10

15

20

25

30

WD 2004/ 022605 PCT/ US2003/ 025151 -1 GAS PHASE
POLYMERI ZATI ON PROCESS FI ELD OF | NVENTI ON [ 0001] The
w@e@serdeod nvention rel ates to pol ynmeri zati on pPODESBEF)25151
and nore 5 particularly, to gas phase pol ynerization
processes that utilize binetallic catal yst systens.
BACKGROUND [ 0002] Bi nodal pol yners produced using two
or nore different catal yst t+ybes- binetallic
catal ysts-are of increasing interest, especially in
produci ng polGASRHASE PAHIY MERIZATIONFARQCESSns. See,
for exanple, US 5,525,678. However, problens exist in
using these binetallic catalysts, especially in the
FIEQ@ﬁommN@ngr oblemis catalyst activity, which
should be as high as possible in order to econom ze
[00G1he pr oéféles pr%nfcam&@;ﬁ@ﬂs relgtes s taar polymgHegtionarrocesses, and more
|
partlcggolb/htg S'%as Br %se é)s grn?én H?r{)& c&gesgtgétglt%fﬁé blﬁgé%lﬁ:gﬁgté}&ts{l %tems.
of the catalyst in the fluidized bed of the gas phase
reactor. 15 Residence tine can be increased by
BA@K&%@QNR; the fluidized bulk density of the system
|l o t er
1002] 1 o7 el BEVKRLTRRRUEN WBfie U S nORCHRLACH FRAst tpes
bimetaﬂialcyisiﬂyst%mwﬁ nncrebesimgy iniendst gspdeeallyi ightroduenty peydtioylene and other

poly@Lg{n? cto efedf 8{:, eggﬁélgeﬂ@g g%g%/%? #T ]Iaggggegg l@?ognﬁggg exist in using these
blm&hﬁﬁtc@t{all}}s% syRtRMY id¥iRteal ﬁhas@e@ﬁ@ Srdbled 1§T@Jtztl9§{ a@fivity, which should

| mprovi g the econony of produci ng bi nodal pol ymers.
be a¥ highps pessible i Ordentpeasbnanize thedirpeess,ad celolyaisgosts efewsignificant.
this and other probl enms. SUMVARY [0004] The present

100030} Srrer R0t o5, FuB bR AR BT R s P R pSesses is 10

incré43e tﬁ@&@é1ﬁ¢rﬁ:e eﬂii’ﬁé)cﬂf nBBtcanlyst i the)\RRdizan bédﬂoattﬁs ga® phase reactor.
gas phase pol ynerization process for producin

Resﬁéne,ﬁon@ﬁmnmgqa@qdow lncrﬁ,amﬂu they fb@@é%élﬂéﬁ @@S@é%é% system, or
lowgﬁr{r%eﬁg]v%?&? olri}ltl? r?m/e é}e%lec‘nﬁﬂ fﬁ?&&rs% P]ﬂ%lence the residence

oners e ne ners,
time @fahé odtaltybatHowo/et) dle&rmmﬁﬂgmhd mghdcdmﬂﬂnatwmctﬁﬁfacrtemdbﬂ a/given catalyst

conditigns, in the presen of a catal yst that
is compley fad Gostiw|andds ﬁ@mpealdﬁﬁgv the paeSﬁB?ey%ﬁs %Mrﬂetalhc system. What is

nee(lfé‘arfg %%Et'h%‘ of \Mﬁg SRy the (eearfotn?}eg *)Md%lﬁg i RYdds g@%?ﬁéer&y The present

% or nore e sett k denSity;
invenge {sadirected tpwards mlemgsthlwﬁ)d Gher probleons; and (c) t he
nmol ar ratio of hydrogen gas to ethylene in the 30
streamis 0.015 or bel ow. WO 2004/ 022605
SUMBEARY 003/ 025151

[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 composition, including passing a
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 (c) the molar ratio of hydrogen gas to ethylene in the

gaseous stream is 0.015 or below.
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-2 [0005] In particular enbodi nents, the fluidized
bul k density is 65% or nore of the settled bulk
wa@leongiora60s | n ot her enbodi ments, the fluidized bai/ksS2003/025151
density is 70% or nore of the settled bulk density. 5
[0006] In yet a nore particular enbodi nent, (a) the
reactor tenperature is from80 C to 97 C, and (b) the
mol ar ratio of hydrogen gas-2e ethylene in the gaseous
streamis from 0.003 to 0.009. [0007] In yet another
[0003jbodi rRnfartidulee embaliments,i the dluidigett bylkndapasy tip 65% or more of the

sl et 8 Sher PRI HELASATHA P LI 295 of
senkpmgﬁggggt as to ethylene in the gaseous stream can be
ro

m 0.003 to 0.008. In yet a nore particular
enbodi nent, the nolar ratio of hydrogen gas to

thylene ip the gaseq [ e o
000§ D31 P 155 SEEERP sTEFABE D, oBFeLERT R AL & om0 -
to 97MEt;Adndr @) it Mblab¥sHOELRydrggeh fa3 wtdiyflanein thetdageous stream is from

gaseous streamis from0.003 to 0.006. 15 [0008] In
0.00%4ed)-@Pbodi ment of the processes disclosed herein, the

reactor tenperature is nmintained at 96C or bel ow.

Al ternatively, the reactor tenperature may be _
[0007YRI Nt ai et ahoth@SEéntauditentpviei mokan citivesf lriegtinngastto ethylene in the

o, ek el e T e i o
hydr(gfeﬁgaglq{) thyedHeAHl! B Rhseobl Str&aa by BE fiotn 8.093NBAT.068! In yet a more

ic-catalyst.” Even nore particularly, the
partiadiradnyisidimentaths upglar tagid dfihydtagen iges twagthylyng 1 thgtgaseous stream can

i ncl udes talJocene catal.yst co und. Ev :
be gt 7R A F” AbRGRE b RLETbC GRRRAYRM: AIRHED AP of ydrogen
gas & 8th§1ene in thehseohiHStrdatieR onTO008 ko0.60& catal yst

compound having at |east one fluoride or fluorine

containing 25 leaving group. [0010] In one enbodi nent

[000 f the %r%%eq%égﬁfrg%nﬁgf?ﬁegﬁ%opﬁg%i cﬁfcl(gsjég 1By Qh&tdabror temperature is

nposi e polynerizati'on process
maintsned B 969dRbr PEbyO! Altbiati adRothE treavtor tehperature | mae be anaintained at
hi gh nol ecul ar wei ght pol yol efin conponent and a |.ow. o
95°Crve! kedaw & anpsheimbogomesty fé%ﬂhweeﬁﬂfpn@ﬁ’@ﬁia@way maintained at 94°C

or b R e ST h A coces di scl osed herei n. the
catal yst includes a

[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

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

polyolefin component.
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support material conprising silica dehydrated at a
tenperature of 800C or nore. DETAILED DESCRIPTION 5
w@eoen2d6oDef i nitions [0012] As used herein, i nPCT/US2003/025151

reference to Periodic Table "G oups"” of Elenents, the

"new' nunbering scheme for the Periodic Table G oups

are used as in the CRC HANDBOOK OF CHEM STRY AND

PHYSICS (David R Lide ed.,-8RC Press 81st ed. 2000).

10 [0013] As used herein, the phrase "catal yst systent

[0011]nc| udelm orte émmbstimenteof dat;abg/@ses dimip@delmréinaﬁré a{talyst includes a

| east one "act.iva which are S
support Al Fuparine e ibyBiot b oRbdne g EP26 o Attae
ot her conponents, such as supports, etc., and is not
limted to the catal yst conponent and/or activator
DETAIbE® DESCGRIPAXOMat i on. The catal yst system may
e..any nunber of catal yst conponents in any
Gen%BﬁhFﬁ%?WB as described herein, as well as 15 any

[0017cCt i vat 8§ used Hrfdin,daFEereatd PatoditeBabié ba@tbuber &f Plements, the “new”
[0014] As used herein, the Ehr ase "catal yst conpound”

numbeﬁ@g Lﬁspé@marfyr desnBerinsic (Tghle, Grayme era pipsch gF iiattht (wRC HANDBOOK OF
CHEﬁgﬁg’ﬁﬁﬁﬁméﬁs %ﬁm@kf Le eﬁa}té}id ﬂeﬁgsish@d PEHY)TET i zati on
or ol igonerrization ol ef’i e catal yst” conpound
conprising at | east one Group 3 to Goup 12 atom and

O opti naII ne Je V|n roup oun
[OOIﬁher et ?ﬁl’é‘?m& E aﬁ%r S ys? Bhr é%cz &PeaévlF?'Fé one “catalyst
com;%&&{p anﬁezitel%z?st tdhe Oﬁ@tlﬁ'iornof)@thc(;fe%ﬁﬁl are R5EIHe8 SfuRA Berein. The

he metal center of the catal yst conponent that can
cataljm swgnﬂmyt alsb include pther caapaientst sucbrap gmgmﬁsbgtc aand is not limited to

i vator, thus producing,the species. activ r.d
the <Galysl RoRbanast AHBF ASURBIRIHE oF BLEHEP PIL0T o e FHEVSE system may
includé bhy Alfiber 6T ARHRE LhiffbrlelfstiiQhy REMBIMNatid DAL 8dscAGed/B&éin, as well as
herein, the term "fl uorinated catal yst conmponent”
any agtivater ia anacampitation andsomkedhereing at | east one
fluoride or fluorine containing |eaving group,
preferably a netallocene or netall ocene-type catal yst
[001410Mpoungs ngsd hgreial tHee;&ﬁrhseO‘ftﬁtaHstl eomgew@” ihéludes mey céfipound that,
cont ai_ni ng | eavi ng .. WD 2004/ 022605
once pmpmg@bgqc@ggtfg]}s cappbﬂq)@flc,afal)a@ngj g)@d)ql‘)@p@pz,qtlo% or oligomerization of
I t c f
oleﬁnsh%gé l‘?:g%.liytﬁy cont Bglj}dégrg@ ﬁglhgg@ b dg& t}kﬁxp r%oggur o12 atom, and
opt1onaald>|y m:albas) omolmvmg gmgtprbpdncbgeret@nd car bon that are
deficient by one hydrogen. A "hydrocarbylene"” is
defi cient by two hydrogens. 5 [0018] As used herein,
[001n “al kxt'y éd‘%kﬁéﬁ?s’ché IPRBARE "1V RIRC aRgekY®l bﬁé or more chemical
paraffin rad| cals’ that are def| Cl en? by one hydrogen.
moiefitrubqunidoto ths anepdl ecntar oHE agtabysp comhpendmy fthaf camde abstracted from the

catalyst component by an activator, thus producing the species active towards olefin

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

containing leaving group.
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CH3CH2- group ("ethyl") are exanples of alkyls. [0019]
As used herein, an "al kenyl" includes |inear, branched
wape4o0ywhi c ol efin radicals 10 that are defi cPenusimg3/025151
one hydrogen; al kynyl radicals include linear,
branched and cyclic acetylene radicals deficient by
one hydrogen radical. [0020] As used herein, "aryl"
groups includes phenyl, naph#hyl, pyridyl and ot her
radi cal s whose nDIecuIes have the ring structure
[001Ehar act As ius¢d beroin, BehydrpearbyBphtlngésealgphatig,Seyclic, olefinic, acetylenic

T T B
deficidnk H?BH& Rydrdgé) A Pheitydaghigene” Aldefiisnt BY kb hy@oges. i s

an al kyl group having an aryl group pendant
therefrom an "alkylaryl" is an aryl group havi ng one
nor e URSc 5 f .
oiff " he‘;«g}ugé’d heGBLRD 1B fifllact DAL rgﬁ%ggrﬁ%n{%gg ] pabfin radicals

that aﬁdd@ﬂ&éntd)}hwﬂé Oﬁyafdgem Tlad; eyl Sxadxqfle Ca e—mH3bgronp/o( ‘methyl”) and a
ﬁ I mlat hyl ene") and - CH2CH2
CHs¢ étﬁ)?}l%ﬁé’ﬂ)yl )ai’lrf'ee%ﬁl‘gs" S-al kyl ene groups. O her
groups deficient by two hydrogen radicals include
aryl ene" and "al kenyl ene”. 25 [0022] As used herein,
[0019]he phr Asas¢disrenpat ‘Gikenyliohclddss lawygr, Atamohat :ltmircytctianleﬁn radicals

that i%%r ag@ci@ﬁgg}g- dr o Qgefggl%ilgpgﬂ r?(ﬁgaﬁg Ny %ﬁ? (l)lgga{r dncﬁg({j and cyclic
acetﬁ&fésrh&tzélﬁ‘ deich by@ne hplirogé®radldal. P, 0, and S. A
het er oat om cont &i ni ng group” is a hydrocarbon

radi cal that contains a heteroatom and nmay contain one

nore,of t sanme.or..differe e ato
10021 o1 °88 st BB B i flvcet E BRI Ririovt and other
radichBNwhbdd HioMtuRs aRaveetie 31@ng3fstrtiahﬁ oldradieGiet 8f Befigne, naphthylene,
groups include radicals of imnes, am nes, oxides,

phengntbecnp, mdbracecheies, Fok ekempls, ao%&z @rquipdlg structure is an “phenyl”,

oSSR §hbife 08, Y ST, B0 ¢ JEokiow vaving o

aryl gtenﬁ ipendaat thegd fFoyh; caar hﬁoyydmlt a8 an 4l gravarhaoingl ater maeadlkyl groups
"al kyl aryl carboxylate"” is an al kyl, aryl, and
pendgntythergirom. respectively, that possesses a carboxy
group in any position. Exanples include C6H5CH2C(O O,
CH3C(O O, etc. 5 [0024] As used herein, the term
[0021]subst | Asiueal!' hareianan tdligtlerefi énag]udnsﬂin‘eaﬂ buncheyl arllatyctie hirocarbon

o BRSERRRE T e R a1 S B B 5, gt

are e&h‘ﬁble@ rT MRy 18 Qx@h@ge@tlﬂé}dgrﬁﬁ’éssde(ﬁé%t byG@wo Fydr&Een radicals include

ydroxyl groups, carbonyl " groups, carboxyl groups,
“arylgpg’res ﬂ&@p§€n®hosph|ne groups, al koxy groups, phenyl
groups, naphthyl groups, Cl to Cl O al kyl groups, C2
to C10 al kenyl groups, and conbi nati ons thereof.
[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
of heteroatom-containing groups include radicals of imines, amines, oxides, phosphines, ethers,

ketones, oxoazolines heterocyclics, oxazolines, thioethers, and the like.
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10 Exanpl es of substituted al kyls and aryls includes,
but are not limted to, acyl radicals, alkylamno
wo 20i402d685 al koxy radicals, aryloxy radicals, Btkybions/asis51
radi cal s, dial kylam no radicals, alkoxycarbonyl
radi cal s, aryl oxycarbonyl radicals, carbonoyl
radi cal s, al kyl- and di al kyl - carbanoyl radicals,
acyl oxy radicals, acylam no-badicals, arylanno
radi cal s, and conbi nations thereof. 15 [0025] As used
[002¥er ei n,Ast r ussdur aheréios rruﬂlras airlled@ﬂrbfbm%d as “prylcarboxylate”,  and

« der st oqd mcal arts: Ilnes '
ol PRPEhra; b ahatktdeB 2P afSTRYL RiseRlt e (i FRitsafes a carboryl
grou;lé 1tMny é)oﬁtl@ﬁp Eﬁaﬁl@le@iMe]@ﬁPECHE@OO)@ﬁ R, (0gandtcor
i gand atom (e.g., cyclopentadi enyl, nitrogen,
oxygen, haI ogen ions, alkyl, etc.), as well as the
hr ases e .
[OOZP]b ndi nAs, es%e%%%gh etﬂF \f\érl‘n{] sab%tgﬁgcg I(rfllgér% nt%l?trnlﬂe gpoggrftoglo\ﬁmg that term
possédsygseat Oéasch@enmaﬂty bopbice aﬁoﬁehaSIﬁoiel H}dﬁo@nd in pily psgt$orp ke moieties

meant to yrepresent bon "che
selectsdnem guich r%auﬁsasahﬁag% tqa@e@ E:é’eF HBInS roat/L gEoups, carbonyl

grou}%%eb%lrﬂo§¥fsg1ﬁ]&§9 %ﬂﬁfég ohﬁs p;ﬁ{ogﬁlﬁné Ig?oc}&)g ngl%@f@g g&q{se%ﬁér‘?yl groups,

uncti conpoun
naphtm'i gm'ups sﬁf,etoe@mhéhylgroqpsf 612 ta Cyy avlbcnysk tgrmmsuarel cnmlpaattons thereof.

Exanfiles T GHUSHIEE AR08 B o R B HEendy TEBRfoR JooI radicals,
alkylﬁl%ﬁﬂ) Iﬁ@l@gl's naﬂko%yﬁbféh SYRy ¥sdidils, ABSNES falRES, @iﬁﬂt&ﬁhmo radicals,

heavy |i nes Unl ess” st at ed of herwi se,

alkombrcbdnﬁemdlqafs tamelom@slmwl irarieats, i eanbgnso eli’délcﬁls 3tkyl- and dialkyl-
Carbaé%oyc'i é?qd“r?id P’éff(ﬂdﬂca %%@%ﬁ%.f%ﬁ %ﬁlg ]%ré‘%n% ?‘6’%13 anMa”mbmatmns

thereéRanpl es that follow The ligation of the netal atom
"M is such that the conmpounds described herein are
~neutral, unless otherw se indicated. WO 2004/ 022605

[oozﬁCT/ USZRQE% géff st \A}%mhq%%l J&Qéﬁ%w}%g% ?sch}ﬂ?rEShlp’understood in

he term en use e a po
the dhemyoak arts;olinpes f++0h ubel m repp&sbmais&ﬁdmﬁ)ns lhetwm a metal atom (“M”,
or, ot her

Gr 1’%%%‘8 (rﬁ?&%/f{\aﬁgea @égﬁ%ﬁ X}&ff of ggm g,tﬁg} ge)g ﬁggﬂgpentadlenyl nitrogen,
oxygeﬁ’ dﬁ@&%@h 0, & ‘ﬁﬁJl Adtc \f\edsg\péll di ﬁ{erﬂ}ﬁ‘b’steb ORssocid2ldGhith’S “bonded to” and

ood &s having the broadest definition persons
“bondrmg’f’ hexe pet timited o mpredeal&mg gicertam tymatf cthemmaébond as these lines and

phraqrgg];alre:&ltggﬁ%ltlg r}e E:I%q?l Ubl %.}.B)g)tglfi? Inag‘lf{: Wé&a c? (Eeglgleg as ‘an attractive
forceOISIJ,t\Yf@éneitbﬂl% tMdtti§ sﬁbné Eftstigh 0 Perntl€ el cfdnﬁhh&l £ gg¥kate to function as a

nol ecul ar wei ght distribution and polyolefins with at
unit, loe sepmpewadi.dent i fi abl e | ow nol ecul ar wei ght
di stribution is

[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
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.
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10 considered to be a "binodal" polyolefin, as that
termis used herein. In a particular enbodi nent,
w@tdven22ehdmn havi ng different nol ecul ar wei ght sSPCT/k182003/025151
hi gh nol ecul ar wei ght polyolefin and the | ow
nol ecul ar wei ght polyolefin are essentially the sane
type of polyner, for exanple, polypropyl ene or
pol yet hyl ene. 15 [0029] As u6ed herein, the term
"productivity" means the wei ght of polyner pr oduced
[002Per wei ght of the catal yst used in the polynerization
process (e.g., grans polyner/gram catalyst). [0030]
As used herein, the term "dehydrated"” is understood as
[0028y2vi ng Afeséd %f&&tthezt‘érrﬂe‘fbnlﬁb&al@nwﬂaf SRES tb Nddskiébe a polymer or
pertinent art have given that termin describing
polymet &pgnppsmrp doet Potielefinsisuch psrpalymippylenc of | Néethﬂgne or other

homén%gyrﬁ T ?ol?agfr&) ré %¥ ?Q’Pgl&lma s? %{1%1?9 :‘2 al ﬁﬁ)g&glbag%agﬁtsdlsmbutlon,

whichag tm@drﬂood E:’Dmumﬂg die broad?e}sodefirytlmf pérb@ls in the pertment art have given
cont ai ned/ adsor bed wat has been.r Eg{)ved

that ¢z g asilecksg) ipBrpted R bicaiioms ang; issied) PAEN Ea E?ryg’f%nple a single
comﬂogﬁl%%] thi ScRIdES i oldRHE it g RERY 'oﬂ@%dé?ltﬁﬁﬁlepﬂ%ﬁ €molecular weight
pol ymeri zati on cess conprising conbining hydrogen,
distribulmyri emiapdmleﬁnsbwuhtaaIletalst:ommiamtyffmbleslpw moldcnlag weight distribution is
rticul ar,enbodi

consKiFEc Bt e SO PR 1§ (o] P JbcaBba gt pdh  particula

emb&ﬁiﬁeﬂh Biker! @AR ! Riving GMPERAL Blo1EAMr | Weibh@d! thd@igh molecular weight
bi netallic catal yst system incl udes at |east one

polyotefimlahd denlewcaplkecylar Waght polyolentare swsentiadlyahe etmatteyof polymer,
sent L,nventi OVIdeS a method of controlling

fore{ﬁﬂléplg H’g&%‘/lf%?“ °f?’e 284 bed density) of a fluidized

bed gas phase reactor durlng pol yol efin

g] ynerization processes utilizing binetall
[0029]at al ysAS usepHkerini @8 damy Rroductiviy z Bgans ihg %&iﬁ.quplmr produced

per é%@ég?% s? %%IP E}H H?&P?x?’/tﬂ%ﬁ&@#e zZtldn pf029§s PA’%i %tre%n\ﬁ;segggmer/gram

y -adjustin rogen vel
catalidip et hyl ene nonomer I evel introduced into the
reactor, and by adjusting the reactor tenperature in
anot her enmbodi ment, or both. 5 [0032] By "single

[0030[E2CT OF Ag isdd 'héreﬂfé}ﬂé tdrRtddnhBraaa 1 i %nﬁ@ﬂsmrészﬁé\)n?gq the broadest
reaction ta ace I n one’reactor, wher ei n cat al yS

defindtih prensomseins thet pertlﬁérﬁvmrt e gmeeathatotennems@scnbmg catalyst support

N N T R
incluliBe alﬂk' NBlagekihi, Cfof aé)é}ﬂfﬁé 8 YbBoRt CRIE S donAtwhieiRsd mderity of the

met al [ ocene cat al conponent as descri bed herein,

contazingtl/adsorbet wiathy bds nuﬁmm’@ged sandwi ch compound in a
particul ar enbodi nent, and conpri ses one or nore
fluoride ion | eaving groups in a nore

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
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)
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particul ar enbodi nent. [0034] Each conponent of the
invention is set out belowin its various enbodi nents.
wa 200Fhe2éesrbodi ment s as descri bed can be conbi nedr/uR20a8925151
nunber of ways to arrive at the invention. Binetallic
Catal yst [0035] As used herein, the term"binmetallic
catal yst" or "binetallic catalyst systemt 20 refers
to two or nore catal yst conpprents used in conbination
with at |east one activator, and optionally a support
is coﬁﬁbﬂéd @ oné heatbodimers eéfyu hdjiumngot}yenbydrzgamgle@blefdmsze ibhehe ethylene
ported binetall | c catal

moncml%é?‘éﬁl iptpodugedyiniasthe deariss fn%qy B adJP%F’értge fe&C‘tOﬁ éemperature in another
mnb&%ﬁ%?@%ﬂﬁ@ pcatalyst system as used in combination
W th a support material, wherein one or nore of the
corrponents that nmake up the binetal I | c catal yst
ystem be bound,to the s arti.cul ar
(0038 boa ik singlscrebier 4 14 BBy E B RBO TR Toracton takes
placd HPBH@@&CEMD wikd %ﬁﬁl}%@rﬁﬁ@ﬁﬁéﬁ&neri Rt ﬂdﬁoﬁ@to a reactor vessel, and
parti cul ar enbodi nent,” the binmetallic catal yst

polymermesin dlowsiont Iwlttesstha resin ean beprpedssedtsuck anpiofieashing agxdrugion, etc.
"second catal yst conponent”. [0036] As used herein,
the term"first catal yst conponent" refers to any

[0033]2t @l ySThe Bin&alNpOsHedlyst OfydRin tcbmpritdieats &nanone ahahlykiene catalyst
conmponent. Preferably, the first catal yst conponent

compoge@t mﬁewabaqlll@t%em@awalaym g@érﬁromtdge%ﬁa k8 gompound in a

t
pariftiy b SR bl AR B BB RSNl gaipg gropps in @ more
pmﬁhﬂm&mﬂxmﬁﬁhﬁoo4/022605 PCT/ US2003/ 025151 -8 [0037] As
used herein, the term "non-netall ocene conmpound”
refers any catalyst that is neither a netall ocene nor
ne of
00 e e R T R G e Bl BT oW Iy igus embodiments.
The 'embomnuhntsaasakiysmbcxbmrbemdmmmfcbus any nampec af avapstto arrive at the
that is different froma first catal yst conponent, a
al | ocene catal yst conponent in a particul ar
enbodi ment. In a particul ar enbodi nent, the second
cat al yst conmponent includes a zirconium netall ocene
Bimetaliedrasalyst 10 [ 0039] Certain enbodi nents of the
resent ,i nvenption i,nvolveqc t t
003§ 7201 11 SUERDED: L Bt AR A el? TRl et system”

refer@fo SdHY Mok dhltaﬂﬁ abrhpﬁneﬁhai Well $1t cothbinatiorp@ith iat ].Haarone activator, and
enmbodi nent, each different catal yst, conpound th
optionakipp surpert MateRplrihahis yseful ippelymstzipg glchius, The Rupported bimetallic

PRO
a0l Sy 598 SUBPH Ul bty e
as ud&dhi‘ﬂ cbin®infatios twithnd s@onndateﬂﬁlawylsmlmmmommntesof tha components that

inve

anot her | . .
make up the bimetallic catalyst system may be bound to the support. In a particular
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
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.
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15 enbodi nent, the first catal yst conponent is
supported separately fromthe second catal yst
wa@oeomporsnt such that on average any given partPcl/@smb3/025151
support material conprises only the first or the
second catal yst conmponent. In this |later enbodi nent,
each supported catalyst may be introduced into the
pol yneri zation reactor sequefitially in any order,
alternately in parts, or sinultaneously. 20 [0040] In
a particular enbodi ment, the first catalyst conponent

jncludes a tjtaniu non: net al ene cat al yst )
00300 o o&s Bsgd nsitye e e B R RS e R tters g papalyst that is
neithefa ﬁretallhc&i% not 88e 800 atBpllocatt-19pe PatAFHGRehpoliidsidentified below.
partlcular enbodi nent, the second catal yst conponent
i ncl udes a netall ocene corrponent fromwhich a | ower
| ecul (¢
[003@2 oro d%cegésd %E%IIOIT'[§ J}{ny f%ecgio cata ?m%&%l %ﬁegm angfaﬂtalyst that

is differeaefiom Hfirdtkatafyst sémpoitnt, slemaﬁno@eae ahiabist conparanisa particular
provi des a bi npdal pal yol efin corrp05| tion that

embGHRFR 48 2P AR IAFIHOG IR Y, the penend eafapysheampoRRef IaclHfgfp zirconium

InemﬂP&ﬁé%bﬂ%oﬁﬁhght conponent. The two cat al yst
conponents reside on a single support particle in a

particul ar enbodi nent, and they can be affixed to the

[003@% g glr t %r{t‘aig 3 Egoiéiﬁ'héng fé)é V\ﬁ¥ E}'{@gnt {né/gxgtg' !Ljpg/gg'n e%ontacting monomers
with qméﬂahﬁ:‘jcamys@ cBmPHiknt, %%%Efeh’é& eShébR a%léﬁﬁﬁ’lr}/t& bilR&allic catalyst. In
first catalyst conponent is a non-netallocene conpound

a pattieadari @nlqulmntwaad@(dwf@@%%almmmgl 0)¢15] rsmpnsg the bimetallic
ed with th

cata G SR e ot e oeRB T o g Sstanepasho kb S fysspsee goch particle

of sEPAITITRIaBIHa0GREIBIEOPRASHhE | 8t lafid GedrdnesaMbtt BothPéhents. In another
second catal yst conponent, for exanple, a fluorided

embgogimgnt, éh@ﬁést(@tm £OMpEBHY 1B AVPPRIteS: sep@rasqu drpen the second catalyst

coméc{nggtﬁ élugg ttllég%gla%@ég{' ?Il]}z: Eiggﬂtr‘g%mc eeo‘cflék%dogg?h%ﬁl ]hcomprlses only the first

or the sbeundechtfdysr dutipoiérty In Gllmﬂmer uﬁl@cdhmentp Emﬂlmnlppﬁ)ﬂnecbéatﬂyst may be
bi npdal Folyolefln conposi tion. ?042 Var i ous, net hods

introgyced infoy thggPal i erirating reasforcseaReniiatly db ipy Ratit's atienaielt in parts, or

snnuﬂm%bﬁ&?rent conbi nation of catalysts) to a support
can be’used. In general, one procedure for preparing a
supported binetal lic catalyst can include providing a

upported first cat coppo 0, cont act a N
10048y PP Fhapafrons dsebafihert T Bishetnsh SEBhSmL AL gs £ titanium
non- ﬁeﬁnséén@rcatwbt %ﬁhbbﬂ’éﬁt Wrdih mcﬁsalmgﬂe@ rﬂndlE@ﬂar' \v&ghtdﬁgm (e.g., > ca

he second catal yst conponent, which may al so include

100 %Qﬁ) arow) cant be pragiveed. dinga pgrtlcnbr p@bgqung the senoatl catadyst component

1ncludgsC laurggt%ll(t)c%%e fcb{n%%n%q dfrgl%c\(?vﬂlchc a aI é{' TholeQURe Wel} gth rc—iasrl]r(lj (eg., < ca

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.

