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anor phous pol™ ?rszmgla\éhnaﬂ& %"C&‘B‘%’ %%nz@ (‘I\I/IO?%f%h‘\f}r"H%éricgfm@é hsrqty, by
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used sem crystartrre—porytetrs,—whi ch do not tend to form aggl onerates, to
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lubricating oil compositions, which include ecthylene-based copolymers, methods for
preparing such lubricating oil compositions, and end uses for such ethylene-based
20 copolymers and lubricating oil compositions.

BACKGROUND OF THE INVENTION

[0004] Soft or amorphous polymers are difficult to pellctize, convey, and further finish
because the pellets tend to agglomerate or stick together. Amorphous polymers having low
viscosity or high MFR of greater than 2 g/10 min (230°C, 2.16 kg) are especially prone to
25 this problem. To counteract this problem, the polymer has been dusted with fine powder of,
for example, low density polyethylene or ethylene vinyl acetate (EVA). The required dust
level, however, detrimentally affects further processing, such as packing the resin in bales.
Furthermore, applications requiring such soft or amorphous polymers, such as viscosity index
(VI) improvers, can only tolerate a low level of dust before solubility problems arise in the
30 oll
[0005] Other attempts to counteract the problem of pellet agglomerates have used semi
crystalline polymers, which do not tend to form agglomerates, to producc blends which
remain free flowing. This, however, will lead to changes in the final product and is

acceptable only in a limited number of applications. In the case of viscosity index improvers,
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remain free flowng. This, however, wll |lead to changes in the final
product and is acceptable only in a limted nunber of applications. In the
case of viscoghhyohRegx inprovers, WO 2010/ 129151PCT/ Ug2P k99 for
exanpl e, these added semi crystalline polyners have the tendency to interact
with wax in the final oil forrmulation and are thus unacceptable. 100061Yet
ot her attenpts, ,QmpRUALELAG stRRrREARL GON AL RElC! B cRAAL mﬁ@&d&%hﬁv& in

i nvol ved refrigeration of the conveying equipment. This however, can,

| ead to unaccbplinthpy Ornyhimeat eic tasnewaiais ons in the final pol yner.

[0007] There 'Iﬁﬂ(ﬁg neagd ohRekEHAS & coliftErad tREWOINER GLSSIcAREIoR%REE MhcAnRyiRY ent
pel I et agglomeration that does not require unacceptably high dust |evels,
refrigerati orfcligeratins efothe syiviRying icaeBmet. (Ths Iverel Ay éﬁdddt) RefcopitmBigh
component s, SUMREYG0Fi T IVENTL e, 10[ 0008] Ext ruded, copol yrer pel | et
conposi tions and methods for neking the sane are provi ded In at | east one
speci fi ¢ enbd®¥fEnt Thaleclép?opiﬁﬁ‘ertheﬁ‘g?rﬁefmcf'oH@’bﬁqcia@n@dha@e@nmet"}“iwnéﬁ’é et
content of an%le@thxéM Yoal go@bwtméﬁrcvwm{@&{agblg REIPRY: aB&1C oatienkiaf oaeut 50
w % to about based on total wei e copol ynmer, wherein the
copol yner hasc%vewgzh(l%@@@ei’leﬁémk%OthﬁfPP‘V@ﬁﬁ‘é’B’@B‘%@ng 0 g/10 min and about 25
g/ 10 mn; a MBRiI(NMOMF Bie FepQtioN. 3 or | ess; and no neasurable nelting
peak, as neasured by Differential Scanni ng Cal ori rretry (DSC) E}OOOQ] In at

| east one!%spdBi%8] ¢ Aneanelymsr pdichepnmegtontedor deptheds & dnafiner thp sametre

Corrprl ses pelpk®tdedl N@ R l&a@tpg{eygﬁ&f'@%Mb&ﬁm&twgol\}é](ﬁml%llé@co Dbsi@dns fHa0 mh about
0 g/10 mn and about 25 of about 3 or |ess; and

n o nmeasur abl &R FoRgEnoef ‘fié%ﬂé‘o W% thaba P%Hg%ﬂn‘b‘sﬂfof’ﬁcrﬁr"BW‘&fé)fé?ouf &% one

pel I et havi ngo aodi GrRieLakb oamwwe?gh@om &fpo%feﬁ vBRinathd €pelykhct Rusdinvprt er
ratlo(L/)offromabot08toa I?;)Sllet anbeéj ed with

about 1.0 wt 96¥rCRdEekeyplstom ghadd: Odﬁlq B‘E“a‘i‘“d\/\?@f’ﬁ %10 PHe 2 PEMPtMWAMTEOE n

the dusted pebdet2h@sicd; M%Rnc( A30GHaBIc 1hc 1 ki) paak, dsr asmsabouy D’iff&exﬂ[aﬂ-@cdﬁhﬂﬁgand
about 10 g/10 mn; a (MM Mn) of about 2.3 or |less; and no neasurabl e

mel ting peakca%%%@d by DSC. 25 [0010] In at |east one other specific
enbodi ment, 00wt hoth fiOkasi®ké BEkcHicCORRUNITRE, ap@tthat f&@ﬁ@ktﬂgsesog@glmemémezl ng

et hyl ene and propyl ene . in the presence of a 0S

condi tions sGPPPEFERICHAg Gav¥RHaE HMF&@%F?J/%S gt %@56‘1’%@9 g@é}%?. si ng
an et hyl ene eanbeni 208/ 1aBeMta MO DU ININ)2dTQBbut 3B am&&mﬁ 1 fdaopylileneltiagnt ent
of about 50 w % to abou ggto/ based on tot al ﬁI\BI htd of th? ]g:oPg)IOymer
wherein t¥e @ aﬁsyxgeaswsm iS t%ﬁro(vl ﬁﬁ} liegségne et having a diameter of abou mm

di (p-t ri)]et Ey?smbmlap@ewgth{@&lh}gw{xhaﬁcﬁad mﬂ)pﬁ%hﬁiﬁbﬁmﬂ th@Bouf 1 di Thepditebdah b f | uor
en-9-yl af.ni um di net hy N, nmet

tetraki s(penf&Hidy ﬁ’étnyﬂ ‘)’%?ral?sé%”fﬂjé‘*e@ éé‘?t@ﬁ%ﬁlgq‘it gp%%lﬁfi”& POEaNy Pt de
at | east onepgetheta MRR (goar/ti@REt & fréfh a6OBI0 J10 nifinaet abvdt €0 gnd rdin] @ngt h
to di aneter bout ' 0.8 to abou 2. The

st ed v th ABERIMHe Ghet PR NG e © BabGaP el st af drtiub et Sinad

pel | et, wher gponoft hel@mﬁaﬁ@n@&héﬁbedﬁa&n&oﬂdﬁﬁnt Y\iethod for makmg a copolymer pellet
2010/ 129151PCT/ USZOl /031190 30 16 k g‘ from a t l t %E ). mn and
about 10 g/ 16°H'K* %{’ YRl 68‘? %f ed’lregF%%Q 33%8Y% FORBALiRdh| e

mel ti ng peakcomsioneasdticied tbyrddbte an ethylene propylene copolymer comprising an ethylene

content of about 40 wt% to about 50 wt% and a propylene content of about 50 wt% to about
60 wt%, based on total weight of the copolymer, wherein the catalyst composition comprises
30 di(p-tricthylsilylphenyl)methenyl[(cyclopentadicnyl)(2,7-di-tert-butylfluoren-9-yl)] hafnium
dimethyl and N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate. The copolymer is
pelletized to provide at least one pellet having a diameter of about 3.0 mm or more and a
length to diameter ratio (L/D) of from about 0.8 to about 1.2. The pellet is dusted with about

0.8 wt% or less dust, based on total weight of the pellet, wherein the dusted pellet has a MFR
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0011] So that the recited features of
the present invention can be understood in detail, a 5 nore particular
descri ption ofvotzh@/1toasenti on, briefly summari zed above, pagyshey3ade by
reference to enbodi nents, sonme of which are illustrated in the appended
drawings. It is to be noted, however, that the appended drawings illustrate

only typical esiod. mrgt) f @bmidb& 3 mg/emﬂuo BnBduareg/t i eine faoviey i owiNn o
for the invention mali admt to other

considered linmti its sco
equal ly eff ecatbP'x‘err%g‘ﬁ‘g%bh Préﬂ‘f %‘eagir@f)’ﬁ@fﬁjnﬁlp@adfr@“lca%iﬂ ¥t SGn illustrative
sol uti on pol YBRIHZPESORIFNONSOF THE DRAWINGSG to one or nore enbodi ments
her ei n. DETAI DE PTI O\I 13] Each of the appended cl ains defines a
separate i nve[hﬁqé)n, %ﬁ‘a&ﬁh%rﬁ? 88 Fuir?‘?g)gquﬁrw%%r“b"ﬁ té’élﬁagg? é‘%‘@@fmoﬂéﬁd‘é‘é‘l a
i ncl Edl I’l? ‘equhMa|p6ﬁlfbgla1t Q%Erh}ﬁloﬂaffl tﬁw&veﬂltﬁ)ﬂeBﬁlc&iyoé%’urﬂnha!ﬁhécﬁﬁliijoﬁ}lﬂslnaﬁ-ﬁc Shﬁ@%blfl ed
|nteca|ms Depen n e t ext erences, hel ow to_the
"invention" MBS awﬁgdea%% PRt a&%@v%ﬁaﬁ SHUE MBI B aTe 'S OGRI v
| n ot her Caseﬁ)tokiI. hawdvbr, bﬁm e @gpth & ddrbhiags nﬁlt;t@nae6@1@&yplaa1tdﬁ&)odmﬁmerm "
will refer ta sub ect ma { recited in onf or rmé , but noF1 necessarily
all, of the clal é“&%t PIOfHRt R rrPaTed (nitne AB $8PUEY RS BEPR Y eat er
detail bel owddinmdudér&guﬁlpeﬁbd‘tllveerﬁmmﬁbnmants versions and exanpl es, but
the 20 |nve ¢an b not limted to these enbodi ments, versions or
exarpi s, il H3Ean TR Reftisutr TistEhubutea® Seb EORHa PG o HUT ARPSSPT 1 i
the art to makeoandeestodidents ivemt i ons, when the information in this
di scl osure i i.ne 3 | abl e i nformati on and technol ogy. Unl ess
stated ot herm%{&@@ature (Tm is obtained by DSC anal ysis as
descri bed i n[6h8] Ex@mpi (ﬁ"SheS@)péﬂdedhclbﬁisQMﬂneZE([;QﬁﬂAﬁ] ihhentied, hwlcmrfer h&ﬁi@dnent
and al pha of GHPH<E dhareRRrel RVERGTS sgrabrd Pyt ardne S e R
"et hyl enel-sbasmlf@dpmkmn:ﬁnms nBamsdiag @@phﬂ c;dmlxt ekbrtrqsfasmds béloa tS lﬂbs"ruazeﬂtloal'
g T I S T W O
derived f ronwxbglh&dchafrefmm@srmmdwénnvbtynoat)mlil gdﬁr tocm@artenhtttanremmdt i8 cﬁleror ved
tuo o mor o HSRONEr B rontay Sl s B nEReRerS el DadThrEhyt S G "
a-ol efins, sgohtcasic@l- R, andhéhg npecéivd crpb@lﬁreﬂwalmsmn@wﬂenemahasj o4 -1 2
mor e comsomay & isan .oy SAATRA 9 ABRF s SodnBEE e Rlour gREERE FRRy 5190
2010/ 129151 P@ETUISP®1601108 1 pOGor' kaving| qndha&ryjlblsﬂnmtl@@nmtnmrmkt 4nd welthedi@senopes, t Wo,
o ror e al phanel Sid RraqIRaPTR fis RATRLER Shudhh! o) S ERRRNATRLR NG Ye
al kyl br anchéshnogggc Unless M@dmh@msr: nndlur@tcrppamyﬂeéﬁm) Hl)btatrted en®sC3malyst hyl -
L Dutene: 3u3glLuTPhK] cuchy U ARy Pontenc: 1 - pentenc wi h one of
met hyl , &f hy[00&4] prﬁlpﬁybthslazmltasetcuemower <hiepicdre lwist tharopkoub SO mete offeniy |
cChy] O B OB SRR MRILR RS ANS ML OIR AT PR iy, oL O
subst i t uent shereip hgthylemréatawwomlyrmr'r're@hy |d£smb:gn¢rtcmme<d;ecloﬁ@méﬂemabwnmy of
3ot hyl - 1 by ors T Rekone ol 1R EB R G o e b e
3, 3-di net hyl thylpngtbasgs, conolhrems ewemclgddmweweltwotﬂhcobfrmmw olsbsedngent &y on
St o1 chi omet 11 Bl T B B oS b R b s e,
1-oct ene, 1- pqiﬂmfélﬁ‘énmowlamﬁ@ﬂmﬂlme%bstl tuents on any of C3 or 4,
1- hexene wi ttaumcg n@héamla cSMBRInl i, hﬂapﬁg% aﬁlhcu &@mﬁﬁkﬁ'd@@ ley, pogept abl e
conmbi nati on on 1-pentene wth ree 5 substituénts in any
st oi chi onet r@r@dllﬁfyfah'c’d&ﬂyéﬁbﬁ én¢ 6nbi mwieﬁw oﬁhmotsﬁn G@mO@nﬁl:}%@hbe lingeh omn
et hyl substifyents A nfoOhofdombndRil ER& e Wstd) iBRks BNV HhuS UBR L LLRNGS (PN C3
and a nethyl substituents in a stoichiometrically acceptable position on C3
or C4, 1-decene, 1-nonene, 1- nonene with a nmethyl substitucnts on any of
C3-C9, l1-octene with two nethyl substituents in any stoichionmetrically
accept abl e conbi nati on on C3-C7, 1-heptene with three nethyl 2(1
substituents in any stoichionet [ cally acceptabl e conbi nati on on C3-05,
1-octene with an ethyl substituents on any of C3-C7, 1-hexene wth two
ethyl substituents in any stoichionetrically acceptable conbination on Cl
or C4, and 1-dodecene.




[ 0016] Preferred al pha ol efin conononers can be propyl ene, butene, hexene,
or octene. A nore preferred al pha ol efin conononer is propyl ene.

Anot her pref egpshoiesfi N 25conmononer is 1 butene. Conbi paliyeRsyRiepy! ene
and butene can be contenplated. [0017] O her suitable conmononers include
internal olefins. Preferred internal ol efins can be cis-2-butene and
trans- 2-but engy QEM@J&MP%&B&%EmP'%&hB§,%ﬁ@ Rﬁ>QQ“BBHPQ@&@Q&ﬁ&QQ%%L&%Q@r

sui tabl e comononers i nclude pol yenes. The term "polyené" as_used herein
refers to nondreEpiss RAitpC cosommeropdudmyaryigngt inspist+-§ 12 g-olefas.erd g-olgfiisenes,
etc. Polyenes,,,J ol?@&tdx&&'t?‘tl Xlk&l%‘?efn%'ﬁcsa§p&9‘c@£}9ﬁ&r1§cl%’brcﬁ% HoN-iseh: ugat ed
di enes, preferably can be straight chain, hydrocarbon di-olefins or

cycl oal keny! -8t fiutmned3.Aidkesiled: - pornpelet [Berecanbuend 3 cayrhaiethat-ons,
for exanple: &) OIS§I[‘) 19@&&5&@& n &Q&ﬁ%lv@rﬂﬁ el %Pﬁ'@vc UGN c%?yl én ﬁ‘oﬁ}@%ﬁghﬁgrﬁs and
1,6- octadiene; (b ranched chain acyclic di enes, such hyl -

4- hexadi ene; lsheprear with I99¢ Q¢ BotsingIve CEivher RIPRYS yelsiiiends: ér@?ne w& ﬁnCagf more

1, 4- cycl ohexagignestn hyks 0? é)@ @A Quﬁﬁﬂréﬂ-ﬂi enfondwith fnc OMQorc methyl, cthyl or propyl
2010/129151PCT/ S2010/ 0 cycl ododecadi ene; éi mul ti-ring alrcyclrc
fused and britbddcerEngihh apely] euéﬁne&yl-t@ﬁtrtamdlr Phferfé; -Aleedr n AEfated;

met hyl -tetr a%ﬁ%ﬁﬂn@@ﬂ@ludé&ir@%@ngpﬁm@@' Eh&tcaDGBRthy - 1-butene, 1-hexene, 3-methyl-

bi cyclo-(2.2.1)-hepta di ene;” al kenyt, al Ky I|denc cycl oal kenyl and

cycl oal kyl4 de‘n@“ﬁé‘?%ﬁ’oﬁ?@hé‘sl‘m‘é‘ﬁéﬁ hdige QWP@% I215R5P b onfistienc Wil methy!

S- propenyl- 2-00%iRGABEDL, adr ofD Ozi@prloﬁ)é{ltelngeﬁ'ﬁh thmrtlaehﬂenebbmuemb in any
S5- (4-cycl opent cnyl) - 2- nor bor nenc ohexyl i dene- 2- nor bor nene, and

|
5-vi nyl - 2- nor‘Wtr(WB)dcco("éﬁ?lcc%?&bH’dYC VeI GsobSti t6Peld -BIBRe s o ElR N as

vinyl cycl Oh%&% wraumé{hﬁmrsqhemea@anyvafw br CY ¢1HeQGE QMG twdtmthisubstituents
cycl ohexene, ally! cl odecene; and vrn%gmc ycl ododecene,

non- conjugatéﬁaﬂYeﬁe iomgegicallyl poreRjaily combigatigh et e HW@%@%”%%‘%ﬁénw*Wl

di cycl opent adhl%ﬂ@rcrﬁtpgaﬁ)y,stolehm&amy 2Reptable &mmtaaﬁh enej o5C MethBydhe withQn
1, 4- hexadi ene 7-di neth octadrene net h

nor bo :
5-ethyl i denits ot ent: (OEN“B) I-peiener i ala:fittlr'o %ﬁ%ﬁﬂ% s 28 qetibine.
Note t hat t hl’s%&sﬂﬁr@x‘dﬁ i @bt&c&l@ﬂ%ﬂn@ﬁlyl REcplddR ﬂo@ﬂhﬂiﬁ on ROy errer,-deceriaonnmﬁ&,ugat ed

di ene," and "di ene" can sed interch ab refe d.to use

di enes whi ch naecnﬁ&lthraéaﬁhﬁ SRR DI G | %%ﬁlcerﬂaﬁrr LB,
successf ul usey %&1Mloniemm90’%cc@@6rc &@mblifaviby dar anchedh@ﬁdnynenh ahat nectiBbcan
be preferred %gnes t hat an be ed incl.ude gy%lo ent adi enc and
oct at et r & ené“b“”[u%ig] Joghipp g pl! R oPPBINREP™ 8% & e HE oY ™ #Bm
about 30 MKW%mQIQbQﬁhwﬁﬁ wt %net by l(BRE; delidyed withi teo  dtryef @batleyits irheny

et hyl ene- based. g Eﬁ % r can kncIHde | ess thgn,qg gt 70 Wt %

et hyl ene- der POE§"© Y a5pefalle LOMRIRANanRS i 0B b+ P94 894594 8ne- deri ved units.

I n sone enbo@mnentsPw&medemmybenech&&edm@ap@my@&mymﬁﬂbummiméeneknhmemaabout
40 Wt % to 20 .about 80. wt e derived units or from,about. 4

Sbout 70 e of SrHyt g pha U SRS AT as cobED TR Hlehh

i ncl ude f%onbab@MMRﬂﬁlwm&médﬂ&hﬁmmoﬂﬂnmﬁ&mehmwmﬁﬂmeﬁﬂkuﬂﬂdmﬂlmﬁS or from

about 45 wt % bout, 76 @6et | ene- deri.ved from apaout 48 wt %
o about 76 WOZEChnst ey PO AR At T i S s PR b e i 7a
mﬁ@bethylenebda&aweanMMUQn»@mu&memm&hmuhnaamﬁm@mmﬂwabmuﬁm&aimr96ethyIene-

25 derived u rom about wWt.% to out %, e h £ene-derived
units. In ot nd0t1§]errb§ Phehees C?rﬁonogteﬁ id g he pﬁg’eneé ?g%tgf"ﬁ ryse%%aﬁ PrctUde of
from about 3&tcfud % mn@b@uha\&@ rMo%rtmodc LﬂiSﬂTurM&ﬂiS sfireg rmxenchyh‘eme etar Pdlyo:mm about

40 W% tq abo ?aorl V\'tsc—.é/%f'lal{" ¢ d%ro' ved f non con 1 atue(pgl ncs prﬁfr %bogc straigh %to

about 50 ‘Wt %0UH ‘{ del’f Vel ot ”?ﬁﬁfene 4R DB IE Y BT B %6% 49
w % unit der chaad hfdrorarteh kiybleﬁxes orbadedkcon - smbmum@i @Mesohavudgetbedt toytd elwert 15

30based COpOlc(y ey at?rLs QOrar% plg: rtfr) ra@%h&n acvccflcc“drr%n Sacht ? A é’dre%@%n%) ‘ff"?jl ns

copol ynmers can 1 nclude TeYs one- of rror
cononomer h awmgcna (fob)erﬁ):heracrbonacau@rmqnezb a@mb 6nndtrmi}1 wehghdicmf 3 Fhiemethyl-

et hyl ene- bas r conpnpmer, ,£on S

2010/ 129151 PEH/ TR nel?a‘fiécogf‘be\?v”o al%out"yi&’g‘lp"\/\/f“?)l 3% Cayd"?%gl%“% rgmwt%to a
hi gh of about 5.0 mﬁ@b 7.0 W% or 10 %% based on the weight of the

et hyl ene- based copol yner. T



(0021] The et hyl ene-based copol ynmer can have a wei ght -average nol ecul ar
weight (Mv) in terns of polystyrene, as neasured by GPC, in the range of

about 30, 000 {@ ,@4BQMis;800,000. 5 Mre preferably, the wgi-ghtnavBidge Mv is
from about 50,000 to about 600,000 or from about 80,000 to about 400, 000.

