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The present invention relates to pol ynerization processes, and norge Nf
particularly, to gas phase pol ymerization processes that utilize bine d@P
catal yst systens. BACKGROUND [0002] Bi nodal pol yners produced using two or
nore different catal yst types- binetallic catal ysts-are of increasing
interest, especially in producing polyethylene and other 10 polyol efins.
See, for exanple, US 5,525,678. However, problens exist in using these
bimetallic catal ysts, especially in the gbas phase. One problemis catal yst
activity, which should be as high as ossible in order to econom ze the

process, as catal ysts cosCGASPH ZATIOMHBRAGESHret hod of i nproving

catal yst efficiency in gas phase processes is to increase the residence tine
of the catalyst in the fluidized bed of the gas phase reactor. 15 Residence
time can bd“lEhDr@EsIH&’EN/TIOIEr easing the fluidi zed bul k density of the system

or |oweri e voi e h e many. factors that

i nfluence Hﬁoeotlrem deﬁgg entt §’f"%¥‘§"t£ (r%lta{EFyst er\ll‘v‘ear“,m dBE&F5HEhi Pf&i trH%re“ ght
conbi nabi ompaniculbAyg,ttogss ﬁlmw polgmvmtlompmbgssés that atilissfiirelelldonchtal@s §ysiemsand i s
conpounded by the presence of a binetallic system Wat is needed is a

nmet hod of i1nproving the econony of producing bi nodal polyners. The present

20 inventi GACEG#HOEBNDed towards solving this and ot her problens. SUMVARY

[ 0004] The resent invention_provides a pol ynerization process, gas phase

pol yneri zatl pr ocBusedal | polynass JEHBIGThURNE Ao Pl aagre ga@ﬂteéi‘tﬁ & WRBOdi nent
of the i nv%ﬂﬁétﬂﬂc Eﬂhl@&t@s—a&é)opmcﬂgs?ngoﬁmt, P:Eﬂe\éﬁﬁg'ﬁ !dean elfléjﬁndgft&quc' ng

a pol yol efin conposition, Including passin eous trea cont al ni ng
hydr ogdR gaelyalslinsne Set, Fror exampleo S § 25, ﬁES udicn’@vet, Hyrbelamss exish amaisisg théseough

a reactor ct i he
o csonce. ot et SSES, dpecilih B Blise, PAChobRAT ARLECRAUY, Yien iy
conposi t i ombe as\high @$ possib(ein drdee td édohdhizeﬂtetpuklessdmalysts S©s3QP6 sigmﬁ@tte of the
settled bulk density; (b) the reactor tenperature is 100 C or below, and (c)

the mol ar aiip of Mdlooen o35 it o ShvL G drbiey 30 AP3RRHSHSIEae™ 'S
increase the residence time of the catalyst in the fluidized bed of the gas phase reactor.

15 Residence time can be increased by increasing the fluidized bulk density of the system, or

lowering the voidage of the system. There are many factors that can influence the residence

time of the catalyst. However, determining the right combination of factors for a given catalyst

is complex and costly, and is compounded by the presence of a bimetallic system. What is

needed is a method of improving the economy of producing bimodal polymers. The present

20 invention is directed towards solving this and other problems.

SUMMARY
[0004] The present invention provides a polymerization process, gas phase polymerization
processes in one embodiment. At least one specific embodiment of the invention relates to a
gas phase polymerization process for producing a polyolefin composttion, including passing a
25 gaseous stream containing hydrogen gas and one or more monomers, including ethylene
monomers, through a reactor that includes a fluidized bed, under reactive conditions, in the
presence of a catalyst that includes metallocene, to provide a polyolefin composition, wherein:
(a) the fluidized bulk density is 60% or more of the settled bulk density; (b) the reactor
temperature is 100 °C or below; and (¢) the molar ratio of hydrogen gas to ethylene in the

30  gaseous stream is 0.015 or below.



-2 [0005] In particular enbodi ments, the fluidized bulk density is 65% or
nore of the settled bulk density. In other enbodinents, the fluidized bul k
density is 70%or nore of the settled bulk density. 5 [0006] |n ydg-Mapgp@?
particul ar enbodi nent, (a) the reactor tenperature is from80 C to 97 C, and
(b) the nolar ratio of hydrogen gas to ethylene in the gaseous streamis from
0.003 to 0.009, [0007] In yet another enbodinent, the nolar ratio of hydrogen
gas to ethylene in the 10 gaseous streamis |less than 0,008. In a nore
particul ar enbodi nent, the nolar ratio of2-hydrogen gas to ethylene in the

gaseous streamcan be from0.003 to 0.008. In yet a nore particular
enbodi nent ,[088%% nol aln patipWanembgdimerts rthe daidized drully deqsityiin @Heoga@emg%thst ream

can be frq b

nolar ratio oPd E‘ggr&ggselr& gaéhétA%glgt Em?/gl{r?ea]fn%g %eagi@%egﬁs?ﬁgt ream- rsE?% SﬁnEh 003
to 0.006. 3*ettipdB@BHedsityone enbodlnent of the processes disclosed herein, the
reactor tenperature is naintained at 96C or below. Alternatively, the
reactor tenperature nay be maintained at 95C or bel ow i n anot her enbodi nent.
Al n; Od t Be 1exs) o(r) OE) elpget atrhiére pamycumabmb?%mgd @b t}ﬂélré‘ahctcﬁrrteﬁglla@wré i3 fyai g@Pot her g
enmbodi ment . articular. enbodi me t he cata is a,supporte
bimetal lic %é? L—: dgllﬁ\fgﬁmoﬂ% %twp&ﬂl' ydeogen gag, to Fthléleﬁ%ltnai s%as‘?‘%‘s sreagp ol d

bi metal | i c gamba g_@gg.t hat includes a netal |l ocene catalyst conpound. Even nore
particularly, the catalyst is a supported binmetallic catalyst that includes
a metal | ocene catal yst conpound having at |east one fluoride or fluorine

cont ai ni ng gq | eavi r A, e

di scl osed eﬂr%é n, t hgl %Iaggkpcerfii n edt(r)]tg? (l)agr}?@gtf{?}htr%&% %‘LJ%? Eﬁl?ﬁgéﬁl the

pol yneﬂDza@annuqosWasg less dhapi ﬂﬁ@l&l Ipod ymrcepmmldmrpmhodlmnt thhaiolarmahmabés a

hi gh nol ec r_wei ght opent an

pol yol ef i nﬂx%ﬁﬁ%’n%%q e@?’lﬁ)\{)&r ib%)‘?asen'%' T’B@Tf}m come(%t fé\lfeye? ﬁénore

processes @asichlasadbditmhentnthe inhearcatiabfBydrogeal gad&:SetBylene in the gaseous stream can
be from 0.003 to 0.007. And in yet a more particular embodiment, the molar ratio of hydrogen
gas to ethylene in the gaseous stream is from 0.003 to 0.006.

16
[0008] In one embodiment of the processes disclosed herein, the reactor temperature is
maintained at 96°C or below. Alternatively, the reactor temperature may be maintained at
95°C or below in another embodiment. Also, the reactor temperature may maintained at 94°C
or below in yet another embodiment.

20

[0009] In a particular embodiment, the catalyst is a supported bimetallic catalyst. Even
more particularly, the catalyst is a supported bimetallic catalyst that includes a metallocene
catalyst compound. Even more particularly, the catalyst is a supported bimetallic catalyst that
includes a metallocene catalyst compound having at least one fluoride or fluorine containing

25  leaving group.

{0010] In one embodiment of the processes disclosed herein, the polyolefin
composition resulting from the polymerization process is a bimodal polyolefin composition
that includes a high molecular weight polyolefin component and a low molecular weight -

30 polyolefin component.



support material conprising silica dehydrated at a tenperature of 800C or
more. DETAILED DESCRIPTION 5 General Definitions 100121 As used hgsgpn, (wg
reference to Periodic Table "G oups" of Elenents, the "new' nunberTng s% me
for the Periodic Table Goups are used as in the CRC HANDBOOK OF CHEM STRY
AND PHYSICS (David it Lide ed., CRC Press Si" ed. 2000). 10 [0013] As used
herein, the phrase "catal yst systenf includes at |east one "catal yst
conponent” and at | east one "activator", both of which are described further

herein. The catalyst system nmay al so i ndude ot her conponents, such as
supports, ., and js not Jimtedt t he catal yst, conponent and/or
acti vator E‘fﬂgﬁb or i W%S‘prfﬁ%pﬁ%ﬁéﬁ/é‘ﬁd SpdihsRinalie catabstgsludera
nunber of - e@ipBh e 0 BRARGH Ssilidh RAYArELdD b ABuASH BB bbgderein, as wel |
as 15 any activator in any conbination as described herein. [0014] As used
herein, the phrase "catal yst conpound” includes any conpound that, once
appropri at ﬂmmﬁpﬁhﬁégb@xeﬁpabl e of catalyzing the polynerization or

ol efl

ol i goneri zation o ns, the catal yst conmpound conprising at |east one
G oup 3t oGenerapDefinitionsn and 20 optionally at |east one |eaving group bound

thereto. [ As u LN r "] eavi roup’siefers tq ong or

nore chem @%ﬁ]} noi etﬁggseg%ﬁégﬂ?%}égﬁee&%?g?n%écn erl‘pg?“%f’ ﬁse ocf: gpg,nést, tlheorrﬁe:)‘gnent

t hat can beumbsingaschede fforothet Periodizal atley Sroups npeonsst abin &e GRIO HMaNDBoOK bEIS

produci ng the species.active. towar ol efl 25_ nol i.zation or

ol i goneri z W%ﬁ?p“ﬁ'ﬁ%{n g’c’!?’?@%ﬁ%ﬁyﬁg ’33%84'1 %%@Pﬁﬁwﬁe?dyg@o w. [0016] As used

herein, the term"fluorinated catal yst conponent” neans a catal yst conpound

havi ng, at | east one fluorjde or fluorine containing. |eaving group, preferably
n

a nettl | ol or nefarsekbereny fisePlratcalcpelyst SYRBniNchialT Ah leaet prsaseatabit
fluoride ogorfibdt@htt Nid 30efkP & RitRGol S BINGE FhidH e QésclBEs 2Q8Er hefbid 091 As
used herein, a "hydrocarbyl" includes aliphatic, cyclic, olefmc, acetylenic
and ar onat ¢atalys @ysern snayi alse, inclpdedother fompanantsd sush as upporip retcs, ang isgetrlioyted tand
carbon th jcie <A " hy ar _— flcient
by tvo hyargqeblys BBy RYorREKERBAES: icalBbRA"T B S SR hE)
branched amdludy ehy aumpbaraif atalystadmpahents inheay cambindibdn asi dendribied heren, hy delbgen.

Thus, ‘I 2 ae.}ﬁ(yaarg:mraeibr & ah)gégmgirngtyc& a(sdgs%}lgg(l h reixell.nd a

[0014] As used herein, the phrase “catalyst compound” includes any compound that,
once appropriately activated, is capable of catalyzing the polymerization or oligomerization of
olefins, the catalyst compound comprising at least one Group 3 to Group 12 atom, and

20  optionally at least one leaving group bound thereto.

[0015] As used herein, the phrase "leaving group" refers to one or more chemical
moieties bound to the metal center of the catalyst component that can be abstracted from the
catalyst component by an activator, thus producing the species active towards olefin

25  polymerization or oligomerization. The activator is described further below.

[0016] As used herein, the term “fluorinated catalyst component” means a catalyst
compound having at least one fluoride or fluorine containing leaving group, preferably a
metallocene or metallocene-type catalyst compound having at least one fluoride or fluorine

30 containing leaving group.



CH3CH2- group ("ethyl") are exanples of alkyls. [0019] As used herein, an
"al kenyl " includes |inear, branched and cyclic olefin radicals 100%R§taﬂﬂﬁ
deficient by one hydrogen; al kynyl radicals include |inear, branche e
cyclic acetylene radicals deficient by one hydrogen radical. [0020] As used
herein, "aryl" groups includes phenyl, naphthyl, pyridyl and other radicals
whose nol ecul es have the ring structure characteristic of benzene,
napht hyl ene, 15 phenant hrene, anthracene, etc. For exanple, a C6H5 aromatic
structure is an "phenyl", a C6H42' aronmtd€ structure is an "phenyl ene”. An
"arylal kyl" group is an al kyl group having an aryl group pendant therefrom
an "al kyl af8017] i s anAamgéd hereinpa ({hydreggritieingludesalphatié \dyclip, algiic, pestylemit

t herefrom 002.1] used i Calkyl enet incl] udes |.inear,.,branched
and oye 1 o2y @egnrizafEal T HSion e offing Rdieh ond G o 88

(" met hyl endéfjciandy ofitBzhidgen( "fethydioeady)eneas deficiantpl ego bfdradday. ene gr oups.

O her groups deficient by two hydrogen radicals include "arylene" and

"al kenyl ene"”. 25 100221 As used herein, the phrase "heteroatom includes any
at om ot Ber [gohg car bR uscdtdrdiy, HrhCYRPI iRl des ARed Corivined ah dcyeRit PRfiaadichly one
enbodi ment is selected fromthe grou consisting of B A, S, G, N P,
and S. A " Ret erodefiient It alil%ilwgogqnouﬁ'h% dor exppnle car65h sreuii( aagthylapnd a
contains a 0 ¢ ’ bRL Bf g,or nore of the same or different
het er oat orrg,bﬁgﬁél ?Pgﬂ%&?&ﬁ%yehée‘tg@%at ognlgﬁi n a particul ar enbodi nent.
Non-limting exanples 30 of heteroatom containing groups include radicals of

i mnes, anj oxid i,ne h i .

het er ocycl @?} oxazoﬁ?ﬁsée[sa?l%f%?(g{elt %“e‘?@f‘ %&@d%sﬁél%ﬁ?E’ga.ﬁdﬁgﬁg?c?@fgg&n-%d]fﬂbw]
As useti0 hethet nre deficieltklyy oae hydsdgen; edlkyiyhmgdicas nmtydeatiméay, madched and cyclic

"al kyl aryl car hoxyl ate" .is.an,al kyl .. aryl ..and al kylaryl, respectively, that
possesses ﬁcebg?’t%ﬁ&’ﬁs S?%cbeﬁlt PH°5%’(}"“5‘%¥§¥1’4“6%E Exanmpl es i ncl ude C6H5CH2C(O) O,
CH3C(O O, etc. 5 [00241 As used herein, the term"substituted" neans that

the group follow ng that rm possesses at | east one noiety in place of one
or more hyf®%ens i %h‘?e‘{)gg‘ie{nrg ,?‘tﬁ@“%i‘lﬁqdé% Ph%‘lé’llieﬁitpé‘ﬂ‘yﬁr%dé’ﬁé!’ﬂ §Hstps as

hal ogen r agiif@lsSwh&EPmoldehiles MavBlite rifly duXiite SHRAHRSisti€ BOOMYEne, Ql'éﬁrHHﬁene,
car boxyl groups, am ne groups, phosphine gg((;)qlg-ﬁs, al koxy groups, phen I

S . Yo
groups?d nphsmenihrengr guilyaceng, etco Broexampls a paron@ic tsguctu® 1l derghenyr.oups,
and conbi négl-'l.;moﬁlw &lcture is an “phenylene”. An “arylalkyl” group is an alkyl group having an

aryl group pendant therefrom; an “alkylaryl” is an aryl group having one or more alkyl groups

pendant therefrom.

20 [0021] As used herein, an “alkylene” includes linear, branched and cyclic hydrocarbon
radicals deficient by two hydrogens. Thus, ~-CHa— (“methylene”) and —CH,CHz— (“ethylene™)
are examples of alkylene groups. Other groups deficient by two hydrogen radicals include

“arylene” and “alkenylene”.

25 [0022] As used herein, the phrase “heteroatom” includes any atom other than carbon
and hydrogen that can be bound to carbon, and in one embodiment is selected from the group
consisting of B, Al, Si, Ge, N, P, O, and S. A “heteroatom-containing group” is a hydrocarbon
radical that contains a heteroatom and may contain one or more of the same or different
heteroatoms, and from 1 to 3 heteroatoms in a particular embodiment. Non-limiting examples

30 of heteroatom-containing groups include radicals of imines, amines, oxides, phosphines, ethers,

ketones, oxoazolines heterocyclics, oxazolines, thioethers, and the like.



-]

10 Exanpl es of substituted alkyls and aryls includes, but are not limted to,
acyl radicals, alkylamno radicals, alkoxy radicals, aryloxy rad”gﬁkf,

al kylthio radicals, dialkylam no radicals, alkoxycarbonyl radical'sT ar-2007
aryl oxycar bonyl radicals, carbonmoyl radicals, alkyl- and dialkyl- carbanoyl
radi cal s, acyloxy radicals, acylamno radicals, arylam no radicals, and

conbi nations thereof. 15 [0025] As used herein, structural formnmulas are

enpl oyed as is comonly understood in the chemical arts; lines ("-") used to
represent associ ations between a netal agam ("M, Goup 3 to Goup 12 atons)
and a ligand or ligand atom (e.g., cyclopentadienyl, nitrogen, oxygen,

hal ogen i ofg®23jal kyl ,A€t Cuged ahets,| as thakpbuFseRteassoayRLGex )", andonded
to" and 20“"b?ndin ", are not ginit dto representhq a certain type of

cheni cal boligylanylcasbradate] is s alkyly aryhiand alkylanyle respectivelyothabposeesasstd earbQXpkni cal
bond"; a " gbaincaly psiReh., Eﬁrﬁﬂ@s@n&lﬁd@@&ﬁbﬁ'i@@)b‘{@Hat??ﬁ?, fet ween atons that

is strong eénough to permt the conbi ned aggregate to function as a wunit, or
"conpound”. 25 [0026] A certain stereochem stry for a given structure or part

of a stguc shoul i i ’ i cture

o appes enlTOE Doo! s B3k heldf, WP uCHIAE" B3 B¢ Bt ABlAETR HET O
and/ or heapgssésiase .lea[smm@oibjyl ;ewcspﬁmejomMﬁrthmgpnm amsri;xosliitinnrt?e oibictibe I
present inventi.on is herein it o, t he ion, state of the nmeta

o eSent R R S o o Rl e S . RS Pl B |
HesCr 1 bed Bt e T e 05 e oo™

[00271 [owﬁ%yl/lgmagse@ﬁ He Gy Ak eraupse Canto Graalkeay! Eroppe And sermbRatioTs destsale o

pol ymeyqp or 1867Bf Resd hikgR 4l ryls BRluSS, efut Ne hirnfifedPR), ORpMicgRE or

pol yet hyl e%é@o?ﬁ ot ﬁgt% 5 horrltl)(gol nerggys copol yners ,%?Mtt_:elr p&dﬁ%?ﬁ? : i;rlrl\ga(fﬁ]sa

PC : . ¢
"bi nodal n¥fkdamingradigaly lkoyy sadicals, aryioxy radicais, alkyitijo gadicalss laggingyepdicalg, t he
broadest dgfi il S90S bdRA TS It e il NE h as
reflected iﬁ%&%ﬁﬂﬁ%ép‘g%b??’cgﬂbgkgﬁaﬁii ssuigc’i Cgéb{melﬁ?g a‘lﬂé%a\r{ ’ghilé);rlrplq%d tdgar ilngl e
conposi t i orarhaetyl fadishlsdasylqxyirgdicals, iapd aminp adigald, exytamion eadicalsn and ¢oatbiratibiisgh
nol ecul ar eljegtht distribution and polyolefins with at | east one identifiable
| ow nol ecular Wwei ght distribution is

15
[0025] As used herein, structural formulas are employed as is commonly understood in
the chemical arts; lines (“—") used to represent associations between a metal atom (“M”,
Group 3 to Group 12 atoms) and a ligand or ligand atom (e.g., cyclopentadienyl, nitrogen,
oxygen, halogen ions, alkyl, etc.), as well as the phrases “associated with”, “bonded to” and

20 “bonding”, are not limited to representing a certain type of chemical bond, as these lines and
phrases are meant to represent a “‘chemical bond”; a *chemical bond” defined as an attractive
force between atoms that is strong enough to permit the combined aggregate to function as a

unit, or “compound”.

25 [0026] A certain stereochemistry for a given structure or part of a structure should not
be implied unless so stated for a given structure or apparent by use of commonly used bonding

symbols such as by dashed lines and/or heavy lines.

[0001] Unless stated otherwise, no embodiment of the present invention is herein
30 limited to the oxidation state of the metal atom “M” as defined below in the individual
descriptions and examples that follow. The ligation of the metal atom “M” is such that the

compounds described herein are neutral, unless otherwise indicated.



10 considered to be a "binodal" polyolefin, as that termis used herein. In a
particul ar enbodi nent, other than having different nolecul ar wei q&t%tﬁ

hi gh nol ecul ar wei ght polyolefin and the | ow nol ecul ar wei ght pol ol éft Zre
essentially the sane type of polynmer, for exanple, polypropyl ene or

pol yet hyl ene. 15 [0029] As used herein, the term"productivity" neans the

wei ght of pol yner produced per weight of the catalyst used in the

pol ymeri zati on process (e.g., grans polyner/gram catalyst). [00301 As used
herein, the term"dehydrated" is underst6ed as having the broadest 20
definition persons in the pertinent art have given that termin describing
catal yst s[®@drt materials, for exanple, silica, as reflected in printed
publications and issued patents, and includes any naterial, for exanple, a
support particle, fromwhich a majority of the contained/ adsorbed water has
been renovd28)25 GasAs)In&siehaeilnymlm'tmt fmoded ' nghdy m&ddatd desceibé al yaimaer &031]

The present .invention.proyides s phase pol ynerization CessS co |S|ng
conbi ni ng W&Pﬂgé?fnp‘esfﬁlﬂ gﬁ% IBF ahﬁﬁr@ %’é‘?lﬁ’h%t °rs?§§’8'%ﬂeﬂe’a°rr 8 a
si ngl e § eagdmdpol yineds, depblihets &rteﬁﬁt}%ﬂf&ﬂéans thighoaANReRENLS weRRDH LB ufidh,'t he
f1ui di zed bed of the gas phase reactor; = characterized in that the binetallic

catal yst syhichis wﬁsrmnslsasahavn@a@% brpadestdeimtionagieons 4 &ant ats fpvheiken
Stated al t@anad@l ¥ rdfiEie®’i Silted mr&&z&e O ufée a@en g@{i o 19n5r591;ieea2t90r

the voidage (or fluidized bed densit of a gas phase
during pol m;@mtlnn tb@tl ippladészpalydefinsr wie st é@shpmel ldznh@ﬂbliﬂ ighampleculewaiglst s.

The Vpl dag(ﬂgé/‘lggt d‘f ufg’{d éﬁﬁl?_l 'ﬂuﬁt dzﬁriée{sE e 19€nt 1’6%9\97m?1ec 14{3’\(6&% dlls?llll;u%gnl h one

enbodi nent rogen eve atl ve ene . Chbnomer
| evel 10nt r coobsiderdd i tot be tahébmmda:lt’qrquodeﬁ ¢:1] thd1 tesini rsgutddehcreiact an d pmﬁemlat ure

i n anot her odi ne r bot.h. 0032 ctor i ant
that the eeﬂ?l?qgo ey )?H’(?F 'tg'ﬂ’ti )i e‘ﬁ’g%regt “’]P&‘ﬁééf ‘Yﬁ'%‘ése ﬁﬁjﬁalB IP@&@'{[% rein
cat al yst apulydlEMOaRY the 6w mdlécalr waight poly6lefih afe esemsielly thandme ﬂﬁieYd‘fEﬁohﬁﬁl n
flows out, where the resin can Oie processed such as by deashi ng, extrusion,

etc. [003@} exEP % PRbYPEIPYIcBe enRolYSHitlensy st em conpri ses” at | east one

net al | ocene catal yst 10 conponent as described herein, and is a bridged or
unbri dged sandwi ch conpound in a particular enbodi nent, and conprises one or
more f1 %Jorﬁog@]. on | &susad hefeiw ths term Spradhiclvity” means the welght of polymer produced

per weight of the catalyst used in the polymerization process {e.g., grams polymer/gram
catalyst).

[0030] As used herein, the termn “dehydrated” is understood as having the broadest
20  definition persons in the pertinent art have given that term in describing catalyst support
materials, for example, silica, as reflected in printed publications and issued patents, and
includes any material, for example, a support particle, from which a majority of the

contained/adsorbed water has been removed.

25  Gas-phase polymerization using bimetallic catalysts
[0031] The present invention provides a gas phase polymerization process comprising
combining hydrogen, ethylene and a bimetallic catalyst system in a reactor, a single reactor in a
particular embodiment, the components combined in the fluidized bed of the gas phase reactor;
characterized in that the bimetallic catalyst system includes at least one metallocene catalyst
30 component. Stated alternately, the present invention provides a method of controlling the
voidage (or fluidized bed density) of a fluidized bed gas phase reactor during polyolefin

polymerization processes utilizing bimetallic catalysts. The voidage (or fluidized bulk density)



particul ar enbodi nent. [0034] Each conponent of the invention is set out
below in its various enbodi nents. 15 The enbodi nents as descri bed bf
conbined in any nunber of ways to arrive at the invention. Binet a?f'sjgar' 007
Cat al yst [0035] As used herein, the term"binetallic catalyst” or "binetallic
catal yst systent 20 refers to two or nore catal yst conponents used in
conbination with at | east one activator, and optionally a support material,
that is useful in polynerizing olefins. The "supported binetallic catalyst"”
or "supported binetallic catalyst conposi7t+on” refers to the binetallic

catal yst system as used in conbination with a support material, wherein one
or nore of ist bmtotabiment sentblodimentrbkadjlpting]ehdahymb@nl leeel cratativy 36 th;eysﬂlglene:ray be

bound to the support. In a pa r di ne |rret | 1ic cat alyst
of "the | nvEREoB P mintuled okt HeBor 200 R aRENFE e rradle ? {1 g

enbodi ment embiEmbht®iith.i ¢ cat al yst conponent includes a "fi rst cat al yst
corrponent " and a "second catal yst conponent". [0036] As used herein, the term
"first catalyst conponent” refers to any catal yst 30 component other than
the secopndigpatpl yst BPFRARENEactd?r ok 8¢ aiebxyt thﬁthﬁefénﬁ?et aﬁheﬂlya%n GOIRONelkEs 1S a
non-net al | ocene catalyst conponent, exanples of whi 0?1 I ncl ude titanium or
vanadi um B’&%w ne: geastorNwhemsine eatalysi sand menamnn - Alowdinie e tsactorf yesseleand

her ei n. [L\{?llh 1 lind\Ssill | gcene
corrpound" ? ?%Q%y 03/3?3{ %lél%t SI|H %%ﬁg%dghﬁg%s Ioceneé]ﬁ%@SgAﬁlé&gf t he
met al | ocene type cat al yst corrpounds identified below, 5 [00381 As used

her ein, an ol nent" r.efers any c

di fferent rg a fi (ra@} gl}ﬂ qlﬁs%ég%l 5 SPC CORPHEY {tl 18%53 néc mte@l © car?@(gﬁent
in a ptlticdthponenteasd debicrivat hcrlciil amqbastaj bmxl@d (Enﬁirbﬁﬂg@l’ltandwm SﬁﬁpkﬂﬂdQﬁtail yst
conponent i ngl Lfdes a irconicﬁm net al | ocene cg_gﬁ aent 0039] Certain
enbodi nent BATBFHATHEn Bt 210 GURRTGEH OPHCHITES doRde f‘?‘h&a‘ﬁ‘ﬁ CHRHES 10 PRI

bi met al | i cpLaEddresdhodmaaeNent, al so referred to herein as sinply a binetallic
catal yst. ? a particul ar enbodi nent, each different catal yst conpound t hat
conprises the binmetallic catalyst resides, or is supported on a single type

of support {0%5@]“ t hatg,ch oAYBAAPBE e aEnREH §sl &l But Biow Hﬁgg%ﬁaﬁ@teﬁ{bb&ﬂmew' udes

both the first and second Catal yst conponents. In anot
15 The embodiments as described can be combined in any number of ways to arrive at the

invention.
Bimetallic Catalyst
[0035] As used herein, the term “bimetallic catalyst” or “bimetallic catalyst system”

20 refers to two or more catalyst components used in combination with at least one activator, and
optionally a support material, that is useful in polymerizing olefins. The “supported bimetallic
catalyst™ or “supported bimetallic catalyst composition” refers to the bimetallic catalyst system
as used in combination with a support material, wherein one or more of the components that
make up the bimetallic catalyst system may be bound to the support. In a particular

25 embodiment, the bimetallic catalyst of the invention includes two catalyst components. In a
more particular embodiment, the bimetallic catalyst component includes a “first catalyst

component” and a “second catalyst component”.

