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FIELD OF THE INVENTION

[0003] Provided can be cthylene-based copolymers, methods of preparing the same,

lubricating oil compositions, which include ethylene-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 pelletize, 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 oil
[0005] Other attempts to counteract the problem of pellet agglomerates have used semi
crystalline polymers, which do not tend to form agglomerates, to produce 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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acceptable only in a limted nunber of applications. In the case of
viscosity index inprovers,for exanple, these added sem crystalline polyners
have t he wendmmeyisto i nteract with wax in the final oil pCorusadiatodapo and are
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wei ght of coo ern e catalyst conpositio
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or more and a length to diameter ratio (L/D) of from about 0.8 to about 1.2. The pellet can be
dusted 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 and about 10 g/10 min; a
MWD (Mw/Mn) of about 2.3 or less; and no measurable melting peak, as measured by DSC.
25 [0010] In at least one other specific embodiment, a method for making a copolymer pellet
comprises 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
30 di(p-triethylsilylphenyl)methenyl[(cyclopentadienyl)(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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|l ength to dianeter ratio (L/D) of fromabout 0.8 to about 1.2. The pellet
is dusted with about 0.8 w% or |ess dust, based on total weight of the
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g/10 m n and about 10 g/10 mn; a MAD (MM M1) of about 2.3 or less; and no
measurabl e nelting peak, as measured by DSC. BRI EF DESCRI PTI ON OF THE
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be understood in detail, a nore particular description of the invention,
briefly sﬂbnwa%ﬁ@e@seboéeo nmyurb@emtlng/peaéf@rremered@yé?ﬂﬁdl ments, some of
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inventi or[()amq ar SO&mrﬂqﬁ ﬁ:l’cﬂedl%tutr& chah@pfbsexdeﬁ@aﬁtlbn hd bOUn&@rstbds i EaPE,a  or
the invention may admit to other equally effective enbodi nents. [0012]
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20  inventions can be not limited to these embodiments, versions or examples, which can be

included to enable a person having ordinary skill in the art to make and use the inventions,
when the information in this disclosure is combined with available information and
technology. Unless stated otherwise, melting temperature (Tm) is obtained by DSC analysis
as described in the Examples section below.

25 [0014] The ethylene-based copolymer can include less than about 80 wt% of units
derived from ethylene and alpha olefin comonomers having 3 to 20 carbon atoms. As used
herein "ethylene-based copolymer” means a copolymer composed of a substantial quantity of
cthylene monomer, e.g., greater than 30 wt% ethylene, and one or more comonomers. Thus,
cthylene-based copolymers can include more units derived from alpha olefin comonomer by

30 weight compared to units derived from ethylene. As used herein the term "copolymer" is any
polymer having two or more monomers.

[0015] Suitable comonomers include propylene and a-olefins, such as C4-Cyo a-olefins
and preferably propylene and C4-Cy, a-olefins. The a-olefin comonomer can be linear or

branched, and two or more comonomers can be used, if desired. Thus, reference herein to

-3-



[ 0015] Suitable conpbnoners include propyl ene and a-ol efns, such as C4-C20
a-ol efnms and preferably propylene and C4-Cl2 a-olefns. The a-olefm
conononerwoanimesisinear or branched, and two or nore coROMAISROIS/08HM0 be
used, if desired. Thus, reference herein to"an al pha-ol efin conononer”

i ncl udes one, two, or nore al pha-olefin conononers. Exanples of suitable
conpbnonergy| Ql?hél@l%ﬁﬁr QeMbesRer" | idBRks CormeClidvoa- & @hdls, alpRiloffidl @bMBnérAMsNY
one or nore Cl-C3 al kg/l branches. Specific exanples include propyl ene,
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1- dodecenge f [ 14k 1= pe
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st oi chi orﬁ@?$t1tﬁ%{1t¥ye ¥ e%%ré)r\éﬁw%gﬁu AitgiRd i dggens ,OTS?'BPﬂ%ﬂeﬂe-lfﬁéﬁff‘éine,
1- oct ene, o hionBRIEGRG UM bild UDY ke RUPSTchicHE Y- R @1-ADitdE G -REx A, 3-hichfrene
with two Cr?etoﬁyl ssubs%l?%t%eﬁgigﬁ?’n anf/ 3t G chi et ri ?al Y ac’cept%aebl’e ol
conbi mat i lependeneC3-1@5thylt 1 pemttrn 63, fidirhethlr Bbutere, hirhegerrs ti-baxen¢ svitn aamgthyl
stoichionefrically acceptapl nmbj nat.i on or or 1-h ne with an

ot byl SUBCPTIIGRIR 208nSes BF BxCo1- bantERe Wb R RO SUBSTRBNIG G c3
and a nmetgyibhistmbeichllyeRtStable TobitRi£idh0SEIT 621C,Y REHEPI-BhtEnDOBLERN on C3
or C4, 1-decene, 1-nonene, 1- nonene with a nethyl substituents on any of
C3- 09, 1-nsotcenevithia methybsubstitapnts snlsy pf Gear €4ilnhexaye withitehineatlest! sitbsdituapts
accept abl.e comhination.on C3-C7,..1-heptene wi th three t hyl . stit ts
oy ot SRl et ARt SO TR PR AT
et hyl1ssubgbititueind i a1y asiyhiomeRaly acdephdiketmnbihitiontooCebhyl, IShbehé tigndns i n
any stoichionetrically acceptable conbination on C3 or C4, and 1-dodecene.

[0016] Predindrsubsfitasshandtept §4c drisASHR Meithe am cy] pubpifneaie on e ek 2 Hethehe,

or octen . . : i r e her
I e D T L R s A e
can be cawhempwith@adnethPklLiBstit@theon any bHDL-€ocbooiendTRlith tivoahathl@ substeénsrad in

olefins. Preferred internal ol efins can be cis-2-butene and .trans-2-butene.
Q her i nt#¥ npic Rt Toanasablon onprate o S8 mltthaghrse methyl
Com%ners%bétﬂﬁédﬂéjﬁl Bﬁ’iz Béﬁ‘oﬁ‘&ﬁomé-tﬁ%aﬁﬁﬁéeefoﬁgiey é‘d}ﬁﬁin%‘qnu@ﬁ‘tgt@& _91'-&té1f‘ef iR 40

nononer s havi ng two or nore unsaturations; I.e., di enes, trienes, etc.
Pol yenes qtialt sehstituchis wsehny o CeCnolderes orith bisvonathyd omjhstatced di errss,
prefer abl oié algmgt%cgltl§ gcic%{;‘}able combination on C; or Cy4, and 1-dodecene.
[0016] Preferred alpha olefin comonomers can be propylene, butene, hexene, or octene.
A more preferred alpha olefin comonomer is propylene.  Another preferred olefin
25  comonomer is 1 butene. Combinations propylene and butene can be contemplated.
[0017] Other suitable comonomers include internal olefins. Preferred internal olefins can
be cis-2-butene and trans-2-butene. Other internal olefins can be contemplated.
[0018] Other suitable comonomers include polyenes. The term "polyene” as used herein
refers to monomers having two or more unsaturations; i.c., dienes, trienes, etc. Polyenes
30  particularly useful as co-monomers can be non-conjugated dienes, preferably can be straight
chain, hydrocarbon di-olefins or cycloalkenyl-substituted alkenes, having about 6 to about 15
carbon atoms, for example: (a) straight chain acyclic dienes, such as 1,4-hexadiene and 1,6-

octadiene; (b) branched chain acyclic dienes, such as 5-methyl-1, 4-hexadiene; 3,7-dimethyl-

1,6 single ring alicyclic dienes, such as 1,4-cyclohexadiene; 1,5-cyclo-octadiene and 1,7-
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chai n, hydrocarbon di-ol efnms or cycl oal kenyl -substituted al kenes, having
about 6 to about 15 carbon atons, for exanple: (a) straight chain acyclic
di enes, swohloBsi24154- hexadi ene and 1, 6- octadi ene; (b) bramaisedoobabn
acyclic dienes, such as 5-nmethyl- 1, 4-hexadiene; 3,7-dinmethyl- 1,6 single
ring alicyclic dienes, such as 1, 4-cycl ohexadi ene; 1, 5-cycl o-octadi ene and

1, 7- cycl aderasdhginss; @) rﬂmhtrmgr ialgya@lcd a¥&ldi Gnd Uﬁﬁ ANGinr igigRd L&Y as
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" pol yene, non- conj ugat ed can be ‘used i nterchangeably.
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i ncl ude from about 30 to about 8 mﬁ@bethylene derived units.
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70 W % et hyl enederived units. The ethyl ene-based copol yner can include from

about 42 [@018lt o ABR¢th Y?%levha%deﬁq’ﬁﬂ ﬁéﬂ%r-%lrinv@&emff@ﬂ agputr 3wt ioubont &t o
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%?;Lt 4gf % O 6%51 EIE%A' gt\ﬁ%;(y o' orn a {11[ X§ gvt%rt%rgb%{lth% A etl?ﬁggeqde%qfeh QI%itS,
or frorn about 48 wt% to about 76 wt% ecthylene-derived units, or from about 48 wt% to
about 74 wt% ethylene-derived units, or from about 50 wt% to about 72 wt% ethylene-

25  derived units, or from about 45 wt% to about 55 wt% cthylene-derived units. In other
embodiments, the ethylene-based copolymers can include of from about 35 wt% to about 50
wt% unit derived from ethylene, 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 wt% to about 49 wt% unit derived from cthylene, based on the weight of the ethylene-

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 a-olefins comonomer having 3 to 20 carbon atoms, based on

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



copolynmer. [0020] In one or nore enbodinents, the ethyl ene-based copol yners
can include at least 1.0 wt% or nore of one or nore a-ol efns conononer

havi ng 3 wo 280/earsbon at onms, based on the wei ght of thepPefrlisk@nm3tiased
copol ymer. The conononer content also can range from al ow of about 1.0 w %
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about 3.0, or fromabout 1’5 to about 2.5
et hyll®ne MdoebmﬁISQﬂﬁﬂOﬁ&nnﬂemnmfmbqu 800 torabcm@ﬂl)émél y anor phous.

Subst ant i a hous a usdhrein ans | ess than apout 2.0 w9
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| ess t haryrah@uin LoDattfu?s OrorEaR! bit Aoy 4. Oer 16856r 3.0 1&BH2. 2 oP1e¥s. %n one or
crystallinity, or less than about 0.5 %crémal lini ty or less than

0. 1wt % crry@ttealmhommqnts [thmMé}’Dl 18 abenet 2o$ ardess tharbduiugrd ft or leshélaetahwte%é dased
copol ymerlgsg%ﬁ%? Dol # %e[ﬁan a%élp 2 EE%? glrlee gr rpl e C Cl;')od %n(%% aﬁc[ bf ttr

et hyl ene- copo as no crystall'inity IS Su

anor pliousaboaisl .@Yd Qiﬁﬁlﬁ@@ @fyfr@rhabalaﬁeﬁfoeub@htaspeak measur ed by DSC [0026] In
one or nore_ enbodi nents, the ethyl ene-based copol yner has no nelting point

when meadf02 by Thscthylsnedaned corahyger 9%%%%%@11%%90@51&%51%10 4S.n0o
crystall 'gﬂb@én%{lla} %@gﬁﬁ%@g@?&hﬂ&% RIS les%sﬂggl | dencedy %h}e heyabsgrge of

a peak neasure I'n one or nore enbodi nent’s,
et hyl ene Hra&&dbly;oﬂml ymerphbas digylerelbased dopalysictd davaviiess ttmas uhsc&ni by B8G. In

ot her words, he et hyl ene- based copol yImer has no cry aII or is .
subst ant i &Y} 1@%%%&@%&30@% %fﬁ‘pé&yw i 05 %Pufa resalipic

20 or less than 0.1 wt% crystallinity.
[0025] In one or more embodiments, the ethylene-based copolymer has no melting peak
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.
[0026] In one or more embodiments, the ethylene-based copolymer has no melting point

25  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.
[0027] In one or more embodiments, the ethylene-based copolymer has no melting
transition 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

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.



by DSC. [0028] In one or nore enbodi nents, the ethyl ene-based copol yner has
no nelting tenperature (Tm when neasured by DSC. In other words, the

et hyl ene-weazet)/eersol yner has no crystallinity or is subgcantspabloyii9o

anor phous, as evidenced by the absence of a peak nmeasured by DSC.[0029] In
one or nore enbodi nents, the ethyl ene-based copol yner has no

crystal | ijpgtgjon Ir?@ﬁéeé&hwe%n(b-BG)rné’iﬁ§'ﬂhen&ﬁﬂ!éﬁ@gas}é& By mbM Aty walidgiont he
et hyl ene-based copol yner has no crystallinity or is substanti alr?l

anmor phougemperaawé dlem oddn inycasured i 66 elnafther yardk thmetbmlﬁe@bwd D@@ly@eom] A
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ransi (o dl anaelBveor e WETERf L) A GFEAE” o SBiebPah by e ipeuiioeo | Fgpcekas
det er m nageRire@SG.DFC." nel ting point” vvoul d be t he hi ghest peak anong

princi pal and secondary nelting peaks as determ ned by DSC during the
second ndPP301di séugsdngpeke. would heaipeak haticsus gtasiebult of o erqlimgtragition

change | kSR I SHARE oAl IR RAC GHEMELLNSRE) TLORURIAS vf omer T ©

frompositive to negative f a maxi mvmt i ne
wher e t he'nld8Ggcprine w&l@ Ibettlh@ﬂlghast tplait amnn@pdﬂctlbﬂramd@eaﬁﬁi@ty ol ting (Hedkhas

h it t 003 Th | b d ¢ h
o ol Gt Do ettt et Bt T Ba e P O & o
i ntermol egghad aggmgﬁgé 1n0mecgeﬁ&ra1 WIoé 3p g D@@Oéﬁrvé?néﬁ’{ HoQF v Stem@érraﬁgevw %

or less, or 30 wt% or | ess, % or |ess 5 W % or e 10 wt %
or |ews, formPpositi% orndgesve foThmgaa makemen vatedt e olpdl iy tes basehndrahercahe DSC

i nt ram)l ecul ar unj for that the et e- base nmer.s have an
i1 ol e pleblen SE Mt ¥ oo er bR o b g T RO B, "5 e 06
or |ess, [003}30 Wrie @thyl @8 Dasdd copIMOAh Ha®S S iMerrSlcdMI I @ifdrRES, sikh thi W %
or |ess, % or Iess In one ore nore enbodi nents, the anorphous

et hy| ene-thaséglesepesadneapolyaerahavena mbemeltoghiar cempm@tt Hishibetien of BeRUtSR of

about 15 % 0r. . |es X |nt 0EC tion di han of
Shout 15 Wirentest 5230 wflo Gleos b RLRSY Y. £ QURAZ 6 1. & P RRAEISE. g,
[ 0032]s Asytased 1heS & ﬂ,m%lbeneml €IC11¢| @hyleTpasd tcopolytcs tad Bakd @Mnttdnidleculd? or

i nternol ecul ar CD) measure of conpositional het erogenel ty, defines
t he conpdyiforsiial wartihatt thénethylﬁnet bwed cOPOlYTIG B ebintEmRoleaBneprIRAS R8T

chains. I&lstflﬁut%pgf%%ﬁﬁtdﬂﬁ\%t‘% e 14 'Hr%%@eé{ﬁ RLd 8H'30 Al QIQUSoL B B3 %?Fbg?r d

deviation, 1n terns 0O percent ethyl ené from the average eth
conposi t ian 5fwt% ar gssven ld)owd)( y)mmsss,smﬁt)m%rt&deted Ih@niecrnet voec amgodaerentsetl@ht
percent of the tot copol

wei ght  f rERAPHS IRTBBER e BT sl SHFITBRIGTOH. Corne o T ORBEY not
be symmetdi6@l5 wt% or less, or an intermolecular composition distribution of about 15 wt% or less,
or both an intra-CD and inter-CD of 15 wt% or less.
[0032] As used herein, intermolecular composition distribution (InterCD or
intermolecular CD), i.e., a measure of compositional heterogeneity, defines the compositional
variation, in terms of ethylene content, among polymer chains. It is expressed as the
25  minimum deviation, analogous to a standard deviation, in terms of weight percent ethylene
from the average ethylene composition for a given copolymer sample needed to include a
given weight percent of the total copolymer sample which is obtained by excluding equal
weight fractions from both ends of the distribution. The deviation need not be symmetrical.
When expressed as a single number, for example, an intermolecular composition distribution
30 of 15 wt% shall mean the larger of the positive or negative deviations.
[0033] At 50 wt% intermolecular composition distribution, the measurement is similar to
conventional Composition Distribution Breadth Index (CDBI). As used herein CDBI is
defined in U.S. Patent No. 5,382,630 which is hereby incorporated by reference. CDBI is

defined as the weight percent of the copolymer molecules having a comonomer content
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When expressed as a single nunber, for exanple, an internol ecul ar
conposition distribution of 15 wt% shall nean the |arger of the positive or
negat i ve wownarizorss. [ 0033] At 50 wm % i nt er nol ecul ar CcoORPEAIS2I10/031190

di stribution, the neasurenent is simlar to conventional Conposition
Distribution Breadth Index (CDBI). As used herein CDBI is defined in U S
Pat ent  NQyitisin 382, 68¢hoMie@fini t8tah &R RYcInRIRPBAEREL. DYhE ETIEHCE copdiPhet K
defined as the weight percent of the copol ynmer nol ecul es haV|n9 a conononer
cont ent w.rpemuy sﬂeﬁmﬂed waliziagiveail koovan tepbhigues drrolelating cohvidnal, ratiiongobla of
a copol ymer. | et er i ned n ec n ar..