[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
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recovering a binmetallic catal yst conmposition. 15 First
Cat al yst Conponent [0043] As noted above, the
whrovizdehi c cat al yst conposition includes a fiP&I/US2003/025151
catal yst conponent, which is (or includes) a
non- met al | ocene conpound. However, it is contenpl ated
that for certain applications the first catal yst
conmponent may al ternativel y-Be-a nmetal |l ocene
conpound, or even one of the netall ocene-type catal yst
comipnethwithdbe edteanced pidida, b [pseyidhatsupporizd ngnfrieipdegeng gomposition; the

sornBh ol SRR ERbBLT \iBRSRAR ARy component, o
exanfplé,si flestidéd/ HletARIPEN &N imdtdlodend BYRE -aldtdsa opatflothik ion leaving
compound. Ziegler-Natta _catalyst conponents are well .
grouph 5eulting ip plugripatsd biraetaldicicplalyst epsmpasitippdiaying gnhanced productivity
. T - .nk-.: R Mil haupt and '
wherfhP ot odb e ot At IO cobeiric, 1o,
Exanpl es of such catal ysts include those conprising

Ji C14 and.ot her_ suc ansition. netal =25 oxides d. ..
0042} or | d‘égl?é\{so@%h?fﬁq?é}tﬁlpgm;%?%r%fat@aﬁpfeﬁm@?tg (albeit a different
comGRFRINNE LW {ds) 3o SURBRSHE cARbEhdcdl ThTheRASI, CRERASHABR for preparing a

elther wth or without the second catal yst conponent.
suppditted fimetallicatasdlysst canc tepulaeproviding besuppeoréd didstwiatdlyst component,

|.aced, on or. .otherw s ffixed to a support i .
cont g el o PGle e ird seloiBl oo B ol-flpgragpebon with
solufid?eth8iRAIA8ds the séconllichaBlsecohime@l #hidAYA4P§I86 BRMude an activator, and

diluent is contacted with an organonmagnesi um

dryingo thso tasaltinghprefuet hibat dacdedss \the first apé ssepndpeptalyst components and
hydr ocar . di .he slurry to forma sol ution

recoyefiy aﬁa%ﬁngﬁﬁichCé‘agﬁgé%@ﬁ%%@y um WD 2004/ 022605
PCT/ US2003/ 025151 10 conpound is then deposited onto

. the carrier. The organonmagnesi um conpound can be

First GatabstGorpopgnt he fornula RWR , where R and R are

[0043af'e Sangs Yot Mo%%im&%e%ﬁc %thlﬁyst c%ﬁb’sgl?or} Helfdbs Gl Brst catalyst

kyl groups, or gr oups. east one
comsqment, hécheinijadinoiades) atroa-meteljereneragmpsindm Kompeundisi ntemplated
I butyl magnesi u I.n one_enbodi nent, the amunt of 5
that e SR SH LR GBS il ARL FUIRENSP T M H 1Y b A retallocene
compcun@Nby e¥ei@éneb¥ B MéthllodeRe-HpR QatalRe comPBMﬁisqaéﬂtMie@rbelow that is
chemcally, onto the support, for ‘exanple, being bound

diffetent igirivputeiom greowependoeatalysiconpppenttas daswiibed hersie In a particular

embocfi N Ty - i B Y B AL AL GHGpOE. Ziegle-Nata

catal RRUESNAR e I8 Crk AN aboGM R fhed rt UGRId déseriBéd, efol d@ndphe in ZIEGLER
opti mum anount _of organomagnesi um conpound. For
CATbTH Be3-3861 66 oF ighnR ¥y hauptiand TbHe Bripiigst.cdf» Baringagdpriag 1995).
u I bl I Yo QG e e
el 0F JPELHNC Oy U RS EL i Ll siion met
oxidssdndehloridé.t er nati vel y, the organomagnesi um conpound

[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
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 slurry to form a solution from which the organomagnesium
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can be added in excess of the anbunt that is deposited
onto the support, in which case any undeposited
we@esneamount can be renoved by filtration anBCT/US2003/025151
washi ng. The anmount of organonagnesi um conpound
(ol es) based on the anmount of dehydrated silica
(grans) 15 generally range from0.2 mmol/g to 2
mmol /g in a particul ar enbodibent. [0045] Optionally,
t he organomagnesi um conpound-treated slurry is
compmmtl aist &en wlepbsited omsb ethit raarriatondhe argertempgnesium compound can be

tetraet hyl art hosi| ne .(TEQS) or, an ergani c_al.caoho
eor AT S SRR IR g 5851 bR i e
groupd, Y IC, 40, 9 8Ry1 ©oupss, 62 Ch-C ;s @tky btoyibs. OOt feast Snespecific embodiment, the

particular 20 enbodinent, R'OH.1s n-butanol. The
orgargraRgREsion egrepgiond issdi@uiyh Ta3enssiBnt lefmecembediment, the amount of

. 1 . A 0 r .

s A AR b d Gy R oty eposce

physicall}t of chdnflO#lB], ofttecthe sgsrootig e sinple) being hbwnhtol the hpdoxgt groups on
slurry is contacted wth a non- 25 netal |l ocene

the supRATs apd B MeEs Hian ARAT3BIOHAL SIBRT RLTXECREHEHOMaeN BwR gompound may
causc%Jl ﬁ@ﬁ%ifabf%nfiﬁgtr@écti%ﬁ@ RARe HpBrim@AResNdan Afe EQAUR fdetermine the

5 netal s that are soluble in the non-pol ar .
optirydr ameurhoof wsgatomagndsomm cohmposind.i cBors kxamplej the organomagnesium

articul ar odi ment . Sui tabl.e. nop-netall o .
com Rt B BP0l . BRI crsamomagnestum
compdun@nt Uste@Bd iy ﬁ{éasﬁ!lbﬁé'& Reiviste Altmatvalyl dRSor@hnomagnesium compound

al koxyhal i des, such as titaniumtetrachl oride

can beTadtled)in exgersdifuthe @atonat thabis dpposited) anfo el suppeeldinmhad case any
oxyirnichloride (VOO 3),. an it aR] nd v .um
ndeSfs G RBpas v b o] SR el AT The, ot of
orgafiSmakiRsiamc bedpalndy (maled paell dn tthe 2thobat ONdchlydrmeed silica (grams)
preferably 1 to 6 carbon atoms. M xtures of such
genepal lyrangs f5m Rek mmod g ip d el sy pArdglaembodimenth
amount of non WD 2004/ 022605 PCT/ US2003/ 025151 -11
netal |l ocene transition netal conpound used is
[0045)f f i ci ©ptiodatlygihe ®rganbregadsiing compdwald-treatedrdgme $§ eomtacted with an

mol /mol ratio of fromO0.3 to or from0.5 to Q. ”
clect s AQIOF Sk 5o RURRBRS R BIRATEDD B 20 EGFAGAPIRAR OB, where R
is a Fﬁ-gﬂzgﬁlkylséiﬁﬁp,a&r P, &Y 2RANBH 'g%lppf)r fid,us r&”ﬂkyﬁ%of[ﬁgggl?]ﬁ] particular

ry, ~supported first “catalyst conponent. .
embddimehi, IR ORing nsedaned. cBhabmountcohploslentusedry dpeamount effective to

oo AR BB 2 o PR T By om0 0 1o

fromC@d & y8t component is reacted first with the support
as descri bed above, followed by contacting this
supported first catalyst conponent with a second

[0048]at al yStpé %@&%&%nesﬁgn and alcohol-treated slurry is contacted with a non-
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 slurry in a particular embodiment. Suitable non-metallocene transition metal
compounds include, for example, titanium and vanadium halides, oxyhalides or alkoxyhalides,
such as titanium tetrachloride (TiCly), vanadium tetrachloride (VCly) and vanadium
oxytrichloride (VOCl;), 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-
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Second Cat al yst Conponent [0048] The binetallic
catal yst systemuseful in the present invention
WO p@Hoesss a second catal yst conponent conpri SPOTYUS2003/025151

| east one netal |l ocene catal yst conponent as descri bed
herein. Metall ocene catal yst conpounds are generally
descri bed throughout in, for exanple, 1 15 & 2
METALLOCENE- BASED POLYOLEFI-NG John Scheirs & W
Kam nsky eds., John Wley & Sons, Ltd. 2000); GG

metaHbeenky tramsitikl nCEORBIMPEPNONICHIEN! sWHEvienD43- 196 8( 199gjion metal to

and in art|cul ., faor,use.dn the sy .
mag‘ﬁ’&%ﬂﬂf P rafid of et AL IR OB B DB BeEr T iluent can then be
remo?6d 8 4/ cdideffdnal Tene®tsatl @s Q?'ee\fé@bﬁh}éﬁ tor CRIRRRINES oB&in the dry,

descri bed herein include "hal sandwi ch” and "ful
suppereftifiist eatalygippomadthavi ng one or nore Cp |igands

(cycl opent adi enyl 20 and |igands isolobal to

cycl opent adi enyl ) bound to at |east one G oup 3 to
[004%F oup 1Phérhisdland sdcond catalystocoenmnentd meayl wasontgtegl with ¢lse) support in

bound to the at | east one net al aton1§£Ere| after,

any qriels elnopgseefseodiment of dpeiny gptiong the aly3t Gemigaent is reacted
first ggtthatfls LA IRCE s Abdlve CB'TTBQISE 'Bk%ontacﬂ_@ tHi® %!’g{ﬂoﬁ&? st catalyst

st” ‘conponent 1s supporte a support eri al
compqmeat\pmhalsmohdlcatabmmmlrmnmt as described further
bel ow, and nay be supported with or without the first
catal yst 25 conponent, with the first catal yst

Samggqug elcCobmpan@aAr ti cul ar enbodi ment. [0049] The Cp
i gand s are Pyplcally n- bonded and/or fused ring(s) or

[0048] ng sy"s“heehmetarhfecatalwstgeo'st)enb\rsefulmrgtl@;m@@n’( By ety l@almri9s a second

catalés? o FSréponf]%tt O%?l&%&l&g g&,geasg oale m i ?tgll cre?lglp aﬁ)é com}}oﬁgr% as described

hereia! MEtalldtehe bREEstpnipdandart iggidialty asserisal ﬂhﬁdu%ﬁoﬁtf i@ fo8@xample, 1
the group consi sting of carbon nltro oxyge

& 2 METALBACENEGBASED, POINGE BRRYS ddahin & W Kagisibhty ciclohn Wiley &
al [

Sons2L LT 208 Z{ﬂf, HfE‘ﬂU;g-g /1§P5(;c§]clh%rn$ IONV&]-%;O]\E A *3%6 (1999) and in

es” up east ing menbers. Even
partlcxﬂﬁﬂ; iferubiser inythe tsheth€is bf galyeihglenarie lsMIEeMmd:ENE{BMEbePOLYOLEFINs

r oy onsistin 2004/ 022605 PCT{ US2003/ “
261-3¢7 41 1 e dnegﬂi/f\’oﬁ?ff‘s GREtSt GPRROWSS| FpdftcH Fi %rem ‘include “half
sandlviéﬂlarhqﬁ “anf szirﬂd%’&ld%o PRV\,hI avift oxfey &l ABRNER Go8R4 (cyclopentadienyl

non-lirmting exanples o ch 1 ncl ude
and Liganide pemictadlite wy¢lppantadieanyl), bdnd doeatyleast anel Gaowres to Group 12 metal

atomf It r(g%tag ro(fs%crra 3é§v§%g§§£ﬁ5 haw&t&g th%xaethgas?%ng fme%aﬁ atom. Hereinafter,

thesec&ﬁxllﬁﬁhﬁﬂsf RN BRAEREE REN “métBIRRYEs” R eheIdesne catalyst components”.
| uorenyl, octahydrofluorenyl, 5 cyclooctatetraen

The c‘g@jalbpem a:ggab[sbd:gav@@@m; lSpﬂmﬁgﬁQCh rqnngewpport matenaly in a particular

e RO APt et HOT ol S0t it deapge e oy
compdhet) Ofith,tRe fifd} adtilbftszampohm@pb @ﬁlﬁblﬂldﬁﬂhbodlment

t hi ophenof | uorenyl, hydrogenated ver sions t her eof
(e.g., 4,5,6,7- tetrahydr0|ndenyl or "H4l nd"),

[004\§/]gbSt ' t T'ﬁéa'ﬁg‘rfig%@s%tyﬂk%fﬁ %fbonﬁ&fjaﬂlﬁér%%yrmé(g) or ring systems. The

rsions t
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
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
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In a particul ar enbodi nent, the netal |l ocenes useful in
the present invention are selected from 10 t hose
WO pmkazhiensy one or two, two in a nore particul aPCT/US2003/025151

enbodi nent, of the same or different Cp rings
sel ected fromthe group consisting of
cycl opent adi enyl, indenyl, fluorenyl,
t et rahydr oi ndenyl, and substiZt ed versions thereof .
[0050] The netal atom "M of the netall ocene catal yst

of substpoiedd, ands wiewhstifutedd cyrbpentediggylodigande and ligands isolobal to

vl BBt SR bl o e R 5B e, oreny

and JtRH MABEE. Gruther ASIRlIBiting @d@.ﬁlpﬁibﬁ@hﬂﬁﬂgandanﬁlﬁﬁ @@I(ﬁ})@ntadlenyl
fromthe &r_oup consi st ng of .G ou s 3 _through 10

cyclopemtgshanantirensyle paindenyll ar bewasien flygrenyde| e @ctalydrofluorenyl,

fr ar, f Hf 2 M }
AR, SRS AL, Sy s, 5
phenyiifluérepdl, t i @Hasychpbotfh]aeniphtianiehydel emelﬂaeﬁquﬂludrhgzl indeno[l 2-
e SRR SO T T AT
tetral}%lr&ﬁ&e ] 'U?r“?laﬂﬂr’ 1, isGbriRlted SERRAL FRRALOL, ﬁi&%e@roéﬁl% evters?ons thereof.

re particular efbodi ment. The oxidation state of
In a pza‘tlaﬂar arhbodithifit, reymetalhgrenés wsefil) i ¢thewitesemt orvention are selected from

those+11101u élgeogltg or%g'g " ygl anlgjhge Féﬂ'{ Lheul w&gﬁgb{rﬁgbpﬁ%r different Cp
rings€ rgéfé@teﬁe rﬁ'orhs tHe, gibdp Olcotidsti Eheofg rQeRpentd@iend, t Benyl, fluorenyl,
nmetal atom "M are such that the conpounds escri bed

tetraliyelr@ndényl,tand sebstitntedieersinas theresf.r uct ures are
electrically neutral, unless otherw se indicated. The
Cp ligand(s) format |east one chem cal bond with the

[OOSGJ]Et al  atiggnntiloatonyr M hef "thetnadthlerene caalyal Xsmpound, as described
onpound". The Cp |igands are di stinct fromthe

throvgbeny th@srgepb’%@orbmalm WRK be atlagted frowmdhp sinva copsittingiof Groups 3
throu?Bbs & | % a on}m@gl?i?é }(:Gt : SHGRE P én‘?bosglbmfrbtogrid] se}ected from the group

n reactions
consiaspe 6f Gedupis hBEthr(mghn]I(] aoms fithe nwre particniar embedialdngcadeselected from

e s a5, 8 o A SR o RESBE s n

a morel-gﬁl% %odﬁx{e}l %ﬁrsgle@tem ﬁro?n Qﬁe gﬁﬁaﬁ rdoRESiAPON Eroups 4, 5 and 6

em ca 'y bonded each Cp group is
atomsheryet:alrmqre bxartd:athr tembmlmmd, and| asTanZn, ifeagems fir yeh ®mage particular

| nbodi.. )
emb&{d‘g@g%t] arﬁlzhllp 615}16 énq,rg ﬁ’?’étkc@ a%tglbgg & ' gl‘ 2 o%tﬁgﬁnsttate of the metal

atoml“MMHad rdrg FORY 086 +Y osAdiBb Himert fnfcﬁh%r}hore partlcular embodiment, is
cycl opent adi enyl |igands or |i gands i sol obal

+1, @y dBopéier &di end/in yaliamere mﬁlmwr@odlmtewﬁmﬁ ebnttai khe groups

TGRS BN RO U

strucfinéh Q{é%le’ﬂr@caﬂl@dﬁﬂﬁﬁlld ﬁﬂl%bsyotﬁeﬂ“&ﬁﬂt adidatedm THeeCoNigupd(s) form at least
consi st

one chemical boncgJ w1th 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.

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

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



10

15

20

25

30

cycl opent adi enyl , indenyl, tetrahydroindenyl,
fluorenyl, and substituted derivatives of each.
wO 0@382260hdependent | y, each CPA and CpB of f orpai/asiobd/ 25151

may be unsubstituted or substituted with any one or

conbi nation of substituent groups R Non-limting

exanpl es of 15 substituent groups R as used in

structure (1) as well as ri-f@substituents in

structures (Va-d) include groups selected fromthe

group consi sting of QxﬁC?gwmhradicakg, al kyl s,

al kenyl's, al kynyls, cycloal kyls, aryls, acyls,

aroyl s, al koxys, aryloxys, alkylthiols, dialkylam nes, .
whergin}f inpeidescrinpdk B9 ar $6hyX ds cheicglly angderthye dM; each Cp group is
chem(i@arlllglot;mﬁle& to ‘NI;kXxfd' n.&}g‘%qh@%ﬁyﬁérﬁ% PRIDYLS eitﬁ&cylo éyi?’ a particular

acyramnos, ar’oyl am nos, ahd conbi nations thereof. 20
embdddabt] More particular non-limting exanpl es of alkyl

substituents R associated with formula (1) through

(V) include nethyl, ethyl, propyl, butyl, pentyl,

xyl , : t \ e oy |

IOOS?rEt hyl pﬁ%ﬁ%}?&ﬁgr{gﬂ)?gp ﬁﬁf)tf%haggyﬁgﬁg%&s angm tmhaey be the same or
diffeteink eyclopenkaditinyy ligamds ethbgands sspedrad to feyelopstimdereyl, either or both of

. ti ~butyl, i I t l.i.ke. h .
which gt G egbregteriolhe et a€bQnisd o By TeRgheingi oy @ groww R
In o ¥hmBodikeht, Tp* 4 Cﬁ&aﬁ’@ﬁtﬁiegéﬂd'éﬁﬂlﬁ Retebtedl frdnh lﬂlﬁ@gfdﬁ# consisting of
di fluroethyl, iodopropyl, bronohexyl, chlorobenz

cyclopsutadipnylobeenyl teralairoinderyd) fvorpaybwad anhsgided %W@}é}/%s of each.
including trinethylsilyl, trinmethylgernyl,
net hyl di et hyl silyl and the |ike; and hal ocar byl -
[0053Mbst i tatigstnasgBn ek atpoiand repdi eplfsmiule | @dintg be unsubstituted or
tris(trifluoromethyl)silyl . oo
subsiitgtad\With apYORe @b comBinglien of sypstituent groups R. Non-limiting examples of
substggugﬁoﬁlﬁf{%#gag r@%&‘%ﬁ gt‘f’l'i&%le ﬁn% &/Qﬂf ab irff :suggmuents in structures (Va-d)

oron radi'cal s 1 ncludin

include ngrodps| dedeated from eheagpiup; cansdting sdbistdrogenechd@abumlkyls, alkenyls,

radi cal s includin i met hyl agi ne, di pet hyl ph hi ne, .
alkyRy RN o2 et HpBHYEp ABSHH n €Yo B RBIoE. Sialkylamines,
IkylaRilos ahRok tatudy RY afESRR%Bon b, NOXY 19PN 2R KN -carbamoyls,
4 ynethy1su?f?%é azdgethfﬁgulgﬁge: é?ﬁgi suﬁ%tituentéMR Y
acylaxys,| asllemuhaest anoglagunds, ad gambinasions theireadd t o

ol efinically unsaturated WO 2004/ 022605

PCT/ US2003/ 025151 -14 substituents including

[005%] NY! - tRoRd patiedlat heRNAstind BXangien®f k3 Qubsefivhts R associated with
2-propenyl, 5-hexenyl and the like. In one

formaleh Githesneh D inchle mabyR ¢fhdupsopywbutydj penéyls hrxyl, cyclopentyl,

 QLPE. | o . ’ F>5 iy ' _

vl fEBep D i RASHTERD, L ot D5 A5 M, it

all tigioldPmeR) forsdxaimgleofertizy-batyl, isogropgdeand theylgen, Other possible radicals
hosphor ous, silicon, germani um al um num

. . P | 5 horon and

include swhstittechalkyls pad apis sush ¢ fonexampls, iﬂuemetmloﬁbroﬁhyf difluroethyl,
iodoftoBYP ibgc%hﬁ%}ﬁﬁ?lé Jcthﬁalefstgﬁ?%#eg!@ RX&F%%E’?] Q%g%{é% organqmetalloid radicals
includargntrimethylpildp onmethiytefroyl, trhethyldiethylalyl stnduitheulles 4nidl halocarbyl-
substtltrl]l{e%UQh (o\r/%anometalloid radicals including tris(trifluoromethyl)silyl,
methylbis(difluoromethyl)silyl, bromomethyldimethylgermyl and the like; and disubstituted
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



10

15

20

25

30

bel ow i s i ndependently selected fromthe group
consisting of. any |eaving group in one 10
weodediwent ; hal ogen i ons, hydrides, Cl to Clzrei/ky1083/025151
C2 to C12 alkenyls, C6 to Cl12 aryls, C7 to C20
al kylaryls, Cl to Cl12 al koxys, C6 to Cl16 aryl oxys, C7
to C18 al kyl aryl oxys, Cl to Cl2 fluoroalkyls, C6 to
Cl12 fluoroaryls, and Cl to -d¥—heteroat om cont ai ni ng
hydr ocar bons and substituted derivatives thereof in a
substituemss panieding vanyl- mmmmtwehgandhyfar expanple dHogenyli Bpwpeny, S-hexenyl

| kyls, C2.1 | k Cr t C18
and R R Jn Shecembcgitgs e bl YRR st o5 Jidiegas Rgpoups in one
embddméft, @ﬂe@oﬁieh% Foorl @xig, stiedtubOh&n@ syt 8 86 BOXYdnad Qfected from the

Cl to C6 fluorinated al kyl carboxyl ates, C6 to Cl2
group ropngistingosfy Farbers, Niygely oEY8ens | HkOFRIOYIUSa FbieRTs| garmeniumy aluminum,

boro% ng?gu‘b %581‘?4 Fi-i%ﬁ%g (XISBO g@os%lmeﬂﬁgl%ﬁbk}@%&ﬁyuf&ﬂdasq -butanyl may

uoroa rylsin

fonn&iﬂmﬁlngei@ichm}bdltd)tlmeleméﬂtdnl de, fluori de met hyl ,
phenyl , phenoxy, benzoxy, tosyl, fluoronethyls and
fl uorophenyls in yet a nore particul ar enbodi nent; C1

Cl2
ons 32 BBy A AN B AR RS s )

beloWLanlhdd:pehMltlQGSdl@t@lﬁ'om fHesgrosp lrnsistutge df: C7an1yolemﬁg group in one

embene hilloBer 5. Gydrifih G Su L AKORG Bing CRPIE ol Lrestiyts, € to
Cao slﬁyﬁﬂﬁs het & ey Ql?oﬁ?ﬁt@g B 0% abmy@r )8 Sol(EHgYEﬁkleryfﬂéZE C; to Cpz

part |cular enbodi nent; chloride, “fluoride
ﬂuoraalkyls,s Cs2 Gio ﬂl:@r@ﬂrklénymct Ciav € hetoaipmydoatajnisg hydrocarbons and

e SEFPEN t 5 B bePLSUSIRL ST 153748, g s .

Cs aRky¥DCE td &% tall&ﬂillér C2b efbarylasny IC, ftd @rallldﬁys F@J dmyd:M aryloxys, Cy to
ethyl, propyl, phenyl, nethyl phenyl, dimeth
Cie qllgylw{quq;, etgﬁm allgyl %bmtmpg t¢ ko ﬂgonnaaqid al gﬁlgarboxylates Ceto Cy2

t hyl
arylc%ﬁog‘,g'ﬁgere’? ra- t}x ?%e%%%ﬁuor%gﬁenyf sS: |nnye6t %Lg)'roalléyls G2 to Ce

fluorpalkemydsi aad (e;ntbddig nfariroaliaylaryfsl inoyet demore peeticular ¢ermbaliment; hydride,
chlorgieafgbq%glgg (r:;fletgb %g/g ! p}}‘?npé Sﬁ%?xgclx(y%oggL Cfrq%gcéllémt | ng fluorophenyls
in ye?ggl?%g Pél%%ula?&ﬁﬁ?ﬁmeﬁﬁ'@?g&ﬁ Ph1RVls, & t%r@é alk@ﬂﬂﬁ ‘@é%t@ﬁ‘ aryls, C; to

aving from1 car bon
Cyo dlkylaryils; aulmittttgcblﬁmaarCho talklyad satztitutéde Cg tQ C—1 06% substituted C; to Cyo

alky nt@%y 39 ggsﬁg%ro)a 0{‘5"%’? %in%g%l%g%v&af Ogl 2 }ée egroe(l)t%m -containing aryls
and @E%%Q)l@te)roat&%@bhﬁﬁﬁn?ﬁﬂtyhﬁ}l@ﬂﬁ?et'a%&re%%&@ﬁbﬂnﬂﬂfdhﬁé}ﬁ chloride,

er eof her exa ands i ncl ude al

ﬂuorgteo Gpdo Saakkyls (ayte |Q;6m]|]ggnyls Ey &0 &ma(lyylar%thngggenateal C, to Cs alkyls,
halo%e {eﬁ r%zt{] ﬁl:%!cllkergylé Hq{a? Q;X(Jl 71 tg td gﬁgy[%fil]lg Ng yet a more particular

emb@diRRAY .ﬂu@ﬁ@eﬂ OXI){eth)bj Séthb/lnEbi‘bpb/Enlphe@&,) mdﬂhmﬁhblyjrla nilidethylphenyl,
di net h Iphosphlde radicals 5 and_the e. In on

wimehipte HUOreMEGE (76 s anb FRTieTpRENY 6) 280 geephenys (mono-
f
di-, tHrf\r/}e nz?l nd &)Qﬁﬁﬁé(%é?lg%nlygsé e ngez h nll&eégqucnﬁ& cfB0&Gtent alna Eﬁonde in yet

cat al'yst conponent i rc
a more particular embodiment.

[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., —CeFs (pentafluorophenyl)), fluorinated
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those of formula (1) where CPA and CpB are bridged to
each other by--at |east one bridging group, (A), such
WO bats/otdses st ructure i s represented by formul a ¢¢T/Ps2008025151
CpA(A) CpBMX" (11) [0058] These bridged conpounds
represented by fornula (I11) are known as "bridged
net al | ocenes". CpA, CpB, M X and n in structure (11)
are as defined above for forthula (1); and 15 wherein
each Cp ligand is chemcally bonded to M and (A) is
alkylciﬁbniydaﬂek Ye g e (OO gabydrides aNdnhdlogent iong agx acyphtesativhs thereof.

