WO 2011/ 032174PCT/ US2010/ 048821 POLYMERS COVPRI SI NG UNI TS DERI VED FROM
ETHYLENE AND POLY( ALKOXI DE) CROSS- REFERENCE TO RELATED APPLI CATI ONS 5The
present apploaseoa clains the benefit of U S, Provisi oralr/tApgiioessti on No.
61/ 242,133, filed on Septenber 14, 2009, and fully incorporated herein by
ref erence. BACKGROUND Conventional |ow density pol yet hyl ene (LDPE)
exhi bits good processability. Poly(al koxi des) exhibit good processing aid
properties. ThePGEWEﬁS'(%W(ﬁQﬁ]ﬂﬁ@@iM@E%ERﬁSEﬁ@RGM FERYIGNE, but

A

bl ends of these polyners are p tY(EﬂhK@XIﬁE? to their tendency to
phase separate. Grafting one polyner to the other using peroxide/reactive

extrusion is know, but the process | eaves a substantial portion of the LDPE
ungrafted which, in turn, tends to phase separate fromthe grafted pol yner
and any ungrafted polGR@$BEFERENGE TORIEDYTED APRdEATEONS s for a pol yner

f | | koxi d LDPE, .and f j it. 55U RY THE
R G e 2B ersepnatert: e pavarior Y et birdSP bR Kong
units de%ﬁmg,lggﬁib@kaﬁaﬁbmoggé%aa KAy irporhia8 hBRly BEfefdiaNdeny "g‘} | east

0.15 units o groups per carbon atons as determ ned by 13

Nucl ear Magneti c Resonance (NWR). BTK@K%%IC%U"@D conprises a pol y(al koxi de)
w th ethyl ene-based pol yneric branches. e neasure of 0.15 20 anyl groups
per 1000 car b@onaémivhali dowadedsityn pblyethylembe(LIDPEC arxbibits agoods proceskebility.

et hyl ene-base | ymeric branches. excl usive, of .t he carbon atons that .forma
part of  PRBUbIY g RokPagpod Poceing i MIPPEisSiHE ARIDIREST f DRt BRPTeS
pr OC?GS 0qd %Hi\eal?]&(liléﬁ&% lof GRIEP pbEAes 4HaidiSicHR b GIddd RMhet dens @BNhase

pol y(al koxi de), the process conpri sing: 25A. Contacting at |east one
pol y( al kespatey. iraftingtony [pelyendrrio tieotherveng perokide/réactive extaupiarals knaiv bat or

inafirgt reactor or a.first part of.a I - t, react.or: and. B.

React i ng%l?et'n%rofﬁ?ls %ﬁ?ﬁ(%i‘fbatﬂ’a%&ﬁ“%%{ql? (B‘@flé lérf%%%eéln‘@hllc P I%‘gn’gtre Iécésgr?cpél 4Bt the
f r ee- r adisgikaté Hont @lcOgraftéd polyMeR Bn®bhy WBHAEE PO (MINAB! | Acdofdngl, daseed to
the pol y(al koxide) in at |east one other reactor or _a later part of the

nul ti - packisgdprapelymer ofgplelkexidgpardHoRY (and e 1w @iy maSMeEE DESCRI PTI ON OF
THE DRAW NGS Figure 1 is a 13C NWR spectrum of LDPE show ng | ocations
of pédks characteristic of GUMMAIY OF BHAEANWENIGON Figure 2 is a

13C NWMR spectrum of L show ng_an..exanpl e pf _quantificati.on .of
br anches/ 1000%&1”60%%%“8&’ \gh%%iwsengmléﬁ al\lleﬁglgbe ctrt r%Slo”% E’B&Edg%%e[%ac% Rihg C
br anches ethfylcabafd $olyalRoxd&s, NYBoBRRs thaviie Qf 1daBREL £ ofits2b finfd gedupspan CHDs .

Figure 5 is a 13C NWR spectrum Ef representative inventive polyner show ng
char act ecibpn @tgrenrs dgterpised (b kKExNueyar Yoegnegisr %esenﬁ@ea(wggh heppply gy

mol ecul ar Laht  di ' [ 0 R | ti It 158
exanpl es N O%}I&g aF?égl%aiel&O%i&ez %gthp%tgilglﬁeeg%??ﬁﬁgﬁeﬁg%re zgltg %olrps6 ingéao p?gak

mel t og amybgroapsipa (000 cadbod athemsis bysedfoncthenmemberadfl cartemaitdradbinethe BAFleand t wo
i nventive polyners., Figure 8 is a.graph reporting the

rel ati onSated 8elymesic Branghesi sxelusie dndhe: ¢ nt%@“‘tg\l\g’afw%o afpP¥t of the
COMMEr Ci gyyy 1Byaidyabl e LDPE and conparative polynmers. Figure 9 is a DVS
overl ay tahe twg exanpl es and conparative exangl es. DETAI LED DESCRI PTI ON
The fol | owi ngldiose esdbdimens the dsentien is @ pervats o fanper spdpmek Fomprising uRitle ar t

to make and th i scl osed co itions and nethods. The general

pri nci pl ggn EWS@&?WE?“%B&?@?@E%%S’e%e PEWSCHIPHENEs and appl i cati ons
othepsthan thase debaidcsh ¥ilb4x0bhe ﬁ&p@nﬁdxm) fWitrethylencSinithd preddide SE @ fRe-Of
t he di scl osed conpositions and nethods. The_di scl osed conpositions and

met hods are not i nrasheinitizgona a fir reegion & a first RafRfol melirarsiadier apdit is to
he accorded the w ?{%gglaﬁgtggfpowﬁbﬁh%nw didol® &hjBGd Bl R Aetkatedt wes

di scl osed. Inveéntive
free-radical initiator to form an ethylene-based polymeric branch bonded to

the poly(alkoxide) in at least one other reactor or a later part of the multi-part

30 reactor.



25The term "et hyl ene-based pol yneric branch" refers to a polyneric unit
conprising polynerized ethylene and which is bonded to a pol yal kyl ene. In
one enbodwvoentl/w3kE4i nventi ve pol ymer (sometines referre@CraSasionmss21

"ethyl enic polynmer™) conprises the structural fornmula of Fornmula 1. WO
2011/ 032174 PCT/ US2010/048821 0 O R2 m Ethyl ene Based Pol yner (1) In
Formula 1 the ethyl ene-based pol yneric branch can be a honopol yner, e.g.,
LDPE, or an interpol ynmergraichrSeRATIONYFEITEE PROPYIQGS copol yner branch.
The pol yner conprises a_ poly(alkoxide) unit with an ethyl ene-based

pol yneri c br aftgure hishett NMRtspettwor oL DEEsshpwirneblonationa b peakstchatactprigtic

phr ase "u?it derived froma pol y(al koxide)" can refer to a oligoneric or
pol yneri & GH??GB#WQﬂ%ﬁ%ﬁﬁy(alkoxide). The et hyl ene- based pol yneric branch
i's either formpgreirieat'Pq NVRIpecReh ¥ IDPEXiBing hn exampld o€ httidieatioroR mer
or oligoner attaches at the poly(al koxide) and is subsequently pol ynerized
or fubthé&d yardhaet 000erhgnsh ot her et hyl ene nmononers (or copol ymerized with
one or nore olefin,econ : -pased pol yneric
branch, or anP%%k%?%%g?gggggﬁ%g%gﬁégfﬂgbﬁg?%ggﬁﬁgggggﬁﬁ%%fIy and
subsequent |y @igfré ¢ 4 BCNMIRupeeyttuah kK DEE)confhiring 6B pakkeasxi de) can cont ain

one or nore ethyleneﬁbasg& gﬁ#%neric branches, the nunber of. branches on
any pol y(al koXi#g§ 3 & & fn rSPegifum efs fepresepaiye yentiyg, POIYIET GROPIRg

pol y(al kQxi : b | under which the ethylene is polynerized
or the pgﬁ?gﬁﬁ?ﬁgﬁgagib rgg%%gﬁﬁgythe pol y(al koxi de). The ethylene- 15
basedOpol yner iFegue #nishe graphnropartingi mokculer aveighs tdisigbution obihe exapindes| #nd and
preferablg conpri se one or re long chain branches (LCB, which are

char act erSFIEEHYE OMPATAYHC Bﬁ‘aé’%é[ggre LDPE). If the ethyl ene-based pol ymer from
whi ch the et hydgne7baseslod RipsBigl te RElRAGKAH 6f feallenbivag timperade Oimparkd gh
pressure process and/or contains _|ong chain branching, then sonetinmes this
pol yner , densityrofisememsreially svailalle dMREang telipyastive palygsan as a highly 20
branched et hylene- ha I . . ; -al ' is
used with a | GEs ?xéf g%ﬁ&ﬁi%‘g’?{‘?ﬁ tg*ﬁf?x”%&é%’@ﬁgaﬂeé% Ry gﬁﬁﬁ??&%@oﬁ%@

t her @5i s eRamples, tanintstialleavisiable OB @nipaenive phhtnekai t hful | y combi nes al |
t he physical performnce advantz&es of the POl al koxi de) mﬁtg the all the
favorabl e proddass Ads 2 RMSeYlay of thedworexpmalep A FQMRATEREHEE B Ry | ene- based
pol ymer. 25D scl osed are conposiThensD Pk dreiphagr t hat address this
shortcom ng. A benefit of the WD 2011/032174PCT/US2010/ 048821 di scl osed
conposi ti ons did foliiwiog discesstonds piesdnted totepale egparsen skidledin the e taimakey et

pol ymer densjty. using conventional ogesses that ‘have.the.progcessibility
of the hiUghige S}Sﬁﬁ’é‘i‘ngO‘@Pmﬁl%ﬁe@g}aggﬁwéﬁl yhis esnvral iRty 8 Sc%lg?d; A & cal
Propept i espiddd b ehibolififeny vl pplicAiofPEthtt Ban BRSO aéall@idwithdu défeting from the

pol y(al koxide). 5The coval ent” bonding of the two constituents - a

pol y( al keriridend senpe f theghisglossd sampesitiensandanethedss dbe displopas composidigns and y
pol ymer wi th physical. propenties.. akj . e ap .t | de)
Comonenth et RiRES i Bl int BrBbaREhlShob ol Rowtp el

hi ghl y braaeshesbpetthydigas vigshd pintipler andfeanessetidclostthe conbi nati on of

physi cal and processing properties for the disclosed polyners of 10 this

i nvent i odniestivioPolgieier ved in nere bl ends of pol yal kyl ene with highly

br ang?%‘ et hyhgnegs hasgy 1@9&:%5@%&3001;9&1&% CREIE 3l poBihdet s cHhpridhsy

di scl"'osed pol yners of this invention is a vant ageous as the poly(aYKOX|de)
and t he kpobnieyizbd atiohad aidhywhiheisbberidd ol 3/ pelyabiaybesiei t Inenne gmbodiowent dhe | y

| i nked. The pol r of thi.s invention may conprise unjeacted

pol y(al ké&‘feﬂg)(‘? g%’é‘%&%‘ﬁﬂmei?\fmedttﬂi% aj n?/tgﬁlfnﬁ‘&?oﬁwra?l OPRUSHLPE SEUGYEL o
unat t achggnghhyf estgrdpased pol yner that fornmed or was introduced into the
process of making the inventive polyner but did not bond with the

pol y(al koxi de). The pol y(al koxide) that is not bonded to an ethyl ene-based
pol ymer and the ethyl ene-based polyner that is not bonded to a

pol y(al koxi de) are usually present at low | evels, or can be renoved to | ow
| evel s, through various purification or recovery nethods 20known to those
skilled in the art. I n one enbodi nent the pol yner conprises units
derived from et hyl ene and pol y(al koxi de), the polyner having at |east 0.15,
typically at least 0.5 and nore typically at least 0.8 units, of anyl
groups per 1000 carbon atons as determ ned by 13C Nucl ear Magnetic
Resonance (NMVR). Typically the polyner has one or nore of: (1) one,
typically 25 at least 1.2 and nore tgpically at least 1.4, units of C6+
branches per 1000 carbon atons as determ ned by 13C NVR, (2) no appreciable
met hyl branches per 1000 carbon atons as determ ned by 13C NVR; (3) no
appreci abl e propyl branches per 1000 carbon atons as determ ned by 13C NVR,

e e



WO 2011/ 032174PCT/ US2010/ 048821 I n one enbodi nent the pol yner has a
density greater than 0.90 or 0.91 or 0.92, and less than 0.95 or 0.945 or
0. 94, grawe 2pervo3euhi ¢ centineter (g/cc or g/cnB) as nea®oras2ip/0482TM D 792.
I n one enbodi nent the polyner has a density of 0.90 to 0.95, or 0.91 to
0.945 or 0.92 to 0.94, g/cc. 5In one enbodi nent the polyner has a nelt
index fromO0.01 to 100, typically from0.05 to 50 and nore typically from
0.1 to 20, grans per 1Q-m nutes (P10 min) asy measured by ASTM 1238-04

(2. 16kg/ 190C) . I n one di mrent | esp than 60, 50, 40, 30, 20 or
10 wei ght percent of the poly(alkpkide) used | n the process to nmake the

i nventive polynmer is extinctabl elp ) extraction fromthe polyner.
In one enbodi ment, theAfnv i [ion conprising a pol yner
conprising units derivgd from y| ene and |po] y(al koxi de), the polyner
having at |east 0.15 units of jany|| groups per| 1000 carbon atons as

determ ned by 13C NVR |l n one [enbpdi ment, e Mmvention is an article
conpri sing such a conposition, in one g@r}t dj rent the invention 15 is an
article conprising a conponent cokfiMengga Ob("?%rrposi(ﬂbon. In one
enbodi nent the article is a film I n one enbodi nent the pol yner

Conpr i se§y, gofiRe Irl ithy e#SleBlLbaRR8 o BMlerRIbrh)AR be 48nRipblynRnee. HAEDREOS dnhe

wei ght of the polynmer. I n order to achieve an i nprovenent of physi cal
proper t i éstepelymeanshchbrovea ethyleneepr20ylohs seradymer erpechof The pplyrst comprises a

ol y(al koxj wi.th a highly branched ethyl ene- y ath f.ound
!to ha%/(t he p(‘,’b'gﬁf(%’ﬂge)b}iwai‘ﬁ@“f rﬁ@&ng'%%%ﬁy%%ﬁyﬁgﬁ ib%%&%f Qﬂ%@&gﬁtr%h%fgﬁcahed
et Ey: sn,emaa?ele Q@}b)bﬂﬁe[toﬁlﬂl The pﬁfa@ﬁ engie dleifivéd”l €éofoh wo@}(tlmide))’ daasefer toian an
et hyl enic polymer naterial with physical propertjes akin to, or, better
t han, theligemEwaer praepe hyit af ﬂ@)ﬂozbé?u(%g@d ﬁtﬁ ?M?ﬂ%‘éﬂ%ﬁ%ﬁ%‘ﬁff{ensﬁfﬁn@h 15
mai nt ai ni abial ity -h St CS i i hed
et hyl ene-eggesre(?g%%f@l?n%rﬂk’coér%% Egﬁfa ﬁcﬁ{ld@’sl'%’eﬁégb@gﬁ fﬁg?&?ﬁe&gt%lisgg I oggettg&ﬁggc
et hyl eni et pied poR(allsdxide) tandeisi ssbsgopitiyspalymbritidgbd furtheampohyewtriegeh withnethiyased
pol ymer substituents grafted to,. or "free-radical, polynerizati Qn enzlirl ated
et hyl ene-Bysad MORRINEH AP CIRIIXPRE T2t _r"%}ﬂb AR O BTy P}?g‘tni %@&IWB}?FSA ?z{gﬁn& S zed
site;gn hﬁl&%ﬂﬁ&ﬁé%@&i@wdé@&%bﬂ@kn%ﬁfé@ RBINEFRS forie iliepeldeatfland
conposition 1s an e eni ¢ polynmer conprised of at |east one 30
pol y( al kaubstglentlysgrdfteb koy ther palyfatkoxotey Clihwi poliiatkesites cart contgll gnenpamked

et hyl ene- hased ,pol yner. . 2011/ 032174RCT/ US201Q/ 0438 ] el

i ndex of eﬁﬁ'&“ﬁl’@ﬁ%?@é’“ﬁf‘ﬁ%@% &S pt Ffﬂgél?berrmoy rgn(glre grﬂ%aéé'up Oléfgﬂlior{l]%e)ggo%t
1000 9/ ¥{hdHoRUitQSast ASpE 86 tHeQkeltf tb_?@?d‘ﬂf%ﬁ(%&'r&ﬂalﬁc?thﬂz@ok@timrﬂiﬁﬂw@ch the

