WO 2011/ 032172PCT/ US2010/ 048818 POLYMERS COVPRI SI NG UNI TS DERI VED FROM
ETHYLENE AND SI LOXANE CROSS- REFERENCE TO RELATED APPLI CATI ONS 5The present
appl i cat iwo 20l1z2i3a2t he benefit of U.S. Provisional Appl Pcattiseomomessis

61/ 242,127, filed on Septenber 14, 2009, and fully incorporated herein by
ref erence. BACKGROUND Conventional |ow density pol yet hyl ene (LDPE)
has good processability, however when used in filmapplications slip

addi tives are typi cglgyy M%ENS sma@méam@ﬁmmt 10 of friction
(COF). Unfortunately tor @Rﬂ? S ANgCh additives mgrate and
| each out over time. Mor eover Lfl I m is tenperature dependent

and this, in turn, can |ead to i nconS| stent filmproperties. Accordingly, a
need exi sts for LDPE conpositions with good processability and that can be
used to formfil s WOROSSREFERENCICTD REhaVEDrA PRILIMARYNG- THE | NVENTI ON
151 n one enbodi nent, the |nvent|on i a pol 0 r|51n .S . derj ved
from 2t hyl ene THadPTesenb 2aRkdcation el ?)‘H}S @ﬂg Y- r’% ‘Floﬁ pg §£3H0M N4 1y |
groups pgh, N%g?7 E@Qﬁ'S%Qxﬁﬁeﬂs} g@é@%ﬂaﬁﬁf}lﬁ%rﬂ&gte&l%&le%y Magadel C
Resonance (2 mer conprises a Siloxane, typically a

pol ysi | oxane, with ethyl ene-based pol yneric branches. The neasure of 0.15
anyl groups per 1000 carbon at ons BACKERENNR t he nunber of carbon atons in

the 20 ethyle p ri.c bra t hat
forma part o?e Ok ’é’f‘?l E?X%ggnmy pdyeﬁﬁ?’ f’[é%%');th ﬁ?‘;d ﬁ’ﬂ’eel&%&l@ |}g)h\%?§r a
process tyheh@kdn ia M a‘{)ﬁﬁéati%ﬁéfﬁip &dditgves @tett§pld@llly reqoiréd orimphiyllen eoéfﬁdlent

sil oxane, the process conpri si A. Contacting at |east one sil.oxane

et hylléne Of iﬁfl‘tttﬂ?@ (19 e rléndforpnagely %‘Prr Bany &@P@a‘wmﬁﬂsﬁo&? g gldgives rné‘grattee%ﬁf]t or

or a fir rg .r W t h
addi tion ffac ‘%ﬁ&g}ew{iﬂé"g‘?@{s‘l&@ %fé P Hfgrﬂ?tre g@-e r gﬁl o F%\I??P g?%?‘?c@)tﬁ? orm

an ethyl eaeielaasamcpﬁmytmrfﬁlm bn’opémlhs bAnct&dmgty theed exisk foe. DREaoripesiivtnone
ot her reactor or a later of art eactor. havi

2011/ OBZWE‘WPNBS’EG&%M‘EB ma&q Bigen enavior. i qure
1is a plot reporting the reI at| onshl p of peak rrelti ng tenperature (Tm and
density of commercial | y avaisiaivarRPeE aad INVEerionwenti ve pol ynmers using
two mathematical relationships. 5Figure 2 is a 13C NWR spectrum of LDPE
showilfig | ocat |Imrrmeo¢mb@h1k@ntc Hhe dptestipstis ca Gplyanet f eonmemising anléﬂw dexjyges from

Figure 3 |.s NNRs ctrumo tion
ot 75 br SHBHRS RS 50 Rar oS eE b ISR 0y S g pPARTRR Bt 1P b P

cont ai ni REH asletRGRY. by LOENIIElcar Magheti H&GnMMR(NMR:)t rﬂmmﬂydr@l%ﬁnmmsaa ni ng
C3 (propyl) branches from a pentene conmononer a 13C.NWR

spect r umsBexanpHEPPEiGa §ﬁl¥\$\]l??§m?an‘t”é]g F@D’L"nﬁ@éﬁf‘itﬁ?l}ﬁ%’rﬂ W@C ﬁe?ma%%l f pPE
for the extsr é}legrlgéﬁéﬁgr \ mg%m%sl's__%a%rgn fhe §urﬁ5brod{ed’al‘l§§ﬁ Abmd 3 VR

spectra of t igure 8 1's an overlay of 13C NWR
spectoa efhyldnedasddDpBymrent tbaﬂlchﬂDE«ﬂ;usasreedf the cilow atematthateformt a parit toif éke of
t he PDVB peaks

siloxane.

In one embodiment, the invention is a process to form a polymer comprising units

derived from ethylene and siloxane, the process comprising:

A. Contacting at least one siloxane with ethylene in the presence of a

25 free-radical initiator in a first reactor or a first part of a multi-part
reactor; and

B. Reacting the siloxane with additional ethylene in the presence of the

free-radical initiator to form an ethylene-based polymeric branch
bonded to the siloxane in at least one other reactor or a later part of the

30 multi-part reactor.
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Figure 9 is a plot reporting the relationship of peak heat of fusion (Hf)
and density of commercially avail able LDPE and three inventive polyners

usi ng twowvoabhersetizcal rel ati onshi ps. 20DETAI LED DESCRI PTIr@N2010/048818 he

foll owi ng discussion is presented to enable a person skilled in the art to
make and use the di scl osed conpositions and net hods. The general principles
descri bed nmay be applied to enbodi nents and applications other than those
detail ed wi t hout depart iE!QIE{]ﬁ@ES@ﬁﬁ)ﬁ@NDF TandprReopengg the di scl osed
conposi tions and nethods. The di scl osed conpositions and 25 nmethods are not
i ntended to b&idurerltied plot tepertimgttbeliretetionshiphefiweak buelting tenapeasaiurgcdar)dayd t he

w dest scope consistent.wth t. rincipl e nd features. di o]

| nvent i vge‘%btp’y rCW?@WﬂVy,aV%QEEWpJ‘#%ha@)}&eSI VEIEF p&;ir@eg% I 'gsgﬁj ™%

used Wi t By ghdnPMicaIi¥Rtighdhigdl ty, highly branched ethyl ene-based pol yner,

e.g., a high %ressure | pw densit;{ etgé/l ene- based 30 pol yne fgr exanpl e a
clrugth

; ymer ( ]
| ow dBnsity pdigree Rys aneC NMREpS EDPE shewingclheationaiof Reaks shergeierigligt e a

bl end t hat faithfull ines all the physical performance advant ages of
Pher o 3h i bR B0 167 0a56 16 pol ysi | oxane with the all the

favorabl e progassé Bgs el AMRrspsstives ob L.DPEesHoindiyd yn bxaampt ofl qedrificatien ofsed
pol ynmer. Disclosed are pol yners, conpositions and nethods that address this
shortcom%dqrawh%h@q‘tarws-t he di scl osed pol ynmers, conpositions and net hods
is the ability; s odugaRsd ' i - Hensity using
conventi onal %s}%@eegg%g tég\ét 5pﬁgt\sdgh%ﬂggppgocggggng?ltiywngf a highly branched
et hyliene- basediguoé §rien TG NMR] pecitin i WDPE chataipingsCs 4propyld peanchessirekian t o
t he physical properties associated with the polysil oxane. The term
"et hyl en@-elbtﬁ’%egﬁ’“g%o%'ri c branch" refers to a polyneric unit conprising

pol yneri zed etiyh&Bgs AME WM BpdcauROSTASUPE-PDMS ishOxiap énteaBfised ) quantifya
silicon or carbon atom |In one enbodi nent the inventive polynmer (sonetines

r ef er r ed theoPRANIS andHyDRIA far theoextiaripdwersioncad Bgpipéel t he structural formul a of

ol ymer (1) b MATENE e T gkt Ml N D Re e o

honope! yner, @igwe 8LiDRE.overlayasf 130 BIMIR Ispetera, ofshieh PAXMarpraftddylLRPE-spalepyd ene
copol yner branch. The pol ynmer conprises a siloxane unit (here derived from
pol ydi rretShWﬁlF‘b‘S?dﬁ@n@Eeﬁ:‘Iﬁ@ PWQP%S-et hyl ene- based 15 pol yneric branch
covalently at . L1 ok . P REEH YieddnsitPbaNnch
is either forﬁ%ﬂggrl%%f)%lr%% the g?%%?%;r%& clﬁ{ﬂémk ﬁéahﬁ Olgt hyl e(‘ri:gj rmnodrrrlgr%aor

ol i gomer caintmedislty aivaildbde SiIDPRaarel alwee | imveulys epelgmersy upiog yver imatherpatical
further pal ms{lj zed with other ethylene nononmers (or copolynerized with one
or nore &¢8E9NSMPSnononers) to form the ethyl ene-based pol yneric branch, or

an eppyl ene-based pol yner is fpprROLEDGERRIERTION and 20 subsequently
grafted to the siloxane. The sil oxane can contain one_or_ nore

et hyl ene- basedhpdblavdng disbussivariepreseried topnplele agrrsep slRd in e ag 4y make axhine
is a functigon, .at,least in.part Si e sl

condi ti oif§® Elﬁédél}scm?d(a:lﬁm?’ﬂ%sng?lﬁy?néﬁéleli@%%oI }Z/}r?}eeglénze%% %@Cérﬂé@ggﬁcggﬁﬁnge i's
grafted tagplidderoehibodimiats dldepplidutioas ethbethad thoet dereilédowihan dagsticgpfromahy i n
size and structure, but typically and prefer agl%s g,gmar i Irs?e ne or, rmg)% ong
chai n br sbicthasd sepeotthe difglesgd spmpesigouscandrpeppds. dhe disg S‘iﬁf CTRASHIoD oI
the 25 hyln?%f?dcﬂaa?@ gotggieXH&Ltof Ol GNht RELEEMENR G RASEE PR YeTBSchEdRBONChES
are derived 1S made by a high pressure process WO

2011/ 032 3A3REI¢0PS201 s temt 8a iBtha pdhdples amt featwses dswdosethai n br anchi ng, then
soneti nmes thi,gﬁgg) ynmer, or branches derived fromthis polyner, is known as
a hi ghl y /Byesf Y&hyl ene- based pol yner. The coval ent bondi ng of the

two constitue rentif, whéP% afgh (:Fﬁﬁ‘alﬁrﬁfyp‘pbfg@l&&ﬁé 19 @bads iWith XA nse c?@gulggtlswge r

nol ecul ar wei ght siloxanes) and "a highly branched et hyl ene-base

- resul t highly dranohgdrethylene-bassdypalyatr, greope highegressura lavy depsityeatidene-based t he

resul lne agssymaloatr,|
Bl 130 HRB e P anaischist STRGY bR ChIRaE RRPERE el hotARHARLA hhy €3

conbi nat icantdh BIBYSitkal faaRRIIPr @Al Rhe PR titaspdriormahe diwntagsedf the
pol yners of this invention is not observed in nere blends of polysil oxanes
wi th highly branched et hyl ene-
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10 based pol yners. The uni que chem cal structure of the disclosed polyners
of this invention is advantageous as the polysil oxane and the highly
branched wolwignsetrbased pol yner substituent are coval enPCy/uszotesaksidhen
bonded, the two different crystallinity materials produce a pol yner
different than a nere blend of the constituents. This conbination of two
different sets of branching and crystallinity materials results in a

pol yrer ﬁlcpm{ # thelal r@ﬁé)ﬁ%%dbf@ tdeadsir EnPRkdritics bamhd RRghh Bﬂthiv'hed
branched e ene ased pol ymer and Better processibility than t

pol ysi | on‘ehrykne based ponexpoDysmsecbfaret mlgmﬁﬁvéﬂmp@wlw)ﬂ@o@?ﬁﬁhp%th@h la@%féf’tsed

si | oxane, 0 £
unattacth é é%@&m%%ﬁ§ﬁ§ u%go%é% wégﬁhb 0 uce Q@%ﬁ%teh
process anhﬁﬁktl Bﬂ)dﬁ&@rdsﬂl\é ewith ‘d&n@l@ﬂr)pmyméludenéitﬁi uﬁlﬁg &ﬁ%tlmilmrbMSesZﬁat

sil oxane. These siloxanes that are not bond to(ggﬂg%gylene based ﬁggr
and t hesbaa thy IpeersssikibiBdofpohightyrbyandhgd ethwlenpdas Cryig canANgtiRey @h

usual |y t hrough
varous BORTE bibic? BTy By Seal e SRR bty b P | Fhe art

| n one enbodi rmattertrheetnydblyd?’aase&@U@mamsbranmnht’sreﬁb&r tweqbol‘ynmmemhtyctommlsmgd

sil oxane, 25 the ﬁ& %ﬁlng at ast q , ‘ﬁ at..l east 5 and
nor e typipe lymeyized ethylene aBdS’V ¢h #5sbonge é(hﬁls @?‘%pgeg RO (9 THEPN AW as
det er m nedby 1413&%4\'91?.58&&&{?%%&%@% 981?%? (ﬁMmesTVa%ﬁéﬂ' to/ aé hethprnioTer
has one or nore one, typically af least 1.2 and nore typically at

| easfiOl. @QWanﬂsommn§${hbMammnddbpewaD@B@mmdabon atons as det er mi ned by 13C
NVR, (2) no appreciable nethyl branches per 1000 carbon atons as determ ned

by 30 13C NWMR; (3) no ablqnq gg (gﬁanches per 1000 carbon atons as
determ ned by 13C NWR 9 no gt % Ran 5, typically no greater than
3.0 and nore typically no reater 1/032172PCT/ US2010/ 048818 t han
2.0, units of anyl oup arbéﬁ to as determ ned by 13C NMR

I n one enbodi nent the @olynero od \ﬁ@ eth;%éhe based pol yneric branches of
t he pol yner, has two, three or all es I n one

enbodi nent the polynmer has a density gﬁgﬁpg%at P@Y or U 92, or 0.93,

or 5 0 94, grans per cubic centineter (g/cc or g/an) as measur ed by ASTM D

792. n 0 0 91
to O. 95 39%8“%§ Qtﬂeagﬁbﬁgpggd¥gﬁél %ﬁg ($§§§0%$ Fl%eg%l Bsghggpﬁn®g%{|on
ar e usualihtyrpglygad esuch marant dikylemnpiopylese obpdlyratrr bmnchy | €he pblawd cpmbyismsra
equi valents, i.e,, the den5|t|es f.th th | ene- g‘? nerl bﬁgnc es
not att ashetme gng Eereodeied fzom Ho%fdém@?‘@g sllplssfs ase
manuf act ;}%Fyn%fr elgrahﬁl‘"’%{)]\éaggj{fﬁe thtdchéla ut tsficeh rﬂtblﬁrl pr’lfﬁéeéthyl@ﬁe Bise@ ﬁ'dlﬁjﬁéﬁc

gauge fi ene- based pol yner equival ent. I n one
enbodi rrefm’rant:has mhwﬁmhasmcmm uhnceelmxaﬁe meoxmt ghylean mongmiee &F [0jigomen. 05

s ur ol PR P SR 103l s Gireaty Pl el kel Wi Bl PO

a peak ”‘%{Hy'léﬁg rh&m@@ér@w Eopbridiized am 8861 ioré BlGinCedndrdaters ablfsfm ake t he
mat hemat i cal rel ationship: Tn1< 771.5 (C ccég. density) -604 (O . (Eq;, 1A
ine

In one ewﬂxyd;hnnéqasedtméyrp@nq/h@nchmsaxae%bme#@sr m@ﬁb’é}r@@émw eptlanthg

dens sfihes §h ti 1.5
(C c '?l&“’gﬂ'é‘?%)gra 0 §h€( ébqua(’%q efh%%ﬁ g%ﬁgsgﬁ r%é?tglﬁl i Onis :}’:‘)Q‘JG%F}QEQ]E%E‘?‘? at ed
in Fi gur Polynicic brathtsE $helndnbe? PO biadchdsrontdhg sspaciise rfma:ltloﬁ,eatﬂeasnmamd bhe
comercial I'y available resins (CAR) reported.in Tab I n.one e52§d$nent

Tmis | edke sinanf tmosilorgng and thy qoéé%m{l%%fi@lé’é“%lhﬂwe?} e‘PFo‘rSé’Oth}B?rbZS ®ss
th 115 f