o att ngumRls: of SRS o LB oo fodf' lchiol® af e Y5, SREETERIER L Bfion

t echni que{TREFTamﬁs@tUéﬂen Riifd, lagalEIJUPb@nScEr Foli. on iEBER)ol 203 pdescioBeparidn
Wld, et al, J. Poly. ScL, Pol Phys. Vol 441 (1982) and U. S.
Pat entt NdY- SsPﬁels‘-%zﬁ;OWOéhWé ﬁca@bﬁ H@Q}’Pﬁéﬁﬂﬁi é@elﬁévdéﬁ%rwer ef erence. [0034]

Unl i ke C([)Eﬁbsﬂ' nt ef.RL €64 ¢ S Eé&léro%o%;pﬁ&ﬂbl?“&lkt?l% GaNt SRl SR, Woki gFtt

per cent pol ynmer content |n a sna range From 2 medi an to

nmol ar comer@neof Ocqmﬂﬁﬁtr comtot wn\hm dnsma% nahgé Hbmredicdian tétalr mekarpmenomher a
Gaussi an conposi ti on, istl’l ution % of t e oly nﬁ used herejn for
this exarfPE"hsC-EpgY Frgct |°£rfn@dlﬁ% PhFRDBR W Y Bt 'g‘rlisé B cmpasiiopaln

if the St(ﬁ:ﬂﬂﬁi?t%nd@ '5@4; '09 hd 01%%9 ubbe hbl%fef&qhsc&h%lecmyﬁwmmm is

dlstrlbutlon or t Pol yme étion 1s 20 wt % et hyl ene for such a Sanpl e,
1010%1$hlar?@awt% daelwlatel onthgire¢ahsif 20c \alta%lardtcbwmnbew l16¥o. dbrposimolecular

dlstrlbutlon JAs. used h t r amol itign distribution

(1 nt r acD TR PR ABTLR TRy PoBemftheairys 26 iy B ERG ok oA UET 1 i

di st ri butioonstahEY&FiatidWiERECED RRASHIBS0 B8l a MRS toh Adtibaml ation, in

terms of ethylene, within a copolynmer chain. Intranolecular-CD is expressed

as the r a[ﬂﬂ ]of Als pibed lasreihjipfrangolequhar C@ﬁ&oosntlgmglsmwt@e@mw;&) @“rlnnrmolgaﬁ@r
pol yrmer 15 Sl{]]ar T %}Dmcgo I%P%ecufljalér?%%llrﬁors'l & r(P gﬁgel tny h%%tgxb?\ll (i nl/gﬁlgll!lr%% l}e

and |ntrarm ecu

t echnisquesnfpokitiGReSutiatich, iif t@mmlfemyll@e w@ﬁlnad‘lcbpolyfrﬁétmhhﬁc Uh&imbloc@anCbe
descri bed in Macronol ecul es eng, Msahiro Kakugo, entitled

" Car bon- 11 XINRRCeAdS thesiago of akn@méf‘sﬁq wcﬁﬁ%)rlemlemg)@@rﬁégmymﬁﬁ Eienypmerelymer
Propyl engCopol yners, " 24 (8), pp 1724-1726, (1991), and in the publication
Macronol ecul és, C. Cozewith, entitled "Interpretation of Carbon-13 NWR
Sequence [DD3G]r i b@bh@nsiﬁmnal Hicteyd gen eitPbothyiheneolcogal-¢ Deasl ivbd@olsctilar-CD can

Het er oge S Cat sts 1237-1244, (19 each of which is
herein i gﬂf‘o‘r 9“]9%‘? ig éﬁ\ﬁ'g ‘g‘?I}Vtel%“ t@@?&ﬂues[ %Géﬁas‘é%?r‘:’elfné?m’g?llecu lar-
convept i qgl an@l%'iﬁ%ofk@ul%ﬂr@ﬁ? YE %@?d?fbe@flnm/lﬁgfoﬁz'a%cwek ad. &, SGHehEUMa‘é’&hlfos

used to characterize the ethyl ene-based copol ymer. Any conventi 6nal
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.
[0037] Generally, conventional carbon-13 NMR measurement of diad and triad
distribution is used to characterize the cthylene-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, e.g., trichlorobenzene at 4.5 wt%
30 concentration. The Carbon-13 NMR spectra can be obtained at elevated temperature, ¢.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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techni que for measuring carbon-13 NVR can be utilized. For exanple,

et hyl ene- based copol yner sanples can be dissolved in a solvent, e.g.,

trichl orovenasnesmstt 4.5 wt % concentrati on. The Carbon- 1BCRVR26Ip@stIp@ can be
obtained at el evated tenperature, e.g., 1400C, on a NVR spectroneter at 100
MHz. An exenplary spectroneter is a pulsed Fourier transform Varian XL-400

NMR spectyimelBon- 1 PeNAL iprhiedan- 1l gBﬂeﬁﬁﬁ@@W@;?&tﬂaﬁ iRb@agsh.| NDAJCARK ddd
tube to maintain an internal |ock signal. The follow ng instrunment
condi t i orroneentrabensuedn bez edeulpig Seona eyl equations pugbasecddl Mypcrop®lgulescRakedot i on

tinme, 0.5_s | dt,h 0Q .Hz, The .car bon- 13, N eak.can be

et or i nek By TEn 0L HokaP Al is WaFeif MR sV BRRERS IS T ahewa e
cal cul at effad &nribl CoRQUREI ARTaP bE BEMiARTed b NREh TN aattidsdistiBkigo Bilymad ,
15, 1150-1 152, (1982), which is herein incorporated by reference in its
ent i r 6t y.CoTResigpaganhg catquisied brveihe rfﬁffth@ﬁspf‘@gﬁ the medneic pesls.t andgthg eliad

le f ' di [ i on. ; - i th
0!t AR I RLEAEL A b PO caSRTPARLN R0 E LS BLEG] QR e
be consi deilieed.i Riloss dtagdd ythervise) tlay eppliratiofi utiligcst dir @eragel afeheseathrdaevalues.

utilized. _Unless stated otherwise, this application utilizes an. ayerage of
these t hre¥ r&aﬁtﬁéén%gﬁer s Eion HMBERdhs AP 35 ORPETH NGB R bRl
equat i ongfs.discl osed in the above references. [0038] One aspect of these

measurenents 1 nvolves the determ nation of the reactivity ratios (rir2) of
t he pol yrf8038at i Onc sypecemfftbesct ineasetdmdnenmvebas et detesmmpatson PO thenemastivityi ch

have a conposjti.o het er ogenei t el.t her | ntranol ecul ar or .

ot or oot dabstr e BhGeRR R et e RS i e SR e R PobySRe Pt o
have onl yhage Sln@dﬂl%&[tidﬂ@g hétgtdpbfei§MRHRAdr- ink@P3REuMY bR asterrhdibdidarl hvd @dnich
theory or one method of calculation, it is believed that an one exenpl ary

model - f orlargsoregetivigdaiieitan thopdyypatsrihich haikonly sswdber ndgbigithyamewntt er ni nal
copol yrer g onyidel bl IANS yebA g Ant M o IR Y ANG:L RRDe

the reactivity rati rsin topo 1 'm 2,

Mis itshe dnatdxem@iarfronsieefsr, isb dahed @At topolylriMdionand debgibdt as tckekrfinald
concentrations follow first order Markov statistics. For this npdel, nine
equat i onscopalMsEzdi Yedrlt hat related to the diad and triad concentrations

chai nr and the.probabi 11ty of "or AVRER. At g t oUa pr opyl ohe- ended chai n.
e S R S BN R B R S RS
fromfhe rﬁﬁfn@,t M i§ NihRS tatibVbF thénomd?®)inPthe reactor, Mi/M,, and the diad and triad
concentrations follow first order Markov statistics. For this model, nine equations can be
derived that related to the diad and triad concentrations P, and P, the probability of
propylene adding to an ethylene-ended chain, and the probability of propylene adding to a
propylene-ended chain, respectively. Thus a fit of carbon-13 NMR data to these equations
25  yields Py and P;; as the model parameters from which r; and r, can be obtained from the
relationships:
rnM = (1—-Py) /P
r/M = (1 - Py) /Py

[0040] The corresponding equations for random copolymerizations with rr,=1 can also
30 be used to simplify equation (1), above, to m = ;M. The ethylene fraction in the polymer, E,
is equal to 1-P1;. This allows the diad and triad equations to be written in terms of polymer

composition:

EE = F*
EE = 2E(1 - E)
-9



r2/M= (I - P2l) / P2l [0040] The correspondi ng equations for random

copol yneri zations with r2=l can also be used to sinplify equation (1),
above, towvoneiwizbds1The et hyl ene fraction in the pol ymer pCEUS2G006L86 t O
1-Pi2. This allows the diad and triad equations to be witten in terns of
pol ynmer conposition: EE = 2 EE = 2E(l - E)PP =(1- )2 EEE =E EEP =2E2(1 -E)
EPE=E2(1- E) PEP =E(1- E)2 PPE =2E(| pg}21 ppy? =(i- E)3 [0041] Variations
and extensions of these equations can be proyided in the references

di scussed above, including use of cataFBEtEsEwith different active sites,
equations for estimating the nunber %E Ciﬁ y speci es present, or conplex
nodel s such as those with three or nore Speci €s present, etc. [0042] From

t hese nodel i ng equations, and those]ﬁqyaufgnsEpresented by Macronol ecul es,
C. Cozewith, Ver Strate, 4, 482-489, (1971), which is herein incorporated
by reference inits entirety, the aiBigé(alfles of r\, r2, and r arising
fromthe copol ynerization kinetics %?E-DEE@r by: Gﬂ) Gﬂ) rr =(nf I Gl)
(r2f I G) I (f I Gl)2 where Gl=rh 11 1M [0043] These equations and
the nmodel s presented in the referenc®®PcitledEgbove can be utilized by those
skilled in the art to characterize the ethyl ene-based copol yner conposition
di stribution. [0044] Techni ques for neasuring intranol ecul ar-CD can be

found in yher Omkf‘ﬁﬁ%(ﬁﬁian@a&g@r{sions@%%ec‘e uatlat{sléan 526’3531%@@ 311%7‘[% ’references

thronnlecules Cheng, H N., 17(10), 1950-1955, Macr onol ecul es,
Ray, 1G mwpﬂ@d doives omc;ludaagl use. pf anchlmwltlﬂ ahil?fermt, adid(ed )sites7 7@niAdSys for
(1977), 71,

f ef er enc ees’fj 1mating thFe) nurnber é\P cata%ys% spéc1es present or com]g\)lYh eX ?n%dlelg Sll.lC Cortﬁgsreavgi%gth?ge
or more species present, etc.

[0042] From these modeling equations, and those equations presented by
Macromolecules, C. Cozewith, Ver Strate, 4, 482-489, (1971), which is herein incorporated
15 by reference in its entirety, the average values of ri, r;, and rr, arising from the

copolymerization kinetics can be given by:
o= Enfi! G/ (Efi G
r = Enfi] G (Ef/ G)
rr = Erfi) G (Erafi! G 1 (i1 G
20 where G;=rM+2+ Fa/M

[0043] These equations and the models presented in the references cited above can be
utilized by those skilled in the art to characterize the ethylene-based copolymer composition
distribution.

25 [0044] Techniques for measuring intramolecular-CD can be found in Macromolecules,
Randall, James C., 11(1), 33-36, (1978), Macromolecules, Cheng, H.N., 17(10), 1950-1955,
(1984), and Macromolecules, Ray, G. Joseph, Johnson, Paul E., and Knox, Jack R., 10(4),
773-778, (1977), and U.S. Patent No. 7,232,871, each of which is incorporated by reference
in its entirety. Such techniques can be readily known to those skilled in the art of analyzing

30 and characterizing olefin polymers.

[0045] In one or more embodiments, the ecthylene-based copolymer can have a
substantially linear structure, meaning no greater than one branch point, pendant with a

carbon chain larger than 19 carbon atoms, per 200 carbon atoms along the polymer
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inits entirety. Such techniques can be readily known to those skilled in
the art of analyzing and characterizing olefin polyners. [0045] In one or
nor e enbostorreri91sthe et hyl ene- based copol ynmer can havepaTdisbemastibal | y

| i near structure, neaning no greater than one branch point, pendant with a
carbon chain larger than 19 carbon atons, per 200 carbon atons al ong the

pol yner bagkigyie: s RBRRNFE RLBstartal$ tiaRh} lhllenkitAQAT cHlothGouPared
copol ymers can be further characterized as having (a) |less than 1 branch

poi nt, pdhndbert charackerized as heringhal tesh dheget brangh podntc petstsnt atibng catben chain

car bon at,ons_al o a_.pol yner ba Qn or |less than 1 branch paoint per ,300
carbon aoner P iAo ARG 137 SERAGon s diohet M uPohRRBUHE S, Ry B8 1

pr ef er ablytadddsgoiiitssd 3D0saasv@hatp@kNér losy thiRA0braachpeineh&NHN0 Ebwv hidsdsamdi ng
t he presence of branch points due to incorporation of the conmononer; and/or
(b) né grisafeEblt lkanthead breasicpeipbpdit|00p cathbentateiny, Mogwighstand HecthaPrespagegr
than 19 e | ) r 00
car bon at gt bgpied 8B REfnectibr Bh Bt Bironty: MR/ BPAS Lrchltd B el
one per 2008, padbonwal ensrboh @B4i6]larkhethantbenrboh dwmanpdr 300i datt®ncasmbier no

determ ned by neasuring the radius of gyration of pol rs as a function of
the ol ocliFdyr hen gie &93 PHecarkimiagop” B Sedsic s P! Wl %’g%amﬁwr no
augment e%r?&ferltﬁét%nébl%eg%oé&%&%tbﬁﬁ: These procedures can be further
described 1n the publications "A Study of the Separation Principle in Size
Excl ui orl0@H]omatlbgmaptbet obybraincBupgin®R. cdR. bChlmtermined/ bynma@swews theyradng &, J
Lohse in the.joyrnal Macronol ecul 2004, 37 4304- 4312 and.

TRt ect | GPPEiRl TERme B SHOIRG it ekt “eishb R shBeBpdeal Yot wrinion ,
Dilute SCUthrhzﬁB%raP]yy TudhBatelR bR ladehanme, scMdnoC BRSS | BY¥ccalfts PeanBbanfurthér t he
journal Macronol ecul es, 2001, "34(19), pg 6812-6820 which can be both

i ncor por atcsetilisyd nethsr pnklecatip04 2] SBidanehitig Separetiony | Rsinsipha e dSigo gotojurans
can al so he described, b he i@ of t to the 0C neasur.ed at a
ond of A eRGRERRR bl S0E 4 3l ol cot Rt LB R B B it

br ancii ngiwholeldcows,| 2008 $7 (INg) mr4304subsl ant TEfect 8¥ Shet ChaldrBvasdtingon (K048]
In one or _nore enbodi nents, the ethyl ene-based copol yners can be grafted,

contain a(l(glrlafm%i%wmla@ie@a&w%%cﬁoyﬁ@p? byl 2k RpB- pafrceolV- aV cormpsat i on
that is grafg %?%ntﬁg glheﬁ%%hnﬁ[ %}cwﬂoé&{?& b@é’ﬁ%azﬁ@p, CokPOWEL \ghfcﬂgﬁgrg 3% Kbyl ed

in the art, suc ques usi ng nal ei c aci one or nore e I ments,
t he et hyliatweplrasddyaofeadngaer s can be derivatized. [0049] In one or nore

nbodi t t hyl -b d I b, nbi ned tq f
il SRR IR IR R e SR
pol yr®r i eric ReSiER @PS0ICSmIRSAId Radot 8. ToRE HahAAuds Bf hiSparbhet fangl

Pat ent

low levels of branching while low levels indicate substantial levels of branching.
[0048] In one or more embodiments, the ethylene-based copolymers can be grafted,
contain a grafted ethylene-based copolymer, or can be part of a composition that is grafted.
Typical grafting techniques can be known to those skilled in the art, such techniques using
25  maleic acid. In one or more embodiments, the ethylene-based copolymers can be derivatized.
[0049] In one or more embodiments, two or more cthylene-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 2009EMO082-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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App. No. 61/173,501, entitled Polyneric Conpositions Useful as Rheol ogy

Modi fiers, bearing attorney docket nunmber 2009EMD82- PRV, which was filed on
April 28,wbQofy128useor di ngly, the ethyl ene-based copol ynecTius2dbesaded wit h
ot her conponents, e.g., additional ethylene-based pol yners and/or

additives, to formconpositionally disperse polyneric conpositions.[0050]
I'n one orppRy|e enrPeft TeHhcre diBddRhed®l & oebNHoNRIHYRHE haSAPIPRASs GaR Hee
conbined to formcrystallinity di sper sed pol ymeri € conposi tions.