[0036] As used herein, the term “first catalyst component” refers to any catalyst
30 component other than the second catalyst component. Preferably, the first catalyst component
is a non-metallocene catalyst component, examples of which include titanium or vanadium

based Ziegler-Natta catalysts compounds as described further herein.



15 enbodi nent, the first catal yst conponent is supported separately fromthe
second catal yst conponent such that on average any given particlequq qﬁﬁgrt
material conprises only the first or the second catal yst conponen n

| at er enbodi nent, each supported catalyst nay be introduced into the

pol ymeri zation reactor sequentially in any order, alternately in parts, or
simul taneously. 20 [0040] In a particul ar enbodinent, the first catalyst
conponent includes a titanium non-netall ocene catal yst conponent, from which
a hi gher nol ecular weight resin (e.g., >8a 100,000 anu) can be produced. In
a particul ar enbodi nent, the second catal yst conponent includes a

net al | ocene conponent, from which a | ower nol ecul ar meight resin (e.g., < ca

20 o PO (20 RE WBAHGE S 48 A RekNoceROHIRLLE Aokl a Lol rﬁt‘? ence

of the fir t anhd secon St conponents pro

conposi t i oneithens metaﬂbcndmmoaommﬁ themtteldadene-type ca;hﬂystccommomﬁln tideatifiecabehivg h

nol ecul ar wei ght conponent. The two catal yst conponents reside on a single
support particle in a particular enbodi nent, and they can be affixed to the

suppor t 5i n[@38pri et yAﬁ)ﬁsedaj,eSem 3Re {eB) dscbondcaciyt essudicHE HEfersad an ot s @it
silica” is.p ? zpar e escribed herein and constitutes the support; fhe

first cata B‘Hean irst gatalysfonpanent) L ReRloeaa A ompongnt ‘Flarpoaf“c“

02- Mar - 200 Zmbocﬁm@ﬂtm]h RgArtiulal eiBEdifBMAMNE Qtofill khtaRst doﬁlpﬂflﬁl\f ituds & YRRANed
non- net al | ocene conposition; the supported non- net al  ocene conposition is

conbi ned wﬁFWlPﬁﬁﬁﬁ@@BWHméatalyst conponent, for exanple, a fluorided

net al | ocene (a netall ocene having at |east one fluorine ion | eaving group),
resulting in a fluorinated binetallic catal yst conposition having enhanced
producil®vi {08395 whenCertainl emboqimwt;cqf b rofsert invendidal mp«dlvy@batfaﬁmgcmnmrm on.
[ 0042] Varw%ﬂs nt. c | bei t

t hpds [
a different nlf)lfatre%altclc(e)l{r)%li onéqonlﬂgs Ig%)re?o eg?%ﬁeﬁﬁ%r lm yﬂglrﬁgg °4 nlyﬁe ral,
one pr ocedhlrlﬁrtfoﬁllar panstalime, aachsdmemht egtalystnedmpdund that edrm&i‘isesla]ﬂb bingdtalie
providing a por ed f.irst catalyst onent, 10 ¢ acting a slurry that
"ol des t R PSS o0 JORPOREh BH SHEIS PEP OB oTial T Bck: B Fach R
sol ution t hpkuipdsl mdReial MRNERS Wath @rt Bisy Shd GedoRaNE/lyst dnfponéRs, ahSMothee! ude
an actlvator and dryégg the resulting product that jncludes the first and

second1®at @EP?@(‘m@btnﬂﬁn £atglygt componentis supported separately from the second catalyst
component such that on average any given particle of support material comprises only the first

or the second catalyst component. In this later- embodiment, each supported catalyst may be
introduced into the polymerization reactor sequentially in any order, alternately in parts, or
simultaneously.

20
[0040] In a particular embodiment, the first catalyst component includes a titanium
non-metallocene catalyst component, from which a higher molecular weight resin (e.g., > ca
100,000 amu) can be produced. In a particular embodiment, the second catalyst component
includes a metallocene component, from which a lower molecular weight resin (e.g., < ca

25 100,000 amu) can be produced. Accordingly, polymerization in the presence of the first and
second catalyst components provides a bimodal polyolefin composition that includes a low
molecular weight component and a high molecular weight component. The two catalyst
components reside on a single support particle in a particular embodiment, and they can be
affixed to the support in a variety of ways.

30 _
[0041] In one embodiment, an “enhanced silica” is prepared as described herein and

constitutes the support; the first catalyst component is a non-metallocene compound that is first



recovering a binmetallic catal yst conmposition. 15 First Catal yst Conponent

[ 0043] As noted above, the binetallic catal yst conposition include @Uﬁ{ff 'i’lﬁﬁ
catal yst conponent, which is (or includes) a non-netall ocene conp

However, it is contenplated that for certain applications the first catal yst
conponent may alternatively be a netall ocene conpound, or even one of the
net al | ocene-type catal yst conpounds identified below that is 20 different in
structure fromthe second catal yst conponent as described herein. In a
particul ar enbodinent, the first catal y@&-conponent is a Ziegler-Natta

catal yst compound. Ziegler-Natta catalyst conponents are well known in the
art and desocmbibed withdhe end:mnpﬂdesilictan tpe@EdER suﬁifbﬁ&d‘ﬂ@ﬁ-&l@ﬂ&c&%cc(n@osilﬁbm@e R

Mul haupt an Bri n pr e r a f such
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oxi des and emilple i de]aondémOé&ﬂallaibmxef(larmetaldm:bﬁ hs\tmg:@rrﬂ)@seaﬁe Iﬂﬁoﬁﬁmh:lnnhdvmgt h a
support materi one enbo eith W th t hout the, se

catalyst | canpBhasiingg s FpagaehpAlE fiis, hraateiton FotiOe oI HLROMER Y

pl aced @n Whe@tléa-aﬁﬁ\pr%eu@fohlow&uﬁéuaapaycne@{éompa,sﬁoﬁarI ety of 30 ways. 'In one
of those ways, a slurry of the support in a suitable non-polar hydrocarbon
diluent is contacted with an organomagnesi um conpound, which then dissol ves
in the nonigpbpr hNiﬁUu@'h%ibd@bi‘Mﬁﬂfng%o Hﬂ?ﬁre%{&mystt: Pﬁﬂeﬁlsgaﬁei W BiRfnf T OM
whi ch the organonmagnesi um 02- Mar - 2 - conmpound is en osited onto

t he car ri ecombingtiosrof aa@hstyh s amnpedmp@bn@lsetdaﬁnlgeneralepmeemm@de ptepearidgo? nmul a
RVWpR , whe d n r
CA-Gi o al k%/ pgrt%cﬁ@gnﬁalﬁé %Ia%t %?JE‘?Paﬁde h]fotlﬁf % Lagﬁ?ogg‘eét ﬂgﬁégtgl o galfijn?rgdneﬁ,
enbodi f@nt pontdwang alsmawdhagmémdea mhecﬁmmataMt canpebnknttiy h nomgnias hyﬂmcalrbbnoviﬂl a
enbodi nent, .t he t 5 organ nesi um.co i ncl ud the silica
Srurry s ssihg AR s Pp e SR SRRt VRRG SR ARy E AR 374 onco
t he suppor dryirgotheeaulihe  prédict ghd O eldddsOthe hersth D X§don@ r EitdEst QdmpbhtsS WRPor t
and no nore than that apount, since anl¥/ excess organomagnesi um conpound nmay !
cause unde&scPyng adimeallic SatalvstrompRIHPT ne experi mentation can be used to

determ ne the optinmum amunt of organomagnesi um conpound. For exanple, the

or ganomagnesi um 10 conpound can be added to the slurry while stirring the
sl ur ry 15 unfirst €afalysk Gampawtitesi um conpound is detected in the support

sol vent. Ajgasnati Vel nofell Su8v8 ARO TRAAAGE WY R ition includes a first catalyst

component, which is (or includes) a non-metallocene compound. However, it is contemplated

that for certain applications the first catalyst component may alternatively be a metallocene
compound, or even one of the metallocene-type catalyst compounds identified below that is
20  different in structure from the second catalyst component as described herein. In a particular
embodiment, the first catalyst component is a Ziegler-Natta catalyst compound. Ziegler-Natta
catalyst components are well known in the art and described, for example, in ZIEGLER
CATALYSTS 363-386 (G. Fink, R. Mulhaupt énd H.H. Brintzinger, eds., Springer-Verlag 1995).
Examples of such catalysts include those comprising TiCly and other such transition metal

25  oxides and chlorides.

'[0044] The first catalyst component is combined with a support material in one
embodiment, either with or without the second catalyst component. The first catalyst
component can be combined with, placed on or otherwise affixed to a support in a variety of
30 ways. In one of those ways, a slurry of the support in a suitable non-polar hydrocarbon diluent
is contacted with an organomagnesium compound, which then dissolves in the non-polar

hydrocarbon diluent of the slury to form a solution from which the organomagnesium



can be added in excess of the ampbunt that is deposited onto the support, in
whi ch case any undeposited excess anmount can be renoved by fiItra@%gﬁl%@
washi ng. The anount of organonagnesi um conpound (noles) based on Y r?t
of dehydrated silica (grans) 15 generally range fromO0.2 nmmoVg to 2 nmol/g
in a particular enbodi nent. [0045] Optionally, the organomagnesi um
conpound-treated slurry is contacted with an electron donor, such as
tetraet hyl ort hosi | oxane (TECS) or an organic al cohol R'OH where R is a
Cl-C12 al kyl group, or a G to C8 alkyl-tfreup, or a C2 to C4 al kyl group. In
a particular 20 enbodinment, R'OH is n-butanol. The anount of al cohol used in
an anount eéfipanivie then dppqsvtedj@nlamﬂﬁ camwg b /omgrnomagiasiuad chmpour@, gant be 1. 5,

or from O deptQerted by e fdrdlla’RBIRY shhcte ROTang W G e Surh8 of aPberdR U4, JASH
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enbodi ngnt org&urﬁ@labsem@amﬁahﬂl lhaﬁ@élﬂnttlﬁe?d’lﬁdatsﬂ@fy igohB thatc\mpmwmdse bépebide, for
exanpl e, titapi umand vanadi um haI i des, hal i des or aI koxyhal i des such as
titani um t Bhysically s shemiqaity.comdg the syppost, Eﬂﬁel‘ pleising hoyad ewfﬁav doxydi sTPHPRRR um 30

OxyX 1 Chl 0tlodpdoH frkito mdRTnd & aNinitTnABRo ANAL UL ALKGKAHR S RTBL mile

al koxi de noi ety has a branched or unbranchéd al kyl™ group to 20 carbon
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any order.
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conponent
generally range from 0.2 mmol/g to 2 mmol/g in a particular embodiment.

[0045] Optionally, the organomagnesium compound-treated slurry is contacted with an
electron donor, such as tetraethylorthosiloxane (TEOS) or an organic alcohol R”OH, where R”
is a C1-Cy; alkyl group, or a C, to Cs alkyl group, or a C, to Cy4 alkyl group. In a particular

20 embodiment, R’OH is n-butanol. The amount of alcohol used in an amount effective to
provide an R”OH:Mg mol/mol ratio of from 0.2 to 1.5, or from 0.4 to 1.2, or from 0.6 to 1.1, or
from 0.9 to 1.0,

[0046] The organomagnesium and alcohol-treated slurry is contacted with a non-
25 metallocene transition metal compound. Suitable non-metallocene transition metal compounds

are compounds of Group 4 and 5 metals that are soluble in the non-polar hydrocarbon used to

form the silica shury in a particular embodiment. Suitable non-metallocene transition metal

compounds include, for example, titanium and vanadium halides, oxyhalides or alkoxyhalides,

such as fitanium tetrachloride (TiClj), vanadium tetrachloride (VCl)) and vanadium -
30  oxytrichloride (VOCls), and titanium and vanadium alkoxides, wherein the alkoxide moiety has

a branched or unbranched alkyl group of 1 to 20 carbon atoms, preferably 1 to 6 carbon atoms.

Mixtures of such transition metal compounds may also be used. The amount of non-



Second Cat al yst Conponent 100481 The binetallic catal yst systemuseful in the

present invention includes a second catalyst conponent conpri si ng?éh e%%t_,
one netal |l ocene catal yst conponent as described herein. Metalloce yst

conpounds are generally described throughout in, for exanple, 1 15 & 2
METALLOCENE- BASED POLYOLEFI NS (John Scheirs & W Kam nsky eds., John Wley &
Sons, Ltd. 2000); GG Hatky in 181 COORDI NATI ON CHEM REV. 243-296 (1999)
and in particular, for use in the synthesis of polyethylene in 1
METALLOCENE- BASED POLYOLEFI NS 261-377 {2080). The netal | ocene cat al yst
conpounds as described herein include "half sandw ch” and "full sandw ch"
conpounds Mtaillngpncnmitionometar;pompgmddgse@cgﬁcIsltfﬁeimtatii givel a 2Pangitidn | ingahd:s

i sol obal tg clo en 0 at | east e o] nmet al
atom and 3’n ﬁoié%}?/ %fg%up% S5 1%01% ofnoogqg (ﬁ{ L@Ssqlfugﬁ aﬁéﬁ% %t om
Her ei naf t eremovbdlleﬁe. conpaionaiSmunder, dueh rasfbyr evaporatiornsr filteied, | 10 (bbas theodry,

"met al | ocene ca St (f onents" The netal | ocene catal yst conponent is
supported SHpPATt alySLEURPADENt 1 o particul ar embodi nent as descri bed
furthersbel ow, and nay be supported with or without the first catalyst 25
conponent, wth the first catal yst conponent in a particul ar enbodi nent.
[0049] Thel®47) i gandEhedfirat g seeond|optalyst sEpeBenta AgY &r cpuaeed mithghe supgert in ng

systems. T orﬁérr‘%% aftlcuak gﬁabé Eﬁrﬁﬁﬁe fn%ﬁtﬁﬂ' thY £5L mﬁfgﬁec ep%%ﬁse}eu.ﬁéued

fromthe group consi t| ng of G oups at oms, particularly,
t he atons fitshwithethe supportie d@}fpnbayamg, ﬁ;ﬂlews@blecomebtmgdhns 30ppdrted dirstunptalyst

consi sti ng.§ o%gntQ;?Hioa &Fgﬁdo&%ﬁstg@{@%g% silicon, sulfur, phosphorous,
|

ger mani um oron an um nu nati ons thereof, wherein carbon nmakes
up at {@ast 50% of the ring nenbers. Even nore partlcul arly, the Cp

| i gand(s) from t e group consisting 02-Mar-2007 -12 of
substitute Ha%{fﬁéﬁg&q"ﬁmﬂ cycl opent adi enyl |igands and |igands i sol obal

to cycl Oppmg]dl eny | Themymetailidichialygt @Xﬁﬂﬂs@ﬁxl i thePtegént im@htisteincludes a second
cycl opent adi enyl i ndenyl, fluoreny and ot her structures. Further

non-1imiti W@a&siaq?ﬁ}pegevéfcomﬁms.ﬁalﬁﬁé 9N dnefaleceR PRipluFt sRmRARgNt as described

cycl opent aﬂ?&ﬁaﬂ&éﬁl%&i@ catal RE &M PounBeRE | Qﬂ%ﬁb}' desdrbe@i2BYghout in, for example, 1
oct ahydrofl uor enyl , cycl ooct at'et raenéﬂmpﬁécl o ent acycl ododecene,

phenantr i &oﬂeMﬂrAua)oE SBP PAbYQLEBFINS ( |Wol<@nwsky eds., John Wiley &
i ophenor selingte PRPR K, n 18 CREBAAUCCENE Rel ERIA (opo bk ="
4,5,6, 7- tprtiaibardfopiuselémyte, syuthe§1H4f paly¥thylendb st 1 (Mt TALOEANE BusEDt BugrveobfFNsand
het erocycl ﬁbcl I EOBB‘)S %rggtallocene catalyst compounds as described herein include “half
sandwich™ and *“full sandwich” compounds having one or more Cp ligands (cyclopentadienyl
20 and ligands isolobal to cyclopentadienyl) bound to at least one Group 3 to Group 12 metal
atom, and one or more leaving group(s) bound to the at least one metal atom. Hereinafter,
these compounds will be referred to as “metallocenes™ or “metallocene catalyst components™.
The metallocene catalyst component is supported on a support material in a particular

embodiment as described further below, and may be supported with or without the first catalyst

25 component, with the first catalyst component in a particular embodiment.

[0049] The Cp ligands are typically a-bonded and/or fused ring(s) or ring systems. The
ring(s) or ring system(s) typically comprise atoms selected from the group consisting of Groups
13 to 16 atoms, and more particularly, the atoms that make up the Cp ligands are selected from
30 the group consisting of carbon, nitrogen, oxygen, silicon, sulfur, phosphorous, germanium,
boron and aluminum and combinations thereof, wherein carbon makes up at least 50% of the

ring members. Even more particularly, the Cp ligand(s) are selected from the group consisting



In a particul ar enbodi nent, the netall ocenes useful in the present invention
are selected from 10 those including one or two, two in a nore par&i waraiom
enbodi ment, of the sane or different Cp rings selected fromthe gro

consi sting of cyclopentadienyl, indenyl, fluorenyl, tetrahydr0|ndenyl and
substituted versions thereof [00501 The nmetal atom "M of the netall ocene
cat al yst conpound, as described 15 throughout the specification and cl ai ns,
may be selected fromthe group consisting of Goups 3 through 12 atons and
| ant hani de Group atons in one enbodi rem12and sel ected fromthe group
consisting of G oups 3 through 10 atons in a nore particul ar enbodi nent, and
sel ect ed fpbnsubstifatedr ang coswbsignied g cydlomBotadithyl Aigand4f | and, lrgandsTaiﬁolumJ Re, Fe,
Ru, Gs, Co : r sel ected
From the oraenliondforliplbeXEhun® SRUAGEREMEH AlodlaRE iy 51
parti cul ar ashdtheh strectiires a irther Tion-lifiri{ing-€xaatpbes® fisuchyligands hvlude padiépeatatiianyl,

of e ot SieiohgpaRkengpaest, 2T ieRR r SAMERY o (HBr¥hoo) SRADCAHeT &

nore pagti eplcdetabraadi, Weélﬁclopleﬁtacybﬂodode%ené3,phén’hnﬂﬁ'mdé}yl ansl4ibenofuoRnyIPr 9-
particul ar enmbodi nent is +2 oups bound the netal atom "M

4.
are such tﬂ?ff‘ykﬂﬁéreéblnpoéﬁﬁ@yﬁ%@éf; ?Jséeaamséwylhn t kdpgnzefiugenyn g denaf}bdet ur es
are el ectrbgathtdhe, nﬁﬁbﬁaoandemvlmeﬁfopﬁédaﬁﬁweﬁf mﬂmg@a&t@&ver;feﬁs tﬂ:rgrebfl ngnd;(% 7form

at | east one chem cal he netal atom Mto formth al T'ocene

cat al yst cishpodrindenyher “Bdnd'Dgmbeifutad ¥ergions theveof, fapd hﬁ‘lemwléia\(ﬁ&i‘gpsghﬁmqfs
bound to t S ' to
subst i ¢yt | By EFAAIESmERIREN Wie bfbliOGhec (5K H fhe pBEnclh it S EREEN RO 0
t he ont0 or thowriecluging lohe oe two, ct'abéﬂl ¥ store parpani@renodimdent, rod tlnmsametorainfferem Cp

represent ed_ by t e fornul a 02- Mar,-,2007 ei n

descri bed Eve* ggﬂh E5?"? sﬂ% egﬁ‘? ‘@alcioi}mﬁtgﬁdeo tcgglﬂ/?engaéiéﬂ)ybp "@‘{E ?{Igoren

cheni cal | ytetghydesindenylVanddsibstituied vesionshegef. from 0 to 4, and elther | or 2 in
a particular 5 enbodi ment. 10052] The l|igands represented by CpA and Cp in
formula (1) may be the same or different cyclopentadi enyl |igands or |igands

i sol obal t@osoC! opentiRdin@aY laton®i “Mrelof Qhe RRkdNoBéne ¥AIGH m(&jm@ﬁ@tgd Hescnbed
heteroatom; and either or both of which may be substltu by ‘a group

| n onel®nmbbtiughoent thegpecifipationsad alsians, max e priestad fong &e@@wmmﬁnacﬁ&@m@p

consi sti ngthfgugh 12 atoms and lanthanide Group atoms in one embodiment; and selected from the group

consisting of Groups 3 through 10 atoms in a more particular embodiment, and selected from
the group consisting of Sc, Ti, Zr, Hf, V, Nb, Ta, Mn, Re, Fe, Ru, Os, Co, Rh, Ir, and Ni in yet
a more particular embodiment; and selected from the group consisting of Groups 4, 5 and 6
20 atoms in yet a more particular embodiment, and a Ti, Zr, Hf atoms in yet a more particular
embodiment, and Zr in yet a more particular embodiment. The oxidation state of the metal
atom “M’’ may range from 0 to +7 in one embodiment; and in a more particular embodiment, is
+1, 42, +3, +4 or +5; and in yet a more particular embodiment is +2, +3 or +4. The groups
bound the metal atom “M” are such that the compounds described below in the formulas and
25  structures are electrically neutral, unless otherwise indicated. The Cp ligand(s) form at least
one chemical bond with the metal atom M to form the “metallocene catalyst compound”. The
Cp ligands are distinct from the leaving groups bound to the catalyst compound in that they are

not highly susceptible to substitution/abstraction reactions.

30 [0051] In one aspect of the invention, the one or more metallocene catalyst components

of the invention are represented by the formula (I):




cycl opent adi enyl , indenyl, tetrahydroindenyl, fluorenyl, and substituted
derivatives of each. 100531 |Independently, each CpA and Cpe of fopﬂﬂ&f¢£d&7
may be unsubstituted or substituted with any one or conbination o
substituent groups R Non-limting exanples of 15 substituent groups R as
used in structure (1) as well as ring substituents in structures (Va-d)

i ncl ude groups selected fromthe group consisting of hydrogen radicals,

al kyls, al kenyls, alkenyls, cycloal kyls, aryls, acyls, aroyls, alkoxys,

aryl oxys, al kylthiols, dialkylamnes, al¥%yl am dos, al koxycarbonyl s,

aryl oxycar bonyl s, carbonoyls, alkyl- and dial kyl -carbonoyls, aryl oxys,
acyl am nos, aroyl am nos, and conbrpatians, thereQﬁ. 20 [0054] More particul ar
non-limting exanples of al kyl substituents R associated with fornula (1)

t hrough ( i nclude nethyl. ethyl, propyl, butyl, pentyl, hexyl, cyclopentyl,
cycloheny%mﬁﬁﬁk 18 Hhéﬁ%FPmﬁﬁgﬁ§Fﬁ¥@hgﬂf‘Qﬁ@“?hyﬁpBﬂ?gﬁbﬁgn?¥hdﬁbﬁﬁgpéﬁd t he
l'i ke, incl grtinfiiGallybdndbd@d M;i S@ANEIsSan dgeLFaMPd € Uehtd aifher QUSY? in b paRicRRY ! -
and the_like, Other possible radicals f% i ncl ude substituted al kyl's and aryls
such as® fembediwgii e, fluoronethyl, fluroethyl, difluroethyl, iodopropyl,

br onohexyl, chl orobenzyl and hydrocarbyl substituted organonetalloid radicals
including trinethylsilyl, trinmethylgernyl, nmethyldiethylsilyl and the |ike;
and hal ocaf®¥R} subsThet ligands cengesantae s Crdi ahdr Geli pafasmblacutiapde the same or

br onorret hy HOLEREF i sfepehladienyt LBEHQ ¥ HeBhdl el BV kBl et or bothyoL )
e A e et sttt ool

ot ot A0S B R SRS T R P SRdkpastenty BRI R tie, 0w RGP poxy
phenoxy, neydiopettddichdcinaan] attiublyaratidesie, ﬂqunPl?Em@wbStﬁtiutddQlBﬁﬁatﬁeé d¥ehdtde

ol efins such as but not limted to olefinically unsaturated 02- Mar-2007 -14
substituents including vinyl-term nated |igands, for exanple 3-butenyl,

2- pr openyl [pog3exenyihderRRdbnti) e ehdnk€p* lad AY® S PYHUIE(H  m&Y bleC@ibinstitedRor
groups, two adjacent R'groupS in one erbodinent, are’joined to forma ring
struct ure hbglimtedfwitnugy ens Gocambination @f sehstithentr gaupshB. Npmolimitogrexanplengf of

car bonyg ni Sy s Skl 4 ger. ' al um > sPpor on
andl oot nelRARE AABER s GRACERAUE Pt P HE CTRRLE, B R 2elo
may for m mcledediroups askoei afforonthe Eroupe cailsisiiem bf Mydfoged Fhdigds, halkyls, mlkdngls,
formila (1), abovec ARdLR] AdE, LORE b Wieh Siokld.) aklER8" ol tamines,

alkylamidos, alkoxycarbonyls, aryloxycarbonyls, carbomoyls, alkyl- and dialkyl-carbamoyls,

acyloxys, acylaminos, aroylaminos, and combinations thereof.

20
[0054] More particular non-limiting examples of alkyl substituents R associated with
formula (I) through (V) include methyl, ethyl, propyl, butyl, pentyl, hexyl, cyclopentyl,
cyclohexyl, benzyl, phenyl, methylphenyl, and tert-butylphenyl groups and the like, including
all their isomers, for example tertiary-butyl, isopropyl, and the like. Other possible radicals

25  include substituted alkyls and aryls such as, for example, fluoromethyl, fluroethyl, difluroethyl,
iodopropyl, bromohexyl, chlorobenzyl and hydrocarbyl substituted organometalloid radicals
including trimethylsilyl, trimethylgermyl, methyldiethylsilyl and the like; and halocarbyl-
substituted organometalloid radicals including tris(trifluoromethyl)silyl,
methylbis(diftuoromethyl)silyl, bromomethyldimethylgermyl and the like; and disubstituted

30 boron radicals including dimethylboron for example; and disubstituted Group 15 radicals
including dimethylamine, dimethylphosphine, diphenylamine, methylphenylphosphine, Group
16 radicals including methoxy, ethoxy, propoxy, phenoxy, methylsulfide and ethylsulfide.

