0 8 DEC 2,0116 -1_ BI MODAL POLYOLEFI N PRODUCTI ON PROCESS AND FI LMS
THEREFROM FI ELD OF I NVENTION 5 [0001] The present invention relates to

bi rodal pol yol ef m production, and nore particularly, to binodal Uﬂ DEC 2008
pol yol efins in producing filnms, wherein the binodal polyolefin is produce
in a single reactor using a binmetallic catalyst in a desirable enbodi nent.
BACKGROUND 10 [ 00021 Bi nodal polyners produced using two or nore different
catal yst types- binetallic catalysts-are of increasing interest, especially

i n produci ng pol yet hyl ene and ot her -pplyolefins. See, for exanple, US
5,525, 678. However, problens exist in using these binetallic catalysts,
especial ly in the gBIMODAE POLEOLESINPROBUCTIONYEROEESSVi ty, which shoul d
be as high as possible in or dND FILMSCIrERREFRIOM process, as catal ysts :
costs are significant. 15 [0003] One nethod of inproving catalyst

efficiency in ga hase processes is to inprove upon the catalyst used in

t he prod@é @ﬁ NE%i class of single-site catalysts for connercial use
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fluorides; crystal structure of the acetyl acetonato conpl ex

[(acac)2(T15 CsMes) Zr (p. - F) SnMe3Cl], DALTON, 1983 (1996); A. Herzog, et
al ., ReZACKERQEND f C5|Ve5)ZrF3 (r/- C Me4Et)ZrF3, (i/-C5MA5)2ZrF2,
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(1995); Ky a ed Hal f - andvm c npl exes' as
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pol yrrerl zatjon systemis desirable, especially in gas-phase 30 pol yethyl ene
pol ymer ib8 &t high as pessipis in grdsetareenomise thepepopssy ﬁf@?ﬁl)fsf%mﬁ e fgmfieant. s” syst em
espggi al |y for binodal gas phase pol ynerization processes The pr esent
invention is directed _ '

[0003] One method of improving catalyst efficiency in gas phase processes is to

improve upon the catalyst used in the process. A promising class of single-site catalyst_s for
commercial use includes those wherein the metal center has at least one extractablq fluorine (or

~ fluorine “leaving group”). = Disclosures of such catalysts include US 20020032287; WO
20  97/07141; DE 43 32 009 Al; EP-A2 0 200 351; EP-A1 0 705 849; E.F. Murphy, et al.,
Synthesis and spectroscopic characterization of a series of substituted cyclopentadienyl Group

4 fluorides; crystal structure of the acetylacetonato complex [(acac)g(ns-C_sMes)Zr(w
F)SnMe;Cl], DALTON, 1983 (1996); A. Herzog, et al, Reactions of (i7-CsMes)ZrFs, (17-
CsMe Et)ZrFs, (715-C5M45)22rF2, (17 -CsMes)HfF5, and (1°-CsMes)TaFy with AlMe;, Structure

25  of the First Hafnium-Aluminum-Carbon Cluster, 15 ORGAN_OMETALMCS 909-917 (1996); F
Garbassi, et al., JOURNAL OF MOLECULAR CATALYSIS A: CHEMICAL 101 199-209 (1995); and

W. Kaminsky, et al., Fluorinated Half-Sandwich Complexes'as Catalysts in 'Syndiospeczﬁc
Styreﬁe Polymerization, 30(25) MACROMOLECULES 7647-7650 (1997). Use of such single site

_ catalyst components in a olefin polymerization system is desirable, especially in gas-phase
30 . polyethylene polymerization. It would be desirable to further improve upon this system,-
' especially for bimodal gas phase polymerization procésses. The pregént invention is directed

towards solving this and other problems.



towards solving this and other problens. DEC 2006 -2 SUMVARY [OOD{HD[mplmm
present invention provides a nethod for  binodal polyolefln producti on,
preferably using binetallic catalysts, and polyolefins filns nade from

bi modal polyolefin conpositions. At |east one enbodi nent of the invention
.is directed to a process of producing a 5 binodal polyolefin conposition

t hat includes contacting nononers with,a supported binetallic catalyst
conposition for a time sufficient to forma binodal pol yol efin conposition;
wher ei n gbpgRRPOrted binetallic catalyst includes a first catalyst
conponent and a . second catal yst conponent that includes a netall ocene

cat al yst [08&Hpound Tha\presgntainvemtmst providesf 4 wethiodefoo bimédal polyoteficgmodictiomg

| eavi ng grpeu 10 005],.;Anot her specific.e i ment of he"vet' nis
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conpasition for_a tinme sufficient - to formthe binodal pol yol efin
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fluori naﬂledupmttatﬂ [boueméic roatalyst dnciuslds byﬂrsth@teﬂynt rmhmoﬂ.qm NEQ a/\kacmreii catal@p i s a

substituted or tituted | opent. a |en derivatiye thereof, M
o a o e e AR RSkacs & Befk RN GIAALeRRK ) A o Bt Rl BB TS g
silica divyiie sddniag leavinggeampat ure of 800 C or nore. 20 [00061 Yet anot her

specj fic enbodi ment of the invention is directed to a process of producing
a binbdal polyol efin conposition, including providing a particul ate support

mat eri al (poggympr i S'AE’IGth%f lsh&d¥ic Qﬁﬁb&ﬂdﬂt be ﬂ&aﬁv%ﬁﬁﬂrﬁﬁsed&l:lﬁ’éd)td a”@%@m{sb gy to a

terrperature of 800 C or hore for atinme su cilent to forma hydr at ed
support predusitigala bimgddallipedyoltksiny dompesitioni bwmmsu% motacbtmg mepnohersdstithdrat ed

| support rate A on-pol ar.. h drocarb a s slurry
oroui ai rigpbo Pttty sRoBR cBRsBaf iS4 R PERaR R it B SeB BRI,
. provi di r@nﬁmsﬁ&xﬁ)ﬂﬂdlrﬁﬁlﬂﬁi wﬁighcﬁummmlghhmlycmﬁﬂ wiﬁponcnmﬂat lb@ﬁﬁcﬂa:umt aI yst
‘conmpound haV|ng@at | east one . fluqride or fluorine containjng IeaV|n%
ys

groul? C‘ﬁﬂglptmo 161ﬁﬁé‘,0§13%ﬁ§l§ twherein the sypnored bimetallicsatalyyy includes a ﬁrst catal

component that includes a fluorinated metallocene represented by the formula Cp,MF; wherein

Cp is a substituted or unsubstituted cyclopentad:lenyl ring or derivative thereof, M is a Group 4,
5, or 6 {ransition metal and a support material comprising silica deh‘ydratcd at a temperature of
- 800 °C or more. -
20
[0006] Yet another specific embodiment of the invention is directed to a process of
producing a bimodal polyolefin composition, including providing a patticulate support material
compnsmg silica; heating the particulate support matenal to a temperature of 800 °C or more _'
for a time sufficient to form a dehydrated support material including dehydrated silica;
25 combmlng the dehydrated support material with a non-polar hydrocarbon to provide a support
~ glurry; provxdmg a first catalyst component that is a non—metalloccnc catalyst prov1dmg a
second catalyst component that includes a mctallocenc catalyst compound havmg at least one
fluoride or fluorine containing leaving group; combining the support shury with the first and
second catalyst’ components to form a supported bimetallic catalyst composition; and.
30 contacting monomers with the bimetallic catalyst composition for a time sufficient to form a

" bimodal polyolefin composition having a density of from 0.86 glem® to 0.97 g/ cm’, a



second cat al yst- conponents to forma supported binetallic catalyst

composi tion; and 30 contacting mononmers with the bimetal lic catal y&# DEC 2546
conposition for a tine sufficient to forma binodal polyolefin conposition
having a density of fromO0.86 g/cnB8 to 0.97 g/ cnB, a 08 DEC 2006 -3

nmol ecul ar weight distribution of from5 to 80, a2 of fromO0.01 dg/mn to
50 dg/mn, and a nelt index ratio of from40 to 500. [0007] In certain
aspects, a filmmade fromone or noreasaf the binodal polyolefin 5
conpositions disclosed herein has a Dart Drop |Inpact F50 Value of at | east
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certain aspects, .a filmmade fromone or nore of the binodal polyolefin
conposi i fadey ratq A@#ei00- has an MD Tear value of at least 0.4 g/ m cron
on 25.4 mcron 10 filmand at least 0.2 g/mcron on 12.5 mcron film
[0009] In certain aspects, a filmnmade fromone or nore of the binodal

pol yol eflf807] conpobi terins agpests,| D ibd rhaske cfron lvas on nikide Dédhe bahadal pélyeltfin east
1.5 g/mcron.on 24. jcron.fil d 0 g/J4d.cr.Qn 0 . icron film 15
o1l "R Eihe e ROAR ok e Barf Pleo et 200 PR Gedof TelA

pr ocess ntifroh fiém ah@ V&N oan2Basickadiimenhanced, in that it includes silica
dehydrated at a tenperature of 800C or nore. In a nore particular

enbodi nent, the support material includes silica dehydrated at a

tenper atpgey) Of 83fh Ler@ln T‘E@i&%@ts, 4 _ﬁlh_ii%ad% {82 Gnd 3t h&&ylo@rm@ma{}pay@hﬁlbe

support material 20 includes silica dehydrated at a tenperature of 875 C
or nor e coMpmRitionERlilosahargin brs achile Tgir dafe afiat leasts0.4 @omition/mn 2fsethidren ei n,

in peference hodic Table o' G oups” of Elenents, the "new' 25
nurrﬂgri r@ﬂsag%é@sg’fg?%? g %’tglil(?dsl '(%“T‘é 1i%hen'Groups are used as in the CRC
HANDBOOK OF CHEM STRY AND PHYSICS (David it Lide ed., CRC Press 8| ed.

2000) . 0 As d h in, t h "cat al yst m' includ t
Toast” oML ary b Seriiefionahs Hn g femete o droca at Lo Prodal BUFRIGH wni ch

ar e deshbinpeshidrddisoREedREh Ras a8 TedGrafiRlcRhdidst 3 %S BBrdPYn 2.5 Ridrbefiltle
ot her conponents, such as supports, etc., and is not limted to the

cat al ystan¢ dfpdnismn aad/Somicaet fivmt or al one or in conbination. The catal ys:t
systlgm may - :

[0010] In particular embodiments, the support material useful in the process of the
invention has been enhanced, in that it includes silica dehydrated at a temperature of 800°C or
more. In a more particular embodiment, the support material includes silica dehydrated at a
temperature of 830 °C or more. In yet a more particular embodiment, the support material

20  includes silica dehydrated at a temperature of 875 °C or more.

DETAILED DESCRIPTION
‘General Definitions
[0011] As used herein, in reference to Periodic Table "Groups" of Elements, the “new”
25 numbering scheme for the Pericdic Table Groups are used as in the CRC HANDBOQK OF
' CHEMISTRY AND PHYSICS (David R. Lide ed., CRC Press 81%' ed. 2000).

[0012} As used herein, the phrase “catalyst system” includes at least one “catalyst
component” and at least one “activator”, both of which are described further herein. The
30 catalyst system may also include other components, such as supports, etc., and is not limited to

the catalyst component and/or activator alone or in combination. The catalyst system may



0 8 DEC 2006 -4 include any nunmber of catal yst conponents in any 08 pec o806
conbi nation as described herein, as well as any activator in any hd
conbi nati on as described herein. [0013] As used herein, the phrase

“catal yst conpound” includes any conmpound that, 5 once appropriately
activated, is capable of catalyzing the polynerization or oligonerization

of olefins, the catal yst conpound conprising at |east one Goup 3 to Goup
12 atom and optionally at |east one 4eaving group bound thereto. [0014]

As used herein, the phrase "l eaving group” refers to one or nore chem cal

10 noi etingladdayntimiber bheutdRk sbms@iehie in By ddidikdiba by 8dscERMIRAGH tas WhRfitascan be
abstracted fromthe catalyst conpgnent by an activator, thus producing the

speci es HYRFINRQr FaROEYRAIpR as drseRAsEEEEEY | on or ol i goneri zation. The
activator is described further below -[0015] As used herein, the term
“"fluorinated catal yst conponent” or "fluorided catalyst 15 conponent”
means a [@8tdl yst dsrgsodiherehnatticrghrase “catalyst onpofthdionelddesoanyf dougoimbthat,

cont g nin | eavin roup,, prefera netal | gcene ar netal | ocene-type
cat ot o1 it SR, R BBl kiRl Rt w PO on T HiEEG R A g

| eavi ng @efinsp the OAJIGst Asngoard chpiing af 1cably thied Casupy b "toi GRup dES ambd, phat i c,
cyclic, olefinic, acetylenic 20 and aromatic radicals (i.e., hydrocarbon
r adi cal sOPieRAHAt lepst@nairayDg &roua baundthersto- t hat are deficient by one
hydrogen. A "hydrocarbyl ene"” is deficient by two hydrogens. [0017] As used
herein, an "al kyl" includes |Iinear, branched and cyclic paraffin radicals
t hat ar e[08k4]i ci entAsbysedhsreiny dho gbrise Tleadng fgooupdxefirs! to, one eICHBrey chrnpical

(" wyl "), 5 - qr "ethyl") a kvl s, [0018]
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r adi cal scatdlfsatcodtpenéhef biciaanbetivitogneubystodagtiy tied kpitids aabliectvwardsnolefie
“l'inear, branched and cyclic 6 acetyl ene radicals deficient by one hydrogen
r adi cal .PoSnqrizatY oralis é%FaH@F-e’F]?‘F,acmW%m E)SF’%?FSSF"‘WE’G]GE’S phenyl, naphthyl,
pyridyl and other radicals whose nolecules have the ring structure -

characteristic of benzene, naphthylene, o D DEC 20066 -5 phenanthrene,
ant hr acel@815]et c.  Psrusedkarpneche termpifigotinatndenalatysteqnponente or Stlupmidegeatalyst” | a

15  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.

{0016] As used herein, a “hydrocarbyl” includes aliphatic, cyclic, olefinic, acetylenic
20 and aromatic radicals (i.e., hydrocarbon radicals) comprising hydrogen and carbon that are

“deficient by one hydrogen. A “hydrocarbylene” is deficient by two hydrogens.

[0017] As used herein, an “alkyl” includes linear, branched and cyclic paraffin radicals
that are deficient by one hydrogen. Thus, for example, a —CH; group (“methyl”) and a
25  CH;CHy— group (“ethyl”) are examples of alkyls.

[0018] - As u.sed herein, an “alkeny * includes linear, branched and cyclic olefin radicals
that are deficient by one hydrogen; alkynyl radicals include linear, branched and cyclic
acetylene radicals deficient by one hydrogen radical. .

30 |
[0019] As used herein, “aryf’ groupé includes phenyl, naphthyl, pyridyl and other

radicals whose molecules have the ring structure characteristic of benzene, naphthylene,



C5H42- aromatic structure is an "phenylene". An "arylalkyl" group is an

al kyl group having an aryl group pendant therefrom an "alkyl ary?'g gg]cag@g
aryl group having one or nore al kyl groups pendant therefrom 5 0

used herein, an "al kyl ene” includes |linear, branched and cyclic hydrocarbon
radi cal s deficient by two hydrogens. Thus, -CH ("nethylene") and - CH2CH2-
("ethylene") are exanples of al kylene groups. O her groups deficient by
two hydrogen radicals include "arylege" and "al kenylene". 10 [00211 As
used herein, the phrase "heteroatont I ncludes any atom ot her than carbon

~and hydfaﬁ’@ﬁﬁthfeﬁé‘tarﬁlﬁ'ﬂceﬂ@ Q@U%rtéialﬁﬁfeb@b&l?ﬂﬁ'ofnﬁ%cpggu&lﬁgg gﬁeﬁheﬂyl" sel ected
fromthe group consisting of B,

" het er o0&t @ermatis &ﬁﬁﬂﬁ@I@ﬁ@n (phenglene’hyAnr feglallplt gropds emblkyhgrouchmaving ans a

het h di ff
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Non- | i npéridany tieetefigah.es of het er oat om cont ai ni ng groups include radicals of
i m nes, am nes, oxides, phosphines, ethers, ketones, oxoazolines
het e ocycl i cs, oxazolines, thioethers, and the like. [0022] As used herein,

an "al k 28] boxy! £ @sed h%eﬁlybﬁamﬁzﬁ@ HBudes ﬁﬂéjar, #ohched ki ajcub ﬁ;?drmga'd phate” is

an al kyl, aryl, and al kyla , respectively, that possesses a car

group | radigals dpﬁ@bl!tﬂb’rfWOEWémsp@s Thus, |-Gk~ CBM@I@@(’D)@—CIG%EGO)@YIEMY)C
0023
1[0I I OJNI ﬁ% #%ﬁgle%]g? rghh&lené %gs“tsogsraa uﬁgéptstdyéggg%ﬁe ‘ﬂgéeé‘cf 818% cgu r nore

hydroge?‘mﬂbm”an&“ﬂlamylene’h the noieties 25 sel ect ed from such groups as
hal g@en radicals (esp., d, F, Br), hydroxyl groups, carbonyl groups,
car boxyl groups, am ne groups, phosphine groups, al koxy groups, ,phenyl

groups, po2geht hyl AgnRY Qr%reup thd PhraR0 iRlelobtond’ PRdes :ﬁ% flt&ngﬂ‘iér%dﬁ%ongr oups,

and co |nat|ons thereof. "Exanples of substituted al kyls and aryls
i ncl ude2nd Iygrogsn éhatem be beunddo t:@bora@yd ity ensi asrtiodiment liskaplegted Hiom thdigoaips,

al koxy e agli dl,,al
radi cal é&gi&sgl?%‘?fk%%( ltg.ll’ ’n@i P 6 §§r ?%r%&éxyc%g‘%%%’ﬁm Hai't %\?{gﬁggcagbr%ormyl
r adi cal mdlcal Kot conmds di Iadtérydtemmﬂhampydmtmdmeairanomcgﬂ mis)samadiraﬁfferent
acyl am atdl caI a r)(l agnhno radi cal s, and conta nati t her eof 20U6
ds eteroa from 1 to 3 heteroatoms 1n a partlcu ar embodiment. on—hrmtmg examples

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

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

[0022] ' "As used  herein, an “alkylcarboxylate”, “arylcarboxylate”, and
20  “alkylarylcarboxylate” is an alkyl, aryl, and alkylaryl, respectively, that possesses a carb'oxyl
group in any position. Examples include CsHsCH,C(0)O", CH3C(0)O;, ete.
[0023] - As used herein, the term “substituted” means that the group following that term
possesses at least one moiety in place of one or-more hydrogens in any position, the moieties
25  selected from such groups as halogen radicals (esp., Cl, F, Br), hydroxyl groups, carbonyl
groups, carboxyl groups, amine groups, phosphiné groups, alkoxy groups, phenyl groups,
naphthyl groups, C, to Cyo alkyl groups, Cs to Cyp alkenyl groups, and combinations thereof.
‘Examples of substituted alkyls and aryls includes, but are not limited to, acyl radicals,
alkylamino radicals, alkoxy radicals, aryloxy radicals, alkylthio radicals, dialkylamino radicals,
30 alkoxycarbonyl radicals, aryloxycarbonyl radicals, carbomoyl radicals, alkyl- and dialkyl-
carbamoyl radicals, acyloxy radicals, acylamino radicéls, arylamino radicals, and combinations

thereof.



-6- [0024] As used herein, structural formnulas are enployed as isUg}o%]ﬂnLZ;ma

understood in the chemcal arts; lines ("-") -used to represent

associ ati ons between a netal atom ("M, Goup 3 to Goup 12 atons) and a

ligand or ligand atom (e.g., cyclopentadienyl, nitrogen, 5 oxygen, hal ogen
ions, alkyl, etc.), as well as the phrases "associated with", "bonded to"

and "bonding", are not limted to representing a certain type of chem cal
bond, as these lines and phrases ar€ *heant to represent a "chem cal bond";
a "chem cal bond" defined as an attractive force between atons that is
strong enough to permt the conbined aggregate to function as a wunit, or

"conpour{d024] 10 [ 0A2uhed hetéin I shiubtufel BIrRARE 8 chilployeli QY isPoodintély Sidettfol e OF
part of tﬂ structure should not be inplied unless so stated for a given
st r uct urtd® ghemipl artantings(“use) gteddgriaprasept assediativnn derwsen oy mbel etomuM as by
dashed |gRes 359 h8ayy¥mdyi iddl %@&d £8s. S nerw. no
enbodi nent ﬁ%f tﬁ%@{ﬁ? esen%ﬁl%)n@g%t F%Enldi%q er e}t{%ha fel'sgﬂ %@g&%&@@lb&lﬁ%?r on
st at @ ofoxyern, helpgin ians rmlkyl,\ate.), as vallf dsrtbelplivedes Wadsncitted vithtlj Stoddsall to” and

descri ptd l that follow. The |i ion the netal atom"M
i s such ‘tbﬁlgﬁnﬁgrc%)ég%‘ggiﬁosre%eg%rﬁnﬁé’aceﬁ@‘}lzm? %‘r%ﬁéle lﬁf {’%H > aﬁ%@éﬂeﬁ rw se
i ndi cat eiras0ard @RaMto Aepreserra Neieiidal bérde; 4 edheinidal BBWR defindh&nanUseftit©
descri be, a pol yner. or Ql ymer conposition (e.g., polyolefins such as -
pol ypr o;e)f%“s ﬁs“‘éfm B@P&?é‘iﬂﬁﬁ éFFE&g BPu IRhermif SeciBbinad ageregais 6o fimsiion ara

t er pol yngiSor “@Rapsund®i modal nol ecul ar wei ght distribution,” which is

under st ood as havi ng the broadest definition persons in the pertinent art
havéogi ven that termas reflected in printed publications and issued

atents. exanpl a Si 25 conpasition that includes, polyal.efjns
\I?vi th at PR ongpﬁcgg%l? is?qr%h%u%?ﬁﬁor%née&ﬁug?m&%?rw ‘chjcﬁ %“Fﬁ"%tﬂhié@ﬁ nﬁLd
pol yol efbenmpliéd unlast sé etaied formegivaesnuithiend lapparawbyubeefdonimomdy gdall bonding
distri bu%ﬁinﬁri ish C nai%ﬁe‘iﬁd to pe a "hinmodal" polyolefin, as that termis
used her _9SF‘H’_§Sﬁ¥1? &9, ags and/ghbRay » other than having different

nmol ecul ar wei ghts, the high nol ecul ar weight polyolefin and the |ow

nol ecul ar wei ght pol yolefmare essentially the sane type of polyner, 30
for 18xarfPl8] pol yYrlsesyFletsd asherpisey ae rmbedisaend ®f HRCpNgent Mvatiords hewsiused

herein, fliGqt M &f&ﬁﬂ&f tsf.aYLJ; b the BRAP alolt <Y agsh&efﬂfcgd ROV ob! RANGSRS
descriptions and examples that follow. The ligation of the metal atom “M” is such that the

compounds described herein are neutral, unless otherwise indicated.

20  [0027] -As used herein, the term “bimodal,” when used to describe a polymer or
polymer composition (e.g., polyolefins such as polypropylene or polyethylene, or other

~ homopolymers, copplyrﬁers or terpolymers) means “bimodal molecular weight distribution,”
~which is understood as having the broadest definition persons in the pertinent art have given

" that term as reflected in printed publications and issued patents. For example, a single

25 composition that includes polyolefins with at least one identifiable high molecular weight
distribution and polyolefins with at least one identifiable low molecular weight distribution is
considered to be a “bimodal” polyolefin, as that term is used herein. In a particular
embodiment, other than having different molecular weights, the high molecular weight
polyolefin and the low molecular weight polyolefin are essentially the same type of polymer,

30 for éxample, polypropylene or polyethylene.



per weight of the catalyst used in the polynerization process (e.g., granms

pol ymer/gram catalyst). 5 [0029] As used herein, the tern1"dehydrﬁtgdﬁ t%mﬁﬁ
understood as having the broadest definition persons in the perti t»%)ﬂ*
have given that termin describing catalyst support materials, for '
exanple, silica, as reflected in printed publications and i ssued patents,

and includes any material, for exanple, a support particle, fromwhich a
majority of the contained/ adsorbed wafer has been renoved. 10 Gas-phase

pol yneri zation using binetallic catalysts conprising a fluorided

tall t al t; , e L I
met al | ocpgs) cat alaSied AFRANEH terkp%%ﬂucgﬂ %&ﬁ@&%_wa%ﬁ%ggglgﬂefs pegg&%& a

process for produci ng a binodal polyolefi conposi ti

cont act i PRY weighti of ¥horatabyst vaid lin shebpolpmeatidation pagcadsy fig.c grapsspaljmoer/gram 15
forma bj:a@% | pol yol efin conmposition; wherein the binetallic catal yst
conpositron conprises: a first catalyst conmponent; and netal |l ocene catal yst
conpound having at | east one fluoride or fluorine containing |eaving

grou I particul ar enbodi pent, the bingtallic catalyst is supported.
The ne@gfqli c catXi|yreg heredp Hhe fermy gdeblﬂf‘?ﬁ%eﬁt wndergingds agchayingbg begadest

pol yImer i ZefitRA pefdofs 38 thed g&mh&m%ﬁﬁw gi¥Gl fal 1&g &Wdeszﬁbihg(lé&i st Suppbe
aspect of the invention, the nethod of ™ naking bi nodal pol mersy IS
char act empignds,i far tehemplehsilier rasnisflectedr in punteda publitatipnshanch éssurdnpatents, iapd

cat al yst. i a_sj e. react or essel and _form the hi.npdal _pol yol efjin
compos  efidsst ) Wil RS BlamplE o8 ShpR0 phRD 1% ABE dBAH B P o,
al so pr ostntkiedadinrsddalterfhiat beepaemewidt i on conprising a polyolefin having a

densﬁ)y of fromO0.86 g/cnB to 0.97 g/cnB, a nolecular weight distribution
of from5 to 80, a nelt index of from0.01 dg/mn to 50 dg/mn, and a nelt

i ndex r a@a@pﬁ’éseﬁoﬁ‘ﬁerﬂﬁﬁbﬁ’ u§ﬂg+bi;ﬂ@ﬁullﬁd éﬂl?ﬂﬂ%bghigﬂ ’ha fihoriddd Mmetaflodent MEM

fromthe binetalli'c catalyst of the 1nvention, as certain desirable -
f eat ur escalystepmponenturt her bel ow. 30 Binetallic Catalyst 0 8 DEC 2006 -8

[0033] (Yoose 118k breshitnd EiBh SRVERS boobest 288 cing’h biRbAlF blyblefin
composition comprising: contacting olefin monomers with a bimetallic catalyst composition to
15  form a bimodal polyolefin composition; wherein the bimetallic cﬁtalys_t composition comprises:
a first catalyst component; and metallocene catalyst compound having at least one fluoride or
fluorine containing leaving group. In a particular embodiment, the bimetallic catalyst is
supported. The bimetallic catalyst, each of its components; and the method of polymerization
are set out in greater detail below. '
20
{0031] In one aspect of the invention, the method of making bimodal polymers is
characterized in that the monomers are contacted with the bimetallic catalyst in a single reactor

vessel and form the bimodal pblyoleﬁn composition in the same reactor vessel.

25 [0032] The present invention also provides a bimodal film composition comprising a
polyolefin having a density of from 0.86 g/lem’® to 0.97 g/em?, a molecular weiglht '_distribution
of from 5 to 80, 2 melt index of from 0.01 dg/min fo 50 dg/min, and a melt index ratio of from
40 to 500. The film composition, or film, is formed from the bimetallic catalyst of the
invention, and has certain desirable features as set out further below.

30
Bimetallic Catalyst



refers to two or nore catal yst conponents used in conbination with at |east
one activator, and optionally a support material, that is usefulg 0106
pol ymeri zing ol efins. The "supported binetallic catalyst or "supp rQ%%
bimetallic catal yst conposition” refers the binmetallic catalyst systemas 5
used in conbination with a support material, wherein one or nore of the
conponents that nake wup the binetallic catalyst system may be bound to the
support. In a particular embodinment, _ghe binetallic catalyst of the

i nvention includes two catal yst conponents. In a nore particular

embodi Mpiza) ¢ he DAJTELA! ek, 0ié MrtSoihoRRaRlysh ! WiiGS fic & c dhlali#t sfithp! vt
conponent” ‘and a "second catal yst conponent 10 [ 0034 1ere|n

t he ter mferd ko o mrantabystalystmmpxpnms uaeéileo;csnkumtmnwl&laat ddagisene actwqhunmdt ot her

t han the_secpnd cat enent. . er.abl he |rst catal.yst..
oo onogRoTALY & sfike miteraf SR ALERES i S ReBme steblt” ThennreaedhitRlate,

i ncl udecdtal ?ﬁ’r’lbﬂﬂ‘mpﬁorwdfb&ﬂﬁklm cabaggmoﬁp@@ﬂl@r’reiaistme lﬁﬁie&llly@dasalfseﬁmmuis as
deSCélbed urt her herein 0035] used herein, the te

" non? e B0 1B eI Yt RiSupp @ﬁ@nslnvh%ramaﬂnygf MOFF ﬂil%com@p?rﬁ%thahmake
metallo t t a QIRAHY i fied
bel ow. b 3%3 Et@@ﬁgtg@st r&gﬁﬁ@wﬁg%t&gr?%ﬁw gg% tégfgalrgﬁlst corrgg?]%cﬂ?%r efers
to any b@m@alk)@catalhs;tofzne msrentucfnf mclydes fwooratalyst icomponeatsal Insa nooerpatienar, a

embod nERP AL ¥ LR arget BaRmRA HekRCh AR RANRE Bmaatn® R | Coone

conponerﬁecuM|@m3fsﬂmpoﬁe;a”at | east one fluoride ion |eaving group.or
fluorine containing group. 25 [0037] Certain enbodi nents of the present

i nvéfition invol ve contact i ng nmononers wth the binmetallic catal yst
Cormone%o 34] N 2 DAY k&t hakine RO AriEatirst 6aRhsdidulheitt ©RtAly shy ca@Rmound
that conprises the binetallic catalyst resides, ‘or Is supported on"a single
type of compymentratherledn thisecondeatalyss carponest cPrefszably, thecfiust catalyss sprparerter | al

enbod nint Fov sk Yl sufSER shahTes 8 wERTRROEY o 8 Hedfle, o,
t he SeCBEﬁéd@&Ig&H\&ttaeﬁtmpﬁtéledihpcﬁm&sl’astdembemﬁﬁﬂieﬂ&gﬁnany gi ven parti cI e of

support material conprises only the first or the second catal yst conponent.
In #Ris later SFr. -9 enbodi nent, each supported catal yst may be

I ntroduggds| Nt o tReuREMYRS i drhOhoh &R4dIREene compound” refers any catalyst that is

neither 2 metallocene nor one of the metallocene-type catalyst compounds identified below.

_ [0036]  As used herein, the term “second catalyst component” refers to any catalyst that
20  is different from a first cataiyst component, a metallocene catalyst component in a particular
embodiment. In a particular embodiment, the second cétalyst component includes a fluorided
metallocene component which comprises at least one fluoride ion leaving group or fluorine

containing group.

25 [0037] Certain embodiments of the present invention involve contacﬁng MONOMETS
with the bimetallic catalyst component. In a particular embodiment, each different catalyst
compound that comprises the bimetallic catalyst resides, or is supported on 2 single type of
support such that, on average, each particle of support mate;iél mcludes both the first and
second catalyst components. In another embodiment, the first catalyét component is supported

30 séparately from the second catalyst component such that on average ariy given particle of

support material comprises only the first or the second catalyst component. In this later



sequentially in any order, alternately in parts, or sinultaneously. [O 3§%w
In a particular enbodinent, the first catal yst conponent includesﬂﬁ g
titanium 5 non-netall ocene catal yst conponent, from which a higher

nol ecul ar weight resin (e.g., > ca 100,000 anmu) can be produced. In a
particul ar enbodi nent, the second catal yst conponent includes a

net al | ocene conponent, from which a | ower nol ecul ar weight resin (e.g., <
ca 100,000 armu) can be produced. Accgrdi ngly, polynerization in the
presence of the first and second catal yst conponents provides a bi nodal

pol yol efambodimampmh etppofted chtabstiday e imwdlédiechd polynRiighionceananent
and a hi npl.ecul ar wei ht conponent. The two catal yst conponents reside

on a si fgH %Hb‘f“’cyoﬁ‘é‘?‘t @P’étqlwné’ﬁﬁ%lﬁﬁléﬁﬂt%eoéﬂ%odl ment, and they can be
affixed to the support in a variety of ways. [0039] In one enbodiment, an
"enhanced silica" is prepared as described herein and 15 constitutes the
suppor t [0088k fi r sin & nedicyler esbrdioentnthe J‘él'sfacaﬁdrﬁtmmbmmgn@mﬂmmmamdmt hat is

firs e i a a.s

on: 3t SATREARScctl Llhal e AMRARCHoR Gy plebb8ieells: PaRiPBSh @8 2 6t o i o
conbi neaiomﬂamamdn)emqunddmd.amstpmmmﬂ a@bédimbm] theesseond| catalyst boripuniested

net al | oce a netal | ocene havi at ] east one fluorine ion_ |eaving

group), B‘Z‘Eﬂ glzﬁﬁalque%p ?QWPIHantgEF Bhich 2alopicr, molgenlay syeight fein (¢4 oﬁ Ravi ng

enhance@omoaﬂﬂﬁ@wﬁhtb}e prédhc¥ eAcdbs it glg?p éﬁiﬁﬁéxpﬁh Mé g?esa&c%@'@ﬁe 291 ¥R ef' n

conposi tion 0040] Various net hods arfixing fferent catal yst
corrponeﬁﬁcgnf( 841tb|é!5tt coa‘tp@mmsa pwiyides @d:mpﬁdmomle@m mmmygm ¢hat tigcludes wplowr t can

c at g‘?ys {noiéaulgle %F%l d ’cox?lpgneﬁ{ s qul'hgh f&gle@[agn,?g él'ﬂ %poﬂeeg”p Ilic

can i1 nc e providing a Suppor St “conponen 25
cont act carrgpcmeﬁtk. weside o atsinglecduppes phdtelefih raspariiatal egr&;bdmmmncm& Mheyl dsanabe
non- pol %{ﬁ tgcar bon.with, a fsoI ution that includes the second catal yst
conmponefiXe FSUPROF It L WTieRq San ‘activator, and drying the resulting

product that incl udes the first and second cat aI yst conponents and
recoverl ng a binetallic.catal yst conposition. 30 First Cat al%st Conponent
[0041] H93Pbt ed abowne emhﬁémmnh@patenh@c@hmhwsﬁ ‘praparsd As tdesaribe élﬁllgme@da first

cat %ysEons £0H3 L éﬁ%’% ort e 51! c,%tai)%g c%nﬁ?otrﬁﬂq§g néh- %&115'&51@% poudd ol

However , I'S con or cer al n-app drons f| r st
catal ys tomlmn@bmih tthemenhardet] @ilivat to\pedyidd e s@mﬁbchhbmmmﬁocm repmpogition) ltheev en

one of the netall ocepe e catal yst co |dent bel ow that is
supporte non-metaﬁoceng gompos}tlon%s combin nPcP wﬂg %he SEcon cataﬁyst componenE ?‘or _

' example, a fluorided metatlocene (a metallocene having at least one fluorine ion leaving
group), resulting in a fluorinated bimetallic catalyst composition having enhanced productivity

20  whenused in production of a bimodal polyolefin composition.

