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[0003] In order to enhance polymer morphology, metallocene

k.

polymerization catalysts operated in industrial slurry and gas phase processes are
typically immobilized on a carrier or a support, such as alumina or silica.
Metallocenes are supported to enhance the morphology of the forming polymeric
particles such that they achieve a shape and density that improves reactor
operability and ease of handling. However, the supported versions of metallocene

polymerization catalysts tend to have lower activity as compared to their



in the industry to find faster, cheaper and nore

efficient ways to support netall ocene catal yst
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silica support with triethylal um num and used it

wi t hout further calcination as a support for
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[0008] Other references of interest include those that disclose treatments
of silica, silica-alumina, or alumina with chemicals other than organoaluminum
species (e.g. fluorides, chlorides, chromium, molybdenum, tungsten, vanadium,
zinc, boron, titanium, zirconium, nickel, sulfates, triflate, bentonite, etc.), followed
by calcination, loading with metallocene and triethylaluminum (or other
organoaluminum species), and use thereof for polymerization, including

W00144309, US6300271, US6376415, US6391816, US6395666, US6524987,



2) calcining the conbination of the support and the

trial kyl al um num conpound(s); then 3) conbining the
wa@2006i08068 support with additional trial kyl al unPEILIDS2005/032153

conmpound(s), where the al kyd groups have at |east 2

carbon atons. [0010] This invention further relates to

catal yst systens conprising catal yst conpounds and

such treated supports, as well as processes to
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' rei,n) polynmerizes glefins, and .
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suppor 8) wi t Feraeiing ipokeal surfacelgkgupal hyrimeatmentvatte ah huminum
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i nv er relates to a process to prepare a

suppor bpd cabmthotig thy GéRed ﬁ%@ﬁi\aﬁ{mfthér)al&ama}rﬂaﬁg; &hd
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c) contacting”the aluminum alkyl treated support with a halogen-free

transition metal catalyst compound.

DETAILED DESCRIPTION

[0012] For the purposes of this patent specification and the claims thereto,
the term "activator" is used interchangeably with the term "co-catalyst", the term
"catalyst" of "catalyst compound" refers to a metal compound that when combined
with an activator (such as the treated supports described herein) polymerizes
olefins, and the term "catalyst system" refers to the combination of a catalyst
compound and a treated support, with or without additional activator. The terms
“support” or “carrier,” for purposes of this patent specification, are used

interchangeably.

[0013] This invention relates to a process to prepare a support comprising:



conmpound(s), where the al kyl groups have at |east 2
carbon atons; then, 2) calcining the conbination of

wo bmesupport and the trial kyl al um num conpoundg&)/PS2005/032153
then, 3) conbining the cal ¢ ned support with
addi tional trialkylal um num conpound(s), where the
al kyl groups have at |east 2 carbon atons; then, 4)
combi ni ng the conbi nati on of the cal ci ned support and

t he trilal kylcambiding n suppprypcfarpblyi silicag wish al iilkylaluminum

conpound, and diluent; then, 5) optjionally, repoving
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u .. bhenyl, and naphthyl. [0016] In
a%g?ﬁ)eﬂrsygfnégg%f%néﬁsfl?g)each R is independently sel ected
fromthg greombmimsiasisupy@ryf prefdiyly shidenylth afidikylaluminum

o ool Phaes a1 dfsinsave Holsest g cartop aisges then,
tetradegyl, RRAAIREbmbIEXBHSE e S@ngg ?}.ﬂ@ 91%@ tri Ilaluminum

ialk
oct adecyl, nonadecyl, eilcosyl, hene 0C6s
t cPpmpeyd(s)t tenacosyl , pent acosyl, hexacosyl,

hept acqgsyl, octacosyl, nonacosyl, trjagqontyl, . )

pr open?/'?, bﬁ?‘é’hwl}g é‘én‘fai‘ﬂﬁﬁ ; S'ﬂ}/é’fgnv}d} aﬁg‘ﬁ‘f’\éﬂyﬁ”,alkylalummum
oebPYind(§)OWREE the ARAAYIPs HANSBCBAY b cahOf BERRY then,
tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl,

hept adéteny combiping] dke repmbinasiend ef ¢thy | calepebsepyort and the

o SA AR A m EABES TR 4 P omehid AELTER iy
nonacos$enyl pptisriatigolinenitg thedidgsnay! , but ynyl ,
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mH0Ag] cycl oheatpkher embodiment, each R is independently selected from the
group consisting of ethyl, ethenyl and isomers of propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl, heneicosyl, docosyl,
tricosyl, tetracosyl, pentacosyl, hexacosyl, heptacosyl, octacosyl, nonacosyl,
triacontyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl,
decenyl, undecenyl, dodecenyl, tridecenyl, tetradecenyl, pentadecenyl,

hexadecenyl, heptadecenyl, octadecenyl, nonadecenyl, eicosenyl, heneicosenyl,



cycl oheptyl, cycloheptenyl, norbornyl, norbornenyl,

adamantyl. [0017] In a preferred enbodinent, all R
wW@e@aps40s8 € t he sane. I n another enbodi ment, eBChUR005/032153

group is different fromthe other R groups. [0018]

Preferred trial kyl al um num conpounds i ncl ude
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weight ratio of 1:1 to of 1:10, preferably from 1:1 to 1:2. The trialkylaluminum

compound may be directly combined with the support or may be combined with a

solvent or diluent prior to or during combination with the support. Preferred
solvents/diluents include, butane, pentane, i1sopentane, hexane, heptane, octane,
nonane, cyclopentane, cyclohexane, benzene, toluene, ethylbenzene,
diethylbenzene and the like. If the trialkylaluminum compound is combined with

a solvent or diluent it is typically present at about 0.01 to 95 weight %. Generally,



under a vacuum under nitrogen or under air.

Typically, after calcining, the trialkylalumnumis
w@emsentson t he support in anounts of .05 to 1BCTWeESThi/032153

% preferably 1 to 14 weight % nore preferably 2 to

10 weight % [0022] Thereafter another
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t metghk §4. a hqﬁomhmaﬁwntmﬂy then be dried, for example by heating, or

exposure to vacuum. If the combination is dried by heating it is typically heated
to about 200°C or less. For ease of reference the combination of the calcined
support with the second trialkylaluminum is referred to as the treated support.
Typically, after treatment with the second trialkylaluminum, both the first and
second trialkylaluminum compounds are present on the support in amounts of 1 to

20 weight %, preferably 2 to 15 weight %, more preferably 3 to 15 weight %.



cal ci ned support versus the amount of trial kylal um num
on the treated support is to neasure the ratios of
w@bkaaiomoss from t he trial kyl al um num conpounds POT/ES2005/032153

el ement in the support, (héteafter "support elenent")
such as silica. The alum numto support elenent ratio

is determ ned by X-ray Photoel ectron Spectroscopy

(Xf%é ormalizing to hydrogen and netals. For exanpl e,
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t HECRFrdiane d hsoympehitiversoief thtalumimen en ks suppor il 846y if the

Sidai On al Ui nu the alumnumto silicon
e R o WL e 5 AR PP retionyd agimsan
whand twate pioB&ifitestiitpe rati o of al umi num on the cal ci ned

S p@f t to @){Jm num on the treated supfort is then
dj i ned Y @i gniafysba amgurg of sinlkydalyomun pn et h

a chichad sigdd ' the ratio of .
o G sy s tnd Bloul b BRIk b s B hsibransis
alttimeasie the ratigspdiaiunginenifiim dre tiakiylabahiddmSdoRduhdd & an
pr |y about 2.0:1 of |less, preferably about 1.5:1
or %nggg Hl %/19 WPPoL é‘%‘i%‘?%ﬁ%?% elsmgat" ) sush g8 gilicay dhenor e
praiingihiifido Quppoitlelénétt rAtRS deleBRied bl %—ratyiﬁlogp%ﬁe%ﬁ%g s of

this invention the sanples should be crushed prior to
REUraseRnY: (XPHhaomerligingdto hytegetn and metls Foa ekarngieyfor a

' . that h d.b
SLBSR0l s SUEAS Erd  55 BB EERE B o
" calombe stippertailighoxsine and i (NS ARPSPHEAETHhS rAQ JTehe dé’ ifed

y

by,more than 59%_.Simlar XPS data can be generate
ng‘%ﬂgélg’ REAtEAH A1} fieecHly correlates tpihe ratimef alurius: totsilaon in
t iRtakidel o I”-the sa nner
as the seiu!%?%a exﬁﬁn% Iggég‘é% g‘b‘@%ﬁ@ﬁ%’ Sé\llcé)ﬁtratﬂ%gﬁhg?reated
n@}fppgrtlpiaﬁ?iﬁssnmonc@?ahepmecﬂng phﬁgrapmeF@Jd@(ﬁﬁme, if dthe XPS
S XPS study and.conparison as di scusse

B EARE bl SO i YU PB 0 Bthpod negomgemraron of
neuminumx isB04% e thei flrbtGample thiigs el dfagcg{egssilfbra tﬁ%eth? ggtlgfr)og

of the polyolefin. In the event di rent suppor
cHHBHmEYto giconga that saaplelisO dividaddty 163 Bwhbichds 48D Den

cotd Xesl forliie & 1al, case of al.um ng_supports, one

coul d rrea(_)sfur e %ﬁ%é%@?’gﬁis%%w ﬁﬁht&?f”? lﬁwflo‘é{ﬁarﬁ%rfg?ﬂl?@ and

cH- 2 alusiinge, e alinfiauBud BiOcs:$ r#0 in the treated sample is 10.29
divided by 15.68 which is 0.656. The ratio of aluminum on the calcined support

to aluminum on the treated support is then determined by dividing 0.491 by 0.656
to come up with a final ratio of 0.749. In particular, the ratio of aluminum to

support element on the calcined support to aluminum to support element on the



not contain carbon and the trial kyl al um num conpounds

do. In that case the relevant ratio would be the ratio
w@booshetosar bon to al um num on the cal ci ned suppoOr/US1005/032153

the ratio of the carbon to &l uminumfromthe treated

support. [0026] For ease of reference we have referred

to the trial kyl al um num conpounds as "first" and

"second" herein, however one of ordinary skill wl]l

I aeRed ot apredisbly ab&ii1270:1 b REX YraibidBly HBBUCDSH Gr s 2

conmbi nation of two or nore trial kylal um”num conpounds

aAven mere prefcrably abovtil 4: 1. gEpremarsnreferied 085ckhbr Ieat i on

0 or re.trialkyl I . ound The
IR 4 BaF termPosnd T RGR R P Rs RS e
mptiat toaA¢aslinehient OTHIOMN "taished” Fefersio layfifRly gathdsolid, such as
catal yst system Useful catalyst conpounds are

d688¢ Hiabkas biser gpundpymestar gnGpesE tte AORPEWder dbsisampls is
e BsneICbuch it 6 xP3hanirins B0 Wiy b5 pRERE 08
ASpnadreXP e datavearglhe ganatatasl nf methbdd rstwrciarthe am fortsopport

support i.s 0, 01:1 to 0,20: 1, st, preferably 0.05 :1..
¢ BRgRals drfer e lica dh i 5 anfligeaB RGeS ek duth filica
c @ia%]liﬂé bbGRIPRURE e Rk that Aéh-biligaH %g@ﬂ?&‘érutsed, Fi®¥n the element
exanpl e the catal yst conpound may be dissolved in a

s 6tloated fop XPSustpbrandccomparisan dsudaseussed @hbyaneouldibe the metal of
t,eat ed or.t, d then deied.. . .Typi-cally the mxture
ol PR PR n RS T b R e of b Pt
apalyblefin! e tcefemiddfiereit sipporbaretaabingy, thaseledtéd dlémental
spatula, by a rotati ng stirrer with wire | oops, by

miRligs sheuldialso bp combingd.aln the gheciq) 6asy, ofg{umaing sinpegs, one could
r " o 8
e

r abtatontain edrbon aitbthe triakylaliindruna ppmpgundatle. brethascasd the

total amunt di.l uent/solvent used to formthe.

S G enEiBh Yoo te o oEfe Eabhu Tl o RssaBined

vV QlgHaR t8thd o 8 PR Ratbon 6 alhBRIR FrohNAE tlehRd R@Fforivol une
of the support such that a slurry is forned, or an

" alfi®26l i n bEowgaseobrefirendgane havs gtlgtred ro the tadlyyldiuminiog

S ort mxture is.neither f.ree flown or. a s [
THERRIngT oA HIEE b LA Herdif e S (A8 din By SNy

. Ofeceffige that $iee 'Hhsta pidlRykluaiiturh Goilld ®e AlcsbéhafiBh BOvo dif more
desired the |iquids may be removed by purging with an
i Hialeylglumunym cempreunds and the "pesord neoult wdepsndently be a

?Eaﬂﬂihgﬁé%\ifmforb? L€ Wl]?ﬁ&lu%d?ﬁé&ng&ﬂﬂg.r.t techni que
i S used, ere the catalyst conmpound I's dissolved in a
vilo2ig of s@hetedted higipoitsnay thembscdmisingdwéhadtansitionmetal

the s ort or |ess, eferably 3 tinmes th re

v B Gmpund i f5ER Rlvmerization palglastayRigms Ysehl Satphyg'
PesRpMHdY AR deberiR@ blohR OT)tpiﬁllts/'aﬁ%%miﬁﬁﬁlftS t@Rbiviod metalBlar
the pore volune of the support or |ess. The procedure

f matiorpd aboutiladyg tolpd0tlos areferende mpse pregeraltly.za xatip @6 80:1 to 400:1
is employed. A preferred weight ratio of catalyst compound to support is 0.01:1

to 0.20:1, most preferably 0.05:1 to 0.10:1. Any support method may be used to
place the catalyst compound onto the treated support. For example the catalyst
compound may be dissolved in a solvent or suspended in a diluent, combined with
the treated support, and then dried. Typically the mixture of the transition metal

compound, the solvent/diluent and the treated support may be mixed by hand with



support is well known in the art. Details of one of

this procedures can be found in Volune 1, Experinental
wokihod®ss n Catal yti c Research, 67-96 (Acaden PCRUSR®S5/032153

1968) and involves the use ©f a classical BET

apparatus for nitrogen absorption. [0028] Support

materials useful in this invention may be any of the

conventional support materials. Preferably the support

maelt gpatud, biys: rataiog smnsersmﬂpgn'e lcm;k,eby mbtalhlf)ladeﬁb&ﬁ”ﬂ% @th high
talc,.ino C.. OXi nd inorgani c chlorides er

S bt DY AR Giebon AERefd resdl abing pbhine dieebbe
SURIIRS b Phadd ¥F ﬁ%ﬁellér Bk %detéﬁ%ﬁﬁfr 5ﬁ£f9 SO loﬂ‘%k gﬁszr%%nate

organi ¢ supports, such as polystyr rvi'nyl
ponsagsefhetota ranpmhyn%dllwnté&mmmtmstd to faral tht esspendiary sr;

or |n ort mat eri al .and
¢ gt Bt 1B1Te e BorearBRisHE of e Sulopt e epitihan 1 pore
S uphané oNtt elippdktSsutih tHatgl §1ui'r5)(i’§ ﬂﬁﬁhb& &’éh%ﬁ)uhhﬂtbetw n such
i ncl ude_those G oup 2, 3, 5, ‘or 14 nmetal oxi 3

TrBat g selustopdinely dinsed §unméq migéurg us mqﬂ;her e ﬂcbwmtgyxooa shurry.

oa o8 Fodf R ffion TR sird Bt BLPBe e

u %pmlprlstle pe dretmixingheitiod nHglesisddathe ligiidp ny b2 lréIﬁQﬂE!daby
nesi u chl.ori deLﬂQ g Pat ent No. b5, 965, 47
6‘6 A

TSR P G 28,5 P Pl Segprofprisd embagiments,the

phf{dlf’@liﬂg\gé):tﬁisﬁ gugpﬁg%lbﬁ@e it aééa wﬁle e { ééémﬁst cﬁgﬁﬁﬂﬁd io.

t iésselyvad poz volpme of SdWsltMm} ISbfétlmethe poog valumepl ehe support or

tit
BT s R B BE T s G el e
t higsgorp 061t ofelie/dupSoid of INE e fBABE 1 HiREs he pbR W of the
184 Bl, which is incorporated heréin by reference.