Cryst al | iqentbynadi @p@t@e@yﬁéﬂlmﬁﬁﬁlwemmmam@m@mr i Geydtalling ty dt@peésed

detail in ovi si.onal. Pat entit P

Composi ¢ SR iccr AP URER ds AtS P AT mbE ol b RS oy gt EweRry (iber
2009EMI8 & 1PRY, 50ahi e(hhtl‘é@SP(flyﬂneﬂc 00oAPbditiond8 Us2fiD%s Adeology nMo&‘hﬁdri] €bearing

et hyl ene- based co oly i s blended with other_ conmponents, e.g., additional

et hyl énelFiOEYSoF @béh%l()QﬂE%%ﬁ PRYewhichgvasdied enpes 28 ?&&éﬂ IAcCRdéiBY.s e

pol yneri A lig ! S,

Byl ene- hESTRRAE RO conocts W0 sl FRECC EARERETR R adNERBTRRIRAS

mn to albawstd Iﬁﬂy@éﬁ&nmbn addIh@esMBRoframompagmﬂaﬂlgrdn@bmutpo@nﬁbrg/cbﬁlpﬂmnoﬁm

about 15 llﬁmn aboutSO%IOmntoab tloof‘%ﬁi‘@ raout 6.0

g/ 10 ni n P& Upoutn 29¢ §F MerGicmbofinGfe thi ot e ged Fine DR 96 4he

ethyl ene MPRQQW@PQ'%'I%? of #3nl @%fgvmnm !ooamoai zs’ﬂg%tmﬁ. Ori@/ MR Wa rarfhc0
mn, 15 g/ 10 mn, or

g/10 min, or 5 n to a high of about , ,
25 g/100 rfrom abmutdrﬂag/dt) rmortea‘mmddlgﬁﬁMm abbng ﬂ\ﬂzgilﬁfrnmheabdzth;méh@/l%aﬂm;cbr

I bout 5.0 g/ 10 0/0', 7.5
o/ 10 ryﬁ”ﬁr G306 AORF g dBafentl §10GRR nim 4% 8 TorTebodimia: JR1 R Aty
one or l@déb&gbd'&g}io‘} ymét@n Yk Ofrorth REloRt SYARGE3. bﬁﬁﬂnﬁr@pm ¥O'mH3ABr 5@nge
fromalowof abo /10mn 6.0 g/10 mn, 10mntoah|gh

of about gﬂangn 10 anliugh of. a@Ogt/ 1® 2MiOnmirer 59g/80 gninponi2h g/ lmmaln ITezpge Qgrigore

fi be of b b
o 10 m . SRC BT s MR NE e ian Plnd SARLARS i (hedr 48, Dlp REPso 7-°

et hyl sne-dac ath, o@@gh;ormfn 6aM.5bg 1 @ nih Ag b tigeaCidut Yo adie pal, mz%r/lo ﬁlﬁh or 15
|nterpolyner i.e., areactor blend of one ar nore copol yners,

post - r ead® b} MEL- eliPrsfor e smbadimentso s NHR of the eﬂé‘/leneebatsr% Poﬁﬂlfélfnﬁl C@ﬁam@
pellets %r{?ta'l%%f%%ﬂuﬁps' gl 0"’\3 w6, d%ﬁo eLifySeng n%%eﬁm%!oa%%ﬁ%% ab&utpffg%ed
by copol ynerizing et one nmore conononers in the presenc

one or nonm, 8&@[@'3111& @an. S:g/tlalrmst Iﬁyisteestmmmpeuﬁﬁc ombodinent, elacMbRScan Theusf,
such net hods l%onte 8\te t he us WO Or nore reactors to prepare a
singl e etFyPah g&& 6‘8’&6‘?9@%‘? W -or nore reactors that can be used

to pr@parl\qetthw@sp(;rp{g[ga%n@tmyvlgﬁbeggs%a%&g%ryners that can be bl ended during
or after ‘polynmeri zatl on.

[0052] The ethylene-based copolymer can be a single reactor-grade polymer, an

interpolymer, i.e., a reactor blend of one or more copolymers, or a post-reactor blend of one
or more copolymers, i.c., either via blending pellets or otherwise. Preferably, the ethylene-
based copolymer is prepared by copolymerizing ethylene and one or more comonomers in the
25  presence of one or more catalysts or catalyst systems in one or more reactors. Thus, such
methods contemplate the use of two or more reactors to prepare a single ethylene-based
copolymer, or two or more reactors that can be used to prepare two or more ethylene-based
copolymers that can be blended during or after polymerization.
[0053] In a preferred embodiment, the ethylene-based copolymer is polymerized in a
30 single well stirred tank reactor in solution where the viscosity of the solution during
polymerization is less than 10,000 cps, or less than 7, 000 cps, and preferably less than 500
cps. The reactor is preferably liquid filled, continuous flow, stirred tank reactors providing
full back mixing for random copolymer production. Solvent, monomers, and catalyst can be

fed to the reactor. When two or more reactors can be utilized, solvent, monomers, and/or
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[0053] In a preferred enbodi nent, the ethyl ene-based copol yner is
polynerized in a single well stirred tank reactor in solution where the

vi scosi t ywof2otohessal ut i on duri ng pol ynerization is |esspchars2di0/08000 cps, or
| ess than 7, 000 cps, and preferably I ess than 500 cps. The reactor is
preferably liquid filled, continuous flow, stirred tank reactors providing
full  backafhlysk ROl 8 tHeaANORLGORG ¥ FRE 0P FRMIEIdidhal RALBENTA pRIBPEE cIvend
catal yst can be fed to the reactor. Wen two or nore reactors can be

uti | i zed,hesaney gore piefiane isshexand/ whesanal grsnixiuges therepb the first reactor or
to one or e addistiponal, reactors preferred sol vent is hexane re

or ef er abi§0PIon ke B tns, ARERE B uf BEFLEC IS8 H by TEEREH R ¢ ne
| i near it ypoOfmérhatied hBrarampas estraduped Y coscePdfesotyn &tzatioh icB@lysts, process

pol ymeri zati on. Branching is introduced by the choice of polynerization

cat al yst scongitigs exssthe othgiac oh thestramécrcagsing High polEmerizrtion eempgpres [gaghto

pol yneri i I : s as does the use of
t her mal | i&%%cg\g%g@%%éﬁis@??thfg%ggf%ﬁ%ggﬁcfﬁglt#%{| on process may occur
wi th or v0ossgjut Microogelyneriesent prddoweway, odtyd vage or i 8itlouprisidesgea dpresmk.n
transfer agent because it inhibits branching in the copglyners since it
| eads t o BETHERECOIHRI & 1 BaBE CE‘M%F@Tfgﬁ?tq%f‘ﬁﬁ‘ésﬁdhP}%él%/lFsybré%‘;\bﬁ‘%PbH%e
W t hout bc%gn lekdih&dit B¥adk RE Ch¥in ehls lzv?ﬁiéﬁ_eéah?dé%rﬂrﬁgﬁi%lg;&gszﬁﬁ%ﬁgalﬂ\%hasfaﬁﬁ'ated.

pol ynmers c ot participate in the principal bra t hwa ere
pr ef oiome dWpbdwtnbeisg wirntiedurbyatheost, edl is hizilieveth dbatc tiesd satueitert poponas exinneit o

new growi ng.chai ns_whi ch.lead tpo. branched pol yners. lower pol ri zatian
Fonper at UPBISTEATS g S itine Hiaseipe it wg» Bkt peed By e Rom b nsfiild

Wit h unsahbmadnds cANBS rdifcolptithtbl 186 nBY JroWRIz heinS $HXh Rh® EEBERched Gty S
System [ 0056] The term "catal yst systent refers to a catal yst '

pr ecur sorlaetri pdyoerizagion . temhetaturesaslad yiead &y daveari brarchipg dinco thie denatensefch a
pai r bef ot ackivall.d ddlRanipdepyRactivatied catalyst (precatal yst)

t oget her WA an activat or ‘and, opFlg aqVYy, 2 COPRST VAt or. When it is used
to descritgalsst@ys@npair after activation, it means the activated catal yst
and the activator or other charge-bal ancing noiety. The transition netal
conpound (8050 onpilBK terah "wéalre (iyptam” aetarn toy 2 pragd vt rgeusorgetiviterpaige dVhen
speci es Michla GORRIEL JsOD PTedo M@ uACE PYRLERCALRINSS, BHRLA I TGk
catal yst-system can also 1 nclude nore than one catal’yst precursor and or
nor e t harcatihgst gekecataly ey tagecheo ptithomahityvasorcamdaoptivatly a chiakewitsie, Whee it & m

"catal yst-systent can also.inc¢clude npre_that one activated catal yst and one
or nore 59 PNOFTIBE SUshHOPIE Hi GEB 4 e ftgeaRD e 3£V o Cata&%ﬁ&f 1 agtivator
CO- aclyl VarQfther [cﬁgggjbagﬁ&iﬁ% YifJieth! GRELBR%IHS niata? Qobb &l &r&lbflp&lcdnDbeaRutral

precatal yst, catalyst, catal yst conpound, transition netal conpound or
t ransi t i on imetpa¢catadyspl o, chitpged epewesdsitic argotpgger ion as in an activated catalyst system.

The term "catalyst-system" can also include more than one catalyst precursor and or more
than one activator and optionally a co-activator. Likewise, the term "catalyst-system" can
also include more that one activated catalyst and one or more activator or other charge-
25  Dbalancing moiety, and optionally a co-activator.
[0057] Catalyst precursor is also often referred to as precatalyst, catalyst, catalyst
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 impurities. 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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used i nterchangeably. Activator and cocatal yst (or co-catal yst) can be al so
used i nterchangeably. A scavenger is a conpound that is typically added to
facilitatwopolwyirersizati on by scavenging inpurities. SoneCTABIENYETISO May

al so act as activators and can be referred to as co-activators. A
co-activator that is not a scavenger may al so be used in conjunction with
an activapess)i N Andgkivher bPrcBEANYACHE |V SorfFdumldYsit mixtire SEMBNAHAN BRAbR &f
coactivator can be pre-m xed WItFII the transition netal conpound to form an
al kyl at edctivatngi aumncmiyﬁl tocﬁnpbamlac[n@@ts@]camsact Thatagtivater cak dcah yutrpls a
conpound or ounds act recat a

Form an SormOUPLH Sl ae GO RD wER RS T Sp S uR b BTl RGRE Bl e i
aci d act iat@hiiiyn, SChn adnitr ¢sinemt!| @leﬂn@p&mwﬂor)b@mln a9 rdllﬁlé!h§falﬁﬁfnﬁllrﬁ0treﬁ@lh§-ny|
al umi num or an ionic conmpound (lonic activator) such as dinethylanjlinium
t et r aki sn@rﬁw@@f@aﬁbh%awb@rr éltn@ﬂ@rlaluhwrrhwrahismeﬁﬁlwnaphthyl borate.” Activators

Ki I d
Egt e nc%ﬁ(r)t];er 4l g{;‘ﬁ ny lef&?efaaﬁo as ﬁ&%r bé(c%l%t? %oﬁeacﬁb%% s SRR é’ct&@tfoﬁsf re

nion activators or cact|vaors oW n
comonl y d'vﬁhgl tdamlelcelfxmhml}t Ingé belsdflblyltbcd;elshllltehm thietart, tHaathetr&etlbeaﬁthemntmeftort he
activator h t he p ecat al yst forms a catlonlc nmet al .conpl ex an
ani oni ¢ B dFoPERCHE Yrs‘thTH}S S AITIC CRdplarnaRlsh gnd Mnofniorg ionyRoer @%3’@ or

AIthoughM V&R loicatal yst can be used to prepare be ethyl ene-based
copol yners, r}pef er abl % ?yrreri zation takes place in the presence of a

nmet al HOOCMt al yst. The term " net aI | ocene," "netall ocene pr ecatal ysts,"
and " St precur.sor,, ) use here| shal | ersto dod

|
to refer a[bhg o é@g 8%%@9%‘1’%&0%‘1 ‘Eaé %$t15%8n Gr-rgfeﬂ PreRpienbe ethy?ene-base

cycl ope nto@ﬁb@mélrs pfdRrablygsidifieriAtioh @At pRRE i eHe- Ifrmh@epsm Atk anR¥brdakdlygd
ligand X, and zero or one heteroatom cont ai nin igand Y, the |ligands being

coor di natBx teon Mnatatloemer’ dsptmldicens Pracatulser atl "mh@llv@ﬂnem@@}tsheﬁeemﬁor "Tere

nmet al | ocene, ca B ec or ? ener neutra ut. vvhen
ot vt odes FRGE ¥ BRI TR B o HERGRE b PR Pl SR ERET M M

whi chysr efc@rbﬁ)p@lﬁﬁl@é@U(Ep) tgaids oatgam oBé ﬁbrh-b(}cl@@ﬁtﬂd@@hy%&ﬂﬂveﬂ I4Raean, and zero
coordination site that can coordinate, insert, and polynerize olefins. The
met al | océ¥e OBat hetgoptopreqniziame ligapd e¥ er Bl Jicynis @ﬁmgoﬁogrdrﬁaiadurt@ M and

met al | 0CERGe %h%ﬁgqq%uﬁbegp& hl%rVa(PJnCQ %el?eocff Tflé] e{a(?ll é&l\@' 1§7SX ﬁy??%urs%ils) carfbe

conpl exes whi'c ring systens for rred to as a
bi s-Cp orgebemllmeumtpdoen@lexeanﬂlt (\ﬂ])enl\ztanoa:tyd: Immemtsanh%myd) catakypt gixkb amactive

o O R A b BL RS L2 BT,
have fwo (GBrdihd¥dnSHel &® HRT cdor@ANES insert, and polymerize olefins. The metallocene
catalyst precursor is preferably one of, or a mixture of metallocene compounds of either or
both of the following types: (1) Cp complexes which have two Cp ring systems for ligands
(also referred to as a bis-Cp or bis-Cp complex), and (2) Monocyclopentadienyl complexes
which have only one Cp ring system as a ligand (also referred to as a mono-Cp or mono-Cp
25  complex).
[0060] Cp complexes of the first type, i.e., group 1, have two Cp ring systems for ligands
that form a sandwich complex with the metal and can be free to rotate (unbridged) or locked
into a rigid configuration through a bridging group. The Cp ring ligands can be like or
unlike, unsubstituted, substituted, or a derivative thereof such as a heterocyclic ring system
30  which can be substituted, and the substitutions can be fused to form other saturated or
unsaturated rings systems such as tetrahydroindenyl, indenyl, or fluorenyl ring systems.

