WO 2009/ 114661PCT/ US2009/ 036902 1 LONG CHAI N BRANCHED (LCB), BLOCK, OR

| NTERCONNECTED COPOLYMERS OF ETHYLENE | N COVBI NATI ON W TH ONE OTHER POLYMER
CROSS- REREBENIOA 14661 RELATED APPLI CATI ONS Thi s appl ircatiserwoob@vns t he
priority benefit under 35 USC 119(e)1to U. S. Provisional Patent
Application No. 61/036329, filed March 13, 2008, the disclosure of which is
i ncorporated herein by reference. BACKGROUND OF THE | NVENTI ON 5[ 1] There are
many types of Md@fmﬁﬁm@mﬁgﬂcﬁ R'e. SERAYR B KOGR{ECTHIR! i cul ar are

made by various suppliers an | arge quantities. These two types are
l i near |ow d@%QMWEWMEMEN@OMMNAWQQNW&H@MEQH&ERadl cal

pol yethyl ene (usually called LDPE)pop9ikRMeS pol ymer users blend these two
types of pol yet hyl ene together to try to nodify properties such as
tlowability or 10 processabili However, this bl ending can also bring
deficiencies in othe€R9ﬁ§§Vﬁﬁﬁl SpEY REEATEPHARPLICATIONAd be advant ageous
to have simlar mechanical properties to LLDPE and al so the process ability
simlar to that 1@fs 4fEtion clailelhegidaY Be@Wuflics 38VigsEd n©g&n@lwsmrs whi ch
have the performance attri butes of both LLDPE and LDPE. 15SUMVARY OF THE

| NVENTI ON  Provipigpal PateisprbisasiodiNee A/03GR 9 dilpd Mershd 3 pil0f e disdogregined

conpri sing @kich Ragborfrate ABAin By ANGHRS. Per 1000 carbon atonms as determ ned
by Nucl ear Magnetic ‘Resonance and both a highest peak nelting tenperature,
Tm in C, and a heat of fusion in J/g as determ ned by DSC
Crystallinity, where the ﬁﬁﬁ%?ﬁ%ﬁﬂNDéNﬂgﬁ SNVEYHONand H correspond to the
relationship: > (0.2143* HO + 79.643, preferably T" > (0.2143* 111) + 81
and wherin tpg et hyhgat aren@lnyiRies BRgol| @Sferk: e akowld baapI By Pgpgent hexene
conononer, and |ess than about 0.5 npl e percent butene, pentene, or octene
WO 2009/11&GGﬁﬁﬁﬁkbgﬁdbgkdéﬁgﬁQu?“EBWﬁﬁSW%Wﬂdﬁ?EW%%%BPW“Fe§?“FH&W about 0.1

nol e percery kaQﬁ@ﬂﬁauﬁg®R%ﬁﬁqfﬁﬂwﬁﬁhéﬁQ1EQ@E$Q&?hghﬁﬁ&mﬁkh&k@@ﬁﬁﬂp0|ynEr
can have a heat of fusion of | eni ¢ pol ymer of |ess than about 170

J/ g and/ or relyséufengéisuplhcalledpPEL: u?rO@le@fneﬁ Rely@ehysee dlaad thesy er ypes | ess t han
> 126C. Pr e&% ?l:t}{yﬁaﬁbe (&elh4t €B1 rFP{pé?)' )&{Ha{fﬁu&%g&hése%u&o 8PRELGGIRP! & et hyl

and/ or propyl branches as deternined by Magnet| ¢ Resonance. The
et hyl enlt pobsesability. eHewetsk.ythis diqudingergn atso @negudefnm«tm@ﬁ up o@ewphiysisalof amnyl

groups per %gegt GarRan ;2L 008 pta Gl EEJL‘IS @c?ﬂaﬁysnﬁl‘i‘q%'rﬁe%ha '\é%gﬁ%yf@eﬁ%sonance

I n anot her ‘e |nent an ethylenic mer is c I'ng at | east
one LLDPE and also the processablhty 31m11ar to that of LDPE,
[2] We have now discovered new polymers which have the performance

attributes of both LLDPE and LDPE.
15 SUMMARY OF THE INVENTION

[3] In one embodiment, an ethylenic polymer is claimed comprising at
least 0.1 amyl branches per 1000 carbon atoms as determined by Nuclear Magnetic
Resonance and both a highest peak melting temperature, Ty, in °C, and a heat of
fusion, Hg, in J/g, as determined by DSC Crystallinity, where the numerical values of

20 Ty, and H¢correspond to the relationship:
> (0.2143* Hy) + 79.643, preferably Ty, > (0.2143* Hy) + 81

and wherein the ethylenic polymer has less than about 1 mole percent hexene

comonomer, and less than about 0.5 mole percent butene, pentene, or octene



10 preparative TREE fraction that elutes at 95 "C or greater using a
Preparative Tenperature Rising Elution Fractionation nethod, where at |east
one prepavaetpwel1dREF fraction that elutes at 95 "C or greatuseodaas6a2
branching | evel greater than about 2 eethyls per 1000 carbon atons as
determ ned by Methyls per 1000 Carbons Determ nation on P-TREE Fracti ons,
and where at least 5 weight percent of the 15ethylenic polyner elutes at a
t enper at ur eco%ngéelcp&fer d,ﬁ@&ﬁﬁal%%@tcb LROR ﬂeﬁ@mtb%a!: ﬁéﬁfdel%”'%r Qferehe el hylenic
polymer. In a third enbodi ment, an el hylenic polyner is clainmed conprising
at | easi on®nphelgr ative TREE fraction that elutes at 95 C or greater using
a Preparalive Tenperalure Rising Elution Fractionalion nethod, where al

| east one prigRaKAH; %myd& CIBEEW, IRat draisibht &bt 188 @bly%r@l@srs dgheat er has
a g value of leéess t , preferably less than 0.95, as determ ned by g
by 3D GPC, aRd WRdrgeangdfor p @aakt metipgicgierapes elfdhe ctbyleqip golsmpy ofdess ¢hagol yner
elutes af a%ePakatibs @ AR1icobohaalBlprdASRAMPOMHN ekl Hygel ght of
the ethylenic polynmer. 'In a fourth enbodi nent., an el hyleni ¢ polyner is

cl ai med conpepdimgnches pedsterngned bzsﬂwe@pa}vﬁmmmeR?mmer adh¢ gthytehwt el ut es
at 95 C or r I Sl doon

Fract i onat | g ineRb R AL EPR Bt i BTRELELE LR FBMREp B T, 1

el utes at 9Ert©narongragdttemihabyaNypeBMagadtiudRegrneadeer t han 0. 05 and | ess t han
5 as determ ned by gpcBR Branching I ndex by 3D-GPC, and where at |east 5
wei ght  per c@nfyoffer LRBoRHIM GRicthyRALY K Ganfl BubRIRELAIULERS 95 " C or
greater 30 asné)g{efjponot{? tf otae Wl gﬁa§m§]the et C hﬁc % FlymetrO

2009/ 11%61@@&8@009173@@6@@@1 3ha reletes jaf t9h é}mocﬁrm&fm ysign aePiepdratmicc poI yner
is clained t par Y ra el utes at
90 "C or grgea er t%% .qﬁ“g% ﬁlﬁgﬁal?rg |O\Illg Qel‘1 %e@%%t “Slrl%ggi? A &E ﬁ{ép&r@@e

Fracti onat i BREF&bdiod than/ﬂhatee aa95 T(éa]sgremrdlapaémclang weengiﬁt‘erftham(nbomn t hat
elutes at 90 C or br anc veI ter n.apout 5 2

Cnot byl o pet "0 247 U B Rabt Br ddiringd ) VSR, P B8P G885 car bons
Det er m nat i D&ie@iindttod RinFP-AREET Faasons,and what et axiastl sasélgm ferosei ghtheper cent of

t he et hyl eni c pol r elutes at a te tyre of 90 reat er based upon
the tothl VDGR BRYBRGCHERg! BTEpOmpeeS rorat e Fahbae e

et hyl enic p@élgtmmueset@lemcr@@n@rrprl sing at |east one 10 prepar ati ve TREE
fraction that el ut es at 90 C or great er using a Preparative Tenperature
Ri si ng El ut} on F L 1ati on ere al Iegtst oneleé)regearatl ve TREF
fraction t g & § y P‘éalfo Mgfals Claiged compgst 4¥ an 1,
preferably ﬁre@ﬁativbam@F Fructias dehet @ied RedsbyC Or dvadl)sikP@, PRpdativier e at

| east 7.5 weight percent of the ethylenic |l ymer elutes at a tenperature
of 90 C or baRsfadyre gHsing Hion Iffﬁ%“oil?s‘f%‘t%l?hﬁ& Y}ﬁ*ﬁred'f Iqaieons H’S?P%’EFWV(’? pol yner.

In a sexenthrEmBadion®Rd cludhl a0 Yt 8Ly ABr vhise 6f REkIMEh CYFDEIaBlyNg at
| east one preparative TREF fraction that elutes at 90 C or greater using a

Pr epar at i veleehgndtar ay Etmmaied§y gi by $lotHEr avd Whia | least rdeBDCIkRE e at | east
one prepar ahk ¥@yitREGof Frf%PEl'ut%E‘ attei‘f%hlpgﬂatﬁfr@éf Blo9Y ofeall bHE %@1{ thB@%a@ 9PCBR
val ue greater t% 8 3/ | ess than 5 as determ ned by gpcBR Branchi ng
| ndex by BW@EIP@ft@ﬁélym@rpélyaltefl east 7.5 weight percent of the ethylenic
polymer elutes at a tenperature of 90 "C or greater based upon the total

wei ght of te, efud! @MHRINRAL, VAR hylEliO3blyther & PEREASSOnIpALInIBKIAG Stdch
ethylenic polyners is clai med, said process conpri sing: A)

pol yrer#7i nyjerardiy e BREL [ractien ;sbaéseélﬁeSe apfI5a (c &F AT vsang @r Ricparry gear

et hyl ene- baggg,.poly %glngmtf& PraGIotSIA! hiofbd Yuhlre 3 14:805He BRY-AR det er m ned

by DSC. Crys I'T1ni first reactor or a first part o ti-part
react or; anbREEF fraction ﬂE} clugaet NG errpsedtdr hasnir LpaBRyVadueearpieralbhndb0Syandr Wi t h

addi ti onal 1@%&%{4&5‘% de?el%np]%d %&%@@fﬁ?%r %cmﬁ Erfd@?b afll Gt ainpl\x}he%ta?lieagto font] an
ethyl enic polymer in at leas ne ot 3 eac or or a later part of a
mul ti-part ¥ eaghiopercenid tﬁeagymm4®6mﬁ@ﬂ'élu@2@0®teﬁ%ﬁﬁﬁe af Pr %t etrabﬂte;r t he

reactio of st b r al rrerl zation. Also preferably, the
cat al yst” of °% Cﬁ% P%e t?:tﬁﬁ %ght(%ﬂrr%t ay}enc 0}e/‘/ Catalyst. If polar



conpounds are present in the reaction process, such as being present in the
first reactor or the first part of a multi-part reactor, such polar
conpoundswadaoeoti4éemhi bit 5the activity of the netal |l ocemeTasb@bowsdon2

DESCRI PTION OF ii | F DRAW NGS [4]3The foregoing summary as well is the
follow ng detail ed description wll be better understood when read in
conjunction with the appended draw ngs. It should be understood, however,
that the i nﬁﬁei‘tfiféﬂnedl&)dﬂﬂénﬂ h G nit Opdififer Pt ec@alu%@d coflpRlif ARORARNER and
instrumentalities shown. The conponents in the draw ngs are not necessarily
to scale, WeMIEYphERES fragdere dept pavtey apl9%4céd onpmserted| wand ¢ Plepaativeat i ng t he
principles g t r i ke

ref erence n‘%ékﬁﬁngéagﬁ gg?gmgg%§g§€gﬁgﬁﬁgxga?%%@tLp%ﬂq ﬁ%ﬁgﬁgn%evera

Vi ews. T@%mm%m%ﬂﬂ%h@%@mwmmwMWWMWMMmM

L?Lgﬁglmcagnbgjséﬁcflaﬁ' ﬁlgélnymogﬂ&ne&t}afé%ea@ eéegfr?le ’s a [3/? o? foolz(a)l Er!g?a i onship

bet ween denlscttmymMn haalt-TBEF flrgitions, fand v3@reCanteest JiSalvkighiApacdnabl éheResi ns of
Iom1denS|ty ] | ot . of heat flow
Ver sus terrperyq% émer et [(5? r%PnMé%nQ?ratﬁgC?%&Qng?(gl Faﬁf?rtbased Jgtlfonstlhst hl Exanpl e
1, CbnparaIwMngX&mmH@kiw@ﬁEmk& and 20Pol yner 2 (P 2) [ 8] Flgure 4 1is
a plot of heat fIOM/versus tenperature as determ ned by DSC Crystallinity
anal ysi s of EX% eling(%dlm?n an eE Iy}é ic %ﬁ%er IS clélmed C%ananq%%nf %’{E one 1).

[9] Figure Is’a ersus wel polyner
75sanpl 8 el pre@dhtas Héﬂilérfmcn@d tlimy chuned it i90atC ‘Bermemﬁt un’u@ n Biepayatisleut i on

Fractionati.pn anal sof a le 1. WO
2005/ 114661 PR TRIB 08 09640 e ectiona mERER it 41O Besrt Crper at ur e
Ver sus melghRE@ﬁﬁ@ﬁﬂ&mm%mn@hym@ﬂ:sagghaﬂeku@ﬁdmaSOﬂe&amminqﬂabmbﬁnalytica

Tenperature R si ution Fracti i on.anal ysi s )| e 2, Cbnparatlve
Exanmpl e 1, Eﬁdh¥6f$§é?d%mﬂnm’tvfﬁ y d%%éa? "% G@E$F6?76$ NS eak
nel ting termeth@tewl@mv%mr bRk a0k Emfdutienf HorChy anmte Haskd pofoaEpar at i ve

Exanmples 1 and 2, d Commercially Avail able Resins 1-30, and a |inear
denarca#ioﬂoﬁéWWé@HﬁfWﬁ?W%@ﬂﬁﬂQQ@“ﬂthe Conpar ati ve Exanpl es, and the
Commerci al ly Avail abl e Resi ns. [12] Figure 8 represents the tenperature

splits for mrasveRRendolnidsi A8 etﬁyﬁanﬁrlﬁﬂﬁﬁatlh VRinl@Nasipshb et Riasd i@ El uti on
Fractionation nethod on Exanple 3. 10[ 13 ure 9 represents the
t enper at ur eprglmrqutvg FREF Cfbeﬁg(i)rh dhpt plyfes Iab &gBor greater using a Preparative

Temperature Rising Flution Fractionation method, where at least one preparative
TREF fraction that elutes at 90 °C or greater has a gpcBR value greater than 0.05 and
20  less than 5 as determined by gpcBR Branching Index by 3D-GPC, and where at least
7.5 weight percent of the ethylenic polymer elutes at a temperature of 90 °C or greater

based upon the total weight of the ethylenic polymer.

Finally, a process for making such ethylenic polymers is claimed, said process

comprising:

25 A) polymerizing ethylene in the presence of a catalyst to form a linear
ethylene-based polymer having a crystallinity of at least 50% as determined by DSC

Crystallinity in a first reactor or a first part of a multi-part reactor; and

B) reacting the linear ethylene-based polymer with additional ethylene in the
presence of a free-radical initiator to form an ethylenic polymer in at least one other

30  reactor or a later part of a multi-part reactor.



and CD of Exanple 3. [14] Figure 10 represents the wei ght percentage of
Fraction AB and Cl) for Exanple 3-5. [15] Figure 11 is a plot of

met hyl s pwo 20@0Q465ar bons (corrected for chain 15ends) versms2009i08¢%2 aver age
elution tenperature as determ ned by Methyls per 1000 Carbons Determ nation
on P-TREF Fractions analysis of Fractions AB and C) for Exanples 3-5.

[16] Figure 12 represents a schematic of a cross-fractionation instrunent
for perfor mbREEORS EAGE AR BPHHK @?'fﬂfép@ﬁﬁér&ﬁﬁoﬁt 70[17] Figures 13 (a &
b) and (¢ & d) are 3D and 2D infra red (I R} response curves for weight

fraction eluted versus | og nol ecul ar wei ght and ATREF tenperature using the
Cr oss- Fr act M narsterablpy therRISe ChSEP B gat & & mepaloggng catalysly eHebtlary 33: 67

wei ght per Cc%ﬂ{po{?llfﬁésir@%LresgﬂtelHC{h@freaE)@IV?i%Eesg’, &R CHRR! AtdedCinERaMmle 2.
Figures 13 (c & d) represent 3%3.& 21) views, respectively, for an IR 25
a pudfizpast

response curyorgr UmEsppat 8t r3¢tan seidpolas)comneniddide dpetnbibionponent s
for the Pl egd,SRIPLEHe MRldiEcdnk G4thigs13(¢) and (d) show a continuous fraction

(with no discrete conponents). 2009/ 114661PCT/ US2009/ 036902 6 DETAI LED
DESCRI PTI ON [ 18] The follow ng discussion is presented to enable a
person skilled in the art RIPGHR @FﬂggzpﬁéVﬂpggiosed conposi tions and

nmet hods. The general principles described may be applied to enbodi ments and
applications pfiher thaafdr datoddrl @ weh adihRUbwHGRREaE b PestFigBnt he spirit
and scope of the disclosed conpositions and net hods. The discl osed

conposi t i on¥ilabfdbetet FslgEtoed evigpreddnp cpigectics Bl e APRBEeG Favies-elbodi ment s
shown, but Jhguili0ed EnREEVIIdEHwERE WhdaRT inSCRRE 1S AVE 134iRAT oWhE rEhhe
principles and features disclosed. 19] Chrrentl&k when a hi gh

cryst al 14 nj anpnganginy addnyaaegtapaisysiewn, Sheyepaponants i the deaWirgy a8¢ 9t al | i nity,

hi ghl y | ongy iy By aaEheAn ShiBkl s DASRE AT LT EDoy HOSHEILSrAR, TRChaNI cal
nmeans to cré%terayﬁfen%’sﬁathga%ihﬁﬁF y céﬁg%nesbng thglpﬁﬁgﬁ%gﬁ

per f or mancepradipdst efgds pfesenh enenhigh.e Nordoaete dn pbp ydrawing, t hket derghde t he
favorable p ' h L St [ .ong chain branched
ethylene-bdé%%ﬁgi%ggggég%?%é gg%&hgg38%§%§§§$?¥%%§W%%§'nethods t hat address
this shortcom ng. 15[ 20]1n order to achieve an inprovenent of physical
properties ovEl and &lsowe 14-Heresohppaiics allusphtenzdhopteps ethipasive-obdwed pol yner
with a hig - ) d that bondi ng

t he tmohieg%%ggggggﬂggf?ﬁgﬁ%gﬂ@fgﬁéggﬁgféﬁg$(%%%%j%oij%gg&and a highly I ong
chai n branched ethyl ene-based polymer - results in an ethylenic polyner

mat eri al wi t h[@hysi caiguprbperplped aklafonsbipdretyren idensity haé hear @f fuseon

et hyl ene-b i i gl ability
characteri???%%@gﬁyﬁﬁ%%&?ﬁggﬁgg%?%@f%ﬁgﬁgﬁgbﬁ&%%gﬂgﬁégget yl ene- based

pol ymer conponent. It is believed that the disclosed ethylenic polyner
structure is EQnpri s&Ewuest3 i ymioy obhardied vesyEBpagayEstddarsmaed by

substi t uent r ; : - ' - ' e e
ethylene-baggg(?%%gﬂghgfﬁﬂ%%{sﬁééé%#%ﬁghgg&%%?%%%g%%ﬁgegzgﬁiﬁgﬁ?g

radi cal iz edPdyme 2dR 20.he et hyl ene- based pol ynmer. The di scl osed conposition
is an ethylenic polyner conprised of an ethyl ene-based polymer with | ong

chai n brancheggiof hi ghly. & ong o&hak ReRr@Re DELSERYESAR: RAGEImARLWYET -
[ 21] The conbi nati on of physical and Proce55|ng properties for thé disclosed
(V

et hyl eni ¢ paby rferystplgnino ndpde o dakamplenr €opasiitis Bfangid | édelbatndd 30
pol ymer s mﬁﬁﬁwﬂqubﬁ | ong chai n branched et hyl ene-based pol yners. The
uni que chem ca ru%ture of the disclosed ethylenic polynmer is

advant ageous as the ethyl ene-
[9] Figure 5 is a plot of temperature versus weight percent of polymer

25  sample eluted as determined by Analytical Temperature Rising Flution Fractionation

analysis of Example 1 and Comparative Example 1.



WO 2009/ 114661PCT/ US2009/ 036902 7 based pol ynmer and the highly long chain
branched et hyl ene-based pol yner substituent are |inked. Wen bonded, the
two di ffewenboxnystal linity materials produce a pol yner pomtuseecalodadns f er ent
than a nere blend of the constituentsS The conbination of two different
sets of branching and crystallinity materials results in an ethylenic

pol ymer 5with physical properties that are better than the highly | ong

chai n branchegogt hyl epgre @qs'sggﬂ&%fyt@ﬁf)e@m_ fuls Qleii GeReRd & pdiymdhan the
et hyl ene- based pol yner. ~[22] The nelt index of the disclosed ethylenic
pol yner maysap@leralgpd abérmged pytimabiiedlt Terpeoiug Reoehinianddactiggatidasur ed by
ASTM 1238-0 ~ e %gg; I = Pol yrer s [ 23]

Sui t abl e etﬁ?ﬁ%ﬁéﬁggg%%@%éﬁaﬁggé%%gn é@%fggg?ggéﬁgth Ziegler-Natta

catal ysts, netall ocene or vanadi um based single-site catalysts, or

constrai ned gEdhet ry Figurgl 6 agilatef paxigiupsipesk nekipgperarerasgre vergesgleat of

et yl enes baged, pel Yiahdicl UG ARASAShbY: POLNE VL ANeokbfRE,and 11 near
| ow density polyethylene (LLDPE). 15Suitabl e polyolefins include, but are
not | i m tedAvaglablet Redisne/di emé @ ninsppdepamsation bethvpereiey dixgmelep,n the

I nter pol ymes sy, &4 Y NG 19%?'&9&@%%@?%@ dy DhEAER &%?re_c’f- [24] Suitable
het er ogeneous P near et%y ene- based polyners i'hclude |inear | ow density

pol yet hyl ene gLLDPE),.uItra | ow density polyethylene (ULDPE), and very | ow
density pol yet®yI| eneljguicTPRpresgsy the xempsiasure splire forrftregtives priRvsingthsduced 20
using a Zi - 'S: ! b to about 0.94
g/ cnB8 and ﬁ%k r%h?g%?mgﬁﬁg?%%k§ﬁ P%ﬁ?gqﬁﬂ?hégg@&?gpgE%ﬁﬁﬂ§?000 g/ 10

m nutes, as nmeasured by ASTM 1238-04 (2.16 kg and 190 'C). Preferably, the
melt inbex (1B)]is fFenreadsweesenty thederprsfure5plilg for@nipinedtiaactiopetBr ogeneous
| i near ethy RASE ymers may have a nol ecul ar wei ght distributions,
MV M, froﬁ%gggﬁt 3.gm$§iabout 4.5, [ 25] The |inear ethyl ene-based

pol ymer may conprise units derived fromone or nore a-olefin copolynmers as
| ong as thereldd at Fieagr1050pHKisne heyeighipepsnperee! Heagion ' and{ed Winoner in
the pol ymergyample 3.526] H gh density pol yethyl ene (HDPE) may have a density
in the range of about 0.94 to about 0.97 g/cnB. HDPE is typically a

honopol ynmer of ethyl ene or an 30 interpolyner of ethylene and | ow | evel s of
one or nore alldllefi ntiEyfol lyiver Blot g methylyep bHY) cp1bres 1T eSs00dL036902 8
cont ai ngs 1 el@b WY wefh HRE RIEBR IS e flahl Y8ehBndd ¥y MBhYRYS: f@pO! ymers of
et hyl ene and one or nore a-ol efin copolyners. HDPE can be  conprised of |ess
than 5 nol CobYt Reiermipitipn ondhTRIEY Hfacopnsomelysis ofdirastignsofrBfand (ddh@nomer s

[ 27] LinearEﬁﬁﬁysgqg-based pol ymers such as linear |ow density 5

pol yet hyl ene a ultra | ow density pol yethyl ene (ULDPE) are characterized
by an absence of |ong chain branching, in contrast to conventional |ow
crystal linity[16hi ghl %lglﬁfealri’dﬁléfﬁseétsHWWIB%%@OWV#@@%IOQ e HuEent fepE,

Het er ogene b ] - - s such as LLDPE can be prepared
Vi a solutig%?mghgggéfggg%gggﬁgﬁgggﬁgg?%%g%{zation of ethyl ene and one or
nore a-ol efin comononers in the presence of a 10 Ziegler-Natta catal yst,

by proc¥sses Eli¢h asFigmeesdp e Kodedi(nshare HappheDNpira wddiy) rep8neAnder son,

et ?l ) Reéu?%@”%ord{vél%fhs%{agﬂ?ﬁl Q:iut&ptvlarsgg lt)%eﬁglegdlﬁs%%l\llgfanqa%%iﬂl s, and
their nethods of preparation are found in U S. Patent . 4,950, 541 (Tabor,

et al.). [28hp@atuge ofieg fhg @r@ﬁmﬁe%mna&mybmiﬂéf'm@hmbx&@reé,13f@0&113 to 20
carbon represent a 33:67 weight percent physical blend of Polymer 3 and Comparative
Example 2. Figures 13 (¢ & d) represent 3D & 2D views, respectively, for an IR
25  response curve of Example 5. Figure 13(a) and (b) show discrete components for the
blend sample, while Figure 13(c) and (d) show a continuous fraction (with no discrete

components).



15atons. Preferably, the a-olefin comononer nmay have 3 to 8 carbon atons.
Exenpl ary a-ol efin conononers include, but are not limted to, propylene,
1- but ene,wB8-20tydé1 1- but ene, 1-pentene, 3-nethyl -1-perCEruso0dos@ohyl
-1-pentene, 1-hexene, 1- heptene, 4, 4edinethyl-|-pentene, 3-ethyl -1
-pentene, 1l-octene, 1 -nonene, 1 -decene, 1- dodecene, 1-tetradecene,

1- hexadecene, 1-octadecene and 1-eicosene. Commercial 20 exanples of

| i near ethyl ene-based pol ynersptRatepescRiFaiER! ynmers incl ude ATTANETM
Utra Low Density Linear Polyethyl ene Copol yner, DOALEXTM Pol yet hyl ene
Resins, and FLEXOMERTmM Very Low Density Pol yethyl ene, all available from
The Dow Cheri EB) Con-ggﬁyollorvgg] disgugsisiop 9%@%@ erl%%ﬁaa?ra%sk&}?dan Weol efin
cononor ner . orExaiNeasd Afe @O atstBidNompbaiishs Ahd Rleadad etheas6lai ﬁmféip@ae

conpounds that may be used as an a, 0-ol efin conononer 1nclude

1, 6- hept adi ®s@ibed Ny deraamlicdrie embogimeals aad aprlications ofet High dnee detailed

L, 11- dodecagigne. de]gm%?g tisht BHEGAMH GRP scdB ol MICKsHKY |coftiBfidds Uhfad
derivatives thereof; exanples of the nonocyclic alicyclic di ene conpounds
i ncl ude 1, 3methpdsi ﬂilw diydpsgd enmapretiong apd memOdg/arey@t oteadeth 9, be limited to

1, 3- d|V|nyI 4 (A cl ooct ane,
a1yl 4P BEERE it vyl o G P WA et ! O Gt
l-allyl-5- wﬂnyhmﬁyudﬁemﬁamspb$ﬂ5-diaIIyIcycIooctane and | ower al kyl
substituted derivatives thereof O her suitable dienes include

bi cycl o- (2, 2, 1 j Lane
(norbonadiene&b]the %§§Qe$%%gégg%%§§%gﬁgﬁy ﬁ%gﬁ?g?gﬁﬁﬁgmﬁggfﬁgﬁtmn
straineU)riw@hdbubheﬁ@bndﬁlngmmhmashmmémnéadmﬂwhnpbmﬁd@DWobtaMm@d by

reacting 2, 5- rnadj en .
cycl opent a f%%%%%§gﬁ{§§%§,§, ea?éxg'$%ygtf%&@ﬂ§'gnmm?ﬁaﬁeggd%ylcﬂene
Conpounds spenrﬁotraarncbutlvmasl bf g éthyimetlneecaﬂ(dymeromth)fthermn eheblfavdgtbté ring

[30] 1n & riipehare SERERRT et FRE B PR AR 4B R homopol yrer

(that is, aDnugnmdﬁﬁkﬁubyu@ﬁhyﬂemaomqhmnﬁmyﬁﬁhmnmkmcmn@aln|ng any cononomner
and t hus no short chain branches) the terns "honbgeneous ethylene pol ymer
or "ho eneo l'ine t hyl ene be such a
Topol ynbr By TR R N B A BPloe IR B S0 SRET e ARR SR LY e
pol ymef as amsed al‘rﬁefrélphysﬁ@l Iblmﬁg)éraeahbséry: Hasainpﬂ]ﬁdereﬁ/thlaeﬁgﬂpMaﬁm&rds t hat
have | ong chai.n does nol refer to etero eneously or
nonogeneaust B denadiif S o Pieso e Rberite eyt

backbone. F@mylaiébﬁk@irﬁdlﬁhdrmnﬁ Iallﬁglﬂy Rﬁl@)éh;ﬁﬂbranél’fed[}ﬁiyy@iefbﬁsedtﬂ@@nie@ﬂg chain
branches have about t he sane conononer. distribution as the pol

backbone, afRtPEARan Ghvenif B IR BT EHEHE &R Y Bt BLOPPERYAS toaﬁéﬁ?eftﬂ%‘ same

length @ tie lcanR@inbbafedt h}]ﬁ)baﬂérynafm poaeit bong et ommtmngat thaebaabilly |ie
i i nrbackbone of substantla | i near ethyl ene ymers is Ilbstltuted W th

about 0.01 JhgHgCEHE kyr a‘hdh‘“eéll@éﬁodmtgaﬁ%nsbfﬂflfﬁafbé’ﬁtylegﬁbéﬁ@ RHENGT

branCheS/1Q99qﬁﬁ&@03§swﬂ%gxﬂﬁaﬁmp&ﬁﬁ&k@QkymﬁkﬁﬂhﬂQPHhu@n@%c%H@H&%ha'n

branches/ 1000 carbons to about ng chain branchesil 000 carbons, and

especial ly ﬁ?@ﬁM&H@G&h@i9®YE@h@m@h@PWHEFaﬁeh@em&G@@ﬁeaWb@ngﬁ%@dﬁﬁout 1 | ong

chai n_br anefeshd DR ARANS. cnyielibed IATRAGREAThY BLARENSHLRLII ene

pol yners are onogene us eth y ene po yners h possess s e c

br anche® addﬂnhamhameﬂthaﬂaoh@ﬂhﬂem3byﬂh@ﬂﬂﬁmréﬂ@ﬁhwb$qiﬁmgmbum®mp03|tion

di stributio X . T hyl epe r has a
CDBI greaté&’?ﬁgn orpoeSnlqeef “&§%§%§%ﬁﬁ%eﬁ'lm%§% &p§%$§l%P§%tgP (%gﬁ’or equal

to 70 per celmnchmxvfenghﬂ}elbeg clain/brgmobed ehyltivamsal podgoeal t o 90 percent and

csseHtiallv | ack a neasurabl e high density (crystalline) polynmer fraction.