Other substituents R include olefins such as but not limited to olefinically unsaturated




bel ow i s i ndependently selected fromthe group consisting of. any |eaving
group in one 10 enbodi nent; hal ogen ions, hydrides, C, to Cl2 al k@( C%’é'
Cl2 al kenyls, C6 to Cl2 aryls, C7 to C2o0 alkylaryls, C, to Cl2 alk 3%" to
C, 6 aryloxys, C7 to Cs alkylaryloxys, ClL to Cl12 fluoroalkyls, C6 to C, 2
fluoroaryls, and Cl1 to Cl2 heteroat om contai ning hydrocarbons and
substituted derivatives thereof in a nore particular enbodi nent; hydride,

hal ogen ions, C, to C6 alkyls, C to C6 alkenyls, C7 to Cs alkylaryls, C
to C6 al koxys, C6 to C 4 aryloxys, C7 to145 Cl6 al kyl aryl oxys, C, to C6

al kyl carboxyl ates, C, to C6 fluorinated al kyl canboxyl ates, C6 to C, 2

ar yl car boxyhbdtiagentsGhclidingivinyhlckylinated! ligandsp for leatesle 3hutényl, Bpioberyt,gahdsghyd, C2

bar t1 cul ar BAGBET RNt FFarmEd ety b o R 5P ite e irat BHERE n Menoxy.
benzoxy, t eaibodinidnt! QFjFRicA b ForaN 8l ribf @ﬁﬁ@lﬁb Ghﬁﬁh% froti3 Y& B0 Atoiy R1cBRH bl Hhar
enbodi nent; C, to C2 alkyls, C2 to C 2 alken C6_to Cl2 aryls, C7 to 20

C20 al kyl areup, cansisting Pﬁf%,ramc nifregegy, OXYEey: glwsgl{ﬁwsq giliey gopmprium, plugynpm
substi t gt eqofeh 4 ConfbinaBbKy Hfask S ,aagaﬂ a%ubétﬁu&t gmm@txerg@tﬁipomcﬁ%etl%wgnﬁ&ky' s,

C, to Cl2 heteroatomcontaining aryls an 2 "heteroat om confai ni ng
~al kyl aryl s form g bondingassaciatian tq g‘elekmeét”ﬂt‘lodl rrent chloride, fluoride, C, to C6
al kyls, C2 to C6 al kenyls, C7 to Ci s al kyl aryls hal ogenated C, to C6 al kyl s,
hal ogenated C2 to C6 al kenyls, and hal ogenated C7 to Cs alkylaryls in yet a
nore parti 0541 25 eRwhdX methe forhiulm(lb elmvemifmylthe fenhlylhs/stplcnpgsl (H)ﬂhalghl(V)

met hyl phen di net.h ny|l hen | uog onre di - and
trifluor on%’?lﬁ gf‘%e &ff@é{r%bﬁﬁgﬂ %m ﬁg cX’Eﬁlsnngt 8§ any g%/arvgg 5"7?81’ ih one
pent af hgor Qﬁfbﬁdﬁ)ﬂeﬁ'b r?%lﬂgétﬂ‘bn@ h@gli(i)@[s,p%{ ﬂblcqscllhlayls @Eﬁ@dﬁltm@lﬁényl@m tb C\vhcﬁi'ylﬁi@ﬂt@ yet
a nore partjcular e | non-limting exanpl es of
groups in fa@ Frh‘D’!i“i(lf’ 8l| Ffb”f%mélk%ﬂs %ﬁ Cph@ﬁ‘?ﬁyﬁ’e& ENETYCS lfif&lP%xﬁléPé%l?
di enes, hygRefpakRN crﬁatéllcaglfmohﬂiéwgma rQMol CLChefePofi6th RERtaindt 0 Bdrodarbéas izRdt ed
hydr ocar bon radi cal s entafl uoro hen 1) %I f | uori nat ed

¥

02- Mar - 200 Fubstifuts éeawm@wﬂmr@# ing. 1gore Pext 9 lmnrytd dride, hplgedmaiooy&h 10 ons
SUch a5 cy GGy 1T 68 pikentth & oTARARERIE T Co iR 'O KiTafiotly e P
t etr ant$ hy ICanalkylpeytxysed: iy [hm&quaébhylhﬂeaé?n@ Csrﬂtltbljacaqu, alkyd¢dnyawylatespCotodXy
shencxy. b SISy en ok, i g, TS obgapt s o
or ring sys$luealkehy§)=hi Q;noal)ptlheroakyasdd mOf'ett‘ahﬁorbl’paﬁftm@mmbbblﬁleﬁﬁth@&hdbcene
caral Vet comenenl, HIENED LIRS oL AL A (L WISKR R S0 T,
in yet a more particular embodiment; C, to C) alkyls, C; to C;; alkenyls, Cg to C;3 aryls, C; to
20  Cyp alkylaryls, substituted C; to Cy; alkyls, substituted Cs to C,; aryls, substituted C; to Cyg
alkylaryls and C, to C); heteroatom-containing alkyls, Cy to C,2 heteroatom-containing aryls
and C; to C|, heteroatom-containing alkylaryls in yet a more particular embodiment; chloride,
fluoride, C, to Cs alkyls, C; to Cs alkenyls, C7 to Cy alkylaryls, halogenated C, to Cg alkyls,
halogenated C; to C¢ alkenyls, and halogenated C; to C,g alkylaryls in yet a more particular
25 embodiment; fluoride, methyl, ethyl, propyl, phenyl, methylphenyl, dimethylphenyl,
trimethylphenyl, fluoromethyls (mono-, di- and trifluoromethyls) and fluorophenyls {(mono-,
di-, tri—,‘ tetra- and pentaflucrophenyls) in yet a more particular embodiment; and fluoride in yet

a more particular embodiment.

30 [0056] Other non-limiting examples of X groups in formula (I) include amines,
phosphines, ethers, carboxylates, dienes, hydrocarbon radicals having from 1 to 20 carbon

atoms, fluorinated hydrocarbon radicals (e.g., ~Cg¢Fs (pentafluorophenyl)), fluorinated




group, (A), such that the structure is represented by forrmula (I1): 10

CpA(A) CpBMX" (11) [0058] These bridged conmpounds represented by f@{mﬂ ‘&Jfl)
are known as "bridged netallocenes". CpA CpB, M X and n in struct ?% )
are as defined above for formula (I); and 15 wherein each Cp ligand is
chemcally bonded to M and (A) is chemcally bonded to each Cp.

Non-limting exanples of bridging group (A) include dival ent hydrocarbon
groups containing at |least one Goup 13 to 16 atom such as but not |limted
to at | east one of a carbon, oxygen, ni{gagen, silicon, alum num boron,
germani um and tin atom and conbi nati ons thereof; wherein the heteroatom nmay

al so be d an(glcgbaxﬁhﬂéyl(egr caw(omx)bsltyﬂﬁwsaildtmwgahnsﬁy ah® ¢bhBlnaidéhsViatSHTY -
The bridgin grou al so contajn substituent rou&i R as defined above

(for fornfh (qxwlpheﬁ@f G&ﬂs@ndﬁdpﬂg%awds@av% Suehcpsi Y5 iobutyh r erclobexyl.cipthyl,
non-limti H&bt Xamglle%ﬁﬁommemg% fwraﬂlemymné A)pelﬁslﬁetﬁﬁeﬁ@s g{e&m& eﬁ&vz,{g?ﬁ

al kyl enes, Stituted C, to al kyl ehes,” "oxygen,

-Si (R)2Si (sihyrzsy, pmpmz@mnom Pis(lN- m@w@nﬂldpbﬂm@bﬁmdpmww@mmdetmﬁws

wher e t f. 25
hydroc?f byﬁnd @g@ﬂ? ﬁ' Xﬁgﬁr oc%ﬁgo %{ﬂ%)&c‘)ga Cb?q?fl&?u{[ﬁggg) ag%[ﬂ%ﬂyl
hydrocar byl - substitut ed organorret aI | oi d, hal ocar byl - substituted

or ganonet a bst tuted. b 15 at ons

substi t ut ehi gzﬂup 1 r asgﬁcé ﬁét}eda‘éeﬁg?%gﬁ %aﬁg??ae\%ﬁaﬁgﬁ Gomppgent iclydss o
may be j oi these bbfdrﬁmlma) mmgreomp"r mngc;s‘%/ate&magémtwmhammdjynan&ast ohe bhddinged
net al | ocene cat al yst co onent of forrrul I%ha(s two or nore bridging
groups (A ETOEB(?‘@ PtWeFﬁrﬁ?”F?q‘?& AuladBt bridgi ng group (A)

i ncl udgg et hyl ene, et hyI ene, ethylidene, propylidene, isopropylidene,

di phenyhnet hyl ene, 1, 2-di et hyl ethyl ene, 1,2 02- Mar-2007 -16

di phenyl et hyl ene, 1,1, 2, 2-t P &MEMMBt hyl ene, di net@®®1silyl, diethylsilyl,
met hyl - et hyl si l yl, trlfluoronethylbutyIS|IyI bis(trifluoromethyl)silyl,

di (n-butyl)silyl, di(n-propyl)silyl, di(i- propyl)silyl, di (n-hexyl)silyl,
di cycl ohex}l0§8] yI , dlslse byidgsd] opimpounds| represeptedHenipimailay(ll) ate known as “bridged
but yl cycl oh S| I I e { t | an
correspondi %’mﬁm € Séé\/r’lglre%n {]ﬁﬂyéhgﬁky@f%aﬁs@eﬁ%eceg% éh% ?a amﬁl atom

di met % si whtreinciael Epll'fg'ahd/is,che]dicm bayrldgeé tar, aﬁchdﬂgﬁls ehéimlcgqr mﬂded to each Cp.
Non-limiting examples of bridging group (A) include divalent hydrocarbon groups containing
at least one Group 13 to 16 atom, such as but not limited to at least one of a carbon, oxygen,
nitrogen, silicon, aluminum, boron, germanium and tin atom and combinations thereof;
wherein the heteroatom may also be C; to C;; alkyl or aryl substituted to satisfy neutral

20  valency. The bridging group (A) may also contain substituent groups R as defined above (for
formula (I)) including halogen radicals and iron. More particular non-limiting examples of
bridging group (A) are represented by C, to C¢ alkylenes, substituted C, to Cs alkylenes,
oxygen, sulfur, R',C=, R,8i=, —Si(R"):Si(R"2)—, R'2Ge=, R'P= (wherein “=" represents two
chemical bonds), where R' is independently selected from the group consisting of hydride,

25 hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyl, hydrocarbyl-
substituted organometalloid, halocarbyl-substituted organometalloid, disubstituted boron,
disubstituted Group 15 atoms, substituted Group 16 atoms, and halogen radical; and wherein
two or more R' may be joined to form a ring or ring system. In one embodiment, the bridged
metallocene catalyst component of formula (II) has two or more bridging groups (A).

30
[0059] Other non-limiting examples of bridging group (A) include methylene, ethylene,
ethylidene, propylidene, isopropylidene, diphenylmethylene, 1,2-dimethylethylene, 1,2-




[ 00601 In anot her enbodi nent, bridging group (A) may al so be cyclic,
conprising, for exanple 4 to 10, 5to 7 ring nenbers in a nore pa.%éﬁ :gw
enbodi ment. The ring nenbers 10 may be selected fromthe el enents Ja
above, fromone or nore of B, C, Si, G, Nand O in a particular enbodlnent.
Non-limting exanples of ring structures which may be present as or part of
the bridging noiety are cycl obutylidene, cyclopentylidene, cycl ohexylidene,
cycl oheptyl i dene, cyclooctylidene and the correspondi ng rings where one or
two carbon atons are replaced by at |ea3®—-one of Si, Ge, Nand 0, in

particular, Si and Ge. The bondlng 15 arrangenent betmeen the ring and the Cp
groups nay dipbeylethdensi &1.2. 2 tetirmethylethylane odipieruisilyh . dicthglgidull rrrerﬁbyl@%dsllczl

bridgin Sk t /o r nore
aubst1 t pent ity B0, SRR ALRtnaky ISR, MELEODERA, MigERbpILRY, aft
present, t peopyhslybr difmehexyBsibdt idieyelvhexydsibyl, sellilﬂmtlydsﬂ}ﬂ,r oryclohexyiplmogsibdnst- st i ng
of hydroca e, Q. .- Io en O, FE. . in
one )e/nbodi h@%‘cy&ﬁ%y&l@l ¥ tr%lyyelt}EBﬁ&S ups&mﬁ\éiﬁcﬁﬁg é}bo\%rrc(bs%rﬁu}’g B}qleglﬁ% ng
noi eti e8 nmaherii ithaadil wtdae is uspklcddobyay Ge eratuCatagith;0dinwilgAdilyt, atRthylilgh, are

selected fromt Sj st g of those having 4 to 10, nore particularly
5 6 or 7 Pqu%ﬁ‘ﬁg?’gi‘??g fromthe group consisting of C, N, 0 and S

in a particul ar enbodi nent) such as, for exanple, cyclopentyl, cyclohexyl

and phenyl . I\/breover t hese rij dg structures may 25 thensel ves be fused such
as, for exH¥Pk | n Iothes embrdimentabideing sravn i), mubilavbesyclicrromprising, for

(opt i onal | ¥xdntfi&@)to "10NY 5177 ikl Méﬁﬁerm oidré }Sar@i@ﬁggémﬁ'&fuﬁexﬁ‘ibﬁ{e'rﬁ] Erﬁber% |

Illustrative, non-limting exanples o t hese substituents are rocar
(parti @I amay balsklgétyd omuthe elmdnth aleotened aboves from @EE2 motéief Bj Gatid §e,0ﬂ>mdand

f f h
P 0! o By e, MBS AR AS e 3 BB,
yet anot heas as @Jeﬂt ofothet Ismdgmg/miatpraxe tywobmdﬂbﬁeomgdepmmiey@tcwmmhdmﬁ
i nclude brid o-1i tall ene co unds
cycl opent aﬁchﬁVPtngg £t § o mﬂﬁnaé‘ﬂ ‘3°°Weﬁp r@ﬁ%&b&ﬁé’i’?’? or f"ffécaé]?oq 4Y8E one
met al | ocengreCRpREISby GO TSN B of Si, aG@rNdﬁect) hpdlﬁclﬁa%nSWaﬁm GdTetras headnge
represented by the formula (111) )QVD(" (L1T). wherein OpAls def I ned

above and PEaigemeR hebvaon thejng @déhqo@?w Pnan@fmthsbﬁ&eaa% opagpmbiaation. and
wherein-an atomfromthe Q group is bonded to M and n is an integer 0, 1 or

2. In fornula o
[0061] The cyclic bridging groups (A) may be saturated or unsaturated and/or carry one

or more substituents and/or be fused to one or more other ring structures. If present, the one or
more substituents are selected from the group consisting of hydrocarbyl (e.g., alkyl such as
20 methyl) and halogen (e.g., F, Cl) in one embodiment. The one or more Cp groups which the
above cyclic bridging moieties may optionally be fused to may be saturated or unsaturated and
are selected from the group consisting of those having 4 to 10, more particularly 5, 6 or 7 ring
members (selected from the group consisting of C, N, O and S in a particular embodiment)
such as, for example, cyclopentyl, éyclohexyl and phenyl. Moreover, these ring structures may
25 themselves be fused such as, for example, in the case of a naphthyl group. Moreover, these
(optionally fused) ring structures may carry one or more substituents. Illustrative, non-limiting
examples of these substituents are hydrocarbyl (particularly alkyl) groups and halogen atoms.

[0062] The ligands Cp? and Cp® of formulae (I) and (II) are different from each other in

30 one embodiment, and the same in another embodiment.



10 (I11) above, CPA, (A) and Q my forma fused ring system The X groups and
n of formula (111) are as defined above in fornula (1) and (M In Ogr.r2007
enbodi ment, CpA is selected fromthe group consisting of cycl opentadienyl,
i ndenyl , tetrahydroindenyl, fluorenyl, substituted versions thereof, and
conbi nati ons thereof. 15 [00641 In formula (111), Qis a

het eroatom containing ligand in which the bonding atom (the atomthat is
bonded with the netal M is selected fromthe group consisting of Goup 15
atoms and Group 16 atons in one enbodi men¥~ and sel ected fromthe group
consisting of nitrogen, phosphorus, oxygen or sulfur atomin a nore
particul ar [@063ddi menin yainanather raspeeh of alred inEntipan thenmpetilocensniatalya comparients
enbodi ment .. Non-Jimting exanpl es ,of roups.i pcl ude 20 al kyl am nes,

aryl ani nes,ln%&céi‘bc{%acfﬁ o "E,meé?‘ﬁc’(ﬁfeg %’mﬁﬁ%d@;g't@?ﬂ%ﬂ&ﬁ?%’?%(e@?g?ﬁtaly“

pi val ?t ;a) , oampb@smfa@fm th@zamohilmelamult)eemecgsmehadtaﬂmeneamg@hwﬁdpon&h%mii@'em ne,
pyrrolyl, _pyrozaolyl, carpazo , bor nzene other conpounds conpri sing

G oup 15 angXIés%'&Hl%mf‘é%‘@ﬁ%ﬂedyﬁlﬁaw@dgﬁ??éfﬂ'a?%E th M 25 100651 In yet
anot her _aspect of the invention, the at |east one netall ocene catal yst

conmponefit is an unbridged "hal f sandych. netal ene represented by the
formula (Na): CpAMPX" (Na) 30 &?&@@A i's b&?l ned as for the Cp groups

in (1) and is a ligand that is bonded to M each Qis independently bonded
to M Xis a leaying group as described abgve in (1); n ranges fromO to 3,

and is 0 ohsreihCpnis defipestabounend ig bpundde M Adin apridging grembandeditod) asl G’ one
embodi ment .and GLORmMAaterl Gbm thégzl %ﬁl;f/pi 8 BBRRH ERE and R s dn%nt%ﬁér?tf}g%gz.f ORhiS

group consi sting of gyclopenta , I ndenyl, tetrahydroi ndenyl, fluorenyl,

subst i {10t edDabeveofptHé) eed Q rasyfonn aifisad ring sistenh eFheok grqup®@siin ¢ ffofrala(IIt
Na). O i ‘ At " ) R
Yo, s KBTS R fafrili ) SR, Bl SinOifens O iy Fighen frok b

unsubst i t utgemlp aonsistigg oo TyclepartaiienyRR indersd| dcttabpdrbindenylhdlugrenylp substiited i ng
of C, to Cr, alkyls, .C6.to Cl2.arvls Cl to C6 al kylamnes, C6 to Cl12

al kyl aryl a#ﬁﬁ’g?%ﬁ?c’f’ﬁn%mﬁ IRBWéﬁe@f‘t o C12 aryloxys, and the Iike.
Non-limting exanples of Qinclude Cl1L to Cl2 carbamates, Cl to C12

carboxylates (e.g., _pivalate), C2 to C20 allyls, and C2 to C20 heteroallyl
nmoi et i ﬁlé. 1¥68bo671 be@wvlséﬁf)a%i ﬁé@tﬂm@-wﬁ inipghigand 4p, shickthe brodingalmenes

above can B@e atom that is bonded with the metal M) is selected from the group consisting of Group 15
' atoms and Group 16 atoms in one embodiment, and selected from the group consisting of
nitrogen, phosphorus, oxygen or sulfur atom in a more particular embodiment, and nitrogen

and oxygen in yet a more particular embodiment. Non-limiting examples of Q groups include

20 alkylamines, arylamines, mercapto compounds, ethoxy compounds, carboxylates (e.g.,
pivalate), carbamates, azenyl, azulene, pentalene, phosphoyl, phosphinimine, pyrrolyl,

pyrozolyl, carbazolyl, borabenzene other compounds comprising Group 15 and Group 16

atoms capable of bonding with M.

25 [0065] In yet another aspect of the invention, the at least one metallocene catalyst

component is an unbridged “half sandwich” metallocene represented by the formula (IVa):
Cp*MQXx (IVa)
30  wherein Cp* is defined as for the Cp groups in (I) and is a ligand that is bonded to M; each Q is

independently bonded to M; X is a leaving group as described above in (I); n ranges from 0 to

3, and is 0 or 3 in one embodiment; q ranges from O to 3, and is O or 3 in one embodiment. In



described as in formula (IVb), such as described in, for exanple, US

6, 069, 213: Cp"M Q@&XZ) X' or (IVb) 15 T(Cp"M @QGZ) X' )m wherein M &)M é(ﬁﬂd
n are as defined above; QRGZ forms a pol ydentate ligand unit (e.g. =< ar

pi val ate), wherein at |east one of the Q groups form 20 a bond with M and
I's defined such that each Qis independently selected fromthe group
consisting of -O, NR, -CR2- and -S-; Gis either carbon or silicon; and Z
is selected fromthe group consisting of R -OR -NR2, -CR3, -SR -SiR3,
-PR2, and hydride, providing that when-®is -NR-, then Z is selected from
the group consisting of -OR -NR2, -SR -SiR3, -PR2; and provided that
neutral valoBf@bpdiment,iGp’s i selactedgirey the groupaerpsisiies of syelapentadiqnyl, indenyl,

. ndep_endentté&ahaﬁbﬁa&@@, ﬂJo?éﬁBI, R AR eRRISthérb N ehdtonfbinatiBn<thGreofi €t €1 0Bt OM
contai ning groups, CI to Cl0 alkyls, C6 to Cl2 aryls, Co to Cl2 al kylaryl s,
Cl to Cl10 al koxys, and C6 to Cl2 aryloxys; nis 1 or 2 in a particular

o ment - 50 o Gl st
of 1 1o CHRY o ofpda fab ) ReBEQY Rod b corsRlhe AR BO0HE CRAS)-ST 1 O
cont ai nBng ~YRoYPER,BNEB-C6-NRy, ECRs 1SR -8R HPR,,gribus!; subititad 2RO Qifsubstit@ted

wh ' h,T br.i ' " CpAl d i

ehem cal &y 3 &rten hsrin & TERAR TR the e SRS % oAy Ge 9 Capnls. an

i nteger fr@nt@Ck alk§lainines, OPoEC RalKyleyhdines; Th @6l Cpealkbxys, B, kOOE8kylbiysaam!ther
aspect of the invention, the at_ | east one netal | ocene catalyst conponent can
be descri bé§enbloa-limiing E’&ﬂ“&oﬁ?%Pfin ydg P &9z pagegmatesy) to Cycgarkaxylateyds.g» R3 Ra
R3 Ra R2 BivaBZe)R?z to @So ﬁ?ls’?‘and\ﬂ:z% dzﬁeﬁ%@y] moieties.

10
[0067] Described another way, the “half sandwich” metallocenes above can be
described as in formula (IVb), such as described in, for example, US 6,069,213:
Cp*M(Q:GZ)Xx or (IVb)
15 T(Cp*M(Q:GZ)Xo)m

wherein M, CpA, X and n are as defined above;

Q.GZ forms a polydentate ligand unit (e.g., pivalate), wherein at least one of the Q groups form
20 a bond with M, and is defined such that each Q is independently selected from the
group consisting of -O~, -NR~, -CR;— and —S—; G is either carbon or silicon; and Z is
selected from the group consisting of R, -OR, -NR;, —CR3, —SR, —SiRs, —PR;, and
hydride, providing that when Q is -NR—, then Z is selected from the group consisting of
—OR, -NRj, -8R, —SiR3, —PR3; and provided that neutral valency for Q is satisfied by
25 Z; and wherein each R is independently selected from the group consisting of C; to Cj
heteroatom containing groups, C; to Cyg alkyls, Cs to C,; aryls, Cs to C)2 alkylaryls, C,
to Cjo alkoxys, and Cg to C,; aryloxys;

nis 1 or 2 in a particular embodiment; and
30
T is a bridging group selected from the group consisting of C; to Cyo alkylenes, Cs to Ci,

arylenes and C, to C,o heteroatom containing groups, and Cs to C,; heterocyclic groups;




10 (Va-i) (Va-ii) RBRAR R R (XYn MAR5S R6 R7T RB (Vb) 15
02-Mar-2007 -20R45R3 R R R (XXn MAR Rs 1R 9 R12 R\ /ﬁbﬁa%om
(Mc) RARBRRBRE R R R (XN MA R RS RRO Ro (Vd) 5 wherei
structures (Va) to (Vd) Mis selected fromthe group consisting of Goup 3 to

G oup

-19—
wherein each T group bridges adjacent “Cp*M(Q.GZ)X," groups, and is chemically
bonded to the Cp* groups.

m is an integer from 1 to 7; m is an integer from 2 to 6 in a more particular embodiment.

[0068] In another aspect of the invention, the at least one metallocene catalyst

component can be described more particularly in structures (Va), (Vb), (Vc) and (Vd):

10

15



12 atonms, and selected fromthe group consisting of Goup 3 to Goup 10 atons
in a nore particular enbodi nent, and selected fromthe group consdst' n%ocag
Group 3 to 02-Mar-2007 -21 Group 6 atons in yet a nmore particul ar = ar
enbodi ment, and selected fromthe group consisting of Goup 4 atons in yet a
nore particul ar enbodi nent, and selected fromthe group consisting of Zr and
H in yet a nore particular enbodinent; and is Zr in yet a nore particul ar
enbodi ment; 5 wherein Qin (Va-i) and (Va-ii) is selected fromthe group
consi sting of halogen ions, alkyls, alk3y enes, aryls, arylenes, al koxys,

aryl oxys, am nes, al kyl am nes, phosphi nes, al kkyl phosphi nes, substituted

al kyl s, substituted aryls, spbstitpited al koxys, substituted aryl oxys,
substituted am nes, substitutkgd & kyl am nes, substituted phosphines, 10
substituted al kyl phosphi nes, \amat es, heteroal l yls, carboxyl ates
(non-limting exanples rbamat es and car boxyl ates i ncl ude
trimethylacetate, trinethyl , hmethyl acetate, p-toluate, benzoate,

di et hyl carbamat e, and di net hj/T Car bamat e), fluorinated al kyls, fluorinated
aryls, and fluorinated ahg kates; 15 g is an integer ranging froml
to 3; wherein each Ris-i , selected fromthe group consisting of
hydr ocarbyns and heteroat or t ai nhkng hydrocarbyls in one enbodi nent; and
sel ected fromthe group 0 consi sti of al kyl enes, substituted al kyl enes
and het eroat-om cont ajpi Rg hydrocarbyl § in anot her enbodi nent; and sel ected
fromthe group consistfrng of C, to ClA al kylenes, O to Cl2 substituted

al kyl enes, and C, to Cu he{eroat;om conhtai ning hydrocarbons in a nore
particul ar enbodi nent; and gel éeted fromthe group consisting of C, to C4

al kylenes in yet a nore pggtRcC gmbodi ment; and wherein both R* groups are
25 identical in another enbos In structures (Vb-d); Ais as described
above for (A) in structure (I and nore particularly, selected fromthe
group consisting of -0-, -S 30, NR, =SiR2, =CGeR2, =SnR2, -R2Si Si R2-,
RP=, C, to Cl12 al kyl ener? bat+RIE C, to Cl2 al kyl enes, divalent C4 to
Cl12 cyclic hydrocarbons

Rl 0 Rll (VC)

R R10 vd)

5  wherein in structures (Va) to (Vd) M is selected from the group consisting of Group 3 to Group
12 atoms, and selected from the group consisting of Group 3 to Group 10 atoms in a

more particular embodiment, and selected from the group consisting of Group 3 to



30 and substituted and unsubstituted aryl groups in one enbodi ment; and
selected fromthe group consisting of C5 to CB cyclic hydrocar bonﬁ,z 2007
-CH2CH2-, =CR2 and =SiR2 in a nore particul ar enbodi nent; wherein ancle%
selected fromthe group consisting of 02-Mr-2007 -22 al kyI s, cycloal kyl's,
aryls, al koxys, fluoroal kyls and heteroat om contai ning hydrocarbons in one
enbodi nent; and Ris selected fromthe group consisting of C, to 6 alkyls,
substituted phenyls, phenyl, and C, to C6 al koxys in a nore particul ar
enbodi nent; and Ris sel ected fromthe gfbup consisting of methoxy, methyl,

phenoxy, 5 andﬁgq in yet a nore partjcular, enbodi nent; wherein A may be
absent in yet af&tURe aé?fﬂ%éﬂ eing MOTR Pafficklar embedimspt, apd Sie@CUéffF%(ﬁheagmf‘Br

RI-R12; 10 eachcghsisinger QRup4 AGHs MBRYLmbR: p(ah}cmapeﬂnsomehﬁm&iec{eamhs o 4,
and from1 to 3 in another enmbodi nent, and or 2 in yet another enbodi nent;
and 15 R thr oumumgnsaﬁt@guqﬁé’é@éﬁéﬁn@wa@enee@rt@alane dimentjraod s Tonsiebe i ng
of hydrogen radj B j.cals, C to Cl2 alkyls, C2 to Cl2 al kenyls,
C6 to Cl2 aryl shl% m1&%%9ﬂ3 Flﬁrﬁaﬁaryl s, Cl to C12 al koxys C, to Cl2

fl uoroabkyls, C6 to 012 fI uoroaryl S, and Cl to Cl2 het eroatom cont ai ni ng

hydr ocar bons. _and su rivatiyv reof in i nent; | ect ed
fromthe gr‘@ﬁpl%gﬁg ah df 8"3‘%‘3 eﬁ‘a‘mg ¥ ETOpP ﬁ?)?‘%%lgg Oggo ?n 103% a@?ﬁ()r i ne
radi cal, brom nelkylaﬁhspadrylsC arylendsp dkdgys,s aryﬁ&yﬁOa@nﬁj ket hrfiines 7 phaspRihék,

al kyl aryls, Clt f| uoroal kyl s to . Co fluoroal ken Cr to

f | uor oal kyl aryl %'BYICE%W %e‘“bﬁ%‘ft%ﬁ%}s SRSt federyls. sybgti V&r%’@‘@?(s'r%‘gf‘tgﬁtf’d
fluorine radi Cahrylo&gd orsubditutedli gdines, r‘éﬁﬁdﬁ»ﬂted eineythminks, Ombsnwts&pbmmmesbut yl,
|sobutyl tertiar ut hexyl phen 2, 6-di - net hyl pheyl, and

4-tertil@rybutyl f}’rl?é‘}/tPteSr G %PhP?Phy@F Farpgimatepa hetceagllys, ér%b’ﬁtﬂﬁt (nopdingifieg ei n
adj acent R groups ¢ 4 Mufadll NarbfhitBer sl é&’rﬁ&?ﬁtesp%ﬁlh@é | M'm?eﬁli c@{aﬁd or

conpletely saturated. [00691 The structure of the netall ocene catal yst
conponent repr eswrethsdacgiate, Vanedsilacetatgk e pdﬂluﬂtﬁny bergoate, s uditthplcartiamate.osentd i n,
for exanpl e, S 7, 40 ng a
di mer or oli gorre'%eg%g%arz%%atey %suélgﬁat&p 8n§85<?f or e’xagm? %‘{ﬂﬁg& &
5,026, 798 and USk{@Ac4ibeky2itss;