Pol y(al koxi des). Sui t abl e pol y(al koxi de) - based pol yners cc))(%rl ﬁ_ﬁ rg&fzatl ng
units as eiliylanstis apbyenerigeds orthernalystipyleue is graftydpo the paly(alkpxige).c 1he §EW'RE- and
R2 ar,e independent |. en..or.al:-kyl. wi j ]

cannds sitCrT AGBGET RS s ol i ahd Gl Ml SOpIcR oS JRDRHIR,

i nteger toppipeisd bie 6f ptelonk vhnindbrampes (LEB, Whichrane ehdrygeristic|of highepitessurd han
or equal to 50, and even 10 m)r<1e typically equal to o&gg&ea er than 100.
The maxi rRWal idhosthylsaerbased olymgrairom widch, the fRyleRG PEIMRK LB i cal
pol ymer i | L fenRtd - . a§ Norf3Lcti biAdchifg, then
ndependent PR HEEE 4 Bk prt SuRNRRR AUOE Dbl orf et Rcliee. e
even nor eometihes akhik ypolghéry lor birehen degyval fomatles tpphineel fisy knewde e rid drghlyy
hydr gxyl . Pog&£agkoxigesé ich can be enployed in the present invention

i ncl dle DEa58Pd f1BYPT-BACIABEEL) | poly (propyl ene oxides) and m xed

pol y(ethyl ene Gliﬂeﬁﬁ%],/ ALY b HoPRMIkERiIGe P el vatHTRaswdgystalligitp diylalbeachees)
preferably are of the formula: PrO (CH2CH20-) x- ( CH2CHRO-) y( CH2CH20- )

wher ei n sethyerarhised pplymendBisenifene | pechanigalomeprssia icreate; ?«tlﬁ‘a@r that Jaigifulde g
that at |east on f n ' . j I s a
Cla- al kyl e i By sibal Bt plafiol Bl shlgds oF e pbly RIS Wt U 1

| abel i ng fgvRetle ProdesAnigs cRargétoripicpestfrithé i ghlyobpinchal difdenexbasyd grolymerr e
not zero, they are typically up tqQ 1000. Ig SO eﬂbodi ments, . X if? ffrng
to 1@00, Distlosed-ArpIcemppytpaand gregwgs thatpd {?ﬁ%gﬁsa ricomipg 74 Penetit Of figer
enbodi nents, x and y are independently from3 to 1000, for exanple from 100
to 500, and z is zero. In yet other enbodi nents, x and z are independently
from3 to 500, for exanple from 100 to 300, and y is from3 to 1000, for



WO 2011/ 032174PCT/ US2010/ 048821 exanple from 100 to 500. Preferably, the
pol y(al kyl eneoxi de) is capped, for exanple by a Cl4 al kyl, especially a

met hyl , gwoup11/032174 The pol y(al koxi de) conpounds enpl opeut/tse@omaesseonl y
identified by their approxi mate average nol ecul ar wei ght and abbrevi at ed
chem cal name (for exanple PEG = 5 poly(ethylene glycol); PPG =

pol ypropyl ene glycol). The pol y(al koxi de) may be |inear or branched, and
commonl y F=YalcN f kiPhed Sy1vigganpl e
from21( S@%s%ﬁ%ﬁﬁ%en > gqgééq’ia}asa‘%%g?&h%j %Osﬁlggﬂa%c%%% R&i?thg({) r@gu M}S@
permtti rdgnmyupdmglgomwyltlomi rprotesses cthatmbave l}h@lgt()@mbilem@fdm die)hl)cgean d For

P01y al kAR vR Beypo b et Elefbna S, AR omopghes SR e Micnbs
group. pr%;%h%'a&’socia&@iﬁﬂiﬁ[e%h%ﬂk@ﬂhe)l s PEG Highly Br anched

Et hyl ene-based Pol yners hly branched et hyl ene-based pol yrrers such

as | ofv densi tﬁhpmqyébhylbé?@ng LQ:ﬁP tVﬁaﬁolb?éme’é}éﬁe uinely (alkpxige) grd s hiekly
br0CesS Yokfed LRTREESL AR RIS S EBUHTES LG Y NASAS IO oo

pol yet hylben& thay tl%‘p@ly@allﬁ@hﬂe)l cftﬁI@OnélhtZWhﬂdf omiftaidingt prot&BatglityOcturavterstics

ghly branched et hyI ene- basg b rr&rs such as LDPE nmay al so be referred
to as "hidh tpilssighly bganehedet Ylﬁ’&? tref polymeE SR ethat the pol yner is partly

or entirely happ I%Qh&bﬂﬁﬁg& o6 pﬁ’}gsufa? B gﬁ%@ésﬁ?ﬂxb&rﬁ‘é&t 1OF LRV s Pbsell %Ql-j'lnﬁ'is of

reactors at pressures above 13,000 the use of free-radical
i ni til@t ortkis irsigotioras noe plseiradsn (nsaeebleﬁdﬁroquwqﬂ{}éenelwﬁl hightyehrandkied ethykoe, 392

20 McKI N , et .Th t th fi t
br anches beTagdoLaTsTy. FhbEENGr R venaes bt Srtol PRl Py BlrBkeaEr ®
nateri al advantagfeoﬁ'ﬂ es] bhebf)@!gfhlﬂﬂﬁl&l) hyldeig: hasd HRahSheR T SthileRe-basd CRdlynter

honmopol ymers of et hyl ene; however, the polynmer may conprise units derived
from oneSblPStllﬁ!mnearacgvfémth’lvd@él ymers as long as there is at Ieast 50 nol e

percent poly |ze t hvl.en nOTer é(

be used in fg'r%rerﬁ’a merﬁ’?f v 'r?na/gg %I{dr%e €‘Pé‘q§e ase%%ppoqI ner |ncI uae, l%ﬁ?}a
not l15m togehik thvedtiod ﬁi‘ay ralsbcnmrmne fee of YphteRhtd ethgdehordased pobyreerttharfofied
carbon atons. For exa

t he a-ol efi n, comononer far may have 3
to 10 caobdis attaﬁieeeddg% the prasess of yaking the Invepidveabymasy byt E‘Bﬁ%gﬁ%‘? s
exanpl e, 3 Es&R cew;pm
i ncl ude, ali?(?ﬁ@e ]tq% %lﬁgiggﬁaeﬂ%?{eﬁgyoene h@(%? gfrl%gieﬁélggs-eg nt'ene, h§ the
1- hexene eth]yldme{haeerdepoljzmnﬂelms ndt bomleddp alpag@traidennt dsuaBy préset atpbm ene

In the alternative, exenplary conononers ncl.ude t .are not limt
13- Unsat UPEedt &5 Do o) 02T FPn el PoRseb B s SR efoet
part hgul ghoWRkSines@Nitbd hyR@4t.Cc acid, itaconic acid, acrylic acid,

met hacrylic acid and crotonic acid derivates of the a, 13-unsaturated
C3- C8- car boxy [l conge iegbodinsnt etharrmlememanmrla@%dm@ @ryﬂéafr%xythytenacmui

ot hyt” mebRgS, He PR it JRa LTS Ok o B bfErd BoRALL O

net hacr y|l@tsﬁ,0 smahiwl ofagmyl gtdips qjehyllooacwaytb@t etomsbal Vibteaningd diye,°C Nuclear

2-et hyl hexyl acrylate, tert-butyl acr | ate, methacrylic aphydri de, mal eic
anhydr i ddMagngtc ResenansecNMRY-ddyaisally Hleambt%er aapflephmor%f %ﬁg@n%%w}s?lay
COTDRTEly 1aiCH. QSd HB?(%]Q'?)EC%}I?% 1e|a M 4 &hit O rl%hnéh% H&XWO@tc%fbo fa%m@%sa”pl e
viny["acet at e. n ano erna i VE, exenp ary conmohoners 1nc FUide

are not Idewithadd thy, °6- NMRB;) (2aubydp@t@1abbacn§ethyd: bazmcﬂesapct h@0thearbon iatonascasd. 10

he. T eactFBBFREbE TR (b ) HIRFSF A REARS OB TS Bl ROl JITEES =

ot her di gel.aafda %d@esmem amempﬁ& g@ak&qmrﬁe) gwnp%f Q‘éﬁ@ldt}iaﬁ ﬁhﬂdlnﬁﬂﬁ in
the presence of highly br anched et h%/ ene- base mer within a

wel | - st i tymchllyemcgreaterstherh amits of ety enoupemrﬂ@% ozrrbematamsee datgeminedby 6C  The

ot ny Ping NVR TGt bodfGny BTG OF o SpiBhr el i b FRRCHEF of e

et hyl ene poikinker [Ha0 606 SRiee or bl EQurlofeHes@progemiks. i ng of hi ghly branched

et hyl ene- based pol ymer nol ecul es onto a radicalized pol y(al koxi de) nol ecul e
and free-radical ethylene polynerization to forma |long chain branch froma
radi cal i zed pol y(al koxide) site - are well known for form ng the enbodi nent
20 ethylenic polynmers. Qher enbodi nent processes for formation of the

pol y(al koxi de), the substituent highly branched ethyl ene-based pol yner, and
their conbination into the disclosed ethylenic polynmer may exist. I n
one enbodi nent the pol y(al koxi de) further conprises an extractable

hydr ogen. The pol y(al koxi de) enters an area, such as a reactor, in which
free radlcal polynerlzatlon of 25 et hyl ene nonomner |nto a hlghly branched

. o T | o - .




15 pol y(al koxide) are both prepared in different forward parts of the sane
process and are then conbi ned together in a conmon downstream part of the
process iwotha/g@eersdence of et hyl ene under free-radical poryuserionasszon
conditions. The pol y(al koxi de) and the substituent highly branched

et hyl ene- based polyner are nmade in separate forward reaction areas or
zones, such as separate autoclaves or an upstream part of a tubul ar
reactor. The MBH&%ﬁocﬁfn@ﬂi‘ ﬂqg%gn?e@ hfas)a\e@ﬁgtyr@eﬁ&ﬂ @n 9199 (291 0093, Ake
then transported to and nbined in a downstreamreaction area or zone in
t he preséssethanf0.2% myO@ﬁaé ot ﬁd’ér glfane‘emr adblc Zentyoetgnee/¢czert ¢/om )oaﬁrrdﬁ?qsvred dyt o

pr ocess e ST b 0P an B Pio iy PELRED b O 4E0 BB (8% DR T2

reactiononp®at®0.94086c.to facilitate the reaction. In sonme ot her processes,
a catalyst is added to facilitate and reactions in the 25 downstream
reactfon ar ealmpng embodiment gepadyrpelr %r%@égﬂ@x ermi 49 bl 09, teripallst B9mene
i s added ol f Qdsuk@nes
to facili togtté%@oa?lﬁqﬁ(ﬁgﬁ or ‘Aﬁfffr (E)Iﬁ%rﬂ R)aznqi rnféﬁéﬁﬁgqg@%%?ggﬁg @?gﬁiﬁ cfu

et hyl enethMpQB&O&(ﬁl&lcg/I%eCpol y(al koxi de) and the reaction of ethylene

nmononmer directly with the po] y( d rmthe |sclosed et h ni c
pol yner. In sé‘?‘rémSt%lPOdﬂJ‘F’%‘@eL%%zh ?b gésf‘ %@ gb Thi p‘?’?illﬁfcf’erg?r}ieéjngwf rom
the 30 f 251‘9?2[690){1&2%&@{}1 He§R8cRE 1 AARS tHeSinl ERAL §RIJAEAE xir&AMHK BY sbiNent

downstre action area or zone to neutralize any residue or byproducts
t hat 1®rayext!n¢ut1bn1fronh&e@omr eam reacti ons. V\D 2011/ 032174PCT/ USZOlO/ 048821

In an in S|tu rocesidthe p&gyl(la koxi.de er ral oI
reaction ar ea 'bPPSYRROMIDERH thyInVEnfiop 15 2 ?ﬁl%%sf b(\?ecog}prlghlgfp%({ ¥I35rﬁ ng)rn[ g‘f a
tubul ar HRAE HeHived Tiin @St deditld PEIOAUGKidRY," 188 Polyindr RRingr zarlsmrouedum &
downstream reacti on area or zone ere the thege is a presence of ethylene
at free- panil eeupp oty IO cesbaroriome dideicammed e 26 NYRdi In epsserabeshgent, ienot h
the for 0 i C & y”ﬁﬂ’%—ﬂ r to
t he pol ;?’ {c:?(r} { ea?’nagté%%r%é&lgﬁg\/\g F‘l“ﬁl Qbﬁ%&gtg@t%&? I on %&é @%g%ﬁcbﬁg%@

di recs | yismnt ditiele cbpsitingdeomponehatoragriting sueh arcotipesifionh. yIrairie(}:mtd)dDmem trer eby
form ng an, enbodi nent ethylenic polymer. In sone enbodi ment processes, free
radi cal @’éh’@?rlétalh’@ corrpounds are added to the downstream reaction area or
zone to facilif gleehbhissiPeat gé gglty f‘%ﬁlﬁﬁses a&OAE WEBR! peklen® BPASI MBRSed
processes, a catalyst 1s a o facilitate grafting and reactions in the
downst reaﬂwteaabasiedrmnahcewexght Qfdhepol[ymesone ot her enbodi nent processes,

addi ti onal % glhe i s added t t%ﬂp cess downst ream QD];O t he fr%rward
reaction ar ea 26 agney ?%HPP’iOtVEIPSnb YoHrEl POPRREFT QNCTHI ERoXF 1 WG o
hi ghby bbﬁﬁ@&%leﬁa Byhﬂe@st Bﬁ@ﬁ @%&ﬁﬂ%ﬂ) Wi A 1mearfcﬁ@@ém l@nélf)as%H ylyate,

nmononer With th koxi d formthe disclosed eni ¢ 15 pol yner.

In some errwwfcmdtth@ir ee@gegnt thr}gr foumed bytpcémmza@ml tOﬁéK@f diahdy Grapehedt i on

Zone to FORrParr s TN bR UL RS s a RS RS EF bR e
that may niafﬁiiabWﬁthtﬂhgswdl@Npertirrsaﬂkﬁh@doﬁﬁdwf thag; tbaaeléasp)@hy pﬁ]ly(aﬂmiKH)ibamd t he
grafting of highly ne- based olyrrer to the

ranched ethyl e ,oI kox
or ther @aldmearpoafpoa@my wﬁwﬂg vﬁrwsmél%oqmaar%é&?sa % ﬁ\gE t he
di schpse u
feedthg. DRachd] SRl EnaGa Hatymer comMRinEhd RobdiclRd 108 ‘Hﬁﬁﬁfﬁ’éﬁﬁﬁﬁeﬁf"
hi ghl y bpalyatee dtrattayd meelh;-nsm pblh;ginia}r branched efﬁgtenquashdcpcigmheubﬂtlgmgp

branched et hyl ene sed | e [ dlca |n| i at ed
polynerlggﬁFﬁﬁoprg SETFUC Iﬂ&ﬁﬁqﬁmﬁgéﬁﬁ ?V% ﬁ%@ dﬂ W8§% IEerfree-
25 radi cglankist | @ BchiRg! ﬁgﬁr h ZRAHicARzdAr S&ESH ﬁh}z‘pﬁsleﬁiteoﬂ@"'9W(allkdkldé)fba§ddr st
type, an agitated autoclave vessel having one or nore reaction zones is
used. Theokuteoc| Bheedisdasadosompasitianl is dmsthglepisr polyingj eempasedpef At keastopne

i nitipator r fee s th C be is
usea* s RoPLARRERT s BB Tohe shthn SRR Ren@ch RESRLE AT |
limtingpo %ﬁﬁﬁtor Iengths may be from 100 to 3000 neters, preferably from
1000 to 50 30 neters. The beginning of a reaction zone for either type of
reactor is defined by the side injection of either initiator of the
reaction, ethylene, teloner, conononer(s) as well as any WO