[0040] Various met}zpds of affixing two different catalyst components (albeit a different
combination of catalysts) to a support can be used. In general, one procedure for preparing a

_ supported bimetallic catalyst can include providing a supported first catalyst component,

25 contacting a slurry that includes the first catalyst component in a non-polar hydrocarbon with a
solution that includes the secongl catalyst component, which may also include an activator, and
drying the resulting product that includes the first and second catalyst components and

recovering a bimetallic catalyst composition.

| 30  First Catalyst Component _
[0041] As noted above, the bunctalhc catalyst composition includes a first catalyst

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



different in structure fromthe second catal yst conponent as descri bed
herein. In a particular enbodinent, the first catal yst conponent is a ae
Ziegler-Natta catal yst conpound. Ziegler-Natta 5 catalyst conponentsp dife’ it
wel | known in the art and described by, for exanple, in ZIEGLER CATALYSTS
363-386 (G Fink, R Ml haupt and H H Brintzinger, eds., Springer-Verlag
1995). Exanples of such catalysts include those conprising TiCl4 and ot her
such transition netal oxides and chlorides. 10 [0042] The first catal yst
conponent is conbined with a support-tkterial in one enbodinment, either

with or without the second catal yst conponent. The first catal yst

conponefthat demcepieincapplicatiods diet first ptalge dompoment atalyeilteinatvelf fbis xeletkiiocaness uppor t

cui Cabl GoRStrRoPei oty S APD B et epe Been et ieprhhodob s " °

Or ganonwifei MISERIRe Hath thukiwmid theRstdofpohete s HEscHRRI RAGnP % 8parkitular
hydr ocarbon_diluent_of the slurry to forma solution fromwhich the

or ganon&giediment thedirpatalyst sompaapantde p digelesdNagn catalyptecompound r ZieglaeNatta

or gapoNMAGHL S| d : ' r 2, R ere R
and Py ar SoR CERRRRO TR Radiin 16 B 57 3R Bpkchlbied B, 18 et Aepp
groups, (ATALYBTES6]B &G (G.diiay Bs Mullmupt anddaEt Bontzingpe edd. i Sprimpdrddérhaip1995)t he

or gano nesi um.coppound is dib | magnesi ym,. | n.one enhodi nent, the
“amount  OF22B %P 5‘?%’7@5%%%? @8%‘%‘&?&‘“8“@?%%iaﬂdtq%ée’sﬁr‘}a?'gén%q%r‘inﬁta]i s only
t hat whipgidesdndlchipeideieposi t ed, physically or chemically, onto the support,
for exanple, being bound to the hydoxyl groups on the support, and no nore
than that anmount, since any excess organonagnesi um conpound rmay cause
undegi r afyqe8; Si de f1RAGH : ' j | € 0

determ iéed t§]ne ~optl rru%r‘r%tgér%gal ﬁﬁ%g%orggﬁg%%@gé %@%@%ﬁgm%ﬁge@aﬂ% e, the
or ganonmeghedimen, 28heromithuod withoutbtheastded tatalykte carhponent. wHTHee fisst icatalysig t he

slurry, until the.organomagnesi ym . conpound.is detected in the support -
sol vent SRR BT PO B GIErEh L RSPt ATERE * TRAOHE LU P
excess &fayé. e oagBHthosd Ways, agluﬁgambts@ﬁaoﬁnﬁ@sﬁimleswaﬁsmanhymchxpmﬁa@e any
undeposi ted excess anmobunt can be renoved by filtration and washing. The

amount  &F CORERNB IR e EATATRAERERIEA FoRRINGs Wik Bign ghissolvss dirdih notypolar
dehygr amggro%ﬁtdncmlﬁsg{ gﬂ‘g)é% %88%%1?%@44?/50 e Om&h%h@mgéﬁmta eSiuf{™! / 9

i n one efrbodl ment. ] tionally, the organonagnesi um
conpoundempauticid théndeyosited eotut thet eakiesi t Tha wrgnemagresivdo nompowid cdanalse

G Co Mg B B Euleciaaly. Al RO RAR. s Tt Pt o5 sl Gy Mt oup.-

I n a pakgtdugs)lodCs-Cyo alkyl groups, or C4-Cg alkyl groups. In at least one specific embodiment, the

organomagnesium compound is dibutyl magnesium. In one embodiment, the amount of
20  organomagnesium compound included in the silica slurry is only that which will be deposited,
physically or chemically, onto the support, for example, being bound to the hydoxyl groups on
the suppoﬁ, and no more than that amount, since any excess organorﬁagnesium compound may
cause undesirable side reactions. Routine experimentation can be used to determine the
optimum amount of orgénﬁmagmsium compound. For example, the organomagnesium
25 compound can be added to the slurry while stirring the shury, until the organomagnesium
| compound is detected in the support solvent. Alternatively, the organomagnesium compoynd
can be added in excess of the amount that is deposited onto the support, in which case any
ﬁndeposited excess amount can be removed by filtration and washing. The amount of
organomagnesium compound (moles) based on the amount of dehydrated silica (grams)

30  generally range from 0.2 mmol/g to 2 mmol/g in one embodiment.



enbodi nent, R'OH is n-butanol. The anount of al cohol used in an anmount
effective to 5 provide an R'OH: My nol/nol ratio of fromO0.2 to 1.5,. or from
0.4to 1.2, or from0.6 to 1.1, or from0.9 to 1.0. [00441 The DB NEC 2006
or ganomagnesi um and al cohol -treated slurry is contacted with a non-

met al | ocene transition netal conpound. Suitable non-netallocene transition
nmetal conpounds 10 are conpounds of G oup 4 and 5 netals that are sol uble
in the non-polar hydrocarbon used to {pLmthe silica slurry. Suitable
non-net al | ocene transition nmetal conpounds include, for ~exanple, titanium

and vanggaqa hal i @ Cgﬁonaﬁﬁ)’th@bf %ﬁe@tﬁﬁ%ﬂiﬁ@nﬂ%ﬁted%w i@ SorltAdtiWitMn

t et rachl oride (Ti vanadium tetrachl ori de (VCl4) d vanadi um

oxytric wieswru@n@vmeqs tefaav&lqurthoaiﬁxamn dEOSY anammgmmkgk@d%@H wihereRh t he
| koxi d 15 @l k 0
car bon 4 BTl sk BuR A Lt UACGSE Cry € Mo HEBBO 10 b, o,

met al cembodinaiat, rm’y)l-hhssn-uumnus e@he Bmoustnafuzitohol useah inTei aMmmeéf&chvaml tion
metal co und,, ufficie ransi tign t al nesi um
ol 1 ol ey IR ooy Sidton, Bl 15, & ork B0 4 e BomOA/RAL: Bt hen
be renoveeh 0.9t®1.60nventi onal manner, such as by evaporation or filtering,

to obtain the dry, .supported first .cat al yst conponent. 20 [0045] The first
and second catal yst components nay be contacted with the support in any

or der . H@O@£part g @fgraﬁgﬁlﬁ’éﬂeﬁﬁ ol 2B LLANED LRR, id ﬁ@:g%ét&ﬁkwﬁaﬁgl ?(I oved
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cat al yst conponent fluorided metal l ocene itself is described in nore
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transition metal compounds may also be used. The amount of non-metallocene transmon metal

compound used is sufficient to give a transition metal to magnesium mol/mol ratio of from 0.3
to 1.5, or from 0.5 to 0.8. The diluent can then be removed in a conventional manner, such as

" by evaporation or filtering, to obtain the dry, suppartéd first catalyst component.

20
[0045] The first and second cafalyst components may be contacted with the support in
any order. In a particular embodiment of the inventioil, the first catalyst component is reacted
first with the support as described above, followed by contacting this supported first catalyst
component with a second catalyst component.

25

Process for Making a Fluorinated Catalyst Compound .
[0046] Embodiments of the invention include a process of producing a fluorinated
éatalyst compound, and in particular, a fluorided metallocene catalyst component. The
fluorided metallocene itself is described in more detail below, The fluorided metallocene

30  catalyst component can be (or includs) any fluorided metallocene catalyst component, but is
preferably a fluorided metallocene catalyst component. The fluorided metallocene catalyst

component can be, for example, any one of the catalysts described in greater detail below, or



preferably a metall ocene type conpound having the general formula
(Cp(R) p) MMXnFr (which can include, for exanple, a partially quorgmaDg% Sane
met al | ocene), wherein Cp is a cyclopentadienyl ligand or ligand is ol “eu
to cycl opent adi enyl (as described further below that can be 5 substituted
in any position by a group R as set out below, Mis a Goup 4, 5 or 6
transition netal in a particular enbodinent, X is an anionic |igand such

as a hal ogen, carboxylate, acetylacetonate, al koxide, hydroxide, or oxide;
pis an integer fromO to 10, mis amg2nteger froml to 3, nis an integer
fromO to 3, and r is an integer from1 to 3. 10 [0047] The process

i ncl udesha:‘(sadoadtcaﬁagrsacdﬂfqioﬁbﬂtbﬁﬁme bﬁ‘mﬁc&ll y:ﬁﬁlyﬁo Imhe Yrudridéd éhta’:lyst toigyundiing
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the desired fluorinated netal 'ocene conpound t he exCeption that the
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nmet a .ocen conpoun e a cycl opent.adi en and or ligan 20

| Sol obaFSgaEPaE; P&Bﬁédﬁ’ ‘P‘f‘fﬁ QRIoB: B pBsBfeger Ko Gr 16, o isgn Seger
subst i t WohPNteN) nGParBiegerdtrdr 0o § fh%dnseinqmegertﬁlaﬁl ftgorinated netal |l ocene
compound. Therefore, F | east one Cp of thé netall.ocene is substituted in

one enbodi nent, and two Cps are substituted in another enbodinent, wherein

t he et ene i n

part | cu%dﬁgnbod ’fn%%ﬁ&?%"\ﬁn%{ﬁggi tum@%ggo@%ﬂfﬁ %ta@?'! Au’ﬁfl group such
as phen;ﬂlupndmglaggit aonl Abref pmmm 2 fluorindted hmsganmesfantalfﬂ etrtnectuf&rdns to it has
been di scovere t. benzene. sub t t uent S respond to redu
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groups. In a preferred enbodi nent, al kyl substitution results in
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conblnatlon escrlbed ornul a
agent may be commer01ally available, or may be prepared by methods known to one skilled in
the art,
[0048] The metallocene compound may include a cyclopentadienyl ligand or ligand

20 isolobal to Cp, either substituted or unsubstituted. The amount of substitution on Cp may
éffect the yield of the fluorinated metallocene compound. Therefore, at least one Cp of the
metallocene is “substituted in oge embodiment, and two Cps are substituted in another -
embodiment, wherein the metallocenel ié a sandwich metallocene as set out below. In a
particular embodiment, the éubstituent group (R) is not an aryl group such as phenyl, indenyl or

25 fluorenyl. In at least certain embodiments, it has been discovered that benzene substituent
groups correspond to reduced product yields. For example, when R is indenyl, the product
yield may be as low as zero. Preferably, the substituent groups include hydrocarbyl groups. In
a preferred embodiment, alkyl substitution results in surim'singly high yields, for example,
95% or more.

30
[0049] In one embodiment, the fluoriding agent is a fluorinated inorganic salt or

combination of salts described by the general formula (a):



( a) wherein a is a cationic species selected fromthe group consisting of
Goup 1 and 2 cations; 5 aniliniumand substituted versions theréb@;g@@qﬁmﬁ
NH4+, NH3R, NH2R2, and NHR3+ wherein R is selected from'the group
consisting of hydride, chloride, ClL to COQ alkyl and C6 to Cl2 aryls; Ris
an ani oni c species selected fromthe group consisting of fluorine ions and
conpounds 10 conprising fluorine and one or nore elenents selected from
the group consisting of hydrogen, sjkégpn, carbon, phosphorous, oxygen,
~alum num and boron; and a and b are integers froml to 10. 15 [0050] In a
particul ar enbodi nent, the fluorinated inorganic salt is a conpound
characterized in that it is capable of generating fluoride ions when
contacted with water or ot[bhiBlgprotic ¢H)l uent. Non-liniting exanples of the
fluorinated inorganic salt include "~NH4)3AI F6, NHAHF2, NaF, KF, NH4F,
(NH4) 2 Si F6 and conbi nati ons thereof. 20 [00511 The fluorinated inorganic
sal t comieteitlaify cafilicisiRcRs bdleuddd Rehale LiAP GaMisting PRIGrofp Xtakd 8- catl&iR;

fluopi nated inogrganic salt conmpound is preferably sol uble or partially

soluBle in aubppmeard suhsBdadoyersions, thergofi arde NEs i NEBRJ®HRs anduNHRaat ed
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conpound. ThE€sth Cuendis;may i ncl ude an organic diluent. In-a particular 25
enbodi ment, the diluent is water or water in conbination with sone other
polar diluent that is mscible with water (e.g., ethers, ketones,

al dehydgsis atasjonid Epeai&@'fséleoftecﬁﬁbmdihﬁf?iﬁup édigistig e fhorideSioA ind BSthpcRRiE
erot_lbc medium |Inp_a particul ar enbodi nent, the fluorinated inorganic salt

i s 'ormbi ned YPRIFINE HHIrREAnd 1oRg ©OF jiorg elemenisselsereduimmuiesgroumerpsisting efist 60
wt % wat er i ny, dAClilicaBRsH up;gs hhieh LARmif in yet another
enbodi nent aﬁggéat Ilé%sf 80 g %afater’g’é@fﬁa&yet gnr}\(% Téer%e’r%}gdi ment, and at
| east 90 wt% in a particular enbodi nent, and at least 99 w%water in a

nore partjeul ar 0di t...08 DEC 2U06 -14 [0052] The netal |l ocene
conpounata%“%g?%ilgt%g%gﬁggﬁgtg 1\(/)\11 th the fluoriding agent may be initially

charged in an inert or non-protic diluent. The inert diluent nmay include
one ,pof, m xgture of, aliphatic.and aromati c. hydrocarbons or a

hal 8gen$‘fdé8 sol velit 2 R %lﬁ%ﬁc%b@%ﬁél%@%b&lﬁ tu empaEnd
unsubst ickdth@izRd b Rt 1iCisUPARC BT BARERAD FludHES tdnk WiRH RRMcted with water or
other protic diluent. Non-limiting examples of the fluorinated inorganic salt include
(NH,);AlFs NH4HF,, NaF, KF, NHsF, (NH,); SiFs and combinations thereof,

20 [o0os1] The fluorinated inorganic salt compound may include a fluorinated inorganic
salt mixture. The fluorinated inorganic salt compound is preferably soluble or partially soluble
in a diluent. Therefore, the mixture may include the fluorinated inorganic salt and a diluent,,
that is, the fluorinated inorganic salt may be dissolved in a diluent prior to contacting the
mctalloceﬂe catalyst compound. The diluent may include an organic diluent. In a particular

25  embodiment, the diluent is water or water in combination with some other polar diluent that is
miscible with water (e.g., ethers, ketonég, aldehydes, etc). In another embodiment, the diluent
is any desirable protic medium. In a particular embodiment, the fluorinated inorganic salt is
combined with a diluent that is at least 50 wt% water, and at least 60 wt% water in another
embodiment, and at least 70 wt% water in yet another embodiment, and at least 80 wt% water

30 in yet another embodiment, and at least 90 wt% in a particular embodiment, and at least 99

wi% water in a more particular embodiment.



5 unsubstituted aromatic hydrocarbons. In a particular enbodiment, {f Repeg 2006

inert diluent is selected fromthe group consisting of C3 to C30
hydr ocarbons and C, to Cl O hal ogenat ed hydrocarbons and m xtures thereof
in a particular enbodinent. Non-limting exanples of suitable inert
di l uents include hexane, heptane, octane, decane, toluene, xylene,
di chl oronet hane, dichl oroet hane, chl orof orm and 1-chl orobutane. 10 [ 0053]
In a particular enbodi mrent of the net fbd of fluoriding netal |l ocenes

erein, the fluorinated inorganic salf conbined with a protic

d ib
di T uent Ei&gsz_ﬁ]eact ethemetiilpsrae cpmpeind dbat it contaaidwidh et Huomdingheent B Bfent . 1 n
a nmor e [akklyCiHaded SRR B nonlfi6tid +inéﬁﬂ. @eﬁge%gﬂﬁng gﬁhﬁ’ﬁgﬁ‘?&l‘%"ﬂe%ﬂa‘“ east

50% water is conmbined wth the netalloce _
di ssol veukiies péndbphatin andhymatisr bydrogsrbona | ergenhtlegenatedr sdwanbon Suitdbleent .

The confyj t rmt or Iy ases ibh confact.with one
anot hepﬁxﬂﬁgar?(?ngﬁrﬁl | n%bérlg%tg% g%drﬁms S&ﬁ“‘%@%’@”@ﬁ“&?ﬁ“&ﬂ’&&? mﬁfe%ﬂgﬁtg%{%‘iaﬁ)xi ng
\emd be rmﬁmi}ixlued @it d' itic ihgdcarb OK¥> 4h glgani&mao_eﬁgmml smpihletiﬁm Jiizqmilr iF délagedst EIO
erein the fluoriding.agent is i SCi or _on artja m sci bl e
with t h@’oﬁ‘? ﬂ‘ﬁj&ﬁ‘f‘{l’ 90{‘31%313\?9*{% ! q3h§y@ﬁ%n%\“}dc ﬁétq ﬁwé}%qggzpptqdohy &bgng eagent
that Wi lzhd agighudds théi8oft {naa_w{cmap%mbétﬁméﬁtuWbmiﬁﬂ%?gtgﬁ,g&naﬂ& sh&uiablk et ed

catal yst conponent or the diluent phase in whic kyl ated catal yst
conponeriluents singluderhexerg, s heptane, t préanee adseinsn fobenerrylehe fdichinromiéthapeagent
and al ky, [ reagent s- phase-transfer

cat al ystdgci%iaoﬁge%%\;\%yoﬁé]ﬁ%ﬁg}?‘g??ﬁgﬁgﬁgﬁg used in reactions wherein, for
exartpl e, 25 an aqueous or polar diluent phase is in contact with a

non- pol hydrocar bon .di | yent phase, nd t reactants are separated as
such. N%Oﬁ?‘i mti _nlgl Igsmg?og%%ﬁ ogﬁ‘ﬁé%e?lﬂﬁa‘?jrgfuépg’&’ﬁ_t“é?t?@%nes idﬁst?P‘

quat er Ndepeid TE® TubfimAel iforgRid salfl dahBn OB ithaAT PGt BIlkEnS Ud fredcRH, with e
ethers, and others common in the art. 30 [0055] Dependi ng on the desired

degr ee atetaligpencicombingd withhan ipert dduest. T aspereparticgtar embodimeno tiediuagnaiglent ) to
tall € in t i,$..fr . iyl \ i

one. erpodi it SBL B 1t 3008 viglr (5 Wiy RT MR B8 b flcehenfl b b,

fromb2 tdiss@véd/Qpenbed il 5 ygrbcadbbe ot halogenatel laydoddadkon edilventi M€l corabided r om 2

to 5 equivalents jn yet another enbodi nent wherejin desi r.abl e range
conpr i SAECHHE TGFRANP b TR RACLBHRePLart With ofy Eiptiay THsRPrifngFeaciomy | o
e?c?ﬁ S fthd&%ﬂe@?ta@&uﬂd&@ﬂ&&&lbl@ nfidihf alB¥mp&htuRccagiibhdrent al , the nmolar ratio
(6] e reactants '

[6054] In embodiments of the fluoriding step wherein the fluoriding agent is
20  immiscible or only pai'tially miscible with the diluent, it is within the scope of the invention to
use a reagent that will assist the transport of the fluoriding agent td the alkylated catalyst
component or the diluent phase in which the alkylated catalyst component exists, or assist in
the reaction between the fluoriding agent and alkylated catalyst component. Such reagents—
phase-transfer catalysts—are known in the art and are used in reactions wherein, for exé.mple, '
25  an aqueous or polar diluent phase is in contact with a non-polar or hydrocarbon diluent phase,
and the reactants are separated as such. Non-limiting examples of such phase-transfer catalysts
include quaternary ammonium salts (e.g., quaternary ammonium bisulfate), crown ethers, and

others common in the art.

30 [0055] Depending on the desired degree of substitution, the ratio of fluorine (of the
fluoriding agent) to metallocene combined to react is from 1 equivalent to 20 equivalents in

one embodiment, and from 2 to 10 equivalents in another embodiment, and from 2 to 8



is preferably determ ned by the number of anionic ligands to be substituted .
in the metal i ocene 5 conpound, that is, the nunber of anionic |igafid i B&i
replace by fluorine or fluoride atons. In a particular enbodi nent, the
nunber of anionic ligands to be substituted is 2. [0056] Stated another
way, the desired amount of fluoriding agent, based on the equivalents of
fluorine in the fluoriding agent, that is conbined with the netal | ocene

catal yst 10 conpound ranges from1, _¢§_2, or 3, or 4, or 5to 6, or 7, or

8, or 10, or 12, or 14 or 15 or 18 or 20, wherein a desirable range

conpr i seguivalénts & BAGth@ enibodRitnt, URPREm iths leqiivi1Bn@ Y ydt @MKker elnbblifnent,

descri bed herein. I n another enbodi nent, the desired amunt of fluoriding
agent, yEsEdn adesirahle ravag cpmpaisesanyfcombnaiandifiagy agpertlinais withwhy lawer fanitg e s
from1, : . : . , : .o a
desi rabl‘gh}%%xgcggsctglﬁgg %‘%ﬁ‘s“{’g%@w%%lﬁg‘fa@ tl%ndeg?ﬁ %{%}’ @%62"#3‘3%‘%‘%1%%&@%&% any
| ower | iisrptefataidy detbredndidneibn nuinB&5if]anibhie lighndsrto hatsebktitneat mahe metaBddeneray be
reacteed with t tal |l ocene .campound Vi gor Qus stirging the
Conp@undemrawns! by e nEREG SsaRRe osnas P hesndacaiciiortn ot igtHis i, e
desi r ed a@gular Ginbodineht! iht UMbt dnieRic ailbinas €8s subaghtedigm t enperat ures of
from-80 Cto 20 120 Cin one enbodiment, and fromO to 100 Cin a nore
particul ar enbodinent, and from 10 to 60C in yet a nore particul ar

enbodi and f 1 [ : rél roogdi .. At

t hose {Tgpr?aseﬁr] at ure§f,&@rde§1(§{ﬂ|%5ﬁ9%’ &Egﬁ%ﬁm@%@d@g&? %%&fgkﬁ)ﬁgeg’ar eédrsrﬁ ft}ﬁéi ent
to for mqaivklentsof faemek imshe luoidng ageoiivt mdcontbunedr with theemexijpeenenmtayst i on
may ,be desirable to. arrive at, an, optinmumt rature.. .Gengral.ly he

r eac1t%i on°°P1Pﬂlé“4 r%“%?@f‘;r@ﬁ’dér?{ %u?)ro%ﬁ f ﬁ’ed[%;{’?)nﬁh?rfggg’&r lk}e%{c]tzaﬂli E{?relgcﬁr é%i %n one
enbodi MMl wheRE 4 Gérable Radde B nipSisds BFN BmbinBBoH of SnyBupiRt lifsit VW RS lokke

di luent, along with reaction b%groduct s, can be renoved fromthe m xture

in a corinhfesrkad hessimeln anpthes empodipenty the desitad inaynt pf fleqridingpgentobasgd aj n
the dry o theledi:vaRhRche 18BfRhE AEERSs £FEDE I £ 08, 5 otg) drded

met al | ocene ﬁil;ll e?s(djor iﬂgg @nht Ee pSF esence esgl? rra’gnggs)%)ﬁsmosuﬁ?atoe.’ the
filtrat er nbi % lor d0nwkereis atdusirdblesrengertampdsarany cornbisadorcefimpy upper ilimit Wity h

puri and.vield. can.wthout further processing be directly used in the
pol Q%riafétlé("é%hg?t&fﬁ‘frmh?mﬁ the solvent is a hydrocarbon. 08 DEC 716 -16
[ 00591 Contacting the netall ocene conpound with the fluorinated inorganic
salt, an_ aqueous fluorinated inorganic salt, results in a product yield of

50% or Bf¥lin a Ph¢ fireinaiad nprgaRiaisaE AR bereAckowite the meipkipcere eR59R08Rd oy e
in yet gy REGRA Gk Bk cﬁﬁ’iBQlﬂidge The redi®n may occur at any temperature that affords

the desired mono-, di- or trifluorided metallocene, including temperatures of from —80 °C to

20 120 °C in one embodiment, and from O to 100 °C in a more particular embodiment, and from
10 to 60°C in yet a more particular embodiment, and from 15 to 40°C in yet a more particular
embodiment. At those temperatures, reaction times of 0.05 hour to 8 hours are sufficient to
form a fluorinated metallocene compound, but routine experimentation may be desirable to
arrive at an optimum temperature. Generally, the reaction time is depéndent upon the amount

25  of reactants reacted. In one embodiment, the reaction time is from 0.1 hour to 3 houfs.

[0058] The diluent, along with reaction by-produects, can be removed from the mixture
in a conventional manner, such as by evaporation or ﬁltering, to obtain the dry, ﬂuoringted
metallocene compound. For example, the fluorided metallocene may be dried in the presence

30  of magnesium sulfate. The filtrate, which contains the fluorinated metallocene compound in
high purity and yield, can without further processing be directly used in the polymerization of

olefins if the solvent is a hydrocarbon.



S product yield is 90%or nmore in yet a nore particular enbodi ment.
Unexpectedly, contacting the netallocene conpound with the aqueous -
solution of fluorinated inorganic salt results in a fluorided metBl PEENELL
conpound havi ng high productivities. Fluorided Metallocene Catalyst '
Conmponent 10 [00601 The binetallic catal yst systemuseful in the present

i nvention includes a second catalyst conponent that conprises at |east one
fluorided netall ocene catal yst conponent as described herein. Mtallocene
catal yst conmpounds are generally desctg-bed throughout in, for exanple, | &
2 METALLOCENE- BASED POLYOLEFI NS (John Scheirs & W Kam nsky eds., John

Wley & Sons, Ltd. 2000) GG H atky in 181 COORDI NATI ON CHEM REv.

bolyet ﬁ{}f‘%ﬁ@g? 0 SCRREADE S fuelafisesph, comBrut Bt fhs Deoriaid oo eisire
met al | 0 Bl GHnaRk 1ﬁ@%bj B4l6 rewmitsl @s & hiduast ﬁ@la%frso% BPhié?eem D pardiciigndw ch”

and ul I sandw ch" conpounds having one or nore Cp |igands

(cycl opé‘ﬁ bedumenty | Thenprodycy yietisisi 8% epatore in 3@9@|1@pemmm@nym}>ocbm@ntd The at

| eask o0 roup(s)
boundt ¢ BoE Yl 408 o8P ey HER plfi RS AR, Pn Bl Gec E AR O
be ref etheanktalpcars: Somgtorthd Whmb:sﬁqw«m ‘sokttiah b flesrnateitindrgaiic sslorgulsentas”. The
fluorided al | gcene co th se .wherein at | east one |eaving
group bgﬁﬂg@eﬁ&ﬁﬁge%cpm”gw’& V‘P@ﬁ‘%‘rpr UERB7 ne- cont ai ni ng group. The

nmet al | ocene catal yst conponent is supported on a support material in a
partlcul ar enbodi nent as described further below, and may be supported

wi th or FlyjoridedMetplocens Getalyst Gpmpenetdrponent, with the first 25 catal yst
co nefjoshn 2 P ssgtr;_ Nk ical |y
|tnEgndEg’ a]nd/ or us]%%lﬂr%{hr?g?a w f uSLﬁPﬁl[]té ngggefjh%‘%irll ng?‘zl)l-laéc??'l %"?ﬁ‘&

syst en( satalyst moombhent dlmtpringeseatab m@stsmweﬂnoelded netallbtwme gratalyst comp;dnsnti asg of

o1} gafiterigRrSeif SR Pt e B o ahiaral #G SR Rt £ ogon.

oxXygen, egdmpié; Qs 2%fMocmmmm&oLmrsmmts&heush@anﬁﬁlsw éam fehm and
conbi nations thereof, wherein_carbon nakes up at | east 50% of t he

menber s Wikty o SeBsLin 20005 5 G Fjatky fol BnCooRRINATIOY GREM. REVe 41206 (8Dt ho
97 048 OBl UshllufeS PEG UL ssrklecl o8 YRS HAEdn 2N AHESUBERL MRS

cycl opent adi I 'gands and s 1sol cl opent adi en
- non-1i nPOLYtg.EHXarﬁﬁllﬁ’/dﬂOW)l chbé rmdtdtbeetwycatajyfemamcwdsl as idesteihgd herﬁllnyor enyl
AN O ey B A YRl S e LRI TRASE e S8hrd £ AR, ! ude
(cyclopentadienyl and ligands isolobal to cyclopentadienyl) bound to at least one Group 3 to

Group 12 metal atom, and one or more leaving group(s) bound to the at least one metal atom.
20 Hereinafter, these compounds will be referred. to as “metallocenes™ or “metallocene catalyst
components”. The fluorided metallocene éomponents are those wherein at least one leaving
group bound to M is a fluoride ion or a fluorine-containing group. The metallocene catalyst
component is supported on a support material in a particular embodiment as described further
below, and may be supported with or without the first catalyst component, with the first

25  catalyst component in a particular embodiment.

[0061] The Cp ligands are typically n—bc;nded and/or fused ring(s) or ring systems. The
ring(s) or ring system(s) typically comprise atoms selected from the group consisting of Groups
13 to 16 atoms, and more particularly, the atoms that make up the Cp ligands are selected from
30 the group consisting of carbon, nitrogen, oxygen, silicon, sulfur, phosphorous, germanium,
boron and aluminum and combinations thereof, wherein carbon makes up ai least 50% of the

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



cycl opent aphenant hr eneyl, indenyl, benzindenyl, fluorenyl, 08 DEC nes
oct ahydrof l uorenyl, 5 cycl ooctatetraenyl, cyclopentacycl ododecene, )
phenant hrindenyl, 3, 4-benzofluorenyl, 9- phenylfl uorenyl, ’
8- H-cycl opent [ a] acenapht hyl enyl , 7H di benzof | uorenyl, indeno[1, 2-
9] ant hrene, thi ophenoi ndenyl, thi ophenofl uorenyl, hydrogenated versions
thereof (e.g., 4,5,6,7- tetrahydroindenyl, or "H41lnd"), substituted
versions thereof, and heterocyclic velbions thereof. In a parti cul ar
enbodi nent, .th tall ocenes useful in the present invention are selected
from 10 hégbgnﬁ’ﬁ%euﬁdndmﬁ'ﬁ@“medt vigclopsptpdienyly hgspds pand;  ligandy selebAli fent, of
t he sameyelopdhiddiedsE Abn-Fitidg i , bl # '
yelbp by @Hn?ﬁéféi@ﬁpﬁ? bewhier Iﬂchﬂg‘cgagﬁae%ﬁ?ﬁlbﬁenyﬁf ﬂglﬁ.fgﬁ,s flljvg)gf{n% Ut ed

cycl opent adi enyl, i ndenyl luorenyl, tetrahydr
ver si on$nf gthendructyresn yrthehreondiimising sxamwples\of suth ligradsrpchide oydopentadicayly st

conpoun descrl 5t ho . ecifjication a | &y ms, .may be
el bot ed T PRmRERGTbA%het 0 AR O enkBforl ' iciiyhon 0yPrshluBBng ™

| ant Banictelogatatetmeaylo neydlopeatreycisdodetien® ntphemithridbed! esl4fvepivflubRngl 09P

consi sti G o psré throug{g #2 atolgs in a nmore particul ar enbodi nent,
and sel é’?’g’.’é’ Yorgh « HsHElopentls ?’?Ph yewyh Sc7H-pibenzafluoggnyl, v/, indsnol¥d: wn,
Re, Fe, gfihré¥e, tHidbheindenyl, tAGeMflubfnYE hydréediNed vBdiohd fHdledf & '-’at’gjb Hent ;

and selected fromthe group consisting of” Goups 4, 5 and 6 j

[ _ s in yet
a nore perhyégindenydrasodi«ndnk substigited versiong theraf, anddwtordcycheversiomsahereof.

parti cular, ' . n | t r. enbodi t.. The
bt dat 1 an > ppEHRE LR Himel e S BedkS el T Bisn ik icf FROSAT o
enbd@i nelise irvhdlingore arowe, (pariniacndra pativtiadémEodimerit,Sof thd samter diferetdCr +5;
and in yet a re particular enbodipent is +2, +3 gr +4. The, groups . bound
the met A8%t S7FON9h 308 IR nETPYR iSRS nplo LY loPERttEnYbe dndaybw nprenye

f or mul a&emﬁaﬁa%;{$,%a@ﬁ&ﬁm@e’d&eﬁk&ﬁm&&ﬁl ly neutral, unless otherw se
e

i ndi cat ed. i gand(s) format |east one chem cal bond with the netal

atomMto formthe "netal |l ocene catal yst conpound”. The Cp |igands are

di stinct m t he LNg oMpRs y oynd. | at
t hey ar Joaﬂggt hi g 4’@%%@%%@ bl'e ét%gﬁlgﬂgés@ll ({Cgfel g%}i @%)ts? n%rg (ﬂﬁghgsr giéc%:c?i P%J]ns. 30
[ 0068] [trougheutibp eecrifehtidrhandictuims) ayrbe stlbaedfremaite gronecomistihg abGeapscht al yst

CoPeT T T S G B8 5 L S S oo "
bonded tcenddting JE Grédps B thttgh 30 afRRTh G3hdr¥ pReREARH ethBodneNshdseledted Fron1t €ger
fromO to 4, and either 1 or 2 in a particular
the group consisting of Sc, Ti, Zr, Hf, V, Nb, Ta, Mn, Re, Fe, Ru, Os, Co, Rh, Ir, and Ni in yet
a more particular embodiment; and selected from the group consisting of Groups 4, 5 and 6
20 atoms in yet a more particular embodiment, and a Ti, Zr, Hf atoms in yet a more particular
embodiment, and Zr in yet a more particular embodiment. The oxidation state of the metal
atom “M” may range from ( to +7 in one embgdim:nt; and in a more particular embodiment, is
+1, 42, +3, +4 or +5; and in yet a more particular embodiment is +2, +3 or +4.  The groups
bound the metal atom “M” are such that the compounds described below in the formulas and
25  structures are electrically neutral, unless otherwise indicated. The Cp ligand(s) form at least
one c;hemical bond with the metal atom M to form the “metallocene catalyst compound”. The
Cp ligands are distinct from the leaving groups bound to the catalyst cbmpound in that they are

not highly susceptible to substitution/abstraction reactions.

30 [0063] In one aspect of the invention, the one or more metallocene catalyst components

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



5 enbodi nent. [0064] The |igands represented by CpA and CpB in forgula (1)
may be the same or different cyclopentadienyl |igands or |igands UdbiDdal2i0b
to cycl opentadi enyl, either or both of which may contain heteroatons and
either or both of which may be substituted by a group R 10 In one

enbodi nent, CpA and CpB are independently selected fromthe group
consisting of the group consisting of cyclopentadienyl, indenyl,

t etrahydroi ndenyl, fluorenyl, and subggituted derivatives of each. [0065]
| ndependent |y, each CpA and CpB of formula (1) may be unsubstituted or 15

‘substituted with any one or cog‘?.{d(:npaMJQn of s@stituent groups R
Non-limting exanples of substttUent 'groups as used in structure (1) as

well as ring substituents in structures (Va-d) include groups selected
f rom t hevhgresup! doas idsiciihel abovey dachgEnis rchainmally bomdddylosM; alatle Opl group is

al kynyl s, _cyal oal aryl.s. .acyl aroyl | Koxy. rylpxys, .

al kyl t hi°%?‘§‘¥§1§i g‘f“@é‘{‘ T Michd ™ iy @P’i‘?%%%%‘,}/‘ %F%%x@@;ﬁ%ﬁ& ¢ P& particular

aryl 6xyesabbdifmehs, carbonoyls, al kyl- and di al kyl -car banoyl s, 20 acyl oxys,
acyl am nos, aroylam nos, and conbi nations thereof. [0066] Mre particul ar

non-limting exanples of al kyl substituents R associated with fornula (1)

t hr ough i ncl ; B

cycl operw(g/@l‘q cyglﬁgehg%jlﬁiy lr%%%%gt}éh o ﬁgﬁ%ﬂ ?Qﬁf"ﬁﬁgﬁw {“3%?@)% same o

t er t - butdiffquéng roytlopmmindispyhlighndh er [lighmls isalealieh nygpl@®ntaldienylh eitheriog dothr of f or
exanpl e tentiary-butyl, isopropyl. an he |ike. her, possi.bl e radical s
ol Lde "CHTRPRY PR Hrpr @R R Hiner 3P Bohid® yiichrney b s Y ok

f 1 unoet hybne ehbddithart Oyl and Cstiap ineydndehivarkbed Hom tel waphongytingafthe

hydr ocar byl substitufed organonetal | oid radi_cal including trimet % silyl,
tri met hyFS@r sapsistingeehgyclpnetiagiearl; denylgtetr dmw&%,nylarthwwb@aﬂ [§ypstitu

substi t ykgehnesdaReset al loid radicals including tris(trifluoromethyl)silyl,

30 nethyl bi s(difluoronmethyl)silyl, brornonethyldinethyl gernyl and the Iike;
and di substituted boron radicals including dinethyl boron for exanple; and

di subst i d G radi cals~ hn jan ' h LN .

di et hy|[?)¢1t§§phi ngﬁﬁ%ﬁ]@ﬁﬁ?ﬂ% g C s %%%ﬁ%%ﬁgéﬂ? Be ygsybstitutefjor

r adit6al substiciteahivitiy ane biosy corshilidion, of puleyitueyt, grptssRX Worviihing swubfipleeofind
ethylsulfide. D - 19 Ot her_substituents R incl.ude ol efiﬁgas such as

DEC 21 C% .
but not SHPSEEBLETPEPSIR @f Hsechiy SITughes ) ps el as Sng Sphstithenis<n  SHEFTHES RYA-d)
vi nyl -t efdpdeas@ehs! w&wanr%%lthgfgslaﬁaﬂ lc&ls?stiﬁgltﬁemrydm%e@ TaReNyY,| alkyls, Nkepps! and .

the like. I'n one enbodi nent, east two groups, two adjacent R groups
in one alkynyls, cycloalkyls, aryls, acyls, aroyls, alkoxys, aryloxys, alkylthiols, dialkylamines,

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

20 . acyloxys, acylaminos, aroylaminos, and combinations thereof.