[ 33] The rTiB},s de e L e | ecul es 30

havi ng a co--E%%onerE%%ﬁggﬁ%mkﬁﬁHﬁﬁbgghﬁgﬁ%gnﬁ%eggn%gﬁngg&%gﬁgoggl mol ar

co--nnnonenhﬁmNBEnmnamd:pe@nesemﬁmtwbamwﬁaniswnzbwnmh@fadnmnndm&ﬂ

di stribyi Onl ers 1 1\1/1\1%1 qor?/ 11%'a46$ran %gqgn%/ %:sge%g 0 m Ts. e. uniqu the

cO- NDNO Qf%%rlﬁﬁ i 0 B P P IR T S Py rlbl{loﬁ]eThe C1) 111

of pol yol efaheﬁncalasnrubmra:ccmh@edmexrsbdi ythelahic pblginedis hdwamagaiva aott aihplede-f r om

techni ques known in the art, such as, for exanple, tenperature rising

elution fractionation CTREF") as described, for exanple, by WIld, et al..

Journal of Polynw



5 Science, Poly. Phys. Ed., Vol. 20, 441 (1982), L. D. Cady, The Rol e of
Conmononer Type and Distribution in LIDPE Product Perfornmance," SPE Regi onal
Techni calwGandernessee, Quaker Square Hilton, Akron, OH, POTAKI@9(O&®I2 1-2,
1985); or in U S. Pat. Nos, 4,798,0817Mania, et al.) and 1.1.S. Patent No.
5,008204 - However, the FREE techni que does not include purge quantities
in CORI 10 calculations. Mre preferably, the co-nmononer distribution of

the pol ymerpis& &@&brﬁérah@el@ h@!ﬂgng&aM lBa&'hé(ﬁeth Sile- @sé%@ﬁﬁéﬂ@ﬁl&éﬁtu\%tt h

t echni ques des for exanple, . 5. Patent . 292, 845 (Kawasaki ,
et al.) andubjinkcd. R&hadiondddnhRayo dﬁﬁéﬂﬂb%ﬁtalhmematepﬁy@roduezegpolm 317.

[34]the ter erlﬁ%@éreﬁqpﬁpa'me?@ﬂfe 4 35 RTRASAEANS | AnbLafGhgtnl dmgRr et hyten
ta-ol efin polyner yner d"that fthe efin nmeans pol ymer has a

honngeneousdlﬁﬁremetsmﬁlbsﬂmehmg bm@wa*talhgimmetteriiﬂb ogsilemintanathyilenic pdgmérc* ui cr  has

a relatiy t he

| i near et hy\f] ))SIC% %%Fyr%ga(r%talreg& g‘é Jg%gglgnﬁdgloeé ﬁl%l%ghlleagcmagﬁlélehg
characteri ztwdecmol)amrab@bmteepméesbibmg thﬂnahwtltmrlamdhsemlgqolyﬁmh poI ynmers can be
made using 20pol ynmeri zati on processes (for exanple, as described by Piston)
whi ch provide neously
branched). | n[ﬁflue poTh?reﬁ{é?z%%e?%ﬁkﬂér&g%gog%%g}g%@l& g&gfngyﬁlhflé‘% %ﬁﬁmgﬁubl e
vanadi um cai.@l isibogty K108 g6 1@ nenwisse as measmkléys%&ﬂerl@]S&%QSw hoaelvEX), ot hers,
such as Mtsyi Petrochem cal Industries and Exxon Chem cal Conpany, have
reportedly uSed so-called single site catalyst sysiens to nake pol yners
havi ng a honogeneous structure simlar to polynmer described by El ston.
Furt her10 Ewen, dithgdene-based Poly@erfat ent No. 5,218. 071 (fsutsui, et al.)

di scl ose the use of netallocene catalysts for the preparation of
homogeneous! y 44 anchSg i1l RUMCHRRAL YIPES prebak SRRBAEAUSYuLr anched
| i near ethylene polyners are typically c aracteiP ng a nol ecul ar
wei ght 30u &fdlyskut meinllockpe |av' yarpfliuielpsed rranglSsitep cathlastabloy ¢oasigaingdn 2. 8,
11101e pl -€ S [35]1In

di scussi ng %e?ﬁ?gé Sl)n{g]ﬁ%?[ene ?atg\e\gxpo ggrregﬂlg&%%g lielclgésgr?gg(?é%%glgﬁ%%#g |y
branched | ihigtaﬂerettmpobmelde: YHPPE) end ﬂlomgewet@usityypdjy@ldeed(ULMEar

et hyl en e ot ref er ure.

pol yet hy enemt\/\% Oﬁ)yo e\fﬁlﬁdr\}\%u Phdse™s kluﬁuf%elg eth Iee§(§1r fntt) mer?furrer ous
| ong chal n dmmam}‘oedefuhmter@lyanﬁs,aﬂpmé homb;e)btr&rrmandnbﬂeﬁxgelmemjs | i near

et hyl ene pol yner™ generically refers to both |inear ethylene honnpolyners
and to |inear hyl e olefin inter r near

et hyl enet a- ol g‘lt] n i ns erta%(l) ﬂeet\emgeng%us?g%ng é{ﬂ’grqe baﬁe% %Oef%r?%rnclhmda hne%f t he
aolefinis lbwpalemat}l yol&éthﬁﬁ&S@LLﬂD‘P@) G3Ca OO\aGleesflllynpc(l)fetti’[ylfﬁma(mmﬂ}PE) perrldpyl ene

1- but ene, hexene

To[36) The pFECENCERSH TORGvEa HBRERdY kgl OFF BN B Spger o by
using "2C nmﬁigeaazlegegNeﬁta Catd1g% ma@dws:eer(sM bﬂalﬁbus psotis as@opw4aneni smdquant i fi ed
usi ng the net hod crompt Ghent. Phys., C29, V.
283, 285-29yca @?cdﬁlioﬁg?b%hgﬁht% h aﬁéfl@)é‘é‘?‘ﬁ?s P%Ple%:?&fe&r% ni ng the
presence ofA$mg12931@u 2.6 &pehe$90 FO)etiykRPE, Rl idBihdex (1)Gé BemNBout
ethylenel | -octene 15 nterpotyiners, Iwo such exenplary methods are gel

perrneai on ChioAR USSP 8HAY THBHIBY edetgiopsneauy knganeHiylene- %aé%jr POlyRy¢Fs 1%at t eri ng

det ect or (UPQe_lan&hec&@w&gﬂcﬁs%blﬁ%ﬁmt/MO'TrdﬁM%ﬁ% o aphys goupled with a
differential visconeter detector ((RCM The use of these techniques for

| ong chai n branch detection and the underlying theories have been well
documented i nl%he | i T8t difcar sthylsae: baﬁeérpob’%ﬁ}aé‘ copipRisq wipits desiged; Hgm

St ockmayer, ol ofHmore &-SHIBMofdMfers ad fongl 30 ek Y4 Q) leadndo RRAE ipdscedt , Modern
Met hods of Poil Ytner Characteriztuinn, John VI\T Y & Sons. New York (1991

103- 117. [mhymesizad ethylessaponessaét the Bely@etant i al |y |inear et hyl ene pol ymers
are hunogcaeo-aslv branched et hyl ene polyners and are di scl osed M both U.S.

Pat ent [26] High density polyethylene (HDPE) may have a density in the range of
about 0.94 to about 0.97 g/cm3. HDPE is typically a homopolymer of ethylene or an

30  interpolymer of ethylene and low levels of one or more a-olefin copolymers. HDPE



95 Nos, 5277,236 and 5, 278,272 (both Lai, et al.). Honobgeneously branched
substantially linear ethylene polyners are avail able from The Dow Chem ca
Conpany oNokb@yamai M chi gan as AFFI NI TYTh pol yol efi n plrastuscews3@nzl
ENGAGETmM pol y-ol efin el astonmers. Hono§eneously branched sub.:M.3. M),

| i near et hyl ene polyners can be prepared via the solution, slurry, or gas
phase 30 pol ynerization of ethylene and one or nore optional a-olefin
conmononers ddfRGelRf R3HE RAELRhchBcha RN $E1ARINE thIERIR! Edpofidtedl ¥iSlinylSich as the
met hod di scl osed i n European Patent 0416815 (Stevens, ‘et a WO

2009/ 114661P¢PneIspnog/odedogorelnfess HpRE ¢aarhesompesed of jegethan i srolafid

" het er ogenegugl vhiQUANEN#in R nblALoffif cGhiithffe pol yirer can be
characterized as a m xture of interpol byner nolecul es having vari ous

et hyl ene to conononer nol ar ratios. Heterogeneously branched |inear

et hyl ene pol yRdls ar &ingdiaj ¢ladens-Hapesim reaemad ws@he rds c dine@openyleastys DOW.EXTm
i near | ow g0l ohe PAUXAENKNCAG AN dosn ATLANET Sk ULt L Rarh QWi AGHST oy

pol yet hyl ene Tesins. Heterogeneously branched |inear ethylene polyners can
be preared absence helogpichain branclyng,in gondiastga sophasmablovyarestdlizatyi bishlof et hyl ene
and one or i ! i §E§%§ i e L Zi egl er
Naha catalfg%%ﬁggg%%%ggéggighghwgsggggp |sc[o§§8&)ﬁwgéiﬁ%%fgmﬁ%?@4,o76,098
(Ander son, tesedapolymers Guch &t Br.bge e bs Ipyepbred nidh edut@inl Myky| @, gggglhyseer s ar e
typically characterdzedan.0a% g dTl gyl W gl Slfd BULONG

1S/ Rvi i ki n,P¥¥om“abou J@F@ 0 about" 4 T°ana, “as Slich, "are dar'st1 ict from
subst ant( al Zigglbi-Naar cablpyt] épeprpcdsyayesush assd afeodivgedsed oins DyS. bPaceched | i near

et hyl ene po inh reqgards  to t h compositional ,short chain branching

G o715 bt | ot Bk vap o REkiihef PRBRR o o7 Post B s Brfeackit ol

vi scosi ty ohatttis, ehbyhen@ethases pejaydien Sird ouhd US) @dicn280.t Q9L

55, 000, 000 ¢P as asured at 177 C using the Brookfield Viscosity nethod as
descri bed iﬂhVHé*%EEt Met hods seciion. [4010verall, the high crystallinity,
et hyl ene- hass have a density of greater than or equal to about 0,89 g/cin3,

preferably grgsier tham-okefieqo@bnoner abtave!Gor &3thpRi #6MR toalidcapsoaf er abl y

l ess th or equ 0.about 0.97 gicnB. Preferably, thgse polyners have a
agi st ) 't AT batE R0 i GHEE SETERBL R RN Hehes tEEN s Bot or i ned
by the Densfiteynpie} hotkfascod@s6ménd aidluds, Buere s limived ogepplesd, il Maentl ghl y Long
Chai n Branched Ethyl ene-based Polynmers [41] Hi ghly |ong chain branched

et hyl ene- basBEthybl VRERS I-ReOERS: asMPBW DEEHS; irefisl-VaeHsicehdexampPE) , can be

made usi ng geplthdht NERRII-8- pRAEHE STt HIntAL 8-oclcad ICRIncA) 8 MesdnkY1-t O
pol yneri ze therne nmononer. Typical polyner density is fromabout 0.91 to
about 0. 94 dpdesege. Fisgadesoneddrisicadpeensl echdacetreandnl cliaipae. a GoaInergifldex (11)

from abgut &a&%leg 0,20 GdAr Je‘i_’[gfléﬁ/e—%gsem Enyﬁl%rs |thdt ialghliﬁ[tellpgf}ﬁlef‘sh%l@ucfér a_nChed
et hyl ene- based polyners such as LDPE may also be referred to as "high
pressure etAYTANE™SWlpal Lomer BensityelingaigPelkethyletse Goodlymer POWIARX™y or

' pr oseur au RRYEE 1 B4G0, e EPEK IR ool M4BT Blabiid o802 15"

available from The Dow Chemical Company.

[29] A copolymer may incoporate an o,0-olefin comonomer. Examples of

25  straight-chain or branched acyclic diene compounds that may be used as an a,®-olefin
comonomer include 1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene, 1,9-decadiene,
1,11-dodecadiene, 1,13-tetradecadiene, and lower alkyl substituted derivatives
thereof; examples of the monocyclic alicyclic diene compounds include 1,3-
divinylcyclopentane, 1,2-divinylcyclohexane, 1,3-divinylcyclohexane, 1,4-

30 divinylcyclohexane, 1,5-divinylcyclooctane,  1-allyl-4-vinylcyclohexane, 1,4-
diallylcyclohexane, 1-allyl-5-vinyl-cyclooctane, 1,5-diallylcyclooctane, and lower

alkyl substituted derivatives thereof. Other suitable dienes include bicyclo-(2,2,1)-



the use of free-radical initiators, such as peroxides (see, for exanple,

U S. Patent No. 4,599,392 (MKinney, et al.)). The process creates a

pol ynmer woho@igmiciii cant branches, including | ong chai nporarsedwes3c02 [ 42]
Hi ghly | ong chain branched et hyl ene-based pol yners are typically 5

honopol yners of et hyl ene; however, the polynmer may conprise units derived
fromone or nore a-olefin copolyners as long as there is at |east 50 nole
percent pol yrri ;@Qn@t(m&&ﬁrﬁléﬁem@ams& df BBt MIXRE - and dloﬂ?:ﬁﬁs] hd nom%'r s
that may be used in formng highly branched ethyl ene- base ol

i ncl ude, butvogfraingbring daubleciynglsy sucy-ap thefrpastied pivderrepgined 9qore<99.tilng>/3/ having 10
no_more t NagiahnfRRRONH O BRodk Ry SXATR £us.d. Ben W0 SCOmRNAIRSS, for
exanpl e, nayrlﬁogr\lle 3 to 10 ggcr on at ons %n t% dFternatlve the a-olefin
cononomner s,r}apbthalémarﬁfzﬂr@oun@wnhmwﬁe&m@ fm Hendditions( m@%é)négedrrylga ol efin
coononey s S b e Yl &iAShil Llohehdi G oBY ARVARE 1-butene, 1-pentene,
1- hexene, 1-hept ene ene, i ecene, and

4-nmethyl -1 -pentene.In the alternative, exenplary 15conononers include, but
are not limt&Wlto aln 18-t urtedwEs: CBc¢Earboxylie aei s, etideysarti cul ar
mal ei ¢ acid, fur cid, | ] o acrylic acid
and cr oton:jh(:( I}g}%g g%r%@a e ﬂ(’)l’r“@%ﬁgi& &j?‘lig{ﬁng{g{; ﬁ’IF)éVE%gq{Eg &(‘;églfb%%yl iC
acids, for xemampslna wnis dbe matsedit @é@ltﬁmmmfmﬁcyItwrmﬂaézpmogsmgrssathyimxpart| cul ar
gtsf‘lg[ ?rfet ﬁ;cr)y?eaz-t 8r %‘EOHB)ﬁ%HGIOu% ﬁ%eﬁy’g{%}fﬂe ﬁuhi?eip%%%twe 8EL ?%E%ng? DLITF',[ h?r;{ Klyﬁte
acryl aty) etdiyheracryl ate n-butyl acrylate, 2-et hyI hexyl acryl at e,
tert-butyl acryl ate, nethacrylic anhydri de, malcic anhydride, and itaconic
anhydri de. ot he ternative, t noner.s.-incl ude, but
are not |inmi téﬁﬁ] \ri./Il1 %LI ﬁi:Si%ll:?)‘gcl)txf At ug“% 4@? 1? ﬁgmbﬁ m%cet %t‘”g I n

anot her al taehnfasbmv’&gooemewpl anye hecd)ntbﬁemasmmelmmem lhmg xﬁﬁiﬁ othibgm ted to,

n-butyl acrylate, 75acrylic acid a Cc ac [ 44] The
v AR B TRt B A S R S R o A o
reaction pl’ﬂ@;&&Ss\Mah hmtehe ihic@hiu)&;;béraﬁ@h‘ﬁdiuethyl efesbagedinpol ypBEse [ n ot her
di scl osgg cesses, et hyl gne basied olyrrer may be farmed in situ and
in the Pt %’éﬁ%é‘“o’f’“% H V SN a et By FEhet BREBEC SIS RE T tHi n a

wel | -stirr eﬂ)i‘hﬁ&@h@lﬁboﬁucﬁld d«f@h%@Q&é@M@@:&R&%U&Q@%Q36Qﬁan 4 asea tubul ar
reactor or an autoclave reactor. The hi Iongt chain branched
et hyl ene- bals&d" go| e eis o B rasty T }f‘ﬁéi"bii”é@e‘?‘h‘i GFYethyfaed.  The [45] The

et hyl eni c pqhwarm&@m%@amﬂqhﬂ;dtab%@&eﬁmﬁﬁ &M&hhykﬁw@@uu Fi.gwr@sul give a
general representation of free-radical eth yFene pol ymsrlzatlon to forma

long 5 chafi-?l bpasbn Prermcs [P EUERIE Kethor heae © %%%Vlﬁéﬁ@‘ BEdedBEkymer site
of formmng 1%&@%&-&‘8@%91& i%n*ﬂ)ﬁ»&a@k)‘%nFl@;lasé/ﬁﬁ'ir%mgh@i(?(%r@%\ﬁ@h@?cn&bog{ pggsses for
formation of the ethyl ene-based polymer, the substiluent highly branched
et hyl ene- badedt potyhes 00andurbdhe rangonbitenatly offoiintedoshd.di Setiosddinet hyl eni ¢
pol ymer may; Y 4 N of di nent process, an
et hyl ene- babsrgg'h % (((Marb[) QLT%%t %gfsn sC %&E}lﬁ% Flwﬁgﬂeﬂl o is formed.

Et hyl ene- based poI yrrer 100 may be fornmed by several di f f er ent pol yrer
processes, i n&ldidi ngHopweenseesiy i Pl t eth‘»iaﬁfga;gﬂqdﬁ@SeafﬁolhyWéﬁﬁz@tsl on
process, a élllsq&{eypo@x%lléf{rﬁﬁ! FALI0N ”ho%{)%ﬁxsﬁm&@g 1&1 $9l 4t 'LQHg&%% by &
polyner|zat|on process. In" sone i ments e et hyl ene-based’ pol yner 100
is forn¥d imt 1&&&é\eﬁzaahaluempemfa*e@smhExainim aih gficpoliyier sha hatthqmiyﬂttiake t he
{/EBQEO]C a 11?)&%&%ﬁ?§%sl2%sfogradtpr anm&; ogéagpto é}f&% I?Pgmhilg I?PPE"I E:han &DPE and
et hyl ene- basedt gor’ynmLeﬂzOOnaﬁmrmrhierahb'ommesemnam emﬂaot‘abtpezchydmigen 101 as
ShOVVn I n FI{.QS H % ¢k lﬁi d”s 1§ g ?i(g? 1t ge /SLQ } 11 ¥, 1%‘ ﬁ(rls an area, SUCh as
a reactor, T WHI'CH ft é” PRI Ca FEryneris P”c?ﬁ of efnyi'ene nmononer 200
into a hlghly Iong chai n branched 70ethy|ene based polymer 300 is

support ed. (331 48] Abe §0¥8 ipdifned duthiengeighirsrestiap, thapdlyee-maidiidal beari ng
mol ecul ?U Su‘vgg as co-mnonomer content within 50 percent of the median total molar co-

maonomer content and represents 3 comparison of the co-monomer distribution in the



a peroxide initiator breakdown product or a grow ng, highly Iong chain
branched et hyl ene-based pol yner chain 301, interacts with the

et hyl ene-waed/padeyner 100 by extracting the extractabl ecysea@gessoddl and
transfers the free radical to the ethyl ene- 75 based pol ynmer 100. Met hods
for extracting the extractabl e hydrogen 101 fromthe ethyl ene-based pol yner
100 include, but are not limted to, reaction with free radicals which are
generat ed by, henol el Sakdyink! BAVIERGBLEsH 88 5 (heLuiing E%‘Qﬁmm The

per oxi de- contalnlng conpounds or azo-containin conpounds) by external
radi ation. CDBE[4ojolygielgst it & spewnshiarcabnbsdi rent dpr d&%@@sﬁ e

et hyl ene-baggg,, {%Ql 5 YHEL n3191190 L{Jr&ﬁ‘?fmc@ﬂp[ &%% ah{n@aq Gal Lzed §idg 102 after
hydrogen extraction, as shown in Figure point ihnh the process,
and in the mm@s@ﬁ@e(dﬁﬂﬁﬁhyh@ﬁeﬁk@ﬁmheﬁmah V[FQ@O@Ml1&@6&@@ﬁ?¢%@@09/036902

15 growidg, . hi Y1) eng ghain t b |- in 301 or
ethylenépnn%éﬁgrI§809?ﬁ?§€agtl qgﬁbfﬂ%?z g%ggﬁ?zggg f9)¥n§ 1%P%itach to
(via pern1hﬁfxon$‘@$w@omwam Ibﬁ@rdhahmfBcﬁwuhnﬁthﬁBﬁghﬂpthﬁ@ﬁhzat|on) The
oot ons DL ueeT FLALP B AR GRCHD SIS, Al she sam
enbodlnent<@thwhenﬂ@hgmnymm&h40@zaLlnaaﬂ,SOPmtmnhéﬁiiﬂﬁ“ﬁma%@nmmﬂlnent

et hyl eni c t he ortl n of the resultant pol t does not
con?ain a ﬁ@ﬂ%@ﬁfofw|§ﬁ§TCHa 4Bt a éhé§”46%deH§”%Téﬁ%ﬁ@ﬁypﬁrti 402 of
the di sp) oseduekibyd, eniic: p@{ymﬁx 400 dosnéeicpanddiemonfoit he sesult ant pol yner
t hat does contain a nunber of |ong chain branches 403. 10[51]In

enbodi nent PrEEEEd Usige %t%‘y‘ﬁefﬁ% ‘B‘é%d‘%&l“;?h%ﬁ“’ih eHEpET éﬁ"%g?‘tdeliﬁ’ial ly to
the reacti o RHRCASS SUSKL: o, iGmm%khﬁa@ﬁhﬁﬂkﬂﬁ?hn£$$ykeﬂhﬁmﬂQhY@Br
conbined in a conmon reactor in the presence o et hyl ene under free-radical
pol yrrer i zat Vietioeshéiti-drgs . il “Subj ect ed t o process conditions and
reactants to effect the formation of the embodi ment et hyl eni ¢ pol yner.

15[ 52] I n anot ey enbadi ment: mt}ﬁh@a&smt;hamhughl% Jﬁongﬂe;htabmm;anghed

et hyl ene- based pol yner and the ethyl ene-based ymer are both prepared in
di ffereht forRapdepart sreafet Hecgansy piedeessn ap ma% emeﬁérﬁh@o%ﬂliéﬁ t oget her
in a comon,downstseampaldiel $NeRHOGESS vialclille sRESISACanAS ety ene
under free-radical polynerlzatlon conditi ons. The et hyl ene- based pol yner
and the subztingdat 2 gkl g (oRY PendienoBranchedcerhirefiasbdsedspol yner
O R S N s s

t hese f orwand ar edetricon:faleaschom i@@n@fsn%r edacheppiyiranspor tediado wnd conbi ned
in a doynstré on.area. or. . AN nes f ne under
free- ra%p1 (%%%%%%ggﬁé%&?%ﬁ 5ﬁé§%8%ﬁsif%g 2%?ﬁrt§¥§gtﬁglﬁ %ﬁglgn of an
enbodlnentaﬂ@BnetﬂyhedwaapamyMBmahﬁMMane@mﬁmgﬁswﬂsfbadduﬁbonhﬂﬁﬁresh

g;[_ h)zlloﬁgg Itg ‘g%’%li”d {%t érgg E)I%ieetgﬁgedf fan Sohy 1e ‘vamhmm f"‘fla h&d%%tgﬁ%mf;%og ?{)ﬁgs
chain branaheﬂ1etﬂyhemekbas@dmﬂonymena kﬂurheuemhylEh@mb&&ﬁdh@@myner and
the reaction.of  eth r.directly with the th I based pol ymer
ot or m t hel B ST GaLA BT hy FAFE OrRers ety Seer 45T beasten. ot

| east ome ofaidihe sprraduct BikeegmBmés divinhea ﬁ@rﬂw@mﬁea@m@ﬂ @nh@asor zones
is treated bﬁfore reaching. the domnstreanlr acn%on area

neutralize !?é§ﬁﬂﬁ@'8?%ﬁﬁ%¥ohﬁ%?% AL < hi |Fth§0d mﬂ?%ream
reactions. (1\W:200941146683RCH: Y2009 03604 lﬁa@ﬁ*?*]ﬁhyW%ﬁ%r@ﬂ@Q%nﬁnt insitu

process, the ethyl ene-based polymer is created in a first or forward
reacti on ar®RWPIrBHE PSR lAsTa PGS POl | eSO oRHY BpstkediirFart of a

tubul ar reagtAfse FhEnkBSULS 3icBY OBSlisLE LM Lisithen nﬁcr}&;@ﬁp%&eﬂ to a
downstream reacti on area or zone where there is a presence of ethyl ene at

free- ¥ raditeaitopoMyiér Pzt ibﬁﬂwwdﬁiﬁ‘i‘i@ﬁrssﬁ ﬂfﬁheéﬁe%’ﬁﬁdﬁt«id@hs‘b%&pﬁort bot h
the formation of and grafting of highly Iong chain branched ethyl ene-based
pol ymer to the ethyl ene-based pol yner, thereby form ng an enbodi nent

et hylenic polyner. In sonme enbodi ment processes, free radical generating
conpounds are added to the downstreamreaction area or zone to facilitate
the grafting reaction. In sone other 10 enbodi nent processes, additional
fresh ethylene is added to the process downstream of the forward reaction
areas or zones to facilitate both the formation and grafting of highly |ong
chai n branched et hyl ene-based polyner to and the reaction of ethylene
nmononmer with the ethyl ene-based polyner to formthe disclosed ethylenic
polymer. In sone enbodi nent processes, the product streamfromthe forward
reaction area or 15 zone is treated before reaching the downstream
reactlon area or zone to neutrallze any re5|due or byproducts fron1the

. - 1 o



20[ 54] For produci ng the ethyl ene-based pol yner, a gas-phase pol yneri zation
process may be used. The gas-phase pol ynerization reaction typically occurs
at | ow prweweed4aiit h gaseous et hyl ene, hydrogen, a cat acyais:eygss@m for
exanple a titanium containing catal yst1, and, optionally, one or nore
conmononers, continuously fed to a fluidized-bed reactor. Such a system
typically operates at a pressure fromabout 300 to 75about 350 psi and a
tenperature fram abowt 80,.1Q:@00uUbeal 00y cdernldor RELQAKCT NGe t hems

et hyl ene- based polyner a sol uti on-phase polynerlzatlon process may be
used. Typi carmpz e@ewimbw%és@eércetbﬂsﬁq polgmgie| - Spcpedopdadrrhsiuch as a

| 00p T eact Of, Of o AISRAEHENS BACHOF Bhol RIPEIALHEE L OMAROKL.TEALR about 575
C, preferably fron1a out 57t0 about 205 C. and a pressures from about

30 30 to aboth B000Owpse thopr dfiériabliy fy orhaaboete: @0 19@ dBoutra®B0s. plsi . The
resi den t tes
preferably ?%E%féﬁd%%afglﬁgﬁg‘%%?h? %f%g?g%ykggﬁwf %Qggiﬂ%ﬁg “%catalyst
and optiondkﬁyhmmeubﬂuwdnEK@vﬁn@ﬁ@@ﬁm&%@@ﬂ&ﬁﬂ%m%ﬁﬁwﬁmG@ﬁ@ﬂ@u&7 Ee@nononer s
are fed contlnu usly to.t r.ea Iysts i.n.thes
enbodi nent s H F 1X’“T”tm"eafrné\'”not m %H"B&m}%w af”ai IR PA e elr ai ned
geonetry, amdurmﬁald; G’@ﬁl‘ﬂi@w G ataad st s{ EXG@[}@Y\)YL?&Q{U%ept@yEDmQ|1L'td&‘;1x but are
not limted, to, ra F h solvents are comrercially
sl abl & uhidiertReRRiRG 6 RS Re L BRkGHREBI Chem cal Gor, Foust on
Texas). The resultant m xture of ethylene- based pol ymer and solvent is t hen
renmovedld r om {ise rea&h@pnamdLbhen@omymﬁnahsumsem&teﬁunﬁﬂhyemmhﬂ&mtypicalIy

recovered via a s r eceo eré unit, that is Qgﬁé exchanger s, and vapor

l'i quid sepa%ﬁ?@fﬁa?ﬁﬁ?‘éﬁ§ i's i b§5T%8”Bd&VmF%fd BOIYNEFT 251 I'on system
10[ 56] Any  satiahséldesdsmet ﬁednm bectisadof aﬁndaﬁe{qhmgmihemei hyieenwpas ed

pol ymer into tor. ere it may be reacted with g chain

br anched et%§1én§%§ Bfgﬁﬁrﬁﬁﬁ ?r@Wﬁﬁﬂ?@“Wﬁﬁ“ﬁﬁé?E%§%§HWW§¥g“the

et hyl ene- based.pobymes ahén REQOUGEH MSIAY BLERAS, PRAREPEOGESRSL-olhR

et hyl ene- based pol ynmer nmay be dissolved in ethyl ene at a pressure above the
hi ghl y 1%ngmeﬁaii‘»ﬁmbﬁr ar’ié’i’?eﬁ"’étcﬁw%lﬁe Hesed a5 0\%&%&“% Qé%f@%?“iﬁ?béssur e, at
a tenperat ufg.Rt J|ieastioh gib;aeemg@ughn&o%@ﬂt&s@w& thewihyhene- based pol yner
and at concentration which does not |lead t0 excessive viscosity before
feeding to ﬂﬁ@uwvghﬁymF@ng%@havﬁﬂﬁiaﬁéHedﬁ@ﬁﬁyﬁeﬁeﬁﬁﬁseéﬁaéwyﬁéﬁ—reactor
[S71For proguei ng: e fl.ghly.t ;e ﬁ}%kghgﬁ@aﬂ&t?ﬁgct&&@}{|d§<§‘§;clﬁﬂ§§gn1@0| ynmer, 20
a high pressure, free-ra nerization process’is typically
used. Two difdfrer amte bxrﬁfgneﬁwieeswwdfm e‘e-lrtadiiuceaheﬂ At xamed. polyrferiizat i on
Processy| ypen A&, KOQMy n /L he. L1FSL. LYPex, atoagl Latedaul og) aug vessel
havi ng one or nore eacti on’zenes used he aut ocl ave 'reactor normally
has sever al Mempdct/iionpoilitsicfeoraion tdhat\Wwrieo&k Smrover Yodeds?! oddbot h. In

t he second fype, a j acketed tube is used as a reactor, 25 which has one or
nor e reactlon zones. Suitable, but not limting, reactor |engths may be
fromabout 100 to about 3000 neters, preferably from about 1000 to about
2000 neters. Wé begknniﬁgﬁbﬂ a»weacmb@mﬁm@ndkwm'%ﬁ%@%rp@@p@moﬁmreactor is
Ceite];1lyrggeby EE{ s gnwu&iv YJm%glIledOth?Lne woi ?{I‘f‘s a1 dif_a%b(,]iﬁgbég ug E]vlgfg;]iet%ﬁtg?nggf A hi gh
pressurﬁiprbeﬁssyﬁameben&aﬁiweﬁzouwﬁuﬁABOauhbtlaMemoamﬁmbUl&mnﬂeﬁctors or
in a conbina%jog.gf @utocg@% and tubul ar tors g C r|5|ng one or
more react i ‘OH Z81es. MO IB0ET 11 %%efbéﬁtis 97 03660 o T%’ﬁ

enbodi nent progesses, Midmedcaliahyst Qr ARFNIRRTOr phigoll:Ng e@hxedmmlam to t he
reaction zone £ radi cal polynerization is to I n ot her
enbodi ment weg’@&eeﬂ “f)ﬁéme*t 1y 1 e - DESEE HOrYNErhEy B@“f"éb‘ﬂ Hi:“&‘“’t he
reaction systemeatolyhernt omef gherdieadt oke systiem aneynae Lor magkewi thin the
systemitself. 5 Ternmination of catalyst activity may be achi eved by a
conbi natl orPBfHI- ety dhehyrng %‘h%é?%t‘h?*@? ‘F%’Pﬂi‘iﬁeo%id%éo?laﬁ?iﬁ%? in the

pol ymeri zat{:0R-R06} 1:0RsRfraib e L&aGET 0Nk, By eedhngidufiat iatifkqi At o the
reactor dissolved in a mxture of a polar solvent such as i sopropanol,
water, or COHVRREPEREIO4HH B3I sokvent s such as branched or unbranched
alkanes. [ 59] Enbodi nent processes may include a process recycle | oop
to i nprove



10 conversion efficiency. In sonic enbodi ment processes, the recycle |oop
may be treated to neutralize residues or byproducts fromthe previous
reacti on wopceh@/tilatt nmay i nhi bit polymerization of eithercrhms2@vhydsene- based
pol ymer or the highly lIong chain branihed ethyl ene-based pol ynmer or inhibit
the reaction formng the disclosed ethylenic polynmer. In sone enbodi nent
processes, fresh nononer is added to this 15stream [ 60] Ethyl ene used
for the produgtg on ofipethyl eneshased Pl EBLS O oMighlYcH-@ngeghaln branched
et hyl ene- based polyner may be purrfred et hyl ene, which is obtained by
renovi ng pobarthyRpERRAES Cfy bhrhrrichopes ét:y(ﬂ'ﬂéméﬁt Pledfarar By Wgksigesa reacti on
system conf g ati0; SHelL Rt fhibr £8H: SLIY! eng. ;oswga% bk ki ng t he
70 et hyl ene-base ? i's not typical that pirified et hy ene is
required tohlrrakeﬂmegnl witlmmg %eahamhbkatr@hmdhetmr efrienbaiéednmlymer I n such
cases ethyl fhem ec J0R:, M S gy o ment

pr ocessests1 ngggﬁé P{Ssel Q? % éfﬁ%h @ﬁ%hﬂ%%{reo%%l ‘;L}ng?t Az% |o%§%111 ‘ggxtr%g?{éne in the
presence of; wtayuletdmylreme‘r bak’e@lmpmtqurmrbr@mthc@@mtayntehﬂ@at papnof c25 tet hyl ene
\Mth one Or““}l{r“iolt‘ei 1 q‘t %f 30, uﬂ'\ )T dI;] 1i é’?P{ Jasivat a?t;emolft %‘v L%t QX(L ene\ based

pol ynmer, prigvi-ded” 't hat™ ese oNno FEUREHOI YRR a8 & B ethyl ene
under free- Ili}&ldl(@jﬁhﬁ’ﬂ@fﬂﬂiﬁﬂ onﬁonomd‘u 1ghh¢)ﬁestsm ef @Cﬁ‘]dﬁ{ﬁl ons dalforim hi ghly

| ong chai n branched ethyl ene ased r 31 4 el 821 ,Chai n transfer agents
or tel ogens” TRy Sl 4 yipY é%t‘ILtb S?“duére W ol t‘=7§[0>$% ‘\'%Trt?‘nofexﬂrn a
free-raf calicipolyeisiZ Bl:haRd RIQCES qw»@ttar Rye t:g;aastgarmtamwkt s tReg
termnation of gro pol ynmer chains, thus |im the ultimate nol ecul ar
wei ght of  DEFSBHIY: %%éé?@é‘f‘i%s%ﬁ@ﬁo%@é@?‘“‘ig "tthé‘bﬁgr‘)}r?él? feit'el 7% . Chai n
transfer ageats: ate {oshheall Vidxdiegen atiomdonanssidateot) hedne@et Wi th a
growi ng pol ymer chain and stop the polynerization reaction of the chain.