Jout esi g SsaRiRe I ErBRR R UGt T HIRER 0%l PR Rler B i) 1
rel at i onstrepind Hirac@83 duf Jypiclly 2ndxprédmbli conpHROOE ¢rimgle. lopEghaindyrandhenne

enbodi nen he ynmer has.a h of fusi ul e I a / and
densiPy Kt é}&ﬁggﬁﬁ%Pm§%F?¥¥$ $%f rﬁﬁ?ﬁ%@@?ﬁgﬁﬁw$ WﬁYegﬁgﬁg%pn§8&#<g%§
(J.celg2)y iltléﬁ)c bas&%%ﬁy&éﬁ&%ran&lﬁ@ areld@rived\ made by a high pressure process
2011/032172PCT/US 010/ 048818 These rel ationships are illustrated in Figure
9 for Sanples 1-3 reported in the Experinental section and the comrercially
avail able resins (CAR) reported in Table 1. I n one enbodi nent | ess
than 40, or less than 30, or less than 20, or less than 20, or |less than
10, wei ght percent of the sil oxane u3efl46n the process to make the

i nventive 5polynmer is extractable by solvent extraction fromthe pol yner.
In one enbodi nent, the invention is a conposition conprising a polyner
conprising units derived fromethyl ene and sil oxane, the pol yner having at
| east 0. 15 units of amyl groups per 1000 carbon atons as determ ned by 13C
NNR In one enbodlnent t he |nvent|on |s an artlcle conpr|5|ng such a

o " R T B



or elastonmers. As illustrated in Fornula 2, they are partially organic
conpounds, but, unlike nost polyners, they have a backbone containing no
carbon, owoposed2i/ast ead of alternating silicon and oxy@em/istaom4ssisl/ RS R\ 1
IRRR6 ,R7 "SC 0-- R8 (2) 20Each R1-R8 is individually an al kyl, vinyl,
phenyl, hydrogen, hydroxyl, acetoxy, enoxy, oxime, nethoxy, ethoxy, alcoxy,
di met hyl am no, am nopropyl, hydroxypropyl, nercaptopropyl, chloropropyl,
acryl oxy M Ryl i | anches derived from
cponycy e oty bonudTs PRE HUBRYERRK e RAIPAREN HALARY o Hranches dorved ey

al kyl , ~ C3his polgher,iskaaikad g highlyyhranchédethylentrhased gelynsr. hydr oxyl . Most

preferably ea R1- i s individyal 25 thyl, vinyl, hydro

hydroxyl . In glhll?ﬁ ‘_éWﬁRgm %ﬂ?lnéaﬁﬂﬁli : ologerﬁJé?rﬁ%, @ Sl%xan&rxgles%ﬁgpl @éltudes
versi on pgRsiltiafed andMIRF nibléchla &gt sllokaleBdmd ZhighBXaaRdhRY letitilciel axane)
but typical'ly and preferably n is sufficiently large such that the

pol ysb| opahmenas resulissiogi pylymao woh 1physzaly praperigs2akio 0488 1%tter thaso thy
nore, preferably 200 or nore - : r :

cent | st obelsfeiefs 2opyRerly el BRicEREREERRerRAts FinTBRe nighly

pol ysi | o%aaehdd éthylanetb&edpolyyhencogp@rher than 2.5 nillion CST. Lower upper
limts on viscosity, e.g., 1 nilléﬁr or 600, 000 CST re.mﬂthin he range
of this i nventTihér?OEhbtn_aHP’@)HgPhﬁéﬂaé | BIOCGEINGHISPAeE ﬁoﬁgﬁc%lfq ‘gﬁegﬁP &t €.
The et hogs t Q. ARARYLE HMhelRR i IRFOALAM ?holyifo:dhbOX AR Bighty Blastel BRgidnef r .
In nost siTicones two organi c groups, usual'ly nmethyl or phenyl, are

at t a¢bed basedgatymas.| Thonnigtochensidlistoctes dfthgdisdowd petyenesx obibis ioveatiop is

stable and inert. Silicone fluids ar sed. | draul i ¢, f,l uids

emul si on2BYERIEEAE ASmIsiNCLSHEXaNg, gn rtg‘SSglghﬁblq’i ¢ e%n%hggneégﬁgdsi pdymer

| ubr i cantgpsiit@inehard 6RGIdnEHtInke@NIWRER HBEAdAY €heé 606 IdifikGentSrlitallify mtbeils ar e
used as electrical 10 insulators in encapsul ations, coatings, . and

var ni shegroduse gaokwene diffietentatbink 2 mprerhlead phthe donstiperts. allhis sgmbingtiew of e

aut onobi | g..engi ne ¢ onents: .as _fl.exipl i Ln,.fa j
ocke: 1 TETHa G Phavaraee delomme Al sl S I LEARE SRl
Si | 0xgnesrateedddl than atddesregRRAt thenighltyi brantid! eitiglehbrbsedt pelgintr iand UBRer

6, 239, 244. The sil oxanes are typically polysil oxanes, and are commercially
avai | abl erewseifit thpn themobisilexans. nunber of different nmanufacturers

i ncl udi ng, but I m l MPOR R VB xandA g ol yvaidr B Blis U
and Evoni k. Cﬁgegégbggg%?g%%83n§¥¥%§8%§hﬁ%wDom/Cbrﬁingnboo FP&%?ET 1

Et hyl ene-iBaseacn Relyyuier ¢anBisarfrdeas unattached\sthylenedasadawdymertibatcionpedpewbased

olyrmeric branches attached tg the siloxane.can.be either erate
gi r gct | y igfEoqueed ditp &E&%ﬁ’é‘)‘iﬁss b Ak figr IVENHiH RHIEDE; k‘&(gqueg(g% Oquh the
SUbSQGlJe%Lll))Yang.r ght&dilbQarel hat hleR@BEnd thha diEmBead pdlPmehar@ithésa@thylene-

et hyl ene-based polyneric branches are forned directly on the siloxane is
descri bedased pdipnens do ege nesonilet foonsilonareare agepliytpresent pdoprleveds or gan be

choice. In the enpodinment .in ich the .at ene- I IS
grafted trsm%egi Eﬂg’& !aeﬁlglg {lﬁgu%{? }’af?’{(l:arlilsips‘%mg’ltg?tlkltji/neE(%re{érgg%éergnIHée)[%1 %%E%é]oe- gogg@Qe

pol yner tRafedG@thelet. €i ther a 25 honopol ynmer of ethyl ene or an interpol ymer
in which the polymer conprises a mgjority of unjts (in nmo er cent
derived from &niepe embodiment themohpRericpmprisesinils derivep f‘ﬁ@%@nﬁ‘)‘i %]Q%Wed
from,@ne - hRS. e al I I t ibF a
R AN R R G s P A
pol yet hylagng drblisORE) 1000hesisorpatoynseassdaereinaldby i TC Nuvlgh-MagstaResprances s

i f -radi cal, chem st to 30 | i t hyl Typi cal
pol yrrer dSAGRLyTRicR gy ReBiRer Gasend oF MBBAT 61 bancy el bl 2 Mot er
(g/cn8). ti@%&iﬁé@( 48RS 4 VurRiQ! oretdny banehedd®ér NAYE carbiRatorh18e Yeteiined by °C

2011/ 0321 US2010/ 048818 (12) from about 0.01 to about 150 g/ 10 nin.
Hi ghl y biéMRhe@) eo happesviablia seethylo byamelres percA0QE darhom ppsaps slefseminedeby ed

to as ."hi; ressyre et hyl ene polyners". neamn a S 1gartly
or eﬁpireﬁgbﬁéﬁnéﬁFV#EPF%&%ﬂbW%Bgﬁgmyig?P?é Pﬁ%g%?b%féggsggkﬁﬂﬁﬁ?g? e
reactors Ww&ﬁ&%f&ﬁg@&@ﬁ/ﬂlaﬂ& BRan9 wddse e thag A #ndi mole tgpivgly d@giegler Wi t h
t he use of free- radi cal initiators, such as peroxides (see, for exanple,
USP 4,599, 392 (McKinney, et al.)). The process creates a polynmer with
significant branches, including |ong chain branches, out of the

nononer/ conononmer material . - As4pbttéd supra, conononers that nay be
used in formng the ethyl ene-based pol yner fromwhich the branch is derived
i nclude, but are not limted to, a-olefin



10 conononers, typically having no nore than 20 carbon atons. For exanple,
the a-ol efin conononers may have 3 to 10 carbon atons; or in the

al t er nat iwe,20tis2&120l ef i n conobnoners may have 3 to 8 caPbdmSat10/88818

Exenpl ary a-ol efin conononers include, but are not limted to, propylene,

1- butene, 1-pentene, 1-hexene, 1-heptene, 1l-octene, 1l-nonene, 1-decene, and
4-methyl -1 -pentene. In the alternative, exenplary conononers include, but
are not i f?’,dun}é ofAntl #36%@%@; YORS EFbSatoBisCadeRMided CPASNMRN In one
particul ar mal'eic acid,” fumaric acid, itaconic acid, acrylic acid,

met hacr y kinbodigiedt thie gholymadr oot the athiyinetbased pobgnesic hrachgs Qﬁ%a pekymer.diag §wo,
C3-C8carq%x qu cid b for exanpl e unsaturated C3-Cl5-carboxylic acid
esters, f e%%rrﬂ U Qb thesGEPPEReSc1 - 6- al kanol s, or anhydrides, in particul ar
net hyl met haciybad emb&dilkht MetpdRGhst AL @, deRsiBuinthteriiah @Iy lbad®?2, be0.9Budry |

met hacryl ate, nethyl acrylate, ethyl acrylate n-buE{I acrylate, 2- 20

et hyl hiexPI94aerapsapds, cubsy eerisimejér (GACyIrag/em ngst HgesHRd BY a“rﬁﬁ\dﬂ? d&2. k) ¥ec
anhydride, ;and |tacaoni ri I [ h ry
connnorrelﬁg"blo?lulgfeﬁ% © prn%gm%meg (r%o egﬁltyn%g 1{1)6%{‘?%{3'951 (%y %%ﬁ%g;?f g'?ég? %%(%?E Jecﬁé:'arrpl e
vinyl acqhat®@nsities anpdlisiersabf tinaivientton evcewnsphlly greaemuohonthesdansitiesidé thelut
are not limted to, n-butyl acrylate, acrylic acid, and thacrylic acid. 25
Process ethyleneaseds pelymgheauivplsnisalicy BRepsities ofpihg f‘é‘“ﬁ%‘i‘?@ SF%)P&?EP’é?erH"ay be
produced bef pre, QS aRa A Lelidxhid gh& h&is "8edrl RAsiBY ATKFSfoMthd ndahi€facture of

et hyl ene- Ased pol'ynmer. Tn other "disclosed processes, the polysiloxane may
be f 00 nedower gaigafimndithsimive pporesiesed adiighen gatge\ilermeadsasishths sthytee-tasedhi n a
wel | -stirred reactar such as a tubular reactor or an autocl ave reactor.
30The et RYIYEHE SHHYYIE ol yner is formed in the presence of ethylene. In one
ermbodi ment t he, BRl ¥HBEdiREnt tE PolyRiee Rbd HMmeitSnderromach 1by 1oveeypiedliycaf 0.05 af t i ng
of ethylene- WO 2011/ 032172PCT/ US2010/ 048818 based pol ymer nol ecul es_onto a
r adi cal i 260 apdpss tyoicale ofiBll de d0egramp peink) wisRsi (BEAminh as Berreiy. £ak

pol ymer i n S oped by free-radical ethylene polynerization froma
radicali§§§§§6K€§@ﬁ%§§%§?site. O her enbodi nent processes for formation of
the pel ysil oxamene éhBodinbst the peRineehinyd peak-rbating feolpgraturie dnbirefidcind densityt hei r
conbi nation into the 5disclosed ponEFr, may exi st. I n one enbodi nent
the et hyliegksnp shat satisfies themathanstical ©RUPARIr anch is derived and the

pol ysi | oxane are prepaped £ALLEORLLY dsitfie dBRLL). ORERrRgess used to form
the polynmer of this invention, are conbirned in a common reactor in the

pr esence Imfone temblodingent itke poliymee hrsdipeal npdtingrtenipeeatire nlm dndCtandrdensisnén t he

two polyners; are subjected . to process canditions 10 and reactants to effect
t he forngﬁm6ﬁﬁ@ﬁa9 ggﬁﬁvaﬂﬁﬁvag f%%ﬂgp&np- In one enbodi nment the

et hyhgne- based pol ym?im‘tQm.gfgqcs:&/%!(@e&ﬁ@pcbeﬁsw@. degq.v8y and the

pol ysi | oxane are both prefare indifferent forward parts of the sane
process disarctatiohshipcaniilwsatadogdiigue 1i for Sawplesdn’ sried i the Faerimsntal he

process in the esence of ethylen n fr I I h zaty,0R
conditioﬁgq“Whégé&ﬁss?vgygﬁgﬁghaa?ﬁggs%%éSi{§§§§a%@8§%kgﬁe%gaégée hpg?zner
are made eifbodRRadt dineisf REaA 188aghically &sedmnor20zmdes/en snorh tgscadlypassahan
aut ocl aves or an upstream part of a tubular reactor. The products from
these forMar® .reaction areas or zones are then transported to and combi ned
I n a)downst regn Leagh ot % ﬁﬂ?f&&nﬁas' DhiROrANESESAS iR TogkdYa8R]IMNERd
free-tadical polynerization co tirons to tacilitate'the formati on of a
pol ymer akndityiia gionvehatisatisfics thesmathempaticéssaonthipe radi cal 20 generating

conpounds are added to _th ownst seam reacti a ar ne to facilitate
the reaction. In sone %f%%%%@ﬁgmg)85£%P§Q§—@§8%g%§d(?8' cilitate reactions
in the dquyngat &g@gaigxﬁaﬁ%h OBy Radh hZADE fusish GO PURSRSGRS(JARYdhd Henal if r esh

ethylene 1s added to the process downstream of the forward reaction areas
or zones g/antthat satisfisshmpthemptica eelatianshin: of and grafting of ethyl ene-based

pol ynmeric branches to th | ¥si | &x _ cti-qn 25 et hyl ene
nononer directly with I%.Iﬁ?%?l(yglc/:ggxxg@ensg@?f t(%rer%) KJZ@ i(irl? 'elnltgi ve polymer. In

sone processes at | east one of the product streans fromthe forward
reaction areas or zones is treated before reaching the downstreamreaction
area or zone to neutralize any residue or byproducts that nay inhibit the
downst ream r eacti ons. In one in situ enbodi nent the polysiloxane is
created in a first or forward reacti 6of30area or zone, such as a first

aut ocl ave or an upstream part of a tubular reactor. The resultant product
streamis then transported to a downstreamreaction area or zone where the
there is a WD 2011/032172PCT/ US2010/ 048818 presence of ethyl ene at
free-radical polynerization conditions. These conditions support both the
formati on of and grafting of an ethyl ene-based polyner to the polysil oxane

o " . o o g,



I n one enbodi nent the process may include a process recycle |loop to inprove
5 conversion efficiency. In such an enbodi nent the downstream reaction area
or zone MY 2ba/osai7at ai ned at a tenperature which is | oweCTiusasnoolssus at

whi ch the highly branched et hyl ene-based pol ymer woul d phase separate from
the polysiloxane. It is preferred that the reactor in which the

copol yneri zation takes place be a reactor with a high polyner ("solids")
concentr gi)l UG - ; t HIRE 18 1B6rt&PRCEH Bxpbiimentslf

pol ymer i ?%E%g’eha?gﬁ{ﬁﬁi%@gkgnc eggﬁlgg%? gnfg]E g?ss%lgs pol ger in the ?eact or. In
one enbodéatientand e coemyartielly acplahigyedvas (GAdbtreported indabledl i ze resi dues or
byproducts fromthe previous reacti.on cle at i nRKHDbj 0 i zation
of either t he?‘bBP?Sl?lB%(ﬁglﬁﬁt %?S &‘ﬁ% 4hi %ll%és %‘?Iéh@h%rdlgg%/%lﬁggbé%lg%e%xggpyﬁgr or
i nhi bit §he thaned) aRighopeicest bhencdbifixhas ededithyleepiotegsoloyineke theninvestive
enbodi nent fresh nononer is added to this stream 15Ethyl ene used for the
pr odust i pnlyofer &t dxraetable by selyepiaixyaetionizgm pee RAkYPEL ed et hyl ene, which is
obtai ned by remvin -t 00 :

si ng o oact TonteSpaindhs, fRIBAAARLT: L EAbAAGARNRRHE EpSmERIRRE
for meki ngité derival 6l @xgemsand tildxaneothe tpphintal havinat atpleast f0. Edusitshef ampl i s
required to nake et hyl ene-based pol yner. . I.n ses et hyl ene.fragmt he
recycl e IgsBps mey 180 caehon Q‘FB’P?‘SOE%@QégnWﬁ@ lﬁ’ewégg\@ﬁﬁor ?Iéiqnﬁeermet?%émerﬁ’ the
horopol yri@ehﬁ&'i isoxﬂ)f ﬁicl@tcg%hﬁg‘iﬁ isfcH D EoRpEIENRE En@in SncdP@hbisditexane ifention
copol yneri zati1on of ethylene ngth one or nore other conpnoners in the

pr es@0ce ivdn atiplolcysiptising aepmppuant dewptitiag suchasompositianniy enegnebodiment the

copol ynmeri zable with ethyl ene under free-radical conditions, preferably
under hi Qﬁl%’ééstmne conditions to form highly branched ethyl ene-based

pol yners. 25ChRiRe bmBoEHRAt RO §BLyIneR CompliggensajoElAveighepdrydt oApblymesied t o
control the nelt index in a free-radical polynerization process. Chain

t ransf er ethylavepessdtanghe wreighhef the rolymegr om ng pol ymer chains, thus limting
the ulti gzlte nol ecul ar wei ght of the polymer material. Chain transfer
agents ar&%4/f5i cal Iy hydrogen atom donors that will react with a grow ng
pol ynsr chai n Tapdilsip chinBe poy yfhedivené class sfgattmen mehufherehesi finidsossinsi gh

pressure free radical 30 polyneri z:f\ti op, these, ﬂgent s.can be of ny,.

di f f er entor elpglemerss yaillystraied iy Berawy %%’&B%Vc?arre T t?ﬁ%agf%?oérf%’dmﬁ%; &}qgéléplﬁeons,
| dehyd _ bcal s Sesh i

al deny emt@?@(égso%yglﬂgg?%g&boﬁé’ Rot&ihine Hd daMsHn, eap&Rd d\WPalternating

2011/ 032 I nclude, but are not limted to, propylene,

i sobut anegijlicon land axypen htdms ene, net hyl et hyl ketone, propional dehyde, | SOPAR

(ExxonMpobi | Chemical Co.), and isoprﬁanol. Tg? amount of CTA used in the
@

process is 0.03 to 10 weighg per&n f Rae t | ,reaction m xture. The
melt index (M or 12) of a p‘go1\y_ i_/c IS if_rppeRé’ely related to the

mol ecul ar 5 weight, is control & byfﬁ pl»as;i\[]g t he concentration of the
chain transfer agent. For Rge/e rgqdpcal p meri zRg on, after the donation
of a hydrogen atom the CTA for a radical which c react with the
nononers, or with an already fornmed oligoners or po?@?rers to start a new
pol ymer chain. This neans that any functional groups present in the chain
trangper BERM SRM indd@dhdily &¢luned Viﬂ%ﬂ; hbepa) fpdogeahaiydsoxyh dcatoyg, muodyer of
CTA, for 10 exanple, propylene and 1-bhutene which have an ol efinicall

unsat ur atesimgondiethery, ardioxpe plseBY:pofimetypRINCLe AFBNRTRPY hzﬁyﬂr%p{gﬁg@ ves,

via a copol rizati ' Lot ghain

{ranet or HREeand: HaopREYL Mo pifE] mphaTHERHAL AR PhERoaTo of

pr ocessakipbkjcyclobetyilehyl. pPrfanbly esack RoRas indwalaby acCaro Gs akyhsCt 1, Cs

stiffness, yield point, filmdraw ng1 te rwft reng\‘tjklg 15 rggen ?%?du%ﬁe”

shown t o dyeloalkghainylinhsngs EYdrS%h?ﬂfy FORT-g G5t BISETREY FREe Qb ar y

pol Y ZRLhONvin é'ﬂg&% ePbr hyfaSoxR! BEMembMAIEGH: HBT® -Rpisth@hyleact i on zones
| esse

for sclosed” pr may “be acconplished by feeding hydrogen to the
reaction zonesThesémplestateesigrspossiblel immwthiezetrois zero (imfosmulac?, harpmeathy sisiloxywgdct