[0066] More particular non-limiting examples of alkyl substituents R associated with
formula (D) through (V) include methyl, ethyl, i)}bpyl; butyl, pentyl, hexyi, -cyclopentyl,
cyclohexyl, benzyl, phenyl, methylphenyl, and tert-butylpheny! groups and the like, including

25  all their isomers, for example tertiary-butyl, isopropyl, and the like. | Other possible radicals
include substituted alkyls and aryls such as, for example, fluoromethyl, fluroethyl, difluroethyl,

" iodopropyl, bromohexyl, chlorobenzyl and hydrocarbyl substituted organometalloid radicals
including trimethylsilyl, trimethylgermyl, methyldiethylsilyl and the like; and halocarbyl-

- substituted organometalloid radicals ‘including tris(trifluoromethyl)silyl,

30  methylbis(difluoromethyl)silyl, bromomethyldimethylgermyl and the like; and disubstituted
boron radicals including dimethylboron for example; and disubstituted Group 15 radicals
including dimethylamine, dimethylphosphine, dipheriylamine, methylphenylphosphine, Group

16 radicals including methoxy, ethoxy, propoxy, phenoxy, methylsulfide and ethylsulfide.



enbodi ment, are joined to forma ring structure having from3 to 30 atons
selected fromthe 5 group consisting of carbon, nitrogen, oxygen, . 2606
phosphorous, silicon, germanium alum num boron and conbi nations Qﬁepg_gf LU0
‘Al so, a substituent group R group such as 1-butanyl may form a bonding
association to the elenent M [00671 At |least one X'in the fornula (1)

above and for the fornulas/structures (11) 10 through (V) belowis

i ndependently selected fromthe group consisting of fluoride ions,

fluorinated C6 to C24 aryls, C7 to 2%9al kylaryls and fluorinated Cl to Cl12
al kyl's, wherein *"fluorinated" neans at |east one, and up to 100% of the

hydr ogerPteopibsitpenth R gndude atefins rsugl as dut pt flimitsdi toe olfivivally ansitvratedn 50 t o

100% of . r. I.n. lcukar e I ment ;. sel ec

" ndependin AR YRR el Yoy fof xeriglp 34alRGR} 2 PHBReET, Pehorepy

met hyl pheadythe litte.meih hotlepdiatodimendt) atniebdt Vv R irbupsS tvio 2ajaednh W $rdufi® A one di -
and trifluqronethyls ang fl uaorophenyls (nono-, di-, tri-, tetra- and
pent af | lﬁ’ﬁ@éﬂ%ﬁ%l 19 d}% Org 2 FipE EMThekiTE PEW%#O%BH??@WF’F sglgefed remtheor i de
i ons § n g6l GorBhif BAEALEH! BiroRAP SR YhostHordhs, BREL, GehdmisRPashigat . al |
X groups on the netal locene are flucrine or fluorine containing groups as
descri bpronagnd gombjustions hsreet.pdylto, euiubstituerth stviuprdth grougl suclp s { hataxylgmeyips on
the 20 : f ' ippvention are fluorine ions. [00681
Non- | i mftgﬁg%xaﬁl seéﬁagl‘?ﬂ(l%? ﬁgrefe Gélgﬁ'!rp(p)lijps i ncl ude al kyls, ami nes, phosphi nes,
et hers, carboxyl ates, dienes, hydrocarbon radicals having fromIl to 20

car bon ; fluorinated drocarbgn radical s, (e.g.,.-CQF

( pent af ﬁh@%pheny j yeast P‘Eﬁ)ﬁﬁhﬁ’@&gﬂﬂ%mﬂge‘% M%?ratg@sfo@ﬁ%m@?@a(@ o),
hydr1iode&m@ag1 (hsvj BERW isONRepndefRTRIRAL S5 th@e%r&gi consftiig lof MAMRE 88nsOf X
| i gands i nclude al kyl groups such as cycl obutyl, "cycl ohexyl, methyl,

heptyl , fusripated Ce ite [Cro@Bi®t Frylo, Cscallndards rapfl diveri tGntet G| adlepds, wherein -
t hyl i dene.: ek , A ' Lapi! i.de) .
G ot 1 SRl G of 1 Wi na B0 P00 GHAE Kool BTN B GR AES)

two or mepleceX' by flaorimeaatpmst amf framf & & 100% gpfothe riiydmpgey sitem in 8 afic@abDE C
”M?r - 0069] | n another .aspect of, the i.nvention the netallqgcene
cat al ysteng)(?hﬁbeﬁg n“feheicf?gil Mggendpﬂ sgmB:f q‘uSP%bIl%ns( II)"“aﬂe reih%ﬂro&’ﬁli &fg%ar e
bri dged heh 0t himefhylphtnyle astimefigpnygi fiforofeDyR, (Mdro-sUGR tRad the
structure igﬁ?géresent%%y %or mul a ?PI ) 5( 5 CpA(éi) CgBI vI(X" (m . ‘
trifinoromethyls) and fluorophenyls (mono-, di-, tri-, tetra- and pentafluorophenyls) in yet a

more particulé,r embodiment; and are fluoride ions in yet a more particular embodiment. In a
particular embodiment, all X grdups on the metallocene are fluorine or fluorine containing
groups as described, and in yet a more particular embodiment, all of the X groups on the

20 metallocene useful in the invention are fluorine ions.

[0068] Non-limiting examples of other X groups include alkyls, amines, phosphines,
 ethers, carboxylates, dienes, hydrocarbon radicals having from 1 to 20 carbon atoms;
fluorinated  hydrocatbon radicals (e.g.,  —CgFs (pentafluorophenyl)), fluorinated
25  alkylcarboxylates (e.g., CF3C(0)0"), hydrides and halogen ions and combinations thereof.
Other‘examples of X ligands include alkyl groups such as cyclobutyl, cyclohexyl, methyl,
heptyl, tolyl, u*iﬂuoromethyl,' tetramethylene, pentamethylene, methylidene, methyoxy,
ethyoxy, propoxy, phenoxy, bis(N-methylanilide), dimethylamide, dimethylphosphide radicals
and the like. In one embodiment, two or more X’s form a part of a fused ring or ring system.
30



[ 0070] These bridged conpounds represented by forrmula (I1) are kno§% gir ML
"bridged netallocenes". CpA Cps, M X and n in structure (lI1) areva ke
defined above for formula (1); and wherein each Cp ligand is chenmically
bonded to M and (A) is chemically bonded to each Cp. 10 Non-limting
exanpl es of bridging group (A) include dival ent hydrocarbon groups
containing at least one Goup 13 to 16 atom such as but not limted to at
| east one of a carbon, oxygen, nitraegen, silicon, alum num boron,
germanium and tin atom and conbi nations thereof; wherein the heteroatom

may al spogy C t CInQﬁc?thélJ dedet Qf th@rlﬂﬁjenﬁélpﬁ{e' rh&alﬁﬁeﬁé)c ét %Eﬁﬂg&ﬁﬁtt f@ludes

val ency. The brid rou al S0 contal n su Ituent groups R as

in
def i nedthagroofef oembk% (Dswhee r‘ﬁ’l“eﬂn(llql) dre\dridgtidrig daelt O@El‘lbyaﬂﬂ@éﬂ enednifigingon.

More pa 0, .ng group (A are

repr ese%r%){é%td‘h@ &?h‘?%"]d&%l“éﬂ 51371%%%},9&%3%8{'&[“%{“1@3 to C6 al kyl enes, oxygen,
sul fur, R2C, R 2Si= -Si(R')2S (R 2)-, R2CG= R P= (wherein represents
two _ chenmi cal bonds), vvhe & 5 b ndependent |y sel ected from the group
cons§ sting of hydride, %94 substituted (ﬂ%/dr ocar byl , hal ocar byl ,
substi tuted hal ocar byl , hydr ocar byl 20 substituted organonet aI | oi d,

hal ocar b)‘/}l - substi t ut ed organomet alloid, disubstituted boron, disubstituted

G oup 180%lons, skisea bridgeé gomponds representng by fpnmiia(Byen knawhaal “bridged

wher ei » 8 i e I n one
enbodi nasrees ¥ (Ié%d FEX 4R o fiéhuken] et @%ﬁdeg%te’ﬁ{e fot Rt S81) has
two or wherenntnaclﬂ@p rhgarglrlsloham(:ﬂ)y bcﬁﬂed Wlind@\t)er chemiedlllyrbohdeﬂgoexﬁfmp es of

bri dgi .0u A) i et hyl.i dene, propyli dene,

" sofff operieyEhe exemniss of hie Bhus O8) Sl ubAfhijacbrhon Eoues Sorthting

di phenyitqea{avbﬁ@mua 13, ta 18-atodd, rsameasfuit abithR&EEK0 a@luéa@tt el i datbondb8leBy| si 1yl ,
met hyl - et hyl sil yl, trlfluoronethylbutyIS|IyI bls(trlfluoronethyl)3|IyI

di (n- buei{rpgesy; |silicong F‘]Qlﬁﬂ%pl}m))%»l gg‘xmamc;m( and finopipm end \sombisiatienshieysfisi 1 yi |
d | |

but 31 oy SiE e Herer GRS B 8 OUCC N SO Abslen o, ity pewrel
corres pm:\ehcmg Tlmbaﬂgmg group €A pmay tlze céintaxatsohﬂtmmmr gphmcds I:lgﬁrad %o\@r(ﬂa C

=L 88 SR ol 00 bt S S B S, e

cycli ¢, bieddiy ERupqA) faEH repBosaRd 6y43 tfé @Mm?mﬁ& z‘é“ﬁ?%@fgﬁq atuﬁyé@gfrgrngm .

partlcul ar enbodi nent. The rin be
ment | on@argab@vl@r, Robm B r“$f&%h tﬁRzBH I@,Geﬁ RBee (whergind'=5 represents two
par ; 'r gg&er%@&mmmﬁm hO R IraBldnliity St TRl Sforl thd bfidp Yoh MGy GShytREEN MBY
~ hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyl, hydrocarbyl-
20  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 ong embodiment, the bridged

metallocene catalyst component of formula (IT) has two or more bridging groups (A).

25 [0071] Other non-limiting examples of bridging group (A) include methylene, cthylene,
ethylidene,r propylidene, isopropylidene, diphenylmethylene, 1,2-dimethylethylene, 1,2-
diphenylethylene, 1,1,2,2-tetramethylethylene, dimethylsilyl, diethylsilyl, methyl-ethylsilyl,
triﬂuoromcthylbutylsilyl,' bis(triﬂuoromethyl)'silyl, di(n-butyDsilyl, di(n-propyl)silyl, dii-
propyl)silyl, di(n-hexyDsilyl, dicyclohexylsilyl, diphenylsityl, cyclohexylphenylsilyl, t-

30  butylcyclohexylsilyl, di(t-butylphenyl)silyl, di(p-tolyl)silyl and the cotresponding moieties
wherein the Si atom is replaced by a Ge or a C atom; dimethylsilyl, diethylsilyl,
dirnéthylgemyl and diethylgermyl. |



as or part of the brldglng nnlety are cyclobutylldene cyclopentylldene
cycl ohexyl i dene, cycloheptylidene, cyclooctylidene and the corresﬁ@ngrﬁggww
rings where one or two carbon atons are replaced by at |east one of Si,

Ge, Nand O, in particular, Si and Ge. The bonding arrangenent betmeen t he
ring and the Cp groups may be either cis-, trans-, or a conbination. 10

[ 00731 The cyclic bridging groups (A) may be saturated or unsaturated
and/or carry one or nore substituentgqand/or be fused to one or nore other
ring structures. If present, the one or nore substituents are selected
fromthe group consisting of hydrocarbyl (e.g., alkyl such as nethyl) and
hal ogen &gug., F, d) in one enbodinent. The one or nore Cp groups which
the 15 4 cycl htmbmeuamh@lmtebm@mmmm@%)l rosjadlbyboheycliosmthprisingsyr be

sat ur at u n ed. .fromthe u onsi st i

t hose h%\g/?r%le ZA nt§ gltoié% rmr% rg'ar-ﬁ r& u rn? 0% gamgu%rr ¢ b?dluﬁa{% ﬁglﬁ‘dg’rgsmf%%gsect ed

f r om t henayrbeuplectod $iogt the gleﬁfcnteme&duo&dabdveSfrbm dhe 02 hior€ of B] CE3ibae|i Nresnd )

such as for exanple, cyc openty cycl ohexyl ,and phenyl Nbreover t hese
fmbpa% 11%‘(1

ri ngdst Q3 paEdc ing Fxpples eingsstrucgres whichmay bs prefeR case
of a naphtdVlaridbOUR: bﬁﬁg"u?g)‘ﬁ%'ie tafheawaﬁnﬁfaeﬁé %@b{;éht}ua%ﬁéi)cyuoﬁ&yﬂaéﬂéct ures

may carry one or nore subst|tuents strative, non-limting -exanples of
t hese s@bdloheptididens, sydodeipdidenseand the (qmanndmgamgywabnepm oy ougmbavaiorhal ogen

: glt 191?; en 0?%@%{? alt 1 {‘gﬁ? 9{9%5?](2961%%8%};@ ngart Eé)‘“;‘gg |( ?harl‘?g?‘ﬁ'@
enbodi mamhngedfen( Wédn theriyeindainoCh groupsipeybe €ithet ¢ie-, irimes v a @Bmbiniton.

| ocene catal yst conponents I nclude bridged nono-Iligand netall ocene
ng Bunds (e.g., nono cycl opentadi enyl catalyst conponents). In this

e mbodi ngggz3)t he afnd @ﬁﬁ& bAAANSBLEM] A G b htitakdlor %ﬁmﬂ.@ﬂ%&‘ Emd/& rPbhelged

"hal f -sandwi ch" netal’l ocene represented by the fornul a gf A(A) QWX
(1) Qosnmmubwaents Fpl/axthe fiesed topnk qrsmcu@f’ﬁhﬁe@mmreén prssebbm@np or M (A)

b t
Ig? oﬁp | g[gcg BJt%Htlg ﬁ?é) Qeq%%d ]?%ngéﬁg%,gggglﬁﬂ %S’rd%'cﬁpﬁf]ge Oiﬂ({dlrs?n{)i} %{1
above @m%hleﬂﬁﬂd tesbef)(amy Ff O in and nbatlimentg ’I&lygjhem- 1BheCiX egpups ichribe n of
fe% i rr@' %‘I’el %ﬁ%a‘;%d%a‘% lgg{eé%erg%g%%\éﬁ@iy”beff%eﬁé %mg/%)e i dPinsarkadS and

are selected from the group consisting of those having 4 to 10, more particularly 5, 6 or 7 ring

members (selected from the group consisting of C, N, O and Sin a particular embodiment)
such as, for example, cyclopentyl, cyclohexyl and phenyl. Moreover, these riﬁg structures may
themselves be fused such as, for eXample, in the case of a naphthyl group. Moreover, these
20  (optionally fused) ring structures may carry one or more substituents. Ilustrative, non-limiting

examples of these substituents are hydrocarby! (particularly alkyl) groups and halogen atoms.

[0074] * Thé ligands Cp® and Cp® of formulae (1) and (1) are different from each other in
one embodiment, and the same in another eﬁlbodiment. '. |

25
[0075] In yet another aspect of the invéntion, the metallocene ‘catalyst components
include bridged. mono-ligand metallocene compounds (e.g., mono cyclopentadienyl catalyét
components). In this embodiment, the at least one metallocene catalyst component is a bridged

“half-sandwich” metallocene represented by the formula (III):

30
Cp"(A)QMX, (1)



5 group consisting of cycl opentadi enyl, indenyl, tetrahydroindenyh 2806
fluorenyl, substituted versions thereof, and conbi nati ons thereof* ﬁ[%b&

In formula (I1l), Qis a heteroatomcontaining |ligand in which the bonding
atom (the atomthat is bonded with the metal M is selected fromthe group
consisting of Goup 15 10 atons and G oup 16 atons in one enbodi ment, and
sel ected fromthe group consisting of nitrogen, phosphorus, oxygen or

sul fur atomin a nore particular enbognent, and nitrogen and oxygen in

yet a nore particular enbodinent. Non-Timting exanples of Q groups include

al kyl amyiRsoin @?ﬂs%ﬁﬁ@sabo@@ﬁxﬁﬂ%&uﬁqmgﬂﬁé a Eﬂg?&@%ﬁ&%‘l ma'dpexyl ates

(e.q. pi val a , carbamates, azenyl ene, ene pho |2
phosphi rﬁndrwherem@}aratqm fibm the Qraroupzis byrded trelp aubih yslan lmggealﬁehzr\zz elndorrmla

compoun 15. and up 16, at abl with
v T 007 AT EB% 1 P ot § o te sibiemt T ERRSart ey PR

met al | oaenes Gefined wbive iQOOROKIRTT) dnd (an Wi brig éngsaﬂunbﬁd Cplaneuecidd’ frotatid | ocene
represented by the fornmula ( NQ?far | Va) vvherel n CpA js, defined
as fgr tEFRIPCSORFHNH s0of ﬁy@@ym&%{%enwb indenyha iirahydipindenyho fyaenylo swpstigteh o i s
|ndepenq,@mdngﬂg%glggdggn%atggﬂsgwgeokeaw ng group as described above in (I);

n ranges fromO to 3, is O or 3 in one enbodinent; q ranges from O

to 3, and is 0 or 3 |n one errbodl ment. In one enbodiment, CpA is selected

fromth copnsg i.0 f e n dcnyl ,
- fluor enj?t?%gﬂgst i F‘ﬁfto %’éﬁl{a/glrlg‘i g?ﬁ’l%&é%bg’cgn%%éﬁ ngtliy‘évgls"ht%ﬁer gg%g %3878] yI n
formul a (mbua))m thiak iSSJOﬁ&dGWﬁEdlnggﬂiﬂl KéyF]gB s@f;@tﬁ@ ﬁom;&e Egi'dullgg:oﬁilfjtﬁigaé' cira? %5 CIR( 0) ;j

, =SR,- -SI R3, - " and substi.tu an
unsJBst .aﬁqalese@d Gropp 16 H0mS 0 e cabadipepts agR‘i |Sele<ft$ frop, Fhiet MRy FARISHRHAE | st i ng
of Ot Qithfhedl! ﬁ%&p?mr@o%%eﬁ%@ s8I fom ifa ﬁx&e%ﬁﬁia@%@&meﬁﬁ ah® Bﬁ%EC U6

al kyl aryl am nes koxys, C6 to G e aryloxys, and th
-23 | i keand yygeh |1rnwt|angor§>paﬁwubs embodinenic Nogdingting mmlmf&mwnclgde to Cl12

car boxyl al o] h roal | yl
noi et TXS%YF%‘B{}%] gaﬁgscr:e\é’e rS’ t %% \tﬁlauﬂ%g ﬁ’lo'lxﬁa ?m;gﬂg%%cé{ﬂox ?egl I"oténes d
above catvaae), &aﬂﬁmatesbedem laJauléma; npdrlmlmbvmhpsgﬁmyh pisosplésionind) eplyriatyl, f or

exaq%l © pyl%szogvl 006%3231 I, bor A ene of e%(ncox%po&nds gompnsmg Group 15 and Group 16

atoms capable of bonding with M.

(0077 In yet another aspect of the invention, the at least one metallocene catalyst
component is an unbridged “half sandwich” metallocene represented by the formula (TVa):
20
Cp*MQeXy (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
25 3, and is 0 or 3 in one embodiment; q ranges from 0 to 3, and is 0 or 3 in one embodiment. In
one embodiment, ‘CpA is selected from the group comsisting of cyclopentadienyl, indenyl,

tetrahydroindenyl, fluorenyl, substituted version thereof, and combinations thereof.

[0078] In formula (IVa), Q is selected from the group consisting of ROO", RO—, R(0)-,
30 -NR-, ~CRs-, ~8—, ~NRy, ~CRs, —SR, ~SiRs, ~PRy, ~H, and substituted and unsubstituted
aryl groups, wherein R is selected from the group consisting of C; to Cs alkyls, Ce to Cy2 aryls,
Ci to G alkylamineé, Cs to.Cy; alkylarylamines, C‘I to Cg alkoxys, C‘s to Ci2 aryloxys, and the



T(CPAM @RG&Z) Xn) m 10 wherein M CpA, X and n are as defined above, Q&
forms a polydentate ligand unit (e.g., pivalate), wherein at | east A BEDGE
the Q groups form a bond with M and is defined such that each Qis _

i ndependently selected fromthe group consisting of -0-, -NR-, -CR2- and
-5-; Gis either carbon or silicon; and Z is 15 selected fromthe group
consisting of R -OR, -NR2, -CR3, -SR, -SiR3, -PR2, and hydride, providing
that when Qis -NR-, then Z is selectzl - fromthe group consisting of -OR
-NR2, -SR, -SiR3, -PR2; and provided that neutral valéncy for Qis '

sati sfi ¢ikle.biNon-dimittpdexahiglegiof (e aehndR(; 30 Cndafrndes] Cy el eaibetyltomd,he

group consj sti f C to 0 et eroat om contai ning groups, C, to CO
~al kyl s, p&ia{eg %%Qemaﬁpﬂg,, “@%%%ﬂ?@‘i’ﬁ&y@%@?ss, C, 20 to ClO al koxys, and
C6 to Cl2 aryloxys; nis 1 or 2 in a particular enbodinent; and T is a

bri dgi n? g’roup sel ected fromthe group consisting of C, to ClO alkyl enes,
C6 to CI¥®79b5 ar \Pespribedaprplir wey.CHe fkall syumorh’c oietaliondneg apovusen kend C6

* Contt oo B Y, eoch APARLARRE R BB S S REZATG) Cis 11 15 an

integer froml to 7; inis an integer from2 to 6 in a nore particular

enbodi nent. 30 [ 0Q; ..anot her aspect the invention, the at |east one
fluori ded netal l o@é%é?gﬁyst Otonponent*¥n be described nore

articularly in , (Vb), (Vvc) and (Vd): D 8 DEC 20DD -24 R3
II%4R3R4 R)Z/R* %%%%)%Qq&))nmf g(Va-i() %Va-ii) 5RBR4 Ry R

10 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 Witﬁ M, and is defined such that each Q is independently selected from the
group consisting of —-0—, —-NR—, -CR»— and —S—; G is either carbon or silicon; and Z is
15 selected from the group consisting of R, ~OR, —-NRj, —CR3, —SR, —SiR3, -PR;, and
hydride, providing that when Q is -NR~, then Z is selected from thé 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 Cito Cio
heteroatom containing groups, C; to Cyg alkyls, Cs to Cy aryls, Cq to C;2 alkylaryls, C,
20 to Cyp alkoxys, and Cg to Cy3 aryloxys;

nislor2ina particular embodiment; and

T is a bridging group selected from the group consisting of C; to Cjo alkylenes, C¢ to Cy2
25 arylenes and C,; to Cyg heteroatom containing groups, and Cs to C\2 heterocyclic groups;
wherein each T group bridges adjacent “CpAM(QzGZ)Xn”. groups, anfl is chemically

“bonded to the Cp* groups.

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

30 _
{0080] In another aspect of the invention, the at least one fluorided metallocene catalyst

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



Rl (Yn MA RS 5 R R7T $ (Vb) 03 DEC 2CBC -25 R4 W RB R6 R2 R

()" MA RTRR R R\ / Re RoR (V) RARSRI/ \ R RAIR \EI Q&)ﬁw
MA R7 RR R9 R10 (Vd) 5 wherein in structures (Va) to (Vd) Mis selected
fromthe group consisting of Goup 3 to Goup 12 atons, and selected from
the group consisting of Goup 3 to Goup 10 atons in a nore particul ar
enbodi nent, and selected fromthe group consisting of Goup 3 to D D DEC

9-005 -26 _04 -
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Goup 6 atons in yet a nore particul ar enbodi ment, and selected fr i
group consisting of Goup 4 atons in yet a nore partlcular enbodlﬁgkkﬁﬁhmﬁga
sel ected fromthe group consisting of Zr and Hf i:n yet a nore particul ar
enbodinment; and is Zr in yet a nore particular enbodinent; 5 wherein Qin
(Va-i) and (Va-ii) is selected fromthe group consisting of hal ogen ions,

al kyls, alkylenes, aryls, arylenes, al koxys, aryloxys, am nes,

al kyl am nes, phosphi nes, al kyl phosphi2ges, substituted al kyls, substituted
aryls, substituted al koxys, substituted aryloxys, substituted am nes,
substituted al kyl am nes, sifosti pbited phosphi nes, 10 substituted

al kyl phosphi nes, carbanate hrteroallyls, carboxylates (non-limting
exanpl es of suitable carbar 8, and carboxyl ates include trinethylacetate,
trimethyl acet at e, neth&? Rt ol uate, benzoate, diethylcarbamate, and
di et hyl carbamate), fluori ed al kyls, fluorinated aryls, and fluorinated
al kyl carboxyl ates; 15 q is nteger ranging froml to 3; wherein each R

i s independently: selectgo he group consisting of hydrocarbyls and
het er oat om cont ai ni ng H%dr in one enbodi ment; and selected fromthe
group 20 consisting of enes,\ substituted al kyl enes and

het er oat om cont ai ni ng hydrocar byl s\i n anot her enbodi nent; and sel ected from
t he group consi sti  C1 to C12 a kylenes, C to Cl2 substituted

al kyl enes, and C, Cl2 het er oat omAcont ai ni ng hydrocarbons in a nore
particul ar enbodi nent; and selected fromthe group consisting of Cl to C4
al kylenes in yet a nore R ul ar/ enbodi nent; and wherein both R* groups
are 25 identical in a enbodi ment in structures (Vb-d); Ais as
descri bed above for (A e ~y,:%re (I'1), and nore particularly, selected
fromthe group con5|st|ng 0-, -S, -SX2-, -NR, =SiR2, =CeR2, =SnR2i
-R2Si Si R2-, RP=, C, yl enes, substituted G to Cl2 al kyl enes,
divalent C4 to Cl12 CYCph4 .Jpons 30 and substituted and unsubstituted
aryl groups in one enbodi n® sel ected fromthe group consisting of
C5 to Cs cyclic hydrocarbo CH2CH2-, =CR2 and =SiR2 in a nore
particul ar enbodi nent; mhqfﬁln RHd Ris selqgkgd fromthe group consisting
of a6 DEC 205 ,

R? TR10 vd)

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

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



-27 al kyls, cycloal kyls, aryls, alkoxys, fluoroal kyls and ; ~
het er oat om cont ai ni ng hydrocarbons in one enbodinent; and Ris sglgetl;l‘it-‘gd5355
fromthe group consisting of C, to C6 alkyls, substituted phenyls, phenyl,
and C1 to C6 alkoxys in a nore particular enbodinment; and Ris selected
fromthe group consisting of nmethoxy, nmethyl, phenoxy, 5 and phenyl in yet
a nore particul ar enbodi nent; wherein A nmay be absent in yet another

enbodi ment, in which case each R* is-gefined as for R -R 2; 10 each Xis as
descri bed above in (1); nis an integer fromO to 4, and from1l to 3 in
anot her enbodirognt,atand it yor a 2ndéra pagiculaneinbedimestylzadissleaed frnd tHeSgBup

hydr ogen + ad CESRSRE RECHYBH 11305 BeIeCE e rapiies oRpRGRER:, &5l lscied 39 theny ! s
C6 to Cl12 ar )gl'di&g c@Ksiﬁtﬁig(aer aall B id ¥l Smofelpatifufat 2oBbiigies andds 2:n GiZa

fl uoroal kyl s, to C12 fluoroaryls, and Cl1 to Cl12 heteroatom containing
hydr ocar bons m@eipatipderiembodinar i vati ves thereof in one enbodi nent;
seleged fromthe group consisting of hydrogen radical, fluorine radical,
20 chlorine radical, bromne radical, Cl to C6 alkyls, C2 to C6 al kenyl s,
C7 to Civgherah KyinaVptiy andVa-0) S6elettad froml thy poup CRndisting®mf hhlogeromhd etkylss, C7
to C18 fluoroalkylaryls in nor. articul ar enbodi t;.and r.ogen
odical 1 udRlRes e BB TR RadnianS ey At R

i sopropyl, butkylphodphtlebit stbstithRd talidlsy skstidited 419Xy bubsfiieaydlkoxds,Ssubitituted

met hyl pheyl, and 4-tertiarybutyl pheyl groups 1n yet a nore particul ar
enbodi ment ; 25/ eﬁ“hStﬁBl‘F%céﬁlﬂneR grbsiigsedaylkylamines rﬁ“hgl,m'él?t RasPBESur at ed,
Partieal |y Saltsh EyipHoRSRha! Slatbalidtell HefRtbanbROSHvokIfias! tﬁbﬁ!ﬂfﬁiﬁnygf the
nmet al | ocene cat al yst cc}'rr%o ent represented by & a) may “take on many” forns
such as di sclepgaples nof f snitablearmpfbemates Bod) 26yryO&]atedS iGelids, kBikthydasdtatesS 30

5,747, 406, ingcl udi.n di ne r.oligoneric structure, ,.SuUC s disclosed in,
for exanpl e, %&g%l?%ﬁ?’mg‘egw CE%JeG, G’Gtgfuﬁr%{% b(? ’20@8%3’{-%?@“?%682]&“ n a
particul ar enbpghylembaedie) heflusehabd 0, r efioeineed edaryi, (\d), Roriaged RZ

form a conjugated, 6-nmenbered carbon ring systemthat may or may not be
substit ut ed. alkylcarboxylates;

15

q is an integer ranging from 1 to 3;

wherein each R is independently: selected from the group coﬂsisting of hydrocarbyls and
| heteroatom-containing hydrocarbyls in one embodiment; and selected from the group
20 consisting of alkylenes, substituted alkylenes and heteroatom-containing hydrocarbyls
in another embodiment; and selected from the group consisting of C; to Cy, alkylenes,
Cito Cy2 substitgted alkylenes, and C, to Cy; heteroatom-containing hydi‘gparbo;is ina
more particular _embodiment; and selected from the group consisting of C; to C4 -
alkylenes in jret a mc;re particular embodiment; and wherein both R* groups are

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

A is as described above for éA) in structure (II), and more particnlarly, selected from t‘he group
consisting of ~O—, —S—, ~8Ox-, -NR~, =SiR;, =GeRj, =SnR,, ~RSiSiR,—, RP=, C,
to Cy, alkylenes, substituted C; to Ci3 a]kylehes, divalent C4 to Cy; cyclic hydrocarbons

30 and substituted and unsubstituted aryl groups in one embodiment; and selected from the
group consisting of Cs to Cg cyclic hydrocarbons, ~CH2CHz—, =CR, and =SiR; in a

more particular embodiment;.wherein_and R is selected from the group consisting of



[0083] Non-limting exanples of netall ocene catal yst conponents cB s DELert-o
with the 5 description herein include: cyclopentadi enyl zirconium XX

i ndenyl zi rconium Xn, (1-nethylindenyl)zirconium XX, 10

(2- met hyl i ndenyl ) zi rconi um Xn, (1-propylindenyl)zirconium Xn,
(2-propylindenyl)zirconiumX, (1-butylindenyl)zirconium Xn,
(2-butylindenyl)zirconium Xn, 15 (nethyl cycl opent-adi enyl ) zi rconi um Xn,

t et rahydr oi ndenyl zi rconi um Xn, (pert4net hyl cycl opent adi enyl ) zi rconi um Xn,
cycl opent adi | zi rconi um Xn, ent anet hyl cycl| opent adi enyl titani um Xn, 20
t)ét r aPret hyl C%gyl&peﬁxcgﬁﬂglfﬂsdniqgﬁlﬁ,ingﬁmxys, %uor%alkylrs) and hetgroatom-contailﬁng

1, 2, 4-tri met lydrscasdoa P &N IS Mgdnk-CRR IRY ot

di et hyl si | y}ﬁ(ﬂl 2,3, 2 t'se%?éanet %ﬁ(‘fﬂg’%@iﬂé{;‘glﬁ%igﬁﬁdeﬁwl)t?%gg/%olugSgrr]lstlsga% 8%5’] Sozi rconi
-~ um Xn, Cs alkyls, substituted phenyls, phenyl, and C; to Cs alkoxys in a more particular

dL et Y| ST Y bbtudimde Jar 3 LARRLY K64 hOBB0S ASHsRONE b hedhoy, WichllE oy ¢! OPen

tadi enyl ) zi rconi um

di mebhyl si | yhi(diphEnyd id yétatmeraphdtiyélayaitog@ngngdi enyl ) (1, 2- di et hyl - cycl opent ad
i enyl)zirconium X'

di met hyl silyl (1, 2, 3, 4-tetranet hyl - cycl opent adi enyl ) (2- net hyl cycl opent adi eny
1) Zi 1 CORLFIND may e BERY kb |dt MhétEMCnaRaiadiif mcb(dagéj%ﬁg%*zfs T Y

di met hyl si |yl %Zizmat hyl i ndenyl ) (f | uorenyl ) zi rconi um Xn,

di phenyl si | yR(-R 2, 3, 4-t et ranet hyl - cycl opent adi enyl ) ( 3- propy! cycl opent adi eny
| )zi rconium XX, dinethylsilyl (1,2,3,4-tetranmethyl cycl opentadi enyl) '
(3-t-butyl cycl opent adi enyl ) zi r coni umxX,

di &0 hy kapbrXislag deRribddabohyind¥) | opent adi enyl ) (3-i sopropyl cycl opent adi enyl ) zi
rconi um Xn, _

di nethylsilyl (1,2, 3, 4-tetranet hyl -cycl opent adi enyl ) (3- et hyl cycl opent adi eny

1) zircani wiinkéger from O to 4, and from 1 to 3 in another embodiment, and 1 or 2 in yet another
di phenyl net hyl i dene(cycl opent adi enyl ) (9-fl uorenyl)zirconi um Xn, 35

di phenyl net h?"P‘PQﬂ’éTﬁ@'(tcaj’é‘I opent adi enyl ) (i ndenyl ) zi rconi um Xn,

15 R' through R'"? are independently: selected from the group consisting of hydrogen radical,
halogen radicals, C; to Cy; alkyls, C; to Cj; alkenyls, Ces to Cyp aryls, C; to Cyp
alkylaryls, C; to C,3 alkoxys, C to C;3 fluoroalkyls, Cs to C,2 fluoroaryls, and C, to Ci2
heteroatom-containing hydrocarbons and -substituted derivatives thereof in one
embodiment; selected from the group consisting of hydrogen i'adical, fluorine radical,