For hi gh pri&sauréypreecyadrcal “gory ferPPatOiposiiead sbageht's Yairbbe of many
di fferent tMgﬁgmwﬁl&ﬁglmgﬁC§}%IM&@&%QEMEQ&QC&Y bons, unsaturated hydrocarbons,
al dehydes, 5 ketones or al cohols. Typical CTAs that can be used i ncl ude,
but are not Irmted to, propyl ene, isobutane, n-butane, 1-butene, nethyl

et hyl k&t one, 9 opi oR&f &é%’éfg’él“t‘saﬁ)&@ e NEBR o CREMCEEP Tel. 3Potand

i sopr opanol 2 {Eh&camesingo oef CICISA‘%-&BQﬁéésﬁ 1M chgsipy %%1%0&@1@19/%531@ 03 to
about 10 wei ght percent of the total reaction mXture. [63] The nelt

i ndex (M obelg) asolesaivgoiniirer st WhileHs tesi¢mversely related to 10 the

nol ecul ar weight, is controlled by mani pul ating the concentration of the
chai n transfegggagent oFQl, k5 88 RISy POhNERIH 2L i@ craf 481 JoReydonati on
of a hydrogen atom the CTA forns a radr cal which can react with'the
nonomer s, SRFAEH YR cAPREA A TPEr heT ok GENERlY Grespa IS §JvM B 9PErt a new
pol yrrerz(pha(r & L/Iﬁ'%sa;ﬁeﬁélﬁmhh%ss@ﬂ% J-Uneh LoRnal: Ql}@%ﬁxsprﬁégﬁﬁb' ﬂﬂeéehe chain
transfer agents wll be |ntroduced inthe 15 polymer chains’ A large
nunber of CQyAgS hfmrde&e:ntmlie)m phopyl Bhie adnd $UBurene WA ddrstravercan

Cherim cal | Jsah il Lad DR/l I ALSRNG HOPRL RAKELEA., the pol yier

chai n thensel ves, copol ynerization reaction ners produced in the
presence of chain transfer agents are nodified in a nunber of physi cal
properties such Highlydeng£hahi Brangheddpthylene-bpsed Bohmers such as haze and
clarity, density, sti ffness yield 20point, filmdraw and tear strength.
[64] Hydrogen 4'1 s beeny &Iﬁupﬁraﬂc&haétﬁyléﬁe%s%cdeﬁolﬁg&@t sucRrashib@h pressure
free radical yneri zat| on and in the production of t he hi gh crytallinity
et hyl en& ba@eatmmlxnﬂeﬂene CbRPEbranppe made wwecthighrprofairgyProcesadang feg-he

react i on zopgs,fcémdirs & grger%% RAE oBifer ST\ BRACERI RO i ng

hydr ogen to the react zone where catal'yst or"initia I's iInjected.
The final prbodus?l W@Iboutlorﬂiﬂcmorﬁhewwmmtmpb]eetbﬁléltﬁnlptl)r lsﬂ’rednhﬁ}tlfl@fedl ng chain
transfer a ‘rba? r I RV zation

t akes pl acg&ﬁItl?ggl(f%é))\5 t 1et%? ?%deqs%gq ggﬁ a@%}ar}ﬁg@% gghg%le%ltggec Pé

acconpl i shetdlsd:;ypdymerstsuﬂnjmePErmaynaleno bheefembml :csn“hzghmasssore d:ulyyléleedl ng them
to the ont . of the react i ment esses be
necessagr({/ SR e BT xt%%tsg iy F om roecen(t:1 ci][O men Haé/r

i njection S@pa]snmﬁzqdne\aﬁmblaee(oemeu]laureladum amfpre@iuﬂesr arbotzdne3,t)®(bpst1g euitdi of the
process. WD 2009/ 114661PCT/ US2009/ 036902 20 [ 65] Free radical
initiators that are generally used to produce ethyl ene-based



pol ymers are oxygen, which is usable in tubular reactors in conventional
anounts of between 0.0001 and 0.005 wt. % drawn to the weight of

pol yner i awbl2eoommssmer , and peroxi des. Preferred initiat @cs/mse@otnddsot yl
peroxy pivalate, di-t-butyl peroxide,13t-butyl 5 peroxy acetate and 1-bulyl
per oxy- 2-hexanoate or m xtures thereof. These organic peroxy initiators
are used in conventional anmounts of between 0.005 and 0.2 wt. %drawn to
the wei ght @f u&%ﬂf%&h@i@aﬂrﬁhﬁ@r@%ﬁ@ﬂ%perox1deg§s@]3 {5 PExaRBIOX Sl @aichi b at or may
be, for exang an organi ¢ peroxi de. Exenplary organic per oxi des incl ude,
but are not4 99rﬁ9t2e@’1<t1‘énn%fy@F iab))pel Bk iPaEsss eeaesy p Wgapeﬁrromﬂaéenlfmaetl Kyl

per oxi des, ﬂé(&%@soﬁtcﬂf&l gqiﬂ A lql%ggersbonat es, peroxydi carbonates,
peroxyesters, and peroxy &t a [67] Exenpl ary cyclic peroxides

i nclude, but are not I.|mtedto. 3,6, 9- .
triethyl-3,6, B ri methghly iong chairy ppaeksdoriirienc-tBseh pelywriscarperiisalifes, f or
exanpl e,s ar i gl a d’%ﬂﬁl TRLGNDX,301 (Akzo
Nobel ; A?r nhlg)rrrltﬁ)% 5T Fsh(g éﬁlgyg%érh%‘?ﬁ&e tﬁé%nnﬁérgﬁyél acgéﬁgesr%| des&lnncl ude,
but are notorei ¢f metk veolefi ¢a®lyHuery |a$rét>ltgyhheb@eme%/lay lgastr ok inefde pSigeri di acyl

per oxi des, gma'F avai | abl e under the tradenarne
"R GO\IOX %023;?‘%% k@g &l (‘?no gi’xgjﬂujcri’txal kyl peroxides include, but are

not limted to, 2,5- dlrnethyl 2, 5 d|(tertbutyl perox ) hexane; 2, 5-di

met hyl -2, 5 d[43dt erthmpereﬁ at Piakidg vyeteinorming highhyt brapgpied emleper oxi de;

di-tert- but n r kyI

per oxi des, (S)?Cplg{?ga}ﬁrr%quu%r gutca%”lm%?%l{l %P t&l&aé\}%({h& Ogl&lﬂln t|y ﬁgﬁlg' tTadenanes

TRI GONOX 100, manenke@\xo)canme LALOTIRI @@N@arlm the RPN @ongrid foTRKGONOX T ( Akzo

e SR AL YRGS OB RS 00A0 LLRGd  -ATY

hydr oper oxi fd:emplef oy éxanp ke caben glonNNE rﬁxempllaw tmmﬁh abinenanmaie inctude,

ey ST : PR T, TRl Kb P D eioed SERREY Y

2- et hyl hexyl-ne@snhfonaieesnet emntl - amdiperngeyiteRe. et iyl heX ylersaivborateplagnd
tert-butyl peroxy iso y|] carbonate. Suc er ox onat es, for exanple,
bre. contibr cioarymiss SRGRY bt GRER TEHE 45 o PaBETR Cr R RO £9105-TRt CENGK
131, and TRh@RK1aBRIaleid Atkdi quﬁt@@ehc)ld Et@eaml: aty, peylexysi, gatenat esid ncl ude,
but are not I|mted to, di(2- ethyl hexyl) peroxydi carbonates; and

di - sec- but y4n p%fP@%gfd?%%rdﬁeﬁ%{tSegf %@S%@@?ﬂl 166 PeTISASEY/ 636902 21
per oxydi car&@ﬁgteeensatl%ede@@; @arbﬁgﬁ‘c e@tmtest&t al! YargMadr! @l eoruodeg- t he
tradenane TRI and TR Akzo bel ). Exenpl ary

per oxyest erdkqngls| Qrct@hycw?s atreawarlmeﬁww ¢rylatee pthylgpgthacrylate, n-butyl

per oxy-zy etrﬂé’thél%lét@%f Fut 1trﬁéthad?ﬁ!(tla ﬁ&h?&%ﬂ@ﬂ@%%’ﬂ@@r&ﬁte 166 REMAce,

peroxypi val ate; tert-any Y per oxybenzoa tert-a per oxyacet at e;

2, 5-di met hyZ?cetBylse@ﬂ (aznyetmytfrhewwn@;yylpter msh)ﬁctrebtfaﬁehydneﬁr tmddeie yahhydride,

per oxy2 ! PNEXaRoahunherth Aithid uRELANY 1ROUREANAR Bpol Biks Rl
peroxyneohept anoate; tert- per oxypi va ate

per oxydi et hydt ace nait Jermttdetq, Vluwﬂyhrbp@rlwsylfsnbxm;m@t/myl acetate. In another
1,1,3,3-tetf, h b X t hyl hexanoat e; tr hbeutyI
per oxyneodeh et o8 Tfke e LA RIRAE gt dr uh B LRIR

butyl pz¥ ox%pf)atcapﬁ-ahai meebhbrylih&xanoat e; curryl peroxyneodecanoate, tert butyl
peroxybenzoate' and tert-butyl peroxyacetate. Such peroxyesters solvents,
for exanpl e, % cé%g%er cially avail abl e under the tradenanes TRLGONOX 121;
TRI GONOX 123; T X 125; TRI GONOX 127; TRI GONOX 133; TRI GONOX 141;

TRI GONOX 21; TRI GONOX 23; TRI GONOX 257; TRI GONOX 15 25; TRI GONOX 27;

TRI GONOX 41; TR GONOXhe 2thyleTiRbGONOKyARS ; mAFRPGONAXC e 215:forF Rir GENDMe 2 ;

TRI GONOX 99, Q%Q i ). Eﬁ(@i"

per oxyket al's I{-l-rtmt:l u e)%gocgsg%egﬁﬁg(t | iibtr:aelgﬁ%ﬁoe?hm%aged " B dtter

1, 1-di (t er tdisngskd @raoxssisc yied ﬁhﬁmedlp(ﬂyldél(ﬂney be Borimel pe rsgx yhd yrc klehexane;
1,1- diftert but l.per, c clohexan

2, 2-di (§ertprﬁset1 ) 5@%%1%%4 %ncg %érgt‘éetgylenfob c% per &thk 1%1 Stlrfe(a reacmérsrlf) e, are
commerci ally avail abl e under the tradenanmes 'I' RI GONOX 122, TRI GONOX 22,
TRLIGONOX 29, and TRI GONOX I) (Akzo Nobel). The free radi cal initiator
system may, for exanple, include a m xture or conbination of any of the
af orenenti oned peroxide initiators. The peroxide initiator may conprise
| ess than 60 percent by weight the free radical initiator system [68]The
free radical initiator systemfurther includes at |east one hydrocarbon
sol vent. The hydrocarbon solvent may, for exanple, be a C5 to C30
hydrocarbon sol vent. Exenplary hydrocarbon sol vents include, but are not
I | m ted to, m neraI sol vents normal paraffinic solvents, | soparaffl n| c

o P 1 1 . M ' " [T D oy r



hydr ocar bon sol vents such as isoparaffinic solvents, for exanple, are
commercially avail abl e under the tradenanes | SOPAR C, | SOPAR E, and | SOPAR
H ( ExxonMybi2b09/M@362009/ 114661 PCT/ US2009/ 036902 22 Chem ealr/uSeo0p/036bhe

hydr ocar bon sol vent nmay conprise | essl4t han 99 percent by weight of the free
radical initiator system [69] In some enbodi ment processes, the free
radical initiator systemmy further include a polar co-solvent. The pol ar
co-sol vent BMuRBargdthcl SPNPAuGRvE Aa¥@RT The Me1PTon8XRIR bfincHRd GhyleRe- C30

al cohol . Additionally, the al cohol functionality of the al cohdl co-solvent
may, for ex@agl olymees isderpedintenressede abethigne.j - f uncti onal . Exenpl ary

al cohol s as a polar co-solvent include, but are not |[imted to, isopropanol
(2- propanol ) 453l 'yl @h@&h%mﬁ%@m@f@mwgd i PRk otliiadR! FigfQpranol

but anol, 1, 4- butanediol, conbi hations thereof, m xtures thereof, and the
like. The pdrar sewrdarvenplaionalyirecomngietlsehylaspobmeizdpngerdeenht 19 wei ght of
the f rees racql'aﬁlalarah&i ot Q ra8¥ St AM linear et[hglglle—ﬂ_&@d %iy%{er Che S&fl Yoﬁ’fﬂingmy be an
al dehyde. Al dehydes are generally known to a persori of sldll in the art:

for exanpl esmypduyping pdlldekyebnvey Odensaboduyery paesiesses fu-fomajentof thdowever ,

t he reactivj t f - - ' fer oul d be
taken into %%%%ﬁﬁ%g Sﬁhﬁgfﬁg5§§@ﬁ9§§3%ﬁ9§%§h§%&%@P%?&%%?gﬁﬂ%%ﬁﬁg. 15Such
reactivity tpat embisdtionarte thgeliveloadd ephykgndowplymerangyexson of skill in the art.
[71] The polar co-solvent may be a ketone. Ketones are generally known to a
person of Skifgin thea gt SXAMRGenREREARCH Ol ISR AOKCEALHGAN ey be
used as pol ar co-sol vents. wever, the reactivity potential of ketones as
chai n t Hansk®r asatpewn sn Kigongl Ioh, heformakde nEthylen:-besebpmymenhié meyibegosuedh ket ones
as pol ar co-sol 7 vt ential s.ar ener.al known to a
person of s i%W&%ghﬁﬁgmgig&gw¥%ﬁ%%%%*f%ﬂgg%%qéh§§d¥%%%%gb%o%% éé?, the free
radi cal i nipadlabaizasys tperessaye Slurty hpolyoeomgprios epreceshaind tr snhgfosrbasgent as a
solvent or as a blend for simultanepus injection evi ous di scussed,
cha nt r anstRp RGeS uhsihf PORRRmRAL A SR ESHBL AR 1 B The art
and t hey i niohdiein Dudpasireepioadss.| iBxhmplds bD polpmerpahe, miysakattenerm o2 acet one,

propyl ene, isqprqpanol, bu e-1, pj o , g t hyl et hyl
ketone.ﬂfn %@ﬁgFﬂgﬁgéPb?ﬁﬁH@?ﬂﬁéﬁ%@@?gc%%ﬁﬁéﬂﬁgﬁggéP£g>Qﬁg'nay be char ged
into the reactor via a separate inlet port fromthe initiator system In
anot her enbodi4mnt pimeesspnd sepabh ahr anisfdanenageodessyadic behyddrertded wi t h

et hyl ene, pressurized, and then inject into t reactor. in its, own

Chi 2ot on Syl 108Gt i e AaaE b Yoot A IOhR fn Bl ¢ 1 at or
ma?/ initi alql“ne &Eyl&}jezl&gédlﬁ(dylﬁér td edasl a}lmr@, IoWycahr @/c@ameﬂar,}siﬁlmm fre@nd t henda
pol ar co-sol vent ed to the WO 2009/114661PCT/ US2009/ 036902 23 per oxi de
P01 1 at or /S cTISBH STV ARSHTR GIETSF PO M4 WG RS CPHB PR A cal
initiataw sysh&RafdDolyer BOD ¥RBFJorad.i on reactor. |n another enbodi ment
process, a peroxide initiator may be dissolved in the hydrocarbon sol vent
in the presen of a polar co-solvent. 5[74]The free-radjcal initiator used
in the pr ocesg‘&llray i AL E9AT ROTRLTIRS g‘fsts@ﬁ’ %gfe%)'ﬁadf‘ﬁ bqafl%glpfe@ﬁﬁ)ﬁ}l - based

pol yner by extlomiat iimgatbihBregdotvaciradlce oh Y drogRB, hibBIN IHAE chdif ®fnched

et hyl ene- based pol yner. Exanple free-radical 1nitiators include those free
radi cal i nithdstsresqsralinerishyin dP5duswey Widuybhehyleprsbassd adymeniPOyo

conmpounds. Jxi.&AFBhOLRRERERPELFRN01 RLE GERIES the (RBITZIiIND J @dkdllepdl My al so
be used to free the 10 extractable hydrogen and create the radicalized

site on?t hebasechealyment ) Methpissied cpeicimehe capratile hydipgena0izonaihe pref erred
means of - exth achind Mg 5t HAGLRRL Sul YO GG RiedH G Pac@Sn With PQe Ry !

per oxi de, di-tea-butyl "peroxide, 1-butyl perbenzoate, benzoyl peroxide,
cunene hydrolpelr exi gemeratedplpt Yomplsneadly sdtasing maelhgples efdryinstkree o peropde-oxi de,

t2’e?£ d'bgf; Ihyc]oh?aiéﬁgdc%trrﬁa%hﬁcﬂ Wt Yho- RALANNG OSRA0Gs) bW &lerBEFQNLAE. and

[49] In a third step of an embodiment process, th ethylene-based polymer
30 100 further comprises a radicalized site 102 after hydrogen extraction, as shown in

Figure 1C. At this point in the process, and in the presence of ethylene, either a



15peracetate, t-butyl u-curnyl peroxide, di-t-butyl peroxide, di-t-anyl
peroxi de, t-anyl peroxybenzoate,1,1 -b

s(t - but ylywenoowii4@13, 5-tri nmet hyl cycl ohexane, a,a' -b i s@Ca/useanglop@nbdxy) -
1,3 -diisopropyl benzene, a, a' - bi s(t-butsyl peroxy)-1, 4- diisopropyl benzene,
2, 5-bi s(t-butyl peroxy) -2, 5-di net hyl hexane, and 2, 5-bi s(t-

butyl peroxy) -2, 5-di met hyl-3-hexyne. A preferred azo conmpound is

azobi si sobugrm goﬁtgmw)@g cﬂaméhuhte@t@ ngmﬁ@t)@sw% ?mtpthattmﬂ & aRfagi ment

processes include an ound or conbi nati on of conpounds that is adapted
for prepar |rngn0@@|r>2%rr§erécfts Hb tiparsilicdired sifp U tPidgachole (Vi permidlioheer t he

et hyl ene-bag aﬁ’&l YoREh Brah b tﬁ't%u%{%h NHerl206h) € féa&[oﬁpﬁé}%gen%g& §pe- based
pol ynmers. Bot tgerogeneous an geneous 95 catal ysts d combi nati ons
t her eof , rrafyldtié raypicoytesdverdlnings mathedrodic wthylenpbercd selemer. het er ogeneous

cat al ysts including the well known Ziegler-Natta conpositions, especially
Group 4 gTet al (44! T degigSHPRP(HRA 138 RRoPol TR Lilboll e U8R 1 Gfc 1561?11%& hal i des
and al koxi des and the 'well known chrom um or vanadi um bdsed cat al yst s,

be used. IM(@orien@np@r@pwéﬂt obthe cebedisient deylone adlywesiilos theswrimayotbe 30
homogeneouSnt Ak SATRA LSLN Bk fh 2HLNEL%: RHGE, B BANGIELAL | 1, Compound
or netal corrp especi a npounds or es based on netal s
selected f rbrm@@gp:mos#lﬂm otirthet ¢llecld>se§1 a:tttylmm 1@téym@r40ésis thef poropre of Hen one
catal yst is us 14 CT/,US2009/ 036902 24 is
preferred that tagtrPopyme ﬁ%%?emcont?manamﬁ%t()%o E i E%H T %@gt rimental Iy affect
t he performance of anot her cat aI yst under the condi tions of polynerization.
Desi rablly, noldat al y&t an @nlbedliu@edpionesa,cthb\ﬂth}ﬂtenbyba@detaﬂmertihememﬁdper cent,
nore prefer e n r

pol yneri zat f%gerr]Xall%thEtﬁﬁ Fea&tﬁ)? preLcof: sg rﬁ{egggtf%t!ﬂ{;a% ﬁtﬁb%?lrr?egpgt'h%%ﬁ)lc ogflrjneE found i n
U S Pat entcoﬂ‘ll(b&;nedSJ,nZQ&oﬁﬁlﬁbn( teactpr an thd p)eselﬁﬁZGfSﬁtBY]Ene( vader fp¢e- lal:ltcal

6, 054, 544 (Flnla son, 6,335,410 Fln son i al.): 6, 723, 810
CFi i ayson PLMEAG gsdidis, hie SpRdR (bl G RS R mbs i BB Ol 21 %)’
2007/ 136497th¢ K@mz@n @ttheadmbhodin200athla6bpdyfhionze, et al.); 2007/ 136495

(Konze, et al.); and 2007/136496 (Aboelella, et al.). CI her suitable
catal ys found in, 10U Patent Pub HeC 200 /0167578
(Arriol ? et 5%2? ?‘b]a %tg%rrrgrel lgilent Hrtocesr olt:esg hg’ lon Ch ' % t4 on cat al ysis

pol ymeri zat atmneqarba@telsmlym;y atxethel Sﬁgilefl@basb(ﬂlﬁolj/mémé b(ﬂh] pfa:barednel diffegrhmr
Cr YR el b TR P B3, POV IEL BBy S GRS, TEnL r ocesses.

that woul d desirdant M dfNMBYT prbéeeS ih Nhd Peesence of ethylene under free-radical

polymerization conditions. The ethylene-based polymer and the substituent highly

20  long chain branched ethylene-based polymer are made in separate forward reaction

areas or zones, such as separate autoclaves or an upstream part of a tubular reactor.

The products from these forward reaction areas or zones are then transported to and

combined in a downstream reaction area or zone in the presence of ethylene under

free-radical polymerization conditions to facilitate the formation of an embodiment

25  ethylenic polymer. In some processes, additional fresh ethylene is added to the

process downstream of the forward reaction areas or zones to facilitate both the

formation of and grafting of highly long chain branched ethylene-based polymers to

the ethylene-based polymer and the reaction of ethylene monomer directly with the

ethylene-based polymer to form the disclosed ethylenic polymer. In some other

30  processes, at least one of the product streams from the forward reaction areas or zones

is treated before reaching the downstream reaction area or zone to neutralize any

residue or byproducts that may inhibit the downstream reactions.



15 ethyl ene feed and degradati on products fromfree-radical initiators.
Control of the anount of polar inpurities fed to the front portion of the
react or fwo 200pe11e@nget catal yst efficiency coul d be acceaomlussied3dyy:2
controlling the ambunt of polar solvewt used in the initiator m xture and
by the anmount of material condensed in the process recycle streans. A type
of coordination catalyst nmay include constrained geonetry catalysts 20
(0G0 as descridped iy b oA Mot Hodl? R3C AR Bpdlier R ef er 1 ed
catalysts in such a COC system may include I'he gerier al |y of zirconium
catal ysi s W‘Ir@qﬁeq)]npﬁémt, [or éqaré/,qfﬂ TepGUpArfden o FEEutHCAgs a first autoclave or an
bi s((2- oxoy. I phenoxy)
pr opane- 1, Zl;pé ﬁ%?%tc%{nalmgﬁnl]n %I \)§ lf%i )ﬁg?%gyIﬂ any#)%&t t%eqﬁlt 1@%&1%&&%&%&%
oxoyl- 3- (dl%éwmrQMQwﬁ@I ered oy Yyncbwheretthoye )qohem;ze.nyce@f pHelox ) fite-ans- cycl oh
exane- . 2-d i ecause they
are known to lﬁ%\}%ll);ﬁ%%%t éI}l%lgﬁgﬁsc elr?{éoSépoﬁ?&m%ld ?upéé \é% P(gfé %%%Lea }Ogldcl%?al
i nitiators dndagrafgenef hngblydamg)dmirr rdiabad sthyledetbeed pelymnDMe ofhylsoé-ar
inmpurities |necfhe ) otenti al kgdlmrlﬁ of hl use . of nore conventl onal
y]em

n
cat al ysts posSsi l%’fﬂé’ ﬁxaere}%1 dfo of "ea’bSHCCERter & CePOI%lIHl caI gener ators
i ncl ude azwmnpmmndﬁpcdsml lfﬂbb nepdizal gemeratingmcbleﬂodnds @aZ cadded - tos tHeut yro- 30

nitrile. h conmpounds nay have al f-1 onp 05|t| nte rature of
Chout 50 ¢ ORABSETDEE o B Gone 39 B 4 HE B MR oSGt B | el ude
di met hylo di gphiaythenbptoadess, sddmainByresdicfHyRmAY lis d.’&lﬁ&ﬁﬂ)ethe @faﬁegﬁelbwmiehmes
thereof, may be used to reach suitable half-life tinmes under proscrlbed

operating crbs {rBHE reaciey detg)r £oRsd9 Berisbohdhoiosyenagd eraflipeef] |

enbodi nent QERAG @&@e&aﬁmhmwethgleﬁ@%b@?somtﬂalo £t @é YetionSsichh@ereat al yst
may be activated to forman active catal yst con£05|t|on by conbination with
a cocat al yshongsesathahe gthylepepgseth Pplymas I‘?gfo%élﬁ’t pajesed eRylehic grlyneewi s aci d,
or a conbi ngth,QP ehBEiRRA: pr&ékée@%@p&@&@%@éaﬁﬁfr&nft&r folSRd kdAGlidtdge @ ymeric or
oligomeric 5 alum noxanes, especially nethyl alum noxane, as well as

i nert., 1xon49ae isgreated heleeosrdingzhe fryvnsirenm f%@tmnﬁgea@éﬁ@wmeutraw ¥l | ed

nodi fi ed Iy

cocat al ys':relre gg&ee (tﬂegﬁ}r? ?‘3%%%8& !;\J{r e6%1!}3??1%8&@133%”&)@%?0&&9% glr?%? r?ga;gl?leg is

di scl osed igthylgheSasq@apelpmer Iﬂormaﬁom4m6584ftl®gr dpblghbfl long| cl)am Arannfiadoxanes can

al so be nad I |n L o 10 al.
avenpor tmo €a .1t L e qlo T c S yenmcr qymer
noncoor di nati ng, boron conpounds, such as perfl uor oaryl borane (B(C61415) 3)

and the I ass - ( g t

tal | owa yI ) n{asqﬁuyl agﬁgﬁ}g&ﬁ% '? fr? Pg?%eﬁsnguﬁ%bﬁg%ﬁ%g%& tneeélzau hi ch are

m Xt ur es ofpro@spinex bs uwidt Mht Iges- gfelafep@iymeﬂzﬁtlmhemtmaltypitaﬂly(mcureat low

(1 RONCH31- F B Cel175 . Ot her

br of or red ACarS YIb ey HEFKT R PRA P &l e B Sl By

2007/ 016757(8)nta1n1ng cEaYaBi'st Iands@menaenfoonh orandre RHMOREBES cominmoeﬁﬁ fadgoai ds, such
as plast|C| ers | so. he included in the enbodimen I C polyner

o oduct . THEGw G e R g BT (P ea Lo § RPTS 6o ¢ L el at o6,
such aS25dI cubbyd35prptslrbahatten@mmélfﬂoﬁmwﬁtwotphnsd*man(a{m} natural oils such as
l'anolin, and paraffin, naphihenic and aromatic oils obtained from petrol eum

refining, and Jiquid_resins fro rosi r ol umfeeds ocks enpl ary
F hsaee ot or 1381 eus b oSyt ath oo Rl ReB M e RRR g Buah as
KAYDOL oi | ﬁ(ﬂ}iﬁﬁzuﬂi(ﬁl feodeps maybeolahl @ bDypyGallCown. a)prevask dotlirk bl EX1-283:d1

napht heni ¢ oi | gtg ubr| cants; ustont Tex.). Another sui L@n@e oil iIs
TI JEFLO oi Irei‘(‘l_%)fostlil it a QBreRAN L2 FBLIE g tor b eyuiperature %r?@] abopt

enbodi nent @b@@ﬁssespre@fﬁbgmmaﬁo@u’vwdoeﬂﬂbﬁ zpslo(yraaﬂat AeQuick @ahedow th one or
nore stabilizers, anti oxi dants, such as | RGANOX 1010 and

| RGAFOS3(E683O(‘€15‘B%I‘H§B@%P%H H’f9fe€9ﬁb/nﬁf%la20ut@é‘t gL g, Psswihepidensayime) n - 30

general , p%ma{§pafcess it gdmemhowd 1 b A8 @(In{mﬁ@s Slcplpivhy BEMSbBEf Ay @ an
extrusion or other melt processes. In other enbodi ment processes, other

pol yneri c aadabt i20eminugs) udéhylpigy whenhotatdlysti el apgonallyt preyiopl @ere| j ght
absorbers, antistatic agents, pignments, dyes, WO

2009/ 114661PCT/ US2009/ 036902 26 nucl eating agents, fillers, slip agents,
fire retardants, plasticizers, processing aids, lubricants, stabilizers,
snoke inhibitors, viscosity control agents and anti-bl ocl dng agents. The
enbodi nent et hyl eni ¢ pol yner conposition may, for exanple, conprise |ess
than 10 percent by the conbi ned wei ght of one or nore additives, based on
t he 5wei ght of the enbodi ment ethyl enic polyner. [ 80] The enbodi nent
ethylenlc polyner may further be conpounded In ‘sone enbodlnent ethylenlc

o " I o o o



15conpri se from about 300 to about 1250 parts of calcium stearate per one
mllion parts of polyner. Uses [ 81] The enbodi nent ethyl enic pol yner
may be empbay@xdiiugsia variety of conventional thernopl astce/usaiwios@dt on
processes to produce useful articles,17including 70 objects conprising at

| east one filmlayer, such as a nonolayer film or at |east one layer in a
mul tilayer film prepared by cast, blown, cal endered, or extrusion coating

processes; apletledr &rk %@%ont%faeﬁgba% BhO V0B de@xerﬂpﬁw%ﬂa@@mml ded. or
r ot onol ded articles; extrusions; Tibers; and woven or non-woven fabrics.