Lo 1 he. r QAL AT SO PRREPD 1 Fog P Doy 35 PRI DAbACRS £l Rggl <

Feed of the free radical chain transfer agents could be acconplished by
direct injection 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 transfénfdgent until entering reaction zones
where initiator is injected, at which point the unsaturated chain transfer
agents woul d be expected to interact with grow ng pol ynmer chains. In sone
enbodi ment processes, 25 it may be necessary to renove excess CTA fromthe
recycle streamor |imt injection so as to prevent excess buildup of CTA in
the front end of the process. The type of free radical initiator used in

o Y S - e p— - -,



10 avail abl e under the trade nane TRI GONOX 301 (Akzo Nobel; Arnhem The
Net her| ands). Exenpl ary di acyl peroxides include, but are not limted to,
di (3, 5, 5-woinatdsgi7dexanoyl ) peroxi de. Such di acyl peroxipdgdiS261004881@npl e,
are commercially avail able under the trade name TRI GONOX 36 (Akzo Nobel).
Exenpl ary di al kyl peroxi des include, but are not limted to,
2,5-dimethyl-2,5-di (tert-butyl peroxy) hexane; 2,5-dinmethyl-2,5-di(tert- 15
butyl per 3?“)6"3%( e i)’l’efgll blyeEd0 AMMbrePEIICEA Saoré 'pretf@rﬁblth)UYdr rﬁ)@’éoé@ndﬁtok@nd
tert-but cunyl péro Such di al kyl peroxides, for exa e, are
COMMET Ci aa:sy) al3picalhy @ ismubetargdrethan achalh aradsceTRI W%lmt RGPSy 195,

TRI GONOX 201, TRl TRI GONOX T

hydr oper 8%afs hmhe: IOIbG@arIeO‘%%tuﬂp"H‘ ita P v&;%? a%ryEF ‘?ﬂﬂﬁ oé;{)re? 3%

and 1, 1, 33 tR4 WATRS hyg Wlomm ARRhGXx Bat h@helh rﬂlﬂ@uﬁpexmghtdwe tﬁﬁcaflb'r

exarrpl e, aré commerci al fv%aval | abl e under the trade nanes l‘)l'qlﬁﬂ{ A X TAHP,
de

and TR Gm@wrenvﬁhe(mm@d pespyuringthersiseqsity 9é thssiesans dhdesed but are
not limted t | h
tert-anyl pero y {%k@q‘%hﬂ\%o%}{gzé{gﬁﬁywﬁyt eéri?yl% |‘gyelr%r>eq?“f“’sh38rt%§§‘f|

car bonat @ﬂlc&l@i@np%mxmmbgmmgre &x@eptionalip kebleaand 1mnm&hccpral fluidsaraivbesbl e

under the trade names TRl 17, TRI GONOX and BPI

(Akzo Nobrehydra\zlx%ﬂwd&r gmylsion HERRASEONS, rf’d“%g}ﬂg 152’1?‘ ﬁ %P?«ﬁ“feéu to,

di (2-et hy M}%é}{ %ﬂé@@%&;}%t@&we%%ﬁ’gs sSficdiet MbbdE hRX )l GakhRenRbES.
car onat ,

Such peroxydi or e are comrerci ally avail abl e under the
tradeo namBulERbr@(mI@)(cﬁisﬁlatlmsd cb’ﬂh@@\@d BBRishesk 20 ggisty jnd Exdkipe araferial; in
peroxyesters jn de, but are. not mted to,

per oxy- 2 SB‘E%%}VFI Vs a‘“P’é’loglI%Fﬂﬁlnep%q’%g&?ﬁgtinaescfge%bé? g@( Adﬂﬁs i facg maISkS and

per oxypi ual1a8i8; fok Blrhinating olRRCRINRRA%9 8lrgical RefbaiNys arﬂﬁhmfam@ et at e

2, 5-di nethyl- 2, 5-di( -et%‘uyl hexanoyl per oxy) hexane; tert - but

per oxy- 2- et hyIShlexm@aﬁ%fUI indhe plgsany Inveyypehd gﬁmq@éﬁl@é@%i@?-é%%ﬁg'rhe
per oxynegdecanoat e i 0

T
per OX¥i SQRHbEF At @iffedeni nBnBfatRitdraiRlhd) by hoqmamaq/toz Dost ﬁyhﬁn@g AMoatwive,

1,1,3,3 -tetranet hyl butyl peroxyneodecanogat e -tetr hy] but yl
per oxypi Wiackep; Shtfbétsu Bﬁg VVOomKy Sfi/‘ﬁ represegtafiye ﬂ‘llé{xﬁﬁ}? ﬁi?&"ﬁ Ggrmang m“}g'
per oxyneagtq@g%o@ gﬁpg)é;,,;em%rgyg%g per oxybenzoate; and tert-butyl

per oxyace roxyesters solvents, for exanple, are comercially
avai | abl e undets ndied abm;athnadaéenfmammym@mc bmpwcheﬂgo thFRpigyEK cap 5

TRI GONOX 127;. TRl 33;., TR X.1471; TR TR

TRI GONOX bg5¢ith eT'Fﬁ“éﬁ@@ié é&ec"lﬁmo XSHEKANG g GESNBQ 4ipa &@%B%%CTQ%O\IOX
423; 2R %%Qéllé}g@ gfﬁﬁ'em&lgﬂox-ﬁﬁé GONEK &ﬂbocﬁﬁeﬂiﬂr@l@ﬁ Ghe agtidlyldiiel-KaeROX F
(Akzo Nob Exénpl ary peroxyketal s include, but are not limted to,

1, 1- di (teploiynmqpl lbmnolsxqs) eiec fermsdadisectly, ondihet sitaxangitiy| drepiaheg) &y dhe HERSSSE:
1,1-di (t er oxy,): hyl cycl ohexane ; and 2, 2-di
(tert-but‘%?cﬁ’é’? ‘b&fléﬁésgleg gp%ﬁ%’@ etals, for exanple, are

comrerci al |y gyahd aRbediuiedein tvhicht thadehylaresms R ENENC bahch TRIgGERON0 2Bs

TRI GONOX 29, and TRI GONOX D (Akzo Nobel). The 15 free raﬁll cal i.ni tjﬁalt or
system m}lOX&D@r thsc RrAICB, 18| %wéeframnmtemer&rbaéw Apst othaban Rp SIS g

af or Nt it &Y a GGty o€

o oSG BRLOF L B A S R s s s
free r adumah (imhioieape:rr:erﬁyslexemdf fromhethyleme vamtrhe@ nEinorit aaft ungty rhyrdﬂ@@ambl@ih

Pyl ocar KBV RS (oneE b TS T F0O R oo BN 81y HEE e REETUR Hr% ot
limted tp n o?b%{eﬁlof SOl AR Sarti WP TR hlgﬁrp?ésfsﬁrgl 1ewSd¥hvignpSlyethglepataf LDPE)C
y

sol vent s, [I"c solvents, ‘and thée The hydrocarbon sgl vents may, for
exanpl e, Hessglokonas dre omadendn g dwgh PISABIS tnrﬁ@ssafusmgoélteaﬁ@iwa s@le%%‘/néo

(2, 2 - tr net h t ane do ecan

(2,238, %ﬂl%rﬁ%?}ﬂ ‘@’%P%{R%) ﬁjyolpn%la cﬂoll?;eﬁr?é}l (geglpg}p ?IorI}]lI about P& e samelEtx%?r%)l ary
hydr ocar t%?éh@ pbvaMiS cm@&t@qgr@dpamﬁ flowidensio] pepétBylefiomag haex anpéleindax e
commerci ally avail abl e under the trademarks | SOPAR C, | SOPAR E, and | SOPAR
H (ExxonMobi| Chem cal Co.). The hydrocarbon sol vent may corrpri se less than
99 percent by weight of the free radical initiator system In one

enbodi ment the free radical initiatoff o§¢6tem may further include a pol ar
co- solvent. The pol ar co-solvent may be an al cohol co-solvent, for
exanple, a Cl to C30 al cohol. 30 Additionally, the al cohol functionality of
t he al cohol co-solvent may, for exanple, be nono- functional or

mul ti-functional. Exenplary al cohols as a polar co-solvent include, but are
not V\D 2011/ 032172PCT/ USZOlO/ 048818 I | m ted to, | sopr opanol (2 propanol ),

. o o o .



free the extractabl e hydrogen and create the radicalized site on the

pol ysil oxane. Organic WD 2011/032172PCT/ US2010/ 048818 initiators are

pr ef er r edwoeanm3efi2extracti ng the extractabl e hydrogen, PEIAIS2@S/048818Q

di cunyl peroxide, di-tert-butyl peroxide, t-butyl perbenzoate, benzoyl

per oxi de, cunene hydroperoxi de, t-butyl peroctoate, nethyl ethyl ketone
peroxide, 2,5-dinethyl-2,5-di(tertbutyl peroxy)hexane, |auryl peroxide, and
tert-but = I ' [ z I ¥k,

i -t - amy X BOREREREO 01 1 a0 RIEIK, PR bR e by e B e s,

tri met hylas Y @MRhenagrmso be adfetveds {t ad thigh peesswy)etiylredpdl sopusdpykanane thak the

g: g_ b?;?g;&;gﬁ%%:lgg}ggﬁgg)i %I}tgr:egr: h%g&éﬂ?%%:(r%% ,Zc%gﬁdd)obtn%e_rized in autoclave or tubular
bi s(t- bUtr%a{cRﬁ§ PYbsshre’ a8b Vet ydoy dhﬁ%(%ﬁ&esquéreﬂﬁﬁf g ApAZOwTID (RO B ifide-

azobi si sobutyl nitrite. 10Suitable catalysts for use in process of this
i nvensi omadicrd linitietossy pudoappermgides (seanfor sxampls, UPP biffotitadeitaney. st ablpt ed

f [ I f the desi. iti : wheht
ol yoi | oiiatoBs {EeE e dhbyras AR TP aRhL B Gfngd J0E chBh ehRiopls Gur
het er ogenRggtSmaitindiebRYafeeusatedilal ysts, and conbi nati ons thereof, may be

enpl oyed. I n one enbodi nent heterogeneous catal ysts,. i nclu ingﬁéhe mekf
known' Zi egl er “Nanelgd 18Ptb nfRIBIMOMSHS ,thaés"ﬁé)éibél Pfddrbé?f“ﬂn% Ql® gneehase
suppor t bR 3 RUR S Mo ARlACE QEivEixRluide] iveswarih: AR 46 odétidt he
wel | known “¢h om um or - vana |un1baseJ catal ysts, may be used. In one
enbodpnmerbmbhemen; sipyatls Havingusemoey thae 2ocarbeneous. cBeradxpsipie, donprdlefimg a

relatively pure organonetal Iic conpound or. t C | ex eci al |
conpound$OBONeHERS| BRIV 2518 OgrarhnD: Alpras: (L 18 @eﬁiemaﬁgg’éﬁ% i bogesf& (i%n%)r’r()%}eﬁse
Lant hani gﬁaysl’?c{vk 850 8 Jartml?ireﬁorhb.aEx%Qpth%-@ﬁﬁﬁ|c}75§1bn61§eﬂd$1@<ﬂuddﬂ bat &Y abelimitéd i s

preferred that any catal yst enployed not significantly detrinentally affect
t he perf donmmpdend, lanereed-reateat.ykhexendel-hepienes d restaneo hdopnep btdgegaie; 2ud i on.

Desirably, n talyst s, reduced in_activi t t,
nore pr eﬁ"i"ﬁ%P'g'?'é’Flé%?eer ir{ H’ﬁr?ﬁjtf’alag‘é?’ &8 %)ftﬁlﬁldé(?/m %Oélgéiﬁ{ﬁﬁﬂebﬁ@%é%ﬁ?ﬁ%hﬁw

pol yrer i Zgt) minsabxAe® QT Llarfhelieratias, @apalivigar Syleiceasd,nfaynatie atidy itdednic USP
5,272,236 (Eai,'et'al.); 5,278,272 (Lai, et 25 al.); g,054,544 %E&g%%%son,
et al.); asid3agylia acidAnathagry e acid @nd crofenig aeid glerivaienafithe e fpnsptgsted E3-Car |y -
and WO 2003/ ' , 2807 ' . ; f
2007/ 1365 O%I%%gngcéds( g‘?r%%?ﬁ’?le %6@%1%96%9@%( Bl gﬁz Sélggl%)%;’ iffarBluldiestor of o
( Aboel el I@,Cghlkadoly, or Ghlelridss)iin ahitieulanmathyd nethmesyldie ctlotmatthasrylats, n-batybnt
Publ i cati on  No. 2007/016757 riola, et al.). on nbodi rent

coor di natPEMEHRE JETRIPory ér@’éﬁ’i BRthyk B%La%g nﬁéfﬂb%“ﬁ?%dn%gll’yl é’dr%l??at& 2

for ”?’b' Or!:ﬂgflhéxg? afeg;hé(té,' 'tfmﬁﬁl Ry 18 C hn@RaBPRO GhARRde! hRalciat ahny@tidsy she s
woul d "have "a stitabl e tol erance to polar inpurities that would result from
i mpuri ti dmcomic tahleydriday |leraother dlterigd V20 the/ empRPPCThOSIONS iydis] Buibsg not

degradatipn products fromfree-radical injti r r . nt of
pol ar i n‘dﬁ?‘it%ai t@s"’l”é’gc ho’pﬂ%te?’ &851?“83’ iVlélei %‘fe?%tﬁesh? g%ﬁ%ﬁ*ﬂg%ftly %fg& ¢ gl ge

cat al yst ®fdonemeRciclaasl shtbee ascrmntd shadbiltyl saplatepltiytig atilearamnuthhcrgfic
pol ar solvent used in the initiator mxture and by the anmount of materi al
condensedicida the process recycle streams. A type of coordination 5 catalyst
may igclége ggnstrained geonetry catalysts (CGC) as described in USP
5,272,23 "864° 5, 278, 272. "Preferred catal ysts in such a CGC system nmay

i ncl ude the gengerdloxh@yithpically and prfidrabiy capallyyibixaneyi ihiy be pheduged Hlatono for

| i gands, including bis((2-oxoyl-3-(1,1- .

di et hyl GSFWPl)eb’hgﬁml &Vﬁ@@p(}@?%? )ijile% ﬁh}é@rﬁh@l%q(pylymer. In other disclosed
propane- il gler . | | l; | §{ th pResedde &F an ethylene-based
C(di benzé‘ﬁ?fg%%?%lpg%ny’?ﬁg%@y( ﬂ‘*ef"’ﬁ%%‘%?’ﬁ’?%’?‘? B o T ananyics

cycl o- hexminandr, Within aetellydtierey Tedtia-suehydsz tubular teavtOr 8 angiuteslaygircadicause t hey

are own to ve ooqd tolerance to.polar.inpurities. Fr dic

i ni tilggt ors thgﬁ"eggﬁé{?eg’?' aﬁe%, 5’8ﬁ'nIe5d’isc§ID © e@uzzﬁge t éeselg%ogﬁte%@lé%él aIIH one

i mpuri ti esndddih&R BY EEB/EB@@QQ‘ tRRtigNdrtiah iy fomke bhereusadiod] graftiag adrutieyiérieonal
catal ysts possi bl e. anpl es of carbon-centered free radical generators

i ncl ude azo conpounds, including but not limted to,
azo-bis-is-butyro-nitrile. Such conpounds may 15 have a half-life
deconposition tenperature of about 38 dfdéabout 250C. Car bon-carbon
initiators, exanples of such include dinethyl diphenyl butane, dinethyl

di phenyl hexane, and derivatives thereof, may be used to reach suitable
hal f-1ife times under proscribed operating conditions. In one enbodi nent
enpl oying a conplex nmetal catal yst, such a catalyst may be 20 activated to
forman active catal yst conposition by conbination with a cocatal yst,

Y T T o, o - T o o,



The pol yner of this invention nmay be enployed in a variety of conventional
30t hernopl astic fabrication processes to produce useful articles, including
obj ect s cwoppigizag2at | east one filmlayer, such as a nmpooltsgen/ofssiisn or at
| east one layer in a nultilayer film WD 2011/032172PCT/ US2010/ 048818
prepared by cast, blown, cal endered, or extrusion coating processes; nol ded
articles, such as bl ow nol ded, injection nolded, or rotonolded articles;
extrusi O!Bgéedfﬂo & mAPLIVOHRS 2 W diBAPMPYER sl GRhE BivlechiRe ! TARRL &8fbo8iment the
conposi tions “‘conprising the ethylenic polyner include blends with other

nat ural ethykpetbhsidi mlymere behsh iphirpee by, frddiicalvebylenepelymedzaiigndgunas, 5
ignition resistant additives, anii,0xi danpt stabilizer | ts
extender§a}dl‘@:‘16€‘gl pAloxane, G ngbgl‘fénf’@,go‘iﬁﬁn I%{g?eisﬁszg?rs%n%t%% Pl the

i nvent i ve,Rel%RE, R YuliBtidae&hyBndhad Yolyntkrici Hagich, il theirkembaaribh as tens.