2011/ 032174PCT/ US2010/ 048821 conbi nati on thereof. A high pressure process
can be carried out in autoclave or tubular reactors having at |east 2
reaction zones or in a conbination of5autoclave and tubul ar reactors, each
conprising one or nore reaction zones. |In enbodi nent processes the
initiator is injected prior to the reaction zone where free 5 radical
polynerlzatlon |s to be |nduced In other enbodlnent processes, t he
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15 propyl ene and 1-butene which have an olefinically unsaturated bond, may
al so be incorporated in the polyner chain thenselves, via a

copol ynmerwoabviioni2rieact i on. Pol ymers produced in the presemas2aib/oedsai n
transfer agents are nodified in a nunber of physical properties such as
processability, optical properties such as haze and clarity, density,
stiffness, yield point, filmdraw and tear strength. 20Hydrogen has been
shown to be a j f [ f inGAl
polynerizatiog$gg%%E§%€P§§ﬁ%ﬁg§ﬁ%;%gu gghagﬂgﬁgﬁﬁg%gefﬁﬁfﬁ%ﬁggggfféﬁogbnes
for discliosegd Hr mbessess measuted byl 123 8dd (B 6 keedd hg0 MyXr ogen to the
reaction z?ng% wgfre catalyst or initiator is injected. The final product
mel t i nd&eDEHRP¥81Y woul d be acconplished by feeding chain transfer agents
to the reacti @iiZBGRINARbEAE)BRed Flynidrs Q@hu}.‘)ﬂ?é rRbi) uhAK QS iRhsiatd @5
Feed of the free radical chai'n transfer agents could be acconplished by

di rect idjogoula@n into the reaction zones or by feeding themto the front of
the reactor. If hydrogen is fed to the front of the reactor, it would not
be expected to act as a chain transfer agent until entering reaction zones
where initiator is injectpd, at whRgh point the|unsaturated chain transfer
agents woul d be expected [o interadtj|with grow ng polynmer chains. In sone
enbodi ment processes, 30 togzngsjgecess (y tojrenove excess CTA fromthe
recycle streamor limt jyf ecN sqy nt excess buildup of CTA in
the front end of the procpss. WO 2011 US2010/ 048821 The
i
d

type of free radical init|ator used |iln di scl osed processes is not critical.
Free radical initiators that are geraral ly ud®dltp produce ethyl ene-based
pol ymers are oxygen, which is usablefin tubular react@)s in conventional
amounts of between 0.0001 and 0.005 wt. % drawn to the weight of

pol yneri zabl e nononer, and peroxides. Preferred jnjtiators are {- but yl
per oxy pii dhighecachiR 1l and 3, Predéﬁi‘?ﬁpgeél}lythygmgﬂ ObétkéfLV“gé]éec Bﬁoéflsaﬁéattlabﬂl‘ill
per oxy- ' r r . r [ iaf1 thied0r S
are used%F%Q%%ﬁggﬁ%?gﬁgrggﬁ%ggﬁﬁnﬁgﬁbgﬁagg%hgfgggIgﬁﬂhgﬁg&&fﬁﬁ%éﬁr%j% to
t he wei ghypicdllypgrestarthan ablequatanoife msore typically Tdreatgrethem iod eqiiali toi 8t end regn be,

for exanpl e, an organi.c peroxjde. ary organi oxi des i ncl.ude, but
nre Se Ped ety Kk o PE Eifbleb Hiand0 i B kel e <A B g A P R
10per oxi §gsotiod WA DR priGRal PEINANNSAIOAHALi@EratiDR, OY SHeCanbsuimb@iSeach R1

peroxyesters, and peroxyketals. Exenplary cYcIic er oxi des i ncl ude,
but are nod R2iisrindependentlzhwirogenrdrat Gl C63lley] gpreferably a C1-C3 alkyl and even more

cormer o A1y AThEr SRR R Bk B R B  acro Nobel -
Arnhem The N%bgﬁ]k@;ﬂd@s). whichExaaplter \engl@eyd! ipeteximgesni naved®dn ntluda e
not limted to, di(3,5,5-trinethyl hexanoyl) peroxide, Such diac

per 0P dePol&hylesampPEdeshr e ROBMEFREPRIIERE avosidesh| eathdeP e tpPé’&‘“é?ﬁé}F‘?@

TRI GONOX i al j i t t
i ced CareyPESs It ogfRP TRpiotindt, 5l e dREIAKLaS) Bk fktofii O
2, 5- di netfoydi2, P'OHCHRCHIO)YH(PHECHRDABICHEIRO-H0; t ehereamyk, per oxd de; are
di-tert-hutyl ide; and tert-butyl . | i.de. Such di.al kyl
e bt e Sachen Ral G v iR P T o DR SR R Sl
TRI GONOX i filor RSN 4¢3 ¢, ] BUGDN i 2kly I Re@ANKop, PaRth dipbfaeRplor(dkz0

Nobel ). Exenpl ary hydroperoxides i'nclude,” but are not limted to, tert-Anyl
hydr @per daticting gem, dnd1Q3s 3-greur pavmitting soutinghWhesher ol date sy @pro, they are

hydr oper gxi.des, for ampl e, ar omer ci al [F =141
Y atdonar RO @ AT R sGing iSRG ke (R 0B G SR R 190 o
per oxy carsponaidesoth §GndGeare Bbifo. 8 6thePEmbbdiiresd, £ @nd yeiré itdepstidertlyofym 3 to

2- et hyl hexyl carbonat e€; tert-anglperoxy 2- et hyl hexyl carbgnat e; a&ﬁ
tert-but )lpé@ar@wxﬁ@ﬁprfwwm@é@ BBRaaNe. Z E3kcko-p it B RBSILHIRRRMEENE.OF 20K 27 e,

ana ey GRERCHSIT (S 3 RV el TRPTRY STodT SRR e SR M

are not 30limted to, di(2-ethyl hexyl) peroxydi carbonates; and di-sec-butyl
per oxydi car bonates. Such peroxydi carbonates, for exanple, are commercially
avai |l abl e under the trademark WO 2011/ 032174PCT/ US2010/ 048821 TRI GONOX EHP
and TRI GONOX SBP (Akzo Nobel ). Exenplary peroxyesters include, but are not
limted to, tert-anyl peroxy-2-ethyl hexanoate; tert-anyl

per oxyneodecanoate; tert-amyl peroxypival ate; tert-anyl peroxybenzoate;
tert-anyl peroxyacetate; 2,5-dinethyle 2,5-di(2-ethyl hexanoyl peroxy) hexane;
tert-butyl peroxy-2-ethyl hexanoate; tert-butyl 5 peroxyneodecanoat e;
tert-butyl peroxyneoheptanoate; tert-butyl peroxypivalate; tert-butyl

per oxydi et hyl acetate; tert-butyl peroxyisobutyrate,;
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In sonme enbodi ment processes, the free radical initiator system my further
conprise 20 a chain transfer agent as a solvent or as a blend for

si mul t anew00imj3etti on. As previously di scussed, chain PCcansbaw/osggents are
generally known to a person of skill in the art, and they include, but are
not limted to, propane, isobutane, acetone, propylene, isopropanol,

but ene-1, propional dehyde, and nethyl ethyl ketone. In other disclosed
processes ain t f a A

Cepar at oy gt 100 74800, ERRIPYE pob BBk led if ppt@ G SlarkliSors

process, c@4@mg1@qkbﬁnshemaage@bupay be bl ended with ethyl ene, pressurlzed
and then injected intg the reactor in its o |njecﬁ4

o SYSHEM
sone enmbodi medhe ppefredxide) ;coyapiindy e pioy s BF APt it t‘t\% He by §1§8| ved
or dilut ﬁ&gé%t{%{%{i‘%%ﬁ&g&lé%ﬁgm and%@retvlih%ﬂ @heﬁﬁ&aﬂmﬁx@‘(ﬁ@'e‘)@rﬂblem@ to

t he perox ydrocar bon solvent m xture prior to netering the
free §adpollcthylend glycol); SRRG enpalypropdena glyced yite mokydelkeride)emay be lingg or

anot her enbaodi nen roce eroxi de initiataor net he
hydr ocar gtﬂ‘n‘d%%]l 8 t “iPé has @Eeanvc?’éagSf mgle %%Wawelc,ggpgﬁlfgog%g} 23@%[3’ B! tdr
2011/ 032 L/4RGd /t\dae Ql@@/t@ﬂr@lag 1 When the pbly&Qkexi®yhoBlaneitd, e eags €5 peintigting
free-radical initiator used in the process may initiate the graft site on

t he pol y@amnlmglm@caw tesetar arare nely(akylene 9xade) ghpigs nlef GgeRles (ompY Frpresent
| k |
PO Y2 SRS or FhBteR bofie AT ER o Rad Ahgiche e Rabibondt b sanjaAd c

sone 0t heste biRbia aﬁlxmsngxeap eBreféablonthe poly(allankidd) ioOPEGay al so be used to
free the extractable hydrogen and create the radicalized site on the
pon(aIké&ﬂﬂéfﬁmﬁﬁgéﬁﬂ@kWﬁt fedfnldmese preferred neans of extracting the
extractabl e hY—ﬁ%lﬁ ﬁéﬂcah énéJ dsBd 891'[)'%%’ Euo‘PterQJ\lv%ns@" potl}%"tﬁylé}iét(YDPE)

per oxi de, bu enzoa enz per oxi de, cumeneé ‘hydr oper oxi de,

t - but yl pat det mate usmgtdnyhg}epﬂeysturd(exrmes p&ngxﬁ?@beradlcal chemistry to polymerize

2, 5- di net 2, 5-di (t h |
Cert -but givise georetst arepe Bl BEr Syt B8 608 db 0P EbR iy 180 Nersity,
d' -t 151”!/{;»0%{}1%1@ Gnayt iAW meR riﬁuemy)m ®,011t011 sobg/us himthtai yH@@ﬂyDbyaheBed, 3

trimethyl cyc | ohéxane, a,a' -bi s(t-butyl peroxy)
sopr opyl etjle'tezlet’o@$edap<dymerl§|89€1‘t ap QQHEp@amW b, r&feateri% 19? bg@lhﬁétﬁf%eethylene
2, 5-Dbis(t t vyl perox exan n
2, 5- bls(POBUt peF%?Vfézﬁg?d 9%&% ﬁgx mﬂ?ASBretudyeéwgggoggﬁggﬁ% %
azobi si sQBpdlyhefitddrinagtoclhbé br ﬁmmar pIAbL dpsseosteys 43,000 peigest thg use qu"s

such as plasticizers, can also be included in the e di_ment _eth
pol ymer fieodadical mHisEsapud ahPFIRYides Hsee. aop SrapPle; ﬁ‘?ge&’ afegt If !E&d‘ﬁ&z
pht hgpat | Qi B¢ Pbﬁahategtﬁtaﬁ 1)
0|Is§éuc aslﬁggﬁﬁﬁ%g %ﬁ%%%%$§%?%&§§§géﬁﬁﬁgxwg g%% é?onatlc &l?g o] té%%ed
f rom pet chaig beanchds, outrg theamdnqutuodamemenmafene}m rosin or petroleum

white mner al tBERY Sitnehed SRaemtibait S tREm e SRy oAb P heddle |'1°
and SHELWELEX.; 3l & hﬁeﬂl &)n%rise(u%ﬁ? brivddodit @Ak 1 ndee!§icddTfin éffp&ly)nerﬁﬁﬂ)t her

suitable oil 15 TUFFLO oi I” (Lyondel | Lubricants; Houston, Tex)
some enboahigusrtherpivatderse) metemdcten’emly@pqueqtmewweg inythe Hotyél&ftred Wi t h

and PRoARCS 18Rl e PR PR B SR AT e B e R AR,

gener al , RGBS afd Aot it do Mloﬁbfﬁlneomdindmrg typrbily Ihzemg Ihuefrmree than 20

extrusion or other nelt processes. I n other enbodlnep Fg‘gé ) E
pol yrer i carhetiatanse & ar seample, the groleficampnomens. {RIFXemPIc, may Jave é‘t QFad

it %{on"w | 54 B! it ﬂ%ﬁ@% She BIHRN GinofOhRss, HUSlaaRId, MRy R8RSt § bdrbsH S
slip age i re ret plasticizers, processing aids, lubricants,
st abi | i zekdns. smstdnq)lamm-tbieﬁmr:emomme:rsymcﬂqdeBmtmnmtdimlaagletnt Isfoaﬁdne 1-butene,

anti - bl ocki ng agents e i ment Ienlc t|o
2011803217 U@G&WO&%@E@“ °°t?‘%Fr d%S‘H% e O ? n
percent l?P(e &t o &B{ongﬁtef&nﬁcﬂﬂe ”Eﬁft %r@ﬂ&' lirhi&B to @?aﬂsaﬁﬁat'éﬂl €s-

wei ght of t e e dlne t éthylenic polyner. The enbodi nent et hyl enic
pol ymer (inventive polyner) nmay further be conpounded with one or nore

ot her polyners or additives. In sone enbodi nent ethylenic polynmer 5
conpositions, one or nore antioxidants may further be conpounded into the
pol ymer and the conpounded pol ynmer pelletized. The conpounded et hyl enic
pol ymer may contain any anount of one7or nore antioxidants. For exanpl e,

t he conpounded et hyl enic pol ymer may conprise from about 200 to about 600
parts of one or nore phenolic antioxidants per one mllion parts of the
polymer. In addition, the conpounded ethylenlc polyner may conprise 10 from
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10 conprising the enbodi nent ethylenic polyner can also be forned into
fabricated articles using conventional polyolefin processing techniques.

Q her suiwakbe/@pphti cati ons for the enbodi nent et hyl eni eCpaisgom4§sac| ude
elastic filnms and fibers; soft touch goods, such as tooth brush handl es and
appl i ance handl es; gaskets and profiles; adhesives (including hot nelt
adhesi ves and pressure sensitive adhesives); 15 footwear (including shoe
sol es ang: chlq)% fl(p%. ﬁg in nggl‘ﬁcﬁlgxt g{efgé?é Aol tfﬁm@ﬂﬁ a@fcpfﬁalc&ﬁc Jcﬁiargcgquéclé bot h
open and &osed 5 iers for ot t her nopl ast'i ¢ “pol ymer s
such as Ifneg’(acc;emsactWambctryemrwdoemdcrwa;ﬁastcﬁahe a, @mh;qwawgil(ér(é& -cappoxytibecidel ef i n

pol ymers; coated fabrics; tubi n weat her str pi.n ner.s;
f1 oor i ngforampieswsauraseq FFér 5 FFHB?’W & ld iy R ﬁ&Wf‘fu ﬂS’g?f gbﬁﬁtalkamls

modi fierg; aﬁl%rdr dli'prlh(iﬁﬂicﬁlar H){ltrﬁ@thaérgfﬁﬁzt KB nfbfthatcﬂ%t@ MR giyakhaefytt.eni

pol ymer may be perfornmed to ap nbodi ment et h Ien| C E\gl ymer f or
ot her 5 entertisibd mdtgacrdatampribyl @nrxélp@r sthy)lr@rxlbt@tnhblaﬂwmdetea%ethﬁ xsd@ae'éa}g,) can

al so be fo d, usi t he, present o]

cae. Fr SERCHSY SaHER GEPRas iy RERiD e SR dhicREsHETRIILEE BC
formed, agotHérs altérﬁ&ebel nhé’féiellﬁptaky c‘oafﬂoﬁamm inkAfdB/ B3l G2 antlfnanﬂetu,l rgnylet
al.). The 25 enbodj nent et hyl enic polynmer may al so be crossllnked by any

known ne&#boxydelen 95 etxh@Pli’sémB]f agrdfe | leanathe calieatiteamemary ROMORSMGE, ~ or
ot her cr [ ?ﬂ?ﬁd r can al so be
chem cal ?uded&ﬁag%n&tqm qbb&Eg éc??cq}%aczi%yrép ;91‘3%%&% mal ei c
anhydoi de’r&MH) si | anes, or ot her graf t| ng agent), haI ogenati on,

am nati on, sulfonafﬁéﬁ gr othﬁ nodi ficati F. %Addl .ives may be
added to the dnpEalkERexidDRPRRE £r "rOrp?o%rtseif’%rl"1 rgm. thegeachp grocess
addi ti veggin I SH5e I ITRO&EaN IdEscR8Ed I8dRSses. th

i ncl udi ngmél %eg‘ﬂ?%hfl}l CHTQ{VC\%CCIZOHI 01%30174Pg(}}%nsé2}010/ 048821 tcl tanlpﬁm di (S)xfc?e
zeolites poky(mktm@j mast lsd ©rmed gamtcandrlnlthﬁ)plgsnm@ of hlgé]f}’sbralilmd gthylegebasedon
fibers, icon. rld fiber ste and olyest er
cordi ng, ﬂ ST i itsitlélie§§ed°8raﬁ‘7‘§h a%ﬁ&&s gar rS?’Ct%%r or aé’c%(ut Cllaé’F SrQact(P e

ext ensler §ighiyiatehicl SRn Habddl fol@hera RirhRl eMile pRédesice cathyddnder natural and
synt hetic poI mers, including other polymers that are or_can be made 5
according to ilhe ethissitl pelsmenistiogaed in the prespnesrefscthylencyi ko Peacesses rHiee
enbodi nent e rof