20 chlorine radical, bromine radical, C; to Cg alkyls, C; to Cs alkenyls, C7 to Cis

| alkylaryls, C, to Cg fluoroalkyls, Cy to Cg fluoroalkenyls, C; to C,5 fluoroalkylaryls in a
‘more particular embodiment; and hydrogen radical, fluorine radical, chlorine radical,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl, hexyl, phenyl, 2,6-di-
methylpheyl, and 4-tertiarybutylpheyl groups in yet a more particular embodiment;

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

- completely saturated. _ '

[0081] The structure of the metallocene catalyst component represented by (Va) may
take on many forms such as disclosed in, for example, US 5,026,798, US 5,703,187, and US

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



i so- propyl i denebi s(cycl opent adi enyl ) zi rconi um Xn, ﬂ

i so- propyl i dene(cycl opent adi enyl ) (9-fl uorenyl)zirconi um X, 08 DEC 2006
i so- propyl i dene(3-net hyl cycl opent adi enyl ) (9-fl uorenyl ) zi rconi um Xn,

et hyl enebi s(9-fl uorenyl ) zirconi um Xn, 40

meso- et hyl enebi s(1-i ndenyl ) zirconium Xn, ethylenebis(1-indenyl)zirconium
Xn, ethyl enebi s(2-nethyl-1-indenyl)zirconi um XX,

et hyl enebi s(2-nethyl -4,5,6, 7-tetrahydpg-l -i ndenyl ) zi rconi um Xn,

et hyl enebi s( 2- propyl -4, 5, 6, 7-t et rahydro- | -i ndenyl ) zi rconi um Xn, 45

et hyl enelib082) 2- i sop agmmcmaseﬁbadmemtrafhwmtamowﬁdeépfés)eﬁﬂeﬂe@(ivaww(rand R28 DEC
2006 e% et h |, eneb| &2 % -4,5,6, {%’f}[‘ah ydro-|-indenyl)zirconium X, ,,
et hyl en V’%f‘f T UGAY @S/ CRIOBCR | . b?‘b‘i"i‘ga%' HRAY R A oot betubstitntes |

di et hyl SI I yI (4 56, 7- tetrahydro 1-i ndenyl )2| rconi um X, , ,

di phenyl , 7-tetrahydro-I-indenyl)zirconiumX,,, 5

et hyl en l§55d4 5, 6 Npotlanifing geamples- af rarsaliacyns catadyst gomponents consistent with the

di ne@yl&b(}rg)hﬁ!sﬁ%rg%q*ﬁ,g@ﬁt adi enyl) zi rconium X, , ,

di met hyl si _ uorenyl ) zirconium X, ,,

di met hyl si | yI bis(1-i ndenyl ) zi rconium X, ,,

di et hyIS| I met h denyl)zirconiumX,,, 10
di et hyI g‘%‘f g'l'“)a’denyl )zirconium X ,,

di et hyl? 'Qm tyI i ndenyl ) zi rconi um X, , ,

di phenyl nyI ) zi rconi um X, ,

di ph@nyl@ néwl)ﬁﬁwmﬁdenyl )zi rconium X, ,,
di phenyl@mﬂgﬂ)’ﬂw@?ﬂﬂ)ﬁmlﬁmﬂenyl )zirconiumX,,, 15
di net hyl @exonslindenyDzireniwn Xndeny! ) zi r coni um X"
di met hyl @ ibuppilipdenyileireoatwmiXai ndenyl ) zi rconi um X, , ,
di et hyl(@ibugyllibdenid)etrecmivet Ky,| cycl opent adi enyl ) zi rconi um X, , ,
di methy | (aiethyldyclypémgptianyBeirniog X9- f | uor enyl ) zi rconi um X.,
di phenylstrdhytifoindehppesdhigh Byl ) (9-fl uorenyl) zirconium X, , ,
(pentamethylcyclopentadienyl)zirconivm X,
cyclopentadienylzirconium X,
pentamethylcyclopentadienyltitanivm X,

20  tetramethylcyclopentyltitanium X,
1,2,4-trimethylcyclopentadienylzirconium X,,
dimethylsilyl(1,2,3,4-tetramethylcyclopentadienyl)(cyclopentadienyl)zirconium X,
dimethylsilyl(1,2,3,4-tetramethylcyclopentadienyl)(1,2 3-tnmethyl—cyclopentadlenyl)zucommn

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

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

35  diphenylmethylidene(cyclopentadienyl)(indenyl)zirconium X,
iso-propylidenebis(cyclopentadienyl)zirconium X, e
iso-propylidene{cyclopentadienyl)(9-fluorenyl)zirconium Xx,
iso-propylidene(3-methylcyclopentadienyl)(9-fluorenyl)zirconium Xu,
ethylenebis(S-fluorenyl)zirconium X,

40 meso-cthylenebis(1-indenyl)zirconium Xu,
ethylenebis(1-indenyl)zirconium X,
ethylenebis(2-methyl-1-indenyl)zirconivm Xn,
ethylenebis(2-methyl-4,5,6,7-tetrahydro-1-indenyl)zirconium X,
ethylenebis(2-propyl-4,5,6,7-tetrahydro-1-indenyl)zirconium X,

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



20 di phenyl silyl bi s(indenyl)zirconiumX,,,
::ﬁ(r:nl ;)(t r| nmet hyl enesi | yl (tetramet hyl cycl opent adi enyl ) (cycl opent adi eg)él hftr ?m _
cycl ot et ranet hyI enesi | yl (tetramet hyl cycl opent adi enyl ) (cycl opent adi enyl )
zirconium X, , ,

cyclotrinethyl enesilyl (tetranethyl cycl opentadi enyl) (2-net hyli ndenyl) zirconi
um X.,

cyclotrinmethyl enesilyl (tetranethyl cchQJpent adi enyl ) (3- et hyl cycl opent adi eny
|')zirconium X, ,, 25 cycl otrinmethyl enesilyl bis(2-nethylindenyl)zirconium

X, ., c@&!ymlphlﬁathb}wlé%ﬂ nahydse-ldngsnptitepoiuopBat adi enyl ) (2, 3, 5-

trinmet hthb/k@mﬁaﬂs@diy&-ﬁ#L@,}teltrehbrdrmﬂnmdepyl)zucomum Xas

cycl ot r idimethylsibyh@dsi, ¢, Y diiabydret! rindemyDzitcoyimho}ignt adi enyl ) zi r coni.um X, , ,

di met hyldgiheyyl{4; %6,7-acteahpdro dyintenyBrikadiven®y,| ) (N-tert - butyl am do)titanium X ,,
30 bbs( ethylenpids(i s, Breybhniid-0dhdsiy DeirconitimsX gy cl opent adi enyl ) zi rconi um X, , ,

bi s n- budindthyleilyoRSOYAsHearllioh ANAROTIMN,X, | ,

bi s( n- dageanatisasioIRBiRIhARYhE X,coni um X, ,

bi s( et hyjirsets 15113@151&(@%&3341 Qlﬁzbﬁi%ﬁm{um X, 0 35

bi s(I S O-gRHNTIGKS f{@-‘%ﬁ@tﬁﬁi QEYD)FLdnsiium X,

EI ?1 H’uﬁp}al umX,,,
|
bi s(n- o>§ll${?1

: "('D

iﬂx h;c%g X

b 3 t‘i‘? I “I‘J%gx’ .
[ 0 X, ,, 40
e bdg mgb B
bi s %% %E( CQWF) #rconi um X,
3

bi dgpethylgermyt 2§}epf9/|1 )E’p’fé’ enyl ) zi r coni um X, ,,

bi s( 1- etdiye ﬂsﬂﬂhlf{’éﬂt@-@ H@lrfé‘ Zir coni um X, ,

bi s( 1- etdhipsthysihdhis(ietretpethpisnciopaatadiopyzitconiomiXim X, ,, 45

bi s( pentdimeshylsilydgydlogeatadizdy B yilupranylzreoniumys,, ,

bi s ( pentdipenyisilylyydlappetatiztyliffluprnyjortonimmXy, ,

bi s@- prdighghylS8lyites(imdboy ziropeuh &Jj enyl ) zi rconi um X, , ,

bi s( 1- nchelotyimeBryletdill(ayamenhsiycdeatiichyl)c gty enmddnyl)zildbniufB3G, U S - 30
cycloteframethylenesilyl(tetramethylcyclopentadienyl}{cyclopentadienyl) zirconium X,
cyclotrimethylenesilyl(tetramethylcyclopentadienyl)(2-methylindenyl)zirconium X,
cyclotrimethylenesilyl(tetramethylcyclopentadienyl)(3-methylcyclopentadienyl)zirconium X,

25 cyclotrimethylenesilylbis(2-methylindenyl)zirconium X,,

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

cyclotrimethylenesilylbis(tetramethylcyclopentadienyl)zirconium Xp,

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

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

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

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

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



bi s(1-isobutyl -3-nmnet hyl cycl opent adi enyl ) zi rconi um X, 0§ DEC 005
bi s(1-propyl - 3-butyl cycl opent adi enyl ) zi r coni um X, , , -

bi s(1, 3-n-butyl cyclopentadi enyl ) zirconi um Xn,

bi s(4, 7-di met hyl i ndenyl ) zirconium Xn, 5 bi S(I ndenyl ) zi rconi um X, -

bi s(2- et hyl i ndenyl ) zi r coni um XX, cycI opent adi enyl i ndenyl zi r coni um X, , ,

bi s(n- propyl cycl opent adi enyl ) haf ni um X, , ,

bi s(n-butyl cycl opent adi enyl ) hafiiium3s 10

bi s(n-pent yl cycl opent adi enyl ) haf ni um Xn, (n-propyl

cycl opehistdisewgyl ﬁ(memﬂbydlomtaﬂmpHMmdmmnﬁn) haf riium XX,

bi s[ ( 2- bis(lapopyi3shutylbeidpehindieniipmeotiadiXgny| ] haf ni um Xn,  bis(tri net hyI silyl
cycl opehis@icH-mibyly)dyelbpéntadiefy])zirdenk® Xy - pr opy!l i ndenyl ) haf ni um 15

bi s( 2- nbis(a, WiinmetistiydenhBiitdon i X,,, ,

di me§ hy bis(ihdeh ﬁ;(cammhqqyl cycl opent adi enyl ) hafi uum X, , ,

di met hybﬁ(zl.xylb lﬁﬁenﬁ}ﬁﬂgd,ﬁmlyppent adi enyl ) haf ni um Xn,

bi s(9- ncﬁjj@@ﬂﬂa mmg ﬁw Xn,  bis(9-n-butyl f uorenyl)hafiiiumX ,,
20 - (9- nbgg(n%g 1d I i ndenyl ) haf ni um Xn,
bIS(lan)n_ level |enyl)hafrnumX,,,

ﬁ)? K;Is adien opyl 3 n butyl cycl opent adi enyl ) haf ni um Xn,

yES treg N peﬂgad }% cl g@uopyl am do)titaniumX ,,

d| met hy SO ?11? % tyl ami do) titanium Xn, 25
di met hy PRI Fl "(cycl opent yl ani do) ti t ani um Xn,
di net hy"§'t‘T1 Ftnh Isi Xl& _ "enyl ) (cycl ohexyl ami do) ti tani um Xn,

di net hyP 21'%7 TPP%‘WS 3(}nopent adi enyl ) (cycl oheptyl am do)titani um Xn,

di me® hy ’@(%Wb‘{ty]é‘%dﬁ Rl opent adi enyl ) (cycl ooctyl ami do) titani um Xn,

di met hy flisetiylslybistamep ey dorsntagionyMufiwm X cycl ononyl ami do) ti t ani um Xn, 30

di net hyd@ldwlv@ls(lamhyﬂgm@mﬁmmﬁm (cycl odecyl ani do) ti tani um Xn,

di met hybis{%yprop@ilneneryyhafriyo Xapent adi enyl ) (cycl oundecyl ani do) titani um Xn,
bis(9-n-butylfluorenyl)hafhium X,

20  (9-n-propylfluorenyi)(2-n-propylindenyDhafnium X,
bis(1-n-propyl-2-methylcyclopentadienylhafnium X,
(n-propylcyclopentadienyl)(1-n-propyl-3-n-butyleyclopentadienyl)hafnium X,
dimethylsilyl(tetramethylcyclopentadienyl){cyclopropylamido)titanium X,
dimethylsilyl(tetramethyleyclopentadienyl)(cyclobutylamido)titanium X,,

25  dimethylsilyl(tetramethyleyclopentadienyl)(cyclopentylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl){cyclohexylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(cycloheptylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(cyclooctylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(cyclononylamido)titanium X,

30 dimethylsilyl(tetramethylcyclopentadienyl}(¢yclodecylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl){cycloundecylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(cyclododecylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(sec-butylamido)titanium X, .

' dimethylsilyl(tetramethylcyclopentadieny!)(n-octylamido)titanium X,

35 dimethylsilyl(tetramethylcyclopentadieny!)(n-decylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(n-octadecylamido)titanium Xa,
methylphenyisilyl(tetramethylcyclopentadienyl)(cyclopropylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl){cyclobutylamido)titanium X,,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclopentylamido)titanium Xp, ;

40 methylphenylsilyl(tetramethylcyclopentadienyl)(cyclohexylamido)titanium X, '
methylphenylsilyl(tetramethylcyclopentadienyl)(cycloheptylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclooctylamido)titantum X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclononylamido)titanium Xp,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclodecylamido)titanium, X,

45  methylphenylsilyl(tetramethylcyclopentadienyl)(cycloundecylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclododecylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(sec-butylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(n-octylamido)titanium X,




di met hyl silyl (tetramet hyl cycl opent adi enyl) (cycl ododecyl am do)titani um Xn,
di met hyl silyl (tetramet hyl cycl opent adi enyl ) (sec-butyl am do)titani um Xn,

di met hyl si | yl (tetramet hyl cycl opent adi enyl ) (n-octyl ani do) titani um %rf [HEC 2006
di met hyl si lyl (tetranet hyl cycl opent adi enyl ) (n-decyl am do)titani um Xn,

di et hyl silyl (tetranet hyl cycl opent adi enyl ) (n-oct adecyl am do)titani um Xn,
nmet hyl phenyl sil yl (tetramet hyl cycl opent adi enyl ) (cycl opropyl am do)titani um
Xn,

met hyl phenyl si | yl (tetranet hyl cycl open8hei enyl ) (cycl obut yl ani do)titani um Xn,
met hyl phe &;l/l silyl St et ranet hyl cycl opent adi enfll )écycl opentylam do)titani um
Xn, 40 me ylphenylsilyl(tetramethylcyclopentadienyl)}(n-decylamido)titanium X,

net hy| piresihyylghenylsiiylGetramashyigictopeitapienylidoaadecylomidodtishmnm Xami do) ti t ani um XX,
met hy| prtighehdsilytdttaptettphatlopentadidny]) Gyclaptopylynjdodtitediadefat yI ami do) tit ani um
Xn, diphenylsilyl(tetramethylcyclopentadienyl)(cyclobutylamido)titanium X,

met hydl phigphehgsilylidtiaaictniatbpematidngDentlaskineyiah)do pitiaa o,y | am do) titani um Xn,
met hy| praiphehgiildtiaaicta s tloptradtiigDentlaixitlidd)awaiangyy| am do) titani um Xn,
net hy| phishehsilykdttatietamest byttaskdgDeRpEBRpeNMhopaliwASGY ! am do) titani um
Xn, 45 dlphenylsﬂyl etrameﬂlylcyclopentadlenyl)(cyclooctylam do titaninm X

)rzﬁt hy ! phgshehyibilyhditRle iR LR NS n?l:}ﬁz%leﬁdxﬁ;[% )ﬁmugygdecyl am do) titanium
et h1)9l pfgl he ylzﬂyl tﬁa]n ethgmgrc g ntad1 1 c§cl an%i)& tantum&fé cyl ami do) ti tani um

xn, - metg 3 e Se but | ani do) ti tani um
d SﬁX & % dg fﬂ@ y
% te ape cycfopen éﬁy sec— o)tltazutn %mg%’t yl ami do)titani um

X., rret.

s aBFFhé’FFé’P ?‘E ignyD-echpm U ey | ani d X
e ot g&m W@%?m et st
di e FIB(F a(r{eg{yllcaﬁ{gp 4‘%% lERidp)titaniem o gmo p$t arﬁeﬂﬁ*}t"ie%anl um

ﬂ

et ol £

Xn ’ d| rf”@’ | silyl(tetramethyl cycl opent adl enyl ) (cycl obutyl am do)titani um
X, .- 5 di phenyl silyl (tetranmethyl cycl opent adi enyl) (cycl opentyl am do)ti tani um

, - | sil I t I I ti

GBS ) el FRTERD Y SRR S by RER B RE B T
Xn, 203“ p‘ﬁemahse_zs: &::Ige?ﬁ{ utaumhdmyif Mhlﬂﬁﬁﬁ?ag bERyg )fémmrmmstcgebmdiagduetiam um
XX, I phenyl si etra C ent adl e clo ni um
Xn, 10 EFFBT%‘?? %‘%/fll/’ln("tnéte r‘?g%"l‘ﬂ}‘%/ B’dﬁé‘ﬁ& %P&? f)“%/ é’&?ﬂl ﬂfo@’)”t T ani um
X, ., dighgnyhsiiil &t slohn@Blbdd e aRefroas RRAMIHECYL t?U!ZQeHi"aﬁ&n’ﬂO)a.ﬁd tani um

X, di phenylsi'l yl (tetranethyl c&cl opent adi enyl )gcycl ododecyl am do)tit ani um
Xn, replacement of the “X” group with any of C; to C;s alkyls, Cs aryls, Cs to Cio alkylaryls,

fluorine, chlorine, or bromine. Ina particular embodiment, each of the above metallocenesisa
25  fluorided metallocene wherein one or more of the X groups is a fluoride; and all X groups are

fluorides in yet a more particular embodiment.

[0085] More particularly, non-limiting examples of the fluorided catalyst components
useful in the method of the invention are as follows:
30 '

Bis(methylcyclopentadienyl)zirconium difluoride,
Bis(ethylcyclopentadienyl)zirconium difluoride,
Bis(propylcyclopentadienylzirconium difluoride,
Bis(isopropylcyclopentadienyl)zirconium difluoride,

35 Bis(butylcyclopentadienyl)zirconium difluoride,
Bis(isobutylcyclopentadienyl)zirconium difluoride,
Bis(neopentylcyclopentadienyl)zirconium difluoride,
Bis(cyclopentylcyclopentadienyl)zirconivm difluoride,
Bis(cyclohexylmethylcyclopentadienyl)zirconium difluoride,

40  Bis(allylcyclopentadienyl)zirconium difluoride,
Bis{(3-butenyl)cyclopentadienyl)zirconium difluoride,
Bis(trimethylsilylcyclopentadienyl)zirconium difluoride,



di phenyl silyl (tetramet hyl cycl opentadi enyl) (sec-butyl am do)titani uﬁggn 15
di phenyl'si | yl (tetranet hyl eycl opent adi enyl ) (n-‘octyl am do) ti tani & 129

di phenyl silyl (tetranet hyl eycl opent adi enyl ) (n-decyl anmi do) titani um Xn,

di phenyl silyl (tetranet hyl cycl opent adi enyl ) (n-oct adecyl am do)titani um Xn,
and derivatives thereof. [0084] Werein the value of nis 1, 2 or 3, and
at least one Xis a fluoride ion. By 20 "derivatives thereof', it is neant
any substitution or ring formation as3glescri bed above for "structures
(Va-d) in one enbodinent; and in particular, replacenent of the nmetal "M
(Cr, Zr Bis(frimedliylg#nyytiBpamdamonzitohal dfludridem t he group consisting of Cr,
Zr, H @isltribheth@animéteyak Hie@f1)zArBenitnX diffifogidg) W th any of O to G5

al kyI S, Hﬁléfﬂﬁ&hyl%léﬁnﬁa bggﬁébﬁﬁmlﬁﬂuonﬁguorl ne, chlorine, or bromne. In
a parti G@n. glbygq(g};emagﬁﬁ )ﬁlfcoﬁlhﬁ@ﬂmb\ﬁge met al | ocenes is a 25 fluorided
met akl oq;qgtq:z harRhR H@dlﬁugggups is a fluoride; and all X

gr oups "ﬁiﬁ 2,4|-t't’i8{ef %opeﬁzg‘g enlgi}fo%l ﬂ% ar enbodi nent. [0085] More
L A B
CON

o

fuorided catal yst conponents

useful i e e a5 follows: 30
B o( met ERCSAR alycé Qgg .emma?deff HiFde.

Bi s(1 th 3§,( TnE) Pr8 Y& e difnde

Bi s( §r 0 PH CORiP HipEdPg e,

Bi s(iso

V’éﬁ yirpydifieariddr di f | uori de, 35

Bi s( but %} %@f]ﬁlﬁw@ pReatadisai) aireraipm digiaride,

Bi s(i so yleydenen taélﬁl popginmciinondedi f | uori de,

Bi s( neops(i 9+mwlb?%mm¢m§ﬂﬂ¥zmmnmmdeﬂﬁdﬂd@,rl de,

Bi s(16y c [Big(pirenythyleydlopeatadedy bancbyininrdithwriridey di f | uori de,

Bi s( cycBis(Explenpiptoplyhsiclopprtadiemieiydnien diftoriden di f | uori de, 40

Bi s(al | yTeyadetdpydoyioapehtedighyl Xpropylaydopetiadienyd)zirdenium diftuoride,

Bi s( ( 3- ipéremydygostdpepriicast)(ropliyd speaniienyiphilbriomi monde,

Bi s(tri il érﬁadlquyfdpfq@geﬂgﬁtaqﬁﬁy ZichSighl dddidk] uoride, O u DEC 2006 -32

Bi sQbr i mRlbyéaassml(BuS1cR8PentiedPYzidcbhinfi It ] Tluoride,
Cyclopentadienyl(cyclopentylcyclopentadienyl)zirconium difiuoride,
Cyclopentadienyl (tetrahydroindenyl)zirconium difluoride,
Cyclopentadienyl(1,3-methylbutylcyclopentadienyl)zirconium difluoride,
Cyclopentadienyl(tetramethylcyclopentadienyl)zirconium difluoride,

25  Cyclopentadienyl(propyltetramethyleyclopentadienyl)zirconium difluoride,
Cyclopentadienyl(butyltetramethylcyclopentadienyl)zirconium difluoride,
Cyclopentadienyl(cyclopentyltetramethyloyclopentadienyl)zirconium difluoride,
Cyclopentadienyl(indenyl)zirconium difluoride,
Cyclopentadienyl(1-methylindenyl)zirconium difluoride,

30 Cyclopentadienyl(fluorenyl)zirconium difluoride,
Cyclopentadienyl(tetrahydrofluorenyl)zirconium difluoride,
Cyclopentadienyl(octahydrofluorenyl)zirconium difluoride,
Bis(tetrahydroindenyl)zirconium difluoride, .

Bis(trihydropentatenyl)zirconium difluoride,

35 Bis(pentahydroazulenyl)zirconium difluoride,
Dimethylsilylbis(tetrahydroindenyl)zirconium difluoride,
Ethylenebis(tetrahydroindenyl)zirconium diflueride,

Bis(indenyl)zirconium difluoride,
Bis(1-methylindenyl)zirconium difluoride, .

40  Bis(2-methylindenyl)zirconium difluoride,
Bis(4,7-dimethylindenyl)zirconium difluoride,
Bis(5,6-dimethylindenyl)zirconium difluoride,
Bis(1-phenylindenyl)zirconium difluoride,
Bis(2-phenylindenyl)zirconium difluoride,

45  Bis(fluorenyl)zirconium difluoride,
Bis(1-methylfluorenyl)zirconium difluoride,
Bis(2,7-di-t-butylfluorenyl)zirconium difluoride,
Dimethylsilylbis(3-methylcyclopentadienyl)zirconium difluoride,



Bi s(trinmethylsilylmethylcyclopentadienyl)zirconiumdifluoride,
Bi s(1, 2-dt met hyl cycl opent adi eny] ) zi rconi um di fI'uori de, , ga HaAN
Bi s( 1, 3-di net hyl cycl opent adi enyl ) zi rconi um di fl uoride, 5
Bi s(1,2,3-trinethylcycl opentadi enyl)zirconiumdifluoride,
Bis(1,2,4-trinmethyl cycl opentadi enyl)zirconiumdifluoride,

Bi s(tetranet hyl cycl opent adi enyl ) zi rconi um di fl uori de,

Bi s(1, 3- et hyl et hyl cycl opent adi enyl )z3zconi um di fl uori de,

Bi s(1, 3- et hyl propyl cycl opent adi enyl ) zi rconi um di fl uori de, 10
Bi s( 1, 3-Dmmethylshyibig(3cprobpeldpantadinyy)zircardan diffworldd,| uori de,

Bi s(p he Diethelsilpbi{2dlderyldclopenadienylizidouiiin difluoride,

Bi s( 1, 3DimlkihyisHenry, 35 ehoRenERddpRitalibe IIZﬁ@tﬁHlMﬂ‘dﬁhfohu@“ de,

Bi s benl)dht%ﬂ‘l?{isﬂ?lﬁi@(tét?’dr@éﬂ%)ﬁlofp&ﬁﬁﬂﬂf?l irddntes Bi¥Roride,

Bi s(g 3DIRERYIsOBRRhdRGHAReRaAifMHdeZi rconi um di flTuoride, 15
Bi's( phefptBniEHohe Et’ﬁ ' '(ﬁ!ﬂiﬂoﬂhé' uori de,
Bi s((3- @}g@ﬁ: B[‘é% ¥4 L1 uori de,

¢yl

Tet . di fl d
EPgn[ gmﬁ" Y 2 T FoBy ﬁ‘%‘% ‘1“%1??4 Bhum di £1 tor | de.
32:1 n%ﬂgaﬁg f ‘Eﬁlﬂlgg ff &H‘?L g] i dl fI uoride, 20

e ori de,

Cycl ope 1‘5‘8% Ylte'gi{;e Q d| f1 uoride,

Cycl opeRuagHclaRpyl( mlmqa&é%wl))(ﬂdeeﬂmrawwmfdp

Cycl ope ﬁulawcbaﬁymt ltegam@hﬂwcmwma@ywlﬁwémyé)anwm énﬂueam,um di f1 uori de,

Cycl opemhw(mmrlﬂ@mmh@ldéf}mr@sent adi enyl ) zi rconi um di fl uori de, 25

Cy cl6pe ittgdinebig (A metbpyrdewstt ziraertiby idiffuoridment adi enyl ) zi r coni um di f | uori de,

Cycl opeiopcipgligdnefeytlypenatiicapBiflugtcaydicpanmatiiiesnide,) zi r coni um di f | uori de,

Cycl ope iptstngimyei{ytigerdequyelobsrtadidnyd(firtonsnlyzicdonnandifideridey | ) zi r coni um

di f | uor iDd@ethylYgl{pkRpémasti @ luoreen)sitcoriucdiflustidedi f | uori de,

Cycl ope WigistnPRY 1%?:165&&1%&&6 YD EhitehTi)sifenintnaithdridéor i de, 30

WW@D%@%%M 1 f&?ﬂi céhﬁﬁﬂ[iﬂhkfﬂdé' fluoride,

Cycl ope Meahiakl didEs ! ) zi rconi um di f | uori de,

Cycl opem; 'eﬁ’ﬂlé él @Eﬁleq aﬂg%qﬁﬂ‘g&.@brcom um di fl uori de,
Bis(ethylcyclopcntadlenyl)haﬁnum difluoride, :
Bis(propylcyclopentadienyl)hafnium difluoride,

25  Bis(butylcyclopentadienyl)hafnium difluoride,

Bis(isobutylcyclopentadienyhhafnium difluoride,
Bis(neopentylcyclopentadienyl)hathium difluoride,
Bis(cyclopentylcyclopentadienyl)hafnium difluoride,
Bis(allylcyclopentadienyl)hafhium difluoride,

30  Bis((3-butenyl)cyclopentadienylyhafnium diflnoride,
Bis(cyclohexylmethylcyclopentadienylhafiium diftuoride,
Bis(trimethylsilylmethyicyclopentadienylihafnium difluoride,
Bis((3-phenylpropyl)cyclopentadienyl)hafnium difluoride,
Bis(1,3-methylbutylcyclopentadienyDhafnium difluoride,

35 Bis(1,3-methylpropylcyclopentadienyDhafnium difiuoride,

Ethylenebis(indenyl)hafhium difluoride,
Dimethylsilylbis(3-propyleyclopentadienyljhafnium difluoride,
Dimethylsilylbis(2,4-methylpropylcyclopentadienyl)hafnium difluoride,
Dimethylsilylbis{tetramethylcyclopentadienyl)hafnium difluoride,

40  Dimethylsilylbis(indenyl)hafnium difluoride,
Diphenylsilylbis(indenylhafnium difluoride,
Bis(cyclopentadienyl)titanium difluoride,
Bis(methylcyclopentadienyl)titanium difluoride,
Bis(ethylcyclopentadienyljtitanium difluoride,

45  Bis(propylcyclopentadienyl)titanium difluoride,
Bis(butylcyclopentadienyl)titanium difluoride,

. Bis(isobutylcyclopentadienyl)titanium difluoride,
Bis(neopentylcyclopentadienyl)titanium difluoride,

2006



Bi s(tetrahydroi ndenyl) zirconiumdifl uoride,

Bi s(tri hydropental enyl)zirconiumdifluoride, 35" _ 98'(}5&‘ ?Q:Q&
Bi s(pent ahydroazul enyl ) zi rconi um-di fl uori de, T I
Di met hyl si |yl bi s(tetrahydroi ndenyl)zirconiumdifluori de,

Et hyl enebi s(t etrahydroi ndenyl ) zi rconium di fluoride, Bis(indenyl)zirconium
di fluoride, Bis(1l-nmethylindenyl)zirconiumdifluoride,. 40

Bi's(2- met hyl i ndenyl ) zi rconi um di f | uocizge,

Bi s(4, 7-di met hyl i ndenyl ) zi rconi um di fl uori de,

Bi s( 5, 6-Bis@ptlbpchiyiaenytntadiagOttainddiflbotede] de,  Bi s(1- penyl i ndenyl) zi r coni um
di f I uor i BtityleneBisgif@enpDtithinfti@A¥édde] r coni um di fluoride, 45

Bi s(f | uopigie )Qym%ﬁﬂém)ﬁtamuﬁp&ﬂg&me Bi s(1- et hyl fl uorenyl ) zi rconi um

‘E'm'%ﬁ;'gﬁh‘*ﬂﬁ“ﬁ@”@?ﬁ%&%ym %'%Jé‘lﬁ f%g%%ﬂ) LGRS RGbtd b’ﬂ%mmﬂﬁ_’} DEC 2696

ng lht yI cycl opent adi enyl ) zi rconi um d| fluoride,
D| rret hyI éé‘f 1) E
Di net hyl | %ycl opent adi enyl ) zi rconi um di f | uori de,

gﬁl opent adi enyl ) zi rconi um di f | uori de,
Di met hyI EiF%ﬁ?B{“P\ Bpent adi enyl ) zi r coni um di fl uori de, 5
yp Y PRI Sm di fl uori de,

D neg

D|ma1t D2HcoRym e 3)2|rcon|umd|fluor|de

Di et hyl( |b|u 1551 ZifRop m@‘ﬁﬂ yl i ndenyl ) zi rconi um di fl uori de,

Di met hy| @piplipdeny 1221 tmﬂu Bds5- di - t - butyl ) phenyl i ndenyl ) zi r coni um

di fl uor |(§@thylcmvlm fezy. W@h@@nﬂuom 4-napht hyl i ndenyl ) zi r coni um
di fl uor |(t¢@'ah>rsmomﬁmm tiydogum/riflugrideppent adi enyl ) (i ndenyl ) zi r coni um
di f 11%or i (deytamdhyieiclopbstadiphyzetordme tiffdotide | opent adi enyl ) (i ndenyl ) zi r coni um
di f | uor i{dglopefBadiamy zirodmiamny inffletrideret hyl cycl opent adi enyl ) (i ndenyl ) zi r coni um
di f I uor ipdetametbiylcaelypnedni yitahied frdnmiidy | cycl opent adi enyl') (i ndenyl ') zi r coni um
di f | uor iteteamethylcyclopentyldienyltitanium trifluoride,

1,2 ,4-trimethylcyclopentadienylzirconium trifluoride, and mixtures thereof,

20
[0086] It is contemplated that the metallocene catalysts components described above
include their structural or optical or enantiomeric isomers (racemic mixture), and may be a pure
enantiomer in one embodiment.

25 [0087) As used herein, a single, bridged, asymmetrically substituted metalloceﬁe

catalyst component having a racemic and/or meso isomer does not, itself, constitute at least two
different bridged, metallocene catalyst components. '
[0088} The “metallocene catalyst component™ useful in the present invention may

30 comprise any combination of any “‘embodiment” described herein.

[0089] When combined to form the bhqetallic catalyst component, the molar ratio of
metal from the first catalyst component to the second catalyst component (e.g., molar ratio of
Ti:Zr) is a value of &ofn 0.1 to 20 in one embodiment; and from 1 to 18 in another
35 embodiment, and from 2 to 15 in yet another embodiment, and from 3 to I2 in yet another
embodiment; and from 4 to 10 in yet another embodiment, and from 4 to 8 in yet another
embodiment; wherein a desirable molar ratio of first catalyst component metal:second catalyst

component metal is any combination of any upper limit with any lower limit described herein.



Et hyl enebi s(i ndenyl ) zi rconi um di fl uori de, 15

Et hyl enebi s(2- met hyl i ndenyl ) zi rconi um di f | uori de, R
| sopropyl i dene(cycl opent adi enyl ) (fluorenyl)zirconiumdifluoride, §8§ nEC 2006
Di phenyl met hyl i dene(cycl opent adi enyl ) (f1 uorenyl)zirconiumdifluoride,

D net hyl sil yl (cycl opent adi enyl ) (fl uorenyl ) zirconi um di fl uori de,

Di phenyl si lyl (cycl opent adi enyl ) (fl uorenyl ) zirconiumdifluoride, 20

Di net hyl silyl bi s(fluorenyl)zirconiumdifluoride,

Et hyl enebi s(fl uorenyl) zi rconi um di f | ud%ide,

Bi s( et hyl cycl opent adi enyl ) hafiium di fl uori de,

Bi s(et hyl cycl opent adi enyl ) hafi uum di fl uori de,

Bi s( prop*@tﬁrxﬁ)k.opent adi enyl ) haf hi um di fl uori de, 25

Bi s(butyl cycl'opent adi enyl ) haf hi um di f | uori de,

Bi s(i sol0090] cycl oaenisadi legnaih,) kel termin'fadiifatardrib déefined to be any compound or

Bi s(neopent yl cycl ppent adj enyl ) haf ni um di f1 uorj de, .
Bi o oy o OPeE e REDE s aP RO ATTRPOIES HBich gin acivate a catalys cormpound
Bi s( @ | gy Zppemand] aemtiddabdicong £idrehnife catdQsts, etc.), such as by creating a

Bi s((3-butenyl’) cycl opent adi enyl ) haf ni um di fT uori de, )
Bi s( cyclcatents resieh yiosy Sleogrtysh ¢panpgieyhat ypicalyd itis inyelvge the abstraction of at

Bis(tri ' ' ' ' '
o1 o( (3- RS eyl ol Eiol P AR MYt T o Bl el conter of e
Bi s( 1, 3-catykty bdmponenty c Thp evataiydt eoryrponbuat rif (the grdskntoinvettion 3ve thus activated
B o(1, 3 et oy bRko bl cyet apent ad eV gt Wlabh R b %t sctvators intude
Di nefighy | 15wlisy hdidsSdudh RE @ptlceatcdippRietid fo19Mydobbabammisling lokted) d8kylaluminum
Oi met hyl si |yl bi s(2, 4- net hyl pr opy| cycl opent adi enyl ) hafi uum di f1 uori de,
Di net hy|mpgygs spd sorted Ryr-egaiivping: iaiccasiivaters & Ny ¥ i(@lianstely ¢ lonigng
Di et hyl sj; i S & f h [
D1 pheny ZTAE 3 RAGRYho e AR or B ol compond gt com comprt s newal - i
di f | uor imkgallocBiesdatadysh wbmpobanp ent atitatlogdnp tdatiam thamisdadtive ovithdespect to olefin
Bi s( et hyl f%(lzl.ogent adi enyl )titaniumdifl uoride,

pelymenzation.