Ot 82 i B e BRSO, ety

hept}tzll'It toﬂqt thﬂ%lto‘?&tﬁ}@ %tra{rﬁ&ﬁﬂeﬂ@ e pehtamehglcnon am&}i}‘lg@eﬂe methyoxy,
rogen, sili con, al um num bor on, dgernmani um and tin

ethycatyo m@ndy,qdwbomfm%mthﬂlra@ldiﬂe) dithethilamideh dinhesh¥lphespbide radicals
obe 1to 2a|k | subs dto .
and tgaﬁc 0 é'éore %L e?%?n d%q.rﬁgft agr STFS nagﬂr xﬁ%system

al so contaln substltuent groups R as defined above
;for formula (1)) |nclud|n? hal ogen radi cal s and
[0057k on. My another esneat ef tha dnpienfipn,tthe retaliappnecatabyst component includes

thoscj; Ptsc%{é{rﬂll gM%sé é%)u i eg (@m%rgsb@tgg(? &@%eécglégﬁlgr % aé lena’st one bridging

group,UlAf) duch B'lzﬁ% sticRf i5 ,repréileﬁﬁ'd)b&%(lﬁIRIH) R 2Ge=, R P=
(wherein "_" represents two chemical bonds), where R
i s independently selected fromthe group consisting of

hydri de, 25 hydgqe, Bppygubstituted hyd ar byl ,
hal ocar byl , subg% ?ﬁk¥6 halocarbyl hydrgcarbyl

substituted organonetal |l oi d, hal ocar byl - substituted

005 SorTEAEL S AUSELL L o Y o SR B o

metallBt Q@SN (‘Eﬁd A M, Md\&hﬁrsﬁhﬁturé(ﬂ) B amfﬁleﬁ{'abéﬁyfobﬁ)rmula (I); and
joined to forma rin ring system In one

whereirbeagh fapnligandhie chsmpig bdbomléd 80 Mo e éA¢ it elieyugally bonded to each Cp.

Non-glrngﬁgg %)(r(]akx)l e%BP%rg%%rg% &r& h égﬁl%nch\f#) cﬁv%lrﬁéh%/ggc%:ﬁ%ﬁ)' Qﬁo?ps containing

at ledst oH@IGHGu 1 Dt 16 Afond, RatH debiieidn ineited, to et Ruaktedie, of a carbon, oxygen,
et hyl i dene, propylldene i sopropyl i dene,
nitrogetp halganretl A boron,. germANHYT Ay fiBniomy and \gombinations  thereof,

wher%gloﬁ‘%oge?i?rg?r a%ﬂk’sﬁec? ﬁ; qulg ?eoskd% ﬁeﬂ(?'h% %Fﬁy%{b?ﬁtlwclde%esatlsfy neutral

valentiyet Thel teidgydg groep h&() may hjdosiohtalin substituent groups R as defined above (for

form&{a( q& glg}go )anP %Lq?g%tngrl@ 1:(:[11% lraBB)tilfc?nsf Mﬂfrle lil)gr 1(%}1 atr I?Pc/)ln hmltl}ig ‘'examples of

bndgﬁﬁ%%ie‘%g?sgx)?/éﬁe fé:? rﬁ@d%!y)@ ky b6 ﬁky%’rfe,lsogﬁ%ﬁ{u%éd 0, to Cg alkylenes,

ohexy p enyl si |
oxygeny sulfy, CR@@FszSl# y'I'Sl(Ri'DzSt(RbDrl'beﬁeﬁyR)Pﬁ [wherein “=" represents two

chergilfhanfey e K, SReacisRG SERTR) ThGuRorRlp Coptiiie of hydride,
hydrgédiﬁilb)’hﬁ)is{iwlted Cﬂy@}d&ﬁb?ﬂ | alocarbyl, 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 (IT) has two or more bridging groups (A).

[0059] Other non-limiting examples of bridging group (A) include methylene, ethylene,
ethylidene, propylidene, isopropylidene, diphenylmethylene, 1,2-dimethylethylene, 1,2-
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di met hyl gernyl and di et hyl gernyl. [00601 In anot her
enbodi nent, bridging group (A) nmay al so be cyclic,
wa@ewpnesidhg, for exanple 4 to 10, 5 to 7 ringPOEDRE®NF025151

in a nore particul ar enbodi nent. The ring nenbers 10

may be selected fromthe el enments nentioned above,

fromone or nore of B, C, Si, Ge, Nand Oin a

particul ar enbodi ment. Non-116vting exanmpl es of ring

structures which may be present as or part of the
diphdmyietigylerg, nbil ét%fteaa@ewybtt@mmy|d1meiheflsﬂzzy cdletrhermlyl, i wethal-ethylsilyl,

B e T
propﬁﬁ@l‘% cﬂ(nehéxfygbl%ﬂeddlbyclﬂiexbfﬁﬁﬁlt dﬁfheﬂf'lsl@l Esﬁ;loHinjilpHenylsﬂyl t-

In artlcu ar, Si

butylaycrlah@ce/}sﬁmt qu@tmé\élﬁhftrw@swln gil(arfal}’ﬂ)ﬁléylcﬁﬂfb rﬂ% (SSIIREAPNGIE moieties
t [ a r C at.i gn. 0

wherEly 060§ Biom 15 BP0 X012, B oo ftfcny ity diethylsity,
dimethydgermtybarridiathgligermylar ry one or nore substituents

and/ or be fused to one or nore other ring structures.

If present, the one or nore substituents are sel ected
[0066]r om thE, HoRiP e&@ﬂ&hﬁb’r %d@fng'ﬁ&f&@@)f IB%Q' als6 bg cycl?d Iébﬁ'npnsmg, for

as 20 nethyl) and hal ogen (e.g

exarrmhebé do idnd.to Vheng) mmhersnmrzenmpe gar@qur whbcdlmtehte Th@ owng members

clic idin e tionally be fus t O .
may fSelgded B bP R Sl METPY £00 oa T S SRPERY B G S N and
O in bhRArtgueH Fénﬁ)‘éﬁﬁlhe?lft i mn%fmlhﬁg’%ﬁa:ﬁﬁ&é 88ridg §teuches WRICB may be present
particularly 5 6 or 7 ring nenbers (selected from
as o mgrtgvfoth@ bodging taigty ofre Gyclebutylidare, Syclopantyhidenec gyelphexylidene,
cyclogye yglﬁnegtf:}%%%clf%lhdgﬁé; Fln({ e c%%(r%%}%nﬁt[nﬁ 1ies | %%get %’ e’r %rct%zvgrcarbon atoms
are rﬂﬁlhcélﬁby g st \vase df@l]‘ Gee N 2HE 10 afm, particulex 8ipdnd, Gen The bonding
the case of a naphth roup. Mbr eover, these
arrangeiyentdehiy g5 t%va@ea yng %ﬁ&g PURStRYRe SifpT Eisr. tpngner Hfombination.
nore substituents. Illustrative, non-limting
exanpl es of these substituents are hydrocar byl
[0061Jpar t i cThacyclic drikdging ggnxps |0A) anagl bh ahtowd @tmaurate[d)a@lﬁmt carry one
The ] i gands CPA an f or mul 1)
or ma‘iefsf‘é%tg\ﬁ‘%nt% ?’BVHré%féﬂ “gﬁﬂ ane PHMSEF % g ‘é’?ﬁz)% ?H%%Ft I BFﬁﬁem the one or
more §iBsBRERs lafe 3K164EL 'Tromféd%ﬂ'%‘%onm Mﬁ?&@@o@l (e.g., alkyl such as
PCT/ US2003/ 025151 -17 [ 006 I'n yet anot her aspect of
methyh einid habigen dag., Fh €)mint auie| cormdimnendt dihgsme o mperadipt groups which the

R N TN TN R ———

are stlBEted BROHRMp condRtifd of S05E havie: /el 80, AeRMPrtAlalyYS16 or 7 ring
conmponent i s a bridge "hal f-sandwi ch” netal | ocene

mempess r(edeqied dropy thengronp p(pm;psélng |qf I § N5 Oy and7g pn a(mappcular embodiment)
such (a'sg)ﬁvgg{%ple %glogélﬂalggﬁlél%xg gq\%fgre%{?& %@&bxﬁﬁ’ﬁqgructures may

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

one embodiment, and the same in another embodiment.
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and wherein an atomfromthe Q group is bonded to M

and nis an integer 0, 1 or 2. In formula 10 (I11)
w@abanm226PA, (A) and Q may forma fused ring speI/@82003/025151

The X groups and n of formula (I11) are as defined

above in formula (1) and (I11). In one enbodi ment, CPA

is selected fromthe group consisting of

cycl opent adi enyl, indenyl, t&rahydroindenyl,

fluorenyl, substituted versions thereof, and
[0063bbi naln grs andtbereaspect16f [t@OBAEntion, ftior mdtaillo@eﬂel Yatal@sti somponents

et atom ontaln and in ich the bo
inch el e ThSI-fatanbnplaldoasls AaRTholo (4 o st Ve lpef@dieny] catalyst
comB&eRs).eth Mmﬁdmneﬁtouhe aERAioRE nitehl RLeld Qltflyst %omgbfi’éfi? is a bridged
and Goup 16 atons in one enbodi nent, and sel ected

“half'ﬁaé‘ﬁ?"‘l‘qlile Y@?@lﬂ?e@%@reﬁﬂt%bﬁhe formylagdh; phosphor us,

oxygen or sulfur atomin a nore particul ar enbodi nent,

and nitrogen and oxygen et a nore particul ar
embodi ment . Non- I|n1£mn@X£&é%ples of 1) gr oups i ncl ude
20 al kyl am nes, aryl am nes, mercapto conpounds, ethoxy
compounds, car boxyl ates (e.g. pi val ate), carbanates,

wherire@y?t is dafiltEafove ﬁﬁmﬁicﬁtﬁ& to ph@Apﬁ%ndmgx@bp Bbided®e Q and Cp?,;
car bazol bor abenzene ot her

rrolyl rozol
and 6o SR 1113 oeb aubordsd Kb @nps abintsgegfiel or 2. In formula
(IIT) SBRRPLEA Q ﬁat)he & e Ydrid Ms%dzé a% A0 T Xeg%e%{aglaya%rof formula (I1T)

aspett” of venti on, ["east ‘'one
are &sadd]nyétabomnpﬁmmnla {I; aad (Wb dg@émbb&hﬁens,émpﬁl\lis‘zfelected from the

nmet al L ocene_r esen he formula (W
Eroup) GAISROE WA OR PRI dpiviel Setrotiehty GiaeRg. Substinited

versibfis thedeoREd 'c§mﬁldahgl?srlﬁetre5@t i's bonded to M each Qis
i ndependent |y bonded to M X is a | eaving group as

descri bed above in (l1); n ranges fromO to 3, and |s

oncy 33 I 3SR ST I kg
(the Bl HaPRB2NAEDWith the Ata0 M) i€ RBIREA RN th@pg‘fbﬁpS cSRisBRE 8¢ Group 15

fromthe group consisting of cycl opentadienyl
atomgs nadlér@mup ]t(egl]ogﬁylgr nenema 1me1|lt1 gogd @ﬁ}ycted gcmg‘gtthq graaxp consisting of

and ons t hereo
n1tro¥§{ ?ﬁﬂl?%h%ﬁ%a)%%'%n (gl' ssue ngtol?r?tl r orﬂg)rerpartécuiadpingbogig}]gqti ﬁréd nitrogen
and cm‘ygEi(It} yet RGnoreRaicular emboliithent.- ISA-limitiBg examiiés of Qoups include
F§3 -PR2 -H, and substituted and
alkylaWéft?BsﬁW S, RFICaRIP oERFAPOURHBT EHMOXR Fampeyndst eartionsistes (e.g.,

plvalﬁf&? Qﬁx%ﬁﬂlafé@nsdégﬁ Y1N%,8fenE] tseﬁ’ta@ ,?g}ﬁ@oy@ phspiritmine, pyrrolyl,

al kyl'am’n
pyromljdylcalrbgltdm rmabeﬁﬂerkootﬁfr edrkpounds Bptrisingl Graupy 1 ©>and, Group 16

imting exanples of Q include Cl
mom?8m6§gcg. @Hﬁﬁ@gl 1 to Cl2 carboxyl ates (e.g.
pivalate), C to C20 allyls, and C2 to C20 heteroallyl

noi eties. 10 .
[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*MQX, (IVa)
wherein Cp” is defined as for the Cp groups in () 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 O or 3 in one embodiment; q ranges from 0 to 3, and is 0 or 3 in one embodiment. In
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[0067] Described another way, the "half sandw ch"
nmet al | ocenes above can be described as in fornula
w@ bogbp22681ich as described in, for exanple, US PCT/US2003/025151
6, 069, 213: CpAM @R&) Xn or (I1Vb) 15 T(CpAM QGZ) Xn) m
wherein M CpA, X and n are as defined above, Q&
forns a polydentate |igand unit (e.g., pivalate),
wherein at |east one of the @ groups form 20 a bond
wth M and is defined such that each Qis
one emtledieredsp?y is etleded droir ¢ Ehwip epnsispng efisiystopagtadienyl, indenyl,
-0- . -NR-, - CR2- -Se Gis, either, carbon. or
tetralyrp g oo IPL L PP nE P R ol
of R -OR, -NR2, -CR3, -SR -SiR3, -PR2, and hydride,
providing that when Qis -NR-, then Z is selected from
[0066he gr olmfornwsi(E¥a)ng inselectedrirom tirpgrousponsisgngef ROSRoRO—, R(0)—,

and ovi ged \that ut Lal en f j LSf .
NRE RS TR S o in P i, P A A psbstitured
aryl Efo0ps, iWlRrdii RUp selected Sohnie @foupleohsistilof Cretoal ekl Ce to Cy; aryls,

containing groups, Cl to Cl0 al kyl s, to Cl2 aryl s,
Ci takss plkylampnes) foy tnFya alkylarylangigescCr g0 S rEserus, Carlg G iy, and the
. A " | :
ike. Non gt ¥amBles 6 BEinde (7 18 Qe H B, PG 2 aaiaes (e5-
pivaleSCstoiGgalbfls, @id Cp tdOC) letdrydlyhewjeti€6 t o Cl2 aryl enes

and Cl to Cl10 heteroatom containing groups, and C6 to

Cl12 heterocyclic groups; W 2004/ 022605

[0067FT/ US2803482® Labther 1 ay‘,hﬁ{ee i“Ra1aGAdWicE? OMBtaNbi8€ Sabove can be
adj acent "CpAM QZGZ) Xr,™ groups, and is chem cal l

deschberbasdn forntuhe(IEPA syeloagpdeschaddn.dar exampde Vs ¢.0a9.213:0 7;
mis an integer from2 to 6 in a nore particul ar
enbodi nent. 5 [0068) In another aspect of the

i nventi g I}M(Qg;@txnl easgr one net affiypgene cat al yst
conmponent can be described nore particularly in

struct uT€d MEGZ)XDy, (Vc) and (Vd): R3 R4 )RIR4\ R2
R* MQq (X)nM Q 10 (Va-i) (Va-ii)

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
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, —SiR3, -PR;, and
hydride, providing that when Q is -NR~, then Z is selected from the group consisting of
—OR, -NR;, -SR, —-SiR3, ~PR;; and provided that neutral valency for Q is satisfied by
Z; and wherein each R is independently selected from the group consisting of C; to Cyo
heteroatom containing groups, C; to Cyg alkyls, C¢ to Cy, aryls, C¢ to Cy; alkylaryls, C,
to Cy alkoxys, and C¢ to C, aryloxys;

nis 1 or 2 in a particular embodiment; and

T is a bridging group selected from the group consisting of C; to Cyo alkylenes, Cs to Ci2

arylenes and C, to C;o heteroatom containing groups, and Cs to C;2 heterocyclic groups;



RBRA, 7R\ (XN MARS RERr R7 8 (Vb)) 15 WD
2004/ 022605 PCT/ US2003/ 025151 -20- R4 R5 R3 R6 R2
WO 2gow2deos (X)n MA R7 R* RI2R10 R1 | (Vc) PEI/BS20R8025151
f R R R RL(XYn MA \R7/ R8 R* R9 RL1O (Vd) 5
wherein in structures (Va) to (Vd) Mis selected from
the group consisting of Goup 3 to Goup 12 atons,
and selected fromthe group 1®mnsisting of Goup 3 to
Group 10 atons in a nore particular enbodi nent, and
selWhatidedch Gingtdup lyidgap adjapsit $pAYI(QEGE i pgrBupsy audis chemically

2004/,022605 PCT/ US2003/ 025151 -21 G oup 6 atons in
yelfongeﬁifﬂgeygg’rtﬁr%msar embodi nent, and sel ected from
the group

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

5
[0068] In another aspect of the invention, the at least one metallocene catalyst
component can be described more particularly in structures (Va), (Vb), (V¢) and (Vd):
R* R R® R
10

15



consisting of Goup 4 atons in yet a nore particul ar
enbodi nent, and selected fromthe group consisting of
w@eooanzbebf in yet a nore particul ar enbodi ment PCEUSRDB025151
Zr in yet a nore particular enbodinent; 5 wherein Q
in (Va-i) and (Va-ii) is selected fromthe group
consi sting of hal ogen ions, aIkyIs al kyl enes, aryls,
aryl enes, al koxys, aryloxys (hn1nes al kyl am nes,
phosphi nes, al kyl phosphi nes, substi t ut ed al kyl s,
substituted arylrS, suRgtituted al koxys, substituted
aryl oxys, substituted am nes, substituted al kyl am nes,
substituted phospg ) substituted
alkylphosphdﬁ Res, heteroallyls,
car boxyl at es (no 1ting exanples of suitable
carbamat es and ca yl ates include trinethyl acetat e,
trimethyl acet ate Ry| acet ate, p-toluate, benzoate,
di et hyl car barkit e i met hyl carbamate), fluorinated
al kyl's, fluoriné and fluorinated
al kyl car boxyl 5 q I\s an integer ranging froml
to 3; whereir [ i ndependent|y: selected from
t he gro(¥.ddpsi sting of hwdrocarbyls and
het er oat om coqt ai ni ng hz%/ocarbyls i n one enbodi nent;

and sel ected fxom RAe grgup 20 consisting of

al kyl enes, suq§ ityted kyl enes and

het er oat om cdhitg "‘\3 Rdr ocar byl s i n anot her

enbodi ment; and §¢ ted fromthe group consisting of
Cl to Cl2 substituted al kyl enes,

t; and selected fromthe
group consisting ® 1 to C4 alkylenes in yet a nore
particul ar enbo?gaent'lﬁnd wherein both R* groups are
25 identical not hBr embodi ment M8) st ruct ur es
(Vb-d); Ais as described above for (A) in structure
(1), and nore particularly, selected fromthe group
consisting of -4 -SR° -SX-, -NR-, =SR2, =GeR2,
=SnR2, -R2Si SiR2-\ RP=, Cl to C12 aIkernes

substituted Cl taq A &l kyl enes, divalent C4 to Cl2
cyclic hydrord D—apd substituted and
gr/oups in one enbodi nent; and

unsubstituted ar
sel ected fromtheoup consi sting of C5 to C8 cyclic
hydrocar bons, - CHR zCR2 and =SiR2 in a nore
particul ar enREdi Aot t; Bherein and Ris selected from
t he group consi |q9 2004/ 022605

PCT/ US2003/ 025451 2

X M

R9 RIO (V d)

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
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30

al kyl s, cycloal kyls, aryls, al koxys, fluoroal kyls and
het er oat om cont ai ni ng hydrocarbons in one enbodi nent;

w@em4/m2665 sel ected fromthe group consisting OFCIAS2003/025151

C6 al kyls, substituted phenyls, phenyl, and Cl1 to C6

al koxys in a nore particular enbodinent; and Ris

sel ected fromthe group consisting of nethoxy, nethyl,
phenoxy, 5 and phenyl in yetla nore particul ar

enbodi ment; wherein A may be absent in yet another

enﬁrmlpn@ rtQms fn Wkl éwn@@sear@g&w gmbodimga, jand oselestadofrom the group

cons stlré%of éfogxﬁ] %at#n?ls g'?y gﬁér lfa?%%b{’%n{f:‘ ot taHH sélécted from the

en@ﬁd}b gBM¥istingrod Zr amd Bf innyey @tm@rd qiah&lular eftbodini@nt andaBdr in yet a
15 R1 through R12 are i ndependently: selected fromthe

gr 90y R embedBRenty dr ogen radical, hal ogen

radicals, Cl to Cl2 alkyls, C to Cl2 al kenyls, C6 to

Cl2 aryls, C7 to C20 alkylaryls, Cl1 to Cl12 al koxys,

wher@'h @on CY2-if anb(\omlik sl s]ec@d fram (ﬂie2grfohp| @poastylgsof laloge@lions, alkyls,

Cl2 heteroatomcontaini ng dr ocar bons . .
S CHEIFRGS ot Hor $YIENFY KPR BB TS R by HEifes,  phosphines,
Seilfi‘ﬁbﬁ‘éjspﬁfn@gn §u‘B§t1t9feGu£k 9”831'b§t‘it'uféﬁ Sh1shyesabRE alkoxys, substituted

radical, fluorine radica O chlorine radical,
br@mones r sdbgihted CrmtinesC6 S@skt)alt@ dylewings, aubstitptes, phosphines,

C Cl.to oreaal kyl s to
i 1 S P leicditnds hobRaEE o briHePls St oy lath, (n-timiting
agxtahfpidsar ofe NEb e Ndarbaditesh VM0 J&b I3kt €Al mcfu|d60fthﬂ1%thylacetate,
rad|cal chlorine radical, nethyl, ethyl, propy

i seimeipgacetasyt ymethydasstaty | | pielpgtear pepeRAs,, H@%wlcarbamate and
ph yI d ry | phay!
gr@ﬂ%shyl‘%rl?m?dt%? ﬁl&ﬂggﬁﬁl Ca s, eﬁt%tfo Bfea 91%?/ V\h%lr%e fluorinated
adjlegenmboryigequps may forma ring, elther saturated,
partially saturated, or conpletely saturated. [00691

The structure of the netall ocene catal yst conponent

qgkg &59 A¥nd Vay3;mey take on nmany forns such as

I sclose % for exanple, US 5,026,798, US 5, 703, 187,

and US 30 5 747,406, including a diner or oligomeric

wher%ttng%%h% 815 %]%él %n i'ch%ﬁd@@éB%%r@%%%g&s%ng o% hydrocarbyls and

Pq:ﬂtét’@@t@ﬁﬁécg@aﬁﬂﬁé hydéotatt)fd /i8] orleNerfb ddRh bhtS thi%elect)ed frl%m the group

enbodi nent of theé retal |l ocene represented in (Vd
anepnpisting of alkalepehsubstitetgd @qulﬁmb%a@ﬂh@tard@mmmmgmmg hydrocarbyls

syste t hat stitu
Noli-another Iewgn%})inaeﬁ%l gg%e gted?r g Sroup. ¢ 5 Stll‘lg %?H to Cy; alkylenes,
COgPRNENIsEbdtdited alkglthesMahth C; he C), heteroatom -containing hydrocarbons in a
more particular embodiment; and selected from the group consisting of C; to Cs4
alkylenes in yet a more particular embodiment; and wherein both R* groups are

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—, =SiR,, =GeR;, =SnR,, —R,SiSiR,—, RP=, C,
to C;, alkylenes, substituted C; to C,; alkylenes, divalent C4 to C; cyclic hydrocarbons
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
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5 description herein include:
cycl opent adi enyl zi rconi um Xn, i ndenyl zirconium X, ,,
w@ 1eom®2dey3 | ndenyl ) zi r coni um Xn, 10 PCT/US2003/025151
(2-met hyl i ndenyl ) zirconium Xn, (1-prop
yl'indenyl)zirconium Xn, (2-propylindenyl)zirconium
Xn, (1 -butylindenyl )2| rconi um Xn,
(2-butyl i ndenyl ) zi r coni um %2215
(et hyl cycl opent adi enyl ) zi rconi um X, .
t ealkﬂhydpmlmlleyiyl 7 Ayéso ni alkaxxs,, fluoroalkyls and heteroatom-containing
(Sl@f(%%célﬁ ﬁd 01%89&1%%}1{3 qyl kz s&%&e&‘ @o}ﬂ]the group consisting of C; to

Zirconi urn

pegy QH@I&YShBMﬁhte@qﬂkﬂylb eﬁb{dntyl tadi gMtXCs alkoxys in a more particular

tetranet hyl cycl opent yltitani um X

1, embodimpnfeaid R 45 sqlestachiromithagioup persitingokmethoxy, methyl, phenoxy,
IRt ycl opent adi enyl ) (cyc

I open‘{% l&?‘éh%&z@ﬁ%ﬁ%ﬁ% %}éeﬂ{ﬁhﬂﬁlé o

di met hylsilyl (1,2, 3, 4- tetrarret hyl cycl opent adienyl) (1,2

3-trimnmethyl - yclo adl |rco
Wheraa%ﬂfyr% Dyeatin SeGHptha el tﬂflﬁﬂ boPoTgh %Sg(ﬁa@h% )ig fiefined s for
ng@hyl cycl opent adi enyl ) zi rconi um Xn,
dlnethyIS|IyI(1 2,3, 4-tetranet hyl - cyclopentadienyl)(Z-
nethylcyclopentadlenyl)2|rconlun1Xn,

ent adi enyl) (i ndenyl ) zi rconi um X,
ea°h§¢ H%ﬁ ?#FQ;?QOZ'% vl i ndenyl ) (f1 uorenyl)zirconium X,

dlphenyls I (1, 2,3,4-tetranet hyl cyclopentadlenyI%(
n is m We&ﬁ@ mwfl,amdef%ﬁw)lzmr?whmﬁhemmmém@@ Hadsh Py} in yet another
é b met hyl cycl opent adi enyl)
chl % ¥& Cyc opent adi enyl ) zi rconi um Xn,
dlnethylgernyl(l 2- d|nethylcyclopentadlenyl)(S I soprop
| cyc ent adi enyl ) zi rconi um X

ﬁyf%‘iel widependerglys SF]é’thPQrfg%IﬁQhQ SRUPFHAISHAE & 1yylragen radical,
Yiny el E”‘cﬁdio Y, Lllkg g?rlbu@zxeﬂkengls Cs to Cp a?llls C; to Cao

ylnet yfl ene(Ccyc adlenyl)( | uorenyfl)
onalkyrlabyﬂs (3%0 C,, alkoxys, C1 to C1 2 fluoroalkyls, C¢ to C;, fluoroaryls, and C; to Cy2

O RhEnl et LA e(crclenertad S L PISRULIELT SILY i on

><nembodlment, selected from the group consisting of hydrogen radical, fluorine radical,

th

chlorine radical, bromine radical, C; to Cs alkyls, C; to Cg alkenyls, C; to Cis
alkylaryls, C, to Cs fluoroalkyls, C, to Cs fluoroalkenyls, C; to Ci3 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;
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
5,747,406, including a dimer or oligomeric structure, such as disclosed in, for example, US

5,026,798 and US 6,069,213.
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I so- propyl i dene(cycl opent adi enyl ) (9-fl uorenyl ) zirconiu
m Xn,
wo s@4pewpyl i dene( 3- net hyl cycl opent adi enyl ) ( 9- f PODUSIIPED25151
zirconium Xn, ethyl enebi s(9-fluorenyl)zirconium Xn,
40 neso- et hyl enebi s(1-i ndenyl ) zirconi um Xn,
et hyl enebi s(1-i ndenyl ) zirconi um Xn,
et hyl enebi s(2-methyl - | -ind&hyl)zirconi um Xn,
et hyl enebi s(2-nethyl -4,5, 6, 7-tetrahydro- | . )
[0070]; ndenylln)azpmgmaunmb(9¢r,nent of the metallocene represented in (Vd), R* and R

form G ERER 16562 BE AR ¥irbh Bing sysid R IRAY Py BB ok il
ethylenebis(z-isopropyl-4,5,6,7-tetrahydro- 1