 OSWRAOISQIIeSr (TherRTeserye o medsuies ﬂ?@ﬁ@f@bmj@ gplugw of= porous
d s l.s_as descri
WIS kbR Rt Baat o AR BhE pRefiER oy BE ot in
ohﬁn@ r,mmﬁmnm Mthoie in CafaBaid Re3earélg %qrgdr(mawmw@ress
93$€$ ogu ch are all herein incorporated by
é‘ﬁé divopyesh ysepf §&E?;§8F%‘§EB?PH§§%U$ for piifogen absorption.
i m‘s] ion i Bﬁf)]%}?mﬁfel‘lhfs‘%sefﬁi Mq}li@%v ély bﬁ a{1y {)It:]the

silica-alumnates. [0030] It is pre erre

s Qpiptentionsd suppod] matnmis Bneéa‘ra:bla kHeysupporit natagahisa ppxowde,
rfacge-.area i.n the. range of from about
BB 15 eﬁ%‘?@ex}sfuwgrs 16rides g noggangG oot
OOIhetr @ummaténﬁls @rﬁﬂ@e&Bﬁncﬂié%ﬁﬁ;ﬁﬁt ﬂ@fehhﬁ'sﬁc}%szpﬁ)lﬂlsrt‘y&ﬁ@

nge of from about 5 to about 50
p Henabizgd ok grassbinkederganie suppofts; sweh gmpcpiwtvrenaﬂmnsm

Sk R B AR AP SO
avema@npauppaﬁ materizkandfthé likeyoahtixturel@hdreofabout 200
N TR S LT A
A0RsGdhp 23! £ &V 5 R4 tePiloxides. The preferred supports include
silica, which may or may not be dehydrated, fumed silica, alumina (WO
99/60033), silica-alumina and mixtures thereof. Other useful supports include
magnesia, titania, zirconia, magnesium chloride (U.S. Patent No. 5,965,477),
montmorillonite (European Patent EP-B1 0 511 665), phyllosilicate, zeolites, talc
clays (U.S. Patent No. 6,034,187) and the like. Also, combinations of these

2



about 0.8 to about 3.0 cc/g and average particle size

is fromabout 5 to about 100 mMm The average pore size
w@booshetossar ri er useful in the invention typi cab¢yUkmes/032153

pore size in the range of fibom 10 to | OOOA, preferably

50 to about 5CgA, and nost preferably 75 to about

35gA. [0031] hi a preferred enbodi nent, two or nore

cat al yst conmpounds may be supported together on one

S WiRFimatériall PRy balsddy Krexamplebsilicneiapamet Ndilida-AlaaRd

on two supports” and subse uently m xed. [0032] In

apidicartitangdnddherbke. Ada@tlgllﬁg seprortragted e frpraydeclugrethgse porous

nor e..t ypes. of, su .t ' i Gh t .
areif EERR SRR EPY R Ao A e R et R g n by
Stdférence. tndtr ﬁ??ox@ infate@Talyihclpd¢ Laroobpesited bs Bedribakin PCT
calcined at ditfferent tenperatures. Likew se one coul d.
udO Q94769% aerogels ap descrbething WO U BB spherylises; as dgscgibed in
Crial . Sl . _

ot PSKRF T DM RO otk fudddShs fACBRAR ORISR,
Sivhichars hlhheromdnb@porateddgtrefirenict.hPeefdrsadgmppontufior ugef in this
trial kylalu 'nlllma d a sil,i cla t hat. had been treated a

o Hrgepidn ipelis s, Avminp AR SiEAAINRRSD33] Thi s

| f0030f | on ak§QpreflrAliqRatitRe SippBit Ao 0 mBdt PRAEIPY AN
active supported catal yst conprising: ag r enovi ng
poloaganswide daga sunfase areadn sheppoge of(frave abersdOrte abey 706
any, of those described above) by treatnent with an
apéﬁg, RQFR valwme iy tha rageed jropbabent 0.4 to eheiy & fesde pndravgrage
2@9136@6 s%qn ﬁhékg%ft fgdgn é@tﬁlt@eﬁ ‘55619%@ z';‘1lfﬁ‘x)\/19[)o're ferably, the

ntacting the t upport with further al um num
akfdce @vdai of theadupportranatériati spe ticbenah geyo fifeorm abow S Otth abaut 500
descri bed above); and c) contacting the alum num al kyl
t ,@dresughwoe of komabguha syeheut 3 Secte andsiverage paticlg) size of

I | '
bRt B REBR P orrer Sl hRr R i <R HeB Pt Fyppr
ﬁ {'{%Ve[?iai Eq}x tl%%ﬁ?ﬁ' 9 ?ro?ﬂ P4 8o R)t ﬁ%ﬁt idbaxﬂz ¢ f)&‘a Rolume from

rogen and sifica and that 1's present on the surface
ofibaut 18pabbuti 3n€ Leig and) atdrageqarticde gge sffrporbsutadrtd about 100

crevices. For exanple, oxygen is.the npst _.copmon | ar
S HPY a6 AYPBEHPBR H1a 91 a° SHRTOE R IR SPSBHON PPiaILY has pore
t 528 the P4hgBRT &onT A0 & DBDASPRRLABIF 50 %0 ABBAt 8DOA Nhd most

cat al yst conpounds descri bed bel ow where hal ogen is
nptefgraldydatto apput B80Aonpound. ) I n one enmbodi nent the

aygapum &l kyk olcgertdd RN LR! T A4re LOORE] cdbounds may

r asp 0] |S|nven10n|nany0
epbewtiporsd togatheren bikesuppbrtdrkiyd cadlysts maybeinddpkiydently

alpll:cllgédngnmtvgoosr;%gggsd anrllag{lblsjeequgrﬁtlly mixed.
[0032] In another embodiment the support may comprise one or more
types of support material which may be treated differently. For example one
could use two different silicas that had different pore volumes or had been
calcined at different temperatures. Likewise one could use a silica that had been
treated with a particular trialkylaluminum and a silica that had been treated with
another trialkylaluminum. Further one could use a silica that had been treated

with a large amount of trialkylaluminum and a silica that had been treated a

smaller volume of trialkylaluminum.



nmet hyl al umi num Jd efin Polynerization Catal yst System
[0036] In the present invention, an olefin
w@elognetsgzat i on cat al yst systenms can be preparedi/bg2005/032153
contacting the supports dedtri bed herein with a
cat al yst conmpound (al so called catal yst precursor
conpounds, pre-catalyst conpounds or catal yst
pr cgrfors). Cat al yst Conpounds [0037] The treated
suﬁ}?? s of THE nyepEaR plse reletps t9ea methbi fepreparing an active

Coﬁh%ﬁﬁ&i&ﬁm?h%ﬁn$%§m§”itab'e pol ymeri zati on cat al yst
conmpound or tonpounds®to pol yneri ze unsat urat ed
mononer &), i nemeditpgpeltebirfics Jgrodpsadioh @EpsYirt GHE ARt may be
cataléﬁ% cquo%Fds i ncl ude nmetall ocene catalyst _
cofffoi PPEhdescrbesigbors) By Hertasat Hithi angalwmiraim alkyl (which may
0 | ' [ Lol nox{ de
D T o) SRR ah s BB BBl g
is a no®-| i néankactingitisciemédsuppbrttvieh Rathep Yhiminum alkyl (which

OBk A Rebaef B ot BB ebiribel bevei oW, Bul ky
Li gand dyet al dopeetifg Gat alstunfomyPaLitsd E@)phgggﬁ’% 8m%gen-free

s%gggrts of the present invention may

acf4nsuios mpielpatabysbeempenndl yst conposi tions. General |y,
t hggsqicat al y i ncl.ude ‘half and ful |
sglgd%]ch corr%ga%ggﬂ ﬁéaé\g/%?f)gupd%geutgl}edgﬁh’g% ggropiogafis

bdretRedatom cahtalrtags troap ehatedrthing bR MenibYdhes Man ot R{dtBsen
c%gaoqnds %re descri bed as containing one or nore

bRy iR gadh ek s PEpssnbonethe sursesf jasuppartingluding(thy surfaces of
bare@dintl @rétices & The. bul

I ?ggﬁds mray ng gglte%, (l:é;gf(?%enq% g{sgé%‘gs(r??%% % PS#“FPR%CC group
systslirasyppasts. A baogrnrate tomsition mexd].caflyst EomgumY iO4ny of

' f,t | ky 1jgand t I
BT 3 SPRb s B e Boloh s ePeladh ol broseit i e
ofcompeuriEy wehCenbdlifeitht MankhGHE is_tgflﬁétgﬁ;lg#ﬂh‘}fn&rﬂe

at&ns are selected fromthe group consistin
cdfbBh,  ni t M grathermepesenf thes inveion is ahy of the pmbsginmntss

g ' i.ium.or a conbipation .

T REF Y pRpY At 8 YRR Blectopnd fisy Pegdt en s)
anetlpdaiposean.of car bon at ons such as but not limted

to those cycl opentadi enyl |igands or

cycl opent adi enyl -type |igand structures. The bul ky

| icuenIPoRierhfion R& Ay &ysilnf | ar functioning Iigand
structure such as pentaarene, a cycl ooct at et radi enyl
ol0®A] i ni deln thgpragentTireention adn alefmpolymprieftphaalalyst systems
Zg Ielgnelt }g‘gpa;réec? ?q%cgnqggin% tlgehsru%%grrt]s 65503‘ gd }tlerr]éein Iwa}tnht ah(?art]alllgs? or

compound (also called catalyst precursor compounds, pre-catalyst compounds or

catalyst precursors).

Catalyst Compounds

[0037] The treated supports of the invention may be utilized in
conjunction with any suitable polymerization catalyst compound or compounds to
polymerize unsaturated monomers, including olefin(s). Examples of suitable
catalyst compounds include metallocene catalyst compositions, Group 15 atom

containing metal polymerization catalyst compositions, and phenoxide transition



of the Periodic Table of the Elenents. Preferably the
netal is a transition netal from G oups 4 through 12,
worene/optost er ably Groups 4, 5 and 6, and nost pref/esnbi/g32153
the transition netal is fraim Goup 4, especially Ti or
Zr or Hf. [0040] In one enbodi ment, the netall ocene
catal yst conpounds, which may be utilized with the
supports of the invention, nmay be represented by
Fafefal Cataly¥ confieBiMens. ( The ﬂi‘llbﬁmig\'ﬁs whshinMting dciigsionlof the
aton1fron1the Peri odic Table of the El enents and may
bsaripusiPelyMization catalsteompputidsovhicthmay dauHEzdwitlp the
actinlg er|%§no£ the Periodic Table of the El enents,
pﬁgﬁgp BfgthY§13 ‘Goup 4, 5 or 6 transition netal,
nore preferably Mis zirconium hafnium or tltanlum
The bulky I|oands LA and LB, are .open, acyclic or
- = aHoeang L afglystlogmpositionsyr e any ancillary
mﬁg syst Grm- s hy@rg@ v&éyﬁﬁfé&%% e lfsy@ﬁ; Adivhed,
cyc entadleny I gands For cycl opent adi enyl -type
| hgpeadidseneNatalyst normpositicsa Iﬁehemllp,fthmelchgaljst cangtainds include

i pcl.ud cl opent adi en ands, .

i b AL oI cAmeRBs ey R o€ or mose iy gl ended toa
bz i eRdthl didamYpicall thetan&Rus ccl)rhﬂ@\ﬁﬂ§ are described as containing
oct ahydr of  uorenyl” i gands, cycl ooct at etraenyl

| pgenldmoredydk)ow&dm ortoetanensdedvingagraup(shbandpd to at least
andg11 azul ene |igands, pental ene |igands, phosphoyl
g Osphininine (WD 99/40125), pyrrolyl
I [tmppls Py Taé Bhlkb' ligaddrasy bedreRpFaCNe, ﬂlSe@&‘ﬁ‘@ﬁs) or ring
bor abenzene I&gan s and the like, including

h§XROHEh AF @ gomBmafion therqpdr Lhe ring(s} orer%s%ﬂSEm(S)of these bulky
t
aﬁg&ﬁ@éﬁa@b ﬁ"f,?érgéés%ﬁ@i’ grprﬂrsrgﬁlgagﬁ RSn GFG&‘#% '1??&16 atbfis of

eteroato
exerReriedicrildbleogfethe Ekmentso Preferabbythe gonmseare sefpctedifrbmrthe

and hos horu in canbi nati on wi..h carhon atons to
SANISEE &egbem Tuirogen, BXYachy %ﬁ?‘iﬂ éulm‘b‘ﬂ RRPSPRATHY or

r L BGh AW, qmrorf 4 SxAMRkLor aacdﬂﬁﬁﬁz[t%}fﬁére@le UL 'p?é'iyﬂably the
anC|IIary l'igand. O her LA and LB bul ky Iigands

| niof(sler g system(ploare p@mpwd of sarb@rh ammScsuglaaﬂ g oot hmlted to

rlns and, at he aza r oc ndent y,
¢ BodRmaioLyeteY BrORERRGE I ype FERRAT flkey e
buhllky hlgmwrda3t 4184 bé sthbodiaar fuctdnidgdligihd s&nmfb smem bs of
Fornmula (FV) only one of either LA or LB is present.

[ oHadienshacpelnertpeirgdiensd onan inide sl ke pefal atom is
gg%z‘?’?‘%lgtsgl%@tgd WOH?GE’?P I&E)tﬁh%%h WS tand ﬁlecl%fﬂlf]ﬁl fzﬂ:uﬂfde series

ent groups m ting exanple
subtieiPetiedic ”IgbmqfshdRE]emehlsd @refereblyrtheretal iy otrartsfimn metal

gr.oup_sel ected fr 0 lin hed
ARy Gics g dpreueh P2 e Ateol rahns . degtty RS Bt s
CyprrQabllYhe frafditfonl Metdlis Hor GfgiaC eép%aaﬁy“yﬂ] of 2EbCRL. S,
aroyl radicals, alkoxy radicals, aryloxy
[0040] In one embodiment, the metallocené catalyst compounds, which
may be utilized with the supports of the invention, may be represented by Formula
IV:

LALBMQn (Formula IV)



radi cal s, alkylthio radicals, dialkylamno radicals,

al koxycarbonyl radicals, aryloxycarbonyl radicals,
we2anbamoyd radi cal s, al kyl- or dial kyl - car baneyt/us2005/032153

radi cal s, acyl oxy radical sj13acyl am no radi cal s,

aroyl am no radicals, straight, branched or cyclic,

al kyl ene radicals, or conbination thereof. In a

preferred enbodi nent, substituent groups R have up to

5@vheea My d g alrateth @i the Pefiedia TlablefoT@e Bleinentd Ang aah®8.a
that can also be substituted wi th hal ogens or
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t I
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trimeth er myl rreth | di eth he a
N O e e St R S TR
| BehAigtiengl dgdn8£ tﬂlﬂofénlypﬁ%tﬂiﬁ‘é faeta)aygﬂdfmbrenyl ligands,

nmet hyl bi s(di f| uor onet hyTl)
b EYHBeRtAtEacay higands, gefelﬁmnt%cryaloﬂnéeqenkbgarﬂwenyl ligands,

A S A S ]
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- ad M el PR TEeR BSipion sty of BHERRy
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from 1 to 30 carbon, that can also be substituted with halogens or heteroatoms or



nonoani oni ¢ labile ligand having a sigma-bond to M
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claims the term "leaving group" is any ligand that can be abstracted from a bulky

ligand metallocene catalyst compound to form a bulky ligand metallocene catalyst
cation capable of polymerizing one or more olefin(s). In on embodiment, Q is a
monoanionic labile ligand having a sigma-bond to M. Depending on the
oxidation state of the metal, the value for nis 0, 1, or 2 or such that Formula (IV)
above represents a neutral bulky ligand metallocene catalyst compound.

[0043] Non-limiting examples of Q ligands include weak bases such as

amines, phosphines, ethers, carboxylates, dienes, hydrocarbyl radicals having



groups A (EP 664 301 Bl).[0045] In another enbodi nment,

the supports of the invention may be utilized wth
worsabhidsosene cat al yst conpounds where the R PCT/US2005/032153

substituents on the bul ky l$gands LA and LB of
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independently, a radical group which is hydride, hydrocarbyl, substituted
hydrocarbyl, halocarbyl, substituted halocarbyl, hydrocarbyl-substituted
organometalloid, halocarbyl-substituted organometalloid, disubstituted boron,
disubstituted pnictogen, substituted chalcogen, or halogen or two or more R' may
be joined to form a ring or ring system. In one embodiment, the bridged, bulky

ligand metallocene catalyst compounds of Formula (V) have two or more bridging

groups A (EP 664 301 B1).



ancillary ligand; and Ais a bridging group; Qis a
uni val ent anionic ligand; and n is the integer 0, 1 or
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[0048] In this embodiment, the supports of the invention are utilized with

a metallocene catalyst compound represented by Formula VI

L'AIMQ, Formula VI)

where M is a Group 3 to 12 metal atom or a metal selected from the Group of
actinides and lanthanides of the Periodic Table of the Elements, preferably M is a

Group 4 to 12 transition metal, and more preferably M is a Group 4, 5 or 6



group containing from1 to 20 carbon atons, nost
preferably an al kyl, cycloal kyl, or an aryl group; n
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preferably 2 to 30 carhon atons; Z is bonded to X,
where Z conprises 1 tb"8MQx(YZ)X, Formula (VII)

Where M is a Group 3 to 16 metal, preferably a Group 4 to'12 transition metal,
and most preferably a Group 4, 5 or 6 transition metal; L® is a bulky 1i gand that is
bonded to M; each Q is independently bonded to M and Q,(YZ) forms a
unicharged polydentate ligand; Q is a univalent anionic ligand also bonded to M;
X is a univalent anionic group when n is 2 or X is a divalent anionic group when n
iIsl;nis1or2.