Even nore preferably, the weight average Mvis from about 70,000 to about
180, 000. [Oo%kllﬁtﬁie@idm{é ens- Qﬁﬁ%gc%ﬂwc}{@eﬁlsc%a%d‘ao\fﬁoé%l M %név%é}g%s

nol ecul ar wei ¢ Vh), as neasured by GPC, of from abBout 10,0
about 400, ooaetracbwdmwdme nogegradighe; apsthy - tmmd@emelteo @B@WHBWUGOODC%‘P) . n

the range of @ég%tz?:%@@&d@@dﬁla@utam%ﬁ’ﬁ Q@é}ndinQO?e%&h M/\%t wheaﬁcﬂa&%ﬁ&nc
copol yner can have a nol ecul ar wei ght” di stribution of about
5.0 or |ess, "Wbogsae uclp dr Smedylengr-ngrbgmegie |(MDE3). érprzoczvlo%—nqrb@scnq P-one

or nore emoqkdﬁﬁdﬁﬁdcn& B%oh%\qcﬁcs a@?&’%yc‘?op@mtcr@r ) ﬂ ﬁ§§orﬁ&‘1@n a@%bh@xﬁdcn@b-l €ss

than about 2.4, of less than ab In one or
mor e enbodi rréﬁf@rnetménmnwyﬁprbpmé@ﬁ @@\éﬁdoifﬁ C.‘ZL01®”<F@Y ébbﬁututeé ﬂéken@ss SYCh §fn

about 1.5 to aBQulycRhend, 091%/11] mﬁ,h@myl ener Q?a@&tcﬁppalvyr{wcy%ﬂcxfeﬁc allyl

substantially, ‘or "conp | et'el { anor phous. Subs antlalkﬁ anor phous as used
herei n means CW@@%@CWaﬁn%M@M cyplogodpeanec Y dheaner-gontugate F‘@ﬂ@r%{bwly i@ the

anor phous et hylmene- M@@Il%%yﬂ@?@ﬂ@ddﬁﬁé’ Bd@Es | hamhirBOULe- Jota'?hé% %-methyl-

crystallinity, or |ess than abou W% crystallinity, or |ess than about
0.5 wt % ctystlal-hoxpdiens; 2Golimeted s Groralianst wotheleyst-apbPhetey. S00bSIFH- one

or nore emboGbiRM:S (ENS), ehlhvbeRebasad 10pBGl ¥aREcnRasNee ARl thidighdeaks when
measured by DSC. In other words, the ethylene-based copolymer has no

" 1t

crystal | ini t yPeication dhendsrant ipqlvene: anﬁ?“p‘f?&lh@dte‘ésd“é\% d#hce %rertfy f4ie bab¥ethce of

a peak neasunigechiieddds. 1k QO0R6kH NG MicnBPLHABICEUDLI BN ESthe tihighation of 1ong
et hyl ene- based copolyner has ng nelting point 25when nmeasured by In

ot her words, b4 PR eRe-Herseit! vspd) YhsIPrHasnaHo o oyt birpghpg tﬂg)wa?f qhgmb

subst ant i g | wa@wr&b@&s ,Ot@cs p@l‘flbt@@ﬂﬁﬁ‘@nl%’u%b‘ﬂlcﬁf&@Wcﬂﬁdl@cﬂﬁeﬁ&tﬁ&mléed by
DSC. [0027]1n one or , the ethyl ene-bas copol ynmer has no

HEFdlnen ¢
mel ting trand?®Pbn %H%ﬁﬂ%%& BBy YBSEean ﬁwlaf‘%@? %rﬂg%ut %\@t/@fonw)éhéo based

copol yner hasvt%cbt@ueylsidaddeu Rhfty FO&felaBlySHb 5thﬂ%d@ké®comh&mw smxuas mwhd@ nced
by the absence of a p gwgnﬁgsur d 30 b

DSC ne or
enmbodi nent s, a?w&%mﬁ@ sud eeﬁopy%é%t ﬁh@owo 1 Ftﬁzglcnc derived units. In

some embodiments, the cthylenc-based copolymer can include of from about 40 wt% to
20 about 80 wt% ethylene-derived units or from about 45 wt% to about 70 wt% ethylene-
derived units. The ethylene-based copolymer can include from about 42 wt% to about 78
wt% ethylene-derived units, or from about 45 wt% to about 76 wt% cthylene-derived units,
or from about 48 wt% to about 76 wt% ethylene-derived units, or from about 48 wt% to
about 74 wt% cthylene-derived units, or from about 50 wt% to about 72 wt% ethylene-
25  derived units, or from about 45 wt% to about 55 wt% ecthylene-derived units. In other
embodiments, the ethylene-based copolymers can include of from about 35 wt% to about 50
wt% unit derived from cthylene, or from about 40 wt% to about 50 wt% unit derived from
cthylene, or from about 45 wt% to about 50 wt% unit derived from ethylene, or from about
45 wit% to about 49 wt% unit derived from cthylene, bascd on the weight of the ethylenc-
30 based copolymer.
[0020] In one or more embodiments, the ethylene-based copolymers can include at least
1.0 wt% or more of one or more ¢-olefins comonomer having 3 to 20 carbon atoms, based on

the weight of the cthylene-based copolymer. The comonomer content also can range from a



tenperature (Tm when neasured by DSC. In other words, the ethyl ene-based
copol yner has no crystallinity or is substantially anorphous, as evidenced
by the absencgygfoaopgak measured by DSC. WO 2010/ 12915¢P6d4r3¢d§/ 031190
[0029] I n one or nore enbodi nents, the ethyl ene-based copol yner has no
crystallization tenperature (Tc) when neasured by DSC. In other words, the
et hyl ene- baseg,, GPRQLY 59280 0 S BIHAbA b High labdu® 5 BURS! ADLHE! b10 wiv,

anor phous, as evi denced by the absence of a peak measured by DSC. 5[ 0030] A
"mel ting peakasafioultier aghs opdaRthy e bagrdcapdyay. a result of a nelting
transition aqqﬂﬂgovefht: ke ﬁﬁé—@d’s&ﬁéolp@y&lcra&ﬁ hiveaRRiidnt-@frde %@:"c@lﬁmégﬂttﬂ)«w) as
determ ned by DSC. A "nertlng point” would be the highest peak anon

princi pal andn&sBdalnebsptyrartas myapedity G dethe Farphefdbent 3p8 mbplﬁé%),g@-

second meld, dhSGHSSE6ly.aR0RIchPavePBaKIw 1D bR 3o GOMLDY o houd 8h0, Ao
change in the general slope of the DSC curve (heat flow versus tenperature)
10f r om posi t i Apeut8.00@ PPy 09800 Frrgn moreenes by vine weight axerags Yy i fom lout
basel i ne wherg dob&, 56 186HYE IS plotted so that an endothermc reaction
woul d be shown with a positive peak. [0031] The et hyl ene-based copol yner
can have an ilA23t nolTde thtenenhpsed cAPAYMCT sq#e Hist h &t NUPYE" BYTREF Shc ks epight

copol yners hawg) an reRl i @&UbRLoR ABRRI0.bOPR aBbis 4o b6t b.oR 1f raRRUtabeP W %
or less, or 40 wt% or | essS, or w % or | ess %or less, or 15 wt%

30 or 20 wt
or less, Hr £8:009% %RP%38?>0¢0@§§‘,“ thyrratgof %06P3_q:®§§0. abpHi2080RY| ene- based
copol ymer caneaye ank RingRARLBEHERbIyHRE EAI e ¥ mokddGhr (vBight difti€bution (MWD
et hyl ene- based copol yners have an intranol ecul ar. conposition distribution
of about 50 W MM BEebouinrU giiesy 9 48Pul LY lesgror 3¢ Aflo it 212g8 dess.ofn &g Ot 96 or
less, or 15 Wik ehbdd@ssnts, e MWDMs W@t 238Sless hanAb¥t 0606 le&StBan dbButONg oPr e
nore enbodi nents, the anorphous ethyl ene-based copq%%n

nmer has an

i ntranol ecul a7 EGRPRST £P o1 gt S8t #9965 DN eRe P0BY 6 Lol MVRSs of figm
i nt er mol egul apot QRO S PO HiESIlabOUt IS8 afut AbOUt 15 wt % or | ess, or both an
intra-CD and inter-CD of 15 wt% or |ess. 4003 As  used ggégig,
i nt er nol ecul dM%2¢bnpdés eihslinubased LoRotIMsR il RE SYCBMETLYi it SO GrarPhess) |
i.e., a neaswibsftialco ?ma@h&%soahahseheﬁeemg@daﬁi ks tﬁllﬁlf htRs 2£]m@'t%0&|5)9§!iﬁiiy0na|
variation, in ter et hyl ene content, anon ol ymer chai ns. is,
expressed as 'fHgad 3258%?1' ?ii‘%}iﬂ“ﬂecﬁyg‘\t“f"g?ﬁ"d a‘?‘i’ﬁ?léﬁ‘g‘t“fgshat"% 1&”5?‘5‘?1(?3?‘5 Lév%fi on,
i‘ n terns of Ws‘@%ﬂf&ﬁtﬁ%[’ c:@sﬂdh?:eztblayd 1801?% E@;thmifﬂieyd avessapm a@bxhw_lsamefh o EOARIBEt | ?n

or a given copol yner sanple needed to include a given weight percent o
t he totachoBBE§H%¥”§hW%?éwﬂﬁ@%¥Vis obt ai ned by excl udi ng equal wei ght
fractions fr eebpt hieadsoreford bebadisdntsl butethgRne-Thred clgviyater b noaesdinpoicalbe
symetrical . en expres s a single nunber, for exanple an . .
i nt er nol ecul &f ‘e‘bﬂlﬁ‘ﬁ&}&dt Votrdi toﬁebt‘rf’?dlé’nth%ﬁt H ewaé&%%ogﬁﬁﬁg‘?r e 4R PRI ger
of the positiovi saistanegigtaimespha@y bodvidemnsd by RIBeAde dF@ prdkmdaniret syObSC Ul ar
conmposi tion distribution, the surenent .is sim]ar to conventional
Comhosi t1on HEHE | ol 5 aRESa AT irE. e epery b GlalPhaRrR Tesae P
defined i UwSen Raisert bNmSCS, [3®2heb 30rdehth€ brthylsnchiaseypolnaar pe hatestaliyity

reference. OB RSl Ao RS N B, RELESRL: 1 LS SORY WS ™o ecul es

[0027] In one or more embodiments, the ethylene-based copolymer has no melting

trangition when measured by DSC. In other words, the ethylene-based copolymer has no

crystallinity or is substantially amorphous, as cvidenced by the abscnce of a peak measured
30 by DSC.

[0028] In one or more embodiments, the ethylene-based copolymer has no melting

temperature (Tm) when measured by DSC. In other words, the ethylene-based copolymer

has no crystallinity or is substantially amorphous, as evidenced by the absence of a peak

measured by DSC.



WO 2010/ 129151PCT/ US2010/ 031190 wi t hin 50% of the nedian total nolar
comonomer content. The CDBI of a copolymer is readily determned utilizing
wel I known t eghnigisssif or isolating individual fractiongcpisAnaiple of the
copol ymer. One such technique is Terrper ature Rising Elution Fraction
(TREF), as described in WId, et al. . Poly. Sei., Poly. Phys. Ed., Vol.
20, P. 441 (186») aflﬁlo&%r%or?%l%a&né}lﬂ th@et‘ﬁ %nczl%}ed &P&l%m%(‘n@%grlt&!ﬁ%i@ﬁ”at ed

herein by reference. 'Eﬁ , er nol ecul ar conposi i on

di stributi on teeprrawsK )é@ewpf@hrted béPé@nﬂn @Fel’d@ﬁ@l Perethyleembasest copply mpihag

smal | er rangg,f &9@31%1@991' ﬁnsuﬁagﬁrﬁiallmh@lfph%nqgQ%Enc@@m)tyeﬂﬂg ap&nll of W gk N 25
wt % of nedi an. For exanple, for a Gaussian conpositi onal di stribution,

95. 5% of t he PRebWerEly D¥sed herein for this exanple as "Pol yner Fraction,

i's 10w thign F6p30f % & MyLiene,ak" § g B@Q'Bcclkfthétr&@c1§§ %@ﬁﬁlﬁt 6’{eavh1@1¥1hé)ﬂads§1ogro %

The internol ecul ar conposition distribution for the Polymer Fraction is 20
W % et hyl ene ndrabaysctie anaeiishp ¢glasy transitiopoomperaigar’a) dsvicimasd PwePds 20 wt %

i nter mol ecul apGRERGRItI RN B & highttt hQR-amohHP HSLEbnRY &l ki
i ntranol ecul ar Lclogrrvgolm tion distr |gbut |bon o %) C[gﬁg? int rnaﬁl eCtIJnIgaprcal (53151)S IS

sinilar to i HEEFHBIERUPEF EhpESiTIBA néﬁltsfhﬁ%wé.aéwe hOWRRHKT i {hitt GoRieE 1S

neasures the qeARdCQMMNRAShJ RN po¥dthl abdeT thd DSt QUAB (Rfat ﬁBxklyvle%ﬂsetem\ﬂfeﬂathé? a
copol yrer chal n. Intranol ecular-CD i s expressed as the rat

al pha- ol efi n fiog RASK/E Eseaive Ay Mitser Batimumtvathgpt & ghidt @é?ﬁsbaﬁ%lﬂy N@Preé‘i’ﬁl]?%c

100361 Conposictuve &%Jlotﬁ%@%@ﬁh@lgﬂ@ﬁdl&%nmétr&ch&{%M&ﬁ%ﬁ%t@p@ﬁ@ve peak.
i ntranol ecul ar - be determ ned by carbon-13 NI\/R Conventi onal

t echni ques f %0 3|lr’easJ ¢ AGYIeRR erbfoselimey candevey B Rty iBlfeRil atice et an be

descri bed i ntM&ﬁﬂéﬁelb@Qulcq&uydrém Mve%%gmommoh@om&wanb@mh ot higsfdt 50
"Carbon- 13 NWVR Anal y nposi ti onal Heterogeneity

I N
Et hyl ene- Pr ow%@ﬁ&fbt@b%q v%?rsle» & 40 (o or f53, pr7othw /v?rée»(%dér)t% S °h1E he
publ i cati@n Mij,CdrabRobeL WhBSr 16s. T0Z ey loho-bBEY tdpbBeher barmtmpraah@etmmu@f

Car bon- 13 NWMR uence Distribution for EthIeePropIen rrers Made
with Het erogéﬁ‘g%a‘é'ycﬁ‘f]élt%tﬂ? ot W@Qﬁéﬁﬁ‘é)w% i1 V@lﬂﬁranf %’ SRt

which is her Gisfhblﬂﬂﬁﬂfﬂé@cﬁd@b‘@d/t%)ér ree@f elrmwm d)rﬂedstcﬁr 3em,tt%roeucys of 8O3} or less,
Ceneral Iy, con car a;

n- ur of diad an
di stribution® z5e UE/éG‘” Cér* 8hé($%(&/t° &r fci*e Of R&EtH b%n - PELEN RS %951‘&9““ ARS
convent i onal dﬁq&@hwsqaﬁylélﬁfbaﬁﬁmﬁlbfﬁgr aar bOﬁrtﬁh&oNMH?arCaﬂnﬂaembﬁ idistr@flon bOT

exanpl e, ethyl ene-based ol yner es can b oIvent

oo tr il GG BRe e B R oaTSER Shenbr b TRk Tt DoRet S

spectra can bebdﬂbirahmedDahdeit@m&dlstvamencat ure, e g , 140C, on a NI\/R
spectronet er 100 exenpl ar ctr orret i ier
transform Vallq%éﬂ Aioé‘sﬁqw&e%‘éct‘%f%{l I‘RElr ngqéqs 8‘3 dh“gﬂﬂofrgrhl g‘f“ («Lei%eféne is
pl aced in a ooaxblatulird®, to, a%aﬁltr&bfbo&@ohmrﬂr}[b&irogc@ﬁﬂy &ﬁgé}ahe co'BI[mslﬁa{all oW ng
i nstrunment condi.tions can pul se . pul se | a 25 s;
acqui si tion V{"HEO™@N 5L %ﬁ%@a% %ﬂ“ b 18568 QQEV“%‘" \?\B”‘“ 1t RUGSREE ine

2010/ 1291251P63Td11u820ﬂ:%ﬁ;311 m&m)o]itneto@astmdmrdmvmm peaknscarwebgn qbextcart mhnyedc by

spectral int ggra}él on. dl and trj :%L oncentratipns canl %%J g éad from
t he equati on8"Pres&yiteEd 6%8?%??8 B EVRRIRGE MEE Sae ieeed t01ipEHde 5o
(1982), whi cglvenswlalghtepdncenm:foth@mtatoeplolmerr@fn@ree»ﬂn& 1smbtdhr$dexytdxblemyg e d| ad

and triad Conce tfll’ac%lonb glor%h Qnedbr(]) IEhrgadllbltn elgl()l’g OT Ic}évm on f rlfécbtéhglggﬁ
di stribution’ nposi'ti on can be ‘calcul a ed T orm ane

peaks, the rr@zthhfy!::qumqueaalasmganﬂmbhefodlcwdn[ihalamnmcemorfhéa@ommsu&m disanfbubien

i oss stht el oot urbheft pf B did AaRe e bR 88 Ut Ver age of these
t hree val ues[00331e r,etsﬂ] WS/o ma:mm{)lherhax bempmmard&dllmoOmdrwmsmanait isreboligdr to
equations asco%vésn? Qaﬁe(do 051 eDal?I%) cad%tnﬁﬁésx , 1?03/§J Lg]seg ht%§6ri)ne% 1 these
measur ement s* 1 NVol Ves ermnalono eac ivity ratiros (rir °2) of
t he pol yneri &dingdm Ié)‘sst’amtﬂ‘m St3R2.680 Wyicknehdiety gdcopmiraterebs refdPaicy.meiDB whi ch
have a Conpoécftnétﬁng he W%’r%l tﬁgg Et E)fyt’he oltjcrl%? er! 1{23;&%@'@%5% cdMonomer content

i nt er nol ecul ar
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| arger reactivity ratio than the polynmers which have only a small or
negligi bl e anobunt. [0039]Wthout being limted to theory or one nethod of

cal cul ation, },h§,1R6,1 eved that an 15one exenplary modelyf@ioshesal | ed
i deal copolynerizations, is described by the term nal copol ynerization

nodel: m=+ 1)/(r2 + M(l) VWherein ri and r2 can be the reactivity rati os,
mis the rat'v%th?rf SW%@%ﬁeéx& {opa?n%@w?(al)r}ﬂgf?ormer C&Qer{gﬂ-/IﬂgCljﬁl'off dt&')%o Slﬁgllg of

nonomers in the reactor diad and triad concentrati ons
fol low first readdmrdewnemiret uiizing well kepwnFsehnidyps fordedting indiddusd fragtiosnsf ean be

derived that ¢glated,t Qogofss%né#' aéncaaféhttaaha u@anff@rﬂfacrr?fﬁﬂc%%ng'lgutﬁ)'ﬂdl?rg@x%n the

probability of propylene to an et hyl ene-ended chain, and t

probability dFRBFprCe%@b@@dNHg ot - d Prlopyi Enk- Brisdal ofekioe,; p- ﬁééb@éﬂ*\?‘él y.
Thus a fits OfUS.qfaQQPN%% dbl%@oﬂ%@chtcgn ﬁ&ﬁ&%&g&m&my RR¥ingl ds P12 and P21 as

t he nodel paraneters from wh ri can be obtained fromthe
rel ati onshi pd9034j M Hnfike @1121) mmrrzol@czraa1<70rnpesmorpzi@trzbu11211 PUOBDRFH eveight

correspondi n%(%%%%%%& rcm{t@}famncaosq@uxﬁ%ﬁ%@@&ﬁ QAR dMh kdtal 'l AT mE Al SO
30 be used to sinplify ‘equation (1), above o m=riM The ethyl ene

fraction in toReeBorgmerithiE, 25 st gf anediag. 1Fer gxampigy, forp | Gapgsiath eomppostiiontd

triad equati QR ituoR®sWi bt &8 pb ?mtnerugea 1feteup@;|1xmexa%gﬁeogs'lpu ¢ FR&ion, 58 EE =
2E(1 -E) -9- WO 2010/ 129151P8T US2010/ 031190 PP EEE = E3 EEP =