-indenyl) zirconium X, WO 2004/ 022605 PCT/ US2003/ 025151 .
[0071]24 Non-limiting examples of metallocene catalyst components consistent with the

descxﬁﬁtmﬁllﬁpeqm&ﬁl?d'e.bm yl -4,5,6, 7-tetrahydro- 1-i ndenyl ) zirco
I um

et hyl enebi S(2-isobutyl-4,5,6,7-tetrahydro-I-indenyl)zi
rconiumX, ,, .
cyclopepiadis)ylgireqAim X5, 6, 7-t et r ahydr o- 1-i ndenyl ) zi r coni um
?lldegiz,léi%nwpgﬁeny[ (4,X5, 6, 7-tetrahydro-1-i ndenyl)zirconium
-m ’y enyl)zirconium Ay,
(2-methfplhdengbiisqotjui &,.7- t et r ahydr o- 1-i ndenyl ) zi r coni um
(1-pr¥pylindenyylptchyium Xy | bi s(cycl opent adi enyl ) zi r coni um X, , ,
(2-propytaideyyipditcphinhsX Q- f | uor enyl ) zi r coni um X,
(1-budy1iRfeAy) Atcoiiul X(,1- i ndenyl ) zi r coni um X, , ,
-buf IRIBYINAlbYIuB] R(,2- met hyl i ndenyl) zi rconi um X, 10
(metfdll Slilovl Bl %"‘Eﬁ %),y! i ndenyl ) zi rconi um X, ,
tetr c?}d ih éﬁyﬂi ShiRhSk2-butyl indenyl) zi rconi um X, , ,
(pent I ppe él %l S l%-irrret.%kndenyl )zirconium X, ,,
aﬁnﬁ 'y P OPPYFBF -5?18 I"denyl ) zi rconi um X, , ,
CYCIQH’F%‘H YIGreQRYn oo but i i ndenyl ) zi rconi um X, , ,
pentamataylayalepentagdicny %@u%&yl i ndenyl ) zi r coni um X"
tetragtiuglobigiprentylligniim & ahydr oi ndenyl ) zi r coni um X, ,
132,4ethmﬂy9¢¢y$ldp5thtbdls(lyleltr¢qmmH‘y_l cycl opent adi enyl ) zi r coni um
dimedylsilyl(1,2,3,4-tetramethylcyclopentadienyl)(cyclopentadienyl)zirconium X,
dimetHyalyl(¥)253,4-ydtlammeth yop e tdpattadisypil)(( 2;3-triroetaylydyctdpeaadienph)zirconium

X’ Xfl’
. i | i A 1 . A 1 1 .
el R B S g gt aconi

15

dimethylsilyl(1,2,3,4-tetramethyl-cyclopentadienyl)(2-methylcyclopentadienyl)zirconium Xy,
dimethylsilyl(cyclopentadienyl)(indenyl)zirconium X,,
dimethylsilyl(2-methylindenyl)(fluorenyl)zirconium X,,
diphenylsilyl(1,2,3,4-tetramethyl-cyclopentadienyl)(3-propylcyclopentadienyl)zirconium X,
dimethylsilyl (1,2,3,4-tetramethylcyclopentadienyl) (3-t-butylcyclopentadienyl)zirconium X,
dimethylgermyl(1,2-dimethylcyclopentadienyl)(3-isopropylcyclopentadienyl)zirconium Xp,
dimethylsilyl(1,2,3,4-tetramethyl-cyclopentadienyl)(3-methylcyclopentadienyl) zirconium Xj,
diphenylmethylidene(cyclopentadienyl)(9-fluorenyl)zirconium X,
diphenylmethylidene(cyclopentadienyl)(indenyl)zirconium X,
iso-propylidenebis(cyclopentadienyl)zirconium Xp,
iso-propylidene(cyclopentadienyl)(9-fluorenyl)zirconium X,
iso-propylidene(3-methylcyclopentadienyl)(9-fluorenyl)zirconium X,
ethylenebis(9-fluorenyl)zirconium X,

meso-ethylenebis(1-indenyl)zirconium X,

ethylenebis(1-indenyl)zirconium X,

ethylenebis(2-methyl-1-indenyl)zirconium X,,
ethylenebis(2-methyl-4,5,6,7-tetrahydro-1-indenyl)zirconium X,,
ethylenebis(2-propyl-4,5,6,7-tetrahydro-1-indenyl)zirconium X,,
ethylenebis(2-isopropyl-4,5,6,7-tetrahydro- 1-indenyl)zirconium X,
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cyclotrinethyl enesilyl (tetramethyl cycl opentadi enyl ) (cy
cl opent adi enyl ) zi rconium X, , ,
w@ k022603 amet hyl enesi | yl (t et ramet hyl cycl opent ei/espobi/§25151
cycl opent adi enyl ) zirconium X, ,,
cyclotrimethyl enesilyl (tetramethyl cycl opentadi enyl) (2-
met hyl i ndenyl ) zi rconi um X, ,
cyclotrimet hyl enesilyl (tet Rt hyl cycl opent adi enyl ) ( 3-
met hyl cycl opent adi enyl ) zi rconium X, ,, 25
ethyl@l}f(blﬂ&-butyéﬂtﬁﬂ énesgahygrobl-gdenyhaitgpniuad¥ay| ) zi r coni um
ethylefiebis(2-isobutyl-4,5,6,7-tetrahydro-1-indenyl)zirconium X,,
dimethyisil91(4 50631 kbdahymiﬂ indényd)ziraomitinyX,cy cl opent adi enyl ) ( 2,
diphedyf4,5td, 7-i@taRydoycimdpenzadosian Xzi rconi um X, , ,
ethylE3isPA, 5'6“ﬂeﬂ¥h§‘d?§ﬂhh&éxﬁf’l)§{récﬁhﬁ1§'}€t hyl cycl opent adi enyl)

di [‘El td 1
e ys 53’ ¥ lw cycf‘opent adi eneyl ) (N-tert-but

dlme y

dlme y

d1me y lé’ ési( lﬂdg%hz rf?‘ii‘]‘gmffg]mxk’ ’

dimeflrylsily ‘gg’ HERTEMY Az i r coni um X, |,
dlmeg'qy lylbéﬁga GOIEEeRIERi 2oy | )zirconiumX,,,

dlphdm’@ Iy ﬂmlllﬁdwémﬁmrémumzxrr, conium X, ,, 35

d1phdm1yks(lykkm(b+ptgﬂydny1d¢mﬁ)em¢mdnm X4l ) zi rconi um X, ,

diphdniyB(liylbis(Pbapyindstolapeottiadi>gnyl ) zi r coni um X, '

dimethySdeimai byd(T-yiedtpnmatad)zaoydinai X.coni um X, ,

dlmemyﬁsmrb@@(%evﬂaﬁy&b@@@m)@ﬁb&ﬁuﬂn)xI rconium X, ,,

dime g i Qe Elﬁgdlw z)&bﬁlﬁﬂlrbkum X, ., 40
Iyl(

dime F\@ éFg; Iium X X
irconiumX,,,

glpﬁeﬁly g{(g‘ycbc)pi‘ dlen ﬁuoqgg{cyc B}ée nt adi enyl ) zi r coni um

1phgry sty ’hyI C cI ent adi e i rconiu
cyeloggimethy PE 1(éftt el R Eer Y ETR SR Dr S
cyclosetrameyisylen ét %m@thﬂ Y9Rg BéﬁYé lope tﬁths@dhzlmﬁnwm X,
cyclabimepaienenibiFaaoptivisy @mm@ﬁw)@rm@tbwnmy@zmomum Ko
cycldunmethybncmgyﬂ(taramhy}dycgopbmp@nmdm ansthylzyclopantagdmny])zirconium X,
cycldiiméthylenbdilyibis(3-mehylindeyyl)zipenmuadKgnyl ) zi rconi um X, , ,
cyclotn@B9reh iR @trabi{eTyléy2 (dpSntadiedy §(2,3;525

bi gitrlettyd&RWpkhtadrelPh2ohNE] RPENt adi enyl ) zi r coni um X,

cyclotrimethylenesilylbis(tetramethylcyclopentadienyl)zirconium Xp,
dimethylsilyl(tetramethylcyclopentadieneyl }(N-tert-butylamido)titanium X,
bis(cyclopentadienyl)chromium X,,
bis(cyclopentadienyl)zirconium X,
bis(n-butylcyclopentadienyl)zirconium X,
bis(n-dodecyclcyclopentadienyl)zirconium Xy,
bis(ethylcyclopentadienyl)zirconium Xp,
bis(iso-butylcyclopentadienyl)zirconium X,
bis(iso-propylcyclopentadienyl)zirconium X,,
bis(methylcyclopentadienyl)zirconium X,
bis(n-oxtylcyclopentadienyl)zirconium X,
bis(n-pentylcyclopentadienyl)zirconium Xy,
bis(n-propylcyclopentadienyl)zirconium X,
bis(trimethylsilylcyclopentadienyl)zirconium X,
bis(1,3-bis(trimethylsilyl)cyclopentadienyl)zirconium X,
bis(1-ethyl-2-methylcyclopentadienyl)zirconium Xy,
bis(1-ethyl-3-methylcyclopentadienyl)zirconium Xp,
bis(pentamethylcyclopentadienyl)zirconium Xy,
bis(pentamethylcyclopentadienyl)zirconium X,,
bis(1-propyl-3-methylcyclopentadienyl)zirconium X,
bis(1-n-butyl-3-methylcyclopentadienyl)zirconium Xp,
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bi s( 1- propyl - 3- butyl cycl opent adi enyl ) zi r coni um Xn,
bi s(1, 3-n-butyl cycl opent adi enyl ) zi rconi um X,

whe@@422603i met hyl i ndenyl ) zi rconium X, 5 PCT/US2003/025151

bi s(i ndenyl ) zirconi um X,

bi s(2-met hyl i ndenyl ) zirconiumX, ,,

cycl opent adi enyl i ndenyl zi r coni um Xn,

bi s(n- propyl cycl opent adi enyl2ohaf ni um Xl ,

bi s(n-butyl cycl opentadi enyl ) haf ni um X,,, 10
bis(15sebutyl Pemethlytoycloppresedierilizargoningf i, um X, (n- propy!
bis(1gyopydsemitaldyadopdntd{dieryl)zirtoreyo Xapent adi enyl ) haf ni um X,
bis(13-5-b(Ridyeiopehtagiesyl)zitconing Xcycl opent adi enyl ] haf ni um
bis(49-dimetiBilindédylFRtsnilmi Xyl cycl opent adi enyl) haf ni um X, ,,
blS(l[hieﬁ {1%7iRoRAAPX,| ndenyl )hafnium X, ,, 15

bis(2Fhéth ,{q—eﬁ%ﬁ) 1) haf ni um X,
cyclo :eﬁr?é AN 11n frg' rgr pyI cycl opent adi enyl ) haf ni um X,

; cycl opent adi enyl ) haf ni um X,
b‘““g%} 9 %8 haf hium X1, :
bis(ngyutyleyglo af ni um Xn, 20
bis(nepgniyleyclopy Pt@fhﬁﬁ}’ W2Xm- propyl | ndenyl haf ni um Xn,
(n-prbpxl cyclapgit yl)én#@m ydgran é"-‘r%’ @ Xnaf ni um X, | ,
blS[(Z-mrpﬁb}olyilﬁy@lb’ligmmmélﬁylb’m mnpXepyl - 3- n- but yl cycl ope
bis(triettiy iyl dybkbentadieny!hafium X,,
bis(2ci-pm@phihdenlYhdthizin Hget hyl cycl opent adi enyl ) (cycl opr opy!
bls(zaﬂbﬂ%ﬁdeh DhARIuENX,,, _
dimefHyTS IBY (ﬁlplra/ﬂy(l )}g%t RGN | IsHaskiamexy, adi enyl ) (cycl obutyl a

dime iS(AB Rtadie lI)hafmum Xn

bis(9%- u@én @lﬁﬁﬁet ﬁgy/ eycl opent adi enyl ) (cycl opent yl
an

1(95s§l9m0 eﬁ;ﬁ : %opy?é;il'g )hai\éCl o&ent adi enyl ) (cycl ohexyl a

bis(1 thyl uglp%
(n- prg}m%gjfgﬁ?gggﬁnfﬁﬁﬁ %?qulcyclgégl(géd?gl%/}!l))hgg%grlnohept Y
dimethiytssly etramettyleystapantediayyligvilenrepylaaidopitanigaySh.ooct yl a
dimettiytbilyt(tetmnietipleselopentadienyl)(cyclobutylamido)titanium X,
dimettiysityl{yetaidestyldyelopanadieny iy vdlopantladideitithnitoyX), onony| a
dimefHy®@yl(tetrfictiyley@lopdftadienyl)(cyclohexylamido)titanium X,

dimef]y T m@tﬁiﬂe)ﬁyﬁ {dpenmblN IR dsmphiadisenithliteyx], odecyl a
dim m lo entadlenil)(cyclooctylam1do)t1tamum Xn

dim vy 1?(¥§él&¥b%@riaﬂﬂh§)ﬁ¥a{1ﬁ1{rﬁy,§l oundecy
dime 1ame, lode am ido)ti
= ﬁqs;fﬂgﬁaz;;% PRI oo

dimethylsilyl(tetramethy cyclopentadlenyl)(cyclododecylamldo)tltamum Xn,
dimethylsilyl(tetramethylcyclopentadienyl)(sec-butylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(n-octylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(n-decylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(n-octadecylamido)titanium Xp,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclopropylamido)titanium Xy,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclobutylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclopentylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclohexylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cycloheptylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclooctylamido)titanium Xp,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclononylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclodecylamido)titanium, Xy,
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 met hyl si |l yl (tetranet hyl cycl opent adi enyl ) (sec-butyl am
ido)titaniumX ,,
walzovenegbsi | yl (t et ramet hyl cycl opent adi enyl ) ( n-Bct/ysmni/aes5151
o)titanium Xn, 35
di met hyl si |l yl (tetranet hyl cycl opent adi enyl ) (n-decyl am d
o)titani um Xn,
di met hyl si | yl (t et r anet hyl cyddfpent adi enyl ) (n- oct adecy!
am do) titani um Xn,
methtsrblhhlwlpbé(mgttasmdtlwlwcécmeataétenyl)@yftﬂcmbemd@dtaanym Yecycl opr
methglphkaytsitd(tétaneeth yloyckopentadienyl)(n-octadecylamido)titanium X,
diphémsidilyl(Rhametisidygloptethdiany)(bydlepropydaaidostitteiog X{,cycl obu
diphérid s (Bbebhinietl By dIBp&itadienyl)(cyclobutylamido)titanium X,
dlphaﬁiml(&qng)nﬂﬁé{mdyxi tehdienalbydispeatyeasiabrihaam ,( cycl ope
§

Atadien clohex lamldo)tltamum
aiph R QISR L (@él&%g AREAbAALEDN(cyc ohe
diphX A cly 0 Flé?g cgflamldo t1t ium X, | oh
dlph WY S ag}h[y leny % §/ r}lonyfgl%ldo)% mun¥ 52,1,( cyclone

dlph ( 1 (ryal |6.B]é4ﬂ)

i 3%; méﬁi{gﬂ}gzg}Zggﬁggéﬁ§(@)ﬁlﬁ%}e]cylamm%)tltamu )§Cy0| 00¢
dlphmﬂnlyl(mremﬂs’lldyylopﬁlettadlamé)(hquQ@ﬂ@iﬁ@émldabﬂtémym) Xeycl ono
diphenylsillyl (htrpiniethyhdyalopmtadienyl)(sec-butylamido)titanium X,
diphéridilyl(rhamgttsidygloptetadiang)(hydcoyahidppnimanetyl ) (cycl ode
diphéigl syl (Eberhineth3MdydIBpentadiedd)(n-decylamido)titanium X,
diph&BASIY (RASMEESAdy¥] Eﬁb&l@ﬂﬁ}(ﬁédcﬁa)ﬂ@éﬂﬁﬁﬂbﬁﬂblﬁﬁﬁﬁ' )XY @h@Uerivatives

theredfcylam do) ti't ani um X
nethylphenyIS|IyI(tetranEthyIcyclopentadlenyl)(cyclodo
decyl am do) titani um Xn,

[0072iet hyl ijEnylbﬂv:itWeé tthéreafr‘ehmd meahtopgn salshtiarion) s emg bfokmation as
yl am do) titani um X

descralaqdrahom BT (ar) AR 8 mBOimGRe AR ) RAR 4 Teplacgment of the

metaﬁgﬂé[d(zﬂ,'ztraﬂ AR ith ¥ 8RR AR HE 5P ORsRARg B8R Cr, Zr, Hf and

Ti; anetepydcpmentydfshe YX'{ gmup avitht dnylof Yt lto e alkalsi €ayiy)y, s ey alkylaryls,

am do)fitaniu
o BHERy? B b et ARG FETbS Rk oEh g1 e gL Hyallocenes
is a fAfoHdRE RN loCE R WHERR: one or more of the X groups is a fluoride; and all X groups
di phenyl silyl (tetranmet hyl cycl opent adi enyl)(cyclopropyl
are ﬂalm'ld@s) injyetadingra particular embodiment.
di phenyl si |yl (tetramet hyl cycl opent adi enyl) (cycl obutyl a
m do) titanium X,
[0078}) pgenylt S8 lcwn(emgtatﬁmltahmecmeﬂanmﬂe adiabrw Jdrapualeapealsstibed above
am do) titani um
inclugp ﬂwerr@qugﬁura,l Iof PREGah AR ENApPHEemEN & isemerdrasayio MixfeIe Hagd 1y be a pure
|
enang%rg%)elhy H&P?%wfnr anet hyl cycl opent adi enyl ) (cycl ohept yl
am do)t|tan| um X, ,

[007-':1:1,]I 8 g)e F ?/foglnll;séglln(lg@?cteélagetsﬂl)g/{ )i%d%g(? ngswjynlln?et%/lcglgyc%gll)s%%g&/ metallocene

catalg’%t ggﬁibﬂh&ﬂt hwl{l&s&%ﬁﬁé /SR LRSI G HoBONY) S CONBRANE & least two

I'tani um

diffeciinpbedgeld sinetal 10 ¢ane rcatabishgdnepanentsent adi enyl ) (cycl odecyl a

m do)titaniumX ,,

di phenyl si |l yl (tetranet hyl cycl opent adi enyl ) (cycl oundecy
[007glam do) thd aiethilodene catalyst component” useful in the present invention may

phenyl si |yl (tetranethyl cycl opent adi enyl ) (cycl ododecy

comprmagmyqamb@mlmﬁany ‘embodiment” described herein.

di phenyl si |l yl (tetranet hyl cycl opent adi enyl ) (sec- butyl am

ido)titaniumX,,,
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di phenyl silyl (tetranet hyl eycl opent adi enyl ) (n-octyl am d
o)titaniumX,,, 15

walcphemehsi | yl (tetramet hyl eycl opent adi enyl ) ( n- BeT/ybzN03/025151
o)titanium X, ,
di phenyl silyl (tetranet hyl cycl opent adi enyl ) (n- oct adecyl
am do)titanium X, and derivatives thereof. [0072] By
"derivatives thereof', it i-2/meant any substitution or
ring formation as 20 descri bed above for structures _

[007¢]Va- d) Wihenrembineddd Hem ,thqahimq‘tailicpgat@liy@tmcumponent, the molar ratio of

| ace t o he net oM (Cr, Zr, T or W t .
metal (B Fed cafhshorpRerhle §F st bl HhgBapeible ppobtar raio of
Ti:Zff isadaluli of &d¢h NEPheOTENonefenibbdiment; gh®UonM 1 hoal® in another

of C1 to C5 alkyls, C6 aryls, C6 to ClO al kylaryls, .
embqdiment; ard &iomc A IteliSHE; yeh apather embegimgnt, ppd drognBttocl? By yet another
e | ment., _eac . Vi eNesSeakS .
et GTREA, T8 ut 3P LU, ARENE SRLOIIESDRELpby Bo g i st amthr
emba@¥iems whereih 4 desifabldanolan ehtial df fifstgracalpss cordpo@ne metal:second catalyst
fluorides in yet a nore parti Cllil ar embodi nent, [Q073 .
companepignelahi apyFARRAAHMAT A0p PRENI HEBABY Lo & iait described herein.
conponents descri bed above include their structura
or optical or enantioneric isoners (racem c m xture),
Activator may be a pure enantioner in one enbodi nent. 30

0074] As us herei,n, .a single, br.idged,
0075y e AS Gl BB Ry 4fimh REDEIT HOB ST nEd g Y5 2ny compound or
comtﬁﬁﬁﬁﬁ%‘%ﬂ?@ﬁ(ﬂd@&ls@pbﬁ&?ﬂ? EnsappbrRd, WRRR ch AdtBiatdPEfalyst compound
not, itself, constitute at least two different

(e.g-bZicglgeNattaemethllotsape @atp |1y Fonwinnpe aualysts, @5.)] DOh5E by creating a
. The "netal |l ogene. catal yst nent. f [ .
ciof g FROEHE oot om0, Wt b Sogyon o

least oR8RAingRRdTp QgD HE thehoreilas/sttn2ODA022HEN the metal center of the
PCT/ US2003/ 025151 -27 [0076] Wen conbined to form

catalysiecaminonentt | iLbe catahysy Sompenpthohthe Prrschipinyention prs Hyus activated
towal! cﬁ%aﬁr{ {)&g}nteﬁfat{oln &En@cﬁtcﬁla}fﬁ{at&gw& &R BP%@%&OQom include
catalyst conp .g., nolar T2y T a

r
onent ratio o
Lewigaicide sath fas omlR. dr dligodtericrpody(bydotatylaintinuma naidasy ralkylaluminum
to 18 in another enbaodi nent,, .and.from 0,15 in vyet . ..
compays apd SRHFGURERE-CORMPA P HPBC {605 r@I&A Arehsiaficly. “ionizing
activ@ﬂégsogdr”%ﬂ)tiéhiﬁﬁ&ri @V Alofs®), 5P ah? oWt cBABLRRS that can convert a neutral
enmpodi ment, and from4 td 8 in yet another .
metatintendioatahyst coinpomEn ta adestaledshe catdrathat &t pabivief with respect to olefin
) cat.altiyst conmponent netal : second catal yst conponent
POIYIRERZAO0s any combi nation of any upper linit with any

|ower limt described herein. Activator 10 [0077] As

used herein, the term"activator" is defined to be any |
[0078)onpoundlogs particularly, 1t 1s within the scope of this invention to use Lewis acids such

as alumoxane (e.g., “MAQO”), modified alumoxane (e.g., “TIBAO”), and alkylaluminum
compounds as activators, and/or ionizing activators (neutral or ionic) such as tri (n-
butyl)ammonium tetrakis(pentafluorophenyl)boron and/or a trisperfluorophenyl boron
metalloid precursors to activate desirable metallocenes described herein. MAO 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
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.,
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conbi nati on of conpounds, supported or unsupported,
whi ch can activate a catal yst conpound (e.g.,
wQemgheweNat t a, netal | ocenes, G oup 15-cont ai NPEIYUS2003/025151
catal ysts, etc.), such as by creating a cationic
species fromthe catal yst conponent. Typically, this
i nvol ves the abstraction of at |east one |eaving
group (X group in the formil28s+structures above) from
the netal center of the 15 catal yst conponent. The
metaliedeat)ystseparatedimenthe cafalysh eomppasahisu¢hasalesirted dweGnegaw G. Hlatky,

activate t | ef rizati uch
Hete ggenafie oyasle Sfpo At 4 bR ohety vafar 903 Ghfflor Reviews
1347H%WM zﬁﬁbds such as cycllc or oligoneric

pol y(hydrocar byl al um num oxi des), al kyl al um num

conpounds and so caIIed non- coordlnatlng i onic

ctivat i . o
0075 205 Bu B S b S0 URS wijeh gy e witned

activetbhefor eHengacalyie pfd&&fsoﬁaﬂnmmdﬁfdr e nﬁ‘tlhb madthétl3 of the present invention
nmet al | ocene catal yst conponent..to a_netall ocene cati on

incluge, sempthy lpdyrmipamytfgihylglyparym. Gligobaiaumpyny fem-bepyiabminum, tri-
ncméé?&%%mﬁ@%ﬁtﬂ@ﬁ<§CU|ar|y’ it is within the scope of

nvention to use Lewi s aci ds such as al unoxane
(e.g., "MACQ'), nodified al unoxane (e.g., "TI BAO) and

| kyl al um n m 25 conpounds as activato nd/
1008flon1 ?w?fopgutf(a egpiee aFtlYaaﬁlfﬁc)ncgtﬁeh RQUR 13 (i substituted

com&%&é hﬁ”?&l‘ﬂbﬂrlﬁf ttﬁtsruﬁl‘titﬁt@ﬁeﬁgr&ﬁl té‘i’lﬁﬁ@xlﬂe RV BEMO rgaﬁﬁﬁﬂ Qhd indium

tri'speffluordphenyl boron netalloid precursors to
commnds; adrel desturesbtherentt alheo thme sublssidasrt herdupse pxsi nachlvmependently

ot h al um nunt.bas tivators ane wel |l. known
selocflcngi e e HMREET o1 8P ool Be0UP: Rt sbitEREE A, i
arylhaﬁaesaraﬂcoagearﬂeﬁﬂfdebedlnbyne Ebogixamp| Be thiegesBup® dreXirépendently
in J. Marks, Cocatalysts 30 for

selechpdtfegm dhg gnoyn onsiHtiag of hpkeegmEnoneser rawticygdici (nelusting halosubstituted)

o RGPS5 BB AL B Y s, e e

grougis?4160 GglectEd @roﬂﬂ theV@blﬁp“ som3yinpef akssylgjradmchaninighl @y 20 carbon atoms,
ound to. a sup ort, either in associatjon with the
alkylgiousyhayingoni9 bO(nea s, alkpoxy Eoyns Jurms 1 to 20 carbon atoms and aryl

grou]? CH;(VH%ZQ Fbgé(pga?ﬂ'olari[atomg $infRl lsﬁﬁﬁ Gtkd nylsz ﬁ@r&%lﬁa{tﬁm thereof. In

t conponent, suc escri‘bed G egory
yet aothick atriby)dlmdﬂet the dhyen egporgsSirn gslebc@dtfeorﬁ:ethalgycamsccﬁrm'rsting of alkyls

T SRR o B R R TR B o vt ot
embitBAN WY Alrdey b roﬁﬁmumtéﬁhfr&'ﬂ KB Yer &S é’&ﬂsis‘tlﬁg bf afﬁghly halogenated

actlvat ors fof the catal yst precursor conpoun S
alkyladaving i hte ﬁmaﬂw@sgmﬁpa, Heglpiyelyémenahqd athenyls, andy dnghi)e halogenated

naph.thry? %1’%)6 fqt Qﬁy ﬁl&té§?lg1 {ﬁ’ﬁ Hd%{neﬂ;t that at least 50% of the

hydr&ges tayd aépmeﬂtﬁp anﬂlotgble groupeselddled 6980ihe Bxraiiplcessisiing of fluorine,
neutral ionizing activators include Goup 13

chlomng ang isemine, tlagyet 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.