[0052] In Formula (VII), LP is defined to be the same as L* above and M

are as defined above for Formula (IV). Q is as defined above for Formula (IV),



non- hydrogen atons, preferably 1 to 50 carbon atons,

preferably Z is a cyclic group containing 3 to 50
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[0055] In another embodiment, the supports of the invention may be
utilized with metallocene catalyst compounds which may be represented by

Formula (VIII):



with the supports of this invention include those
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reference. These complexes can be either dialkyl ether adducts, or alkylated
reaction products of the described dihalide complexes that can be activated to a
cationic state by the activators of this invention described below.

[0057] Also included as metallocene catalysts are those diimine based
ligands of Group 8 to 10 metal compounds disclosed in PCT publications WO
96/23010 and WO 97/48735 and Gibson, et al., Chem. Comm., pp. 849-850

(1998), all of which are herein incorporated by reference.



nost preferably an al kyl or an aryl substituted

al kyl .[0063] y is O or 1 (when y is O group L1lis
w@bmentdss n is the oxidation state of M pref eredil/ys2085/032153

+4, or +5, and nore preferably +4, mis the forma

charge of the YZL or the YZL' ligand, preferably O,

-1, -2 or -3, and nore preferably -2, L is a Goup 15

or 16 elenment, preferably nitrogen, L' is a group 15

or[0838] el ener@therméalioqend datalysts avmich ghagrbeuilizat efthtiab! y

rb | G oup, 15 el t,
o BP Pt g e PR SR} B8 6 AL EIKe PPIBIERD) §

NideS@bRA in EPLA-8 856 Q8 adPUS. PARAE No P, 85 LoD WhidH ik aoen
or phosphorus, and nore preferably ni'trdgen, Rl and R2

angcorpriaiee hewsit byrefer@icet d\lwﬂﬁ'ﬁd athathb swppgrts wf thisinvention

het e ont a rou Vi bon

s B G RGP s et o RS aF Band

pHeMYUoyivaleCet all. Oln@@aﬂdlﬁﬁhl,llcﬁle Q8, 37819480, WHIGH R herein

nmore preferably a |inear, branched or cyclic C2 to C20

a|lm?<§?ts@ BY r?%@p% @h@r%ﬁlﬂpcﬁn@@tﬂ(ﬁste@ah gy be aptsowith the
S[OQ%Q'L vg%tlérrc’ar@lag ed & %\X@&&%Q on%aq{c%liltﬁ)o en ligands)

ogen, al ogen, con al ni ng 8%

pmaneS dtatent Nol 5 86@146 wgarch|1$1m0rpbrmdzllmdn®|ykyfer@be uother

haV| 1 to %O car ban. at ons, nnrg referablﬁlRS i's

akB‘%"é Ce%%ﬁt YU CRaIgng ok 9’( MQFOUPUPARFIRfBS that may be used

prafehakhppoby dF ﬁﬂsemvel{t%ﬁiéchu&@thegbddéé’én@édqn WO 98/46651,

i ndependently an a group, an aryl group,

s whuehi is drevstn alpynpogitﬁﬂp' referencel Stillaithey Imegallmpne catalysts that

S edccllc | K rou c ara

SR A el P08 By B Bl
MaldtalPcend ¢amy§s/§st @@muweﬁ ¥ EIIbY2066Y, IR ihédrpétated herein
carbon atons, nore preferably bet ween 3 and 10 car bon

abyreferens® even more preferably a G to C20
ar bon
C; Tal Kyl IQ% gf&g ’cox?tengla%e ttggtggt%ggn e%lg{)]c? Hﬁnp Ehe%ngallécene ,
f oatablxts Idpkcmblé’&abomhmledd%hbﬁ satctatak gt o;gfc@l.klir eanlilcﬁﬂd'lcRZ
nt erconnected to each other, and/or R4 and R5

TEPTE dTRB A TR EomErs dRE A G Eree (1. RAGIHO ShE52 143,
| HIRRAPAIEN hérkindRSe Rrence) addiAi@dENheRBr. 2! Kyl group,

hal ogen, heteroatom or a hydrocarbyl group, preferably
a linear, cyclic or branched al kyl group having 1 to

ar at o nor e ef erabl sent, andR* is
agééngﬂgg¥—r§5§y@ iy 8{ X Q cont ai ni ng

g[aoep] a halmageipports of the invention may also be utilized with Group 15

atom containing polymerization catalyst compounds. Generally, these catalysts

includes a Group 3 to 14 metal atom, preferably a Group 3 to 7, more preferably a
Group 4 to 6, and even more preferably a Gfoup 4 metal atom, bound to at least
one leaving group and also bound to at least two Group 15 atoms, at least one of
which is also bound to a Group 15 and 16 atom through another group.

[0061] Preferably, at least one of the Group 15 atoms is also bound to a
Group 15 or 16 atom through another group which may be a C1 to C20
hydrocarbon group, a heteroatom containing group, silicon, germanium, tin, lead,
or phosphorus, wherein the Group 15 or 16 atom may also be bound to nothing or

a hydrogen, a Group 14 atom containing group, a halogen, or a heteroatom



het er oat om cont ai ni ng group. [0066] By "formal charge
of the YZL or YZL' ligand", it is neant the charge of

wo bmeontoss e | i gand absent the nmetal and the | eBwi/n§R005/032153
groups X. By "Rl and R2 maylal so be interconnected” it
is nmeant that Rl and R2 may be directly bound to each
ot her or may be bound to each other through other
groups. By " R4 and RS nay al so be interconnected" it
| sonmamiig froap, i vaeekilbadief thetvwil GRupl 1 s ste alio@GH to a
ot her or may be bound to each other through other
grcasﬁﬁ‘sgromh é‘i*fb%au epionaHybe beundrorhydregsnqa halegen, a heteroatom or

ctcﬂ'b egro&lp,?cﬁg lﬁ?&gat&g%ﬁ{aﬁxﬁn %]ioLEe i nvention may

enoxi t ran nmet al cat al yst
c¢0@ﬂ2{]mds (Gismep i) btyom ¢dnesiging amgtd] @obsneizatihietatalgstt om

substitu henoxi de ted to 10 transition
mEPRPOY} SI ﬁpﬁéeq@@?ﬁ%}’% §r€39ér ein the netal
is bound to the oxygen of the phenoxi de group. [0068]
Phenoxi de transition nmetal catal yst conpounds may be

represented by Formula XI or Xlil: Formula (Xl)Fornula
(XI'1) wherei R*R1 |s hydrogen or a C4 to C Qogroup,
preferably a RS ary al kyl group, preferably a C4 to

C20 al kyk? p, preferably a C4 to C20 tertiary al kyl
gr oup, )j(efer ly a neutral C4 to C100 group and may
Olg3nmy fnat al saybe bound to M At least one of R2 to
R5 is het er ogt om cont ai ni ng group, the rest of R2 to
R5 are%ﬂ_p_ dently hydrogen or a Cl1 to Ci oo group,
preferabl'y a to C2 al kyl group, preferred exanples
of which incllgerbutyl, isobutyl, t-butyl, pentyl,
hexyl , heptyl, isohexyl, octyl, isooctyl, decyl,
nonyl, dodecyl, and any of R2 to R5 also may or may
not be bound to M [0069] Each Rl to RS groqpiapK)Re
i ndependent |y substituted or unsubstituted wth ot her
atons, including heteroatons or heteroatom containing
group(s): Ois oxygen; Mis a Goup 3 to Goup 10
transition_gqretal or |anthanide netal, preferably a
Goup 4 algg preferably Mis Ti, Zr or H; nis the
vaI ence st ,t/é of the nmetal M preferably 2, 3, 4, or
.and ‘é}}\and each Q may be |ndependently be, an
aIRk / en, benzyl, am d, carboxylate, carbamate,
thlgzht(e h/MP(dé or al koxi de group, or a bond to an R

ls R’

Formula (X)

wherein M is a transition metal, preferably a Group 3 to 14 main group metal,
preferably a Group 4, 5, or 6 metal, and more preferably a Group 4 metal, and
most preferably zirconium, titanium or hafnium,

Each X is independently a leaving group, preferably an anionic leaving group, and
more preferably hydrogen, a hydrocarbyl group, a heteroatom, or a halogen, and

most preferably an alkyl or an aryl substituted alkyl.



group contai ning a heteroatom which nmay be any or Rl

to R5. [0070] A heteroatom containing group nmay be any
whedoenomsoOm or a heteroat om bound to carbon, sPECT/USN08032153

anot her heteroatom Preferred heteroatonsincl ude

boron, alum num silicon, nitrogen, phosphorus,

arsenic, tin, |ead, antinony, oxygen, selenium and

tellurium Particularly preferred heteroatons include

ni[0d&Rjen, oxyig@ror lqmpbomgro@r[dlsaﬂsém) Even nore

partlcularl pref ed roatonms include nitrogen

D5 5 yadonleizte/oh My BdSSARY O e, ot B THPRGUEIRGAOY +4,

b R | '

aggtﬁteﬂrqu{@%%?&g%rtrg@ Y?Ltn&at?é zoITJn t(geptr%g ﬁ'en’oxi dzeor 3

r iand morkprefigrlblye2t om cont ai ni ng group may cont ain one

ory 1mor ent heteroat ons.

PH@F& %)Bpﬂétoérlgﬁfem[:gﬁ?ffﬁraﬁ{ YIU9%Bups i ncl ude i mines,

amm' K8 grévpl KEss 160 Blefieht 6ke§rouﬁt eEchtaikial P&, referably carbon,
het er ocyclics, oxazolines i oet hers, "and tﬁ

Pér tqoé@rﬂﬂFI}ﬂHM%f erred heteroat om cont ai ni ng gr oups
Ay K9

Es%jﬁr%dg g?e:lﬁrg? rglte\fé}?nQ 612%0%%5 or rughy}/dt %Sre&referably
rrmnteogangroups do not forma 5 rrenbered ring. [0071] In

referred enbodi rrenheét he het eroat om subst i tuted

AR g enentoprefrEably niEgss ok @hospharys, and more preferably
|r;111t fenoxi de Group 4 transition nmetal conpound, and
rrore p ferably and i m nophenoxi dezirconi um conpound.

raesf indepeddenslyad Cotoeﬂne hydmadniaem goappohetet®atom

ncI ude rc-dineth hafhl umdi et hyl
| Mehiifife fSE G o B SRR G o S, Bh fead,
I ¢ phospROfY, grbletbtypd 64 tadS M ZiryICHR Ak ¥ ferabl
C- d| nmet hyI sﬁfryl - bl}g%l nden@l ? zyrxré?;m urroll|agc;:irﬁ?@ljph oref)re eravly

c 2dingen hignehadyar cieliq @z it plkyhigionpppst mmfenayly)ar@f 1m GCsd

'ﬂg %rﬁyllrlgol 1 - bi s(2- met hyl - 4- phenyl -i ndenyl )
h40064yndi chRSiis stsenty a hydrocarbon group, hydrogen, a halogen, a

c-di met hyl si |l y| - bi s(2- nethgl-4 phenyl - i ndenyl )
7 pﬁtgg}qf%aolﬁgpﬁxﬂ group, preferably a linear, cychc or branched alkyl group

chf¥ifpihybe b&ﬂﬂbn gﬁ{szmm?é SPéter b1 R Wdbs il dfm%gen or an alkyl

zi rconi undi chl ori
rgrqﬂlpnatdmbsilpqu&rablyst()@mgenhyl benzi ndenyl ) ham undi net h

yi&‘#ﬁﬁﬁd:ﬁcm%‘%gb Ll c?eipsél(x(%ént ytarrpéllky gpo%lip,n den { Q;roup,
r sgbsttui@t dryi @bh}y |a‘d%§<£ Ak YEEBMND, L0810 BYE1C alkyl group, a

zi rconi undi met h

r axcligiarlkvyaraun, ;arsulmtlélrtgd picligyaralkdrgroupoeramyltiple ring system,
Z gfe?%gﬁng'ﬂg{ll glu? Q+ 9@ Carb((néa s mlore prafera 1)5 between 3 and 10

z carbmnammsl; meltdvyh more preferably a C, to C;9 hydrocarbon group, a C) to

C- dlneth IeryI I S- qz met hyl -i ndenyl )
glp ?‘h%/ 1 to Czo ara kyl group, or a heteroatom containing group, for

example PR3, where R is an alkyl group,

h

R'and R? may be interconnected to each other, and/or R* and R® may be
interconnected to each other,

R®and R are independently absent, or hydrogen, an alkyl group, halogen,
heteroatom or a hydrocarbyl group, preferably a linear, cyclic or branched alkyl

group having 1 to 20 carbon atoms, more preferably absent, and



rac-di met hyl silyl - bi s-(2-nethyl -i ndenyl)
haf hi undi chl ori de,
wOo ame/diqost hyl si | yl - bi s-(2-met hyl -i ndenyl) PCT/US2005/032153
zirconiundi chloride, r 23
c-di net hyl si |l yl - bi s(2- et hyl - 4- napht hyl -i ndenyl ) haf ni u
nmdi net hyl ,
rac-di met hyl si |l yl - bi s(2-net hyl - 4- napht hyl -i ndenyl )
Z Rl ¢4 biFbrGE hPdrb &1 a Group 14 atom containing group, a halogen,

rc- dlnethyIS|IyI- S(2- met hyl - 4- napht hyl-i ndenyl
hagtarogiam ednitaningegroup. _
CIQUSR ! O B plaP b B LW VI ARPEMlgahd R beant he

r chapbyf o entlﬁieﬁll(ghﬁdj gteho) tha bietdl andliherédwilg groups X. By "R' and
a - et hyl ene- bi s(i ndenyl ) haf hi undi chl orj de, rac-et hyl en
aipd) pt)egqopgeﬁﬁeqj s meqapt that R and R” may be directly bound

S5 7 O 0 B S By

dmyla)doafehntﬂmdmmtd’dy lit is meant that R* and R® may be directly bound to

rac dlﬂ% OBﬂégééHE% throug(llmhel_twl-phenyl)-ln

rac dlnethyIS|IyI bi s(2-nmet hyl -4-(2' - met hyl - phenyl )-in
denyl)2|rcon|und|nethyl o
henjoxige trans; dtakgaralyssido ' -phenyl ) -in

d zirc |unﬁ|' .