These cyclopentadienyl complexes have the general formula:

(Cp'R'm)R*(Cp’R*)MX,
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that forma sandwi ch conplex with the nmetal and can be free to rotate
(unbridged) or locked into a rigid configuration through a bridging group.
The Cp riwQ 2biogasks can be |ike or unlike, unsubstitutea@cTdaisbemiosuved, or a
derivative thereof such as a heterocyclic ring system which can be
substituted, and the substitutions can be fused to form other saturated or
unsat ur atyebrEih NG SYREMIB(HURN,) andiEhr SN @GERY) cah BEERY lsam@Tor fditrakRiNY |
ring systems. These cycl opentadi enyl conplexes have the general formla:
(CplR1 mjaxslop¢mpdmeylplingsqRhesndi R” Gath of, Indgpemdlepity 4 Amrlogeaner epleydsecarthydand
(Cp2R2 p),..can.be th ame, or different cycl opent.adi enyl rings nd. R2
cach 1o nfiaaRaenty SO BHUHEL "oRI BREME" R ocraPEgT R

hydr ocar WFM@MHOﬁngﬁﬂprﬁt&ﬁﬁtﬁ@h@kd @bt Q0 chidoacd iy, Im $410%d b piiel to 5, and
organonetal | oi d %rou containing up to about 20 carbon atons, mis 0 to 5,
pis 6 td"s, Rar f%ﬁmubﬁwws Rosgdiagent sahos gamadpla diency dapddrdicnyd rngof

the cycl 0&9?&5&&{ Ay wﬂi&l”&nat?es%ﬂeﬁttgget@&eﬁ efo%tahriﬁg'aoﬁ?ﬁdir% R&H, A‘i?&lﬁg&ﬁrzd 0
forma ring contalning from4 1o about 20 carbon tons, I'S a bridgling
group, n dagbonhgomnsRds a bfidgihggeoupnn ishte dimbeatofahanginkibe dieen chdie beweeh ilgands

and is an integer fromQ to 8, preferably 0 to 3 ere. 0. .indicates the
absence. droiligatty UGS 3G PG om rtp ,aref%awgiottp&n((%eaﬁ? %%t%gtﬁ%awp%%fe of
from3 t ol f: : b Qdj t he
froms3 sqﬁgn@g;ﬁ%gfe@@p,g\gllg} QR HLABR nfbtal fhavag a8/a00nct BE BRI 3 &ﬂg,;pcrhﬁ%b?y Rbnd

ini1ts highest oxidation state, i's a

non- ciycl geut 4di, enylofthagpambdandblcof thandepertsiend {synrefardbll mgenrhighestotidatrande,
or a hydrocarbyl ., oxyhydrocar byl . | ocar byl., .hydrocar byl - substi t ut ed.

o ganonet T Gt X iR S e EPEY R B n PE i RUTER LY b o or o Byfide
hal ocar bydr- Uldrbdaethyad oY BARGEREA! IHaiodalhyURy BB ISRt SraRetitaRid,
car bon at (:I;ns,lb}?ri sa e}gual IS,?}?)Gﬁ}t he }f/lal encg gf %]m' nu? 2. [6061] Wgﬁe Cpal i gand

i n nonocyxlybpéacablylenpstituigdprgsnencighioshommecadyl-ypulsticutahorganemetgdaid group. e.

group 2, forms _a half-s wich conmpl ex Wt he net al d.can, be free to
Dooap o2t eblTng ul & I5cRE 20 M SOMR! €1 atlh e e o R R e b T g ng

gr oupist o 806Gt er Pa¢ OptgAhaiinnfv@otyddshRdtaditigl &pnpleng WhickahaheCaily be Cp ring
unsubstituted, substituted, or a derjvative thereof such as a heterocyclic
ring syst¥pcHhi-ererewh2piorsypdelitsardyich sappterevidh Biermetak sndranderfrsdofralted t o

Lot  ahyar o AT FRE 63 I EREEI NG, MBIETE pBUER: Toun 5 4 Petgrostom-
cont ai ni ngntairgag dighsd. b dithedCp aipotiBartdneannidt ainsweisdtungat, isobsithityd,t or b hderi@ptive
Tgand o ch Ss Bt idfiRE Bystem shich can b slRkeb2S dnd' e Abstitutions can
20  be fused to form other saturated or unsaturated rings systems such as tetrahydroindenyl,
indenyl, or fluorenyl ring systems. The heteroatom containing ligand is bound to both the

metal and optionally to the Cp ligand through the bridging group. The heteroatom itself is an

atom with a coordination number of three from group VA or a coordination number of two

from group VIA of the periodic table of the elements. These mono-cyclopentadienyl

25  complexes have the general formula:
(Cp'R'm)RL(YR?) MX,

wherein R' is, each independently, a halogen or a hydrocarbyl, halocarbyl, hydrocarbyl-
substituted organometalloid or halocarbyl-substituted organometalloid group containing up to
about 20 carbon atoms, "m" is 0 to 5, and two R; substituents on adjacent carbon atoms of the
30 cyclopentadienyl ring associated there with can be joined together to form a ring containing
from 4 to about 20 carbon atoms, R? is a bridging group, "n" is an integer from 0 to 3 (where
0 indicates the absence of the bridging group), M is a transition metal having a valence of

from 3 to 6, preferably from group 4, 5, or 6 of the periodic table of the elements and is
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atomw th a coordinati on nunber of three fromgroup VA or a coordination
nunber of two fromgroup VIA of the periodic table of the el enents. These
nono- cyclwpentoaddesmyl conpl exes have t he general fornul acTwiseseios11RL i s,
each independently, a hal ogen or a hydrocarbyl, hal ocarbyl,

hydr ocar byl substituted organonetal | oid or hal ocarbyl -substituted

or ganometablmibtly o AN MiGHRE MiditRe el 9 RROHSterBtoPRLORBiINALOPRup iwHish thd O
5, and two Rl substituents on adjacent carbon atons of the cyclopentadienyl
ri ng assdwsideatamt isepre aldméntcwith e cpoidimtion ogenlrsr of threorfrana Giony ¥dnoriani ng
from4 to_abput. 20 carbon. at R i bridgi group, ."n 1S an integer
from o « o8 EihioR G & o2 3% wllpbyln SLERLEEM R G ghathgt By e 8%
transiti gplfagtrak 1hateMy Rasvakendtabn huemesSof thr& aid afiehabbyorfwitsh griewp 4,
5, or 6 of the periodic table of the elenments and i;greferably inits

hi gheSt oRPEhRation ngdeeof tywq andn it & v Pdan dosa srordngiaupiber whtheee axle
het er oat i . V.8 I [ . . VA
T L e SRR
phosphor dysk® exygedicabielsetbd Urom ra igsoup vhisistiNg hefsCa te dO% diyiaddacy nudiosls, of
t hree and is naot O or en Y has. a coordjnation nunber of two and n is O,
ris 2 vw%ﬁétwﬁ%?léo @@P%}H%ﬁrbﬁﬁaaﬂa%ewﬁifﬁmt Hiced rawaq%dr%%ee,at%?s f rrRlaged
(meani ng R § @R%@ﬂta)orﬂ%g Y cRa8 i ﬁeﬁ.wemgén:téamenﬁ/g ﬁga{d ol fs‘,"ﬁld@ﬂﬂwd@nﬂlﬁ Aot

0, Ris a radical selecte efroma group” consi st I Cl to C20 hydrocar byl
r adi ci@l s,hagngest i thytlade,Gir 4 by @@0arhylroxyhy bptarbydihelakabywhydmicarbyheubstitunak e

hydr ogen atons | repl aced, wi th | ogen ato and. each X is.a .

o oo sl e ROy AP R aRB e B0 st oSyt o
a hydr Ocad'rFM{ome@éihbm 08p B6RMInind @ RLAORY DO cAH¥eH AealsPYs" 15 sat td e &dlence of
organonet al'l oi d, oxyhydrocar byl -substituted ordganorret alloid or

hal ocar by¥l- s i t2ut edIror garpsefetrad | eimdodimzmp clbat artaig uplizad asowt dilp-

carbon at.g LS 1S € I t he val.en f . i n 2. | pr ef er r.ed
enbodr moritemy S iee GER e R SR QR gl Banip ey © it
met henyl [diggglybpent adi enyl ) (2, 7-di-tert-butyl fluoren-9-yl)] hafnium
dimethyl. [0062] Exanples of suitable biscyclopentadienyl netall ocenes. of
the type [886dr i bEgampley b gpitable hisgrclepgtadicny] sratallosenes Pighe ypepdgserbediss .

5, 324, 80 9 1, 5427 i 17387, 1 19k 414,

2 g1, 703 dy3dggrnvs ey in Y3 S Sy p 500,308 g, Sars o

5, 278, 264,3%, 286, 48W,86@Nnd,®,7304, 61871, acH, 6, 8] dlV52So7nSdBp@eas §Bony29,
f in_in it ' . ,[.0063] | . e enbodi ts,

oot omert S i e S A0 AEL g SRR 4 S RS SRR e

nor e B s-Hapeif & Al HifrSty. OF two or nore nono-Cp catalysts, or one or nore

bi s-Cp catalysts with”one or nore nono-Cp catal ysts.
[0063] In one or more embodiments, copolymerization techniques utilize more than one

catalyst, i.e., two or more bis-Cp catalysts, or two or more mono-Cp catalysts, or one or more
bis-Cp catalysts with one or more mono-Cp catalysts.
Activators
25 [0064] The catalyst precursors can also be activated with one or more cocatalysts,
activators, Lewis acid activators, or any combination thereof. Preferred ionic activators can
include one or more non-coordinating anions. The term "noncoordinating anion” (NCA)
means an anion which either does not coordinate to said transition metal cation or which is
only weakly coordinated to said cation thereby remaining sufficiently labile to be displaced
30 by ancutral Lewis base. "Compatible" noncoordinating anions can be those which can be not
degraded to neutrality when the initially formed complex decomposes. Further, the anion
will not transfer an anionic substituents or fragment to the cation so as to cause it to form a
neutral four coordinate metallocene compound and a neutral by-product from the anion.

Noncoordinating anions useful in for the purposes herein can be those which can be
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Activators [0064] The catal yst precursors can also be activated wth one or
nore cocatal ysts, activators, Lews acid activators, or any conbination

t her eof . Woebhavnesii oni ¢ activators can i nclude one or ROTAIS2010/031190

non- coordi nati ng ani ons. The term "noncoordi nati ng ani on" (NCA) neans an
ani on which either does not coordinate to said transition netal cation or

whi ch i s QRiphtivRakhdiliSOMe FAMRENE SatRdiifl tikddchNoft BELRME KEBRIcTHhBSe in a +1
sufficiently labile to be di spl aced by a neutral Lew s base. "Conpatible"

noncoor distiei nlgi a/ro;t dﬂ'@lméhfﬁ@@nlt H@bléltw\m cherezn dtselan@netde}gy a@dle@thwlﬁnmllyr@ﬂ ity
when t he |n| eco urt

ranst or nblRaly o STRRaRaRAE R TRTARG O 1, Aanichafl-20¢ FRiof iefliSe

it to forfo alen@u’pmls He@s!iﬂi vﬁnafedlafg@t@r bEkalih GgeBese @maﬂ’fb@knarﬂﬁblecummli@{o

by- product fromthe anion. Noncoordinating anions useful in for the

pur poSes Weekiigh @&mrn@e\teﬁbg@itwwawnc%fﬁ p drctosenheasion diyalivip pascs fpgher than
met al | oc etﬁgg&?hfeﬁgaﬂlgmtoﬂ SN cgﬁt bgﬁé@%‘ﬁ 1?916 Fﬁo?yﬂl?rmgﬁoﬁ) 9%, ”I&pgc I'Ixé%he

st at e, aln surficient erm I'spfacenen

et hyl eni cﬁidnywﬂrhaazeatrybleculmedlieyoﬁgiseaénlhaﬁ eﬂethmmbu%angsgopﬂl )N@ks zatbeoon.
Addi tionally, e anions useful for e pur ose rein will be large or
bul ky in e rrgiﬁ%@%ﬁf OF ffreft; I%tmtorpapé&maaﬁar% %1? raygetyPalHRE 32 Bieher
prevent ngy F&%{u'r@ﬁfah hdOto lBé‘ﬁie Al HP6RBLa GRS R@bénls%%l? aDATMSxPcher than

t he pol ynerizabl e nononers that can be present t he pol yneri zation
procews. [09¢h]cal D;chripeloamobmnw ¢altalmﬁaraconniu®¢mhauolssnea‘aamn g$1eg1tr®taltohafre or

o pr odudaras aiyBETIol BULFo RGO R BHEEE 4t EB- NP he: O DrhdGal a7 Pian”

tends to Weobe3sasmdWd) mkhebs. aiIvatll @Rd SYBAEI®, ShdNoR S hadhUSRXEd Berein
[0065] Descriptions of ionic cat al yst s for coordination pol ymeri zati on

usi ng netin¢drpereisd byaréfeiescast theat emtirply. Ffdmsectﬁﬁfrr@imattm@ amrdeschpptnd oh
EP- A-O 277003, EP; A-Q 277.004 00333 5,198, 401,
and. 5, 278rarg oncSiel ARhRRhes (SR O g onB o o Bl Rl pE ot

t hei risentgré®iryors ﬂ'ﬁtﬂhstﬁatrzﬁf ﬁk?lﬁl@ﬁﬁldb%a@fp B dokeided ﬁdm@trh@sﬂtl@f mafae e bkt o
wherei n netal | ocenes is Cp and nono Cp) can be protonated @%an ani oni c
pr ecur sort®th gatipnigand %W%ﬂ R%JFI}CW&’M the ngwa@di@tlawﬂwacifb@ UG HoRIZRRINRI i on

metal to Jiﬁﬁﬁ;s Suhds, 6t '&oﬁtﬁﬁﬁ b 2R n@g Fephalanged o Pyprg&?clr%?%oﬁp%ed'a@@\;é ng

ani on. e of |on|2|ng oni ¢ conpounds not contai'nin active proton
but capahhﬁakbdcepe ogtioni aigl Hodhcddréinatid ¥eometsabé alserkaowat |Scea apd ER-A-0 426

573 a0s, SHatbre0 achse Ry Bo 3868 anch Al Ehicasnn e thsronRorporated
i ncorpor afyedrynctsh ﬁi’e%ﬁrét? RQQétfve%'aﬁbﬂseétHer tREABEINR dGREds QRS b BeloniAlRN
Bronsted aci ds capable of i10onizing the netall ocene conpounds i nclude
f er r ocenithenmataljvieemsy taapdods umladedfermocetimgl siphgiyilericbomigatandrisicthylsilylinium
cations.
[0066] Any metal or metalloid capable of forming a coordination complex which is
resistant to degradation by water (or other Bronsted or Lewis Acids) can be used or contained
25 in the anion of the second activator compound. Suitable metals include, but can be not
limited to, aluminum, gold, platinum and the like. Suitable metalloids include, but can be not
limited to, boron, phosphorus, silicon and the like.
[0067] An additional method of making the ionic catalysts uses ionizing anionic pre-
cursors (Lewis acid activators) which can be initially neutral Lewis acids but form the cation
30 and anion upon ionizing reaction with the metallocene compounds, for example
tris(pentafluorophenyl) boron acts to abstract an alkyl, hydride or silyl ligand to yield a
metallocene cation and stabilizing non-coordinating anion, see, ¢.g., EP-A-0 427 697 and EP-
A-0 520 732, each of which can be herein incorporated by reference in their entirety. lonic

catalysts for addition polymerization can also be prepared by oxidation of the metal centers of
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[0066] Any netal or netalloid capable of form ng a coordination conpl ex
which is resistant to degradation by water (or other Bronsted or Lew s
Aci ds) cawmohkeluersior contai ned in the anion of the secent/setliwation
conpound. Suitable netals include, but can be not limted to, alum num
gold, platinumand the like. Suitable netalloids include, but can be not

limted tiunsiioh MbtalRBEPBIRIUS: ardddit pROuRBE oRRidihK FretdIROSANIZAVE AEEistdla2

met hod of making the ionic catal ysts uses ionizing anionic pre cursors

(Lewi s acvith thetamaa gosps, wed ER-A-Arf 9 e3 T5nimhichl ik persguincatpotased By saftrgacduntits or m
the cati on, and ani on upon ionizing reaction with the netall ocene conpounds,
for exarrpe] e et¥| s(pent af | uorophenyl ) boron acts to abstract an al kyl,

hydride qooe8]l yl Whegante inetayI@hﬁhsamemtdalﬂaﬁ@emna&tsr 0t axathpsd, dietiyZiphghyl)
non- coor di nati ng ani on see EP- A-O 427 697 and EPA- O 520 732, each

of whisch séxlenpétcramethyl cr/ﬁl@errﬁ@rfle%ﬁteﬁyb%ﬂer@i@@cpwuﬂh@phloeﬁ@)r PiGh candh ¢
catal yst §, QL a?o‘fé’ loF1i8)d g %ﬁ@ﬁ%&r&ﬁgt ﬁrfa%r SRAdAY d&b gﬁloﬂﬁ odn By Q3ivdatd Qf, of

the metal centers of?ran t conpounds by ani o C precursors

cont ai ni rigomeat @k} latox¢adtiannyityraypsonadtdlig cohipbutdseswwhi snlitivow ps ,alwe@um
EP- A- O 495 375, which is_ herein incorporated by reference inits entirety
[0068] WiRBdeher Akt r%@[v&waﬂe OREA i R i eo! TOP%%S%%W%@% the *