2E2(1 - E) EPEithingd) wi% Eyhylege pEfhe-mqap §f the sjapdappptewiatippr i 10%57126 ml:ﬁmoicquiar E) 3

[0041] Vari at i.gRgostRd @xiRAst RP&hePhblyhREPRCRAUALI RRS chFRNDR: RIcAVIsaSlei R t he
references 10 di scussed above, including use of cat al(f%sts with different

active sites, 0%qtpadirdAevision viskl ROt iyerrmiscpnpamposiondiriuiay. speci es
present, or GeEB| eX AARGR! S efHiGRardste PSR PM it LitFiBRIoR(IIRCE oSRBEh&Scular

present, et CICD) is similar to intermolecular composition distribution, however, IntraCD measures the
15 compositional variation, in terms of cthylene, within a copolymer chain. Intramolecular-CD
is expressed as the ratio of alpha-olefin to ethylene along the segments of the same polymer
chain,
[0036] Compositional hctcrogencity both intermolecular-CD and intramolccular-CD can
be determined by carbon-13 NMR. Conventional techniques for measuring intermolecular-
20 CD and intramolecular-CD can be described in Macromolecules, H. N. Cheng, Masahiro
Kakugo, entitled "Carbon-13 NMR Analysis of Compositional Heterogeneity in Ethylene-
Propylene Copolymers,” 24 (8), pp 1724-1726, (1991), and in the publication
Macromolecules, C. Cozewith, entitled "Interpretation of Carbon-13 NMR Sequence
Distribution for Ethylene-Propylene Copolymers Made with Heterogeneous Catalysts,” 20
25 (6), pp 1237-1244, (1987), each of which is herein incorporated by reference in its entirety.
10037] Generally, conventional carbon-13 NMR measurement of diad and triad
distribution is used to characterize the ethylene-based copolymer. Any conventional
technique for measuring carbon-13 NMR can be utilized. For example, ethylene-based
copolymer samples can be dissolved in a solvent, c.g., trichlorobenzene at 4.5 wt%
30  concentration. The Carbon-13 NMR spectra can be obtained at clevated temperature, c.g.,
140°C, on a NMR spectrometer at 100 MHz. An exemplary spectrometer is a pulsed Fourier
transform Varian XL-400 NMR spectrometer. Deuteriated o-dichlorobenezene is placed in a
coaxial tube to maintain an internal lock signal. The following instrument conditions can be

utilized: pulse angle, 75° pulse delay, 25 s; acquisition time, 0.5 s, sweep width, 16000 Hz.
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[ 0042] From t hese nodel i ng equati ons, and those equations presented by

Macr onol ecul es, C. Cozevvith, Ver Strate, 4, 482-489, (1971), which is
herein |ncorp96qgﬁg%4§by reference in its entirety, thepafegggengg$ues of
re, r2, and rir2 arising fromthe copol ynerization kinetics can be given
by: = (Erif / QI (Ef § r2:(Er2|f G (J; §

rir2 =( Ert R X 55]5!)11—1'3 WR égk' ca 8&%& 5h cEtJa ulftlgrﬁtu% + gidd 4kl tria

[ 0043] These equati ons and e nodel s presented |n the Feferences cite
above can be an¢enirziogs pap tt@h@ﬁela%ﬂqneﬁﬁeueﬁuatﬂhe Ripsented HbMafﬂzezétp@rlr@e Kekygo
ethyl ene- baseq £opelYSTRl1 soOPRS! kil dhehyih it A0 b 2RERARH T TIRERRL GU e OF
measuring intrampléctilar- can f ound Macr orol ecul es Rand , Janes
C., 11(1), 33lsmend cllagrsl)ccntwénsmm|bee‘mre%zcd@wh@a merfracﬂqlﬁesmaquqngrbme55
(1984), and “@&%&r@ne&ﬂ lb@%almﬁ@%@l fdén tﬂ@ﬁ@ﬁ’i@nc %]c !&n%r}ngtﬁ) H égaks Qrmjthk:(rd%)&

Jack R, 10(4), 773-778, (1977), and U.S . 232,871, each of

whi ch is i ncdwejseseaiTaesclylupsedabeprrsidprad mﬁryld@ﬂm Qf@tlyverﬂssa@ﬁthﬁélema&megancban be
readily known,ig.qt N9a&s StlchiloBfrditt, ih€aiditaiRh uBRRL Y% hilga3QamdsC hd-agh L i zi ng
ol efin polyners. [0045]1n one or nore enbodi nents, the ethylene-based

copol ymer canl aweltacas iisatbssemaired o] cpmeationst medel puationrea disteseddn G abaver

t han one brangh..pint, pendant with a carbon chaln | arger than 19 carbon
atons, per 200 carbon atons al ong the pol yne

2010/ 129151 Pd4938520 LF SreE00! HaTKBBHECMEHS %ﬁléebe%&sieweﬁwn o s teasitvital | y
l'i near et hyl engyRasper GOPAY MR orCAReRGol HE EJH?IEneCm{daﬁﬁﬁﬁér?eﬂolﬁﬁch%lcﬂg (a)

| ess than 1 branch point, pendent with a carbon chain |onger than 10 carbon
at ons, per dlevecar:%wsapaﬂshe&r%ﬁ@eﬂé githey %@malaekﬁdﬂénteeﬁwl@é% hakaa MUBr anch

poi nt per 30Q,ca rr&@@v@ftr@cmsthdxﬂﬁe b&sriert AL favl 'bﬁl@@ihnﬁ@ bhfegR@blca@Buiar bon
atons and 5 ﬁ&e erably less than 1 branch point 50 carbon atons,

not wi t hst andil¥f§%t he Yitheuidistig ligites fotheqsy Brdinﬁtr%etfwe @P %@W@%rltpw%{tewwhefdnt he

conononerjs arRdé eker{flry RAJEr BAtBIcallhBRANSp N ARERIARS] BidesdRBRH BN theWedntina
carbon chain |l arger. than 19 carbon at ons per 300 carbon atons, or no

greater than ‘SR HERMIHOMEEE bon atons, or no greater one per 1000 car bon
atons, or no greater than one p@raﬂﬂqgﬁcgngonM@tomg. 10[ 0046] The nunber of
br anch poi nts can be determ ned by nmeasuring the radius of gyration of

pol ?/msr S as hwvﬁemctli A0 ﬁPJanU)B ehenf@écﬁicaéy ﬁlfloey\@j ghie zﬁyo bh@oreatchoid Shd)ﬁfopﬁliyiher
excl usi on chromat ggraphy augment e aser t scatte
procedur e¥ caH e dﬁﬂﬁgﬂmﬁeggﬂ?%ﬁﬂmynnkﬂe ﬁﬁﬁgréﬂﬁw%nén ﬁ@%ﬂﬁgymﬂfﬁﬁﬂe

gﬁpar ation Prcdnmemfahefllsl RIS Fest bxdet Wadien EhikIntrogkap Mpdelbyind eddfionsRan IBe
ance, sl e

nd J Lohse n the jourpnal cronpl ecul
2004, 37 ( 11?61 WﬁE e gatind 1o t@halad Erd ded qmeﬁeﬁns ianiL %ﬁlﬁ}wﬁﬁdb&ﬁy ©he
Coi | Di nensi ?ﬂ)‘@y]@ﬁedﬂd[ng(lb ahicthgleh&edded When, S0l el @ObablYyy df HUfllen adBng han ;:e,
W W G aessley and P ant | urn 01, 34(19
L 15 0620 Py B Rt BT SR G SR Bep o o SN 5% 0 S s BER ny

in ethyl ese- baked®, co@at,y iemhs nedel [ﬁkﬁr&téﬁﬁfrdﬁ&ﬂﬁdhﬁ@dncbyz ctdhee)croatdhed @ont dhe 20
TE to the MFR@30C. neasured at a | oad of 2.16Kg. H gh values of this
paranet er i nfiCSPY Now | evel s of branching while |ow | evel s indicate
substantial |evels of branching. mM=(l—-Pp) /P

I‘z/ﬁff: (1 —sz) /P21

[0040] The corresponding equations for random copolymerizations with rir;=1 can also
30 be used to simplify equation (1), above, to m =M. The ethylene fraction in the polymer, E,
is equal to I-Py,. This allows the diad and triad cquations to be written in terms of polymer

composition:

EE = E?
EE = 2£(1 ~ F)
-9.



[0048] I n one or nore enbodi nents, the ethyl ene-based copol yners can be
grafted, contain a grafted ethyl ene-based copol yner, or can be part of a
conposi tion t@éﬁa&ﬁxﬂﬁafted Typi cal grafting techni quescgaiohfsi@ewn to
those skilled in the art, such techniques using 25nmaleic acid. In one or
nore enbodi nents, the ethyl ene-based copol yners can be derivatized. [0049]
In one or nore enbodi nents, two or nnr@Petmy@gne based copol yners can be
conbined to forn1conp05|t|onally di sperse polynerlc conposi tions.

Conposi tional |y disperse pol yneric conpd$iti®ns is described with nore
detail in US. Provisional Patent AppggiNoogGi/ky3,501, entitled Polyneric
Conpositions Useful as Rhcol ogy Moddifiers, 30 bearing attorney docket
nunber 2009EMD82- PRV, which was fil ed B8R =Apfli1£R8, 2009. Accordingly, the
et hyl ene- based copol yner is bl ended wpgh-ofperconponents, e.g., additional
et hyl ene- based pol yners and/or additives, to fo n1conp05|t|onally di sperse
pol yneric conpositions. WD 2010/1291@%@tﬁ¢(ﬁ?@%0/031190 [ 0050] I n one or
nore enbodi nents, two or nore ethyl eneppasgd gopol yners can be conbined to
formcrystallinity dispersed polyneric conpositions. Crystallinity

di spersed pol yneric conpositions is described with nore detail in US.

Provi sional kajgpnt mgandhl@ and® UtdnkRn9 O the@NedubitidRd cBObY BRKIdEd QPEEEQ%feFeh&@S
Useful as Rhcol ogy Modifiers, bearing 5 attorney docket nunbe
2009EMD82LPRYIsCYiktc Hbaids ITiudeg b5 Mpritlyss, WlQ’Oé§fereA&(96‘i“tﬂ’l H&Pyeqw‘éﬂs for

et hyl ene- bas %@kuﬁ@@gmm@ﬁ]bmf@hﬁwﬁs&w bldscat BesonfpRARQABR kifch a8 itdso wigttiflict i onal
et hyl ene- based pol yners and/or additives, to form conpositionally disperse
pol yneri c cofpBSItSPHHE PIPUBFIY I n one or nore enbodi ments, the anorphous

et hyl ene- basegh4eppolrygrer tﬂé@es aﬂad‘%g (ea&@l@ns d;k@ krg)),e Ofandﬁ@fm aheuhed 8410

mn to about 25 g/10 mMm R can range 1 m about g/10 mn to
about 15 g/ 107474 olsBisuC: §0mg7h} Ver Hhate f‘o“%?bddiﬁt(l%l)owaﬁlm frﬁ%“ ngerPeiBistit 6. 0

9/ 10 mn {50 ahomterchde 9h LB Bithety,! heOMRIRQE VIMILE EMDOE, MBAt Ss, {RBgMr&nohet he
et hyl ene- based pol ymer _can rapge froma | ow of about 3.0 g/10 min, 4.0

g/ 10 nin, or Cgpoé"@?‘iﬁl%kﬁle?ﬁCénh‘?%h““cﬁy about 10 g/ 10 mm 15 g/ 10 nin, or 25
g/10 min. In one or nore enbodi nentss ,IppGgﬁ? ot; )the et hyl ene- based

copol ymer can range froma | ow of ab " é 710 mn, 6.0 g/10 mn, or
7.5 g/ 10 nmto a high of about 210,g# @0 G,)/EZ/ gmlo mn, or 15 g/10 mn. In
one or nore enbodi nents, the MER of the et@y ene- based copolyner can range
froma | ow of about 5.8 g/ 10 fir; (26v/0 @) @o/rfi)/ &k §90 g/ 10 nin to a high
of about ,3.5 g/10 min, 8.8 g/10 Qhhe PL MG 9L QM In at |east one

speci fic enbodi nent, the MFR can be of from about 5.8 g/10 mn to about 7.8
g110 mn. 20 Met hods For PreparinQ Et hyl ene- Based Copol ynmers [0052] The

et hyl ene- bas g §OPOl Bl £AB RIS HIBLE pleBRGH A 1 AREPQ YR LbovBTan be

i nterpol yner, e., a F 6act or end of ohe or nore copolyners, or a
post-reactorub&@ﬁ@ydm&bﬁékdnnﬁﬁﬂéteébﬁﬁyﬁ@¢§kCﬁwémobéﬁﬁh@mbmmacﬁh@hﬂpmg

pel lets or ojhefiwige Preferably, the ethylene- based copolymer is prepared
by copol yneri zing et hyl ene and one or nore conononers in the 25 presence of
one or nofe tHHAl ysTechpiquesaonmpsuring stremslefiardde coy bavbruad e detriorelecdbps

such met hods ggonh em?l'e Ee 1‘1({]? 3438, 8@75?)""91(19%,;199&9& ERGLOAN.L O 1) €136 895,
si ngl e et hyl ene- based mer, or two or nore reactors that can be Used

to prepare t{33or afFﬁ)MéUét”h‘ﬂléﬁeR@a@doi%lﬁ)&lo%@? Faphbt ardhngye JskdhdEidur i ng

or after pol ypeyigz @@Vﬂnandl@ Q51 ng, RoeSf el edh FRedh MBAtorpd: & by reference
et hyl ene-based copolymer is polynmerized in a 30 single well stirred tank

reactor in s#liitdngistivherck toehiqueh sedsieadilpneratosbesaekiger ke sigof analyzing

polynerlggtlgﬂhm§a&g§§6&hgﬂu%@mggp cps, or less than 7, 000 cps, and
preferably | ess than 5 The reactor is preferably liquid filled,
conti nuous f %943 stinr pey o a‘ﬁRfer eabaddPetyr By i Atgerdatel BRRe ST xR gharera
random copol yjehntIPdied:i @etureOh¥gite ndRRANEIS RRDr&Rh FolSt pcdint Remfed to
the reactor. Wien two or nore reactors can be utilized, solvent, nononers,
and/ or WO 2@1@“1?9‘%1%/@@2@%@%5’3&1%“* per 200 carbon atoms along the polymer
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catalyst is fed to the first reactor or to one or nore additional reactors.
A preferred solvent is hexane, nore preferably isohexane, n-hexane, or

m xtures thergghi,1Rq41Preferably, the linearity of thg- gtbylaREsdased
copolynmers is preserved during pol ymeri zation. Branching 1s Introduced by
the choice of polynerization catalysts, process 5condition as the choice of
the transfer | I.zat.hon & t I ,

ol yrer s a5 daeg bhe Loe or e et 1 mdodan i ey e Rufpg cieee
copol yrer i zatfhudher ghavestssigedrasyyhayague) s haod bignch goint yeicageih preademnchain
However, hydragenmhs Palfoft a@hfsef SePlaPhoh dRR fafhe 296 ORCRISE ok fesd AR Pi S
branching in the copolyners since it |leads to c%al n"ends whi ch can be

conpl et el y orbrangbgeianedr 209 yarbert gpas.ed loss tpn\Whrish tpotse peigd 00  caibpe dtopy abheor y,
it is believeddhal DG5S 1 SRR BifhP P00 B RN GRARMorPRslahGhP RS risbhcbRE
principal branching pathway where prefornmed polyners with unsaturated chain
ends can be rbedngle pripiedug ©dniomomtinewl Ge eoneRymeh ahder (hhie brepteraifian enchrapl hed
pol ymers. Lovgf: ReAMABS HZALA-QN hEHREERIMNAS Rb§DalbRRHcr1380 LAVET a1BharRe hb Ng
since the formation of chains with unsaturated ends 1s inhibited by |ower
sci ssi on pr o@exEehan 1nCHER Yk carlBysateny, of 0056 ¢ @pind 000 ey Sfonky 8% o
refers to a cahal¥sh R REMBRLAGEIbMAt Or pair. Wen "catal yst systent is
used to describe such a pair before activation, it neans the unactjvated

catal yst {(Opr d8M6h| ydhy nupbut ¢Hfebranght toingh cit e aleorinadnky msprurian g jpdiug of

co-activat or .oy Mi8Mof Joljnteriiedut @oR 8B HE in{?)?ecﬁb!lcxbeight%?itﬁe Atk ofGibd MRkBA, 1t
nmeans the activated catal yst and the activator 20 or other char %e- bal anci ng

moi ety. The tCRBAgiosiph rerantcdobpbuiridligh watfprexTeun merehutt f41 daduira
precatal yst, g@frifedChaidesibiPRehESAVGHEY, 3f GRURLRFtoR PraiplcNindRiza Ctdclabed
catal yst system The term "catal yst-system can al so include nore than one

| m
catal yst pr edliFesfosaay oy hote IfH?ar?hé’%*’fé’ WetW arerlcna! Bpt Foralt (e dournal

CO- act i Vafsor asdebdsRicsRs, 206 37 e ppCabaliy 1 arsly steetlof SRt ahs©0Branelitiden BT e
that one activated catal yst and one or nore activator gg ot her_ char ge-

25bal anci ng (181 &igpensiongofdiniyobiiiap mPilytcplufon) baf gpn- R6o % W e gl@%ur sor

is al so oft eand pf@Aesl theGoudsal MR ARLYSS, 2025 AN YShp 612t 642y SithiBRAP BLIBSIR
transition nmetal conpound or transition nmetal conplex. These words can be

used i nt er ch&G@aBISY AT Cor and cocatal yst (or co-catal yst) can be al so
?56d| i nter chm¢1|abl Braﬁclﬁﬁgamem%&fncibgscacmmmntanamc dSsctiivgahd pti@eded to
acilitate 30 polynerization by scavengi i npur.ities. ne scavengers nmay
al so act As d&t® PSt'TrR@aifdC gpsurd 8 %Pé‘??gﬂl%' géghc‘ﬁ‘-?‘ﬁ&f’?tg’étpﬁﬁdgl.etewnglwe
co-acti vat or |gvh@ield & bRpthifg FERVIBRISE s aycatd saBstddalUSeE of Brag@itjgunct i on with
an activator in order to form an G;’aﬁli(:tive cat al . Ih so enbodi

co-activat or 48 pelpPee A5 0K GPPIPHE: theafly! rfset') Selr?le‘f%f) YB6HpBiln ngrgaﬁfsdo?m an
al kyl ated tr assiil b @RERERYIcEOFRaLAG0lymADoR Bah0ie 128 18 hREHH&IBRO 1M G3JANE.
Egggg} Qn O? ct ll"y[?iga rgra .tEngCtgc %%q%ésyga% bleingwr? %”Bgs‘é”s ill%5 innlh)étalr'ltr seucl(m)ftec Olq e?lﬁﬁgg
25 maleic acid. In one or more embodiments, the ethylene-based copolymers can be derivatized.
[0049] In one or more embodiments, two or more ethylene-based copolymers can be
combined to form compositionally disperse polymeric compositions. Compositionally
disperse polymeric compositions is described with more detail in U.S. Provisional Patent
App. No. 61/173,501, entitled Polymeric Compositions Useful as Rheology Modifiers,
30 bearing attorney docket number 2009EMO82-PRV, which was filed on April 28, 2009.
Accordingly, the ethylene-based copolymer is blended with other components, e.g.,
additional ethylene-based polymers and/or additives, to form compositionally disperse

polymeric compositions.
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activating a precatalyst to forman activated catal yst. The activator can
be a neutral compound (Lewi s acid activator) such as tris-perfluorophenyl
boron or tri Swﬁ%lfo) %?leophenyl al um num or an ionic conpeygs, (d/(gpigﬁ
activator) such as dinethylaniliniumtetrakis- 5 perfluoropheny orate or
di met hyl ani | i ni um tetraki s-perfluoronaphthyl borate. Activators can be also
commonly ref %6@? ! Gp Bc Bp%o?é)?rﬁﬁjddﬂﬁ%ﬂt gw@er MrAGhVRLUALS (%E)ol!yﬁl@r'sc‘can be
activators owng to the common bel 1 ef by those skill in the art,

t hat the reacrmbmedfo ftya malmwwspmsrdqp@h@erm@@wpwl%t %rt#hma/ glanarshi c
metal conpl &0 gm%n@reorﬁ IsRhS isNREBEL A Rk BGaiPh WBaKIYistRariiAahbn AN on.
10Cat al yst [ 0O any conventional catalyst can be used to prepare
be et hyl ene- Hd4§€ DprQﬂtlﬂﬁdarP@ ynistief @orasisiionso [Uppisk jay aRlicelegy aﬁ@é@ﬁﬁ?»aé@f‘in& t he
presence of %ttﬁﬁtﬁhécﬁ&%ﬂ&b&%%mégz ﬁ\ev&h%h%b@‘?éd%nmﬁﬁﬂﬁ 2009. ”R&@th%%ﬁne

precatal ysts," and "netal | ocene catal yst precursor," as used herein, ‘shall
be under st oodht ehylefedhasadocopelmerin disndss wisls ihprgeompppastts F i ¢AdiferehFthNEnay t h