P K067 et nyBr PP f Beitfingen W&“O s¥isA iR eRgode,

d&ﬁﬁdlt)l(hﬁlﬁqbﬂallmﬂalmtcbﬁipounds. Generally, these complexes are heteroatom
rac-di met hyl silyl -bi s(2-nethy]l-4-(4' t hyl - phenyl )-in

d viptituted ]g}eg%p% Heded fgoup 3 to 10 transition metal or lanthamde metal

r @&nﬁ?tﬁﬁ‘é k% rr%l npétﬁl(%bgﬁldmﬂ ltret oygyléen @ﬁl@%hemﬁl@/ érl)uf) n

denyt)zirconiu
T (1!068] met hyPherioyidehramélﬁorrmdlgl lcatdlysticompmrinhgd mph daydpresented

den i chl oride,
§¥¥ hWé?%§P§ -bi s(2-met hyl -4-(4' -tert-butyl - phenyl
)

-|ndeﬁyl)haﬁgllundlnethyl r
c- di met\Yayl sj - bi s( 2- nethyl 4-(4' -tert-butyl

- phenyl wenyl) haf hi undi chl ori de,
r g3di {!iig% b-bipf2-rwi hyl -4- (4" -tert-butyl
(/

enyl) Z|rcon|und|nethyl r

c- di met Ayt S\l yl - bi s(2- et hyl - 4- (4’ -tert-butyl-phenyl)-
|nden% zi r ogai undi chl ori de,

rac-drmet hyl silyl -bi s(2-methyl -4-(4'-tert-butyl - phenyl
) -i ndenyl ) haf hi undi net hyl , r

c-di methyl silyl-bis(2-methyl-4-(4"-tert-byt

- phenyl ) -i ndenyl ) ham undi chl ori de, HO%mﬂaCXD
rac-di met hyl silyl-bis(2-methyl-4-(4"-tert-butyl

- phenyl ) - indenyl) zi rconi undi net hyl ,

rac-di met hyl silyl -bis(2-nmethyl-4-(4"-tert-butyl -phenyl
) -i ndenyl)




zi rconi undi chl ori de,
rac-di met hyl silyl-(2-nmethyl-4-(4"'-tert-butyl -phenyl)-i
woenpsdfR- i sop f yl-4-(4" - PCT/US2005/032153
tert-butyl-phenyl)-indenyl phaf hi ur ndi net hyl ,
rac-di methylsilyl-(2-methyl-4-(4"-tert-butyl
- phenyl ) -i ndenyl ) (2-isoprpyl-4-(4'-
tert-butyl-phenyl)-indenyl) haf hi undi chl ori de,
rac-digethyl sl yl - (2-methyl -4-(4' -tert-butyl
genyl ) (2-i soprpyl -4-(4'-
henyl ) - i ndenyl ) zi r coni undi chl ori de ,
' -l - (2-nmet hyl -4-(4' -tert-butyl
- phenyl nenylqu-lsoprpyl 4- (4" -
tert-bugyT-ghenyl) - Midem@}rzi r coni undi net hyl , r
c-di mefhyl si b - b|?x2-nethyl 4, 6- d||sopropyl-|ndenyl)h
afhluﬁdlnethy
rac-di met hyl silyl - & s(2- ngthyl 4, 6-di i sopropyl -i ndenyl
) zi rconi undi Ré¢ hyl
c-di methyl silylI’\b

-thyI-4,6-d||sopropyl-|ndenyl)z

rac-di met hyl si_|
) haf hi undi chIRSi dé R®

Bi s(cycl opent adi en yI)2|rcon|und|chIor|de
Bi s(cycl opent adi eny®’) zi r coni undi met hyl ,

Bls(pentanethylcyclopentadleneyl)2|rcon|uggiﬁh e,
Bi s ent anet hyl cycl opent adi eny”~zi r coni undi het %€k19

Bls(cyclopentadleneyl)(pentanethylcyclopentadlenyl)2|r

conlund chl ori de,

LR OSHHEREFE AY ? £ (R Fton MRy MEFEISp & Ariem @i pavpe
OBfe?éI:gBl%t(lﬂ;ytb ’Cz alkyl group, preferably a C, to Cy tertiary arlrlall group,
Bi s(1- net hy “But [cycl opent adi enyl ) zi r coni undi chl or
dpreferably a neutral Csto C100 group and may or may not also be bound to M

1- net hyl A- bus I t d nd 4
oL et B 13 UKo EM GtEE Hbbe R b h T IR e
e 1rﬁ'e§énheﬂ@§? Rydrodenfuayt ci ) Qe s g<Teniblyzd Cﬁt@rﬁzbl ARty b@aEp,
Bp&ferrqﬁleqxnylples tofi i cyiaelogrebityl isehytyls £ibubdientt Fexylo hertyl

sts"?T‘-yrlfe"t"% ooty fesyk P8%yeh?°é1§f’%lh§ft‘}z‘f“ryc°§r§ IRE gheo gapy or
B hotvied brind4e d;hyl cycl opent adi enyl ) zi rconi undi chl ori

d 1 5 . .
Bf@éil met hy FACheR Wi R yerpen ey haindspedertyaibstimtsdtrny | |
Bh&%stﬂﬁfeﬁ%ﬁlﬂotﬁ&%&hé? wmﬁgha@oﬁms)&wefe?&tmmin@{g

Bg@@&@hethyl“ benzyl cycl opent adi eny”zi r coni undi et hyl ,
?Qgg%iggghyl 3- butylcyclopentadlenyl)2|rconlunldlchlor

BV (sla by 13, & Gtupl RY ehepest a@tad oy Ix@hired ) pefdaly a
BGsguR hmetak preferabhr My TeyZe 106 ént adi enyl ) zi r coni undi chl

of s .
o i¢ R walenss stae of the et M, prsfrably 2, 4,5 5198, i s e
h@) is, and each Q may be independently be, an alkyl, halogen, benzyl, amid,

- et hyl - 4, 6-di i sopropyl -i ndenyl

carboxylate, carbamate, thiolate, hydride or alkoxide group, or a bond to an R
group containing a heteroatom which may be any or R' to R®.
[0070] A heteroatom-containing group may be any heteroatom or a

heteroatom bound to carbon, silicon or another heteroatom. Preferred heteroatoms



Bi s(I-met hyl, 3-i so-propyl cycl opent adi enyl ) zi rconi undi c
hl ori de,
w@dBe@6h44088 hyl , 3-i so- propyl cycl opent adi enyl ) zi r ONUS2005/062153
et hyl , 25
Bi s(I, 3-di net hyl cycl opent adi enyl ) zi rconi undi chl ori de,
Bi s(1, 3-di net hyl cycl opent adi enyl ) zi r coni undi net hyl ,
Bi s(n-propyl cycl opent adi enyl ) zi rconi undi chl ori de,
BirfWittelofdty hrmGh@R et ﬁm&f;}ﬂ iph6§phoHEIARET ), lead,
enyl)

Bi s(n- propylcyclopentadl Zi rconi undi f | uor | de,
BRBHmORY, @pygemy sdlepemt and teyniymi Persiaulariylpeafererd heteroatoms

Bi s cl o niundi ben

OB R e BoBRy i r B E i oty

B felférrddl 1enstb aty ik dtideatiirégenl aht @&pgemwdmhiewmaﬂ@n itself may be
Bi s(n- propélc clopentadlenyl)hafl||und|neth

Brgeslhap IPBpRAFideRG 9 if Way RP barwnd ﬂolfapﬁvaéatom or atoms
Bl BreloRRy } &thé kﬁ&%}ﬁ&dﬁﬁﬁ& U%Lé%eh! c%ﬂlaﬂfing group may

Bi sCn-propyl cycl opent adi benz
Besiftaingme ;oy hoyebithe nimel oedlyﬂebdnahetenoumdlsné’lréfevrecﬂbetero atom

BIS n- but yl cycl nt adi en Zirg |chlor|de

RnEg P@ﬁd}l@ﬁ@%ﬁ&% ﬁ%}f@%% i pm?whers ketones,
Bh%¥&§$11£ US04l 61ifcls ORRIRTREY, Y thk2ikE C PRt IRHG Pr&IEhr&te.
Bis(tefrt- butylcyclopentadlenyl)2|rcon|und|nethyl

Bhst@tp@tvpy pwwnw@wammiwf; intineso Mrynishocdj asentdR groups may

S ENB Y uirﬁ% BRSPS R BB R s dppet
| Yot a?QImdﬁiHétdmi

BIS benz | cyclo entadlen I ent anet hyl cycl opent adi en
,1]3 oni u ni"l @mp edITedeE mbo%u%éne the heteroat)c/)m S)lllbstltlr.)lted phenoxide

B'trﬁﬁﬁﬁ&i’?ﬁleﬁy%rﬁ;?cﬁﬂfﬁghr?ﬂ%lngﬁﬂéﬁgbﬂg@rw FYshaRshed! eny

rconi und
Blcsr@pomxnly hmymbmgﬁrafembilpmd in{ipepieacsd¢ppicoyiahmoqpentoadd.eny
~I')zirconiundi chl ori de,
Bi s(propyl cycl opent adi enyl ) (t et ranmet hyl cycl opent adi eny

| Jga72goni u ”ﬂéf&%@/ﬂletallocene catalyst compounds include:
Bi s(propyl cycl opent adi enyl étetranethy cycl opent adi eny

| yad-diosiyisiolodegdhatundimethyl,
Bred-dietetlaielyhpis(indapyihefncimgiceibade.enyl ) ( pent anet hyl cyc
| eqedinsthydsilyl-ba(ihdatyl dircehinmtinydthyl,
Bired-tigictian@tynyls(indany)ziyslionehraideny| ) (pent amet hyl cyc
| piredinreeh Y3 M- b 2-aRM LA sHea PLiAaéHhatniumdimethyl,
rac-dimethylsilyl-bis(2-methyl-4-phenyl-indenyl) hafniumdichloride,
rac-dimethylsilyl-bis(2-methyl-4-phenyl-indenyl) zirconiumdimethyl,
rac-dimethylsilyl-bis(2-methyl-4-phenyl-indenyl) zirconiumdichloride,
rac-dimethylsilyl-bis(2-methyl-benzindenyl)hafniumdimethyl,
rac-dimethylsilyl-bis(2-methyl-benzindenyl) hafniumdichloride,
rac-dimethylsilyl-bis(2-methyl-benzindenyl) zirconiumdimethyl,
rac-dimethylsilyl-bis(2-methyl-benzindenyl) zirconiumdichloride,
rac-dimethylsilyl-bis-(2-methyl-indenyl) zirconiumdimethyl,
rac-dimethylsilyl-bis-(2-methyl-indenyl) hafniumdimethyl,
rac-dimethylsilyl-bis-(2-methyl-indenyl) hafniumdichloride,
rac-dimethylsilyl-bis-(2-methyl-indenyl) zirconiumdichloride,
rac-dimethylsilyl-bis(2-methyl-4-naphthyl-indenyl)hafniumdimethyl,
rac-dimethylsilyl-bis(2-methyl-4-naphthyl-indenyl) zirconiumdichloride,
rac-dimethylsilyl-bis(2-methyl-4-naphthyl-indenyl) hafniumdichloride,
rac-dimethylsilyl-bis(2-methyl-4-naphthyl-indenyl) zirconiumdimethyl,
rac-ethylene-bis(indenyl)hafniumdimethyl,
rac-ethylene-bis(indenyl)hafniumdichloride,




Bi s(tetranet hyl, propyl cycl opent adi enyl ) (cycl opent adi en
yl) zi rconi undi net hyl ,

w@e@petosanet hyl , propyl cycl opent adi enyl ) (cycl openUszi®032153
yl ) zi rconi undi chl ori de, 26
Di nethylsilylbis(cyclopentadienyl)zirconiundichloride,
Di met hyl si | yl bi s(cycl opent adi enyl ) zi r coni undi net hyl ,
nEthyIS|IyIbls(cyclopentadlenyl)2|rconlund|nethOX|de

Didredthvibad-bi¥liRdehy BYisdoRR@diakitsny | ) zi r coni undi ani de,
.arseetugglés&- RISl BYclAnaRdiasdbRay ) zi r coni undi 1 uor i de,
BMP%E t@'!l$ ls y?a?ﬂt AGhGD }lle)n l)—lﬁ&)é?fy , il&%l&%t}lyl

R e e
pgilasc iB’F hylsi i ); phé%yr;-m nyB%lr | Slitmidime yl

eFfcdipe selykbeb?eﬁl@gwi ér@frys%hwkebﬁnemdp#ékyny|

DFFODHMEEhIonide. st ent anet hy| C¥10| opent adi enyt yzi r coni und
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[0076] In one enbodi nent, the process of the invention
is directed toward a sol ution, high pressure, slurry

w@eoogastophase pol yneri zati on process of one orP@DUS2005/032153

ol efin nmononers having fror2 to 30 carbon atons,
preferably 2 to 12 carbon atons, and nore preferably 2
to 8 carbon atons. The invention is particularly well
suited to the polynerization of two or nore olefin
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metal to activator metal ratios of 1:1 to 1:10,000. Useful additional activators
include methylalumoxane and those listed in WO 2004/026921 at paragraph
[00135] on page 77-78.

Polymerization Process

[0074] The supports of the invention and catalyst systems utilizing the
supports described above are suitable for use in any prepolymerization and/or

polymerization process over a wide range of temperatures and pressures. The
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[0079] 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, to form a terpolymer.

[0080] In one embodiment, the invention is directed to polymerization

process, particularly a gas phase or slurry phase process, for polymerizing
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PeRGRstureltf 8g8¢ BiRlsY pbcedsUs hbovele09@s phase process

operated in the presence of the catal yst
[0084] Other gas phase processes contemplated by the process of the

invention include series or multistage polymerization processes. Also gas phase
processes contemplated by the invention include those described in U.S. Patent
Nos. 5,627,242, 5,665,818 and 5,677,375, and European publications EP-A- 0 794
200, EP-B1-0 649 992, EP-A-0 802 202 and EP-B-0 634 421 all of which are

herein fully incorporated by reference.



system of the invention and in the absence of or
essentially free of any scavengers, such as

WO edoeipb&al um num tri net hyl al um num PCT/US2005/032153
tri-isobutylalum num and 82i-nhexyl al um num and
di et hyl al um num chl ori de, dibutyl zinc and the Iike.
This process is described in PCT publication W
96/ 08520 and U. S. Patent No. 5,712,352 and 5, 763, 543,
V\Ihi0@ﬂ5]ar e helmginothier Ebodiment; ﬁmrrammnf Witizirgf the pﬂ:@@lt invention

SRR o PSR S v 800 1 g @n@eﬁ?a"l{%& Gy to
of anbﬁZOUBWlbb/ﬁf‘ﬁ’OrgO@ 1Ee/hi§ 3F B&her 6{%‘&1&‘ kéfalﬁ?f g{f’e% tor than

phase reactor e pol yneri zatl on cat

f ok490dbsthid55 Kg/tw), tohora preferably greater thmﬂIOJOOOalbs/hp (1370 Kg/hr),

a ts e ly to.a reactor
Teleftindie BHARRNY Brcsh HalChs, R RERRC ok iy 2B
O Tréfe by gmhieﬁﬂlaﬂBS 000 ibsyhri(1S,90@R! )5‘ il 8V & Mofprefe ably
referen be utilized. [0092] I'n enbodi nent's o?

t r%efti?rotgé%éo 850 torthg (%Mg/bﬁ angl feost pre&irgtly geapter émnrfidy000
b bul k
P SPE9RE Kt elthefhePlian S00.000 Toohe (ALSBPRERET, ™
|E i [qgs@f or wphmmolmzafibmpmcws glgﬂealgﬁas‘ee pmsaﬁegsmﬁe

ac 0 rocesse m e oye In sin
paf 9 °ef| S‘% ildaa 39&% Pﬁﬁrégﬁmh%‘fea %@%@r@@gé@nperatures
C QAR raRg LT aAb laB8ut128° O RLIBIR r WnbBdihl2Gt, %tgeioﬁﬁ’rg)?ﬁ cess

catal yst system descri bed herein in a suita
orteBpErGHFR 1S ahqveal QOBGA iy 2 shierypohon@izstion arsasmhsibaiof aohd

du dlnen fthe inventio
gyfarft cﬁla‘? 01%81 elS (_f)‘ 0 gquu{ m} Pg %ugga mediymp, to wﬂlch
p@tmmmeuanabomnmm kaﬂd bited hﬁég@asalﬁlgsw tN eﬁhlyétﬂﬁié Qéided The
di l uent.. Hydrocarbyl solvents are also suitable, th

alSPHRTALIPR INgHlng @}Hﬁm i§ InteryRittertiyney q@enamsbzrrdrnpm&ma the

B [

e e AR B Tt B R ot P polymerend 1

ofredyr:kqu ebtivoalbyaiter atdm&lllaabm,l ty slie re¥61© MHediqaed diluent

su d Gas hase Sses nmay use a su%ported
- { 1, 1hg PRz et itypically ameatieaae hrvingromo3 to 7
b@aﬁodh b@ﬁ{seplfe%raﬂ]y a@rGiched Akihd e HQRR %%Weﬁ shduld be
copol ynmers via coordi nation polynerizatio

| linwistungder the cenditigrised payyndrigatiauand mlatltﬂydndiﬂ 3WR8e9a

NN TN M N

| onitiea emaieeatute)ant Qi E@0C Brdferablyus RO&AS oPhn iHoSutadhEMtim is
pragLW8£ [ 0093] CGenerally, the polynerization
t

enperature may vary from-50C to 250C. The

on te fro 20C
BT, 0" e D ik b ekl oIRGBt ob SRR aBRST G, 1
t mvesdm isseferred tofascarpaﬁlcle fomm ;iowyrﬁﬁ%tlbﬁgror aGlurfyf $Yateks O

ecul ar wei
wherthe f%mperature 1S kepwg low tLe temperature a(f:’whlch the polymer goes

into solution. Such technique is well known in the art, and described in for
instance U.S. Patent No. 3,248,179, which is fully incorporated herein by
reference. Other slurry processes include those employing a loop reactor and
those utilizing a plurality of stirred reactors in series, parallel, or combinations

thereof. Non-limiting examples of slurry processes include continuous loop or



copolyners, e.g., M1 < 10,000, are sought, it may be
sui table to conduct the reaction processes at

wo eovpesmssir es above 00C and pressures under 50BCDEE2005/032153
Pol ymer Products [0094] Theé3pol ynmers produced by the
process of the invention can be used in a wide variety
of products and end-use applications. The polyners
produced can be honb- and co-pol yners of ethylene and
ogmeédam fb%eggg ARG! & khRBRE ofﬁM%ﬁ%eEs)és are described in
pol yet hy astoners, plastomers; "high-density
pbl. S/étatqnlt dioed, 613484, lwhldelsélleteyn ﬁdlyyetdryd)retwsby rbfcwnce

dg@btxefgl et h Ieng% ?}g‘f ‘é&ggé’ c'{cf}&%gcg ﬁ‘sllpé L§ ofethe

baseati PR ChydHRE 8f prodiehBerdabsthhy 2060 rbg@ﬂb&yﬁﬁgf)&qlohp@m
0.97g/cc; density being neasured in accordance with