[0081] 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



10

15

20

25

30

conmpounds, in particular, tri-substituted boron,
tellurium alum num galliumand indium conpounds,
waom4n2260r es t hereof. The three substituent grOUpS2083/€5151

each i ndependently selected fromthe group consisting

of al kyls, al kenyls, hal ogen, substituted al kyl s,

aryls, arylhalides, al koxy and halides. In one

embodi nent, the three group®%%re independently 15

sel ect ed fron1the group consi sting of hal ogen, nono or
hlghlvmfﬂuqrmytszldu ms@nykhplrw pﬁ@phlmdesamﬂs@qmw@uans thmypfé and their aluminum
equlv§L 8¥ A th%ﬂglggqﬁ s trafﬁog'i?z?r#? %w%ﬂ)gs gr‘excie%r?oed in C§ §U399,5§2 B1, US

groups are Sel'
6, 268‘ 445B1 heddh qgmmlx&mmge@mm B3 (2000 uAs i &Y IORGANOMETALLICS
to 20 carbon atoms, al kyl groups having 1 to 20
3996 49PB 6H9%-oms, al koxy groups having 1 to 20 car bon
atons and aryI groups having 3 to 20 carbon atons
(including substituted aryls), and conbi nations
[0082]her eoflllustratix®, yattlimitingeeampleb adiiormationizing abﬁw:aeers include trialkyl-

N E A (T —
tetra H&y‘l‘)‘oﬁo‘ﬁr 85i(4-B&ty B¥hmohiny %tr@@ﬁéﬂ}@)’bor&"ﬁﬁq{eﬂ?}’ﬁmmbﬂﬁm tetra(p-

hrée groups are selected fromthe ‘group consi'sting of
tolylDboxpml y hal @'gantay]sdnnquyl s hauétrago-tolyhbarosar bon tributylammonium

tetra ooy oot SR AT E © horela® himephgpyDboron

tribufyBinaaeamed"” tettd(ml - dﬁfﬁ&ﬂylphaﬁ}ll)beiod eastibaifanhohilf 25 tetra(p-tri-
ydrogens are replaced by a hal ogen group sel ected

ﬂuor¢mgthyh)h@1)g)b@gp1 conibatylavgmenivm yotetrpépentafiospbgeyhogon,  tri(n-
butylg r"g[ IHS ra%’ 6tol ﬁ)%; Chnd m%oﬁiﬁ | dﬁE{S' Qﬁﬁl@!\gﬁ é@lts such as N,N-

vator I's a
dimethyladdlirpad ntétxe@imaﬁylyhm hNQhdietarlinided teafaylbhegyk)bmsn, N,N-2,4,6-
the grqups bein y fluorided phe Y and  hi ghly
pentamet %%u%m@%hp Q7S an@@hc[ @bg,ljila]lqy AABRYIRYM salts such as di-

: the n d Gou

e L h—

tetra(phérgzﬂ))bmfohlmlddhb diky] arkiotriany] Ijhbslﬂxoﬁrufni szdtscrmlah) fat lbhenylphosphonium
boron, tris(3,5- di(trifl onet h phenyl)boron

tetra(pheny BBPIOH but yl net ﬂ%‘b‘? élﬁoa %‘b‘H’Bnyl bor on, tetg{phenylboron,

tn(dlﬂkﬁ@[ph\l,@l?&%ﬁ&%%ﬁ%te%@@h@%%&%aﬂﬁ Ithe - BiRe, h'aﬁh' Yheir aluminum

l'uorinated trisaryl boron conmpounds and conbi nati ons

ﬂwnwhmmeof, and their alum num equivalents. Oher

suitabl e neutral ionizing activators are described in

US 6,399,532 Bl, US 6,268,445 B1, and in 19
[OOBS]RGANO\IEI}%L bhdBer3eibbddnent of ZB080tivafR @fitie théention, an alkylaluminum

NOVETALLI CS  3996- 4003 (1998). 5 [0082]

can hq pgpsk iaePRjBNCtPSt With g bptﬁgws&cnﬁ@regomd i dhE dingoaf Mt feterocyclic
comp? gM }Sﬁgu udég%% #ﬁqgtt%el n’i % e’t r a trhenyl o’réc:;mlnCIHdeS at least

one mﬁbgﬁhoawﬂnamml dmbodirﬁélfta('lpi&e}reyér))mhe rtompound includes 4 or more ring
tri(n-buty nmoni um t et r a( phenyl ) bor on,
memperp %ang?ﬁﬁlgﬁp nindet PrIPrE rmg memgers 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
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,
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tol yl)boron, trimethylamoniumtetra(o-tolyl)boron
tributylamoni um 10 tetra(pentafl uorophenyl) boron,
wa eaopozaeyd ammoni um t et r a( o, p- di et hyl phenyl ) bor@nys2003/025151

tributyl ammoni um tetra(m m di met hyl phenyl ) bor on
tributylammoniumtetra(p-tri-
f1 uoronet hyl phenyl ) boron, tri butyl amoni um
t etra(pentafl uor ophenyl ) bor-&® —tri (n- butyl)amoni um
tetra(o-tolyl)boron and the |ike; N N-dialkyl

aryloapédrboriylimadiedls, scashophoyd gadicals, alkyteohyiakylt icaibamoyl radicals, acyloxy

. tetra(phenyl) boron, N N-diethylani]i.niu .
radich Ry BRORY o on RS0 G4 skt eagitn i gyl slvene
radichB! b26RN esibinaasH theasd. tTiee ubkeruents @rdips AAFRARD WA substituted with
salts such as di- (isopropyl)ammoni um .
halogeas.rnagtisaikar byt flunsing ok BFARNG Y dateradfaycerdheike-amoni um
tetra(phenyl)boron and the like; and triaryl
phosphoni um salts such as tri phenyl phosphoni um
[0085)et r a( pRNemYimitieg cxamiples (of thiggidopirboy | Jubbtitsprito ninclnde methyl, ethyl,
tetra(phenyl)boron,  tri(di hyl pheny| ) phosphoni um .
propyletbpai,mf@m Zlﬁaflowcémn& e¥° Oixslfyla 76 oF RS i and the ke,
g o B T e e Dt exampls
of substimentd include fjuermbétbyl, Wiubtoethyhedifinomethiyl, ciodoprppyln dromohexyl or
1l TBe r'l ng of the heterocyclic conmpound may incl udes at
chioo@ely-one ni trogen, oxygen, and/or sul fur atom and

i ncludes at |east 25 one nitrogen atomin one
enbodi nent. The heterocyclic conpound includes 4 or

[0086bor e r i Ingonerembediment the deisrasyelinreempounddissunspbsiiteted. In another
ri.-ng nenbers in anet her enbodi.nent .. 4 h . .
e PR R0 B e SIS o Wi B EERhctic EHiEhynll ™ pbsteed with o
halo@nkatbil 048 RAlGEdiBMomDEOntiIBing Sroupy f@dexampsel B Haldgehateld aryl group. In

with one or a combination of substituent grou

one embediment e halppes is selpated Sopstheraiewn sonsiting pqillﬂrsﬁehr,omine and
fluorHefYdnd BLEGEY ! sr@h RleK¥RMp & 'isgili}gsof %ﬁ)‘n&@la?r{dylbromine in another

radi cal s, aryl radical’s, "ary stitute
embddinhentahisd thabylogemidi fhmirine imya phothadintladdémertl koxy

radi cals, aryloxy radicals, alkylthio radicals,

di al kyl am no radical s, al koxycarbonyl radicals, WO

[008704/ OZ@QQ—%&%%%%%Q?@% Qgﬁﬁé%cyclitolc&ﬁp’dlﬁﬁy Qﬁ'ﬁ?i&ﬁ}ﬂ the activator of

radi cal s, car adi cal's, al kyl- or dialkyl - _
the iveantiamindludeaibstithted and wnsnbgtituteddiyermiles, insidgdades, pyprazoles, pyrrolines,

pyrrQifiec PLtingy eEoRy B Eao5s RhOMORPIS: Ron dmeYipymoles, 3-
pentd R GAEnyIFHRo18 LIPS f6] 1 16681 Sor6MAsIR Dr Uﬂydiﬂh&@FPﬁoles.

substituted with hal ogens, particularly uorine or
brom ne, or heteroatons or the Iike. 5 [0085]

oosp 1 SRS 6L P BB HEEL AR oy s combined
with @)Y GlIGP elimthum @Y @h @hgxdane ezl ancictipitenydmpsuad pshielndipon reaction
withtallq %atlallyl;teéomponent, 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.

[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
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including all their isoners, for exanple tertiary
butyl, isopropyl, and the like. Oher exanples of
wa@ mmgieieoent s i ncl ude fl uoronethyl, fl uoroet hyPCT/US2003/025151
di fl uoroet hyl, iodopropyl, bronmhexyl or 10
chl orobenzyl . [0086] In one enbodi nent, the
het erocyclic conpound is unsubstituted. |In another
enbodi nrent one or nore posi-t3loAs on the heterocyclic
conpound are substituted with a halogen atomor a
mveﬂnmlnpgﬁ rxanple) slambaanes agd grozipg attovatax alrptbrabmatlons Other activators
genated aryl rou

inclulg) Sgaiterdoesey R PRSP URTBORES St Tndpdfes including. their
hydr&8; AhiBey (20F- B%Hnﬁlyﬁﬁﬂnmfe{%ﬁdﬁ%) ATHE; SiYIRGH S4lts' momﬁmmon with

group consi st | uorine and rom ne i n anot her
a noenb«mdlm’eng conap@nttlh@nmm o@bﬁ methodg o a@évqltwny@tchaaﬁsomw radiation,

electrwg?(}@ 18185_6%% I1'?8&:811 Italzlgebgcoﬁlﬁ n}ﬂ!ét‘gg K |a\(/:% atmg IPethOdS for the

purpses td’ferélﬁﬁﬁﬁg itR) rieffthlu @&lks'u tigirid wictsllcaogb-1yps UMilyitut@ﬂpound or
pyrrol es, imdazoles, pyrazoles, pyrrolines,

precusgarrtel d Bulivsdigapd, mqﬁ%bcel&aﬁyeafém% capshle phnerlysrizipg @lgfins. Other
o) e d
et P Ry o ey BB eisloeep e sty copppound are
descrflibe@ il iférd ebt@ﬁl@IB:YUSCﬂ w ,89206889,65h anh £, 369y B23ambWQ 98/32775.
het er ocycl i ¢ conpound descri bed above is conbined 25
with an al kyl al um num or an al unoxane to yield an
[009GYCt i vat 1A' gn&dD Q&L tWRIOF And 'éQtQB/str &fi‘ﬁﬂdn@ﬁ‘t(s)véﬂré Boribined in mole ratios
cat al yst conponent tor exanpl'e a metal | ocene,
of acfivatdutwestadyst amnpwnp GoynEI00zlatoi Ghi1 1o analely@odlment and from 300:1 to

1:1 Jlxj\l?gnxlglp%tpgqtlg Gr & {SI?(%&,( al(#<atJfaI u]:%)ﬂl\ur{s i ‘i‘cfn“% a more particular

embddimb SO ﬂbﬁ'S@nI' foum i ?ét'ar}n&@@)éhﬂ:lumﬂllﬁﬂdlment and from 10:1 to 0.5:1
tri-n-octylalumnum tri-iso- octél al um num

in yetr apmerwpamrrhanmmboémerzsormd nsemodd th&ebfin 3¢ pODEW| particular

emb(%llflg{?tsy te}e\élgé] 8%s§ral€> egmtag %’?c ud%eashg/rdoﬁ UOAI‘U(@BI phex ups)er mole ratio

limitf WiRraa@| lowen alots rz@l@nbmitaddsmdoﬁeramt | Waicarthe ac@vatbiSs a cyclic or
contenpl ated by the WO 2004/022605 PCTSU 2003/ 02515
oligontprici pREhYI9RT Ylalunéw&ﬁp% ©)ellegmoX4Aes )sa i pippt activator to
t 3! r at kNGhd!$om 10:1 t
catal§fl SOHHRLD B RO 251, M 00 B0NR iroh ¢ &2??%@ i e o 10:1 1o
10 OG)(DIif'mi asothercdmbaidivgerithaid froiny3l: htee 8;000i1tini aummore partlcular embodiment.

- bi sphenyl - dltrlneth l.silicate)dTHF;
Wheg éhq %CtiVﬁtOEmpﬁlgfq OF 190§ fonizing getivair syeh as ?ﬁ)a}/on aLljl{g/l and the ionic

salt AR Ak F, ARInMle raﬂostﬁ actiRlihiad %aﬁfys@éﬁrﬁﬁ@%h%n@ég%n@@ 5:1t010:1

using radiation, 5 electro-chem cal oxidation

in onlejekbodingens| 2 foont 4 npbdtingebs mere parta@ulatrgennmdmmt for
the purposes of rendering the neutral bul ky |igand
net al | ocene-type catal yst conmpound or precursor to a

[ooobu! Ky | e darhiially 0 aRNBrolay Nati6 alfi AmeaNakdne-mdtal (Al from MAO)
pol yneri zi ng ol efins. Qher

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

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

Supports
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activators or nmethods for activating a bul ky |igand
net al | ocene-type catal yst conpound are described in
wo odexanpl e, US 5, 849, 852, 5, 859, 653 and 5, 868 ER0031625151

WO 98/32775. 10 [00901 In general, the activator and
cat al yst conmponent(s) are conbined in nole ratios of
activator to catal yst conponent from 1000:1 to 0.1:1
in one enbodi nent, and from3300: 1 to 1:1 in a nore

particul ar enbodi msnt and from150:1 to 1:1 in yet a

[0092h3r e pahtsuppdrmay alsodeti prssant aarpartqudhtv bonetallip catalyst ﬁystem of the

imverBh, SufB0 T, RP0io0E Ot g RS WP A s s s
catalydt Lsic@ @s inbtallBeened i@ BREGsERin] Cf@k agxanpid)odli I[@flﬁltA,LLOCENE BASED
wherein a desirable range may i ncl ude any conbi

POLYOLERING 17H3é8 (Indicheirsak V. Kpmmsky Fils H%W}lmécrscms; btd 2000) The
! m & cr

terms{: ;a/sﬁclk)Pth cafne% 3 r?% ?1?%1 ll?e? 1?1' ﬂ'e (ﬁé%‘dg %’@lfan%&lbl %Iﬁ%?gexférzxo?any support

matefi#l, g porouMQ@ﬁort rhliterlﬁmh @ne atrlbodmienaohctludmg lindrganic or organic support

ca al yst _conponent, ranges from 2: 1t 00, 000: 1 | g
mategialh.o Al oRCTILINg SATIPISH P BPPOFt Moy iald iNsHse 1n4rganif Gifles and inorganic
chlorﬁf@poagquﬁgﬁmcﬁgg JJCBQH&téQaIéL { Q12 cR9Gsitkcd, Qluﬁnﬁ@rlﬁagnesw zirconia, iron

articular e the activator I's
ox1ddseud>maalcakcrurm oride, Zinn Dxudn,gbmm vxltic),rthem;rahamnanbphosnhate gel, glass

nd the i on|

beads, gl ot PP g sbiafiys nd SHESHER boustyer Ppfionalized or
crossHnisdl ofg@nitOsubporitd? s%eaﬁﬁpl@%gf%letr%mﬁg)ﬂbéﬂz@ﬁ@ gll}loléﬁné ‘oF polymeric

in yet a nore particular é 25 [ 00

compoands, end axixtyres theseafpingdregrapitifeoingty Af Atﬁwacmsd@@mﬁe met al
(Al fromMAO ranges from40 to 500 in one
enbodi nent; and ranges from 50 to 400 in another

[00933bodi ”H[Hsuppéilﬁ chafyRaRatakfed WillDthe @t @omPoryeaits bt betalyst system
enbodi ment, and ranges from 70 to 200 in yet another

in ang FEGHENRITYaYsa Al o eg badimeptxtBGupRATY B ontacipd twithnBe pelivator to form
an agsgg%gomttWe qher %&9@&?0 f higdn SES%J r’mﬁ@a% “ﬂ)dﬁn}{egc%tﬁﬁﬁ) ,her }n another

ment ereln esira ratio o

embddimem| Hd catslps- mﬁi]:ﬁwlnent&&ay Me aommcted @ity the sppoat o fbrnf a “bound
any upper limit with any lower linmt described here

catal Sl SBIOBCND 2B0Y (BOBS POPTRSOBEGPERET masbe [epgsEd with the
actlvémS biﬂpﬁlizh%ﬁ?értng}) yst £ 8 WithASicPBhrtia®y il &4 order. The components

I'met a ystém of the " invention.
may Sapqmntacsnd hyetahpd;mtaiﬂe smq:qnsram inga sodutiph,yslngy, andolid form, or some

comﬁ?%{tll&\rll? tb; %gjl ré]a.ﬂy%.r: Eextggg%tra% itto gffecct%ugg a desirable

chenﬁ@_f/?k %MOHPQYQEFI NS 173-218 (J. Scheirs &
am nsky eds. John W | ey & Sons, Ltd. 2000). The 5

ternms "support” or "carrier”, as used herein are used
ooo  TEORERE eI Sgh 0 THBTRA e ERYBIAE 1,3 1 1
oxiddstd GRAMrdedin HeFribodiBéHdpidtmore particularly, i 1norgamc 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-
chromium, silica-alumina, silica-titania and the like. Additional support materials may include

those porous acrylic polymers described in EP 0 767 184 B1.
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materials. Non-limting exanples of support materials
i ncl ude i norganic oxides and inorganic chlorides, and
wo opazasdTul ar such materials as talc, clay, sPdT/U82003/025151

al um na, magnesia, zirconia, iron oxides, boria,

cal ci um oxi de, zinc oxide, barium oxide, thoria,

al um num phosphate gel, glass 10 beads, and pol yners

such as pol yvinyl chl oride ard® substituted pol ystyrene,
functionalized or crosslinked organic supports such

[009%s pol yist gmree pgpeds of itlyd Smﬁztemﬂpollnyﬁlleemvwlom the support possess a

ner i,c tur es and
surta gk e RBEROHER"T0 @ DU vhlRIeT e P of fom 0.1 10 40
cm’/$ hmpwe&a%éqsanme 628 iragie @6hgdl dfffrdn 8 t61506 funt ONPaTvEH: %m‘Bf)d1ment the
the catalyst system 15 in_any nunber of wa

ys. In
surfaggriysa iofrblet carkigrels 3uy fsorangs of Femt %bpeipw%/a, pée Volume of from 0.5 to

33 chg{é %rgci %{eréﬁ%dﬁ suppo%3 oqg]?&glﬁboumyb act i vn¥gt Q{ﬁoth]er embodiment, the

surfaearel ef theayahddiisrinthe rirge i< fdml ME)ttoGl@ﬁpﬁﬁigr]iore‘myluine from 0.8 to 3.0
contacted with the support for "bound at )
om’/g BRErEE PArticHe i is3Hk pes 100 uBe verage 80@%&36 er of the
1nverﬁi%n9§’;ﬂ€é’l61}?a‘§ ‘Mé §izd PhGhe B %é SPh@fn AN WabAl %8k 50 to 500A in another
conponent” together, or w each partially in any
emboglirdent, anﬁhfeomdﬁmﬁé&&mmmemmam ed by any
suitable means as in a solution, slurry, or solid
form or sone conbination thereof and may be heated
[0094]0 any Idesnk ealHoBini@BEMBIUp SO, %réﬂmft@@st i3t Qs ehedk: Pélﬁbﬁ“ﬁe graphite
chem cal / physi cal transfornmation. [0094] Desira
is a paarder én ongreatiodimeinile apthaesmbedimenh dhe geapliteigflgke graphite. In
r N 0.
anothgﬁ,sggf)%lénegp qh éragé% gnd H ?rg ]l%hsmoe %fgt?%rg i té) %tﬁ) 181e0§ons, from 1 to
400 raitebrslih Qﬁ(btﬁ&semblfduﬁ%m,uﬁldlﬁorﬁﬂdo ]ZQOaﬂi germnoitiet effibédiment, and from 1
Bartl cularly, support_ materials include silica,
to 10§ mjgionain y& apother apkadiment. nagnesi um chl ori de,
graphite, and m xtures thereof. Qher useful supports
i ncl ude magnesia, titania, zirconia, nontnorillonite
[0097]EP O TdhydGHioBy calehyig ofstht isogioet, may dr triag alsoibeerarried out. In one

S combi nati ons af fhese support y be
emb@r@ant Tt SunpRRpISeS2lEneq £HOBE SHICGRR R Hith b Arge Gier support-
modi$yihg Eﬁnﬂ%l{n@n A aﬁ&ﬂeﬂ dhbodirként, the ShfpoPi8baleiB@ahd used without further

materials may i nclude those porous acrylic pol yners
modifieattmi bedalcme&Fotlowed by 84ntBdting/\With @me /oD m@@aotwators and/or catalyst

compgiESr S AT GO T E HEPT RYSREFEAR H oA OB e ol 100G e embodiment

and féthf 2008C a6 00PC tih @inb&BH 8mBbdihiedin akd ﬁ&ﬂﬂfbm%m 00PBCT &n another
volune in the range of fromO.1 to 4.0 cnB/ g and

emboalveelag@lqoﬁpm 310eC é@ 980°Crint yeé apethefeeppodiment snd fomo0neC to 850°C
t f
o vk RS WP e B 4 OB, 35 300 e e il

embod@heite and ffdrng10°C tt>0893)°6 in garBd gncaeobaawcﬁnaganb@dmieﬁﬂ evherein a
size of from10 to 200 . m.  In yet another enbodjne
desirgl, rang FOIBRIISAF @RY GOMDHEUER O} 48 WIPeT (evpEaRE 5@% \ith any lower

tempfefaﬁﬁé 180 t @al%ﬂ%%éﬂ takl Plidce R Itl‘r@%sgﬁ&rﬁf{bx@gérpar?d Roisture by using,

for example, an atmosphere of dry nitrogen.

[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
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cnB/ g and average particle size is from5 to 100 gm
The average pore size of the carrier of the invention
WO ypiozdeby has pore size in the range of from BOr/US2003/025151

1000A, from 50 to 500A in another enbodinent, and
from75 to 350A in yet another enbodi nent. 10 [ 0096]
I n one enbodi nent of the support, graphite is used as
the support. The graphite -i3& -a powder in one
enbodi nent. I n anot her enbodi nent, the graphite is

interdctioh® ayr@thér pleysidah or ghemisel inderhctthinnefit one lembgdamt,t the support is

n s.a particle gize roml.to,500 mdcrons, from, .
Auorgied, Thg g resmesimts &fisblsdet B oGt heTh e aper! £ desiray
inorgdi@ fludring toRBRiMEonsBRaeH. "Bith ingriashit TRBYde cditaihgldfhpounds may

mcrons in yet another enbodinment. [0097] Dehydration
be amyr carapaingi qogtaning eflaarpisortemmsyloag apml degssiptrontaat ajcagbon atom.
out ., l.n.o enbodi e t Ci DEJ.Qr
paiff, B RBf o THOCATR b M UPREE LobbofRLCLABAPELA! e oy

consi8®sl fofi NE,BBPQUWAY,SiF4) WHeRHe NHIH) oNHIP;TaF,,t NH SR o(NH,),GeFs,
is calcined and used w thout further Zohémdi fication,
(NHopSmls) QNHQelTiFs.oiNHedl 6o M s REE 6 | GRE 3P Pr 150 E2:07 Farottiss CIFs, CIFs,

BTFS,%EiWE%B@EP%ﬁF%%tI@HWZ conponents. Suitable

cal’ci nf ng’ tertperat ures rarige from 100C to 1500C i n one
enbodi nent, and from 200C to 1200C i n anot her

nmbodi t,. dfro 00C.to, 1000C j n. anot her. .
10108 0ai mariesiriRmefgR ol Soineihe oo YRR iGe g compound s to dry
mix GERQEIBRRbner Py bleaBing W & cbAcRR8fon bNfr¥l0.61 B IE0 millimole F/g of

particul ar enbodi nent,” and from NOT to 900C in yet a

suppend ite opa embedifreent, 26d enaitangm of framd0.05 senc10dlimelaBEof support in

i n t..a re.papticul ar. .enbodi t . ..wherein .
snotigE i paienT 4 B L5 e dhERan) A8 narRRGls o oDupegg fayet amother
embddBNBRT AtHer fBudrinBicbmpblikt edybel ixed @ifpah@tupportl difiet before or after
Calcining may take place in the absence of oxygen and

charging 4@ the vespelufarndghydmben ex ajsinang e sinR9Ephéceorgmelys yhe fluorine
conc@rllt}aﬁgg Erpeserﬁoon[ 919%%)0@{% iR lt’lPeDI%Bée oFﬁ‘Bﬁ%.?ltJ) ¥ 8% in one embodiment,
i'norgani ¢ support or graphite Support, may be

and fesre Or6ta t3esiwsd ol sagpobyinanbthbrcgebatiment. pr ocess or ot her
suitabl e process that, for exanple, associates a
chem cal species wth the support either through

hem ca [ I QR : :
10107 5 0p0 M SEfalls, S Shifaa S s Sporns comppund s to
dissobwe thbdlnbriad in atevents such as watepandethiro dontenithe support with the fluorine
supporf is uorided. The fluarine conpounds. suitab
conPE FPBGP; R AT 55T SO SILIRant TP 1y B to use
quantiﬁ%fgﬁﬁblcthﬁi 14QEdsNRarC MBSt Ihd6 vERIFROMNES suppéet Desirably, the support
I norgani ¢ fluorine containing conmpounds nmay be an

: ] y
and, dompounde, cliurrimiendompoandy arsr¢ontactadoy 4By Isbitablemdans geshisas by dry
..not _contain.a carbon atom Par.ti.eMl ar. sirab .
mixify b FD gaitie 5L SRR B o 0SS S o E LR tfppaiment, and
fromf 200TCt € 890°CUM 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-
immobilization of catalyst components include two or more of the same or different
metallocene catalyst components, one or more metallocene with a Ziegler-Natta type catalyst,

one or more metallocene with a chromium or “Phillips” type catalyst, one or more
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consi sting of NH4ABF4, (NH4)2Si F6, NHAPF6, NHAF,
(NH4) 2TaF7, NHANbF4, (NH4)2CGeF6, (NH4) 2Snt6,
wQ@ NMPREIF6, (NH4) 2Zr F6, MoF6, ReF6, GaF3, SO2FUSHOR3/025151

Si F4, SF6, Cl1F3, ClF5, BrF5, IF7, NF3, HF, BF3, NHF2
and NHAHF2. 10 [0100] A desirable nethod of treating
the support with the fluorine conpound is to dry m X
the two conponents by bl endi3fg—at a concentration of
fromO0.01 to 10.0 mlIlinmole F/g of support in one

metatiotends Withta Geoug incdnedning regealyst, ahd(any (bf fiest combfhations with one or

mllinole Flg of su&gg}t in anoth odi nent, 1J1d 1
morg nacflmtoysang OF PREICRIBILY,  ¢o-gipporie I?% igatigng dgclude” metallocene

A/méth'l@d?:%é : thets %c&%%/ﬁﬁ:’iallo%@ﬁ%@' rfl@tﬁflc;ceﬁé'}’?lléC glléilqlfdtﬁemetallocene/ Group

Con'poun ’can ry m xed with the support ei t her
15 cbmﬁm[r% catalydts erctalocatedahgomignt oatalyet; vestalidceneZiegler Natta/Group 15-

con R R S P SRR SSSBIE p my of

theset\klﬁh AR RS aR, ddQEhbirdtibAs theibP0 i N one enbodi ment,  and
from0.6 to 3.5 wt % of support in another enbodi ment

[0101] Anot her rret hod of treating the support with the
[OIOQOUOrI nlg e&h aes caltefl%sttos gnd fsstﬁé eg ? Irk&?tﬁdd’]ecahnlrﬁlude any

| vent, Wal en c € support

combihdtiont adiivators &l catﬂ?dtadompngerﬁgldﬂMBlompp\Mem owabemppsﬂed in any
used and silica is the sup Fort it is desir c?%iee to use
number Qfy¥AYS-t Fopexampls the&Atalyst Fe@ponsRh M incfusdeapnyy g or both of

meta}’18ééﬁ€§ a%/o"r h@%q%gpﬁ’?-%nta#}h:xr%oungighs E&ﬁp&féﬁ@ogé le. bfwsj 16,265,505; US

exanp orine co are contact y any
5,70%,013;dR 9 89‘33 464; 81dcW0a29/61460),yand mayi inglude asy ummbmatw(n ofactivators,

enper at ure from 100C to 1000C i n one . o
any ShiBigh PO SBOHS! ¥ BRY DUDRST ! SORAES 8 ARt herein. Nonlimiting
exangﬂ%qg‘ dABNst sRdn ChRBInANGs dsefuf AP thel greséBl indBRtidHSIclude MN + NCA;

iment, the contacting in any case taking pl ace
MN:Sot KEAMSNGAISw- MNeﬂ\gNtN(aAlﬁrsMI\{ g1e24; IMNis m&lm rAlA:S + MN;

M Al S} ATRES PNGAT MRCRER VTG A13: G5 EINCRTHRR s { Mo weass +

G151Gl B:NC £8P 1Rt + mn{hlsns tH RoA X8| €GB GIB-ABOS; AlA S + NCA +
i nmobi [ i zation of catal yst component s _i ncl ude two

G1SpEA: B+ Ehe+shlte MN dNGAerdats; MNal d¥epe @éﬁaN% S' MN + GlS;
R )ane n t

MNSREBRICEIS: MO GLs TR, TR HARNEaHsT RIRS ¥ M 5 Gls MN:AIAS

+ GM; thAS eFN(om+uMN>F+ GF.’th(]:ArSSwt WmeAcfatﬁGyStMl\bmeJm G15:MN:S +

\\D 2004/ 022605 PCT/ 03/ 025151
NC%@F;%@&%S S1&MN :ﬁégi ﬂtzlngn% taﬁ%ys@ls ‘AHyS + MN;
G15MN: Afa & h@%fir%r @mémw B15NEAY + Nm”ﬁ AlA; MN + ZN + NCA;

activators e particularly, co-supported
MN:SorZiN &t NOAs NGre:Sut @Nrert MIN; o VEN: NG ASt MINoic Ehe+AMA; MN:ZN:S +