Ther nopl astqr@b@m@gn@v@mbm@mm ligiitad ta, Kiselerbati, PepRira@edh geaaiity, 39l yner

i ncl ude bl th r S ti a yners,

addi ti ves, e@géitl lhﬁé%lcﬁéﬁggenﬁxeﬁﬁgaﬁ ?élotl)\ﬁhtrs e}s{{a}su{a gntbﬁtagl%it ﬁl{oit/ellgﬁﬂ%ﬁ? Jl) oxi dant s,
st abi | i zer sisopauifionsaritos exaxanddr ]lveors gsstdnnkerislly btadwple gndey éivt mmeand

pl asti cigzer t p used in

pr oduci nsgzg flﬁggﬁg [(gg%lotn Mbr llgggﬁg&agt%%r@hg@ ﬁ%%gs)t ﬁg%{ﬂtﬂ%}{m%rﬁ%ep%‘reed from
t he enbodi rmhbﬂeretﬂaydd@wil}ane.%@mbstmr is drenb:d:remﬁts fltohethemfactpm;ﬂduhtep(ﬂyraq:rl e fibers,
tOW mJl tl Clg) 1SO ate ol er}lg?stp te O redt a Og nOfI WE.H tabl € fl ber
form ng procésses |§1 1§ QW Ehi* "o V@Bb’?eﬁvf%ﬂ @t/ 036902 27
mel t bI own dxeldngéerguasl, vapbrdh@ﬁdi o&pﬂauon douid, aRat sntecNasd b4¢184ﬁ)t,05&{é (Appel ,
et al.), 236%220 Wsneski, et al.), 4,668,566 (Nohr, et al.), and

4,322, 027 (HQ Hzaligy sYSilin fibers as disclosed in U S. Patent. No.
4,413,110 (Kavesh, et al.), woven and nonwoven fabrics, as disclosed in

U S. Patent. N®] 3, 4&5;/7s(ﬁﬁat(1ewmy@thodoma§tlfeuastedrfes fedamlgaﬂie ditiydeneshasdd fi bers,

i ncluding blends with other, fibers, such 0 e nyl.on or cotton,

t her ot of et A oSt Mk bRk s S S e B brTshs PR BrPttions “and
CO- ext r usi csbylereadasad@iydtbr.ardd exhi@ple, i itk diﬁf&\hﬁherdthb sth@iehe-BiseCpdlypad yarns or
fibers. The enbod nmenl ethyle y may be used in a variety
of filns, lﬁcPFqﬁlB%‘iﬁldJSB‘ﬁta %‘?‘61? e ey %(18 quﬁepgg gﬁ?ﬁyﬂlﬁy’fnﬂ Ae disgdYedat i on
shrink fil rﬁﬁ,etgﬁ&{e aiShrEGlre 1Bold ko hﬁ;hiyagﬁ fdhlaﬂisbraﬁéﬂe@t&méi@qﬁwd films,
seal ants and aper backsheets. @4 e enbodi nent et hyl eni ¢ pol yner
is al so %seﬁqhxmqrnre&t?fepreéﬁUFeeéf delrgreigiEe abMantc Aieh gmeuehTHe disidvdihvent

ethyl eni ¢ pQhMERIbak& PSIGhbY ah®lat Woh@nARnCRRICE ERAlHoNdeaPRF Btde@fie, 1N
shedt. extrusion for vacuum form ng operations, and form ng nol ded

articles, ivieosith brjoreHecdirgetoghe jhig c@éﬁhﬁﬁlb&nﬁ@ed Bhdonerhsbadl pRIYPeocess, or
15 rol onol di.goor ocesses. Conpositions conprising the enbodi nent ethyl enic
pol ymer can also be fornmed into fabricated articles using conventional

pol yol ef i n processi n% t echni ques. [85] Other suitable applications for
t he enmbodi ment57&t hy| &f Rrogsingriag highly lengechain bssnchedrqtiepe aspdfnobystes,; sof t
touch gﬂpdsa h@H%&sﬁﬁe tffégtrﬁth@ii lﬁﬁthat&fi %ﬁé‘lﬁﬁ@h proBes@ Ry bR s'@@.n%/%s gaskets
and profil hesi ves (I ncl udi ng nelt adhesi ve$ and pressure
sensitive atiff@rgnt\lesl) prefsowst iwesarndicd] poliyed pejywpratigpresesades odnpwmer s) ; aut o
interior patt o] f Qa0 ( e J ) inpact
nodi fiers ?I%rtﬁ%?iﬁg t}‘yehéﬂr rLT%&1 ez;lsat IC agQQQﬁngrlngSgc%Q%? H@Q dtg(rﬁfsg)ngsel

pol yet hyl ensed.i s”lihba@@tqctaV@mdraym mpgthaéhehasaﬁvemlhajecmremlmts pfolt ymtmt(sr orcoat ed
fabrics; ho n t he |l ner and

Vi scosity |1§ged>?lerrro%Fd ?%rrﬁé\%? Ps%leksgé glg gaCk%%Ht “ gec} rer seaCP)

| ubri carft s.which his8m} of-tbtehresctivn eatese Stitabfe, blh@lOE]lﬂlhmldg meqtoréénayisemyc pol ymer

uaes. “ror dxanmnabSutBRe uidaFRR ERtEh Y i Fel AWTE s 2Bk "S o0 be
f or med usi ngettfRe The beginning of a reaction zone for either type of reactor is defined by the
side injection of either initiator of the reaction, ethylene, telomer, comonomer(s) as
well as any combination thereof. A high pressure process can be carried out in
30 autoclave or tubular reactors or in a combination of autoclave and tubular reactors,

each comprising one or more reaction zones.



30 present polyners or formulations conprising the sanme. Frothed foans
conprising the enbodi nent ethylenic polyner can al so be forned, as

di scl osedwono®di4déubl i cati on WO 2009/ 114661PCT/ US2009/ @86a3200283d4902

2005/ 021622 (Strandeburg, et al.). Th8 enbodi ment ethyl enic pol yner may

al so be crosslinked by any known neans, such as the use of peroxide,

el ectron beam silane, azide, or other cross-linking technique. The

embodi ment et gy eni clrp%uéa%e&aﬁoéks%s) tﬂ@cﬁﬂ?sm(ﬁ%lhytomquebt@&jpr1§1u&h as by
grafting (for exanple by use of maleic 5anhydrid VAH) , | anes, or ot her
grafting agéntriyactipm|zeefe wheicolice edicabpplopmerizypp Oﬁé‘?l nmdltﬂed otIﬁe@th%fhem cal
nodi ficati o ;%}z odi nent
et hyl eni ¢ po I?%g%%ﬁ%QkES%fﬁg?Pgﬁﬂggg%?gg% dﬁﬁI@gggfﬁﬁft%pﬁ?aFBErs, such
as organ|cfUmﬁmnﬁngaﬁput@hm@w@k@ssyﬂﬂnmﬂdmngﬁdmyéwmmalwpswﬂmanmdﬁIdioxide,

I i di
zeol 11 osy  PRUARLAM TPLALR wcd0uO 8RN SRl RS OAN Sul LRSS hig R4 N0

| on or
pol yest er dﬁmgmn@ﬁmmanbeﬁb@e@u@hmﬂwnmﬁmuom@qm%mxﬁamdmaokmcnbhfaﬂagklf|ers,
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[64] Hydrogen has been shown to be a chain transfer agent for high
pressure free radical polymerization and in the production of the high crytallinity
ethylene-based polymer. Control of the molecular weight made in the reaction zones
for disclosed processes may be accomplished by feeding hydrogen to the reaction

25  zones where catalyst or initiator is injected. The final product melt index control
would be accomplished by feeding chain transfer agents to the reaction zones where
free radical polymerization takes place. Feed of the free radical chain transfer agents
could be accomplished by direct injection into the reaction zones or by feeding them
to the front of the reactor. In some embodiment processes, it may be necessary to

30  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.
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5  peroxy acetate and t-butyl peroxy- 2-hexanoate or mixtures thereof. These organic

peroxy initiators are used in conventional amounts of between 0.005 and 0.2 wt. %

drawn to the weight of polymerizable monomers.

[66] The peroxide initiator may be, for example, an organic peroxide.
Exemplary organic peroxides include, but are not limited to, cyclic peroxides, diacyl
10 peroxides, dialkyl peroxides, hydroperoxides, peroxycarbonates, peroxydicarbonates,

peroxyesters, and peroxyketals.

[67] Exemplary cyclic peroxides include, but are not limited to, 3,6,9-
triethyl-3,6,9-trimethyl-1,4,7-triperoxonane. Such cyclic peroxides, for example, are
commercially available under the tradename TRIGONOX 301 (Akzo Nobel; Arnhem,

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

20  peroxide; di-tert-butyl peroxide; and tert-butyl cumyl peroxide. Such dialkyl
peroxides, for example, are commercially available under the tradenames
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

25  hydroperoxides, for example, are commercially available under the tradenames
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

30 tradenames TRIGONOX 117, TRIGONOX 131, and TRIGONOX BPIC (Akzo
Nobel). Exemplary peroxydicarbonates include, but are not limited to, di(2-

ethylhexyl) peroxydicarbonates; and di-sec-butyl peroxydicarbonates. Such
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peroxydicarbonates, for example, are commercially available under the tradename
TRIGONOX EHP, and TRIGONOX SBP (Akzo Nobel). Exemplary peroxyesters
include, but are not limited to, tert-amyl peroxy-2-ethylhexanoate; tert-amyl
peroxyneodecanoate; tert-amyl peroxypivalate; tert-amyl peroxybenzoate; tert-amyl
5  peroxyacetate; 2,5-dimethyl-2,5-di(2-ethylhexanoylperoxy)hexane; tert-butyl peroxy-
2-ethylhexanoate; tert-butyl 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-
10 butyl peroxy-3,5,5-trimethylhexanoate; cumyl peroxyneodecanoate; tert-butyl
peroxybenzoate; and tert-butyl peroxyacetate. Such peroxyesters solvents, for
example, are commercially available under the tradenames TRIGONOX 121;
TRIGONOX 123; TRIGONOX 125; TRIGONOX 127; TRIGONOX 133;
TRIGONOX 141; TRIGONOX 21; TRIGONOX 23; TRIGONOX 257; TRIGONOX
15 25; TRIGONOX 27; TRIGONOX 41; TRIGONOX 421; TRIGONOX 423;
TRIGONOX 425; TRIGONOX 42; TRIGONOX 99; TRIGONOX C; and
TRIGONOX F (Akzo Nobel). Exemplary peroxyketals include, but are 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.
20 Such peroxyketals, for example, are commercially available under the tradenames
TRIGONOX 122, TRIGONOX 22, TRIGONOX 29, and TRIGONOX D (Akzo
Nobel). The free radical initiator system may, for example, include a mixture or
combination of any of the aforementioned peroxide initiators. The peroxide initiator

may comprise less than 60 percent by weight the free radical initiator system.

25 [68] The free radical initiator system further includes at least one
hydrocarbon solvent. The hydrocarbon solvent may, for example, be a Cs to Cy
hydrocarbon solvent. Exemplary 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 group

30  consisting of n-octane, iso-octane (2,2, 4-trimethylpentane), n-dodecane, iso-dodecane
(2,2,4,6,6-pentamethylheptane), and other isoparaffinic solvents. Exemplary
hydrocarbon solvents such as isoparaffinic solvents, for example, are commercially

available under the tradenames ISOPAR C, ISOPAR E, and ISOPAR H (ExxonMobil
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Chemical Co.). 'The hydrocarbon solvent may comprise less than 99 percent by

weight of the free radical initiator system.

[69] In some embodiment processes, the free radical initiator system may

further include a polar co-solvent. The polar co-solvent may be an alcohol co-solvent,

5  for example, a C; to Csp alcohol. Additionally, the alcohol functionality of the alcohol
co-solvent may, for example, be mono-functional or multi-functional. Exemplary
alcohols as a polar co-solvent include, but are not limited to, isopropanol (2-
propanol), allylalcohol (1-pentanol), methanol, ethanol, propanol, butanol, 1,4-
butanediol, combinations thereof, mixtures thereof, and the like. The polar co-solvent

10 may comprise less than 40 percent by weight of the free radical initiator system.

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

15  Such reactivity potentials are generally known to a person of skill in the art.

[71] The polar co-solvent may be a ketone. Ketones are generally known to
a person of skill in the art; for example, acetone or tetrahydrofuran 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.

20  Such reactivity potentials are generally known to a person of skill in the art.

[72] In some embodiment processes, the free radical initiator system may
further comprise a chain transfer agent as a solvent or as a blend for simultaneous
injection. As previously discussed, chain transfer agents are generally known to a
person of skill in the art, and they include, but are not limited to, propane, isobutane,

25  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 embodiment process, a
chain transfer agent may be blended with ethylene, pressurized, and then injected into

the reactor in its own injection system.

30 [73] In some embodiment processes, a peroxide initiator may initially be

dissolved or diluted in a hydrocarbon solvent, and then a polar co-solvent added to the
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peroxide initiator/hydrocarbon solvent mixture prior to metering the free radical
initiator system into the polymerization reactor. In another embodiment process, a
peroxide initiator may be dissolved in the hydrocarbon solvent in the presence of a

polar co-solvent.

5 [74] The free-radical initiator used in the process may initiate the graft site
on the linear ethylene-based polymer by extracting the extractable hydrogen from the
linear ethylene-based polymer. Example free-radical initiators include those free
radical initiators previously discussed, such as peroxides and azo compounds. In
some other embodiment processes, ionizing radiation may also be used to free the

10  extractable hydrogen and create the radicalized site on the linear ethylene-based
polymer. Organic initiators are preferred means of extracting the extractable
hydrogen, such as using dicumyl peroxide, di-tert-butyl peroxide, t-butyl perbenzoate,
benzoyl peroxide, cumene hydroperoxide, t-butyl peroctoate, methyl ethyl ketone
peroxide, 2,5-dimethyl-2,5-di(tert-butyl peroxy)hexane, lauryl peroxide, and tert-butyl

15  peracetate, t-butyl a-cumyl peroxide, di-t-butyl peroxide, di-t-amyl peroxide, t-amyl
peroxybenzoate, 1,1-bis(t-butylperoxy)-3,3,5-trimethylcyclohexane, o, 0’ -bis(t-
butylperoxy)-1,3-diisopropylbenzene, o0’ -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

20  nitrite.

[75] Suitable catalysts for use in embodiment processes include any
compound or combination of compounds that is adapted for preparing polymers of the
desired composition or type, either the ethylene-based polymers or the highly long
chain branched ethylene-based polymers. Both heterogeneous and homogeneous

25  catalysts, and combinations thereof, may be employed. In some embodiment
processes, heterogeneous catalysts, including the well known Ziegler-Natta
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 some embodiment processes, the catalysts for use may be

30 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 one catalyst is used in a system, it
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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
5  catalyst systems may be found in U.S. Patent Nos. 5,272,236 (Lai, et al.); 5,278,272
(Lai, et al.); 6,054,544 (Finlayson, et al.); 6,335,410 (Finlayson, et al.); and 6,723,810
(Finlayson, et al.); PCT Publication Nos. 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
10 U.S. Patent Publication No. 2007/0167578 (Arriola; et al.).

[76] In some embodiment processes, a  coordination-catalysis
polymerization process may be used for the formation of the higher crystallinity linear
ethylene-based polymer. In such embodiment processes, such catalyst systems would
have a suitable tolerance to polar impurities that would result from impurities in the

15  ethylene feed 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 catalyst may include constrained geometry catalysts

20  (CGC) as described in U.S. Patent Nos. 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-yI)-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-cyclohexane-

25  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-

30 nitrile. Such compounds may 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.
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[77] In embodiment processes employing a complex metal catalyst, such a

catalyst may be activated to form an active catalyst 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

5 aluminoxanes, especially methyl aluminoxane, as well as inert, compatible,

noncoordinating, ion forming compounds. So-called modified methyl aluminoxane

(MMAQ) is also suitable for use as a cocatalyst. One technique for preparing such

modified aluminoxane is disclosed in U.S. Patent No. 5,041,584 (Crapo, et al.).

Aluminoxanes can also be made as disclosed in U.S. Patent Nos. 5,542,199 (Lai, et

10 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¢ls)s;) and the class of compounds

known as (bis-hydrogenated tallowalkyl)methylammonium

tetrakis(pentafluorophenyl)borates, which are mixtures of complexes with the general

15  chemical structure (|[R;NCH;]+[B(CsFs)4]-, wherein R may be a Cy4, C;6 or Cig alkyl.

Other preferred cocatalysts may be found in U.S. Patent Publication No.
2007/0167578.

[78] In some embodiment processes, processing aids, such as plasticizers,

can also be included in the embodiment ethylenic polymer product. These aids

20  include, but are not limited to, the phthalates, such as dioctyl phthalate and diisobutyl

phthalate, natural oils such as lanolin, and paraffin, naphthenic and aromatic oils

obtained from petroleum refining, and liquid resins from rosin or petroleum

feedstocks. Exemplary classes of oils useful as processing aids include white mineral

oil such as KAYDOL oil (Chemtura Corp.; Middlebury, Conn.) and SHELLFLEX

25 371 naphthenic oil (Shell Lubricants; Houston, Tex.). Another suitable oil is
TUFFLO oil (Lyondell Lubricants; Houston, Tex).

[79] In some embodiment processes, embodiment ethylenic polymers are

treated with one or more stabilizers, for example, antioxidants, such as [RGANOX

1010 and IRGAFOS 168 (Ciba Specialty Chemicals; Glattbrugg, Switzerland). In

30  general, polymers are treated with one or more stabilizers before an extrusion or other
melt processes. In other embodiment processes, other polymeric additives include,

but are not limited to, ultraviolet light absorbers, antistatic agents, pigments, dyes,
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nucleating agents, fillers, slip agents, fire retardants, plasticizers, processing aids,
lubricants, stabilizers, smoke inhibitors, viscosity control agents and anti-blocking
agents. The embodiment ethylenic polymer composition may, for example, comprise
less than 10 percent by the combined weight of one or more additives, based on the

5  weight of the embodiment ethylenic polymer.

[80] The embodiment ethylenic polymer may further be compounded. In
some embodiment ethylenic polymer compositions, one or more antioxidants may
further be compounded into the polymer and the compounded polymer pelletized.
The compounded ethylenic polymer may contain any amount of one or more

10  antioxidants. For example, the compounded ethylenic polymer may comprise from
about 200 to about 600 parts of one or more phenolic antioxidants per one million
parts of the polymer. In addition, the compounded ethylenic polymer may comprise
from about 800 to about 1200 parts of a phosphite-based antioxidant per one million
parts of polymer. The compounded disclosed ethylenic polymer may further

15  comprise from about 300 to about 1250 parts of calcium stearate per one million parts

of polymer.

Uses

[81] The embodiment ethylenic polymer may be employed in a variety of
conventional thermoplastic fabrication processes to produce useful articles, including

20  objects comprising at least one film layer, such as a monolayer film, or at least one
layer in a multilayer film prepared by cast, blown, calendered, or extrusion coating
processes; molded articles, such as blow molded, injection molded, or rotomolded
articles; extrusions; fibers; and woven or non-woven fabrics. Thermoplastic
compositions comprising the embodiment ethylenic polymer include blends with

25  other natural or synthetic materials, polymers, additives, reinforcing agents, ignition
resistant additives, antioxidants, stabilizers, colorants, extenders, crosslinkers,

blowing agents, and plasticizers.

[82] The embodiment ethylenic polymer may be used in producing fibers
for other applications. Fibers that may be prepared from the embodiment ethylenic
30  polymer or blends thereof include staple fibers, tow, multicomponent, sheath/core,

twisted, and monofilament. Suitable fiber forming processes include spunbonded and
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melt blown techniques, as disclosed in U.S. Patent Nos. 4,340,563 (Appel, et al.),
4,663,220 (Wisneski, et al.), 4,668,566 (Nohr, et al.), and 4,322,027 (Reba), gel spun
fibers as disclosed in U.S. Patent No. 4,413,110 (Kavesh, et al.), woven and
nonwoven fabrics, as disclosed in U.S. Patent No. 3,485,706 (May), or structures
5  made from such fibers, including blends with other fibers, such as polyester, nylon or
cotton, thermoformed articles, extruded shapes, including profile extrusions and co-

extrusions, calendared articles, and drawn, twisted, or crimped yarns or fibers.

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

10 films, silage films, stretch hooder films, sealants, and diaper backsheets.

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

15 rotomolding processes. Compositions comprising the embodiment ethylenic polymer
can also be formed into fabricated articles using conventional polyolefin processing

techniques.

[85] Other suitable applications for the embodiment ethylenic polymer

include elastic films and fibers; soft touch goods, such as tooth brush handles and

20  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 and closed cell); impact modifiers

for other thermoplastic polymers such as high density polyethylene, isotactic
polypropylene, or other olefin polymers; coated fabrics; hoses; tubing; weather

25  stripping; cap liners; flooring; and viscosity index modifiers, also known as pour point

modifiers, for lubricants.

[86] Further treatment of the embodiment ethylenic polymer may be
performed to apply the embodiment ethylenic polymer for other end uses. TIor
example, dispersions (both aqueous and non-aqueous) can also be formed using the

30  present polymers or formulations comprising the same. Frothed foams comprising the

embodiment ethylenic polymer can also be formed, as disclosed in PCT Publication
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No. 2005/021622 (Strandeburg, et al.). The embodiment ethylenic polymer may also
be crosslinked by any known means, such as the use of peroxide, electron beam,
silane, azide, or other cross-linking technique. The embodiment ethylenic polymer
can also be chemically modified, such as by grafting (for example by use of maleic
5 anhydride (MAH), silanes, or other grafting agent), halogenation, amination,

sulfonation, or other chemical modification.

[87] Additives and adjuvants may be added to the embodiment ethylenic
polymer post-formation. Suitable additives include fillers, such as organic or
inorganic particles, including clays, talc, titanium dioxide, zeolites, powdered metals,

10 organic or inorganic fibers, including carbon 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 napthelenic oils; and other natural and
synthetic polymers, including other polymers that are or can be made according to the

embodiment methods.

15 [88] Blends and mixtures of the embodiment ethylenic polymer with other
polyolefins may be performed. Suitable polymers for blending with the embodiment
ethylenic polymer include thermoplastic and non-thermoplastic polymers including
natural and synthetic polymers. Exemplary polymers for blending include
polypropylene, (both impact modifying polypropylene, isotactic polypropylene,

20  atactic polypropylene, and random ethylene/propylene copolymers), various types of
polyethylene, including high pressure, free-radical LLDPE, Ziegler-Natta LILDPE,
metallocene PL, including multiple reactor PE (“in reactor” blends of Ziegler-Natta
PE and metallocene PE, such as products disclosed in U.S. Patent Nos. 6,545,088
(Kolthammer, et al.); 6,538,070 (Cardwell, et al.); 6,566,446 (Parikh, et al.);

25 5,844,045 (Kolthammer, et al.); 5,869,575 (Kolthammer, et al.); and 6,448,341
(Kolthammer, et al.)), ethylene-vinyl acetate (EVA), ethylene/vinyl alcohol
copolymers, polystyrene, impact modified polystyrene, ABS, styrene/butadiene block
copolymers and hydrogenated derivatives thereof (SBS and SEBS), and thermoplastic
polyurethanes. Homogeneous polymers such as olefin plastomers and elastomers,

30  ethylene and propylene-based copolymers (for example, polymers available under the

trade designation VERSIFY™ Plastomers & FElastomers (The Dow Chemical
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Company) and VISTAMAXX™ (ExxonMobil Chemical Co.)) can also be useful as

components in blends comprising the embodiment ethylenic polymer.

[89] Blends and mixtures of the embodiment ethylenic polymer may
include thermoplastic polyolefin blends (TPO), thermoplastic elastomer blends (TPL),
5  thermoplastic vulcanizates (IPV) and styrenic polymer blends. TPE and TPV blends
may be prepared by combining embodiment ethylenic polymers, including
functionalized or unsaturated derivatives thereof, with an optional rubber, including
conventional block copolymers, especially an SBS block copolymer, and optionally a
crosslinking or vulcanizing agent. TPO blends are generally prepared by blending the
10  embodiment polymers with a polyolefin, and optionally a crosslinking or vulcanizing
agent. The foregoing blends may be used in forming a molded object, and optionally
crosslinking the resulting molded article. A similar procedure using different
components has been previously disclosed in U.S. Patent No. 6,797,779 (Ajbani, et

al.).

15 Definitions

[90] The term ‘“composition,” as used, includes a mixture of materials
which comprise the composition, as well as reaction products and decomposition

products formed from the materials of the composition.

[91] The terms “blend” or “polymer blend,” as used, mean an intimate

20  physical mixture (that is, without reaction) of two or more polymers. A blend may or
may not be miscible (not phase separated at molecular level). A blend may or may

not be phase separated. A blend may or may not contain one or more domain
configurations, as determined from transmission electron spectroscopy, light
scattering, x-ray scattering, and other methods known in the art. The blend may be

25  effected by physically mixing the two or more polymers on the macro level (for
example, melt blending resins or compounding) or the micro level (for example,

simultaneous forming within the same reactor).

[92] The term “linear” refers to polymers where the polymer backbone of
the polymer lacks measurable or demonstrable long chain branches, for example, the

30  polymer is substituted with an average of less than 0.01 long branch per 1000 carbons.
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accor dance mOlYrherASTERuE) froa3@1ly one type of monomer, and the term “interpolymer” as

5 defined. The terms “ethylene/a-olefin polymer” is indicative of interpolymers as

described.

[94] The term “interpolymer” refers to polymers prepared by the
polymerization of at least two different types of monomers. The generic term
interpolymer includes copolymers, usually employed to refer to polymers prepared

10 from two different monomers, and polymers prepared from more than two different

types of monomers.

[95] The term “ethylene-based polymer” refers to a polymer that contains
more than 50 mole percent polymerized ethylene monomer (based on the total amount

of polymerizable monomers) and, optionally, may contain at least one comonomer.

15 [96] The term “ethylene/a-olefin interpolymer” refers to an interpolymer
that contains more than 50 mole percent polymerized ethylene monomer (based on the

total amount of polymerizable monomers) and at least one a-olefin.