AEzlirpmarg grefarablytaseater thapB0PHey/br (2368 Kehu), had glost  may

PR S0 Ao B Rl R RRRP R RS bREe

p El@ﬁ'yhaﬁ:&)r u]secbimttﬁa procassmmeaneentibnhepmﬁecmg grdﬁ&m}ﬁnﬁﬁ,ooo
1- oct ene, 1- decene, 1- dodecene 4-nmet h I-

LTS G¥pagIer 967 HOF RG0S KBRGRETabl AT dian 230D
3 (81, Prot LB 16l 106160 oy SO R AP AN

n cycl opent a I €ne,
5{0118I§]/I i den&xamples bﬁscrhlanmpromisaswé ddseriestan U.S. Patent Nos.

ot pl e AR, BaRG naR e S A O T S4p3is which

pﬁﬁeﬁﬁﬂ?ﬁi&bﬁﬁ@ate&h&éﬁm'@r@ﬁké&é0py| ene and random bl ock
or inpact copolyners. [0095] The polyners of

e8] nent s Ivgne ¢iebadimenitof Gie pragesh af heamvention is the process,

RS 3 RRG EL ll  S BERD AR

WeystHih oﬂmle&@\tﬂnabn wad {ithe ﬁmah¢dicﬁtdr(é@éént1§1l§€ﬁedi$f atnlycssarengers,
copol ynmers useful in lubricating and fuel oil
c SFBs itrstBHalumypumirigrethydeumyupg toasebutyldyminsiy 2ad &érn-

Ofed ﬁﬁmﬁxﬂfﬁfaﬁ n%l Vladhuntuﬁuﬂ&’h cﬁgﬁiﬂ 1&199 %cﬁ ?ﬁe like. This

cop I'ymer mEnt's of the invention
_ -cprqoesssedescn’oécbmlﬂ(?aii‘ pulzélcgﬂMn WG H6/0B520 ovd . [W\mmlhtrNd; he

Tﬁﬁ%?é gt 3767565 vtich Sk keregh il et b ae I 1

{ uded Y iddtiR ¥mBbHigient Fhe/iBthod NP el ihventibA Yrovides for
exanp es of other polyners include |inear |ow density

pungx‘émgyhl@aé@yst Sydem ofthesnvaptigs ierareactar; @am@rl@ré}s@ ges
l (8) y Ca an {
gﬁ\% %{‘r TFQEXIS/%{%E&%% % ﬁ&lﬁh‘f QAARLDY b

IC poly ene ene copoly

a?dw?hﬁ dridke .a suPpst), Lanff)f y atqrp@ﬁp mgﬂ:;hbﬁ dr b:}batalf‘c&y R zomas&rh.
of the invention an ends t hereof ar useful 1.n suc
f Sheimestigp &peshqdsdescaibed i BE T pHbligatio N&Sf%@éé L MeR atsn

fully incorporated herein by reference, may be utilized.

[0092] In embodiments of the process of this invention, the catalyst
system may be employed in liquid phase (slurry, suspension, bulk phase or
combinations thereof), in high pressure liquid, or supercritical fluid or gas phase
processes. Each of these processes may be employed in single, parallel or series
reactors. The liquid processes comprise contacting the monomers with the
supported catalyst system described herein in a suitable diluent or solvent and

allowing the monomers to react for a sufficient time to produce embodiments of



and co-extrusion as well as bl ow nol ding, injection
nol di ng, roto-nolding. Filnms include bl own or cast

wo pdoam44088 med by coextrusion or by | am nation PSEUS10082632153
shrink film cling film sB#etch film sealing film
and oriented filns. [0098] In a particularly preferred
enbodi nent this invention also provides polyners with
a lower or w der dispersion of residual netal ash in
t the i@n}io® top ogheﬂss Oaig Re fridked yf thie afonbaRrdsed GHES
(I nductively upl ed Pl asma Em ssion_Spectrosco
mlmenéat@@smzm brautilizad agja sojyentyapd/pk dilugnp gHydroga Byl solvents

SR8 A0 TRy ERR e
Bﬁn‘ﬂdiney pfoceses Iu @ Bypicallly be avcbniplishéd ‘B}D t‘:lontadmg the catalysts

Butt er wort h- Hei nenann ost on, Mass.
pptBas T@M) lq’F‘FfEmEB‘P‘WFeE’é’ cafalxsmést%b@ﬁg F‘&}%POSF%T SesiBhage

"Bi%EeRs ARPUGANBRAG] cal 9 ahd iy %QQoaMedﬁﬁ%§ﬁﬁml

ppm ~ Exanpl es Experi nent 99] " Tol uene
V\hmomutodimletdblé farprédwiingodthydent hbmemblyowes o gipolyoneas via

sodi ota siu 1o 1.3- VeB 2Zr Ve 0 %
ST Sl yaRion st vt SERBBIER e Pundfp US

Sk Ras 8954 %8%08530% 87R 3B 32638, 5352 RIDCH M6 304350453 471,
Davi son 948 Iica was obtained from G ace Davi son.

9‘};46%88?,§néf\’&’ @&éﬁﬁ%éd%&t iglineerporftod by ggference for purposes of
TUSeéh%a?]ILr%@i&umt reated silica. 40 granms of raw

G ac son 948 silica was conmbined wth 20 grans of
t [0098hy! al uGknetaily, theXsdlyrmszanibn tredction aenqteratmmmy vary from
enper at ur e. The reaction was exothermc. Afte

| élOt Cry 28 r%ﬁ?%ﬁné%wer@t&rer%ﬁitloéﬁﬁ@b’é’ﬁﬁo@ 120°C to 2207,

[ ni sl urry fil I
S0P 200y PreSpresiea Y vary e £ o H 280t bl g from 0.1
- VB&UE M504 Qﬁl&lﬁor@at(adom bhr. Wihieflf [BWeAmdldcildrwveighat ed
silica (3.0 grans, Grace- Davison 948 raw silica

t sanokyreersdl- g hMinrs £4.990, aremwaletmt maa/sbee%@@ééo ¢andyetthe
overni ght. The resultlng su s cal ci ned 88ger an
A TERCAT RIGHASSES a5 IRRRETATEHES Aotk éﬂrg‘fswfss 3
resulting silica support was subsequently pl aced under
nitrogen and cooled to roomtenperature. A 1.0 gram

S gnhmrdﬁodhassilica support was reacted with 0.2

of tr thyl al-um num i toluene, (30 ni
(9B, ©" 11,0 B¢ By PetimeOdih R HotkRE StbeTniByfibn ca s used
Sinl wieWasie yrtﬂ’gr(fduus%@ endlistedppPisationd! TheAsdliErs pasduesd
W th several portions of toluene and conbi ned

wkantbechozep-gd cefpolymess Mﬂ@pr}ez@dwzarwlwﬁpé wiglededingar
3%&‘21&1%{/ pBleLt'ﬂgf%ﬁe eTﬁ&m‘?ér Ii&’sto éﬁa PPy %\gs ﬁﬁlﬂenes

over ni om’tenper a réd
medium den81ty polyethylenes low den51ty polyethylenes polypropylene and

polypropylene copolymers. Preferred polymers, typically ethylene based
copolymers, have a density of from 0.86g/cc to 0.97g/cc; density being measured
in accordance with ASTM-D-1238. The term “copolymer”, as used herein, may
mean a polymer derived from 2 or more monomeric types. Preferred monomers
and co-monomers include ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-
heptene, 1-octene, 1-nonene, 1-decene, 1-dodecene, 4-methyl-1-pentene, 5-
methyl-1-nonene, 3-methyl-1-pentene, 3,5,5-trimethyl-1-hexene,

vinylcyclohexane, 1,4-hexadiene, dicyclopentadiene, 5-ethylidene-2-norbormnene,



through a frit under partial vacuum rinsed with
several 10 ml portions of toluene and dried under

wo awaomoys el ding a free flowi ng powder. [00102PCT/US2005/032153
Catal yst 2. The above syntB&sis was repeated. Catal yst
2 was prepared several weeks after catalyst 1 and thus
were of different ages prior to the polynerization
runs. [00103] Catalyst 3 (Conparative). A 1.0 gram

S @picsciohedens, 3-Vingl-DyoromiEne Lok dobibaiidns tHetdo®  PRpllenes
cal ci hed as according to the synthesis in Catal ysf 1

whased pabymessipraide¢edon gdwg@,ta@tfc Mylgomésaﬂ;pyazm Relypiofylene

30 m.s, of The resulting slurry
\/\/aglgc{lgafx‘{j Bj %( Ol pgpag cé)lpn[y%iwkJ room t enperat ur e;
spimspuent | Thé pblyieacof dmuoaﬁﬁienm bfthe awetitidn ey nhve an M,
portions of toluene and_ dr under vacuum

ugIbFEaveragepRisar At weight VAluf fcpn@?’%%%b é%Pr between

L
aﬂms@mpmméry u%ulrmslubrtcatimg arehfeel diheompssitidnisyan M, of B§0 to
ver.ni

o3 0B et o Se8S T b q PORM ABRES M opotymer

PBf &hBemehts bPtHeaRGerfBH will 8 pHEIE Mok EME Wi t distribution
Experinental - Polynerizations: [00105] Int

f MVGW) mghstange pf pHase> &ppes Gontsd orgf Bssur e | S

d i he 1d d h
TH8brver oTBAPRABEGY S 5 TayeROoR iy Be BB mE Y Beiyded
GV&Q%?&H@ fyp 1N6hmnﬁﬁﬂg%)$arﬂlﬂés A %thdf Palynte@erhcAidd linear

- nmononer Pol yneri zati on grade ethyl ene was
umdwaypg ﬁlefkenpsj elastoaterss plastosecrs dight presspeedgh density

S B5lyFlyfehe, S0bH ARSIty BB e SefRhc B LRAS el @M icne

pptﬂp@léné\fcéﬁblﬁhexednaﬁxd’m&ee si eves purchased from
Al drich Chem and a 500 cc .colum packed
w4 7hr i ed war%prgﬂwésbygsmemg%&f fhedm%tlafnaeﬁblends

AHERoR e SBIR AYch Hii L op ity B ¥R, HRLE Wi br R hsion
basd co- e)ttumamaas(vmlkhsibdd)w Civdding aihjeCoopmoldingBraoknelding. Films
R bl st M TumGER Soerteioh buby Btiish oot o
Tehikhmhakiag A s&rEFeALﬁlm\A@eihﬁgfﬁﬁh NAd JrieAfBdAN#AR,

Chenical S, Inc. and used without further purification,

TIQ098} oct y| Insa Dartiendely prefesred emhodinentitine inventdon alrg provides
ngl %1as| With L'Po%er%li] %l&&%gsp\é%sﬁl?) l‘ftregl(llﬁatl Ha etal B {n thg 861'}1%?:1'

Ash is generally measured by ICPES (Inductively Coupled Plasma Emission
Spectroscopy, which is described in "J. W. Olesik, "Inductively Coupled Plasma-
Optical Emission Spectroscopy,” in Encyclopedia of Materials Characterization,
C. R. Brundle, C. A. Evans, Jr. and S. Wilson, eds., Butterworth-Heinemann,
Boston, Mass. (1992) pp.633-644). The polymers of this invention preferably
have an ash content of less than 100 ppm, preferably less than 50 ppm.

Examples

Experimental:



[ 00108] Pol ynerization grade hexane was used and
further purified by passing it through a series of

wa@ 2doann®ss 500 cc Oxycl ear cylinder from Labcl eBET/US2005/032153
(Cakl and, CA) foll owed by &500 cc colum packed with
dried 3A nole sieves purchased from Al drich Chem cal
Conpany, and a 500 cc colum packed with dried 5A nole
si eves purchased from Al drich Chem cal Conpany.

Regoobpr  Desgbjughé RAs pitéhdsed pomaAideiah @Rd @89¢d overnight over a
Pol ymeri zations were conducted in an inert atnosphere

( nedium pptassiumsilioy. L3 DdeBr e 2 m pHbut Ypiselution incteiusne wias
?sﬁ{cﬁgseﬁ %ro nprgzlggg ?e ﬁgbgt%iyﬁtf%ﬂﬁsd &Sr%etxg‘ed .Grac

ernal um i nl ét s,

r Bguisah 048 au@@bvys aﬁtambdl frogeBGrachPdvisgen/ ni t r ogen
m xture, and ethyl ene, and equi pped with di sposabl e
PEEK mechani cal stirrers (400 RPM. The autocl aves

1SLRRESBES FpoRteR kAR W (N S0V 0 L open At HO0C or

E{00t08he/ | - ﬂ‘exﬂmyhhﬁmpoinyﬂgmtédzsﬂlidao HlO[@ﬁhhs Qﬂt]awTGﬁlce-Davison
. n

SR Lo e BERPRL R B e ey Y SR Rah S ofitene

aRCros t¥mBBRNNE SThE feaéucﬁma{s%%tﬂeanich eA fi8AettRi thd feadtit
cases were hydrogen was englo yed, hydrogen was added

nexal to rmtmmeramrs(ﬂvgwm he 3lury wead diligred, Hesederigeseveral
agggltp?’lsty%“% forh @Mt EIRanah r8cilld pressure was next

& et oTS Vit SyFinge. The reactors were

t peo10by OughCataOysp[ omsmytaamanmttwwed(sﬁil&a@)z Ovdihmne, Grace-
stirrin Once at Process terrperature

eDayisen g%aqw vh?aytlwt@%whéﬂ@bﬂabl&w%} Vaueingredigiss et
t gvélﬂ%{le rfﬁéﬂéﬁlﬁtl%ﬁ%@ﬁ%s k&ﬂd 8 uﬁ&%%@a&e& BYHRNRr

di | ue cO- Nono scavenger/ co-cata in the
r epproximatdl @8 hajrs THae sesppimgtsdota sappiry s assuhsrqaesty plaead

n toluene at.a nt te erature essure a .

e nigpeen and ESRleERuropieppeelice. RdBRiHbTa e stica
pEl?ﬁp%Hr\@Qs rl’!éc?ecﬁ\wfth 0@9%51%5 ef ﬂeﬁﬂéluxhﬁluh{‘intd BhRne (30 mls)
pol'ymeri zati on. 011 In the nature that sol utions

asl@nad dibd slprzy \@a,Srallngf@d tcasmemsbt sﬁeﬂuranwm@ea fidtered under

Bl e SR Oa] (ERLRSHaRYORHAT by iRV

SYR0AGE of TN l33\/[pB@@@)§IZJMe2vmappmninmay 30 mels of fduenddiThe SRy
of the 1-hexenel/ scavenger/co-catal yst_sol ution as wel |

adat et 1P Py At pogmnlemppratirpy Bt as st
so % d vaF1 t?{l] IQQCW EecP\QHP el qgrﬁﬁlﬁ MG of oluene

e aut OC aves duri ng polyneri zation
t endvdiiiett wider vacuum yielding a free flowing powder.

[00102] Catalyst 2. The above synthesis was repeated. Catalyst 2 was
prepared several weeks after catalyst 1 and thus were of different ages prior to the
polymerization runs.