15
[0091] More particularly, it is within the scope of this invention to use Lewis acids such
as alumoxane (e.g., “MAO”), modified alumoxane (e.g., “TIBAO”), and alkylaluminum
compounds as activators, and/or ionizing activators (neutral or ionic) such as ti (n-
butyl)ammonium tetrakis(pentafluorophenyl)boron and/or a trisperfluorophenyl boron
20  metalloid .precursors to activate desirable metallocenes desecribed herein. MAO and other
aluminum-based activators are well known in the art. Ionizihg 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: A;tivatérs, Activation Processes, and Structure-
Activity Relationships 100(4) CHEMICAL REVIEWS 1391-1434 (2000). The activators .may be
25  associated with or bound to a support, either in association with the catalyst component (e.g.,
metallocene) or separate from the catalyst component, such as .described by Gregory G. Hlatky,
Heterogeneous Single-Site Catalysts for Olefin I’Llymerizatioﬁ 100(4) CHEMICAL REVIEWS
1347-1374 (2000).

30 [0092] Non-limiting examples of aluminum alkyl compounds which_may be utilized as

activators for the catalyst precursor compounds for use in the methods of the present invention



45 Bi s(propyl cycl opent adi enyl )titani umdifluoride,

Bi s(butyl cycl opent adi enyl )titani um difluoride, ‘ 08 DEC 7006
Bi s(i sobutyl cycl opentadi enyl)titaniumdifluoride, : '
.Bi s(neopentyl cycl opent adi enyl )titaniumdifluoride, 08 0:2% -34

Bi s(cycl opentyl cycl opent adi enyl )titaniumdifluoride,

Et hyl enebi s(i ndenyl)titaniumdifluoride, D nethylsilylbis(indenyl)titanium
di fl uoride, Diphenylsilyl(cyclopentaggenyl) (fluorenyl)titaniumdifluoride,
(cycl opentadi enyl )yzirconium 5 trifluoride, (indenyl)zirconiumtrifluoride,
(1- met hyhdluddetmyne7ilaeamutNddthyldluaioute triisdbatylaidilin) @eayH ek flafug@itin -
trifluoride, 1-propylindenyl)zirconiumtrifluoride, 10

(2- prop%?%@!‘\éﬂ‘ W 3tdghe Wkt ri f1 uori de, (1-butylindenyl)zirconium
trifluoride, (2-butylindenyl)zirconiumtrifluoride,
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o aluminum, gallium and indinm

-groups are selected from the group consisting of alkenyl groups having 1 to 20 carbon atoms,
alkyl groups having 1 to 20 carbon atoms, alkoxy groups having 1 to 20 carbon atoms and aryl
groups having 3 to 20 carbon atoms (including substituted aryls), and combinations thereof. In
yet another embodiment, the three groups are selected from the group consisting of alkyls
16 having 1 to 4 carbon groups, phenyl, naphthyl and mixtures thereof. In yet another
embodiment, the three groups are selected from the group consisting of highly halogenated
alkyls having 1 to 4 carbon groups, highly halogenated phenyls, and highly halogenated
naphthyls and mixtures thercof By “highly halogenated”, it is meant that at least 50% of the
hydrogens are replaced by a halogen group selected from the group comsisting of fluorine,
20  chlorine and bromine. ‘In yet another embodiment, the neutral stoichiometric activator is a fri-
substituted Group 13 compound comprising highly fluorided aryl groups, the groups being
highly fluorided phenyl and highly fluorided naphthjﬁl groups.

~ [0094] In another embodiment, the neutral tri-substituted Group 13 compounds are
25' boron compounds such as a trisperfluorophenyl boron, trisperﬂuoronaphthyl boron, tﬁs(S,S-
di(trifluoromethyl)phenyl)boron, tris(di-t-butylmethylsilyl)perfluorophenylboron, and other
lhighly fluorinated trisarylboren compounds and coml;inations thereof, and their aluminum
equivalents. Other suitable neutral ionizing activators are described in US 6,399,532 B1, US
6,268,445 B1, and in 19 ORGANOMETALLICS 3332-3337 (2000), and in 17 ORGANOMETALLICS
30  3996-4003 (1998).



different bridged, netallocene catal yst conponents. [0088] The "netal |l ocene
cat al yst conponent'” useful in the present invention nay 30 conpugggggpgﬁmg
conbi nati on of any "enbodi nent' 'described herein. [0089] Wen conbined to
formthe binetallic catal yst conponent, the nolar ratio of metal fromthe
first catal yst conponent to the second catal yst conponent (e.g., nolar
ratio of Ti:Zr) is a value of fromO0.1 to 20 in one enbodinent; and from1
to 18 in another 35 enbodinent, and fgpm 2 to 15 in yet another enbodi nent,
and from3 to 12 in yet another enbodinent; and from4 to 10 in yet
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[0096] In yet another embodiment of the activator of the invention, an alkylaluminum
can be used in 6onjunction with a heterocyclic compound. The ring of the heterocyclic
compound may includes at least one nitrogen, oxygen, and/or sulfur atom, and includes at least
20  one nitrogen atom in one embodiment. The heterocyclic compound includes 4 or more ring

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

[0097] The heterocyclic compound for use as an activator with an éIkyIaluminum may
be unsubstituted or substituted with one or a combination of substituent groups. Examples of
25  suitable substituents include halogen, alkyl, alkenyl or alkynyl radicals, cycloalkyl fadicals,
-aryl radicals, aryl substituted alkyl radicals, acyl radicfals, aroy! radicals, alkoxy radicals,
.aryloxy radicals, alkylthio radicals, dialkylamino radicals, alkoxycarbonyl radicals,
aryloxycarbonyl radicals, carbomoyl radicals, alkyl- or dialkyl- carbamoyl radicals, acyloxy
radicals, acylamino radicals, aroylamino radicals, straight, branched or cyclic, alkylene
30 radicals, or any combination thereof, The substituents groups may also be substituted with

halogens, particularly fluorine or bromine, or heteroatoms or the like.



al um num based activators are well known in the art. 1onizing act ﬁahgts)?ﬂbﬁ
are well known in the art and are described by, for exanple, g%

You- Xi an Chen & Tobin J. Marks, Cocatalysts for Metal-Catal yzed Aefin

Pol yrmeri zation: Activators, Activation Processes, and Structure- Activity
Rel ati onshi ps 100(4) CHEM CAL REVI EWS 1391- 1434 (2000). The activators may .
be 25 associated with or bound to a support, either in association with the
catal yst conmponent (e.g., netallocengy-or separate fromthe catal yst
conponent, such as described by G egory G H atky, Heterogeneous
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[0102] In one embodiment, the heterocyclic compound described above is combined
20  with an alkyl aluminum or an alumoxane to yield an activator compound which, upon reaction
with a catalyst component, for exémple a metallocene, produces an active polymerization
' cataiyst. Non-limiting examples of alkylaluminums include trimethylaluminum,
' triethylaluminum, triisobutylaluminum, tri-n-hexylaluminum, tri-n-octylaluminum, fri-iso-
octylaluminum, triphenylaluminum, and combinations thereof.
25
[0103] Other activators include those described in WO 98/07515 such as tris (2, 2, 2"-
nonaﬂuoroblphenyl) fluoroaluminate. Combinations of actwators are also contemplated by the
invention, for example, alumoxanes and ionizing activators in combinations. Other activators
inclﬁde aluminum/boron complexes, perchlorates, periodates and iodates including their
30  hydrates; lithium (2,2-bisphenyl-ditrimethylsilicate)-4 THF; silylium salts in combination with
a non-coordinating compatible anion. Also, methods of activation such as using radiation,

electro-chemical oxidation, and the like are also contemplated as activating methods for the



substituted G oup 13 conpound conprising highly fluorided aryl groups, the
groups being highly‘fluorided phenyl and highly fluorided naphthyﬂf@r@@@éﬁﬁﬁ
[0094] In another enbodiment, the neutral tri-substituted Goup 13 .
conpounds are 25 boron conpounds such as a trisperfluorophenyl boron,
trisperfluoronaphthyl boron, tris(3,5- di(trifluoronethyl)phenyl)boron,
tris(di-t-butyl nmethylsilyl)perfluorophenyl boron, and other highly
fluorinated trisaryl boron conpounds amg.conbi nati ons thereof, and their

al um num equivalents. O her suitable neutral ionizing activators are
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in one embodiment, and from 1:1 to 5:1 in yet a more particular embodiment.

20  [0105] More particularly, the molar ratio of Al/metallocene-metal (Al from MAO)
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
embo&imént; 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 metallocehe-meta.l

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

Sul;ports
- [0106] A support may also be present as part of the bimetallic catalyst system of the
invention. Supports, methods of supporting, modifying, and activating supports for single-site
30  catalyst such as metallocenes is discussed in, for example, 1 METALLOCENE-BASED
POLYOLEFINS 173-218 (J. Scheirs & W. Kaminsky eds., John Wiley & Sons, Ltd. 2000). The

terms “support” or “carrier”, as used herein, are used interchangeably and refer to any support



[ 0097] The heterocyclic conpound for use as an activator with an 08 OFC yallie
al kyl al um num may be unsubstituted or substituted with one or a

" conbi nation of substituent groups. Exanples of 25 suitable substituents

i ncl ude hal ogen, al kyl, al kenyl or al kynyl radicals, cycloal kyl radicals,
aryl radicals, aryl substituted al kyl radicals, acyl radicals, aroyl

radi cal s, al koxy radicals, aryloxy radicals, alkylthio radicals,

di al kyl am no radi cal s, al koxycarbonyl4gadi cals, aryloxycarbonyl radicals,
carbonoyl radicals, alkyl- or dialkyl- carbamoyl radicals, acyloxy
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catal yst, No I mting_.exa I es of al kyl al um nuns i ncl ude
trimet hgi %Tﬂquhﬁﬂ?aﬁu?’?ﬁf ™l um num triisobutylal umi num

tri-n-hexylalum num tri-n-octylalumnum tri-iso-

bt

[0108] Desirable carriers are inorganic oxides that include Group 2, 3, 4, 5, 13 and 14
20  oxides and chlorides in one embodiment, and more particularly, inorganic oxides and chlorides
of Group 13 and 14 atoms. Yet more particularly, support materials include silica, alumina,
silicg-alumina, magnesium chloride, graphite, and mixtures"ghereo'f. Other useful supports
inclu;Ie ma'gnesia, titania, zirconia, montmorillonite (EP O 511 665 B1), phyllosilicate, and the
like. Also, combinations of these support materials may be used, for example, silica-
25  chromium, silica-alumina, silica-titania and the fike. Additional sﬁpport materials may include

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

[0109] In one aspect of the support useful in the invention, the support possess a
surface area in the range of from 10 to 700 m?/g, pore volume in the range of from 0.1 to 4.0
30 cm’/g and average particle size in the range of from 5 to 500 ym. In another embodiment, the
surface area of the carrier is in the range of from 50 to 500 m?/g, pore volume of from 0.5 to

3.5 cm®/g and average particle size of from 10 to 200 pm. In yet another emquiment, the



octylalum num triphenylal um num and conbi nations thereof. 25 [@ﬁOSk qgﬁ%r
activators include those described in WD 98/ 07515 such as tris (2¢ B 5 N
nonaf | uor obi phenyl) fl uoroal um nate. Conbi nations of activators are also
contenpl ated by the invention, for exanple, alunbxanes and ionizing
activators in conbinations. Oher activators include al um nun boron

conpl exes, perchlorates, periodates and iodates including their 30
hydrates; lithium (2,2 -bisphenyl-ditgjoethylsilicate)4THF, silyliumsalts
in combination with a non-coordinating conpatible anion. Al so, nethods of
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in one odi nent nd from10:1 to 15 10, 000:1 i n apother enbodinent, and
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ionic salt of a boron alkyl, the nole ratio of activator to catalyst
conponerfeodifyingecomppend. dn sndatherembgdiment, thegrepastip sdrinehend ysad withohfurthert o 5: 1
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enbodi meotponauts. rSaiteids cdlcioing Fémpearatdi®Oranpe Fomt1061C @S0 thimmng embodiment,
and from 200°C to 1200°C in another embodiment, and from 300°C to 1000°C in another
embodiment, and from 350°C to 900°C in yet another embodiment, and from 400°C to 850°C
in yet a more particular embodiment, and from 800°C to 900°C in yet a more particular
20 embodiment, and from 810°C to 890°C in vet a more particular embodiment, wherein a
desirable range comprises any combination of any upper temperature limit with any lower
temperature limit. Calcining may take place in the absence of oxygen and moisture by using,

for example, an atmosphere of dry nitrogen.

25 [0112] 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
interactions, or other physical or chemical interaction. In one embodiment, the suppott is

flnorided. The fluorine compounds suitable for providing fluorine for the support are desirably

30 inorganic fluorine containing compounds. Such inorganic fluorine containing compounds may
be any compound containing a fluorine atom as long as it does not contain 2 carbon atom.

Particularly desirable are inorganic fluorine containing compounds selected from the group .



and ranges from60 to 300 in yet another enbodi nent, and ranges féOﬁ]?Q &@%
200 in yet another enbodinent; and ranges from80 to 175 in yet fobher L0V _
enbodi nent; and ranges from90 to 125 i'n.yet another enbodi nent, wherein a
desirable nolar ratio of AL(MAO) to netallocene-netal 25 "M can be any
conbi nati on of any upper limt with any lower limt described herein.
Supports [0106] A support may al so be present as part of the binetallic
catal yst systemof the invention. Sugparts, methods of supporting,

nodi fyi ng, and activating supports for single-site 30 catal yst such as
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uding 1

one enbodi itent, i'ncl’ norgani c “or organic support materials.
Non-limting exanpl es of support nmaterials include inorganic oxides and

i nor gani hl ori des,. and i articular such rials. as talc,.cl
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and pol yners such as pol yvi nyl.chl oride and substituted polystyrene,
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graphite, in any of its various fornms. [O: “The suppo may “be cont act ed
Wi t h t hesmhorisent oRyeoftieaning compound cenbadiysmixeq stithrthe support either bafordbrafief ways.
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anot her coacdataticiptésent dicthe stysoyisik i thepaie vt frofhy).Deo § envaiaiond cibbdimbhte
support tq forma “bound catalyst conponent”. In yet another enbodinent,

t he supﬁ&ﬁlﬁoﬁ?’a@ﬁH@-é&’ﬁ@é’éﬁ‘&!mwl?ﬂm{t%em Rdmgst or and catal yst conponent
together, or with each partially in any order. The conponents 15 nay be
contacted by any suitable neans as in a solution, slurry, or solid form or
some cdftbidhat i onAnpthereofethodnef freatingethh stipreadt tidthathy Hewrineagdnepovedpetat ur e
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and 14 cfitamiigdedutiond Bihko watkersis iusedoael slitodi thestippeatydt isddesirghde td osel ar | y,

i norgani c oxides and chlorides. of Goup,13 14 atons.. Yet nore
ot culirRyy OFFph el i e tee fol Potraloufey ehife Ainufitndesinebty, diubport
and, for example, fluorine compounds are contacted by any suitable means such as by dry
mixing or shurry mixing at a temperature of from 100°C to 1000°C in one embodiment, and
20 from 200°C to 800°C in another embodiment, and from 300°C to 600°C in yet another

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

[0115] 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-
25 immobilization of catalyst components include two or more of the same or different
metallocene catalyst components, one or more metallocene with a Ziegler-Naﬂa type catalyst,
one or more metallocene with a chromium or “Phillips” type catalyst, one or more
metallocenes with a Group 15 confaining catalyst, and any of these combinations with one or
more activators.  More particularly, co-supported combinations include metallocene
30  Af/metallocene A; metallocene A/metallocene B; metallocene/Ziegler Natta; metallocene/Group

15 contaiﬁing catalyst; metallocene/chromium catalyst; metallocene/Ziegler Natta/Group 15-



silica-alum na, magnesium chloride, graphite, and m xtures thereof. O her
useful supports include nmagnesia, titania, zirconia, nontnorill opig eBE(UEE[}%ﬁ '
511 665 B 1), phyllosilicate, and the 1like. Al so, conbinations of these
support materials may be used, for exanple, silica 25 chrom um
silica-alumna, silica-titania and the |like. Additional support materials
may ‘i nclude those porous acrylic polyners described in EP O 767 184 B |.
[0109] In one aspect of the support .ygeful in the invention, the support
possess a surface area in the range of from 10 to 700 nR2/g, pore volune in

t he rangetsifing canbyst; Inetadlodene/chdthifiagly8nGroay ei5a@atapidhd cah®sts hfeof thet he
range of fram5 tq 500 I n.anot her epbodi nent, the surface area of the
carri er MFE W1 %tlY%Wg@%WWWWW?TSO%OO nme/ g, pore volune of fromO0.5 to
3.5 cnB/g and average particle size of from10 to 200 m In yet another
enbodi ment, the 0 8 DEC 2006 -41 surface area of the carrier is in the
range i B116lom 10GFurtherdOthe noaajyst peystsmy gifuthe prosent Oingentipn3 can josiBdey aapd

avergge Lt ' is.fromb. t 0 Jhe average re si of the

car v orcdiidiih S Mbfierd wid s Pobortn® oef sfHEHRRS: RY SalefR #Yom 10
t 0 1000#ymber @fvodyst OFxO&Aniple, a0 titalyst eiipoderraniy irkhdef ap§nanéSort BotBXFA i n
yet anot he{ enbodi pent.. 5 &0110]_ I n one enbodi nent of the support, graphite
i s usedmg@llqogness iy Group, d5-genlinme ccatylysts, cpmpenepts; (¢-g&ndSe ﬁi@ggﬁ% n¥S In
anot her 5 esbodi BPILg03t43; AR §501480Y, hﬁ&ﬂaﬁi&ﬂﬁb%E%céxﬂbinétfbﬂtdf%&t'w%{@é?d' ment,
the graphite and has a particle sizeé of from1 to 500 mcrons, %roml to
400 ni cimyref whichamay he suppotietibyranyt numhet of supnerts asales@ibed hergint Nomlithiing
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fol | oved1HYGPREAN; G Wi AR, T8:PH AL AIAY i VG0 53N-Or Apasal Xela +

conponents. Suitable cal cining tenperatures range from 100C to 1500C in one
enbodi nEhl; NCAsd+ Glém AVOGNG NEAOTGLA; Mib? HENCAnbEdsmieA;S AMIN G 300C t o

100 | BPRELISS ciariggmegd - SRONEM S0CChS, IRC- LBy ECIsIONDEIAS
f rom 808G15pABOS G NC Ay MM HBI e NEA:BiHcMNaF AAA +eGhHdvViNe: NCAq Gl StvNt8 810C t o
890C TNl @14RcR. 621 MY HsNIRMEAR o1 0REE' ! Ria; G1s:alass + M
G15:MN:ALA:S; G15:AlIA:S + NCA + MN; G15:NCA:S + MN + AlA; MN + ZN + NCA;
MN:S + ZN + NCA; NCA:S + ZN + MN; ZN:MN:NCA:S; MN + ZN + AlA; MN:ZN:S +
20  AlA; AJAS + ZN + MN; MN:AIA:ZN:S; AIA:ZN:S + NCA + MN; MN:AlA:S + ZN; wherein
“MN” is metallocene component, “ZN” is a Ziegler-Natta catalyst component, such as
described above for the first catalyst component, “NCA” is a noq:poordinating activator
including ioni'r; and ﬁeutral boron and aluminum based compounds as described above, “AlA”
is an aluminum alky! and/or alumoxane based activator, “G15” is a Group 15-containing
25  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 pret;eatment 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
'species bound to the support, such as present in a slurry, solution, gas phase, or another way,
30 but is not meant to be limited to species that have no physico-cherrﬁcal interaction with the

support and/or supported species. Thus, for example, the embodiment “MN:NCA:S + G15”



desirabl e range conprises any conbination of any upper tenperature limt
wth any |lower tenperature |limt. Calcining may take place in thq}@q§pﬁqmgﬁ
of oxygen and noisture by using, for exanple, an atnmosphere of dry A
nitrogen. 25 [0112] The support, especially an inorganic support or

graphite support, may be pretreated such as by a hal ogenati on process or

ot her suitable process that, for exanple, associates a chem cal species

w th the support either through chenigal_ bonding, ionic interactions, or

ot her physical or chemical interaction. In one enbodi nent, the support is
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support are desirably 30 inorganic fluorine containing conpounds. Such
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desirable are inorganic fluorine containing conmpounds sel ected from t he
group D [@1DHC 286 In -a4paréantsi ebbodimant, fledBidyst Gt ASisEBcteHbREGhe Bidd:
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the fluorine_ conmpound is to dr m x the_ two conponents by blending at a
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in one enbodinent, and fromO0,6 to 3.5 wt % of_ support in anot

embodi neeireated (i achgipr@rongemysdimsnt, @?%%ﬁt%’gaffeﬁeatglwpemom Heamentit yor i ne
conmpoundyek sndkifbr ethBodline0! Ve the fluorine in a solvent, such as water, and

t hen contact the support with the fluorine containing solution. When wat er
is used and silica is the support it is desirable to use a quantity of

vat efr S | es the Q ne t he support i ly,
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sui t abl e‘cRmbad Support’y pripredry heatixgd npport psﬁuureﬁ it Fidshydgatith tempeamer dtagr e of
from 100C to 1000C in one enbodi e and. 20 from 200C.t o 800C j n .anot her
enbodi neftst SURG 9rraoFesE L BeHOHE &W@/é@ooeﬁ:léﬁ fagther embodiment, resulting in an

enhanced support having a modified chemical structure. In a particular embodiment, the

=)

heating of the support takes place in an inert (e.g., N; or Ar} atmosphere, and in the absence of
20  water. In preferred embodiments, increased productivity is achieved when the enhanced
support is combined with the other parts of the bimetallic catalyst discussed hereiﬁ, to form a
supported bimetg]}ic catalyst, which is then contacted with monomers during polymerization to

produce a bimodal polyolefin compositions.

25 {0119] In one or more specific embodiments, an enhanced support is first prepared,
preferably in the manner described pelow; then that enhanced support is treated (e.g., combined
with ingredients that'form the first catalyst) to provide a supported catalyst ti:at 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.

30
[0120] The enhanced support is prepared by any suitable means, and more particularly,

by any means wherein water is removed from the support, such as by heating, exposure to low



enbodi ment, the contacting in any case taking place for between t ntgg:" 006
ei ght hours. [0115] It is within the scope of the present inventioft el 20D
co-contact (or "co-imobilize") nore than one catalyst conponent with a
support. Non-limting exanples of co- 25 immobilization of catalyst
conponents include two or nore of the same or different netall ocene

cat al yst conponents, one or nore netallocene with a Ziegler-Natta type

catal yst, one or nore netall ocene w.igg-a chromumor "Phillips" type

catal yst, one or nore netallocenes with a Goup 15 containing catalyst,

and any pfessduteg skemiostitraamidn@ng cohibihatites BéreofOHEtiAG tthe/ AlpPoS .at WRIERydration

icularly, -5 moi [ i ncl all 30 .
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met al | ocene/ Zi egl er Natta/’G oup 15 -43 containing catalyst,;
met al | ocEMEpvsdrresulia wverauppars thaGsolghydraed ahlowenicmgeratitres, Yhat is, helow 300tGe
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act i vat oths eah?maaémbyci;em@rtmﬁ;fmi sonrt]@iz;ﬂkted 'lclﬁumphédteﬁammnnmteumupa?aéteﬂ, in
any nunher .0 s.. For exanple, the catal yst conpgonent may jncl ude any
one or  beteRmicH sndirshwpiea! ehee i P SYPREeF S & gt %We%fﬁ ffg'éhege cial
conponengtiuchife Shen bSinBindP HithOPtirsHand SecbflY c8d1Fst dBRpOn&Asddertbedtpeeiy@nd

99/ 01460), and may include any conbination of activators, any of which may
be suppopPleesd ipyhepantexteban aginalnobpesizetions T ssrmnpledwher Bierenhaused silied isi ng 10

e s i ol S ST IRR AR ol A REER KRRy o7,

Al A: S + Mijportdd\bitetalB; céithlst SompdsEibng thdl supjiotted bimbldllicAtAalyElompodiidy, GL5: S
NCA: - S, Gl5; 5.NCA:S; Gl Al A, Gl5: - ALA . Al A .G15;

:315: Al AN@C?I“EWR:‘@ ?’?’ﬁﬁﬁ& silicggzhas bf‘«i‘éAd.S‘@BW & havmgiegmlﬁﬁ&f@éi‘%ﬁy ‘%ﬁ.ﬂs +

NCA + Glased g %ﬁn&ﬁhaﬁoﬁ%ceaﬁf% iy Bintodadl Bolydki i@é%lé'réﬁctwi Bort AlA

+ Gl5; AlAS + + Gl5; MNLATALS + 5; ALA'S + NCA + + G15; NCA'S +

WMN + Al Aexample 2 pductiitnof gleash AP gramppolymer| gragycatatyst.capnpe achisvedn. Mets: S;

crs. Rea Y. Pt o et e Lo iR priiea O g,
ZN: MN: NCleass; 39081 graiid\ polyer(graiNcddlyS. +E2 wiok prafetobdy weZ N binddsgllidvihatalysk: ZN: S;
Al A ZN Sh;:vin[\gl%e EmhéNnée su:ppAclJr'tA‘inaSs aT pr%%ctiv\\r/ﬂ;ra of iatnleast 4000 grams polymer/gram catalyst.
Other specific embodiments of the invention include bimetallic catalysts with productivities of
4500 grams polymer/gram catalyst and above, 5000 grams polymer/gram catalyst and above, or
20  even 6000 grams polymer/gram catalyst and above.

[0121] Ina pﬁarticular embodiment, the support useful in the present invel_ltion is a
.Group 13 or 14 inorganic dxide support having a pore volume ranging from 0.8 to 3 cm’/g and
a surface area of from 100 to 500 m%/g. This support is desirably dehydrated as described
25  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.
30
[0122] The enhanced support is then combined with a non-polar hydrocarbon diluent to

form a support slurry, which can be stirred and optionally heated during mixing.



"IMWN' is netall ocene conponent, "ZN' is a Ziegler-Natta catal yst conponent,
such as described above for the first catal yst conponent, "NCA" i&@aﬂg 2%
non- coordi nating activator including ionic and neutral boron and alunlﬁJﬁ
based conpounds as descri bed above, "AIA" is an alum num al kyl and/or

al unoxane based activator, "GL5" is a Goup 15-containing 25 catal yst
conponent as descri bed above, and "S" is a support; and wherein the use of
":" with "S" neans that that those gygups next to the colon are associ ated
with ("supported by") the support as by pretreatnent and ot her techniques
known in the art, and the "+" sign neans that the additional conponent is
not directhé bound to the support but present with the support and species

bound t ol¥®Y suppdy variely,of nar-pplae Bydsecarhon flikenif cgn be Fsesk foolerm dhe suprade, or
anot her i t | & 170 0 ! t o]
physi co-c erﬁ%&ﬁ%ﬁ’%?%@?%ﬁgﬂ% %ﬁ%ﬁdssh%gﬁgméﬁdﬁ gfq%sdﬁ%%r eag ng%g%n:?es.
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‘i's selected fromthe glroup_ 5 consisting of M\:ZN: NCA:'S; M\ ZN: Al A S;

MN: Al A sthe ingrgdieptqang galgpartighly Sollmlfméaelg%w%bpﬂ-and ZN: MN: Al A: NCA: S. The
conponents may be conbined in any order desirable to achieve the highest

pol yneri zation acti vi té' I n one enbodinent, the ZN catalyst is inmobilized
prior toldl24obi | i Exmyplesef snitableinon-pnlar hydroariwnk excludetihdlimtingar of branched
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catal yst c onents are imobjlized si t aneoys on the support. the
suppor t W@fﬁ%ﬂﬁ@@ﬂ@%ﬁlwﬁh a5, fampene, Bluens, oyt Y%Bwng\ﬁwﬂ%ﬁ?f dffzet e g
after caj@lpoidr NSABRABGRIcah HBGHEBRY, i N yet another enbodi ment. 15 [0118]
One enbodi nent 0Of the support useful in the present invention is a so

called "enhanced support", prepared by hearing support particles at a

dehyy at io‘iﬁ'.gt e”pe‘[?;l%%f‘pr?e n§1§11r¥ glmeﬁ%hea’?é?iob%t%uﬁi?eg;ﬁnd ik ﬁ%n‘éﬁcﬁ?th%%&fﬁoﬁ“d

1000C i n"andot her e sulftirng 1n an anced ‘suppor ng a
nmodi f i edparficlen wigh ttet nonegolarchydtasarbop asltént, Hubmt érelypodit meieh, eithireor Yodtadf thg of

t he support takes pl.ace in ap inert ..., N2 or Ar sphere in the
Absence. GRAY dk o b B BEPUH OB iR SrReOrE LR UTL I P51 s
aCh_' evedsifigénhtlyBwe B8 i &bither of the catalysts are inadvertently deactivated. Thus, the
temperature of the support slurry (e.g., silica slurry) is preferably maintained at a temperature
20  below 90°C, for example, from 25 to 70°C, or from 40 to 60°C in another embodiment.

Gas Phase Polymerization Process L _
[0126] The bimetallic catalysts, and more particularly, the supported bimetallic catalyst
composition, described herein are preferably used to make bimodal polyolefin compositions,
25  that is, compositions having a bimodal molecular weight distribution; in a particular
embodiment, the bimetallic catalysts described herein are used in a single polymgrization
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
30 in US 5,525,678 in which those processes are modified in accordance with the inventions
claimed herein, for example, involving the high fluidized bulk density as described herein. The

equipment, process conditions, reactants, additives and other materials will of course vary in a



support is conbined with the other parts of the binetallic catal yst ARG
di scussed herein, to forma supported binmetallic catalyst, mhichﬂﬁsﬂgﬁeﬁﬂm
contacted with nononers during polynerization to produce a binoda

pol yol efin conpositions. 25 [0119] In one or nore specific enbodi nents, an
enhanced support is first prepared, preferably in the manner descri bed

bel ow;, then that enhanced support is treated (e.g., conbined wth
ingredients that formthe first catalygt) to provide a supported catal yst
that includes the first catalyst conponent. In specific enbodi nents, that
suppor t edivbd hidcessaigdding ch iHRERsivddeainGfdsitih #hl SHrofPSRNGFehe fpolyifr BN
catal yst conponent to provide a supported binmetallic catalyst. 30 [0120]
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t empe atﬁﬁ§09 _at %zgfgﬁgooc, and between 800C and 1000C in a particul ar
enbodf ment’ ;™ Paﬁq *anmr"enhanced support, for exanple, enhanced silica,

whi ch provides surprisingly inproved results over support that is

dehydrated at |ower tenperatures, that is, below 800C, 5 even slightly
| ower t etié¥lat ur e Mowgarticulaghy) B¢ prasers, of s preseabinveiipBdF diredisd aWaWAs f r om
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treat men ts In an actual chem ca or physic change in the

support stemecfreme iofl  shifbon \afrimshingningrer pawticalag eitbedineent fand ifedm 2 30 Buathone when
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the secopd catal yst conponent to form supported bi netal|ic catalyst
conposi t ??‘ﬁ?e’tlﬁié teé‘ﬁpB‘BFfte%‘?! %P‘?PEF%I%"?‘E&@&%‘B%EW’ 36 B?P?’?i)‘ﬁ,but‘?%c"‘ln&d ng the
enhancedgslehd ca, has been discovered as having desirably high productivity

when wused in a polynerization process for making bi nodal polyolefinin a
single reactor. For exanple, a productivity of at |east 3000 grans

pol yaer/ cat al { exe ' r | h i l1ic
cat aﬁ@st ﬂ{l?ﬁ i ncldutgers&[%ﬁ%lgéﬁlﬁlg%ﬁéglgl SS poc{egs ég?sh%aﬁ%%lggé%(?lﬁet ‘S%hglf-lﬁg}tl@ | east
3500 gr anssapuedtgdmohgmers) diekefihy BivingE4 én 18rparbomp meive; atljygapelt or reonborjugated| | ¢

cat al yst .. havi t he .enhanced support. h a productivity of at ast, 4000

grams pofiRer P‘glg'g}??’c‘ﬁf’ﬁl rg;gxgqmerbaﬁg?ycilﬁéaiq%pp.c BH%“H% rﬁ“}sl"o ‘%‘f?&*‘fﬁb tion

incl ude Rivemioal | | gagat ahdledeS WhdrBorRérR{luC ibiotra@n®f isobutylene,  isoprene,
vinylbenzocyclobutane, styrenes, alkyl substituted styrene, ethylidene norbornene,

20  dicyclopentadiene and cyclopentene.

[0129] In the most p*r‘eferrg-:d' embodiment of the process of the invention, a copolymer
of ethylene is produced, where with ethylene, a comonomer having at least one g-olefin having
from 4 to 15 carbon atoms, from 4 to 12 carbon atoms in yet a more particular embodiment,
25 and from 4 to 8 carbon atoms in yet a more particular embodiment, is polymerized in a gas

phase process.

{0130] In another embodiment of the process of the invention, ethylene or propylene is
polymerized with at least two different comonomers, optionally one of which may be a diene, '

30 to form a terpolymer.



4500 grans pol yner/gram catal yst and above, 5000 grans pol yms\r/ghi1

catal yst and above, or 20 even 6000 grans pol ymer/gram catal yst BV
[0121] In a particul ar enbodi ment, the support useful in the present
invention is a Goup 13 or 14 |norgani c oxi de support having a pore vol une
ranging from0.8 to 3 cnB/g and a surface area of from 100 to 500 n®/g.
This support is desirably dehydrated as described 25 herein in one

enbodi nent. A preferred support is amygunoorphous high surface area silica,
such as Davison 952 or Sylopol (r) 955, sold by Davison Chem cal Division

of WR [@33dFe andTyfi@mpany gasihasepdjthérizasodprocdssa SoMiRiibedycleqs é!hplﬁfréﬂpar ed
by the s ray dryp{wqurocess with a surface area of 300 nR/g and pore

vol ume erf iggng tha, cyle ebd iRaEIoF HisicHe A FHFLNE ga¢ strgsa, omemW@ Cis
set for }é&ga H%n? oP 112 Odgzg(r%gb glrﬁolgﬁéateﬁhﬁ F@%Fﬂ SPRO% tolfgmryidaﬁ%]%f?”b' ned

with a no hydr uent to orma s pport s ch can
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the first, catal%st conponent should be 5 at. | east partially soluble in the

non- pol 05d 4R HisrPreskaes Pl ArLySt WoHer Tsamiivp Gpaditionsy dihscersenys sHFpamuisnt i s
consi deaﬁﬂdﬁa@ntﬂ%n@memkmatbedQﬁdﬁbj?ole@%%ﬁ irt§ 4 FEactd?., QERIBIEOSHD ?aifggnt S

the ingredients are only partially soluble in the hydrocar bon.”
Exanpl egroghictds ivithdawn diom fho lreacton yoid Geshrmanemer frcdddebtoGeplac®the pakymerizad

non- ol Bkl (SAE T pitfl U ILER. B0, ART, SRan b oo en e e L ane

nonane, 591405,621;6955,334,@&3910[1,83’4625(99995151«5@6’6& Al 61568,328.5ycl ohexane; or an
aromati ¢ such as benzene, toluene, or ethyl benzene. M xtures of different

non- pol ar hydrocarbons can al so be used. 15 [0125] The support slurry can

be heat qgtshpt h dunididediihrabiretn ar%eslpagse%c%mn@wﬁam mrp&lgqb%toh the

non- pol ar hydrocar bon solvent, oi nt' when either of the

PR i embadipeni s 200 ia (1379 KPR OpSieAL 1P Te] nche
oy or TRy poigr Gulien oo 250 B Rl RSP heif P4 GRNER) KU 47 T

(e.qg., molrepmncmlla:remjo))dihﬁnpreferabl y maintained at a tenperature

[0133] The reactor temperature in a gas phase process may vary from  30°C to 120°C
| in one embodiment, from 60°C to 115°C in a more particular embodiment, from 70°C to 110°C
20 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.