[97] The term “ethylenic polymer” refers to a polymer resulting from the
bonding of an ethylene-based polymer and at least one highly long chain branched

20  ethylene-based polymer.
TEST METHODS
Density

[98] Samples that are measured for density are prepared according to
ASTM D 1928. Measurements are made within one hour of sample pressing using

25 ASTM D792, Method B.

[99] FFor some highly long chain branched ethylene-based polymers, density
is calculated (“calculated density”) in grams per cubic centimeter based upon a

relationship with the heat of fusion (Hy) in Joules per gram of the sample. The heat of
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cooling rate o mnute. The colum Is connected to an infrared

det ect or (andogeoprizenas flgw of &0 ml/mins uxg. diaclesanie ameplofiresseshptogy thin

comerci al | ' o@S [ ' e G P ' \r,emat ogr aphy
Met hod sectf%ﬁgﬁ%/t%klﬁlﬁ%z E&Fﬁ %1%?%%{1 %g&é%ﬁéh‘lfhv%%dg le'gdﬁ[g ﬁg%rlgﬁezﬁ ae%ggggyzgel uting

t he cryst al1)zed 3pidl mped nsarjpnetdrrspeaimbe icodmapmnd Wionl theiqooked aslyngr,t he

tenperature_ (.1 ".C/.n nutc),. the col u d eluting solvent from?20 to 120
Lot o race oo R ab TR 3 BT 0 R

Fracti onat i then gdefofiRicHp determihd ikd fherhind pfopartiesTREE i s perfornmed with a Crystex
i nstrunment by Pol yner ChAR (Val encia, Spain) in orthodichl orobenzene

(01)03) with 4 in r e . }n.C Lt | e r ChAR
Spain) and |i Lfr?ts flscaﬁ1 %rﬂ?eg%lgl( %%)C{%lg%to fe(t: eoga%?%f ésc?ée%}%lﬁne&?yeéﬁgﬁg % ,
Amher st, MAample tefnpd2iurd mp Badl BiEn td 2Ratop Infat tlhe wasup ltenpesatad dedile.nt o a

Crystex reactor., 25 vessel wih 40 Q eld at .160C f.or 60 m nutes
o Lh e et o Sitf RS Rpit hhellla g ARl Bl 105 ol isope T o

| oaded ont cordéRHE rebwenits therdnd @iss@ypINexs ehaufangile isscobledno codr@dtdawn 1 n two
stages: (1) from 160 .C, to 100 "C at 40 "C/ mnute, and ( t he pol ymer
oryota 11 il out e i 1 Biwredar ors B S, Fho bR 2 Next
the sanpl e ®el kdatedno i1 50 ME(this i@t heeomil eyt aimP it 1.10P0 midkle Mg egse. 30The
tenperature-rising elution process starts from30 "Cto 160 "Cat 1.5 "C
/minute wi t Herqoaling apdesegnddiepting quryes gregrecoptil. Q}ﬁﬂ"@l T o¥di® ﬁﬁ?lv@ldthﬁfe is 0.8
. Sampl e R, 2009hd IABRERATAWSROAATEANR AITRLGEN 20 “VETIBRLMY i S
calculated as the ratio of the 15" or 90" LS signal over the S'ﬁ{éal from
measuring s@REOP apFlyZeRby selEipebrsshine opHeoins iy 28I P g oW dapde ahte i s

obt ai neg}y byy gk H&eﬁﬁhéﬁ%@yéaﬁ AR1NRL tuIQ%T@a{shaﬁfcrﬁiaﬁﬁ%ndém%&‘lma- The

elution tenperature is reported as the act ual oven tenper at ure. The tubing
del ay vol unde)sbedt wédpsianheloTREFoWesdpet ataapt and ths caleelatadt’e drypteHinity ferhe

reported T I ’reparative Tenperature Rising Elution
Fracti onat ﬁye%%ﬁlgm%?fgftﬁ?h% tenperature rising elution
fractionation nmethod (TREF) used to preparatively fractionate the polyners
(P-TREE) is derived frofnGwitelbnity = ((HRP /2)19 160 Rq. 2knobel och, D.C.; Peat,
|.R; "Determnation of Branching D stributions in Polyethyl ene and

Et hyl ene Copol yngk eat of fusfBRlMp And 86 peatdBeliffibnporaiutel 28 fborddieddidieng col um
di mensi ons, solvent, flow and tenperature program An infrared (IR

absor batice §eanddhear cyree. yeal crystaiyatienemppratuet istdegrmed fiee HeIcope from t he
colum. Sepaj@te tenperature programed liquid baths - one for colum

| oadi ng and 150one for colum elution - are al so used. [114] Sanpl es are

prepared by dissolution in trichlorobenzene (TCB)
Gel Permeation Chromatography (GPC)

[106] The GPC system consists of a Waters (Milford, MA) 150C high
temperature chromatograph (other suitable high temperatures GPC instruments

30  include Polymer Laboratories (Shropshire, UK) Model 210 and Model 220) equipped



contai ning approximately 0.5% 2, 6-di-tert-butyl-4-nethyl phenol at 160 C
with a magnetic stir bar providing agitation. Sanple | oad is approxi mately
150 ng pewocodunmme1Af ter | oading at 125 ' C, the col um aou/sacmplossoaz e
cooled to 25 ' C over 70 approxi matel y3472 hours. The cool ed sanpl e and
colum are then transferred to the second tenperature progranmabl e bath and
equilibrated at 25 "Cwith a 4 m/mnute constant flow of TOL A |inear

t enmper at ur ey i ROLARYIrS diffttdnliRt Badiindi@ (RS, t,&tﬁhtio%ﬂﬂ%&%tdﬂsr SnaRRxdnat el y
0.33 "C/mnute, achieving a maxi num tenperature of 102 "C in approxinmtely
4 hours. IR4 111ﬁr5]re¢¢%t%qt¢rofﬁ@n dlobymes | (fheldt ¥alpnsiu PRy, Bifeqitiene Pagetarscol | ect i on
bottle at t I f NERR I BE#F( anal ysi s,
the first f@g%lg#rénﬁ%s(écgg{églgiegggﬁ%%téé%gt%?eg%g C. Is% @rea}u(g%t\ﬁg

fractions, @Ghujea E&bﬂﬁ@tt‘lf(@nélaryar@utcml Viswnetr. ev/er(frPQl V@thjrhetlestngoc, and

t hen every m dpoi nt

el uti on%t err%%ega %P Ee&tét]c% aln(&hat ?ﬁe su #ﬂh@? i g‘%ttgcrtérgcoﬁr ng‘{l d. befeRireh s

30[ 116] Subf‘t3aectGPChswhile tlwf teen dfYiegabecenamilly kderger donantipomsGRy. ranges of

m dpoi nt t erature to For the ses of, testing

Crbogi ment DB SbbEF R BBt b Bt Pt ISpRUPRERES afits bEM:

subt r act i onsghwsdaheringdip@tot istveeler aatld;tﬂfﬁﬁ)nlpnrpbm Damgsellmtloﬁ)% ﬁeﬁoﬂaﬁbﬂ C are
conbi ned toge r t I a frac C rac Syhfractions with
ooyt R e S S RS Vs R Bund § 4gbhstg! YREodk R MBS yer hor "t o
gi ve a fg acibmaoo.c#thd gdtenﬁrs atsb leqtnp&d wiSlA dSrﬁEﬁd PNhEniMdghksig @A from
terrperatures in the ran to 86 "C.a econbrnedtogether to grvea

fraction cafqlgger L@P%&PPB%(S@'OPSIS{%{JK&C?"r“t?rl?se th HORTTANE WEC CYRpEY ures i n

the range ofe d k&h/d folf; 30 1 rmioaedHtm@ﬁtiteﬁcruocuhMﬁs 8r fouagd tan cal | ed
"Fraction D'. Fractions may be further conbined into | arger fractions for

testing purfsdeag Labs cojumpyiof ROwFgAtLIAHEPaEsZe Pakign(NBApkS-aqhyBer s

det erm ned fQg) eagd sfrﬁﬁletdaf?)ﬂsel(%o@@%‘rﬁedéF?Qlapéer@d %YQH@@@ é?lfd thdeorhit | on

tenperature range for each subtraction and the weight of the subtraction

versus the qoetpanmmr ilghpergpd ahbUshhplhe, sapelegare rsrmeﬁr@ge 2t eORpRaAi Y & as

det erm ned (5) Y 5 m. gﬂfn%r P S@Efcﬂ'hﬁégs (?fssolvler? ( Fone Atdm (?gﬁé{p\mc( Jéﬂrentsgn*d

where T(/) poi nt tenperature of a narrow slice or segnent and
AU) is the thaameae ofeparhigonsstyerindontagy Y¥lopmni ehlattylatod tiogmauene (BHIpol yner, in

t he segnent e [ ce ing an
EXCEL (M cﬂ%ggf?w%%%%¥§&§%?W%E 13@%? g%? Qf % &%%kg %ﬁﬁiafgg%%peak
naxrnunttenpdbaﬁcﬁbsﬁnﬁmammldﬁmwemghtlwﬂmn@nta@emmnamﬂsfﬂheﬂDWWBWerght

aver age e Iated vidth the spreadsheet program 70Post
P- TREF olgﬁﬁ a%ﬁg%ﬁt %@§§5@“ R [119] Fractions A, B, C, and D are
prepared for subsequent anal ysis by renoval of trichlorobenzene (TCB). This

is a nulti-stEW®W7pr ocdbs GHE whlioh sens qaabxtateaICthca*@Imltmr@wthesEmomws red with

t hree parts met h The recr t.at ed 0 ach |
filtered ont'o ¥ gvtvz)ernc}'polte narrBW mo Cruaarglelghpccllls gelon Itoli?' etnﬁa i S © 25 air
dried. The m@lb@tﬂmw@gmt(MWb of) tHel dtdndargls asrged hem iﬁOamefdét()OrOO()rgﬂams geral vial s

wth enough to cover the fi The vials.are he t dt 35 'C, at
Wi o nor 9K SR o GRURE i ablatonT s et ByRe o Rty £+ om
the fil2er akupt ahest Rist fal @sak. of TRParubicl Bet'&éfﬁ}r ﬁae@lde@ll mbtaeultui wtiglits, are
renoved, an he Xyl ene i s evaporated under

2009/ 114661 2%0@%&5‘%5962 ngﬂrﬁr%\tr% Pﬂlr’ytn%bet??mé?%s(éhf@Pfénfat UKdom

t enper at ur eThe-gﬂb%rsWr@He%ta@ﬂﬁdi 518 HrephRG C0.0M & in/ SEHUBIQYREnt biBoRERES UT €
reduced to - nches d the tenperature raised to 80 'C for two hours

to renpve r¥dpkiysauak %éreat%@ar o WPOLYQ gramser groke el §F edn a8ilef R

spectr oscopw@ndfogetom@%metgh@ MesS a8 MEd0PD0B REYnst R %t@l TheepdhitR&l. aver age
5nol ecul ar wei ght For anal ysis, Fractions may have to be ‘conbined into
| ar ger 30  standards were dlssolved 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 M, using the Mark-Houwink K and a



fractions to obtain a high enough signal to noise in the IR spectra.

Met hyl s per 1000 Carbons Determ nation on P-TREF Fractions [ 120] The
anal ysi s wol2b@v4ddet hod B in ASTM D- 2238 except for sli gotr/usesmomsdoon in the
procedure to account for smaller-thamsstandard sanpl e sizes, as 10
described in this procedure. In the ASTM procedure polyethylene filns
approximately 0.25 mmthick are scanned by infrared and anal yzed. The
procedure desttdREGefeRed Bk i) SMudsOndBbAd s f5 b@9st%@§é &d?l@bo%lh?gzn@.”al ler
amounts of material generated by the P-TREE separation. [ 121] For each
of the FractdedhsExagplis sectiopforgsleipapyirajien ¢frtis pegedyed- ween 15 al um num f oi |
in a heated hydraulic press to create a filmapproximately 4 nmin di aneter
and 0.02 mm t higgk. TRE 3B adsPRIE REiBEEHABe NRGhr Wehe 31, hHn di anet er
and 2 inin thick and scanned by infrared using an IR m croscope. The FTIR
spect r onet efdj NUANSTH KPS ets| elso Nebkyiseds Tolepgndantly demt i iU mMaEPYscope

equi ppecs Wl othyhd Wi thaftal NRGENLE AThELolfiToflChRRlAka ARG NIHNANGALL went y

ei ght scans are "20col | ected at 2 wavenunber resolution using 1 |level of 0O
filling.  nanpw2irjearhelyerbyland stangdaeds maaysbe ebtamsd dggnt Relymgy 8akasatpriggeak. The
calibratio 1.Sp1kh kbnat Y y using ASTM D-2238. The
FUR i s equf@%i"ﬁﬁlﬁ% Hk,l_ﬁaéfﬁgﬁﬁ@g?ée’p d%ﬁipg%éc% ﬁk%?e [123] The
uncorrected nethyls per 1000 carbons, X, are corrected for chain 25ends
using their cblﬂﬂﬁs port¢ sigtenmaib arpreagh ferdgee driraation olipilghletectomMiffsetst o obt ai n

21, 000/ M (e a8 BOHRT T milerecy CABORY) DuBSHbHR® ol e of

21,000 1 udedirdyo aalll BalkeorClrveatbg@iokhof Paleh.i abhaptesi dhal(1993))oiBalke

unsaturati Jevels in t uh-fractions, |n general h h se
correctiongﬂ3%§m§?%ﬂ¢a%éggw%%§§L@ ék%gwaTﬁﬁﬂﬂgéﬂﬁ%ﬁs?b%ﬁgq%yUE%QZPC

5[ 124] The i opdiexzifg 'trjpld detetthrelog divhd end oltymser vis@siet resuits rfeh Dpwl 1688t
calibrating the |ight atteri vi.scqsi.t a on trati on detectors
Casert ped " rbathesiensI ARk SR Rl SERORS Loms Naf NGRS T4 s
honmopol ymertopok yieidow eaglatd coamneculibdibe ntsulteffesne nbe narrdkepdlysghiénescat t er i ng
and visfgneterggetector of fsets_are deHernL ed relative tﬁ tgg

concent fat i BHAgEs aRRIDS S ¢ ribg dRolr eilgrneighindatay | 4CRpURipg AT BASYTi nes are

subtracted fonam éffietlde@hhingiat helobAghed Vi £ HRMRY €bnsistMdwaR BREPiliSkddoN
chromat ograns_and integration w ndows are then naklnﬁécertaln to

Nt ograte. A Zigm (HEn, S b Gieth Ao gHOOK S KBTS KFSFGEN 1t he

| ight scattercngy@ndiv SCReRtEfrof PoBWRE 9812, Edtier! OMiofANS tiDg7)pr esence of
detect abl e polyner fromthe refractive index chromatogram A |inear

honopol ynerisohyeiligireskcinsenigdon tsd in reglsieapinpden ¢f tapilergan HRh{( MH)

l'inear 3ef 6L gRGHed G BYmhil @ELPN e RaRl RaMH ST RCHE BEnsWRI @k PRLNSGE NYI ene
ref erence such as SRML475a standard, calculating the data file, and

recordi ng t¥wéalilatindansolpethyleredwinopolymet, onpel efshepalydtylweisgndardsvijhe each
derived Tromdnfd hgBLIASLLAL LACRDAVIHEC il RIERE LR EIBERkI Vel v and
the concentration as deterntned fromthe dét ect or Ss constant for each
chr omat ogr afpd ens lor aeore BoIthe PPydtinderantdndsids nehtigmdpinds: tefrectpedeédur e f or
each chromat ogr.aphi c jce i s re d taln | r k- Houwi nk
e, “Not o R oG B b SRRt e ol R SRR BB S HF ni «
Vi scosi 2y ahd lighe scaobragutastame sighld tatleenEiyed&ent 4 dinbe eaddaddpwltataed such
that the nmeasured nol.ecul ar i ght intrinsic viscosity, as totically
bpproach a RTHBS oD b oo g i Tk PETRGE dip SRTRR 05 vy
hi ghl y- br anehedompiizpdeneghas edthpdd Jea@tbes adfeasanuegtirdrer hitahativilg Hyl near
reference line be shifted slightly to account for the contribution of short
chain brandﬁFﬁdBBQP H “ﬁ?@@?e Pﬁﬁﬁﬂfgﬂ“?ﬁ@nWHWmehéﬁﬁuﬁp@W’ g Sendex (g')
cal cul ati onMalkA25] RNy MA7SEEI4R2, 1483, Br CadauliRt @ioth@bgrepthcdicanahesd sanpl e

chromat ographic slice (i) and nmeasuring nol ecul gr weight (ML) according to
Equat i otf 308¢ assumed low ¢nough to eliminate “addressing 2™ viral Coefficient” effects

(concentration effects on molecular weight).



gi' =/ IVlinear reference,j) (Eg. 5), WD 2009/114661PCT/ US2009/ 036902 41
where the calculation utilizes the IVI,""nef""ce j at equival ent nol ecul ar
wei ght, Mvoiznodhaesélii near reference sanple. In other wor@sr/ushe@omssvpte |V
slice (i) and reference IV slice (j) ¥ave the sane nol ecul ar weight (M =
M) . For sinplicity, the IMinear referencej slices are calculated froma
fifth-order polynomal fit of the reference Mark-Houwi nk 5 Plot. The IV

ratio, or g;' aAnhftedDenfRERLACRIsR _mﬁpwa@ﬁombgfmmﬁfat er than 3,500
because of signal-to-noise limtations in the |ight scattering data. The

nunber of branches al ong the sanpl e polacﬁlrger (B"e at each data slice (i) can
be det er ni ned MY usi AdREG RS 16 condeephpirgrding, fostBe ietpds Hessribidng epsi | on

factor of Oy&Spatent NeDEI7DRLEY (AL INE RNOIAVildTBS; rgyantit t KnHRIoch06@..carbons in
the pol yner across all of the slices (i) can be ‘determ ned using Equation

7: (M =3508atilR.; lagawinaiopp! Brapghing Pistehutigpe BR@ramdenicrigd ifidsacby 3D- GPC
[126] 15 t heo3RnERS, §oRf)Hudat 2(9&41.*3§ e(P%az%(EIFHH%Jc&fPl%Eﬁﬁgllspﬁh%ﬁﬁi}ﬁﬁl@ﬁl:n

15st andards can be used to neasure the - Houw nk constant's, K and a,

i ndependentdry désgribedan Maglitt, tLhe., t IAeiepanapien of PhgrechaipBrapehing Biseibanens

pol yet hyl ene. e e fi ‘ANN . .

pol yet hyl en(g %tgglﬁr\?/ealcgﬁ(%lyﬁgrls g@ugg&rﬁ\iﬁl{&ggﬁt el}aﬂﬁg\%%lil%%@gﬁr%? éﬁt%h&e{mfn ol | owi ng
met hods. [ 1@&%xjo-AWBEGHcBRrpr ahdpnliad Pobydex Siigicdetgr.ntohed Shypf #5,.20-39al 1 br at i ng
the light 2 tteri vi scposi ty, .and r.at,i det.ectors . as descri bed
previ ousl y_@%g@efrﬁ%%@%g%sa %ﬁs élu%)%vregé i@ﬂggggf/ﬁtf)pg%?ﬁﬁ?lg%i%& gr ?ng,

Vi sconeter ,toalid tQnoededr ai itlen cdno matangeqivalent dnggraaire,0mdnklidadstoar e t hen
set to ensure ir

tegratjon of all of the | ow nolecul ar i.ght retention
vol une. r ang® iHE L PR Seading g rCnardt SEONSE ard SRR SEIERE ¢ hat
i ndi cat e t hecqiiesion ehedfond8t @eviglt&ichgliydempimame tolt® ACedft naoblingeraiédi ndex
chromat ogram Li pear pol.yet hyl ene standards are then used to establish
pol yet hyl erd Oa]n(gﬁlﬁﬁ’l“g’st@"?éﬂl@m%sr OnpRfRA LR RN BYREY e§t°é§ange‘§’6‘f”i‘ d©
previ ousl y.a MO 8QRALMDE 466 FREIAUS? 0OAMOREN Zvdifabldpandcakivall mh ag Ghe

constants, the two values are used to construct two |inear reference

convent Ionareragitiop rrppuesieriycMythpd segiony ebhyY IdHd" sPagiaeam WYyttt and

pol yet hyl enged Btdetddsi 6y ¥iuBaOHet dryasiifdf pdahiradnple 8bHthORMALUMEIe as shown
in Equations 8 and 9:

increasing the femperature (1 °C/minute) of the column and eluting solvent from 20 to

120 °C at a rate of 1.0 °C/minute.
Fast Temperature Rising Elution Fractionation (F-TREF)

20 [111] The fast-TREF is performed with a Crystex instrument by Polymer
ChAR (Valencia, Spain) in orthodichlorobenzene (ODCB) with IR-4 infrared detector
in compositional mode (Polymer ChAR, Spain) and light scattering (1.S) detector

(Precision Detector Inc., Amherst, MA).

[112] In F-TREF, 120 mg of the sample is added into a Crystex reactor

25  vessel with 40 ml of ODCB held at 160 °C for 60 minutes with mechanical stirring to
achieve sample dissolution. The sample is loaded onto TREF column. The sample
solution is then cooled down in two stages: (1) from 160 °C to 100 °C at 40
°C/minute, and (2) the polymer crystallization process started from 100 °C to 30 °C at

0.4 °C/minute. Next, the sample solution is held isothermally at 30 °C for 30 minutes.

30  The temperature-rising elution process starts from 30 °C to 160 °C at 1.5 °C /minute

with flow rate of 0.6 ml/minute. The sample loading volume is 0.8 ml. Sample



S5MPE = K1 )PS(Eq. 8), and [171 pE =K (al. 9). PE The gpcBR
branching index is a robust nethod for the characterization of | ong chain
br anchi ngvoSe®/1Yais1 Wl | ace W, "Exanples of Using 3D GPCTAISTNREB3d902

Pol yol efi n Characterization-, Macronwd7. Synp., 2007, 257, 29-45. The index
avoids 10 the slice-by-slice 3D-GPC calculations traditionally used in the
determ nation of g values and branching frequency cal culations in favor of

whol e pol y%&e@lﬁ&%g{t( E?sscaféﬂﬁte%rag%éjﬁﬁoQfﬂﬂgqg‘t&*9d;rL@r§1 GRfufdata, one
can obtain the sanple by the light scattering (LS) detector using

the peak ar%@ahﬁrpmd@easm Bt oY IRvoildiestarh ghes L8 MEWhsalisTajipr congtanbisof | j ght
scattering &%%&&tb‘}ruéﬁl{ggﬁﬁllethgﬁéﬁé ndifdfa SORGE O srt&trc]lhr(agl sRgt mHQrTﬂééﬁt%a' as

reqwred int tion. e area calculation in
Equati on 1Gemp¢r@tru@ rsoteporprlesi e entublecwo siempgatare. dhertaliing delaplveluarcea it i s

mich | ess Sb%'&%(fh t‘ﬁ?ei‘é@%f%’ Fhd %%{e%ﬂli gsf“dfﬁgmgé’ (g€t e?ht O{ey&?édh%REﬂ g settings

on basel’l ne an i on re 1 npor e pea area 20
cal cul at i onemgernote. af f ect ed by the detector vol urre offsets. Simlarly, the
hi gh-preci sion sanple intrinsic viscosity (1V) is obtained by the area

hod sh 6902 43 wh X
gﬁ;ngs ?o?m?hgpc}g? eren&p%ﬁaturevﬂs g%ﬂ&&#‘ﬁ%ﬁ&% oreg‘?{ ‘ St he

ressure signal RORIT ectly fromthe
onl i ne visconeter. To det erm ne the gpcBR branchi ng i ndex, the |ight
scattering el (kIBbn adba waeratte rsmgpileiopoiachenation mpshad fR e perdnione t he

ol ecul ar "% Patuv‘é’lfy ﬁi&ﬁoéagérﬁl e%ol Gs IVHREPT id YerFlRl P oy ifleUt ! f@r?r ea for

the sanpl e ymer i s use ermine the intrinsic viscosi 'V or [q])
of the Hanpl&.; Knobeloti Dial Pyat, 1.Re fﬁﬂt@muiaa@n wé|B;mChmng1smbmlm| @ viscosity

for a 11 neag, ol yoLPYLERS, 36 anERE A Aag o Pe2) it ol |

equi val ent , erm ned usi ng’ the cC)nven ona bration
nol ecul ar vmclgdlmg aoldmin ritimemssing, smix&ntoﬂlovvyandsterapelﬁlﬁmrmbgr@m ofkn elftatadon vol ume,

Ererangﬁluﬁtgl i (Elg)e%'bsor%ance getector iS qlua IOo rr}lo:rl'n%or t?le e?u%on O tgg fyrrplep ?I' ! hﬁlegpc BR

column. Separate temperature programmed liquid baths — one for column loading and

15 one for column elution — are also used.

[114] Samples are prepared by dissolution in trichlorobenzene (TCB)
containing approximately 0.5% 2,6-di-tert-butyl-4-methylphenol at 160 °C with a
magnetic stir bar providing agitation. Sample load is approximately 150 mg per
column. After loading at 125 °C, the column and sample are cooled to 25 °C over

20  approximately 72 hours. The cooled sample and column are then transferred to the
second temperature programmable bath and equilibrated at 25 °C with a 4 ml/minute
constant flow of TCB. A linear temperature program is initiated to raise the
temperature approximately 0.33 °C/minute, achieving a maximum temperature of 102

°C in approximately 4 hours.

25 [115] Fractions are collected manually by placing a collection bottle at the
outlet of the IR detector. Based upon earlier ATREF analysis, the first fraction is
collected from 56 to 60 °C. Subsequent small fractions, called subfractions, are
collected every 4 °C up to 92 °C, and then every 2 °C up to 102 °C. Subfractions are

referred to by the midpoint elution temperature at which the subfraction is collected.

30 [116] Subfractions are often aggregated into larger fractions by ranges of

midpoint temperature to perform testing. For the purposes of testing embodiment



15where gj is the neasured intrinsic viscosity, Nee is the intrinsic

viscosity fromthe conventional calibration, M. is the neasured wei ght

aver age nwbeocww/asconei ght, and M'-," is the wei ght averagerrosb@owban2 wei ght

of the conventional calibration. The ¥Ww by |ight scattering (LS) using

Equation (10) is commonly referred to as the absolute Mv, while the My, cc

from Equation (12) using the conventional GPC 20 nol ecul ar wei ght o

cal i brati on,guENep (51§mt9fsts@9fr£c%t)§sr \Kn@fgmic@oﬁ@te%kﬁé{@és i BRIt Mr oAld 1t at i sti cal

val ues with the "cc subscript are determ ned using their respective

el uti on vol n#rs comhimed trzedspording fredmpetatiebrigrctioal A br wbigericas withevi ousl y

descri bed, andohNenbRRGSALHART AR G do U853 WEd:d LAMING IRRS EhEG! Of

response. e non- s scrl vafues are measured val ues based on the nass

detector, L&) caled “Ellast@mnrfbt eYub{rg@oRH B 8h MidHd1 ROTIBRO0WY/B3BIG20I44  ar eas.

The vaI s~agj.u d it i ti Inear fergnce sanple

has a gpcBgznngggl?lre %ﬂglgn?b?éd ?({g%{h é% %q Ifra&l Célg;ﬁnalljr!l& ﬁugs for a and
.0g K for SubErademnewiihnaidpant tefnpgqamBR mnhd hunge pﬁﬁi tccd é(ﬁ amaecentame@l 0. 725 and

-3 355, resetlve t

ol yatyr enc v (et ety B B gl RE" R SnRanEhf B Bhss

det er m ned, intolergpr feaeaochsrier iesing@pgate’d usi ng the branched sanpl es. The

br anched sarrpl es are anal yzed using the final Mrk-Houw nk constants as the

best "cc- calj tion val tes and a in uatjons. 1 129] The

interpretati ohﬁr7 rABﬁelg el GIHF&? & graFge de% lrrllgaﬁor ea?hylirré‘(r:t[s 10 gpcBR

cal cul atced lfasmmﬁqml&t averngd 4f thle|elut1bﬂ teﬁﬂmmré @angerfcﬁ ea&mmfr'ach@n\aadl ues neasured

by LS and vi S¢ be dose to t vention ration standard.
2o or anchel g1 it < bigsusRv R b ot GHERT Vi . “BSBE RS wi th hi gh
| evel s of [efberabdfcruserminel ERGuiat3 BakiifgasM Wi || be higher than the

calculated M',", and the calculated IV' will be higher than the neasured
polymer IV. In fact, the gpcBR_ 15 val ue represents the fractional IV
change due the nol ecul ar sjze Padfi by effect as the result of polyner
branchi ng. A gpcBR value df+ 8.5 or 2.0 )n@éln3)a nol ecul ar si ze

contraction effect of IV at the |evel 0f% o and 200% respectively, versus
a linear poI ymer nol ecul e of equival ent wei ght [ 130] For these particular

Ex | cB 70 i nd
angrrgrg?\chl\ﬁ R %‘gm %108?%8' ng rgtﬁ% l?a Ue™t %1%‘(?)8 gel%:m%otn%ndﬁ@m & onI gf o

gpcBR W | @éa dthiee @gﬁh&ﬁtﬁ@ﬁp@n@t&ed) thenarhdilﬁat opeBmidrndere sdgha@itm nati on are
obtai ned with good preci sion and are not detrinmental I y affected by the | ow
3D-CI PC, dete nse cul ar ht congent ration
detector. Err Eltlgf a ¢ Sg)r%loﬁl] gltalfmainﬁ ANENt uISI% a(I:} @?ﬁ Eﬁfcm %t he

preci si on ofﬁorpheRegmoﬁRWAdepfreﬁEhhet effhe ffREFqﬂot pakohMurpaempe:mhm cases,

ot her nethods for term rgl 1? ﬁé Ereferabl 1 I&e

af or enent i of&4°Y 8/8‘1% Rfﬁcénta&ﬁfc‘i‘ aﬁacﬂ}%{b?@% [@VRRgS ‘ﬁ%} %rét“f‘*sﬁvérﬁ\w’fzj‘ aled” 1131]
Sanpl es i nv@ivihegpréadkhRtb@pdnt he i nventive exanpl es are prepared by addi ng
approximately 3g of a 50/50 m xture of tetrachl or oet hane-

30d2/ or t hodi chl qor.o ai nl MC r(AcAc)3 to a 0.25 g pol yner
sanpl e (ﬂ gﬁ%fﬁ%ﬁ%@' gr p?ré' '(?ed fromthe sanple by placing

t he open V\D 2009/ 114661PCT/ U82009/ 036902 45 tubes in a nitrogen

envi ronnent f pk9ht | EmstiodS5ANBNUL esd D’hee s@npké Jorasubsdgoem alhiab/sislbyed and

honogeni zed_ b eat i. t he tug [ts contents to 150 "C.using a healing
b1 ockand Heapvan e o RA" thivdt E TR E akrg Pl Rare eneure
honogenei terISaGmtl@fslsaroelbiﬂa@rvﬂthghiey pattx edihianoTe dihatpedcypif@tet @olyhner &ral ysi s and
were 5not allowed. ta (f? before insertion. into the heahed NVR sanpl e
hol der s. each fraction 1s filtered onto uoropolymer membranes, washed with methanol, an
25  air dried. The polymer-containing filters are then placed in individual vials with
enough xylene to cover the filter. The vials are heated to 135 °C, at which point the

polymer either dissolves in the xylene or is lifted from the filter as plates or flakes.

The vials are cooled, the filters are removed, and the xylene is evaporated under a



[ 132] The et hyl ene-based pol ynmer sanples are prepared by addi ng
approximately 3 g of a 50/50 m xture of

t et r achl owoenévanesed, / or | hodi chl or obenzene cont ai ni ng 0. @2%/Uske@AAr) 3 | 0
0.4g polymer sanple in a 10 mn NWVR t¥be. Oxygen is renoved fromthe sanple
by placing the open tubes in a nitrogen 10 environnent for al |east 45

m nutes. The sanples are then dissol ved and honogeni zed by heating the tube
and its CON&RKS nftRediP Amdsphésd ROrBMNERHEAGD! PaK vARDaReRI MhRa ifFach

di ssol ved sanple is visually inspected | o ensure honpgeneity. Sanples are

t hor oughl y YRR oyapmrivdipEaseiry reduged o 12 inghas Yigi apd adlemperaiyestraged ©Wd t o coo
bef or e T nseict fopfyd (e bR AEHEHNIRRATRE Sl PHAGSS qrel b7 Mngdt @ are
col l ected using a Bruker 400 MHz spectroneter. The data I's acqélred using a
6 second puipserosepet ind gel denmgtiondQhdagrogrphy itp chtagh e numher Rvaregese gat ed

decoupl ing w I il ' I ; . are nade
on non- ssgi nlﬁg)%%}ﬂ%a\%%%}g's %o%?]?%ﬁ{(lgsgé{ n%%ggnséé% P%’se grbg Jéﬁ%@\‘;&\g%ﬁ?g&?ﬁer mal | y

equi | i br at efrfcgpnsltb ohtiaimutlegh grougr sigral datome acduilBspdcom. The ' 3C NVR chemni cal
shifts 20were internally referenced to the ENE triad at 30.0 ppm C13 NWR

Comonomner Con I L i spectroscopi c
nmet hods for défegltrlyrﬁ %?rnlg)agg}a§dr?élr5 b?%%‘%‘@%‘@%ﬁ@ x&:ﬁfﬂgagig)%_%’ J. C. Randall

el al., in "NWR and Macronol ecul es” ACS Synposium series 247, J. C

Randal |, Ed., 14 Chdhe asdysis follpss \Wehod Bt o) STV, 2239 8xcepClor sightand J. C.
Randall in j - ] I Q0 e ACA l . Yor k
(1977) prOJFgghégﬁéﬁgfgﬁégﬁﬁh5?%?&%§?§%€%ﬁ§ﬁa %2%%“%%1 gﬁg%$$%scopy.