15 cycl opent agdiQnylynGRhd/bi KBRS, to8biml %%srg&ﬁll?@l@p&%%bg%ﬂg @dmcmbnsder i ved
ligand X, and zero’or one heteroat om contal ni ng i gands bei ng
coordi nated tlB%3W andn e @I’e@@@r@m@meﬁtbn@ﬁﬁ@@mb@wqﬁf@/i@ﬁarbé%rééorm@rl@dr% aThe

met al | ocene aaf@l¥dic, m@%gréf@ro?n %nt i)gq@%n@roaa!bw Meiorah. TAIMFRXES rfidt when
activated with a suitabl e co-catal an active netall ocene catal yst

whi ch ref & s fipsheoat 3 Q/gtl%ﬁ%rht%b@ar%ﬁ@@m i abows Sy Bkt Aboxt {4 gp min; or
coordi nati on & d? nfREh KR i PAb qini M Bhid or &r&@ e%l‘)dfl%ﬁtk zge oref binge The
net al | ocene cat al ys precursor is preferably o ) a mxture of

net al | ocene cHWsBtrAHed efPORMeh & gReeEhe F erfémfférq %3\1/6? ﬁ‘&l » PR ming 9r T

conpl exes whlgszrm RAVE o Mbh Qadrrolungo Mot@RB1S O ?no hWigands 4ol st " Bf §lcr@®dndr® as a
bi s-Cp or bis- conpl ex&J Mbnoc opent adi enyl conp Iexes whi ch

have only oné”’éﬂle‘FWg thg MF Brﬂf §§’ eéllﬂlqn@%ﬁ (C%HOWG‘F éT‘b‘iané”dfr‘t‘%aé%‘” af #8H2Ep o

nono- Cp  2Bcorngploaih; 6{)%Q@Qﬂlmr@@r@l(ﬁﬁﬁ{sm@cm%m&“afbblftslt) I M0PSin, 12 €10 n@d, QHPs 1,
have two Cp ring systens for ands that form a sandw ch corrpl ex wth the

metal and ca® llQémf‘ r HePIg 81 Flﬁ'ieé’f‘@o‘%‘ﬁ‘ﬁﬁr’ torMBR ophe ehylerLysHt WPalyprfeg range

confi gurati offrohd RUAHT aBoR 1518091 0N@ing 6.0 YPLO theorqoo g oehid ioGaESofCAButlrEs bjilke or
unli ke, unsubstituted, substituted, or a deri vath ve thereof such a

het erocycl i ¢ PHrigd &Y mdner 36 (it dai 1§58 G BRI e Gmbad: e R can bo of
substit uti ongro&abol®.§ Hsedintt afRE Meotibedinsat urated or unsaturated rings
systens such _as tetrahydrornoenyl ..hden |, or fluorenyl ring systens.

These cyc% op &atheds EofHrenarng ktiylanc-lase $&heral formul a: (Cp

tRimMR3,i (QO?(R%)M THD &@1&6&2@&%@&&8&@&%&81&% whetRighdEppol@her] lagand
(Cp IRIp.,) and Cfpz of i and Eg can be the sanme or differe ¢

cycl opent adi ER§POYPfigsS 1 é‘ﬁ‘&f @58 PISIOTE SERONERFHR AL ! POSUEHAT ]615'5{:‘) dCa

hydr ocar byl , ohabeCapilyhers, h}édreQE@rleeﬁh@SﬁeiﬂétUbedthaﬁ@ﬁnmralbw thetayrene-

hal ocar byl - %bﬁartu ed_or anonet al | group cont ai ni n ug t o about

car bon at ons 24 F&° “ieb“S’ PRt 8Y EPRP moe“ B%Ef ’Sletﬁev%‘ R1° % FOTPRACDEH &t § ?uents
on adj acent @aR5MONoAbRNE mire Chelyay of epent adieanyih ond ﬂlgma&&%toazi edhuishaice Wit h
can be joi ned t 8ether tlo formafrl ng containing from4 g}iﬁ g grbon
atoms, R3 s GYIHYIEF Glipie R ite0 PhEBURBEP™o péi?”é‘??sa r“ﬂg‘Fhe P e chai n
bet ween t he towljnicgandso anglolcscatrd fhhtege be useadm Qrepare Sywo pr @bercayleie Daded 3

(where 0 indicates the abs e bridging.group), Mis a transition
net al havrng“§”§§ﬁ8ﬁﬁﬁcﬁrb%ﬂ%ﬁﬂgmrwgérm%?B%éW%B%§mrronr1o group 4, 5, or 6
of the perrodMB3nabhEa@mﬁmhﬁrﬁﬁﬁdﬁmmstmndhﬂaupmmﬁbmmbwymrnsmﬂﬁnmmgmesh
oxi dation_ state, S a no ent ¢ dre

Phdependaht ot FaF Sl P AR Gary aatReh diy B crib BB S 3R wiln g
hal ocar byl , bmgmaﬁﬂﬂ@yk4®ub&huﬂﬂﬂ@d%omgamGMmfaDD@EMgamimf&mbWIQ»ﬂmnSOO
S?égxg;rgtcg[ Pgrf ) Sl"r\bsléa;g lr'ltlsﬁ[?rcé ragfjl q1q111dtﬁledg(%)criltn?1{0§bﬁ% a’r meé{ tatnl% lilcl?a%ttorb prox 1cctim;EI |
t he val ence 6ifll ek nmnngZrmﬁ&ﬁ@&ﬁﬁbﬁh@pﬁpwhmgaﬁdxmmnnmmomwchdpembadmehyI
conpl exes wh r|n fot in

hal f - sandwi ch%%%l reac?or nhgor%r 9éere]1 torcsacg}] 6)8 uﬁ%}zeog olll\clngtmaotnce)m 1S, nabr dged)
or locked into a rrgrd confrguratron th,pugh a bridging group to a

het eroat ontontai ning |igand. The Cp rinhg 1igand can be unsubstituted,
substituted, or a derivative thereof such as a heterocyclic ring system
whi ch can be substituted, and the substitutions can be fused to form ot her
saturated or unsaturated rings systens such as tetrahydroi ndenyl, indenyl,
or fluorenyl ring systens. The heteroatom containing ligand is bound to
both the netal and optionally to the Cp |igand through the bridgi ng group.
The heteroatomitself is an atomw th a coordination nunber of three from
group VA or a coordrnatron nunber of tmo fronrgroup VI A of the periodic

Y b1 e —yr - T Y 1

to



25conpl exes have the general fornmula: (Cp RMR3"(YR2,-) MX, wherein Rl is,
each independently, a hal ogen or a hydrocarbyl, hal ocarbyl, hydrocarbyl -
substituted okgapgeial | oid or hal ocarbyl - subst i t ut ed 0@g§@gﬁgygy@9|d group
containing up to about 20 carbon atons, "nf is O to 5, and two

substituents on adjacent carbon atons of the 30 cyclopentadlenyl r|ng
associ ated t har.e o &l (&8l R rd@bP&do bRIGIREE addRich@ B! | NBrcLHRE Jitnbg from
4 to about 20 carbon atons, R3 1s a b idging group, "n" is an integer from
0 to 3 (wher ecgaricragre arcdsatieohslmentexate, pHBIXBESAT®RG group), Mis a
transition ngpgds) havi Ogaay. Vﬁk Qﬂ@eﬁltﬁfof Oty Rerk Bafd ch)(ﬂifr%r@% Yrebd-@n @raup 4,

5, or 6 of the periodic tab e el enents and

2010/ 129151P@P}>@829a1@ﬁ0§1a119mn$)rseﬂ@damdw the phodeepif gﬁlé@ﬁll@%wa@ﬁtql% groaee, Y
is a het ersoatcgm&(qua'th@'dﬁglcg (Plﬂlﬁz {rﬁlsﬂ@'agé'htth%h%ﬁﬁﬁc@%tfgmthrﬁp@ﬂu@i @IENL Wi th
a coordi nation nunber of three from or a coordi nati on nunber of

t wo fron1grod%mwhﬂrﬁb@ﬁéﬁﬁﬁPvtﬁﬂﬁ?Bﬁbﬁﬁwghﬁéwﬁéﬁﬁu I oxygen, or sulfur, r

is 1 when Y hpgssq C%a%p@ m&&dﬁumpr%ecs@fm hé&ﬁr amal & thﬁpmy&}ogvn wagh:. Y has
a 5 coordination nunber two and n is 5> 2 when Y has a

coor di nat i on HuYAser hﬁcﬁm&eﬁ e PESAICA) chagn dransdgr angeqt é)e@uv(en%émlhfg bppcling ghikent )

when Y has a gaAiDahion le'a&brmec'hal@fen&%lé’tﬂ@nme c@mﬁl@iel}ﬂm sﬁe&tdnﬁalﬁr daagisal
selected froma group consisting of Cl t ¥drocarby| radi cal s,

substitut 8d CVithagt Co0L nireitcdcbr Py aaﬂi:aﬁlseve hgic ARSI ARlPECThyFaRgen

atoms is replagRpatif khc%rf‘ﬂ@xbﬂ%&hcﬁxﬁ@ﬁhh@ﬁ‘ﬁwﬁ@@Ble}g)rhéd BolPABs GGl PpeNLRE enyl
| igand and is, .independently, a 10 dride, or a hydrocarbyl,

oxyhydr ocar byfain ﬁ%%era%sﬂnwrﬁgfd% &40 BRY %rgwgt%lm %%Pg%ﬁd%%%qdi RopyEneTs-

oxyhydr ocar bylowstbsitintitkgsh engenermtald Rid i lowkalbaaatiiy kinsUls tbimkied of
organonetal | oi d group cont ai nj ng B to about 20 carbon atons, "s" is equal
to the val enCBBT W] Hssipaics cnds %m]b‘ By QT ST RIS t he cat al yst

utilized jss adifsPSystchd ethy I'sily Ip henyl)nethenyIRcycIop
ent adi enyl ) (2, 7- d|-tfrt b uty |fluoren-9-y

Eﬁnlun115d|netth:

[ 0062] Exanpl 856k sdft &pre Cbtﬁlgttfé‘ft% mf%fa.t%ﬁfﬁtd t IFTGOBRES8F PHhe Wipe
described in "g?&@j‘bpb YetedIQY Bsc@ R dBerith ik @98 beBreldetiatioldt @Bdns msuna&waaé 800,
5,198, 401, 5, 278, g gg , 568, %,120{867 ,017, 714, 4,871, im

4,542, 199, 4‘39?%1?5‘5(91?0” ysPalogaslcs Wity aggpptivesey’ and, enjighadleyg 4 ceagiyglon g fhen it is

5, 296, 434, am@bdfzo 30:4sikLdich @@s:lh afedr avliaGién, htsman@mb Bafvafcﬁdatﬂyy[l’aﬁéﬂ ek aBdator
2(lherein_in %7 tlrg %E [0063; ghone ar g J S b 1
copolyner%zanB BEBAPY S TBIR T 2 fﬁﬁ?@”?%ﬁﬁ”’ﬁ@“@ d?ﬁg?pexugler?WB‘or
nore bis-Cp aatnal Qféda&lys@br A wmgw sﬁ@fe@wﬁbﬂ@o&ﬁkr@@t aliy st sctivered wmeysmsysféaf e

bi s-Cp catalﬁits wi,th one or catal ysts ctlva

25100641The ?éﬁr'g‘}sfdtw‘éémt%r%a“&&ﬂ 15‘?%‘*6 TRRIE PR ERAY Y B O RS
cocat al ysts, taatdn attha®r ahEvtBnaBi € c@edivmat OLikewiot, tRnyrt Codoilyratysem tdaer eof .

Preferred ionjc . activators can incl|ude ne gr more non-co rdi nat q%/anlons
The tor m " noACbdRT LT hd ARTOACREA “RAHE IR ArTGh GHAGh ‘b [Ker 6ges ot
coor di nat® tﬁda&m@rmﬁam$mﬂbgnmmghabe@&hﬁ@n or which is only weakly
g?g;?;ggéed t[d?)S'?]al ngtg'I[ylbtogleEurr]bec»I; elEya Iso gr%a énmreqlg*reﬁutfof clibCIpreeD;[telnl}/st,l 9&1?2'1!)'/5% ;[:a?al}t/)s?

compound, transition metal compound or transition metal complex. These words can be

used interchangeably.  Activator and cocatalyst (or co-catalyst) can be also used

interchangeably. A scavenger is a compound that is typically added to facilitate

30 polymerization by scavenging impuritics. Some scavengers may also act as activators and
can be referred to as co-activators. A co-activator that is not a scavenger may also be used in
conjunction with an activator in order to form an active catalyst. In some embodiments a co-

activator can be pre-mixed with the transition metal compound to form an alkylated transition

metal compound.
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30 by a neutral Lewi s base. "Conpatible" noncoordinating ani ons can be

t hose which can be not degraded to neutrality when the initially forned
conpl ex decompggﬁﬁﬂmﬁgrther, the anion will not transfep-RosBRNbE
substituents or fragnment to the cation so as to cause it to forma neutral
four coordinate netall ocene conpound and a neutral by-product fromthe

ani on. Noncogpgignat iy, A0Lang SRl it 1 chlbolsS: RULRRSAS.ONBHEN AL RE

t hose which can be WO 2010/ 129151PCT/ US2010/ 031190 conpati bl e, stabilize

t he netal | ocewevating izopredatalishéo derms an gftielagstibing iThs dchriter ehalege teatrd +1
state, and vy %m?&m'mwayfa&a GERRkor) @B bd §¥pbuBBEHTh {1 WkHR-AGEPB Aot AN
ethylenically of acetylenically unsaturated nononer during polynerizdtion.
Addi ti onal | y,alunhisuanetops iemefehpduad (dnc peipesesicheap efimetiylpiliniam| tghgkds-or
bul ky in the pRfisfo Qé(nylsbgrgtb ® %ﬂﬁctl@elnﬁ&mn@rtctr%ki%—‘foexrﬂgoroéaphﬁgflgﬁdrytc.' QDA s OF
prevent neutralizatioh of the netalloccne cation by Lew S bases other than
t he pol yrer i Zabbe ako somrapsly trifgtred rrshwnspardidping dwignHstiyadery 9k fanKatatiors
process. Typig f & tlchEmARhIOMeWbblicr BAUS Ak TRY GEME AY, 1Sk B Qb BalSEitRAN OF
equal to about angstrons. NCAs can be preferred because of their ability
to produce a ‘tiflr jetrroseirlpetuforns nepitic @\éqagmpl%t ang #i gHAHC POHPIF P48 A han
tends to be thg.¢asRdiWtnb sAbher activation systems such as al unpxane. 10
[ 0065] Descriptions of ionic catalysts for coordination polynerization

usi ng net@llégéﬁélcations activated by non-coordi nati ng ani ons appear in
EP-A-0 277 08@059]33' /7\1@0%]71_7% Qv QS QAB3R. cafR WdeBio PRbare NESothyRond B8ed 01,

and 5, 278, 11 each of ich can _be herein incorporated by reference in
their entiretgrolyrpres @refarily epfragimdachkey nhicefeh? 8tsstet NotmergsPrepartt on
wherein net a|ﬂh@€e@ﬂ@§16&hé&n@"r§éﬂgloﬂ@1@(}rmlyﬁﬁﬂarﬁﬁ'nﬁf&ﬂb&ﬂ@%ﬁﬂys@?ﬁre@ﬂs&ﬂ'a@m c
15 precursors such that an al kyl/hydride group is abstracted froma .
transition metheted srldeivpdpypd te aftron canpmygdeaicsinarranteymey! Vyith

non- coor disnatidgpcaniion (dHaigHsR, AflcasQhe ZbMPydldponEdiSHNROUDE S gMAtX, o tab i Ny
an active proton but capable of producing both the actlve,neéﬁllocene
cation and a°hoWCcBeFaMABIPHngS didar e aliEgdk moiig. casdinated do Mepnd_ g
426 637, EP- £oBespohdingQ8 nudhd tdihS-vaRade. thd¥evf. PhedBotalRRére RAGH: @Ecuddiscdan Gan be
herein incorporated by reference in thejr in%%(ety. Reactive cations. ot her
t han Bronst ed*¥&IHICpE spmplegs Qubrihsh ARG YR Lol fthle A U v StHu e PHYF ude
ferroceni um tictapbeAy lcgalkRonhitkn@ns defidr@lyhipl Si brghrdoRctallcCatiptasSwith Q0RGInANY
metal or metall oi d capabl e of fonping.a coongigation co Ie§ mhie@ is
resistanﬁotocﬂgéFﬁﬂﬁt¥%Hhﬁyaﬁa?@F‘Tﬁ%’H?HEF“ PONSEES SrtPewi & RETaES "t an be
used or cont gimed prodbrsbiis pheeradly Ot 6ff ot H1Ei3@E 0N eheANbdeNAtIpoAIFRPEARLTr or

Sui table netal s include, but c e not limt to, um num | d,
platinun1and%@ﬁ@ffeﬁ@ﬂ”@ﬁi?ﬁﬁfg?th8FW3?@§Q%WESEGEWOSEV“@éWMBEggﬁﬂgypﬁited
to, boron, phospbRiRESio Sidbicop oabl-Aph@nlpldi®.and 01O dndoydgpdnthdienyabormféeed of

making the ionic catal ysts uses ionizing anionic pre- cursor Lew s _acid
act i vators) WG BRETGR FIGMHGmdsat RAIY (ERor LR B b R BA-CBL | on

30 and ankoncaeffex)i oni zing reaction wth the netal | ocene conpounds, for

example tris t af | .uor ophen oron acts to abstract an al kyl . hydride or
S TVL i GanatBE0L of BSSPRERALT be SRk DBadtoRround By i o SHETE Be¥ihati ng
ani on, see, ¢uagform ERaAWh4Bhpa witnbk mRalAnd c&RB: fF&2¢ reae (unbfidget) @Hockad be
herein incorporated by .reference jn their entirety. lonic catalysts for

addi ti on po|gﬁéﬁff%{F%ﬁgwﬁwﬂhﬁgﬁ%hé‘%?%ﬁ%ﬁ%%mbyﬁﬁi?%é?%é%mb*‘F% e%%?gf
centers of \WMDk20ARAkRGLE 1 RGIHISE Ot @/d031a190 thicreahsich iapa hoetoayclic ompoeysas by
ani oni ¢ precursprs contai.nin tallic.oxidizing gr al ong wi.th the

ani on gr&ﬁps?%ggé”ﬁ S AY tﬂﬁﬁgﬁggfmﬂﬂigﬁmfgsﬁgFg?g%fgggﬁ%g}8h%dbtva$%95rence
in its entir eisyturad068)s \Wares std meteabhydiogaingd, indelylide fhaldnge rinpisedténess, f or
exanple, (ne | - phenyl ). ilvlen o .

(tetranet hyl 155%? Sgcgoﬁf%%‘?‘ee“ﬁfﬁf%t‘eé‘re%e‘%ﬁfhﬁ-g%%ﬁ”d3 MY coni um di chl ori de), whi ch
can be not capable of ionizing ab ﬁ@CﬁP?@ qpﬂﬁ&istandard condi tions, they
can be converted via known al kyl a Pon™reActi ohs Wit h organonetal lic
conpounds such as lithiumor alum num hydrides or al kyls, alkyl atunoxanes,
Gignard reagents, etc. Processes descr%&ing the reaction of al kyl al um num
conpounds with dihalide substituted netallocene conpounds 10 prior to or
with the addition of activating anionic conpounds can be found in EP-A-0O
500 944, EP-A1-0 570 982, and EP-Al-0 612 768, each of which can be herein
incorporated by reference in their entirety. For exanple, an al um num al kyl
conpound can be mxed with the netall ocene prior to its introduction into
the reaction vessel. Since the alkyl alumnumis also suitable as a
scavenger its use in excess of that normally stoichionetrically required
for 15 al kylation of the netall ocene will permt its addition to the

g, . o



useful as catal yst activator typically is an oligoneric alum num conpound
represented by the 30 general formula (R-Al-0)11, which is a cyclic
conmpound, or V%F{,l@,}zgg)l ALR2, which is a linear conmpoundpctBsdhifszasner al

al unoxane fornu Ris aCltoC5 aI kyl radical, for exanple, nethyl,
ethyl, propyl, butyl or pentyl and "n" is an |nteger from1l to about 50.
Most prefera%emﬁcbsomgdnxlcg;m "dd dp oftligdRadh A, 1) dan Be thmmydradlﬁémane
(MAO). Al unpxanes can be pre are y various procedures known in the art.
For exanpl e, caplopantaendningsK 1 agh R’ isach WOipionaanly1 5 1pErrUS? 61 by biserilyb
treated w th mater.di Sﬁ%raraﬁ)yr ghbanurc@er toré%'ﬁ&ﬁ&élﬁndsm ¥eNt hal@arbyli-sQRNMuLRE
contacted with a hydrated sal't, such as hydrated copper sulfate suspended
in an inert orgapmealion gienr connivg wl 1@ U0 SABRAAEMS.CR e Bl TP, is Adnevier
prepared, 4 heyg %Cgﬁao(ﬂ' QI SEREHTIOR UM b Ydarboh tdforfs Bf Mt 8- IARnyPfringat er
yields a mxture of the linear and cyclic species of the ‘al unoxanc.