NATELESLB8RE A TN SESEE A LB SLShAs « 2 whrei

“MNTE{B Il LARRELC Béﬂﬁbﬁﬁﬁ‘t ceyrl Vista ZIBél@xI NegLnafafyse Hoffponent, such as
Natta/ Group 15 5 contai ning catal yst

descn’e@dalab@cﬁeﬁ:e/&]hrﬁm watabyst atpympm@t,oéﬁcz.\é sontrwnrdogylinating activator

mcludlng 10}41 dnd hedtra) borgn 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
“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
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these with an activator, and conbi nations thereof.
[01031 Further, the catalyst system of the present
w0 2ven2leoh can i ncl ude any conbinati on of actP@EUS2083/025151

and catal yst conmponents, either supported or not
supported, in any 10 nunber of ways. For exanple, the
catal yst conponent nmay include any one or both of
met al | ocenes and/ or G oup *33&entai ni ng catal ysts
conponents (e.g., US 6, 265,505; US 5,707,913; EP O

speci89 Bovrildto the duppOrtd Sidilasgisentinda smyryi saliinte gamphase or another way,

but 1§ o ngl natio [}Volgrﬁga}c(ﬁ] Lﬂzgéq%{e%fthgﬂl%S I,n(osl\ﬁggxca eczia%?cgg 6nteract10n with the

suppBRTaflAr shidited @b&dl&g TRIHH S@nle, 3R BhBSdin@Hs {RIN:NCA:S + G157
conbi nations useful in the presént invention include

meanyNhat pGActaliaeen:agd N Gl@AactN@Qr Sire- biopnd Kpv:aNspRpsTt, end -|present in, for

exanpifa s phiierigpion Y Prpeh) Eiiang R fquibpddedt
Gl5; GI5:NCA'S; GI5 + AIA, GI5:S + AIA, ALA'S + GI5;

G15: AIA'S; ALA'S + NCA + GL15; NCA'S + G15 + AIA,. W +
[0104)ca + (j115a pertioglar gabodimenty thqqeg(algst,.smm 1§31sglected from the group

058 SR MBS, MR DB + oo

MN: N(IA].S + BT Aarfd ZNNWINAIALNCA : &1 The bimpoiifs m@xt be kbinBined in any order
desir, tm 1@N§ﬁ\q\mgﬁes(tl\$gly%lq?1@t)gnsact1@g %&iegNnib%qﬂéﬁeAxilAmZN catalyst is
lm@iﬁléﬂ%lé td 1%0511&1@ thévmefall%%n% h%othe%o&m@ﬂt 4the':\@etallocenc: is

first mlm;)bmal $n4 uZl)det-l-aIMtsher mb&ﬂmmﬂ @ aqmlﬂtozm; Erst- mmbuhzed followed
s, et a

by e batie (oot HOZNEGuFSt It Ve bBT yRboBERAB ety the M and

ZN &idlfst ae‘bm}ﬂﬁé% laRetnmbpitieed @imilb@eduslysbn GRS 8lippdit, the support being
onent, "NCA" is a non-coordinating activator
pretrpa’qgtf

with ragnvamr i omn¢mbediment, 456 ttated ndcnrainhypiromnesenf treatment in
ds;.as .descri bed above, "AIA" is an al um num
yet ag?tEQ emrb 31} o?n al unoxane based activator, "Gl5" is a
Group 15 contai ning catalyst corrponent as descri bed

above, and "S" is a support; and wherein the use of
(0108} t@neembsdm?ﬁhﬁg ﬂt%%&ppmatse@hé%@egwsm ipyeption s a so called

“enhhii&d Csﬁ{)ﬁgt”agleep l?éaﬁg }y@nbéﬂ t PROLE Qqef?ydratl&lﬂﬁgnmrature of at

suppor pretreat en er techniques
leasti800t G er ardre, mddaet\hﬁn"g()0°(§|@d 1986iasint zhmthertehfbodlment resulting in an

enhagnﬂ%I %Hlpggg lul%av ggﬁ?&&ﬁ$ ﬁﬂf:rﬁg:ag %ﬁc&p%/a a un\c}@trt?c&lar embodiment, the
heatlﬁ% B %Pt Rkdd %f%’ig%qgéﬂw , N36r %Pﬁa?thl%§pﬂé9él Rgd iPthe absence of

e support, such as present in a slurry, solution,
wateq aslnppna@redomnlmtbmhets, weyeasedy produstivityt 1srredncquowben the enhanced

supppxﬁiln%tpcgfgl?lltngc}] %P\}\a%cihee ?)Hltgp fa)%rtusggt\éﬁ? bérﬁgtf%s' CE?{DGE) ?igglgsased herein, to form a
supp%_ﬁ%?blﬁ&talﬂ_@malyitoﬁ/hﬁh 3§ef cofithGe® W@ dhsmdMers M¥MIGAS I gmerization 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
with ingredients that form the first catalyst) to provide a supported catalyst 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.
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nmeans that a netall ocene and NCA activator are bound

to a support, and present in, for 5 exanple, a gas
w@bmg®e23e0d yneri zati on with a Goup 15 cont ai ni PQI/US2003/025151

cat al yst conmponent. [0104] In a particul ar enbodi nent,

the catalyst systemis selected fromthe group

consisting of MN:ZN. NCA:'S; M\ ZN AlA'S;, MN AIA'S + ZN

ZN: ALA:S + MN;  MN:NCA: S +-A%—and ZN: MN: Al A: NCA: S.

The conponents may be conbined in any order 10

desirable to achieve the highest polynerization

1010 o | T gt SpeH RGBS MEC R oot parcutary

by a@"xﬂ&ﬁﬁrw}%i@ﬁ G 18NS rerhdved TINRtHeQuBPEt, istich hd by heating, exposure to low
i"mmobi I'i zed, and in yet another enbodi ment,” an

pressamt, ichemisal freatfients or |6ﬁmbmat1©128e@erepél [FHsiiee theysupperiaf a dehydration

l.oc / tal.y 0
temp :freaﬁ tleasggﬁ%‘%? dan gz%gl\ﬁcagl{i ﬁfﬂgté 2%35 é ‘[lﬁgxhgﬁbodlment
provide$ ahnémﬁh&ddz a@psrtmfd)ﬁ axneﬁplsl anQﬂcédﬁellﬁhJ,pWhlcm ptoviles surprisingly
support being 15 pretreated with activator in gne

impreyedgesHsaver Rerport ek s dehydrated Ghi§f SEmBYAYETTe Hiat is, below 800°C,

n o« Ml HbP RhmEHiGitel t fr
even sngﬁ d\}TFo'uer tégppéfﬁ%:egug%%?t T use?&? (03 thlw o Bmcfiately apparent from
the ehimneamemtprocedaresitsetialt liecbntéreplhad cm tbfumm tredtmept eyoaltseid an actual

cnenfisppefat BsTaP ke BOht kGeRaBbeflsy R WAL g sas s benesiial
strucﬁﬁ)ﬁ GHRAGoARRE With angisheRd @é@%ﬁ@'cﬁﬁﬁst céﬁﬁéﬁén'@@esbﬁb@ﬁherem and
anced support having a nodified chem cal structure.
placeldrunathpaonuexwd>ﬁam aavipd polyemarizatiore  Fpe exdnmyje,of herhibe enhanced silica is
an _ine

comighERh et 55 o0t oBebeL ing Festarl i febmappsgg o form a

suppSHRP BitBAllR, cdtalgsteasifsbsRIoRd Ukdti Mipp¥riéd babiaRNeehtiigNcomposition,
ppt he enhanced sgpport i s _conbi negbvmth the other parts

includingtthe ehansechsilirs henbednydisconprsd s daving desirably kighmardpctivity when
used %n:f’ ?@F CFI’I%gttl o rTFoc%ésl fo? rg%lrlﬁ%%%l ?%OQ%éééi?n G eansmgle reactor. For

nomsrs Ion to

exanipl€Q AU podactivitypsitdt 1gat yooedrams @omm/lgtarm astalysOdAe dchleved More

one or nore specific enmbodi nents, an enhanced suppor,

preferaply,i th§tblfﬁﬁtéB‘&rC@€PIYSt thab irsludss fhe Fohanecd sippert laéécmpﬁwwty of at
W, e h S r

s OSSR, SPRBPRd LBy 5 Bl cu

havn@thaley]hﬁr)ceﬂ Guppont/hatea woduu:pmiytoé’ it deabtad 00Ot gralhapolymer/ gram catalyst.

Ottt b s B BBl TP SR By A08E bfroductvies o
yoritr @At katalyst and above, or

45002%%%‘%@%@?’5*%?8@%‘22%2&?B%J%?t B R R e byt
even\00Q @Cai ORI B0 S/ AT/ daBRBG031 Y861 -37 [01071 The

enhanced support is prepared by any suitabl e neans,

and nore particularly, by any neans wherein water is
[0103]em)vedm‘ b Qv ti diar SeHirhents HEhsubpoRYusBRAtih Be peeseASlivention is a

| ow pressure, chemcal treatnment, or conbinations

GrOllph]ér@oH inprganicrryiderpPEQrb BOTIRE aPOE PIWye Faeingrrom 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
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 cm’/g. A procedure for dehydrating the
silica at 600 °C is set forth in US 5,525,678.
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5 tenperature of at |east 800C, and between 800C and
1000C in a particul ar enbodi nent, provides an
wendvanoezxwos support, for exanpl e, enhanced sili cBCT/NB20051025151
provides surprisingly inproved results over support
that is dehydrated at | ower tenperatures, that is
bel ow 800C, even slightly |ower tenperatures, for
exanpl e, 760C. Wile not imd8dtately apparent from
t he enhancenment procedure itself, it is contenplated
that the heat treatment results in an actual 10

hem c and/ or physi cal han
[OIOés:lt ruct 3};1% Bpgd’s L%R Iiﬁnaé'ctf VT :t{/me \s’vnlgt S CEIPP}OI?r hyydgpearbon diluent
to forh b WEFPHHESIRE RviE e Ein R dtived Bndoptidnally Aesled &&dipdnixing.
catalyst conponents descri bed herein, and placed in

the context of an actual polynerization. For exanpl e,
en th t
o2, 5 SPR7SEort bbb oS BALELLA, YL B S5 Bim o supp
slurrya‘,dfmQﬁ’@rﬁontpbliwhyﬂr@carlﬁmpm}afctfﬁldsﬁmhbt@hdlm Gn d'mllliail ftet at all relevant

reactiog HBBRFTENGHS, 214 criBEGHEN 1SR I ASE 47 AL Copggonent should be
at lé\%ﬁt‘; R)aﬂtazlgoggﬁlﬁl@ e tﬂ@vh&g%&i%s'l{yﬁmcﬁr%hgh REM&‘lﬁEly‘," th¥ non-polar

d'in a polynerization process for makiRg
hydrdartaahadilupnt iy obmsﬁdemed to ba aéisn]gbm” thewm even fhongh mcanpinembodiments

te bR iy Mool EH W ParofBE o ) the

bimetallic catal yst that includes the enhanced support
has a productivity of at |east 3500 grans

[011 Hol y mer Expraplescof sallltylglp nompekr ydrcpbeneinghdy Gadtip ligear or branched

alkangs (}YS%G!-}?}%‘(’/%C%{?&% gftlcs é‘r\él sﬁg%ﬁgaﬁl egr}%ﬂ%ﬁ H&g@ tin Q@iséopentane

hexafi@tigdbhextine, ohiRines perhd,i foran®osH d&ahs @fnohipeldr myela)talk@ne such as
i ncl ude bimetallic catal ysts with product|V|t| es. of

cyclobspmey paak A aligenely AnbRnzeiea t9lyenca AE cyhgazens o ddixgremef different

d ab 6000
on SRR ARl b0y o v E000 oram

particul ar enbodi ment, the support useful in the
resent_jinvention is a 3.0r 14 inorganic.oxi
011 ppor (R oot s bt e B e suppon
parti EggévgthQHg nofi-p %Hﬁ élg&t%c%@ﬁ sQlverdt! 80 #08e tp@lrﬁ’%eﬂ?dlﬁer or both of the

I S support sirably dehydrated as describ
catalpes ere combcmad mthotdie nepport Alprief e renhpetapporaf ih@ tdm“ry should be

Sufﬁ%%’%i}P EgvgfﬁohB%F %g@ }%ggagalﬁé}ls Lﬁ% |1§f5ﬁfc%{gﬁﬁsg c¥1vateE Thus, the
tempB¥atirs io® 'iheoéuanR slu@f ., aletadPu ﬁ@@fﬁferaﬁl@%ﬁnﬁiﬁﬂddca@% temperature
are in spherical form repare the spray dryin

belowPorEder Exammic drom 35 B CapeloBr050 6010 Hyradst ahpefiarent
volume of 1.65 cnB/g. A procedure for dehydrating the

silica at 600 Cis set forth in US 5,525,678. W

Gas Pﬁ%ﬂﬂ?ﬁ@ﬁzﬁﬁﬂﬂ&%@ﬁ?ﬂ 025151 -38 [0109] The enhanced
be conmbi ned with a non-pol ar hydrocar bon
[011%{], | uentThQ ineilhis eatalysipand magrg ,ppxgncu yothe suppasted blmetalhc catalyst

comptsition® de@Rfe#RLANAE peBEBHLEs e Ub | Htke®itloB8t 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
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
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5 [0110] A variety of non-polar hydrocarbon diluents
can be used to formthe support slurry, but any
woen4pzdeas hydrocar bon sel ected shoul d remai n PeT/USTHO3/0R5151

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

hydr ocar bon. Accordi ngly, tH& Hxon-polar hydrocarbon

diluent is considered to be a "solvent" herein, even

in UBhptizfho78nirc shichi thostrpragesseniare mbliftedeini angorldhemgthathe inventions

. onlly partgially.solubl.e in.t. hydr gcarbon. . [0111] . .
clainfSd s Sob il dpyev e ik EE ASKEAA SRR BBnud A dftseied herein. The
equifefertRobdsH 8 difEnsDFeab@he Jadddtived ARG othey laBMakdRBBoBdMlrse vary in a

_ aromatics. Mre specifically, a non-polar al kane can )
giverh pracsssp elgpendiang ondhe dlesirqdsesienasiion #ndnpioparies ofcthemelymer being
formBE nf&eexa&hleg %%ad?&ces?esrh%?&%ﬂ{ a &‘tﬁ@k&imﬁnﬂ%@?t@%a&ﬁe used: US

cycl ohéxane; "or an aronmati C Such as benzeneg; "t ol Uene,
6,42m580@t g8} enze6080,82%t 6)369,002; 6j346,68€n6,340060p6|389,134; 6,300,436,

hydr ocarbons can al so be used. [0112] The suppor.t
6,27‘55%&,2%%23@6’%%?‘&8 BathooRir ﬁﬁéié{% Qedferanm ©ald.18p; 6,207,606;
6.180.5%5-SHPRQYY 17particles with the non-polar hydrocarbon
>“dol'vent, but at the point when either or both of the

20 catal ysts are conbined with the support slurry, the

enperature of th urry sh d be sufficiently | ow
011415 P b MRk i g b ook ) dh ikt gk Syt foward a gas
phasé ?65&16‘1&@5@5;1- prbBess oftdiR ort BBRESIBtN Mfor®netBaviHP BRI 2 to 30 carbon

slurry (e.g., silica slurry) is preferably maintained

atomgyt fremi % tpd rearhaneatome [ipw 1ROE, paraeulaxemtpidaneity and 2Hnt @ to 8 carbon

70C. _or fromd40 1o 60C.in _angiher enbodinent.. 25 .
stomp 5 ye bl bt ubf shiopeibafs o Thuef TR BERGyiafly e suited t the
polya&tiakiys bstwEsm bR e fithbhéiiéd bF ¥thylehe peoipete, €butene, 1-pentene, 1-

binetallic catalyst conposition, described herein are
hexeng, dr-bopigniey 1pstane: d-neafee, Yoyl 1 -pentoes, diispbutene, 1-isobutene and 1-
decefi@NPoOsi tions, that is, conpositions having a bi noda

nol ecul ar wei ght distribution; in a particular

enbodi ment, the binetallic catal ysts described herein

re used. .in a single | ymerization_30 reactor .t Kk ,
[Ollﬂhe bi nﬁt_&ﬁT W%?Se?qeﬁlﬁc%%?@r?qe% of & iVERKony wg%d;,taggylemcally
unsatdt &L flohbfes2lRlefts ha¢tRBRPR 18 Qarbb SRS Qfoﬁﬂxga%ﬁ or nonconjugated

descri bed above, a variety of processes can be carried
dienesupolysiengvinyhatonemersoaidt ¢yohc olefmeg Nérelimating mgnomers useful in the

. roaches t.hat .can be used incl yde procedure t :
m"e‘?fgﬁt h WY20d2$‘6§%0%‘°§8f?98§200§‘7’g‘2§?@1m% 39 lﬁﬂ??uf}!zm’ 1soprene,
vinylberzd8ydobfhtdne, WRtyeéhebhOGRyP! QGRS alsBréRdi fdti®dideRle norbornene,
~accordance wth the inventions claimed herein, for
dicyciopgnisidiene ppdseyolonegtenpe hi gh flui di zed bul k density as
descri bed herein. The equi pnent, process conditions,
reactants, additives and other materials will of
[0116]our se Mahy miokt prefegicd @mbodianes of tHigRecsds B tiNinv&Rion, a copolymer

desired conposi tion and Properties of the pol yner .
of ethydenggs produced, where with ethylene, a comonomer having at least one a-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.
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5 fornmed. For exanple, the processes discussed in any
of the follow ng patents can be used: US 6, 420, 580;
w®208822605; 6, 380, 328; 6, 359, 072; 6, 346, 586; 6PGH0$2088025151

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. 10 [0114] More
particularly, the process of4Q-+fe present invention is
directed toward a gas phase polynerization process of

[01 l'b]ne or Inomethet ebodimsnoefithe prawessd the myemtian eﬂtylemambmppylene Is

poly B BT 3 ARG i, o Pl P B ALy b e,
to fofl b ferPdl bﬁular enbodi ment. The invention is
partlcu arly well suited to the polynerization of two
nore ol efin nononers of ethyl ene, propyl ene,

- but e .1l-pente - 1.
o D S e BB B n S5 oo
wherd ih 880 pireoPthanrgclé-of daesuner. sybidin] alcylidpegas rstraﬂxmeomermse known as a
useful in the process of the invention includ

recycd¢ RPash OF eﬂurcyzm& MR atshraled B Hhe §eacmréaye?1r3 r%geahgflpwgmenzatwn
This g1€£tOiS Jrén&@e{dbﬂ&n"ﬂlé’ ny@c’#gﬁ%@ﬁﬁﬂ iR fan an o C?zﬂic Be L 12y a cooling

I enes, yenes, mers an ol efi'ns.
systeio ex termal tto nidre nmanner@emm;:dfyul ini m gak eﬂuldhzedltbednplrmyss for producing
i ncl ude norbor nene, . nor bor nadi ene, i sobut

Polymers 3 g3560Us ST COBRULRS, I URYR &IOS é§nma1%lpf cycled through a

ﬂuldl%b'@%‘éﬂ i HRApREAEE BE a &HT‘})@t udl@fereRANVBUoNEIMBNs. The gaseous stream is
di cycl opent adi ene and cycl opentene. 25 [0116] In the

withdrawn f;wrefl@rﬂthgtmwemyc&ﬂd hank irde deersector. $immltaneously, polymer

prodwqgﬁgvt41§r§W8ﬁ’éco o roﬁjglf ﬁ%sg\}?{%){go%gﬁril? %(gd’e?qg ﬁg)qacevmg pglyrnenzed

monénél g8k fbla\éb(ﬁlﬁplef USm4454B 3995 43381700, 31028%,70f 508174360 5,352,749,
12 carbon atons in yet a nore qJ;)Gartl cul ar enbodi ment ,

5,405522, Pridm3941 0484 Hk 5(4@%’9@8{5@61 §leandp,64%%28par t i cul ar

enbodi nent, is polynerized in a gas phase process. 30
WD 2004/ 022605 PCT/U82003/025151 -40 [0117] In

[011%jnot her Tienkadonmessund intahgas phase esecesd mhjearyrfuan 0@ psig (690 kPa) to
eth Iene or. propylene is

500 psip (P KBRIAIONE SHOREIRGS ﬁ%{z?‘@séﬁ&dﬁe’ﬁf %\M BHE tﬁ?a7>§9 kPa) in a
eblgarﬁc gas odutngntf ?ﬁ({nﬁ%n{ %GJgélg 724 ©pd)Qd B3 phyP(2Aakllpa) in yet a

ase po ynmerization process’ a continuous
nmmagmﬂmﬂmgnémﬂhmwmd where in one part of the cycle of a
reactor system a cycling gas stream otherw se known
as a recycle streamor fluidizing nedium is heated

(01260 the TRACLALr fhpbhfurd 8% o pHAe! YiveEds2Rty Wiy 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

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

to its introduction into the reactor.
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This heat is renoved fromthe recycle conposition in
anot her part of the cycle by a cooling system
we@zdioenreabs t o the reactor. Cenerally, in a gas PduUsioazeRs151
bed process for producing 10 pol yners, a gaseous
stream contai ning one or nore nononers i s continuously
cycled through a fluidized bed in the presence of a
catal yst under reactive condift+ons. The gaseous stream
is withdrawn fromthe fluidized bed and recycl ed back
[0122]nt 0 t NEhe Eaudlgst. sygbmﬁlusafmédmsthg/ ,gaq)phays&fepolyrpe@mnion p'recess of the
hdrawn fro react or .and fresh IS eagl'
ln"er’ttlenrleﬂrlg%gethﬁ léstp?élrel ‘}dz%‘éalysr‘rr?ﬁ&?@’?emf( é% “i‘% HP é’x‘%imﬁf ic catalyst,
and dﬂ§ 04 é%’agggatoé E{%@ bi&alle. dBe&Bysb {Dactivared b Qx%?’sultable means known
5,405, 922, 5. 436, 304, 5 453, 471,
in th6 aptﬁﬁﬂ&ﬁ Befobe Bmd%rpnanw the @eafmgat}ox{ ®adtof offfresitu. The supported

bime act or1 f L ggj)reqc orq (5%5&0 di Lgﬁtjgfc’akqjéx)yqzﬁtl%ﬁ%r embodiment. In

anotli%f‘bé?ﬁibdﬂ%‘xﬁ&nt fthOpiASa11RS bﬂal@at37s9 stidpandddo it QO dnGéret g62g7 5€s to Cis
ina nore particul ar enbodi nent, and from 2

hydrqu.t@n@ Tomprikipg fram 53530 b il§o (W}%g_mup@n@i) oi] gr gikigory oil zpd fed into the
nore particul ar enbodi nent. [0120] The reactor

nmperature in a gas phase process may vary from 30C

to 120C in one enbodinent, from60C to 115C in a nore

articul ar enmbodi nent, from 70C to 110C. in yet a r%
[01 Zﬁar ti culke easrbasn PRORESS of tbe PreavR! 7NENfgN drsdvdes comiacting the catalyst
I m|n S t rth
s GRS, SRnSHRREL R e a8 b lor) v
monqmﬁs emSa i :sacipre vagseld ob ydesindblo doofiggagon darfooryd qioéyoleﬁn In one

alt such as alu um st arat or o
emb g, PHOY BEEHITEL ST ST e QASRbr PPy transfer of the
form@cpgg)l@ﬁ{ek Mo AnSREPREY A RirdTBicaleaddl Vestbl o J1l6& RAIRE YSlymerization,
témof the invention prior 30 to its introduction
optlonalhbo by ddingatbt same WO diffaditonosoaerPEnd (0pA0oTdlyOb% 28ding the same or

st Somooa bt IR A B R o e preen

1nveritfd>‘}1| HQQﬁmEﬁﬂlcf da'fa‘-’f}st §Yeﬁ’er§ es ediffactat »ltl oneai¥ROMEN§ifigle reactor vessel
maki ng,tfgf binmetall1c catal yst, and one or nore
lgwe

(or “rgeetpy; drbeiselatien af 2 fisished polyelefin sesitt i vat ed by
any suitable neans known in the art, either before
i ntroduction into the polynerization reactor or in

[0124]i tu. TR&r &xapipls, taeghsphasdTpblgiieticativat royst clmbe etein may include
the reactor in a dry (no dlluent state in a

use qfch EORIANGYS eYAKH) WBieh. 2 PYFINgrige EPAB b d AriERICIe fifRgm or fluidizing

medlgtrﬂt?sg l?éé!‘légcm dl%héfétt %‘)e %Uﬁrb??:gsgn t?or{j' THE ALt C8n ge removed from

rocar conpri fromB Woto
the mtymerrisunmnalm (ancbthe(r pat lof ¢lon cyile bama:i cbaihg systemt higat 1s extemal to the

R I L O N T ——

one or more monomers can be continuously cycled through a fluidized bed in the presence of a

react<t) s,

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,
5,462,999, 5,616,661 and 5,668,228)
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system (i ncludi ng catal yst conponents and activators,
and optionally, a support) with nononers in a reactor
woemgmobeed desirable configuration to forma PCT/US2003/025151
pol yolefin. In one enbodiment, the contacting may
take place in a first reactor vessel, followed by
transfer of the forned polyner into another second,
third etc. reactor vessel t-d2alow further
pol ymeri zation, 15 optionally by adding the same or
[0123%]i f f er eTite wactonmessurenid agas phasgIprgcebymayl danydranh ¢08 asig (690 kPa) to

s00 S, LERER o SRRt SRR REO e L5 D B i el oo i
pamaﬂéfeéxﬁ%ddnﬁeﬁahﬁd %5in §5(}SI)§FH(I7SZ4CEF’H)&6t3SO paid @mmﬁﬁs yet a more

in a single reactor vesse (or "reactor"), foll
partignjarjesafogitei. of a fini shed polyolefin resin. 20 [01241
For exanpl e, a gas phase polynerization process
clainmed herein may include wuse of a continuous cycle
[0126]n Whi Clia cheGigépdot DY thgaavaitioaatie (Voidage ofitheagy (phﬂseSﬁeﬁ(&amls desirably
or fluidizing nmedium is heated in the reactar by

contrpled. Byonssmhediment: the polymenzatipaairoesss obhelRyRoian 1§ ?I@mcteﬂzed as
t

a probdl of BEXf P, At iR £HARMRCEatPRlwttreih e (OISR dTthHluidized bed

gas phase feactiod izmdintentdpatdessstharf 40%pr Ddscamye ;ao¢q11n;ﬂrsh¢d hy any suitable

aseous st am cont ai.ni.ng 25 .one or NONer s
mearlSugb At Py BE B P B RO erh AP S RGP, of fdctors. The
voiddVe OT AN Ra@br @n Hededribed inihd %ﬁuﬁtﬁﬁ%lo\(@(&}?nd' tions. The

aseous streamis preferably w thdrawn fromthe
fluidized bed and then recycled back into the reactor.

Pol ymer product can be V\géﬁdr%@from the reactor and

fresh nonomeg afded t pol ymeri zed

nmononer. (See for exan@:lﬂg 5 3,399, 4,588, 790,

5,028, 670, 5,317,036, 5 52g?h /405, 922, 5, 429, 304,

5,453,471, 30 5,462,999, 5, 616 661 and 5, 668, 228) WD

2004/ 022605 PCT/ US2003/ 025151 -42 [01251 The reactor
wherBin6SIBID i€ tHeTs8ttigd HulkN@nSitPT SRS Foreed rééih \prdnu®® idQRe RAL©r; FBD is

%690 kPa) to 500 psig (3448 kPa) in one enbodi ment, .
the u@meﬂd@lﬂpéwglty 13vm:hasésle densitgf tag rgsin2raoilestn)the eagtor; and “gas

rii r 0 A

dens%,%1 oS psgrﬁg@(tgigigr%%gg%engaég t%é ?Teg%té? TBF? ?gD(fs thé r4to23f th measured

pressareo@@p phtard acrp&lEntiatly dixed popmt of(Ihe trduetar ny et height of the fixed
phase reactor_is desirabl

t he_vaoi dage of the g
portie P Iadneastews Ehihe 8 arsteRkinvangian.ghe Pirstirg dopg the fluidized bed
is méUsQEq Fror?" ﬁotﬂxﬁ éng}f@}nﬁbm the d Mlﬁ&{f{ﬁ{ezt%dﬁ ?@nt %out midway up the

process of rization using a bl netal cat al yst
fluidizké bed.n lﬂah@ressundaiy@ dividedebyf thaihgight differencedmsvesmathe pressure taps,

BN TR S LI LTI TR T D ——

herelﬁ)&%rpép%{te@% H?I_érhﬁﬁ D&Yy shveRe Roh8\0E lopbiatibi BedraBi6 tefd of each test.
or reactors
As noted therein, the FBD is a mean value, which may be greater or less than the localized bulk

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):

FBD
Voidage = 1 - ——
SBD (B)
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voi dage of the reactor can be described in the
equation below (A): SBD - FBD Voidage = SBD - gas
wa@l2ngi22603 A) 15 wherein SBD is the "settl ed bub&r/us2003/025151
density" of the fornmed 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 sinply the densi43-of the gas in the
reactor. The FBD is the ratio of the neasured
[012r essur@erthioppacpiiaerdbatimests of tlweim'craiolnyaré iact'emhtqgaousily) directed to a

procs s RS RRETTI (TRDb B dng st dhtn Bffer (fgodal polyoleti

polyREf2$ih %ré’ée@&so‘cAtﬁigh FRD dorzed P&idagd) dah HER8VEhEGks fih QMEas phase
a point slightly above the distributor plate to a

polyxpmlmloammqessnsumynghsr FBPD genpuallyimesas begher Tralyplr produntizity due to
dro |ded |ght fere ce betwae

the 88 bR uts GBI pth '+ SERESS PERETRA Grspyprovides for

advahtigesUdt i@ta@tﬁng'@ %Mrma/llseh]d $ea‘EEE wHEhFa g@qﬂnﬂeﬁ‘ﬁyﬁl&nzanon cycle is
cited herein are reported as averages_covering

intergipiedr By cxsuesub fackser Harorkameles 2 oy ERY gPTresaeRds iy excessive bed
expa@oﬂ’] (ahtq?%ttltﬂee E'é% 'cﬂ’tmé ?E C%&D aha" @n ﬁfétl % égél%hthgar\éstart process

rea or ess an the Ioc 1 ze ensi t
mmuammamy point in the fixed reactor portlon. Since the
gas density is dimnishingly small, the equation

descri bi ng voi dage can be sinplified to the foll ow ng

B): FB
[OIZéFJC)” USZ%SO g%ég'zl%%‘%l the }éﬂfﬁ%lﬁl@%e M@tkgtlﬁﬁéllé}gé(g@% has the same meaning

giveretibosinregatns ir0BStIHS6, Wem whmh thegerml isadefiage euthieyatio of the measured

GBS BB SRR LA S BB o e
portiB® fNBaldAd, iaCHraasee @mlcaﬁséﬁaﬂﬁloEBDA@%tddQlﬂérVéfhl ¢R08D is a mean
can have benefits in a gas phase q%rrerl zation

valug; vduds may diengreatp ghless HBD t@@ spkizadyb slassity] & reay point in the fixed

t productivity due to 5 the higher residence
reaa?"a}lg'reljﬂgrgl | owabl e in such a reactor. A high FBD al so

prow des for advantages for restarti ng a
nmer ci al - scal e reactor when a_ _gas phase

[01 Zﬂm ymertd FHLR Nalugethat aie abelptervialise of yidizsd: hulk deppdty are expressed
in uni@SF s, ﬁ«g{ a)%ﬁ@:ggk FBDAof tﬁé"?ﬂé?&lt chfiSRRREE floth 5 to 50 Ibs/ft® in one

excessi ve expansi on ing the restarting
embqufinets fpmahith 4@ ibsivinta mes Evienlarekeotieenteatdafrom 8 to 30 Ibs/ft’ in
yet ap ! %?ee?)grticulrg %?n%oﬁlsnfléjnlt, and0 from 10 to 25 Ibs/ft® in yet another embodiment,
wherein a desirable range for FBD may be any combination of any upper limit with any lower

limit.