Sui t abl eraﬁil‘fatl %MEH# éﬁeiﬁr%%ghw ﬁ%e'&%&@&ﬁ@ep% %n?rggpofhgir%gzed

i ncl ude pb@(mleeetmeleamé aon fredreadicnd | calstléne pollymmzahomntd feiirng loag whain and
synthetic polyners. Exenplary polyners for bl | ude pol ypropyl ene,
(bot h i mbEweh %{@m # jadigplizey B@V@@Wéﬁ{}e ) 8o aresyE %“9 6 W%ﬁﬁ%ﬁég F’ﬁa ic
pol ypggop n 6fSthe PORIAIRSEAS)Y RS Of
Dol yoF byt Casic ﬁ“‘?m%ﬁnSgﬁep‘eﬁﬁé‘&%ﬁ?fé@ﬁﬁ%ﬁfﬁ?@%’“ﬁDp  Pprtgler Kt ta
LLDPE, mstlztibwoehighlphbrariched ettijlege-hadet ipplyaer ganditheir fEniinationrigtecthe disclobesinds
of Zlegle Pbtta PE and netallocene PE, such as products disclosed in US.
Pat ent NSLY BB G ¢ hammer, et al.):; 6,538,070 (Cardwel |, et al.):

6, 566, 446 (Pa'lﬂ lohe eilrﬁ)oﬁﬁne'illt the 5%%4 XD fuliRért fnpraks aﬁtexﬁbct)tbleaiyﬂﬁ%e575
(Kol thanmmer, et al.); and B (Kol't hammer, et algi et hyl ene- V|nyI
acet at e (Thwply(@kmdem@xays marew sigh ef a ceasiary mewhich Sispyadical oplymerizpiien
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Co.)) can e us as c nents-in s conprising the enbodi nent
et hyI eni eadial ytorgthe pB]yéaiki@udn)d Mexdtods der efirachieg etht)@@irmzthle dydnpemifonp they mer
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pol ymer bl ends. TPE and TPV blends may be prepared by conbi ni ng enbodi nent
et hyl eni c polynmers, including functionalized or unsaturated derivatives
thereof, with an optional rubber, including conventional block copolyners,
especially an SBS bl ock copolynmer, and optionally a crosslinking or

vul cani zi ng agent. TPO bl ends are generally 30 prepared by bl ending the
enbodi ment polynmers with a polyolefin, and optionally a crosslinking or

vul cani zi ng agent. The foregoing blensls may be used in formng a nol ded WO
2011/ 032174PCT/ US2010/ 048821 obj ect, and optionally crosslinking the
resulting nolded article. A simlar procedure using different conponents
has been preV|oust dlsclosed in US Patent hb 6 797 779 (A|ban|, et

o Y o



WD 2011/ 032174PCT/ US2010/ 048821 associ ation of these materials wth a

pol yner as described by formula 1 is part of the definition of the

i nvent i vewpabymse174 The ternms "bl end" or "pol yner pCEgrus2010msssesed,
mean an intimate physical mxture (that is, w thout reaction) of two or
nore polyners. A blend may or may not be mscible (not 5 phase separated at
nol ecul ar level). A blend may or nmay not be phase separated. A blend nmay or
may not B? %ﬁ’fo?&tf%?ﬁy &%aﬂﬁ%%cﬁ%s%f&qm&@éf ToRMA8.coRBir) SsmpdRds bf 8-
transm ssion el’ectron spettroscopy, |1ght scattering, x-ray scattering, and
ot her nethagsingrompoumds) hebyexterndlhvedibliend nmay be effected by physically

bl ending esi s 3¢ et g POelagaRr Spfher Siferbrop SRR siGhter
si mul t anﬁ?&{%%érpéif}aegow ARitkYs ?Bﬁlt%@m% pr88&h,0dntl- in the presdite df @ttiylcnpptijera”

refers to a conpound prepared by polynerizing nononers, whether of the sane
or a i f gmveng, Highip brankkedyesthdenabased prlysley fadn op gy lepp MEpEEICE HECTags it

honmopol yner _(,whj.ch, r.efers..t 0 . r I

ronomer S oAU B & SR 5° PHETERRLERE of dotd 1oAY shafl BrahP L ygh

i ncor por gbBshekiBitny.NETHeed Yémtiodsdaiay Wetutr @)erabiichet heitht @rensahienpaly(@atiloxide).” as
defined infra. The term"interpolyner” refers to pol rs prepared by
the pol ybe invantivspre¢essmay SaRPrisG e P gmpodipsats agﬂewﬁgﬁg‘%@p. The generic
terminterpol yrep,J NGl yoeseGORAL yﬁﬁgﬁﬁl (BMHcRBA " Bh§leRe-bRseBOIWIRES RA&P&Heed
fromtwo different. nonomers , and polyners prepafed fromnore than two

di f f €0 enpolyyailesxidd) anoprepmed ex@EHg tb ehiameaeidmyprecass bssske@ fouh yieembediments t o

a polymer that conprises a nmj.qrity anmount of. polynerize t.hyl en sed on
e vt GRS TG ireomied 1o gebain ety MemBnsg S i B RS
CONMDNOMEL, dical polymerizitfont &nfiticds, MAHARE A B met! L& RIjYETET fo proteE Soiditiad
i nt er pol yner tphgt conprises a majority anmount of polynerized ethyl ene based

on t he wendjteactefits theffeat therfoonativarof theemixglimenfsthydenic pelymeast one” conononer.
The t " i abl,e",. din th i
branches i n_ah SotgrrRdirgE $RiSa e HEwS FEE Ol LBLOMCN BBl b e .

the Bhsanghly(@RoAia) #ebehtpadlaged in differedihforwardpaitinof the-saawktpro@acamt dre dienused
herein refers to a reactor with nmultiple reaction zo?rgajﬁmherei n action

"

zone t ypicembingd togethes i a gomawa Jonmsiregny Pet ObHE RIPCSHH SR 0%618/3?% ers.

WO 2011/ 032174P ] i-1i.0 i . .
rfé%e%éﬁgﬁag)%%ﬁ%%ﬁé& Smhéﬂ& nﬂlﬁpﬁ%ﬁb%@} #nd the substifueAfRighly

enbodi ment" eo nmer co ses units derived from
et hyl ene beandhqbétlylandbased eplynteh erepahdeniarsepeaste figrvaird Feagion @edstor zonesasudheast

0.5, or at least 0.8, units of anyl groups r 1000 carbon at as
det er ni n@d seRpraig @uiqglavespr %g’ﬁ%tf‘i% R%%ngn@gﬁ%r RIS The prog‘fcgsn%ﬂ%l these

enbogp Men . LRe réa‘&ﬁgﬁ] LS ROLONETEarL R fr8RPorfedP RS hh@®Robircdened Ayaaraonded
to one or nore carbon atons. I n one enbodi nent the inventive gol yner

conpri seseaatioh e@s br zore ietieypresenchofelylped yder free-tadigat Rolymestaationsopgigons

pol y(al koxi.de) at_ a backbone. carbon.atom l1l0ln o i

et hyl ene! g?é])b‘aﬁotlhﬁ r@’?’ilaéloﬂr n?fhelﬂgﬁ%glﬁmt 8thyl%81cp%qq§r(“§1{$§gF%ﬁ?tpg%&%e%a%?(ebone
carbon atgidioehdifidgboRiPouts &eIARY tothNd@i el tgactibaareator amedhiongcilitate

I n one enbodi ment the inventive polynmer of any of the precedi ng, enhodi nents
conpri sesheateagtéans t Insones other progessest axatadyst 4y addegddp faciljtate pd wagonggy. the
branches ,as _determ.ng 1 i t I tive
pol y%gr (Slf) W&%{Faj&} reiaﬁggnpr@e/eg eogi %oglge %&m r?e%%hgr @f)br‘r’gg}?% gd{smﬁg}ngpre fg%lstheér%21 llﬁ%%;, or
no gr eat @adéddnhSprceRAogmerta of therfoRvard matSorofreanyl zopeotopBcipitate h@bohe

bon at determined by 13C NVR | di t]
Pvent | veEIgmel 268 CEfyiop! MR JEEGE Y B SRS AR LY b
less than,gy e%tiolneo?%tl‘;?h'%}? rgﬂx%mergﬁx%eﬁy with the pdlf(PEkidy e irFEMmE disdRsed

i nventive po%s/rrrer of an e preceding enbodi nents has a nelt index (12)
of |ess teltpeni®Polyorr.| ds somnhathes(prowssdseatsleast ame 24, the piglugi sfreams from the one

enbodi nment the inventive polyner of any.of the precadi i s a
ol ¢ Pradiverbyeshory pisit of Rt opel Bhiel s BRGSOy SRl RS 6P
enbodi menhnd tb%éuﬂ&l@i@@n‘f@eﬁ&le%?&fygﬂi‘du@t@ﬁha@ﬁ]a? hnghibit greidvwagtrenbadetimnst S has a
melt index (12) of greater than 1, or greater than 2, or greater than 5,

g/ 10m n. I n one enbodi nent the inventive polyner of any of the
precedi ng enbodi nents has a nelt flowratio (11042) of |east 10 or of at
| east 15, or of at |east 18. I n one enbodi ment the inventive

pol ymer of any of the precedi ng enbodi nents has 30an 110/ 12 of |ess than
50, less than 45, less than 30. 9



WO 2011/ 032174PCT/ US2010/ 048821 I n one enbodi ment the inventive

pol ynmer of any of the precedi ng enbodi nents has an 12 of |ess than 50, |ess
t han 40, wegeidiarr430 g/ 10 min, and an 110/ 12 of great ePCThBR010048891 eat er
than 15 or greater than 18. I n one enbodi nent the inventive

pol ymer has a nol ecul ar wei ght distribution 5 (MAD) from4 to 10, or from5
to 7. I n one enbodi nent the inventive polyner conprises from1l to 30

or from4 to 2.5 GAtprRREE @R HoRPAIKEAHEAX Lded RRS Skt @R fdrhard\Rh& Y da drhe
pol ymer. I n one "enbodi nent” the invention is a conposition conprising

t he i nvemoiey suqhaisyanfisst aytocdave arfantupstreamepartiviaytupulay reeetos nibarifeseliang prodogtn one
enbodi nent the conposition of the preceding. enpadi ne C Lhse r
more addPYfareds el 8anspﬂg%qﬁg° én%%‘ﬁ[?sﬁrgﬁrp Eeﬁ%lqnn%rg%tqroz% Fs‘glgegé g’r%t i%léﬁ%;% 3
conpri si peesénceWTPAByIEhOBr Gte-Bdiicad fpolyeerizhtse SormiitiaBNPDEdst | condieioho dippertt s.

I n one enbodi nent the invention is an article conprising %55 | east on
conpohenbothstheoformation o andc erabiéng of dnghly aRehed stidencobasedinobaper to the
enbodi e . i . iCl 3 j.ng
articl o BopGkonde fuRe wEIARHSRAL G MM fofim ety WIE S1GERHeTD
fil m hasralidiligid Setan thapoly(alkedid)j thereby fdrusngan embw@liméntetydenc pdymar. blon

di oxide (CO2)) for. inproved foqd packagi ng. 20l n one enpodi ne e
i nvent i of°1Pe %fné‘P‘{%l@%‘s pf‘EPeF?iﬁme?epS? ?f’grg FﬁS’tn_gs_F?l‘ﬁp%‘fﬂdtgs a‘i‘]’eraaéeé%q?rg’ﬁ
et hyl ene ?%ﬂstfé@hy cRHOX I HE) or L e PIoOERIRae OMRY biabti rddchiON!t ARt khifle dthdreast

one poly(al koxide) with ethylene in the presence of a free-radical,
i ni t 1@t oembpodizent mpsocesseacrocataystaist addad prarfacibitatea grafling -apdr xeaetiomg tior theand

25B. React,i ng .t he pol y(al koxi de i th addi,tional .ethylene. in the. pre ce of
Che TreodpRfitedi FAFIRaSE oF 6585 1 meehyt SEopmidl pEREyHE A dfigRaCRER
bonded t ghiylefe A9 Mi& kONhedBlockss adwhstRsh SMeheOfohirdr RaGiodr aRlis ar lzaher topar t
of the multi-part reactor. I n one process enbodi nent. t he

et hé! enefasdiseld hoth (dpimeationaand rgr@fgnf of h@almvaaﬁ@d@@y&j@yhaé%pmmrand
2011/ 03 bel BeBostyBie BB Rty ofy’ AE ToRTREOGErRE MR CRIA

wi thisit beggier.atitidneosmabodinbi processanhopeoduot ftream frdra thd foyiverdaeiamedrea

pol yneric branch. | n one process enbodi nent the ethyl ene-based

pol yrer i € BeRgnishirgadeds '&fﬂ’@de?aﬂ%g’ﬁo‘gﬁ’i"}s?eﬁ? TE3{EOD SHSA A i QCUURAES @Yt hen
grafted {QidRe | i SORAAIHGE Mayt HBibi RN highly bfnghed

pol ymer %1%31;“@b?/rpgi]n%/%%’}é&?ﬁgqg%%ecggéglggﬁgrﬁbodi ment s.ay e I n or%gwenbodierrent

t he i nventhyleseasedrmiymanformstem, tesgrafthgrofdtghlgbrantbed sthylepe-based ®lymagsi ght

percent of pol koxide) .that is tractable by s ent .extraction. In one
embodi ne ﬂ@r@ﬁ%ﬁ?%&} sisBeion (?e)t)rieﬂéyg?ﬁaer 'inglé%m%/re‘ggﬂ’;{ ea%()l%@ko%bi,[e; ﬁb,forglo, 20
100r 230, weiigidse@eihRalc plym&l y(al koxi de) that is extractable by solvent
extraction. I n one enbodi nent the inventive pol yner of any of the

precedi ng embéay suitable method masalhe wst tfornigedingrihernaly(plkoXide) Wt sagtonahgier y i n

g/ cnB that i % TAL ' at i L. Tm< 771.5 (C cc/g) x
(densi ty?r{lasyg%éf% ‘%E?dgwﬁtg?%“ rllggé%ngllbegllaelth r%%e?#]dgg?ﬁv IFr%'?rl've pol ynmer of any of
t he precedi ngFenpaducaptthe highly bpeekedrethylengbhedpmiaher; @ High ipressuran free-
density in g/¢cnB that satisfies the nat heHati cal_rel ati onshhi}P: Tm <771.5
(C.ccl Q) ra;ghqaggﬁ@@tg@yolyg@g_z@mrpcess is typically used. Two different high pressure tree-

25  radical initiated polymerization process types are known. In the first type, an agitated
autoclave vessel having one or more reaction zones is used. The autoclave reactor normally
has several injection points for initiator or monomer feeds, or both. In the second type, a
jacketed tube is used as a reactor, which has one or more reaction zones. Suitable, but not
limiting, reactor lengths may be from 100 to 3000 meters, preferably from 1000 to 2000
30 meters. The beginning of a reaction zone for either type of reactor is defined by the side

injection of either initiator of the reaction, ethylene, telomer, comonomer(s) as well as any

10



I n one enbodi nent the inventive polynmer of any of the precedi ng enbodi nents
has a 20heat of fusion (Hf) in Joules/granms (J/g) and density in g/cn8 that
sati sfi eswbheiwmettemati cal rel ati onship: Hf < 2333 (J. cchg2)Us010aess3i ty) -
2009 (J/9). I n one enbodi ment the inventive polynmer of any of the
precedi ng enbodi nents has a heat of fusion (Hf) in Joules/grams (J/g) and
density in g/cnB that satisfies the mathematical 25rel ationship: Hf < 2333

(J-cc/ g2) xgﬁgg?qg&l{ege}é)f,b A% gflésa) ke process cdil'pORERARRR i BRlocfalE of SN v

pol yner &f™ as 4 density of east 0.93
g/ cnB.  reactors havihp #drease mbf:)dtk:ﬁantzoﬁé%em nverﬂdn\fc&'nqlnnhyaﬁautbelavea and selmdart y
rati o VO. 1N100O of at |east 308, preferably of at |least 10. WO