Cr oss- FHactdeserded om bipis TREFeduxeTRER) the ASTM [ ii8&jduithgolyetiskené r @lotsi onat i on

by TREE (xT . Vindgs [ . I i.ght. and
crystalIinf&%ﬁﬁgﬁﬁgyR%géﬁgéﬁﬁg%é%#aﬁgﬁzﬁéégggP%g%QBQE&HVi?zM%&%mk

2009/ 11466 1degTibe$20 A8036 90 Dedbit Applar 0hy aking Saialler &dound2df7m3erigl1981) ,
descri bed the f@r ttd3y$§$%nent.of an automatic cross fractionation
instrunent.g?ﬁﬁegéﬁﬁ§ I EP3H8%ess i nvol ves the slow crystallization of
a polynmer sanple onto an ATREF col umm (conposed of gl ass beads and st eel
shot). After {R4] ATREPr sichpofothe dfrysioas,|d pat¢ oh pohyeepos yrssedi lsetwéen

sequentjal ly el uted..i.n predeterm ned tenperature ranges fromthe ATREF
colurm b PwEntbih P o SERISLRATHTREE H i BRREE0 Eb e

conbi nat i ondiafetehanded.02 inon thiekrpdhatfilmeis phcaf plhedarmda Na€'l idisdi 131 imain GPC

profiles all.ow for 3-dj.nmensjonal representation of. a nore c ete

bl yrmer st rABEEIFEE s gHbICh e P BE SN G R RET B R R ol ecul ar
Weijght andf@wﬁi@lth driigd Thrmo S;iﬂﬂﬁ Ndrés ﬁimiﬂgm cb@tmmah_ mahu{?@cdps eﬁui%lﬁlgood_ .
indicator for the presence of short chain branching, the nethod provides a
fairly conpVidh @ liqupd pitgeed copbdc Mt vty OPﬁé‘ub‘HF?/g’fé‘?n.ty eight [‘CfS%PI%A detail ed

descri ptj oncodbciéd 20@stAMmRP ORI AN 16¥el bh@filiness- fractionation
instrument can be found in PCT Publication No. WO 2006/081116 (G || espie,

etal.). Figur sh a _schematic for th EF instrupment. 500. 'This 15
i nst runment ha&zéfcon%}y‘?slgﬁhé’ 98¢ mepsuredeyn ‘ﬁ‘é)g%RErﬁ &5&n 1Begaligo? ape 700.
I'n this nmetihedis Be Wailehsib@éa d&Qed sy USRAASTM D@23 Ribe 'R i ¥G@PHedS00,

t hrough a series of valve npvenents, operates by (1) injecting solutions
into a sanpVih Tyspodfieplgthlivni¢ ¢ItHE ATREF col unm, (2) crystallizing the

pol ymer by cooling the ATREF oven/colum, and (3) eluting the fractions in

step-w se t enpeBat ur @hé edosEBRAd SieihPlser 2000t aboeR X, drieadrRdiell fan@hmr | i nes
505, keft at approximately 150 'V, are used for effluent flow between

vari ous oﬂﬁ@ﬁéﬁ@%‘%@rfﬁﬁﬁﬁ¢ﬁﬁﬁ WW§W¥GH€WEG@@&?uPFOﬁﬂﬁﬁd@%eHHQW?mvalve
systenms ( GRGré0d Rietl/pbr Bkshnd/ &, ¥€shbRA iPGhadoN@y/ 3- port val ve 760; ATREF
oven 600 val ves 650, 6£b, and 670) control the flow path of the sanple.

[ 137] The refractive index (R) GPC gﬁbectfr 720 is quite sensitive to
solvent 75 flow and tenperatﬁféX7%1 Mt fghd)-in the sol vent pressure
during crystallization and elution can lead to elution artifacts during the
TREF elution. An external infrared (IR detector 710, the IR4, supplied by
Pol ymer ChAR (Val encia, Spain) is added as the primary concentration
detector (Rl detector 720) to alleviate this concern. Qher detectors (not
shown) are the LALLS and visconeter configured as described in the




30 Gel Perneation Chromat ography nmethod, provided infra in the Testing

Met hods section. In Figure 12, a 2-way/6-port valve 750 and a 2-way/ 3-port
val ve 760wO\Vadaciazesh | oust on, Tx) are placed in the Wat ePsTAB069/0b6at ed

col um conpartnment 705. WO 2009/ 114681PCT/ US2009/ 036902 47 [138] Each ATREF
oven 600 (Gauner Corporation, Houston, TX) uses a forced flow gas
(nitrogen) design and are well insulated. Each ATREL colum 610 is
constructed of 346 \$8eQr 22500 RULY (Paik5ior (B> 8 B {clikBIBLERA (b BoRieCi Si on
bore tubing. The tubing is cut to 19.5" (495.3 mllinmeters) |ength and
filled w thngaBeiap levslsip/thg swi-fragipnst & geresd. Sougl, desgzgrrequonsy age | | i net er)
di ameter cut, w L@ sShahvigpd 1380 400 h spherical technical quality glass.
The stainl ess s(t<e'el cut g\/l&re sﬁot(ﬂi?)z fromPellets, Inc. (North Tonawanda,
NY). The gl ass spheres are from Potters Industries (Brownwod, TX). The
interstitial volZiRE3RefsPGpproximately 1.00 nil. Parker fritted | ow internal
vol ume colum end fittings (Part number 2-1 7211C7-4-SS) are placed 10 on
each tube end[mﬁ t hend ubikd (&5 10F ARP ARt oBmdr Is deBBmined by if¥RL €5 S)
coil. Since TCB has a very high heat capacity at a standard tlowate of 1.0
ni |/ mi nut e, CHipREUMTIREHSRIGIHHRNG TOSCORT M FPRSCTEUIOMIdGCEs desgidedan thee of
around 1 nikd; pB¥heRRNNERIEHRFapBYERGRRD s W N SRVE 1R7 6 @aMbdIRRAt i on coi
605. It shoul d be noted that t he pre-equilibration coil 605 has a |arge

vol ume (>12rokyethyildng (@rag eqemdent i¢fetierded rldie light seafieping anqg vigcomsleg detpatef t he ATREF
el ution cyclifefand dRmmAe (AIRE o ARAAGEYGHEN lab AN i} thet he ATREF
oven 600 passgﬁ tgr ougrf%l a tréetlﬁ,r%otsot ati ca%ny cont ?t(%ﬂ}:apc%cﬁ%?rl( “r dync;
Houst onl0 TXalibwation. a HBdingsiage mhbtraogenfrauppt yigbapatbenofvigosetar gidng 100
scf/ m nute of 8 ni . i} Ltrogen. | .S.:Ri .10 each

anal vt car QueupBbaoMiba g9 Ty HIEERL bR D Wb B, Bl BERu ) 3507 e
pol yet hyl enetegangpilles tiarlew puagalae éeight Rtedtiomgyaid mel@Becdie pienidihngraugrong t he

di stribution, densit and the desired nunber of fractions to be collected.
The sanpl es i ESaRaEY SrtRdobf PGS MG oAb BB o f0) The
system f | owhé adfeactie @Oed clebh&dgrain. 1A minkan Houfopolyoer patdihilére iGRktedelout i on and

t he AT el utj.gn ing the u 740 and C sanpl e injector 75 745.
The CPaseprabaliton R Beed il (N EET v boaf Moo b o WPELHCRSIE rear

m xed bed GRGo@APoURMgleds fsbiRlsuetadosRMO4 a8 iandadvaruRlihE e (del)file, The GPC
heat ed col um conpartment. 705 is o?er ated at 145 DC to prevent

preci pi t at i 49 T ng thyt IPFGSIE VERPHH W%?‘ﬁ%w%ﬁlé.(h@dn‘ﬁﬂcg dF‘hYeéct i on
amount i s 508n e lighD§eadiiERNAVRB0HY A COBEI RS c B Bid IR RRE R & 4ss from
about 30 to about 110 DC;, 30crystallization rate of about 0.123 DC/ m nute
during a 10McFBMHEHATopRE & deterior mats emstpritier efch ghropatagraphisuies. diigti ng a

10. 75 hﬂ},ll’ BELhAtis &NGnibtks %eTB%Eedfufe%If b QRASchronV¥R raphic slice is repeated to .

2009/ 114661PCT/ US2009/ 036902 48 [ 141] The G§C 700 is calibrated in the
sane way asobtan asanpleNMardoHapwickdnexNepthat frasompeanepldsghe dwadmoletulare”

cont ai ned iJ.. 0SS J i - e l.umm 610.
Provi di ng a\g%l%ﬁr}g’t gl%tlﬁégl%anﬁgég ' sfaditl@?%es%éﬁge%{gﬁg Il&g%%hgc?td %:%@%EE gd 18 ((r?oﬂr% a given
ATREF col unxtéi@ated sedsithat ihapheawmridedolssilag wdight f ande dnttingie viscpsityer val t hat
is used while th TREFE I IS hej . from.t anpl e
i ootor  7sSupidedl Aproich TRaf ROphRutt i Pice CAPGb SR} 05 R Safot T on

vol unme Equinadye htghlyTbrencbbd setiyléns-bascle pelamyr Bemplas ecqluiei thyt tthe lopar at i on of
the instrunept, the C.s t.ti.me is determned he valv t.the exit
end of i he rret 8 Jie il Mt He' St AP EbRerorsub ol MR Plicence of

t he ATREF cohnthithg®tOraprdceedidg widulsasnSeham gihing ieidi i) @cdldtioappar ent GPC
colum 730 efficiency. Careful construction of the ATREF columms 610 w ||
mnimze its effect qn GPC col unn 730 perfo nce, 42] Durjng a
Cyoi car anaty D8 14N oot Rrier PRI oRE” Sre h2ublitlh BYPEPE “Each
ATREF f r actdhosimdt@rihsedics (i pl oxds tfidigahyleculd-weidht (Mpeoating © Ehdations| 1 ce” .
The m)lgcuﬁr wei ght distribution (MAD) of each slice is calculated from
the int 0gr ‘'ed GPC chromatograns. A plot of the GPC MADs as a function of
tenperature (resulting in a 3D surface plot) depicts the overall nolecul ar
wei ght and crystallinity di’st@Vasil OVined R QL JEEqt D, creat e a snoot her 3D
surface, the 14 fractions are interpolated to expand the surface plot to

i ncl ude 40 i ndividual GPC



20 chromatograns as part of the calcul ation process. The area of the

i ndi vi dual GPC chronmat ograns correspond to the anmouni eluted fromthe ATREF
fracti on ween@sd4dehe 5-7 ' DC-tenperature slice). The i ne#cvriuseab/ob@ppht s of
GPC chromatograns (Z-axis on the 3D piiot) correspond to the pol yner wei ght
fraction thus giving a representation of the proportion of polyner present
at that level of nolecular weighi and crystallinity. EXAMPLES Preparation
of Ethyl enesBasad RehYH®RN filizes thd BA3], fA C @@éqefm& rﬁ&kdaﬂdr%gta@ hygr i zat i on
is carried out in a computer- control m xed reactor to formthree
et hyl ene- babelingss referepsgsamalep dn giker \yordsrnhe mp\haﬁf slicg (i apdiFaf¢rpred IMi xed

al kancs sol l; (rﬂ/beI Houst on, TX).

A feed of e;{ﬁ@p)efr;é’le ‘I%:ds %ngqurﬁ:@uﬁrggﬁéfym“ tat%?ro%llﬁ ml@f &lg'tqsgg?arem&fmd’ into a 39
gal lon (0. 1510@1113@ calfmi,»étt@i gom pdethtader pSbaomah fieofxh¢ mferetive MaOHouwink

2009/ 11466 / 36902 .4 Qr ptions for
t he forﬁt }Iggoﬁﬁeac%ugf §rt ! “12 p%?/lag%lg lglgreﬁglght%% yltlg%g]%ol ymers,
desi gnat ed lﬂoduyser@lf s{gR)l-td n31se '1i8@@ENbnsi in thabighkt Raitgingt daedafdtle auinbe dent i met er s
per mnute he ca hr ee ..of et h Iene ased
Dol yet yl entekary et St Bok R P aliah BRSPS Ah &G Gl 8 Cht at ys
(CEC) with dshe Ecpmtmlsﬂ ti$sominfiatvaweb ity shieMir{glepdidahi ﬂar&bﬂ‘qfloenshyl )-1,1-di nmethyl 1
-1(1 ,2,3,3 a,7 a- 77)-3- (1 -pyrrolidinyl)- 1H-|ndenl-yII

silanam nato(2-)- KN11(1, 2, 3, 4 q) 1, 3- pent adi enel,. The cocatalyst is a

modi fi ed met hyl al unpxanig, | MVA e CBBC dctiqvgtor is a blend of anines,
bi s(hydrogenated ta met‘h I + o (Eq. 6).
t et raki s(pent af | uor opttenyt’borat e( e re()ac,zf is run liquid-full at

approxi mately 10525 pSI g. 11441The pr ocess of pol yrreri zation is simlar to

theproedured alle in Exanples 1-4 an re. 1 of U S Patent No.
5,272, 21?% (Lai, 'étally tﬂ? a‘&ﬁ%ﬁeé@ﬁﬂ“@tﬁy BYf ﬁogcafg%&sé%fhem lymer ger@ss39o (Lai, et

al.), excepcsftﬁér@&;esa(l)ca@ﬂe@mmmeau@@gEqm@nnn formng P 1-3. Because no
comononer is used, P 1-3 are ethyl ene honopol ynmers. 15 Conversion is

nmeasured as percent ethylene conversjion in the reactor. Efficiency is
measured as the weight of the polyngr i kil qu ns produced by grans of
titaniumin the catalyst. i iyl ng the reactor, additives
(1300 ppm | RGAFCS 168, 2OBfPp (ﬁg )I RGANOX 1076 1250 ppm
calcium stearate) are 20 injected ind@;each of t three ethyl ene-based
pol yet hyl ene pol yner post-reactor solutions. Each post-reactor solution is
then heated in pr Ear ation for a two- stage devol ati zati on. The sol vent and
unr eact ed monon@PsBRBrapehing Index by dPrGRC post - react or sol ution during the
devol ati zati on process. The resultant polymer nelt is punped to a die for
under wat er pef[1261 culd ithg.3D-GPC| Lé@jgubribecihedpgyapaede asd fmiysBiend are
provided in Table 3. P1-3 are presented with density, nelt index (11), 110,
and Br obkf i ¥ngasd s%si’?yusﬁ‘étt@r FHCAREE 8¢ n%[a@%o%ﬁ%l‘iowta%l K ppdie%, and

Brookfi el d \\j fELNQdsy mal ! i nf " NV & gt measur ed.
V0 20001 11400 B U AT06 R oS g ARG Pt Bobyrenhina ROy

These can be used to refine the Williams and Ward polyethylene equivalent molecular

weights in application of the following methods.

[127] The gpcBR branching index is determined by first calibrating the light

20  scattering, viscosity, and concentration detectors as described previously. Baselines
are then subtracted from the light scattering, viscometer, and concentration
chromatograms. Integration windows are then set to ensure integration of all of the

low molecular weight retention volume range in the light scattering and viscometer
chromatograms that indicate the presence of detectable polymer from the refractive

25 index chromatogram. Linear polyethylene standards are then used to establish

polyethylene and polystyrene Mark-Houwink constants as described previously.



rr, ccrat', - 00 r- dr- -t rc)y OOON r- CCcC 71- rc. WO
2009/ 114661PCT/ US2009/ 036902
WO 2009/114661 PCT/US2009/036902
42

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 § and 9:

1
K %YPEH aPS%PE‘rl
5 M, =|—=2 M (Eq. 8), and
Ky
B K 'Md-#l
[7]pe = 7% rs M, (Eq. 9).

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

10 the slice-by-slice 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. IFrom 3D-GPC data, one can obtain the sample bulk My, by the
light scattering (1.S) detector using the peak area method. The method avoids the
slice-by-slice ratio of light scattering detector signal over the concentration detector

15  signal as required in the g’ determination.

My =Y wM, =Y | < |u —ZCiMi—ZLSi— LS Area
a4 > C, o > C, _ZCi ~ Conc. Area

i

(Eq. 10).

The area calculation in Equation 10 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

20  calculation is not affected by the detector volume offsets. Similarly, the high-
precision sample intrinsic viscosity (IV) is obtained by the area method shown in

Equation 11:

GV, YDP
C. - , DP Area

= = AV, = ! =L == = Eq. 11 ’
1A% [77] Zi:wllvl Zl: ch IVz ch ch Conc. Area (q )

i i



51 Preparation of Exanple Ethylenic Polynmers 1 and 2 Exanple [147] Two
grans of Polynmer 2 (P2) are added to a 100 ml autocl ave reactor. After

cl osi ng tWwe w@aaten, the agitator is turned on at 1000 PpmUS2@9OBAaD2 ONS per
5 mnute). '1' he reactor is deoxygenated by pulling vacuum on the system
and pressurizing with nitrogen. This is repeated three tines. The reactor
is then pressurized with ethylene up to 2000 bar while at anbi ent

t enper at ur egh a0 ReRIY 8t G dﬁfécrentllh?l%séu% LieRg ah&fiotddr &Reclly Mom 1 the
final ethylene vent of the reactor he pressure is dropped only to a
pressure ofordBgiisconderbar, where the reactor heating 10 cycle is
initiated. Upon achieving an internal tenperature of -220 C, the reactor is
then pressuri zedroMcidimeihy! ERERIRaRBRStindeQORe 1 gﬁt s%agmlag lefiiph ard@orC. for at

| east 30 minutes. The estinated armount of ethyfene in the reactor is

appr oxi mat elhy saBplg Gokypis. used iy Helpranings the Hetleque gveight Shiheppampls. nihcof a
mxture 9f Qs H6ABaERb Blufi 9k ABALHetydR. 308nl OLble [Blidlind Gl - but vl
peroxyacetate iditiator in n-heptane into the reactor. An increase in
pressure (tiptinfigqocesay IV or [abef thacthple with the addition of initiator
causes the ethyl ene nononer to free-radical polynerize. The pol ynerization
leads to a terfp%l%lw %he' ﬁ&lé&ﬂﬁ%eﬁ%t chﬁln@Insr%fxﬁs%Bs@'fBPé"M@r bgeth@aRt or to
continue to mXx m nut es reactor i s dépressurized, purged, and
opened. A tmr)dﬂrdoffanwl@ syeaps SBM Iasaibor antedetvalpite pre dgomypas usn@ﬁeﬂiegnat ed
Exanpl e 1, éo%ve&gnﬁhééﬁb&%ﬁsyfo %ﬁlv%{o?é%ufaF %éh*ﬂ%ﬁ%&(g, e \(1&% gddi tional
product polynmer 1s unrecovera to the Teactor bottome |t pl uggi nQg) .
Based ubbni@h@mm@ﬁ@@hglﬂﬂmmamaéﬂnﬁu@mHQMehé3|n the reactor, the ethylenic
pol ymer of Exanple 1 conprises up to 40 wei ght percent ethylene-based

pol yet hyl ene P2 and the bal ance is-\highly |ong chain branched

et hyl ene- based pol yner enerEiedcpy freg-radical golynerlzatlon 25

Conpar ative Exanple | Mwe =P ?aéﬂ 2l pély EtilZaehbn of et hyl ene under
the sanme process conditions as{&xanple I wthout the addition of an

et hyl ene-based pol yner yields 4.9 grans of a highly |long chain branched

et hyl ene- based pol yner desi gnated as Conparative Exanple 1 (CEl). A
tenperature increase to 285 C. pcgur during the reaction. WO

2009/ 114661PCT/ US2009/ 036A02= ?% ; E;VIV (E¥Q3 grans of Polymer 1 (P1)
are added to a 100 ad autocl a c or fter closing the reactor, the
agitator is turned on at 1000 rpm The reactor is deoxygenated by puIIing
vacuum on the system and pressurizing with nitrogen. This is repeated 5
three ti mesgqutién 1£865QI0 U@teﬁﬂlﬁh‘lh@@%ﬁyﬁm&%& whdeR: et hyl ene up to 2000 bar
whi | e at anblent tenperatures and then vente§ off. This is repeated three
tinmes. On the final ethylene vent of the reactor, the pressure is dropped
only to a pressure of about 100,pat, wher "t he| r eact or heating cycle is
initiated. Upon achi evi #gcBh=| & eratjuflé-df).- 220 C, the reactor is
then pressurized with ethylen chﬂ 00 10 bar and held at 220 (-)C.
for at least 30 mnutes. At this point the estinated anount of ethylene in
t he reagtor pr axi mat el 6. 96 .gramns Eth Ien |s t hen ed to sweep
3.0 ni I%t)f Véf“er?? PG B eaé“%%&@‘m“ HkoR: 6’96°p| Sy oYlSCOS“ 80116 mmol / m
tertbutyl pemnectyiacstcalitgation, M.aik olie maasnrehemmaveragecmblheﬂarraemgm,r and' | ' he

i ncrease i pressure 0 -2000 bar) in.conjunction.wth the. addjtion of
it ator cdbees 1 Sebbibyifie mopheaiiBl I Gondhih SupisE” epe

pol ymer i zatMenby e@ﬁissomeralgt @Spesiat HoRatdhC(10ASE cdrimady ret@rrecAtd es il | ow ng
the reactor to contln mx for 1 ninutﬁzj?the react or

depressurligﬂﬂu Myed? 1§n © Op¥FedTonp Hayugn “ﬁgéWhﬁﬁ“BW“PEEG?Fant

ethyl emc pabpe®ir, wagﬁl@n@ﬁ@&l &gl ﬁtea,refeﬁecplw galhyr ¢RGOVEY. edf rom t he
reactor (some, additional product poly is unrecoverable due to the

react or bot%%ﬁ?%&W@uﬁﬂﬁﬁghﬁgY3Su@@“ﬁd%%Haﬁﬁﬁﬁﬂﬂﬁggé@ﬂ&@ﬂ§?6ﬁ”@&ﬁﬁe of

et hyl ene i nydihifest @RChREspoliflyd M ioRAlcYIMBRAtdA as %Eﬂﬁ'sl? RsCBPah& BR

approxi mately 27 wei ght  percent ethyl ene-based pol yethyl ene P1 and the

bal ance is cmnngrytlcrrb%@) eeraicd Tpma echedssedaselos esppassed o ngabsygiedr at ed by
free- radi calyRQLUTRIh&A Ollues DIALAGH ¥d AALI ey, PARTR! EnFlllifALC Pol yrer s
1 and 2 25[148]Both ethylenic polynmers Exanples 1 and 2, highly [ong chain
branched et hyl ene-based pol yner Conparative Exanple 1, and both

et hyl ene- based polynmers Pl and P2 are tested using the DSC Crystallinity
met hod, provided infra in the Testing Methods section. The cal cul at ed
density for the Conparative Exanple polyner are fromthe use of the Density
nmet hod, provided infra in the Testing 30Met hods section. Results of the
testing are provided in Table 4 and Figures 3 and 4. WO

2009/ 114661PCT/ US2009/ 036902 53 Sanpl e I D Heat of
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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 a 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.

[128] 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 10-14.

[129] The interpretation of gpcBR is straight forward. For linear polymers,
gpcBR calculated from Equation 14 will be close to zero since the values measured by
LS and viscometry will be close to the conventional calibration standard. TFor
branched polymers, gpcBR will be higher than zero, especially with high levels of
LCB, because the measured polymer My, will be higher than the calculated My, .., and
the calculated IV, will be higher than the measured polymer IV. In fact, the gpcBR
value represents the fractional IV change 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 [V at the level of 50% and 200%, respectively,

versus a linear polymer molecule of equivalent weight.

[130] 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 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.
Nuclear Magnetic Resonance (°C NMR)

[131] Samples involving LDPE and the inventive examples are prepared by
adding approximately 3g of a 50/50 mixture of tetrachloroethane-
d,/orthodichlorobenzene containing 0.025 M Cr(AcAc); to a (.25 g polymer sample

in a 10 mm NMR tube. Oxygen is removed from the sample by placing the open

Peak 7',

(t)



(g/cnB8) Exanple 1 156.3 53.5 116.6 111.5 106.0 0.937" NM P2 231.7 79.3
130.0 NM 117.7 NM 0. 967 Exanple 2 161.1 55.2 121.0 NM 109.1 0.930- NM P1
233. 4 WO 2009/114661 PCT/US2009/036902
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tubes in a nitrogen environment for at least 45 minutes. The samples are then
dissolved and homogenized by heating the tube and its contents to 150 °C using a
heating block and heat gun. Each dissolved sample is visually inspected to ensure
homogeneity. Samples are thoroughly mixed immediately prior to analysis and were

5 not allowed to cool before insertion into the heated NMR sample holders.

[132] The ethylene-based polymer samples are prepared by adding
approximately 3 g of a 50/50 mixture of tetrachloroethane-d,/orthodichlorobenzene
containing 0.025 M Cr(AcAc)s to 0.4g polymer sample in a 10 mm NMR tube.
Oxygen is removed from the sample by placing the open tubes in a nitrogen

10  environment for at least 45 minutes. 'The samples are then dissolved and
homogenized by heating the tube and its contents to 150 °C using a heating block and
heat gun. FEach dissolved sample is visually inspected to ensure homogeneity.
Samples are thoroughly mixed immediately prior to analysis and are not allowed to

cool before insertion into the heated NMR sample holders.

15 [133] All data are collected using a Bruker 400 MHz spectrometer. The data
is acquired using a 6 second pulse repetition delay, 90-degree flip angles, and inverse
gated decoupling with a sample temperature of 125 °C. All measurements are made
on non-spinning samples in locked mode. Samples are allowed to thermally
equilibrate for 15 minutes prior to data acquisition. The *C NMR chemical shifts

20  were internally referenced to the EEE triad at 30.0 ppm.
C13 NMR Comonomer Content

[134] It is well known to use NMR spectroscopic methods for determining
polymer composition. ASTM D 5017-96, J. C. Randall et al.,, in "NMR and
Macromolecules” ACS Symposium series 247, J. C. Randall, Ed., Am. Chem. Soc.,

25  Washington, D.C., 1984, Ch. 9, and J. C. Randall in "Polymer Sequence
Determination”, Academic Press, New York (1977) provide general methods of

polymer analysis by NMR spectroscopy.
Cross-Fractionation by TREF (xXTREF)

[135] The cross-fractionation by TREF (xTREF) provides a separation by
30  both molecular weight and crystallinity using ATREIF and GPC. Nakano and Goto, J.
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Preparationggfi bxemplse; Ebhyhenis PolsyTedScribeaN@e ZikOtcidi®megxaimie and pi =
cal cul ated density for CE! fromequation 1 and W = weight fraction

descri bed | ¥tqpatisress ifepatigrue Huprwentt hhedppieal FITRP| prresss involypd he of ei t her
P1 or P2 us ~ = i ptder Pl or
P2 used f0rﬁ%{&&gf;%%gng@fﬁ%%ggg%;ﬁﬁggg %%T%L%gc@oiHgﬂﬁﬁo%%%%‘gzsggﬁp@m [ 149]

Rot h et hyl ewiads pad yielr sievanpifies tie AdRER #Hev of pealkllivetion Hy pdpper &t ur e

val ues t . ' ' [ ' g chain
branche e?%?%ghgg{)%@g%goﬁ %F@%lné@g?}%%ﬁ]ﬁm@i ﬁ%@éﬁn@ ebAZFsl{aE Pg%?%? F|91§ns as b5
Exanpl es 1 @ade@ratahdolgmen frationk ere meesipelchy w@Cet At enmblvas@dopdieyet hyl ene

Pol ymers 2 d 1. Table 4 sho t he. hi K | ting,.tenperatures, T'"
of ho Exaririe et et RN AIERE ARHS APV kPSRRI REL of
crystal | i nitkeyrescabduh oba hordcqperlae pblymeesiaidsirongign distribatiéx angpdlandr.

Additionally, the peak. crystallization tenperatures, To, are about 9 to 12C
i gher ¢ harA*CBRRIaP 2F MOLSHREWER b ity T njncere BT FBREFUERRt i (s i n
terns ofp t h@oaididatot férah€ p@bentd ofSbbit dhdily bRAhchind) i@hedthdderpatatukielyt han CEL.
The DSC Crystallinity results indicate that the ethyl enic polyner Exanples
1 and 2 hav@RRHSHCERE AessERRON AL RSBy MEnper at ur es and peak crystal | i zation

tenperatures as well as different heats of fusion values than the
conparati ve ex36pl e W gbhied asgripthal of eanehed asd yptatar based cpes-ynmer 15
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oven and a . In this

et hyl enk> bal8¥8 81 RATECopBRpdeH pkloast one AT
method, a Waters GPC 150 is used. The xTREF instrument 500, through a series of

valve movements, operates by (1) injecting solutions into a sample loop and then to

the ATREF column, (2) crystallizing the polymer by cooling the ATREF

oven/column, and (3) eluting the fractions in step-wise temperature increments into

20  the GPC. Heated transfer lines 505, kept at approximately 150 °C, are used for

effluent flow between various components of the xTREL instrument 500. Five

independent valve systems (GPC 700 2-way/6-port valve 750 and 2-way/3-port valve
760; ATREF oven 600 valves 650, 660, and 670) control the flow path of the sample.

[137] The refractive index (RI) GPC detector 720 is quite sensitive to solvent

25  flow and temperature. Fluctuations in the solvent pressure during crystallization and
elution can lead to elution artifacts during the TREL elution. An external infrared

(IR) detector 710, the IR4, supplied by Polymer ChAR (Valencia, Spain) is added as

the primary concentration detector (RI detector 720) to alleviate this concern. Other
detectors (not shown) are the LALLS and viscometer configured as described in the

30  Gel Permeation Chromatography method, provided infra in the Testing Methods
section. In Figure 12, a 2-way/6-port valve 750 and a 2-way/3-port valve 760 (Valco;

Houston, TX) are placed in the Waters 150C heated column compartment 705.



[ 150] Figures 3 and 4 show the heat flow versus tenperature plots for the
70 ethyl enic polynmer Exanples. Also shown in these figures are the heat

fl ow ver swe 2@maaeseat ure plots for the respective ethyl ereThs@d/ 036902

pol yet hyl ene P2 and Pl and Conparati w Exanple 1. [ 151] Exanples 1 and
2, Conparative Exanple 1, Polyner 1, and an 80:20 weight ratio physical
blend of Chi and Pl are tested using the Analytical 25 Tenperature Rising

El ution Fract pgpti OEaame@F @eg%b@lqéamﬁ@rr@orp&ame HB%%III nex Melehds

section. In Figure 5 the ATREF runs for Exanple Corrparatlve Exanpl e
| are plottlege IﬂﬁWI%ag(NtéOan) qepign ATREF well irsufaged. EQMT%E@CNF’@MW&S

Conpar ati ve, flla ans8 Qe Q, e Bt 3hat @i RhYS 1H Liend af CEl and
P1 are pl otted. Tab 3? tsl‘l’j\?esstg)e pg\r@ge(%t a(3e§o ' %ota allgre(ﬁ 18ll?rglctlon of

each pol ymebisanihe Gl 1sjwtrtg 1455 SGOmBImVe BOgH/aad 461 PTTAEE009/ 036902
Beami 6 070 ESRRr a5 S BREe REP ol R Gt yh8 Ry AR 5
Tabl e 5: V\érn@lht sppenictaé ndchugeal afualityt ghss polhengninkbusteel grualyoreeslOO@ frem ATREF
an?r{))a/.f Iatsl ve egxlghgn‘c (N-I(-)rr]t% rlt;')nnglegdacl(&?t [ﬂlf! !glgést%her];s z%éq’% Eotgér ldl?sttrllf%e to
(Brownwood, TX). The interstitial volume was approximately 1.00 ml. Parker fritted
low internal volume column end fittings (Part number 2-1 Z2HCZ-4-SS) are placed
10 on each tube end and the tubing is wrapped into a 1.5” (38.1 millimeters) coil. Since
TCB has a very high heat capacity at a standard flowrate of 1.0 ml/minute, the
ATREF column 610 (which has an interstitial volume of around 1 ml) may be heated
or quenched without the pre-equilibration coil 605. It should be noted that the pre-
equilibration coil 605 has a large volume (>12 milliliters) and, therefore, is only inline
15  during the ATREF elution cycle (and not the ATREF loading cycle). The nitrogen to
the ATREF oven 600 passed through a thermostatically controlled chiller (Airdyne;
Houston, TX) with a 100 psig nitrogen supply capable of discharging 100 scf/minute

of 5 to 8 °C nitrogen. The chilled nitrogen is piped to each analytical oven for

improved low temperature control purposes.