[0071] Fi gur ésspeigispiteeras wigh cir byipinegtospdess) fmdnmgcﬂoytﬁ@rqufé&rr Bric ghawt éth 100,

according to c%en Db MR & aemg g@%ﬁ% is Hchyih8her &0fs ANGe arccnaraa K QRBNARET S
can be fed via [ine Z and/or to one or nore reactors 8, The feed via

line 2 can béwiigapds @r@dr»érdmtqgrrfrre%@é%%rwefm“ﬁlﬁyat??ﬁ%ft“%%ardwétﬁ%%ﬁb%rce@f One

or nore scavehg&{dginy Tg@oulp} Meisth EARGEmEBE HaORAY a8 HIchQ df %m@do%ﬁefe&’-@w fomf eed
inline 2, before, or during cooling of the merization feed in

10 heat eXcha&yer &.0r 196 ihsmeriasic HeF af @eak?eﬁ@w@ ‘barﬁ R s fighestp¥idaion of

poi sons that spry.Rg wrgesemcydm»ehdaaemhgrrarah@at rnarpemea!y aSMBReAS: Bhydagdict i on
in catalytic activity. Illustrative scaven can be or include an al kyl

al um num such daély@lf’?dﬂi’yéﬂoﬁ’ﬁthwm%ﬂrw& Aelpragy thrcﬁ“r@éflf VP*t‘a‘ftiﬂnoFﬁiH’i’mTt@m] The

cool ed pol ym%&y%a QBylfsﬁﬁs@itJtédCU&Jﬁ@@éml@i&lBxak&gﬂﬁlbﬁl SBt&! dr E«Inbﬁh@thlﬂﬁ@l gtpa 15
punp 3 to provide a pressurlze pol ymer.i zation feed, \Fr\/n can be

i ntroduced t GOWHBINGHD rwﬂoeutsprcrrr’@aat?fahra1%%1&&%% depcsg V“B’Héb ‘s shown) to
provi de aspoliysef SQh@'Cb(Pi@add'Lﬁ-nidnﬁ@cﬂ;é@nta-ﬁﬁﬂylpfoﬁ@&bd&blvﬂﬁﬂl Ret yAwbhzapiriap f eed
preferably has a pressure of ag]ﬁLfl 000 kP nor e. ‘L Tge one or
nore stirred Sifsa"r’irk i pegRyPop dorgis @l andyinbroqmatx Wr‘rth§léer‘?“%t§1 dngﬁr P9 1&§e to getatg
conbi nati on g y orl| tzrekeaea@taqrgscr SorfFi@lraldéh ardugmulwmémg e@dp t€0MbicRdRLIS

flow, stirre 20 react CFSTR% The on re stldrredeicank.
reactors 8 céﬁ“tﬁ@n%’@f“ait edhy Parﬁ‘étlr%‘ﬁ 9 PexXe T“t‘ft SUOSEIHYY B ACEYA iV Rput
required to apepatiRhagh hatossliassoskahethiod dah bt Aestited and MRsebsStutibisedn t ank
reactors 8. gh?f FeCIfIC Punber and configyration of stjrred tank reactors
8 can be Bas8a st ¢ Ly@y g HaKRC Brnuqsﬁtera% AY8° SYSEBT SHER S (HEPY RN ¢ e
to be producedeny| 08 g Ifr%as@ftt@ﬂh§ TahhdQoaoalcettaibing rgact o hojraicts losh e
cooling coils utorefr tron 2 rechjl|ed feeds,o i natjons of
ST hreo t oL GRS 5P g TBRBIHES W BT e by FOHOP AL F o,

Aut or ef ri ger aﬁoedwﬂﬂeaedsdadimﬁmﬁInnmgerr(ﬁqrui:d ﬁ‘Smtgh@rpw&seme@)rmhatan\nambfr qfhase in
t he reactor. _Adi abat i LGA" &2 tors. #thblgr chi IJ&ed feeﬂls can be re e(i in
whi ch the pofYMefPRi% Bnotelst HEPHE | €OARE JPDET™EYS pet it 1oAY ‘fpg IFat ur e
ri se of the p@hglmshwemlg:gehqulfdrmﬁﬂwO?SlReactor tenperature is sel ect ed,
dependi ng upon the effect of tenperature on catal yst deactivation rate and
pol ymer properties and/or extent d¢€p'RODBIEYRA@EPKetion. For best nononer
conversion, it is desr rable to operate at as high a tenperature as possible
usi ng rel at i wbbryinc®noeptch anddeslontner hagaglntor erydrocyppyl, halocarbyl, hydrocarbyl-
2010/ 129151P §%Ja Qidl r

general ly tefrayétrggt%gg’%@s o? SOQQZ[@JW ﬁrureaggr(ga%?ngg{rm é?&ﬁ; Joﬁé&?r&u’pto
concent r at i opbouf 2Cattahyiomsi in'tih tss earhivorfeahsuchts o w!s@prertucerbemtom@wﬁfﬁke t he
desired pgly

omper at (e, L Aot oy i natE B the P s PP ke LR O EToR o FEE T ffne
general, a sﬁﬂ@l“emlﬂ@falé?-%ﬁar@ﬂ affquSR sedeidging grpup.5naisgaiitegst (0 topévhere at a
reactor terrp@ I?c{ld‘ﬂe@ tﬁerﬂ)%n@pgf%he%gd%lﬁ @}6 tMIYs dqrranllilorfl et ﬂ%agg&&gfabom
170C, or from about 40C to about Xt e erably, reaction tenperatures
can be from EbBuk 090 Qreferaldhdiem grpacs %rorréo@fethwef@watbbly of thsmsleoitst 20400C t o
about 170C or from about 1000C to about 150C. When using one or nore
additional reactors, the additional dctor tenperature will vary from

40- 160C i n one enbodi nent, with 60-160 °10i n anot her enbodi ment, and
60-120C in yet anot her enbodi nent. [0077] Reacti on pressure is det er mi ned by
the details of the catalyst system In general



reactors, whether a single reactor or each of a series of reactors,
operates at a reactor pressure of |ess than 600 pounds per square inch
(psi), or lesgobh@hepQ0 psi or less than 400 psi, or |esgriband psi.
Preferably, reactor pressure is from about atnnspherlc pressure to about
400 15 psi, or from about 200 psi to about 350 psi, or from about 300 psi
to about 375 fgéﬂembl NG Sight L %kﬂWonosftdté hxexsr e?ﬁét&%goﬂlcb%tﬁmldgrgr&% tovaay aef the
recited upper Iimts can be contenplated by the inventors and within the
scope of the lskestom ideschasni oith 2 007E1tiont HEnbsh 96 thiee |Twgs GseuppVé or 2
catal ysts, calgliatioCamRl sOwmReRdE Grdup @A%%}@@ly naREt O HLhpeRotdexwehast ed
process uses reactors in series. Optinhal tenperatures can be achieved, 20
particularly #%Wféé&lé@mbﬁéwaﬁﬂ@ﬁm%PWHl%Wﬁ@?@%@ﬁWéPQHHﬁEWéé§¥ﬁ@“1Y1”5d

pol ymeri zad i Qo GHARG! RldbtEof (RY attBh RY, bis S0 YORS BLasHBMOh nﬁﬁ’ﬂa@lo)f%rcosa\ﬁ%t ens
containing hafniumas the transition netal, especially those having

coval ent, si rgh& &trond Brdapigs Re subtnighend W%C%%P%Iﬁ%ﬁﬁ%ﬁl aho gop ﬁg%not

[0079] Parti cuj.ap keaskien soRfdomsAtd ORGp ABehisAEOCLISES SHiHyabLALIIOkdWEE N
the processes 25 described herein can be found in nore detail in US

Pat ent Appl i cabsiBYEdSertp &l INgrocebylxadicarg Phpisia g g @y, kydrosgh atps fgreplaced

6, 319, 998 on Navemhisien %Q)m 200 dachand a%o%-cyﬁ@%&[bﬁleﬁﬁng’a&ﬁiddqg\ 1%'[7&@[%11’[5‘0&
60/ 243,192, filed Cct. 25, 2000. [0080]Still referring to Fi e or
more acti Vat dr9geng lﬁ‘éf%ﬁl |06 @ehdiacapy fydigpasbyls *P?éocgrbélar‘fyﬁécﬁg’?w ‘R‘Jﬁfﬁ:‘@ to

the stirred tahkoh@AKQ" SxhydrbBELRREOsBHutAD b aAGhIMRIOI S ANdcarBlsimBii@thocene
catal ysts can be |ndependentl introduced to the stifred tfalnk reactor% 8

vi a separ at e F$HIERIRN e FGRTanig HY 18 GRMT v9 SLrPIROTS. c B g Vel e

introduced taogt fﬁﬁn@nez or more gpbfelrle shiddmeg:,t ank d’a&ﬁﬁ,{ ontsnz&i lsn addid-i on
to controlling the ynerization tenperature wt

e on
stirred tank t?%}é)é%lldH’é‘e@l)”lc?}i‘énw}?‘ﬂ’r“bﬁwdf%{/]?(oﬂﬁé?!* ?}’rtgﬂi‘?rﬁbg‘?&: gkgﬁﬂ%d WO
2010/ 129151 Pk 010/ 031190 to further control the nol ecul ar wei ght of the
pol ymer recov via line fromth i tapk reactors 8. 1] The
pol yner sol ut?%ﬁ r e@é%‘?@d"%ﬁ“&aql? RECYFPP ?f‘r 146 OCBI&ﬁSfEé ¢ tﬁP%ﬂfPthltlbc h
sol vent, and giiperab®d dARNRNBESosed e LR, YAt TIONCEFI4zad] 6090401t Be7polymer

solution in |ine C 5ranefr 0 0 % or
20Ut it oh COVRSH G DD B gy 165 vk i B 2006 e gt 8251 he
pol ymer concemsabi,are7ean, s@9ge34, hedis Abneltd, CacioPovhizh abiatdrpdidtcavb Pacibec

bal ance of t he mer. sol ution can be conposed of solvent, dissolved
nmononer s, ﬁﬁlﬁg‘r’r’érﬁem‘éﬁ alyst particles, and inpurities. A preferred
solvent is hmnp, M6 qarnaa‘reélabddymm@h@m&nmmheecamques@mﬂim xbidries dnlaer eof
10[ 0082] A cat aI é(st. deacti vat QL (lor%éaﬁaéal Ki | c%f 1 via li

10 can be i ntPBeitic'd ™0 8° PHE PHSTR Y Eot &b ghpls e i aymm@mﬁ%
deacti vat or oarCH @faisRatit ohber pok yioes-ICpatbigrts.r eaction to provi de a catal yst
deactivated sol.ution (deactivated solution). The deactivated sol ution can
be mtroduceé—[—b—%{‘second heat exchanger 12, wherein the deactivated

sol uti on man [W64) ndiThechthlysthpatuebrs Oanpﬁl@é/ibdéhcavaftddr gtth heateednsol wtitdpsts, |
the first heated soluti on,requires (g rﬁ\ . I}ea},trefe d%MSQ ta(ajt(gl ti_onal
heating can B&"“FHr FEETPYC B Oél’ear ai\‘/nlyacoa {nﬁ ndt He4t exchanger “16° °Thé" heat
t ransf er nedincmde anc be nore hactoadinasihe anpndoThaoiekm ! h«zrtcowvamamgomcmm(Néfmer
subsequent - natTg " ERETSCLIM FenrecosintE b IRl e Sl i e
first separ aboly wodkly whetigated to sidsepar gcetly ranfagizg pdlioenty lelbe\amp phéisgacti ean
phase” an ich, phase 22 with h t upper
or |ean pﬁasgyﬁﬁg{gggﬂe‘gs {l;Jas‘?%d R iatﬁb 7 r'ec Olmd”han% %ulin%%%é%ct ‘;;s\gzﬁ%éé%m %rch Q|ton
via |line 11 pedraked to nantBiyi wtqntth@mgaﬁarfatr@d cddpleA dproswsiss.e Fualducthe eniodevi ce
18 can be use lita S h r 14.
[0083] The 1 ed pldelTaedkiss IR RRASE: BERRLTL @helloh o )G SERBREL 7
The surge tanwtﬁﬁfmmodnématdamt@dmrm ompppdhyndr ogeutrat haproday fhen ¢ontraémed i n

the lean phaﬁ%néo%rd‘i)r{agx&lg (21%093 useful in for the purposes herein can be those which can be
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25 hydrogen | ean solvent via |line 43 and a vapor via |line 44. The hydrogen
| ean solvent via line 43 can contain |ess than about 3 wt % hydrogen, |ess
than about | WH%pbydiQoen, |ess than about 0.5 W % hydr egegs2old@shed han
about 0.1 wt% hydrogen. [00841The surge tank 26 can be any vessel suitable
for stripping or otherwi se renoving hydrogen. A stripping nediumvia |line

25 can be i nty,eduaed sttdsahiehﬁe &wdg&eﬁ@emo@ﬁ theﬂ%ﬁse%@b§l§ﬁc‘m%91sri&u@?r§ilgéqh gan
include, but is not limted to, ethylene or propylene. An illustrative

surge tank 26t angbyes rem sHecigng| ybrl LapsreH SiytEemetoly Garctbecrdsily 8
described in debFonibak RtathRed ﬁmﬁﬁﬁm %Qﬁng b ORIl h&c@vitegery kRaRiAOL¥eENt Vvia
line 43 can be introduced to a fourth heat” exchanger wherein the

t enper at ure dPr REUPHS dgeh Vilkbe see\es bulky dm tsescad; qfssﬂ%wnmplcmr size to

2010/ 129151 PGLLYS2RHY (Q IQ n%af@émeiten ok bR M&c&xemﬂ%mc% 628 HRekhah he
hydrogen | ean so vent . hydrogen | ean solvent in |line 43 can be conbi ned
with a fresh tw%mnzmjmw@hdncm beodersidn {icfolymaiazagen prgcssy olirdrally the

desired sol vefion WilPRATRImol NG QLIGTor GRVBRNENquAIAS GRAE & BldsQes. NBAEhnGaN be
introduced to a drier 32. The drier 32 can renove at |east a portion of any

unr eact ed wathgierrs hewe afstheinabibityitapyegpicad fapgst mojspdyatisht molypis: prakighdr eed

in line 30, QmQtNGEWadenl B9 cAR vAR cki¥PAvEN6n sk idnRi@uily A RGRRadcean
solvent to provide at |east a portion of the palynerization feed introduced

via line P td065k r &seyrigrapey igic waﬂxﬁbdawﬁ@enag%wwmqrﬁdwweg minllgeene

enbodi ment s, s ydaeaen Aoeeaor&@w@%mwg Bpeb@ FBAGRTY 73] BPIAOglugedod, 0 one
or nore stora e tanks that can facilitate invento 5¥ﬁ ntroI within the

pol yreri zat i ohO%YEen pdd)-S1Bttod8s PRS- 4Uap8t v & %“%@H’Bﬁ‘?%??ﬁﬂuced

to a reflux Gidfod%doly Rfdémeti aRatdnarnl aWek raﬁrenzréaaeaearmprefeﬁcd inehodbrcan
be processed to recover val uable c? § @% F%; exanpl e, 4 tile nmononers
such as et hyPEREENGYprepyreriacsrra TR Bb%@%}?f@%ﬂ@ AT AHENG apor
in line 44 wp@ec@m&@@wﬁdhz&e@ametfmdn@&growe AbeERIE TRt MBRBNBH St alkel
conponents can_be rec cug g the rge tank 26 via line 63, and ang

non- desi r abl @°thfafienic anl dargelpaicRd ﬁﬁ%é@ncgﬂﬂﬁaﬁﬁ‘W?ﬁfﬁﬁ@ﬁceﬁﬁmﬁegd'@bosed
01;] via line lzixapoglihw nﬁtfﬁdﬁdllggg AR NRARS $roddhd b@t E@ﬁblg@lﬂnﬁdﬂﬁﬂﬁlgdbdﬂ{ m%du@eel to

the surge tan via |l ne can pe sep ar at an recovere

hydrogeﬁ | eaPEIPRFANEPM 47 f AR aogr@wam«% é’&‘ﬁ}‘&Faé‘a”af‘éwtkﬁ‘Bw?o thé goﬁé %@ ¥ore
reactors 8 WI6B7] HPhe- 030k yor ehzalsi Pa. Keess2,564, @&ﬂ?)]fkvrmca 0511 lstg{cecustnb@rp@dm ank

reactor 8 seri.es of stir ed tank reactar usi ng
ot al Loceile Dufarse &t Syerutiy’ SRR o ahoti ot Ry GUan Ry BeoHE Bty ced
by bet a- hydr ildemahisicsacdohpoynde \nehudattarocaduh wepleg@tarbindunt kinetriéthysilyihiect ed
into the stlrred tank reactor(s) 8. The anount of hydrogen produced wi thin
the one or n6#€"&tirred tank reactors 8 can vary with the particul ar

nmet al | ocene qmﬁqlys%@ﬁ)n&@hﬁoﬁ@dmuﬂhemmbkﬁdhhmﬁgmemghhmﬁ@dUQnMQ<aﬁkﬁaﬁ

hydr ogen can _have o nerlzat rea ns rri Wi, t hi n

ohe. of ot o SR SR PEa Y S¢S E bR R ot By B B O sBrRT ac e
sel ecti onsof it the asfonrdafebk te&nﬂml aceﬁﬁboborﬁaoﬂmér atitadly meripenddder dut dén be not
subst anti al u f h dro ei t he d VI rod ed
whi nthe o8Nt ondrantd SFEd T Rhut Pt SR RulnP b PR B e
pol ymer soluhmﬂmimemmuepmﬂmuma &mmedmimeAkesuch redu0|ng the anDunt of
hydr ogen rec d via n Ie sQl vent i ne )
advant ageous}l@%ﬂper m' taddlgﬁnay ? d% tg =""d atﬂ baLrlse\b/vécimZhl%g fmrllo ep Ndent
fromthe poIymnnsdaw“omMHwa@mHOWWmmemabcngmeMWEMQLum@amﬂﬂmﬂsﬁmnhQmmomr
e AR T R E R T o S S SN s T
split in poI yriveentpiledepbtsy pbodueas té abstthe aerlkd] hydride roamgsedlﬁnd tar ewldt ank
react ors %nerh{loc Ye el 2050017 &%%%ﬁgﬂré%§§%%9élg$l%e99 %9%6%7"997% fEp.