{0134] 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
25  reactor and/or contacting a carboxylate metal salt with the catalyst system of the invention prior

to its introduction into the reactor.

[0135] The “catalyst system” useful in the gas phase polymerization process of the
invention includes the first and second catalyst components, making up a bimetallic catalyst,

30 and one or more activators. The bimetallic catalyst is activated by any suitable means known
" in the art, either before introduction into the polymerization reactor or in situ. The supported

bimetallic catalyst is fed to the reactor in a dry (no diluent) state in a particular embodiment. In



20 bel ow 90C, for exanple, from25 to 70C, or from40 to 60C in 1ﬂ§tﬁfﬁ 2006
enbodi nent. Gas Phase Pol yneri zati on Process [0126] The bi netal |l ich

catal ysts, and nore particularly, the supported binetallic catalyst

conposi tion, described herein are preferably used to nake bi nodal

pol yol efin conpositions, 25 that is, conpositions having a bi nodal

nol ecul ar weight distribution; in a particular enbodinent, the binetallic

catal ysts described herein are used ingga.single polynerization reactor to

make the bi nodal polyolefin conmposition. Once the supported binetallic

cat al yst anstherpefibddiriént] thep bl ca@Bystd &S elispBRidd oY ediludntv 4.d.e1C% ©f Cjs
processes c¢an be carried qQut usin t hat conposition. Among the varying
appr oac h&¥drpeashony semprising; frgm; %W%gé 180 seeoinssl gdtorsicen oflgend fedinie o5 678
in whichdhgse processes are nodified in accordance with the inventions
claimed herein, for exanple, involving the high fluidized bulk density as
descri bed herein. The equipnent, process conditions, reactants, additives

d oth i al i |1, of in.a 0.DEC 2006 -47 gi :
Gepenti niVIaH he q0uPARES AEBES FHE Biferoh HpRion BEROR ORECRE DR GRBE  ng
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patents can be used: US 6, 420,580; 6,388, 6115; 6, 380, 328; 6, ;

6, 346, 58B1ONEMEA gn7&Feackr svRsse] Hf. desiraly canfigurationoing fogmy a pplpojefimgpdn one

6, 248, 84embliiném,; B6 Bontioting Maflakie facks a Afse reafiof tdssdi ORilo®ed BY wfi¥fer ofﬁﬁ
6,180, 735; and 6,147,1/3. [ 0127] More particularly, the process of the
present Ffommedpplymei intelpnodler secondyihird etg. tpasfor yrissad ¢o plidvy fisther polywarizationess of

one ' havi. r to rben, . at fr tol2
onr oi APhforaly bl RmRR a4 Rtk eht AP 0t R oy BEHE e LIRS [

at Iolms | ndifeet ; endl camlyeth p@ﬁﬁdnentb,aactignfomd}ense nin aTﬂSEEtidlﬂBteTI’flﬁti@ﬁInﬁﬁ dqiathe i;ﬁu]lcsxarl y
we suited to . .ynerjzation . of two or. nore olefin nononers o

et hyl ene}nvﬁ?%&‘@ﬁgfl&%hg GRiplFSystem.iseqnfacird with mppgracrs m 4 singls reastor vessglet ene,

1- nonene (or4rdiBby, follovR@Hya §ifatioh of & FRish@Rilyoletinselut ene and 1- decene. 15
[0128] Ot her nononers useful in the process of the invention include

ethyl eni (8PPl undior siamile, MepoPRase polymetization Prregssnejaimed dietedn e Besiudst ons,
oo 192" i oy sl i ol iR SR S 0 RO SR o lgEHE €

ol efi ns. noners use nvent y 1 nc
nor bonenmedino) ixdienizd irethe reactoo by thelbemtef polyopriestien. Thistghtivan beopwivebfibmne,

Styr enesthearle‘l;%k gtyegxsr{[ {nt éﬁoﬁ%r %t "of Hie cyectlep %}l.r iadgo%ﬁng %g;s em that' is external to the
reactor. In a gas fluidized bed process for producing polymers, a gaseous stream containing
one or more monomers can be continuously cycled through a fluidized bed in the presence of a
20 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)
25
[0138] The reactor pressure inf a gas phase process may vary from 100 psig (690 kPa) to
500 psig (3448 kPa) in one embodiment, from 200 psig (1379 kPa) to 400 psig (2759 kPa) in a
particular embodiment, and from 250 psig (1724 kPa) to 350 psig (2414 kPa) in yet a more
particular embodiment. |
30 _
0139} In one aspect of the invention, the voidage of the gas phase reactor is desirably

controlled. In one embodiment, the polymerization process of the invention is characterized as



20 di cycl opent adi ene and cycl opentene. [0129] In the nost preferred

enbodi ment of the process of the invention, a copolymer of ethyl @re & 2006
produced, where with ethyl ene, a conpnomer having at |east one a-olefin
having from4 to 15 carbon atons, from4 to 12 carbon atons in yet a nore
particul ar enbodinent, 25 and from4 to 8 carbon atons in yet a nore
particul ar enbodi nent, is polynerized in a gas phase process. [0130] In
anot her enbodi nent of the process of -t§ge-i nvention, ethylene or propyl ene
is polynerized with at |least two different conononers, optionally one of
whi ch rmay pbees aﬂpelgmgnzaﬁenmemg abimetallie ey mpereith8 vEEEge?&Qﬁe fluidi@ed $EU31]
Typi cal | as phase pr.Qcess a conti cycl e
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stream eiehey Wck as K?%f‘e)?fﬁn}ﬁe afdﬁﬁbi meqiyal%gal Rivell talthéll 'rc?a'ci&g o RALMWA TIR
heated in the reactor by t heat ynmerization. This heat is renoved
from t he Vpidaged @%M§Mb@ﬁﬁspﬂbmtﬁwﬂu@aﬂbebw (e cycle by a cooling 5
systegn external to the reactor. Generally, in a gas fluidized bed process
for producing polyners, a gaseous stream containing one or nore nMONONErs
is continuously cycled_&hrough a fBBDi dFBBd bed in the presence of a
cat al yst under reactive UG Ti ons.The gaseous streamis wthdrawn from
the fluidized bed and recycl ed baBk i gaodensity react or. Si pul t aneously,

pol ynmer product is withdrawn fromthe reactor and fresh nomer i s added
to replace the polynerized 10 nononer. (See for exanple US 4, 543 399

4,588, 79 « 7 3 749 5, 436

5, 453, 47%he mﬁ%@&% gettg 5?@%?6:115%&’ gt,z%%gj,n?f%rgsm[ %‘Jf%‘glfs tgereggg{ *or Dp} essure
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tenperature in a gas tg ase process may vary from 30C to 120 in one

enbodi me#ertion &ﬁ@@ﬁ@ ere@s_@@ FBD ds puncan yaluei whichmasnbrogientener, less an #8C t o

rors par RS BBy RE abl S SRS e Bk, CSheP e ity i €
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FBD
Voidage = I o —
SBD (B)
[0140] Certain specific embodiments of the invention are advantageously directed to a

process having fluidized bulk density (FBD) that is higher than other bimodal polyolefin

20 _polymeriiation processes. A high FBD (or low voidage) can have benefits in a gas phase*
" polymerization process, since higher FBD generally means higher catalyst productivity due to
the higher residence times allowable in such a reactor. A high FBD also provides for
advantages for restarting a commercial-scale reactor when a gas phase polymerization cycle is
interrupted by extraneous factors. For-example, a low FBD corresponds to excessive bed

25  expansion during the restarting process, and can sometimes even make the restart process

unsuccessful.

[0141] As used herein, the term “fluidized bulk density” (FBD) has the same meaning
given that same term in US 5,436,304, in which the term is defined as the ratio of the measured
30 pressure drop upward across a centrally fixed portion of the reactor to the height of the fixed
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carboxylate netal salt such as alum num stearate or other netal-fatty acid
compound into the 25 reactor and/or contacting a carboxylate netfpf §!af,t?{}%
with the catal yst systemof the invention prior to its introduction into
the reactor. . [0135] The "catal yst systent useful in the gas phase

pol yneri zation process of the invention includes the first and second

cat al yst conponents, nmaking up a binetallic catalyst, 30 and one or nore
activators. The binetallic catal yst isgqacti vated by any suitable nmeans
known in the art, either before introduction into the polynerization

reactor pertion foi éanlEhe “Sre ey tae dertibl @Qiaﬂubh e AShdby erdid tieFBD & atxﬁé‘an
react or (no,diluent) state in_ a particular embodi ment. In 0

2006 !95]% d’t’qﬂﬂ‘sbr n’éﬁt‘?&cﬁfﬁf?&ﬁtﬂ lgsp, éhaB| the logpitzed bul dgnyisy af wsms!piemdhﬂﬁqu a

di | uent teBetBr orgé,to Cl15 hydrocarbon) conprising from5 w%to 100 wt %
m neral oil or silicon oil and fed into the reactor. 5 [0136] The
gas- phase process of the present invention includes cont actl ng the catal yst

syste ( di ng one and, act or tlonaII ,, a
stppodt) WlAeh " 1o BRERD T BRARC B ER0AT b} 1 CH R Beesiiargpmten o
forma pﬂhyﬁfseflha/ft” The ReluesSsTIRBD 6fthé p reﬁdﬁenﬁ@ﬁtiomhﬁgf%%m té %ﬂas}ﬂ’ #C6nel N @
first reac vessel, follo by transfer of the or nmed ynmer into

anot her &% igenty fpmd (9140 1b5/8ain omotpeagtisnlar smapdiment and frem 8p@l %ﬂrﬂbﬁ*/ﬁg@t | on
10 opti ogegu YnoRY pa,@lemag ctBEdiHRAE Rl b 16765 HOROTR Bt %H&lhé}péﬁt%ﬁﬁén}/ ]

addi ng t sane Or ferent catal yst components, tivators, etc
particul yher@mm 1‘34136 fan &BE meyhe any cmnématlon of a:k}eupmenhma:IWﬁhcangamWIyst
syst g ontacted with nononmers in a si ngI e reactor vessel (or

or Sn'ﬁ foll owed by isolation of a finished polyolefin resin. [0137]
For exanpl e, a gas phase pol ynerization process clainmed herein may include

15 use o contin le in Wmchaccll s stream (i recycl e
st ream oIm??]w di mﬁggﬁ%éﬁﬁﬁ?ﬁ arg eXpressed i ??gf?’?/%gct%ﬁe Yines 9é SI?@ian

pol yner i gRsdnPiwertithSakRatont 30 td60 lbﬁ’/ﬁ@i{ﬁglefeﬁﬁ%rﬁeﬁﬁ ah& @ﬁéﬁﬂ £ Bl50as 1H a

anot her part of the cycle by a cooli ng%sys emthat is external to the

react or . MPFe nartipylar ﬁmbp@m@@fdmyb@or@rlé& Ibs/diy inpyed enpthargmbodiprest, end fomd§eous
t h
70O ISP BRI BB B

a fluidize e presence o ve’ co tions.
The gaseomshirtioe afranysuppeelieit sbithynyidwediimiin from the fluidi zed bed and then
recycl ed back into the reactor. Polymer product can be w thdrawn from the
react or and fresh nononer added to replace the polynerized nonomer. (See

for exania4) 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
20  than 40% in yet 2 more particular embodiment, and less than 35% in a particular embodiment,
| and less than 30% in a more particular embodiment, and less than 20% in a more particular
embodiment; and at least 5% in one embodiment, and at least 10% in a more particular
embodiment, wherein a desirable range of voidage values may include any combination of any

upper voidage limit with any lower voidage limit described herein. Stated another way, the |
25 FBD/SBD ratio may have a value of from greater than 0.40 (or 40% when multiplied by 100 as
in the data tables) in one embodiment, and greater than 45% in a more particular embodiment,
and greater than 50% in yet a more particular embodiment, and greater than 60% in yet a more
particular embodiment, and greater than 65% in yet a more particular embodiment; and less
than 95% in one embodiment, and less than 90% in yet another embodiment, and less than 85%
30 in yet a more particular embodiment, wherein a desirable range of FBD/SBD values may
include any combination of amy upper FBD/SBD limit with any lower FBD/SBD limit

described herein.



US 4, 543, 399, 4,588,790, 5,028,670, 5,317,036, 5,352,749, 5,405,9 %i 805
5,436, 304, 5,453,471, 5,462,999, 5,616,661 and 5, 668,228) 25 [0138 Qﬁﬁé -
reactor pressure in a gas phase process may vary from 100 psig (690 kPa) to
500 psig (3448 kPa) in one enbodi ment, from 200 psig (1379 kPa) to 400 psig
(2759 kPa) in a particular enbodinent, and from 250 psig (1724 kPa) to 350
psig (2414 kPa) in yet a nore particular enbodinent. 30 [0139] In- one
aspect of the invention, the voidage ofpthe gas phase reactor is desirably
controlled. In one enbodi nent, the polynerization process of the invention
I's characterized as D 6 DES 2006 -50 a process of polynerization using a
bimetallic catalyst wherein the voidage of the fluidized bed as phase

react or i[814%hi nt aj Heps deen fapad dhah therpordagergas beaadiustedate codgsirelp devebyvhamy

sui tabl e : , | | I l.ein
he 1 eactorEouneiae s Waiohl CafNATE & ot ho ekl M AR R B e
t he equathydregéreinathe polymefiz 88D reactoBD Thy/divebofchydrdgBDin thgasacteran by adjbdted

wher eizn $SBD.i S.t rsettled bulk density" of the formed resin granules in
the. r Bac g aaeRig e 1S or b grogt ACERS hriam it oSt Brebngl BERRT ) ' o
t he resi nltghaelyl sdudting theaticetiydfogemd ctigasne. 10 density” is sinply the
density of the gas in the reactor. The FBD is the ratio of the neasured
pressure drop upward across a centrally fixed portion of the reactor to the
hei ght ofgg fixefh 895t sBEindembodRRnt N &Ll i | liue,
whi ch may[ b“g?_great er cor_ I esgs tharrﬁl t{lfe nﬁ%’og{aﬁ P@gﬁgﬁﬁngﬁggﬁ?r&?ﬁ@t@ﬁgﬁ? l%oi nt
in the fineefainedat arceon tévshto Birtheroptineize sl viedagetap d desirablprileviel hidmgisyd
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point in time) of a fluidized bed in a reaction zone of a fluidized bed reactor used to carry out a

gas phase polymerization; and can also refer to a calculated number that equals an average of a
plurality of actual measured temperatures, measured intermittently over a period of time, for
example, an average of ten measured temperatures over a four-hour period. In a particular
15  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
20 97°C for at least a one, two, three, four or more-hour period may be utilized during a

continuous gas phase polymerization cycle of the invention in one embodiment.

[0147] The voidage (or FBD) may be controlled in one embodiment by adjusting the
hydrogen level in the polymerization process. The hydrogen levels (also referred to as
25 hydrogen amounts) are sometimes expressed herein in terms of the molar ratio of H; to C; (also
H,/Cy or H:C;), wherein Hz. refers to molqcular hydrogen, and C, refers to ethylene.
Altemnatively, the hydrogen levels discussed herein can refer to the ratio of moles H; to moles
of monomers used in the polymerization reaction, for example, ethylene, propylene and/or
butene. Preferably, however, the hydrogen level referenced herein is the molar ratio of
30 hydrogen gas to ethylene monomers. As with reactor temperature, the hydrogen levels

referenced herein and in the claims include actual instantaneous measured hydrogen levels, for
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wherein a desirable range for SBD may be any onbi nafi on of any upper

limit wipitieuly emhoeimentni The rampa of hyiirogsme ]Q.ynlgo@jtqi@‘ntanog 8 Holidlany bavet he
reaci_?ha o?%ﬂgﬁ/@inj b idn CP5Ry Eﬁgerk Pagmtlmgtwm gor\{%p})\{ﬁ 13ﬁ1§§& ﬂﬁé& jages) . and

| ess a nore partitc I men 20%’i n yet
a nore pBort éxamphey uemspdmﬁteanboémdntl ﬁmsnmlblananew)ﬂnmhydrpm gsuhdbe gasbmdi nent |

stream to ethylene in the gaseous stream is from 0.003 to 0.009,

[0149] An alkylaluminum compound, or mixture of compounds, such as
20  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
' from 60 wt. ppm to 300 wt. ppm in yet a more particular embodiment, and from 80 wt. ppm to
250 wt. ppm in yet a more particular embodiment, and from 75 wt. ppm to 150 wt. ppm in yet
25  another embodiment, wherein a desirable range may comprise any combination of any upper
limit with any lower limit. The alkylaluminum can be represented by the general formula
AlR;, wherein each R is the same or different and independently selected from C, to Cyg alkyls

and alkoxys.

30 [0150] Also, water may also be fed into the reactor in another embodiment at a rate of
from 0.01 wt. ppm to 200 wt. ppm (weight parts per million water feedrate compared to
ethylene feed rate), and from 0.1 wt. ppm to 150 wt. ppm in another embodiment, and from 0.5



and less than 30%in a nore particular enbodi nent, and | ess than 20%in T
nore particular enbodinent; and at | east 5% in one enbodi nent, an daflbl 7i
| east 10% in a nore particular enbodiment, wherein a desirable range of
voi dage val ues may include any conbi nati on of any upper voidage limt wth
any |lower voidage |imt described herein. Stated another way, the 25

FBDY SBD rati o may have a value of fromgreater than 0.40 (or 40% when
multiplied by 100 as in the data tablsgas) in one enbodi nent, and greater
than 45%in a nore particul ar enbodi ment, and greater than 50%in yet a
nmor e parwi. epinato 160bedipieii y etamdh@remt)eﬁnehhaﬁu £ 1 Wt. P t8 GUBHEpprR &l ydtcul ar
enbodi nent eat er than 65% i n yet a nore particul ar, enbodi nent; and

and g
Cess  t HEIRISESRPHIBEY. wHbEeR SoRt PPTR 149 96 PPPhigveb gors PaFtisul %tmbﬁ@menf
embodi mefhercificidsPaie & YooRDrisdakLontbifliioR by ok i€
wherein a e&?& rab ?a nél? %FSB%W\?aO ués rraf@%fl)tr,\c?%gée alngmg inaet-ri on of
any uppeMFBﬁ#csﬁdherﬁmlt with any lower FBDYSBD linit described herein.
0$C+F5_CZ’7a -52 [0145] It has been found that the voi dage can be adjusted
to a desirable |l evel when wusing binetallic catalyst systens conprising at
| east oanimlaanlymeﬁPrﬁducadnwmlmlMﬁdeerﬂeearadmof hydrogen in the

pol yneri zation reactor. The | eyvel drogen in_the reactor

adj ust ed%ii)g]dy adj d€ei P&}Y@Ffé proguged {’Y Héﬂrﬂ?@"é’ﬁseﬁn qsﬁébe&age@’tnr éﬁ‘i’?lpﬁaﬁ‘el S
intr OdUCEiHaetatlIcOcamf‘stsr E@sEﬁlSHd, hé&inSHBicR Gre Bl e?&éﬂiftb?rh&’dal agh Usd 129 uE Qewird@t' o of
hydrogen and ethylene. [0146] In certain specitic embodi nents,

pol yrer i vagietyorf pr@h%etscmd teedrp%er@plméwn%suchm ﬁh@a pipgs and @biper viae noat-less@hdt 0

furtier gpll dhegabhe Yol 0308 b dasly APbRLeYehie N9eltSFTha dR HEk s

term reac enper at'u can enrper ature
(i.e., aflendity pblytthilend,i elﬁ)omérs,aplﬁétm&is,zhigh hhdsuynpalyéthﬂeﬁmp medinge dedsitg

flui d| zed bed .reactor, used rry Qqut a as ase nerj zation; and
can al SO BT I SR pabeu R R VR et dad Paamr lived SpehRrs,
plurality of actual neasured tenperatures, measured intermttently over a
period of tinme, for exanple, an average of ten neasured tenperatures over
a four - h9d82lper i oRolymersthatean heunade usmgdhmdstihed proaepiss 9@1 Yavera vagetly o

r eacior ur. or
ooc 151 RSB LAk ARURS, WOFoiaHs: B 18P ne BF g divafles Bt ohhe it
80C, or &?A]}(stsnfs tB4tGhe q;rocﬁﬁs&ttﬂmed 8L be amloeﬂt);o folnar 2 polytee compastiion with a
t enper at be in a oman tion of an e
t enper at ‘Eﬁ‘rsg eq thrf)f PWFW‘%?‘W le ftéﬁﬁé‘?"%m tgd%?f’ltn(&t %&?%@@@R%@Péﬁwe Thus,
for exanplbofertiés ds BRCBiRNodA]HIBRcR Cohositthal irAUS 5326578 can be formed. Accordingly,

US 5,525,678. Also, the bimetallic catalysts described herein can be used in polymerization

an
E,J

-

20 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; 6,242,543, 6,211,105;
6,207,606; 6,180,735; and 6,147,173.

25  [0153] The polymers, typically ethylene based polymers, have a density in the range of
from 0.860 g/em® to 0.970 g/cm’ in one embodiment, f‘rom 0.880 g/em’ to 0.965 g/c:m3 ina
.more particﬁlar embodiment, from 0.900 g/em® to 0,960 g/em® in yet a more particular

embodiment, from 0.905 g/em® to 0.955 g/om’® in yet a more particular embodiment, from
0.910 g/em® to 0.955 g/om’ in yet a more particular embodiment, greater than 0.915 g/em® in

30 yet a more particular embodiment, greater than 0.920 g/cm® in yet a more particular

embodiment, and greater than 0.925 g/em’ in yet a more particular embodiment.



20 97C for at |least a one, two, three, four or nore-hour period may be
utilized during a continuous gas phase pol ynerization cycle of tl& NEC 2006
invention in one enbodinent. [0147] The voi dage (or FBD) may be controll.ed
in one enbodi ment by adjusting the hydrogen |evel in the polynerization
process. The hydrogen levels (also referred to as 25 hydrogen anounts) are
sonetinmes expressed herein in terns of the nolar ratio of H2 to C2 (al so
H2/ C2 or H2: C2), wherein H2 refers to&%sl ecul ar hydrogen, and C2 refers to
ethylene. Alternatively, the hydrogen | evels discussed herein can refer to
the rati®184] nol eél“ﬂd&;oﬂ;anmﬂaﬁvedcﬂormﬂredrmbﬁalwaﬁq{st Bnd ﬁ@c@@'o&’ﬂlﬁﬂn&ﬁiﬂoﬁn

t f t hyl d/ but Pr ef
nonover havk e byl R o5 £y b 4PBRs0 BEBAmE Brenerpbedineat ol SPm G4 Grood)
hydr ogeng/aabint eﬁloﬂfemﬁlnﬁ&ﬁm@ﬁ’c”ﬂﬁ?ﬁén 030\ b0 g/%ﬁf & yét%ﬁﬁﬁdﬁﬁ&;méd? €and

hydrogen | evels referenced herein and in th alis 1 nc act ual
i nst ant aﬁ%@émﬁé%@@ﬁegdmhylérYGQthheé%b@lmﬂﬁr wihgiBEERi1E: rangBmax comprese a

pasod ore" gl A HAIEPIARYif o hWer B neltly AREYBUAREpOILT 5 per o0 o

tinme. [0148] The ratio of hydrogen to et hyI ene has an upper limt of 0.015

in one odi nd | 1 i n anot her enbodi ment,
0. 009 i nl%§7§ﬁt)ano'?‘fig‘f5 @Fﬂ%ﬁ? E@Ol%fﬂ 1@8th1§ tHbution, p &veight pysgagegpolecular
enbodi rre@élghtaa@u&b&OJvetdgey)ﬂeemaweﬁghpmt zbﬁ&omemmb M en?daéuﬁlan%@ in

yet a nore particul ar enbodi nent, and et a nore particul ar
enbodi meffem 18g . woy moge 9@11°‘darnm@dpa¢rtt,l efufrem Iénﬂgoiﬁ meyrt .a Mongspartioytar

PXATR o AR A Bl A% 9 iR RRREAL R SRIRRCLE o NVl one over @

fou our perio ri con I'ntous gas phase
pol yneri zation cycle in one enbodi nent. The rati o of hydrogen to ethylene

may hav ower 'mtof 0. 0005 i.n no renbod ment, and 0.001 in a nore
parti cule[zgisgnbodi h%‘ﬁ POIHFE ’6‘3‘8“0% hﬁ‘@ W@ss%txqve&maltt indst, a2 and
0. 003 i nmyBbirea b@msrmnamswlgm myrhpdierfmge fren @.04- Qo 13 MRt th€ne
particul ar, epbodi rent, and 0.005 Iin yet a nore particular enbodi nent. The

range of STpRAdRRRSNLTP b0k dg/imin do SPABin i5fa RErTRytGYr prabedimsntc divpy P82 any
t t bed

combignat dgifinth za%/nm?get a%dn?gérpfﬂclgreﬁ%)togmﬁe@% tahé?pﬁ&l 0.8 dPmbd {124 oGB! e

hydr ogerwegamurmparhwlgmmwnenstanéﬁmrt ®0@t dgharte 1i dp/mireingasemor: Imt'm(mham is

f 0.003 to 0.0 | k I i xt
conpoundBioUiugtt hersin & S tHS e Y SOPAR 459 BRARPR AF RGPS Bt n o
t he reackigt adyloR8d, @maodi nent at a rate of

20 [0157] Polymers made by the method of the invention have an HLMI (I, I is
measured by as measured by ASTM-D-1238, 190/21.6) value that ranges from 0.01 to 50
dg/min in one embodiment, and from 0.1 to 30 in anot};§r embodiment, and from 0.5 to 20 in
yet é more particular embodiment, and from 1 to 10 iﬁ yet' a more particular embodiment
wherein a desirable range is any combination of any upper I, limit with any lower Iy limit.
25 | |
[0158] Polymers made by the described processes have a melt index ratio (MIR, or
121}12) of from 20 to 500 in one embodiment, from 30 to 306 in a more particular embodiment,
and from 60 to 200 in yet a more particular embodiment. Expressed differently, polymers
made by the described processes have a meli index ratio of from greater than 40 in one
30 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.



from10 w. ppmto 500 wt. ppm (weight parts per mllion al kylal um num
feedrate conpared to ethylene feed rate), and from50 wt. ppm t of 08 *ggﬁ
ppmin a more particul ar enbodi ment, and from 60 wt. ppmto 300 wt. E 11N
yet a nore particul ar enbodi nent, and from 80 wt. ppmto 250 wt. ppmin
yet a nore particul ar enbodi rrent, and from75 w. ppmto 150 wt. ppmin yet
25 anot her enbodi nent, wherein a desirable range nay conpri se any

conbi nation of any upper limt with.ggyw lower limt. The al kyl al um num can
be represented by the general fornmula A R3, wherein each Ris the sane or
different and i ndependently selected fromGto Clo al kyls and al koxys, 30
[ 0150] Als wat er_may al so be fed into the reactor in another enbodi nent

at a r?t@ %‘H f r orfhh® bipodgd polymsrs; Ryodused R the, presqnhitvghtion sy apen certain | on
vater ! CRURES BuRDURGE M ASS, (GIN £OR R 1ASh mid A dorben,

-54 wt. fpqEnl G ta YHOwmicroppim 4 moyeenarmldm‘mmboémnt;l amkfrom Bfdo fl 6@hmicrens in ppm to

et ot her . embod] and from5 wt. mto 4 ._ppmin
yetW§ n&%‘%@? eﬂ‘i’f)gﬁm ﬂﬁﬂ%%ﬁi%?dd?\:g%r@ﬂ?nﬁ“H@%tiarlgﬁfee&%é‘ﬁl&é Png}gwEﬁﬁ‘Br. se
any conbitisiivag rleRfmidby byaRRIg dtiddatd Vikddd. ailyes! @wclesldfrlbis fesaps hed Herein.
5 Bi nodal .Pq] ymer Product and Filnms Made Therefram %0151 The pol yners

produce&mﬁallmcsﬁ?ﬁe&ss%néé’ﬁés Phiess thay bwho. asdsss handgvibhe  bimetal lic

catal ysts described herein, which are preferably binodal, can be used in a
wi de variety of products and end-use applications such as filns, pipes and
t ubi ng, [WGQ% coat Img@nalanctnli@ﬁmeme}rprqyp&niedmddMyméfhealpbb pmelneedpxsinguhed by

h de | h
ol 2R ardesdh SN TGET THBEC ol VBT chadR" RolrbrfiViatfs Ryeas
pol yet hyﬂogmyldnev\hdﬁmmumpaidyeﬁ:ﬂydt@ﬁes;aolﬁmpymepybﬁrte Rosiigel pubymay | ene

copol yner 0152l PoI mers that can be pade usi ng t he descri bed processes
can havénéu%moa %neo*? lock, er e&%ﬁfogqppfw Einylges eolymens o therg tyres 9&r Yribs .
| east ongoRh iheneashyat %P%x%pﬂehﬁsbll 754 e, '30248(2@56"4}’_’57%585155%@@934 Qﬁ‘d
process utilized can be tailored to forma pol yirer conposition wth a
desired 3819,1d7. properties. For exanple, it is contenplated that the
pol er s having the sane properties as the binodal polynmer conpositions in
US 5,525,678 can be fornmed. Accordingly,

[0161] The polymers of the invention may be blended and/or coextruded with any other

polymer. Non-limiting examples of other polymers include linear low density polyethylenes

produced via conventional Ziegler-Naita and/or metallocene-type catalysis, elastomers,

plastomers, high pressure low density polyethylene, high density polyethylenes,
20  polypropylenes and the like.

[0.1.62] ' Polymers produced by the process of the inveption end blends thereof are useful -
in such forming operations as film, sheet, pipe and fiber extrusion and co-extrusion as well as
blow molding, injection molding and rotary molding. Films include blown or cast films
25 formed by coextrusion or by lamination useful as shrink film, cling film, stretch film, sealing
films, oriented films, snack packaging, heavy duty bags, grocery sacks, baked and frozen food
packaéing, cable and wire sheathing, medical packaging, industrial liners, membranes, etc. in
food-contact and non-food contact applications. Fibers include melt spinning, solution
spinning and melt blown fiber operations for use in woven or non-woven form to make filters,
30 diaper fabrics, medical garments, geotextiles, etc. Extruded articles include medical tubing,

wire and cable coatings, geomembranes, and pond liners. Molded articles include single and



US 5,525,678. Also, the binmetallic catal ysts described herein can be used
in polynerization 20 processes to form polyners having the sane ﬁro ert;‘g*s5
as the polymers in the following patents: US 6,420, 580; 6,388, 148 pFC 2o
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. 25 [0153] The pol yners,
typically ethyl ene based pol yners, have a density in the range of from
0.860 g/cnB to 0.970 g/cnB in one emaggpiyrent, from 0.880 g/cnB to 0.965
g/cnB in a nore particular enbodi nent, from0.900 g/cnB to 0.960 g/cnB in
yet a noimltpRyéred dbistructesHaOEi e Torm fof ®B1tes, Xabks) 1488 hbDow - DRBesghigiBfdod yet a
nore particul ar enbodi nent, from 0.910 g/cnB to 0.955 g/cnB Iin yet a nore
parti cul 890tERBHYdIRYS iCqr eat er than 0.915 g/cnB in 30 yet a nore particul ar
enbodi ment, greater than 0.920 g/cnB in yet a nore particular enbodi nent,
and greater than 0.925 g/cnB in yet a nore particular enbodi nent. D 8 DEC
2096 -5@1p8l54] Merepeiticniarly, the polymersimadenby tiee hethodl af the atvehyat aranstfigr ocess

of thg inventio have, a Qul k density of fr 400 to 0.900.g9/cnB in one
enbodsrreﬁlt ,nmg’ﬁﬁrﬁl%‘m ghi o gﬁoc’f @chﬂﬁﬁ,lri%qé g%lfrf?@% B HEBEPHER P from
0. 430 t ochibalife/ H6E 1 Noy €0 aNiGioRsr ardhoi Deft 50 affdronk! @M Oméré Opdraeuar60

g/cnB in yet another enbodi nent, wherein a desirable range may conprise 5
any uppefmbeflimenicangd; from | 10:4p 30 gnicrpng i, vet diepresrticulis seibpdimentiiapd geuptisehed
herein. [ ) SIP4L r i i i i vei ght
aver age r%b eﬁgjﬁrzﬁ%tpmyg{sﬁ{t?gltﬁﬁﬁb% ave@?&g Bﬁ%@%&%‘%@gﬁ%ﬁ@?@%) of
from 5 t olefigs inn partisulenembiédiment, andfethylane mith @.tte C6 @-olafina invyat e mpag pardeilarr

enbogi men f fromil in nor i eul ar Lment.  and
of f?%m E‘%Jb‘f‘_@m%‘ﬁ' ﬁ}ue 1;‘}'%‘%’; gse%tro emaé(éﬁ%? @u Sa?%’eﬁgé%fl%éntﬁth fé’%\%%@@%% s‘ﬁf’ Idf mer s
made by pigtemteSmtibxidthty s siesastiakevan ifehd art,nd dong(d¥lthey( do2hot aterfre asitir ed by
ASTM D- 1238, ,13%2.16) in the range from0.01 dg/mn to 100 dg/mn in one
enbodi meHE desited Bm PEPERiSFni n to 50 dg/nin in a nore particul ar enbodi nent,
fromO0.02 15 dg/mn to 20 dg/mn in yet a nore particular enbodi nent, and
from0.03 dg/mn to 2 dg/mn in et a nore particul ar enbodi nent, and from

0.002 dglt6fl to 1 ngneiembodimeat, adilmomadsEiemiosalosmore b dui bimwdal pabyeledinn a
s 801 ol AR A pURTRB TS VADE FpSLeCd T 2 (1,
have an hlidvbn filn2dnd 3Pk] bs 12.5 micron film; and in a more particular embodiment, the bimodal
compositions have a Dart Drop Impact of at least 100 [g] on 25.4 micron film and 75 [g] on
12.5 micron film; and in yet a more particular embodiment, the bimodal compositions have a
Dart Drop Impact of at least 200 [g] on 25.4 micron film and 100 [g] on 12.5 micron film.
20
[0165] In one embodiment, a film made from one or more of the bimodal polyolefin
compositions disclosed herein has an MD Tear value of at least 0.8 g/micron on a 25.4 micron
film in one embodiment; of at least 0.6 g/micron on a 25.4 micron film in a more particutar
embodiment; and of at least 0.4 g/micron on a 25.4 micron film in yet a more particular
25 embodiment; and less than 5 g/microgram on a 25.4 micron film in yet a more particular
embodiment; and less than 5 g/micron on a 25.4 micron film in yet a more particular
embodime:nt; and at least 0.2 g/micron on 12.5 micron film in one embodiment; at least 0.4
g/micron on 12.5 micron film in a more particular embodiment; and at least 0.8 g/micron on
12.5 micron film in yet a more particular embodiment; and less than 10 g/micron on 12.5
30 micron film in one embodiment; and less than 5 g/micron on 12.5 micron film a more
particular embodiment; wherein a desirable range of MD Tear values may comprise any upper

limit (corresponding to a given gauge) with any lower limit described herein.



measured by as neasured by ASTM D- 1238, 190/21.6) value that ranges from
0.01 to 50 dg/mn in one enbodinent, and from0.1 to 30 in anot h8r nEC ?uw
enbodi ment, and from0.5 to 20 in yet a nore particular enbodi nent, and '
from1l to 10 in yet a nore particular enbodi mrent wherein a desirable range
is any conbination of any upper 121 limt with any lower 121 Ilimt. 25