Fi bers that may be prepared fromthe polynmer of this invention, or a blend
conpr b si digcwsgbpotymer, ofaylexist.i nvention, include staple fibers, tow,

mul ti - conmponent , sheat h/ cor i ! i i ber
form ng proc ei‘% gue ‘cfrﬂ@f(ﬁ’& ntstg? ﬁ{h gﬁ%'ggﬁed%@&n}%lfémﬁm %ggﬁcﬁ?%&lﬁégg ﬂg%f% Yosed
in USP 44 15 x4roare reéﬁfedéﬂxte)mallé}', 66Re RACkdProoes kised ®©t fomh he palyB&i8of566
(Nohr, et al.), and 4,322,027 (Reba), gel-spun fibers aifgil Clol?l%g i.n USP
4, 413, 1106hig jexeaton, ase cambined \ip FeiPraReN AASNEVRALG BISEFICE OF £y, BiSn usp
3, 485, 706_ {. . stru ' bed 5Qkag Bhangss with
ot her fi %cééﬁ&Iggﬁe"rgéﬁ%ﬁc{/né&ﬁ%;{%ﬁ?}mé?]\96{2513}@{:%%@ gg‘:ﬁeﬁtﬁgr rrglg’ ornmed articles,
ext r uded asd eqaeantsito effewd ithegfopnatfdnl of texinversiven®lyama. co- ext r usi ons, cal endar ed

articles, and_drawn, tw sted, qr cri d yarns.or fi.hers. The. .

i nventive pol yheRe ?@9"%“@%% 8 eﬁ}é{k&ex}’g?‘?%ee YIger ??rflﬁ%}fla? ﬂ’flbﬁ%ﬂc%s %rﬁ'?j S
limted ﬁﬁd tHe! ﬁi%sﬁlﬁxﬁi%@r@%tﬁ@réﬁredqg|d|iﬁér-blﬂrfoﬁib\a[rﬂ prtd bff tH® sarfi@pfocedsragl afe
films, silage filns, stretch hood, sealants, and di aper backsheets. 20The
i nvent i veéhenotomigned togathe inigefommem dowhgreani past of dhg Pipsessappihe PaeseRsssOof The

| nvent i véhqobomisined tgsifso isciamim dovr _ P GAFBITSO T
ext rusi oRUBGPC Ut s i ey Speialin HRRAERR. PO R DO e Bisplne et

i ncl wdi N@iHy@ebasedobolyRicf Gird @iadeDindsdpgratdd lfexrwand Iretictign parexsesrs zormes, such as

rot onol di ng processes. Conpositions conprising the inyentiv olL.yner can
al so be fepande aUHACHRVERISE i aBavRseant Pt ek auglin@r CBAVENnt ?fgmr“gtﬁfsyﬁg@r fhgse

25pr ocessin ' , Syl | ' £0 ream

i nventi VZO%"%@E%&H%’%%? %3eore%oélse § %:@?ﬂi epngéﬁzisﬁglltﬁ gd;lraga %ggl:‘b?ﬁ ta OIEI]CJh dgggsdt.s., such
as t oot h réictishakandkas iankk ppgncaotahylandiekr frgasiditad palyohepraion| cogditions
adhesi ves (i ncl udi ngf hot. nelt adhesi ves, .and pr.essuyre sensitive adhe ist);
f oot wear 1@ ifardlitatsi the Tompationgtfea Palymes b dhis it %‘5‘%‘)’“ B8™MERRYSSS Par IEf@lc%nd
prof hhes; M IORHS0 whasash &atdon akeiRagbndrasdtdileis dhor

ot he?bt hé?%%‘?ﬂagg% C 6%?5%& g&fs%g(}ﬁqgﬁgqﬁi h density pol yethyl ene, isotactic
pol ypr opytaetien. dn soteeprootsedsi m cpalygirisr @%ed datfeeilitatshraagtionshipsthe dopigsiress WO

2011/ 032172PCT/ US2010/ 048818 weat her st.ri.ppiNgd; +.C | ners; oQLing...and
vi scosi t JeIHIR R RIYi F0PEr o1 S8 FT RIS agditi gﬂp@%&eﬂ%léﬁ%&? fa:fig?d;%o @SrIﬂ Sesé!
| ubri cantggwnstream of el fo@wardr RadtiBaNdref ot Amep @ Yasilitafbdihilse fomvetidd ohamby be

performed for application to other end uses. For exanpl e,pq:gi Iz}%er Si ons éboth
aqueous amaftingrefaethlenesbased rpcdymerio dranchesy fedbg Prhglevee AdsBYt B8t s or

for atigns. conprisin f in Lve
pol yridr - GON et 9P freblls BT feh LG B AR R LR e S 620
( St r andelys@sseetat #as oneT be thenprediudtwerepal e theaforehslorebeionr gsad dnkaws by any
known neans, such as the use, of peroxide, electron beanht ;lilane, aﬁi de, or
ot her cr (;gsgtepihq(qrﬁgegqbg}gnﬁiﬁ&@_ml?ﬁ%am RRASHPT PEF2) SAREO S AT A o &R al |y
modi 11 ed iy BHe1c@ e trad Gnni6h feldoRhsklh gl © by use of mal ei ¢ anhydri de
(MAH), si ¥ nes, or other grafting agent), hal ogenation, am nation, )

sul fonati on, dn ont liewite kevodiaentrtiti falyaloxane. is created mdaifirst\os Jorveyd prackeried

to t i nventive polyner st-formation.  Suitabl 4t Ny

st abi@(ﬁi 2 &2 Orfqop?’e%ﬁ/ a%ﬁgﬁs?élgt%@&%ﬂf ol BPStﬁeﬁrgrpﬁgncffcaatgg@H %:é?gt(s)},' ?irll%%glgltarrll 5
clays, tahGduct bthcdit 4héH @arlsPGitedZBal dovesire0 vehetietla®bAkene wiigaticahar is a
inorgani ¢ fibers, including carbon 15 fibers, silicon nitride fibers, steel
wire or mesh, and nylon or polyester cording, nano-sized particles, clays,
and so forth; tackifiers, oil extenders, including paraffinic or

napt hel enic oils; and other natural f@wofi46ynthetic polymers, including other
polymers that are or can be nmade according to the enbodi nent nethods.

Bl ends and m xtures of the inventive polynmer wth other polyolefins may be
20 perforned. Suitable polyners for blending with the inventive pol yner

i ncl ude thernopl astic and non-thernopl astic polymers including natural and
synt hetic polyners. Exenplary polyners for blending include polypropyl ene,

o - .. o,



15Definitions Any reference to the Periodic Table of Elenents is that
as published by CRC Press, Inc., 1990-1991. Reference to a group of

el enent s wo 20htws2t7abl e is by the new notation for nunbePChmgiSgriomges18 Unl ess
stated to the contrary, inplicit fromthe context, or customary in the art,
all parts and percents are based on weight and all test nethods are current
as of the 20 filing date of this di scl osure. For purposes of United States
pat ent plp?e%&ﬂc%eof étﬁfleﬁé) ot &ak ?a ?&K/Iﬁeerfz@ﬁ&{‘%&%@&{se N hesB aloBBitioAP Bhppeat i on
or publicatron are incorporate ab reference in their entirety (or its

equi val ebbthUBe Yemmsition of snd graftingoeiyor ehyldndlyased pelyaree &) thegedisilaxang aiveel

respect to the discl of definitjon ext ent Shgnt
with any aﬂé#“? AFAcHEh L sﬁé@?’f‘? agneypreh iy tcs%(%" ﬁ'n {]ﬁe(agtx drsé C({)}g%lrzg‘? S%dd gEeh(ra?er al
know edgeolygué,taﬁe atHerebngFdiﬁn R invahtiveapaigtet.n Ihissmdi prob@ses Grearm@dical
approxi mat é, and thus may include val ues outside of the range énl ess

ot her f sgemmdlrtga‘t(enpouwdmm adged rtatiered own%nea@ereaquonvad%eg Z‘PIFEOWI fditatt deudi ng
the lover and the.u [ vikdednd pat
there is gfﬁ@%ﬁ%‘ét |ngﬁ%osf%% PO TEEE % A %{?ﬁl ts V\%glﬁ%é% rngvg%%enand any
hi gher valdi@wGe@h réxeon |aﬁ:,a drfzoﬁe chfmmsa 1bno®df$ad:s adrihym_abﬁéshcnth}del’wels added

property, such as, for exanp Iec | ar 30me| Vi SCOS i,ndex,
etc., is g teamprosess; govnsgam ‘i’ﬁ ﬂle gn’tﬂ’éﬁ“’tnh%rﬁ SPF ZPRi %fﬁé’ltat% &fééhe such

100 1 7 197
as é@rﬁ}abég %:93 %l%%@gp ARAES ethSHR-taSedl P8lyker dtdnd IROreb&ich’ &k

to 48818 200, "etc., are expressly enunerated.
For ﬂangeﬂlydzanatmdrrmirrmg with thes;>oi/yt3110>tanarte férgs thetdisshosod ethykenisopalznei. nip some

fractional nunbers at er th ( etc. one. un

consi der @EPCF%‘-"%é{‘?) pg‘ﬁfg‘ft Sge%l oy, tgi fgf‘g%d reaéiéma?)rﬁ?o 5%’ is oaf[elar B%fﬁtes
cont ai ni pE, FinBIhe d6iBltfeaMURRAI0D &Ser ZondHo hewralige @ny rébldue 05)0yp1©ﬂﬁcts1 fioin i S
typically conSidered to be 0.1. These are only exanples of 5 what is

speci f i cdhd greviotie redetion dlatjmals’ Iln}pblé ghersthylersbasad pplymst dermatinrthe grafing efes

bet t |
const dor e IgoREARTLE B e PR RRE b R, BN TNRIEL ORI Ot e

provijged paiykitosint i forfli the imdsntive godymeramong ot her th| ngs, density, melt
|ndex nmol ecul ar wei ght, realagnt anount s and pr s cond}lnt ons. %term

" conposi t i on, FopProdicega dueliidmanched sibylenerhas P 54T .
10 Wtht i t ngfg@ﬁtlltﬁ) dgugiﬁ@_
i nventi vegﬁ% l‘?ﬁgf‘;&l& ﬁ%@rﬁrsgtzhgﬁ gﬁ%%gt %@fﬁﬁgﬁg oggmot her l?er%fg Te 9., an
addi ti Ve,radltdll1ﬁft1atednmlhmer1mioylnmcess aypdsyst , knstna, lhm thmeir@otmpex@n @gltatt?ﬂ S

invention, the inventive mer i s not a canmpo cause

pr esence 2BfoclaNe yesselehavayg ‘Sﬁdﬁén%fﬁd?%tloﬁtzﬂ%ﬁségg ‘%1 aﬁl 14 ar’rlgrrea&ortcné) pr?%lg
assogpat | §'sé\f dél hﬁj%@udﬁ%&hts%ﬁ inMidtBr 8r ROhYMEY feads, AL Lot bﬁdtﬁéyse&mdmyba, dis
part of t e 15defi'nition of the inventive pol yner. The terms "bl end
or "pol yjeketstdnbk 15 wed as ed@actteawha:h haptonergt &1050 yesicden ZoRest utalenbit no

wi t hout rea tion

m sci bl e 1’(“?1l pe, 6ﬁ%?§ lglé%\,\gsr go £E0£?¢d&9{ rﬁ%tgxlg‘??g ‘%E%Fﬁ%m ng)P tg?m%(;oonot
be phase pepn¢ BéBhindoba %&dtl(ﬁfﬁzbrﬁrfommeﬂ%e ©6 rdaaion isodedined byrﬂ’reesmtbanmcnon
configurations, as determ ned fromtransm sg){n(l)n 20 el ectr spe%:lLr oscopy,

|'i ght scaotf t elthenglm'f)@lqrayf sibat teastiong, cthylencot 1 ‘?’Fetcﬁg’d’gm%ﬁ% Safty " The
b en%s Bog GhéehO yAplFT%F p?%%sbr% &sB%ah e daWRedObut R eﬁlt&f?zi\bén&r fib@kr t he
macr G~ | e\?gfn or “exanp t g resins or conpounding) or the mcro
| evel (fQéacﬂ)farHak/mg & ]wd;tt%meamsrlfzmmm og imia hombinhtors affeutastaye canyd. tubhler t er m
"polynmer" refers to a conmpound prepared b%rwgol ynmeri zi ng nonomers, 25

whet her dfaciqi® c3ehhEOTAPTIANG PR QL TROFE TFaFHRN Z generic term pol yner thus
embraces the HgLm E&%Bdﬁﬁie}imé chMREE iRREBRE $s infcRalpR ESthpeRabR dorfervaiaron| y
one type of nononer wth the undérstanding that trace ampunts of inpurities
can be i rfmcerrpmceltpetymmzamms t@be jndereds tinwpe an@))dmmaﬂtewelytsd?xﬁne may be fed

"interpo as.defi ned T term ner s
pr epgped %89 "E‘T’te aﬁB‘i”ﬁ/?P@ﬁ“%& rt%cw gﬁ‘ Irg%tcs %{eﬁ{ WO dé{ ﬁ?rg{]t ﬁl/l%etrslgts)@@éd
MONONET S.jtsdife WeMaIati6n bEchialy’t 8&tRyYHEY bt AChivdeisby apombimtion (oktiigh raaefoer s
to polyners prepared fromtwo different nononers), and pol yners prepared
WO 2011/ 032172PCT/ US2010/ 048818 from nore than two different types of
nononers. The term "et hyl ene-based pol yner" refers to a pol yner that
conprises a npjority amount of pol yndgrofZéd et hyl ene based on the wei ght of
t he pol yner and, optionally, may conprise at | east one conononer. 5The term
"et hyl ene-based interpolyner"” refers to an interpolyner that conprises a
majority amount of polynerized ethyl ene based on the wei ght of the
interpolyner, and conprises at |east one comononmer. The term "no
appr eci abl e' as used in the cont ext of report| ng al kyI br anches in a 13C

o 2 1. o, o -




I n one enbodi nent the inventive polynmer conprises a portion of the ethylene
bonded to one or nore silicon atons. I n one enbodi nent the

i nvent i vewpabywmse17eonpri ses at | east one et hyl ene- basedP20/ysodip/essis br anch
bonded to the siloxane at a silicon atom I n one enbodi nent the

et hyl ene- based pol yneric branch bonded to the siloxane at a silicon atom of
the inventive polynmer contains |ong chain branching. In one

embodi e %mé%ﬁ XA Eeb! idiS Poly B zdtioN Sk tionFoRA¢ ¥ABlordr B Fedhg ink@ator
precedi ng enbodi nents are derived froma sil oxane pol ynmer that has a wei ght
aver age 28nuthecedctr dissobiet iofa pORuey ofypeppiasrsolvent such @s évpropatdd vaEht ot he

sil oxane units of .t.he pol r of a f the pregedi odi nents are

deri ved FP’E)Yﬁngoga}l p%ﬁg{ﬂ@sog%ﬁ%wﬂﬁﬁgﬁénﬁgg Oéu{}?r ‘8%§|gta9‘% 0 Sr'T?OO centi st okes or
greater. In onk NerSBtRIIBEIOME RBEest Mfay Medel ¥ Srixeby pRyclef loap yto Oiinpirédve:
precedi ng enbodi nents 30conprises at least 1, or at least 1.2, or at |east
1.4, Bini cenvstsigseffisicanshbssugh ag embpgineal thsylopeirequirreactyy area or zone may be
2011/ 032172PCT/ 0 o ' BE | RALymer
of any. o EHETE] BLeBnHS Sipadichisgh e ARF HEERPRLRE the higfiy (RRALL KBy
br anches vasedgdelendriviand piyast 3€paiivRirom the polysilenee.eithodiefierdd thitehé reactt inve

pol ynmer of any of the precedi ng enbodi nents conprises nq appreci abl.e, propyl
br anches vdéchydhce Fﬁpﬁé’@eﬁ?tlfgda%ﬂﬂ?ﬁ@f? ng'g rfle TEK195 dWHg nt b[‘%é q%ll%%qt Fné(éh%& ymer
of any Ofcgﬁ%ﬁg?%c?ﬁ %gdhn& o€l gf%aﬁﬁ?}t% nSRRI e SRS c M et £13h OF pbRaRri2ablOhighl

greater tha greate an 2, units of anyl groups per 1000 carbon

at omi0 as beeichedéthgdndshase® GolyivRr in the reactor] fn omreerebrsibaientahe recyde lappenayi e

T TG i Sriien RoREREoT Rafotar 1T ok pRooffagtat pely M hETRRLL €
10r el at i @RRMPizatldn 6t7citheP tHeCpotyiiBXant drdB& Righl) bran@Ré efilene-based pdlimener
enbodi nent "t he i nventive polyner of any of the precedi ng enbodinents has a

f .
peak el tinhibit tleevpeaction fermiing ithe disslogedisthwianic pelygicensint onst ewbedigenieFeshe
mat hemat i cal rel ati LR m <771.5 (C. cc/g) x (density) -605.5 (O).
I n one e%%’gfnr%hsfadfig&e?qnh@esg%%é pol ymer of any of the precedi ng enbodi nents
has asheat of Biugémerusédifor theprdoudtes/of ethyien¢-bagd mihxinatensi beypurified/ethyBnehat
satisfies the mathematical relationship: Hf < 2333 J. Yc;c/ gz%mx %densi tay) -
2009 (J/ gyhicoisiabiaiped Byraen i polaheompRASHTS; fiam g P%éﬁ“y f SHRJM §F oY isne
precedin ' hiurdy indeUShION frbdtf Jettiylentott! @80T dickigkheand
density ig%a%g?lg?r%’gf@ at%osa I gtﬁhggh%}ﬁéh%n%l ng'%%ﬂ::glt y?eel ationship: Hf < %333
(J. cc/ g2)polysilebennss. t i) is-ndGgpicllthgl purified ethylene inragnized thouikeresthylergebased

i nventive pol r of an f th recedi ng ,enbodi nent s, has a 25density of at
| east O. Q’SR’&}%@ such cas Fﬁl‘/&?ﬁé%ﬁ%@&ifﬁéﬁ@ lf’%mia%ggﬁﬁdve pol yner of any of
the ppecedi ng pesdaedi MRYR 18§ ot ikt the RERYpbIyRkrigftioneTettylde id the eschess
than 5, or less than 3 I n one enbodi nent the inventive pol ynmer of

any of t lofapolysteiang oeptrsdymenivatiomaSethylens witheae gr (10p3 Other IORORIETS IRAE 0. 1,

or greater than 0.5 .30 n_one ephodi nen i LV, . - 10f
the pr ecé’aﬁsﬁﬁceeﬂggdf)%ﬁlog HasP rgg;[aﬁgﬁijttﬂ% %ﬁg‘{gﬁ)#g&?ﬁ%&/ ﬁ%l)%%h%{%gg%bl%y lﬂgr of
at | east e@flenerundbr #eclr@ficdl cbAditiohs, irefetablyeander igh pogsswt @hditidy to form

2011/ 032172PCT/ US2010/ 048818 | east 200. I n one enbodi ment the
i nvent i vaighdy Yisaghedretiyignedtasedieolpgisedi ng enbodi nents has a nelt flow ratio

(1 10&# 2) of |east, tﬁ%@%eﬁ%gég{ls Atelo Qrfst(Cﬁgﬁ are tggigally usddo €88r @ MROHEIRMex Ihe

i nventive polyner o the prece g e I'ent's has 5an 12 of |ess
t han 15 anflesradicaDpdlgmefizaionatrecess.h&thaliBtransfer involveothe termipatiorenf gromeng

i nventive pol r. of any of the precedi nbodi.nent.s has an 12 .of l.ess
than 5 orPOB’é%% Eﬂaﬁ tl?,usfd lt%.tgiﬁﬁwt%fno ng évre’%hﬁgﬂg@d’o me&r‘@%‘l&%&' t(#%’aéhn 40.
I'n one enhadieaid fie t&%&‘ﬁ[}l hyrcﬁ"ogé?ﬂ MBBI dborspihit M1l ket RiGegiongnepdlosicrent s
has an 12 of |eSs than"20 or 1ess than 15 and an 110/ 12 of greater than 12.
chain and stop the polymerization reaction of the chain. For high pressure free radical
30  polymerization, these agents can be of many different types, such as saturated hydrocarbons,

unsaturated hydrocarbons, aldehydes, ketones or alcohols. Typical CTA that can be used
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10l n one enbodi ment the inventive polynmer has a nol ecul ar wei ght
distribution of 5 to 14, or 5 to 10. I n one enbodi nent the inventive
pol yner cwopnigss1720 to 40 wei ght percent sil oxane base@Comsthwe/oussight of
t he pol yner. I n one enbodi ment the invention is a comnposition
conprising the inventive polynmer 15 of any of the precedi ng pol yner

enbodi nent s. I n one enbodi nent the conposition of the preceding

enmbodi Meg | GRMRtSEFot WGtedl 1o 'TEFy18HN ibb¥@Re, n-butane, 1 BuRiE, RERPAKRE REtohéle
invention 1s an article conprisi'ng a conposition of any of the preceding

conposi t pupieatietyde ASE@PARO(ExxonMobitiduimienhtCa h and risdpedpanelonphe saeusitof] east

one conp nt forpged from o) siti,on of a of .the co i fion

embodi neftiés used in elpﬁocgﬁselsz)r{g;(}gﬁﬁevﬁ?g}ﬁWgrcﬁ?ﬁr}xcﬂileet% r%el‘ﬁ@()%%%?ﬁ%' precedi ng
article enmbodirgemiett indest (Ml BE L) OF @ flyrerf whidh is inversely reldted entheandieclilarent
the filmof the preceding filmenbodinent has a coefficient of 25friction
( COF) 5 suwieightas centrabied by rawdrulpting the gprgeatratipn ¢ighe ghain franyfer ageat. f Forfree