[00103] Catalyst 3 (Comparative). A 1.0 gram sample of the
triethylaluminum-treated silica that was calcined as according to the synthesis in
Catalyst 1 was combined with 0.30 mgs of (1,3-MeBuCp),ZrMe; in
approximately 30 mls of toluene. The resulting slurry was allowed to sit
overnight at room temperature; subsequently filtered, rinsed with several 10 ml

portions of toluene and dried under vacuum.



react or gauge pressure (+/- 2 psig). Reactor

tenperature was nonitored and typically maintained
wowdohiontosg - 1C. Pol yneri zati ons were halted byPemtusi0n®082153

of approxi mately 400 psig G2/ Ar (5 nole% O2) gas

m xture to the autoclaves for approximately 30

seconds. The pol yneri zati ons were quenched after

apredeterm ned curul ati ve anount of ethyl ene had been

adOd4pr f oiCazalysadi(GCumpafatidd). ni Ul ganpRmplest tFethyRuminum

[ e reactors were cooled and vented. The pol yner
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wérggﬁeé aﬁk&fi descrbedabavie avas sambHied gvite® 89 mes of Bdronent s

W B [ ' '

e A, bRt £ ] SRBIERE REtGHink Oy was

| iaHewed torsiffauisimaglit.at Reiny teerpecdtiae pxubsequeaty filtered, Gk Ivith
acteri ion results for yet hyl ene

Pal t I
sgﬁ%elrrraggogﬁgoropé%ﬂf i‘guﬁ”ﬁ’ apg dfﬁd?fd’rwgﬁ% yti cal

testing, polyner sanple solutions were prepared by

di |.vi t I in 1,2,4-trichl b TCB,
oSROFINREY - APPSR dr  ohy cont ai i ng 2. 6 di -t er

- lPOU-lY)BLAf' et IR Pihg @ﬁﬂ%ph%&%{p&ﬂ%‘e@gﬁglgﬁn%igtre&%g in

in a shaker oven for approxinate
t pimaesaheres and pasiodepertshuare oncho Thp ebyveesion fackws tot $.0rUniBsare;

1 pSFERalapsds e 8 Mgl 2588 ed 10 1350 1or
testing. [00116] Mol ecul ar wei ghts (wei ght average

| ecul ar wei ght (My) and nunber average nol ecul ar
eefhand (9ymongmenp| ecul ar wei ght distribution (MAD =

L8 o POV AEChiTER: S 86l 3 huf plrlfeq by
Cpissingrntbatgbr steﬁesocrfafohgmrfspﬁg}o lct.is()ﬁtgslzagglti%cﬁr TvehDat gy
T ST E U ANE Y K —
T F AL e T G lh 8 21220 S LB B hstkda witn

\ Mp
sl &4 mede sievaspurahasedsren Ald3SClhamiphle drepangr ABHYES,

1 [ €0l umms ' t hr Pol yner bar at ori es:

YRR B A uBer e e D2 B en ueh
ChdsiaiumfiaqAdirig Ceified GoMpanyeBRcRAM BYSE 1) MR vical
anal yses were perfornmed using Epoch(r) software

aSPAHAIRIHE @c By mpleculaE Big¥e-ogi es. [001 17] Sanpl es

for infrared analysis were prepared by depositing the

stabilized polyner solution onto a silanized wafer. By

t Seayemgrrh 6 Co-capgdystxi mat el y bet ween 0. 12 and 0. 24 ny of
' waf er cell. The sanpl es

DL 2SR PEAAE 5L Shoea o s GRB S
Fiht RindRRed (aiBhidhrther purification. Tri n-octyl aluminum (TNOAL) was
obtained from Akzo Chemicals, Inc. and used without further purification.
[00108] Polymerization grade hexane was used and further purified by
passing it through a series of columns: 500 cc Oxyclear cylinder from Labclear
(Oakland, CA) followed by a 500 cc column packed with dried 3A mole sieves
purchased from Aldrich Chemical Company, and a 500 cc column packed with

dried 5A mole sieves purchased from Aldrich Chemical Company.

Reactor Description and Preparation



equi pped with Pi kes's Mappl R specul ar refl ectance
sanpl e accessory. Spectra, covering a spectral range
woR0080005cm 1 to 500 cm 1, were collected at arP@r/us20d5/032153
resolution with 32 scans.[G81 18] For ethyl ene-
1- hexene copol yners the wt.% copnononer was detern ned
via nmeasurenent of the nethyl defornmation band at
-1378 cm1 . The peak height of this band is
ngooi] zed Pylynteizationsi wert comdudted i¥ 3R ineetatrhospdeie(N,)
corrects, for p?th | ength differences. The normalized
pdEyYbog distagautoglayes eqnpped vithan exderoaldisater fozterppesatugn-control,
c eo 04
b R 0L B At oo mL B S R PR
appprx ohsitroen, Bydnegen/hitrogppmixtirepared sthiléneptandequipped with
appr.oxi 2. AM.% t 0 appr oxi e 23.2 wt % for
naiserteb SRR aice{ahiog! sfrRatadl RARD oo Sgatavesgrasprpared
am thEWRH dryl MESSer MRS oAl B° | .
in9‘Fab% ey [001 19T All do%ﬁrreﬁstgqg’gi%ﬁqﬁggdﬁg?g% Qor s
i hewispor at ed by reference herein, including any
priority docunents and/or testing procedures to the
extent they are not inconsistent with this
S pREyleh & bhiedhe GopdlpmeFipaticint from the foregoing
general description and the specific enbodi nents, )
w9140k or s The reaptor Wiy eFeprisH ap doseribedbabavie) ansk then pirgedhwith

g be . il . .
SRty AT AT e TR B v
Aczzotodi hythy cades wiese Imyalro gemtveascbatplo yeds hydregannwasniddedinge.
l:ld(;ﬂii thereby. CLALNE: Wat is claimed is: 1. A

prBALE to prouion of ISinspuT ndGRynEST /g c2BlyL 8hiSPI ng
atehyiePatiide a‘!‘iﬂ&fﬁs?»dgré $as hexaldiyd @ tHITRBCATRAHIL( SDhe reactors

where the al roups have at |east 2 carbom atons;
"t Were thyn broughtrip prpoessctempetatuna(§566) while stéring pp40Q rpandOnce

t kyl al. uni d ot 3 i ni
e BT PIRRe BE e AR
C thipRessaieeneritted b thd\enapdhrhts gétRyIBSe, ANt 2do-MBASHer?

carbon atons; where the first and second

t FGRXENEPr/8P-GHRlYS BspeAstd( s) nay be the sanme or

of nt. ' i e
SATIE™ . T DRoRERSAS oLl BTy MR
stempeeaturk ane gressure amd addded o the, reitdris ¢A-paddess teMmperature and

magnesi.a, titania, zirconi.a, nagnesjum chloride,
SSHEDI V4 YFINES 25 B AGITY 8 Miftats P MEBERtAes, t al ¢

C{ody$3) Si | | mAhe A tHaM sofitioh§ BreBldHED 4@ syringe, a hexanes

silica-titania, polymeric beads or conbinations

t $pduteqsf was also injected via the same syringe following their addition to insure
that minimal solution was remaining in the syringe. This procedure was applied
after the addition of the 1-hexene/scavenger/co-catalyst solution as well as the
catalyst slurry.
[00114] Ethylene was allowed to enter (through the use of computer
controlled solenoid valves) the autoclaves during polymerization to maintain
reactor gauge pressure (+/- 2 psig). Reactor temperature was monitored and
typically maintained within +/- 1°C. Polymerizations were halted by addition of
approximately 400 psig O,/Ar (5 mole% O,) gas mixture to the autoclaves for

approximately 30 seconds. The polymerizations were quenched after a



3. The process of claim1l wherein the support is

silica. 4. The process of claiml, 2 or 3 wherein the
wGeappoi4shas a surface area in the range of frpon/akmos/032153

10 to about 700 n2/g, and/ @9 a pore volune in the

range of fromabout 0.1 to about 4.0 cc/g and/or an

average particle size in the range of fromabout 5 to

about 500 mm 5. The process of any of clainms 1 to 4

WhsreBétBrnhined Edrhlhti e dn&8E 0Nethylehéhkd/beeh WaHALER for a maximum

conpounds are, independently, represented by the
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c0.qal kyl .6, T roges . cl aj e =) | Sy -

g G A B S B BB R R eyl o

et fyduo. NHEPYtepoite&DRERIY kotalbudiyht,of pobuierland restitudl ottalyst.

tertiary-butx,, pentyl, hexyl, cylohexyl, heptyl,

oc¥iglds #g Hgted iyEalje 1. undecyl , and dodecyl. 7. The

prpsls,afe Qﬁnam%r?{atﬁh?i nm 1 to 4 wherein the first

trra ylra um num conpound conpri ses one or nore of

t r (08 h§]l al unPolymer tharacsarinatign sdsults fou pplyathglene samples are

tri-n-hexy um pum 8., The process of an f.claiml

t orRoTHERabis TP ettt FaPeoraly R S i arere

COPRpare€ By AN8o19 ngTRE Fol9et i €2 AMtHSKIHFIbBYEhe (TCB, 99+% purity

triisobutylalum num and tri-n-hexylalumnum 9. The

pr owsS gwa-Addsictofcontaiiing 2,0-di-gera-butybrtenethylpberfol (BHT, 99%

T e e T

sefigdldohddnbrhlion &f puletth COREOH Ras BerREn 840 0.9 mg/mL with a
triethylalum num 11. The process of any of clainms 1
t oBH Tgeseentration ef 1 25 ;g BHA/mE 0SNG B: rSammics werg spalgato 135°C
coppoupfds are triethylalumnum 12. The process of any
of the above clainms wherein the ratio of alumnumto

Suf@até] el enbhiecias weethty (wenghd atgragdiBpleotlat Wweigha{Mwihend -
support of step 2) to alum numto support .el ement of

t hﬁfmﬁeémrag%ﬂﬁﬁahﬂ Sretept By png el _“?.léi*t Z‘fsni“_a%@.n
13cvWIS =VIRAARS “q{iclfiﬁ)élsgfsoﬁ@ﬁméb&\f&réld BlaSthe Wy Rigerditye

support is silica and the ratio of alumnumto silicon
of (AN of thie pohyantr swegneandaswed by €1 Pyrmeation (hiomategraphy using a

S e T R e TR

- Whedlidrdled BnSpdlpaiient stasddrdc@ oyt iQbsatdrizs Holadtimgheium
to silicon of the calcined support of step

al Gakibratien Bits-M-1Mp fpepk M} kafvveen %QP&;?@fitli‘gO,(iq%épSgyples

| Syl iPT8R At (f)o'rSd $arple temperatures, 165°C oven/columns) using three
Polymer Laboratories: PLgel 10m Mixed-B 300 x 7.5mm columns in series. No
column spreading corrections were employed. Numerical analyses were
performed using Epoch® software available from Symyx Technologies.
[00117] Samples for infrared analysis were prepared by depositing the
stabilized polymer solution onto a silanized wafer. By this method, approximately
between 0.12 and 0.24 mg of polymer was deposited on the wafer cell. The
samples were subsequently analyzed on a Brucker Equinox 55 FTIR spectrometer
equipped with Pikes's MappIR specular reflectance sample accessory. Spectra,
covering a spectral range of 5000 cm-1 to 500 cm-1, were collected at a 2 cm-1

resolution with 32 scans.



15. A process to prepare a supported transition netal
catal yst conpound conprising: 1) conbining a support
wowdoh/0i40s8t trial kyl al um num conpound(s), wherBCT/182005/032153
al kyl groups have at | east 42 carbon atons; then 2)
cal cining the conbination of the support and the
trial kyl al um num conpound(s); then 3) conbining the
- cal cined support with second trial kyl al um num

cpmesnd(s) ForV\éiFr‘j?l@neL N8 e e XbpElyRERIhE AX.8 8dprididaier #as

carbon atons; where the first and second
t d¢tanrmy¢<hmmnmucmnpmfrtbl@mnﬁyl Momm@md et~1378 cm-1. The

t .
chfkHeTER o s F 0 Ry REn A R PBlaBln 14331 g1, which
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and, optionally, a solvent or diluent; then, 5)
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zR@lent eTypitally; Rszoﬁ’_&éEltloﬁs bff 298 ehgreateiidre achieved. These
silica-alumna, silica-titania, polymneric beads or
cBWBbsTa ATegRROTadAs atsight 27 in Fahle by ocess of clai m 15
wherein the support is silica. 18. The process of
claim15, 16 or 17 wherein the support has a surface
aflebleiln PélgmesingoroData.om about 10 to about 700 m/g
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rlange of 1?’6%1’8{?6‘9? 5 to abput 500 gm 19. The pl&ewsk
of any of | dWsight “05|to0 18 wherein the first and
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rieprtalysit 6d bg-Q he f AORI09 N 428000 \her 48ach |R 100250
i ndatpysdent | y2: C2 { 05%84W0al k3450000 Thé.68r ocess B9219
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Cn@ﬂ?b’étp% nnp‘?’rc no pserfOOiOrl ‘@V@Lllm ni - 0.0323
t rCatalyBi2 V1 al 3 num 536,000 | 318,000 1.68 0.0297
Catalyst 2 | 2.9 573,000 | 373,000 1.54 0.0327
Catalyst 2 2.6 575,000 | 371,000 1.55 0.0311
Catalyst 2 2.8 541,000 | 310,000 1.74 0.0304
Catalyst 3 0.002
Catalyst 3 0.002
Catalyst 3 0.002
Catalyst 3 0.002
Catalyst 3 0.002
Catalyst 3 0.002
Catalyst 4 0.007
Catalyst 4 0.009
Catalyst 4 0.01
Catalyst 4 0.01
Catalyst 4 ' 0.012
Catalyst 4 0.012




and tri-n-hexylalum num 22. The process of any of
claim15 to 18 wherein the second trial kyl al um num
W@ 0vpouoss conpri ses one or nore of triethyl al uPETIUR005/032153

triisobutylalum num and t#®i-n-hexylalumnum 23. The
process of any of claim15 to 18 wherein the first

trial kyl al um num conpound conprises triethylal um num

24. The process of any of claim1l5 to 18 wherein the
sqoanngd] t r i alAydcubiEnts e iben berth 40 Miohsiited by reference
triethylal umnum 25. The process of any of claim15

t deregn, wprdvding anyprigrity decuments@dirdesting pracgrutes ta the extent

c . et hyl ' . 26, 7 rocess of ~any.
o PG ieellep BN MR Pio g K paRIeRERER 0 chiboing
c gemdrylstesaiptipawnd tissosppciifis embadimeing, vbile femeaifahe/svention
aﬁgyound" 27. The process of any of clains 15 to 25
BPaen Hiestiated pad dersaibrdvariopsnafifisations fap hamade without
C : . . o, .
orPrAE o (bt AL 4 SPPRCAEHAISHAD ARoRinaly.ifongy
amytensfed chad ithesingéntion b23immikeartbémby.he transiti on netal
cat al yst conmpound conpri ses a phenoxide transition
nmetal catal yst compound. 29. The process of any of
clainms 15 to 28 wherein the transition netal catalyst
conpound conprises at |least two different transition
cat al yst compounds. 30. The process of any of clains
15 to 25 wherein the transition netal catalyst
conmpound conpri ses one or nore of:
rc-di met hyl silyl -bi s(i ndenyl) haf hi undi net hyl ,
rac-di met hyl si |l yl - bi s(i ndenyl ) haf hi undi chl ori de,
rc-di met hyl silyl-bis(indenyl)zirconiundi net hyl,
rac-di met hyl sil yl - bi s(i ndenyl ) zi rconi undi chl ori de,
rc-di met hyl silyl -bi s(2-nethyl -4-phenyl -i ndenyl ) ham und
i met hyl ,
rac-di met hyl si |l yl - bi s(2-net hyl - 4- phenyl -i ndenyl )
haf hi undi chl ori de,
rac-di net hyl sil yl - bi s(2- net hyl - 4- phenyl -i ndenyl )
zi rconi undi net hyl , '
“rc-dinmet hyl sil yl -bi s(2-nmethyl -4-phenyl -i ndenyl)
zi rconi undi chl ori de,
rac-di nmet hyl sil yl - bi s(2-net hyl - benzi ndenyl ) haf hi undi me
-thyl, rc-dinethylsilyl-bis(2-nethyl-benzindenyl)
haf ni undi chl ori de,
rc-di met hyl silyl-bis(2-nethyl -benzi ndenyl)
zi rconi undi net hyl ,
rac-di met hyl sil yl - bi s(2-net hyl - benzi ndenyl)
zi rconi undi chl ori de,



rac-di met hyl silyl - bi s-(2-nethyl -i ndenyl)
zi rconi undi net hyl ,
WO 2@ediqvss hyl si |l yl - bi s-(2-met hyl -i ndenyl) PCT/US2005/032153
haf hi undi net hyl , 42
rac-di met hyl silyl - bi s-(2-nethyl -i ndenyl)
haf ni undi chl ori de,
rac-di met hyl sil yl - bi s-(2-net hyl -i ndenyl )
zi rconi undi chl ori de,
rac-di met hyl si |l yl - bi s(2-net hyl - 4- napht hyl -i ndenyl ) haf h
| Gl MBSy |,
r"c-di met hyl silyl-bis(2-nethyl-4-napht hyl -i ndenyl)
zi rconi undi chl ori de,
I §had isepdimel $d: | vyl - bi s(2- met hyl - 4- napht hyl -i ndenyl )
haf ni undi chl ori de, r
C- dinethylsilyl bi s(2- met hyl - 4- napht hyl -i ndenyl)
z rcon
L o epare a sppvortgomprising. ()
r<3c- ell)”]yl emmlnmn{gl zmi@pgrrlt )Nlmafﬂrstlmuﬂikglalwmmdm, compound(s),
rac-eth Ien s(i nde i met hyl
c-et hy ]B‘? %Q‘V]nﬁg rg FlaE Iatt)‘?nfl%éhen
rac-di E’ft hYLzﬁélh)ﬂg thé §(§1§blﬂ§ﬁcm’$f tie glﬁ)pbff%h@ We tBRRGWIIminum
i ndenyl”) haf hi undi'net hyl , r
c-dinEtMypwnﬁyﬂﬂbﬂs(z nethyl 4-(2' -met hyl - phenyl ) -
| ndenyltx hat hi u % d ort yvith second trialkylaluminum
i oy s IPRIDEEER Funpor yith sepond wighalgypi
i ndenybarﬁ?&ﬁﬂ(ﬁ) LWIi’drHﬁie’Bﬂkyl gréups have at least 2 ca.rbon atoms;
c-di met hyl si | bi s(2- et hyl -4- (2" - met hyl - henyl)-lnde
nyl ) vahg@ﬁh@%ﬁslt anpd @ﬁcp%m kylalummum compound(s) may be the
C- dlne %%@ ﬂ(hﬁ% pi s(2- et hyl - 4- (4" - met hyl - phenyl ) -
i ndeny hiu |nethl
, mc-di met hyl silyl - bIS(2 nethyl 4- (4" - et hyl - phenyl ) -
|nden [ ) haf hi u Ior
r é- di mﬁﬁmog?qs;ﬂ rg(lzwhféfelﬁﬁle spPpart 153l qctad froma tha group
' ndenyl:érﬁs’hﬁgef SHYEL, M By Elhcé “alumina, 51hca-alum1na magnesia,
c-di met hyl si Tyl - bi S(2- met hyl'- 4- (4l - met hyl - phen )-|nde
nyl ) ztitaponzioeomia m@ncsuhgn chloride, montmorillonite, phyllosilicate,

IC n S Ie gtﬁ fé?ssl *a%‘u ﬁﬁyﬁ%hc)grctllrc){muﬁl (51 ica-a urngm;? ustll}/ca-tRh 8 n’y 1) -

rac- di 16 bbads-opicsmBmaRékutherdof 4' - tert - butyl
- phenyl ) - i ndenyl) haf hi undi chl ori de,
rc-di met hyl silyl-bis(2-nethyl-4-(4"-tert-butyl

-Bhenylpg process of claim 1 wherein the support is silica.