(met hyl - n@mh)oemkyﬂ Qfﬂﬁml(&éﬁtchgﬁﬁge no%fﬁ' cﬁﬂﬁraeagfbgﬁmfeh(ﬁleraﬂo&% ycoﬂ{cﬂoq]eas

zi rconi um di chl ori de) capabl e of 1onizing abstraction
underlost gmabartal oc ovith thre carddl,tlonh:éwcaaatlﬂgeam@nv epmpdundsarak rheviouad ky E&tA-On500

ti II l.ith
yar i dos S BT ARG e e ”@%‘fﬂ)%%rs“cfavffmébﬁ'n;‘bm Biref BosRedlsdby
descri bi ngfetdiRe i telricAfrdf. P(Lrl%)éhmﬁ YR R SEARAYNESMMUNG dh |B@|nilf§i&i with the
substituted nmetal |l ocene conpounds prior to or with the addition of

act i vat i mgctaltocené priegapisuniasiuction inéo theuerstipn vERCIA-SIN@GODC 9lky! alpmimim © asp0
982 and S%Raliﬁ‘l _ao 6%023V7I§86’1‘ 1 SaCh l(I)lf V\CIhIS Ch %rt] n%e 2}111? %0 I nCe 19&8 a}reeulr-ac}/ fOI‘
reference RO IR & %ety Tor gnspPe arum rﬁ (fn& ™ Jund” c3n be
m xedisw taikytliveonref ahd ag@meocpiid GWlllt Perhdits itk radrdctchmctd Qlie Irnicﬁoﬁ fselsreeaefltlp fhe
vessel. Since the alkyl alumnumis also suitable as a scaveneg its use in

excess ofM¢tRlaccAy P(rmpqﬂgn ds tNsires| Ly aiaxgng wouldaigt b addedoyithytheynaaliesangso ¢he
metal | ocep %Vé‘\fd rerﬁgtgfg efﬁg ggf! #a'nod% Ad8ed Hl?e tﬁqgf ttllreo a&fg §§elm ﬂllg tp%&%nce
nmet al | ocene comrpoun unoxane wou not t e

met al | ocexfeths q;o&snetrrzahl\mndnqm@mhmese&ahg v tbiodn scab'amgea:amdbﬂkﬁdﬂ@adivraem Iy

to the reaction vessel resenc f t he pol yneri zabl e nononers when
servi ng a@umﬁnﬁ‘ééwe%&ff‘ érlﬂ VRYS1E {HGUS%t i vat or. Al unpxanes may al so

ful fidyl 6[0§€¢}V€n91n@19arfyu QQ‘U RAvatbPREDdomddtinli 6pable 8f ﬂﬁyﬁﬁﬁé YIR! @dns|tRndnetal
conmpound capabl e of al kyl'ating the transition netal conplex, such that when

used i n conilexasudnthei wherawsedan combortiomwitheni aggvatat, ahystivd satdlpstriefhrmed.
Co-activators include alumoxanes such as methyl alumoxane, modified alumoxanes such as
modified methyl alumoxane, and aluminum alkyls such trimethyl aluminum, tri-isobutyl
aluminum, triethyl aluminum, and tri-isopropyl aluminum. Co-activators can be typically
25  used in combination with Lewis acid activators and lonic activators when the pre-catalyst is
not a dihydrocarbyl or dihydride complex.
[0070] Known alkylalumoxanes can be additionally suitable as catalyst activators,
particularly for those metallocenes comprising halide ligands. The alumoxane component
useful as catalyst activator typically is an oligomeric aluminum compound represented by the
30 general formula (R-Al-O),, which is a cyclic compound, or R(R-Al-O),AIR,, which is a
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 1 to about 50. Most
preferably, R is methyl and "n" is at least 4, i.e., methylalumoxane (MAOQO). Alumoxanes can

be prepared by various procedures known in the art. For example, an aluminum alkyl can be
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Co-activators include al unoxanes such as nethyl al unoxane, nodified

al unoxanes such as nodified nmethyl alunoxane, and al um num al kyl s such
trimethylwelzarovmors tri-isobutyl alum num triethyl al urCmarspoiansiioo
tri-isopropyl alum num Co-activators can be typically used in combination
with Lewis acid activators and lonic activators when the pre-catalyst is

not a di hydfQGaEPWhtcPHissi PP ;Aan &P BRIaB -so[VeRH B1 it KRPYE cltiit AR SRR L an
be additionally suitable as catal yst activators, particularly for fhose

met al | ocenbis seabnpy hgdmtpdhedppdie silifajasdspendirk imlap oA msgavesohvent tasedldl anas
catal yst activator~typically is an oligoneric al.um numco nd..r epresent ed
R e s L B L e i R

R(R- Al - Oandult of Whte£{iclds aamiktuteaf the dimpasnd cytliv $pdeicgende alunxun®xane
formula Ris a ClL to C al‘k%/l radi cal, for exanple, nethyl, ethyl, propyl,
butyl Sor [A8Fkly| Higyre hdepistsam jllgsteaere sphugien pobenilrstion systery 89, grcarditsis vy,

Ris methyl cﬁf\go "e”é'mﬁédirﬁéntk.e%%ylgne hn one TELIBEL %h&%ﬂ&ﬂf’&% Iffal%@ fodAliY TREaNes
can be prepare y various procedures known in the art. For exanple, an
al um numaaldhy 58 cabnbet mesd reactvdst8h Tiat feed diadmel2ved berfirstrcobhvdr if necgsary Cin a

solvent, or it can be contacted with a hydrated salt, such as hydrate
copper s Frﬁfak‘%ats%B%‘Fﬁ%o& i n&éfh OF fBPT HPYEHCE bl \?}Bﬁt“f Cf“bﬁﬂ?i E’Itrd’g‘é‘%‘Fd fo ?}‘e

al unmoxan : oy i ] I
bt ol L R R e R S L s S S A S L
specil®s dfcat ¢rwhahgem6x dlfhe. onc @@ 7ddre Btayengerd caepmidotstharefickl efspaisins Vet swiyutd on

pol ynmeri zati on.system 100, accprding,to one,or. mare enbodi nents. Et hyl ene
nd” one. GRew0l a Lo omemeRcBinREE TEA B & THREoR Bt R SATT g on kTG <
react or s BavehB&rsfcegde ¥t thhidR@nZiliganRIREinlm! SichGRaligsbbutyl aNBEREHA T Mri-i-HctHl
first heat exchanger 6. One or nore scavengers via line 4 can be introduced

to the pdlyneunzation feed in line 2, before, after, or during cooling of

t he poly pzat i feed,in,heat exchanger 6. The .one or nore .scayengers can
reauce BV oot 0 SRR ka0 Bom el aFetlEaCh RIS BERIERAGR

f eed, 15sUqiungs3 @ Frodide taipddssimized HoRnydrizatiee fded ] Wiich bhl bSintratiiosd t6 6AY 8N@BFS
can be or include an al kyl alum num such as tri-isobutyl alum num or
tri-n- octSfirred tenk reastors DOTDY orpas shsyado puPYife fiPPRENGrsofwiog Yip bif Hdat The
exchanger AL 4081 %grﬁg [ [

pol ymer i égslson gjg)é}%%%%gﬁ&g%gtp eef@]iaﬁ ro 1:13 té%s g%gﬁg&é?’%rq%%sgt’rﬁoﬁgd t ank
react ors [8073jnl y Taoent or sinoers)irtd tgkonchctorsal pal pawperatduini series/ipardlicher k.

The pressuri zed. polynerization feed preferabl. s a pressure of .about
9, 000 kpé{ombl%lpg.t‘*%/reeés]zf%ﬁm@a%% %Pg}r@w fﬂiﬂ?i-rfﬂ dy gontinugut {1gis SETES A Pe
oper ajed rb&bt&e{dfeﬁﬁR)Pa‘i‘ﬁé b&¢ or Mord GATRIAN tQREET @R be Jﬁb?aéé&é%%a%t%caﬁy? an

be a liquid-filled, continuous flow, stirred tank reactor The” one

or nore skieptdor 4 smkll ceagy omsit Squand e opgatc agddorndissdradted afithythe 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 exothermic
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 selected, depending upon the effect of temperature 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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except for a small energy input required to operate agitators associ ated
with the one or nore stirred tank reactors 8. The specific nunber and

conf i gur avpoanioo29sstii rred tank reactors 8 can be based, a&CTiusasmw/oBnopart, on
the grade of polyner that is desired to be produced. [0074] The reactors
can be cool ed by reactor jackets or cooling coils, autorefrigeration,

prechi | | ggofseds walenGRMY Madc s o rddbior,t0ER1Y erARSAURssRSuIBERE cRiccd R
exot herm c pol ynerization reaction. Autorefrigerated reactor coolin

requi r es o aprdeenihe concaatiphpoel pHalyst inrthe keeonéd aeactr is Mg Hivaant ¢o make ther s
with prechidddolseds cannbs B slersa Rl hrhiiepo! WIEkde 8l on. exogher m
i s absor bed b pB it 59 rpgf & terrpergf’surg PTee of tHE p%l ymcér?ziehgpq I &Lﬁ &
[0075] ReRredr@inddedynae dttdilof the sehB6t Setend cpgRaény aupple theorbf 86t reattor in
tenperature on catal yst deactivation rate and pol yner properties and/or

ext ent of? ¥Higd ek Oﬁ@rateeqtiaowact%ﬁeﬂﬁ@&turmf%ﬁébwméé@ abewt, 170t C; ar fgemiabant e

to operatgo 119Ro Sanels B i usi | at L,vel
concent rajtbe tt%%ﬁg}lr#elr%scgloktl ong.&{%(@é}aﬁ{/\ﬁ@n l}gﬁ% %?%at{lg’aﬁaé&hog t%%l 813[a81rr ?S
gener al | yah éopenaiboue 90€houbdutnbi)° € xareradrctpiefepbdiynfromtabadii 1E0°E keabout 170°C

o e THIR o SRS N S ond S APl SR
t enper at URitjoRaCRb&bMnfilrre iR P8 &oks 40f bt i el alytddim¥at &h dd160°C

general, a single reactor or first Teactor in a series wll operate at a
reactlor tiempetheatam@dimenh alotft-1200C ih gyebbwtiter ¢éMDOGmMent. f r om about 2CQ0C to

about 17 or from about 400G to abqut 1700C. Preferably, reaction

Fenper at JPEYIcan REETRATFIIS S JSETEES THBE T oBEheg Y SYUFRr P S6T52 r om
about 100Q%etd:Q, AW als{RACrQktol 0P BAART WL se B0 dtors b R tesl @ACactdViiBssURl NG
one or nore additional reactors, the additional reactor tenperature wll
vary frormf4es 1ise0@0i nousdeparsyueic amolt (psin artess thansBO@si ar lprothhe A0@ ntioel leemt |
and 60- 1200Csh 0 oYetp SROKRCTLOROTLIEAL 1, £OR0TLRERAELIARCRLESTHNE Syt 400
determ ne I]by Re detal 1°s”°of *T el cat'al yst sys i O geﬁé)r ar reacrors,
whet hgr gs§ioadioen higae 200 poir toedott IF0 @i s@rft@s abdut3WBGIsDIoSabodP8T PSS Rahges
reactor pressure of |ess than 600 pounds per. square inch (Bsi), or less
t han 500 fpan apy of dededited dowerolinis to ay qf dhgreehethumey ligdts cappe patamplated by
react or i8S qfr: i re to about 400 psi, or
from aboﬁ%g%gﬁtggsl&td 8)\5 a o%%gé%@%@?B%r%’ft?g%&nqlgggﬁ't 300 psi to about 375
psi. Rand@878|r ommthe @fsc olfidess escdbie dathlgpy cdtalpstt mntabscaby faf tot hacdoadireador

upper limts can pe contenplated by the inventors and within the scope  of
the presehic éﬁf%ﬁkeﬁmce{gg@m] TepOsHE CHED ptm@éée@%ﬁuéesc%gﬁey hatved,

cat al st LaftudrBOroP Serfc %p&;atié‘n SEEPILE QAR P ISR EB@M&%&@mBEﬁﬁﬁéﬁoyu S€es

reactors in series. Optinal tenperatures can be achi éved, particularlyfor
seri es opsmgt borcywlopbntpdiogylessilys| yysianesr earghinggp bhipmen i asathicotransgmpe nectalr e,
by 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 reactors 8. The one or more activators and
30 metallocene 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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usi ng bi s-cycl opent adi enyl catal yst systens containing hafniumas the
transition netal, especially those having a coval ent, single atom bridge
coupl i ng wbeotov9rsycl opent adi enyl rings. [0079] Parti culpar/use@oisrioo
configurations and processes suitable for use in the processes described
herein can be found in nore detail in U S. Patent Application Serial No.
09/ 260, 783 fiGFHENRS] the Trol RAMBWcidIR-of T3Sy 99808y MY ek 1200 AL stirdRd
U.S. Patent Application Serial No. 60/243,192, filed Cct. 25, 2000. [0080]
Still refteplyicagors®.-Figure 1, one or nore activators and netal | ocene

cat al yst ba | i 5 can. he j.ntroduced tao.t sti.rred tank reactaors 8.
one ot gt B8ce i Ths BrGRRn S iPLFRELERE VI 0P hER0e b e BRANE, St et
i nt r oducegldt@rdadRd shordonegs. t aﬁ&p&?ﬁﬁf edreiration Eepapallmel kdl@sor filineS hovd) .
Hydrogen via |line 7 can optionally be introduced to the one or nore of the
stirred tamge Tremetlovofabouty wiidi atioyh4 046 %e onabatt Piwige tonehighiof about Dari’ent 0

t enper at it Dok h ' - t n
ey oducad ity 17 By TR Rble Bl Bt AEKoh SR R Som BV IORRY
t he pol ymboutr Ecox¥%r ethevibadarce o tclpdlymeor kdiatiat canr edcdmpdscd efsbdlocs, BissdlQi81]

The pol yner solution recovered via ljne 11 can.include pol r pr.oduct,
sol vent, TH‘NH)U&FrW’eCzQ&Oé‘B%&ﬁ@g’é? ﬁ*ﬁéfeﬁroﬁl%’é@%ﬁ%erﬁ P&’tfg %nffEV S BeTaPRer

sol ution dl&eltaréfsra%ﬂyia{éx AN AL AN QR inARRUL 3 W% about 4 wt% or
about 5 W% to a hi'gh of about 9 W% 10 wt% or 12 wt % For exanple, the
pol yn®r do88Hnt r At ¢atrly st apaatiyniye of 'amled duter.8 eyt atas, abdine 19 Tamb&antiDideced

bal ance of .t he pol r..sol yti n be. c osed of solvent, dissol ved.
monomer s © oo Eter Sty aitisel oo FuE? SBRES ed it EiEhteng pBR Gief geyion

sol vent 'r%aéﬂi%ﬁ&ﬂ%roﬁ@é Q Ay RBWatRORXNE(dcBctharan®lutih). MPHeUd@8stivated

t hereof. [0082] catal yst deactivator or "catalyst killer," e.g. water,

vi a |ine stbitioarrapéciintreawad éel 2tsecandehagbbyahengas dl2umiherein fhel dagetivieted Sohetion
catal yst deactiyvatgor,can,termnate.the I rization reaction to provide a
catal yot AIREHYRLELERR I R adir RV I he ks Relt RESEA S0 Gr R

sol utison sgdnionel hedtingduaed ateitidnsenaitidgheat bexahiarder prb2idedhe &i nhitdeheat
deactivated solution can be indirectly heated to provide a first heated

sol ut i on.cxphangpel¢. The hegdrangfes magdiyme san beor itsdudeadsant.divhoilnbeft Wigr os#th
addi tion J i.ndirectl i [1&: i qer
6. The nihd SEralld EANASCE AR, PhoRfhoRe WiRidh, oPeher (RS BHCRARAE. .,
any ot herthsws¢doathlheatbéadlutivmrsi be imeddiuaed tolTthe firstr spadaeatidd whoteuit iisgpacuted

after suhsequent heating, the second heated sol ution can be jntroduced to
the Tirstn@apBRXTEF o4 ,p%e\%?e}i@m r_tehaﬁfg Lo HPRYMChigh B i Pl S
" earbophal%‘?"Th%qlp@&dorgeﬁ%%g@QO EALE: BRAE kel RiaP tHeiRa G RRBIAb R0k 4ia (TRE

upper or |ean phase 20 can be used to indirectly heat the deactivated
sol ut i on Mimidritmentering the separator 14. A pressure reduction device 18 can be used to facilitate