15

c! ose

q is an integer ranging from 1 to 3;

wherein each R’ is_independently: selected from the group consisting of hydrocarbyls and
heteroatom-containing hydrocarbyls in one embodiment; and selected from the group

20 consisting of alkylenes, substituted alkylenes and heteroatom-containing hydrocarbyls
in another embodiment; and selected from the group consisting of C; to C;; alkylenes,

C, to Cyz substituted alkylenes, and C, to C,; heteroatom-containing hydrocarbons in a

more particular embodiment; and selected from the group consisting of C, to Cy4

alkylenes in yet a more particular embodiment; and wherein both R* groups are

25 identical in another embodiment in structures (Vb-d);

A is as described above for (A) in structure (II), and more particularly, selected from the group
consisting of -O—, —S—, -SO»—, -NR~, =8iR;, =GeR;, =SnR;, —R;SiSiR;—, RP=, C,
to Cy, alkylenes, substituted C; to C,; alkylenes, divalent C4 to C,; cyclic hydrocarbons

30 and substituted and unsubstituted aryl groups in one embodiment; and selected from the
group consisting of Cs to Cg cyclic hydrocarbons, —CH;CH;—, =CR; and =SiR; in a

more particular embodiment; wherein and R is selected from the group consisting of



02- Mar-2007 -23 [00701 In a particular enbodi nent of the netall ocene
represented in (Vd), R and R2 forma conjugated 6-nenbered carbo I n 7
systemthat may or may not be substituted. [00711 Non-limiting exa%f‘@g%qﬂ
net al | ocene catal yst conponents consistent with the 5 description herein

I ncl ude: cycl opent adi enyl zi rconi um X, indenyl zi rconi um Xn,

(1-met hyl i ndenyl ) zi rconium Xn, 10 (2-nethylindenyl)zirconium X ,

(1- propylindenyl)zirconium Xn, (2-propylindenyl)zirconium Xn,
(1-butylindenyl)zirconium Xn, (2-butyli2®&enyl)zirconium Xn, 15

(et hyl cycl opent adi enyl azi rconium X, tetrahydroindenyl zirconi um Xn, ,

( pent aret hyl cyctlbyant exsicatiils) ziardeni akoxys, flegreplkplantandi ehsterpptonneanzining

pent anet hyl cycl fg@g%%gh? (Y drde! dndlahintind ?{}'s SALGBIELMMhE YuBREMMG oF @0k m XN,

1,2,4-trinethyl nt adi enyl zi rconi um

di net hyl si |yl (1€2 alyls; sehstiontast hhdnylsc ipbgroyht andi €nyd XJscalkdypeint adicea phitizilac oni um
Xn, . . . R

di et hyl si | yl (1?@,)%,1%@{@%“9 aRn%astsﬁlﬁtgg/c %lpﬂel?lgrgg‘f (éor%lﬁsﬁl?a_?ff’gt-h?ﬂ’ Némlnh?,vgp'bpent a
di enyl )&i r coni umd pKenyl 2byet a more particular embodiment;

dinmethylsilyl (1,2, 3,4-tetranet hyl cycl opent adi enyl ) (1, 2-di met hyl - cycl opent adi e
nyl ) zirconium Xn, _

di met hyl si kibreih 2 nﬁK4>eta_B§dha[m§rd’ﬁ3éhotﬁ&(Hniﬁaﬂﬁﬁeﬂﬁ,lii@%&(&sd@ch&ﬂ"?ﬁ@eﬁﬁ&%&ﬂﬂ enyl)
zirconium X, dipet,hylsilyl (cycl opentadi enyl) (indenyl)zirconiumX,,,

di net hyl si |yl (2RmBt'hyl i ndenyl ) (f1 uorenyl)zirconi um Xn, 30

di phenylsilyl (1, 2,3, 4-tetranet hyl - cycl opent adi enyl ) ( 3- propyl cycl opent adi enyl )
zirconium Xn, dinmethylsilyl (1,2, 3,4-tetranethylcycl opentadi enyl)

(3-t - bl y| eaeblPoisendesariadyabpys indbhi um Xn,

n is an integer from 0 to 4, and from 1 to 3 in another embodiment, and 1 or 2 in yet another

embodiment; and

16  R' through R'? are independently: selected from the group consisting of hydrogen radical,
halogen radicals, C, to Ci; alkyls, C; to C;, alkenyls, Cs to C; aryls, C; to Cy
alkylaryls, C; to C,2 alkoxys, C; to Ci2 fluoroalkyls, C¢ to C2 fluoroaryls, and C; to C,,
heteroatom-containing hydrocarbons and substituted derivatives thereof in one
embodiment; selected from the group consisting of hydrogen radical, fluorine radical,

20 chlorine radical, bromine radical, C; to Cs alkyls, C; to Cs alkenyls, C; to Cj
alkylaryls, C, to Cs fluoroalkyls, C; to Cs fluoroalkenyls, C; to C,g fluoroalkylaryls in a
more particular embodiment; and hydrogen radical, fluorine radical, chlorine radical,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl, hexyl, phenyl, 2,6-di-
methylpheyl, and 4-tertiarybutylpheyl groups in yet a more particular embodiment;

25 wherein adjacent R groups may form a ring, either saturated, partially saturated, or
completely saturated.

[0069] The structure of the metallocene catalyst component represented by (Va) may
take on many forms such as disclosed in, for example, US 5,026,798, US 5,703,187, and US

30 5,747,406, including a dimer or oligomeric structure, such as disclosed in, for example, US
5,026,798 and US 6,069,213.




di met hyl gernyl (1, 2-di et hyl cycl opent adi enyl ) (3-i sopropyl cycl opent adi enyl ) zirc
oni um Xn,

dlnethyIS|IyI(1 2,3,4-tetranet hyl - cycl opent adi enyl ) ( 3- nethylcyclopgnpgﬂ'%ﬂgﬂ
zi rconi um Xn, dlphenylnethyl|dene(cyclopentadlenyl)(Q fluorenyl)zirconi um
Xn, 35 diphenylnethylidene(cyclopentadienyl)(indenyl)zirconiun1Xn,

I so- propyl i denebi s(cycl opent adi enyl ) zi r coni um Xn,

i so- propyl i dene(cycl opent adi enyl ) (9-fl uorenyl ) zi rconi um X,

i so- propyl i dene( 3- net hyl cycl opent adi eny1339-f | uorenyl ) zi rconi um X, ,

et hyl enebi s(9-fl uorenyl) zirconi um Xn, 40 nmeso-ethyl enebi s( 1- |ndenK] zi rgoni um
Xn, et hyl E98} S( 1- |Iﬁ@em119uiqrre@gmid@pﬁnj(ﬁf the metallocene represented in (Vd), R' and R

et hyl enebi V] D) Gl of Rk YR
ot iyl enebi ST3-Erg e R0 ER Sl ST hat may ormay ot b subttuted.
et hyl enebi s( 2- propyl 4, 5 6, 7-tetrahydro-1-i ndenyl )zi rconi um Xn, 45

et hyl enebi | sopr I 5.6 r denyl)zirconium X 0 2007
24 et hyl eng{?i%s]( 2- but&e 'lﬂfmgmg dfzrtn%% 8 H’éghg ne c% I&a ‘J) 2|pr°88’ﬁf ﬁ?ﬂsif,t‘%n,t wzthl\{ﬁe

et hyl engbi dc(saﬂpt&mbmte;ai inélufe:6, 7-t et rahydro I -| ndenyl ) zi rconi um X, ,,

di nrethyl silyl (4,5,6,7-tetrahydro-1|-indenyl)zirconiumX,,,

di phenyl (4,5, 6, 7-tetrahydro-I-indenyl)zirconiumX, ,, 5

et hyl enebi sjcﬂopénﬁdlznﬂﬂfdoamﬁﬁxg | -i ndenyl )2| rconi um X, , ,

di met hyl si indbBiffcemamopent adi enyl ) zi rconium X, , ,

di met hyl si ¢1yhéth §lirdtehy1pHc8Mih)3 r coni um X, ,

di met hyg si Qyﬁlqhﬂqlgd-ehﬂ &ll&u;,lx conium X, , ,
di met hyl si {1yl ds m’rh 9(|I)2|rcon|umx,, 10

di et hyl si ly yI)2|rcon| um X,

di met hyl si f;yl by _.Hf y1)2|rcon|umX,,,
di phenylsi 2Yu 1 :t ‘nyI)Z| rconium X, , ,

di phen1yt4f 1cs r)ﬁd rconi um X,
y1 si

di phen P I%ltlg% rll)(%égpr%{'jm rconium X, ,, 15

n "
di met hyl ge ame ?yc open adleny %o?uZI r)%,,?m um X

cyclopentadlenylzucomum Xns
pentamethylcyclopentadienyltitanium X,

20 tetramethylcyclopentyltitanium X,
1,2,4-trimethylcyclopentadienylzirconium X,
dimethylsilyl(1,2,3,4-tetramethylcyclopentadienyl)(cyclopentadienyl)zirconium X,
dimethylsilyl(1,2,3,4-tetramethylcyclopentadienyl)(1,2,3-trimethyl-cyclopentadienyl)zirconium

Xn
25  dimethylsilyl(1,2,3,4-tetramethylcyclopentadienyl)(1,2-dimethyl-cyclopentadienyl)zirconium
Xm
dimethylsilyl(1,2,3,4-tetramethyl-cyclopentadienyl)(2-methylcyclopentadienyl)zirconium X,
dimethylsilyl(cyclopentadienyl){indenyl)zirconium X,
dimethylsilyl(2-methylindenyl)(fluorenyl)zirconium Xp,

30  diphenylsilyl(1,2,3,4-tetramethyl-cyclopentadienyl)(3-propylcyclopentadienyl)zirconium Xy,
dimethylsilyl (1,2,3,4-tetramethylcyclopentadienyl) (3-t-butylcyclopentadienyl)zirconium X,
dimethylgermyl(1,2-dimethylcyclopentadienyl)(3-isopropylcyclopentadienyl)zirconium X,
dimethylsilyl(1,2,3,4-tetramethyl-cyclopentadienyl)(3-methylcyclopentadienyl) zirconium X,
diphenylmethylidene(cyclopentadienyl)(9-fluorenyl)zirconium X,

35 diphenylmethylidene(cyclopentadienyl)(indenyl)zirconium X,
iso-propylidenebis(cyclopentadienyl)zirconium X,
iso-propylidene(cyclopentadienyl)(9-fluorenyl)zirconium X,
iso-propylidene(3-methylcyclopentadienyl)(9-fluorenyl)zirconium Xp,
ethylenebis(9-fluorenyl)zirconium X,

40  meso-ethylenebis(l-indenyl)zirconium Xy,
ethylenebis(1-indenyl)zirconium X,
ethylenebis(2-methyl-1-indenyl)zirconium Xp,
ethylenebis(2-methyl-4,5,6,7-tetrahydro-1-indenyl)zirconium X,
ethylenebis(2-propyl-4,5,6,7-tetrahydro-1-indenyl)zirconium Xn,

45  ethylenebis(2-isopropyl-4,5,6,7-tetrahydro-1-indenyl)zirconium X,

‘ﬁo‘ﬁo




di met hyl si |l yl bi s(tetrahydroi ndenyl)zirconium X, ,,

di met hyl si |yl bi s(tetranet hyl cycl opent adi enyl ) zi rconi um X, , , 02-Mar-2007
di met hyl si |l yl (cycl opent adi enyl ) (9-fl uorenyl ) zi rconi um Xn,

di phenyl silyl (cycl opent adi enyl ) (9-fl uorenyl)zirconiumX,,, 20

di phenyl si |l yl bi s(i ndenyl)zirconium X, ,,

cyclotrinethyl enesilyl (tetranethyl cycl opentadi enyl) (cycl opentadi enyl)zirconiu
m X, ,,

cycl ot etranet hyl enesi |l yl (t et ranet hyl cycd2bpent adi enyl ) (cycl opent adi enyl )
zirconium X, , ,

cycl ot ri meethylersbes(2-bytyl-¢516; Btetakydre-y dhdepehrirednismXay ( 2- met hyl i ndenyl ) zi r coni um
Xn, ethylenebis(2-isobutyl-4,5,6,7-tetrahydro-1-indenyl)zirconium X,

cycl ot r i medimethyislyl (4,516 T-=trelhydes-hyhdepglnpenitad,eny| ) ( 3- net hyl cycl opent adi enyl )
zi r coni um &phenyH8,5qyTtedtahydretl FiydeapBsrdoyiubi X, 2- net hyl i ndenyl ) zi rconi um X, , ,
cycl ot r% megthylembéstd, 5 ¥| 1egtlydrel indeaylydiropdmn a(,i i enyl ) (2, 3, 5-

tri met hyl clislecytilly it @RYprAtadienyl)zittonkin X,

cyclotri nealhﬁm[sﬂgibhg@.lﬂhsﬁehﬂ AirsEtRAW,.cycl opent adi enyl ) zi rconi um X, , ,

di met hyl si dileftyitymigel-MderylyziRe@akadi eneyl ) (N-tert-butyl am do)titani um X, ,,
30 bi s(cycHige IsﬂS’lbﬂim’JzﬁeﬁﬁihﬁHénWKroomuﬂi g(cycl opent adi enyl ) zi rconi um X, ,

bi s( n-fut Y&lﬁﬁé H IM tﬁiwhﬂc?eh %ﬁébfﬁﬂi‘n&np

bi s( n- dodegyf )sﬁ ﬁs lidBAyIrAtcofiaf XN X. .

bi hyl HThathy x
b :E'egoybﬁi'y EP BR Eﬁ i ﬂiiilr%&ﬁhﬁ{rk%
bi (i s0- prg Péﬁl%{% SIGEAR Al GRLET X0

B: :E ﬁéx] %lly i fnf'n mctég z1rcon1 'Xn

bi s(n-pentY. EP 5 H}C’] 65??13} éﬁ‘

bi s( n- pr op{"€ é’s fﬂﬁ"@ . Gotim X,

bi s(t r| met °é’5"étﬁ ! tEW ﬁ?‘i]ﬂ’i“%ﬂ: :

bis(1, ‘Eg%‘inly ‘E‘%l %\ﬂ Ztrﬁ?ﬂ“)“?l)iﬂcom um X, ,, bis(l

SVP
- et hyI202 n@P ylsi) E‘Pb‘ jadeny7iEo wconl um X,
bi s( 1- et hytyew rpm?thylpwév Bﬁpahylw}q pipdienyii(eielogentadigayl)zirconium X,
bi s( pent arylejatepethyirantily 91111cw,lepﬁnmexyl)(,cycbpentadwnyl) zirconium X,

bi s( pent arm'pWmv@yle%ﬂrlﬁdtr@wh}ﬂﬂcimnm@me(Z-methyhndenyl)zmomum Xns
cyclotrimethylenesilyl(tetramethylcyclopentadienyl }(3-methylcyclopentadienyl)zirconium X,

25 cyclotrimethylenesilylbis(2-methylindenyl)zirconium X,

cyclotrimethylenesilyl(tetramethylcyclopentadienyl)(2,3,5-
trimethylcyclopentadienyl)zirconium X,

cyclotrimethylenesilylbis(tetramethylcyclopentadienyl)zirconium X,

dimethylsilyl(tetramethylcyclopentadieneyl }(N-tert-butylamido)titanium X,

30 bis(cyclopentadienyl)chromium X,
bis(cyclopentadienyl)zirconium Xp,
bis(n-butylcyclopentadienyl)zirconium Xy,
bis(n-dodecyclcyclopentadienyl)zirconium X,
bis(ethylcyclopentadienyl)zirconium X,,,

35  bis(iso-butylcyclopentadienyl)zirconium Xp,
bis(iso-propylcyclopentadienyl)zirconium Xx,
bis(methylcyclopentadienyl)zirconium X,
bis(n-oxtylcyclopentadienyl)zirconium X,
bis(n-pentylcyclopentadienyl)zirconium Xp,

40  bis(n-propylcyclopentadienyl)zirconium Xy,
bis(trimethylsilylcyclopentadienyl)zirconium Xg,
bis(1,3-bis(trimethylsilyl)cyclopentadienyl}zirconium X,
bis(1-ethyl-2-methylcyclopentadienyl)zirconium X,
bis(1-ethyl-3-methylcyclopentadienyl)zirconium Xp,

45  bis(pentamethylcyclopentadienyl)zirconium X,
bis(pentamethylcyclopentadienyl)zirconium X,
bis(1-propyl-3-methylcyclopentadienyl)zirconium Xp,
bis(1-n-butyl-3-methylcyclopentadienyl)zirconium X,



s(1-propyl -3-nethylc
I s(1-n-butyl -3-net hyl
s(1-isobutyl -3-net hy
- 3- but yl cycl opent adi
I s(1, 3-n-butyl cycl ope
I s(4, 7-di nmet hyl i ndeny
i s(2-met hyl i ndenyl) zi
i s(n-propyl cycl openta
I s(n-butyl cycl opent ad
b

s( n- pent Yis(@dyisbopyk3tracthyoydlygeatadicapziconiuviXapr opy|

ycl opent adi enyl ) zi rconi um X, , ,
cycl opent adi eny] ) zi rconi um X, , ,

| cycl opent adi enyl ) zi rconi um X, , ,
enyl)zirconiumX ,,

nt adi enyl ) zi rconi um X, , ,

| )zirconiumX,,, 5 bis(indenyl)zirconiumX,,,
rconium X,,, cycl opentadi enylindenyl zirconium X ,,
di enyl ) haf ni um X,-25-~

i enyl)hafruum X, ,, 10

02- Mar - 2007

b ol Loor OpOZ-I%Par-ZOW

cycl opent adi enyl ) ( n- but yl

cycl opent abip@rpyopyhdfmityleyciopentadienyl)zirconium X,

bi s[ ( 2-t r i bisfl/3yl-butklelyelbpunitadigny!)apenivadKenyl ] haf ni um X, , ,
cycl opent asis@Tydigbehklindenyzirconivad X(,2- n- pr opyl i ndenyl ) haf ni um X , ,

bi s(trimethylsilyl
15

bi s( 2- 6 bubiy(iidedd)ryrcodiahym X,
di met hyl si biyzahadhyInpespplrenatapgnt adi enyl ) haf ni um X,
di met hyl sidy¢lopetddieitih¥ersyaicomamtzadi enyl ) hafrrium X, ,,

bi s(9- n- priggm
(9- n- pr opwifch
et hyl opcl apgh
(n-propyl

di net hyl siy:

pfrdWyﬁl@E

1%
LRI bpdiR:

enthBERMBAITm X,,0i s(9-n-butyl fluorenyl)hafniumX ,, 20

adle®RREIASeNY! ) haf nium X, bis(l-n-propyl-2-m

] Pﬁy&l)@pent adi enyl ) haf ni um X, , ,
opropyl ami do) titani um X,

¢y¢l obutyl ani do)titani um X, ,

25

fcﬁ‘éﬂiﬁh%ﬁum X,
eI epYbeRtalie i
! ! FAYGHIBPEMd i§1 c
di met hyl siy. &yl 1R ﬁﬁa
di met hyl sijl. vk g éﬁ% mg;&gl adienyl ) (cycl opentyl am do)titani um X,
di met byl si YECHR i ghgoent adi eny! ) (cycl ohexyl ar 4o) i tani um X,
di meth S'Hi}ée e yl‘é;gé_p oy yclogﬁggﬁx%%dﬁl%%(‘%?l oheptyl am do) titani um X,
dimethylsilylbis(n-butylcyclopentadienyl)hafnium X,
bis(9-n-propylfluorenyl)hafnium X,
bis(9-n-butylfluorenyl)hafnium X,
(9-n-propylfluorenyl)(2-n-propylindenylyhafinium X,
bis(1-n-propyl-2-methylcyclopentadienyl)hafnium X,
(n-propylcyclopentadienyl)(1-n-propyl-3-n-butylcyclopentadienyl)hafnium X,
dimethylsilyl(tetramethylcyclopentadienyl)(cyclopropylamido)titanium X,
dimethylsilyl(tetramethyleyclopentadienyl)(cyclobutylamido)titanium X,
dimethylsilyl(tetramethyleyclopentadienyl)(cyclopentylamido)titanium X,,
dimethylsilyl(tetramethylcyclopentadienyl){cyclohexylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(cycloheptylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(cyclooctylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(cyclononylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl){cyclodecylamido)titanium X,,
dimethylsilyl(tetramethylcyclopentadienyl)(cycloundecylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(cyclododecylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(sec-butylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(n-octylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(n-decylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(n-octadecylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclopropylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclobutylamido)titanium Xy,
methylphenylsilyl(tetramethylcyclopentadienyl){cyclopentylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclohexylamido)titanium Xp,
methylphenylsilyl(tetramethylcyclopentadienyl){cycloheptylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclooctylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclononylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclodecylamido)titanium, X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cycloundecylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclododecylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(sec-butylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(n-octylamido)titanium X,
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di et hyl silyl (tetranet hyl cycl opent adi enyl ) (cycl ooctyl am do)titanium X ,,

di met hyl si Iyl (tetranet hyl cycl opent adi enyl ) (cycl ononyl am do) titani u(?z-ﬁldr’-?.ﬂ%g
di mret hyl silyl (tetranet hyl cycl opent adi enyl ) (cycl odecyl am do)titaniu s

di met hyl si lyl (tetranet hyl cycl opent adi enyl ) (cycl oundecyl am do)titanium X ,,
di et hyl silyl (tetranet hyl cycl opent adi enyl ) (cycl ododecyl am do)titanium X ,,
di met hyl silyl (tetramet hyl cycl opent adi enyl ) (sec-butylam do)titaniumX,,,

di met hyl silyl (tetranet hyl cycl opent adi enyl ) (n-octylam do)titaniumX,,, 35
di et hyl si |l yl (tetranet hyl cycl opent adi enypg (n- decl am do)titaniumX,,,

di met hyl si lyl (tetranet hyl cycl opent adi enyl ) (n-oct adecyl am do)titani um X,
met hy| phenyteshylphefiylsityl @strintestytoyeloppaadiagi)éngdcy lanydd)anmpy XKgm do) ti t ani um X, , ,
met hyl phenyteshylipheyisilyl @étRinteyt ytoyelop petadianii )anydtydecylamidodtityhiami xdo) t i t ani um X
net hyl phenyiphiehdi (i@ raneiiyieyt opaltatant) agelopppylitide)tdasnnptani do) titani um X,
40 met hy| plaginghyddilyytetramlethastiopétadidngDentlasicAanidoftaxalanexy! am do) titani.um
X, 5  diphenylsilyl(tetramethylcyclopentadienyl)(cyclopentylamido)titanium X,

met hy! phenulpﬁbﬁﬂélfy (Bl w&smtmm)@s}asw dabreyhi@ERRt %] ani do) ti tani um X, ,
met hyl phenylsg @etn%ﬁgﬁl [M:IG?)' m&%@%lgﬁ% VAifid6 jtmb@m do)titaniumX, ,,

ety Bﬂiﬂﬁp“*‘% ;}@""aﬁ‘%% g SRR R
45 et fl'ld| pla Y ﬁél y e{h ﬁéﬁ?flgé 8 Iﬂl:éostﬁxﬁ Elecyl am do)titani um

X, ., .
et hyl phen$ ilvlGctramethyle flsz “Ita"”“P{ dound aImd ? OUEC am' do)titani um
X,,, methylp “"92&ra é’c tylam'do)titanium
X,,, methyPoRY yerg}n g tylamdo)tltamumX,
ot Narb Ooglglggrrly :15 Egr ;@5%010;;%;; b n_ 8149‘1" de?t%llttagw%

met hyl phen{} & do) ti tanjum X, ,,
net hyl pheng};??rl 1'@’1(E$‘Fﬁl§ﬁ@ﬂ’W‘Flewt@ﬁfé‘M] )% d%)(‘:lfaé‘&%ylxam "i%[) tdermgativesn X, |
di phenyl si F‘Pfet ranet hyl cycl opent adi enyl ) (cycl opropyl am do)titanium X, ,,
di phenyl silyl (tetramethyl cycl opentadi enyl) (cycl obutyl anudo) titani um X, ,, 5
di phenyl si F""f’?i St rangy ReLEUAVAPERIAR, G0 Mo CLOPaBkh A %g)ﬁﬂgt A

di phenyl si et ranet hyl cycl opent adi’eny cyc hex am do) titant um

di pheng0si ﬂgslc(lb@tabavmfomwmgtm‘ﬁmp\énd)ald!oenymwdnylclitowelpnwaawubq)rbmamnem%q ,
di phenyl st Lyl loh @2 ) QAR Sh AL o5 B8 Soth AehiAHe t ! AN und

Ti; and replacement of the “X” group with any of C; to Cs alkyls, Cg aryls, Cg to Cyp alkylaryls,

fluorine or chlorine; n is 1, 2 or 3. In a particular embodiment, each of the above metallocenes
is a fluorided metallocene wherein one or more of the X groups is a fluoride; and all X groups

25  are fluorides in yet a more particular embodiment.

[0073] It is contemplated that the metallocene catalysts components described above
include their structura! or optical or enantiomeric isomers (racemic mixture), and may be a pure

enantiomer in one embodiment,

30
[0074] As used herein, a single, bridged, asymmetrically substituted metallocene
catalyst component having a racemic and/or meso isomer does not, itself, constitute at least two
different bridged, metallocene catalyst components.

35 [0075] The “metallocene catalyst component” useful in the present invention may

comprise any combination of any “embodiment” described herein.




di phenyl silyl (tetranet hyl cycl opent adi enyl ) (cycl ononyl am do)titanium X, ,, 10
di phenyl si Iyl (tetranet hyl cycl opent adi enyl ) (cycl odecyl am do)titani u@f 2007
di phenyl silyl (t etranet hyl cycl opent adi enyl ) (cycl oundecyl anm do)titan M%( )
di phenyl silyl (tetranet hyl cycl opent adi enyl ) (cycl ododecyl am do)titani um X,

di phenyl silyl (tetranet hyl cycl opent adi enyl ) (sec-butylam do)titanium X, ,,

di phenyl si Iyl (tetranet hyl eycl opent adi enyl ) (n-octylam do)titanium X, 15

di phenyl silyl (tetramet hyl eycl opent adi enyl ) (n-decyl ami do)titanium X,

di phenyl silyl (tetranmethyl cycl opent adi em@2){tn- oct adecyl am do)titaniumX, and
derivatives thereof. [00721 By "derivatives thereof', it is neant any

substituti B978k ri ngVher permbia @sfomzdh?jb%r@fqﬂyéem%lbwewenen@tm@tq!ﬁfé%hq% d)
in one enb rdo ; I Zr,
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wher ei rb onemlmdmmt;amm fiomed Xo 46 omgst aptleer felnbodincat, aadlcﬁ'cﬁfn I4 X g iy another ar e

fluorides i re. parti Iar odi t. 100731 It is con Ia edthat
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st ruct ur al conipodpitinged] lﬂhy&ibﬁibinaﬁﬁiﬁbfzﬁlyl pérdingit Mtﬁ@@ﬁlb@emlmttl&@hbecaﬁ&mﬂay be a
pure enantionmer in one enbodi nent. ?00741 As used herein, a single,

bri dged, asymretrically substituted rret al l ocene catal yst corrponent havi ng a
racem c angf@¥atheso i soner does not, itself, constitute at |east two
different bridged, netall ocene catal yst corrponents 35 [0075] The

"met al 1bcel®87dat al yhs @sadp beremy "the Jedty|"agtiyatore lqaldé@@dt tq eemy gompeupd or

ST [ 00y o] SISl 8Pt AorET B st VG (a0 AL oty Ko ) o,
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t Ti:Z t 20
cboa nont e PR orand SR shaRin: chBichfincRe o he PRIt at i Ve
anot her enlegtonERhving gebup (X ErGiptin theXomulysdtruamedsABéve) from the metal center of the

15  catalyst component. The catalyst components of the present invention are thus activated

towards olefin polymerization using such activators. Embodiments of such activators include
Lewis acids such as cyclic‘or oligomeric poly(hydrocarbylaluminum oxides), alkylaluminum
compounds and so called non-coordinating ionic activators (“NCA”) (alternately, “ionizing
activators” or “stoichiometric activators™), or any other compound that can convert a neutral
20 metallocene catalyst component to a metallocene cation that is active with respect to olefin

polymerization.