2011/ 032 1ASET LASPIUN THBSRE OF MABHEAghANAIARNt t he | nventi ve pol ymer has a

viscosity rat i M0 dmy, g/rtgg} S¢S tﬁ@ 1§f9r 19ﬁxgé&§(§]%ﬁm8 tl?eoreactlon zoné WheRGree

embodi nent the | nventi yrrer a viscosity at 0.1 rad per second is
great &r tdtical bé@ﬁ;enpatemelsadnlby ngiueed eIn Othememmnemocesses thelmlyﬁaiéomde)

enbodi ment t al koxi de d t
| east oné"a@fbepfﬁﬁ gﬁiﬁl AT €t81n %rtﬁepgf)%‘?l}g]ﬁ%eg%grl nsyeé% poc tn%)ﬁ’égde‘lﬁ% %f ment
the fil mt@s@mh’tsgff Beta ratio (relative diffusion rate of oxygen to carbon

di oxi de ( I n one enbodi nent the ethylenic polyner of the preceding
enbodi nent s i §m’®d&n¢§l}' paocrsqss auas mcbisa p@F?«‘F@ regycles %’@stoollmprwe CHNERIN ng

at |east gned! AKX ARk B REIKL GRE o &n&{kﬁnp&%@ Chello r%ﬁé iy be

radi cal or atirs
reacyQr; naélained Bt a RBaqgetdting viHich ﬁdeélaﬂhk@madet)wmch hheahighllyl hram:lhedatﬂhyleﬁe}e | n

the presence of a free- radical initiat to f t hyl

at | east bovd v penbk WS@rse@rqt5|far@rtﬁeLgp®<aaﬁ i The Feabtor i SAuH ey "
one e (0] ( r 1"
pol ymer i ggﬁg&eﬁ%aﬁggngk?o lé ]%?é?f&ﬁ ?y( ﬁgfo;{l% (E:}%a)aoglgés” z)o\l}]ly%déogrs(%lildso)

20? (5?2 conicgﬁtrﬁl%ﬁx emhtassatlokpsea(:‘mﬁtt); nmlrﬁﬁethezmnnemwoa wb poliymerizablbighly

pol y(al koxi de I th 00, 000 Q

50, 000 chﬁWE%do%@e%cé‘!ls)% Folie T R meR e AT RSP AT RIS ‘P%Fg‘iygpo >
CONMBE Ci %clpvm 9% !r@é%é@totdeﬁéam%ﬁ&ués%ewﬁaaﬁ&sdfmgqmrpfe@mb kééct%/rﬂt)}w&dh@t 25

Resi ns" are tested for density, nmelt index (12), heat_ of fusion,

peak mel Unaygnménqomlamanmtlog of ¢jthenithe pel(alkemide)«irihe tighlpdraiched etmlepe-
| (RSt U3b b e s RSRER. G ARSI R ol O3 i o
Conmrer ci aldbydiweat prabéseRBsimohaMer it hédddrtopids ttrd. | i sted in Table 1.
Ethylene used for the production highly branched ethylene-based polymer may be
20 purified ethylene, which is obtained by removing polar components from a loop recycle
stream or by using a reaction system configuration such that only fresh ethylene is used for
making the poly(alkoxide)s. Typically the ethylene is not purified to make highly branched
ethylene-based polymer. In such cases ethylene from the recycle loop may be used.
Embodiment processes may be used for either the homopolymerization of ethylene in
25  the presence of a poly(alkoxide) or copolymerization of ethylene with one or more other
comonomers in the presence of a poly(alkoxide), provided that these monomers are
copolymerizable with ethylene under free-radical conditions in high pressure conditions to
form highly branched ethylene-based polymers.
Chain transfer agents or telogens (CTA) are typically used to control the melt index in
30 a free-radical polymerization process. Chain transfer involves the termination of growing

polymer chains, thus limiting the ultimate molecular weight of the polymer material. Chain
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WO 2011/ 032174PCT/ US2010/ 048821 Table 1 CAR Properties Commrercially

Avai l abl e Resins Density (g/cnB) Melt Index (12) (g/10 mn) Heat of Fusion
(J/ g) PeakoDniyo3¢y gpcBR Whol e LCBf CARL 0.920 0.15 14PC2/UBr@09488226 2. 05
CAR2 0.922 2.5 151.1 111.4 0.89 2.03 CAR3

transfer agents are typically hydrogen atom donors that will react with a growing polymer

chain and stop the polymerization reaction of the chain. For high pressure free radical

polymerization, these agents can be of many different types, such as saturated hydrocarbons,

unsaturated hydrocarbons, aldehydes, ketones or alcohols. Typical CTAs that can be used

5  include, but are not limited to, propylene, isobutane, n-butane, 1-butene, methyl ethyl ketone,

propionaldehyde, ISOPAR (ExxonMobil Chemical Co.), and isopropanol. The amount of

CTAs to use in the process is about 0.03 to about 10 weight percent of the total reaction
mixture. |

The melt index (MI or ) of a polymer, which is inversely related to the molecular

10  weight, is controlled by manipulating the concentration of the chain transfer agent. For free
radical polymerization, after the donation of a hydrogen atom, the CTA forms a radical
which can react with the monomers, or with an already formed oligomers or polymers, to
start a new polymer chain. This means that any functional groups present in the chain transfer
agents will be introduced in the polymer chains. A large number of CTAs, for example,

15 propylene and 1-butene which have an olefinically unsaturated bond, may also be
incorporated in the polymer chain themselves, via a copolymerization reaction. Polymers
produced in the presence of chain transfer agents are modified in a number of physical
properties such as processability, optical properties such as haze and clarity, density,
stiffness, yield point, film draw and tear strength.

20 Hydrogen has been shown to be a chain transfer agent for high pressure free radical
polymerization. Control of the molecular weight made in the reaction zones for disclosed
processes may be accomplished by feeding hydrogen to the reaction zones where catalyst or
initiator is injected. The final product melt index control would be accomplished by feeding
chain transfer agents to the reaction zones where free radical polymerization takes place.

25  Feed of the free radical chain transfer agents could be accomplished by direct injection into
the reaction zones or by feeding them to the front of the reactor. If hydrogen is fed to the
front of the reactor, it would not be expected to act as a chain transfer agent until entering
reaction zones where initiator is injected, at which point the unsaturated chain transfer agents
would be expected to interact with growing polymer chains. In some embodiment processes,

30 it may be necessary to remove excess CTA from the recycle stream or limit injection so as to

prevent excess buildup of CTA in the front end of the process.

12



0.919 0.39 146.8 110.4 1.19 2.39 CAR4 0.922 0.80 155.0 112.5 0.78 1.99 CARS
0.916 28 139.3 106.6 1.27 3.59 CAR6 0.917 6.4 141.5 107.8 1.48 3.24 CAR/
0.924 1. swW03B1110332. 2 0. 77 PCT/US2010/048821

The type of free radical initiator used in disclosed processes is not critical. Free
radical initiators that are generally used to produce ethylene-based polymers are 6xygen,
which is usable in tubular reactors in conventional amounts of between 0.0001 and 0.005 wt.
% drawn to the weight of polymerizable monomer, and peroxides. Preferred initiators are t-

5  butyl peroxy pivalate, di-t-butyl peroxide, t-butyl peroxy acetate and t-butyl peroxy- 2-
hexanoate or mixtures thereof. These organic peroxy initiators are used in conventional
amounts of between 0.005 and 0.2 wt. % drawn to the weight of polymerizable monomers.

The peroxide initiator may be, for example, an organic peroxide. Exerhplary organic
peroxides include, but are not limited to, cyclic peroxides, diacyl peroxides, dialkyl

10  peroxides, hydroperoxides, peroxycarbonates, peroxydicarbonates, peroxyesters, and
peroxyketals.

Exemplary cyclic peroxides include, but are not limited to, 3,6,9-triethyl-3,6,9-
trimethyl-1,4,7-triperoxonane. ~ Such cyclic peroxides, for example, are commercially
available under the trademark TRIGONOX 301 (Akzo Nobel, Arnhem, The Netherlands).

15 Exemplary diacyl peroxides include, but are not limited to, di(3,5,5-trimethylhexanoyl)
peroxide. Such diacyl peroxides, for example, are commercially available under the
trademark TRIGONOX 36 (Akzo Nobel). Exemplary dialkyl peroxides include, but are not
limited to, 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane; 2,5-dimethyl-2,5-di(tert-
butylperoxy)hexyne-3; di-tert-amyl peroxide; di-tert-butyl peroxide; and tert-butyl cumyl

20 peroxide. Such dialkyl peroxides, for example, are commercially available under the
trademarks TRIGONOX 101, TRIGONOX 145, TRIGONOX 201, TRIGONOX B, and
TRIGONOX T (Akzo Nobel). Exemplary hydroperoxides include, but are not limited to,
tert-Amyl hydroperoxide; and 1,1,3,3-tetramethylbutyl hydroperoxide. Such hydroperoxides,
for example, are commercially available under the trademarks TRIGONOX TAHP, and

25 TRIGONOX TMBH (Akzo Nobel). Exemplary peroxycarbonates include, but are not
limited to, tert-butylperoxy 2-ethylhexyl carbonate; tert-amylperoxy 2-ethylhexyl carbonate;
and tert-butylperoxy isopropyl carbonate. Such peroxycarbonates, for example, are
commercially available under the trademarks TRIGONOX 117, TRIGONOX 131, and
TRIGONOX BPIC (Akzo Nobel). Exemplary peroxydicarbonates include, but are not

30 limited to, di(2-ethylhexyl) peroxydicarbonates; and di-sec-butyl peroxydicarbohates. Such

peroxydicarbonates, for example, are commercially available under the trademark
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TRIGONOX EHP, and TRIGONOX SBP (Akzo Nobel). Exemplary peroxyesters include,

but are not limited to, tert-amyl peroxy-2-ethylhexanoate; tert-amyl peroxyneodecanoate;

tert-amyl peroxypivalate; tert-amyl peroxybenzoate; tert-amyl peroxyacetate; 2,5-dimethyl-

2,5-di(2-ethylhexanoylperoxy)hexane;  tert-butyl  peroxy-2-ethylhexanoate; tert-butyl

5  peroxyneodecanoate; tert-butyl peroxyneoheptanoate; tert-butyl peroxypivalate; tert-butyl

peroxydiethylacetate; tert-butyl peroxyisobutyrate; 1,1,3,3-tetramethylbutyl peroxy-2-

ethylhexanoate; 1,1,3,3-tetramethylbutyl ~peroxyneodecanoate; 1,1,3,3-tetramethylbutyl

peroxypivalate; tert-butyl peroxy-3,5,5-trimethylhexanoate; cumyl peroxyneodecanoate; tert-

butyl peroxybenzoate; and tert-butyl peroxyacetate. Such peroxyesters solvents, for example,

10 are commercially available under the trademarks TRIGONOX 121; TRIGONOX 123;

TRIGONOX 125; TRIGONOX 127; TRIGONOX 133; TRIGONOX 141; TRIGONOX 21;

TRIGONOX 23; TRIGONOX 257; TRIGONOX 25; TRIGONOX 27; TRIGONOX 41;

TRIGONOX 421; TRIGONOX 423; TRIGONOX 425; TRIGONOX 42; TRIGONOX 99;

TRIGONOX C; and TRIGONOX F (Akzo Nobel). Exemplary peroxyketals include, but are

15 not limited to, 1,1-di(tert-amylperoxy)cyclohexane; 1,1-di(tert-butylperoxy)cyclohexane;

1,1-di(tert-butylperoxy)-3,3,5-trimethylcyclohexane; and  2,2-di(tert-butylperoxy)butane.

Such peroxyketals, for example, are commercially available under the trademarks

TRIGONOX 122, TRIGONOX 22, TRIGONOX 29, and TRIGONOX D (Akzo Nobel). The

free radical initiator system may, for example, include a mixture or combination of any of the

20  aforementioned peroxide initiators. The peroxide initiator may comprise less than 60 percent
by weight the free radical initiator system.

The free radical initiator system further includes at least one hydrocarbon solvent.

The hydrocarbon solvent may, for example, be a Cs to C3o hydrocarbon solvent. Exemplary

hydrocarbon solvents include, but are not limited to, mineral solvents, normal paraffinic

25  solvents, isoparaffinic solvents, cyclic solvents, and the like. The hydrocarbon solvents may,

for example, be selected from the group consisting of n-octane, iso-octane (2,2, 4-

trimethylpentane), n-dodecane, iso-dodecane (2,2,4,6,6-pentamethylheptane), and other

isoparaffinic solvents. Exemplary hydrocarbon solvents such as isoparaffinic solvents, for

example, are commercially available under the trademarks ISOPAR C, ISOPAR E, and

30 ISOPAR H (ExxonMobil Chemical Co.). The hydrocarbon solvent may comprise less than

99 percent by weight of the free radical initiator system.
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In some embodiment processes, the free radical initiator system may further include a
polar co-solvent. The polar co-solvent may be an alcohol co-solvent, for example, a C; to C3g
alcohol. Additionally, the alcohol functionality of the alcohol co-solvent may, for example,
be mono-functional or multi-functional. Exemplary alcohols as a polar co-solvent include,

5 but are not limited to, isopropanol (2-propanol), allylalcohol (1-pentanol), methanol, ethanol,
propanol, butanol, 1,4-butanediol, combinations thereof, mixtures thereof, and the like. The
polar co-solvent may comprise less than 40 percent by weight of the free radical initiator
system.

The polar co-solvent may be an aldehyde. Aldehydes are generally known to a

10 person of skill in the art; for example, propionaldehyde may be used as a polar co-solvent.
However, the reactivity potential of aldehydes as chain transfer agents should be taken into
account when using such aldehydes as polar co-solvents. Such reactivity potentials are
generally known to a person of skill in the art.

The polar co-solvent may be a ketone. Ketones are generally known to a person of

15  skill in the art; for example, acetone may be used as polar co-solvents. However, the
reactivity potential of ketones as chain transfer agents should be taken into account when
using such ketones as polar co-solvents. Such reactivity potentials are generally known to a
person of skill in the art.

In some embodiment processes, the free radical initiator system may further comprise

20  a chain transfer agent as a solvent or as a blend for simultaneous injection. As previously
discussed, chain transfer agents are generally known to a person of skill in the art, and they
include, but are not limited to, propane, isobutane, acetone, propylene, isopropanol, butene-1,
propionaldehyde, and methyl ethyl ketone. In other disclosed processes, chain transfer agent
may bé charged into the reactor via a separate inlet port from the initiator system. In another

25  embodiment process, a chain transfer agent may be blended with ethylene, pressurized, and
then injected into the reactor in its own injection system.

In some embodiment processes, a peroxide initiator may initially be dissolved or
diluted in a hydrocarbon solvent, and then a polar co-solvent added to the peroxide
initiator/hydrocarbon solvent mixture prior to metering the free radical initiator system into

30 the polymerization reactor. In another embodiment process, a peroxide initiator may be

dissolved in the hydrocarbon solvent in the presence of a polar co-solvent.
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In some embodiment processes, the free-radical initiator used in the process may
initiate the graft site on the poly(alkoxide) by extracting the extractable hydrogen from the
poly(alkoxide). Example free-radical initiators include those free radical initiators previously
discussed, such as peroxides and azo compounds. In some other embodiment processes,
jonizing radiation may also be used to free the extractable hydrogen and create the
radicalized site on the poly(alkoxide). Organic initiators are preferred means of extracting
the extractable hydrogen, such as using dicumyl peroxide, di-tert-butyl peroxide, t-butyl
perbenzoate, benzoyl peroxide, cumene hydroperoxide, t-butyl peroctoate, methyl ethyl
ketone peroxide, 2,5-dimethyl-2,5-di(tert-butyl peroxy)hexane, lauryl peroxide, and tert-butyl
peracetate, t-butyl o-cumyl peroxide, di-t-butyl peroxide, di-t-amyl peroxide, téamyl
peroxybenzoate, 1,1-bis(t-butylperoxy)-3,3,5-trimethylcyclohexane, o,0’-bis(t-butylperoxy)-
1,3-diisopropyl-benzene, a,0’-bis(t-butylperoxy)-1,4-diisopropylbenzene, 2,5-bis(t-
butylperoxy)-2,5-dimethylhexane, and 2,5-bis(t-butylperoxy)-2,5-dimethyl-3-hexyne. A
preferred azo compound is azobisisobutyl nitrite.