The

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 line 25 can be introduced to the surge tank 26. The
30  stripping medium can include, but is not limited to, ethylene or propylene. 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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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 | ean wbasw/22015¢an be i ntroduced to a surge tank 26 wCa/uszoe/02ii190 The
surge tank 26 can be adapted to strip hydrogen that may be contained in the
| ean phase to provide a hydrogen | ean solvent via line 43 and a vapor via

line 44. Jlhephydroden dxerihesPb¥edh dbh td RRIrfSC RAn GBRLAL NThe 3 didpan 1ahkout
3 W % hydrogen, |ess than about 1 wt% hydrogen, |ess than abouf 0.5 wt %

hydr ogen,solvegsint linertJatrauie @nmbipgdsy il dritagk solvpooad ] manvenes untgeducedkiadgecdn be
any vessel sui.tapl e, for, stripping or ot W se renovi ng hydrogen.. ‘A

27 ppi g RERif s g P BhRoR, B SR Tl R MG i eanae,
stri ppi ngnfigdlicodnts arricn 8L UdBe dpigf 32 Sam @dmdviendtti@dt & PortRInHf MRamdsacRUoPtEENE.
An illustrative surge tank 26 suitable for the polynerization system 100

can bé oriscégs dess estplyaigkiiler, presentpt batfrodd . fegl gBlingdh. o obgsyisTRESe s FEen
| | - GES e . ot !
wherein tHBUpL B b Bfardes bRy B8yl BRI b b W Fbol AR ot

For exanplietroddeed hzdincex whtha gacto?s s cnAtbalght e shywdi, dg enc beanrsahb@tiinentihe

hydrogen | ean solvent in |line .43 can be conbined with a fresh so|vent and
nononer ith% E&@fag%le% selve &iasling 4 ek 1&30@%@3&%% QigMers SyAge t f“ng%?a,n and

ot her co : i : i i ced to a drier 32. The
drier 32qggE%?%ﬁg%g&gg%ﬁggggﬂgn6@?#?gﬁﬁg%n§§;&%%?gggted wat er used as the

cat al st [R0%6]er , The esport viadinghe ¢anelsth irfteddcddntol 4 nelE0druor 39 oh er fmciengras ent
as an inpurity in.the hydrqgen, | ean,sol vent to provide at. |east a portion
of the paPyHenfzalicoRREdl T FbaULEE RFSIn@ Bopsr o ibies Eaparfal sFor

Al t hough ReipRhQ¥htild MoRBBCcRI sulRRE BRaR IRNpBpylehe vIY BRO8S R ah @RSVt
via line 43 can be introduced to one ‘'or nore storage tanks that can

facilit atfeorn ibenaparyindingt 4‘oviavi s¢viond tshparpior Yirer Theatccovered, sroaameoand] @bes]
The vapor_via lLine 44 can introduced tg. a.refl drum 39 of a
ract onaerisinpf S G RcRE bt Saslit 96 3L She 8% H4MeRefuedapie. sons

val uail e adgaBRgHases, wh %gtRigen cuObadispRecdoNGARMS 132C Mhasegtloy hememznd
propylene via line 63 can be recovered fromthe vapor in line 44 via a

second sepdrethgr canponeps indedissda themeresr @nkh 7@ vener 6drpehentcpaaid yul
Do red o conp
recycl e rreg)ovte&% with ?[{%slh?ﬁ%éqﬁ%{ d@oléiénlf' glaQ%leb?%?cg‘%ggggd" g?%! th QFA Sne ?.rlgl.ore'l'he

noncondensi ng gases rogen can via |1 ne
recycl ed manas8@rsitlathd potyherizedsrpfenét s i ntroduced to the surge tank 26 via

line 63 ¢ e separated and recovered with the hydrogen | ean sol vent via
line 43 a[ﬁﬁf*ﬁecy éds ﬁje‘t RETED Pl TEREOT ABA ey S4ITOPE SHIRA { K HEactor §

pol yrRr i Zatah OB Gside hO@BJIdent TadlyRtN G stensd IVahifk LadintsedChRiro @Ry i B2
series of strrred tan% reactor 8
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 8 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 lean 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 §; thereby
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arrangenments using netall ocene catal ysts systens, varying anmounts of

hydr ogen nay be produced by beta-hydride abstraction, even when no hydrogen
via |line woizsiovmpeset ed into the stirred tank reactor(s) P8T/USh@omasaant of
hydr ogen produced within the one or nore stirred tank reactors 8 can vary
with the particular netall ocene catal yst(s) selected. The nol ecul ar wei ght

reduci ng wbiRaghind rrﬁ&l%&;l&ra{ﬂze%ﬂ’t/%is%bdtﬁﬁ $¥04 YOBmE Arb@itt. @t d:x@R$IOE G | Ng
within the one or nore stirred tank reactors 8 ‘can be accounted for by an

appr opr i acecterel,decdtahupstreameremiar yeedlly ankngadassconrd Baotpe Bacimipvecenhedragar e,
A subst anti al unt of. hydrogen, ei,ther ,introduced,\Vi Line, 7, orn. produced
i i e o i BIBN btk WRHE BrovBll BEaldleh JEHETEa iheld Rirlac X RRARC

pol ymer semuink®hin tiRCRY¢eEled AdaidnanexttdheoShypdicfen EAbChdigdttbah@aownstreai
hydr ogen recycled via the hydrogen | ean solvent in |line 43 can be
advantagesor ovig dingi7tto @6}% wByfrogan ontenhphevehawhidi wheldirgaainahbrediogdy om
the poly | i . ct g i . r e. [0088] In tw or nore
serialIyWE%?g%%g§8§§$?%é%aﬁgﬁﬁg%ggggg?é?@?1gﬁéggbiIity to renove hydrogen
can be inpogsied, Avtsucth suficivitdemonsl dfithe dad@gtin ron tiecich@aphaveiighinesI ¢dn i n
pol ymer prodycts produced in the serially arranged stirred tank reactors 8;
t her ebybriBaY ﬁ?;i’ég‘ieﬁ%swnééﬁ‘? et GRyYe 2y %E%?%@ttgﬁ HANSF %%P%P%P%ﬁ%‘t :
For exampjg &nfﬂerﬁBdﬁ@cﬁ%iﬁﬁn fhe bOCHE RRdrd BBt LARK fréé&%ﬂrﬁ 88 eifvd]fiﬁjéihb{t mgg{oggggﬂ

second reactor 8, can have a hydrogen content bel ow t
prevaiol , hykrdpedrfoge nhe drertaed ibyind &/ aalsry deindes thk isalentan of artwpedeneangenoft he

l e. Addjtional h d to the d
Feantor gNoGenn gt G0 de RSP0 dEn teBREEniTHtve 't RaVHIR, EHRBTN o
remai n i fthiyigh dg@Mydr@B ARt Y BritAe cablyBisN@hliafitVed thet fredcBBBbN hidrok&iLin

recycle. [0089] As such, sufficient renmdval of the hydrogen fromthe |ean
phase i n th¢ pelymprigaiionprisititde a process system 100 that enabl es an increase

inther of Bippdal compositiqns that can rodyced within,the ope or
e oy AGI0L RERRAR oSSRO R bellfiol RER pERR DEORLAEUTR Sl Tt IR L0 0

phaseisi N ghase2? ¢ardbs tntRriubed ® 4 fdrdset Hohi@ossafc" dcpirade 88 widelgear0provide an
net al | ocene catal yst systens regardl ess of the catalyst's tendency to
gener at e HPRRBGEFOVRROUhmBBeECTRNSFhcge véd lipg Aatene § 1Bprereacetaigdyrglyger or
sensitivi h r ' I i j ' .
[0000] | RePLoPS A" arE S RRREY Sl A R EHR Ao SATHOR YIRS ST EAER: M in,,
14; the rthewapdragles@2tocthn feetiomdtiondtooed 360 Ehd fdactibrmatiot ltowerpd € s rdéstill or

separator 33 which can provide an eyaporated so]vent an noner er head
via |ine %BeTaHE %?%Yayc%%%ﬁ’?ta_r Eg%tqfvrﬁgwn@wwe &t % sRoatl Yﬁeﬁﬁﬁgﬁ&fl téed
sol vent  a{adyyRASR! YR bdttdind gig‘%in%%z? afp DB s POHCEA ind i REnHARLY

phase, to the fractionation tower The fractronation tower 36 can

di still ownch 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%, less than about 0.1 wt%, less than about 0.05 wt%, or less than about 0.01
30 wt%. As such, the volatile monomers such as ethylene 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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ot herw se sel ectively separate a light fraction recovered as an over head
via line 5 1 and a heavy fraction recovered as bottons via |ine 52. The
| i ght frawoi2om/ars1i ncl ude nononers, such as et hyl ene amdTSeqploarne) whi ch
can be recycled via line 53 to the surge tank 26. The nononers and ot her
pol ymeri zati on feed conponents can be separated within the surge tank 26

and recovgpey W i ohBeorhdiOdaiboliBadhtsS O et pUng 58 N@n 4% ubQPW lcohteyoag or
nore enbodi nents, any diene in the evaporated sol vent and nononmer over head

can be i roneahtieted nAlEmEil Aé @5 vecuuhe dévadatlizowgaextonlet onenixgs40.A Bisbwecanmi al

portion q ny..di ene esgent_1n the evaporated sol vent. a noner_overhead
P i ne 3ivBliighe AEeRlrEaE fh, vt Ry BREG A Sol R R B AT MR AP Bl 6RLA T o
tower 36.caAbeeeverddRea anial. dfhediapoepiaice sRMine It &inrbet figifRd, eotRlenrddand
recovered fromthe fractionation tower 36 can be | ess than about 1 wt %

| ess tharhemredeced tottppuridisatiarmiawenddut 0. 05 w % or | ess than about 0.01
W% As th i ) .
ﬁ“@?‘%{ 3 ;i;}elé/ ggﬁ?&a{tﬁ)nqﬁ&&r@(ﬁ SaP YR r@c%vglf Mgﬁq%&lggeﬂﬁ%@{oﬁp\ébﬁ%n& any

recover e romthe second separ at or ean 1 n
The | ow atienentudhf aditien &N rcoalonoiet adfoe caveaeed compnomers vianlihé rid &38nt chdbe

recycled to. the surge_tank 26 w thout concern for crqsscontam nation
pab* T 4

bet ween dIUf SR 0P FOP grlaiestcr-lpamanamepy Bdifted 8¢ Fced to
pol ymeri za| '09@10?&’%55{;& +09.108950. JiflciPBe B 5180l For QAP . fhe GRES aiRHEP 38

can be used to conv the concentrated polyner 34 to a vacuum
devol @t i ldcxinag extonoder, @therseperated or Tpetheaman fadetatsl Erodidt tiangjtienst batrelean 40

can provi a separ at gd .vapor via Line 4 1 and .a polyner .nmelt can be
FeCover ed PTG RRRAY it & dHaPThale Bl Bapomsts Ml ERARE rveio
condensedecARe; $MBOvAIDABIOdHEBEed Borhbyorissi fication tower 50. [0093] The
purification tower 50 can al so recover internediate fractions containing

any di end08%h adhe helyENBretreryrisd vaneautint 43 droanthe vagwmp dovedstilizing ¢xtmdes4

fromthe purification . t.ower 50 The ENB apd/ oct ene- 1..conno via_ line
54 can beld P RLERR g 4R oy BolntBrRBE 6 o 08 RGN Bler 2 erd,
stored fagashéd &iid $8@. dridddhiangashbigdriziBl @ivdhrovide RS sditabOnTn ®aBsing 6f bilalg
separately or together, can facilitate product transitions between

di fferentVipPulidl- fanmilies, e.g. EP(D)M and EO pl astonmers, while stil
enabl i ng (gyentual recovery of the valuable unreacted conononers. [0094] The
pol ymer recovered via outlet 42 fromthe vacuum devol atili zing
extruder [8095jan Mhee pethlykinkdaskd ncopolymnader wat ebe pakdfelt | Zer rhd6logd e anadiflying
water chilled in a chiller 47, and wa heg,and spun.dried in a m%sher/d

) yer
48 to pr FOPHESIHENT efccosdinglypethylens-bissg HOhENS COBAPIHRNS AR b eedin %ﬁd@é@s

20 to modify rheology in hydrocarbon compositions, such as lubricating oils. Alternatively,
cthylene-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., ethylene 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, ¢.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 are
provided:

1. An extruded, copolymer pellet composition, comprising:
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[ 0095] The et hyl ene-based copol yners can be useful as rheol ogy nodifying
conposi tions. Accordingly, ethylene-based pol ynmer conpositions can be used
i ndependamol2zgioriaorsndi fy rheol ogy i n hydrocarbon conposi PCons201908H9@s

| ubricating oils. Alternatively, ethylene-based copolynmers can be conbi ned
w th conventional additives to nodify the rheol ogy of hydrocarbon

COWPOSi tions. a'n! étHﬁlEﬁéi%ﬁ't@ntQﬁf%ﬁﬁ uoRab, addbddt \%SW{%CanﬁcheplQ)bﬁfeh@ Rasesk of
additives, or mneral based additives, each of which is know to those

skill ed iabouthé0awts tp o8] 6Thwt’et hydednen ieisleweuabp sifythe raopelymesl whetsen thsef ul
as bl end COW@%@%H&& in conventional polyner conpositions, e.g., ethylene
honnpolyﬁ@?% or” copol yners, or propyl ene honopol yners or copolyners, and in

t her nopl asti ¢ vul canvFRt@30(C/TRYkY) offusiahdsut 3501gh 0ehinyd ebart hased @apol yner s
can be useful as additives or primary conponents in nolded articles,
extrudates, filns, @MYVD (MvaWH O pheit 26 of lesspgiden and nonwoven fabri cs,

adhesi ves, and con%ﬁnk%%ﬂﬁ%kghgﬁhg?%&:gpﬁ%%&ﬁg'ﬁngsc[0097] Furt her

enbodi ments of conpositions an ods maki‘ng the sane are provided:
1. An ext2. udedlheqmilof ofienbodéhtmet], eboposihicipetict lmeapeigh rgdiameet tlogheéD) of
cont ent 8; about 40 g%%)to about 50 wt % and a propyl ene content of about 50
W% to aderm 2RetRkote abqueliZon total wei ght of the copol ymer, wherein the

copol ymrs.haS:T@(W Ncl(qf?eﬁﬁgdﬁn&@ 1k@h %eﬁei@%@m&gla§a9iag{&é} 0@%1 ot 3 PRAHE: 25

g/10 mn; a MAD ) of about 2.3 or less, and no neasurable nelting
peak,loas me@sured by DSC. 2. The pellet of enbodinent 1, wherein the pellet

has a length tQq di ter ratio (L/ of fromagbout 0.8 t out 1.2. 3., The
nat ot orfempoterniFa el Ghdaithe Belist BET Btk St Bnod APBIN of iiiedlic 3o
MM Or DT length 1J BRMREN ko @IDEbRIM hboWES & dbouhe2pel | et has a di aneter of

about 3.0 nmmor nore and a length to dianmeter ratio (L/D) of from about 0.8

to about 5. 2. Bic peiet gfednyeaf cotbodngenss | dnbuothcreemprising dust ym e emogeingfrabeiting
dust in Ny aMpun Epfzgg Bﬁuﬂﬁﬂ)éﬁﬁ%’?Eel% Sp based on total weight of the
pellet. 6. ?ﬁé pé?Fé? of “any of emdodients 1-5, further conpri sing

et hylsne a/i ny|THCpélRt &f (YA EMbEMinRABUNS, Glirtiah cisimplisthenethyehe vags , acbaged
on total weight of the copolyner. 7. The pellet of any of enbodi nents 1-6,

wher ei n (K AVARap dmappirf .OWy]g() oA hese Pagerben Lo vpigt b theigepolymer.

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

20 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%.