In one e | the. ki ' f o1 [ [ Loy
enbod mofs B o RRich o i tndon' oo HyWSKEl ol BERCER O syl
filmof thechpcamceaditngitf tenmendnes @ntvithian diesdy fdraied ®ligbmeB0drnpadyreers, to

enmbodi nent the invention i.s a_process to form a. pol] ymer conpr.i Si nits
derived 2B 8EWyPUARBCTARPIR; Ijgg%lﬁ??nfi H@_t Wﬁc@é@log‘ﬁlr%’f"lug? H_beggmviﬁ t?‘g_c amn
201170323 72 RCTA RO LM %é%ﬁgrécgi%fed %Qﬁég)blyﬁ?:r.aéhafn@aslx aAR Sirhrastecil for

ethylene 1n the presence o ree-radical initiator in a first reactor or
a fii&t p=aplefprapyltend andohbutene sdiakrhavarad dbfirkesdlytunsgfuratas lindo aki @lsai teh

additional ethylene_.in the presence of the free-radi.cal initiato orm
an et hyl é‘%?@‘fprﬁ’é%‘éfg “bgTeyPr%lY‘inE‘pﬁ}?aérh "Bonded "t & thl?g{ygfelr%gtéoﬁlerela%uoé’t' %lg%teltsone
ot her reggjdatedin thel AleSincP@fichain frAdféfuddehtsPat tmédAed & a number dfiphysieal
process enbodi nent the ethyl ene-based pol yneric branch is forned by the

et hyl ene prapagiesrsusbnasi nrpcassabilityh eopsicploReaperties Fush nasaheaehgids sdardy, 850sie

noi ety, and the. [ [ ' I rizing wwth at |east additional
et hyl enet %egﬁé?éggoﬁgﬁ{r%h%gwg?%%t%F\tg@ﬁgggd pol ynmeri c branch. In one
process enbodiyardgeh has bédnyshena-tbasedchat yramfiragbmtafoc highsprésnreeitee radical
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25 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.

The type of free radical initiator used in the processes of this invention is not critical.

Free radical initiators that are generally used to produce ethylene-based polymers are oxygen,

which is usable in tubular reactors in conventional amounts of between 0.0001 and 0.005

30  weight percent (wt%) based upon the weight of polymerizable monomer, and peroxides.

Preferred initiators are t-butyl peroxy pivalate, di-t-buty] peroxide, t-butyl peroxy acetate and
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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% based upon the weight of
polymerizable monomers.

The peroxide initiator may be, for example, organic peroxide. Exemplary organic

5  peroxides include, but are not limited to, cyclic peroxides, diacyl peroxides, dialkyl

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

10  available under the trade name TRIGONOX 301 (Akzo Nobel; Arnhem, The Netherlands).

Exemplary diacyi peroxides include, but are not limited to, di(3,5,5-trimethylhexanoyl)

peroxide. Such diacyl peroxides, for example, are commercially available under the trade

name 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-

15  butylperoxy)hexyne-3; di-tert-amyl peroxide; di-tert-butyl peroxide; and tert-butyl cumyl

peroxide. Such dialkyl peroxides, for example, are commercially available under the trade

names 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,

20  for example, are commercially available under the trade names TRIGONOX TAHP, and

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 trade names TRIGONOX 117, TRIGONOX 131, and

25 TRIGONOX BPIC (Akzo Nobel). Exemplary peroxydicarbonates include, but are not

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

peroxydicarbonates, for example, are commercially available under the trade name

TRIGONOX EHP, and TRIGONOX SBP (Akzo Nobel). Exemplary peroxyesters include,

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

30 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
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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-
5 butyl peroxybenzoate; and tert-butyl peroxyacetate. Such peroxyesters solvents, for
example, are commercially available under the trade names 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;
10 TRIGONOX C; and TRIGONOX F (Akzo Nobel). Exemplary peroxyketals include, but are
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 trade names
TRIGONOX 122, TRIGONOX 22, TRIGONOX 29, and TRIGONOX D (Akzo Nobel). The
15  free radical initiator system may, for example, include a mixture or combination of any of the
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 Csto Csg hydrocarbon solvent. Exemplary
20  hydrocarbon solvents include, but are not limited to, mineral solvents, normal paraffinic
solvents, isoparaffinic solvents, cyclic solvents, and the like. The hydrocarbon solvents may,
for example, be selected from the groﬁp 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
25  example, are commercially available under the trademarks ISOPAR C, ISOPAR E, and
ISOPAR H (ExxonMobil Chemical Co.). The hydrocarbon solvent may comprise less than

99 percent by weight of the free radical initiator system.
In one embodiment 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 Czp alcohol.
30 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, but are not
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limited to, isopropanol (2-propanol), ally alcohol (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

5  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

10  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 one embodiment the free radical initiator system may further comprise a chain

15  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 be charged into the reactor via a separate inlet port from the initiator system. In another

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

In one embodiment 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 the polymerization

25  reactor. In one embodiment a peroxide initiator may be dissolved in the hydrocarbon solvent
in the presence of a polar co-solvent.

In one embodiment the free-radical initiator used in the process may initiate the graft
site on the polysiloxane by extracting the extractable hydrogen from the polysiloxane.
Example free-radical initiators include those free radical initiators previously discussed, such

30 as peroxides and azo compounds. In one embodiment ionizing radiation may also be used to

free the extractable hydrogen and create the radicalized site on the polysiloxane. Organic
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initiators are preferred means of extracting the extractable hydrogén, 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-

5  t-butyl peroxide, di-t-amyl peroxide, t-amyl peroxybenzoate, 1,1-bis(t-butylperoxy)-3,3,5-
trimethylcyclohexane, a,0’-bis(t-butylperoxy)-1,3-diisopropylbenzene, 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. -

10 Suitable catalysts for use in process of this invention include any compound or
combination of compounds that is adapted for preparing polymers of the desired composition
or type, either the polysiloxanes or the highly branched ethylene-based polymers. Both
heterogeneous and homogeneous catalysts, and combinations thereof, may be employed. In
one embodiment heterogeneous catalysts, including the well known Ziegler-Natta

15  compositions, especially Group 4 metal halides supported on Group 2 metal halides or mixed
halides and alkoxides and the well known chromium or vanadium based catalysts, may be
used. In one embodiment the catalysts for use may be homogeneous catalysts comprising a
relatively pure organometallic compound or metal complex, especially compounds or
complexes based on metals selected from Groups 3-10 or the Lanthanide series. If more than

20  one catalyst is used in a system, it is preferred that any catalyst employed not significantly
detrimentally affect the performance of another catalyst under the conditions of
polymerization. Desirably, no catalyst is reduced in activity by greater than 25 percent, more
preferably greater than 10 percent under the conditions of the polymerization. Examples of
preferred catalyst systems may be found in USP 5,272,236 (Lai, et al.); 5,278,272 (Lai, et

25  al); 6,054,544 (Finlayson, et al.); 6,335,410 (Finlayson, et al.); and 6,723,810 (Finlayson, et
al.); and WO 2003/091262 (Boussie, et al.); 2007/136497 (Konze, et al.); 2007/136506
(Konze, et al.); 2007/136495 (Konze, et al.); and 2007/136496 (Aboelella, et al.). Other
suitable catalysts may be found in U.S. Patent Publication No. 2007/0167578 (Arriola; et al.).

In one embodiment a coordination-catalysis polymerization process may be used for

30  the formation of the polysiloxane. In such an embodiment the catalyst systems would have a

suitable tolerance to polar impurities that would result from impurities in the ethylene feed
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and degradation products from free-radical initiators. Control of the amount of polar

impurities fed to the front portion of the reactor for the target catalyst efficiency could be

accomplished by controlling the amount of polar solvent used in the initiator mixture and by

the amount of material condensed in the process recycle streams. A type of coordination

5  catalyst may include constrained geometry catalysts (CGC) as described in USP 5,272,236

and 5,278,272. Preferred catalysts in such a CGC system may include the general family of

zirconium catalysts with biphenyl-phenol ligands, including bis((2-oxoyl-3-(1,1-

dimethylethyl)phen-1-yl)-5-(methyl)phenyl)-2-phenoxy) ~ propane-1,2-diylzirconium (IV)

dimethyl and bis((2-oxoyl-3-(dibenzo-1H-pyrrole-1-yl)-5-(methyl)phenyl)-2-phenoxy)-trans-

10  cyclo-hexane-1,2-dimethylenyl-1,2-diylzirconium (IV) dimethyl, because they are known to

have a good tolerance to polar impurities. Free radical initiators that generate carbon radicals

reduce the amount of polar impurities in the system and potentially make the use of more

conventional catalysts possible. Examples of carbon-centered free radical generators include

azo compounds, including but not limited to, azo-bis-is-butyro-nitrile. Such compounds may

15 have a half-life decomposition temperature of about 30 to about 250°C. Carbon-carbon

initiators, examples of such include dimethyl diphenyl butane, dimethyl diphenyl hexane, and

derivatives thereof, may be used to reach suitable half-life times under proscribed operating
conditions.

In one embodiment employing a complex metal catalyst, such a catalyst may be

20  activated to form an active catal.yst composition by combination with a cocatalyst, preferably

a cation forming cocatalyst, a strong Lewis acid, or a combination thereof. Suitable

cocatalysts for use include polymeric or oligomeric aluminoxanes, especially methyl

aluminoxane, as well as inert, compatible, noncoordinating, ion forming compounds. So-

called modified methyl aluminoxane (MMAO) is also suitable for use as a cocatalyst. One

25  technique for preparing such modified aluminoxane is disclosed in USP 5,041,584 (Crapo, et

al.). Aluminoxanes can also be made as disclosed in USP 5,542,199 (Lai, et al.); 4,544,762

(Kaminsky, et al.); 5,015,749 (Schmidt, et al.); and 5,041,585 (Deavenport, et al.). Other

preferred cocatalysts are inert, noncoordinating, boron compounds, such as

perfluoroarylborane (B(C¢Fs);) and the class of compounds known as (bis-hydrogenated

30 tallowalkyl)methylammonium tetrakis(pentafluorophenyl)borates, which are mixtures of

complexes with the general chemical structure ([R;NCH;]+[B(CesFs)4]-, wherein R may be a
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Cy4, Ci or Cig alkyl. Other preferred cocatalysts may be found in U.S. Patent Publication
No. 2007/0167578.
In one embodiment processing aids, such as plasticizers, can also be included in the
inventive polymer. These aids include, but are not limited to, the phthalates, such as dioctyl
5  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.). One other suitable oil is TUFFLO oil

10  (Lyondell Lubricants; Houston, Tex).

In one embodiment the polymers of this invention are treated with one or more
stabilizers, for example, antioxidants, such as IRGANOX 1010 and IRGAFOS 168 (Ciba
Specialty Chemicals; Glattbrugg, Switzerland). In general, the polymers are treated with one
or more stabilizers before extrusion or other melt processes. In one embodiment polymeric

15 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 polymer composition may, for example, comprise less than 10 percent by the
combined weight of one or more additives, based on the weight of the inventive polymer.

20 The inventive polymer may further be compounded. In one inventive polymer
composition one or more antioxidants may further be compounded into the polymer and the
compounded polymer pelletized. The compounded polymer may contain any amount of one
or more antioxidants. For example, the compounded polymer may comprise from 200 to 600
parts of one or more phenolic antioxidants per one million parts of the polymer. In addition,

25  the compounded polymer may comprise from 800 to 1200 parts of a phosphite-based
antioxidant per one million parts of polymer. The compounded polymer may further
comprise from 300 to 1250 parts of calcium stearate per one million parts of polymer.

Uses

The polymer of this invention may be employed in a variety of conventional

30 thermoplastic fabrication processes 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
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blends with other natural or synthetic materials, polymers, additives, reinforcing agents,

5 ignition resistant additives, antioxidants, stabilizers, colorants, extenders, crosslinkers,
blowing agents, and plasticizers.

The inventive polymer may be used in producing fibers for other applications. Fibers
that may be prepared from the polymer of this invention, or a blend comprising a polymer of
his invention, include staple fibers, tow, multi-component, sheath/core, twisted, and

10 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, including blends with other fibers, such as polyester, nylon

15 or cotton, thermoformed articles, extruded shapes, including profile extrusions and co-
extrusions, calendared articles, and drawn, twisted, or crimped yarns or fibers.

The inventive 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, stretch hood,
sealants, and diaper backsheets.

20 The inventive polymer is also useful in other direct end-use applications. The
inventive 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 comprising the
inventive polymer can also be formed into fabricated articles using conventional polyolefin

25  processing techniques.

Other suitable applications for the inventive 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); footwear
(including shoe soles and shoe liners); auto interior parts and profiles; foam goods (both open

30 and closed cell); impact modifiers for other thermoplastic polymers such as high density

polyethylene, isotactic polypropylene, or other olefin polymers; coated fabrics; hoses; tubing;
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and the Ség%ltﬁr% f tlu%ﬁg%)és létrﬁét% ué(g;,%}?é’ %’gglggxggﬁh%r%oﬁ ﬁg t@%?genglf (I:%laqfé I?E?ve.
Peak crystarlingaé iherenibodimeenaimetiodss det ermi ned from the cooling curve. Cel

(M 1T or 0 vy EIGBE. T Rm ¥ istise Fhil e ot G o PHBF Rty Deise PR e °
tenpepat WeasFC dsxﬂt%rellﬁe;!;g%e;rs RO &6 PRIt PR inéhtilva BeKyaicd Eﬂcﬁﬁie(tﬁéiﬂ@?ﬁbdid e,

UK) del 210 and Mode equi pped with an on-board differentia
r ef r act ormed emontREdmoplastic t padymmérs disckdingr satuesh and cyméhetianpalrmensnf Exemplgry

detector from Po r AR (,val enci a ai P | Si . erst,
VR 2 andPbTrs e gt act: PR R B alibish. 80 SAE Pt

( Houst onjsotatkic b RrdbytéRi hthé@icypdpiropylomt, whé eadeinasthyléneGitpylbicicdpolynicasi t wo
i ndependent detectors and at |east one of the 15 first ;t ctors i

sonet i neyarietsetypes of pokxethydmecmrsludipgihigh pressurer pe-tadtsel %Bﬁ?e %@é@%‘&?‘i‘@
refe t nt. | i b = ee
gl &or e oo 4R Rhe B e ARG MRl c HpIE PR e DAL SPRederNed 27,
cal cul at iFBhamlimpaiesne DA, duchndd potluandisslopelr ihdy Sk 6,545j08§ (KoKloammér, T 21SEC

ft Y/ i 3 d 4- I t ek t 00. Th
Svst om 1 . Rootbar il e Brront; (FaRER| Geno: BB AR B IR o8 Fom
Pol ymer %aé@r%()(ﬁogﬁarﬁﬂ%f,%?%m;raﬁd 6L448. 34PUKIRRABMBE, &0 al. SIRBYISAIT Ry GRétate
col ums can be used such ’as f

our 30 cm | ong Shodex HT803 13 micron col ums
or four IBVaY) &bylgnevinyhilsolmdicapeigmers, paystysnenmragieriogisied pelyserengcRPlg

(M xA LS,  Pol r..La .. The. sanpl e, carqusel compar I t t
140G 3And spRELBRA N ar o RTEeT a5 BV RE g RRE SReAC sREAR b
prepar ed Al BergRIptRit paljuedihsies.0. Horfls @B pdlohyrsesuch msSdlefin lpldstoniees an®5 of
sol vent. The chromat ographi c sol vent and the sanple preparation sol vent
contain 200 ppm of butyl ated hydroxytol uene (BHT). Both solvents are
sparged with nitrogen. The pol yethyl ene sanples are gently stirred at 160 C
for four hours. The injection vol um20iaf400 mcroliters. The flow rate
through the GPCis set at 1 m/mnute. The GPC colum set is calibrated
before running the Exanples by running twenty- 30 one narrow nol ecul ar

wei ght distribution polystyrene standards. The nol ecul ar wei ght (MN of the
standards ranges from 580 to 8,400,000 granms per nole, and the standards
are WD 2011/032172PCT/ US2010/ 048818 contained in 6 "cocktail" m xtures.
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15 O her values of A and B in Equation 3 may result fromdifferent choices
of the MarkHouwi nk K and a (sonetines referred to as a) values for

pol yst yr ewe 2andh3pokyet hyl ene and are referred to gener alPCy/U£2018/048818
conventional ly calibrated 3D GPC. Wth 3D GPC absol ute wei ght average
nmol ecul ar weight ("Mwy, Abs") and intrinsic viscosity are al so obtained

i ndependently from suitabl e narrow pol yet hyl ene standards using 20 the sane
conditio ' r g,l.l&ﬂ | it dkarRSIk Y BbIgMtleRN avdilaBlRdar ds
may be ogtﬁgﬁgﬁ{e%é’fr rr?I%oFrde r Lygeglgigaatge;dre icglzau(;l%%rs o%oglﬁirer?ﬂu{(? art No.'s
PL2650- Ouifiderathe tRId2 64:Biegnas) VERSIFY ™ Hiasgmerenfat Flestempisoddls Pew ¢hganical

determ nation af | Licdat  offsets . i.s performediin a_mnper sj.stent
W (h  haopUBN ARy By B RS Bra S Rl ), o B BAR s
Chr omat 0ghapentiah Wends Eapishg thé indeh@92polyhBal ke, Thitiratsakul, Lew,