20 [139] The polyethylene samples are prepared in 2-4 mg/ml TCB depending
upon the distribution, density, and the desired number of fractions to be collected.

The samples preparation is similar to that of conventional GPC.

[140] The system flow rate is controlled at 1 ml/minute for both the GPC

elution and the ATREF elution using the GPC pump 740 and GPC sample injector

25 745. The GPC separation is accomplished through four 10 um “Mixed B” linear
mixed bed GPC columns 730 supplied by Polymer Laboratories (UK). The GPC
heated column compartment 705 is operated at 145 °C to prevent precipitation when
eluting from the ATREF column 610. Sample injection amount is 500 ul. The
ATREF oven 600 conditions are: temperature is from about 30 to about 110 °C;

30  crystallization rate of about 0.123 °C/minute during a 10.75 hour period; an elution

rate of 0.123 °C/minute during a 10.75 hour period; and 14 P-TREF fractions.



1 is shown by the ATREF plot given in Figure 5. As shown in Figure 5,
Exanple 1 5 has higher tenperature nelting fractions than Conparative
Exanpl e Iwoth@/hughl y branched et hyl ene-based pol ynmer. Wbomaszenposdant |y,
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coul d be expegisgf toTﬁ@@;Wde@I 15@Q§Jrat€dethﬁe @iméwyapf&lcsﬁ%eﬂoﬂapbmer
conponents. Table 5 al so shows anple 1 has a portion of the polyner

whi ch woul dexegnytiat ﬁtefqléﬁé@ﬂa’ﬁ)hm@s Camtalmd Ay erogolrioRsiep Ay ¥am dee Pxanpl e 1
Cooursb oie AR i OOFL PR R, el SHBE BT e cll ABPLATE P, 1
Exanpl e 1. dam ﬁompaguVﬂgAﬂlR@Ftdww pl(btsseasnl}t I’mlzleramﬁfadr wirg thhdtxed liBieExanpl e 2
AN L R R g A B
Cowparatlvaa&m&npkanﬂ7ﬁh$Mnmnehmm;mmwabm%ﬁtﬁ@ﬂdWrﬂb)Mamfanwngnmhwcant
anmount Of mat er{ent %heu(gflfsegls necessar %e au Ocrlurn (% era ?t [ enStM ac I on
(85.2%, indica & Preddmnante ot the irg AT YRV ene- based

pol ymer frahé(ﬁﬁ)mﬁyammhemﬁamM&snnnhavmmnm&%aﬂndﬁmlﬁtﬁhamREchmhmt|ver

i str but i ot ! g b8GRSk 15 Sy h? PR B b0 ver gnt

rati o CH : Rhuaongpasi ima:mrddactﬁmnmaﬁ@ﬁreag@}mstcoleﬁlhy‘mneﬂﬁcﬂa@dyymﬁrar&narrpl e 2in
Figure 6. The 80:20 we ratj o ph¥5|ca blend is created to conpare to

t he estlnaﬂ§ﬂ“§?“%%ﬁ§ﬁ?gT$§F68WE@ﬁ?(éWH&WEWBEB§§%@“$8PQWEﬁ”bT“Hﬁ@ bal ance
hi ghly Ion%;;Mthw@ranched et hyl ene-based pol ymer conposition that

conpri ses anple 2, as stated preV|oust in the Preparatlon of Exanpl e
Et hyl eni ¢ Pol s 1 and 2 sectio F distr]bution
2009/ 114661PC¥]1%§JI3200@P59%§5’?1C§ analysig 4&P@V§E§hﬁ%ﬁf %9“8@”2%%“5% ratio

bl end has apywvelpC. r ¢aed WARHN fadiadh ﬁp&&dntsbhgpr@ﬂmabrycg 31 °CSepd@auRs a bl end
of two distinct polymers. As previously observed yl enic polyner Exanpl e

2 does hot flgse- alhsimeleraiar greishy disttoton AN ot A Flgfe l%gal%ﬁ% PR Tabl e 5,

et hyl eni ¢ p@k YiBdradx AR @hrgm%graﬁlssrW-'ﬂlotanQH@t(}P@mDmE%rfuﬁ&udﬁ'(Sft| ng in
the 90 1-r, or above tenperature fraction (5.3%, whereas the 80:20 wei ght

ratio phyS| iempeIRuENEesHIISE dha ARpurtcegriote denigts e cyqralh ggolecakar weighyandof jt s

hi gh cryst e r 581 Tl et ect or
S0 e GG Raned OISl Bl T ot 0

provi ded |nﬁ¢amkmmﬂﬁ@1TesﬁﬂﬁgiN@@h@mﬁwQEMQu@m mi@d@s%lughaﬂ@ﬂs@ﬁﬁarized in
Table 65, ViQgORS¢hhis 8EIECY MEZRNa0ROPREes3.” 189 aNa®f ihhakRaual Gre

chromatograms correspond to the amount eluted from the ATREF fraction (across the
5-7 °C-temperature slice). The individual heights of GPC chromatograms (Z-axis on
the 3D plot) correspond to the polymer weight fraction thus giving a representation of

the proportion of polymer present at that level of molecular weight and crystallinity.
25 EXAMPLES
Preparation of Ethylene-Based Polymers

[143] A continuous solution polymerization is carried out in a computer-
controlled well mixed reactor to form three ethylene-based polyethylene polymers.

The solvent is a purified mixed alkanes solvent called ISOPAR E (ExxonMobil

30  Chemical Co., Houston, TX). A feed of ethylene, hydrogen, and polymerization

catalyst are fed into a 39 gallon (0.15 cubic meters) reactor. See Table 2 for the
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amounts of feed and reactor conditions for the formation of each of the three ethylene-
based polyethylene polymers, designated Polymer (P) 1-3. “SCCM” in Table 2 is
standard cubic centimeters per minute gas flow. The catalyst for all three of the
ethylene-based polyethylene polymers is a titanium-based constrained geometry
5  catalyst (CGC) with the composition Titanium, [N-(1,1-dimethylethyl)-1,1-dimethyl-
1-[(1,2,3,3a,7a-7)-3-(1-pyrrolidinyl)-1H-inden-1-yl]silanaminato(2-)- xN][(1,2,3,4- 77)-
1,3-pentadiene]. The cocatalyst is a modified methylalumoxane (MMAQ). The CGC
activator is a blend of amines, bis(thydrogenated tallow alkyl)methyl, and
tetrakis(pentafluorophenyl)borate(1-). The reactor is run liquid-full at approximately
10 525 psig.

[144] The process of polymerization is similar to the procedure detailed in
Examples 1-4 and Figure 1 of U.S. Patent No. 5,272,236 (Lai, et al.) and Example 1
of U.S. Patent No. 5,278,272 (Lai, et al.), except that a comonomer is not used in
forming P 1-3. Because no comonomer is used, P 1-3 are ethylene homopolymers.

15  Conversion is measured as percent ethylene conversion in the reactor. Efficiency is
measured as the weight of the polymer in kilograms produced by grams of titanium in

the catalyst.

[145] After emptying the reactor, additives (1300 ppm IRGAFOS 168, 200

ppm IRGANOX 1010, 250 ppm IRGANOX 1076, 1250 ppm calcium stearate) are

20  injected into each of the three ethylene-based polyethylene polymer post-reactor
solutions. Each post-reactor solution is then heated in preparation for a two-stage
devolatization. The solvent and unreacted monomers are removed from the post-
reactor solution during the devolatization process. The resultant polymer melt is

pumped to a die for underwater pellet cutting.

25 [146] Selected properties for P1-3 are provided in Table 3. PI1-3 are
presented with density, melt index (I,), I;9, and Brookfield viscosity determined using
the Density, Melt Index, and Brookfield Viscosity methods, all described infra.

“NM” means not measured.
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From Table 6 it can be seen that both Exanples 1 and 2 show a narrower
nol ecul arweenghti4aiist ri buti on, M/ M ratio, by conventi ecalussQosdévan t hat
of the highly long chain branched et hsil ene-based pol yner Conparative
Example 1 (5.03 for the control; 4.32 for Exanple 1; and 4.63 for Exanple
2). The narrower 5 M/M, ratio of both Exanples can provide benefits in

physi cal propertpreﬁaratlmmﬁ%lﬁé Efliyiéﬁac PiigniRqumad haze over the
Conparative Exanple 1 for filmapplications. The NA7/M ratio from absol ute

GPC al so di stingujshes the ethylenic polynmer Exanples with narrower val ues
(5.89 and 3EW9¥leahd Conparative Exanple 1(7.26). The lower Me/M ratio is
associated with inproved clarity when used in filnms. The 10M (abs)/ MM GPC)

rati o shows t hiai7] t he Thxamhes Hoaer GPBIrary aldd@ o 4 100261 autoc?B} rédo@n t he
Conpar ative Exanple 1 (1.51) LPéLSY] I n Tabl e 6 branchi ng anal ysi s
usi ng both 4 tera‘r"]ﬂs“@‘:’pggl-‘\feé“rt%r A1 BifaHE | dwacd ©oR 4 080 ) (Yol WiOBePHY i ned by

using the gminkk).3Drkd E&ctwtlbméox@@m{w%g huMided vhdhutaN6n T Tﬁ@'fsléﬂ&n Mafghods
section. The gpcBR val ue is determ ned usi n? the 15 R Br anchi ng
I

| ndex by 3DMESPEibeHGdNtpEEyi dde iSn¥eﬂ3§at‘?%ﬂtf?F‘e mpegt i he Wé?‘l%d% tedct i on. The

| ower gpc B%ré@hﬁ&%ﬁ \5@19{ et’h?l%né W t@tzb@(d B8H EhiX & Rh§SnASmEQMRARS &dd fiRen
Conpar ati ve Exanpl e and Exanpl e indicate conparatively less |ong chain

branchi ng; Yeokewér Th_@dﬁrﬁ‘@?@@ﬂ ‘_lhtﬁeéln’.fps Mok @al gbglaes 5ol gintee Teagtetle i s
signi ficant r%;s%@tg &gﬁlege&%ﬁQg% sjsﬁe%lflabtglngOGW%Ié% ngsreac?o‘?'ﬁ ration of

Exanpl e Et eni c mer s anpl es hi's procedure is
r epeat ed f oryckae mitiahpl/eon @bievma@h igsmatpbeper2ugrdne26fCribs rqactof isone of t he

et hy! ene-banerl, ROLNIRY SFLAGHEC RobFBTEPALPLLN, of0 & Y eRssBased.

Pol ymers (t ave reactor.
Exanple 3 |mmoute:srprEhseadtlmﬂtecPamoExaufmu@lemm19 tha)macuos sdagpfoxﬁﬂatelE%Lﬁr%l e 5 IS

conprised of P3. E ro rtles o% nin
Rl o3, e IRty wReTPIaR R e Ea A PHIT 8 0PI 1000
rpm ' ' he prepichaddehyde ﬁﬁ@@dge@am&ﬂynbyerpbdtjdl fREpxVY ANtk iren aylﬁmem heat i ng
t he reaf?t or, to 70 C for, one hour, and then fb(gi)hl ng the s%/
ni troge foetheTRCOT ¢+ AR 1RCEeass o} PlessUsty 885 PG Ban 3B vieRHnGHop ‘6‘3{; and vacuum
is pulled Oamidttf@ﬁ JramGhor caubél Ge iBRenk SndmdpeAtLHed-RIREl pdlyWBS&ize. The

polymerization leads to a temperature increase to 274 °C. After allowing the reactor

to continue to mix for 15 minutes, the reactor is depressurized, purged, and opened.

A total of 4.9 grams of resultant ethylenic polymer, designated Example 1, is

20  physically recovered from the reactor (some additional product polymer is

unrecoverable due to the reactor bottom exit plugging). Based upon the conversion

value of ethylene in the reactor, the ethylenic polymer of Example 1 comprises up to

40 weight percent ethylene-based polyethylene P2 and the balance is highly long

chain branched ethylene-based polymer generated by free-radical polymerization.
25  Comparative Example 1

Free-radical polymerization of ethylene under the same process conditions as
Example 1 without the addition of an ethylene-based polymer yields 4.9 grams of a
highly long chain branched ethylene-based polymer designated as Comparative

Example 1 (CE1). A temperature increase to 285 °C occurs during the reaction.

30



The reactor is pressurized with ethylene up to 2000 bar while at anbi ent
tenperatures WD 2009/ 114661PCT/ US2009/ 036902 59 and vented off. This step
i S repeatwd 2néwmrescti mes. On the final ethylene vent, thecprss&wnssds
dropped only to a pressure of about 10 bar and reactor heating is
initiated. Wien the internal tenperature reaches about 220 "C, the reactor
is then pressurized with ethylene to about 1600 bar and held at 220 "C for
at | east SOE,\rgth}yggss. The 5 estimated anount of ethylene in the reactor is
46. 53 grans. Ethylene is then used to sweep 3.9 mM of a m xture of 0.4321

mrol i M propi onal dehyde and 0. 0008645 nanol I nal tert-butyl peroxyacetate
initiator in n- Ny FAES PhEdysre! dagiesrddedgant V9 weleiyiastyve Fractrhi Mt or i nto

the react orglodilahPraSSH IR arkgﬁati)ﬂg feRReA At 6doi Pmt NBe FRBGE RldedQeaPut 2000
bar, where free-radical polynerization is initiated. A tenperature rise of

10 the reactiopultieg puguE (nsthisya apd PEFsuRyRE g bf Broxs. nihutsespestde val ve at
the bot tom gfeeifdfes! SRELOLewdrSs %ﬁ%%!s@}ﬁgd LWk eﬁ{ﬁeﬁél{{p%'z%od) %X&eﬁﬁi‘f’e j0 between

50- 100 bar to begin recovering the resultant polyner. Then the reactor is
repressur i zaebi¢n ep@BQ ey andghéry yeatgdfodh Whusvis meneatsd thagedtimése rn the fwall ve at t he
bottomis OREN ' r. e S} r. For
each Exanpl e, (ggt\%"? ta(?fqg% Peghtgﬁ}?ﬁ%&gsﬁgﬁﬁggﬁjﬁﬁ (E)n?%g) U%pﬁg%rey%eéhg?tsfbr%ec overed
from t he réduct ohereBhs edaaigrohedting ayolaver sitaredy allipen ofcheyving | @neéntemalt he
reactor, each Exanple j,s5.copprised.of about .33% wei gh rcen

eyl ene- basda s Her28nG TRt RRE o B gt S Aaleah S AREh 1 nai

br anchetd) et thy hahbelt asE *pdbiy mdeast 80 nixahted U At tigs pdiat the eeinfagdl anatunt of

pol ymeri zati on. Conparative Exanpl Fr ee-radi cal. pol rization of
Ehyl one. artiRReneE TR g s HRE eI Ao oD TIPUER ' RRERE 88558 W ¢ hout
t he addi ti o310 afl oaaymnietukydfenss4 asadl/mioprypienaldehedcdesndd. @4 1¢ han®/naftere hi ghl'y

| ong chai n branched et hyl ene-based pol r desi gnated as. Conparative

Exanpl e (Cé}“tgpeflgé&a&%@ ipHalepResRERC }%On{ii‘g EdCOtonydPdEs & IES’(%HHB?@ 2 is an
et hyl ene homppobyiyeR cofulcBtPSR@LHS 8ddifGy SaRRiadY LR hbedylae «¥headi cal
reaction to 275 "Cis noted. Characterization of Exanple Ethylenic Polyners
3-5 [ 159 Fi'etigrlawhenssigey b Pelyavprasion deads 4 & (eaRYdde B rrye BoLh the DSC

Crystal | i ni AjeraMebwias tihe SERE: abULSLIRLS O dni! Wi oD dhik@ed, | @Patiel et hods,
provided infra in the Testing Methods section. The results of the testing
of Exanpl esdepressusized, 3uessAparcdrengdsi v ot of st graassuph sesifanCsmylenist i ve

Exanpl e 2, CA;’ B hSsidrada @;&ﬁgﬁ\@, ?sogl%!sﬂc%ﬂ @&%@é@%ﬁ%ﬁ%&%@&@? @hePhysi cal
bl ends of arative kExanple 2 with Polynmers 1-3. The results are shown in
Tabl e 7. Saaddltienalgwpdvi! palymger BoimecoPerakle Tine to( thCyeagfogbotiob] exitmdudloight Peak
T(t) 20  Based upon the conversion value of ethylene in the reactor, ethylenic polymer of

Example 2 comprises approximately 27 weight percent ethylene-based polyethylene

P1 and the balance is highly long chain branched ethylene-based polymer generated

by free-radical polymerization.
Characterization of Example Ethylenic Polymers 1 and 2

25 [148] Both ethylenic polymers Examples 1 and 2, highly long chain
branched ethylene-based polymer Comparative Example 1, and both ethylene-based
polymers P1 and P2 are tested using the DSC Crystallinity method, provided infra in
the Testing Methods section. The calculated density for the Comparative Example
polymer are from the use of the Density method, provided infra in the Testing

30  Methods section. Results of the testing are provided in Table 4 and Figures 3 and 4.



Heat of Fusion (Jig) Calculated Density (g/cnB) Density (g/cnB) Conparative
Exanple 2 NM 110.7 148.7 0.921* NM P2 NM 130.0 239.5 NM 0. 967 Exanple 3
113.6 124.7 166.2 0.936** NM Bl end 67: 33 CE2: P2 109.5

WO 2009/114661 PCT/US2009/036902
53
Sample 1D Heat of Y% High Low Melting Peak T, Density
fusion  Crystallinity Melting  Point Peak T, °Cy {grem®)
{J/g) Point °C) Calculated
Peak T, Density
{’c) _ {grem’)
Example 1 156.3 53.5 116.6 111.5 106.0 0.937* NM
P2 231.7 79.3 130.0 NM 117.7 NM 0.967
Example 2 161.1 55.2 121.0 NM 109.1 0.930*" NM
P 233.4 79.9 133.5 NM 116.6 NM 0.965
CE1 142.9 48.9 110.2 NV 96.6 0.918" NM

Table 4: Results of DSC Crystallinity testing for Examples 1 and 2, Comparative
Example 1, and P1 and P2. Note that “NM” designates not measured, Density is

5 taken from the results of Table 3 for P1 and P2. *Calculated using equation 1.
*#*Calculated using (1/p) = (Wi/p1) + (Wo/p2)} where p = density of the example
(g/cm’) and wy = weight fraction of CE1 described in Preparation of Example
Ethylenic Polymers 1 and 2 for that example and p; = calculated density for CE] from
equation | and w» = weight fraction described in Preparation of Example Hthylenic

10 Polymers 1 and 2 of either P1 or P2 used for that example and p, = measured density

for either P1 or P2 used for that example. .



127.0 178.1 NM NM P1 NM 132.4 230.3 NM 0. 965 Exanple 4 110.2 124.9 163.7
0.935** NM Blend 67:33 CE2: P1 109.5 128.9 173.9 NM NM P3 NM 134.1 209.9 NM

0. 958 WO 2009/114661 PCT/US2009/036902
54

[149] Both ethylenic polymer Examples 1 and 2 have peak melting
temperature values between that of Comparative Example 1, which is highly long
chain branched ethylene-based polymer made under the same base conditions as

5  Examples 1 and 2, and each of their respective ethylene-based polyethylene Polymers
2 and 1. Table 4 shows the highest peak melting temperatures, Ty, of the Examples

are higher by about 7 to 11 °C and have a greater amount of crystallinity, about 5 to 6
percent, versus Comparative Example 1. Additionally, the peak crystallization
temperatures, T, are about 9 to 12 °C higher than Comparative Example 1, indicating

10  additional benefits in terms of the ability to cool or solidify at a higher temperature
than CE1. The DSC Crystallinity results indicate that the ethylenic polymer
Examples 1 and 2 have both higher peak melting temperatures and peak
crystallization temperatures as well as different heats of fusion values than the
comparative example highly long chain branched ethylene-based polymer

15  (Comparative Example 1). Additionally, Examples 1 and 2 also differ in some
properties from P2 and P1, especially the heat of fusion value. This strongly indicates

that Examples 1 and 2 are different from their respective highly long chain branched

ethylene-based polymer and ethylene-based polymer components.

[150] Figures 3 and 4 show the heat flow versus temperature plots for the
20  ethylenic polymer Examples. Also shown in these figures are the heat flow versus
temperature plots for the respective ethylene-based polyethylene P2 and P1 and

Comparative Example 1.

[151] Examples 1 and 2, Comparative Example 1, Polymer 1, and an 80:20

weight ratio physical blend of CE1 and P1 are tested using the Analytical

25  Temperature Rising Elution Practionation method, provided infra in the Testing
Methods section. In Figure 5, the ATREF runs for Example 1 and Comparative
Example 1 are plotted. In Figure 6, the ATREF runs for Example 2, Polymer 1,
Comparative Example 1, and an 80:20 weight ratio physical blend of CE1 and P1 are
plotted. Table 5 gives the percentage of total weight fraction of each polymer sample

30  eluting above 90 °C.



Exanple 5 111.4 123.8 158.5 0.933** NM Bl end 67: 33 CE2: P3 109.0 129.4 170.9
NM NM 5Table 7: DSC anal ysis of Exanple 3-5, Polyners 1-3, Conparative
Exanpl e 2voand/itmaiivi dual physical bl ends of P1-3 and CB2T1/UNod0e/0Bdvar " NM'
desi gnat es not neasured. Density val uss are Laken from Table 3 for P1, P2,
P3. Cal cul ated Density for conparative exanple 2 is determ ned using
Equation |I. *Cal cul ated using equation 1. **Cal culated using (1/p) =
((whit) + (W27 p2)) WNer€smpte @ENSI Ty Of the [ davaganmpl e (g/cnB) and W =
wei ght fragtion of CE2 described in Preparat|i (racodn Exanpl e Et hyl enic
Pol ymers 3-|5 for that exanple and pl = cal cyl afededensity for C F2 from
equation | land w2 = weight fraction descrihed |991°Cbrpparati on of Exanple
Et hyl eni ¢ Pol yners 3-5 of*®ler PI or P2 or| P3'%sed for that exanple and
p2 = measurled densi t yOMB¥EP fﬁé*}P'Eﬁl or P2 or] P3%sed for that exanple. WO
2009/ 114661PCT/ US20( 9/,0}35@?5’?% H%]Usi ng data>from Tables 3, 4, and 7, a
S eeoRbeE g

conpari son |pl ot bet 0 tgarrperatur%'g( Li) and heat of fusion

(11f) conparngBxarples 1-8__Copparati-ve Exanpes—1 2, nmrer ci al
hvai | abl o’ REEIES: 1 VB ECRa g 8 POVRERARHE PP Vel 4 4 ARk pe.  such

as the rel adshi p shown in Figure 7. Note in the case of materials with

mul tiple neltj te rat ures he peak | ting. t erature 1s defined as
the highest nbelng nonperdrcreitey Bupss dudis ¥ RapPahSrgan ' (he
Exanpl es densnabwabe tdi ATRERplot fivacin Kpat Spraopaodh asFikuen, themgleaup creat ed
by the npar ati ve Exanpl es and t{he Commercially Avail abl e Resips.

10[ 161] Bue ltaé%c‘%r SESrANTe SRelins ng Hanf '%38’¥1H9|Eéhmgleﬂolt%élﬁﬂ]§xaml es
and the grosncdhed BEgichd-BRtd PRyhWO NoRPRHakANS, &Y AMREsdidnbutdeuRmer ci al |y
Avai |l abl e Resins, a |line of demarcation between the groups to enphasi ze the

di f f er ence Sfalf*8rlest abPVs Hedelpibicha hgmoesnerungerver idiating ¢ eessalon. As
shown in Figufsnolial &yQMIERy Rlribh@AL AN pHgMat EoRsHId 2. is TRYelp@ used to
represent such e? Iai ng 150f}; der?a.rcati on: Tm C%)gz (0.21431-12 (J?g)) + 79. 643
(Eq. 15). Pdendsefcpaate éPapenspshit goyld ke exppagd 43 shoaha banaslakegirymofvgur e 7, al |

five et ﬂ}" e Rled BJ)IWII{@{ components. Table 5 also shows that Example 1 has a portion of the

polymer which would elute at temperatures at or above 90 °C. Comparative Example

1 does not have a portion that elutes at or above 90 °C.

[153] The plot of Figure 6 shows the ATREF plots of Example 2, Polymer 1,

and Comparative Example 1. In comparing the three plots, it is apparent that

15 Example 2 is different than both the highly long chain branched ethylene-based
polymer (CE1l) and the ethylene-based polymer (P1), and not a mere blend.
Comparative Example 1 has no elution above 90 °C. P1 has a significant amount of
material eluting in the 90 °C or above temperature fraction (85.2%), indicating a
predominance of the high crystallinity ethylene-based polymer fraction. Example 2,

20  similar to Example 1, shows a relatively homogeneous curve, indicating a relatively

narrow crystallinity distribution.

[154] Additionally, a physical blend of an 80:20 weight ratio CE1:P1
composition is compared against ethylenic polymer Example 2 in Figure 6. The
80:20 weight ratio physical blend is created to compare to the estimated 27 weight

25  percent ethylene-based polymer P1 and balance highly long chain branched ethylene-
based polymer composition that comprises Example 2, as stated previously in the

Preparation of Example Ethylenic Polymers 1 and 2 section. The ATREF distribution



Exanpl es have at | east a high nelting point peak Trn equal to, if not
greater than, a 20 determ ned peak nelting tenperature using Equation 15
for a gi weo 2n@ati4esfi fusi on value. In contrast, all of tireT@sS2@aN3DYeE
Exanpl es and Conmercially Avail able R®sins are below the relationship |ine,
indicating their peak nelting tenperatures are | ess than a determ ned peak
nmel ting tenperatures using Equation 15 for a given heat of fusion value.
25[ 162] Al soipSHQWR ¢ Rh&l I Wee 8020 NTEI 1 1GRb  bRhATHaNS RleRSresdrl4abilRA 16 and
17, may al so be used to represent such a |line of demarcation based upon the
rel at i onshi gsribeionediretiné Mrghrpt e hlendopipacadipinst PRAMSISesAs ayi@shmer ci al |y
Avai | abl e Raslis asnhist g agissediold 2Qoes Q- 1pdd3y B édld%'t-ﬁ& (Eg. 16)
. V\D 2009/ 1141261PC|’;1U826%37%%3690§17’§2 Nbr & pre%ergabl el SSHEBRtI (01 43x
(J/g)) + 85A{digenally,)as shawaBin' bl B sthyleardolymasanpla 2Heat sokllfaneign range
for the 21 eni. r h fe fUsSI yl eni c
pol ymer sﬁg?égpljf‘%%r%ﬁa%dggg lliﬁt%o%%%gggﬂ?&ﬁgﬁﬂﬁe? %u,n%pffaé#(zdr gjg?@( ’ f‘%hg%aggﬂéut 130 to
about 170 J3(R0 wfighdtti¢-alysesl Hemhihs Anainsonsdiosintanp@ak %redftecing ¢fermsper at ur e
range for the Ex | . | eni ¢ I rs. The peak nelting tenperature of

t he et hyl enllneh%Sﬁéwﬁrélﬁysgfﬁénegbﬁﬁ%&?ycr)%cr)rra(ét%oélat er than about 100 ()C, and
preferably fromabout 100 to about 130 C. [165] Et hyl eni c pol yner Exanpl es
3-5, Conpar at (€] Exaffpble 2Aetcarmd GRE PODBAGRECS 1siBg artle: t Gskt eberosatig t he

Nucl ear Magnetic Reson met had ravi.ded.infra.jin t Test i ng Met hods
Sect i on, o EhaficEBRRLArE, SRS mBllY SR M rihs Bl The
resul t sltar erestiwwre summbélbddan FablSanpl e G C2 C3 C4 C5 C6+ Conparative Ex. 2
0.85 1.04 0.18 7.30 2.17



0.72 Ex. 3 ND 0.42 ND 3.70 1.68 0.40 Ex. 4 ND 0.35 ND 4.41 1.68 0.30 Ex. 5

ND 0.50 ND 4.61 1.46 0.62 Tabl e 8. Nucl ear Magne ic Resonance
anal ysi s wono@hiisde1chai n branchi ng di stribution 15 in saopluss000/036902
Conpar ative Exanple 2 and ethylenic pg yners Exanpl es 3-5. [ 166] For

"Fable 8, "Cx" indicates the branch |l ength in branches/ 1000 total carbons

(A = methyl, C5 = anyl branch, etc.). "ND' stands for a result of none

detected or observed at the given |imt of detection. [ 167]

Et hyl ene- based pol yners P1-3, although tested, are not included in the

20results of Table 8 becau%e P1-3 did not exhibit O -C6-k branching. This
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as P1-3 are high crystallinity ethyl ene-based polyners that do not have any
conononer content that woul d produce short-chain branches in the range
tested. wo2pdB8keehs observed in 'Fable 8, the ethyl eni ecpaisgomsnid@ranpl es
3-5 show no appreciable C (nmethyl) o8 C3 (propyl) branching and C2, 4,
and C.5 branching 25conpared to Conparative Exanple 2. "Appreciable" neans
that the particular branch type is not observed above the linmts of

detection usi Eﬂd ?e M%ﬁlel\@gf‘@a&ﬂ& se\éQtﬁﬁoﬁftﬁ%ﬁ%ﬂi?ﬂ/éﬂﬁ@gﬁ(&v@%ww 63

Resonance et about 0.1 branches/ 1000 carbons), provided infra in the
Testing MetHogyeswelerdi, wagtpsintzhuion PEX/%iﬁP@ Dy Canww@bﬁPGfthemrté@- r adi cal

branchi ng, &WH%@lMBh%kﬁﬁﬂ%TaQE&ﬁ%aﬁ& %taseﬂ olJn?e? a}aﬂvé Efi‘ﬁgﬁ@?‘)d' ment

et hyl eni ¢ pol yners enic p mer S no reC|a propyl
branches. 1@. (Bdnetlerﬁbomlrréﬁi fer Exanipd b,nand ﬁb@”ﬂ gpn@xsmplﬂié dihhykeowe pol yner

has no aﬂOpr@CMbﬂa&o B&M 'E]x%ﬁlﬁ'&?a%spmxhﬁ' eglgﬁtéggg%% P nge%&y b feaPO! s

at least” 0. 1"units gr oups per aré present. In
sone enbodideiy, atl lngduefni hazpo‘#ey ther Gompamatige Eadreple tl Hamfilth fpplicktipss. oTheanyI

gr Oups per 1%[ RP rag? { 22 &n&u§ 8 aPS dsS%E%UIS[%lgl ri?l’llC pﬁlgmerEéx rlrlpl}) -5 are

I
separ at ed |nfo *su ions ative erature R|5| ng
El uti on Fr aeith aaratwennaloet (566 anqh 869] ﬁﬂdjomp‘araawe mehlﬂe Tas Qﬁhgrﬁh’ﬁb\hﬂds

section. btractions ar ined into.four fracti.on Fr ions A-D
bt or ot o Doty & PRReOEd SRR PReowhl Rer o i SEL oS i Eliure s

represert s Mh@bH)IpEray wiie sidhd thar thO Exdmiged Hadd fowhr Vludssil 26, 1719 dhwat hod on
Exanpl es 3-5. 15[ 170] The Fracti ons are anal yzed for weight and their weight
aver age ten‘B‘épaFlﬁ?ré“‘@éEcxé‘Fnﬁierﬂe@ SUrabl e 9 summarizes the wei ght fraction

di stribution of Exanples 3-5 as well as Conparative Exanple 2 and gives
each Fraction[ists desi glaalbi@rbrﬁrc&ngSaﬂprlsle ds[ﬂgFlIS(ﬂlﬁ:tgi aind VigicBRt arEI‘a‘ﬁs@ti on (w

“ Fracti Onln(:lV\ggle%htTh%Vge I’Vg. ue is gengglgr?é%%y using the g abrm%D GPCA\ met%og prov1ded
infra in the Testing Methods section. The gpcBR value is determined by using the

15  gpcBR Branching Index by 3D-GPC method, provided infra in the Testing Methods

section. The lower gpcBR values for the two ethylenic Examples as compared to

Comparative Example 1 and Example 2 indicate comparatively less long chain

branching; however, compared to a 1 MI metallocene polymer, there is significant

long chain branching in all the compositions.
20 Preparation of Example Ethylenic Polymers 3-5
Examples 3-5

[158] This procedure is repeated for each Example. For each example, 2
grams of resin of one of the ethylene-based polymers created in the Preparation of
Ethylene-Based Polymers (that is, P1-3) are added to a 100 ml autoclave reactor.