25 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:

30 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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8. The pellet of any of enbodinents 1-6, wherein the MFR is about 5.0 g/ 10
mn to about 10 g/10 mn. 9. The pellet of any of enbodi nents 1-6, wherein
t he MFR iwoabmu931i8 g/ 10 mn to about 7.8 g/ 10 m n. 10PCThis2@eloBEbo of any
of enbodi ments 1-9, wherein the ethylene content is about 43 w%to about
50 wt% 11. The pellet of any of enbodinments 1-9, wherein the ethylene

content is abqutid3tHatpd1sow AP abdut 49 Wiktor 1ds difieraed bR tot@f waiBMt &fthe pellet,
enbodi ments 1-9, erein the ethylene content is about 46 w%to about 50

wt % 13. whareintloddvséad nellkivg: a copol yner pel l et, conprising: pelletizing a

copol ymer conprisin 2. 16, kqg). . of. f+om,about 3. / mnto
about 25 g/ 10 mn; WW@&%@? Og%%rgtab%@‘oigﬂpenélgg{o 3@0&9%@‘% asurabl e

mel ting peak, as neasiwBdMwy/MISGS absutRrooi1de; atd | east one pell et having a
di anmeter of about 3.0 mmor nore and a length to dianmeter ratio (L/D) of
from &bout 0.8 to disoueasurable melagpeakags mresusd 1ePSGi t h about 1.0 wt % or

| ess dust,, ba i: f . F e dusted pell et
has: a I\/Fllé'(23@%@&%8{28‘%m%§d@%&1%égou%r g%@%”%%ﬁtgeg gelﬁ't 10 g/ 10 mn;
a MAD ( MW/3Vvh) Tife mbthod oR cdibodinlcas $3 oand, fuethoreasuralidgeduselit amgmpe@kof ddsut
measured by DSC. 14. The nethod.of odi nent 13, further conprising
baggi ng t%%wﬁglqré?s.s’ %?f%@t%%ﬁog%éﬁh%i ment 13 or 14, further
conpri si ng dusfnd fe@hd BIRMNbF hts 0381 MYy Sisi ihQt

wei ght of gSt he pee: I eet Sd?G.wﬁe&%ﬁgﬁ tgf 3an93/7vt gf%r?tlgo I #élgtaeiﬁg%@rlkg,ﬁf%r&taﬁer
conpriiosi M Vet)hy ke amountrpflabawtelt. &g o(EVAp, banedaon totad ovetighd fof dsaepolyn@rwt % or

o5y DI St oL A0 SOPPLMTEL BT B8 A0,
mn. 18. JbBer rey/hechief any of enbodi ments 13-16, wherein the MFR is about
5.8 g/10 min to about 7.8 g/10 mn. 19. The nmethod of any of enbodinents
13- 18, whiér ei nlhehactbohof ameofcumhagiments 13 6uwhasinighoMIR soaheut 48§ ait Omin®.
The net hod of, any (of . embodi ments 13-18, wherein the ethylene content is
about 43 WPYh t ggabou]t 46 W %
15 19.  The method of any of embodiments 13-18, wherein the ethylene 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 embodiments 13-18, wherein the ethylene 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 more and a length to diameter ratio (L/D) of from about 0.8 to about 1.2; and
30 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;
a MWD (Mw/Mn) of about 2.3 or less; and

no measurable melting peak, as measured by DSC.
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21. The nethod of any of enbodi ments 13-18, wherein the ethylene content is
about 46 wt%to about 50 wt% 22. A nethod for nmaking a copol yner pellet,
conpri si nyO 2polpeesni zi ng et hyl ene and propyl ene in the predsace/ 0sf19a

catal yst conposition at conditions sufficient to produce an ethyl ene

- propyl ene copol yner conprising an ethylene content of about 40 W% to

about 50 2t % ayut Ao SRS EARENT, WherdROUE e@@lé’ﬁe%&tf?erﬁtlﬁ)‘%oﬁo%’%{% Rased
on total weight of the copolyner, wherei n the cat al yst conposition
conpr i segbout 50 wt%.

G (ot oyt o RGN LG oL AP S o bR 1 oo

t et r aki s(qpent 48 Wiyer ophenyl ) borate; pelletizing the copolynmer to provide at
| east one pellet havi ng a dianeter of about 3.0 mmor nore and a length to
di ameter Fat i olfel m@;w%p #EOPh ERRAGEmentg 2234 anBereinitho MER i aheyt 8¢/ %%@llpt@l | et
wi th abouf, Ogtﬁgglg) | ess dust, based on total weight of the pellet,
wherein t e dus ellet has: a MFR (230C/ 2. 16 kg) of from about 3.0 g/ 10
mn to alfwut JA)ngz(tﬂﬁied;d@po@nM\@el(ldebMp)>siﬁén anbmptisiagB or less; and no
measurabl e neltin DSC. 2 met hod of . embodi men

k
22, wherein tH& @?ﬂ?ﬁ%ﬁ@tgﬁrﬁ? 58 a’ﬁc{nfo a‘zOWS%WaaﬁeLﬁ Pigpy\FpgcoBigNt

nmet hod of i t vvt %
i o e ot e e e e s 5

MFR i19 ahlopolybie8hgy:10 min to about 7.8 g/ 10 min. 26. An extruded, copol yner
pell et conposition, ¢ Lsdng:. an e | epe cont ent 40 wt % to
about 50 wt % and a%%é@ggéﬁ?&?ft%%mﬁgﬁﬁ% @@@f@ %a[?\%’géé gglc?%% based
on total weight of NGVOIREI/MBlof WARNE & lbeasPpol ymer has: a MFR

(230C/ 2. 16 kg) of fromabout 3.0 g/10 mn to about 25 g/10 mn; aM/\D

(Mv Mh) of about 2.1® measpabls melfidg ﬁ@nmmgs gighsurekby Dﬁ transiti on
s oo . OSGe Rlp TERRGEh A FIRELTPE MUGHE D AR5 15 °
pel | ets ofofdra@abd® I8 td@bout 127, wherein the pell et has a di aneter of about
3.0 mm Or2 r.mr eThe 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 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.
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 ethylene 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 used to activate di(p-
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29. The pellet of enbodi ment 26, wherein the pellet has a dianeter of about
3.0 mMmor nore and a length to dianeter ratio (IVD) of fromabout 0.8 to
about 1. 2voBXANMRRES [ 0098] The foregoi ng di scussi on canPog/usaemlarioo
described with reference to the following non-limting exanples. N neteen

i nventive exanpl es (Exanples 1-19) and three conparative exanpl es

( Conpar atth&t%yﬁﬂ?l%ﬁér%ﬁ)nle‘t@nyﬁ(c%rc%@Nth@l%ﬂylﬁad’ SUBRBtARGLERoM| N Tabfgiudh:
The inventive exanpl'es are produced as | ows. Thé conparative exanpl es
correspordimethé?kpectlvely, to Exarrpl es 6 7 and 8 of U S Pat ent No.

h f
o mthess Jaatdir® rnd A RO R L R b f o Bo Lt BB Syt b LFomatirtt  on

was per f gjolgfleriZatis® byl'fatidmon u$ lwiag:r hed ana @Soﬁtlﬁ@éd\/ €t by lrBmbli@g tieabilRIof the
pol yneri zation was perforned at a tenperature of 145C, an overall pressure

of 20 5bar Wrt%toarwﬂ@ﬁéowtrpﬁeémlfu@ﬁ@ amééhie%}t #Epping theromginsier aﬁﬁlezokf@%r
rohteve theyidas {ohb RUR0 AL ORARAN A CIREL UG FATRREE |

was added:oa@osmed eonthinirgnossthsn Q{vaa% oﬂ/ml\temt ared othen volithes. tﬁregﬁblten polymer

pol ymeri zation tenperature. As the catal yst system N5Ndine ani |l ini

t et r aki s("b%‘rff anEWér?yﬁél)lglﬁéPWee%eh%ﬂle?tSSé‘bf‘|g9%lft1é“mp Ifn%/ Ymer melt"

di (ptri etmgl ik g%lgh%win)mfa@l%&(&n%&p% fiih et (Al ik &ikm é%‘ér)ﬁ!ré bior e
n-9-yl)] hafniu i met hyl 00101]" The copol ynmer solution ermerqgi fromthe
reactior wsutsi‘épped: pqummf zuﬂbWeratemod yln:edlamattelr mthlayroalddl ipelilas waoth awhareetelaoiﬁj

then devolatilize st b t he .hexape vi de a
concentr 2bat STt B e b BEpaSidg T weeiaen orhe pEIEY PGB,
in an hydrs?uls dﬁ@dﬂ ddohbé%@% VlﬂaSﬂﬂm @ddﬂyﬁag %bhwyéfsnﬁ auauster 9Rd A8stb® wRthAbbH€0.8%
nmol t en mer conposition containing less than 0.5 w % of sol vent and

ot her vol(ath 0.8%0) hmevqmtt@ﬁwa@cﬂﬂy}ﬁ@rre way| @p@eﬂ@acg@éb’m@ dgvA @Sﬁglaedsﬁlﬁéw

ext ruder ganne ted .t s .t hen z d in
an under w8 Veyea &P | etfa?m 15% Ad quF(Pn nﬂfm%%avl}y acetatteierrper Eﬁ\?}éag
about;s5 Cﬁausetnrwzeﬁa%hmfd@sﬁz& oy2nat ) ard dhge di quieh@izes QertdiAthafaiinds Bekiet S
with a dianeter about 3 nm (+/- 0.3 mm and an L/D of about 1 (+/- 0.2)
wer e obt giohgucrs Prasluped. | et s were spun dried, conveyed via fluid bed drying
conveyors to a duster and dusted with aEPLit 0.5% (+/- 0.29% by weight of an
et hyl ene vinyl acetate copol yner (EVAa $ and further conveyed to a

bal i ng uni t.Exhh@leEVA JOER CORthgiened 1410 Vi nleWaC(‘tMH(BRI)anMWYME E\fn dast
had an average partic| g%t zle Eft%24 |- (BBDNM ) e | Ll(goidrar i zes ¢er DACH
paraneters of the pol ymeins [produced. (g/mole) | (g/mole) Sﬁcon)d
eat
Inventive 1 6.8 44.0 42,301 93,983 163,626 2.22 none
Inventive 2 6.5 44.2 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 96,068 166,375 221 none
Inventive 10 6.2 45.4 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
Inventive 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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Tabl e 1:[00102] Unless stated otherwi se, the follow ng anal ysis techni ques
apply to the characterization properties of Table 1. [00103] Melt Fl ow Rate
(MFR) of wbeopol2grser s was nmeasured according to ASTM D1P83/usb0ia®80@) w th a
2.16 kg load. [00104] The ethyl ene content of ethyl ene/propyl ene copol yners
was determ ned using FTIR according to the follow ng technique. A thin
honpgeneqygg1d2 IL' MURfesPOLHIRBT othRFESS € thdl foflot RIFP @naflyuik € t@hni %IQ&UtapéBED tQCthéNaS
mounted on a Perkin El ner Spectrum 2000 infrared Spectrophot onet e A full
spect r umdbpragcteszatimmirepdriienmelBdlecn 1 to 4000 cm 1 was recorded and the area

bang ot " 9BERRY G FBRR AL capR} e Rala RS b S efhiS (g (FASTRRERR, |

range foraﬂzb@(nmlh]ydgmekgml@ ng band is nomnally from695 cm1l to the
m ni nrum between 745 and 775 cm 1. For the pol ypropyl ene band t he baseline
and i ft eg{m%n T hp géhvilencnenitend) afycthylgns/nrposicnd condigmerh was Tieraingy| usig

L i i Sl S R S S A A Mo S

the ratia tefmﬁefﬁturarcﬁfaa‘tfoﬂt 15GeCpeak rabumedlﬂ:ﬁfa Benkin Etmérh®partram DOON herapeiak

at -732 cm 1. [00105 cuI ar WEI ht - aver age ecular wei ght
M, nunbe“Pe%WJé’E“a@Ql hsrp%vram g“nvpﬁ?]gmﬁb Weem arto %é‘bﬁflld‘faétf?‘iog@ﬁq on,
Mv/ M or MHBe yRh %n&‘&tt B g?o@g\%né'%hﬁlgata%'%g famﬁeama%@aféa%n%ztﬁ léﬂ% QA at
Chr omat ogr aph ( elther fr ters Corporation or Polyner torle

equi pped 32 lema' i thé epestriinavencehicatutddy ellicriveslingahiegtation (rz[‘@e)fpr tha rnmlhylcm

I ht tt LS t det t
descri bedoBarb R PTG WP hEdar d B HE 5 Eah Bodvad > & germe
descr i begylypropylensUtind fthe Bis@fho afd inRordedanasae RMAmMMY (3Aa995 €Y 1126 cm™
Macr onol ecul es,” Vol . 34, Nunber 19, 6812-682 2001) . [00106] Three

Pol yrer LEtscatlalene C@gteptg@m‘yiwamlmlﬁ@dawqr@marﬁm ofellewingeduatine nomi nal
flowrate was 0.5 cnB

The various transfer qté g Cg’%g’if:ﬁ’r‘]é &Oﬁ}%&}% e%%ﬁ%ﬁqﬁ\@pg/@o\/\n@fefoot% DRI
det ector) “’er%l?e?QB@Ari@gAanl)ad’ﬁdovsso Sl a%ﬂﬁgar% A ﬁgﬁ%&lﬁ 5%238%% fl% gthe

SEC exper| ment’ was rams of r oxy

t ol uene wemfta@peakmdam cinrl, 4 liters of AI dr| ch reagent grade 1, 2, 4
trichl orobenzene]\éﬂll The TCB mixture was then filtered through a 0.7 mm
gl ass prd9910 er Makeruddin seiphénfwgehirstig anadectlamveightoMei IuETer-FyaageCc

T R R
t he desi rusthgandightTenipeTdiB,e SitveBxdiesadn Ghromatograph (either from Waters Corporation or
20  Polymer Laboratories), equipped with a differential refractive index detector (DRI), an online
light scattering (LS) 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 rate was 0.5 cm’ /min, and the nominal injection volume was 300 pulL.. 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 prepared 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 mixture 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 quantities were
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the m xture at 1600C with continuous agitation for about 2 hours. All
quantities wereneasured gravinetrically. The TCB densities used to express
t he pol yrwo 20onicersir ati on in mass/ vol unme units can be 1rP¢®arsgénio3avo r oom
tenperature and 1.324 g/m at 145 OC. The injection concentration ranged
from1.0 to 2.0 ng/nl, with |ower concentrations being used for higher

ol ecul armWRL&AtgrsamRlRHy PrherTdm® desitiisNBe@aF Bxradthe pbRgPRbndakgsdPm and
the injector were purged.” Flow rate in the apparatus was then increased to
0.5 nl / mimasseolvamdunitecddRbe W63 ag/inbwietbono tanir@ivtiniczandf b248 ginlhaurd *OefBire
injecting the first sanple. The L ser was turned on 1 to 1.5 haurs

et or e 1 RRFIRY SHRERECOR BRsa o EonDahe Pk Voh et teficafogs PHLE Fied ne
chr omat ogpAMHESMERLEH RERA! mgMed NEid2as elinier SiRishaplafe PRI Ridfiland MR
using the follow ng equation: ¢ = KDRIIDRI/(dn/dc) ere KDRI is a constant
det er i ndujcbipr vatd turaed. nijowiretcDREhe apperafusnyagdhen increchsedda e mEMiBEe rand gt

bel f ligh i | ysi s. . Uni
el ov 10 ik LB REL ST RS Sy B FBRRTES L e

concent r abdsQlirnc o8N b & SSIRshré PefBfeGithningRh@ples.ar wei ght i s expressed in
g/nmole, and intrinsic viscosity is expressed in dL/g. [00108] The |ight

scat t eri H§0HEH ec B¢ corssnatigpacct atach Reing ¢y the grometepamaway algilated frmhe The
pol yner | ' M @t eac ' ' =hr.omat ogr am was

det er m ng%g‘ﬁ@%asﬁg‘ir%‘ﬁgk? ﬁlgkilsf])&{it%%t;}gﬂgésii%}llaév e&@?t?ﬁl%{rmdel for static |ight
scattl%ri ng (MB. Huglin, LIGHT SCATTERI %\DIGF@%{I OLYMERSOLUTI ONS, Academ c
Press, 1971): DR(Q MP(Q Here, DR(QT¥ Ry asured excess Rayl ei gh

scattering infensity at scatteri apgle g isth | ymer concentr.atijon
det er m nethas Bt CoRnbd g bYgaliraiipscthe DRfanddpide) i dgspmees diveribid
0. 0006 f qfeId RRYhERSt ROJHARE ?Lfﬁflﬂa%si@o Unfit B 'bﬁ‘ﬂaﬁf%terfﬁl?&u%héutttﬁiﬁ dEQLipldRGE Or
for a nonodi sperse tandom coil (M B. Huglin, LI GHT SCATTERI NG F POLYMER
SOLUTI ONShe AE&demihod Rerdws, suth 7hat, coaemhtrk@on & ¢xpecsopt incglmcometeauitr fveight fre

system 4pV (dnl.dc K=z V." .in which NA is Avagadro's nunber, and (dn/dc)
T2t he. r eRPRetRVe Eeen et bE R RSP EThe Tl racti ve Index. n =
1. 500;5f or[od1d8] at Tﬁéﬁfghﬁ@&tﬂeﬁﬁ%%féctﬂmwaﬁoé WP I8@R0REy tHligh TdmyRAHIe Nmaid
the clains theretoq(&\yn/dc) = 0. 104 for propylene polynmers and 0.1

ot her wi sé@2APDO109] poAymerghRoleeper aslifr M. v eaglb peirt TN ehramiatogran yesaeteratined

whi ch ha C Llagi . d-j 1e DL Ny @UT, 0N
it tws e SRRl I P LSRE ARy TR 302 LR LB R 2 )
One tr anddosescimasmGerotPertatiaSoipressuseaddmipPass; 034 )t hedet ect or, and the
ot her, positioned between the two sides of the bridge, neasures a

di fferenti al K¢ 1 £2A.0

AR(B)  MP(0)