In some embodiment processes, processing aids, such as plasticizers, can also be
included in the embodiment ethylenic polymer product. These aids include, but are not
limited to, the phthalates, such as dioctyl phthalate and diisobutyl phthalate, natural oils such
as lanolin, and paraffin, naphthenic and aromatic oils obtained from petroleum refining, and
liquid resins from rosin or petroleum feedstocks. Exemplary classes of oils useful as
processing aids include white mineral oil such as KAYDOL oil (Chemtura Corp.;
Middlebury, Conn.) and SHELLFLEX 371 naphthenic oil (Shell Lubricants; Houston, Tex.).
Another suitable oil is TUFFLO oil (Lyondell Lubricants; Houston, Tex).

In some embodiment processes, embodiment ethylenic polymers are treated with one
or more stabilizers, for example, antioxidants, such as IRGANOX 1010 and IRGAFOS 168
(Ciba Specialty Chemicals; Glattbrugg, Switzerland). In general, polymers are treated with
one or more stabilizers before an extrusion or other melt processes. In other embodiment
processes, other polymeric additives include, but are not limited to, ultraviolet light
absorbers, antistatic agents, pigments, dyes, nucleating agents, fillers, slip agents, fire
retardants, plasticizers, processing aids, lubricants, stabilizers, smoke inhibitors, viscosity

control agents and anti-blocking agents. The embodiment ethylenic polymer composition
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may, for example, comprise less than 10 percent by the combined weight of one or more
additives, based on the weight of the embodiment ethylenic polymer.
The embodiment ethylenic polymer (inventive polymer) may further be compounded
with one or more other polymers or additives. In some embodiment ethylenic polymer
5 compositions, one or more antioxidants may further be compounded into the polymer and the
compounded polymer pelletized. The compounded ethylenic polymer may contain any
amount of one or more antioxidants. For example, the compounded ethylenic polymer may
comprise from about 200 to about 600 parts of one or more phenolic antioxidants per one
million parts of the polymer. In addition, the compounded ethylenic polymer may comprise
10  from about 800 to about 1200 parts of a phosphite-based antioxidant per one million parts of
polymer. The compounded disclosed ethylenic polymer may further comprise from about
300 to about 1250 parts of calcium stearate per one million parts of polymer.
Use; |
The embodiment ethylenic polymer may be employed in a variety of conventional
15  thermoplastic fabrication processés to 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
prepared by cast, blown, calendered, or extrusion coating procésses; molded articles, such as
blow molded, injection molded, or rotomolded articles; extrusions; fibers; and woven or non-
woven fabrics. Thermoplastic compositions comprising the embodiment ethylenic polymer
20 include blends with other natural or synthetic materials, polymers, additives, reinforcing
agents, ignition resistant additives, antioxidants, stabilizers, colorants, extenders,
crosslinkers, blowing agents, and plasticizers.
The embodiment ethylenic polymer may be used in producing fibers for other
applications. Fibers that may be prepared from the embodiment ethylenic polymer or blends
25  thereof include staple fibers, tow, multi-component, sheath/core, twisted, and monofilament.
Suitable fiber forming processes include spin bonded, melt blown techniques, as disclosed in
USP 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 USP 4,413,110 (Kavesh, et al.), woven and
nonwoven fabrics, as disclosed in USP 3,485,706 (May), or structures made from such fibers,

30 including blends with other fibers, such as polyester, nylon or cotton, thermoformed articles,
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extruded shapes, including profile extrusions and co-extrusions, calendared articles, and
drawn, twisted, or crimped yarns or fibers.

The embodiment ethylenic polymer may be used in a variety of films, including but
not limited to clarity shrink films, collation shrink films, cast stretch films, silage films,

5  stretch hood, sealants, and diaper backsheets.

The embodiment ethylenic polymer is also useful in other direct end-use applications.
The embodiment ethylenic polymer is useful for wire and cable coating operations, in sheet
extrusion for vacuum forming operations, and forming molded articles, including the use of
injection molding, blow molding process, or rotomolding processes. Compositions

10  comprising the embodiment ethylenic polymer can also be formed into fabricated articles
using conventional polyolefin processing techniques.

Other suitable applications for the embodiment ethylenic polymer include elastic
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 adhesives);

15  footwear (including shoe soles and shoe liners); auto interior 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; hoses;
tubing; weather stripping; cap liners; flooring; and viscosity index modifiers, also known as
pour point modifiers, for lubricants.

20 Further treatment of the embodiment ethylenic polymer may be performed to apply
the embodiment eth ylenic polymer for other end uses. For example, dispersions (both
aqueous and non-aqueous) can also be formed using the present polymers or formulations
comprising the same. Frothed foams comprising the embodiment ethylenic polymer can also
be formed, as disclosed in PCT Publication No. 2005/021622 (Strandeburg, et al.). The

25  embodiment ethylenic polymer may also be crosslinked by any known means, such as the
use of peroxide, electron beam, silane, azide, or other cross-linking technique. The
embodiment ethylenic polymer 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.

30 Additives may be added to the embodiment ethylenic polymer post-formation.

Suitable additives include fillers, such as organic or inorganic particles, including clays, talc,
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The gpcBR branching index is a robust nethod for the characterization of

| ong chain branching. Yau, Wallace W, "Exanples of Using 3D-GPC - TREF for
Pol yol ef iwoChavwet7er i zation", Macronol. Synp., 2007, 25PCTAB2016/04882E i ndex
avoi ds the slice-by-slice 5 3D-GPC cal culations traditionally used in the
determ nation of g values and branching frequency cal cul ations in favor of
whol e pol ymer det ector areas and area dot products. From 3D GPC data, one

can obtain th

the peak arbATHEERo TRl 2l Aghb{HL ERARLEIN Rl | I BRI el 1
Scatterhﬂ@ﬁﬂtﬁﬁﬁﬁitﬁéa@egﬂﬁipd})ﬁﬁérthe concentratl on det ect or si gnal as
required in the eterm nation ,ELS, LS Are ===== .. D).
Ec, Eci EC, Coné %’r’@é blend” oty E"lé{?’é%lg’(?gilLCl?Pé‘P? g aE‘q’EI‘Hma Py sigak ‘é‘ﬁ’gqfﬁm)e
pr eci si Oﬂt thg% bﬁl%get x \6?{\% br ﬁ@f@? gyrﬁé’r@aA'Hleﬂdsmﬁ‘SUGﬂnbyeﬁ& be@msdible\(fott O

vari ation cause tor noise GPC settings on baseline and
i nt egs at pbanselseparatsd amllotccu]aplnvelantA Ylend menypuahayanetecriiasaseperagag. i 4 bigyd
affect ed by the detectar vol

el o1 AYick g 1ot SOBEN EPS pi e oriEh SopioRig by oplehEindl BOAPRESHTRRR,
Equat i on gficirdr, sp‘e[:@(zdcolgy" llQthcaﬁ@m‘lg/ X- ﬁ?@cat@ﬁné\rzﬁﬂ dtier rsthgdstknobin, infhe &€,

Conc. Area where DP, stands for the differential pressure signal nonitored
directl y The diendhisay bt ieflected duarersisally mixigstths FYher oHEe FREBRT PR ARh Mo

| ndex, VﬁL tﬁaéx%sgﬁﬁ I%E: 5{: 1k Bngi gtr'egﬁ'% 8’{ g&né&fnng’ %%esﬁ’ﬁﬁ% e\RP (% BkarhSle USed

to deter rwel he viscosity det ect or
el utijgn @fn@ﬂtah&fustf&mﬁgmﬁ)dhmtnaebamefeamsr)used to determine the intrinsic
viscosity (IV or [rd) of the sanmp itially, t ]S,nolecular wei g

ggﬁm |4 gt rinsi c The deasi P91Y¥I’<§’F éefF’iSnT@aﬁl CB’&S‘W‘é‘%ﬁW"'@ﬁ@%?%HB Fk?“%’é’ﬁ’p‘f‘@norgfféh as
5a r t
2011/ oszﬁﬁ&%@?ﬁ@%@%@‘f%ﬁé‘s‘i‘% Psﬁr@aﬁh% snﬁr&%&ﬂﬁﬁyﬁrﬁ? Qléﬁ"éaﬂﬁgﬁi‘fsgtﬁmé‘ﬁd
|5 n'ltE ri nfl (homgp@lgmet gwlsish aedﬁnsrtotpbbamansf peareil drony ohlymae tpes ofbgoaemenyitly thend 8:
quati on is,.used to determn h BRb hi
s e mORLIFERI PRSP PrOUDS: o) PGS 0 PRRREPITR: fitg; g oRer | oh,
the gonveptian 'an&ﬁ{étawt‘in%?pol}ﬁ&ér” sidefikd¥einrpasur ed wei ght aver age

nol ecul ar weight, and Mw, cc 1s the wei ght average nol ecul ar. wei ght of the
conventi onal d&k rtdymahntgrpolym@” Kadeusyo polymers prepared by the polymerization of at least

two different types of monomers. The generic term interpolymer includes copolymers
(which refers to polymers prepared from two different monomers), and polymers prepared
from more than two different types of monomers.

20 The term “cthylene-based polymer” refers to a polymer that comprises a majority
amount of polymerized ethylene based on the weight of the polymer and, optionally, may
comprise at least one comonomer.

The term “cthylene-based interpolymer” refers to an interpolymer that comprises a
majority amount of polymerized ethylene based on the weight of the interpolymer, and

25  comprises at least one comonomer.

The term “no appreciable” as used in the context of reporting alkyl branches in a Be
NMR analysis means that at a given signal to noise ratio, the branch was not detectable.

The term “multi-part reactor” as used herein refers to a reactor with multiple reaction
zones wherein a reaction zone typically includes a feed port and/or one or more physical

30  barriers.
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Bx4 Bx5 Bx6 1 33.3 37.6 27.5+ 20.0 - - - - - 2 39.8 34.1+ 27.3* 11.1+ 26.8
- - - -337.9 34.6* 27.3* 14.7+ 20.3 37.0 - - -
WO 2011/032174 PCT/US2010/048821

In one embodiment the inventive polymer of any of the preceding embodiments has
an I, of less than 50, less than 40, less than 30 g/10 min, and an I;¢/I of greater than 10,
greater than 15 or greater than 18.
In one embodiment the inventive polymer has a molecular weight distribution
5 (MWD) from 4 to 10, or from 5 to 7.
In one embodiment the inventive polymer comprises from 1 to 30 or from 4 to 20
weight percent poly(alkoxide) based on the weight of the polymer.
In one embodiment the invention is a composition comprising the inventive polymer
of any of the preceding polymer embodiments.
10 In one embodiment the composition of the preceding embodiment comprises one or
more additives.
In one embodiment the invention is an article comprising a composition of any of the
preceding composition embodiments.
In one embodiment the invention is an article comprising at least one component
15  formed from a composition of any of the composition embodiments.
In one embodiment the article of any of the preceding article embodiments is in the
form of a film.
In one embodiment the film has a high Beta ratio (relative diffusion rate of oxygen to
carbon dioxide (COy)) for improved food packaging.
20 In one embodiment the invention is a process to form a polymer comprising units
derived from ethylene and poly(alkoxide), the process comprising:
A. Contacting at least one poly(alkoxide) with ethylene in the presence of
a free-radical initiator in a first reactor or a first part of a multi-part
reactor; and
25 B. Reacting the poly(alkoxide) with additional ethylene in the presence of
the free-radical initiator to form an ethylene-based polymeric branch
bonded to the poly(alkoxide) in at least one other reactor or a later part
of the multi-part reactor.
In one process embodiment the ethylene-based polymeric branch is formed by the

30 ethylene monomer bonding with the poly(alkoxide) to form an ethylene-poly(alkoxide)
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4 38.2* 34.6* 27.3* 14.1* 23.4 29.6 34.2 - - 5 38.2* 34.6* 27.3* 14.1*
22.9* 32.7 26.9 34.6* - 6 or nore 38.2* 34.6* 27.3* 14.1* 22.9* 32.2* 30.4"
27. 3* 34.§0 2PHE/Ghtrdn PCT/US2010/048821

moiety, and the resulting moiety polymerizing with at least additional ethylene monomer to
form the ethylene-based polymeric branch.

In one process embodiment the ethylene-based polymeric branch is formed
independently of the poly(alkoxide) and is then grafted to the poly(alkoxide).

5 In one embodiment the invention is a polymer made by any of the processes
embodiments.

In one embodiment the inventive polymer comprises less than 60, 50, 40, 30, 20 or
10, weight percent of poly(alkoxide) that is extractable by solvent extraction.

In one embodiment the inventive composition comprises less than 60, 50, 40, 30, 20

10  or 10, weight percent of poly(alkoxide) that is extractable by solvent extraction.

In one embodiment the inventive polymer of any of the preceding embodiments has a
peak melting temperature Tm in °C and density in g/em® that satisfies the mathematical
relationship:

Tm < 771.5 (°C-cc/g) x (density) — 604 (°C).

15 In one embodiment the inventive polymer of any of the preceding embodiments has a
peak melting temperature Tm in °C and density in g/cm’ that satisfies the mathematical
relationship:

Tm < 771.5 (°C-cc/g) x (density) — 605.5 (°C).

In one embodiment the inventive polymer of any of the preceding embodiments has a

20  heat of fusion (Hy) in Joules/grams (J/g) and density in g/cm’® that satisfies the mathematical
relationship:

Hy< 2333 (J-cc/g?) x (density) — 2009 (J/g).

In one embodiment the inventive polymer of any of the preceding embodiments has a
heat of fusion (Hy) in Joules/grams (J/g) and density in g/cm’ that satisfies the mathematical

25  relationship:

H< 2333 (J-cc/g?) x (density) — 2020 (J/g).

In one embodiment the inventive polymer of any of the preceding embodiments has a
density of at least 0.93 g/cm’.

In one embodiment the inventive polymer has a viscosity ratio V0.1/V100 of at least

30 8, preferably of at least 10.
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pol y( al koxi de)n veiegkatodimenhestepe gBesof Gh@qB¢ceging FobpHimens oddcdrswhy gtddfed 50
+/- 1 gm of HP.LC.Oglrade tetrahydrofuran, and the m xture was shaken for 48
hours. TREYMEKEH® was filtered through a # 41 ashless filter 15 paper into

a tared 2 0z j@rone TRALSAMEBNhIGDIYENROAEA! B 120 vikeydiBS Bf LI00Lr508 61 rigEm of
ni trogen overnight. The undi ssolved solids were also dried overni ght under
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mat ol “was 0B Al B R e B el R S Lo o Bb e
nmass + ungoseebysEoGEdendsokae3t) it 290. 20Dynani ¢ Mechani cal Spect r oscopy
(DVE) EXPERIMENTAL
Reference Resins
Thirty commercially available LDPE resins (designated “Commercially Available
25  Resins” or “CAR”) are tested for density, melt index (), heat of fusion, peak melting
temperature, g’, gpcBR, and LCBf using the Density, Melt Index, DSC Crystallinity, Gel
Permeation Chromatography, g’ by 3D-GPC, and gpcBR Branching Index by 3D-GPC
methods, all described infra. The Commercially Available Resins have the properties listed

in Table 1.
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“NM” means not measured.

Test Me

thods

Density

Samples that are measured for density are prepared according to ASTM D 1928.
Samples are pressed at 374°F (190°C) and 30,000 psi for 3 minutes, and then at 70°F (21°C)
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PEGPG 1 2. 34 1450 1750 225 275 2 PEGPG 2 2.34 1450 1750 225 270 1 PEGPG 3
3.11 1400 1700 225 270 1 PEGPG- 4 3.11 1400 1700 225 270 Table 3B
Pol yner i 2@0i2on/i@orvdi ti ons for the First and Second | nitiparars201mjoessti on of

and 30,000 psi for 1 minute. Density measurements are made within one hour of sample
pressing using ASTM D792, Method B.
Melt Index
Melt index, or L, is measured in accordance by ASTM D 1238, Condition 190°C/2.16
5 kg, and is reported in grams eluted per 10 minutes. Ijo is measured in accordance with
ASTM D 1238, Condition 190°C/10 kg, and is reported in grams eluted per 10 minutes.

Viscosity Determination for Poly(alkoxide)

Viscosities up to 100,000 centistokes can be measured by ASTM D-445, IP 71 (at
25°C, constant temperature water bath, equilibration time at least 15 minutes) using a glass

10  capillary viscometer such as an Ubbelohde viscometer. Viscosities above 100,000
centistokes can be measured using rotational viscometers, such as a Brookfield Synchro-
lectric viscometer, or a Wells-Brookfield Core/Plate viscometer, available from Brookfield
Engineering Laboratories, employing test methods ASTM D-1084 at 25C (for a cup/spindle
viscometer) and ASTM D-4287 at 25C (for a cone/plate viscometer). Differential

15 Scanning Calorimetry (DSC)

Differential Scanning Calorimetry (DSC) can be used to measure the crystallinity ofa
sample at a given temperature for a wide range of temperatures. For the Examples, a TA
model Q1000 DSC (TA Instruments; New Castle, DE) equipped with an RCS (Refrigerated
Cooling System) cooling accessory and an auto-sampler module is used to perform the tests.