Cheung, Mourey, Chromatography Polym, apter 13, (1992)), .optinj zi
tripl® detect Blendsgnd myixtangs qf%lthﬁe inysnidve, pelpmss may indudy %WQFM?BE)@\%JYP

broad pol yst I o . S
cqur val oerpbUED WFROLESR dRoiie P AARE st set Sllchiza TN b
narr ow pelyyéiiy pelmes biendar APE atd TPt blondscmay de prmretbbp combminginybntiat a,
accounting 30f or, detector vol une off-set ded'rtTﬁ%m nat i o%; afre .&bt ai n%d in a
manner coAYMSIBANCHNG fuRgHonaiBed OF IPSEYTaRd APvAtYRS thSTePL With @RORUOBRN S -
16, 1099 f i c?&iF;IMBQJt%&%%@) mer, and
(Krat och&étfb,%r’g?l%lu%ﬂgggf@éaﬁ%ﬁ%dg kt)Ck\é%B t%ﬁr%g% rom Pol yner Sol uti glns,

El sevder ppxfatiyda chdsslifloay oy . vuldapizinge pgdnit. | BPQcblendsc arec eeneradlyi pisparseédyi n

the determnatipn of the | ecul ar. wei ght_.i s..obt ai ned .f .

dot ect or NPAREARHPEHEARE AGRBATR abnSr Ul oy ph T S EHABB R near
pol yet hyhgg Efoﬁ%@@i‘ﬁ?@léfﬂ@ Imay®e @08 iR fortigg Rahylgédybiesnigasd eptibanlls crobslinking

cal cul at ed nol ecular wei ghts are obtained using a |ight scattering constant

derived fireomsultisgonolded artdle.t hd Poilgepioppdiie usigndifictrat FEMPPRSIEY hath geed

refractive index,.concent i %ffi i dn/dc, of 0.104. Cenerally, the
mass det Qﬁetvb(?uss'e(gf)cg%ggl Qgi)t(ﬁg) P gﬁfs‘ﬁgalcr:lgﬁglf)i ng constant should be
detenyi nggtfhimya | inear standard with a nol ecul ar weight in excess of
about 50,000 daltons. The visconeter calibration can be C | usi ng
the methods 1é\gestrensedo By Raodimheact Efe@?enﬁlséﬁ%téﬁ ﬁ%ﬁ%&@ b‘;ﬁﬁiﬁ?ﬁ@ the
publ i sheq, va 511% %f%rgg%eetol 4 BERb HRpsaids auchbRSs Byandasw nbefieh gpce

5a, a, 1483,

Mat erial $ ('S or 1484a. The chronat ographic .
concent r auinbasngpups sUniess stated ém theglontrarye inpliitafremdhiel eeeitner Qs@mary Hl

coefficient effect oncentratjon.effects o | ecul ar . wei ght).
B anchi ng Bl By GReeTs i PR S8 e BnrTDisranraes s Yty AT o
and pg! y%ﬂmg%?e St BRAASASuEANF &S s b URRAS Statest fagenprdetitigué tdntents of

constants, and a, independently for each of the two poI%/mar types

pol yst yr eng referdngsl passmbypatané appiisetien erapnbliatipnete insopnerateddy Frécropqe indhgir and

Fol | ot ngoHEEHERSS GRS BN sl PGB o) R Sl bRl il et

cal i br at i ehetdi@1dsuBIf dGaitions (toghe Bent vibSinosisisyent itk ang definitions spenifically
detectors as described previously. Baselines are then subtracted fromthe
light scarewdedig thisdiselomeerand gengrat brRvdadgedniRAt hr onat ogr ams. | nt egrati on
wi ndgys are t i S i & 2lrhat®f anldBud AYY 110116 Yhidks

wei g%?/sr et ent ﬁg’ﬁ n@%{egﬁ% r%%%géﬁ}ﬂﬁmth%g{)ﬁg% agtc)rgt t e? I ’naél a_ndS v?‘g]scomat er

chr onat oguaite éthihe ranpdi wddss diieewise ésdinated. oNuderiesl mbges ipolugerall viahugaiione

refractive index chromatogram Linear polyethyl ene 25 standard re then
used to &8¢ &M?‘Pdéll‘g %‘Sﬁ?‘@?rr?glflz}ﬁeu%ﬁv B?S\yé“t‘éf’r@ nﬁé’?l?p 'pﬁ?(wg%qi@?tatﬁ?rg s
descri bed Qrevionsk¥t 1ddRORy@RAR Béthged BRy GORG! NS and By hilhey RhlUES A¥ gn used

to const ru%? two linear reference conventional calibrations ("cc") for
pol yet hylesaepleplifez whaipositipupht plarsibap ot peehyrensaty geehi pssifer gxaeplsi mplegylag

function of .elution volyne, as,sho i ai hens, 4 ) TR
2011 B30 PR PSSt o oRdes [e_’L“f’b’éVE Qo %&5(3 By g’?&dg% thal indpldual | BR
br anchi ngaiveslesch Ss 200,015 1 02BN Oghd Qib rahgesc hiwhasst 10| teauitponsofo 17d9Thai n
branchi ng. Yau, Wallace W, "Exanples of Using 3D-GPC - TREF for Pol yol efin
Char acterization", Macronol. Synp., 2007, 257, 29-45. The index avoids the
slice-by-slice 5 3D-GPC calculations traditionally used in the
determnation of g' values and brandiaof@é6f requency cal cul ati ons in favor of
whol e pol ymer detector areas and area dot products. From 3D-GPC data, one
can obtain the sanple bulk Mby the light scattering (LS) detector using

t he peak area nmethod. The nethod avoids the slice-by-slice ratio of |ight
scattering detector signal over the concentration detector signal as
required in the g' determ nation. The area calculation in
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C, |V, EDP, C,DP Area |V =[77]=Ewyvi E 1V, =="= (Eq. 7), lc;Ec, EC, Conc.
Area where DP, stands for the differential pressure signal nonitored

di rect|y woaemitdsgi7enl i ne vi sconeter. To determ ne the gpcBRSkoanedsing

i ndex, the light scattering elution area for the 20 sanple polyner is used
to determi ne the nol ecul ar weight of the sanple. The viscosity detector
elution area for the sanple polyner is used to determne the intrinsic

Vi scosi t yof | Yc. Ofre lekprkssf ?ﬂdi'ﬁer%ﬂrp F8r ranges contaihg dhlhys whidk afleslirbons\& ght

b4

and intrinsic viscosity for a linear polyet hi/l ene standard _sanple, such as
SRML475a contaimmgeiiastiond anwmbess greatet demone ik &isi Agl Sheicdormeamit is sapsidepgy to
2011/ 032172P: 1Q/048 calibratio f . F I ly d

i ntrinsi e@i()@ﬁysqf@’ s()qac>r$g}§g i ﬁo%rfa%lg ri%‘?ée&o%{r%gl,wépsgﬁéiég{%tl ons}s8lg%nd 9:
I'V, =wi/ Yhan(tB8l(e.9) 1 to 5), baeahit @typRailys carsridrédao detler. nThse alecordp eBpiesaoit hi ng
i ndex: where Dii] is the neasured intrinsjc viscosity, [i lcc i S th&’e

i ntrihsi evhat sepesificaliyriptendeth 2d Al eassitdn spmbmationsAfingmerigali velues betesa thee

wei ght a L3k [ ' IhSel dAsiNEl bAVERAGR dRbEmul ar
wei ght o}(&{l%gg%lg%é@ﬁﬁfgl@wc%eb?@?% (r)dr%d’% eﬂ"%ﬁ %@Sl}eﬁg%?ﬁ 10 ﬁgcafyt ering (LS
usi ng Eqtias idiseldstle. | Nuomnicaintangeeber pesided within hbisadisdbsire fddy,anwing| eshethe

Mv, cc from Equation (8) using cqonventional GPC nol ecul ar wei . calibration
curve i s nEeACHEY erPfgléde%’ rﬁgleﬁ'ﬁ?ry‘?@ghtc’f?ég‘ﬁﬂ RAGOUIALS A0 P%?f??tcf’g%flor\lfal ues with

the "cc" subsqhi A BnelifbAT 3 dertd ShOOMEARI o conftiRAbhiof 8w bEinoRmyeisEeS,
the correspondi ng conventional calibration as previously described, and the
concét r AYitlothq BGpehtive wedhé inventine prlyseT.derempositiars iy ghepentivepdymer in

non- subscri pt ed val.yes, are neasured val.ues base . 1h S

LALLS, A ROmBIrBHR it 3t feast Oné pUier Apsirial e g‘l‘dg jV%’s?ﬂelgl}?iat%g&lg{ 3 vounti |
the |i negatalysf, RECNELHzadtRAtext bAshia igRaBM, asueatve pblytedts aar © colpdsition
exanpl e, the final values for a and Log K for the determ nation of gpcBR in

this par beeausaof ¢he dreseecegol; poreaeigd -soxans andéarpetbylenesbgsed rrplypen $8¢hMene,
and 0.72 nd..- 3. o] n I . i a
val ues hé@%c%g%% "22‘5 %S{Gmﬁl%%g!‘l%ts\&%ﬁ ;e)ar %léﬁ‘gfgg%gér@ﬁga‘%’ig“ﬁ“%g {S@rﬂg?g%hed
sanphges. d¥heitibn afthbéaveadvppeagmar.e anal yzed using the final Mark-Houw nk

The 1 nter pr ot A I tASRRR T BORTIER P o5 KB RO IMHESE PRI EP LR oo R
cal cul at efl,f & ARk ?éabf?&hg%@ Wb bt mBR: SI1PREs! A BEPmaY Bpﬁl_af' 6t DeahiseisleTBas ur ed
by LS an 2011/ 032172PCT/ US2010/048818 vi sconetry will be close to the
ﬁpn\éent ![ ;[:haﬂe separited at 'rrxm!}ﬁcigltaaﬂny_at)g 1?1 IbbT]id ltm@n?m@d}f’ p?‘l bephase sepsedrl- wi hlense ;
i gher an zero speci al |y w i evels. o ure
pol ymer Wyvﬁrlr?ayﬁé’?ﬁg‘ﬁ?f&on? I‘?ﬁﬁlolrehgo%%f’@ﬁ?fé%‘gﬁl%, acsc(:a% tegglﬁl%? #%’%ég%%u ated |V
ce wobl RRchbYBRLIrbiRPy itht REAGHAL k-RA| s¢aRdrinkVand sthév@tthodkenoypcBRhy attue
represents the fractional |1V change 5 due the nol ecular size contraction

ef f ect adherdendemay e sifepist yhyephysically. mings the e DR WIE (lyrers o5 the mace

woul d nean lLec r.si t i E Qf : I 0%
and 200505 LUSE ST, BferlBIY fetib of Boffh itnd) o ot 1fvel HF oxople

wei ght . simultanE&us foieiag withirt ihe shae rdax@ipl es, the advant age of using gpcBR
in conparison_to the g' index and branchi n}gdfre%u ngmgrl culations is due
to the higher Th¢dema; BRlyETer g peiRi. oaf |COBPOYR PFRP ]E?gr P EE MOROPHE
gpcBRsi n | e jeNetheVWehbri biSth@ edBRhc e AéHn

detr ?zsnen?gﬁ}%?gﬁﬁepc%g% cg;h ?E%reﬁgsvﬁg[}e%g eggﬁlgg?lgr@ggponseeat I’CIi gh?

mol ecul ahomepgllymef (which hefersan pehtmeas prpagdtiom only @reriype of mogemecwsh theol une

alignment al so do not affect the eci si.on of the. gpcBR.index
det er ni néﬂP&gﬁt?n‘gﬂg o’g?fe%af)eamoélmsa Fé’é’%rét,lesof?‘f’e rberrg'[% ﬁ%’&gat?d; rln 8eEh5rPr?l?4r|nrelrg Mw
nonment s Igﬁuctgl%),%gft&{%m&m;t@p@]p&em@rd@ﬂﬁaijnpa,ed t echni que. 15Nucl ear

Magneti ¢ Resonance ( o
The term “interpolymer” refers to polymers prepared by the polymerization of at least

30 two different types of monomers. The generic term interpolymer includes copolymers

(which refers to polymers prepared from two different monomers), and polymers prepared
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The sanpl es are prepared by adding approximately 2.7g of a 50/50 m xture of
tetrachl or oet hane- d2/ ort hodi chl orobenzene containing 0.025 M Cr (AcAc) 3
(tris(acevolataBeriat o) -chromunm(l11))to 0.25g sanpl e i nPATNCRHLI48BPO1- 7 1
O NMR tube. The sanples are dissolved and honpgeni zed by heating the tube
and its contents to 20 150C using a heating block and heat gun. Each
sanple is visually inspected to ensure honobgeneity. The data are

col I ect eq, \USHAg @ AP ter equi d wth
) 0 et oSRESIMQYE qui pped wi th a BRUKER DUAL
DUL hi gh-tenperat MY&D . The data are acquired using 320 transients

per data fil e Tha témsé&ecthpidnpbhsd podyeer’triefers theh Dplyngd Halgeaeprises g Bmaglies,

and inverse 25 gated decoupl.ing, Wi th sanpl erat ur f 1.

measur e n@mognh?gpﬂﬁﬁgﬂﬁ@. %_ﬁ#—eg‘% P?‘Fﬁi& r’i)é‘a’[gg r%r%}%%@ Oltfﬁg%) Bgﬁlén r %%%e?pjtégfg’rfg’ @léiyar e
al | oned tcgm%hgggfgégsyomdnlam}_e for 7 mnutes prior to data acquisition.
The 13C NVMR chem cal shifts are internally referenced to the EEE triad at

38';9 ppm |dﬁrTﬂaiefti:maf‘i:tby\leaenhas@aimemqlmri’ aferst tovaly IngRIBoIEmH &t $OIHBESSS 1 | DPE
igure 2.shows th 3 .Snectr : - , d

i ndi cat eél_laé?féty atre ?sotjfi p(g:; 1 %%Brééﬂﬁe ﬁ%se? P(z)dr_n@l\jéel?}Vié %@ggtrq}é%éﬁel?gi gt h’s?ﬁ]ml y
the nost compekdsanicast\ie 20hbhBerl 72PCT/ US2010/ 048818 i denti fyi ng peaks are

e ere o't he IPRIPED S BUREAIS 5850 Do BPRACIP VPRI EHEIHEERIT S BUiht 4 as
cor o0, L2 SIS 06 1y COPD Gl S ity Paomueecgit Lo, o
Bxl @bkt hyl) Bh2 tBnB“rBulﬂi-IﬁxﬁeBxér”]aséSecBl(?@ai_rnaeéi%gtg az@aé;orl.vcgﬁ multllz)prl]éle feac?t?(&nas

zones wherein a reaction zone typically includes a feed port and/or one or more physical

barriers.

Additional Embodiments of the Invention

In one embodiment of the invention, a polymer comprises units derived from ethylene
15  and siloxane, the polymer having at least 0.15, or at least 0.5, or at least 0.8, units of amyl

groups per 1000 carbon atoms as determined by 13C Nuclear Magnetic Resonance (NMR).

In one embodiment the inventive polymer comprises a portion of the ethylene bonded
to one or more silicon atoms.

In one embodiment the inventive polymer comprises at least one ethylene-based

20  polymeric branch bonded to the siloxane at a silicon atom.

In one embodiment the ethylene-based polymeric branch bonded to the siloxane at a
silicon atom of the inventive polymer contains long chain branching.

In one embodiment the siloxane units of the inventive polymer of any of the
preceding embodiments are derived from a siloxane polymer that has a weight average

25  molecular weight of 100 or greater.

In one embodiment the siloxane units of the polymer of any of the preceding
embodiments are derived from a siloxane polymer that has a viscosity of 100 centistokes or
greater.

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

30 comprises at least 1, or at least 1.2, or at least 1.4, units of C6+ branches as determined by

BC NMR.
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In one embodiment the inventive polymer of any of the preceding embodiments
comprises no appreciable methyl branches as determined by 3C NMR.

In one embodiment the inventive polymer of any of the preceding embodiments
comprises no appreciable propyl branches as determined by BC NMR.

5 In one embodiment the inventive polymer of any of the preceding embodiments
comprises no greater than 5, or no greater than 3 or no greater than 2, units of amyl groups
per 1000 carbon atoms as determined by 3C NMR.

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

10  relationship:

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

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:

15 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
heat of fusion (Hy) in Joules/grams (J/g) and density in g,/cm3 that satisfies the mathematical
relationship:

He< 2333 (J-ce/g?) x (density) —2009 (J/g).

20 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/em® that satisfies the mathematical
relationship:

He< 2333 (J-ce/g?) x (density) — 2020 (J/g).

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

25  density of at least 0.93 glem’,

In one embodiment the inventive polymer of any of the preceding embodiments has a
melt index (Ip) of less than 15, or less than 5, or less than 3.

In one embodiment the inventive polymer of any of the preceding embodiments has a
melt index (I;) of greater than 0.1, or greater than 0.5.

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

melt flow ratio (I;¢/I2) of least 13, or of at least 20, or of at least 40, or of at least 100, or of at
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quantification. 10*values indicate that the shift overlaps w th other
branchi ng. Aval ues indicate that the shift was not resol ved/overlap with

| arge 30 ppm peak.

least 200.
In one embodiment the inventive polymer of any of the preceding embodiments has a
melt flow ratio (I;o/Iz) of least 100 or of at least 200.
In one embodiment the inventive polymer of any of the preceding embodiments has
5 anl, of less than 15 and an I;¢/I; of greater than 13.
In one embodiment the inventive polymer of any of the preceding embodiments has
an I, of less than 5 or less than 3 and an I;¢/I; of greater than 30 or greater than 40.
In one embodiment the inventive polymer of any of the preceding embodiments has
an I, of less than 20 or less than 15 and an I;(/I; of greater than 12.
10 In one embodiment the inventive polymer has a molecular weight distribution of 5 to
14, or 5to 10,
In one embodiment the inventive polymer comprises 20 to 40 weight percent siloxane
based on the weight of the polymer.
In one embodiment the invention is a composition comprising the inventive polymer
15 of any of the preceding polymer embodiments.
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.
20 In one embodiment the article comprises at least one component 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 of the preceding film embodiment has a coefficient of
25  friction (COF) such that siloxane does not migrate to the surface of the film.
In one embodiment the kinetic COF of the film of the preceding film embodiment is
less than 0.2.
In one embodiment the static COF of the film of the preceding film embodiments is
less than 0.25.
30 In one embodiment the invention is a process to form a polymer comprising units

derived from ethylene and siloxane, the process comprising:
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Determ nation of C5 (Anyl) Branching C5 (anyl) branches are determ ned by
the peak at 32.7 ppm The nunber of C5 15 branches per 1000 total carbons

i s determvoedig2eetting the integral of the full LDPE gpgaiSeannjossshbout 40
to 5 ppm to a value of 1000, and integrating the 32.7 ppm peak. The 32.7
ppm peak integral is then a direct nmeasure of the nunber of C5 branches per
1000 carbons. The exanple in Figure 3 contains 1.67 C5 branches/ 1000C.