[0078] More particularly, it is within the scope of this invention to use Lewis acids such
as alumoxane (e.g., “MAQ"), modified alumoxane (e.g., “TIBAQ”), and alkylaluminum
25 compounds as activators, and/or ionizing activators (neutral or ionic) such as tri (n-
butyl)ammonium tetrakis(pentafluorophenyl)boron and/or a trisperflucrophenyl boron
metalloid precursors to activate desirable metallocenes described herein. MAQ and other

aluminum-based activators are well known in the art. Ionizing activators are well known in the

art and are described by, for example, Eugene You-Xian Chen & Tobin J. Marks, Cocatalysts
30 for Metal—Catalyzed Olefin Polymerization: Activators, Activation Processes, and Structure-
Activity Relationships 100(4) CHEMICAL REVIEWS 1391-1434 (2000). The activators may be

associated with or bound to a support, either in association with the catalyst component (e.g.,



5 enbodi nent; and from4 to 10 in yet another enbodinent, and from4 to 8 in
yet another enbodinent; wherein a desirable nolar ratio of first i\f
conponent netal: second catal yst conponent metal is any conbination ol an y
upper limt with any lower |imt described herein. Activator 10 [0077] As
used herein, the term"activator"” is defined to be any conmpound or

conbi nati on of conpounds, supported or unsupported, which can activate a
catal yst conmpound (e.g., Ziegler-Natta, netallocenes, G oup 15-containing
catal ysts, etc.), such as by creating a-2&ationic species fromthe catal yst
conponent. Typically, this involves the abstraction of at |east one | eaving
group (X gmstatlogene) meﬁmmmﬂlsmtab’stlmmom\ﬁeqh gsrdgsaribeé byréiredorg 6ntkatkypf t he

15 catalys ent.. The.c o] b of are
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ol i goneri c pol y(hydrocar byl al um num oxi des), al kyl al um num conpounds and so
cal |l ed non-coordinating ionic activators ("NCA") (alternately, "ionizing
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groups are selected from the group consisting of alkenyl groups having 1 to 20 carbon atoms,
alkyl groups having 1 to 20 carbon atoms, alkoxy groups having 1 to 20 carbon atoms and aryl
groups having 3 to 20 carbon atoms (including substituted aryls), and combinations thereof. In
20  yet another embodiment, the three groups are selected from the group consisting of alkyls
having 1 to 4 carbon groups, phenyl, naphthyl and mixtures thereof. In yet another
embodiment, the three groups are selected from the group consisting of highly halogenated

alkyls having 1 to 4 carbon groups, highly halogenated phenyls, and highly halogenated
naphthyls and mixtures thereof By “highly halogenated™, it is meant that at least 50% of the
25 hydrogens are replaced by a halogen group selected from the group consisting of fluorine,
chlorine and bromine, In yet another embodiment, the neutral stoichiometric activator is a tri-

substituted Group 13 compound comprising highly fluorided aryl groups, the groups being

highly fluorided phenyl and highly fluorided naphthyl groups.

30 [oos1] In another embodiment, the neutral tri-substituted Group 13 compounds are
boron compounds such as a trisperfluorophenyl boron, trisperfluoronaphthyl boron, tris(3,5-

di(trifluoromethyl)phenyl)boron, tris(di-t-butylmethylsilyl)perfluorophenylboron, and other



5 [0079] Non-limting exanples of alum num al kyl conpounds which may be
utilized as activators for the catal yst precursor conpounds for LkﬁgMan_ztolw
nmet hods of the present invention include trinmethylal um num

triethylalum num triisobutylalum num tri-n-hexylalumnum tri-

n-octyl al um num and the Iike. 10 [0080] Exanples of neutral ionizing
activators include Goup 13 tri-substituted conpounds, in particular,
tri-substituted boron, tellurium alum num galliumand indium conpounds,
and m xtures thereof. The three substitught groups are each independently
selected fromthe group consisting of alkyls, alkenyls, hal ogen, substituted
al kyl s, ar yighly flaoritiated| irday|boednk comypoandt el tatekinations dhere@iraad ithein hlumirdven t hr ee

groups are ind ndeptly . sel ected fromthe gro onsi st 0 n,
Tono. or - mitP R cOtheh i {Hle ool S Aripta e depyoel s s o ianBiEeny
conpounds @68 aaxBur &9 ih herGxianoMaTARGsB382-88PD 008 bnd inhE7 DREQOMEADUES ar e
selected fromthe group consisting of alkenyl groups having 1 to 20 carbon
atons, al I%??ﬁ‘@ﬂoélﬁ ravi ng 1 to 20 carbon atons, al koxy groups having 1 to
20 carbgn atonms and aryl groups having 3 to 20 carbon atons (including
substituted aryls), and conbinations thereof. In 20 yet another enbodi nent,
the three &Wéaﬁs ar dilygtraiye.cnpt lingting examples o ienin $9mizing getofatons joglude thigdkning |
to 4 carbo : Smnfh ) Lok - g 8@ !afﬁr
enbodi nent ,Qut tg{é? hree %Eﬁggg@gésﬁ%%@% rom%?ﬁgﬁ%?@ﬁgrfog,&h&oé‘fmﬁo ighly
hal ogenat etktra@hényl}boteay i trip-butyljendmorauth otetrgipbenyd)botong Hitimethyl aogematne defpa(eny | s,
and hi ghly, hal.ogenat ed _napht,hvl s _and m xt.ures thereof By B:IE I .

hal ogenat eE"‘ﬁJ"P s mea m@ﬁ’&?‘*"ﬂ‘f’"ﬁ“ﬂ‘ast Sdgljf)r%?'t?lﬂﬁb(ﬁ%n’hydro %%’E"P@Eﬂ aced
by a h#l ogetra@estafuczepirayPbron,om t fipropyampnaniiasi St i 18ga@fp-dimetyiphenyl)betahor i ne
and brom ne, In yet another enbodi nen t neutral, stoichionetric activator
s atri- EBSTEIEeRENG o&&a@%gmgﬁwivb%@%ﬁmnsi ngT AR i JeREN

groups, t hﬂu&aﬂwﬁglghai ordl ghlmibdt%glulaﬁlbdﬁﬂl PhesalpeattdiubiophenyDbdrdRr | d&fin-

napht hyl groups. ) [0081] In_another enbodi nent, the neutral tri-substituted
Group 13 cbwlgqmgmametetr riglyDberep s dle Hkes N.Akdialky} prifaipm spls spehens/ N.Xor on,
trisperflu Hﬁm . i , o o] I [ :
tris(di-t- E{i}%y ne%l%ﬁmsli gf B%ﬂ*%?’oa’}gg% é%%%@%nﬁ@ﬁ?%g- 31\?}23028@6 -29
hi ghl y18 | upentanzetindanilinisar tgtra(phenybenp aund dhe dikel dieliyl amtmiooiven siitsr sioh as adird

t hei r al unj.pum ILval ents. | utral ioniging.actiyv s are

doscr i bed TRTCRYBRERLED' 5 “dlacbARRRROEE, | " RS

3332- 3337 {cfphonyl)acwdniand e TROAND ERALdhoSFhonium salts such as triphenylphosphonium
tetra(phenyl)boron, tri(methylphenyl)phosphonium tetra(phenyl)boron,

tri{dimethylphenyl)phosphonium tetra(phenyl)boron and the like, and their aluminum
20  equivalents.

[0083] In yet another embodiment of the activator of the invention, an alkylaluminum
can be used in conjunction with a heterocyclic compound. The ring of the heterocyciic
compound may includes at least one nitrogen, oxygen, and/or sulfur atom, and includes at least
25 one nitrogen atom in one embodiment. The heterocyclic compound includes 4 or more ring

members in one embodiment, and 5 or more ring members in another embodiment.

[0084] The heterocyclic compound for use as an activator with an alkylaluminum may
be unsubstituted or substituted with one or a combination of substituent groups. Examples of
30  suitable substituents include halogen, alkyl, alkenyl or alkynyl radicals, cycloalkyl radicals,
aryl radicals, aryl substituted alkyl radicals, acyl radicals, aroyl radicals, alkoxy radicals,
aryloxy radicals, alkylthio radicals, dialkylamino radicals, alkoxycarbonyl radicals,




3996- 4003 (1998). 5 [0082] Illustrative, not limting exanples of ionic
ionizing activators include trialkyl- substituted ammoni um salts aﬁg -
triethylamoni umtetra(phenyl)boron, tripropylamonium tetra( pheﬁylg%& R
tri(n-butyl) amoni um tetra(phenyl)boron, trimnmethylanmoniumtetra(p-
tolyl)boron, trimethylamoniumtetra(o-tolyl)boron, tributylanunoni um 10
tetra(pent af | uorophenyl )boron, tripropyl anmoni um

tetra(o, p-di net hyl phenyl )boron, tributylamoni um

tetra(m mdi met hyl phenyl ) boron, tributylapuoniumtetra(p-tri-

f I uor onet hyl phenyl ) boron, tributyl anunoni um tetra(pentafl uorophenyl)boron,

t r: (n- buL wﬂ@mmngmricﬁf]al@(mlfoMoyl )ddhuahnalawﬁ ot idimllt)ilkearbﬁinb#ldgﬂbﬁﬁlacﬂlﬁk*i ni um
salts suc , N- dinethyl.ani | i ni umtetra(phenyl)baron , N-di et hy] ani | i ni um
ot 1 a( phonfAg B iyIaRIe. FAICH oY R R AHiEH HFRTCBeY oo st USEBS and
the like; eididalsybr anyresthbinhSe theresflC ThasuBtituedts $edtipe Rydy) ALBTOL isubBtituted with
tetra(pent af | uorophenyl ) boron, djcy¢l ohexyl anmoni um tetra(phenyl)boron and
the |ike; H/880s; partiqulashydluoran PLbCBRTe: & hefpraptonas erthg,liksny | phosphoni um
tetra(phenyl)boron, tri(methyl phenyl)phosphonium tetra(phenyl)boron,

tri (di methyl phenyl ) phosphoni um tetra(phenyl)boron and the |ike, and their
al um num P988hui val Men-tmitirgo@gamples wéthydrestther suhgiduiniennclede methyhcethylat or

et or ocycl PP e bkt Ty i Sy A et 6P BRARE s M Peigcs
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enbodi f@nt chlpROEAI1. The het erocyclic conpound for use as an activator with an
al kyl al um num may be unsubstituted or substituted with one or a conbination
of substituent groups. Exanples of 30 suitable substituents include hal ogen,
al kyl, al kﬁmk]kor alThydne erhilsdihidtS the NG RPN borhitfthE 38 Sinsibkiitutell 2CinCbther ar Y|
substituted alkyl radicals, aryl radicals, aroyl radicals, alkoxy radicals,
aryl oxy r admneedimentaeriey px mase pasitiers en the AptRsppyalicnesmpoyind A substiitsdy withtrony |

radi cal s, - MAr - = r a r adi Lcal
al kyl - or g%%%yﬁ@g%grab%%ﬁ a}/da :églgiéﬁ 2%11%263 &%Igg}eciﬁig?g%g%{i ghq %&@ém cal s,
ar oyl ah® nooneaetnioadirsgnt ghe halggen isknetentef dvmothe @yaipi eopsiatitgy b etdorine, bromine and

fluorine, and selected from the group consisting of fluorine and bromine in another

embodiment, and the halogen is fluorine in yet another embodiment.

[0087] Non-limiting examples of heterocyclic compounds utilized in the activator of
20  the invention include substituted and unsubstituted pyrroles, imidazoles, pyrazoles, pyrrolines,

pyrrolidines, purines, carbazoles, and indoles, phenyl indoles, 2,5,-dimethylpyrroles, 3-

pentafluorophenylpyrrole, 4,5,6,7-tetrafluoroindole or 3,4-difluoropyrroles.

[0088] In one embodiment, the heterocyclic compound described above is combined
25 with an alkyl aluminum or an alumoxane to yield an activator compound which, upon reaction
with a catalyst component, for example a metallocene, ‘produces an active polymerization
catalyst. Non-limiting examples of alkylaluminums include trimethylaluminum,
triethylaluminum, triisobutylaluminum, tri-n-hexylaluminum, tri-n-octylaluminum, tri-iso-
octylaluminum, triphenylaluminum, and combinations thereof.
30
[0089] Other activators include those described in WO 98/07515 such as tris (2, 2', 2"-

nonafluorobiphenyl) fluoroaluminate. Combinations of activators are also contemplated by the




radi cal s, or any conbi nation thereof. The substituents groups may al so be
substituted with halogens, particularly fluorine or brom ne, or hﬁ%ﬁioa£QEF
or the like. 5 [0085] Non-limting exanples of hydrocarbon substit b€ ar-20

i nclude nmethyl, ethyl, propyl, butyl, pentyl, hexyl, cyclopentyl,

cycl ohexyl, benzyl or phenyl groups and the like, including all their
I soners, for exanple tertiary butyl, isopropyl, and the Iike. Oher exanples
of substituents include fluoronethyl, fluoroethyl, difluoroethyl, iodopropyl,

bronohexyl or 10 chl orobenzyl. [0086] 143 one enbodi nent, the heterocyclic
compound i s unsubstituted. In another enbodinment one or nore positions on
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exanmpl & of al kyl al umi nuns include trinethylalumnum triethylal um num
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15 in yet a more particular embodiment, and from 3:1 to 0.3:1 in 'yet a more particular
embodiment, wherein a desirable range may include any combination of any upper mole ratio
limit with any lower mole ratio limit described herein. When the activator is a cyclic or
oligomeric poly(hydrocarbylaluminum oxide) (e.g., “MAQ”), the mole ratio of activator to
catalyst component ranges from 2:1 to 100,000:1 in one embodiment, and from 10:1 to
20  10,000:1 in another embodiment, and from 50:1 to 2,000:1 in a more particular embodiment.
‘When the activator is a neutral or ionic ionizing activator such as a boron alkyl and the ionic

salt of a boron alkyl, the mole ratio of activator to catalyst component ranges from 0.5:1 to 10:1

in one embodiment, and from 1:1 to 5:1 in yet a more particular embodiment.

25 [0091] More particularly, the molar ratio of Al/metallocene-metal (Al from MAOQO)
ranges from 40 to 500 in one embodiment; and ranges from 50 to 400 in another embodiment;
and ranges from 60 to 300 in yet another embodiment, and ranges from 70 to 200 in yet another
embodiment; and ranges from 80 to 175 in yet another embodiment; and ranges from 90 to 125
in yet another embodiment, wherein a desirable molar ratio of AI(MAO) to metallocene-metal

30 “M” can be any combination of any upper limit with any lower limit described herein.

Supports




hydrates; lithium (2,2 -bisphenyl-ditrinethylsilicate)4TBF;, silyliumsalts in
conbi nation with a non-coordinating conpatible anion. Al so, net hq%rs%of 07
activation such as using radiation, 5 electro-chem cal oxidation, dn a2

| i ke are al so contenpl ated as activating nmethods for the purposes of
rendering the neutral bul ky Iigand netall ocene-type catal yst conmpound or
precursor to a bulky ligand netall ocene-type cation capable of polynerizing
olefins. her activators or nethods for activating a bulky |igand

met al | ocene-type catal yst conpound are -3%scribed in for exanple, US
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embodiment, the catalyst component may be contacted with the support to form a “bound
catalyst component”. In yet another embodiment, the support may be contacted with the
activator and catalyst component together, or with each partially in any order. The components
20 may be contacted by any suitable means as in a solution, slurry, or solid form, or some
combination thereof, and may be heated to any desirable temperature to effectuate a desirable

chemical/physical transformation.

[0094] Desirable carriers are inorganic oxides that include Group 2, 3, 4, 5, 13 and 14
25  oxides and chlorides in one embodiment, and more particularly, inorganic oxides and chlorides
of Group 13 and 14 atoms. Yet more particularly, support materials include silica, alumina,
silica-alumina, magnesium chloride, graphite, and mixtures thereof. Other useful supports
include magnesia, titania, zirconia, montmorillonite (EP 0 511 665 B1), phyllosilicate, and the
like. Also, combinations of these support materials may be used, for example, silica-
30 chromium, silica-alumina, silica-titania and the like. Additional support materials may include

those porous acrylic polymers described in EP 0 767 184 B1.




i nvention. Supports, nethods of supporting, nodifying, and activating
supports for single-site catalyst such as netall ocenes is di SCUSS@M n,_wgr
exanpl e, 1 METALLOCENE- BASED POLYOLEFtNS 173-218 Q Scheirs & W KamHs
eds., John Wley & Sons, Ltd. 2000). The 5 terns "support” or "carrier", as
used herein, are used interchangeably and refer to any support material, a
porous support material in one enbodi nent, including inorganic or organic
support materials. Non-limting exanples of support materials include

i norgani c oxides and inorganic chloride33-and in particular such materials
as talc, clay, silica, alum na, nmagnesia, zirconia, iron oxides, boria,
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[ 0094] Desi e cargiers are inorgani c oxides.that include Go 2. 3. 4, 5,
13 any 1a 109885, G2 IhleRE S rieU W it it Rokied A ShueE” Be Benlitanr .
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magnesi um kit e odigtent khe gaplifecEihgs b PR Ae IO e SOF BuFTaN, g’GB‘prct s
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phyllosilicate, and the |I|ike. A so, conbinations of these support nmaterials
may bel¥setp 100apiciopainyes anashariephodimerthr oni um silica-alunina, silica-titania
and the like. Additional support materials may include those porous acrylic
pol ynmers described in EP 0 767184 BL 02- Mar-2007 -33 [00951 In one aspect of
t he suppor {008%ef ul iPehylimtipmorcdléining of the ssppoponty pussgeslso be carried out. In one

embodiment, the support is calcined prior to reaction with the fluorine or other support-

%)

medifying compound. In another embodiment, the support is calcined and used without further
20  modification, or calcined, followed by contacting with one or more activators and/or catalyst
components. Suitable calcining temperatures range from 100°C to 1500°C in one embodiment,
and from 200°C to 1200°C in another embodiment, and from 300°C to 1000°C in another
embodiment, and from 350°C to 900°C in yet another embodiment, and from 400°C to 850°C
in yet a more particular embodiment, and from 800°C to 900°C in yet a more particular
25 embodiment, and from 810°C to 890°C in yet a more particular embodiment, wherein a
desirable range comprises any combination of any upper temperature limit with any lower
temperature limit. Calcining may take place in the absence of oxygen and moisture by using,

for example, an atmosphere of dry nitrogen.

30  [0098] The support, especially an inorganic support or graphite support, may be
pretreated such as by a halogenation process or other suitable process that, for example,

associates a chemical species with the support either through chemical bonding, ionic



surface area in the range of from10 to 700 n2/g, pore volume in the range of
from0.1 to 4.0 cnB/g and average particle size in the range of fq M eztoca
500 m In another enbodinment, the surface area of the carrier ZMar 2007
range of from50 to 500 er/g, pore volune of from0.5to0 5 3.5 an/g and
average particle size of from10 to 200 m In yet another enbodi nent, the
surface area of the carrier is in the range is from 100 to 400 nR2/g, pore
volunme from0.8 to 3.0 cnB/g and average particle size is from5 to 100 m
The average pore size of the carrier of-34he invention typically has pore
size in the range of from10 to 1000.x, from 50 to 500A i n anot her
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cat al yst Btﬁsﬂ&?mem;sHF,%lFiNﬂFeathﬂHFmg terrperatures range from 100C to
1500C i n one enbodi nent, and from 200C to 1200C i n anot her enbodi nent, and
from 300C to 1000C i n anot her enbodi nent, and from 350C to 900C i n yet

anot hef0 enfsadejrent , /aaekifble mndm&ﬂmaﬁi‘gqﬁe suppouatlﬂahérﬂn@nwaoﬁﬂp@uﬁ@fs to dry
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moi st ur e b3nothst prgbodiment, anddmpheerangeroftom  kret-8 naHinaple/ Figiof seppert.in 36 ahode8] The
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chem cal boorﬁgelanu%holll grrése%t gr% thl\éasuppoxp is in the4range of from 0.2 to 5 wt% in one embodiment,

and from 0.6 to 3.5 wt% of support in another embodiment.

[0101] Another method of treating the support with the fluorine compound is to
20  dissolve the fluorine in a solvent, such as water, and then contact the support with the fluorine
containing solution. When water is used and silica is the support, it is desirable to use a
quantity of water that is less than the total pore volume of the support. Desirably, the support
and, for example, fluorine compounds are contacted by any suitable means such as by dry
mixing or slurry mixing at a temperature of from 100°C to 1000°C in one embodiment, and
25 from 200°C to 800°C in another embodiment, and from 300°C to 600°C in yet another

embodiment, the contacting in any case taking place for between two to eight hours.

[0102] It is within the scope of the present invention to co-contact (or “co-immobilize™)
more than one catalyst component with a support. Non-limiting examples of co-
30 immobilization of catalyst components include two or more of the same or different
metallocene catalyst components, one or niore metallocene with a Ziegler-Natta type catalyst,

one or more metallocene with a chromium or “Phillips” type catalyst, one or more




i nteractions, or other physical or chemcal interaction. In one enbodi nent,
the support is fluorided, The fluorine conpounds suitable for prcqi§yru5007
fluorine for the support are desirably inorganic fluorine containih ars
conmpounds. Such inorganic fluorine containing conpounds may be any conpound
containing a fluorine atomas long as it does not contain a carbon atom 5
Particularly desirable are inorganic fluorine containing conpounds sel ected
fromthe group consisting of NHABF4, (NH4)2Si F6, NHAPF6, NH4AF, (NH4) 2TaF7,
NHANOF4, (NH4) 2GeF6, (NH4) 2SnF6, (NH4) 24¢ E6, (NH4) zZrF6, MoF6i ReF6, GaF3,
S2CF, F2, SiF4, SF6, CIF3, CF5, BrF5, IF7, NF3, HF, BF3, NHF2 and NHAHF2.
10 [0100] mettambdmbhWamEdiveg 19fcohtafiid Aghl{shnd URPOF thetd tdinbiiRichs WethioRE or
conmpound is to dry mx the two conponents by blending at a concentration of
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i n the rangesowith awaetiVatdr, tagd dombivations dizeco€nbodi ment, and from 0.6 to 3.5 W%
of support in another enbodiment. [0101] Another nethod of treating the
support with the fluorine conmpound is to 20 dissolve the fluorine in a
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"co-immobilize" re than one.catal yst conponent with.a support. ]
Non- 1§ i t1 PRIV RSB RGm ST TAGEY WL B POrens 4P S TEBRE M CAnc ude
two origor el +hecaamecos di Mg MRENCRISR VB engabeN:3s+ AOPARest-s MQne or
nore netal ] ocene with a Ziegler-Natta type cataré?/st one or nore netallocene
W th a chr MIANES: A NCAS MN; NCASMCE Albral bt NG 1658 MYCAIQHAS 135

G15; G15:NCA:S; G15 + AlA; G15:S + AlA; AIAS + G15; GI5:AIA:S; AIA:S + NCA +

G15; NCA:S + G15 + AlA; MN + NCA + G15; MN:S + NCA + G15; NCA:S + MN + G15;

MN:NCA:S + G15; MN + G15 + AlA; MN:S + AlA + G15; AIA:S + MN + G15; MN:AIA:S

20  + G15; AlA:S + NCA + MN + G15; NCA:S + MN + AIA + G15; MN + NCA; G15:MN:S +

NCA; GI5:NCA: S + MN; GI5:MN:NCA:S; GISMN:S + AlA; G15:AlA:S + MN;

G15:MN:AIA:S; G15:AlA:S + NCA + MN; G15:NCA:S + MN + AlA; MN + ZN + NCA;

MN:S + ZN + NCA; NCA:S + ZN + MN; ZN:MN:NCA:S; MN + ZN + AlA; MN:ZN:S +

AlA; AIA:S + ZN + MN; MN:AIA:ZN:S; AIA:ZN:S + NCA + MN; MN:AlA:S + ZN; wherein

25 “MN” is metallocene component, “ZN” is a Ziegler-Natta catalyst component, such as

described above for the first catalyst component, “NCA” is a non-coordinating activator
including ionic and neutral boron and aluminum based compounds as described above, “AlA”
is an aluminum alkyl and/or alumoxane based activator, “G15” is a Group 15-containing
catalyst component as described above, and “S” is a support; and wherein the use of “;” with
30  “S” means that that those groups next to the colon are associated with (“supported by”) the
support as by pretreatment and other techniques known in the art, and the “+” sign means that
the additional component is not directly bound to the support but present with the support and



netal |l ocenes with a G oup 15 containing catal yst, and any of these
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[ 01031 Further, the catalyst system of if@-present invention can include any

conmbi nation of activators and catal yst conponents, either supported or not
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[0105] One embodiment of the support useful in the present invention is a so called
“enhanced support”, prepared by heating support particles at a dehydration temperature of at
20  least 800°C or more, and between 800°C and 1000°C in another embodiment, resulting in an
enhanced support having a modified chemical structure. In a particular embodiment, the
heating of the support takes place in an inert (e.g., N; or Ar) atmosphere, and in the absence of
water. In preferred embodiments, increased productivity is achieved when the enhanced
support is combined with the other parts of the bimetallic catalyst discussed herein, to form a
25  supported bimetallic catalyst, which is then contacted with monomers during polymerization to

produce a bimodal polyolefin compositions.

[0106] In one or more specific embodiments, an enhanced support is first prepared,
preferably in the manner described below; then that enhanced support is treated (e.g., combined
30  with ingredients that form the first catalyst) to provide a supported éatalyst that includes the
first catalyst component. In specific embodiments, that supported first catalyst is then treated

in the presence of the second catalyst component to provide a supported bimetallic catalyst.



02- Mar- 2007 _36_ species bound to the support, such as present in a slurry,
sol ution, gas phase, or another way, but is not neant to be [imted to
speci es that have no physico-chem cal interaction with the supporq -Maur 2807
supported species. Thus, for exanple, the enbodi ment "MN:. NCA:S + G15" neans
that a netall ocene and NCA activator are bound to a support, and present in,
for 5 exanple, a gas phase polynerization wwth a Goup 15 containing

catal yst conmponent. [0104] In a particular enbodi nent, the catal yst systemis
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ZN;, ZN-ATA:S + M\, MNNCA'S + ZN, and ZN: M\ Al A: NCA:'S. The conponents nmay be
conmbi ned in any order 10 desirable to achieve the highest polynerization
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catal yst. example, a productivity of at least 3000 grams polymer/gram catalyst can be achieved. More

preferably, the bimetallic catalyst that includes the enhanced support has a productivity of at
least 3500 grams polymer/gram catalyst. Even more preferably yet, a bimetallic catalyst

20 having the enhanced support has a productivity of at least 4000 grams polymer/gram catalyst.
Other specific embodiments of the invention include bimetallic catalysts with productivities of
4500 grams polymer/gram catalyst and above, 5000 grams polymer/gram catalyst and above, or
even 6000 grams polymer/gram catalyst and above.

25 [0108] In a particular eﬁlbodiment, the support useful in the present invention is a
Group 13 or 14 inorganic oxide support having a pore volume ranging from 0.8 to 3 cm’/g and
a surface area of from 100 to 500 m%/g. This support is desirably dehydrated as described
herein in one embodiment. A preferred support is an amorphous high surface area silica, such
as Davison 952 or Sylopol® 955, sold by Davison Chemical Division of W.R. Grace and

30 Company. Those silicas are in spherical form, prepared by the spray drying process, with a
surface area of 300 m%/g and a pore volume of 1.65 cm3/g. A procedure for dehydrating the
silica at 600 °C is set forth in US 5,525,678.




02- Mar - 2007 -37 [01071 The enhanced support is prepared by any suitable
means, and nore particularly, by any neans wherein water is renn%agggﬁgﬁbyhe
support, such as by heating, exposure to |ow pressure, chem cal tTe€ B,

or conbi nations thereof. Heating the support at a dehydration 5 tenperature
of at |east 800C, and between 800C and 1000C in a particul ar enbodi nent,

provi des an enhanced support, for exanple, enhanced silica, which provides
surprisingly inproved results over support that is dehydrated at | ower
tenperatures, that is, below 800C, evend&+ightly |ower tenperatures, for
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Syl opol (r) .95 mﬁﬁb D =IAR ical Division of WR Gace and 30
Conpany. T%%glgﬂsi |g)§%%gre |%%25%2%'albal form prepared by the spray drying
process, with a surface area of 300 n2/g and a pore volunme of 1.65 cnB/g. A

procedure fO?iZ]dehydrﬁ;[el srlllgpgl*| glurry can be heated both during and after mixing of the support
particles with the non-polar hydrocarbon solvent, but at the point when either or both of the

20  catalysts are combined with the support slurry, the temperature of the slurry should be
sufficiently low so that neither of the catalysts are inadvertently deactivated. Thus, the
temperature of the support slurry (e.g., silica slurry) is preferably maintained at a temperature
below 90°C, for example, from 25 to 70°C, or from 40 to 60°C in another embodiment.