4. The process of claim 1, 2 or 3 wherein the support has a surface area in the

range of from about 10 to about 700 m2/g, and/or a pore volume in the
range of from about 0.1 to about 4.0 cc/g and/or an average particle size in

the range of from about 5 to about 500 pm.

5. The process of any of claims 1 to 4 wherein the first and second
trialkylaluminum compounds are, independently, represented by the

formula Al(R);, where each R is independently a C2 to C40 alkyl.



i ndenyl ) zi r coni undi net hyl ,
rflc-dinmethylsilyl-bis(2-nmethyl-4-(4"-tert-butyl-pheny
wo e060d®88/1 ) zirconi undi chl ori de, PCT/US2005/032153
rc-di met hyl silyl-bis(2-nethgl-4-(4"-tert-butyl-phenyl)
- i ndenyl) haf hi undi et hyl ,
rac-di nmet hyl silyl -bis(2-nethyl-4-(4"-tert-butyl
- phenyl ) - indenyl) haf ni undi chl ori de,
r 8- di TBE Pivcsdslo¥ bralth S(whergih Ry Bid fhdepeRbéntBicldcted from the
- phenyl ) - i ndenyl ) zi r coni undi net hyl
rac- di mupypmnstyl@qﬁ csﬂm n@phl,nsonmpnl butah, m-piiyly isopwiahy |

) -inde | on|

r ac-di %?%W% )ﬁ,ﬁen %g{rlog&(y}r heP té/}’tocgﬂ’t c1ny1p ﬁig%ﬂ ) -
ndeny | fdeck’ el xecd
(4'-tert-buty|-pheny|)-indenyl)hafhiundinethyl,

rac-di methyl silyl-(2-methyl-4-(4'-tert-butyl

h
AP The pREERk? of SRRV 4 wherein the first tigliylaluminum

r ac- di cahpyungicoyiprié&-aneton ydord of diethydaltminuiny fri-

AP?ipyl @é9@EW§P&%h@H€opéﬁﬁggﬂVngF?coniundichloride

rac-di methyl silyl-(2-nmethyl-4-(4"-tert-butyl
- phenyl ) -i ndenyl ) (2-i sopf yl -
48 4" - The progessyif aph eﬁgllal)n 1 mjé mhketei the segomddiiatsylalpmingm

gf ﬂ: gen%orﬁ%& | lylom?)ln‘g’ s‘one orrllr}/ore oftrleﬂxyllasluxgm%wl 31 ndenyl)h

rac- di fsebitylafirhihmbarsd Zi-ihetyaludhifuntli | sopr opyl i ndenyl )
zi rconi unmdi nmet hyl , r :
c-di net hyl silyl -bi s(2-nethyl -4, 6-diisopropylindenyl)

Zyr e omtl‘HQPfSol‘EngQ)rf'aﬂ}e c(,)jéélalms 1104 wgeram the first trlallkyla uminum

c-dine bis neth I'1 Sopropy eny
ham u rrckbmj)‘rbumldl cdmprises trlethylalummum

Bi s(cycl opent adi eneyl ) zi r coni undi chl ori de,

Bi s(cycl opent adi enyl ) zi r coni undi et hyl ,

Bi.( pemh@%&é&'&w ePaRad @)rwhéréinrtﬁesucuﬂai trs:a!mtﬁmh%mn
Bi s entanet hyl cyclopent adi eny”zi rconi undi et hyl”,

Bi s( cycdropamdadingnisss tyi¢thalalummumy| cycl opent adi enyl ) zi r
coni undi chl ori de,

Bi s(cycl opent adi enyl ) ( pent anet hyl cycl opent adi enyl ) zirc
onj UndTRepfoytss of any of claims 1 to 4 wherein the first and second

trialkylaluminum compounds are triethylaluminum.

12. The process of any of the above claims wherein the ratio of aluminum to
support element (as determined by XPS) of the calcined support of step 2)
to aluminum to support element of the treated support of step 3) is about

2:1 or less.
13.  The process of any of the above claims wherein the support is silica and
the ratio of aluminum to silicon of the calcined support of step 2) to

aluminum to silicon of the treated support of step 3) is about 2:1 or less.

14.  The process of any of the above claims wherein the support is silica and



Bi s(1- et hyl , 4- butyl cycl opent adi enyl ) zi r coni undi chl ori
de,

w@e@bh4488 hyl ~- but yl cycl opent adi eny”zi r coni undPeeUR2005/032153
Bi s(1- et hyl ~- butyl cycl opertadi enyQzi r coni undi met hoxi d

€,

Bi s(|-nmet hyl, 4-butyl cycl opent adi enyl ) zi r coni undi benzyl
, Bi s(1- nmet hyl - but yl cycl opent adi enytyzi r coni undi f | uori
de, the ratio of alummum to silicon of the calcmed support of step 2) to

Bi s(1-met hyl , 4-buty cl opent adi enyl ) zi rconi u | am de,
Bi s( 1- Alpminum to sitiean @i{thd: tprierd suppert pf Step A israbawic). 83l oF fess.
de,

Bi s( 1- net hyl - et hyl cycl opent adi enyt yzi r coni undi et hyl ,
Bilj 5.( 1- KEjrboess b fepay b GiSPoptee frandiiGiink)at titalgst defipoaid or
i de,

Bi s(1- ﬁ@{l}mqmg benzyl cycl opent adi enyt yzi rconi undi net hyl

. first. trialk , . .
Bi s (1 - et hy O3B SPRY G Bah L Ay P e O |°%‘F1‘f(c?f i
de, where the alkyl groups have at least 2 carbon atoms; then
Bi s(l-peth

s Ere ycalgmk;l%tt?{é c n(illng tleOrI]ltO t e S ppz)rztlalrlg Q:I ti’llal y{T?

Bi s(I- %Mndé)qhg; opyl cycl opent adi enyl ) zi r coni undi chI
ori de,

Bi s(| - et hytorbiningrtbasdlciped syppart adiheegond iriabivtlumigbmet
hyl ,

Bi s ( 1- RUPRANAE); herp s ald P8R BAYSAIERy  FEPPR B i

hl or i d@here the first and second trialkylaluminm compounds may be the same or

Bi s(1- net hyl ~-i so- propyl cycl opent adi enyt yzi r coni undi ne
thyl , different;

Bi s(1, é"') S: g rﬁé{ :nﬁ-)zéctbopen 1?1%50%’1}% é&zﬁ&ﬁ&i bﬁ%ﬁﬁeﬁ%@cond

Bi s(I, I enyl)zirconiu
Bi s(n- maﬂgydlnmnimpemhpxﬂmd(sy Ww)ithi ar teemisitionu et il catal y$e compound

Bi s(n- l.c tad| en conl undi met hyl ,
Bi s(n- g"f Bé Y%P&Péﬂ'i‘f%“ theloni urdi f 1 uori de,
Bi s(n- Opybﬁ’(Y&]aH?er@ﬁl@dfn@Wé Jofvenf ONditiEE. am de,

Bi s(n- propylcyc opent adi ényl ) zi r coni undi benzyl ,
B!s(n propylcyclopentadlenyl)2|rconlundlnethOX|de

n- propyl c ent dien [ ),haf hi undi chl or.i.de
(- BhORPrE A SRER A3 R ISR sERp IR the group

BI S( n BorRRYihE BE 4oL Faraed ﬁnyd hhuahigh, isuredidiirda) Gegnesia,
Bi s(n-propyl cycl opent adi en hafhlundlanlde
Bi s(n- Bwa@yzw%p@ﬁﬂ%%ﬁglor%ﬂmmwnﬂew@ phyllosilicate,
Bi s(n- \A® a |
Bi o n- BT B GRS MR A e TR, A fonie,
Bi s(n- bmyyknybémpembadbemy@ﬁzhﬂemmiundinethyl,
Bi s(tert-butyl cycl opentadi enyl ) zirconi undi chl ori de,

17.  The process of claim 15 wherein the support is silica.

18.  The process of claim 15, 16 or 17 wherein the support has a surface area in

the range of from about 10 to about 700 m2/g, and/or a pore volume in the
range of from about 0.1 to about 4.0 cc/g and/or an average particle size in

the range of from about 5 to about 500 um.

19.  The process of any of claims 15 to 18 wherein the first and second



Bi s(tert-butyl cycl opent adi enyl ) zi rconi undi net hyl ,

Bi s(benzyl cycl opent adi enyl ) zi r coni undi chl ori de,
wde@6hernzs/ | cycl opent adi enyl ) zi rconi undi net hyl , PCT/US2005/032153

Bi s(benzyl cycl opent adi enyl ¥ pent anet hyl cycl opent adi eny

|')zi rconi undi e thyl,

Bi s(benzyl cycl opent adi enyl ) ( pent anet hyl cycl opent adi eny

[ )zirconiundi chl oride,

lBI) s(pr &m%lﬁhmﬁﬂ teep itk hied HAeFRIERYY, GYstbRARALIIhE NY

zi rconi undi ne

Bi s( pr &pyiuda 8l(Bpee mham caply R)ig prispendenthy & €240 698rlkadli eny

| )zirconiundi chl oride,

Bi s(propyl cycl opent adi enyl ) (t et ranet hyl cycl opent adi eny

| p@i r cTRE Prodes¥RIf chi. 19 wherein each R is independently selected from the

Bls(propylcyclopentadlenyl)(tetranethylcyclopentadleny
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26.  The process of any of claims 15 to 25 wherein the transition metal catalyst
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Bis(tert-butylcyclopentadienyl)zirconiumdimethyl,
Bis(benzylcyclopentadienyl)zirconiumdichloride,
Bis(benzylcyclopentadienyl)zirconiumdimethyl,
Bis(benzylcyclopentadienyl)(pentamethylcyclopentadienyl)zirconiumdime
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31. A method to polymerize olefins comprising:
A) preparing a supported transition metal catalyst compound by a
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rac-di met hy |Iy y | - nyl )
denyl) zir C% LU n%?rghxfl{r% MREY badined’ %b@a( RRENYL) -debond
rac- di met hytirilkytalutmimn - w’mﬂsrbyhe Ayl 'grdups thaleitay llegsh @ roakbon
) - i ndenyl ) haf hi undi net hyl ,
rac- di met hyPtQmsyI bi s(2-met hyl -4-(4' -tert-butyl
-phenyl ) - i felgdthe Hgdt And S8HoRA Ik ASluminm compounds may be the
rac-di methyl silyl-bis(2-methyl-4-(4"-tert-butyl
-phenyl ) - | mgﬂfﬁﬁfﬁl@obm urdi met hyl, r
c- di met hyl sj bIS h t - but vl.-ph I
i ndenyl ) zi f} onl €Q ot?ll égr’nﬁlrngmon LeR B NP5 h3d the
c- di met hyl sidcghd bﬁaﬁl(}aalﬁﬁﬁrhmh with(2ranisRioh nhéthlydat40ye Bythpound
i ndenyl ) haf hi undi et h
rac-di net hyﬁ%q P?Tloltﬁlli(%squﬁlﬁw didugngy thener ¢ - put yI
- phenyl ) - eny :
rac-di net hy jsjl Iy thlﬁf {lg%rrgﬂto ﬁﬂﬂ%@]ﬁé %ZV entt 8rr (thh‘g'n%’ﬁlen recoveting
-phenyl)- i méesnyﬂ)c)rmdrtmsmunmamuly]yst compound; then :

[ ?anggslt ;] l:c?nltzll 1ngt es éuppofte({1 t\{ansmo métgllecra%alyslil megun%n»xlth

one or more olefins.
32. The method of claim 31 where the olefins comprise ethylene.
33.  The method of claim 31 where the olefins comprise propylene.

34.  The method of claim 31 wherein the olefins comprise ethylene and

propylene.

35.  The method of claim 31 wherein the olefins comprise ethylene and a
comonomer selected from the group consisting of propylene, butene,
pentene, hexene, heptene, octene, nonene, decene, undecene, dodecene,
hexadecene, 4-methylpentene-1, 3-methylpentene-1, 3,5,5-

trimethylhexene-1, 5-ethylnonene-1, and isomers thereof.



zi rconi undi chl ori de,
rac-di met hyl silyl-(2-nmethyl-4-(4"'-tert-butyl -phenyl)-i
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(4'-tert-butyl -phenyl)-indényl) haf hi undi net hyl , rc-di ne
thylsilyl-(2-methyl-4-(4"-tert-butyl
- phenyl ) -i ndenyl ) (2-i sopf vyl -
4-(4' -tert-butyl -phenyl)-indenyl)hafiiiundichloride,
rag: di rfehydigdd ?ﬁ* clhifr P hMbinAné Slefih@EdmpYide)ropylene and a
- phenyl ) -i ndenyl) (2-1 sopf vyl -
4- (4" - tcemonpmerydelqotedfydn thergteny ¢onsisting f ethyliend: lbutende |
r ghgln;rrptfg -eh%g{%«:aqeg é@ qg%eg clzt%f'e_, glg'nente,e 5etcer?elftu}{cliecene, dodecene,
4- (4 ;t}ﬁkidebéﬁeyhm%iﬁﬂ%éateﬂenﬂ,esnmhﬁl ipeené-yN3isFet hyl
rac-di met hyl silyl -bis(2-nmethyl -4, ;dllsoEropyl-lndenyl
) haf i i itimgthythengne-1, 5-ethylnonene-1, and isomers thereof.
rac-di met hyl silyl - bi s(2-net hyl -4, 6-diisopropylindenyl)
zi rconi undi et hyl ,
r 87- di Mechydthod yf anyl of B B hyd 36lwherdin the polgmelizatiterydenrs
zi rconi.undi chl ori de,
rac- di Athe8a8Ph3se- bi s( 2- met hyl - 4, 6- di i sopr opyl i ndeny!)
haf hi undi chl ori de,
Bi s(cycl opent adi eneyl ) zi r coni undi chl ori de,
Bi38( cy Ihepesthadiofanyl of zlaime Al (3 whertain the polymerization occurs
Bi s( pent anet hyl cycl opent adi eneyl ) zi r coni undi chl ori de,
Bi s enﬂ%ﬂﬁ?%?%% SBpent adi eny”~zi r coni undi net hyl ,
Bi s(cycl opent adi eneyl ) (pent anet hyl cycl opent adi enyl ) zi r
coni undi chl ori de _ ) o
Bi39( cy dThspesthedivkany of clrims Akria 38 Whgisindhe senpartdnilis r ¢
oni undi net hyl ,
Bi s(1- net hyl , 4- but yl cycl opent adi enyl ) zi r coni undi chl ori
det0.  The method of any of claims 31 to 39 wherein the first and second
Bi s(1- net hy| ~- but yl cycl opent adi enyt yzi r coni undi et hyl ,
Bi s( 1- tEtlkylalunyppg coRpPeHdst 4 elﬁémﬁffi%lym @H{ﬁsmfﬂo%i the
de’ ..
Bi 5( 1- Ry A By Ty P e At Bty 2T P cont urmdl benzy! |
Bi s(1- et hyl ~- butyl cycl opent adi eny”zi rconi undi f| uori de

Bid( 1- maeryrthad gf clainas 4P Sphersin drehfi s 2ndepanentiisgierigd from

Si s( 1- 1RS ByupAoRbibiAL ¥E | ABENERAYIC obIoplT, R UnThus)l] @bbutyl,
ea

Bi s( 1- riettinn-butyl, hpentyle | kepaht apbewydhz heptyhi oekyl neemyly  decyl,

Bis(l-q&hg%k%éﬁQQH&%hcyclopentadienyl)zirconiundichlor

I 1

de
Bi s(1- met hyl *- benzyl cycl opent adi eny”zi r coni undi net hyl ,

Bi s(1-nethyl, 3-butyl cycl opent adi enyl ) zi r coni ichl ori
délZ( The rr¥ethod ofLJ an%/ of%faimg gl to ’% wﬂgre?n the %rst trlila ylalt&m?nurn
compound comprises one or more of triethylaluminum,

trimethylaluminum, tri-isobutylaluminum, and tri-n-hexylaluminum.
43.  The method of any of claims 31 to 39 wherein the second
trialkylaluminum compound comprises one or more of triethylaluminum,

trimethylaluminum, tri-isobutylaluminum, and tri-n-hexylaluminum.