Det erm nati on of C,l ( ; h i thed PrepaRK Dfal
about 20, 33.3, 37.6, Z%Bgd%&rg%gm%gle:%@uggngéﬁ\gﬁls&gy%g% NVR grpectr_um of
sanpl e 384561 whi ch was figeoatlica dnitisiongnpr fpsy |reastoraer @ Hasteprat Al armpléifpart
agent (CTA), and therefore exhibits a significant [evel of O (nethyl)

branches. This is becaus¥®¢ | ene acts both as a CTA and as a conononer,
and introduces C Iy anchescias Houliekde wils gddigshal Bthglenetih Yhepsdncopy kiene
LLDPE. 25Determ nation of C3 (Propyl) Branches C3 branches result in

peaks5at 37.9, 37.0, 20f@eandical4inftiagrriq faan oinh&thylenphesagoaplymsec oaedy ed
in a LDPE spectrum. Figur 0, . agene WO
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and then shaken at room tenperat u%@ﬁjf}%ﬁ r%‘gﬁhour s. The solids are renoved
by filtergdigenddR@shsby evaporation, and wei ghed. The weighed, clear P

DVS
solids are the neasure of ungrafted or free PDMS in {he sanpl. anpl
(1 nventive PolBhigy comymgseinkhy iaﬁﬁl@éﬁrﬁppﬁgﬁf”&fﬁdg?iéiﬁ?éec{)rc}&?%}%g“é}ye%}’gg%ﬁ? n a
cont i,RUO stird £a ¥ I f t e
bar. Zihe TR 4Gk )RS ERATIEE! AGRL ol inoft (451 NAE of Fusty Bealtimelilid
2011/ 032 1ZRPEESAD 1 BpdBIB&E TOBf aging dho Despte Méls IRBIODSEV Orystallimty, Sist
m nute (rpm. The ethylene flow rate j.5.1000 g/ ol ydi | sil
( PDVB) ([ﬁ)mn@fm fgrostriogErRhYy %V,%éﬁcég’f’ iag‘? o%%gg& géﬁ%ﬁﬂg‘gﬁ‘ﬂéf %gcgl?gggci n a
ratio of /. (ol PENBCsRhithdifly ATaildbieRESEL hdveahd PRpESHERlistd a
flow rat e&%tﬁoﬁagﬁﬁg?l%zqz%h of gure PD%S) such that ethyl egg)p
pol ymer i zatliable loccurs in the 5 presence of the PDMS for all exanples.
Pr opi onal dehyde (PA) is used as the chain transfer agent (CTA). The
initiator is 2.3 g tert-butyl peroxyacetate dissolved in 500 m n-heptane.
Sanple is collected in a vented pol yethyl ene bottle, and excess gases are
vented of f. The process conditions by which the PE-graft-PDVS
polyners are nade are reported in Table 3. The results of the PDVS grafting
are reported in Table 4. The three PE-graft- 10 PDVS pol yners (Sanples 1-3)
and three conparative LDPE (Conpar at2tvef anples C 1 -C3) and their
respective properties are reported in Tables 5A-5D. Al of the conparative
exanpl es are high pressure, |ow density pol yethylenes (HPLDPE). Table 3
15Process Conditions for the Manufacture of PE-graft-PDVS Pol ynmers Sanple




Description Reaction Tenperature (C) % Et hyl ene Conversion % free PDVS 1
Thermal conversion - No peroxide 193 6 14 2 Peroxi de Used, Propional dehyde
CTA 235 -W0201A33172 17.4 1.6 3 Peroxide Used but no PropcConstadelysses 245 16
2.3 WO 2011/032172PCT/ US2010/ 048818 Table 4 PDVM5S Grafting Results Sanple
Extraction Total wt % PDMS (NVR) wm % Free PDMS (Extractable)' w/wt ratio

Table 1
CAR Properties
Commercially Melt Index  Heat of
Available Density (1) (g/10 Fusion Peak T, | gpcBR
Resins (g/em’) min) (J/g) (°C) Whole LCBf
CARI 0.920 0.15 147.2 110.9 1.26 2.05
CAR?2 0.922 25 151.1 1114 0.89 2.03
CAR3 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 28 139.3 106.6 127 3.59
CAR6 0.917 6.4 141.5 107.8 1.48 3.24
CAR7 0.924 1.8 155.1 112.2 0.77 1.84
CARS 0.926 5.6 157.9 113.4 0.57 1.64
CAR9 0.923 0.26 151.4 110.3 1.13 2.06
CARI10 0.924 0.22 151.2 1114 1.03 1.96
CARI11 0.924 0.81 154.1 1123 0.95 2.48
CARI2 0.926 5.9 158.0 113.1 0.70 1.90
CAR13 0.924 2.0 155.2 111.8 0.84 2.03
CAR14 0.923 4.1 157.3 111.6 1.26 2.32
CAR15S 0.922 33 153.5 111.8 0.46 1.95
CAR16 0.922 4.1 151.0 109.3 1.89 2.61
CAR17 0.918 0.46 141.2 107.4 3.09 3.33
CARI18 0.921 2.1 145.9 110.2 0.85 2.11
CARI19 0.918 82 143.2 106.4 227 3.20
CAR20 0.922 0.67 148.7 110.4 0.68 1.59
CAR21 0.924 0.79 154.2 111.8 0.74 1.96
CAR22 0.922 0.25 150.0 110.5 0.92 1.92
CAR23 0.924 34 153.6 111.3 0.65 1.94
CAR24 0.921 4.6 148.2 106.9 1.49 2.54
CAR25 0.923 20 150.9 108.9 NM 2.21
CAR26 0.925 1.8 157.5 112.4 0.82 1.86
CAR27 0.923 0.81 153.7 111.5 0.87 1.94
CAR28 0.919 6.8 145.1 105.7 1.72 2.75
CAR29 0.931 3.6 167.3 115.6 NM NM
CAR30 0.931 2.3 169.3 1158 |. NM NM

“NM” means not measured.

Test Methods
Density
Samples that are measured for density are prepared according to ASTM D 1928. Samples
10  are pressed at 374°F (190°C) and 30,000 psi for 3 minutes, and then at 70°F (21°C) and
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PDVS/ LDPE SIN of main PDVS peak 3 Unextracted A 25.5 2.4 0.34 1660 3
Unextracted B 23.2 0.30 3840 3 Extracted 21.7 0.28 920 2 Unextracted A
25.2 2.5 WOd117B0172 Unextracted B 22.4 0.29 760 2 EXxtr &CTA$2010/048818

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 I, 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 Siloxane

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).

15 DSC Crystallinity

Differential Scanning Calorimetry (DSC) can be used to measure the crystallinity of a
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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21.6 0.28 900 1 Unextracted 44.2 14.4 0.79 1610 1 Extracted 24.5 0.32
2000 5 Ex. 3 is the highest density sanple. All NVR results
conpar i ngvohelissepkes before and after extraction to remoTaseeR4BDNG are
in good agreenment with the measured extractable weight fracti on PDVS.

Wei ght 10 percent PDMS is calculated as follows: [(PDVS integral/2)*74.1
g/nmol] / [(LDPE integral * 14g/mol) + (PDVS integral/2)*74.1 g/ nol)](Eg.
12) The HOWMEnindh Q8 dﬁéi k'rﬁelﬁﬁg)f&nﬁéra%]rwﬁ) PeRPERystitlQatdABmipBlat e al.),itieaf 6O0M
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13C NWR ﬁgctt rngz of PDVS grafted LDPE. Reference nunbers 406238, 406329 and
406330 r "o 'sampl es 1, 2 and 3, respectively. The PDVS is observed at a

chem cal shift close to 9% (e@mllinity = (HPA292 J&) 5 heWgEq.1%. measur ed rrelt i ndex
(12), nelt index ratio (110/12), and denpsity as conpared to co r Ci LDPE
of cofpar abl e Thelheaj ﬁﬁefRSlOnl'Iﬁgf)l e thei Reak s@?ﬂépéée@BVé‘i‘“ea%re@PH o ¢ endex
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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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Properties of PE-graft-PDMS Pol ymers and Three Conparative LDPE Pol yners
Example M (12) (g/10m ) 110/12 Density (g/cc) 1 2.0 260 0.940 2 12.4 13.2
0.931 3 OWd20dA32170. 929 C-1 1.9 12.9 0.922 C 2 11.7 9. 7P0TABR010033D8 68 14. 7
0.927 10Table 5B reports the nmelt index (for reference) and the nol ecul ar
wei ght properties of
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 3 (as described in Williams and
10  Ward, J Polym. Sci., Polym. Let., 6, 621 (1968)):
Mpolyethylene = A X (Mpolystyrene)”  (BQq. 3),
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 o) 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 (Mw and
intrinsic viscosity) results from Dow 1683 broad polystyrene (American Polymer Standards
Corp.; Mentor, OH) or its equivalent to the narrow standard column calibration results from
the narrow polystyrene standards calibration curve. The molecular weight data, accounting
30 for detector volume off-set determination, aré 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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the three Exanples and three Conparative Exanples. At conparable nelt

I ndex, the inventive exanples in general tend to have hi gher wei ght average
nol ecul arweengh3g17¢ MO, hi gher nunber average nol ecul ar weirgise&0(04318 hi gher
z-average nol ecul ar wei ghts (M), conparabl e or higher nolecul ar wei ght
distributions (MV M,), and higher long chain 15 branching levels as

I ndi cated by either LCBf or gpcBR These hi gher nol ecul ar wei ght nonents

and bran ;fﬁhﬂ&hk/ﬁvﬁ' SCiasfed? I er'ﬁ%&r&ﬁﬁg %mt Pszyngﬁ @bﬁ&oﬁj H18%id: DBk dNYhe

pol ysi | oxane I S uni que structure results in the a vantageous
pr ocessalfl 987t)y Tho edvierati amcserf:oriqenmtlomnusedemsihp i determanadion hef thie ksolecwiy

3 CERLIGERAE M s R ST B R o,

M (9/ mDIg)itd¥é Wimed¥ pbl1gé 1e}16 uﬁﬁfo ggﬂﬂﬁR ér 200 F4th37fblFeth@AShk 5taRdard86, "HQ’O
227244212498201273077 97, 100
5 calculated molecular welghts 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
10  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
15 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,
20  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
25  standards are then used to establish polyethylene and polystyrene Mark-Houwink constants
as described previously. 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 4 and

5:

l
KPS )/ZPEH Y apg+l

30 M,, =( M (Eq. 4), and
KPE
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4.02 4.16 3 0.72 158,920 17,460 9.10 619,100 4.84 4.95 C1 1.9 81, 960
13,870 5.91 297,900 2.01 1.75 G2 11.7 120,930 14,010 8.63 507,700 3.10
3. 24 C 3 wo@s111ie17220 16, 760 5. 98 362, 100 1.03 1.42 PCT/US2010/048818

_ K . 'Maﬂ
[(7ps =775 7 M,, (Eq. 5).

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.

> CM, LS,
C, B 5 _ LS Area
My, _Zi:wiMi _-Z,.: ZC,. M, = ZC,. B ZC,. Conc. Area

i

10 (Eq. 6).

The area calculation in Equation 6 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 7:

ZCi v, z Dbr, DP Area

Ci i i -
IV_[U]_ZwiIK ——Z YC— .= ZC, B ZC,. Conc. Area (Ea-7)

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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NA = Not applicabl e. Tabl e 5C reports the nelt index and density (for
reference) and the DSC properties of the Exanples and Conparative Exanpl es.
Very hi ghwoensiv3see f or LDPE- based sanples are 10 shownPCOAS2@0/404831940
glee). Higher densities are desired for LDPE but are linmted in part by the
maxi mum pressure capability of the process. Densities of about 0.931 glee

are uncommon. Higher densities are desired for down-gauging, i.e. being
abl e to pLAdues il BBRinolRUBE wellikt Kﬁﬁaﬁﬁmsﬁm&dd REa heRGorBE @Gl vollMe, Wi th
nearly equivalent properties to a thicker fil i gher densities can al so

be favor pbt Bqfatiopnh8 gitk9: t enper at ure re5|stance as well as 15 inproved
nmodul us or rigidity of the material, e.g., film so that its shape can be
retained at higher tenperatures nla filmis processed, such as a shrink
film and al so when thativil s} EguL-AﬁMA ' mwent(EyeB)sampl es are of a single
nel ting peak. Even though the Gy is Bigher for the inventive Exanples,
Figure 1 shows that at a given dehsity, the nelting point is actually |ower
for these sanples. Also as can be seen fromFigure 9, at a given density,
the 20 heat of fusion is |ower atr a g'ven density for t he inventive

Exanpl es as conpared to the Co rag i Ies
2011/ 032172PCT/ US2010/ 048B1la: T 2%53 41&5 & @E graft-PDVS Pol yners
and Three Conparative LDPE Pon Sanple M (12) Density Tm Heat % Tc

(g/10mn) (g/cc) (C) of Cryst. Fusi on

5  Equation 10 is used to determine the gpcBR branching index:

gpcBR {( [’7[}70]0 )[Mﬁi ZC ) - 1} (Eq. 10),

where [n] is the measured intrinsic viscosity, [N]cc 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 (6) is commonly referred to as the absolute Mw; while the
Mw,cc from Equation (8) 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 6-10.

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

calculated from Equation 10 will be close to zero since the values measured by LS and
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(J/9) 1 2.0 0.940 117.6 114.2 39.1 105.6 2 12.4 0.931 111.2 134.4 46.0
99.5 3 0.72 0.929 109.7 127.8 43.8 98.0 C1 1.9 0.922 110.1 146.0 50.0 98.1
WO 2011/032172 PCT/US2010/048818

viscometry will be close to the conventional calibration standard. For branched polymers,
gpcBR will be higher than zero, especially with high levels of LCB, because the measured
polymer M,, will be higher than the calculated My, cc, and the calculated IV, will be higher
than the measured polymer IV. In fact, the gpcBR value represénts 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 (°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);
(tris(acetylacetonato)-chromium(IIl))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 2 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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C-2 11.7 0.918 106.0 137.6 47.1 94.4 C3 0.68 0.927 114.8 157.4 53.9 104.2
Tabl e 5D reports the M and density (for reference) and the coefficient of
friction wa2)1/03T7ttese results show that the inventive saoplusgoloayes1COF

val ues | ower than that of the Conparative Exanples; the high M sanple
(12.4) showed results conparable to that of the conparative LDPE. Low COF
is especially inmportant for filnms, where a |ower COF can 10 be critical for
Fi l ms eagidntirRgl Doaks’ AEIRAIIL ARG RS B FBE ?énﬁﬁig%@fe@l&ssa@téi%n i Tap8e 2Thi s
can al so be inportant for stacking of filns. Low can be acconplished by
t he addi tGBrrefets tadbk thindesrbop if a Sreartesvhesnsh with e metlon coyntedassarbondi t i ves
often occurs so that with tine the COF changes. Because the COF control
agent, in this case a polysil oxane, i?akﬁ ht of the polyner, such mgration
cannot occur and the COF is expected to be stable with tinme. 15Table 5D

Sarpi 8 W (12) (ar somieen ekt Sutieg ot B eepr ) 15775

0.927 0.15 0. 18 Carbons as erved in Polyethylene
Br Methines | Alphas Betas Bx1 Bx2 Bx3 Bx4 Bx5 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+ 20.3+ | 37.0+ - - -
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% | 327+ | 269 34.6* -
6 or 38.2% 34.6* 27.3% 14.1* 22.9% | 322% | 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.
10  *values indicate that the shift overlaps with other branching.
~values indicate that the shift was not resolved/overlap with large 30 ppm peak.
Determination of C5 (Amyl) Branching
C5 (amyl) branches are determined by the peak at 32.7 ppm. The number of C5
15  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
32.7 ppm peak integral is then a direct measure of the number of C5 branches per 1000
carbons. The example in Figure 3 contains 1.67 C5 branches/1000C.
Determination of C1 (Methyl) Branches
20 C1 branches result in peaks at about 20, 33.3, 37.6, and 27.5 ppm. Figure 4 shows a
3C NMR spectrum of sample 384561 which was produced using propylene as the chain
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.
25 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
be obscured in a LDPE spectrum). Figure 5 shows a 13C NMR spectrum of a HDPE made
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2 1.9 0.922 0.15 0.17 3 12.4 0.931 0.16 0.19 CG1 0.72 0.929 0.18 0.21 C2
2.0 0.940 0.18 0.21 G3 11.7 0.918 0.16 0.19 20 W

2011/ 032IWORaT/1352010/ 048818 Short Chain Branchi ng Al | walroms301a0e88i1$€
branches per 1000 total carbons except as noted in Table 6. Branching
values for grafted sanples are cal cul ated based on total observed carbons,

i ncl udi ng those of the grafted polynmer (PDVS) and based on the LDPE carbons

only. Gt LotlbARRRE SnPhEreRRE cORBRINADS bAndies. ThisfagicuRhfple alsabl e 6
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 the 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.
Coefficient of Friction (COF)
Sample Preparation and Testing
Samples are compression molded using a brass shim, 12" x 13" x 0.002" with four
window cutouts. Four grams of material are placed into each of the cutouts and placed in a
15  compression molder with dual platens. The bottom platen is set at 190°C and the top is set at
30°C for the cooling process. Samples are placed in the press and platens closed with 3000
pounds pressure applied for 3 minutes while heated. After this period the pressure is ramped
up to 10,000 pounds pressure, and sample is heated for another 3 minutes. At the end of the
heating period, the pressure is ramped to 20,000 pounds and the sample maintained heat for
20  another minute. After this cycle the platens are opened and the assembly is placed into the
top plates which are set at 30°C for the cooling phase. Samples are cycled through the same
process as in the heat cycle. The final film thickness is in the 8 - 10 mil range. Static and
Kinetic COF are measured according to ASTM D 1994-08.
Extraction of PDMS
25 Two grams of sample and 25g of ethyl acetate are added to a vial, and then shaken at
room temperature for three hours. The solids are removed by filtering, dried by evaporation,
and weighed. The weighed, clear PDMS solids are the measure of ungrafted or free PDMS
in the sample.
Sample (Inventive Polymer) Preparation
30 The PE-graft-PDMS polymers are made in a continuously stirred tank reactor (CSTR)
with a volume of 54 ml at 2000 bar. The CSTR is equipped with an external heating jacket.
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Short Chain Branching of Sanples and Conparative Sanples Sanple Cl C5

(amyl)

C6+ 3 01.940.24 +/- 1.66 2 0 1.92 0.19 +/- 2.87 1 0 1.16 0.28 +/ -

2.70 3 0.\80 20118820221 +/- 1.44 2 0.48 1.80 0.18 PCT/US2010/048818

10

15

The agitator speed is 2000 revolutions per minute (rpm). The ethylene flow rate is 1000 g/h.
Polydimethylsiloxane (PDMS) (Dow Corning 200 Fluid 5,000 CST) is dissolved in ethyl
acetate in a ratio of 1:3 by weight. The PDMS-solution is injected into the CSTR at a flow
rate of 94 g/h (24.4 g/h of pure PDMS) such that ethylene polymerization occurs in the
presence of the PDMS for all examples. Propionaldehyde (PA) is used as the chain transfer
agent (CTA). The initiator is 2.3 g tert-butyl peroxyacetate dissolved in 500 ml n-heptane.
Sample is collected in a vented polyethylene bottle, and excess gases are vented off.