nmol ecul ar mel Stribution of ca po ro Bor exa a rirst
reactor 8, | 6dh52@d73@p®t:ln ebwhith oan & leein mbdryorated angﬁde@eomﬁdlrreem‘ctyoﬂorsc can
have a hydro C. 0 i

goner at o by By Rl g PPl ARb, S GE pRh B A Rlion b WAL of
extraneous hydrogen can be added to the,pomnstrean1 5 reactor 8 via line 7
to provide a hydrogen content above t hiat’ which woul d remain if hydr ogen
frombeta hydride elimnation were to remain in the recycle. [0089] As such,
sufficient renoval of the hydrogen fromthe |ean phase in |ine 27 can



provi de a process system 100 that enables an increase in the range of

bi rodal conpositions that can be produced within the one or nore stirred
tank reactor sy§q.01mofdiCi ent renoval of 10 hydrogen fropyfh&oleRdoPhase in
line 27 also permts the selection of a broader range of netall ocene

catal yst systens regardl ess of the catalyst's tendency to generate hydrogen
through beta tﬁMQﬁdnqgetﬁlcbﬁh&ﬁm APar@dnid BEupBLabYihing rr%@a'ﬂﬁ:‘ Jxﬁd(iut@/ erb@hs By
presence of hydrogen int yneri zation m xture. [0090] Referring agal n
to the pol yrrewthrfh@:m@hgrwszeeﬁ&’ow&@a 37 wdshay h‘tf@ﬁ lrn_carpomfé byjrefgreneegn phase
22 can be intygdyced to a third or "low pressure” separator 33 which can
provi de an evg&orat ed sol vent and nononer overhead via line 35 and a nore

concentr at ed Ip8Y merVisre Beteasdicaas itHededintiporaicter 591 remplcaritrbRtingy
overhead vj a wﬁc @t@ra&@tﬂ 1@&1@@&5&&%&% bhtRakl}®) Y@o‘?ﬁﬁmpclﬂ@ﬁ@nde? QHidheean be
fractionation )i' fractionation tower can di sti or ot herW| se
sel ectively §eba«rpalfle oé 1<P‘117§1Fﬁ alfsragion ardgr e%@@@*éf‘éﬂnch%on&nth@(/é‘l"lh%%ﬁm‘\)"?‘éedl Yipe 51

and a 20 heékww& ra@&fah&f‘rc%&fbgy%tﬁ%x@tﬁo@@cﬁlﬁx@@Sm}!éu%dﬂ 5Re B3ithilA&r! dughthum
fraction can include nononers, such as et X_Fene and propyl ene, which can be

recycl ed vi a yiiuitss 53 alleyly Hdodalypprancinriged TegeHbnYfrer oS glepraibing the

pol yneri zat i QR fi&edr Qmﬁﬁﬁ LRPolRs semadiRdiad s\stititea rﬁéiﬁlo‘ééﬂe%rrfp&mﬁs 26
and recovered with the hydrogen | ean solvent via |ine 43. 091 In one or

nor e enboli neRPse Ariythdheaddition affetiediag Briaitie gorargrid en é?ﬁéowﬂr\& A-080

over head can ohg ppoA[-9dtigegh h@rbine 86 168, (8 of (WAGK LN HeRin tn@avgdsmt%@ by A
substantial portion of any diene present in the evaporat ed sol vent. and

nmonomer over FE&EeAn et éntggyc By opamplecp Ry, 4lky! cpeeuag capdeamigest Wighte f r om

the fracti onatcMocdOWEsr td3hs 1nﬁ§du§&@1hnto&l@e@ﬂ&ﬂ%se@f Siflécaneal Byl eRdidtunisbtRb N t he
an over head recovered fromthe fracti onagl onto 36 can be |ess etd1h§§
S

about 1 wt % SUESl 4SHa FPARBIEER H0USE epgest Q5 ot Ryne bétﬂ‘:hb’“@%‘c\?&ﬁﬁ/qre%‘(

than abouts 0.aQdlati&D oM b&IISEN will Ry liRtddHigioMBs ARE F&ctEdaC blast atifiyhene
and propyl ene raﬁcover ed vi Ilne 63 fromthe seconﬁ %e“g@l tor I1 can be
lean in di endAeenp GPRRHBLNYOBI i BRe aEaNOUf P erAdretidbenedHetoiter s in

line 63 to be iv@ﬁb/&l:rﬁﬂm’é@cttvlaﬁorﬁ viitGen b@iﬂﬁe@&ré&l& Rakk re@@i@ﬁ@és@elﬁﬁ)t’he prebence
Cr oss- contamn |on bet en different t

AL OF ARIEP o110 XIE
pr oduced usi ﬁ h@}ﬁ?ﬂrlﬁ S PPEYH W %f% %.6%) ot \Rgsvenger and a atng ctlvator
2010/ 129151 PETYrké36EL 0364 9011 QQQ2dnkmg @GRt nore enbodi nents, a gear punp

38 can be us 0 conv. t he cancentr at ed to.a vacuu

devol ati 13zi ﬁ@mé}xt r H‘e‘gxﬁra T acEY g a?ﬂ&?‘\?ﬁ@&%ﬁfﬁ&ggﬁlﬂm% ?H@P%’)‘?P rsér 40
can provi de goBgpakaheatht wapoischMasenbitadion Witk adl dctiamdr, an palvy keklysed forean be
recovered vi 2. outlet 42. The vapor phase ¥I1a1| i ne 41 ga}g b@ urifi e%,
condensed, ah88THER MALISHERST RS BEPYFWATEEH MeoWE! *BFOX S e
purificati onpoaMed rdhytanndkse, ket aMelinunbikyiedéma tréndliyd cluntsn, CoRikabiutyi ng
rom the. par APFERET G TORMPIBEn M e EREoRHATGP T80 ST Ranoib Rty e
54 can besi nusedduc@tbitixdionnathdlewisnick! Stian@gend/psis ebisvabbs wh, thopricehtalysins be
stored for |ater ? §1 h? (r NB and/or 10 octene-1 conpnoner, either
separately ofPSyBEISH! yé’éﬂ‘ QI PYRES product transitions between
different pr (m)utt]t mew{/rl aﬂgylamng;xa(ca)xl\beandldlﬁi@apy asnmhaeras ,catahyist ectsriold,
enabl i ng evegt %%‘{;é/ Yh\%eym(%tak (})cggceﬁm?lﬁlgsuﬁﬁ P?_lrgir qaCt rr]r%qgresc gge%étl] The
pol ymer nmelt r'e &EUtim evo at'l

ext ruder 40scbans hxaalpehdneatmztepicauy naam elizderwaileninpalco@pound rrcpﬂxﬁ.gntéceur et h
vwater chi l led ' ?mmula deél éé‘i iwgicg i$ cezcég:fcgor?ap%gn %%”}{(E AIP(S% Al ,iavr\{kglgich is a

washer / dr’ yer ng’ﬁra 0 prov S "5l agging or
linear compound. In the general alumoxane formula R is a C; to Cs alkyl radical, for
example, methyl, ethyl, propyl, butyl or pentyl and "n" is an integer from I to about 50. Most
preferably, R is methyl and "n" is at least 4, i.e., methylalumoxane (MAQ). Alumoxanes can

be prepared by various procedures known in the art. For example, an aluminum alkyl can be
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via outlet 49. Uses [0095] The et hyl ene-based copol yners can be useful as
rhcol ogy nodifying conpositions. Accordingly, ethylene-based polyner

conmposi ti ons gk, hetged i ndependently 20 to nodify rheelpe¥iddiio
hydr ocar bon conpositions, such as lubricating oils. Aternatively,

et hyl ene- based copol yners can be conbined with conventional additives to

nodi fy the rhfegﬂ 9%1 %mh&%%@rnbmn&%g&% blveftSor if th H@E&ﬁktemmw@meuonal
additives inc ge ol efi n-based additives, or m neral based additives, each

of which is kabwueh as hpdated eppmce dulfare suiaended in pOETE] OTFHEE Ml SAeiddsad

copol yners caf,alsQ. R&nLssy, lh'ow@v%r BN, GRNRAREALSad MumBBmGARY Stk iaandled
pol yner conpositions, e.g., ethylene honopol yners or copol yrmers, or

propyl ene horfBlerpheist eldeoporyrel b lnpernd syqlisepasspPade tlemoxneani zat es

("TPV"). FRurt h’@?rl '-l!‘?é{'ncef Béﬂlc@@ﬁl mﬁ§§l€1V&§b@LQﬂOM hEfy %pﬁ@&ﬂorb?yb%%ﬁm@l a&&dﬁ%dtbt I'ves
or primry corrponents in nol articles, extrudates fil g., bl own

films, etc.. %vémomq@nbvémwtﬁerﬁthﬁw %94 ong @R BT CFONGRRYS shbeRdBhire 2

el ast omer apphjgaid @ @ﬁc or3RAORRAd K tﬂﬂ@ Foc@TROGE MR & @6t HOBMISALEQNS, iRRd
net hods for making the sanme are provided: 1.An extruded, copolymer pell et

conposi ti on, TEBNisET sichgzer KO Opd OF 1999 SEPEEEHSEn 1o gBfanhe Miroducednioatbpy | ene

content of a% ef}pa‘u% %ct G BROMtLRE, ‘M‘te@ angliridg REARY AR foRMLnitioafcahgut 50
wt%to about 6 based on total weight of the Copol yner, wherein the

copol yner hadieat eXCha“gef 6. The one orgnquEfeay PZHELP FHIR {)° eéfié“qu SRt MY de g/ 10

mn to about %e@llé%@t&yméﬁzam&M&m% ere@'@@dﬂ inZcatal@lc dcB6iS;. ANGrHRe
measurable nmeltin as nmeasured b . The | et . of enbodl mfnt 1,

pel
wherein the a%qu:@acrswa% bgon %ﬁtﬁewntd&yafﬂawglr ““rcgtd? B lcwub)‘ algpiguyeh HEaRs
to about 1. Zdhlg,mu'ﬁhe pel | et of errbodl ment 1 or 2, wherein the pellet has a
di anet er of about or 4. The p eIIe£ of cla :L wherein the

pell et has a ?ﬁ@het gFe S?Ol%l’c’ﬂﬁm%“zéﬁ%ﬁcfﬂ fragr igatagighagesn (f'n@?“h ¢ Bgfught fup

ratio (L/B) ¢tmpnenpabosi plssbriica paReutizalioR fec® whidh&apBd ingbduaéd tal"(b){c &fmorc
enbodi ments 1-4, further co rising dust in a aﬂg@unt of .about g \%l% or
f

| ess, based SHTHRHET reagery it O’Sf’ OffE VPP pray YR splufionyy ‘a&%
enbodi nent s %re@sunfzé-ﬂrﬁot}ﬁ}’fen@élﬁﬁlfdeﬁ|pfw3rﬁﬂ}hh/dsaﬁb%swren(}ﬂdb&ﬁemﬁ® eP{ dWAYe.i N an
amount of about 1.0 Y{\%% or |less CElsed on tot al ht .of the copol

7. The pel | e "5l any o PrepryBer Thfs sk Eactaet ‘&nﬂjct“rl? PR PSS lCl5\{"0a g/ 10
mmto about E&mBin@lodQhdiBf. The reactors § can be a liquid-filled, continuous flow, stirred tank

20  reactor (CFSTR). The one or more stirred tank reactors 8 can be operated adiabatically,
except for a small energy input required to operate agitators associated with the one or more
stirred tank reactors 8. The specific number and configuration of stirred tank reactors 8 can
be based, at least in part, on the grade of polymer that is desired to be produced.

[0074] The reactors can be cooled by reactor jackets or cooling coils, autorefrigeration,

25 prechilled feeds or combinations of all three to absorb the heat of the cxothermic
polymerization reaction. Autorefrigerated reactor cooling requires the presence of a vapor
phase in the reactor. Adiabatic reactors with prechilled feeds can be preferred in which the
polymerization exotherm is absorbed by permitting a temperature rise of the polymerizing
liquid.

30 |0075] Reactor temperature is sclected, depending upon the effect of temperaturc on
catalyst deactivation rate and polymer properties and/or extent of monomer depletion. For
best monomer conversion, it is desirable to operate at as high a temperature as possible using

relatively concentrated polymer solutions.
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8. The pellet of any of enbodinents 1-6, wherein the MFR is about 5.0 g/ 10
mn to 20about 10 9/10 mm 9. The pellet of any of embodinents 1-6,

wherein the 61§/n%lpgut 5.8 g/ 10 min to about 7.8 g/ 10pgt/@s2010kB1100 NE
pel l et of any ofz iments 1-9, wherein the ethylene content is about 43

wt % to about 50 vt % 2511. The pel | et of any of enbodi nents 1-9, wherein the
ethyl ene contigig) i S RQAULing 3o Huf GnBRQr, ffetMiybem Bérgmre-{hﬁouﬂ?ﬂldt%kce@é tmany of

embodi nents 1-9, wherein the ethylene content i's about %to about 50
W% 13, A rmsttedvhieh thesriceeiratio eperiahyin Bebdcerd reed insihigientdopeks dei zi ng
a copol yner cRuRyl ﬁdlﬁ&r%o?fm&&?%pgczd&ﬁcd@%oﬁﬁ FERIBGLOKbctRn Oe@pdBud B tO

about 25 g/ 10 mn; Wh) of about 2.3 or less; and no neasurable
mel ting peak,dciEminedlsiibedettily obSE catplyst sy e eaberyengnel oisectgyar Fist rRgT g a

di aneter of aaQQH willQ i dﬁdmrm%l ARttt endh Bodu® 0@t BMBEEN 76/ bP b MAboRf
from about 0.8 to about 1.2; 2010/ 129151PCT/ US2010/ 031190

dusting the pé§ stabgyttlo &b@ﬂfm@ apoupiCop apagd 7@ Gs tPrefalligesston SmapraiEss ght
of the pell ety Whgs Qb b@(%%@ﬂl?@sﬂ' |0@Fnorb‘3}§efcraﬁ MGR 26820602 1d Bbdt@) 700E from

about 3.0 g/10 mMmto about 10 g/1 MAD ( Wnh) of about 2.3 or |ess;

and 5no neasu¥ dieatest {§AY ﬁﬂaa@@“t é%o ﬁea‘%ﬁ“e’d’“lﬁymBSE morq Additippal FRasABthE

enbodi ment 13 4qifibkal F@Em@%p&h@fenglu%@gﬂraﬁ 4b160°pSh o8 embddbment h@itHTBY- hapdc Of
enbodi nent 13 or 14, further ri sing dust in an amount of about 0.8 w %

or |ess, H’asé@ia’lﬂ‘f‘ef@f‘%d‘%@f‘@ﬁw 20tﬁé“¥féP‘F°é}teremll(6hmeFﬁe net hod of any of

enbodi nent s 1[6073715 fREELHBR Hr S QR IdSteEn & HYthe B& i dTYhe @&%ﬁ@;@m&o(@g&cra n an
amount of about O w%or |ess, based on total weight of the copoly

17. The met hdﬁi‘?@f‘ whshare sesSercies AE €ch af wrle\/ﬂfé?déiorf PIFEA R rﬁ‘s‘“a%&?urs 0
9/10 mn to gpeulthdDsw p%g%dng& squa8 incl (181 NBUAY eha@ EO@RY 0Olkss@RROWD PENGesd 3- 16,

wherein the |\t/FRIS about /10 mn to Pbout 7.8 g/.10 mm
han 300 psi. Preferably, reactor pressure 1s trom about atmoSpheric pressure to about 400
15 psi, or from about 200 psi to about 350 psi, or from about 300 psi to about 375 psi. Ranges
from any of the recited lower limits to any of the recited upper limits can be contemplated by
the inventors and within the scope of the present description.
10078] In the case of less stable catalysts, catalyst can also be fed to a second reactor
when the selected process uscs reactors in scries. Optimal temperatures can be achicved,
20 particularly for series operation with progressively increasing polymerization temperature, by
using bis-cyclopentadienyl catalyst systems containing hafnium as the transition metal,
especially those having a covalent, single atom bridge coupling the two cyclopentadienyl
rings.
[0079] Particular reactor configurations and processes suitable for use in the processes
25 described herein can be found in more detail in U.S. Patent Application Serial No.
09/260,787 issued as U.S. Patent No. 6,319,998 on November 20, 2001, and U.S. Patent
Application Serial No. 60/243,192, filed Oct. 25, 2000.
[0080] Still referring to Figure 1, one or more activators and metallocene catalysts via
line 5 can be introduced to the stirred tank rcactors 8. The onc or more activators and
30  metallocenc catalysts can be independently introduced to the stirred tank reactors 8 via
separate lines (not shown). Hydrogen via line 7 can optionally be introduced to the one or
more of the stirred tank reactors 8. In addition to controlling the polymerization temperature

within the one or more stirred tank reactors 8, the hydrogen introduced via line 7 can be used
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1519. The nethod of any of enbodi nents 13-18, wherein the ethyl ene content
is about 46 WMt%to about 48 wt% 20. The nethod of any of enbodi nents

13- 18, whereigobhg 18441yl ene content is about 43 W% to apepbtfsodo
21. The nethod of any of enbodi ments 13-18, wherein the ethylene content is

about 46 20 wt%to about 50 wt% 22. A nethod for meking a copol yner

pel l et, conpri, i@ control the mBREMAPRLdidl BHhED! %Hn@ﬂ%ccﬁr&‘éd RI.ORY¥ 1888 Re LiltRd
presence of a catal yst conposition at condifions sufficient to produce an

et hyl ene- pr opjiterE®opol ymer conprising an ethyl ene content of about 40 w %
to about 50 wpfgiand BBQM{I SNEiok ARLERL @ lu?&bquHan ut 1&&@9&1&& sAwenf0

wt % based on total weight of the copolyne wherei n the catal
conposi ti on c@fpRicaast menopgust rlihe é@lwcrlcog‘fcntwww@ﬁ gxypolyyisesaheiep i htrtctﬂctaepen
tadi enyl){ 2, f5dd ford £Io%-d? ablfuy 3 ! éb@ﬁ@w@/s)él)tﬂouhﬁfvf% W S ATBE BBkt 98«51@/0, 10

N, N-di met hyl aniliniumtetrakis( gfntaf uor ophenyl ) bor at e g | etizing
t he copol ynervo opldvitde Fat craamis thermelypsr F@tcerﬁ%tt}%@anata@eafm ghoupp Wipdat 3.0

mm or nore ang@o@ il eRgt fric®a@h&NBURS pdihdr QolldidrDan Bt chihAITLRBOMvR, Bisdocabout
1.2; and 30dusting the pellet with about 0.8 wt%or |ess dust, based on

total weight TfIOMRE. RsIquemers st Prtigles. aursiguripest | profied saivVRERS PPRRT 2. 16
kg) of from afmg}are?era@ &géoll@xartmlt&x%éowm&&ar@/t&&om n;, a M\D (Wil IVI n) Of

about 2.3 or |ess; no neasurable neltin as, neasured b WO

2010/ 129181 Pctft‘}&%!szofos'a@ém%m?@f Ofrt?étdwetlt#éf&" 68 BHbolir Hanf0 oo be\htﬁ@ﬁtéteﬁ t he

et hyl ene contigntke pb%m@b@ﬂﬂtloﬂ@l M1t arhatst ACac Hor card fbrmihhie tHEBoR@iftion
enbodi nent 22 or wherein the ethylene content is about 46 @6to about

48 W% 5 25 o Btdor caalS gteaivedrots dgstivied PR nThndeepprier s

about 5.8 g/ kQuilddcd®eaRdticed-18 aGbddad Hbdd exch&@ger An vﬂi&dirUdl@dieacﬁ%Déﬂ SOMBon
tent of about 40

"% to about Bob %%ﬁﬂﬁ%@ﬁgwr@ﬁé fiso oo o HEE 150 Mo B et 50
w % baseg oadcttet@l h%ing,hﬁucﬁfadﬂfth@nzﬁ aRelingTeih, bovireliredtly ploeidd0eps|yifehedias: a
MR (230C72. 16 gz 5 Log] aprg L!% %iegiugl/ c]érol bmop 1ntcl(t)1déjl Qt(e)aurrE h%t5 019/h%t0 wgtjcrno.r aI>1MD
(MW Mh) of alssTeTesT 30-ohg heaktrangicy ¢ y
other suitable heat transfer medium. The first heated solution, or after subsequent heating,
the second heated solution can be introduced to the first separator 14, where it is scparated
into a polymer Ican phasc "lecan phase” 20 and a polymer rich phase 22 within the separator
20 14, The upper or lean phase 20 can be used to indirectly heat the deactivated solution via line
11 prior to entering the separator 14. A pressure reduction device 18 can be used to facilitate
the phase separation within the separator 14.
[0083] The lean phase 20 can be introduced to a surge tank 26 via line 27. The surge
tank 26 can be adapted to strip hydrogen that may be contained in the lean phase to provide a
25  hydrogen lean solvent via line 43 and a vapor via line 44. The hydrogen lean solvent via line
43 can contain less than about 3 wt% hydrogen, less than about 1 wt% hydrogen, less than
about 0.5 wt% hydrogen, less than about 0.1 wt% hydrogen.
[0084] The surge tank 26 can be any vessel suitable for stripping or otherwise removing
hydrogen. A stripping medium via linc 25 can be introduced to the surge tank 26. The
30 stripping medium can include, but is not limited to, cthylenc or propylenc. An illustrative
surge tank 26 suitable for the polymerization system 100 can be one as described in U.S.
Patent No. 6,881,800.
[0085] The hydrogen lean solvent via line 43 can be introduced to a fourth heat

exchanger 24, wherein the temperature of the hydrogen lean solvent can be adjusted. For
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no measurable nelting transition, as neasured by DSC. 27. The pellet of
enbodi nent 26, wherein the pellet has a length to dianeter ratio (L/D) 15o0f

from about 0.8obReaReyt 1.2. 28. The pellet of enbodlnﬁgbUgﬁ"ﬂgugy
wherein the pe?let has a di aneter of about 3.0 mmor nore. 29. The pellet

of enbodi ment 26, wherein the pellet has a dianeter of about 3.0 nmor nore

and a | ength &o, 0L aRhEl ckaahQr Ok/ h& QUEanQoRchio AR 2 1cad0
EXAMPLES [ 0098 Tﬂ% ?grgégln&hgﬁscdggfgﬂtcaﬁﬁhag uf?hgreéescrﬂﬁggéﬁnkm

reference to sehentfip|incodd 4oy baePmbingd withhgyresk aphyens §0d RPHSIE SBHOH YRR e lipe 30

exanpl es ( Exapplosiic hicl®ir@ndivtir 86horRIMAY %brvﬁnﬁﬁméoﬁ&n(rma{@@ﬂ 38 be
Exanpl es 1-3) are provided and summarized below i n Tabl e The inventive

exanpl es ar e pFsHerddel agdsick B | Bwedricmiecag dppaticat {59 désear?ﬁwé@wrrraé@ﬁdw&l