25 Gas Phase Polymerization Process
[0113] The bimetallic catalysts, and more particularly, the supported bimetallic catalyst
composition, described herein are preferably used to make bimodal polyolefin compositions,
that is, compositions having a bimodal molecular weight distribution; in a particular
embodiment, the bimetallic catalysts described herein are used in a single polymerization
30 reactor to make the bimodal polyolefin composition. Once the supported bimetallic catalyst
composition is prepared, as described above, a variety of processes can be carried out using

that composition. Among the varying approaches that can be used include procedures set forth




silica at 600 Cis set forth in US 5,525,678. 02-Mar-2007 -38 [0109] The
enhanced support may be conbined with a non-pol ar hydrocarbon dilq[gﬂ]&1 t 07
forma support slurry, which can be stirred and optionally heated du aﬁ&%
m xing. 5 [0110] A variety of non-polar hydrocarbon diluents can be used to
formthe support slurry, but any non-pol ar hydrocarbon sel ected shoul d
remain in liquid format all relevant reaction tenperatures, and the
ingredients used to formthe first catal yst conponent should be at |east
partially soluble in the non-polar hydrogarbon. Accordingly, the non-polar
hydrocarbon diluent is considered to be a "solvent"” herein, even though in
(k:]e(rj tain Enﬁmdjswﬂ,ﬂmmsm] t&Thﬁ:hi mfgs“eepkbeasf)es and moﬂtﬂelyl ilﬁadcbiarﬂhlhdé fb&mh i ﬁwilamighbe
ydrocarbon, .[0111]. a es 0 ui t e, non-, a rocar bons i nc| ude

O 0T 1 nelm e e pmes. miobins B bt HRERA I (Prsio et eabed e The
speci fi cal kyuipReftOftostdh 8éndifidiRRadtails, REiliFRRBN bMRE mateRBK AN of cERHEVENh a

n- hept ane, octane, nonane, or decane; a non-pol ar cycl oal kane such as 15

cycl ohexanéive Prefigssadspanding eudhy dssirpd fomprsitionotndepi@perties of e pelinenbeing
M xtureg Ofgdlich! FSIE%%meé(,)ﬁfegﬁ’%&&e?bfﬂ&fé&ﬁrﬂ?g@ﬁoﬁﬁé‘f@i%%é;;gat%?ﬁ%ﬁ bk Qb2 lysrhe

support slurry can eate oth during and after m xi e support
particl es %46,580he6.38%1 0l @B8GIAN dBINGA; $340.686;, 6340,730; 6,329,p4; nd,3A0¥SA;

ei ther or . t rEoC i i e t ry, the
Cerper at ur S9bSBicbeMn 7y SAEHE QB PAnPS PR RAIERES G2 EHY e
cat al ysts &/180,73%cdué611dni¥3. deacti vated. Thus, the tenperature of the

support slurry (e.g., silica slurry) is preferably maintained at a
tenperature below 90C, for exanple, from25 to 70C, or from40 to 60C in

anot hetgenmdiyrent . breGastidANREL tHRrydeEY 6120¢ pREenPimeaSsn [sQitebd Thaudhgrs al lic
catal ysts, and npore particularly, the supported binetallic catalyst :
conposi t i oRkasgPelmeHEHionprassss 8¥8n‘i)P’éP’@F°aﬁlP§n FPEMER having Bemodi 3heahen ef i n
conposi ti 0Bgms, EHAL2 loip GAFR%h HPMWPJ}&CQM%MA% DLRCHOAT 458 Gtbon
distribution; 1n a particular enbodinment, the bimetall’i catal ysts descri bed
herei n ar eatgmedn iyat a meire piaticget gmegdimenti dipe 3aventer isopartionlarbkwell neitedi tovlekal

pol yol efin j l.Licicat conpasition

s b epar cBo B Ao 8 iort SR AR URRBHER e BhhS oldrc® EhifBle. LFIRREAC, ¢

usi ng 1% hahexenerplohépténon 1-obtene) gl -hdreny, ad-micthgl- bpattars Hesotuleme, C-dsobliend) aeid]-

i ncl ude prggggyres set forth 02-Mar-2007

[0115] Other monomers useful in the process of the invention include ethylenically
unsaturated monomers, diolefins having 4 to 18 carbon atoms, conjugated or nonconjugated
20  dienes, polyenes, vinyl monomers and cyclic olefins. Non-limiting monomers useful in the
imvention may include  norbornene, norbornadiene, isobutylene, isoprene,
vinylbenzocyclobutane, styrenes, alkyl substituted styrene, ethylidene norbornene,

dicyclopentadiene and cyclopentene.

25 [0116] In the most preferred embodiment of the process of the invention, a copolymer
of ethylene is produced, where with ethylene, a comonomer having at least one o-olefin having
from 4 to 15 carbon atoms, from 4 to 12 carbon atoms in yet a more particular embodiment,
and from 4 to 8 carbon atoms in yet a more particular embodiment, is polymerized in a gas
phase process,

30



-39 in US 5,525,678 in which those processes are nodified in accordance with
the inventions clained herein, for exanple, involving the high fldfﬂ* %3907
bul k density as described herein. The equipnent, process conditi oAs,
reactants, additives and other materials will of course vary in a given
process, depending on the desired conposition and properties of the polyner
being 5 fornmed. For exanple, the processes discussed in any of the foll ow ng
patents can be used: US 6, 420,580; 6,388, 115; 6, 380, 328; 6, 359, 072;

6, 346, 586; 6, 340, 730; 6, 339, 134; 6, 300, 43¢,- 6,274,684; 6,271, 323; 6, 248, 845;
6, 245, 868; 6, 245, 705; 6, 242, 545; 6, 211, 105; 6, 207, 606; 6, 180, 735; and
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process of tAe LNVEL! 9N ex SHAY ! 6864 843 RoORNYs8 360, $,028,670, 5,317,036, 5,352,749,
16 5,405,922, 5,436,304, 5,453 471, 5,462,099, 5,616,661 and 5,668,228.)

[0119] The reactor pressure in a gas phase process may vary from 100 psig (690 kPa) to
500 psig (3448 kPa) in one embodiment, from 200 psig (1379 kPa) to 400 psig (2759 kPa) in a
more particular embodiment, and from 250 psig (1724 kPa) to 350 psig (2414 kPa) in yet a

20 more particular embodiment.

[0120] The reactor temperature in a gas phase process may vary from 30°C to 120°C
in one embodiment, from 60°C to 115°C in a more particular embodiment, from 70°C to 110°C
in yet a more particular embodiment, and from 70°C to 95°C in yet a more particular

25 embodiment, or as set out further below.

[0121] In an embodiment of the invention, the process is operated by introducing a
carboxylate metal salt such as aluminum stearate or other metal-fatty acid compound into the
reactor and/or contacting a carboxylate metal salt with the catalyst system of the invention prior

30 toits introduction into the reactor.



polymerized with at |east two different conononers, optionally one of which
may be a diene, to forma terpolymer. 5 [0118] Typlcally in a gas phase

pol yneri zati on process a continuous cycle is enployed where in on@2-plan207
the cycle of a reactor system a cycling gas stream otherw se known as a
recycle streamor fluidizing nedium is heated in the reactor by the heat of
pol yneri zation. This heat is renoved fromthe recycle conposition in another
part of the cycle by a cooling systemexternal to the reactor. Generally, in
a gas fluidized bed process for prodUC|ng 10 polyners, a gaseous stream
contai ni ng one or nore NDNONErs is contlnuously cycled through a quidized

bed in the ence I | t

streami s [(ﬁzﬁ dravvnﬂ\f‘lr§cr§’l1?ﬁil§il ﬁﬁ%ﬁldlﬂze(} @e@ggna%ﬁlgsg C %’h&g% pﬁotcgsgt

reactor. Sumntlfmrneohldéwﬂle ;j’mttwnérsecopd @elabfst aosnm'nerhsj maaking up mhnhetalmeaamn]st and
fresh nononey i s _added to.re r|z d noner ee for exanple
US 4,543 389 ot qo‘é%"r?é‘ﬁ%“’%"‘éggﬁ%%& 1“2 Vated By 28 Smi*’g’ 8 kg%

5, 436, 304, itbthdad, dither bbfoAbABdR oD uﬁdﬂwﬁﬁ%wﬁéiﬁaﬁorﬁﬁactarZ&Gﬂgzos{zﬁk% 31% sﬂ-ﬁtﬁgg(gaﬁ or
ressur se oc SS M r i a 0 S
?3448 kf'%a) gWﬂF‘%ﬁ%cagﬂ% ef%ag Eb%)é%si?‘bgl?‘}fggéta &)% Pagica g eBe ‘{jm@t?@g kpa?

in a noreapikdrl &Hﬁ&ﬁm@rﬂb% mtam@rtqtaiysprﬁ %éﬁeﬂ&dgn{ %7314ue|ﬁPé{)z glac3d s 9
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enbodi nent ..f£om 60C to 115C in a nore particular enbodi ment, from70C to
110C in yet a nore particular enbodinent, and from 70C to 95C in yet a nore
parti cul ar 25 enbodi rrent or as set out further bel ow. [0121] In an
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situ. e sup
dlfferent catalyst components, activators, etc. In a particular embodiment of the present

invention, the bimetallic catalyst system is contacted with monomers in a single reactor vessel

(or “reactor”), followed by isolation of a finished polyolefin resin.

20 [0124] For example, a gas phase polymerization process claimed herein may include
use of a continuous cycle in which a cycling gas stream (i.e., a recycle stream or fluidizing
medium) is heated in the reactor by the heat of polymerization. This heat can be removed from
the recycle stream in another part of the cycle by a cooling system that is external to the
reactor. In a gas fluidized bed process for producing polymers, a gaseous stream containing

25  one or more monomers can be continuously cycled through a fluidized bed in the presence of a
catalyst under reactive conditions. The gaseous stream is preferably withdrawn from the
fluidized bed and then recycled back into the reactor. Polymer product can be withdrawn from
the reactor and fresh monomer added to replace the polymerized monomer. (See for example
US 4,543,399, 4,588,790, 5,028,670, 5,317,036, 5,352,749, 5,405,922, 5,436,304, 5,453,471,

30 5,462,999, 5,616,661 and 5,668,228)



5 binetallic catalyst is fed to the reactor in a dry (no diluent) state in a
particul ar enbodi nent. In another enbodinent, the binetallic cata#%ﬁi IS
suspended in a diluent (e.g., C5 to Cs hydrocarbon) conprising fTo -2},
to 100 Mt % m neral oil or silicon oil and fed into the reactor. 10 [01231
The gas-phase process of the present invention includes contacting the

catal yst system (including catal yst conponents and activators, and
optionally, a support) with nononmers in a reactor vessel of desirable
configuration to forma polyolefin. In oge_ enbodi nent, the contacting may
take place in a first reactor vessel, followed by transfer of the forned
pol ymer i nfaa28not herTisaesiéh présiirt th £p6. phaRaRédREs MEP LY floth FI0 R (690 kg ko

pol yneri zation, 15 optionally by adding the sane or different nmonomers and
opti onal | y5%1’%&i€ﬁ4ﬂ§%?ﬂén§aﬁémb‘?dlmﬂﬂf E%‘P@H? Peig (LA dPaL o9 msie 754 {pst or s,
etc. In a pafitdis&Uilod kAR AIPAIm 250 SR @TRSRBY) to 135y $ip! @14 Idﬂ@ iH'gngi #Hod C
catal yst systemis contacted with nononers in"a single reactor vessel (or
"react or ") parfignlarewbgdiment.sol ati on of a fini'shed polyolefin resin. 20 [01241
For exagmpl e, a gas phase pol ynerization process claimed herein may include
use of a continuous cycle in which a cycling gas stream (i.e., a recycle
stream or f01R26)di zi ndn omedipead ofi the mventizd, the vollage efiht gas fhasé heactoe tdesikably

pol ymeri zation.. This heat can removed from the.recycle streamin another
boryor ¢ reonighed: orpnd ebfiaiegt By oP D Rao st e e ey Ronns R e & | o a
gas flui di zp@ciedf pol9refisationisipg @ Blitdtallc mﬂysmmarei@ﬂ@asm@%@oﬁhé flaiaize®pédai ni ng

25 one or nore nonomers can be continuously cycled through a fluidized bed in
t he presenBas Rypsereacion ig maiptamed at lepthan #9%- CBHYF baccomplished bysmy suitablgam i s
pref er apl ymuhdshdeRuw by, ek ple, fddits dgzﬁﬁ HYRfbeBR vENRhE SEX I O rdifoks. | e the
reactor. Polymer product can be withdrawm ™ from the reactor and fresh nononer
added to repflageef theaegstirgarbs deseribedip fherequatiga delpwr(Adxanpl e US 4, 543, 399,
4,588, 790, 5,028,670, 5,317,036, 5,352,749, 5,405,922, 5,436,304, 5,453,471,
30 5,462,999, 5,616,661 and 5, 668, 228) 02-Mar-2007 -42 [0125] The reactor
pressure in a gas phase ﬁiqgess_nay SBPy- FBBmM 100 psig (690 kPa) to 500 psig
(3448 kPa) in one enbodi NN T om 200 psig (1379 kPa) to 400 psig (2759 kPa)
ina particular enbodi ment, and f 8B 256 ¢epbity (1724 kPa) &) 350 psig (2414
kPa) in yet a nore particular enbodinent. 5

15  wherein SBD is the “settled bulk density” of the formed resin granules in the reactor; FBD is
the “fluidized bulk density”, which is the density of the resin granules in the reactor; and “gas
density” is simply the density of the gas in the reactor. The FBD is the ratio of the measured
pressure drop upward across a centrally fixed portion of the reactor to the height of the fixed
portion. For FBD measurements in the present invention, the pressure drop of the fluidized bed

20  is measured from a point slightly above the distributor plate to a point about midway up the
fluidized bed. The pressure drop divided by the height difference between the pressure taps,
with suitable factors for converting the units of measure, yields FBD. The measurements cited
herein are reported as averages covering several hours of operation near the end of each test.
As noted therein, the FBD is a mean value, which may be greater or less than the localized bulk

25  density at any point in the fixed reactor portion. Since the gas density is diminishingly small,

the equation describing voidage can be simplified to the following (B):

Void P . 22D
oidage = SED ®)



(0126] In one aspect of the invention, the voidage of the gas phase reactor
is desirably controlled. In one enbodi nent, the polynerization pr ﬁ%‘s fHM
the invention is characterized as a process of polynerization usi% )
bimetallic catal yst wherein the voidage of the fluidized bed gas phase
reactor is maintained at |ess than 40% This can be acconplished by any

sui tabl e 10 neans such as by, for exanple, adjusting the hydrogen level in
the reactor or reactors. The voidage of  the reactor can be described in the
equation below (A): SBD - FBD Voidage =43%BD - gas density (A) 15 wherein SBD
is the "settled bulk density" of the formed resin granules in the reactor;
FBD i s th¢012f7] ui di z@ettdimkpectfensitiodimentshofahe invertivn aleadiahtageduslyhiirected tana

granules in_ the reactgr...and ‘gas .d ity i.s.si,nmply the densit f the gas
T he T cndrisis axiber a8 A BPDY oot 1 2SR fhon, PEeC Brandtt nelbolb R &
across a cCeolyetizafiohipredtsdeer tA diighofBDNer [Raebidagd) @ah Mavdebifits Bf a EhepHdsxed
portion. For FBD neasurenents jnh the present invention, the pressure drop of
the fluidi PRMSEERIOD PIeCere SIOGE ?rr%?ﬁ gensERlymeans Jighey catalys eradyesivaty e it ut or

plate tg aiROhiBheraROHEndY §¥BY albwible in fshdhl dirégforPed, nigherFBDHE 8184 pRovideR Pror
di vided by the helfght di fference between the pressure taps, wth suitable
factors fopdvasiages ior ragtarting a,eamagergral-gralegescsor Whea|ageas pBive pphenangatingravplent s

cited heregj r ri jon
mear t he. coitupid BYBREIEN.ARAKE! RFEERNE Y I, EBIEKRR: Jo edRRL B 0
may be gr eexpansigr duesg theheastating process,i anddcabHokmefimesiemeri takatthearegtapgoprotess n t he
fi xed reactor ortli on. Since the gas density is dimnishingly small, the
equati on aBEYP eﬁﬁfﬁg voi dage can be sinplified to the following (B): FBD

Voi daged= 1 SBD (B) 02-Mar-2007 -43 [0127] Certain specific enbodinents of

the inventigon_are adyvant ageously directed r.oge ving fluidized bul k
density (F )28}( hat %S W ﬂ@fcﬂi,ﬁgﬁﬁeﬂ'{l thISBF‘&rgH&deB%Wy(S? EPP A2s 158 SIREFIEIURS on
processes. giRefihdtkaRRetPmn 19,436 B04G8 Which thetBveistiRAREd 4s3hd Fhtid 0P8R nRARR&

pol ynmeri zati on process, since higher FBD generally neans hi %ger cat al yst

product i vi Pipsredrop upwerdeadsess ietentrally; fred pertionraf sheyraaeiantsl e iheigbtefithe fikedict or .
A high FBDp@LJtiﬁﬁ), & &Mﬁf af“ﬁtressure tap vertical separation.” As noted therein, the FBD is a mean
15  wvalue, which may be greater or less than the localized bulk density at any point in the fixed

reactor portion.

[0129] All FBD values that are absolute values of fluidized bulk density are expressed
in units of Ibs/f’. The values of FBD of the present invention range from 5 to 50 Ibs/ft’ in one
20 embodiment, from 7 to 40 lbs/ft’ in a more particular embodiment, and from 8 to 30 Ibs/ft* in
yet a more particular embodiment, and from 10 to 25 lbs/ft’ in yet another embodiment,
wherein a desirable range for FBD may be any combination of any upper limit with any lower

limit.

25 [0130] All SBD values are expressed in units of 1bs/ft>. The values of SBD of the
present invention range from 10 to 60 Ibs/ft’ in one embodiment, and from 12 to 50 Ibs/ft* in a
more particular embodiment, and from 14 to 40 lbs/ft% in yet another embodiment, and from 15
to 35 Ibs/ft’ in yet another embodiment, wherein a desirable range for SBD may be any
combination of any upper limit with any lower limit.

30
[0131] In one embodiment, the voidage of the reactor is less than 50% (expressing the

values above as percentages), and less than 45% in a more particular embodiment, and less



advantages for restarting a comrerci al -scal e reactor when a gas phase

pol yneri zation cycle is interrupted by extraneous factors. For e €007
| ow FBD corresponds to excessive bed expansion during the restarmar'
process, and can sonetines even make the restart process unsuccessful. 10
[0128] As used herein, the term"fluidized bul k density" (FBD) has the sane
meaning given that same termin US 5,436,304, in which the termis defined
as the ratio of the measured pressure drop upward across a centrally fixed
portion of the reactor to the height of-4se fixed portion, for exanple, a
"pressure tap vertical separation.” As noted therein, the FBD is a nean 15
val ue, whi tthandéd ibgetor mateepariculdresbodimant, tinkleksotha B3%dn lbplakicdenembodimentany

point in the, fixed actor portj.on. 129] Al ,EBD val .that are_.ahsol ute
Dol bes of -1 Sor 3B SimaB Tt cpbifiptentand 16 i 29340 A lorS Sl

val ues of Elbbddhedthendaes@st Sioninetid enbddangr, aida feabto1®9 ihbs hoks3 phrticlire 20
enbodi nent , gﬂrom 7 to 40 I bs/ft3 in m)g{%g p%rti cul ar. enbodi nent, and from 8
to 30 |bs/fP f#ﬂﬁerve‘tfl_l%{elﬁ&r@%bﬁ? 12RER SArVOKiRBR UR HESTRaY BAkds pensoppinagon gt ays) £ t 3
in yet RNohRRf v&aRRAIHRWith ayBWel Voidagt 8Slif ARLSLIANIAN O8tafeBLRnoBY: W&, Y
conbi nation of any upper lim't with any lower [limt. 25 [0130] All $BD

val ues ar eFBR{EFIL g may hawe e yalye of e ereater thas OAQ (e40% Wheppudiplieh by 190 essent

i nvention ' | 50

| Der 3 1 o ek BRI &l iboltinl it pRahihaff 15k FiRlre paffyht Aolntd, 2
anot her enuidirentertthana¥(¥s fir yeha ore parti®Bar dpshoflingentt, ang greaten ¢aneX)%eintyota mere |,

wherein a desirabl e ran fqr SBD .an conbi nati.on o ny..u limt
wi th any I%ﬂg‘fuﬁafrie ento_dlr%%x%[a(ﬁsgf al%?rr{g%zgﬁ/g%géﬁ e p 8“195?'8%‘6%“%}“ %)'F‘)i](ee{e?seact or
i s | est) t hihan 8% encpmetasliment dnd lesy dah 68%db gstendihepanisriithagemy lesetidn 86%s t han
45%in a npre particul ar enmbodi frent, gnd. Iess_O%-I\/ar-ZO 1. . -44 thi}g 40% i n
yet a nor elfp¥ & BaTeap By nent wherglna desingblssionge, of, FRRYEBR jjaljes may
enbodi Ment jncludé) An} ESbidaEbn 3%y ufheF HED/BBD! lifi MithesRoHweRtBDARY ligHs t han
20%in a nore particular enbodinent; and at |east 5% in one enbodi nent, and
at | east 1dessriheddeigbre particul ar enbodi nent, wherein a desirable range of
voi dage val ues may i nclude any conbi nati on of any

16  [0132] It has been found that the voidage can be adjusted to a desirable level when
using bimetallic catalyst systems comprising at least one metallocene by adjusting the level of
hydrogen in the polymerization reactor. The level of hydrogen in the reactor can be adjusted
by adjusting the level of hydrogen in the gas stream that is introduced into the reactor, or stated
alternately, adjusting the ratio of hydrogen and ethylene.

20
[0133] In certain specific embodiments, the polymerization reactor temperature is
maintained at a certain level to further optimize the voidage at a desirable level. As used
herein, the term “reactor temperature” can refer to an actual measured temperature (i.e., at a
point in time) of a fluidized bed in a reaction zone of a fluidized bed reactor used to carry out a

25  gas phase polymerization; and can also refer to a calculated number that equals an average of a
plurality of actual measured temperatures, measured intermittently over a period of time, for
example, an averagé of ten measured temperatures over a four-hour period. In a particular
embodiment, the polymerization reactor temperature ranges from 100°C, or 99°C, or 98°C, or
97°C, or 96°C, or 95°C, or 94°C, or 93°C, or 92°C, or 91°C, or 90°C, to 40°C, 50°C, 60°C,

30 70°C, or 80°C, or 82°C, or 84°C, or 86°C, or 88°C, or 90°C, wherein the reactor temperature
may be in a range from any combination of any upper temperature limit with any lower

temperature limit described herein. Thus, for example, a reactor temperature that averages



5 upper voidage limt wth any | ower voidage |limt described herein. Stated
anot her way, the FBD/SBD ratio nmay have a value of from greater td}_a%O%B
(or 40% when multiplied by 100 as in the data tables) in one enbodi TZ an
greater than 45%in a nore particular enbodi nent, and greater than 50%in
yet a nore particul ar enbodi nent, and greater than 60%in yet a nore

particul ar enbodi nent, and greater than 65%in yet a nore particular

enbodi ment; and | ess 10 than 95% i n-one enbodi nent, and | ess than 90%in yet
anot her enbodi nent, and | ess than 85% 4i45yet a nore particul ar enbodi nent,
wherein a desirable range of FBD/ SBD val ues may include any conbi nati on of
any upper FBD 8Bt lemst ta vid, twanyhregwienr EBRI@GBRolr pérfod tagchd biiizelaluging.a 15
101321 It has. been faqund tlhat .t he voi.d can be .ad] uste%.to a desirable
evel whenCOBHA B8t MRAGPoRerz S Sudle s NEnOB I PISTIRP i Nieast one

met al | ocene by adjusting the | evel of hydrogen in the polynerization
reactor. The |l evel of hydrogen in the reactor can be adjusted by adjusting

the level ®34lydr ogehhe; ‘ﬁ’@‘fﬂ‘é (%fa%mg)c P’é&ﬁﬁcﬁ‘&fdlieg i qr¢ sRbedimentoadipiing digct or |
or stated pahiRhNRIQ! MK, thé%dl'ﬁﬁérﬁﬁtiéﬁ‘?r&c@és! OTRE HYHREaDeveANi&! RydRac &0
[01331 In certain specific enbodi ments, the polynerization reactor

t enper at ur kydregenpgionnta) are soragtinags espressed hereindn terps pithe molarggiid ofildo Caéalseoi dage
at a desir e | euel. i, (a0 ctorAde b.can
refer to aﬁgg%tdﬁaﬁz'@a% e f% rP%rélgt @r IeTIO | ‘.lltgl.e ,hggrtoggrﬁ %1% r(ljlt? 1%3%‘?{ ?énel%h%'(l)efng'a

flui di zed BBematively, thedgidragan teyels difcussed hereidi car defbretd thestib @f nusesdis to males y out

a 25 gas phase pol ynerj zation; and can also refer to a_cal cul ated nunper that
equal s an @Pgﬁge%fus%d mpfhﬁr qlwvzgﬁonh&a&tmn, ﬁ%fa%’iwﬁﬂ’ t"éfﬁ@“é’rea?{?% e AR Yur ed

i nt er MaQ t emitbné. OPeferablp e howwelen)l the i Hrogbd evel tefdfetheed RéteiavRr g emélar k40 of
measured tenperatures over a four-hour period, In a particular ., enbqdi nent,
the pol ynmetYdogenofps  8aethyleng Bagemsisyr &5y Wity deactyr drmpergtre, othe dydroggn lowgls  or
97C, or 96fefer@ce®RbreinUnd MHhae cPiim? #Helude actdd GastianSdis m@arsm%g (ﬁydl&gerflﬁﬁls, I8C,

60C, 30 70C, or 80C, or 82C, or 84C, or 86C, or 88C, or 90C erein the
react or t esKgEIlE @rmsolamiadio 198 hydrogen gasdfe ativdanearr ac aremgsdiidmeenlevah pased mar

terrperaturlgee{simrgdthgc?g&Ms{ﬁg}p&teﬁgﬁgﬁ@%yg eﬂiddﬂ&ip%gscri bed herein. Thus,

for exanple, are r tenperature aver ages r-2007 -45 97C for at
| east ¥ one, two, three, four or nore-hour period nmay be utilized during a

continuous,,gag phase, ROl YIeL! 1349 G S hRCah WG 100 ' & 685 SAbad Ment -

embodiment, and an upper limit of 0.018 in another embodiment, 0.015 in yet another

embodiment, and 0.012 in a more particular embodiment, and 0.012 in yet a more particular
embodiment, and 0.010 in yet a more particular embodiment, and 0.009 in yet a more particular
20 embodiment, and 0.008 in yet a more particular embodiment; and the hydrogen to ethylene
ration has a lower limit of from 0.0001 in one embodiment, and 0.001 in yet a more particular
embodiment, and 0.004 in yet a more particular embodiment, and 0.005 in yet a more particular
embodiment, and 0.006 in yet a more particular embodiment. Thus, for example, the average
ratio of a molecular hydrogen to ethylene over a four-hour period is 0.009 or below during a
25  continuous gas phase polymerization cycle in one embodiment. The range of hydrogen levels
(molar ratios of H,/C;) may comprise any combination of any upper ratio limit with any lower
ratio limit described herein. For example, in a specific embodiment, the molar ratio of the

hydrogen gas in the gaseous stream to ethylene in the gaseous stream is from 0.003 to 0.011.