The process conditions by which the PE-graft-PDMS polymers are made are reported
in Table 3. The results of the PDMS grafting are reported in Table 4. The three PE-graft-
PDMS polymers (Samples 1-3) and three comparative LDPE (Comparative Samples C1-C3)
and their respective properties are reported in Tables SA-5D. All of the comparative

examples are high pressure, low density polyethylenes (HPLDPE).

Table 3

Process Conditions for the Manufacture of PE-graft-PDMS Polymers

Sample Description Reaction % Ethylene | % free
Temperature | Conversion | PDMS
Y]
1 Thermal conversion — 193 6 14
No peroxide
2 Peroxide Used, 235-243 16.5-174 1.6
Propionaldehyde CTA
3 Peroxide Used but no 245 16 23
Propionaldehyde
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+/- 2.70 1 0.08 1.01 0.26 +/- 2.54 G2 0 2.41 .038 +/- 3.03 CG1 3.451.71 0
+/- 3.52 CG3 0 1.67 0.07 +/- 2.39 Dynam c Mechani cal Spectroscopy (DV5)
Resin i s wonprigsgi7en- nol ded into a 3 mmthick x 1 inch ecraskeo/opdsagiue at
350F 10(177C) for 5 mnutes under 1500 psi pressure in air. The sanple is
then taken out of the press and placed on the counter to cool. Mel t
rheol ogy, constant tenperature frequency sweeps, are perforned using a TA

| nstrunents "Advanced Rheonetric Expapgjom System (ARES)," equi pped with 25
rr}*n|toaral ljel I lol at gs, undler a nitrogen purge. The sanple is placed on the
plate and allowed to nelt 15 ford k- t 190C. The plates are then
closed to 2 mm the sanple tri m@&\flgg}ﬁ@lgg?az%&flﬁe test is stgrted. The

met hod has—an—additi-onalfive—mpute—delay—buyitt—nr—to—at-How{nr
tenperat ure SgwPle bf | urﬁXtrFﬁ'éO‘bxpe~r?rH’@Ets §1% 388 £ o W&%ﬁ%ﬁ&oé@%@ 2
frequency Fange of P.1 to 100 rad/ ¥%Thie stPM% ampPMYEETES cPRant at
10% The sfress response is anal y ZH¥MSn @éﬁrﬁ@a‘@iﬁ)larrpl I tude amdPIBN%e from
whi ch the storage npdulus (G), I|d8¥Ryodul us (G') | 20dynani c| viesabsity i*,
and tan (5) areg cal Cunatiefited A Tallse [/ shows the frédgdency and6@i sgosity
data as nmepsurgu DY HRER TedEECngnigal SpectT oScopy o Johe Tinveriupve

Exanpl es aps C%n"par e arptes— s conpan abteTrett Oljgu'ex, T8
\YA| SCOS| t | es nf “t he E&ggg@ ID%Y&T | AJ Lin aener Al hhaag i‘ Aef PN P

sensitivity or 2procebeasraciadA a5 |eZddenced Ry decleasii? viskeosid wlth
i ncr easi ng| f r eQuency Uasxtracted B 22.4 i 0.2 760

2 Extracted 21.6 0.28. 900

1 Unextracted 442 14.4 0.79 1610

1 Extracted 24.5 0.32 2000

Ex. 3 is the highest density sample.

All NMR results comparing the samples before and after extraction to remove free
PDMS are in good agreement with the measured extractable weight fraction PDMS. Weight
10  percent PDMS is calculated as follows:
[(PDMS integral/2)*74.1 g/mol] / [(LDPE integral * 14g/mol) + (PDMS integral/2)*74.1
g/mol)](Eq. 12)

The PDMS integral is from ~0.3 to 2.2 ppm. The LDPE integral is from ~7.5 to 41 ppm, and
includes all carbons of the LDPE. An example spectrum with integrals is shown in Figure 6.
15  Figures 7 and 8 show ovetrlays of BC NMR spectra of PDMS grafted LDPE. Reference
numbers 406238, 406329 and 406330 refer to Samples 1, 2 and 3, respectively. The PDMS

is observed at a chemical shift close to 0 ppm.
Table 5A shows the measured melt index (I), melt index ratio (I;¢/I;), and density as
compared to commercial LDPE of comparable melt index. The inventive samples cover a
20  wide melt index range of 0.72 — 12.4. Note that the I;o/I, with the higher I;¢/1; indicating
higher processability or flowing or rapidly decreasing viscosity with increasing shear rate, of
the inventive Examples 1 — 3 are in general very high. When similar melt index materials of
the Examples are compared to the Comparative Examples, the differences are dramatic: At 2

ML, the inventive example has a 260 I;¢/I, while the comparative example has a 12.9 I;o/L.
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WD 2011/ 032172PCT/ US2010/ 048818 evi denced by the higher viscosity at 190C
and at 0.1 rad/s divided by the viscosity at 190C and at 100 rad/s

(Vi scosi twoORattv3217as conpared to the Conparative Exanpl esT/uSeolomxssapl e,
Exanple 1 has a Viscosity Ratio of 25 as conpared to a Viscosity Ratio of
15 for Exanple 1. Exanple 2 has a Viscosity Ratio of 7 and Conparative
Exanple 2 has a Viscosity Ratio of 6. 5 Exanple 3 and Conparative Exanple 3
had sim |gri)is C[Hé hf%mll:{?ct é)&ﬁap@é hesS: 13780) 8, ‘z/hﬁé %L@)ﬂﬁﬁéra?ﬂg e)[élrﬁﬁl@%ﬂa&ﬁ 1DN5
Data Viscosity | Frequency () /s le 1 Exanple 2 Exanple
3 CG1 C 2,00 3A0()JZ(MI ZIth DiFBntiveSS@mpR:, 2@ 2 47, z_aalﬁwmwhwomaraqu@@nme B31
1,546 11,557

a 14.7 Lio/I,.
Table 5A
5
Properties of PE-graft-PDMS Polymers and Three
Comparative LDPE Polymers
Example | MI(L) | Lig/Iz | Density

(g/10min) (g/cc)

1 2.0 260 | 0.940

2 12.4 13.2 | 0.931

3 0.72 472 | 0.929

C-1 1.9 12.9 | 0.922

C-2 11.7 9.7 0918

C-3 0.68 14.7 | 0.927

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

the three Examples and three Comparative Examples. At comparable melt index, the
inventive examples in general tend to have higher weight average molecular weights (M),
higher number average molecular weights (My), higher z-average molecular weights (M),
comparable or higher molecular weight distributions (Mw/M,), and higher long chain
15  branching levels as indicated by either LCB¢ or gpcBR. These highér molecular weight
moments and branching levels are a reflection of the bonding of the LDPE and the
polysiloxane. This unique structure results in the advantageous processability, coefficients of

friction, densities, and the like.
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6,648 1, 258 16,605 0.251 9,026 1,471 9,919 6,078 1,214 14,329 0.398 7,625
1,379 8,387 5,452 1,154 12,150 0.631 6,359 1,273 6,988 4,803 1,078 10, 167
1. 000 5, 280 2011281723, /53 4, 163 992 8,401 1.585 4, 291 1, 0BET/US2010/048818

Table 5B

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

5
Sample | MI (L) My M, M,/Mn M,
(g/10min) | (g/mol) | (g/mol) (g/mol) | LCB¢ | gpcBR

1 2.0
94,370 | 17,680 | 5.34 | 486,500 | 2.27 2.44

2 12.4
08,230 | 12,730 | 7.72 [497,100| 4.02 4.16
3 0.72 158,920 | 17,460 | 9.10 | 619,100 | 4.84 4.95
C-1 1.9 81,960 | 13,870 | 591 (297,900 2.01 1.75
C-2 11.7 120,930 | 14,010 | 8.63 | 507,700 | 3.10 3.24
C-3 0.68 100,220 | 16,760 | 5.98 |362,100| 1.03 1.42

NA = Not applicable.

Table 5C reports the melt index and density (for reference) and the DSC properties of

the Examples and Comparétive Examples. Very high densities for LDPE-based samples are

10  shown (0.929 — 0.940 g/cc). Higher densities are desired for LDPE but are limited in part by
the maximum pressure capability of the process. Densities of about 0.931 g/cc are
uncommon. Higher densities are desired for down-gauging, i.e. being able to produce film at
lower thickness, thus using less material, but with nearly equivalent properties to a thicker

film. Higher densities can also be favorable for higher temperature resistance as well as

15  improved modulus or rigidity of the material, e.g., film, so that its shape can be retained at
higher temperatures when a film is processed, such as a shrink film, and also when that film

is cut. All inventive samples are of a single melting peak. Even though the density is higher

for the inventive Examples, Figure 1 shows that at a given density, the melting point is
actuall‘y lower for these samples. Also as can be seen from Figure 9, at a given density, the

20  heat of fusion is lower at a given density for the inventive Examples as compared to the

Comparative Examples.
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4,683 3,549 899 6,855 2.512 3,471 915 3,774 2,981 803 5,533 3.981 2,784 795
3,014 2,469 708 4,435 6.310 2,216 682 2,386 2,019 616 3,509 10.000 1,751
576 1, 875v0,268A33B80 2, 751 15.849 1, 373 PCT/US2010/048818

Table 5C

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

5

Sample | MI(I;) | Density | Tny Heat % T

(g/10min) | (g/cc) | (°C) of Cryst. | (°C)
Fusion
J/g)

1 2.0 0940 |117.6| 1142 | 39.1 | 105.6

2 12.4 0931 |111.2| 1344 | 46.0 | 99.5

3 0.72 0.929 |109.7| 127.8 | 43.8 | 98.0
C-1 1.9 0.922 | 110.1] 146.0 | 50.0 | 98.1
C-2 11.7 0918 |106.0| 137.6 | 47.1 | 944
C-3 0.68 0.927 | 114.8 | 1574 | 53.9 [ 104.2

Table 5D reports the MI and density (for reference) and the coefficient of friction
(COF). These results show that the inventive samples have COF values lower than that of
the Comparative Examples; the high MI sample (12.4) showed results comparable to that of
the comparative LDPE. Low COF is especially important for films, where a lower COF can
10  be critical for films easily being transported across surfaces or across other films. This can
also be important for stacking of films. Low COF can be accomplished by the addition of
additives to film; however, migration of these additives often occurs so that with time the
COF changes. Because the COF control agent, in this case a polysiloxane, is part of the
polymer, such migration cannot occur and the COF is expected to be stable with time.
15 Table 5D

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

Sample | MI(I) | Density COF COF
(g/10min) | (g/cc) | (Kinetic) | (Static)

1 0.70 0.927 0.15 0.18

2 1.9 0.922 0.15 0.17

3 12.4 0.931 0.16 0.19
C-1 0.72 0.929 0.18 0.21
C-2 2.0 0.940 0.18 0.21
C-3 11.7 0918 0.16 0.19

20
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482 1,463 1,304 450 2, 141 25.119 1,070 399 1,133 1,032 378 1,651 39.811 829
326 872 809 315 1, 263 63. 096 638 266 668 629 259 959 100. 000 489 213 508
485 211 M6 2011/032172 PCT/US2010/048818

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. C3
5  (propyl) branches are not observed in any of the samples.
Table 6

Short Chain Branching of Samples and Comparative Samples

Sample | CI Cs C6+
(amyl)
3 0 194 | 024 | +- | 166
2 |0 192 | 019 | +- | 287
1 0 116 | 028 | +- | 2.70
3

2

039 | 1.82 | 0.21 +/- 1.44
048 | 1.80 | 0.18 +/- 2.70

1 0.08 | 1.01 | 0.26 +/- 2.54
C-2 0 241 | .038 +/- 3.03
C-1 345 | 1.71 0 +/- 3.52
C-3 0 1.67 | 0.07 +/- 2.39

Dynamic Mechanical Spectroscopy (DMS)
Resin is compression-molded into a 3 mm thick x 1 inch circular plaque at 350°F
10  (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
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
15  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
0.1 to 100 rad/s. The strain amplitude is constant at 10%. The stress response is analyzed in
terms of amplitude and phase, from which the storage modulus (G’), loss modulus (G”),
20  dynamic viscosity n*, and tan () are calculated.
Table 7 shows the frequency and viscosity data as measured by dynamic mechanical
spectroscopy of the Inventive Examples and Comparative Examples. At comparable melt
index, the viscosities of the Inventive Examples in general show increased shear sensitivity

or processability as evidenced by decreasing viscosity with increasing frequency as
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Viscosity at 0.1 rad/s (Pa-s) 12,075 1,596 13,222 7,137 1,280 18,924
Viscosity at 100 rad/s (Pa-s) 489 213 508 485 211 718 Viscosoity Ratio 25 7
26 15 6 28028itdsowrgh t he i nvention has been descri bed wrCh/useoaissiglet ai |

t hrough the preceding 10 description of the preferred enbodi nents, this
detail is for the primary purpose of illustration. Many variations and
nodi fi cations can be made by one skilled in the art w thout departing from
the spir 'e(fid@ﬁ@d?#QH@h%Bext N&edsity 8NI0°0 aAd afl@ 3 Ghd/DaNided Hyhhe WBtosyiangoaCai ms.
WO 2011/ 032172PCT/ US2010/ 048818 W Claim 1. A polyner conprising units
derived fndp Eihmtlsr¥isnsitysRatin)aneompred o thpriigmparative Examples. For example,

Example 1 has a Viscosity Ratio of 25 as compared to a Viscosity Ratio of 15 for Example 1.
Example 2 has a Viscosity Ratio of 7 and Comparative Example 2 has a Viscosity Ratio of 6.

5  Example 3 and Comparative Example 3 had similar Viscosity Ratios of 26.

Table 7
Frequency and Viscosity DMS Data
Viscosity
in Pa-s
Example | Example | Example :
Frequency (rad/s) 1 2 3 C-1 C-2 C-3
0.100 12,075 1,596 13,222 | 7,137 | 1,280 | 18,924
0.158 10,531 1,546 11,557 | 6,648 | 1,258 | 16,605
0.251 9,026 1,471 9,919 6,078 | 1,214 | 14,329
0.398 7,625 1,379 8,387 5,452 | 1,154 | 12,150
0.631 6,359 1,273 6,988 4,803 | 1,078 | 10,167
1.000 5,250 1,159 5,753 4,163 992 8,401
1.585 4,291 1,039 4,683 3,549 899 6,855
2.512 3,471 915 3,774 2,981 803 5,533
3.981 2,784 795 3,014 2,469 708 4,435
6.310 2,216 682 2,386 2,019 616 3,509
10.000 1,751 576 1,875 1,632 530 2,751
15.849 1,373 482 1,463 1,304 450 2,141
25.119 1,070 399 1,133 1,032 378 1,651
39.811 829 326 872 809 315 1,263
63.096 638 266 668 629 259 959
100.000 489 213 508 485 211 718
Viscosity at 0.1 rad/s (Pa-s) | 12,075 1,596 13,222 7,137 1,280 | 18,924
Viscosity at 100 rad/s (Pa-s) 489 213 508 485 211 718
Viscosoity Ratio 25 7 26 15 6 26

Although the invention has been described with certain detail through the preceding
10  description of the preferred embodiments, this detail is for the primary purpose of
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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conprising units d%EVﬁ&yﬁx'éPrBfefaW|(ﬁnﬁlea"}‘ﬁeo'éﬂihgxalﬁﬁns tHAQingr QCP&K melting
conprising: A Contacting at |east” onge siloxane with ethylene in the

pr eséfce tahpaathresBniml erd dénsity irag/om” that satisfiessthe pathemsticyrelationshy  part  of

a multi-part reactor; and.30B. t AN iho i th additional

ethylene in the presence ﬁn?ﬁ?gﬁegggﬁg@%ﬁﬁi)énﬁggém to forman

et hyl ene- based, pol yime pobynitr afahy \WOt0dréédd ARG Ha A¢B1BBL 8t leastdeB t 0
( poly BOgrdddadigslol 204

the siloxane in at | east one other reactor or a later part of the
mul ti - parg{cmeact or . 14. The process of Claim13 in which the

et hyl ene- baseq pol Wﬂgrﬂo‘fyxﬂéra%%?{ St LR fiRckdi Binfl Y LARA QN RURI40PRBRKNG

with the siloxane to fforma et ene-si | oxarne 5noiety, and the resulting
noi efly Pyl dfzhdgloabndisakirh@atde bpsdititermbctionhyl ene monormer to formthe

et hyl ene- based polynperi ¢ branch. 15. The process of. ¢ .ai m;13. iH which
the et hyl ene- Hased %IW&‘@?@@?BW%@HC P?C?‘g?%ﬁlﬁlr?ﬁbaé'%@elﬁﬂz§atb()fOrﬁlﬁaeSt g‘l oxane
and is then graft e@"h'é?)ofyl’ﬁ?er%f LAX&MBe preceding claims having an I of less than 5.

9. The polymer of any of the preceding claims having a heat of fusion (Hy) in
Joules/grams (J/g) and density in g,/cm3 that satisfies the mathematical relationship:
20 He< 2333 (J-ce/g?) 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
Claim 10.

12.  The article of Claim 11 in the form of a film.
25 13. A process to form a polymer comprising units derived from ethylene and
siloxane, the process comprising:

A. Contacting at least one siloxane with ethylene in the presence of a
free-radical initiator in a first reactor or a first part of a multi-part
reactor; and

30 B. Reacting the siloxane with additional ethylene in the presence of the

free-radical initiator to form an ethylene-based polymeric branch
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bonded to the siloxane in at least one other reactor or a later part of the

multi-part reactor.
14.  The process of Claim 13 in which the ethylene-based polymeric branch is
formed by an ethylene monomer bonding with the siloxane to form a ethylene-siloxane
moiety, and the resulting moiety polymerizing with at least additional ethylene monomer to

form the ethylene-based polymeric branch.

15.  The process of Claim 13 in which the ethylene-based polymeric branch is

formed independently of the siloxane and is then grafted to the siloxane.
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