20 During testing, a nitrogen purge gas flow of 50 ml/min is used. Resins are compression-
molded into 3 mm thick by 1 inch circular plaques at 350°C for 5 minutes under 1500 psi
pressure in air. The sample is then taken out of the press and placed on a counter top to cool
to room temperature (~25°C). A 3-10 mg sample of the cooled material is cut into a 6 mm
diameter disk, weighed, placed in a light aluminum pan (ca 50 mg), and crimped shut. The

25  sample is then tested for its thermal behavior.

The thermal behavior of the sample is determined by changing the sample
temperature upwards and downwards to create a response versus temperature profile. The
sample is first rapidly heated to 180°C and held at an isothermal state for 3 minutes in order
to remove any previous thermal history. Next, the sample is then cooled to -40°C at a

30  10°C/min cooling rate and held at -40°C for 3 minutes. The sample is then heated to 150°C

at a 10°C/min heating rate. The cooling and second heating curves are recorded. The values
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determined are peak melting temperature (Twm), peak crystallization temperature (T¢), heat of
fusion (Hy) (in J/g), and the calculated percent crystallinity for polyethylene samples using
Equation 1:
% Crystallinity = ((Hg)/(292 J/g)) x 100 (Eq. 1).
5 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.
Gel Permeation Chromatography (GPC)
The GPC system consists of a Waters (Milford, MA) 150°C high temperature
chromatograph (other suitable high temperatures GPC instruments include Polymer
10  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 with the last two independent detectors and at least one of the
15  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
20  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
25  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.
The GPC column set is calibrated before running the Examples by running twenty-
30 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
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5Tabl e 3C Pol ynmerization Conditions for the Third Initiator Injection of
PEGPG Exanple run no. Pstart,3 Pmax, 3 Tstart, 3 Tnax, 3 Pend bar bar C C

EEE;PE;- EEGPGZIIIHLBQ)H4178O 225 270 1500 2 PEGPG 2 1500 178®@CZa520160488200 1

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
5 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 molecular weight using Equation 2 (as described in Williams and
10 Ward, J Polym. Sci., Polym. Let., 6, 621 (1968)):
Mpolyethylene = A X (Mpoiystyrene) (EQ. 2),
where M is the molecular weight of polyethylene or polystyrene (as marked), A has a value
of 0.43, and B is equal to 1.0. Use of this polyethylene calibration to obtain molecular
weight distributions and related statistics is defined as the method of Williams and Ward.
15  Other values of A and B in Equation 3 may result from different choices of the Mark-
Houwink K and a (sometimes referred to as a) values for polystyrene and polyethylene and
are referred to generally as a conventionally calibrated 3D-GPC.
With 3D-GPC absolute weight average molecular weight (“My, abs”) and intrinsic
viscosity are also obtained independently from suitable narrow polyethylene standards using
20  the same conditions mentioned previously. These narrow linear polyethylene standards may
be obtained from Polymer Laboratories (Shropshire, UK; Part No.’s PL2650-0101 and
PL2650-0102).
The systematic approach for the determination of multi-detector offsets is performed
in a manner consistent with that published by Balke, Mourey, et al. (Mourey and Balke,
25  Chromatography Polym., Chapter 12, (1992)) (Balke, Thitiratsakul, Lew, Cheung, Mourey,
Chromatography Polym., Chapter 13, (1992)), optimizing triple detector log (My 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 standards calibration curve. The molecular weight data, accounting
30 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
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(Kratochvil, P., Classical Light Scattering from Polymer Solutions, Elsevier, Oxford, NY
(1987)). The overall injected concentration used in the determination of the molecular
weight 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 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 are assumed low enough to eliminate addressing 2™
viral coefficient effects (concentration effects on molecular weight).

gpcBR Branching Index by 3D-GPC

In the 3D-GPC configuration the polyethylene and polystyrene standards can be used
to measure the Mark-Houwink constants, K and o, independently for each of the two
polymer types, polystyrene and polyethylene. These can be used to refine the Williams and
Ward polyethylene equivalent molecular weights in application of the following methods.

The gpcBR branching index is determined by first calibrating the light scattering,
viscosity, and concentration detectors as described previously. Baselines are then subtracted
from the light scattering, viscometer, and concentration chromatograms. Integration
windows are then set to ensure integration of all of the low molecular weight retention
volume range in the light scattering and viscometer chromatograms that indicate the presence
of detectable polymer from the refractive index chromatogram. Linear polyethylene
standards are then used to establish polyethylene and polystyrene Mark-Houwink constants
as described préviously. Upon obtaining the constants, the two values are used to construct
two linear reference conventional calibrations (“cc”) for polyethylene molecular weight and
polyethylene intrinsic viscosity as a function of elution volume, as shown in Equations 3 and

4:

1

K /x,,EH aps+laPE+l

M, =(KPS) M g (Eq. 3), and
PE
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2 PEGPG 2 15.24 10.3 15.4 1 PEGPG 3 16.39 9.8 19.0 1 PEGPG 4 14.94 8.4 20.8
10 WO 2011/032174PCT/ US2010/ 048821 Table 4 Pol y(al koxide) Grafting Results
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3 K 'Maﬂ
e = Mo 1 (Eac9).

The gpcBR branching index is a robust method for the characterization of long chain
branching. Yau, Wallace W., “Examples of Using 3D-GPC — TREF for Polyolefin
Characterization’.’, Macromol. Symp., 2007, 257, 29-45. The index avoids the slice-by-slice

5  3D-GPC calculations traditionally used in the determination of g’ values and branching
frequency calculations in favor of whole polymer detector areas and area dot products. From
3D-GPC data, one can obtain the sample bulk My, by the light scattering (LS) detector using
the peak area method. The method avoids the slice-by-slice ratio of light scattering detector

signal over the concentration detector signal as required in the g’ determination.

Som, S
C, _~ 5 LS Area
10 M, —ZwiMi —’Z ———ZC:‘ M, = Zcf B ZCi " Conc. Area

i i

(Eq. 5).

The area calculation in Equation 5 offers more precision because as an overall sample
area it is much less sensitive to variation caused by detector noise and GPC settings on
baseline and integration limits. More importantly, the peak area calculation is not affected by
the detector volume offsets. Similarly, the high-precision sample intrinsic viscosity (IV) is

15  obtained by the area method shown in Equation 6:

>civ, Y.DP
C, N 9 _ DP Area
]V_[UJ_ZWJVI _Z ZC,. .= ZC, - ZC,. Conc. Area (Eq. ©),

i i

where DP; stands for the differential pressure signal monitored directly from the online
viscometer.
To determine the gpcBR branching index, the light scattering elution area for the
20 sample polymer is used to determine the molecular weight of the sample. The viscosity
detector elution area for the sample polymer is used to determine the intrinsic viscosity (IV
or [n]) of the sample.
Initially, the molecular weight and intrinsic viscosity for a linear polyethylene

standard sample, such as SRM1475a or an equivalent, are determined using the conventional
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5  Equation 9 is used to determine the gpcBR branching index:

)] oo

where [n] is the measured intrinsic viscosity, [nle is the intrinsic viscosity from the

conventional calibration, My, is the measured weight average molecular weight, and My ¢ is
the weight average molecular weight of the conventional calibration. The Mw by light

10  scattering (LS) using Equation (5) is commonly referred to as the absolute Mw; while the
Mw,cc from Equation (7) using conventional GPC molecular weight calibration curve is
often referred to as polymer chain Mw. All statistical values with the “cc” subscript are
determined using their respective elution volumes, the corresponding conventional
calibration as previously described, and the concentration (C;) derived from the mass detector

15 response. The non-subscripted values are measured values based on the mass detector,
LALLS, and viscometer areas. The value of Kpg is adjusted iteratively until the linear
reference sample has a gpcBR measured value of zero. For example, the final values for o
and Log K for the determination of gpcBR in this particular case are 0.725 and -3.355,
respectively, for polyethylene, and 0.722 and -3.993 for polystyrene, respectively.

20 Once the K and o, values have been determined, the procedure is repeated using the
branched samples. The branched samples are analyzed using the final Mark-Houwink
constants as the best “cc” calibration values and applying Equations 5-9.

The interpretation of gpcBR is straight forward. For linear polymers, gpcBR

calculated from Equation 9 will be close to zero since the values measured by LS and
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than the measured polymer IV. In fact, the gpcBR value represents the fractional IV change

5 due the molecular size contraction effect as the result of polymer branching. A gpcBR value
of 0.5 or 2.0 would mean a molecular size contraction effect of IV at the level of 50% and
200%, respectively, versus a linear polymer molecule of equivalent weight.

For these particular Examples, the advantage of using gpcBR in comparison to the g’

index and branching frequency calculations is due to the higher precision of gpcBR. All of
10  the parameters used in the gpcBR index determination are obtained with good precision and
are not detrimentally affected by the low 3D-GPC detector response at high molecular weight
from the concentration detector. Errors in detector volume alignment also do not affect the
precision of the gpcBR index determination. In other particular cases, other methods for
determining M,, moments may be preferable to the aforementioned technique.
15 Nuclear Magnetic Resonance (1 ’C NMR)

The samples are prepared by adding approximately 2.7g of a 50/50 mixture of
tetrachloroethane-d2/orthodichlorobenzene containing 0.025 M Cr(AcAc)s
(tris(acetylacetonato)-chromium(Ill))to 0.25g sample in a NORELL 1001-7 10mm NMR
tube. The samples are dissolved and homogenized by heating the tube and its contents to

20  150°C using a heating block and heat gun. Each sample is visually inspected to ensure
homogeneity.

The data are collected using a BRUKER 400 MHz spectrometer equipped with a
BRUKER DUAL DUL high-temperature CRYOPROBE. The data are acquired using 320
transients per data file, a 6 second pulse repetition delay, 90 degree flip angles, and inverse

25  gated decoupling with a sample temperature of 120°C. All measurements are made on
non-spinning samples in locked mode. Samples are allowed to thermally equilibrate for 7
minutes prior to data acquisition. The BC NMR chemical shifts are internally referenced to
the EEE triad at 30.0 ppm.

Identification and Quantification of Various Branch Types in LDPE

30 Figure 1 shows the BC NMR spectrum of an LDPE (Sample C-3 below), and

indicates characteristic peaks resulting from various branch lengths. Only the most important
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properties of the Exanples and Conparative Exanples. As conpared to the
Conpar ative Exanples 5 which are of |ower density, the Exanples have a
simlar nelting point, lower crystallinity or heat of fusion, and a simlar
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At a given density, the sanples of twl%sbﬂ‘é?vention have a | ower nelting
point and a | ower heat of fusion than 10 Comrerci al LDPEs and

Conpar ati ve ExafplgSeristietennéal ShERabt BRacrE oPE186 at MdrtECRBoROhy Mer s and
Corrpag ative LDPE Polymers ExambgMNeq6t ?élyg‘ﬁ?l%héy

Br Methines | Alphas Betas Bx1 Bx2 Bx3 Bx4 BxS Bx6
Length (Methyl)
1 33.3+ 37.6+ 27.5+ 20.0+ - - - - -
2 39.8+ 34.1+ 27.3* 11.1+£ 26.8+ - - - -
3 37.9+ 34.6* 27.3* 14.7+ 203+ | 37.0+ - - -
4 38.2% 34.6* 27.3*% 14.1* 234+ | 29.6 34.2 - -
5 38.2* 34.6* 27.3* 14.1* 22.9% | 32,7+ | 269 | 34.6* -
6 or 38.2% 34.6* 27.3% 14.1* 22.9% | 32.2% | 304~ | 27.3*% | 34.6*
more
PE - - - 14.1* 22.9% | 32.3*% | 29.6" - -
Chain
Ends

+values are unique peaks that can be used for ID and /or quantification.
*values indicate that the shift overlaps with other branching.
Avalues indicate that the shift was not resolved/overlap with large 30 ppm peak.
10
Determination of C5 (Amyl) Branching

C5 (amyl) branches are determined by the peak at 32.7 ppm. The number of C5
branches per 1000 total carbons is determined by setting the integral of the full LDPE
spectrum, about 40 to 5 ppm, to a value of 1000, and integrating the 32.7 ppm peak. The

15 32.7 ppm peak integral is then a direct measure of the number of C5 branches per 1000
carbons. The example in Figure 2 contains 1.67 C5 branches/1000C.

Determination of C1 (Methyl) Branches

C1 branches result in peaks at about 20, 33.3, 37.6, and 27.5 ppm. Figure 3 shows a
13C NMR spectrum of sample 384561 which was produced using .propylene as the chain

20  transfer agent (CTA), and therefore exhibits a significant level of C1 (methyl) branches.‘ This
is because propylene acts both as a CTA and as a comonomer, and introduces C1 branches as
would be observed in an ethylene-propylene LLDPE.

Determination of C3 (Propyl) Branches

C3 branches result in peaks at 37.9, 37.0, 20.3 and 14.7 ppm (and others that would

25  be obscured in a LDPE spectrum). Figure 4 shows a 13C NMR spectrum of a HDPE made
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Tin Heat % Tc (g/10mn) (glee) (C of Cyst. (O Fusi on (Jd/9)
1 13.7 0.9349 107.2 129.8 44.5 94.4 2

WO 2011/032174 PCT/US2010/048821

~ with pentene comonomer, and therefore containing C3 branches. This particular sample also
contains a very low level of C2 branching from butene.

Determination of C6+ Branches

C6 and longer branching (C6+) are determined algebraically in LDPE spectra. This is

5  due to overlap in peaks from C4, C5, and C6+ branches. C4 and C5 can be determined
independently, and their sum is subtracted from peaks containing contributions of two or
more of these. C6+ branches are determined by a direct measure of C6+ branches in LDPE,
where tile long branches are not distinguished from “chain ends”. The 32.2 ppm peak,
representing the 3" carbon from the end of all chains or branches of 6 or more carbons, is

10 used for C6+ determination.
Extraction of Poly(alkoxide)

To a 100 mL jar Was added 2.0 gm of LDPE grafted poly(alkoxide) weighed to the
nearest 0.0001 gm. To this solid was added 50 +/- 1 gm of HPLC grade tetrahydrofuran, and
the mixture was shaken for 48 hours. The mixture was filtered through a # 41 ashless filter

15  paper into a tared 2 oz jar. The solvent was evaporated to dryness under a stream of nitrogen
overnight. The undissolved solids were also dried overnight under a stream of nitrogen. The
residue from the tetrahydrofuran solution was weighed as was the dried undissolved solids.
The percentage of extracted material was determined by the following formula: ((residue
mass/(residue mass + undissolved solids mass))*100.

20 Dynamic Mechanical Spectroscopy (DMS)

Resin is compression-molded into a 3 mm thick x 1 inch circular plaque at 350°F
(177°C) for 5 minutes under 1500 psi pressure in air. The sample is then taken out of the
press and placed on the counter to cool.