44,  The method of any of claims 31 to 39 wherein the first and second



Bi s(1- met hyl -butyl cycl opentadi eny zirconi undi net hyl ,
Bi s(I - nmet hyl, 3-n-propyl cycl opent adi enyl ) zi r coni undi chl
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Bi s(I -met hyl, 3-n-propyl cycls®pent adi enyl ) zi r coni undi et
hyl ,

Bi s(I1-nethyl, 3-iso-propyl cycl opent adi enyl ) zi r coni undi c
hl ori de,

Bi s(| - mealkylalugsineo-cpmppyhdsiace theaamadi enyl ) zi r coni undi m
et hyl ,
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Bigs( 1, Fpdi ﬂi@thh&lgyﬁh RENERHAELRY ! b2 56 CY érgr‘ilﬂlenﬁ} P¥%hd second
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Bi s(n- propylcyclopentadlenyl)2|rconlundlfluorlde,

Bi s(n-propyl cycl opent adi enyl ) zi rconi undi am de,

Bids( n- Mhemetitoacd feng B 8RRy 1739 WRGEMTRE RRP&¥Ikylaluminum

Bi s(n-propyl cycl opent adi enyl ) zi r coni undi et hoxi‘de,
Bi s(n- ﬁ?‘@ﬁ?‘FWﬁ%ﬁ@ﬂWMﬂWhﬁﬁm undi chl ori de,

Bi s(n-propyl cycl opent adi enyl ) haf hi undi net hyl ,
Bis(n-propylcyclopentadienyl)hafhiundifluoride,
B4Z( n- ﬂhemelthtylodfapgbf aldirenyl fols3f wihersiEliteiedenddi S(n- pr op

yl cycl di enyl ) hafiiiundi benzyl,
Bi sCn- ﬁ’%@%ﬁ)iﬁ %ﬂaé‘ﬁ%?ﬁ nd SoBIPEISER ity b,

Bi s(n-butyl cycl opent adi enyl ) zi rconi undi chl ori de,
Bi s(n-butyl cycl opent adi enyl ) zi r coni undi net hyl ,
B#8( t edhe bl?tfyﬂldc;f ahp pbetais Hnipl 307vherein thfiist irdosctote

Bi s(t I ta ndi et hyl ,
51 o( bl PRERRS P GBI or t ac.

Bls(benzylcyclopentadienyl)zirconiundlnethyl

Bls(benzy clopentadlenyl (pentanethylcyclopentadleny
%, rcd gﬁé} @wpf claims 12 1 to 48 wherein the transmon metal catalyst

Bls(be p anet C eny
1) zi rc%ﬁrl}{% Cﬁﬁff)ﬁg@s t?&X %cﬁﬁ% ent tran¥ 10¥x 99 ca%a yst
Bls(prcqmmanwdkopentadlenyl)(pentanethylcyclopentadleny
[ )zirconiunmdi nme thyl,

Bi s(propyl cycl opent adi enyl ) (pent anet hyl cycl opent adi eny

| 3@ r coRd HiEtHoahdf £y Sflaims 31 to 49 wherein the ratio of aluminum to

support element of the calcined support of step 2) to aluminum to support

element of the treated support of step 3) is about 2:1 or less.

51.  The method of any of claims 31 to 50 wherein the transition metal catalyst
compound comprises one or more of’

rac-dimethylsilyl-bis(indenyl)hafniumdimethyl,
rac-dimethylsilyl-bis(indenyl)hafniumdichloride,
rac-dimethylsilyl-bis(indenyl)zirconiumdimethyl,
rac-dimethylsilyl-bis(indenyl)zirconiumdichloride,
rac-dimethylsilyl-bis(2-methyl-4-phenyl-indenyl)hafniumdimethyl,
rac-dimethylsilyl-bis(2-methyl-4-phenyl-indenyl) hafniumdichloride,
rac-dimethylsilyl-bis(2-methyl-4-phenyl-indenyl) zirconiumdimethyl,
rac-dimethylsilyl-bis(2-methyl-4-phenyl-indenyl) zirconiumdichloride
rac-dimethylsilyl-bis(2-methyl-benzindenyl)hafhiumdimethyl,
rac-dimethylsilyl-bis(2-methyl-benzindenyl) hafniumdichloride,
rac-dimethylsilyl-bis(2-methyl-benzindenyl) zirconiumdimethyl,

’
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a
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di br onv@edimethylsilyl-bis(2- methyl 4-(2'-methyl-phenyl)-indenyl)

Di et hyirmmh}mmChIOedc,arret hyl cycl opent adi enyt yzi r coni und
i benzylgc-dimethylsilyl-bis(2-methyl-4-(4'-methyl-phenyl)-
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t adi enyho-diendiignd égﬂg@hieqwlde(m-met 1-phenyl)-
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1ndenyl)hafmumd1methyl
rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl -phenyl)-
indenyl)hafniumdichloride,
rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl -phenyl)-
indenyl)zirconiumdimethyl,
rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl-phenyl)-indenyl)
zirconiumdichloride,
rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl-phenyl)-
indenyl)hafniumdimethyl,
rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl -phenyl)-
indenyl)hafniumdichloride, '
rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl -phenyl)-
indenyl)zirconiumdimethyl,
rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl-phenyl)-indenyl)
zirconiumdichloride,
rac-dimethylsilyl-(2-methyl-4-(4'-tert-butyl-phenyl)-indenyl)(2-isoprpyl-4-
(4'-tert-butyl-phenyl)-indenyl)hafhiumdimethyl,
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tadi enyl) zirconiundifluoride,
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Di net hyﬂaaidlmbtbyﬁﬂyl-mhﬁéthﬁ bhptdiksptepy@pent adi enyl ) zirc
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Di et hyP&(CyGPpey lelﬁm?ltm@tbﬂﬁ P dé%‘él’)?‘é‘mnéﬁwl thyl,
coni urrglﬁ@ﬂ%l qhylz -butylcyclopentadienyl 21$:gnlumdlchlonde v

Di et hﬂlstilhyxbtbvls{ butykstyhlopeiBadienyl)zirgohiopdimettyleny| ) zi r c

oni undiBik{lamettigl,4-butylcyclopentadienyl)zirconiumdimethoxide,

Di met hyBis{1hyitthiys4-butykiyblperdadieh y)An chiopditeagylenyl ) zi r c

oni undimetlbykthy- Bﬁﬁyhbyk:E)'phﬁ‘th(hbﬁ)(lizncomumdlﬂuonde

- met hy|Bi3¢10REMPYA-BUSASQBRBERE B ) rconiumdiamide
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E: :nggﬂl 1 enzy c openta(ﬁe yl?zp ﬁ&%&ﬁh&% d%dl enyl )
op
G h% g e o)

zi rconi

Di et h lgﬁlrrwbv %butzlcapmﬁrrmlew}zagewtl@éi@mﬂ) Zi r coni u
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Bis(1 -methyl 3-n-propylcyclopentadienyl)zirconiumdimethyl,
Bis(1-methyl,3-iso-propylcyclopentadienyl)zirconiumdichloride,
Bis(1-methyl,3-iso-propylcyclopentadienyl)zirconiumdimethyl,
Bis(1,3-dimethylcyclopentadienyl)zirconiumdichloride,
Bis(1,3-dimethylcyclopentadienyl)zirconiumdimethyl,
Bis(n-propylcyclopentadienyl)zirconiumdichloride,
Bis(n-propylcyclopentadienyl)zirconiumdimethyl,
Bis(n-propylcyclopentadienyl)zirconiumdifluoride,
Bis(n-propylcyclopentadienyl)zirconiumdiamide,
Bis(n-propylcyclopentadienyl)zirconiumdibenzyl,
Bis(n-propylcyclopentadienyl)zirconiumdimethoxide,
Bis(n-propylcyclopentadienyl)hafniumdichloride,
Bis(n-propylcyclopentadienyl)hafhiumdimethyl,
Bis(n-propylcyclopentadienyl)hafniumdifluoride,
Bis(n-propylcyclopentadienyl)hafniumdiamide,
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Dimethylsilylbis(cyclopentadienyl)zirconiumdiamide,
Dimethylsilylbis(cyclopentadienyl)zirconiumdifluoride,
Dimethylsilylbis(cyclopentadienyl)zirconiumdiiodide,
Dimethylsilylbis(cyclopentadienyl)zirconiumdibromide,
Dimethylsilylbis(pentamethylcyclopentadienyl)zirconiumdichloride,
Dimethylsilylbis(pentamethylcyclopentadienyl)zirconiumdimethyl,
Dimethylsilylbis(pentamethylcyclopentadienyl)zirconiumdifluoride,
Dimethylsilylbis(pentamethylcyclopentadienyl)zirconiumdimethoxide,
Dimethylsilylbis(pentamethylcyclopentadienyl)zirconiumdiamide,
Dimethylsilylbis(pentamethylcyclopentadienyl)zirconiumdibromide,
Dimethylsilylbis(pentamethylcyclopentadienyl)zirconiumdibenzyl,
Dimethylsilylbis(cyclopentadienyl)(pentamethylcyclopentadienyl)
zirconiumdichloride,
Dimethylsilylbis(cyclopentadienyl)(pentamethylcyclopentadienyl)
zirconiumdimethyl,



53. The process of any of clains 1 to 30 where the
first and second trial kyl al um num conpounds are
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cat al y SimehiyRelynik( DynethRIARSIS cq@;smdd%nglgmé&mumdlbromlde
conbi NiDigeth ﬁsupw(l-nmﬁﬁ 4%Jty1t:§éloﬁe&1'ca%1 uoride,
conpoumimeth Rty s(P— e‘i:l‘l '4% 1 gc )%lco untl gmlde
sgpporblﬁ@@x tsn1tdl -2l 1% iAol

the ca é LD 2 echd r| aI kyI aI um num
“nﬂirﬁe i %&]{b Ll

’u m nm conpounds
ylc tadieny rqqqglmdlbenzyl
combi ngrsHY f?él B?F}by ’ﬁé‘(ﬂh% taﬁ’ﬁ&ﬂﬂﬁ@%@@@ﬁhdﬂonde
trialk I&F@W SHMIM Sl -isthyLreinde Xl apenisdicay)enoaiupstimethyl,
‘conpou ethylsilylbis(1-methyl,4-benzylcyclopentadienyl)zirconiumdichloride
Dimethylsilylbis(1-methyl,4- -benzylcyclopentadienyl)zirconiumdimethyl,
Dimethylsilylbis(1-methyl,3- -butylcyclopentadienyl)zirconiumdichloride,
Dimethylsilylbis(1-methyl, 3-butylcyclopentadienyl)zirconiumdimethyl,
Dimethylsilylbis(1-methyl,3-n-
propylcyclopentadienyl)zirconiumdichloride,
Dimethylsilylbis(1-methyl,3-n-
propylcyclopentadienyl)zirconiumdimethyl,
Dimethylsilylbis(1-methyl,3-iso-
propylcyclopentadienyl)zirconiumdichloride,
Dimethylsilylbis(1-methyl,3-iso-
propylcyclopentadienyl)zirconiumdimethyl,
Dimethylsilylbis(1,3-dimethylcyclopentadienyl)zirconiumdichloride,
Dimethylsilylbis(1,3- -dimethylcyclopentadienyl)zirconiumdimethyl,
Dimethylsilylbis(n-propylcyclopentadienyl)zirconiumdichloride,
Dlmethylsﬂylbls(n-propylcyclopentad1eny1)21rcon1umdlmethyl
Dimethylsilylbis(n-butylcyclopentadienyl)zirconiumdichloride,
Dimethylsilylbis(n- -butylcyclopentadienyl)zirconiumdimethyl,
Dimethylsilylbis(tert-butylcyclopentadienyl)zirconiumdichloride,
D1methy1s11y1b1s(tert-butylcyclopentadleny1)21rcon1umd1methyl
Dimethylsilylbis(benzylcyclopentadienyl)zirconiumdichloride,
D1methy151Iylbls(benzylcyclopentadlenyl)zucomumdlmethyl

DlmethyISIlylbls(benzylcyclopentadlenyl)(pentamethylcyclopentadlenyl)
zirconiumdimethyl,

b



and,

optionally, a solvent or diluent; then, 5)

optionally, renoving the solvent or diluent, then

WO eweMershg t he supported transition netal
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compound; then B) contacti 3§ the supported transition

met al

catal yst conmpound with one or nore ol efins. 59.

The process of claim57 or 58 where the trial kyl

| ected fromtrimethylal um num

i num conpound. is s ! ;
glqgmt [ Z,ﬁl Fglpltllpﬂgﬁ{hquﬁcyc opentadlenyl)(pentamethylcyclopentadlenyl)

52.

53.

54.

55.

56.

rumdichloride,
Dimethylsilylbis(propylcyclopentadienyl)(pentamethylcyclopentadienyl)
zirconiumdimethyl,
Dimethylsilylbis(propylcyclopentadienyl)(pentamethylcyclopentadienyl)
zirconiumdichloride,
Dimethylsilylbis(propylcyclopentadienyl)(tetramethylcyclopentadienyl)
zirconiumdimethyl,
Dimethy]silylbis(propylcyclopentadienyl)(tetramethylcyclopentadienyl)
zirconiumdichloride,
Dimethylsilylbis(tetramethyl,propylcyclopentadienyl)(pentamethyl—
cyclopentadienyl)zirconiumdimethyl,
Dimethylsilylbis(tetramethyl,propylcyclopentadienyl)(pentamethyl-
cyclopentadienyl)zirconiumdichloride,

' Dimethylsilylbis(tetramethyl,propylcyclopentadienyl)(cyclopentadienyl)
zirconiumdimethyl, and
Dimethylsilylbis(tetramethyl,propylcyclopentadienyl)(cyclopentadienyl)
zirconiumdichloride.

The process of any of claims 1 to 30 where the first and second

trialkylaluminum compounds are the same.

The process of any of claims 1 to 30 where the first and second

trialkylaluminum compounds are different.

The process of any of claims 31 to 51 where the first and second

trialkylaluminum compounds are the same.

The process of any of claims 31 to 51 where the first and second

trialkylaluminum compounds are different.

A méthod for preparing an active supported catalyst comprising:

a) removing polar surface groups by treatment with an aluminum
alkyl and calcination;

b) contacting the treated support with further aluminum alkyl; and

c) contacting the aluminum alkyl treated support with a halogen-free

transition metal catalyst compound.
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57.

58.

59.
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A process to prepare a support comprising:

1) combining a support with first trialkylaluminum compound(s); then
2) calcining the combination of the support and the trialkylaluminum
compound(s); then

3) combining the calcined support with second trialkylaluminum
compound(s);

where the first and second trialkylaluminum compound(s) may be the

same or different.

A process to polymerize olefins comprising:
A) preparing a supported transition metal catalyst compound by a
process comprising:
1) combining a support with a first trialkylaluminum
compound; then
2) calcining the combination of the support and the
trialkylaluminum; then
3) combining the calcined support with a second
trialkylaluminum;
where the first and second trialkylaluminm compounds may be the
same or different;
4) combining the combination of the calcined support and the
second trialkylaluminum with a transition metal catalyst compound
and, optionally, a solvent or diluent; then,
5) optionally, removing the solvent or diluent, then recovering
the supported transition metal catalyst compound; then
B) contacting the supported transition metal catalyst compound with

one or more olefins.

The process of claim 57 or 58 where the trialkyl aluminum compound is

selected from trimethylaluminum and triethylaluminum.