[0130] All SBD values are expressed in units of Ibs/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 Ibs/ft? in yet another embodiment, and from 15
to 35 Ibs/f’ in yet another embodiment, wherein a desirable range for SBD may be any

combination of any upper limit with any lower limit.

[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
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[0128] As used herein, the term"fluidized bul k
density" (FBD) has the sane neaning given that sane
W 200m02260US 5, 436, 304, in which the termis def@mes208%025151

the ratio of the neasured pressure drop upward across
a centrally fixed portion of the reactor to the height
of the fixed portion, for exanple, "pressure tap
vertical separation.” As not4é1d—there| n, the FBD is a
mean 15 val ue, which may be greater or |ess than the

than n@é»amyzte@l migug Rartiwler cryb%dlmawy angbless thap 35Pein g Rasticular embodiment,

ot EESRH0PC1 | A o B A 8 i e it

emb&XAERS %ﬁﬁi at 11Bastir§% Sn (dnel distiddident] laad \anllms 10\% mBR mbre particular
the present inventjon range from5 to 50 I bs/ft3 in
embeggraentowheneorifeniable rapesA7oidgge yalupsmpy Malydepnygombination of any

f /f
uppeP @{ntdh%éj i SR %o é’?‘%’gntﬂ?ﬁgﬁ% Pﬁe(igﬁerleﬂls Sttg’ceél Gndtfidr way, the

articula rom 10
FBDYSE) fittﬁ may ste avabicheifrenigedientnn, 0.40ve |49%1When multiplied by 100 as

in the, g%lg rrta ?sg]n% ggﬁggm&écﬁve BD@E gre[aﬁeﬁﬁla}/x 4%5/'1) I ng{y}é) &4} 1cu§§[%/mbod1ment

and gf@itéﬁﬁaﬁm%% REES Atk fgaﬂ‘héﬁ']éﬁ&ntﬁfdlﬂlgﬁl iﬂd?’greﬁeleth‘éﬁ%g%ﬁn yet a more
of SBD of the” present invention rangefromlOto

parti¢ubay/ dmi®dimentn enda gmamrrthemt 65%nnl y@t armadrg nagiddar| mbordusent and less

nor e rt| and fro o

than oo pAE piob A, gofles BB ve: APl ass than 8%

in ydths hdoke paRtichRE caitRldlifdnt eWhadin B esiraier&ige ¢ HBD/SBDIwilues may
range for SBD may be any conbination of any u

inclufe dny e@mbinatinn bRy PRNET tFBIy@B[D)igql} With #H¥ lo%%r FBD/SBD limit
dcsc%ﬂ% Jent, the voi dage of the reactor is |ess than
expressing the values above as percentages), and
| ess than 45%in a nore particul ar enbodi nent, and
| ess WO 2004/ 022605 PCT/ US2003/ 02515 _ 44, t han 4009
[013%)et a nlérbés ;195?11 f%wathate%ov@ac}%éﬁtcan iwea%%@ inadesibls PFvel when

us1n%blﬂf&atlh e%p@ﬁifs %Bﬂﬁms é"ﬂglelametrﬁégll&gl{e b{} a8juSBLthe level of

ticu ' ess than 20% i1 n a nore
hydregentin ¢hd polyrmrlbnmmmantor aTid: levell efdpidragimiin tloneeactor can be adjusted

nmbodi ment d.,at least 10%in nor. e rt
by aiiggahohvel dter iesn i Bt st RaliatsRied iy B reactor, or stated
alterNa?él&'eaﬁJdﬁﬁMg kHMaHS’@fWo%‘éﬂ"Eﬁﬂ%ﬁiy’l&ﬁ of any 5 upper
voidage limt with any wer voidage limt described

herein. Stated another way, the FBD/ SBD ratio may

[013 ave a alaéJ a}}ﬁ) flsgfacrlgén etho%ﬂrﬁentg h&ln 801%’191 ?atloﬁo%)am?%mperature is

[tipli I'n one

main€AkAdatNe BértaiR Nevel t6 Fuhier tdparhiAD tel Voidagd¥Ditea @aditablaule@él. As used
embodi ment, and greater than 50%in yet a nore

hereigathe; tewm areae%é@nmﬁéﬁtlre &8 refeeta ap atttﬁalnmemmdntey@@rague (ie,ata
pomtr{H ﬁne) R tﬂu‘fd‘l& rm%%‘@g‘fﬁ. rren?f 29ﬁ1§i§¥ﬁ%ﬁ bEd AAR? Wddo carry out a

nor e
gas phase polymerlzatlon 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 average 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,
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
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10 than 95%in one enbodi nent, and | ess than 90%in

yet anot her enbodi nent, and |l ess than 85% in yet a
worpeg/opEns | cul ar enbodi nent, wherein a desir abb@r/Usmwg®025151

of FBD/ SBD val ues may include any conbinati on of any

upper FBDYSBD limt with any |ower FBD/SBD |imt

descri bed herein. 15 [0132] It has been found that the

voi dage can be adjusted to-#3desirable | evel when

using binetallic catal yst systens conprising at |east
97°Cofee ateleadtl vopnetiy dijeudoingr rweihevepened mayibegeilized during a

i on_react The | veI en.in
contpyislads HFF PR mepaatdi HeRiel et Sup he SHREHED "o
hydrogen in the gas streamthat is introduced into the
eactor, or stated alternately, adjusting the rat
[013‘Hf hydr Brgeroidage (of ﬁﬁmﬁ@ay bo cpwaddlsyl ip png eiibodyment by adJustmg the
e SRR TR GO S Rl THHL 361 o rtemed 10 s
hydré gmtah&mnaphnembmeumbe exmesiagherahl ia tetasiof gel molaevatio.of Ak to C; (also
herein, the term"reac rt erature an refer
leghfes TR - e

Hy/ C@ cPraHZ Seb udherra dar iders fRpBie rogen, 2pd 4 fiy fo ethylene.

AltexJPFm;e'l MBhe ﬁ%dr@gécnl el s E{%Quﬁ&fj hirBinfeahGafet 'tcpfhe%'gﬂ"@ onno?es H, to moles
d’zed reactor used to carry out a 25 gas phase

of mpobmemrisgdtin ol pa}ymmamtlcai saactiaf, dor teaanaplc,abtéluleat,eplror)ylene and/or

e TEE LB S5 RO S0 BBt A, Rlpgr e o

hydréRE6Rr g Rﬁ‘%ﬂ@%n@fmbh&ﬁersf Os RitRNRhor nprRiRYahOThylfigen levels
measured tenperatures over a four-hour period. In_a

refergnsed herginand iarthe dliainenincludp actyal ipstantanepps sreaswed hydrogen levels, for

exan%)? npg'lglreg ag:ra 5)5%{' g%dsrof [ 0[5 goeggyégl{e %9 gg é%ragg §Xe}%gen ?eZ/gl based on

meas8f¥d, hyldeogéh ‘feveﬁ&ﬂkenﬁﬂl@xmﬁ@nﬁ'ﬁ&er@rpeﬁGGZOf timeB82C, or 84C,
or 86C, or 88C, or 90C, wherein the reactor

tenperature nmay be in a range from any conbinati on of

[013$]ny up ure?tFH)eorfaﬁg{rg dd %tetw&l}ﬂ: %QQ’TJFT ‘{Yﬁb?r limit of P.O’ZO in one

enper a rlbed erei n. exanpl e
embdalimectand 4renpperalimiteof 0211 8aine nagbea WEbADIMN) 22605 in yet another

PCT/ US2003/ 025151 -45 97C fo I t ,  two, .
cmbedigB; 000141 AgPRIEHBHRC PR, 007 B 4o rep partcular

n n en 1
e R SAOMID1S 0880085 ABUPCH KO0/5 10 €4 B i

embddaDentirand 008 antyedlal reglr_e| paroeidarcerbloaiimenit apy t]mj}l gergto ethylene
i e 1 RS ERPSE AT b PEcRPURRY G4 RS e paricuo

embRITRERY g1d ROG4 RO h kRS pBGIas&aBodiER, fhd MOOS et @fmore particular
the nolar ratio of H2 to C2 (also H2/C2 or H2: C2)

embcm@r:@tl, and-0.0pefreye a morfopastienlalr erpashimen, T}&lﬁdfOCZX?réP]éf the average
eth e

ratio d)? sacnl}%Psée a%fgdr%%cfgn%%}g%% dver ta[}ﬁumfcg.{ %%88?1 1?51%22 0 eltogv during a

contifb1®Sgas 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.

[0136] 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
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of nononers used in the polynerization reaction, for
exanpl e, ethylene, propylene and/or 10 butene.
woemierad y, however, the hydrogen |evel refereres2003/025151

herein is the nolar ratio of hydrogen gas to ethyl ene
nmononers. As with reactor tenperature, the hydrogen
| evel s referenced herein and in the clains include
actual instantaneous neasur-éb hydrogen | evels, for
exanple, a nolar ratio of hydrogen gas to ethylene, or

fromai0 ety ppmge 309 ctoprem in getel motsgmettbudan emped suang,candyfoemy §6 rwt. ppm to

| evel s, taken intermttently over eriod of tj 1 .
250 b 98 It M BBy APOYLRE o PBE FYTLroha8Thlp LispEF prm in yet
another Bhibo@fmdht, Okkkrbil LaRirablehRkbRAY coﬁgﬂxﬁlﬁhwminhﬂidﬂ &f any upper

~of 0.018 in another enbodi nent, 0.015 in yet another

limitewito dhydewer hmif. 0Tl 2lkykleminsmecasabe repuesgnted tyotienganeral formula
and 0,012 in. yet a ' [ :

AR oiin 5 & ik s BB BT e toipsnBeER e EERY el to Cuo ko

and dlkoxy€t a nore particular 20 enbodi ment, and 0.008 in

yet a nore particul ar enbodi nent; and the hydrogen to

ethylene ration has a lower limt of from0.0001 in

ne embggl] : J arfAiidr efittlo@iment at a rate of
137 o n‘gﬁtbn@g‘tﬁﬁn’%g}%bﬁ @%%@"gﬁ%@%@gg‘?u R cittoBfment at a ate o
frome@bd dirtorgptn, tea 60 GvtOPPmi (waight partsoper malion owdter feedrate compared to

enbodi nent d 0,006 in yef_a re .partjcul :
cthyigho i e o, 0.F 5 e lfpl S R GhatyEr orihpdipemy and from 0.5
wt. ppRl RCiAkt. BYAriRgRN adRh& dmoRNRerRYAld Porh AWkt PRHT toPRY WO Gpm in yet
s 0.009 or bel ow during a 25 continuous gas phase
anotlpo |eynbedimzent i whereipncd desimblerrangeninaylicomptise Fhecombpigatiarf of any upper

._..hydrogen | evel Lar ratios of H2/C2) may conprise
hmﬂgﬁﬁi %‘glﬁBWﬁr:'f‘F‘Bﬁe%‘%‘%gﬂger&B‘per ratio limt with any

lower ratio limt described herein. For exanple, in a

speci fic enbodi ment, the nolar ratio of the hydrogen
Bimegal PolymercPrgdyebus streamto ethylene in the gaseous

reamis fr 0 04,014 6 : i
[013§]It kyl al Eﬁﬁ' r?@%:%ﬁ‘p’g%%‘g%dorb Qm&lft é?oecg%% éc%ersrggbueﬁldg ?relsnljcwlhzmg the
bimebdlic tcatalyetshddsaribedi ivtein Owhichi &t prefetabiy bimodad famebk usddoin a wide
_the reactor in one enbodi.nent ﬁt a rate of ﬂ{on110

variefy of praduels apdFngdruse 3pphqalienty h hp 2pbaesePradiped B, the process of the
: L ' f r 0 n : ;
vl AT T, R0 ol IRRRIBARE s SR Ryl high density
poly¢thylehesy needivenridentityepul yetlyl e edOl o0 st 380¢ethylenes, polypropylene and

PCT/ US2003/ 025151 -46 from 60 w. ppmto 300 wt. ppm
polyprepylepe ¢o °IHarticul ar enbodi ment, and from 80 wt.

ppmto 250 wt. ppmin yet a nore particular

enbodi nent, and from75 w. ppmto 150 wt. ppmin yet _
[0139hot her Pelyinersi thatrean betraads ysing dhegicsaibled prensgsss way have a variety of

conprise any conbination.of any upper ~hLimt wth . .
compasiiansy STHFAeriFE: SRPRMR (e Oeof, B P eaiftasy e bimetali
catall§e iganerid pfoResiubidlized Aalkbe tahiereaitd foash Poliymet Rempasion with a

cor different and independently selected fromCl to Cl10
desirgd 8¢t @f 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 same properties as the polymers in the following
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.
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and al koxys. [0137] Al so, water may also be fed into
the reactor in another enbodinent at a rate of from
W@ 203/022605 ppm t o 200 wt. ppm (wei ght parts perPai/Ub2005025151
wat er feedrate conpared to 10 ethylene feed rate),
and from0.1 wt. ppmto 150 wt. ppmin another
enbodi nent, and fromO0.5 wt. ;meto 100 wt. ppmin yet
anot her enbodi ment, and fref7l-wt. ppmto 60 w. ppm
in yet another enbodi ment, wherein a desirable range
may conprise any conbination of any upper Ilimt with

ny lo I|mtdescr
0147 0t FfeonciBpan Pl Sy eRE Butkd abmi RS 5 Stk the range of
from AESEU beRd tH &N Biong/cmt iid bizd BRbbAIMent) ifroRl alssocg@a% & 9965 g/em® in a
descri bed herein, which are prgferab bi nodal , can be

moreyaticylar gmpodneniafiprr §-980 gewdet&O%he/@hdinyet a more particular
embo?]%g!eﬁtc kP B%905 Q@mp % 3()%:’5 r(%ar ?%%@fj %oki}?aﬂ?&f?&eéﬁbﬁlment, from

i nventi'on T ncl ude densit 5
0.91Pghyéttbylisey/cral asyanmemsre pirdaionemtwdithérghgeetes ittag 2915 g/cm’ in

yet zgé{qgr%: Sal‘laglplglthq%e ghggtdggﬂ%?/@g{;: (iﬁ%(? Y Enes 1n gle(%wa more particular
embo%lg&fﬁrw 4 eNEr GAROIYFBIcE’ ih O étehgﬂlofécﬂa)/t'i@l‘la? ehit@linta be

e using the described processes can have a variety
conpositions, characteristics and properties. At
m14heast e of the . advant

ool yoHE pvipfS Y A Mt dShe s Rihiliic,» bEie Ay spagmolecular

weightOto iRin{Be a@&%gé"ﬁble@@lﬁpﬁéight @1, /ML) Bf FodeSité 80l i1 6lie @hbodiment, and
properties or exanple, it is contenplated that the

fromplé) ipn®} & A anore Partivalas smbodipenbernd; Bemakd t0hé5 B} defgmmore particular

o ERIIORR AT 8 D S 1

catalysts descrlbed herein can be used in

g}ol yneri zation processes to form polyners havi n% ?
[0142)ane prBifepelymersdaaderhy theAgssaibed processes Rayeagiethrdgy MD or (I, as

o3 ATFEELAE0LEH0 P PRE LS 159300, B Lo g on

embcﬁi,nﬁ@lﬁl 4361 0812084y 160 Agmid2i8;a Go2el padidblar GdISINGHE; from 0.02
05; 242, 545; 6,211, 105;. 6,207,.606;
A 53 delgin it mors pasis IS DB A G 36 E0M 0.03 de/min to 0.1 dg/min
7 [0140] The polyners, typically
in yeg ?ﬁ{/ IHgﬁzg'gg’thszc:ﬁlzhgt;dlmeﬁ]t

based polymers, have a density in the range
of from0.860 g/cnB to 0.970 g/cnB in one enbodi nent,

0143 200t FERPmORT B0t CoREes PR on el fiey S Elmm s

meas'ilférdebs)DQE heatirad by ASPRdbNERSE, 1¢(r/mrr6p09§5n94@m8 1és§ than 500 in one
/cnB in yet a nore particul ar enbodi nent,

fro
embagtimen, o todess. thss2Q9) inggnons ppetculr gebedigtent.| Exaysed d differently,
polymg@orgﬁm the HeS@ivel ptnl.;]c%gseg h%{k? a M Bk ratio of from greater than 40 in

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
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
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yet a nore particul ar enbodi nent, greater than 0.920
g/cnB in yet a nore particular enbodinent, and
w@e@anzsod han 0. 925 g/cnB in yet a nore parti CRBACEIS2003/025151

enbodi nent. 10 [0141] The pol yners have a nol ecul ar
wei ght distribution, a weight average nol ecul ar
wei ght to nunber average nol ecular weight (M,,/M) of
from5 to 80 in one enbodi P&+~ and from 10 to 60 in
a nore particular enbodinment, and from15 to 55 in yet

knowa frortke pat tse€ UbarexampleotiSnd 794,096,d 32484530 4435650 1j 19,036,034 and

t_a nore particular enbodinent. 15 [0142] The

5’45%g¥7ymers made by the descri bed processes have a nelt
index (M) or (12 as neasured by ASTM D- 1238,
190/2.16) in the range from0.01 dg/m n to 1000 dg/ m n

[0145]n one Thnpdynensof thefinvantion dtaydg/ tiended end/oocegtrilefl with any other

a e par.t.icul ar .enbpdi nment,. from0..02. dg/ m
potyy i o SsERPLOpaReT BoverEibliar Susdt tof fhrbfy pivetnytencs
prodibed 3 vikg/cdhventiondl. ZicrNdita iafd/pet matallocetengpd icatdldds, elastomers,

enbodi nent. 20 [0143] Pol ynmers made by the descri bed
plastomersesbhigh hpreesute miaw  ideefety realyghylene/ |pgh ( densitys polyethylenes,

nmeasured by ASTM D- 1238, 190/ 21.6) of

pdy&rg@al%%flgnfeg??than 500 in one enbodinent, from 60

to less than 200 in a nore particul ar enbodi nent.

Expressed differently, polyners nmade hy the describe
[014¢); oc ess%oslmsvmde%l by theguaterel @ewepﬂéﬂf@f@&@% thppgghare useful
in sud® fdrﬂlilﬁsgﬁé}gtﬁfg%? diieMeet, P I fithed @RtreQon BndlcdTBkBusion as well as

partic ment, greater that 60 Iin yet a nore
blowpmptding| iajector madipg tand groteary enoldivgn  E8misninglkutle dlomwn er cast films

fonng‘gf)té icgél?t?t{s@ancgﬂ%g ot -‘tiﬂél ﬁgc?fg[ gsilghe{{nk} %@}i{lgifwﬁ, Xt%tchaﬁlm, sealing

filmsS BRAAEITBRLS snidkpuck Aies, eS8 AdRP bY FE bfoceRNsaBRs, BaREH&RINrozen food
using the 30 processes described herein. These

packaging medical pe¢kagingaindostrial linsrs mrasplyrrrasestc; wopedeprtact and non-food

contagg :aé@;cog%llszﬂgibe?ie %Fﬂd%?%%ﬂsélﬁxel%gg lsngH(gﬂ gfn%ﬁlt ' aaélél melt blown fiber

yImers tinc

operdioBP Vb £ e lth Ofkvedr of APRGoVED [Formy eI MakePfidoys| @iper fabrics, medical
pol ymers of these types are well WD 2004/022605 ) i

garmputy] geopedilysp otoq shxtruded agiidesninchide mapess tubiige niegical tubing, wire and

exan 9 5, - 034 .
cabl EGRLE amibndtes, 31 P Fndle) Mgl et i QENERIE and mud
layersad yoxtrubti@isdiadha fufoof tookos) ranks dange thollawyarttlbe rigid food containers

pol ynmer. Non-limting exanples of other polyners
and tpyEifde | i near | ow density pol yethyl enes produced via

conventional Ziegler-Natta and/ or netall ocene-type

catal ysis, elastoners, plastoners, high pressure | ow
EXAMBEESyY pol yet hyl ene, high density pol yethyl enes,

[0147] The following example relates to actual gas phase polymerization procedures
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

and reported therein.
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pol ypropyl enes and the like. 10 [0146] Pol yners
produced by the process of the invention and bl ends
wo bmnezdeomr e useful in such form ng operati onBCEES2003/025151

film sheet, pipe and fiber extrusion and co-extrusion
as well as Dblow nolding, injection nolding and rotary
nmol ding. Filns include bl own or cast filns fornmed by
coextrusion or by |amnatioedOuseful as shrink film
cling film stretch film sealing filnms, oriented

[0148]i | T ardEpsadcemaakagi hrgall heasaynpdest Pabmos ,Syglpot@r%s Silica was used.
sacks, baked and frozen food 15 ackaglng nedi

The pidisacatyeregdehydamied at 4| tempgefuge r@nesThegy dor ieﬁCh sample, a non-

metaﬁ&gﬁ%?cgta %f %a?ngmﬁlglgd fv@ﬁxﬂthﬁ %gﬂidg?%? @fgﬁk;%‘;‘a{n %E?Or eaah sample, 500

gram@®If thdoteopdetilé ldeliydrape Bﬂlba s aflded im&EaISFlhmn\BemEdlrround bottom flask
non-woven formto make filters, éis@ger fabri

enclasgd inz;an Nogglewe hpzs,b Wém.heé?le ngl) (a3 an aﬂ@qdcwgg the flask,
I
a3 HHBIRAEE D R G SRR G0 590 e undr

cons@ht stﬁ‘hﬁgi and G180 gearsd 604 &5 ando mlhﬁ(bn &tOdlbayEmagnesmm was added to the
constructions in_the formof bottles, tanks,

slurry, ¥ prpetod; f 2smirpitesi deshime A HieR e“iﬂgwe%ﬁ%sf@a@ £t 39y gdditional 30
mmu’t?e)§A {n@%l 9 144%]41111-5] Gvab il B9 B ATR i A&HaAL &8 af 25 ml volumetric

ctual gas pha ynerization procedures 25 carried
ﬂaskouﬂ"he mnarqo|125)tmbbﬁrdulufeﬂubldaméobohmdnrwa&addqd dtophiisei imgo the flask
et hyl ene and hexene, coponomner resultin

in .
conta;smaa ubs SRy oG Hiep b glugiyewasy srhglf aL afempEragire g6 idr ¢ yor 30 minutes
Whllgh%% cSHstdn® 5@%105.“ H9tani@hOB@actidride (416 otRRYWRiluted to volume with

reaction conditions tor eac run. ‘Various properties
hexand i el 25emliviolumetpc dthskt Eheeentak d@5i mkf |dﬁllu€ﬁd titahsion tetrachloride

reported in. Taples. 1. and 2. are t i d d . .
solutipggts em ArlockToRWiSF i the 1K 0 Grips Hecht ik fofigping the addition

of thf OB G0 sl \sZbwRU L AR ikl ANMBEAAGE of $4°C. The
at reporte therein. WO 2004/ 022605
slurr?(iiﬁé wsaauaweawbbl to aifbipttd@er@ateal yst Preparation. In
all the sarrpl es Davi son Syl opol (r) 955 Si I [ ca was
sed. he i.cas e de rated at a
(014830C  HRRCeSPesi VG S loaiR SR COEOHE Ao O

of tifaRiuf %&ha%d&@é@ém&&gmdt& $ihea. dFili*MdB’ﬂJ BfANS dﬂ £30 wtb@isolution of
i's, for each sanple, 500 grans_ of therespectlve

metlwbuhymﬂaxam QLAY dn iabienelavad ddded ty asngw tflapk i3-anelik glove box. In

e R s B e Ry Sl cBe 1372 g

was ﬁd@ﬂ'ﬁnto tHBRIAO s@hgion Md/the xanareshay stitred Tligil al1ufriite mﬁlﬁis had been
heated to a tenperature of 54C whil e under .  consta
dissodyads r iFeg, Saamrles3 80 léﬂa?wgrams af 1l wretalosens isonrbyy!- S¥clopentadieny]

z1rcogie1$1|518gi Hﬁgg@ YL (3120 tﬁﬁ sSlu'ﬁBﬁ 't Eé i eg\\'/}%%stltr%ed until all of

nutes. urr was then a
the selidvlthdfbeen dissalded. t NextatheMAO/Metallocene mixture was slowly added into the

48 %o 2 each sample

flask containing the previously prepared titanium 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 Al/Zr molar ratio (Al from MAO)
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
period 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.
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m nutes. Butanol (27.4 grans) was diluted to vol une
with hexane in a 125 m volunetric 10 flask. The
weedonzed25 m of diluted butanol sol uti on wasPemusmo3/025151

dropwi se into the flask containing the slurry, and

then the slurry was held at a tenperature of 54C for

30 mnutes while under ‘constant agitation. Titani um
tetrachloride (41.0 grans) -Vs—diluted to volunme with

hexane in a 125 m volunetric flask. The entire 125 m

The highdbdiling goinit ttalnbnamwiag tsnbsehhontydemoyed utsingna wasuunh gressure of 28

added dropw se_into the f|ask containing the slurry. .
et AdePRg e RRR OBt T g g@ed_t et e4taNSt SppRared brpg in color as
S r:
o eyl U BRA L 120 8RR BrRTRRIPRAA g ps

reactarybireiet the ngadiions ederftified 9l Tiwe Tabkpett foren reetpalyethytene polymer
cat al yst conmpound was then added to each sanple of

COmROSKIQRi um t et rachl ori de-treated dehydrated silica.
First, 673 grans of a 30 w. % sol ution of