Melt rheology, constant temperature frequency sweeps, are performed using a TA

25  Instruments “Advanced Rheometric Expansion System (ARES),” equipped with 25 mm
parallel plates, under a nitrogen purge. The sample is placed on the plate and allowed to melt
for five minutes at 190°C. The plates are then closed to 2 mm, the sample trimmed, and then
the test is started. The method has an additional five minute delay built in, to allow for
temperature equilibrium. The experiments are performed at 190°C over a frequency range of

30 0.1 to 100 rad/s. The strain amplitude is constant at 10%. The stress response is analyzed in
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Sample (Inventive Polymer) Preparation

PEGPG (poly(ethylene glycol-ran-propylene glycol)) available from Aldrich, average

5 Mn of 12,000, viscosity of 35,000 cSt at 25C) is added to the reactor. After closing the 100

ml high-pressure stainless steel batch reactor, the agitator is turned on at 1000 rpm

(revolutions per minute). The reactor is deoxygenated by pulling vacuum on the system and

pressurizing with nitrogen. This is repeated three times. The reactor is then pressurized with

ethylene up to 2000 bar while at ambient temperatures and then vented off. This is repeated

10  three times. On the final ethylene vent of the reactor, the pressure is dropped only to a

pressure of about 100 bars, where the reactor heating cycle is initiated. Upon achieving an

internal temperature of about 225°C, the reactor is then pressurized with ethylene up to

starting pressure. The ethylene/PEGPG mixture is stirred and held at 225°C for at least 30

minutes. Ethylene is then used to sweep 1.32 ml of a mixture of 0.2395 mmol/ml

15 propionaldehyde as chain transfer agent, 0.00599 mmol/ml di-tert-butyl peroxide and

0.00239 mmol/ml tert-butyl peroxy 2-ethylhexanoate as initiators in n-heptane into the

reactor. An increase in pressure in conjunction with the addition of initiator causes the

ethylene monomers to free-radical polymerize. The polymerization leads to a temperature

increase.‘ After allowing the reactor to continue to mix for 5 minutes and cooling down to

20 225°C a second injection of 1.32 ml of a mixture of 0.00599 mmol/ml di-tert-butyl peroxide

and 0.00239 mmol/ml tert-butyl peroxy 2-ethylhexanoate in n-heptane is swept with ethylene

into the reactor. An increase in pressure in conjunction with the addition of initiator causes

the ethylene monomers to free-radical polymerize. The second polymerization leads to a

temperature increase. A third initiator injection is done at the same feed-conditions as the

25  second one. The formed polymer is purged with ethylene out of the reactor at 1600 bars for

5 minutes. With this procedure 4 samples are made. The samples PEGPG-1 and -2 and the

samples PEGPG-3 and -4 are combined to form two larger samples. The process conditions

are given in Tables 3A — 3D. The 13C NMR profile is shown in Figure 5.
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C5 (anyl) 1 201001120- 42A 0 2.07 +/- 0.21 (PEG PPG C 1 326231 0
2.41 +/- 0.24 G2 384561 3.45 1.71 +/- 0.17 G 3

WO 2011/032174 PCT/US2010/048821
Table 3A
Polymerization Conditions for the First and Second Initiator Injection of PEGPG
Example run no. m(PEGPG) | Ppstar. Pmax.] Tstart.1 Thax
- g bar bar °C °C
2 PEGPG-1 2.34 1450 1750 225 275
2 PEGPG-2 2.34 1450 1750 225 270
1 PEGPG-3 3.11 1400 1700 225 270
1 PEGPG-4 3.11 1400 1700 225 270
Table 3B
Polymerization Conditions for the First and Second Initiator Injection of PEGPG
Example run no. Dstart.2 Pmax2 Teartz | Tmax2
- bar bar °C °C
2 PEGPG-1 1500 1780 225 270
2 PEGPG-2 1500 1780 225 265
1 PEGPG-3 | 1480 1750 225 270
1 PEGPG-4 1480 1750 225 260

5 ' Table 3C
Polymerization Conditions for the Third Initiator Injection of PEGPG

Example run no. Pstart3 | Pmax3 | Tstat3 | Tmax3 | Pend
- bar bar °C °C bar
2 PEGPG-1 1500 1780 225 270 1500
2 PEGPG-2 | 1500 1780 225 260 1500
1
1

PEGPG-3 | 1480 | 1750 225 265 1500
PEGPG-4 | 1500 | 1780 225 260 1500

Table 3D
Polymerization Conditions for the Third Initiator Injection of PEGPG

Example run no. m(PEGPG-graft-PE) ethylene- | %-PEGPG in
- g conversion | end-product

2 PEGPG-1 17.14 12.2 13.7

2 PEGPG-2 15.24 10.3 15.4

1 PEGPG-3 16.39 9.8 19.0

1 PEGPG-4 14.94 8.4 20.8

10
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272553 0 1.67 +/- 0.17 Tabl e 7 shows the frequency and viscosity data
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and Conpaweatoue3Eranpl es and Figure 9 shows this 10 dat Cplustaien4882s can be
seen, the Exanples have a higher viscosity ratio (11.8 - 12.6) in
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shear sensitivity (decrease in viscosity with increasing shear rate) and
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3,035 1,280 526 0.158|1, 666 (NMR) | (Extractable)

1 201001120-47A | 13.9+0.5 7.3 0.16

Melt Index, Melt Index Ratio I;¢/I,, and Density
5 Table 5A shows the measured melt index (I,), melt index ratio (I;0/I2), and density of
the examples as compared to commercial LDPE of comparable melt index. The Examples
show much higher melt index ratios (I;¢/1z) (19.1 and 22.0) even at their relatively high melt
indexes (I,) of 13.7 and 15.2 as compared to the Comparative Examples (Iio/I; = 9.7 - 9.9
and I, = 11.7 — 24.7. The densities of the Examples are high (0.9349 — 0.9353 g/cc), which is
10 higher density than is typically achievable on for commercial LDPE. The densities of the
commercial LDPE Comparative Examples are much lower at 0.9181 — 0.9226 g/cc.
Table SA

Properties of PE-graft-PDMS Polymers and Three
Comparative LDPE Polymers

Example | MI(;) | Lio/I | Density
(g/10min) (g/cc)

1 13.7 22.0 | 0.9349

2 15.2 19.1 | 0.9353
C-1 11.7 9.7 | 09181
C-2 24.7 9.9 | 0.9226

15
Table 5B reports the melt index (for reference) and the molecular weight properties of

the Examples and Comparative Examples and Figure 6 shows a plot of the molecular weight
distribution. For a given melt index (MI), the Examples show a lower weight average
molecular weight M,, lower molecular weight distribution My/My, and lower long chain
20  branching levels as indicated by LCBf and gpcBR as compared to the Comparative

Examples. Figure 6 visually shows this narrow molecular weight distribution.
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Table 5B
Properties of PE-graft- PEGPG Polymers and Comparative LDPE Polymers
Example | MI (Ip) My M, | MMy M,
(g/10min) | (g/mol) | (g/mol) (g/mol) | LCBr | gpcBR
1 13.7 56,870 | 9,530 | 5.97 | 180,000 1.38 0.927
2 15.2 52,340 | 10,210 | 5.13 | 153,200 | 1.51 0.859
C-1 11.7 118,660 | 10,940 | 10.85 | 540,900 | 3.38 2.93
C-2 24.7 80,550 | 7,510 | 10.73 | 418,700 | 2.35 1.79

Table 5C reports the melt index and density (for reference) and the DSC properties of
the Examples and Comparative Examples. As compared to the Comparative Examples
5  which are of lower density, the Examples have a similar melting point, lower crystallinity or

heat of fusion, and a similar to lower crystallization point. The relationship between melting
point and density and heat of fusion and density for the Examples, Comparative Examples,
and Commercial LDPEs are given in Figure 7 and 8, respectively. At a given density, the
samples of this invention have a lower melting point and a lower heat of fusion than the

10 Commercial LDPEs and Comparative Examples.

Table 5C

Properties of PE-graft-PEGPG Polymers and
Comparative LDPE Polymers

Example | MI(I;) | Density | Tn Heat % T,
(g/10min) | (g/cc) | (°C) of | Cryst. | (°C)
Fusion
J/g) .

1 13.7 0.9349 | 107.2 | 129.8 | 445 | 94.4

2 152 0.9353 | 107.5| 127.6 | 43.7 |96.3

C-1 11.7 0.9181 | 106.0 | 137.6 | 47.1 |94.4
C-2 24.7 0.9226 | 109.8 | 147.1 | 504 [99.2

15 Melting temperature vs. density is shown in Figure 7. Heat of fusion vs. density is

shown in Figure 8.
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Viscosity in Pa-s Viscosity in Pa-s Viscosity in Pa-s Frequency (rad/s)
Exanpl e 1 Exanple 2 Conparative Exanple 1 Conparative Exanple 2 2.512 735

ééSGgBSOMOMlmﬂﬁl 622 1,076 708 411 6. 310 521 903 616PBTAIS:O00@E32132 /51

Short Chain Branching

All values are in branches per 1000 total carbons except as noted in Table 6.
Branching values for grafted samples are calculated based on total observed carbons,
including those of the grafted polymer (PDMS) and based on the LDPE carbons only. No C3

5  (propyl) branches are observed in any of the samples.

Table 6
Short Chain Branching of Sample and Comparative Samples
Sample Sample ID Cl C5
(amyl)
1 201001120-

42A 0 2.07 |+~ 021

(PEG/PPG) '
C-1 326231 0 241 |+/- 10.24
C-2 384561 3451171 | +/- 10.17
C-3 272553 0 1.67 |+/- ]0.17

Table 7 shows the frequency and viscosity data as measured by dynamic mechanical
spectroscopy of the Inventive Examples and Comparative Examples and Figure 9 shows this

10  data plotted. As can be seen, the Examples have a higher viscosity ratio (11.8 — 12.6) in
comparison to the Comparative Examples (3.29 — 6.06) indicating the good shear sensitivity
(decrease in viscosity with increasing shear rate) and processability. Figure 9shows that the
Examples have higher low shear viscosities and lower high shear viscosities as compared to

the Comparative Examples of similar melt index.

15 Table 7
DMS Melt Rheology Data of PE-graft-PEGPG Polymers and Comparative Examples
Viscosity | Viscosity | Viscosity in | Viscosity in
in Pa-s inPa-s | Pa-s Pa-s
Example | Example | Comparative | Comparative
Frequency (rad/s) 1 2 Example 1 Example 2
0.100 1,861 3,035 1,280 526
0.158 1,666 2,762 1,258 526
0.251 1,479 2,483 1,214 525
0.398 1,306 2,214 1,154 520
0.631 1,145 1,954 1,078 509
1.000 996 1,707 992 493
1.585 860 1,478 899 471
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15. 849 355 617 450 299 25. 119 289 503 378 261 39. 811 233 405 315 224 63. 096
186 324 259 191 100. 000 147 257 211 160 Viscosity at 0.1 rad/s (Pa- s)

1,861 WO 2011/032174 PCT/US2010/048821
Viscosity | Viscosity | Viscosity in | Viscosity in
in Pa-s in Pa-s | Pa-s Pa-s
Example | Example | Comparative | Comparative
Frequency (rad/s) 1 2 Example 1 Example 2
2.512 735 1,268 803 444
3.981 622 1,076 708 411
6.310 521 903 616 376
10.000 432 751 530 338
15.849 355 617 450 299
25.119 289 503 378 261
39.811 233 405 315 224
63.096 186 324 259 191
100.000 147 257 211 160
Viscosity at 0.1 rad/s (Pa-
s) 1,861 3,035 1,280 526
Viscosity at 100 rad/s (Pa-
) 147 257 211 160
Viscosity Ratio (V 0.1/V
100) 12.6 11.8 6.06 3.29

The inventive polymers exhibit higher viscosity ratios than the comparative polymers
and this is indicative of better processibility. The data is graphically illustrated in Figure 9.
Although the invention has been described with certain detail through the preceding
description of the preferred embodiments, this detail is for the primary purpose of
5  illustration. Many variations and modifications can be made by one skilled in the art without

departing from the spirit and scope of the invention as described in the following claims.
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3,035 1,280 526 Viscosity at 100 rad/s (Pa- s) 147 257 211 160 Viscosity
Ratio (V 0.1/V 100) 12.6 11.8 6.06 3.29 The i nventive polyners

exhi bit hwoheri/oseseosity ratios than the conparative polPgmaisgoiaissehi s is

i ndi cative of better processibility. The data is graphically illustrated in
Figure 9----- - Al-though the invention has been described with certain
detail through the preceding description of the preferred embodinents, this
detail i Jﬁ%jthe primary purpose of 5illustration. Many variati ons and
nodi fi catio an be made by one skilled in the art without departing from
the spirit and scope of the invention as described in the follow ng clains.
WO 2011/ 032174PCT/ WSR8#BEO4GRAAsINE uBliaiderived Aopobthyiene @odypolyalkoxidel the

derived from et hyl ene and pol y/( al koxi d th havi

ni 5 of Palwyr bRgupS: jsen OrbowN Ao gt s 0 B RarDys B Rant o 1

Nhgnetlcn@gﬁ&g&ﬂgg%£%§@§eﬁggmgzg- ymer of Claim1 conprising a portion of
onded to one or re

the ethyl ene 1 ackbone carbon atons of the
pol y(&l koxi dep. 3. ThpolpmkyofClanh 1 Comiprising wpertinofitheecthyeyaeanded Hponesds at

of the. pBIoR HekBsserbongomni B Py Rk, "or t he preceding olam in
whi ch the pol ymer ¢ROPEIyaRE0AOIaNA 1apRrEaitRdpelymiet shnhprizseamdbss oasettiglers-m ned
by 13C NMR 5. The polyier of any of the preceding clai in ich the
pol yner basep pplyessric branch bonded to a’backbone carbon atom o the po y(rZRkomde .
4. The polymer of any of the preceding claims in which the polymer comprises
10  no appreciable methyl branches as determined by 3C NMR.
5. The polymer of any of the preceding claims in which the polymer comprises
no appreciable propyl branches as determined by BC NMR.
6. The polymer of any of the preceding claims having a density of at least 0.92
g/cm3.
15 7. The polymer of any of the preceding claims in which less than 60 weight
percent of the poly(alkoxide) is extractable by solvent extraction.
8. The polymer of any of the preceding claims having a peak melting
temperature Tm in °C and density in g/cm’ that satisfies the mathematical relationship:
Tm < 771.5 (°C-cc/g) x (density) — 604 (°C).
20 9. The polymer of any of the preceding claims having a heat of fusion (Hy) in
Joules/grams (J/g) and density in g/em® that satisfies the mathematical relationship:

He<2333(J -cc/gz) x (density) — 2009 (J/g).

10. A composition comprising the polymer of any of Claims 1-9.
11.  An article comprising at least one component formed from the composition of
25  Claim 10.

12. The article of Claim 11 in the form of a film.

13. A process to form a polymer comprising units derived from ethylene and
poly(alkoxide), the process comprising:

A. Contacting at least one poly(alkoxide) with ethylene in the presence of

30 ’ a free-radical initiator in a first reactor or a first part of a multi-part

reactor; and
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no appreci abl e propyl branches as determ ned by 13C NVR. 6. The pol yner of
any of the preceding clains having a density of at |east 0.92 g/cnSB.

157. The pwbynavo3ef74any of the preceding clains in whichPCeas2aloamsée0 wei ght
percent of the poly(alkoxide) is extractable by solvent extraction. 8. The
pol ymer of any of the preceding clains having a peak nelting tenperature Tm
in Cand density in g/cnB that satisfies the mathematical relationship: Tm
<771.5 (C.cc/g) x @densREydting tﬁs@ﬁol?@kox%?wﬁh%d@i@ibﬁﬂ%ﬁhyﬂﬁneaﬂYhe redefi€ of
preceding clainms having a heat of tusion (Hf) in Joules/grans J/gg and
density in g/cnB that s#ti&éd-mdicahmitirteionferic cthilees-basad pojymercbramehs
(J.cc/g2) x (density) -.20 [d) 4. 10, A.C Lt risi

pol ymer of any of C ai ngoﬂci)ea.té ihf%}o&#a%ﬂ“?%% @n%ge%tréngﬁﬁ%e?g% 4"28@? 1%%3)“
conponent formed from t getheenmegattireattc@f 25C ai m 10. 12. The article of
Caim11l in the formof a film 13. A process tp forma pogyner coqﬁgising
uni t sSderi ved Ifr omlBe Hyocese of fdripoly davdish Hhe) ethylgac-passd dolyngicpbraash i

A. Cont ac 'ggia l.ea I i de) YIkERRe) o e RF egoRaE Of
30a freeEfJ?a |cé1)( a:ﬁniawlg{;%rnp@r?}(r{ae?fq%?léftngr')evg}émt%? @?ﬂa ? ?’r g’t part of a?

mul ti - papbly(dketids); maiedy, WA 201 HDRHE7 4RETY YstpheiOdg880ith Bt Reast taddgionhle

pol y(al koxi de) wth additional_ ethy]ene in the presence of the free-radical
i ni ti at ofthyiEne SHAPORKT & ?PéWEﬁBQE@%LﬁS$QﬂWFFHCBﬁﬁﬁﬁh bonded to the

pol y(al koxi de)si n gl Ra%ks 8RCIAMNES if SARIUPEheOsthPleh@bked RAliméfc biagch is
multi-part reactor. 5I4.The process of Claim13 in which the ethyl ene-based

pol yirer i dororednndependenty o thetpplydalkexitg) andds then grasied o hgipely (slkexidehe

pol y(al koxi de) to form a ethyl enepol y(al koxi de) nmoiety, and the resulting
noi ety polynerizing with at | east additional ethylene nononer to formthe
et hyl ene- based pol yneric branch. 15. The process of Claim13 in which the
et hyl ene- based pol yneric branch is 10f orned i ndependently of the

pol y(al koxide) and is then grafted to the pol y(al koxi de).
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