20 Here, AR(0) is the measured excess Rayleigh scattering intensity at scattering angle 0, ¢ 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:

_ 4n°n*(dn/dc)’

25 K 2
AN,

o]

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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pressure. The specific viscosity, hs, for the solution flow ng through the
visconeter is calculated fromtheir outputs. The intrinsic viscosity, [h],
at each pworio/ntsmhe chronmat ogrami s cal cul at ed from t hecfraisbawiosg9o
equation: hs = c[h] + 0.3(c[h])2 where c is concentration and was

determ ned fromthe DRI output. [00110] DSC was used to determ ne the Tm

el ting RRiddor, 4MAlthe BBeP Pakifisned UERIh B RGNS 6f0He bRAg RRagRsenagtkdeneof .
To nmeasure the presence or absence of a Tm nelting point, nelting peak(s),

and/ or ngirtssmyg. tThasicificomscosityPay, korrthdoteonPlomisg throveb thesestonetar ecautalaBSIC

traces. Typically, 6-1 y of . a.pol. r-was sealed in an with a hernetic

lid and g Gty h“ghqn&%grmsmﬁ ?1¥3$”E'1]aatrﬁaf’lil Bgléhlnethel Pﬁra fam il e

was first = at 20C/mn. It was heated to 2200C at 10C/ m n
e e R

and nelting ta eat) were acquired. This provides information on
the mel ting behavior. The sanpl e wasciero.3(eaged from roomtenperature to
2200C at a rate of 10C/mn (first heat) and then equilibrated at 2200C to
erase it SVhgies reonggngiggn andoyapdetsrmingd frogihe BRA oplpEt st cool ) was acqui r ed

by cooli i S r t tnd fhe” FRO ORuNTR L hidted
at - 1000360 Fﬁal Y, ig]tag \/\1/%?81 hgg(%ee ang?a?lr? to’ %%&gﬂélg ]ath) 18]éémﬁ%d{)§ﬁggg’qhﬁ e ¢
addi t i ondtansitiohj ogthdattacricsatboredf. hdat heastitrethengtotcnes i absorke iofig Tmanwiltingons,

if any, were defermn fr first and.second he traces, The exothermc
oryor a1 1 G eare gnd o pelie SR s drrRdmer RS heviised T gt

tracey [G8ddHach." iEéUny 6PQ) R of d olPfes Ak sedl& & phih 9h@St hogRiicanPag
principal and secondary ‘nelting peaks”as determ ned lgy DSC during the
second ndbadedditodhs getiumbaty dn amittggeakehviranméntsthe sampletwisslirdieddotedoat00C

{1 om posi ¥ P P gt oA af mp b6 ek D ATl s U Ll o R ERBER T 2

wher e t herfSerov ity enfofmfoat drethe Feeltil@betaRioce NdBE RempPlcCwiseeh hedicdBdmtrobm
shown with a positive peak. A "nelting peak" is defined as a peak that

occurs agdemperasiy to 240°Q aprerate ahlQCamsl tirgrheab dnd Bwnsquitibrated €2287C & ¢pess
transicti e - e I to. I (P c t he
ar ea 13 ndtcah[fg t%‘ﬁ@%ﬁ"ﬁg C%gsgill%qﬂ&? h%&s@nglcggﬂ%ﬁdg atb lgléeﬁd’a %Ol?;h%%lt:[ I?e I 3%9831. S
measur ed the mbitube$06E at NMEasuineand eduliébrivedtat of00POsiFimally] QOdd2healNalt agairstoi ng

to be bound by theory, the conbination of -procesggépararret ers_descri bed.

above wi 1420pf i HEC e IG pefititisgadsationst dnging datapbekesi Agpths Tirosstedisgmic

et hyl ene-@&g%'ﬁ?ﬁnf&@gglfy . Sw?%V E%})erﬁ??&/::f?r? nﬁﬁsﬂgapﬁgéekﬁﬁn@fhgfa{ Qs 9/ HRL MM

t o about 0O mn 00C,"’2. urt Ieved that a pellet
L/ D of almothetn® crystabouion Ira@sipownvf des was dbteemihed &ofrl thavfing cpallttaets t hat do

3|Ots k?%%lg:(jﬁﬁflalﬁ € AI 'tmélané lf)I{)lInEﬁrif Il))r%éein(ta,vigghet Iﬁllg}lesit fpeatlkha(?rn 1%,1 {)gltlc%paﬁra%dtsggogdlafayt or

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 theory, the combination of process parameters described

30  above will provide free flowing pellets before packaging of amorphous ethylene-propylene
copolymers having an MFR in the range of from 2 g/10 mm to about 9 g/10 min (230°C, 2.16
kg). It is further believed that a pellet L/D of about 0.8 to about 1.2 provides stable free flowing
pellets that do not agglomerate. It 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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(pellet L/ID< 0.8) the pellets will cohere together and aggl onerate on the
conveyi ng equi pnenten route to the duster, in the duster, or in the
conveyi ngvequioprizerst from t he duster to the bal i ng equi premtus2dioksnmwse, it
is further believed that if the pellets are oblong (L/D>1.5), the pellets
wi || cohere together and aggl onerate on the conveying equipnent. It is

further heldhexesiHehRbtek in hBRAURS! bEISh@E&vIHAS Te@ﬁlbin@ht' Yor® ’t'ﬁ%s' dwBfer tPth8 ballfRy €
than 10% than about 3 mMmin di aneter, their shape is difficult to control,

t hey ar e ogoipecdi. f Eikewise, i & &leh@régphe‘emidh@thé;hetmﬂdtStaoe elfgrotePat 8), the pellets
Accordin , e |e ed tha ets are s e
e o°" ror avificahérs SectEn aft ekt @hee o b ol Shnf P HER ARA Fepidiet BT
renove whhe bel[myaﬂe@aﬂstmlamrsﬁﬁﬂe@@g hioes 6fnress Qflattﬁiibdaemrﬁfnsmt digheted, ltheir
agglonerate due to their increased stickiness and increased tendency to
col d fI owhapeon difficultde centplethn dra@atesdiffigltf e sonyeys abhihsy dehiodessiomase.
using a s i r. ool

't shoul draRingth JEls ELy SRR HCRA B AR oRaBiiol ) 1 He, Gt HANSIDas, ' S
limt areboarit mwpinﬂﬁdetantlesmam Hetiouliste removccahield ma@&@atdao Rvakragveand|tharefoss
upper limts and r S appear in one_or .nore clainms bel ow. All rica
Vel tes arelenps g 51&@.8%&@%3@? {Pr thep dngrepge atrféal%rlrﬂem%ﬁ%fdttsr@ggnh{oo
account e%gp@kgental error and variations that would be expected by a

person having ordinary skill in the art. [00114] Various terms have been
defi n@d dBeM8] TCOetthe cadtodmicnts aml Matsedhave keenldebanbed usog aedti ofedimadrole,

it should be ven the broadest,definitjo ersons in th ertinent art
v o vampeptS it e OF BRRERGL B o Mt B BRV IR uppitstelid BisindiS Hogfiny,
i ssued pabRBtlimird 4QIHFBY 1Enit afel coRREPHKE unl @S bthBASEHMIceSd. BRI limits,
docunents cited in thrs application are fully incorporated by reference to

t he ext erppeiahitindahisss alaoeralsmm@ of motnaigs é)ﬁlonwﬁtlhmtnnﬁreala\rﬂrbres et abcrut'érrrd

for all ,urlsdrc 19 suc ncorporation S
1o o PPRgEIE Re it G ® 0 ABIRRRERRL! Sel el ki bRt Bl

ot herlsandxzchuldib@erpeerebeﬁa@a@bﬁhaﬁng@emawmﬂname aray be devr sed w t hout
departin%:fronrthe basi ¢ scope thereof, and the scope thereof is determ ned
by the cll80Ht h¥pripwy tesne beve hsn\ehined abosiea Trothejextent a terap ussgt in ageaim 1s

copol ynernd?tﬁe%tgetd a%g%) 98 ioufMbe %Q@Mesdrgﬂtestac{e M% d)%?s%ggﬂm q)tertﬂlfe ant %

wt % to abou and a propyl ene content © %t 0 a

wt % basegivanthhioeah awmf@htedorﬁ at hestoap plipteerpubliteioaion 1§sbed palpmil \Huetheinase, a
MFR (230C/ 2.16 kg) of from about, 3.0 g/10 mn to hou 10 min
(Mv Mh) Gil RBisats: soss Brocr@ggs U O™ neERTICAIS| S1GHR I | fwatlag ?F@agﬂ&’e

by DSf. incorporated by reference to the extent such disclosure is not 1ncons1stent with this
application and for all jurisdictions in which such incorporation is permitted.
[00115] While the foregoing is directed to embodiments of the present invention, other and
further embodiments of the invention may be devised without departing from the basic scope

thereof, and the scope thereof is determined by the claims that follow.
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2. The pellet of claim1, wherein the pellet has a length to dianeter ratio
(L/D) of fromabout 0.8 to about 1.2. 3. The pellet of claim1l or 2,

wher ei n twe 2psli2etsihas a di aneter of about 3.0 mm or noPeT/US2010ha11pel | et of
any of clainms 1-3, further conprising dust in an anmount of about 1.0 wt % or
| ess, based on total weight of the pellet. 5. The pellet of any of clains
1-4, furtheareo®pri sing ethylene vinyl acetate (EVA) in an anount of about
1.0 wt% or Tess, based on total weight of the copolynmer. 6. The pellet of
any of cl/&hatss tlaBnediserein the MFR is about 5.0 g/10 min to about 15.0 g/ 10
mn. 7. The pellet of any of clai 1-5..wherein the MFR i s about 5.0 g/10
M0 to about 20 e ol m Rt o PRt RG R e ai e 15 wiherei n Che
MR i's about Sn8ethyldf Gbrtedtofadbout 40 -wWa%gtol @bdtit 50 K% HAE Pplopelen®icomdit of
clains 1-8, wherein the ethylene content is about 43 w%to about 46 w %
10. THe péprred0oit’ardy aput(OBi Wiyl bgsedypie feipin welght f e polysrt.eheic dout
46 Wt%tocoﬁB%er ﬁ?s.wt% Il I . A nmethod for making a copolyner pellet,

conpri sing. pe f et zi ng a copol yner conprising a MFR (230C/ 2. 16 kg) of from
about 3.0 g/ 10 m n d&MFRNABO°23.1gkEPofMirom abodMD &Mumin)to aboraowt 1 Pmih; or

| ess; and no neasurable neltin eak, _as asured by DSC, to provide at

| east one pel | et hé\%]gDéW/Mfgtogﬁ&z}fﬂ:iogﬂgSSg? mmor nore and a length to
diameter ratio (L/ @019%&15{1{&19 rﬁggﬁ% 218 al RcdRPU bylpdc and dusting the pellet
with about 1.0 wt% or |ess dust, gsed on total "welrght of the pellet,

wher eion the duBtegetllpedl dainhiswhechfRe p2lB0GLL 2 16giy)o dmkteomatab@uD) 8f frogy 10
mn to about ql%)t(ﬁllo gin;a MAD (MM Mh) of about 2.3 or less; and no
measur abl®OKe! ¢ %P b I% as neasured by DSC. 12. The nethod of claim 11,

further cpnprigi2Ibaawlng t e, Reck@h thelpiletTg arihiaer &fabehied. 0k oPmode?

wherein the dusted pellet conprises dust in an anmount of about 0.8 w % or
| ess, based onlheopadict g pphof efaimhé-3pdinthar. comprisingeduse tthawl ampusingt dfout 1 ms
11-13, whegein the cqpal r ¢ |.se t hyl ene vinyl acetate (EVA) in an
anount oth£ h’tesﬁ.%ﬁsevan"%%tEFW 1@{@%&3@&& total weight of the copol yner.
15. The ret hodriefpcbyoftiny @f diaifes 1-4; fikthenb@hpiiding By RaP Oiny Nedctdi@cE \eA MoRinof

about 5. 0amount of about 1.0 wt% or less, based on total weight of the copolymer.
6. The pellet of any of claims 1-5, wherein the MFR is about 5.0 g/10 min to about 15.0
g/10 min.
7. The pellet of any of claims 1-5, wherein the MFR is about 5.0 g/10 min to about 10
20 g/10 min.
8. The pellet of any of claims 1-5, wherein the MFR is about 5.8 g/10 min to about 7.8
g/10 min.
9. The pellet of any of claims 1-8, wherein the ethylene content is about 43 wt% to
about 46 wt%.
25 10.  The pellet of any of claims 1-8, wherein the ethylene content is about 46 wt% to about
50 wt%.
11. 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
30 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
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;
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g/10 mn to about 10 g/10 mn. 16. The nethod of any of clainms 11-15,

wherei n the copol yner has an et hyl ene content of about 43 wt%to about 46
wt% 17. woeorebsd of any of clains 11-15, wherein thePcomskyw®siib@as an

et hyl ene content of about 46 wt%to about 50 wt% 18. A nmethod for making a
copol ynmer pellet, conprising: polynerizing ethylene and propylene in the

presence of a cat alysitwOeVREM)iPAb&H 2cPHdbdst ap sufficient to produce an
et hyl ene -propyl ene copolyner conprising an et hyl ene content of about 40

W % to about 50 wt%oern@asarafalreapylneg\eeai@ﬁwn@su@fd@bESC 50 wt % to about 60

wt % bas on {0t a t . wher e catal yst
conposi t :algn Co"lth th(\é\g opcqalrn { ﬁﬂ%her cBrnp){lsmg bagging ?he peh

di (p-tri emhyl srﬂemh@thsmsf slaeh heoy I (whatiapestaadepille) (enprisds dugrih abuiiolhd uor
en-9-yl)] hafniumdi met hyl and N, N-di rreth¥l ani | inium
t et r aki s(Qahew0. %W%ﬁﬁﬁ?l%@ﬂf%ﬁ@talﬁ@ﬂg@f) tergllethe copol ymer to provi de at

| east on el | r19f

di aneterelr4gt| ﬂ%ﬂ?%}ﬂ)@?f% ’(i)rﬁstllo 8%&]& gllljetc rggﬁlg, %kdetgyl% 2 Iet
wi t h abouicefate8 EMApinan Iaﬁﬁ)ant(hfsaboutbla@ ed%oaor 1¢s9f {@dscdven giﬂfll vadight loé tmsedobeltymer
wherein the du ted eII t has:. a MFR (230C/ 2. 16 k of from about g/ 1
0 min to Hbout EGIEeH offy Ohe W,mslersm the 50RO fzmgr%aé%w?‘ ﬁ%hf %
neasurablgre];l(;rglllﬁiong)og@?d( /1§§mﬁeasured by DSC. 19. The nethod of claim 18,
wherein the ethylene co%tent Is about 46 wt% to about 50 wt% 20. The

met hod oflécl alTheJrBetbod 6Banyvdfetains 11 He, WRReirsthalvoprlyBeBhay/ahGthyilenctcontbboft
7-8 0110 0k 43 wi% to about 46 wi%.
17.  The method of any of claims 11-15, wherein the copolymer has an ethylene content of
about 46 wt% to about 50 wt%.
18. A method for making a copolymer pellet, comprising:

15 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-yl)] hafnium

20 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:

25 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.
19.  The method of claim 18, wherein the ethylene content is about 46 wt% to about 50
wt%.

30 20.  The method of claim 18 or 19, wherein the MFR is about 5.8 g/10 min to about 7.8
g/10 min.
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