251 espectiyvelMod §O0mEXanmiasis, prZscntaLHQh@fr%fh fbdSin 1RRBONE: MRerwBic PRRe 20 -an
[ 0099] The pol yner conpoSitions of Exanples 1-19 were synthesized in a

singl e contlHE@W§Y§1¢?FéﬂqﬁaﬁwnﬁﬁéﬁﬁBwWDWﬁ%Mﬁ@ﬁyﬁ%ﬁF@&fﬁ@dmhﬁ§“6@PF§ﬁﬁed in

sol ution, usipgdneyaneiRs @ t&%aé%m(q) gl ')\lﬁxb@ghﬁf%@-&hb&ﬁym RAL YRSk 2AbsPACIAS
perforned at a tenperature of 145C,_ an overall Pressure of 20 bar with
0.

et hyl ene and th ibdjAcenlsat whnivig bae Frean bainggyerd tong opmRig/sorage tanks that can

30r espect i velpyilith@@ORb Wﬁfo@%ﬂm@l%ob‘n@:ﬂzaﬁ@ﬁ sjsempepat ure control was used
to achieve the desired IR;FR he catal yst, activated externally to the

reactor, as [%8kd §§GH€€Hé&*Nﬁ‘%ﬂﬁﬂﬁFgméﬂF%@HPﬁée@B‘ﬁﬁmn% it FHoPAPYet

pol ymeri zati Q('S\)vér%peﬂﬁét Wp@l mAﬁnethﬁca@laﬁeabt%&sscaylﬁtr%berN;ahﬂbl@%ﬁMb@ﬂ!s| iFgrum
t et raki s(pent af | uorophenyl ) borate was used to activate d|
2010/ 129151 PCHUB20/PEIFIIAtpOCE jush Y FEYIFSA HaMONY sHe VP %@v b laff‘efed

ent adi enyl ) ( Zsohr Bk ~vhRIrtin Bnsity vid Loicent Qpyrdbt baf l]"hél F@Cﬁi‘&dw BydomelO Qlder The
copol ymer SOlcgrtn}x)Onre]ntsrcraer{ el Pe%yglgdotrg t}ltb surgzreetaciglz 96 via 1ne 3ogrﬁiegnyfr{0?1rgeilrl%|1 {ehr?gn—
15 condensing gases, such as hydrogen can be disposcd of via line 112. The recycled monomers
and other components introduced to the surge tank 26 via line 63 can be separated and
recovered with the hydrogen lean solvent via line 43 and recycled as the to the one or more
reactors 8 with the polymerization feed 2.
[0087] In a single stirred tank rcactor 8 and in series of stirred tank rcactor 8
20 arrangements using metallocene catalysts systems, varying amounts of hydrogen may be
produced by beta-hydride abstraction, even when no hydrogen via line 7 is injected into the
stirred tank reactor(s) 8. The amount of hydrogen produced within the one or more stirred
tank reactors § can vary with the particular metallocene catalyst(s) selected. The molecular
weight reducing effect hydrogen can have on the polymerization reactions occurring within
25 the one or more stirred tank reactors 8 can be accounted for by an appropriate selection of the
stirred tank reactor 8 operating temperature. A substantial amount of hydrogen, either
introduced via line 7 or produced within the one or more stirred tank reactors 8, can remain
unreacted in the polymer solution recovered via line 11. As such, reducing the amount of
hydrogen recycled via the hydrogen lcan solvent in line 43 can be advantageous to permit
30 adjustment of the molecular weight independent from the polymerization reaction operating
temperature.
[0088] In two or more serially arranged stirred tank reactors 8, the ability to remove
hydrogen can be improved, which can widen or increase the molecular weight split in

polymer products produced in the serially arranged stirred tank reactors 8; thereby
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Inventive 1 Gnf can be produced within the one or more stirred tank reactors 8. Sufficient removal of

10 hydrogen from the lean phase in line 27 also permits the selection of a broader range of
metallocene catalyst systems regardless of the catalyst's tendency to generate hydrogen
through beta hydride elimination or the catalyst's sensitivity to the presence of hydrogen in
the polymerization mixture.

[0090] Referring again to the polymer rich phase 22 provided in separator 14; the rich

15 phase 22 can be introduced to a third or "low-pressure” scparator 33 which can provide an
evaporated solvent and monomer overhead via line 35 and a more concentrated polymer or
bottoms 34. The evaporated solvent and monomer overhead via line 35 can be introduced, in
the vapor phase, to the fractionation tower 36. The fractionation tower 36 can distill or
otherwise sclectively separate a light fraction rccovered as an overhcad via line 51 and a

20 heavy fraction recovered as bottoms via line 52. The light fraction can include monomers,
such as ethylene and propylene, which can be recycled via line 53 to the surge tank 26. The
monomers and other polymerization feed components can be separated within the surge tank
26 and recovered with the hydrogen lean solvent via line 43.

[0091] In one or more embodiments, any diene in the evaporated solvent and monomer

25 overhead can be introduced via line 35 to the fractionation tower 36. A substantial portion of
any diene present in the evaporated solvent and monomer overhead in line 35 can be
recovered via line 38 as a bottoms from the fractionation tower 36. As such, the amount of
diene present within the an overhead recovered from the fractionation tower 36 can be less
than about 1 wt%, lcss than about 0.1 wt%, less than about 0.05 wt%, or less than about 0.01

30 wt%. As such, the volatilc monomers such as cthylene and propylene recovered via line 63
from the second separator 61 can be lean in diene. The low amount of diene can allow the
recovered monomers in line 63 to be recycled to the surge tank 26 without concern for cross-
contamination between different types and/or grades of polymer produced using the

polymerization system 100.
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[0092] In one or more embodiments, a gear pump 38 can be used to convey the
concentrated polymer 34 to a vacuum devolatilizing extruder or mixer 40. The vacuum
devolatilizing extruder 40 can provide a scparated vapor phasc via linc 41 and a polymer melt
can be recovered via outlet 42. The vapor phase via linc 41 can be purified, condensed, and
5  then introduced to the purification tower 50.
[0093] The purification tower 50 can also recover intermediate fractions containing any
diene such as th¢ ENB comonomer and/or octene-1 comonomer via line 54 from the
purification tower 50. The ENB and/or octene-1 comonomer via line 54 can be introduced to
one or more storage vessels 55, 56, which can be stored for later use. Storing the ENB and/or
10 octene-1 comonomer, either separately or together, can facilitate product transitions between
different product familics, e.g. EP(D)M and EO plastomers, while still enabling eventual
recovery of the valuable unreacted comonomers.
[0094] The polymer melt recovered via outlet 42 from the vacuum devolatilizing extruder
40 can be pelletized in an underwater pelletizer 46, fed with water chilled in a chiller 47, and
15 washed and spun dried in a washer/drycr 48 to provide pellets suitable for bagging or baling
via outlet 49.
Uses
10095] The ethylene-based copolymers can be wuscful as rheology modifying
compositions. Accordingly, ethylenc-bascd polymer compositions can be used independently
20 to modify rheology in hydrocarbon compositions, such as lubricating oils. Alternatively,
ethylene-based copolymers can be combined with conventional additives to modify the
rheology of hydrocarbon compositions. Illustrative conventional additives include olefin-
based additives, or mineral based additives, each of which is know to those skilled in the art.
[0096] The ethylene-based copolymers can also be useful as blend components in
25 conventional polymer compositions, ¢.g., cthylene homopolymers or copolymers, or
propylene homopolymers or copolymers, and in thermoplastic vulcanizates ("TPV").
Further, such ethylene-based copolymers can be useful as additives or primary components
in molded articles, extrudates, films, e.g., blown films, etc., woven and nonwoven fabrics,
adhesives, and conventional elastomer applications.
30 [0097] Further embodiments of compositions and methods for making the same arc
provided:

L. An extruded, copolymer pellet composition, comprising:
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an ethylene content of about 40 wt% to about 50 wt% and a propylene content of
about 50 wt% to about 60 wt%, based on total weight of the copolymer, wherein the
copolymer has;
a MFR (230°C/2.16 kg) of from about 3.0 g/10 min to about 25 g/10 min;
a MWD (Mw/Mn) of about 2.3 or less; and

no measurable melting peak, as measured by DSC.

2. The pellet of cmbodiment I, wherein the pellet has a length to diameter ratio (L/D) of
from about 0.8 to about 1.2.

3. The pellet of embodiment [ or 2, wherein the pellet has a diameter of about 3.0 mm or
more.

4. The pellet of claim 1, wherein the pellet has a diameter of about 3.0 mm or more and

a length to diameter ratio (L/D) of from about 0.8 to about 1.2.
5. The pellet of any of embodiments 1-4, further comprising dust in an amount of about
1.0 wt% or less, based on total weight of the pellet.
6. The pellet of any of embodiments 1-5, further comprising cthylene vinyl acctate
(EVA) in an amount of about 1.0 wt% or less, based on total weight of the copolymer.
7. The pellet of any of embodiments 1-6, wherein the MFR is about 5.0 g/10 min to
about 15.0 g/10 min.
8. The pellet of any of embodiments 1-6, wherein the MFR is about 5.0 g/10 min to
about 10 g/10 min.
9. The pellet of any of embodiments 1-6, wherein the MFR is about 5.8 g/10 min to
about 7.8 g/10 min.
10.  The pellet of any of embodiments 1-9, wherein the ethylene content is about 43 wt%
to about 50 wt%.
11. The pellet of any of embodiments 1-9, wherein the ethylene content is about 43 wt%
to about 46 wt%.
12.  The pellet of any of embodiments 1-9, wherein the ethylene content is about 46 wt%
to about 50 wt%.
13. A method for making a copolymer pellet, comprising:

pelletizing a copolymer comprising a MFR (230°C/2.16 kg) of from about 3.0 g/10
min to about 25 g/10 min; a MWD (Mw/Mn) of about 2.3 or less; and no measurable melting
peak, as measured by DSC, to provide at least one pellet having a diameter of about 3.0 mm

or more and a length to diameter ratio (L/D) of from about 0.8 to about 1.2; and
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dusting the pellet with about 1.0 wt% or less dust, based on total weight of the pellet,
wherein the dusted pellet has:
a MFR (230°C/2.16 kg) of from about 3.0 g/10 min to about 10 g/10 min;
a MWD (Mw/Mn) of about 2.3 or less; and
5 no measurable melting peak, as measured by DSC.
14, The method of embodiment 13, further comprising bagging the pellet.
15.  The method of embodiment 13 or 14, further comprising dust in an amount of about
0.8 wt% or less, based on total weight of the pellet.
16.  The method of any of embodiments 13-15, further comprising ethylene vinyl acetate
10 (EVA) in an amount of about 1.0 wt% or less, based on total weight of the copolymer.
17. The method of any of embodiments 13-16, wherein the MFR is about 5.0 g/10 min to
about 10 g/10 min.
18.  The method of any of embodiments 13-16, wherein the MFR is about 5.8 g/10 min to
about 7.8 g/10 min.
15 19.  The method of any of embodiments 13-18, wherein the cthylenc content is about 46
wt% to about 48 wt%.
20.  The method of any of embodiments 13-18, wherein the ethylene content is about 43
wt% to about 46 wt%.
21.  The method of any of cmbodiments 13-18, wherein the cthylenc content is about 46
20 wt% to about 50 wt%.
22. A method for making a copolymer pellet, comprising:
polymerizing ethylene and propylene in the presence of a catalyst composition at
conditions sufficient to produce an ethylene-propylene copolymer comprising an ethylene
content of about 40 wt% to about 50 wt% and a propylene content of about 50 wt% to about
25 60 wt%, based on total weight of the copolymer, wherein the catalyst composition comprises
di(p-triethylsilylphenyl)methenyl[(cyclopentadienyl)(2,7-di-tert-butylfluoren-9-yl)] hafnium
dimethyl and N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate;
pelletizing the copolymer to provide at least one pellet having a diameter of about 3.0
mm or morc and a length to diamcter ratio (L/D) of from about 0.8 to about 1.2; and
30 dusting the pellct with about 0.8 wt% or less dust, based on total weight of the pellet,
wherein the dusted pellet has:
a MFR (230°C/2.16 kg) of from about 3.0 g/10 min to about 10 g/10 min;
a MWD (Mw/Mn) of about 2.3 or less; and

no measurable melting peak, as measured by DSC.
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23.  The method of embodiment 22, wherein the ethylene content is about 46 wt% to
about 50 wt%.
24.  The method of cmbodiment 22 or 23, wherein the ethylene content is about 46 wt% to
about 48 wt%.
5 25.  The method of any of embodiments 22-24, wherein the MFR is about 5.8 g/10 min to
about 7.8 g/10 min.
26.  An extruded, copolymer pellet composition, comprising:
an ethylene content of about 40 wt% to about 50 wt% and a propylene content of
about 50 wt% to about 60 wt%, based on total weight of the copolymer, wherein the
10 copolymer has:
a MFR (230°C/2.16 kg) of from about 3.0 g/10 min to about 25 g/10 min;
a MWD (Mw/Mn) of about 2.3 or less; and
no measurable melting transition, as measured by DSC.
27.  The pellet of embodiment 26, wherein the pellet has a length to diameter ratio (L/D)
15 of from about 0.8 to about 1.2.
28.  The pellet of embodiment 26 or 27, wherein the pellet has a diameter of about 3.0 mm
or more.
29.  The pellet of embodiment 26, wherein the pellet has a diamcter of about 3.0 mm or
more and a length to diameter ratio (L/D) of from about 0.8 to about 1.2.
20  EXAMPLES
[0098] The foregoing discussion can be further described with reference to the following
non-limiting examples. Nineteen inventive examples (Examples 1-19) and three comparative
examples (Comparative Examples 1-3) are provided and summarized below in Table 1. The
inventive examples are produced as follows. The comparative examples correspond,
25 respectively, to Examples 6, 7, and 8 of U.S. Patent No. 6,589,920.
[0099] The polymer compositions of Examples 1-19 were synthesized in a single
continuous stirred tank reactor. The polymerization was performed in solution, using hexane
as a solvent. In the reactor, polymerization was performed at a temperature of 145°C, an
overall pressure of 20 bar with ethylenc and propylene feed rates of 1.3 kg/hr and 2 kg/hr,
30 respectively.
[00100] Hydrogen addition and temperature control was used to achieve the desired MFR.
The catalyst, activated externally to the reactor, was added as needed in amounts effective to
maintain the target polymerization temperature. As the catalyst system, N,N-

dimethylanilinium tetrakis(pentafluorophenyl) borate was wused to activate di(p-
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triethylsilylphenyl)methenyl[(cyclopentadienyl)(2,7-di-tert-butylfluoren-9-y1)] hafnium
dimethyl.

[00101] The copolymer solution cmerging from the reactor was stopped from further
polymecrization by addition of water and then devolatilized, first by removing the bulk of the

5  hexanec to providc a concentrated solution, and then by stripping the remainder of the solvent
in anhydrous conditions using a devolatilizing unit so as to provide a molten polymer
composition containing less than 0.5 wt% of solvent and other volatiles. The molten polymer

was discharged using a single screw extruder connected to a gear pump. The polymer melt

was then pelletized in an underwater pelletizer fed with chilled water having a temperature of

10 about 5°C using polymer a flow rate and die diameter so that round pellets with a diameter of
about 3 mm (+/- 0.3 mm) and an L/D of about 1 (+/- 0.2) were obtained. The pellets were

spun dried, conveyed via fluid bed drying conveyors to a duster and dusted with about 0.5%

(+/- 0.2%) by weight of an ethylene vinyl acetate copolymer (EVA dust), and further
conveyed to a baling unit. The EVA dust contained 14 % vinyl acetate, and the EVA dust

15 had an average particle size of 24 — 50 um. Table 1 summarizes certain parameters of the

polymers produced.

Table 1:

Example MFR Ethylene Mn Mw Mz (DRI) | Mw/Mn Tm (°C,
/10 (wt%) (DRI) (DRD (g/mole) DSC,
min) (g/mole) (g/mole) second

heat)

Inventive | 6.8 44.0 42,301 93,983 163,626 222 none
Inventive 2 6.5 442 43,174 93,660 162,492 2.17 none
Inventive 3 7.4 44,2 43,319 93,742 163,884 2.16 none
Inventive 4 6.2 443 - - - - none
Inventive 5 5.0 44.7 46,547 99,906 159,550 2.15 none
Inventive 6 5.3 44.8 43,401 96,912 168,486 2.23 none
Inventive 7 6.8 44.9 39,384 95,150 177,004 2.42 none
Inventive 8 6.2 45.2 41,648 92,713 159,550 2.23 none
Inventive 9 5.9 45.3 43,483 96,068 166,375 2.21 none
Inventive 10 6.2 454 45,582 93,094 161,402 2.04 none
Inventive 11 6.3 45.5 43,614 95,081 165,165 2.18 none
Inventive 12 5.3 45.7 44,561 97,691 168,600 2.19 none
Inventive 13 5.7 45.8 44,267 96,126 167,390 2.17 none
Inventive 14 - 47.2 39,046 86,940 153,381 2.23 none
Inventive 15 7.8 47.2 40,541 86,720 153,390 2.14 none
Inventive 16 6.72 48.0 42,481 88,901 153,784 2.09 none
Inventive 17 6.81 48.2 42,991 91,764 163,220 2.13 none
Tnventive 18 6.7 48.2 43,366 90,596 158,376 2.09 none
Inventive 19 5.78 48.4 43,303 91,784 160,261 2.12 none
Comparative 1 - 47.2 - 196,000 - 2.10 38.50
Comparative 2 - 46.8 - 210,000 - 2.00 36.20
Comparative 3 - 49.6 - 192,000 - 1.80 40.80
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[00102] Unless stated otherwise, the following analysis techniques apply to the
characterization propertics of Table 1.
[00103] Meclt Flow Ratc (MFR) of the polymers was mcasured according to ASTM D1238
at 230°C, with a 2.16 kg load.
5 [00104] The cthylenc content of cthylene/propylenc copolymers was determined using

FTIR according to the following technique. A thin homogeneous film of polymer, pressed at
a temperature of about 150 °C, was mounted on a Perkin Elmer Spectrum 2000 infrared
spectrophotometer. A full spectrum of the sample from 600 cm’ to 4000 cm™ was recorded
and the area under the propylene band at ~1165 cm™ and the area under the ethylene band at

10 ~732 cm™ in the spectrum were calculated. The baseline integration range for the methylene
rocking band is nominally from 695 cm™ to the minimum between 745 and 775 cm™. For the
polypropylene band the baseline and integration range is nominally from 1195 to 1126 cm™
The ethylene content in wt% was calculated according to the following equation:

ethylene content (wt.%) = 72.698 —86.495X + 13.696.X

15 where X=AR/(AR+1) and AR is the ratio of the area for the peak at ~1165 em’ to the
arca of the peak at ~732 cm™.
[00105] Molecular weight (weight-average molecular weight, My, number-average
molecular weight, M, and molecular weight distribution, Mw/M, or MWD) were determined
using a High Temperature Size Exclusion Chromatograph (either from Waters Corporation or

20 Polymer Laboratories), equipped with a differential refractive index detector (DRI), an online
light scattering (L.S) detector, and a viscometer. Experimental details not described below,
including how the detectors were calibrated, can be described in: T. Sun, P. Brant, R. R.
Chance, and W. W. Graessley, Macromolecules, Vol. 34, Number 19, 6812-6820, (2001).
[00106] Three Polymer Laboratories PLgel 10 mm Mixed-B columns were used. The

25 nominal flow ratc was 0.5 cm’ /min, and the nominal injection volume was 300 uL. The
various transfer lines, columns and differential refractometer (the DRI detector) were
contained in an oven maintained at 145°C. Solvent for the SEC experiment was preparcd by
dissolving 6 grams of butylated hydroxy toluene as an antioxidant in 4 liters of Aldrich
reagent grade 1, 2, 4 trichlorobenzene (TCB). The TCB mixturc was then filtered through a

30 0.7 um glass pre-filter and subsequently through a 0.1 um Teflon filter. The TCB was then
degassed with an online degasser before entering the SEC. Polymer solutions were prepared
by placing dry polymer in a glass container, adding the desired amount of TCB, then heating

the mixture at 160°C with continuous agitation for about 2 hours. All quantitics were
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measured gravimetrically. The TCB densities used to express the polymer concentration in
mass/volume units can be 1.463 g/ml at room temperature and 1.324 g/ml at 145°C. The
injection concentration ranged from 1.0 to 2.0 mg/ml, with lower concentrations being used
for higher molccular weight samples. Prior to running each sample the DRI detector and the

injector were purged. Flow rate in the apparatus was then increased to 0.5 ml/minute, and the

5
DRI was allowed to stabilize for 8-9 hours before injecting the first sample. The LS laser
was turned on 1 to 1.5 hours before running samples.
[00107] The concentration, ¢, at each point in the chromatogram was calculated from the
baseline-subtracted DRI signal, Ipg;, using the following equation:
10 c= KDRIIDR[/(dIL/dC)

where Ky is a constant determined by calibrating the DRI, and (dn/dc) is the same as described
below for the light scattering (LS) analysis. Units on parameters throughout this description of
the SEC method can be such that concentration is expressed in g/em’, molecular weight is
expressed in g/mole, and intrinsic viscosity is expressed in dL/g.