[ 0158] Pol ynmers made by the described processes have a nelt index ratio
(MR, or 121/12) of from 20 to 500 i-ggane enbodi nent, from 30 to 300 in a
nore particul ar enbodinent, and from60 to 200 in yet a nore particul ar
enbodi ment. Expressed differently, polynmers nade by the descri bed

processe ve a It index ratio,of f greater than 40.in_one
enmbodi meﬁ)tlgglgreat Op, grosdment, &iﬂ@r%a‘{? M Ouf &F n&%%ﬁ}ﬁ’éﬂ‘fﬂ"dﬁp@fﬂ’@ﬁnt hat

60 iny eEoﬁ’po@i‘?iBﬁs diRddskl ﬁé’fleﬁirhaﬁ Ht?@jrél?@ﬂue &E £ 38715 BANcAR oh 24¥ ?ﬁlc:%n 'H@h €

particul ar ‘enbodi nent, and greater than In yet a nore particular
enbodi nemone@nﬁomz@ﬂ;z@tﬁ@aswfﬁmim 2¢r$1m1¢wmﬁhmn poloyerparicarstbodithenyy t he

present | r icl ize P
angi g PR Bl 542 5Th Ak in A HRAE BRI erfiobiihy 88 01, ¢
2000 m cgfaricron bn a4.5wiieropditiniift vheembrdinetitn@dtiess altsh 40 @'Mmickolot ©24.6@ficishcr ons
in5 yet gﬁl[l]Ot her enbodi.nment, and from 300 tothoo m crons hg yet nor e

particul Hhf5d &t Particylay embpaament, and Jess g FiiGHen ¢4 33da pcwen I Fines

(particl ?& Pnoke \A?mhhﬁneﬂasédlﬁskmaraﬁd 1ty /@,lnﬁ@:bhyoxm@selﬁicr&xpM&% JehafbiRerWt %
or less than 4 or less than 3 wt?© In certain enbodi nents,

pr opy! en@nbﬁai%@iltp&pymﬂs@l@:an Beb pcrl@'@m@ém luslfehg- mhee Pmcﬁﬂom%@rl bed
hereja. cton B 1! g%ﬁmbr}ﬁ%rﬁg%% At Q)Y BE-BRY: %5@ ’am!l Fe?é i b%g/ﬁnex?ron

pol ypr opylene, d syndiotactic po ene.
propyl enen pi. ynﬁmn filméd v @ npreopartiene ehibodiknent; anddMambbgfnym sn a P2.6pyl ene
pol ymers of these types are |1 .known in the ee for e US
7o, owhcian Bl Rprshguciiar empodauns Whetsite dasras 1apes of 18 TRIEHS The
pol ymer sp@ cdoitise ?G;Sﬂc?!lnﬁ@()éo F&{dﬂ@%q g%‘éﬂ/g‘aﬁgé}%%tinw&ﬂer%ﬂlhd@%eﬂt her
pol ymer . n-17mting exanples of other polyners include linear |ow density
pol yet hyh&gids produced via conventional Ziegler-Natta and/ or
met aJ“}focene type catalysis, elastonmers, plastonmers, high pressure |ow
density pol yet hyl ene, high density polyethyl enes,

[0167] The invention can thus be described by any combination of the various

embodiments described above. For example, the method of producing a fluorided metallocene

catalyst component can be described by the reaction scheme (VI):

& s

M+ 1410 (el —

<& Qé\\

20 « (R)p . (R')P

(VD)

wherein M is a Group 4, 5 or 6 metal in one embodiment; and zirconium or hafnium in a

25 particular embodiment;



20 pol ypropyl enes and the |ike. [0162] Polymers produced by the pr ocess t\!,
the invention and bl ends thereof are useful in such form ng operla P
film sheet, pipe and fiber extrusion and co-extrusion as well as bI ow

mol di ng, injection nolding and rotary nolding. Filnms include bl own or cast
films 25 formed by coextrusion or by |am nation useful as shrink film
cling film stretch film sealing filns, oriented filnms, snack packagi ng,
heavy duty bags, grocery sacks, baked &hd frozen food packaging, cable and
wi re sheat hing, nedical packaging, industrial |iners, menbranes, etc. in

f 0od- conteasht Xds dndependeuttydsebastedafivom dipp giouptcbnsmting ferf lskloside,ntabmilte, @elts Cy

spi nni ng, sol ut pi nel t er er.ati on use in -
woven or non- B%Wlalt% g;q?)rt??ﬁl?‘éc If“fettoé’ia r%“g‘d‘p%rf'fgéﬁ?l(%% aﬁ%@lﬁbg’l one
garnents, geotm¥sdimes, agd enordplitioaledy aelbited @om el goep wealiging dfudhldige, W re
and cabl e coa i ngs, .geonenbranes, and pond liners. Ml ded articles include
single and - 5MOmH{, ggtq Qaﬂé?réﬂxﬁéﬁ?%pﬁ% 108FRSYIAGSIaAtES:E or m of bottles, tanks,

| argeghol | ow articles, rigid food containers and toys, etc. [0163] Mre
particularly, the polyrrers made by the nmethod of the invention are useful

5 i n makiRnaye ferdups thalimey freplans hydyidéseorothe éprri@ssahdatd indefendémtiysslected from

corrp05|t|on in one pment from 1 t.o-100 m ¢ and from2 to

mcrons in a RHOFE Bsaflfﬁ%ﬁlagfwe ear?golﬂl %Bﬁ‘ff“’“l%fn%f“?? s?lfﬁd%dokﬂ?lrcqh(gr%oqpn yet
a nore parti cedmistighdodito€gttkyBnd conprise copolynmers of ethylene with a
C3 to CIOolefin in one enbodinent, ethylene with C3 to Cs a- olefins in a
particul ar enbodi nent, and ethylene with C4 to C6 a-olefins in yet a nore

part ygul grig 3R Iﬁega?@oﬁpn&o 5 T ent ERbOBEMERE dnd onﬂﬁkﬁihfv‘a%hﬁu Rl BbdEmdrended

with other additives such as pignents, antioxidants lers, etc, as is
known in the whereingehengrig?2 as anhgiyeriop nog, adjacant Regreupaimay formmanglsssternst fi | m
properties. [0164] In one enbodinent, a filmmade fromone or nore of the
bi rodal pol yolefin 15 conpositions di scl osed herein has a Dart Drop | npact
F50 Val ugajgB], & asldefindd ab0e; k@] on 25.4 mcron filmand 50 [g] on 12.5
mcron film and in a nore particul ar enbodi nent, the binodal conpositions
have a Dart Drop I npact of at |east 100 [g] on 25 4 mcron filmand 75 [g]

on 38. 5y fhibnf béﬂi‘lltm%ﬁ‘qaré s ¥ehindd TBYR Rabdel &Hﬁ&iim@rﬂb(aﬂd fFﬁ‘cF}E fammaﬁynvdal
conpositions have a Dart Drop |npact of at |east 200 [qg] 5.4 m Cron

filmand 100 pafprisa altwosphase pxstenty,iwhereinong phasjis amamu%mducmnsmaah | m
made from ON€1Q4 sTU 8, \%text Qtelegslt mavlraté}% X%lm% ﬁlgr embodiment; and the other phase

comprising a hydrocarbon or halogenated hydrocarbon diluent.

20 [0168] The present invention also includes a bimetallic catalyst composition
comprising at least one fluorided metallocene catalyst component as described herein, a non-
metallocene catalyst component, and an activator, the catalyst cornponents and activator
supported on an morgamc oxide dehydrated at a temperature of greater than 800°C. The non-
metallocene component, or “first catalyst component” is desirably a Ziegler-Natta catalyst

25 component. The composition is formed in one embodiment by first synthesizing the fluorided
metallocene as described above, followed by combining with the non-metallocene catalyst
component, activ'é.tor and support in any order. In one embodiment, the non-metallocene
component is first combined with the support followed by an activator, followed then by
combining with the fluorided metallocene catalyst produced by the method described herein.

30
[0169] The present invention also includes a process for producing a bimodal

polyolefin composition comprising the steps of: (a) contacting a metallocene catalyst



conpositions disclosed herein has an MD Tear value of at least O %W engm
on a 25.4 mcron filmin one enbodinment; of at |east 0.6 g/m'crg a’”
25.4 mcron filmin a nore particular enbodinent; and of at least 0.4
g/mcron on a 25.4 mcron filmin yet a nore particular 25 enbodi nent; and
|l ess than 5 g/mcrogramon a 25.4 mcron filmin yet a nore particul ar
enbodi nent; and less than 5 g/mcron on a 25.4 mcron filmin yet a nore
particul ar enbodinment; and at |east -@02-g/mcron on 12.5 mcron filmin
one enbodinent; at least 0.4 g/mcron on 12.5 mcron filmin a nore

parti cul enmysuhd dvithe ah ; fueridated th@gatic Gal8 foy al ttno nufficieni 20 Fonm ar fuorfrateth i n

yet a nore, particul ar enbodi nent; a l.ess. than 10 g/micron on 12.5 30
m cron fWFW\H?"r‘?n'B nEaYh TRONES IR Irtg)sés"?ar‘i‘éi'ﬁ %‘eg}lﬁ?’g‘i‘%‘n “%ﬁﬁﬁli’?c“ﬁ FARYSn £i1m
a nore pasgdufd! ﬁno@éedro@;d F@%hbiwgeﬂ@imxoadapﬁat&ﬁmeﬁe CANSS QmpWhd ¢8R aMal ues

may conprise any upp imt (corresponding to a_given gauge) with any
| ower | i fativaige gd plhlend, moapmers Grppfiomnsily a mgpgrh aeBom $°6re lgﬂ%bmnﬂeﬁﬁ), a

fil mgrade fr e of | i L1

i sol Daed her oy ae My iches Thb SR BEPSe AR EonGO BT BitEss &

m cron f biteae, i+hexzne, ebmbodi nent; at |east 3 g/mcron on 24.5 micron filmin
a nore particular enbodinent; 5 and at least 5 g/mcron on 24.5 mcron film
in yet a nore particular enbodinent; and at least 9 g/mcron on 24.5

m cron fgimy N onan &b eHibEBIRent, AR fh@fTRd hAdlloféhed APAVETR i Rughoffard albCr ON
filmin yet a nore particul ar enbodi nent, and |ess _than 20 g/nmicron on a
24.5 mi ceasnbingd with A Zigglar-Natiypetalysh eemprisingrtiteiws diziént Thigsen be dogg Wi @Won on
12. 544m C L 1 tif | : L G n.Gron
1m0 et o o XknBE A Ll TIRRT M 2 sl T8l g aoffl 07
filmin wetallecengrastiyatortand shpportendhaohbindtand asethtddgs sor ttd eomi@ifing mithcatigdencon a

12.5 m filmi t ticul i ment: and..| h 5
o i or ongRomers Dol b i, borRiingl BERASE PR isp B it TR
wher ei N gedgspeh@alif alddigf cBinpiihd Gom V% es 1008, SERRET GEoPdNcodRIE Tn ai M t

(corresponding to a_given gauge) with any lower limt described herein. 15
[ 01671 ThatigWireprmbasimenin thehiluorisiated cisengantia $alhyis Lhyragtergsdnin theh tfogenerpies

var i s esRYbISALS 1854k DRR ARGNE PO BKASPLR, Wilie L hod of pr oduci ng

a fluori cene yst conponent can escri bed by the
reaction schene (M): (Rp (Rp '

[0171] These embodiments of the present invention are exemplified by the following

examples.

20 EXAMPLES
Example 1
[0172]) In the following example, five samples of supported bilneiga}llic catalysfs were
prepared. Each sélnple .differed- primarily in whether a fluorinated or chlorinated metallocene -
was used and the dehydration ternperauirc for the silica support. Specifically, Samples ! and 4
25 had the same dehydration temperature (760 °C), but differed in whether fluorinated or
chlorinated metallocene was used, demonstrating a slight increaée in polymer productivity at
that temperature (760‘;C) due to use of a fluoride leaving group rather than a L;hloride leaving
group. Samples 3 and 5 demonstrate that the ﬂuor_inated metallocene samples that included
silica dehydrated at temperatures above B800°C provided surprisingly higher catalyst
30 productivity than either chlorinated metallocene samples having silica dehydrated at similar
temperatures (Sample 3) or fluorinated metallocene samples having silica dehydrated at lower

temperatures. Specific properties of the samples are displayed in Table 1.



X + 1-10 ([a]a[fi)b) HZ\ /F X F 20 (Rp (Pop (VI) wherein Mis a G oy
4, 5 or 6 netal in one enmbodinment; and zirconiumor hafiuumin af] BT E%
particul ar enbodi ment; -59- each X is independently selected fromthe group
consisting of chloride, bromde, C, to C20 carboxylates, C to C20

acetyl acetonates, hydroxide and C, to Cl O al koxides in one enbodi nent, and
nore particularly selected fromthe group consisting of chloride, bromde,
C, to C20 carboxylates, C2 to C2o acefgyl.acetonates; 5 R are groups that may
repl ace hydrides on the Cp rings and are independently selected from
groups as defined above; and in a particul ar enbodi nent, selected fromthe
group consisting of C to C6 alkyls; 10 p is an |nteger fromO to 5 in one
enbodi netfd73]and f Cormlast quezsquztmna Ipeﬂikﬂhets&mple%rﬂmmsmﬂw opolfh85eBilicatves p i s

s Ons ot Shuples, L b8 oL At a2 Pfpeeabiiof PR '§2€m§e§{a§sf”$%£@k§£5] Cn
one embogigyBat; and WntpRse3 R § ivierd aeﬂ YratedCRER5IE e '?hetn"‘?arpé%a?%

wherei n one phase Is an aqueous phase conprising at east 50 ovvater at
| eastd 80metakkicene ¢atalyst peastcombingd withitbel dehydtatedagilicat HBhabish dor qadawple;dﬁﬁrl sing

a hydrocarbon hal n dr.ocar bo 0

vont § ot 85 B e Bhifraly SF Bed e b S st o bk Ao P RRE o

| east onenclobédoini eN, FRivalYoRe eAchydaiug hitine (RE000MB NYasatiesl @84 mckha@w& n, a
non- netal | ocene catal yst conmponent, and an activator, the cataly

conponeriigkinga slicp/hoeng slureyy pHisr ey was hertadnioratemperabie @6 S é}nyfhﬂm@iﬁf at a
te t f f t
cat ol yor AESasHARETERL AR ORRE 15 WD SRon B PRI RATYAT e ' T
conptsi tsharny owr hq:leimdiof 20 mnmtesrrﬂmdismytwds)thén ﬂmeﬂyantsﬂaﬂ& foa‘langdmhmaﬂ Boori ded
nmet al | ocene as sc ' above | |

non- et a‘F’?nE}f?@n Lk@e‘? STy ﬁ ’t‘te %f"?@é‘lﬂ n;gh ﬁ‘b&r&s ‘F{l Wiyoetger . 1n

one enbogisRENThe bAtRe NQS- MEbE|JiNEE NRitan6 D BROREN tvak Sidﬂécf SloptaRtinRetheWidsk t he
support foll owed by an activator, followed then by
containing the shurry, and then the sIurry was held at a temperature of 54°C for 30 minutes

while under constant agitation. Titanium tetrachloride (41.0 gramis) was diluted to volume with
15  hexane in a 125 ml volumetric flask. The entire 125 ml of diluted titanium tetrachloride
solution was then added dropwise into the flask containing the slurry. Following the addition
of the solution, the slurry was allowed to stand for 30 minutes at a temperature of 54°C, The
slurry was then allowed to cool to ambient temperature to form the “ZN” supported catalyst.

20 [o174] The respective metallocene catalyst compound was then added to each sample
 from the above slurry. First, 673 grams of a 30 wt.% solution of methylaluminoxane (MAO) in
toluene was added to 4 new flask in an N> glove box. For Samples 1, 2, and the metallocene
bis-n-butyl-cyclopentadienyl zirconium dichloride (13.72 grams) was added into the MAO
solution and the mixture was stirred until all of the solids had been dissolved. For Samples 4

25 and 5, 13.72 grams of the metallocene bis-n-butyl-cyclopentadienyl zirconium difluoride was
added into the MAQ solution, and the mixture was stirred until all of the solids had been
dissolved. Next, the MAO/Metallocene mixture was slowly added into the flask containing the
previously prepared titanium reaction slurry over a period of one hour. Toluene (50 ml) was

used to wash the residual MAQ/Metallocene mixture remaining in the flask into the flask

30 containing the reaction slurry. Each resulting mixture that included the respective bimetallic
catalyst sample was thén 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



conbining with the fluorided netallocene catal yst produced by the nethod
descri bed herein. 30 [0169] The present invention also |ncludesp mQté 8%
for produci ng a bi nodal pol yol efin conposition conprising the steps of.

(a) contacting a netall ocene catalyst n DEC ?t106 -60 conpound with an
fluorinated inorganic salt for a tinme sufficient to forma fluorinated

net al | ocene catal yst conpound; next, (b) isolating the fluorided

met al | ocene catal yst conpound; fol l.ogged by (c) conbining the fluorided

net al | ocene catal yst conpound with an activator and et hyl ene nononers and
opt i onalvkdts SefRRY &f DAt mbdFHMAtAemb&athd0sE 5230d T )high t&@tg’a\famﬂgmm@he/@téwl ene.
The catal yst may be conbined with ot her nononer such 1- butene,

| - hexenasubsequently oerreved lusing revagurso giessme of 2hamniHgiel i tbad:emtralot‘ 36%heThe

compr 1 < Eiep ARk e Ba obfre BRR ROl e b Re Bl nE o PR Mo 1o
pr oduce “ZNININE sapgokted eahlghtwsets usédind sepdrite QulydlerigsoadinBg gas éﬂn efrbmfr; ded
p

nmet al_| ocene, activator an port are conbined and isol ate rior to
conbPni H§d %tltqft’éfhﬁyn%ﬁ@mfwéﬁ%ﬁ@ﬁgl t0 I9rm A pelyethylepe PRIVRETROMPORER o i ned
fluorided netall ocene, activator and support are suspended in a dil-uent
conprising from5 wt%to 100 wt% m neral oil or silicon oil. In a

parti cuI[@]ﬂslanbodi Frlerid- Bed Hobinaretavat ed Thnopt@ﬂnt«r&zaB'mSt Wese mad@mde&ri zZed in

that it ri.d ns cted hat IS
bt ) ens CORBERR S 2ph? At ceedls RERNARERES otk b o ot Phaslet o,

are exertthblgtaseeds iBedt ieahs lof @tiyiRge a8& apdlogs to%@th@G%M?Ll{i&d E)iﬁdiﬁbhﬁr et 172]
IntBefQIIovvlnt% exanpl.e, five sanples ported binetallic_ catal ysts

wer d

priped toge Ea’élha iKpE éeedﬁrfqﬂé%tm @8 rtaatm ugeq Pelow g &gacigr be%‘FtP 8% ed or
chlori ngts, etergt%t fhé. OSAREmaast 1%%@@&3 tR& slemy @Bxﬁbﬁd?ﬁ‘ert RehALMLA o the
silica suppor Specifically, Sanples |I and 4 25 had the sane dehydration
t enper atrdeseof #BPled), hydpgeniiahd eoraenarer wese hentmﬂlmm impdntaid fored cohipositiorat ed
metal | o d
or oduct 190y ane FRfene SRBORAAL WP oBuRitel b ARSHERE odshoP BTG paisl
group r gkdasire.t Tizehyalredeh ovas dmﬂnﬂed/tmamgﬁmqmnst%ﬁyﬂmgeﬁtwaMyt&edmtaMr ate

that th fluori-nat ed netall ocene sa t hat incl ude
eI'he concentratfon ofrrﬁ the gases were mrggure by an on—lglne gas clqmmatograph to ensure

relatively constant composition in the recycle gas stream.

[0176] The solid catalyst was injected directly into the fluidized bed using purified
nitrogen as a carrier, Trimethylaluminum (TMA) was added as a cocatalyst for the ZN
20 catalyst. Its rate was adjusted to maintain a constant production rate. The reacting bed of
growing polymer particles is maintained in a ﬂuidized_étate by the continuous flow ot‘ the make
up feed and recycle gas through the reaction zone. A superficial gas velocity of 1-3 ft/sec was
used to achieve this. The reactor was operated at a total pressure of 300 psig. To maintain a
constant reactor temperature, the temperature of the recycle gas is t:ontinuously adjusted up or
25 down to accommodate any changes in the rate of heat generation due to the polymerization.
[0177] 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
30 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



silica dehydrated at tenperatures above 800C provided surprisingly higher
catal yst 30 productivity than either chlorinated netall ocene sa@p@zﬁrpgyhg
silica dehydrated at sinmlar tenperatures (Sanple 3) or fluorina o O
nmet al | ocene sanpl es having silica dehydrated at | ower tenperatures.
Specific properties of the sanples are displayed in Table 1. Q DEC -61
[01731 Catal yst Preparation. In all the sanples, Davidson Syl opol (r) 955
Silica was used. Sanples 1 and 4 wergadehydrated at a tenperature of 760C,
Sampl e 2 was dehydrated at 830C, and Sanples 3 and 5 were dehydrated at

875C. Thesctor OThJE@ﬁJ’du&a@ﬁJuﬁgedato oMove éftlaitlch DGE0CarbatsnISkea¥ASwiBP AlRiraRd Wi th
t he dehydrat%p That is, for each sanple, 500 qram; of the
a

c
respect i ¥ w@ﬁ%ﬁmgpg%ta d\%@"ﬁ%é@d“ﬁ@ﬂém’élt’ss pf reeidual gatalystk r ound bott om
flask enclosed in an N2 gl ove box. Anhydrous hexane (2500 m ) was then
added into the flask, naking a silical/hexane slurry. The slurry was heated
to a ten9&78ture &8154ltrom¢ntﬂe.e uFike properties todirthe giolymérngas ancmdited dyaths of a
15 wg % i butyl magnesi um was added to the 10 slurry over a
peri osd 0 ﬁégtn %‘l’t eth ésl’he slurry was then allowed to stand for an

addi tional 30 m nutes But anol (27.4 granms) was diluted to volunme with
hexane in vol sk. The entire 125 nml of diluted butanol
sol ution ﬁgﬂgﬂ Wb %%féf’ H@nfﬁ ask containing the slurry, and then
t he sl urr rrperature of 54C for 30 minutes while under
const ant a 1t Qﬁnsﬂm Thmrasin s eoped Misop 7deing diametsr Simnel ingsa dixedivelume o

vol ik wit h rslindex af00iag. FThebylkdensisl iameesuresd 45l the keighhef tesin divided b5 480 of

di luted titasetngives vauhing/écde sol ution was then added dropwi se into the
fl ask cont di Martgle Bee:sThe porticlotitow mgastied yddétbininingohe twaighs aif uhaterinl t he
slurry was alchlisutad d10 asdeninsl of AJ.S3Gtantladtsbventind determiniat theeweifhtSdheragd he
slurry was t hpanick! size\vesbdion thositvetserigdzednt tenperature to formthe "ZN'
suppid ted catal yst. 20 [0174] The respective netall ocene catal yst conmpound
was then ad d to each sample fromthe above slurry. First, 673 grams of a

30 wt. % 5 nﬁ%@hﬁ@%ﬁ?ﬁlﬁ@ﬁ@ﬁ@ﬁ(%bﬁwtrwuﬂ%n%m thepyelnadal mesh - o
new f| aséfaddﬁlrd%ﬁkvglz Tﬁis%‘é? aﬁﬁf‘ncle’z §fe §fﬁ o 20%1115?&1% ?ﬁ%ﬁ 0 r#s it nce

bi s-n-butyl -cycl opent adi e zi rcon or| was added
i nto theigh®vels ghuleadip ﬁwdtmm@dnfouhmgfd bhaseastuorr eyt gastsiybteml | Thixf revdis isol i ds

b1 s- ne b SEGaEE Siner S AP e iR APt Al Bt BB ' nto he WRO

sol @& on, and the m xture was stirred until all of the solids had been

di ssol ved._Next, the MAQ Metal | gcene m xture was slowy added . into the
f1 ask Cdﬂ!‘lﬁﬂ]m ng ﬁglrunwas operated over a period of 24 hours, as indicated in Tables 1 and 3.

Each run was conducted using the same continuous gas phase fluidized bed reactor. The

fluidized bed of that reactor was made up of polymer granules. During each run, the gaseous
feed streams of ethylene and hydrogen were introduced below the reactor bed into a recycle gas
25 line. Hexene comonomer was-introduced below the reactor bed. The individual flows of .
ethylene, hydrogen and hexene comonomer were controlled to maintain fixed composition
targets, identified in Tables 1 and 3. The concentrations of gases were measured By an on-line

chromatograph.

30 Example 2 _

' [0180] Resins produced from the catalysts in Example 1 were compounded on a ZSK-
30 compounder with an additive package of 1500 ppm Irganox 1010, 1500 ppm Irgafos 168
and 1500 ppm zinc stearate. The compounding operation was conducted under a nitrogen
blanket, and conditions were adjusted to maintain the melt temperature below 230°C. Films

35 made from the polymers were formed for purposes of assessing polymer properties. The



previously prepared titaniumreaction slurry over a period of ogﬁﬁm Apac
Tol uene (50 mM) was wused to wash the residual MAQ Metall ocene Lt
remaining in the flask into the flask 30 containing the reaction slurry.
Each resulting m xture that included the respective binetallic catalyst
sanple was then held at anbient tenperature for a period of one hour.
Afterward, each mxture was dried using a rotary vaporizer, followed by
renovi ng nost of the hexanes using a$44+80FC2 S -62 vacuum pressure of 21
nmMHg at a tenperature of 52C. The high boiling point tol uene was
subsequdolldwing enmpeidassiitng tie fabdenting pomitions dorahe A8n Fabngatidn @odegyNEilndd ur e of

70C. The fjipal dried bjnmetallic,catalyst appeared brown,in c¢ol s a free
D oui ng st casd or . flnime Gpvn SRR G psatis iy Siooyed oximdet, 108 e

separ at gzRQby Wef 7 dikimeRr Andhdda BnBR8ieRPS ExtrBds] Fhs condubtBd 8l a falteoragngdi ti ons
identified in Table | to fonn a pol yethyl ene pol yner conposition. [01751

FI ui d- B&g/hRowhite mainieining. a Terapqsetisenpiofileae] 8052WEeor dhelwatradir iand a flat

cont LnuqQus s _phase idi zed bgd actor. The fluidized bed is e up of
ol yfor nstiiia pronie ok 244C G the e TGS Flntvas BPSmy st £05T5i 86 Ryt BTN

t oget henyii dnhinttiaPbduge &0 5 MEtRAs WaT £1rd& [k heibhi ST BB fusing AN 4irRethbee
arrangenment and introduced below the reactor bed into the recycle gas

| i ne. MygiBEeERdntemalbubbleciiebiliger barefcan intemehbubbimensdingr Therekerupgipegddeiad 1 ow

rates ofy.gfyyl ﬁ&%asteﬁm{}ﬁaﬁ{%r EI;%&%HBHQQE&P‘;@E& SORL Whdef Yiak ?ﬁagi%'d% g fixed

conposi tion ‘targets. e ethyl'ene concentration was contro to maintain
a const anset eifitid dnbblpanstabality wasensterd. e Phdien! Ipyetredipsn rapagied omtTable | 2 aveteo

mai ptai n_a const an ogep to e I nole ratio. 15.T ngentration
or APr PaedsBL 3t Shhie MRRREAF shs 2R oty L0 Rrndite AT RRRSRIGS o

rel ati ve@hyeorSTan StreoPeshutd Gorel edsired e eV grISTBtdiRatdn [if ddidadtte sol id
catal yst was _injected directly into_the fluidized bed using purified

ni t r ogeWilsASTIMAY192¢:00. BartRrdmmpact H58 yalues el mgasuusd geige ke pocedwss 8 yst

for the gNMP7626@1 yst. Its rate was adjusted to maintain a constant

production rate. The reacting bed of growi ng polyner particles is
mai ntained in a fluidized state by the continuous flow of the make wup feed

13 ISTONEE 023 "IN S B Rt I o BB R Uy g Ond Y

us 0 achieve S opera t ot al
pressur @s ¢Hat 83Ccaplysg syslam wdilerst iiprovad camlyst modudtieag iw polyettykna prodectionhe

Bccomoders B BRi e Sife SHRPOFE] SBIOTRBSES JArara Rl it g fsesse
pol ymer icZ@tykias an bty bf frb@ drédurdhanegohgd i Rt oaiAsd Shddreater AR SOENT

hei ght by wi thdrawi ng a portion ) )
g/g in a more particular embodiment, and greater than 5400 g/g in yet a more particular

20 embodiment at a polymerization temperature of from 90 to 100°C in one embodiment, and
from 93 to 98°C in a more particular embodiment. This is a higher activity than for the
corresponding chlorided metallocene (Samples 1-3) and even the chlorided metallocenes with

the enhanced silica support (Samples 2-3).

25 [0182] | The catalyst and method of the present invention also offers the advantage of
producing polyethylene polymers having bulk densities ranging from 0.420 to 0.500 g/ml in
one embodiment, and ranging from 0.440 to 0.490 g/ml in another embodiment, and ranging
from 0.450 to 0.480 g/ml in yet a more particular embodiment; and particularly when an silica
support is used that has been dehydrated at from 830°C or more in particular embodiments.

30 |
[0183] These results are accomplished using a molar ratio of hydrogen to ethylene as

described herein, and more particularly of from 0.001 to 0.015 in one embodiment, and from



of the bed at a rate equal to the rate of formation of particulate_product.
The product is renoved sem-continuously via a series of valves i#BtloD&EC 206
fi xed vol ume chanber, which is 30 sinultaneously vented back to the

reactor. This allows for highly efficient renmoval of the product, while at
the sane tinme recycling a large portion of the unreacted gases back to the
OFr. 7nm -63 reactor. This product is purged to renove entrained
hydrocarbons and treated with a smal165steam of hum dified nitrogen to
deactivate any trace quantities of residual catalyst. [0178] Resin

Pr oper t 0492 tT19}1Prinpasthéregmbwidimént, 3ud| fjome 0.003 30 OB rimiyeteanother einbodifhent,

foll ow t Index;. ASTM D- 1238- dition E, 2.

ensi ty MG 9 86 if, ye ianel BBSdinRR. Vpetels GestilF cbped S oriss o

di amet emny oaisthationtod amy fippeesholeahtioiémit 10th Gy} iowebe moldf rad® Ombicleschibed betkiks.
density is nmeasured as the weight of resin divided by 400 cc to give a
value in g/cc, 4. Particle Size: The particle size is measured by

det em norEa) t he waig) btth@%rem fifveRton 159 beELUGEHIRA AdSRRIARRIYy iferencstqndar d
sieves and determ ning the weight average particle size based on the sieve
seri es ne@igulan smipdimentpethose of erdineneskilhdn theearp sl eppragiateothat the invenaon
distribytj i t . ] Si i S

part cl dnd? JsBR3 ity WARHAL yBaichs HEE Moo BT B, °; BUE el Bl ity o

| evel s aefreheadiotld tememieisolglyan dhd appbided chimd foe pupacdsiof detestaihing glsscopyst em

This resylts in heat . exchanger distributor plate fouling requiring.a

ot or SR P M aiSs R copn oA CELR S e e e B o
peringd edmd 4o of namelied ivppdrelehitdantiod k& Sofnuaitfica. lowER Gt UMt Wdbsicwnduct ed
usi ng the same_conti nuous gas phase fluidized bed reactor. The fluidized
bed of tpRiecipted thabranggssfornerbby, pryoronpnaline of hesmlimis arenyithin thesgens ofibe t he
gaseous %Jeﬁ%ﬁlés?ﬂﬂﬁnﬂgﬁﬁhﬁ%&ne and hydrogen were introduced bel ow the
react or be i

Into a recycle gas 25 |ine. Hexene conmononer was. introduced
bel ow t he reactor bed. The individual flows of ethylene, hydrogen and

ot 11 AR TaoP e SERYTS, el B AT BREPAF oS GRRER A BermeRely co oy

an ds- | ipRgperties, reaction conditions, and so forth, used in the specification and claims are to be

understood as approximations based on the desired properties sought to be obtained by the
present invention, and the error of measurement, etc., and should at Iéast be construed in light
of the number of reported significant digits and by applying ordinary rounding techniques.
Notwithstanding that the numetical ranges and values setting forth the broad scope of the
20 invention are approximations, the numerical values set forth are reported as precisely as

possible.

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

incorporation is permitted.
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chromat ograph. 30 Exanple 2 [0180] Resins produced fromthe catalysts in
Exanpl e 1 were conpounded on a ZSK- 30 conpounder with an additi ve@@gE@gg
of 1500 ppm Irganox 1010, 1500 ppm lIrgafos 168 and 1500 ppm zi nc 'stearate.

The conpoundi ng operation was conducted under a nitrogen

bl anket ,

and

conditions were adjusted to maintain the nelt tenperature bel ow 230C. Fil s

35 made fromthe polynmers were formed for
The 08 00~
fabricating conditions for the filmfabrication process.

properti

es.