25 Example 3 is comprised of P2. Example 4 is comprised of P1. Example 5 is
comprised of P3. The base properties of these polymers may be seen in Table 3.
After closing the reactor, the agitator is turned on at 1000 rpm. The reactor is
deoxygenated by pulling vacuum on the system, heating the reactor to 70 °C for one
hour, and then flushing the system with nitrogen. After this, the reactor is pressurized

30  with nitrogen and vacuum is pulled on the reactor. This step is repeated three times.

The reactor is pressurized with ethylene up to 2000 bar while at ambient temperatures



B 11.32 93.1 C50.03 84.0 D 27.38 73.1 Exanple 4 A 15.76 98.4 B 12.53
93.1 C 46.80 83.9 D 24.91 73.4

WO 2009/114661 PCT/US2009/036902
59

and vented off. This step is repeated three times. On the final ethylene vent, the
pressure is dropped only to a pressure of about 100 bar and reactor heating is initiated.
When the internal temperature reaches about 220 °C, the reactor is then pressurized
with ethylene to about 1600 bar and held at 220 °C for at least 30 minutes. The
5  estimated amount of ethylene in the reactor is 46.53 grams. Ethylene is then used to
sweep 3.9 ml of a mixture of 0.4321 mmol/ml propionaldehyde and 0.0008645
mmol/ml tert-butyl peroxyacetate initiator in n-heptane into the reactor. Upon
sweeping the initiator into the reactor, the pressure is increased within the reactor to
about 2000 bar, where free-radical polymerization is initiated. A temperature rise of
10 the reactor to 240 °C is noted. After mixing for 15 minutes, the valve at the bottom of
the reactor is opened and the pressure is lowered to between 50-100 bar to begin
recovering the resultant polymer. Then the reactor is repressurized to 1600 bar,
stirred for 3 minutes, and then the valve at the bottom is opened to again lower the
pressure to between 50-100 bar. For each Example, a total of about 6 grams of
15  product polymer is recovered from the reactor. Based upon the conversion value of
ethylene in the reactor, each Example is comprised of about 33% weight percent
ethylene-based polymer and about 67% weight percent highly long chain branched

ethylene-based polymer formed during the free radical polymerization.
Comparative Example 2

20 Iree-radical polymerization of ethylene under the same process conditions as
given in Examples 3-5 without the addition of any ethylene-based polymer yields 4.64
grams of a highly long chain branched ethylene-based polymer designated as
Comparative Example (CE) 2. Because no comonomer is used, Comparative
Example 2 is an ethylene homopolymer. A temperature increase during the free

25  radical reaction to 275 °C is noted.
Characterization of Example Ethylenic Polymers 3-5

[159] Ethylenic polymer Examples 3-5 are tested using both the DSC
Crystallinity and Fast Temperature Rising Elution Fractionation methods, provided
infra in the Testing Methods section. The results of the testing of Examples 3-5 are

30 compared to similar test results of Comparative Example 2, Polymers 1-3, and



Exanple 5 A 17.90 98.4 B 17.79 93.4 (C 35.81 84.2 D 28.50 71.5

Table 9: Wight fraction percent and fraction wei ght average tenperature
for 20f r awDI2008110d61 Exanpl es 3-5. WD 2009/ 114661PCT/ US2@03/13269/026962

[171] As can be seen in Table 9, Exangl es 3-5 have a significant anount of
pol ymer eluting at a wei ght average tenperature greater than 90 "C. For all
three ethylenic polyner Exanples there is at |east one preparative TREF
fraction thaf g ehwi&as @ftcé%@pa%t&é EQﬁrﬁﬂEQrw1ﬁlﬁfo%§ﬁér9ﬂ3AT%@§EsﬁEsaﬁé iRnB) . For
all three ethylenic polymer Exanpl es at l'east 7.5% of the ethylenic

pol ymer el updgblgt’. g t enper ature of 90 C or greater based upon the total

wei ghi of the ethylenic polynmer (Exanple 3: 22.59 wt% Exanple 4: 28.29
W% Exanple 5: 25.69 wt% . For al three ethylenic polyner Exanples at

| east one preparative TREE fraction elutes al 95 C or greater (Fraction A).
For all three ethylenic polymer Exanples at least 5 0%of the ethylenic

pol ymer 10¢l utes at a tenpefatwmetif| 9 High or gH%bfGl’#f’i etec| Lipon t he t ot al
wei ght of tlhe ethyl enic pol yrfisint l(‘ﬁkajnp?ﬁt o 11F@sponnt %g Pl erdiy U5 76
W' /e, Exanphepd: 17.90 wod. Tn(O 172 soyre | of UBhe |F 35 ons(@ke anal yzed
by triple JRLe5E M e Hnp A [ @fd gpcBR,valyes are deotggq,m nedypys' g the g
by 31)-CG PCamd gpTtBR Brancin gt mdex by s GPC_ et ffous OV ueu rinfra in
t he Testi ng—Methods—seeti-eni—Cohparatd g0 239.5 NM 0.967

Example 3 113.6 124.7 166.2 0.936™* NM
Blend 67:33 CE2:P2 109.5 127.0 178.1 NM NM
P1 NM 132.4 230.3 NM 0.965
Example 4 110.2 124.9 163.7 0.935** NM
Blend 67:33 CE2:P1 109.5 128.9 173.9 NM NM
P3 NM 134.1 209.9 NM 0.958
Example 5 111.4 123.8 158.5 0.933** NM
Blend 67:33 CE2:P3 109.0 129.4 170.9 NM NM

5  Table 7: DSC analysis of Example 3-5, Polymers 1-3, Comparative Example 2, and
individual physical blends of P1-3 and CE2. Note that “NM” designates not
measured. Density values are taken from Table 3 for P1, P2, P3. Calculated Density
for comparative example 2 is determined using Equation 1. *Calculated using
equation 1. **Calculated using (1/p) = ((w1/p1) + (Wa/p2)) where p = density of the

10 example (g/cm3) and w; = weight fraction of CE2 described in Preparation of
Example Ethylenic Polymers 3-5 for that example and p; = calculated density for CE2
from equation 1 and w, = weight fraction described in Preparation of Example
Ethylenic Polymers 3-5 of either P1 or P2 or P3 used for that example and p, =
measured density for either P1 or P2 or P3 used for that example.



15 Exanple 2, Polynmers 1-3, and representative weight ratio physi cal

bl ends based upon the estimted conposition of Exanples 3-5 of respective
Pol yrer s wodo@ormpan at i ve Exanpl e 2 are anal yzed. The reggirtts2emwas®hown i n
Tabl e 10. WD 2009/ 114661PCT/ US2009/ 086902 65 rd -Chb-0'-SI CCY 17 -2
C..),L 1) re: c;, - 2"'7;, W 2009/114661PCT/ US2009/ 036902 66 [173]
Tabl e 10 show strong evi dence of bondi ng between the ethyl ene-based
polymers P1-3 and the highly | ong chain branched ethyl ene-based pol yner
formed in the reactor to formethylenic polynmers Exanples 3-5. This can be
seen in the apggl ut e U danl eGHITaplens] ghind 700 TBAPANGN DL bBRICEE BT wei ght
averages from 5 both conventional and absolute GPCs of the Exanples with
thei r respettlfife pRYLprEs (heapd heat 1of siugan i GloTepmaaring dFKapiehel-det ect ed

average nol @&H}L&fﬂtiv@@x%ﬁl@s f 9hd b hed PLRMREES AF Rt RBsifN OBEEarn RaRadehe bl ends,
i ndi cating chem cal bondin [174] The evidence of reaction is also

strongly5sUQﬁwﬁﬂ@ﬂﬁ%vmhﬁgmgﬁh@u@h@ﬂhe5$ﬁﬁéﬁmh§mMﬁdF@H§ﬁfhlNoﬁh@ﬂgpcBR
val ues for ~ ~ i hing in
LBeoEXABRIES 15 BRW ﬁé‘ﬁelﬂﬁ% E:@{(ﬁ%ﬁtlﬂég e EBgak é&gﬁ%)?e‘rr[b\%ﬁlﬁgﬁfs g

the high-tenperature P-TREF Fractio Fractions A an . woul d
usual |y be defiged esnter kighase melimgeempdriterst i Viguwsf 7 mévghls dhatstllafivd of the and | ack
of LCBs. F I - e Y, - . J or near
Zero si nce THOP GRS Ay Ltay Rk el SRR ERR Mol

et hyl ene- baSeupapoivy iigasplsuaid tsCHimarctalipiAvaildble Resine. a g' i ndex close to 1.0
and an M! exponent close to 0.72. 15 As the level of |ong chain branching

i ncreasgs, th 11N r h . X L..exponent
decr easg)z f roﬁ%ﬁg! 72; %géég?ﬁeegeg%g%ﬂr Pﬁﬁlé%? @ﬁﬁg%@ﬂéﬁ%gﬁ?ﬁﬂﬁﬁa p&ees of O.
Convent i onadndhthgigtopp| fomgedcinai nhd rven €hmdarat ey Exemeldy cemd dhgp Oboynerciallyuch as

CE2, does n/g\t/ailgﬁlgdl%gs? & alf filﬁéCtolf ch?:m\évrlcgtl?onbggtrv]vegrll QII;]e %{()qu)st 6tl(l) lelnpplhagzeaﬂl% hi gh
| evel s of |'ong chal A branchi ng.
difference may be established for a given range of heats of fusion. As shown in
Figure 7, a numerical relationship, Equations 15, may be used to represent such a line

15 of demarcation:

Tm (°C) = (0.2143*H; (J/g)) + 79.643 (Eq. 15).

For such a relationship line, and as can be seen in Figure 7, all five ethylenic polymer
Examples have at least a high melting point peak Ty, equal to, if not greater than, a
20  determined peak melting temperature using Equation 15 for a given heat of fusion
value. In contrast, all of the Comparative Examples and Commercially Available
Resins are below the relationship line, indicating their peak melting temperatures are
less than a determined peak melting temperatures using Equation 15 for a given heat

of fusion value.

25 [162] Also shown in Figure 7, numerical relationships, Equations 16 and 17,
may also be used to represent such a line of demarcation based upon the relationships
between the Examples, Comparative Examples, and Commercially Available Resins

as just discussed:

Tn (°C) =(0.2143*H; (J/g)) + 81 (Eq. 16) ,



[175] In analyzing the sanples for nethyls per 1000 carbons, it is
necessary to conbine Fractions into Fractions AB and CD to performthe

Met hyl s pwo 20@0G466ar bons Det ermi nati on on P- TREF Fracti @en3/ysca@oasise,
provided infra in the Testing Methodssi2zsecti on due to the small sanple size.
Fractions A and B are conbined to give Fraction AB and Fractions C and D
are conbined to give Fraction CD. The new 25wei ght average tenperatures for

Fractions AB and CDn\a§€pfefd at Lnoagee '+ W thg Bayation 3. [176]
Figure 9 represents tﬁe terrrégdé'}kat S?@é gpl | tsﬁgg&ggonbf(ned racti ons AB and CD

of Exanples 3-5,  Figure 10 and Table 11 shows the two |arger Fractions and
their weight {lrﬁébtlof{alags %altﬂe?%?&lé@@at&rf fpspra igpes) far he rample ehylsnie 11 and

Figure 11 t ke Haeat By uSioR SF the QA 1aRY &8l tiotn abdO1 2PRUndd4661 67
PCT/ USZOOQ?%?%MGSBZ Fr act |Oon q{r%act |IB(§)(rP1}ml ! e
292 /g, preferably from about 130 to about 170 J/g.

5 [164] Tables 4 and 7 also show a peak melting temperature range for the
Example ethylenic polymers. The peak melting temperature of the ethylenic

polymers are equal to or greater than about 100 °C, and preferably from about 100 to

about 130 °C.

[165] Ethylenic polymer Examples 3-5, Comparative Example 2, and
10 Polymers 1-3 are tested using the Nuclear Magnetic Resonance method, provided
infra in the Testing Methods section, to show comparative instances of short chain

branching. The results are shown in Table 8.

Sample Cl C2 C3 C4 C5 Co+
Comparative Ex. 2 0.85 1.04 0.18 7.30 217 0.72
Ex. 3 ND 0.42 ND 3.70 1.68 0.40

Ex. 4 ND 0.35 ND 4.41 1.68 0.30

Ex.5 ND 0.50 ND 4.61 1.46 0.62

Table 8: Nuclear Magnetic Resonance analysis for short chain branching distribution
15  in samples of Comparative Example 2 and ethylenic polymers Examples 3-5.

[166] For Table 8, “Cx” indicates the branch length in branches/1000 total
carbons (C1 = methyl, C5 = amyl branch, etc.). “ND” stands for a result of none

detected or observed at the given limit of detection.

[167] Ethylene-based polymers P1-3, although tested, are not included in the
20  results of Table 8 because P1-3 did not exhibit C1-C6+ branching. This is expected
as P1-3 are high crystallinity ethylene-based polymers that do not have any

comonomer content that would produce short-chain branches in the range tested.

[168] As observed in Table 8, the ethylenic polymer Examples 3-5 show no
appreciable C1 (methyl) or C3 (propyl) branching and C2, C4, and C5 branching
25  compared to Comparative Example 2. “Appreciable” means that the particular branch

type is not observed above the limits of detection using the Nuclear Magnetic
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AB Fraction Corrected Sanple |ID Tenperature (C) Weight Fraction CD M
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Resonance method (about 0.1 branches/1000 carbons), provided infra in the Testing
Methods section. Comparative Example 2, a product of free-radical branching, shows
significant branching at all ranges. In some embodiment ethylenic polymers, the
ethylenic polymer has no “appreciable” propyl branches. In some embodiment
5  ethylenic polymers, the ethylenic polymer has no appreciable methyl branches. In
some embodiment ethylenic polymers, at least 0.1 units of amyl groups per 1000
carbon atoms are present. In some embodiment ethylenic polymers, no greater than

2.0 units of amyl groups per 1000 carbon atoms are present.

[169] Samples of Examples 3-5 are separated into subfractions using the

10 Preparative Temperature Rising Elution Practionation method, provided infra in the
Testing Methods section. The subfractions are combined into four fractions,
Iractions A-D, before the solvent is removed and the polymers are recovered. Figure

8 represents the temperature splits for Fractions A-D using the method on Examples

3-5.

15 [170] The Fractions are analyzed for weight and their weight average
temperature determined. Table 9 summarizes the weight fraction distribution of
Examples 3-5 as well as Comparative Example 2 and gives each Fraction its

designation A-D.

Fraction

Weight

Weight Average

Fraction | Temperature

Sample ID | Fraction | (wt %) (°C)
Example 3 A 11.27 98.5
B 11.32 93.1
C 50.03 84.0
D 27.38 73.1
Example 4 A 15.76 98.4
B 12.53 93.1
C 46.80 83.9
D 24.91 73.4
Example 5 A 17.90 98.4
B 17.79 93.4
C 35.81 84.2
D 28.50 71.5

Table 9: Weight fraction percent and fraction weight average temperature for
20  fractions of Examples 3-5.



( © Wight Fraction ABM (GPC) Methyls /1000C Exanple 3 80.15 0.77
18.288 12.4 95.80 0.23 17,562 1.6 Exanple 4 80.29 0.72 33.760 11.2 96.02

0. 28 33, 546 2809114661 PCT/US2009/036902
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[171] As can be seen in Table 9, Examples 3-5 have a significant amount of
polymer eluting at a weight average temperature greater than 90 °C. Tor all three
ethylenic polymer Examples there is at least one preparative TREL fraction that elutes
at 90 °C or greater (Fraction A and Iraction B). For all three ethylenic polymer

5  Examples at least 7.5% of the ethylenic polymer elutes at a temperature of 90 °C or
greater based upon the total weight of the ethylenic polymer (Example 3: 22.59 wt%;
Example 4: 28.29 wt%; Example 5: 25.69 wt%). For all three ethylenic polymer
Examples at least one preparative TREF fraction elutes at 95 °C or greater (Iraction
A). Tor all three ethylenic polymer Examples at least 5.0% of the ethylenic polymer

10 elutes at a temperature of 95 °C or greater based upon the total weight of the ethylenic

polymer (Example 3: 11.27 wt%; Example 4: 15.76 wt%; Example 5: 17.90 wt%).

[172] Some of the Fractions are analyzed by triple detector GPC, and g’ and
gpcBR values are determined using the g’ by 3D-GPC and gpcBR Branching Index
by 3D-GPC methods, provided infra in the Testing Methods section. Comparative

15  Example 2, Polymers 1-3, and representative weight ratio physical blends based upon
the estimated composition of Examples 3-5 of respective Polymers and Comparative

Example 2 are analyzed. The results are shown in Table 10.
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[173] Table 10 show strong evidence of bonding between the ethylene-based
polymers P1-3 and the highly long chain branched ethylene-based polymer formed in
the reactor to form ethylenic polymers Examples 3-5. This can be seen in the
absolute GPC molecular weight. Comparing the molecular weight averages from

5  both conventional and absolute GPCs of the Examples with their respective physical
blends as listed in Table 10 show the detected average molecular weights for the

Examples are much higher than the blends, indicating chemical bonding.

[174] The evidence of reaction is also strongly supported by the long chain
branching indices. All the gpcBR values for the Examples show the presence of long

10 chain branching in the high-temperature P-TRELF Fractions (Fractions A and B),
which would usually be the temperature range reflective of high crystallinity and lack

of LCBs. For ethylene-based polymers P1-3, the gpcBR value is at or near zero since

they do not have any long chain branching. In addition, ethylene-based polymers

such as P1-3 typically give a g’ index close to 1.0 and an MH exponent close to 0.72.

15  As the level of long chain branching increases, the g’ index decreases from the value
of 1.0; the MH exponent decreases from 0.72; and the gpcBR index increases from

the value of 0. Conventional highly long chain branched ethylene-based polymer,

such as CE2, does not produce a fraction with both high crystallinity and high levels

of long chain branching.

20 [175] In analyzing the samples for methyls per 1000 carbons, it is necessary
to combine Iractions into Iractions AB and CD to perform the Methyls per 1000
Carbons Determination on P-TREF Fractions procedure, provided infra in the Testing
Methods section due to the small sample size. Fractions A and B are combined to
give Fraction AB and Fractions C and D are combined to give Fraction CD. The new

25  weight average temperatures for Fractions AB and CD are calculated in accordance

with Equation 3.

[176] Iigure 9 represents the temperature splits for combined Fractions AB
and CD of Examples 3-5. Figure 10 and Table 11 shows the two larger Iractions and
their weight fraction as a percentage of the whole polymer. Table 11 and Figure 11

30  show the methyls per 1000 carbon results.



Bl end 67:33 CE 2/P1 75.40 50, 157 93.85 50,128 P3 ND ND 95. 37 69, 209 Exanpl e
5 79.59 101, 326 91.46 107,875 Blend 67:33 CE 2/P3 75.27 46,459 94.49 56, 928
Tabl e 12:wB-200EHR466@sul ts for Exanples 3-5, Conarative Epammwseoo2/03dd2 3 and
several representative physical blends. Note that "N )" neans not

determ ned. WO 2009/ 114661PCT/ US2009/ 036902 68 [179] Figures 13(a) and
13(b) show a 3D and 2D IR response curve, respectively, cross fractionation
result for [@ Pol'ymer 3 and Conpar ati VE feadipl € 2 33: 67 Wei ght T at iFaction

physi cal bllend based upon theaiokr 0ss- Fractbonati on by HARkbn AB
Fraction CD CD Fraction Corrected Fraction AB AB Fraction Corrected
Temperature Weight CDM, Methyls Temperature Weight AB Methyls

Sample ID (°C) Fraction (GPC)  /1000C (G Fraction M, (GPC) /1000C
Example 3 80.15 0.77 18,288 12.4 95.80 0.23 17,562 1.6
Example 4 80.29 0.72 33,760 11.2 96.02 0.28 33,515 2.6
Example 5 78.57 0.64 24,470 10.5 95.90 0.36 58,201 4.6

Table 11: Weight Praction and Fraction Weight Average Temperature for Fractions of
Examples 3-5.

[177] Examples 3-5 show relatively high levels of branching in the high

5  temperature fraction, Fraction AB, as indicated by the methyls per thousand values.
Figure 11 is a plot of methyls per 1000 carbons (corrected for end groups or methyls)
versus weight average elution temperature as determined by Methyls per 1000
Carbons Determination on P-TREFL Fractions analysis of Fractions AB and CD for
Examples 3-5 using the data from Table 11. The high temperature Fractions of the

10 ethylenic polymer Examples have higher than expected methyls per thousand carbons
— higher numbers than would be expected from merely a linear ethylene-based

polymer.

[178] The results of Fast Temperature Rising Elution Fractionation testing

shown in Table 12 also indicate strong evidence of long chain branching and grafting

15  in Examples 3-5. This can be seen in the 1.S-90 measured M, shown. Comparing the
M, of the Examples with their respective blends, the M, of the respective Examples

are all much higher than the respective blends.

Sample f-TREF Low-Melting Peak | f-TREF High-Melting Peak
Peak Temp. (°C)|LS-90 Mw | Peak Temp. (°C) [LS-90 Mw

Comparative Example 2 76.39 64,073 ND ND
P2 ND ND 93.18 17,191
Example 3 78.85 75,779 91.38 73,073
Blend 67:33 CE 2/P2 75.29 47,532 92.52 46,766
P1 ND ND 94.87 33,888
Example 4 80.61 90,571 92.88 87,853
Blend 67:33 CE 2/P1 75.40 50,157 93.85 50,128
P3 ND ND 95.37 69,209
Example 5 79.59 101,326 91.46 107,875
Blend 67:33 CE 2/P3 75.27 46,459 94.49 56,928

Table 12: F-TREF results for Examples 3-5, Comparative Example 2, P1-3, and
several representative physical blends. Note that “ND” means not determined.



met hod, provided infra in the Testing Methods section. Figures 13(c) and
13(d) show 5 the IR response curve using the sane nethod for Exanple 5
(whi ch i rsorpawiates Pol ynmer 3). Figures 13(a), (c), andPCu)usb@wm3@oz- axi s
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features whi ch wou t te ui v ts, b ho 25skill.ed. in the
e 100wt CORBETY e iSRRG P iR SO RRPE RS T e

di scl osure t@ﬁlp@a@feeélnﬁdl %rSLdefﬁbléﬁﬂar wagle, pieterd ed Khommrmngest aed, hi ghly
preferred |y desire nost pr rred or des red

substi t uent endr %ﬁ%}g%s 13éﬁ&ng§%(§1 S o@gggg%ga%h%%rﬁlgieplgﬁg XMf Ho%%espect t o

any one of ﬂdﬂ%o@lpﬁ@lp&@@iv@qﬁmmmg laOp1apsly B Rd@rihls ARPhbeabluey as wel | to
any other of the 30 preceding or succeedlng enbodi nents of the disclosed
¢

conposi t orféatéhrdmﬁléf%d&elght% dpreriiaenenys offthe Wenq ye senifigandly 1awss Rher
speci fic suBstbidistMding @NARuentdSE: ERHMEES Swhil cHOPDLRBLEPBy coMBhrin

2009/ 114661PCT/ US2009/036902 69 [183] Unl ess ot herw se state inmplicit
fromthe coigert3@ webhigartidhal in the art, all parts and per cent ages are
based on wei ght. [184] Al applications, publications, patents, test

procedures, ap@1pt herwdoC HaRRMbSdifilch® Have B¥6h u&bﬂ&dmmﬁﬁdﬁaﬁw@cwmﬁs are
fully incorporated by reference to Sthe extent such disclosure is not

i nconsi st ente Widentopd ghag vy sler Bediiersions wHkbeaapiatiat thoad camy ®ylilyal |

jurisdigfiofgel 8y W@&ecikﬂ?e'd% th &P RALAL deBRih flﬁﬁlrﬂ%tsfn%g and sco t 188l Depending
upon the context” in which such val ues are descri bed, Pess

speci fi cal | ipventign.ed-cotdinghitge notguieided dhay g saee Qfahleyclbyls 10 bﬁeh@éﬁi to 2
percent, 5 RerceiMies Tle%@rﬂ?itohgﬁé forth) bEPra%QarF?t?art“tﬁe”ham}’s‘h%”?aﬁ@&uﬁsﬁumr' cal

range with a D an u cl osed, any
nunber fal anngmmsslhg rallt the feange, oflmmlnutlleng)veme whieh teside hentbelpressnt s

oo ool Nl ARG 4 RALA B DF Rl PRSI Q4PHIRRL 3 WAL P e

range are specl |ca ose “vari abl e
rangi ng2¥ rom'l&dﬁ)rithb@rtlo @ﬁlcmuehn\&nﬁor%mmsrenent that is, kis 0.01 or 0.02
to 0.99 or 1.00. Mreover, any nunerical range defined by two R nunbers as

defined is 15?{8%) S p?tclg In'te%al:cl %atdtilé 81'8838%96' of pl}@llréd%rﬁgsired, more preferred

or more desired, highly preferred or highly desired, or most preferred or most desired
substituents, ranges, end uses, processes, or combinations with respect to any one of
the disclosed compositions and methods is applicable as well to any other of the
30 preceding or succeeding embodiments of the disclosed compositions and methods,
independently of the identity of any other specific substituent, range, use, process, or

combination.



Clainms: |.An ethylenic polyner conprising at |least 0.1 anyl branches per
1000 carbon atons as determ ned by Nucl ear Magneti c Resonance and both a
hi ghest pwakooselitéemg tenperature, T,", in C and a heat pofi/USaewosq90Hl, in
Jig, as determ ned by DSC 5Crystallinidty, where the nunmerical values of Tm
and Hf correspond to the relationship: T0?(0.2143* H1)+79.6 4 3, and
wherein the ethylenic polyner has less than 1 nol e percent hexene
comonorner, anglsbﬁss UARRs GrhorwiR! atRETHEML ﬁ%qwco@&@bﬁe&we&{ongp&ene
cononormer . e ethylenic polynmer o cI aim1 wherein the polyner has

| ess than Ohqarslleaperndasicepagene, bagshmendghtor oct ene cononormer . 3.
The ethylenic polymer of claiml, where the heat of fusion of the ethylenic
polymer is | eﬁ 4} han Ali7 QpplicBions, pubhcﬂtlon-gh%at@ﬁtbyte@@'p%c@&lréfsm?arndo&h&l aiml,
where the peak nelting tenperature 1 e ethylenic polyner is less than
126C. dogumqicigadnipcleding PHOTIY HOFUBIN(S AR fmlnlncmwdtmée@teﬁw @nic

pol YITEr' LOMRE -3t Ao ARG 306! FELMKLen LARGNESisERs A AIHTiNGA Mo Nuc! ear
Magneti ¢ Resonance. . The ethylenic polymer of claim1l, where the

et hyl eni c p@ﬁtyfpﬁéranQ@@@Hmrrlssl@gomon apheedhabdospprtiopys pdmadisdhes as det er mi ned
by Nucl ear Magnetic Resonance. 7. The ethyl enic polynmer of claimal,
where the et h 188101 C  PREMIRY, (OAREd SERxPHh SheRL&H \Fah'li%@ afe &stieliSafdf anyl
groups per O carbon atons as determ ned by Nucl ear Magnetic Resonance.
MCSLLP 71 m,lese @peziwgﬂwtywmthe@vlw puchoebiss gy ey iynigpeagenstZngaresni. & pol ymer,
COMPY i ST NG: percent, or, s {g Y P2 B CWREDGRP, hBmbAIG] RRESERAG 10a catal yst
to forma |1 near éne- cipo | ymer having a crystallinity of at

| east 50% aJanid,eerranﬂ Iaedpﬂw lIDBHCRTE ysdisdlosedi any npmber fhiling witheatbe ommger a first
part of a t . eac r

bt hyl ene. batahtip b SRRl A toscipny gipobedd Ryl 1 LhBSRE

free-radi catiumbmstwmnmthetrm%carempan.ﬁea:lllywlsehjsﬁl peRy Akt(RIORN), athetegalsts one ot her
reactor or a Vanalt)le ra ?flrgtfro%]; 081 H}libé GVRI?EJO Orlelr?'c%n%nt that is, kis 0.01 or 0.02 to

0.99 or 1.00. Moreover, any numerical range defined by two R numbers as defined is

15  also specifically disclosed.



10. The process of claim9, where the reac
_ : , tion of ste B) occurs b
pol ymeri zation. 11.The process of claim?9, where thepcgtélyst of s?egr?gs
I's a metallocene catalyst. 1512. The process of claimll, whe#&SpoFar
ﬁﬁr??ungsi if present in the first regctor or the first part of a

“part re A g
catalygt. actor, do not inhibit the activity of the netall ocene

Claims:

1. An ethylenic polymer comprising at least 0.1 amyl branches per 1000

carbon atoms as determined by Nuclear Magnetic Resonance and both a highest peak

melting temperature, T, in °C, and a heat of fusion, Hy, in J/g, as determined by DSC

5 Crystallinity, where the numerical values of Ty, and Hy correspond to the relationship:

T>(0.2143* H)+79.643,

and wherein the ethylenic polymer has less than | mole percent hexene comonomer,

and fess than 0.5 mole percent butene, pentene, or octene comonomer.

10 2. The ethylenic polymer of claim 1 wherein the polymer has less than

0.1 mole percent butene, pentene, 0T octene comonomer.

3. The ethylenic polymer of clamm 1, where the heat of fusion of the
ethylenic polymer is less than 170 J/g. '
4, The ethylenic polymer of claim 1, where the peak melting temperature
15  of the ethylenic polymer is less than 126°C.

5. The ethylenic polymer of claim 1, where the ethylenic polymer
comprises no appreciable methyl branches as determined by Nuclear Magnetic

Resonance.

6. The ethylenic polymer of claim 1, where the ethylenic polymer

20 comprises no appreciable propyl branches as determined by Nuclear Magnetic

Resonance.

7. The ethylenic polymer of claim I, where the ethylenic polymer
comprises no greater than 2.0 units of amyl groups per 1000 carbon atoms as

determined by Nuciear Magnetic Resonance.

25 8. The ethylenic polymer of claim i, where the numerical values of Ty

and Hy correspond to the relationship:
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T,>(0.2143* Hp)+81,

9. A process of forming an ethylenic polymer, comprising:

A) polymerizing ethylene in the presence of a catalyst to form a linear
ethylene-based polymer having a crystallinity of at least 50% as
determined by DSC Crystallinity in a first reactor or a first part of a
multi-part reactor; and

B) reacting the linear ethylene-based polymer with additional ethylene
in the presence of a free-radical initiator 1o form an ethylenic polymer

in at least one other reactor or a later part of a multi-part reactor.

10. The process of claim 9, where the reaction of step (B) occurs by graft

polymerization.

11. The process of claim 9, where the catalyst of step (A) is a metallocene
catalyst.
12. The process of claim 11, where polar compounds, if present in the first

reactor or the first part of a multi-part reactor, do not inhibit the activity of the

metallocene catalyst.
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