15 [00108] The light scattering detector was a Wyatt Technology High Temperature mini-
DAWN. The polymer molecular weight, M, at each point in the chromatogram was determined
by analyzing the LS output using the Zimm model for static light scattering (M.B. Huglin,
LIGHT SCATTERING FROM POLYMER SOLUTIONS, Academic Press, 1971):

K.c 1
F"@) = MEZB—) +2A,¢

20 Here, AR(0) is the measured excess Rayleigh scattering intensity at scattering angle 9, c is the
polymer concentration determined from the DRI analysis, A; is the second virial coefficient
or 0.0006 for propylene polymers and 0.001 otherwise, P(0) is the form factor for a
monodisperse random coil (M.B. Huglin, LIGHT SCATTERING FROM POLYMER SOLUTIONS,
Academic Press, 1971), and K, is the optical constant for the system:

 4x’n?(dn/de)?

N,

25 K,

in which Ny is Avogadro’s number, and (dn/dc) is the refractive index increment for the system.
The refractive index, n = 1.500 for TCB at 145°C and A = 690 nm. For purposes of this
invention and the claims thereto (dn/dc) = 0.104 for propylene polymers and 0.1 otherwise.
[00109] A high temperature Viscotek Corporation viscometer, which has four capillaries
30 arranged in a Wheatstone bridge configuration with two pressure transducers, was used to

determine specific viscosity. One transducer measures the total pressure drop across the
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descri bed i n: TP PrETES ! ance,
Macr onol ecul eanpekémlre tomo°d\lurarbﬂe oﬂH)‘)C/arBﬂQﬁra&Ea) ax(dzm@]cnmll[)@@d@&]ZO‘Khroe?ease

Pol ymer %bo its h%Hrﬁ %ISF }ge&ryg’talhgnp ion dxtegﬁrs% 00015 Yax gcq\{l\ﬁgcpbyuc%gﬂig ti@?amplc from
the melt to -100°C at 10°C/min and equilibrated at -100°C. Finally, it was heated again to
220°C at 10°C/min to acquirc additional melting data (sccond heat). The cndothermic
melting transitions, if any, were determined from first and second heat traces. The
exothermic crystallization transition, if any, was determined from the first cool trace.

20 [00111] A "melting point," if present, is the highest peak among principal and secondary
melting peaks as determined by DSC during the second melt, discussed above. A "peak" in
this context is defined as a change in the general slope of the DSC curve (heat flow versus
temperature) from positive to negative forming a maximum without a shift in the baseline
where the DSC curve is plotted so that an endothermic reaction would be shown with a

25  positive peak. A "melting peak" is defined as a peak that occurs as a result of a melting
transition and above the material’s glass transition temperature (Tg). The thermal output, if
any, is recorded as the area under the melting peak of the sample. The thermal output, if any,
is measured in Joules as a measure of the heat of fusion.

[00112] Not wishing to be bound by thcory, the combination of process paramcters described

30 above will provide free flowing pellets before packaging of amorphous cthylenc-propylenc
copolymers having an MFR in the range of from 2 g/10 mm to about 9 g/10 min (230°C, 2.16
kg). Itis further believed that a pellet L/D of about 0.8 to about 1.2 provides stable free flowing
pellets that do not agglomerate. Tt is further believed that if the pellets are too flat or disk-like

(pellet L/D < 0.8) the pellets will cohere together and agglomerate on the conveying equipment
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25 nomnal flowrate was 0.5 cnB /mn, and the nom nal injection volunme was
300 L. The various transfer lines, colums and differential refractoneter
(the DR1 det re contained in an oven maintai nedpat,ydfafes 99! vent
for the SEC g‘)%%gél%/rlrﬁ"tl was prepared by dissolving 6 gr arl;s ggﬁlbut:;yl at ed
hydroxy toluene as an antioxidant in 4 liters of Aldrich reagent grade 1,

2, 4 trichlor, T8 thel e GEin e il RN e84 1§ DEOMER 2
30 0.7 umgl acggglg%%r!%l Cfuftgr?))naﬂﬁed stﬁgseauebnt%%tn rob%h arO. 1, usm Tefl on Q
filter. The TaBprweas. Lhenisddigiassher befievsd gt & Hicingbetdeg a8lges (LYt lopetheptlisli ng
the SEC. Pol ypmr 50l gidRp BmPLERAHRD DYy iR Bl Y iSRRI e @l ass
cont ai ner, ad@?ﬁa&?ghtgédggs?r}é\ggég%unt of ‘(I)'CB?,l %g(grl]&%gati 1r;g t he n%C\xt ure at
160C wi t h corthd palioiagreaybttatitlonsnfader. aouere 2hapdflss thamppougd amn it Fegcigetheir WO
2010/ 129151 PGE USR0H04 03 L9 ITRRS URSHo @RI IIEL ch Rk s 1Tp&nd GBuflgasil s
used to expressp the polyner concentration in mass/volunme units can be 1.463
g/m at roomAcsedisglitibise>chvad thegitshegriis e suuBetiallyheser gigegpicghrn 10%, than
concentrati onrangad;f oM. Qo £Q: i dPidBAdemoWd dilich RWBE.IGONGRRE ERlhQ8drcbei Ng
used for higher nol ecular welght sanples. Prior to running each sanple the
DRI det ect or safid pelirss thg will jegelerasratpueyceiophpigagicase wigkipest and ifceased SpfsaryaPus
was then incrgasgd to 0.5 nmnute, and the DRI was allowed to stabilize
for 8-9 hours before injecting the first sanple. The LS | aser was turned on
1 to 1.5 Hourl801B&k oCerteismbpimednpldefatueo HaG7icoTHesOEtsA Csite fatet Bhnuesicar
each point i m&@%ﬁ@ampgﬁ@%m (%R} GHitatiEdhohil OOuIRR RATR tnEsTFroRE sngCt ed
DRI signal, IDRI, using the follow ng equation; 10c = KDRI | DRAdni dc) .where
Kmis a constlei ligetesined ipy asaoehaitrhg shet pree m&ﬁh‘e‘f-oqﬁi“]a’&é‘?wqr _é‘mfthe
sane as descrj,Red RelRMadedl aphhi®inl dn8 Bt m&€ BhiRILEBE. Al Rimanralysbsure WhdiiSoron
parameters throughout this CI{ESCI’I ption of the SEC nmethod can be such that

concent r at i on2RPEoxERgNE Saeiadirgiedgabingnd [kt B AceunfEPGEIenipkeriey Hidaadaligny that
g/mole, apd iyulddaSkfectd SEOSoN hiving@rRi@e S@initht L/ g. 15[ 00108] The i ght
scattering detector was a V%tt Technol ogy Hi grh Tenperature mni- DAWN. The
pol yner nol ed®d#l weiagns, tergps haye %Eﬁle%ﬁﬁg‘“’len R BRT6 AT BgPEh Vg am 15

det erm ned Dby, oaf@hyYZivdde, {thBolSbOL BLthe bShdg: dehgitidh PIRINDdEhe h@findit @t hael | ght
scattering (M B. Huglin, LIGHT SCATTERI NG FR%C]_YNER SOLUTI Sf Academi c
Press, 1971) :8iwn#agierm apiilccied ingy lgyst pim ryynted papligatien orApsper) paiut.¢ HEthmete, o g
excess Rayl eigghpa6ad tigdii fcddMegngidt Ythat ds@aicher ding @Anglie afhlicttidnS atcheully

pol ymer concentration determ ned fromthe E?d nal ysi s, _A-C%‘.i‘s t he sﬁ.gond
virial codffiloERttyr by refssacs & s sHyIeHE Sicgaﬁ‘érf’s“d??a BeHHLYt WEP Wf''Se,
P(0) is the f.gfimficGh@FforhlijurRdiblmed SHer seh mangemicak berivBd. Hugl in, LI GHT
SCATTERI NG FROM POLYNER SCOLUTI.ONS, - Acadeni ¢ Press, . h19791(5) .and . K. %s ahge
optical const%HiSk oViilgdhedpcping ‘bfge%eﬁct?ﬁ?E Mt TSNP RAN YR PO is
Avogadr o' ﬁ n lfm?ﬁf emmdm(nd;gufdﬁ) inveatibd@ay @a; de@Béd Wghouhdt@xrting ﬁgmnlmtasirc &topthe
system The refractive index, n = 1.500 for TCB at 5C and X = 690 nm For
pur poses of tHFQLigAYERSTBA WBP‘PF}@G ‘%qwt?%cl?@fg‘dt(%ﬁ?‘ﬁc) = 0.104 for
propyl ene polynmers and 0.1 ot herwi se. [00109] A high tenperature Viscotek
Cor poration visconeter, which has four capillaries 30arranged in a
Wheat st one bridge configuration with two pressure transducers, was used to
determ ne specific viscosity. One transducer neasures the total pressure
drop across the



WO 2010/ 129151PCT/ US2010/ 031190 detector, and the other, positioned
between the two sides of the bridge, neasures a differential pressure. The
specific viscosity, '"is, for the solution flowi ng through the visconeter is
calculated fromtheir outputs. The intrinsic viscosity, [4 at each point in
the chromatogramis calculated fromthe follow ng equation: 5is =0-3(c{r1D2
where c i sCEaIdMEitrati on and was determned fromthe DRI output. [00110]
DSC was usg% to determine the Tm nelting point, nelting peak(s), nelting
transiti on”"gtiscfémehEence thereof To nmeasure the presence or absence of a
Tm nelting point, nelting peak(s), and/or nelting transition, a Perkin
Elmer Pyris 1 was used to record 10 DSC traces. Typically, 6-10 ng of a
pol ynmer wab sealedxtrusled. qoaolymet pellat dvarpesitipe coingrisingt | oaded into the

instrunment. In a njitrogen. envir h I o -100C
w200 mn 11 e PO AR R ok ThoRe Ty e s hishBlp SRR of hear)
wer e acquiabedt STRt% for aboutl 6 wit¥if dbasedtdnototabrveighe ofrtiet ¢capglyoehawhayein thhe
sanpl e was then heated fromroomtenperature to 220C at a rate of 10C/ mn
(first hea??ogﬁﬁr Hen equilibrated at 220C to erase 15 its thermal

history. Crystallizai MR @da6@/1.16 kStof GO0 boues0 gaquiin &daboyit TGN Agn;t he
sanple fromthe nelt to -100C at 10C mn and equilibrated at -100C

Finally, it was heat®¥WgaMy/VMy) obtheubt-3 0P t 0 acquire additi onal

mel ting data (secondydigalohrabibheGRORLREE Fcasdi® by DSCE ransitions, if any,
were determned fromfirst and second heat traces. The exothermc
crystallization transition, if any, was determ ned fromthe first cool
trace. 20,[00141] N A [ ¢) AT S i i.ghegt k anmong
principalq%nd é@%&%@%ﬁﬁpﬁ%h?gﬁg%ﬁggﬁﬁa ﬂbﬁﬁﬁgfﬁ?ﬁga§g%ﬂ%§%r%ﬂf?ﬁgpﬁ e
second nelfrgmdbese OSgedbaivdZe. A "peak"” in this context is defined as a
change in the general slope of the DSC curve (heat flow versus tenperature)
frompositive to negative formng a maxi rumw thout a shift in the baseline
wher e the DSC cThevillesSoffullgint ieck Bovidhdi tharpetindok hatiamdaer dabbitch0 wonlbd be
shown with a 25 positive peak. A "nelting peak"” is defined as a peak that
occurs as %Fesult of a nelting transition and above the material's gl ass
transition tenperature (Tg). The thermal output, if any, is recorded as the
area under the nelting peak of the sanple. The thermal output, if any, is

. np AL
measured i JouThegelel of apeateipimsds 3. dwahen sampiaing dhst Brin ampwnofjabrgt!- Wi shi ng

to be boqugp&qgﬁgg%&doﬁ?ﬁgaﬁ g}gﬁh+gakgf process paraneters described 30

above will provi ree pel [ ets before packagi ng of anorphous

et hyl ene-propyl ene copol yners having an IVITR in the range of from2 g/10
mnmto abo 9 10 0 6, kg t 1S furt | pel | et
L/ D of abcﬁ]t O%thgm??b(gﬁa y%f E%Bfﬂso{/i%dﬁé‘?hésrt%’ él#?é@?ﬁ“?&“ﬁ?%e t% Q?ZA? hat do
not aggl oneaat@oudtiof hlsouf LOtWIET orbleds] abtort toal wiefght dfehpealpobnerare too flat or
di sk-l1ike (pellet L/D <0.8) the pellets will cohere together and

aggl onerate on the conveying equi pnent WO 2010/ 129151PCT/ US2010/ 031190 en
route to tde dumiegielletiof ahief cluBiser-5, Wherkin thdRFROBBYIt 3 @0 infimenibout om t he
duster to the baling equiprment. Likewise, it is further believed that if
the pelletls%¥E BHlong (L/D>1.5), the pellets will cohere together and

aggl onerate on the conveying equipnent. It is further believed that if the
pel lets are substantially smaller, e.g. nmore than 10% than about 3 mMmin
di anet er, % hei r Thespedlgapleanyof glafmhs bl whergindbpethplene sqpgspt drabonpteWdr 4 i cul t
to convey, andsthey tend to agglomerate. Accordingly, it is believed that
if the peﬁFets are substantially larger, e.g. nore than 10% than about 3
mmin dianeter, the heat is difficult to renove which nay | ead to warner
and therefore spfter pellets that,wll | oner.ate due to their increased
stickinesé'and’%ﬁ%&@ggg ‘ﬁ@ﬁﬁ@%@ﬁngrggﬁgq?rgﬁ§£-0[00113]CErtain

enbodi ment s angefl@iing €sopudypterb@aiprd@ger MIRI(238P@Q. 18 lggtof dforab@rti3drnl upper

limts and set of n rical 1o imits. . It shoul d be reci ated t hat
ranges fré%ﬁﬁﬂ?tPﬁm%Fgggﬂpfmpdlyﬁgﬁdgbgbh$9ﬁw¥m 2 0 ﬁ%éﬁ%ﬁgF@ﬁmﬁhféss
otherwise indicated. Certain lower limts, upper limts and ranges appear
in one or nore clainms below. All nunerical values are "about" or

"approxi mately" the indicated val ue, -ald take into account experi nent al
error and variations that 15woul d be expected by a person having ordi nary
skill in the art. [00114] Various ternms have been defined above. To the
extent a termused in a claimis not defined above, it should be given the
broadest definition persons in the pertinent art have given that term as
reflected in at |east one printed publication or issued patent.
Furthernore, all patents, test procedures, and other docunments cited in
this application are fully 20 incorporated by reference to the extent such
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CLAIMS What is clained is: 1. An extruded, copol yner pellet conposition,
conpri si ng: an et hyl ene content of about 40 wt% to about 50 wt % and a
propyl ene content of about 50 wt %to about 60 w % based on total weight of
t he copol yner, wherein the copolynmer has: a MFR (230C/ 2. 16 kg) of from
about 3.0 g/10 min to about 25 g/10 mn; a MAD (MvM Wn) of about 2.3 or

| ess; and melting psak; abheasmedd b)nﬁsﬁeakproa'sie b éegstrand fisilctDBCing @diamhier p€l | et of

| 1, he pellet h h / f
bout 0. 8 tBuabat o 55 5 JARu R AR QAT i B fsbiatthy B LT

has a di angider of about 3.0 mmor nore. 4. The pellet of any of clains

1-3, further corrpr|S| ng dust. in an anoy 1.0 wt0/ based
on total wei ghtdusfing He R?gFti with abayt l%n@t/ﬁQFl?eéf %B?tul%f’ﬁffj 8t tclf?a‘i"?fﬁhtlsfzsfhefurther
conpri si ngp&gpwh@@%méayslteda&gg@{a@ (EVA) |n an armunt of about 1.0 wmt % or

| ess, based on total weight of the copol | et of any of

clains 1-5, wherein &@ MERNEROCE. b@)b&)t()f@o@l %’PE@ Qrﬁ/ﬁoffﬂnéfbféh%t hE2/60 g0 i n.

7. The pellet of any, RTB1n tgﬁdet hyl ene content is about
43 Wt % to about 46 wt@fw}gé. A nitﬁabg\ﬁ?%%%nfa% SI ng a copol yner pellet,

conpri si ng: peid medsmiahly ngelitngomhl.ras mespmgst hysPHg. a MFR (230C/ 2. 16 kg)
of fromabout 3.0 g/10 mn to about 25 ¢g/10 mn; a MAD (M~ Mh) of about 2.3
or less; and no neasurable nelting peak, as neasured by DSC, to provide at
| east one Pel | eThehasthaofaldina@rétreier @fmpaismgtbaBeifle tnpelletnore and a | ength to
di aneter ratio (L/D) of fromabout 0.8 to about 1.2; and dusting the
pellet with about 1.0 wt% or | ess dust, based on total weight of the

pel let, whgy ei nmehﬁaemu@toecilml 8 @ ohasticrdin MR (s2306¢1Rt t6mfs@es afust mom about
3.0 g/ 10 mn to about 10 of about 2.3 or less; and

m
no measur éANHeabpHP-Huk Or Eés H%*&gﬁf‘é‘&allﬂﬁ‘@éefehe@e“efhe met hod of claim 8,
further conprising bagging the pellet. 10. The method of claim8 or 9,
wherein the dusted pellet conprises dust in an amount of about 0.8 w % or
| ess, baseld-on Tf@tlaﬁthwép@htly of cleives $dP) whereinjthe caprlymest ¢rseprises ehylees cl ai ns

8-10, wh
e ablftc SOOAL MR pQUIRLE 36k UMM SBEIH, Bileg BRGYH b d 1 an

anount of a ess Eased on tota ht of the copolyner.
12. The mebhagmef. any of clains 8-11, wherein the copolyner has a MFR of
about 5.0 g/10 mn to about 10 g/10 mn. 13. A nethod for nmaking a
copol ynmer pellet, conprising:

12. The method of any of claims 8-11, wherein the copolymer has a MFR of about

5.0 g/10 min to about 10 g/10 min.

13. A method for making a copolymer pellet, comprising:

polymerizing ethylene and propylene in the presence of a catalyst composition at
conditions sufficient to produce an ethylene-propylene copolymer comprising an ethylene
content of about 40 wt% to about 50 wt% and a propylene content of about 50 wt% to
about 60 wt%, based on total weight of the copolymer, wherein the catalyst composition
comprises  di(p-triethylsilylphenyl)methenyl[(cyclopentadienyl)(2,7-di-tert-butylfluoren-
9-y1)] hafnium dimethyl and N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate;

pelletizing the copolymer to provide at least one pellet having a diameter of about
3.0 mm or more and a length to diameter ratio (L/D) of from about 0.8 to about 1.2; and

dusting the pellet with about 0.8 wt% or less dust, based on total weight of the
pellet, wherein the dusted pellet has:

a MFR (230°C/2.16 kg) of from about 3.0 g/10 min to about 10 g/10 min;
-34-



pol yneri zi ng et hyl ene and propylene in the presence of a catalyst
conposition at conditions sufficient to produce an ethyl ene-propyl ene

copol ymer conprising an ethylene content of about 40 wt% to about 50 wt %
and a propyl ene content of about 50 wt% to about 60 wt% based on total

wei ght of the copolyner, wherein the catal yst conposition conprises

di (p-triethylsilyl pherygvineéMy) Keapohich2nt lask erdy| ) (2, 7-di -tert-butyl fl uoren
9-y1)] hafnium di met hyl and {\l N-tdi metlpyl ani | i Q{U%SC

t et r aki s(pent af | uor FRFPRRRIS PN peak.as Meagyred BY DG + he copol yner to

provi de at | east one pellet having a dianeter of about 3.0 mmor nore and a
|l ength to dianeter ratio (L/D) _of from abﬁgt 0.8 to. %gout 61 %/' a%d

dusting t h&- pel Thermethediobglaim 18, whergisgthsy cthylgre epptent isgReWAH WP B #Uhei ght
of the pel4@glw,Wherein the dusted pellet has: a MFR (230C 2.16 kg) of from
about 3.0 ¢g/10 mn to about 10 g/10 mn; - 34 - a MAD (Mv M) of about 2.3
or less; and no neasurable nelting peak, as neasured by DSC. 14. The

nmet hod of ai yn t t hy, t:.l Wt 9 about
50 weoh 16 Tna s IR 18 P ARG, MR, e Rt PR 578

g/ 10 m n tH8 ghbmin7. 8 g/ 10 m n.
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