claim 16 in which the fabricated article comprises

10 a film, a sheet, a fiber, a nonwoven, a laminate, or a composite.
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