30 [o136] An alkylaluminum compound, or mixture of compounds, such as
trimethylaluminum or triethylaluminum is feed into the reactor in one embodiment at a rate of
from 10 wt. ppm to 500 wt. ppm (weight parts per million alkylaluminum feedrate compared to
ethylene feed rate), and from 50 wt. ppm to 400 wt. ppm in a more particular embodiment, and



F

(0134] The voidage (or FBD) may be controlled in one enbodi ment by adjusting
the 5 hydrogen level in the polynerization process. The hydrogen | evels
(also referred to as hydrogen anmounts) are soneti mes expressed hdPeVigry
terns of the nolar ratio of H2 to C (also Hz/C2 or H2:C2), wherein H2
refers to nol ecul ar hydrogen, and C2 refers to ethylene. Alternatively, the
hydr ogen | evel s di scussed herein can refer to the ratio of noles H2 to nol es
of nonomers used in the polynerization reaction, for exanple, ethylene,
propyl ene and/ or 10 butene. Preferably,_lwwever, the hydrogen |evel
referenced herein is the nolar ratio of ydrogen gas to et hyl ene nononers.

As Wi th reaet0go wEPPAasus ft. ;;Fhemmeda ﬁﬁﬁfbah@dﬁ@ir%mbb@iﬁﬁhﬁ'ﬁﬁ@ﬁ-oﬁ%roe\h?pﬁﬂﬂ) in

the clains include actual instantaneous measured hydrogen |evels

Iexarrlpl eb a2 WhPPRLIN; Y§t HMOFS/RATHRH egbedimene end/ > Wt PRR ta)\169 &@eppnylé}r)@ben .
eve as&ﬂ) $ g{%%ﬁ%@%ﬂl@ﬁ? jbfevﬁhge T ‘ﬂn# e | b iHatidn 8¥ ﬁfy ,ﬂ%pgler 10

of time. 15 ( ratio o rogen to et as an upper

0.020 i n ohmut with@dy hewver, linaitd Te a!nlg’rhiummum canolfe Bpsentéch bpnid gewraérfdmdlilamnt
0.015 ip vy her cu mhodi ment ,
and 0. A2 %R%,w%%rem cﬁﬁbg ﬂ}el Cu or 8‘%%%t md ex?den y elgc?ﬁf #r% Y ét QO,?@%

parti cul ar amhdikakysent , and 0. 009 in yet a m)re partl cul ar 20 enbodi mrent, and
0.008 in yet a nore particular enbodi nent; and the hydrogen to ethyl ene
ration has a lower limt of from0.0001 in one enbodi nent, and 0.001 in yet a

nore partimabay  enbor, Rt maNdsdbd R4 ihtd thieadlor R Rotbel ém&&ﬁ&m%ﬂ’&)@ﬂé gent,
and 0.005 In yet a nore particular enbodinment, and 0.006 in yet a nore

parti cul ar remb6al ﬁ’é‘nPPmTQ"?u%OO Vb rPREX AVpEl, P@'ﬁé’%\f’é‘“&ﬁ’e"vaﬁe&tﬂ?e@w& compasedetu| ar
hydr oggp t&hﬂ%ﬁ%’fe@&‘ﬁa@vzﬁfd ffonh 04w pbth tcp@sd Wdppri l@am&r%b%h% drd £54 0% 25
continuous gas phase polynerization cycle in one enbodinment. The range of
hydr ogen | wt«eppm tO(WBWarpmm pe amthﬁzar@)dum a@érﬁpm bevtapnym bobbWhapindn yef  any

upper rati r | e,
in a speci 1 enk‘bgﬁﬁr#egﬂﬁ% h?ﬁ"@d Sél{agia gn%) ‘HH f‘?c‘ %ﬁgoﬁﬁﬁﬁé@j P}rf ?ﬁ%g‘s)eous
stream t o Bitytitrenyilowdrhienigdeserdhed hstefiream i s from 0. 003 to 0.011. 30 (0136] An
al kyl al um num conpound, or m xture of conpounds, such as trinethylalum num
or triethylaluminumis feed into the reactor in one enbodinent at a rate of
from 1{5 W Bi¢l Pelyaitd Pébdudepm (wei ght parts per million al kylal um num
feedrate conpared to_ ethylene feed r and from 50 w mtg. 400 wt. m
in a nore Ws §li cul arf }@nﬁ‘b‘émﬁ’én?m dyerd % gbﬁ proggyses daggribed he?e?n utilizing the PP

bimetallic catalysts described herein, which are preferably bimodal, can be used in a wide

variety of products and end-use applications. The polymers produced by the process of the
invention include linear low density polyethylene, elastomers, plastomers, high density

20  polyethylenes, medium density polyethylenes, low density polyethylenes, polypropylene and
polypropylene copolymers.

[0139] Polymers that can be made using the described processes can have a variety of
compositions, characteristics and properties. At least one of the advantages of the bimetallic

25  catalysts is that the process utilized can be tailored to form a polymer composition with a
desired set of properties. For example, it is contemplated that the polymers having the same
properties as the bimodal polymer compositions in US 5,525,678 can be formed. Accordingly,
US 5,525,678. Also, the bimetallic catalysts described herein can be used in polymerization
processes to form polymers having the samé properties as the polymers in the following

30 patents: US 6,420,580; 6,388,115; 6,380,328; 6,359,072; 6,346,586; 6,340,730; 6,339,134;
6,300,436; 6,274,684; 6,271,323; 6,248,845; 6,245,868; 6,245,705; 6,242,545; 6,211,105;
6,207,606; 6,180,735; and 6,147,173.



from60 wt. ppmto 300 wt. ppmin yet a nore particular enbodi nent, and from

80 wt. ppmto 250 wt. ppmin yet a nore particular enbodi nent, ar\%%o%hg
wt. ppmto 150 wt. ppmin yet another enbodi nent, wherein a desir Ty e

may conprise any conbination of any upper limt with any lower limt. The

al kyl al um num can be represented by the general fornmula 5 A1R3, wherein each
Ris the sane or different and independently selected fromd to Clo al kyls
and al koxys. [0137] Al so, water may also be fed into the reactor in another
enbodi ment at a rate of fromO0.01 w. Pffw-to 200 wt ppm (wei ght parts per
mllion water feedrate conpared to 10 ethylene feed rate), and fromO0.1 wt.
ppmto 150 wt. ppmin another enbodinment, and from0.5 w. ppmto 100 wt. ppm

in yet ano enbodi,men andg, f. . to 6 . m. n. yet anot her
enbodi ment w%ﬂer ei ndlg" c?éﬁsyln?eéﬁﬁ@léagl&]ﬁélyyr\?ﬁé‘ﬁ b%%%?ﬁ’?gpsaﬁ%vecag%Waﬁt h0F° %ttny
uppgr | |[ nﬁmm}n.sdru]) gayfl‘ k00870 lgicm;tinGbﬁsembbﬁdleiﬂeﬁehmo.S%EBhihdgwgB’ﬁymﬁﬁh a

. Product [0138] The po .S praqduc y the processessdescri bed herein,
utilizing PHE p*ﬁTl?ﬂE@af g@"@ﬁ’%a&?ﬂ z)%&@s Wlbé@ Orpeﬁseg/ ﬁ’f‘s\ﬂﬂiﬁ aaP’@"%P@’f‘_&‘ﬁ%Fb! y

bi nodals  cafibddtméteHoinn0.80Ngder® 8953t WeR? iP§ 604 alote pidic@RdeMB&IIARR] iFeAL | ONS.
The pol yrrer;gfrodyced by thg process of the "invention include |inear,|ow

densi ty pol-9kd ggme0-989 gl B vet 2 pPEcRasialas embpdiment g&gaty thrm G Syalemyitenes,
medi um dengk t yet n . d Y I h es, Jpoly nd
pol ypr opy | Ehc Qe o B A8 L AP Y0
descri bed gmhedavendsind greatesitand). 928 1g/'am yin yét 2 memparticalanemshodithentact eri stics and
properties. At |east one of the advantages of the binetallic 25 catalysts is
that the process utilized can be tailored to forma polymer conposition with
a desited [@41jof pr dhempblyesrs ke aenaemlae weight distribotivre aplagia dvéragd mbleeular

pol ymers havi t he, sane roperfies. i modal l.ymer co sitions in
08 2505, evetidn niEvRoFee® mehlak e o B o BSR sB 80 Rpue SRPHER R | |
cat al ysts fafq0itoed iAel fiofe Faficdld eniRdinhdnt, RaH VTR 115 a6 581n yBi' 9 GRSS PartibQarf Or m
pol ymers having the same properties as the polyners in the follow ng 30
pat ents: twdimnt.sed from Abig SP1n yetg meg pagigulagembodimeny. 6 346, 586; 6, 340, 730;
6, 339, 134; 6, 300, 436; 6,274,684; 6,271, 323; 6,248, 845; 6,245, 868; 6, 245, 705;
6, 242, 545; 6,211, 105; 6,207,606; 6,180,735; and 6,147,173. 02- Mar-2007 -47
15 [0142] The polymers made by the described processes have a melt index (MI) or (I, as

measured by ASTM D-1238, 190/2.16) in the range from 0.01 dg/min to 1000 dg/min in one
embodiment, from 0.01 dg/min to 100 dg/min in a more particular embodiment, from 0.02
dg/min to 50 dg/min in yet a more particular embodiment, and from 0.03 dg/min to 0.1 dg/min
in yet a more particular embodiment.
20
[0143] Polymers made by the described processes have a melt index ratio (Ii/I) (I is
measured by as measured by ASTM-D-1238, 190/21.6) of from 40 to less than 500 in one
embodiment, from 60 to less than 200 in a more particular embodiment, Expressed differently,
polymers made by the described processes have a melt index ratio of from greater than 40 in
25 one embodiment, greater than 50 in a more particular embodiment, greater that 60 in yet a more
particular embodiment, greater than 65 in yet a more particular embodiment, and greater than

70 in yet a more particular embodiment.

[0144] In certain embodiments, propylene based polymers can be produced using the
30 processes described herein. These polymers include atactic polypropylene, isotactic
polypropylene, hemi-isotactic and syndiotactic polypropylene. Other propylene polymers

include propylene block or impact copolymers. Propylene polymers of these types are well



[ 0140] The polyners, typically ethylene based polynmers, have a density in the
range of from 0.860 g/cnB to 0.970 g/enB in one enbodi nent, fromd%ﬁ%?)g/gnﬁ
to 0.965 glcnB in a nore particular enbodi nent, from 0.900 g/cnB 0 P& 8
g/cnB in yet a nore particular 5 enbodinment, from0.905 g/cnB to 0.955 g/cnB
in yet a nore particular enbodinent, from 0.910 g/cnB to 0.955 g/cnB in yet
a nore particul ar enbodi nent, greater than 0.915 g/cnB in vyet a nore
particul ar enbodi nent, greater than 0.920 g/cnB in yet a nore particul ar
enbodi ment, and greater than 0.925 g/cn38A yet a nore particul ar enbodi nent.
10 [0141] The pol ynmers have a nol ecul ar wei ght distribution, a weight average
mol ecul ar kum?rgm the antustee forawengde U (461941086, A28 465,( #MB76851, 05,036,684 5nd 0 80
in one enbggg and from 10 to 60 in a nore particular enbodi nent, and
from15 to h yet a nore particular enbodinent, and from20 to 50 in yet
a nore particular enbodi nent. 15 [0142] The pol yners made by the descri bed

| by ASTM, D- 1238,
P00/ 5 16) [148he r arte FOVBrEEbO ke ByPHHOR e et o SoHDHES “ehgBPieit
from0.91 g(gsaﬁhm Nen-1iBBtit0éEhip1ds bf JHEP hElyRRf ! inElMiA in IR idBR, oifeﬂmeﬁesfﬂ

dg/mn to dg/mn in yet a nore particul ar enbodi ment, and ron1 03 dg/ mn
to 0.1 dg/mﬁuceﬂnvvetc%veﬁm@l paiegIpTc Rty a@ﬁﬁﬁbdmﬁ%mcenczmls ogatalysinoElpstemersnade

by the des % n 0 1/ asur ed
by as neas BQQE%Q §§é3§§ q?@o?%%&%ﬁ %?ron140 to I%%ét hé%y?gglﬁﬁ one
enbodinentmﬂﬂﬂomﬂﬁﬁﬁwndﬂméﬂfthan 200 in a nore particul ar enbodi ment.
Expressed differently, polynmers nade by the descri bed processes have a nelt
index ratio of fromgreater than 40 in 25 one enbodi nent, greater than 50 in
a nor el@ar 0146l ar erfodyhere ptodug dytties probes oﬁﬂhehl‘fwmﬁin amdrmrnas thessof hreuiseful

enmbodi nrent, qgreater than 65 in_ye odi ment,, and greater
Chan 70" 16k R werasPr oL il Shfbune Aafitoer Gmalon 0 CareR AL ROUE Font o

propyl ene maﬁeﬂommgyﬁﬁealdﬁamomgpmdm HEldRg, t Figns 3ENIOBIBHE ST ASSHmded
herei n. These ymers include atactic golypro ylene |sotact|c

pol ypr opy!l _@ﬁ@e‘P hléﬁ?exﬁ@ﬁf”é@f by laspimatiop ety acce epiime sEetclofibar seplingpy | ene
pol ymers = Hils] WG M Shek BAREHing hekyip m%bsgpgom%&ks BROY b odd paddeT S Of

t hese types are We 02- Mar - he art see exanpl e
4, 794,196, pkaetge, asdicalipRkagias 11,1du§t,riat3®emgmembg1ancs, etc. in food- contact and non—food

contact applications. Fibers include melt spinning, solution spinning and melt blown fiber
operations for use in woven or non-woven form to make filters, diaper fabrics, medical
garments, geotextiles, etc. Extruded articles include pipes, tubing, medical tubing, wire and
cable coatings, geomembranes, and pond liners. Molded articles include single and multi-
20 layered constructions in the form of bottles, tanks, large hollow articles, rigid food containers

and toys, etc.

EXAMPLES

[0147] The following example relates to actual gas phase polymerization procedures
25  carried out in a pilot plant fluidized bed reactor, utilizing ethylene and hexene comonomers,

resulting in production of polyethylene. Tables 1 and 2 identify eight different runs, along with

the reported reaction conditions for each run. Various properties of the resulting product are

also identified. Also reported in Tables 1 and 2 are the fluidized bed density and the settled

bulk density for each run, from which fluidized bulk density (FBD) and voidage is calculated
30  and reported therein.



5,459,117. [0145] The polyners of the invention may be bl ended and/ or

coextruded with any other 5 polyner. Non-limting exanples of ot r-M%(nglﬁl)ﬂ?rs

i nclude linear | ow density polyethyl enes produced via conventiona
Ziegler-Natta and/ or netal |l ocene-type catalysis, elastomers, plastoners,
hi gh pressure | ow density pol yethyl ene, high density pol yethyl enes,

pol ypropyl enes and the |ike. 10 [0146] Polyners produced by the process of
the invention and bl ends thereof are-useful in such form ng operations as
film sheet, pipe and fiber extrusion a4bco-extrusion as well as bl ow
mol di ng, injection nolding and rotary nolding. Filnms include bl own or cast
films for{®d8by Caealist Peépanarian. bin dllathe sahples) Dasién Sydpol@hpinRilica s ueddi ng
film stretch film sealing filns, oriented films, snack packagi ng, heavy

duty bags, THf s8isas W%;@yd@éﬁéeer anemperayrerptt SWIC15 Theak i oagh sampleca non-
packagi ng, Iﬂe&%@éne'cadalyg ﬁssr éommeﬂo\wmm% defdratell elhfcgo% Qti%ﬂead% Rnsgpod

contact applications ers I nclude nelt spinning, ti'on spi nnfng and
mel t bl ovvn glfanbeqf thorsepestiveo dehytmted silica) wasvaddedinty a rﬁdnerv\émck fasmdnbbttomdlagk
filters r.f r' ne aI trud

articl es | n ? 8de Hg?"%e gl?v ?‘% @5&%&‘5’% %%6 %i gagﬁh Bﬁl én ﬁ?f'lé's
geonenbr anﬁﬁkmgmohlwutxhneramy Ve d}aﬂ'yaﬁzislhéhtedi td aaémpl@atsren@ se@n@ihifibrider 20

| ayer ed constructj Qns in %ﬁe formof bottles, tanks, large hollow articles,
rigid foodUBRELTHENE and 480 grrs of atld wigk apliiqecot %ﬂlﬁame@uwasowiwgt danpl e

rel ates t Oslﬁﬁ'#r Wdr OR2ioBNES0 mRRLEEBThe QP WaP iRk QUMW ESto tandOBF il SdHitihl 3 a
pilot plant fluidized bed reactor, utilizing ethylene and hexene conpnomers,

resul ting minygsodBetenad{2df gsans)evasydibied toTepbimes with hedare ingeh2d iy velugretric
di ff t t t .
| TTergnt phgs, Tak %HQ: ‘t"’Lz;eSh }nésél}f?ﬂ\ﬁafjﬁﬁt%ﬁj 1" SRGbh WasCoRIEN dd:ﬁ;{llﬁfsél grggei%glgﬁyn

Various” propeities o I ng product are also
reported i contghihgshelslamy, hdathen theesliriyuwas held abe demijgnstinteyofasuiCt foe 36 a’ntnlntad

bul k density. for, each run, fromwhich fluyidjz ul k dens FBD
Dol dage Swhile BiteE cananapialicr r LBBL i hande AL Siamst Sanpted o
Cat al yst Prgaad af bons hi valunete &RNPTIRS entlA@VM2S G &3 HidRed Ma}u&@%u%bﬁlbﬁ@e was

used. The silicas were dehydrated at a tenperature of 830C. Then, for each

sanpl e, a #RpfionEasaherordded dww-awgto the Haskientaming the shiryh Follewing: the addition | ca.
That i 5 f SF m@@&ﬁn&f:“ﬁ?é sqmrf’grgs allowed to stand for 30 minutes at a temperature of 54°C. The

slurry was then allowed to cool to ambient temperature.

[0149] The respective metallocene catalyst compound was then added to each sample
of titanium tetrachloride-treated dehydrated silica. First, 673 grams of a 30 wt.% solution of
methylaluminoxane (MAOQ) in toluene was added to a new flask in an N; glove box. In
20  Example 1, the metallocene bis-n-butyl-cyclopentadienyl zirconium dichloride (13.72 grams)
was added into the MAO solution and the mixture was stirred until all of the solids had been
dissolved. For Samples 2, 13.72 grams of the metallocene bis-n-butyl-cyclopentadienyl
zirconium difluoride was added into the MAO solution, and the mixture was stirred until all of
the solids had been dissolved. Next, the MAO/Metallocene mixture was slowly added into the
25  flask containing the previously prepared titaninm reaction slurry over a period of one hour.
Toluene (50 ml) was used to wash the residual MAO/Metallocene mixture remaining in the
flask into the flask containing the reaction slurry. The AVZr molar ratio (Al from MAQ)
ranges from about 90 to 110; The Ti/Zr molar ratio is about 6. Each resulting mixture that
included the respective bimetallic catalyst sample was then held at ambient temperature for a
30  perod of one hour, Afterward, each mixture was dried using a rotary vaporizer, followed by

removing most of the hexanes using a vacuum pressure of 21 mmHg at a temperature of 52°C.



grans of the respective dehydrated silica was added into a 5-liter, 3-neck
round bottom flask 5 enclosed in an N2 gl ove box. Anhydrous hexang’zﬁo%%
was then added into the flask, naking a silical/hexane slurry. The<s1Tdfr S
heated to a tenperature of 54C while under constant stirring, and 380 grans
of a 15 wt. % solution of dibutyl nmagnesium was added to the slurry over a
period of 20 mnutes. The slurry was then allowed to stand for an additional
30 mnutes. Butanol (27.4 grans) was diluted to volume with hexane in a 125
m volunetric 10 flask. The entire 125 g of diluted butanol solution was
added dropwi se into the flask containing the slurry, and then the slurry was
held at a Tﬁ’é@%ﬁﬂidﬂﬁ% 9$in5ﬁﬁefnerwé’sosuniequm? reflaid® ubingl Qr vaeans tskure At 28t | on.
Titaniumtetrachloride (41.0 grans) was diluted to volume with hexane in a
125 ni vol wrigat@ tempesptureefd 0dnt Theefing drigd bimetallic aatalist anpeansil brevdn celen#sor i de

sol ution . ] i C Wl e S r

Fol I'owi ng T gt AR A58, 5 Yetfle ol heod i 4 dith A Blaloh WA s phue,
for 30 m nehater, atnder tienpenditionse idehtiftedCin Tiee Tablesirto yfowasa t fodyettalldnevgalymer cool
to anbigent terrg. rature. [01491 The respective netall ocene catal yst conpound
was theh afif¥§™¥'8"each sanple of titaniumtetrachl oride-treated dehydrated
silica, First, 673 grans of a 30 wt.% solution of nethylal um noxane (MAO in
t ol uene wafistjded t dlaidmBed Pobsicricmioan N2TiH @obymipizatidng R@reExeamducted 1in tahe
nmet al | ocene hi s-n-butyl - | opent adi en i reoni.um.di chl oride (13.72 gramns)
s “adddod SoRTRIGR £ psee BiEGHSR R et o ne tdipe el s Vool ontrier et ¢ he
sol i ds hadrhegiteodi fo6d kit€ins EDéthﬁaﬁ@hﬁBhy?dro%'leﬁ-tZQetﬂérmh Qlquidhenivabmkt @erRNe

bi s-n-butyl -cycl opentadi enyl zirconiumdifluoride was added into the MAO

sol uti on, "BHEI (eRFhEr 1R ¢ BIAIRE et amapgncgh end infloducsd beloye theorepeter hediint die
di ssol ¢pd. X gastifte. MAGhdYRE2bE PHERGe Weld el 207%e SdriMotheRAGRE iddMifual Pew2o

flask contai'ning the previously prepared titaniumreaction slurry over a

peri od of mise ofigthyleneThydregrn {Blocomonomer weeseepnirolledh thmaingain éixpdi getnposition

MAQ Met al | e ey i, t j t.he f falping the
reaction stlg%rgirgy. %EHXF?‘LE%%F%%&P a‘??so&?gf) ﬁ%d?golr(n na %ﬁé@%?g%&a ou{il 90 to
110; The Tprésgarenhahydragérowasscoatyolled t6 makdaih acesstdnt hpdrogemdtd wthylenb atole natie.l uded

t he respect,Jve binetall]j at al yst sanpl e s then hel d at ambi en

temper at ur Ererpeeponaf fil iR hsds e Bfpeutod B p A inc Ba AR RRAPBPER IR SH o
usi ng 5 r okRfiyely a@tan? &dmpdsitioh avehd ridycle g&yeealg nost of the hexanes using a
vacuum pressure of 21 mmHg at a tenperature of 52C. 02-Mar-2007 -50 The high

boi li ng point toluene was subsequently renoved using a vacuum pressure of 28
[0151] The solid catalyst was injected directly into the fluidized bed using purified

nitrogen as a carrier. Its rate was adjusted to maintain a constant production rate. The reacting
bed of growing polymer particles is maintained in a fluidized state by the continuous flow of

20  the make up feed and recycle gas through the reaction zone. A superficial gas velocity of 1-3
fi/sec was used to achieve this. The reactor was operated at a total pressure of 300 psig. To
maintain a constant reactor temperature, the temperature of the recycle gas is continuously
adjusted up or down to accommodate any changes in the rate of heat generation due to the
polymerization.

25
[0152] The fluidized bed was maintained at a constant height by withdrawing a portion
of the bed at a rate equal to the rate of formation of particulate product. The product is
removed semi-continuously via a series of valves into a fixed volume chamber, which is
simultaneously vented back to the reactor, This allows for highly efficient removal of the

30 product, while at the same time recycling a large portion of the unreacted gases back to the
reactor. This product is purged to remove entrained hydrocarbons and treated with a small

steam of humidified nitrogen to deactivate any trace quantities of residual catalyst.



nmMHg at a tenperature of 70C. The final dried binmetallic catalyst appeared
brown in color as a free flowng solid. Each sanple was used in ﬁéﬁ
pol ynmeri zation run in a gas phase reactor, under the conditions

in the Tables to forma pol yet hyl ene polyner 5 conposition. [0150] FIU|d Bed
Pol yrmeri zation. The pol ynerizations were conducted in a continuous gas phase
fluidized bed reactor. The fluidized bed is nade up of polyner granules. The
gaseous feed streans of ethylene and hydrogen together with |iquid conononer
were mxed together in a mxing tee arrgngenent and i ntroduced bel ow t he
reactor bed into the 10 recycle gas |line. Mnoners of 1-hexene were used as
the conmononer. The individual flow rates of ethylene, hydrogen and conononer 5
were controlled to maintain fixed onp03|t|on targets. The ethyl ene

concent r at iQJﬁ has cofsirolrersriics: t IPRFTEsc B iea Re Yg{eﬁwf@néetf}gm@qdaby the
pressure. “mﬁgkggﬁﬁh%@§ controlled to maintain a constant hydrogen to

et hyl ene nDIe ratio The concentration of all the gases were neasured by an
on-line gas chromat ograph to ensure 15 relatively constant composition in

the recycle %as ttrhe(peql Aéﬁ; thﬁ‘%&ﬁldoﬂEcat al yst was injected directly into

the flurdize nitrogen as a carrier. Its rate was

adjusted to A t on r | n r om ng
pol ymer parti¢l gu enj%goﬂf 1%% lﬁéil%%ua"a 7/£ ﬂlﬁﬁ df@&er ﬁg‘t’% e ﬁxegi vgoll}%%g | ow
of 20 the make % CB‘f Bty g3 Pafitied o e ﬁe% ded)
superfgilal %asqf éi f1/sec was %ed to achl E% The reactor
was oper at ed 1618 Sige: e r(:e 6(5“‘:"5§‘F§AJ ¥ et‘?‘f‘é‘t’ﬂ’t‘%, g’ hef maerigbact or
temperature, t h‘é’ ERhOPat §F 1E"'SO‘F' dSETRLITIAG Jhe INFisht Veraged up
or down to accorBdasiae basgd emthsgieye sepies H?dr at e of heat generation due to the
pol yneri zation. 25 [0152] The fluidized bed was mai ntai ned at a constant
hei ght. by sphd RALE RGfifkaPAY thi Bercafthed B1mD E8laiistfosti ol BHE b D924 2k Of
formation of particulate prod T%e product 1s  renoved sem -contlinuously
vi a a terigendafd sienev cBhi$ hasoa parfi¢lg site eanivatent o 42 evigrondhi Eines gre impontant sineous| y
vent ed bac t.or I ff t he
30 productﬁlg}l ?evte{} E‘q%ﬁ (3 Shee‘mk%nrrg f‘#“g“g F JELC%PL%SQ g S(It;énm O?Hi;3 \tggsuht%react ed
gases bac khetat)e:tchmger diazibotor plhtd Hulingrdquiting a;repctogeldt dawn abdsaa oant r ai ned
hydrocarbons and treated with a small steamof humdified nitrogen to
deactivate any trace quantities of residual catalyst. 02-Mar-2007

[0154] Each run was operated over a period of 24 hours, as indicated in Tables 1, 2 and

20 3. Each run was conducted using the same continuous gas phase fluidized bed reactor. The
fluidized bed of that reactor was made up of polymer granules. During each run, the gaseous
feed streams of ethylene and hydrogen were introduced below the reactor bed into a recycle gas
line. Hexene comonomer was introduced below the reactor bed. The individual flows of
ethylene, hydrogen and hexene comonomer were controlled to maintain fixed composition

25 targets, identified in Tables 1 and 2. The concentrations of gases were measured by an on-line

chromatograph.
Example 1
30 [0155] In runs 1-8 (Tables 1-2), supported bimetallic catalyst was injected directly into

the fluidized beds using purified nitrogen. Catalyst injection rates were adjusted to maintain
constant production rate. In each run, the catalyst used was made with silica dehydrated at
830°C, TiCl, based first catalyst system, activated by TMA (trimethylaluminum), and a bis(n-
butylcyclopentadienyl)zirconium dichloride second catalyst system, activated with MAO.

35



-51 [0153] Resin Properties. The properties of the polymer was determ ned by
the followng test nethods: 5 1. Melt Index: ASTM D 1238- Conditi@qj]\ﬁ 067
Density: ASTM D-105, 3. Bulk Density: The resin is poured via a 7/ ET‘?

di ameter funnel into a fixed volunme cylinder of 400 cc. The bulk density is
nmeasured as the weight of resin divided by 400 cc to give a value in g/cc,
10 4. Particle Size: The particle size is neasured by determ ning the weight
of material collected on a series of U S. Standard sieves and determ ning
the wei ght average particle size based-@&-the sieve series used. The fines
are defined as the percentage of the total distribution passing through a 120
mesh 15 si{@%6hr d silewmng ddchgumdke reagiingibied bbgrowing pdyrnerapastinlesobasi@dntained ons.