[0150fEt Y| afpfa-Bex aPsTyhbii¥dtioh.N tOTh@?lYﬁéﬂﬁﬁdﬁﬁ Wéredchlicted in a
flask in an N2 glove box. In 20

anple 1, the
contirequs| gap phase fhiidized brdrpactery cTh@pibhdiaqninE@q/is madeqprofipelymer granules.
dichl oride (13 7 ed j he,.
The G el St O PR B PR togelHep i comopomer were

mixedabélBerhiada heging We aahgeattnt kod iSasduced belowl he7i2agombed into the
of the netall ocene_ bis-n-butyl-cycl gpent adi en%l e
recycl¢ gaohnenMAnPmesY ol hakese Avfae 4ssdisothe kemoRemen) Ghy gidividual flow
' | L fto thiliBta$P ik iti
s BRSO B9 S A el B3P composion
targetsas Tat @t yerrdcedentrdtiontwas @mtrolllad ko aoain@imangnstaet ethylene partial

reviousl repared titaniumreaction slurr ve .
pressis: T 1B1OTse RS FPRTONGg 1D BN pBh SAnanpydrRaed tp &y fiag mole ratio
The %tf]ﬁeﬁ@ﬁioﬁl{ﬁl alMASY olYeds Bl dr@ GR1ASurBA %Y WinCorl BRRELY dHothRtokfah to ensure

ask i1nto the flfask containing the reaction slurry.
relatiVhly cahgtZmt conipasitiomin e fedlyclergosstkga®. ranges from about
90 to 110; The Ti/Zr nolar ratio is about 6. Each
resulting mxture that included the respective
[0150 met al The sqlad shtiSht waspljectnbdirtdiBninteltie Auidwedi Bedl using purified
~ tenperature for a 30 period of one hour. Afterward, .
nitrogerc#s meaxtier: dtsyats vasi adipstedite grantpistaggopsippiggpycsion rate. The reacting

f.ol | owed i St - t he ' )
vet kb RS Bl ' C0UBIARSEI0, PR Guingp tow of
the n24k@4/p0RREH Bl FCY{IUSROMBNATHS teacti@Dzdiive Aisgperficial gasgvelocity of 1-3
oi nt tol uene was subsequently renoved usin

ﬂ/secgwa,% yeRdetogrehizge thifrd ha feagtor yys patalfdeat G {0} @resgfe of 300 psig. To
main];t:a{ixlrl1 3 cdistafifl i()ﬁ%?f*l%éf&tufétt Yegﬁpegggﬁa&eﬁlebﬁegy@e IgBs is continuously

olor as a free W ng sol i sanpl e was “used
adjusted ap segamat © @obmmedate sy whanges inrthe rgesf hivatsgeneration due to the
reactor, under the conditions identified in the Tables
Polymgnzalioh a pol yet hyl ene pol ymer 5 conposition. [0150]
Fl ui d-Bed Pol yneri zati on. The pol yneri zati ons were
conducted in a
[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
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.
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conti nuous gas phase fluidized bed reactor. The
fluidized bed is nade up of polyner granules. The
w@amenexs0f eed streans of ethyl ene and hydr ogenP¢Dys100®025151
with liquid conmonomer were m xed together in a mxing
tee arrangenent and introduced bel ow the reactor bed
into the 10 recycle gas'|ine. Mnoners of 1-hexene
were used as the conononer .- 3Mhe individual flow rates
of ethyl ene, hydrogen and conononer were controlled to
mai ntain fixed conposition targets The ethylene
oncent at| was. co i.ntai const

[015 hyl eneSHh P%‘frt’espr 2’@1%% lpéopexftfﬁg f (51? @8 SWas cPepetrmined by the
fonomteg|rh§ﬂ)dso mai ntai n a constant hydrogen to et hyl ene
nol'e ratio. The concentration of all the gases were
neasured by an on-line gas chromatograph to ensure 15

c on in the recycle gas
zsﬁg@i FL? '{538 %o{lgryst was i nj ected
di 8%? fIU|d|zed bed usbqg ur|f|ed fxed vol
3ni Brlkkdaensyy: f‘céﬁsm EPOUFeds Via U8 %}l pinto a fixed volume
meenderefA00 s tlhgtbupy density isgReasyred as WP’@Q&?f Iegin digiged by 400
of cafo@ferayvades Wrgiec, particles is maintained in a
4 | Particle eSizs t Hhee phyictensize onmeaasiyed byl daterofinig thhewerghteof material
upcdlieedd aod ar eeiys lof (&8s Stérderdykievdseand: determmizp tiee. waight average

ile cizaba@don\tht sievd yerief uskd3 ft/sec was used to
achieve this. The reactor was operated at a total
pressure of 300 psig. To maintain a constant reactor

The ﬁewp@neadeﬂned a the paseAnéaastafrtbe dotak distribatigr passigsthraugh a 120 mesh

stan tﬁll‘g’gg()| ﬁlS%ﬁe%gJaﬁ%ctle % ﬁ %ﬁcalgﬁé&g??olﬁ%mﬁgs argmﬂportant since

high ﬂ&}el/sﬂ@hl 2&d toosheetiy bl Fodling |ib€ ttid tdaadlohe@clteghs\l\@stem This results in
mai nt ai ned_at a constant hei.ght by w thdraw ng

heat gshangss disgabutorlpe éo%tngare%mg d ERRSIor ﬁlalttdﬁ@vnrta@@awut
formati on of particul ate product. The product is
removed sem -continuously via a series of valves into
[0154] fi xedEauhl runevas lopedated, oveha périadsof 24 houks, amhﬂdxsaltqd in Tables 1, 2 and
ctor. This allows for

ted back t.he,
3. Eagh i w o e PR e comitiont BSihaeg Tdid il Vg, The

ﬂuldideﬁ%eﬁ SE Wik kAo WaR R &1 folyrRér éerﬁlléhanQﬁﬁ% dadia®fSthe gaseous
to the reactor. Thi's product is purged to renove

feed etm@anm ofethyiigndrand dytrogen aech intreduced b@lpwﬁha reagtor bed giteangcycle gas

llne ﬁ?l?e]t S(Iétfgérggnel}e\tg%sg %df}ggetdd%?é\}vl ﬁ{at e i aggg individual flows of
ethyl@g I ME2003/ £hdSHSEne 'c5ﬂqon6ﬁ3153/]erd?6é‘ﬂtfd)llgd Q@ ahhin@sn fikb€ composition

properties of the polyner was determ ned by the
targets, identifipdin E%hlesnbﬁlﬁb%is The cqncenfsations gf 83ses ASTainoasuesigby an on-line
ChroOg{&%raphon E, 2. Density: ASTM D- 105,

Example 1

[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.
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3. Bulk Density: The resin is poured via a 7/8 inch

di anmeter funnel into a fixed volunme cylinder of 400
w@e004/0tesodbul kK density is neasured as the wei gheCD1S2003/025151

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 sievs—and deternining the

wei ght average particle size based on the sieve
[0156fr i es Demug eabhauh, the seagting bed ofhgawasg pﬂxmpepm‘enhegg/@s maintained

in o TideG s Poch eonfmle SRR BT 1%, G- 34 o e Pl proven e

react@n 7oA. M LhARatedFhM@Bled 1€ard "D MatR iin Giiliged orfi ¢ftwloedefb@nt reactor
can lead to sheeting and fouling of the reaction cycle

tempg@@;urgss/(g B@dnTempp@tq:rgg %l nagely; a rplafively highsh gfagtor temperature (215 °F or

02 S5EAF MOV LI AR 972 o S3CETT 9ty rn, o

respde€ive f.tdct@f t&ﬂpdﬂﬂﬂfe&wasﬁt&aﬂntﬂiﬂdﬂ&dﬁt actonstartdblet byladjidtiagdp or down the
20 3. Each run was conductg usi ng the.sane conti nuous
tempgraturp RE the TepYRle) B35le aseemmedate gRy changes i thedptsd hgalgegpration due

tothég& LEAGLAr was nade up of polynmer granules. During
run, the gaseous feed streans of ethylene and
hydr ogen were i ntroduced bel ow the reactor bed into a

15 A Al g S BRI kALK it

refle@bOYA q*asle U Q98E RAFoNRXPRANGERIRERN MRS (H,/C, molar ratio) and
controlled to maintain fixed conposition 25 targets,

fluidizge ruilf derity (FBED! eSpetifigally,2increpsedcibwidignd lbalk dersitys was achieved,

reac}%}%ﬁ,@( W%&ﬁ% n‘%fi‘fﬁj@@% d]e%m't%luaﬁlg'})il | ne {h @%W%%%%%g? reported in Tables 1

and SURPRuhEd, Bi Mehalg. i The %&tm&hllwafghbﬂﬂ&ﬂt&d Hililk dedsity was achieved
into the fluidized beds usi ng purified nitrogen.
with @gpgibingtion af lovt hyqqog@tlggelw}deloydmpgqretgrnp@raﬂmqqtlg,qqntrast however,

+ OIERE RISV B A RGRALA B i e

tempefasiges, frior Switle dowl ly;&lro@nyIeQﬂs mdt hightresttdry teidg@ratures, nor with high
(trimethyl a] um num

n- .
hydra&ﬁrwwﬂr@p@m l&a?tehiﬂn)pmt%h | SPRtifceHy oS rafete i Bebles 1 and 2, for

exan‘gﬁcér e Jhui 1(ﬁ%/ < 2@&}15 ﬁl_ﬁfsitise\é &{Tr%ﬁ'l V%hk%ui?‘@%ﬁ}gzeéé g)glwgﬁlﬁgfe/s O €Bulated) of

Rung EaZ; t5i angl Gawdreodinlg Aduls hg. 6pb3 §rand lpétrlfos/ﬁf ,egspﬁagvely But the fluidized

v R o 72 NS S %, 1 LR THRHS thllvay

corrdsftdingOuiaRRe bul%sdénﬁﬁlﬂe@ Qtafédlaltcrdl ﬁlﬁ\@ @8 rdpaed séitle@dulk densities, are
run utilized one of two different reactor

reporteshye Eeblaseb andped Therjughesufllized hulkedsnsitis were 69% and 70%,
respec%vglt, %?lﬁ/unglﬁhec{ 4r eacinclh thg %9811'0%&9 rlevefszgh% xl:ea&or temperatures were

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
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
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5 102 C, or arelatively |lower reactor tenperature
(203 F or 95 C). During each run, each respective
WO e@ehza603 enper at ure was nmai ntai ned at a constBCL/US®OE025151

by adjusting up or down the tenperature of the
recycle gas to accommodat e any changes in the rate of
heat generation due to the polynerization. 10 [0157]
A surprising correl ati on waD3hscovered i n connection
with the different runs reflected in Table 1,

MAQ.nVEICV is getieast oy Ti\/b%r[ﬁ@hatthqt eqach)y ds ogreatalyst elZs ig HZi’V@J_Ed by MAO

v TS R, AR AR L KO Yo KB o s s

100. a@gzlefﬁg%ratfongm@g 60% of the settled bulk density
and hi gher, under the conditions reported in Tables 1

andh2 ;lor Runsd3 4, 7 and 8. The substantially
0158) 2085 Sy 0 BB e B0 e Bt fimine

fluidizedpgiteab y b @6ntidudus Ao gfhe nﬁhmpdbed arll fecgdle halthdoughdhe reaction
bul k density was nqgt achieved wt gh hydrog

e
zone| e lindigaied M JROIFR Acthsse tye ey gxaﬁ? FerY FghlagpRgqiicl,ith the same
dr o

catal?\%f.t ]9%313% E&quﬁ olggﬁoﬂeglgelgﬁgﬁ g’v% gﬁwa%gfgiglg?tgfﬁ@F d1Y5°C by adjusting
up ot dnmetl&ttamperanﬁ@ efiht iremicleygas ds acwhineadtapdlanynclifapgésecia the rate of heat

and ﬁ for E%l%e the fluidized bed densities (from
genefatipp que Qg P9 f0%ensities are cal cul ated) of 20

Runs 1, 2, 5 and 6 were only 13.1, 12.6, 13.5 and 13.2

| bs/ft3, respect ively. But the fluidized bed
[016@lensiA .sg@mfngmlammway saeml agaipeine cormeptiorp with thes ddferent runs

reﬂe(?}pg iy ?3@8 323{\{? vdrggl ﬁytfrBeCt CE%FXH?/? é’laolalx(jrgriraﬁg)s ?rhcf1 Hulﬁ%ed bulk density

(FBIZfl)e pA‘Ith@lﬂglﬁ&h lb@cdidéntrafion SisbideFere@ betweb p@istoeshd 10, it was observed
. abl es 2. The highest fluidized bul k densities
in rupgle %gh@taq‘ql@qur@o,goncwg@g\g@ tdoge ngt mg@ﬁcm]ysafgecéﬁ](gu@;zed, bulk density.

Specfiai), diRfaB A A ad kit cﬁée%[%g.?ﬁs?tﬁr vhERBELAL fifhing 6% of the

settle’ﬂ) bulk Wensityt el highed ahﬂd:rCthe aoadiyiehs vepsrtedjiedbld 3, for Run 10. The

rectly into the fluidized bed usin ified
substaFlge her NG STOpuIK sy i A0hieesd WK APy reEglygls. Tn contast,

how{@f,rlit ﬁgﬂ ﬂu%z&lhpﬁfmﬁé&?&%éé 1fo? géﬁlévrgd Wit ﬂ}g@ltﬂﬂ%%eﬁtlgvels at the low

n eac run e cat yst used was made W t h I Ca
reactdeteympesdted wed 8760 9Endl 14. [Bpeeifichlly, s refiaciddyigtTables 3, the fluidized

bed fTRYY &5 dritpEAAGTDAgH Po?F tSfelisich dgpitte Nalofpg the setied bulk

densRHA ¥Gilch Qﬁwgﬁﬁéantlg%hnéﬁtﬁaﬁa} A1 19;t ths)obd, 2RO ALIRZAPRIK density
CT/ US2003/025151 3 MAO. ‘TiCl4 is activated by TMA
rose flmthaticaliniomdAdp 3P lbséftc espentivelyst . Zr is activated by
MAO wused in catalyst preparation. Al/Zr nolar ratio
fromMAO in catal yst preparation is about 100. Ti/Zr

[0160P! ar r@hise resultdbediiccBmplished 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.

[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



10

15

5 [0159] During each run, the reacting bed of grow ng
pol yner particles was maintained in a fluidized state
whyooa/ozawed i nuous fl ow of the nmake-up feed and perysioes/ 025151
gas through the reaction zone. As indicated in Tables
3, these two runs nmade very simlar products wth the
same catalyst. During each run, reactor tenperature
was mai ntai ned at 203F or 9%-by adjusting up or down
the tenperature of the recycle gas to accomodat e any
lends cﬂsahﬁgesnarry tiiftererat arigfione aot llmtrgtethehea@mon Forethese réagons, then,

ot R AT TP Ao R R 51 Bing o sope
of ther;ﬁ%ée%t: §i8&niish. T#aHBer3 certdid Gbatieg ofEY pereent! lavaitﬁm(ahe/dgecnbed in

nol ar ratio) and f1ui di zed bul k density BD) .
terms Af tahsﬁngaﬁ r@mwp@ln@p@b higdtst ek 2 opf @ff Bunericel Vw lyaiteve dhshould be
appre&#ﬁé; ltheal';] gaﬂl g%gde %X%ggg)gﬁ/aﬁg Jogltﬂege lﬂﬁéﬁ%‘f w1t%,}1£ Hl%tscope of the
inventidrinrmssedlebwlskndﬁﬂa&dt y. Specifi cal ly, dr arratl cally

i ncreased fluidized bulk density, was achieved,

reaching 66% of the settled bulk density and higher,
[0163]ij_nder Ugﬁ:s§ 9&1@1’& qu dit Q@r%lﬁquhﬂergaéig?es§néf Rt} dOingredients,

stantla I gher flurdized ensity was

propewiei Eu@nbnvwdnkhtionw dtxyﬁsa)gﬁ@th |used lis the spectivatiastand claims are to be

underggc}{ﬁs \é§ égpr%u?rlw HEE ﬁqgl Zeggb l K f)gospgltityets \rqs’glslgl'g\?&toz‘t& obtained by the
preserft %%n RIS kat &f HERGrehinf, léfbs ahdaneuld Gt least be construed in light
Specifically, as reflected in Tables 3, the fl uidized
of thepagloks i reporétd giamificantydigito and) b Ipplying Redingsy trowerieg) teehniques.
e that.the settled bul k n y
Notw%}.?gaﬁx&gpés .hgﬁ hfeI %%?rf? CAigss, gng algf €S gettl%g t%&h th b?ogho gcope of the
inventidi€ afel bippibZadtibng, khélangidryal valaes edtafsahi el ﬂe)z&oxftédJm Mrecisely as
to 20 Ibs/ft3, respectively. 25 [0161] These results
possiblg-e acconplished using a nolar ratio of hydrogen to
et hyl ene as described herein, and nore particularly
of fromO0.001 to 0.015 in one enbodi nent, and from
[0164D. 002 Adl PriGdf)y docummentshere éﬁtmdifnﬁyltmc@pdrafddobyOreﬂi@&we for all
tq 0.009 jn yet another enbodlnent nd fromO0.004 ¢
jurisdigtigRsgiry WhS?Et S SAREIOTHoth PRI Eridi, all dBsiTReny ghtd herein,
[ I
e N R S b f??nﬂé?yﬁéféélﬁ‘étfdwm in
whmhhedeﬁnmpoﬁmop@u&ﬁmﬁmmIe the present invention has
been described and illustrated by reference to
particul ar enbodi nents, those of ordinary skill in the
art will appreciate that the inventi on WO 2004/ 022605
PCT/ US2003/ 025151 -54 lends itself to many different
variations not illustrated herein. For these reasons,
then, reference should be made solely to the appended
clainms for purposes of determ ning the scope of the
present invention. Further, certain features of the
present invention are described in
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Producti on Rate | bs/ hr

157.8 131.0 155.9 135.1 TMN C2

Ratio wt m 124.9 125.0 125.2 125.0 H20/C2 w m 20.0

W@0009/02800 20.0 Resin Properties Melt

| ndex (BD/US2003/025151

dg/mn 0.082 0.074 0.05 0.037 HLM (121) dg/min 11.46
5.95 8.73 4.47 Density g/cc 0.9531 0.9506 0.9493

0.9466 Settled Bulk Density Ibs/ft3 30.3 27.6 32.4
31.4 FBD/SBD % 43 45 69 ™6 Yoi dage % 57 55 31 30 WO

2004/ 022605 PCT/ US2003/ 025151
Pol yneri zati on Paraneters for

- 56

TABLE 2.

Runs 5-8 5 Paraneter

Units Run 5 Run 6 Run 7 Run 8 C2 Concentration nole %
50. 1 49. 9 HOBLE Q4 FolymefikatioN Pdraaftersdor Rubdb-§ nol

0. 0110 0. 0110 O. 0058 0. 0064 (C6/C2 Analyzer Ratio
Mol / nol 0.0091 0.0128 0.0117 0.0110 Reactor Pressure
PS|g 299 300 300 300.0 Bed Tenperature F 203.0 216.0
Byiameiee -0 10 ongs V- RELSY L TRaFE 1 Ruf7 9 a0
C; Chentliiy Sl 17844, 2 192499 SU7- S0 1909 Erpist Tt
Hz/czmar?zef%agog it 1 of T, S TReasE TS et
Co/C: Apalver Rpbo 3| Maljgiold ™ L0091 4 "0.128 10 GOII 71y L0107 55
Re L od'sig od o 298 117 90 Rbsigog’ro,cer 900 el t
Bed) Vepgrapioy lag/ i n d_ 0889 _ds22H.044 o2l 13610431
GﬁﬁYﬂPﬁWﬁ 16 _31Usec 3 |95 19070 | 2 ¢ g8 0.1951P% d456
Bedoverght 0 qalg7 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 Tbs/hr 142.8 139.2 142.9 112.1
TMA/C; Ratio wt ppm 125.0 125.0 125.0 125.0
H,0/C, wt ppm 20.0 20.0 20.0 17.0
Resin Properties
Melt Index (1) dg/min 0.062 0.052 0.044 0.054
HLMI (I, dg/min 6.16 3.40 3.95 5.12
Density g/ce 0.9517 0.9456 0.9469 0.9467
Settled Bulk Density lbs/ft’ 29.5 26.7 28.9 29.5
FBD/SBD % 46 49 55 56
Voidage % 54 51 45 44




Settled Bulk Density |Ibs/ft 29.5 26.7 28.9 29.5
FBD/ SBD % 46 49 55 56 Voi dage % 54 51 45 44 WO

wQodhs2605 PCT/ US2003/ 025151
Pol yneri zati on Paraneters for

-57 TABLE 3.
Exanpl e 2 Paraneter

PCT/US2003/025151

Units Run 9 Run 10 C2 Concentration nole % 50. 83

59. 89 H2/ C2 Anal yzer
C6/ C2 Anal yzer

Rati o Mol

/ 0.0085 0.0067 nol
Rati o Ml / mfB7 8. 0077 0.0079 Reactor

Pressure Psig 299.7 300.0 Bed Tenperature OF 203.3
203.2 Gas Velocity ft/sec 1.90 1.90 Bed wei ght Lbs

TABIOB 33

Srizabionl Ravunietdrs forE farfiple 2F| Ui di zed Bed

Density Ibs/ft 15.38 20.18 Production Rate | bs/hr

pm 100. 12 97.76 H20/ C2 wt

dex (12)

6 5.91

Bensity | bs/ft

% 47% 34% WO
VWhat i s

52.7 59.9 TMA/C2 Ratio w p
Ipamddr 34 21. @oits Resi MuAroperti eRuvbbt | N
C, Cpeéntatiéh 059 ntdld%6 | HLIA83( 1 2[L) dgiadan 5.8
Dancityv alele A QEOQOT O 0491 Sphttl ad Pl le
Ho/Cdhnalyags 119 o oMoFR| spB 85394 669" 0087 dage
| 2004/022605 PA9USo03/ 00515l 58 LAY
Co/C, Anakyzaz Kajiq - | Mol/mol 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 | Ibs/ft 1538 20.18
Production Rate 1bs/hr 52.7 59.9
TMA/C, Ratio wt ppm 100.12 97.76
H,0/C, wt ppm 2434 21.20
Resin Properties
Melt Index (I,) dg/min 0.059 0.056
HLMI (1,)) dg/min 5.86 591
Density g/cc 0.9507 0.9481
Settled Bulk Density Ibs/ft’ 0.4639 0.4899
FBD/SBD % 53% 66%
Voidage % 47% 34%




1. A gas phase polynerization process conprising
conbi ni ng hydrogen, ethylene and a supported
whrombzdehs c catal yst systemin a reactor conprPCI/Ng2083/025151

fluidized bed; the process characterized in that the

fluidized bed possesses a voi dage of | ess than 50% at

a reactor tenperature of from80C to 100C, and

wherein the binetallic cat-d8st systemincludes at

| east one netal |l ocene catal yst conmponent. 2. The
CLAIM®cess of Claim1l, wherein the nolar ratio of

hydr.ogen gas to ethylene introduced into the reactor
“nwtﬁégngggﬁ:ue of fromO0.001 to 0.015. 3. The process of

Caim1, wherein the nolar ratio of hydrogen gas to

ethyl ene introduced into the reactor has a val ue of
1.  fAogas(plaeR polynBrigat®dn proceRh gompoisiag soobimdngihyirpgen, ethylene and a

wher ei.n, the | ar, ratig of. hydrogen gas. to et.hvl ene,.
Eponf T k' daRin il SOpPSinkd RSB b process
t EhadPacd@ired In thhh theITuRgiesBb&lf pdshadbe® alvoiddperoFileks ttheh 50% at a reactor
voidage is less than 45% 6. The process _of Caiml1l,

wieanstature 19f fiot $QG0i1801(s ead prhgreing thebimetalticecatpl i syséem includes
0 i [ }@ﬁ ctor tenperature is
rr%tl 1%329%%%%!1‘8%% it §E¥§t)cf: 0 ngliac. 8. The process of

Claiml, wherein the reactor tenperature is maintained

at from80C to 98 C 9. The proces f Caiml, .
2. §he process -lﬂphb wheggin ghegmo _ratlﬁﬁﬁlygrog@@ g4 to Wrgfmtroduced

3604/ 0
%ﬁgfg%é‘%rg%%%%ﬁgggg&{@ The (g(fg%gegs of daiml,

further conmbining from10 w. ppmto 500 wt. ppm of an

a | al um .CO und to the reactor. 11. The prqocess

. ofbdpdertet ey Lreeia U8 hofs HRC Bimepi ssup AR Riroduced
| R HdGSackordia 8 value Datbm 0.068 @l o/¢to. conponent . 12, The
process of Claim 11, wherein the Ziegler-Natta

cat al yst conmponent conprises a conpound sel ected from

R RIS B3 mrocuced
13ito Heeevta1aRS 8 vafue OF bm 0.003M0€).@8 t he supported

bimetal lic catal yst conposition includes a support
material conprising a Goup 13 or 14 inorganic oxide

5. IRV EHFRLED rRhaith 1, WRHEREE ReWobdaRE if YMAPY4e,L 0 1000C

6. The process of Claim 1, wherein the voidage is less than 40%.

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

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

9. The process of Claim 1, further combining from 0.01 wt. ppm to 200 wt. ppm of water

to the reactor.



10.

11.

12.

13.

14.

15.

16.

17.

14. The process of Caim1l, wherein the netall ocene
catal yst conponent is represented by the fornul ae:

w@ph@pBdd® or CpA(A) CpBMXn wherei n each CPA aneCZpRoas/e25151

the same or different and are substituted or

unsubstituted cyclopentadienyl rings or |igands

i sol obal to cycl opentadi enyl, each bound to M Mis a

Goup 4, 5 or 6 atom X isb%elected fromthe group
consisting of Cl1 to C6 alkyls, C6 aryls, C7 to Cl2

afTky beocgsssef Chiimar 1,nfarthexdcdmhbiningfeomnl O wt.1pn t@;508nwt. ppm of an
(A) is a divalent _brjdging group. 15. The process of
@ligylﬁ%ufupqugm@phn%oitlge geéf’tg&t ed fromthe group

consi sting of chlorine and fluorine. 16. The process

of Claim14, wherein Xis fluorine. 17. The process of

CThé¢ protdss afth@lain rl, @hkream thaCpiBietallic sathlyst ddo finchides eZiegler-Natta
ar consi sting of cyclopentadienyl, indenyl,
t%ﬁ#gﬂﬁ?‘é’?ﬂ%'ﬂyl, and substituted versions thereof.

WD 2004/ 022605 PCT/ US2003/ 025151 -60 18. The process

of Caim 14, wherein CPA and CpB are selected fromthe
gThe prasessseisElaing 1lofwheyein dheAteatnraVaiia, catalye mpmponent comprises a
tetrahydroi I n e j i :

c PO sl By Vo' PIHHE BE CEFE) AR Ol S Biices, ovides,
CpB/hangesahlkbeided, andmiRugs thepecfel ected from CL to C10

al kyls. 19. The process of Claim1, further conprising

conmbi ning a conononer selected fromC3 to Cl2

ol Fﬁ%ess%@ClQn_i_E‘?l,%Q&&ﬁ?h@guﬁg)ﬁéﬁiﬁ}etd‘lﬂé L8t composition includes
conprising conbl nNing a conononmer selected fromthe

ga cuppard msdtertidl ngpnagrisingpr dpwup, 131 ob udemergabihexidnedehpdrated at a
1- oct ene. . _The pro of Claim1l, wherein the

s [fppsratyg Oé%rﬁg{g{?q &éogﬁﬁ(gpyst system further

conpri ses an al unoxane. 22. The process of Caim 21,

wherein the alunoxane is present in a nole ratio of

AlTh¢ peoceds| fddnien ¢ awhergist the orptedlocene eagalzgt conrpongndag rpresented by
tﬁﬁﬁgo. 23. The process of Caim?2l1l, wherein the

a A8 and net al | ocene catal yst component are

supported together on the sane support.

Cp*Cp®MX, or Cp*(A)Cp®MX,

wherein each Cp* and Cp® are the same or different and are substituted or unsubstituted
cyclopentadienyl rings or ligands isolobal to cyclopentadienyl, each bound to M; M is a
Group 4, 5, or 6 atom; X is selected from the group consisting of C; to Cs alkyls, Cs
aryls, C; to Cj, alkylaryls, chlorine and fluorine; n is 1 or 2; and (A) is a divalent

bridging group.

The process of Claim 14, wherein X is selected from the group consisting of chlorine

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

The process of Claim 14, wherein Cp” and Cp® are selected from the group consisting

of cyclopentadienyl, indenyl, tetrahydroindenyl, and substituted versions thereof.



18.

19.

20.

21.

22.

23.

WO 2004/022605 PCT/US2003/025151

-60 -

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 C; to C alkyls.

The process of Claim 1, further comprising combining a comonomer selected from C;

to C,, olefins.

The process of Claim 1, further comprising combining a comonomer selected from the

group consisting of 1-propene, 1-butene, 1-hexene and 1-octene.

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

comprises an alumoxane.

The process of Claim 21, wherein the alumoxane is present in a mole ratio of

Al/(metallocene catalyst component metal) of from 40 to 500.

The process of Claim 21, wherein the alumoxane and metallocene catalyst component

are supported together on the same support.