D E C ~u3e

pur poses of assessing pol yner

_foll owi ng exanpl e descri bes the

Filmse were

fabricated on an Al prmﬁhomaéﬁdmcbmﬁmwnhIeesﬁm%ertﬁ@ nmhgr ooved

extruder—The the _was ter and gap.
Extru5|cn?ﬂM¥$“€onducted ak a raté of 45. 3 k@/hr? mhlle frai ntai ning a
tenperatlire profite o ﬁwﬁ,4 Tt R U AR @ AR o tenperature
prof i | e |GhalzstDEckRion he dchriae ThEciden wamhotneanaa b EAtanl up rat i o
(BUR), |l Piitioh ™t gauys UI 25 Trerons and afrost—time] hei ght of 90
cm usi ng a@su ed aﬁormt ut | us$hg 4n %t er nal 7Bubble $fabilizer bar or an
i nt er nal mgm §ie@@d)l MJ. 3.phe [Takgr up Speedl Was  agy adual 133 i nereased unti |
ei t her tf Pnny-”"n1+°'° up—Sspeed—ef—the—wrder—was—+eached—ef the onset of
t he bubbl Sixj“}fﬁ‘gﬁ‘]’ﬂ ity wslngt eds7.iPhysi e#l3 pf opLesi e$, Ispor{ed in Table 2
were 10 SEL RO st-abte—bdbbtes—of gauges 25 —and—2—microns usi ng
st andar d (ASkM t echni qliesti0s El|medtidr f | Tedlo0st | enfPR vhl ubS3wefe nmeasured in
the MD ERQCTﬁkﬁmd@m%ﬂ?n(HDDaQCOUdﬁﬁC woich ASTMIDIOZZ- 6bLo rt Drop | npact
F50 val U pere—ie st . ecegures—R—ASFM-BL7A094 00. 15 [0181]
The pres@‘? ¢ TomRerasie {5 | of £2r s %/S:ad\ ant%sqes ovebr5 t he pFél’Sor art. One
advant aderoducgortRat t h tal ystemqffers roved cat al yst
productigk&M in_polyethygg% d%ﬁctl n7i7Nbre g§§tigulgﬁéy, the silica
supporte } Lum bad iegler Nattia/fluori ' cat al yst has
an acti \/iqa?lyﬁf'mf“rc‘b‘?ﬁ’greaéﬁ,{ tihangA50Q0 glyghei N[ onggggmbodi gRAt,, | and greater
than 5000ge)g/ g in a mpre partji cul ar gnbodi nent, and greater {han 5400 g/g
in yet QWH&&M&“' ar—20—gnbodirment—at—= JUT' ymeT T zat o tenper at ur e of
from90 [to 100C I n on¢ erbédiiment20 and 1#7om| 931%6 98C 129a hore parti cul ar
embodi mgttPPFhis is a(higﬁer activity than for the orrespo1dipg chl ori ded
met al | odehe/C{ Benpdtie s L-BLan even t he %ghorldeq&get IIo gnem with

(wt ppm)

Resin Properties

I [g/10 min] 0,051 0.061 0.055 0.064 0.061

I, [g/10 min] 5.58 5.32 5.58 7.73 6.92

I, 110.0 87.2 97.5 120.7 1184

Density (g/cm’) 0.9507 0.9518 0.9538 0.9528 0.9506

Bulk Density (g/cmn’) 0.4005 0.4168 0.4533 0.4160 0.4715

. . APS [microns] 630 653 602 579 661
Fines (<125 pm) (%) 3.1 2.0 1.9 3.8 33




t he enhanced silica support (Sanples 2-3). 25 [0182] The catal yst @@?,  ARAR,
met hod of the present invention also offers the advantage of prod#c @EE LU

" pol yet hyl ene pol yners having bul k densities ranging from0.420 to 0.500

9/m in one enbodinent, and ranging fromO0.440 to 0.490 g/m in another
enbodi ment, and ranging from0.450 to 0.480 g/m in yet a nore particular
enbodi nent; and particularly when an silica support is used that has been
dehydrated at from 830C or nore in pagyicul ar enmbodi nents. 30 [0183] These
results are acconplished using a nolar ratio of hydrogen to ethyl ene as
descri bed herein, and nore particularly of fromO0.001 to 0.015 in one
enbodi nent, and from8 DEC. 2?1.E 6 -65 0.002 to 0.010 in another

enbodi ment, and from0.003 to 0.009 in yet another enbodinment, and from
0.004 to 0.008 in yet another enbodi nent, wherein a desirable range may
conprise any conbination of any upper nole ratio limt with any |ower nole
ratio limt described herein. TABLEIB4RilMWrogertidge present invention has been
descrj bed and illustrated by reference to particular enbodi nents, those of
ordimary skill in the art will appreciate that the invention Ilends itself
to many[ Oipfdp@GENT Yakd AL O1S NQL T RT USE T atzed Ner eiqyn. Fpr (hese]reasons,

t hen, ef-erenece-tshout-d-be—rade—solelyteo—thetappendedel-atAs—{ or purposes
of det ef MRy t HE™®cope BF tHe Brbsent PRverdti ol Fuft h&¥ cértain

f eat ur esPrafuret he pMEPsent| | HPént ijon4d¥ e Pes®Bi bgd 149410 [er et of |a set of
numer i cigy T TGRS [@did Sgt gf g MumeT{sGat [Fowglg t T t53g | shoul d be
appreci ppgg that jrangeg fornediby any fonbi nat|lion of these limts are

Wi t hi n F&AgeSCOPE | @fierdnl €] 25K ViENT 200 ] W FBS [oRfgr2em sEianpzseat ed. | [ 0185]

Unl ess se-indi-caos aH-tuther sronredsing auantHes of

i ngr edi Bt rpoo 15 | Broper(tied, Faadtt | 61 condﬁﬁlcns, LA KO of used in the
speci f i g ant ghﬂl&dnl 5 AT 990 I 19F 0.5 OESt R 752 PP PresTaappns based on

t he deslre properties soudght t b obt al Hv _th esent _invention, and

0 D a)
the errpfP B nead @fieeni®40dt1d1 | 9aha2&hpbldod 2 [1184%1 36k HShdethed in 1 ght
of the nunber of reported significant digrts and by applying ordinary
roundi ng techni ques. Notw thstanding that the nunerical ranges and val ues
setting forth the broad scope of the 20 invention are approximtions, the
nunerical values set forth are reported as precisely as possible. A
priority docunments are herein fully incorporated by reference for al
jurisdictions in ‘




whi ch such incorporation is permtted. Further, all docunents cited herein,
I ncluding testing 25 procedures, are herein fully incorporated e
reference for all jurisdictions in which such incorporation is rﬂ'ﬁ@té@ﬂﬁ
DEC 20Cti -66 TABLE 1. Reaction Con@jtions and Resin Properties Paranmeter
12345 Catalyst Description zZN ZN MN- 2N MN ZN WMN 2N/ MN di chl ori de

di chl de difluoride difluoride Catalyst Dehydration 760 830
875 72811%%91‘@%8% C Residence Tine (hrs) 3.9 3.1 2.8 3.3 3.3 (2 Parti al

Pressure 157.1 157 1 157.3 156.5 155.7 (psia) H2/C2 anz ratio 110.5 108.0
110.0 112.2 107.3 (vpni/ Qo) Cs/C2 anz ratio (%% 0.010 0.010 0.010 0.011
0. 010 1- Aduocrssivs preduemgEdyimodalgml giefgrcasposion saBKisig Reardaclisg Bydogen 75. 7

69 8 81 (9/9)
iy C34 BBt 8 gt RO Bt o by (R AP w BRSO,
Rat | 0 pa3Bolefiddompbgifion; lﬁh&eﬁ?th@sup@wttedMEetﬁi@@ talPst@PRIpbbi€ion bemp@dedQayi n]
0.051 0.061 0.055 0.064 0.061
first cafalyst component; and (b) metallocene catalyst compound comprising at least one fluoride
or fluorine containing leaving group; and wherein the support material comprises silica

dehydrated at a temperature of 870 °C. or more.

2. The process of claim 1, wherein the bimetallic catalyst has a productivity of at least 3000 grams
polymer/gram catalyst.

3. The process of claim 1, wherein the bimetallic catalyst has a productivity of at least 3500 grams
polymer/gram catalyst.

4. The process of claim 1, wherein from 0.01 wt. ppm to 200 wt. ppm of water is also contacted.
5. The process of claim 1, wherein the first catalyst component is a Ziegler-Natta catalyst.

6. The process of claim 5, wherein the Ziegler-Natta catalyst component comprises a compound
selected from the group consisting of Group 4 and Group 5 halides, oxides, oxyhalides, alkoxides,

and mixtures thereof.

7. The process of claim 1, wherein the supported bimetallic catalyst composition includes a
support material comprising a Group 13 or 14 inorganic oxide dehydrated at a temperature of
from 800° C. to 1000° C.

8. The process‘of claim 1, wherein the metallocene catalyst component is represented by the

formulae:

Cp?Cp®MX,, ar Cp*(AYCp®MX,,



121 [g/10 mn] 5.58 5.32 5.58 7.73 6.92 121/12 110.0 87.2 97.5 12(@% é,%%ﬁlm
i it

Density (g/cm 0.9507 0.9518 0.9538 0.9528 0.9506 Bul k Density (gl
0.4005 0.4168 0.4533 0.4160 0.4715 [m-crons] 630 653 609. 579 661
Fines (<125 m (% 3.1 2.0 1.9 3.8 3. C2Q -67 TABLE 2. Film
Propertijes. 5 . Proper pnits 1 2 3 4.5 Anpera 59.4.60.1 59.9 59.9
60. 4 VPEELGe af’%t)él%_ 285 B geedt fETcfoni gy arq s yieg, of pSYbSEHed 51 6 57 0
51.8 e B@Q@&Enﬁ@iﬁ%? omi%{r@%so%aﬁ clopéadicdyd; dachdofndle M; BPis4 Grdugd 42°- 4
13 Dart op g 344344 335 296 317 266 287 269 341 326 | npact F50 Tear
g/ m cripmer S-ataun X isoBletteddronT theTaravp epnsistingof @ ICSiTk3s, 85 apylg GECC2O3(  What

[ laied (s, 1. A duci bi,nodal I fi iti
compr  SFREEs: Brprinals F G R st RiaRepieR FySie SHororer 718 L8RP0 ted
bi met adHiéréneGamtl Fupfihe;GORNQT hh(A)ds b Aivaleht BlidEAR brouBOtnaeAcRirz8d GPIRROG! ti on;
wherein the supported binetallic ‘catal yst conpoSition conprises: (a) a

first leastanhyXtis 8 dupuneet fluaimdteddydrosadonydcene cat al yst conpound conprising

at | east one fluoride or fluorine containing |eaving group; and wherein
the support material conprises silica dehydrated at a tenperature of 870

C. or gmme provessidfRIAMOS OFerdh Xk Aubtide. Wherein the binetallic catalyst has
a productivity of at |east 3000 grans pol ynmer/gram catal yst.
10. The process of claim 8, wherein Cp® and Cp® are selected from the group consisting of

cyclopentadienyl, indenyl, tetrahydroindenyl, and substituted versions thereof,

11. The process of claim 8, 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 Cyg alkyls.

12. The process of claim 1, further comprising combining a comonomer selected from Cs to Cjz

oieﬁns .

13. 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.

14. The process of claim 1, wherein the monomers are contacted with the supported bimetallic
catalyst in a single reactor vessel and form the bimodal polyolefin composition in the same

reactor vessel.

15. The process of claim 1, wherein the bimetallic catalyst composition further comprises

alumoxane.

16. The process of claim 1, wherein the molar ratio of hydrogen to ethylene ranges from 0.001 to

0.015.

17. A process of producing a bimodal polyolefin composition, comprising:

&



‘are su

, , , : Mo nes oot
3. The process of claim1, wherein the binmetallic catalyst has a ¥ ‘iv L@

productivity of at |east 3500 grans ol ymer/ gram catal yst. 4. The process

of claim1, wherein fromO0.01 w. pprdpo 200 w. ppm of water is al so

contacted. 5. The process of claim1, wherein the first catal yst conponent

I s a Zi@®ghrevidiNgtatpartivalasd yigiportGnatdrive cpmerisiag sitita;cl ai m 5, wherein the

Zi egler-Natta catalysf conponent conprises a con‘gound sel ected, fromthe

group &9 P@gfi‘ﬁpﬁm PROTH IS4 ifn tmpaTaiye o SO0 (ges masg 054 tingre s,

al koxi dgSicienfdoith % ddh hek ; ; i, 1, wherein the

supporté edw;l?irret gl l'ic cgttﬁgl ystﬁggtn%%tgﬁl%jggﬁﬁ:}lﬁ%g?%%@%ﬁhgi&%%’ort mat eri al

conpr i $i)regmbindngihe deBydrated 4uppuot matetial with alrowpblychydrechrbdn @ previpes aippog of

from800 C. to 1000 C. 8. The process of claim1, wherein the netallocene

catal y$ onponent is represented by the fornulae: Cp'' CpMX, or Cp'

(A) Cps 02956 capidesi b &?eg)?t § r different and
E@tﬂi??ut eg or ucr?s stél)tgte ch%:) gglgﬁ%%@e% H%P%ge:c'%g&?ysﬁi gands i sol obal

to cyclopeonididgarsgtqndeatatysboemportent fifht iktiudesoa Gemilpeehe cafalysbeonbpotind baviXgi S

sel ected from hhe.%;ogﬁl consisting of .Cl to C6 alkyls, C6 aryls, C7 to Cl2

al ky| afiieast op¢ flgpridegrdijogie contaming leayiag grouhor i nated C6 aryls, fluorinated

C 7 10(flomplityd e ¥hport SH-PHitAShPAet bofiEcatdlyd t0Fh §A) 1S a

di val er(11t§: bl;ﬂi (?g?@ng grlﬁ)l?p; characteri ze%{c%gr% (lf atatd;)[/ét%?xiaggléengsntg X' g a

f | uor i mepporicd binpstalliacatdlybtycngesitivonyl . 9. The process of claim8, wherein

Xis fl ine. .10. Th ai '

From t H8 GRBGBAEBRENEEP A TORe DRy B EMEL SHCS oISt fme s Sty B B Pdeny |

and sulghddaub&JoNah ebAPSsitiBS WiRkein He biHdgaloRlsSHh fl WBRi§IR CPA

and CPB area %e?gct ed f?osr%ﬁt he greolﬂp consi slt%irong of &i;mclsoﬁg'r@g%i eny ,0@

i ndeny lftont @86 gleydrto O exigth’, aamalealdrstdighttdedriusioniofion béo 8&fa I, ofifomdr el i zed

in that, at | t,.ane qf eith A.or B has at | east one R group

sel ect @qlpéﬁsﬁﬁg/%nﬁ’gﬁg@gﬁ%@%g rocess of claim1, further

conpri sing conbining a conononer selected fromC3 to C12 olefins. 13. The

process of claim1, further conprising combining a conononmer sel ected from

t he gr d&pA peemass for pregueihg 3-himodgad pelyolefinipomposition comprising thersteps ofict ene.  14.

T B O ReRln lebecn SR oo RN B b A5 ol b o

sufficient to form a fluorinated metallocene catalyst compound,;

(b) isolating the fluorided metallocene catalyst compound;

(c) heating an inorganic oxide from 760°C. to 100°C. to obtain an enhanced support;

(d) combining the fluoride metallocene catalyst compound, an activator and a firs catalyst
component with the enhanced support to form a supported bimetallic catalyst composition;
followed by combining the supported bimetallic catalyst composition with ethylene monomers
and an a~olefin having from 4 to 15 carbons atoms at from 80 to 100 in a fluidized bed gas i:)hase
reactor; and

(e) isolating polyethylene.

19. The polymerizatiorf process of claim 18, wherein the fluorided metallocene: activator and

support are also combined with a Ziegler-Natta catalyst comprising titanium halide.

20. The polymerization process of claim 18, wherein the fluorided metallocene, activator and

support are combined and isolated prior to combining with ethylene monomers.



catalyst in a single reactor vessel and formthe binodal polyol efiq ;?;f‘ﬂ?
conposition in the sane reactor vessel. 15. The process of claim B DEC A0
wherein thé binetallic catal yst coerOﬁLti on further conprises al unpxane.

16. The process of claim1l, wherein t nolar ratio of hydrogen to et hyl ene
ranges r
pol yol 8 I’lﬁ{@ Qt nvg%]nztaﬁon ?rogéé ‘of %lmm'ﬁ‘Sp%rﬂn?:gﬁﬁ hg@{ﬁ%{? hgl%tal culfzﬂ?e suppor t

mat er i eharaderpred byrggnﬁammg:ﬂuor(da)loﬂrmherngmtd@&dpﬁﬂiadﬂull@t ¢ha$ {8 doakt 30Xl al to
a tenperature of 800 C. or nore for atinme sufficient to forma dehydrated
suppor Waltkt eri al conprising dehydrated silica; (c) conbining the dehydrated
support material with a non-polar hydrocarbon to provide a support slurry
; (d) providing a first catal yst conponent that includes a non-netallocene
cat al y22.;Thegplymeariratiomprogesf oluiin d &1 whyrsin the fiparrestdd inbenicrsalt ickdescribed by

nmet al | gcene g]:f\t?al t conpound having at |east one fluoride or fluorine
cont ai H®@gR$% 4group; (f) conbining the support slurry with the first
and second catal yst conponents to forma_ supported binetallic catalyst
conposi tion; (g) contacting rmno Jq}[lﬁ the binetallic catalyst
conposition for a tine sufficient*t 4 binodal polyolefin
conposition; wherein the binodal polyolefin conposition has a density of
fromO0.86 g/onB to 0.97 g/cnB, a nol ecul ar weight distribution of from5 to

80, a {N%e&fn&fsodr@aﬂoﬁ% Sp E’tﬂésr@efbc:%eﬁfﬁﬁaﬂﬁlégb% @ﬁﬂ ﬁ%bgérduia% a7 &pghg0 to
500. I11 . rocess for producing a da yol efin conp05|t|on
conpri mh@mmdsstubm;utaﬁ ve(sa))ls tenecd canid N . WidiRy INHithnmck]ﬁHRb ywhercmrﬁ: sund
with an_flu edlnor or, .a ffj t.to

1 uor ; Releseti e o eofig o8 Bvdideo o, € o Rlotlithang Gate s B ge

nmet al | ocene catal yst conpound; (c) heating an inorganic oxide from 760C. to

100C. to obtain an enhanced support; (d) conbining the fluoride netallocene
cat al y§tis aoampenia specis selectcd &oor tha gebup cbhmstmfeﬂtmme igwmpdmenittieai t h t he

enhanced suppokrt to fgrma su rted bi lic,catalyst .co i t,ion;
ol | owemBy B i aedice o5 TBOTFRas SHERE PPe LE By SPbe SRS RS «
et hy| egigic5m RamBH,phodpHbreu, @x%eﬁfdlﬂmﬁﬁlﬂﬂgiﬁdr@ﬂ‘aﬂdto 15 carbons atons at
from80 to 100 in a fluidized bed gas phase

a and b are integers from 1 to 10.

23. The polymerization process of claim 18, wherein the inorganic salt is selected from the group
consisting of (NHs)3 AlFg, NH4 HFz, NaF, KF, NH; F, (NHy), SiFg and combinations thereof.

24. The polymerization process of claim 18, wherein the metallocene compound is described by

the formulas:

Cp*CpPMX,,, CpiMX,, or Cp*(A)CP MX,

wherein M is a Group 4, 5 or 6 atom; |

Cp” and Cp® are each bound to M and are independently selected from the group consisting of
cyclopentadienyl ligands, substituted cyclopentadienyl ligands, ligands isolobal to
cyclopentadienyl and substitﬁted ligands isolobal to cyclopentadienyl;



“‘reactor; and (e) isolating polyethylene. 19. The pol yneri zati on process of
claim 18, wherein the fluorided netall ocene, activator and suppgiﬁ g‘rgez

al so combined with a Ziegler-Natta catal yst conprising titanium p : %

The pol yneri zation process of claim 1§) wherein the fluorided netall ocene,

activator and support are conbined and isolated prior to conbining with

et hyl eRpisTIAP4IBHt Hrid : PZafelbRA P )

wher e?n?t @f I ug?)i n%ﬁgﬁ %Oéﬁit%gﬁlw:%%aﬁg%?ggi zedﬁ%?%]‘g{lceo?l gltgﬂilﬁn@gé,{8

f 1 uor diteland s tonbmhydissadytsaadiitth Ca latitéraatnm containing hpdrobarhenyls Gvheteinshe

water., 22 _Th ol ri.zati,on process of claim,18,. wherein the fluorinated
i nor ggﬁ croaton ? orﬁ%m%xg Argsatp OBQ/’]% cf’ﬂlé’naeeﬁ%?lﬁmfcghﬁiﬁ heterpatoms; 31 wherein a
is a cationic species selected fromthe group consisting of Goup 1 and 2

cations, aniliniumand substituted versions thereof, and NH4+ NH3R NH2R2,

and NPRS-ADwRENE laaving group seleeted dronr thergrawp cgnistingedivbloside iepsobromjd iods,

chlori t | kvl an to Cl2 aryls; P is an anionic species
sel ectc%§°¥§%tﬁ’%ﬁ%%F%ﬁﬁ%ﬁsorall%(?%lglgﬁl “bf% 1 uorine ions and noieties

conprising fluorine and one or nore elenents selected fromthe group
consi sting, of hydrogen, silicon, carbon, phosphorous, oxygen, alum num and
bor onit ig#dintesshHom hiogd.i ntegers from 1 to 10. 23. The pol ymeri zati on
process of claim 18, wherein the inorganic salt is selected fromthe group
consisting of (NH4)3 ALF6, NH4 HF2, NaF, KF, NH4 F, (NH4)2 SiF6 and

conbi nat T solyhetiRtbn phrtessldfeldinl 181ehemkai the hdilRresScoipdihdisdct&ibedbsr i n
the netal |l ocene conmpound is described by the formulas: | Cp' 4Cp' Wh,

Cp' 4l\/ﬂ'le@¥m}ﬂ,aSIA(A)r%-Bvi wherein Mis a Goup 4, 5 or 6 atom CpA and Cps
are each bound to M and are independently selected fromthe group

consi sting of cyclopentadi enyl |igands, substituted cycl opentadi enyl

| i gands, |igands i ffhf[}%yqu%@’f’gﬁg@?ﬁm substituted |igands
i sol obal to cycl opentadi enyl ; 8 DEC 200 A i s™a dival ent bri dgi ng
group bound to both CpA and CpB selected fromthe group consisting of

di val : byl s and C to C20 heteroatom contai ni ng
S| 8 A AR

hydr ocar
Cp® and Cp® are each bound to M and are independently selected from the group consisting of

substituted cyclopentadienyl .ligands, substituted indenyl ligands, substituted tetrahydroindenyl
ligands, substituted fluorenyl ligands, and heteroatom derivatives of each; wherein the substituent

groups are selected from the group consisting of C; to Cyg alkyls and halogéns;

(A) is a divalent bridging group bound to both Cp® and Cp® selected from the group consisting of
divalent C; to Cyg hydrocarbyls and C; to Cy heteroatom containing hydrocarbonyls; wherein the

heteroatom containing hydrocarbonyls comprise from one to three heteroatoms;

“a

X is an anionic leaving group selected from the group consisting of chloride ions, bromide ions,

carboxylates, acetylacetonates, and alkoxides; and
n is an integer from 1 to 3.
26. The polymerization process of claim 24 or 25, wherein at least one Cp is substituted.

27. The polymerization process of claim 24 or 25, wherein at least one Cp is disubstituted.



het er oat om cont ai ni ng hydrocarbonyls conprise fromone to three , .
het eroatons; X is an anionic |eaving group selected fromthe grouiﬂﬁ ned Rﬂ%
consisting of chloride ions, brom de i-pns, carboxyl ates, acetyl acet onat es,
and al koxides; and n is an integer from1l to 3. 25. The pol ynerization

roce j .8l | | d. 1 j t he
For mir s regye S S bbapbhE s Achal o RELHy QGG R RRORIC i R bsEEn B [
CpA arthylenB neuneneackith awoghdred Miraadlliscatalystiapepsttivinl ty foed sbingstal pelpolefie
group consi stin substituted Cﬁgﬂ opent adi enyl. i gands, substituted.

of, C
i ndenFPIUPPHRRI Vhersip e uppertediiney YR EPRIPOSIoRyeaRTIses; (B fiestieatelyst
fl uor Ing ARESein A I ; 1 | Azt he
subst |%t8 %lgcr’llééng’grou%s ar éllg{sa%ﬁ%el ?tggfﬁ})?%éﬁ]h méeﬁé oﬂgfa’étg%@??ts {leﬁg‘ﬁ g% E"DC\,I to do
al ky! snetaibbcb aatpdyss cofppundscoanyiisirgy at ddasturedbionige gr flugritoconthihiag bavingCpA and
CpB selected fromthe group consisting of divalent O to C2o hydrocarbyls
and CIB'YY- C20 het er oat om cont ai ni ng hydr ocar bonyl s; wherein the heteroatom
cont ai ni ng hydrocarbonyl s conprise fromone to three heteroatons; X is an
anionic | eaving group selected fromthe group consisting of chloride ions,
br om @8. Tlengrocess af tlaiy P&t wkereiadhd yuppor maiab somprisks allicaxiehlgkatedaich n i s an
integer froml t% 3., 26. The polynerization process of claim24 or 25,
wher eit¢megratugs-f808he- @IS substituted. 27. The polynerization process of
claim?24 or 25, wherein at |least one Cp is disubstituted. 08 p CINS 13
28. A process for producing a binodal polyolefin conposition prizing:
cont ad0i Tige pryckse g€clamnd8, whdryinahesuppon neatarialicdtpases sjlivadtediritedratal 1 1 c
catal yst conposition to forma binmpdal polyolefin conposition, wherein the
supporteBRPTHIFAT 0] @ UGy st conmposition conprises: (a) a first catalyst
conponent, wherein the first catal yst conponent is a Ziegler-Natta
catal yst; and pl (b) netall ocene catal yst conpound conprising at |east one
f | uor i3deTle probass of cleire @84 whercinghd swportgnateriab opmpdes silive dphprated atef ¢l ai m
28, wherein the support material conprises silica dehydrated at a
terrpertea‘PEﬁI%t“E?fOfS@é @: OlgPO¥pre, 30. The process of claim28, wherein the
support material conprises silica dehydrated at a :

32. The process of claim 28, wherein the bimetallic catalyst has a productivity of at least 3000
grams polymer/gram catalyst. '

33. The process of claim 28, wherein the bimetallic catalyst has a productivity of at least 3500
grams polymer/grain catalyst.

34. The process of claim 28, from 0.01 wi. ppm to 200 wt. ppm of water is also contacted.
35. The process of claim 28, wherein the Ziegler-Natta catalyst component comprises a
compound selected from the group consisting of Group 4 and Group 5 halides, oxides,

oxyhalides, alkoxides, and mixtures thereof.

36. The process of claim 28, wherein the supported bimetallic catalyst compbsition includes a

support material comprising a Group 13 or 14 inorganic oxide dehydrated at a temperature of

from 800° C. to 1000° C.

37. The process of claim 28, wherein the metallocene catalyst component is represented by the



“tenperature of 830 C. or nore, 31. The process of claim 28, wherein the
support material conprises silica dehydrated at a tenperature of @E;JOEQ{; BROG
nore. 32. The process of claim 28, wherein the binetallic catal yst haS a
productivity of at |east 3000 grans pgw/rrer/gram catal yst. 33. The process
of claim 28, wherein the binetallic catalyst has a productivity of at |east
3500 gh@Bepol ymer/grain catalyst. 34. The process of claim?28, fromO0.01
wt. ppmto 200 wt. ppmof water is also contacted. 35. The process of

claim 28, wherein the Ziegler-Natta catal yst conponent conprises a

conpound sel ected f gopr? B%mgq iar@ﬁjlpﬁ 5 p 4 and Goup 5 halides,
oxi des, oxyhalides, al g@i es, Ba‘%d i xtq{:‘lm h@g%’f. 36. The process of
claim 28, wherein the supported binetallic catalyst conposition includes a

support nateri al gorrpri sing a G oup 13 or 14 inorganic oxide dehydrated at
a t enpehereinreachp” tndFpBee the sane AOdiffernt il ard hubstitutakbsamshbstituédn 28,

poco. frslameniEieRy! gt e vl B fbenticnyt BshRond M MR diovda and
CpB ar g drlaeudAng iPéeldidd @68 Me @06 eér%isﬁﬂglaf ol t&@gi?lﬁ%lsyoéﬁﬁﬁs 't:f ey

cycl opent adi enyl rings or |igands isolob to cycl opentadienyl, each bound
to M #kylaryls, Guotipated C; B, Coalkgls alwminated iGs asds, dhioeidated §nto B alfcdarpls,

i St f Cl to C6. alk | ta C12 alkylaryls, fluorinated
G to GO TaoTiRgt st sk () 5 mltitont B hng st oide e bt | o
chl ori Restaae Xf ik YIRohBe oPflhdrinkted hydro@fn§l) 1S a dival ent bridging group;

characterized in that at |east one Xis a fluorine or fluorinated
hydr ocar bonyl . 38. The process of claim 37, wherein Xis fluorine. 39. The

proces cl aim . ei, n .and B are select fromthe group
consi sﬁ'?&egfoceﬁélj%%m&fhg?ﬁ,ﬁ 1 ﬂB ', tetrahydroi ndenyl, and
substituted versions thereof. 40. The process of claim 37, wherein CPA and

CpB are selected fromthe group cgnsi sting of cycl opentadi enyl, indenyl,
t et r ah3R ribie poeasd of clainy FupdereinCodandCpi anscletidrantthe gloup eonsétingefl i n  t hat

at | east,one either o) has at l.east. gne R gro selected fromCl to
o al %’ﬂ?@tﬁ%‘?’ngﬁh@dﬁﬁt@é@%mgﬁ?ﬂy%a?g Fl%%%ﬁcgyergg%ﬁ@gqoﬁg conbining a
conmononer selected fromC3 to Cl2

40. The process of claim 37, wherein Cp” and CpP are selected from the group consisting of

cyclopentadienyl, indenyl, tetrahydroindenyl, and substituted versions thereof; characterized in
that at least one either Cp* or Cp® has at least one R group selected from C; to Cyg alkyls.

41. The process of claim 28, further comprising combining a comonomer selected from C3 to Cya
olefins.

42, The process of claim 28, further comprising combining a comonomer selected from the group

consisting of 1-propene, 1-butene, 1-hexene and 1-octene.

43. The process of claim 28, wherein the monomers are contacted with the supported bimetallic
catalyst in a single reactor vessel and form bimodal polyolefin composition in the same reactor

vessel.

44. The process of claim 28, wherein the bimetallic catalyst composition further comprises

alumoxane.



ol efins. 42. The process of claim28, further conprising conbining a
conononer selected fromthe group consisting of 1-propene, 1-butene, 1
-hexene and 1-octene. 43. The process of claim28, wherein the mrﬂ;ﬁdﬁ%ﬁa@%ﬁ
contacted with the supported binetalliclScatalyst in a single reactor

vessel and form bi nodal pol yolefin conposition in the sanme reactor vessel.

44. Thes The pRmessaif chdimi 18, 3heretdk @idlad 6o Bf RRkdden thyidiethiSds FaD o8l td on

further conprises alunoxane. 8 DEC 296 45." The process of claim 28,
wher ei #0the nolar ratio of hydrogen ethyl ene ranges from 0.001 to 0.015.
46. A binetallic catalyst conposition conprising a fluorided netall ocene
cat al yst conponent, a non-netall ocene catalyst conponent, and an

acti va@IA bileealiatAalystilcoaRapiaos Bél’ﬁpﬁsﬂﬂg]@ﬂhbﬂ@é&ﬁetaﬂéﬁ%ﬁ@ E4t8H sQddnEdnkMO4 gani ¢
oxi de dehydrated at a tenperature of 870 C. or nore. 47. The binetallic

cat al yaen-agiatieesne cealyst campangnty andgreacsivator. ke ¢atalpsticamponentanndastingtor onpound

< o b e PE BT AU BRI Rl BT EY WB G e

i ndependently selected fromthe group consisting of cyclopenadi enyl
| i gands, substituted cycl opentadienyl |igands, |igands isolobal to
cycl opbhiThe barstallis satalsisheampasition dficlpmds Whewinba flupided wewlerma¢pangund ( A)

is a divale Ldagd .oup bound to both CPA or CpB selected fromthe
group féggésc?l@%ﬁiﬁ%&h%%{(ﬂ%fl\%l ent C1 to C20 hydrocarbyls and CI to C20

het er oat om cont ai ni ng hydrocarbonyl s; wherein the heteroatom containing

hydr ocar bonyl s conpri gea %?n fa hy. ns; at |least one Xis a
fluoride ion; and n ?’? 951 i n ”ég‘})r Rﬁ(’bhf%p!?@&?l ."The binetallic catalyst

conposition of claiml1l, wherein the netall ocene conpound is described by
"the formul as: CpAC #MX" or Cp'4L(A)CpSMXn i 8 GF C. 2U3 a "T6

wherein M is a Group 4, 5 or 6 atom; _

Cp® or Cp® are each bound to M and are independently selected from the group consisting of
cyclopemadienyl ligands, substituted cyclopentadienyl ligands, ligands isolobal to
cyclopentadieny! and substituted ligands isolobal to cyclopentadienyl;

(A) is a divalent bridging group bound to both Cp* or Cp® selected from the group consisting of
divalent C; to Cyp hydrocarbyls and C; to Cyq heteroatom containing hydrocarbonyls; wherein the
heteroatom containing hydrocarbonyls comprise from one to three heteroatoms;

at least one X is a fluoride ion; and

" nisan intcger from 1 to 3.

48. The bimetallic catalyst composition of claim 1, wherein the metallocene compound is

described by the formulas:

CpCpPMX,, or Cp{AYCpMX,



wherein Mis zirconiumor hafnium CpA or CpB are each bound to M and are
i ndependent |y sel ected fromthe group consisting of substituted])? B?f i
cycl opent adi enyl |igands, substituted igpdenyl |igands, substituted
tetrahydroi ndenyl ligands, substituted fluorenyl ligands, and heteroatom
deriv .he substituent groups are selected fromthe
groupa%%%ggggﬁ%ﬁﬂ%@n8¥@fﬁ o’al kyl s and hal ogens; (A) is a divalent

bri dg| agt @f@p?parbewubdxmd bo Mhaddodie depiBeatty sxléctell fromrthd Hdvup ConMistingn$i st i ng

f lent ClL to C2Q h byl d C1 to C20 het t t
hydr ocH s%ﬁvﬁgyclex?@m 3 e esir i ndeot Spaingny aHig BB EDipr | o

from I IS
an' 1 i Sai pbed Bu AR, Bhd hEBSh oAl Frital fores e st B suiifiper?
or 3, mhbepscrasdtctédhot thagroGp cossistingstfict ub € alkyd® and hdogsnspet al | i ¢ cat al yst
conposition of claim2 or 3, wherein at |l east one Cp is disubstituted. 51.
The bi rret allic catalyst conposition of claim2 or 3, wherein at | east one
Cp has . i L& vy i ]ﬁs@ma tion
of cl aAr% %QH fee?te?tﬁd%?{ﬁgéggﬁgﬁ)l tuenbt()ﬁ% chg: lﬁ‘%defg‘fcmel ?ll e ggégp
consi sdmilgnt(ﬂl tnﬂz&lh}#drommlk andh€ptooyg Ihﬁtercmdi{)rm coytyining hylindoatbonyspwhertin the and
tert-buty g(ﬁetall catal yst conpos t{mgg of claim1, wherein
t he mhﬁé%ra?fpm&%@ew& YOrgrE oy %q:qmgése;ronzp%egqo FEPAHSI yst  conponent .
54. The binetallic catal yst conposition of claim8, wherein the
Ziegler-Natta catal yst conponent conprises a conpound selected fromthe
group atderst et X dp ofludlideipnandnd G- oup 5 halides, oxides, oxyhalides,
al koxi des, and m xtures thereof. 55. The binetallic catal yst conposition of
claim1, wherein the inorganic oxide is silica. fDDEC2B6 56, A binetallic
cat al ysis &Qﬁﬂégélﬁdnﬁ”i t§8nmprising a fluorided netallocene catal yst conponent,
non- net al ' 8cene catal yst conponent, and an activator, the catalyst
corrponents and activator supported on an i norgani ¢ oxi de dehydrat ed at a
t emper e 0 C. .or nore;.wh tall gcene c mpoun i
descrlgéegﬁ]ﬁgp ‘ngl i GRASLEomRYsH m épﬂg‘eﬁeﬁﬂ)ﬁtl east%@?éﬁw Ritniod.
zirconiumor hafnium CpA or Cps are each bound to M and are independently

selected fromthe group consisting of
50. The bimetallic catalyst composition of claim 2 or 3, wherein at least one Cp is disubstituted.

51. The bimetallic catalyst composition of claim 2 or 3, wherein at least one Cp has from 2 to 5

substitutions.

52. The bimetallic catalyst composition of claim 6, wherein the substituent groups are selected

from the group consisting of methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, and tert-butyl.

53. The bimetallic catalyst composition of claim 1, wherein the bimetallic catalyst also includes a

Ziegler-Natta catalyst component.

54. The bimetallic catalyst composition of claim 8, wherein the Ziegler—Natta catalyst component
comprises a compound selected from the group consisting of Group 4 and Group 5 halides,

oxides, oxyhalides, alkoxides, and mixtures thereof.

55. The bimetallic catalyst composition of claim 1, wherein the inorganic oxide is silica.



substituted cycl opentadi enyl Uganda, substituted indenyl |igands, sub .
stituted tetrahydroi ndenyl |igands, substituted fluorenyl |idhBd3EY atvds
het er oat om derivatives of each; whereig the substituent groups are
selected fromthe group consisting of Cl to Clo alkyls and hal ogens; (A) is

a di vakept.. bri Ggi | ec fromthe group
consi gt% i %g‘@?ﬁﬂ%ﬂ%}’gﬁg&@?&%ﬁﬁ%&%ﬁ 1:sl m% lo netcglta%%c%rg{)%l}e gfaom
cont anohingetdliodeimcatdbgn ybmpondieraaid an bgvatdrethe cantyettdopdnehi’diafg activator

hydr ocar bonyl s conpri se from one t(? three heterogatons; at |least one Xis a
{1 vor PHRPFEH on g dnorganic oxife deliipied atradpnperplrgof 870° C. or more; wherein the

metallocene compound is described by the formulas:
CpCp®MX,, or Cp(AICPMX,,

wherein M is zirconium or hafnium;

Cp” or Cp® are each bound to M and are independently selected from the group consisting of
substituted cyclopentadienyl Uganda, substituted indenyl ligands, sub stituted tetrahydroindenyl
ligands, substituted fluorenyl ligands, and heteroatom derivatives of each; wherein the substituent

groups are selected from the group consisting of C; to Cyp alkyls and halogens;

(A) is a divalent bridging group bound to both Cp* or Cp® selected from the group consisting of
divalent C; to Cyg hydrocarbyls and C; to Cyg heteroatom containing hydrocarbonyls; wherein the
heteroatom containing hydrocarbonyls comprise from one to three heteroatoms;

at least one X is a fluoride ion; and

n is an integer from 1 to 3.