Fines are i .ant, S ' Y h ' a oul | of
the react dhEQPfR SO s Boftlinpi Bbd iR hEREuh 3ot S HARIENES rbiteh i O,

pl at e foul reagtiorezmmier iAxgindicated di Tablehlandidywach eurchttiived @ut of (WA Bdferdnaedactorin was
operated oyer a erd“gdd&f 24 hout,s ag indi at egj'n Tables 1, 2 a@i oﬁo 3.
Ehch run wideRsBbER Bt demRerating . BHalscti oy Piehas earas empraiias Gla F et
reactors The2 o), ot direleivede tbvadr rédealr téraRedrae (D685 FBH95 8M). oDufifs ¥Athruflraatn| es.
During each run, the gaseous feed streans of ethyl ene and hydrogen were

i nt r oducedT9SRICHYF TaIEiOT IETPERAtLTp Stps maindained ¥ @arorganidevel py sdiustiigam@ dovmdhoner
was i ntrodygaedriagl 8he8eycRAs % a&%ﬂrmo-ﬁﬂl%la%l? ShatloEUR the bRNSE Rdat 5%%5@ Qe

hydrogen and "hexene conorioner were controlled to maintain fixed conposition
25 t ar get sto thelpelyinetizaionn Tabl es 1 and 2. The concentrations of gases were
nmeasured by an on-line chromatograph. Exanple 1 30 [0155] In runs 1-8
(Tabl es 1-2), supported binmetallic catalyst was injected directly into the
fluidi t@d PE4EF] usi ngA purprisingccomielatiag ens dSa¢wetedsin donpentioh owitlr dfeadiffoventaruns
adjusted to

S350 BB SRR PRl SR e, bl B!
system achindikee Gulkydehdty (FBD)reShydifidally] imtithsed dhadigedobslk tensity, was achieved,
butyl cycl opentadi enyl )i rconijup g chi orjde secand catalyst system . activated
and 2, for Runs 3, 4, 7 and 8. The substantially higher fluidized bulk density was achieved
15  with a combination of low hydrogen levels and low reactor temperatures. In contrast, however,
a high fluidized bulk density was not achieved with high hydrogen levels and high reactor
temperatures, nor with low hydrogen levels and high reactor temperatures, nor with high
hydrogen levels and low reactor temperatures. Specifically, as reflected in Tables 1 and 2, for
example, the fluidized bed densities (from which fluidized bulk densities are calculated) of
20 Runsl, 2, 5 and 6 were only 13.1, 12.6, 13.5 and 13.2 Tbs/f3, respectively. But the fluidized
bed densities of Runs 3, 4, 7 and 8 were 22.2, 21.9, 15.8 and 16.5 1bs/ft’, respectively. The
corresponding fluidized bulk densities, calculated using the reported settled bulk densities, are
reported in Tables 1 and 2. The highest fluidized bulk densities were 69% and 70%,

respectively, for Runs 3 and 4, in which the hydrogen levels and reactor temperatures were

25  lowest.

Example 2

[0158] In runs 9-10 (Table 3), supported bimetallic catalyst was injected directly into the

fluidized bed using purified nitrogen. Catalyst injection rates were adjusted to maintain
30 approximately constant production rate. In each run, the catalyst used was made with silica

dehydrated at 875°C, TiCl, based first catalyst component, and a bis(n-

butylcyclopentadienyl)zirconium difluoride second catalyst component, each activated with



-52 [0156] During each run, the reacting bed of grow ng polymer particles was
maintained in a fluidized state by a continuous flow of the nakeé#ngeezg 2
recycle gas through the reaction zone. As indicated in Tables 1 gr-2i
run utilized one of two different reactor tenperatures ("Bed Tenperatures"),
nanely, a relatively higher reactor tenperature (215 IF or 5 102 C, or a
relatively |l ower reactor tenperature (203 OF or 95 C). During each run, each
respective reactor tenperature was namintained at a constant |evel by
adjusting up or down the tenperature of53hke recycle gas to accomodate any
changes in the rate of heat generation due to the polynerization. 10 [0157]
A surpri si MAQorTi€llas iaotliwaMSb)dI‘MéofﬁéM@t!leircacmmnne@citalwst\m Zhistaetvaied 5yeMAQ r uns

refl ected Tabl | nyQ r te t e vel.s 2/ C2
nol ar ratlld da t%‘MSt PPy, dor!r) kA r‘iﬂsqef”at aMé[Sf EX% sﬁ%epar 18Pé%1§%3§
fluidized bmﬂ.deEﬂmntayratmasalﬂmhs eved, reachl ng 60% of the settled bul k
density and hi gher, under the conditions reported in Tables 1 and 2, for
Runs 3, 4, 7 and 8. The substantially higher fluidized bulk density was

achi evesl 1fp18df h DueidglhdaiuhOmMe factingbed Wi ERESHS p& ﬁpﬁﬁéjeé Wi ARG in a

tenperatures. In contrast,, K however, a high f| UI di zed bul k density was not

achi eved witMizad ghterRx? sepitinupes lqve ofithe makgp feascandrrecyclengns thionghehie reastiom t h
| ow hydr oggdhel exghsiicdndd i ¢ G gt eTTs en
| evel s andé‘cfhow %gggitlor t@rrp%rlﬁte%r g%@ t‘é’gem ?fggé ??y m{lﬂﬁgg?ée%ntné{rg%ﬁ%s 1
and 2, for-catdysnpPeing mhfrmuur@ncwe@nmwwemmaenal(wd@raowﬁ oh95°Cuiycidpusting ul k

densities I 6 13.5
and 13.2 | %?’f%@l’f@gg‘%e@%l ve &Qh%?}%tl%%asﬁ? 6‘?"& ze ate ang%gan%g(ﬂ]@g ra&?% ns 3,

4, 7 at@l 8gameratioR dueto tﬁapélyméﬁzaﬂomnd 16.5 I bs/fl , respectively. The
correspondi ng fluidized bulk densities, calculated using the reported settled
bul k densities, are reported in Tables I and 2. The highest fluidized bul k

densities [ate 69% aam«ﬁnzlﬁgbconeaﬁne&tasvsabxy,agilﬁrml%me&oan\dnﬂ thé raltféiexﬁmﬁéﬂe
hydrogen | evel s and reactor tenperatures were west. Exanple 2 [0158] In

runs 9- 10 feflggedinable 3,iguelyving hydrpgem levels (Tée{Camyéar rm@ ap«mﬂ@&l@& bk, ‘éf‘él’e‘lF)S/ i nto
the flui dipggy DRALITHREhyRAE IchhRBrAch RE eWFferl Pl ¥ ruhd 864 16 wst&ﬁe

adjusted to maintain_ 30 approxi mately constant production rate. eac run
t he cat@l ystrunséd Sthat n@ndbnwcomes&ratnooadoekhqtoﬁlmmdy aﬁ?aalulfru@lhulbaiswyf irst

catal yst cg a;}‘é}%}g{&%%np : ﬁll)bin%ﬁe{z;lsed &k@@u??%ﬁﬁ?%a%’k‘éi&%d' FOHhHT B4 Jrty 1 de

second cat eac
' settled bulk den51ty and higher, under the conditions reported in Table 3, for Run 10. The

substantially higher fluidized bulk density was achieved with low hydrogen levels. In contrast,
however, a high fluidized bulk density was not achieved with high hydrogen levels at the low

20  reactor temperature used in runs 9 .and 10. Specifically, as reflected in Tables 3, the fluidized
bed density of part 9 was only 53% of the settled bulk density. Note that the settled bulk
density did not change significantly between part 9 and 10; instead, the fluidized bulk density
rose dramatically from 15 to 20 1bs/f2%, respectively.

25 [0161] These results are accomplished using a molar ratio of hydrogen to ethylene as
described herein, and more particularly of from 0.001 to 0.015 in one embodiment, and from
0.002 to 0.010 in another embodiment, and from 0.003 to 0.009 in yet another embodiment,
and from 0.004 to 0,008 in yet another embodiment, wherein a desirable range may comprise
any combination of any upper mole ratio limit with any lower mole ratio limit described herein.

30 '

[0162] While the present invention has been described and illustrated by reference to
particular embodiments, those of ordinary skill in the art will appreciate that the invention



02- Mar-2007 -53 MAO. TiCa is activated by TMA fed to the reactor as
co-catalyst. Zr is activated by MAO used in catalyst preparationoz_ a%&ﬂﬂ
nolar ratio fromMAO in catal yst preparation is about 100. Ti/Zr "holar “ratio
is about 8. 5 [0159] During each run, the reacting bed of grow ng polyner
particles was maintained in a fluidized state by a continuous flow of the
make-up feed and recycle gas through the reaction zone. As indicated in

Tabl es 3, these two runs nmade very simlar products with the sane catalyst.
During each nm reactor tenperature wassgwi ntai ned at 203F or 95C by
adjusting up or down the tenperature of the recycle gas to accommpdate any
changes i neddbdtseldtte rinyhéidferenf Gadaivak afot dlustuted therdime [Rok ythesei zdioh) rtherf, 0160]
A surprisi correl gtion was, seen, agai n.i,n, connecti on w the . different runs
et | oot ed TreRaAtguE beithas ORGSRl Aar & MRS Shslesrmaming by Scomt

f 1 ui di zed olp yhekprdn$ lifvéntidn-BRlrthef) den@inOfeataics \of GRe presdift @icnabn are ddsértbediih f er ed
between runs 9 and 1Q, it was observed 15 in runs | - 8 that ethy|ene
concent r at§®§ diGetet 9bmumegeal fuppenkimifs and aset off ayrpgricalylopier kimjtsn Slt should be

Speci f kcal : i i LU gl i#hitd GRSy, qgga teyved,
reachi ?\g g%%;?%gé?@& hg]g%ét %g%é%ﬁf%%ﬁ%o%%x?ﬁ;ﬂgﬁg%rﬁhéﬁ undféprﬁnt e ggﬁgﬁtﬁﬁ?ons
reported iinveltidl wl®s othorwikuinditeted. The substantially higher fluidized bul k
density was achieved with | ow hydrogen levels. In contrast, however, a high
fluidized bul k density was not achieved with high hydrogen | evels at the | ow
20 react of016dhper at Unlessusthekwise indivated, alhdurhBers Sgpesding ghdnyitiensf irfrdddaitsod i n

Tables 3, the fluidized d density. of part was .anly 53% qf. the settled
bul k- dens PIOpertipy isodtia copiout GPY oh a8 By e e, andh S e 7 be

si gni fi0 canhdetstb®l W gpprpimhtichstadedl 0a thenddsited] propaigies kotght e de Pblakned &yshé ¥
rose dramatically from 15 to 201 bs/ft3, respectjvely., 25 [0161] T_hesélg
resul ts aPESEY dBieplions ARt thesTriog OAmmTEF ATl B Sh‘?}ﬁﬁ‘ BulErst bg cepsyrd el
descri bed o efcShihberoE SR Ririficadd aichty adl bf applyRgOHink Q)ugéiﬁé't&hﬁﬁﬁes.

enbodi ment, and from 02 to 0.010 71 n anot her “enbodi nént, and from 0.003 to
0. 009 i n Petwithstandiag thatbe inmmerical rapges fapd vialiep eating fogtlode biead seopgrftther

enbodi nmen rein des) | fhe’ ARESH i i I f.any
upper nol Eenvr"ea ?lo 6 ?ﬁ%{ W %&g’nélel ower c%?éaelﬁér%g%ﬁotﬁﬁ rfal??)f%‘g)g%}r?i%gﬁ({bﬁ%rbgiaﬁ 30
[ 0162]156 Whpbssibldae present invention has been described and illustrated by

reference to particular enbodi ments, those of ordinary skill in the art wll
appreci ate that the invention
[0164] All priority documents are herein fully incorporated by reference for all

jurisdictions in which such incorporation is permitted. Further, all documents cited herein,
including testing procedures, are herein fully incorporated by reference for all jurisdictions in

20 which such incorporation is permitted.
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For these reasons,

t hen

appended cl ai ns for purposes of determ ning the scope

i nvention
in
limts.

i ndi cat ed
guantitie

. Further,

s of ingredien

terns of a set of nunerical
It should be 5 appreciated that
these limts are within the scope of the
. [0163] Unl ess ot herw se indi.gated, al

ts, pro

upper

perties,

certain features of the present
limts and a set of nunerical

-54 lends itself to many different variations not
, reference should be nmade solely
of the pres
i nvention are descri bed

illustrated
@2 N€2007

| ower

ranges fornmed by any conbination of

used in the specification and clains are to be

i nventi on unl ess ot herw se
nunber s expressi ng

reaction conditions, and so forth,

10 understood as

approxi mati ons based o j It | be obtai ned by the
pr esent inventionLandnF%gigfﬁz¢&§aﬂ@%§@§F%h%ﬁ??gggghy%g%dpshouId at | east be
const rued[-i n Rarghéter of | hdmitsnbler Ro 11 dpoRae? di gRud 3 cgnt Reh ¢i t]s and by
appl yi ng (or @ Coaeentratmnd| ngolt & hini giids. | Nabwi t Hst #Adi nd t a0 t He nuneri cal
ranges 22f B dsalget t | ngndlipol hi t 68110r dad).@iddpg df.o0she | i0B0sAtiion are
appr oxi i onsRatihe nunerical vialues sdt forthlare repdrted as [precisely as
15 possi bﬂe.Cdpﬁ)ml}zem || pmdliorol tly QIO8anENt&01dl e |hek@Bh flul 0.8087 ngor por at ed by
referencel for &ptio jurijsdictio in_whiich suchlincorporlation i g permtted.
Furt her, jal ReadiocPmsswres |ci tRsik heirei 30 i[ncl306i ng t €9fi nd pri¥éedyres, are
herein f ul | BediTomperpneatied BF ref eP@te If of154 | |j u2®BsMidtidP in 20 which
such incorpofesYealesitys per f¥see ed, 0220Narl- 2009 155 IPABLE 1.1.9P0] ymreri zati on
Par anet erls f dled Rgight 1- 4 Phbsanelt efS308i tjs 46401 |RuM7Y Run B5Run|4 C2
Concent r alt | onBaddiexelon 65 0 @6, 0 164 1265010 146/ C2 AdAlyzer ddl/npl 0.0110
0. 0112 0.|0060uidiza08d Rat f&s/fiCs/|C2 mﬂalyzeﬂzﬁnl/nDR2@.0(862®901F1 0. 0086
0.0087 RatioDeesitt or Pressure IPsig 300300 299 300 Bed Tenpefature OF 203.0
215. 0 203 4Pmdmtion Rate Ibs/hr 157.8 131.0 155.9 135.1
TMA/C, Ratio wt ppm 124.9 125.0 125.2 125.0
H,0/C, wt ppm 20.0 20.0 20.0 20.0
Resin Properties
Melt Index (L) dg/min 0.082 0.074 0.05 0.037
HLMI (1)) dg/min 11.46 5.95 8.73 4.47
Density glce 0.9531 0.9506 0.9493 0.9466
Settled Bulk Density los/At 30.3 27.6 12.4 314
FBD/SBD % 43 45 69 70
Voidage % 57 55 31 30




Gas Velocity ft/sec 1.90 1.90 1.90 1.91 Bed weight Lbs 453.50 435.90 747.7
735.5 Bed Level ft. 12.6 12.6 12.2 12.2 Fluidized Bed I bs/ 13.1 %5@7
21.9 Density Production Rate |bs/hr 157.8 131.0 155.9 135.1 TMWV t10 wt
m 124.9 125.0 125.2 125.0 H20/C2 vt m 20.0 20.0 20.0 20.0 Resin Properties
Melt Index (12) dg/mn 0.082 0.074 0.05 0.037 HLM (121) dg/mn 11.46 5.95
8.73 4.47 Density g/cc 0.9531 0.9506 0.9493 0.9466 Settled Bulk Density | bs/
30.3 27.6 32.4 31.4 FBD/ SBD % 43 45 69 70 Voidage % 57 55 31 30 02- Mar-2007
-56 TABLE 2. Pol ynerization Paraneters-59r Runs 5-8 5 Paraneter Units Run 5
Run 6 Run 7 Run 8 C2 Concentration nmole %50.1 49.9 50.1 64.8 H2/C2

Anal yzer Ratio Mol / nol 0.0110 0.0110 0.0058 0.0064 C6/C2 Analyzer Ratio
Mol / mol 0.0091 0.0128 0.0117 0.0110 Reactor Pressure Psig 299 300 300 300.0
Bed Tenperature OF 203TABIE 20 Palytedizaticn ROram@teys Yo Ranst3+8ft / sec 1. 90 1. 92

12.8 125 Fl ui di zed Bed Densi

1.98 1.90 Bed weight Lbs 466.5 462.2 555.3 567.8 Bed Level
| bs/ft 13.5 13.2 15.8 16.5 Production Rate

142.8 139.2 142.9 112.1 TMAIC2 Ratio wt m 125.0 125.0 125.0 125.0

Parameter Units Run § Run 6 Run 7 Run 8
C, Concentration mole % 50.1 49.9 50.1 64.8
H,/C, Analyzer Ratio | Mol/mol | 0.0110 0.0110 0.0058 0.0064
C¢/C; Analyzer Ratio | Mol/mol 0.0091 0.0128 0.0117 0.0110
Reactor Pressure Psig 299 300 300 300.0
Bed Temperature °F 203.0 216.0 216.0 216.10
Gas Velocity ft/sec 1.90 1.92 1,98 1.90
Bed weight Lbs 466.5 462.2 555.3 567.8
Bed Level ft. 12.5 12.7 12.8 12.5
Fluidized Bed Density | Ibs/ft’ 13.5 13.2 15.8 16.5
Production Rate {bs/hr 142.8 139.2 142.9 112.1
TMA/C, Ratio wt ppm 125.0 125.0 1250 125.0
H,0/C, wt ppm 20.0 20.0 20.0 17.0
Resin Properties :
Melt Index () dg/min 0.062 0.052 0.044 0.054
HLMI (1)) dg/min 6.16 3.40 3.95 5.12
Density g/ce 0.9517 0.9456 0.9469 0.9467
Settled Bulk Density Ibs/ft’ 295 26.7 28.9 29.5
FBD/SBD % 46 49 55 56
Voidage % 54 51 45 44

12.5 12. 7




H2O'C2 wt pprn 20.0 20.0 20.0 17.0 Resin Properties Melt Index (12) dg/mn
0.062 0.052 0.044 0.054 HLM (121) dg/mn 6.16 3.40 3.95 5.12 Deﬁ%iv%—-%{(ﬁc
0. 9517 0.9456 0.9469 0.9467 Settled Bulk Density Ibs/ 29.5 26.7 28. .

FBD/ SBD % 46 49 55 56 Voidage % 54 51 45 44 02- Mar-2007 -57 TABLE 3.

Pol ynmeri zation Paraneters for Exanple 2 Paraneter Units Run 9 Run 10 C2
Concentration nole % 50.83 59.89 H /C2 Analyzer Ratio Mol / 0.0085 0.0067
cool C6/C2 Analyzer Ratio Mol /nol 0.0077 0.0079 Reactor Pressure Psig 299.7
300.0  Bed Tenperature OF 203.3 203.2 G8% Velocity ft/sec 1.90 1.90 Bed

wei ght Lbs 203.3 286.2 Bed Level ft. 9.0 9.5 Fluidized Bed Density |bs/f
15. 38 20.18 Production Rate Ibs/br 52.7 59.9 TMA/C2 Ratio wt ppm 100. 12
97. 76 H2Q CRABLE®RPdymadizdtiondramersfoPEapmple 22s Melt | ndex (12) dg/ mn
0.059 0.056 HLM (121) dg/mn 5.86 5.91 Density g/cc 0.9507 0.9481 Settled
Bul k Density Ibs/fF- _0.4639 0.4899 FBD/ SBD % 53% 66%

Parameter Units Run 9 Run 10
C, Concentration mole % 50.83 59.89
H,/C; Analyzer Ratio Mol / 0.0085 0.0067
Cs/C, Analyzer Ratio M:lll‘:lllo] 0.0077 0.0079
Reactor Pressure Psig 299.7 300.0
Bed Temperature °F 203.3 203.2
Gas Velocity ft/sec 1.90 1.90
Bed weight Lbs 203.3 286.2
Bed Level ft, 9.0 9.5
Fluidized Bed Density | lbs/ft 15.38 20.18
Production Rate Ibs/hr 52.7 59.9
TMA/C, Ratio wt ppm 100.12 97.76
H.O/C, wt ppm 24.34 21.20
Resin Properties
Melt Index (I,) dg/min 0.059 0.056
HLMI (1) dg/min 5.86 591
Density g/ce 0.9507 0.9481
Settled Bulk Density Ibs/ft’ 0.4639 0.4899
FBD/SBD % 53% - 66%
Voidage % 47% 34%




Voi dage % 47% 34% 02- Mar-2007 -59 CLAIMS | . A gas phase pol ynerization
process conprising conbining hydrogen, ethylene and a supported @.yaialoorc
catal yst systemin a reactor conprising a fluidized bed; the process
characterized in that the fluidized bed possesses a voi dage of [|ess than 50%
at a reactor tenperature of from 80C {52-100C, wherein the binetallic

catal yst systemincludes at |east one netall ocene catal yst conponent, and
wherein the voidage is adjusted by adjusting the level of hydrogen from an
upper |idj, 0. 020 based on :.the nolar ratio of hydrogen gas to ethylene
introduced 1nto the reactor . 2. The process of Claim1, wherein the nolar
ratio of hydrogen gas to ethylene introduced into the reactor has a val ue of
fromo0. 401 to‘taam&seazolmenﬁwgc@s comprging conpeininignhydregemiethyleng i o of
hydr ogen gas 24 ' r v, e from

0 0021 0. o o fnd £ hﬁ‘@% L {gs%’ﬁﬁgr'g?ﬁb?h‘éﬁﬁoﬁfg’r‘ € R

hydr ogen gas bed; therprbesss charactasirgd dul thatithe finidizabbedpossassea avdidageodt f r om
0.003to 0.0 ) C f Lm.1, ' e ' ' ss t han
459 6. The Iraten S0% B ACRISR b Bnlld oG IF LURC Wt MESS e
process of Chimnetallic wetalyst dylseerm eirchudest @abpleast usme | metallooene negtalyst from 80

Cto 97 C. S__The process of Claim1l,,wierein the.reactor t rature is

mai nt ai ned af°W8H$nt8@eﬁt W%%’%%ﬁ.@‘ﬁ'é%%@%e‘gfhycﬁﬁl“ﬁ{% etggﬁﬁ%roﬁonbi ni ng
from 0. 01 W hydfugehGréifi e bpparlimitaif 0002(Ebaded drithd @@ldraatio OT g&07  10.
The process of Cajml, .fur:hger .conpining from10 w ppmto 500 wt. ppm of an

al kyl al uni nuft g iredpeed o the reastor . The process of Caim 1, wherein
the binetallic catalyst also includes a Ziegler-Natta catal yst conponent.

2. ‘The process of Claim 1, wherein the molar ratio of hydrogen gas to ethylene
introduced into the reactor haa a value of from 0.001 to 0.015.

3. The process of Claim 1, whetein the molar ratio of hydrogen gas to ethylene
introduced into the reactor has a value of from 0.002 to 0.010.

4, The process of Claim 1, wherein the molar ratio of hydrogen gas to ethylene
mtroduced into the reactor has a valuc of from 0,003 to 0.008.

5. The process of Claim 1, wherein the voidage is less than 45%.

6. The process of Cla¥m 1, wherein the voidage is less ﬂ'ian 40%.

7. The process of Claim 1, wherein the reactor temperature is rnaintained at from
80 °C to 97 °C.

8. The process of Claim 1, wherein the reactor temperature is majntained at from
80°C t0 98 °C.

. The procesgs of Claim 1, further combining from 0.01 wt. ppm 10 200 wt, ppm
of water to the reactor.



12. The process of Claim11ll. wherein the Ziegler-Natta catal yst conponent
conprises a conpound selected fromthe group consisting of Goupoé_mgg_;m@ oup
5 hal i des, oxides, oxyhalides, -al koxi des, and m xtures thereof. 13. The
process of Claim1, wherein the supported bimetal lic catal yst system

i ncl udes a support material conprisi ngo% G oup 13 or 14 inorganic oxide
dehydrated at a tenperature of from 8006Cto 1000C. 14. The process of Caim
1, wherein the netall ocene catal yst conponent is represented by the

formul ae: Cpt CpO9MX,, or Cpt' (A) CpeMXn wherein each CpA and Cpe are the sane
or different and are substituted or unsubstituted eyclopentadienyl rings or

||gands i sol obal to cycl opentadienyl, _each bound to M Mis a Gou 4 5, or
6 at omt0x |mr@emcpffcﬁlemtlhﬁxrgmagmbmﬁgmhg“&pmtpéogomamm

aryls, C7 tgy 18N ) &ﬁ!? Reredbid,, fluorine; nis | or 2; and (A) is
a dival ent br| I ng g'lingﬁ% 0711% he process of C aim 14, wherein X is selected

fromthe group consisting of chlori ne and fluorine. 16. The process of Claim

whor ol B2 A The! rddeld df" €148 NN NHAHR" e Bllndibiic UG CAE b 14

wher ei n"'CpA-a are Serec group  con st|
cycl opent adInglhx-Natl:A@a;dlystt:empahgntr oi ndenyl and subst i tut ed versions
thereof. 18. The process of Caim 14, wherein CpA and CpB are selected from
the group consisting of eycl opentadienyl, indenyl, tatrahydroindenyl, and
substi 12t ed T!mepnjcems dfhEladnf llphehareiheﬂiez@icg'lﬂr-Naﬁh adtalyssbrpdacal ei t her

A or H has at | east on +Q selected from,C. to o alkyls. 19. The
gfocesscgf EPW‘_’LS 2 PR edcﬁ?}g F@%ﬂ"éﬁﬁﬂ?ﬁ&ﬁﬂMr?g%P@e#ﬁed from
C3 to Cl2 olGrbup$.halides, Bxidgs; oxyimbides, aftoxides) and rifikfaeds ergafl si ng conbining a

conononer selected fromthe group consisting of 1-propene. 1-butene, |
-hexene and |-octane. 21. The process of Caim1l, wherein the supported

bi met ajd.i ¢ ThkPrweessSEHiCIAIm 1, wherein the supported bimetallic catalyst system
includes a support material ¢omprising a Group 13 or 14 inorgsnic oxide
dehydrated at a temperature of from 800°C to 1000°C.

14. The process of Claim 1, whersin the metallocene catalyst component is
reprasented by the formulae:

Cp*Cp°MX, ot Cp*(A)Cp®MX,

wherein each Cp* and Cp® are the sams or different and are substituted or
unsubstituted cyclopentadienyl rings or ligands isolobal to cyclopentadienyl,
each bound to M; M is a Group 4, 5, ot 6 atormn; X is selected from the group
consisting of C, to Cq alkyls, C; aryls, C7 to Cyz alkylaryls, chlorine and
fluorine; n is 1 or 2; and (A) is a divalent bridging group.

15. The process of Claim 14, wherein X is selected from the group consisting of
chlorine and fluorine.

16.  The process of Claim 14, wherein X is fluorine,



further conprises an al unoxane. 22. The process of Caim 21, wherein the

al unoxane is present in a. nole ratio of Al/(netall occne catal ysy2-0p580000Emt
netal) of from40 to 500. 23. The process of Caim 21, wherein the al unoxane
and netal | ocene catal yst conponent are supported together on the sane

support.

-60-

17.  The process of Claim 14, wherein Cp* and Cp® are selected from the group
consisting of cyclopentadienyl, indenyl, tetrabydroindenyl, and substituted

versions thereof.

18.  The process of Claim 14, wherein Cp* and Cp® are selected from the group
consisting of cyclopentadienyl, indenyl, tetrahydroindenyl, and substituted
versions thereof; characterized in that at least one of either Cp™ or Cp® has at
least one R group selected from Cq to Cip alkyls.

19.  The process of Claim 1, further comprising combining a comonomer selected
from Cj to Cy3 olefins.

20.  The process of C!:aim 1, further comprising combining a comonomer selected
from the group consisting of 1-propene, 1-butens, ]-hexene and l-octene.

21. The process of Claim 1, wherein the supported bimetallic catalyst system

further comprises an alumoxane.

22, The process of Cla;im 2], wherein the alumoxane is present in a mole ratio of -
Al/(metallocene catalyst component metal) of from 40 to 500.

23.  The process of Claim 21, wherein the alumoxane and metallocene catalyst
component are supported together on the same support.



