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OF THE I NVENTI ON [ 00011 The present invention relates to treated supports,

t o pol ymawipzaéd/psscat al yst systens contai ni ng t hese supgarnissonszise

pol ymeri zati on processes utilizing the sane. In particular, this invention

relates to supports conprising silica that has been treated with a

trial kyl alum num (where the al kyl has at |east 2 carbon atons), cal cined,

treated with trial kylalum num again (where the alkyl has at |east 2 carbon

atons). BACKGROUND OF THE | NVENTI ON [ 00021 Metal | ocene ol efin pol ynerization

catal yst systens typigal.l ) ' [ S f a co-catalyst) to
: are two catal yst

activator famlies: partially hydrolyzed al um num al kyl conpl exes and

non- coordi nati ng anions (NCA's). Sone of the nost conmmonly enpl oyed

activators UEEELD @RYHE INVENTION i al |y hydrol yzed al umi num al kyls, nore

specifically | unoxanes, such, as pet hyl al unoxane (MAO).. | ener al ,

met al | ocene @P@Hi n po{L@H’F%f Y ANLARSELRS 19 FFS'{‘teﬁF'i‘H%OE‘% tﬂleﬁf"wg’éa“%t i vators

are nore act L ons L JoW i.Le costly and

sensitive toéa{\éﬁéy%%ﬁ%e%?%rﬁm%@?{ggﬁg % S?%b ‘g}ﬂ ﬁ’s”é’g{%“%? Pgscgﬁgte esi s,

handl i ng, sitilizigethe same. emgiapticudgrethid inoentioAlrtlates &d suppbnyts covifdishgsed syst ens

are nore robuyst _than_their NCA:fype .counterpart ey suffer fromthe

: , but
hi gh cost of Stisecthatdias deen trepted ‘f’}%aﬁ‘éﬁl‘ylﬁﬁ‘\‘ﬁ‘n‘?m@”ﬁ?ett%&glh%ah@éﬂl2i n | arge
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pol ymeri zat i airlessa? ahpsh atoasgr ated in industrial slurry and gas phase
praocesses are typically imobilized on a carrier or a support, such as

alumna or silica. Metallocenes are supported to enhance the norphol ogy of
the forning W@Wt they achi eve a shape and density
that inprove ctor N f | he
support ed ve@gpgﬁs of rre?agllrolg%georlléeﬁ,n %%%?aﬁggtcﬁgﬁg{g%%ﬁif@wéﬁ&e% have

| ower acti vi igtivasr ¢asmeilied alco-chlabyst) t\gerdAte AN 8 citbItiLERRRs/ 082153 2

general, there are two catalyst activator families: partially hydroiyzed aluminum

alkyl complexes and non-coordinating anions (NCA’s). Some of the most
commonly employed activators used today are the partially hydrolyzed aluminum
alkyls, more specifically, alumoxanes, such as methylalumoxane (MAQ). In
general, metallocene olefin polymerization systems that utilize NCA-type
activators are more active than their MAQO counterparts, but are also quite costly
and sensitive to poisons which present a problem in catalyst synthesis, handling,

{ storage and reactor operation. Altematively, MAO-based systems are more robust
than their NCA-type counterparts, but they suffer from the high cost of MAO
production, the fact that MAO 1s typically used in large excess (relative to the
amount of metallocene) and the limited shelf ife of MAO.

[0003] In order to enhance polymer morphology, metallocene
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



honbgeneous
net al | ocene
[ 0004] Thus

net al | ocene counterparts w thout a support. In general,
and single-site catalysts are imobilized on silica supports.
there is a need in the industry to find faster, cheaper and nore

ef fici eqfo YWRY¥/Bs406s activate netal l ocene catal yst conpouhd®/U&MsHIMIe is al so
a need in the industry to find faster, cheaper and nore efficient ways to
support netall ocene catal yst conpounds. [0005) Ot hers have treated a

cal ci ned si
cal ci nati on

lica support with triethylalum num and used it w thout further
as a support for netallocene catalyst systens. [0006) O

possi bl e i riiemegRhedis rhiialocéRP colhferpirischithbn alsopst. dngeherdalyst f or

pol yneri zat

I on_which conprises a late {ransjtion netal conplex, optionally

an ~acti vatBetaBessns and singlecsits catapystirare Wamehilized on 88K SYRPOESNat ed wi t h

titani um or
reference o

OB b er i kP56 REHIRGSRL o IREIRE h e ROROET ot

silica w t heffivighoRpbgoaicévdi@meadioté datalysh canphandsand therdlissildoariieg or :
trinmet hyl met hoxysil ane) followed by calcining. This support is then used to
support  net @ thednsry wrfind fster, gheaper andingre,affieientgyausdo SBIRPTt hen treated with

met al al kyl e&§§&gf§>“-ﬁtﬁf¥g}§°§r’%ﬁﬁ§% to "preal kylate" the catal yst. [0007]

O her referenc

‘ude those where an undehydrated (or dried

and then tr@papsd W t hOnRtEhave tichieda calthipdrsilidaSupgcrtiwit théthifaluminum
trimethyl al um num and used w thout further calcination as a support for

net al | oceneanskisadl jtsvishous fithensalcisatiorpsassuppen darspegalloagaa oatalystt,  US4935397,
us4937217,1€§ge 37301, US5008228, US5086025, US5147949, US5238892,

EP0739360,
O her refer
silica, sil

888, EP0170059, US20010044374-A, and EPI 125952. [0008]

[poosE of | Ofpogftle intérestdeUSIEIR,293avhich 8ist10se 4 cabalysidort s Of |
| ca-al um na, or alumna wth chem cals other than organoal um num

speci es (e. pelymenizationavhich enroprises 8 late frepsitiemnetsb rymplenantionakiyat en,

benton te, Stiviror SPiBhund, b httBore e Bt en Shfihyasd MitHeflimene "and
triethyl al uglufiiing @nd Blch@klcined @O B%l’saﬂﬁh.sﬂﬁﬁﬂh%ﬂeferéﬁ& dfpesdibler eof for

pol ynmeri zation, includ
US6395666, m&%ﬁ&@ﬁzow%

ing  W014430 JS6300271, US6376415, US6391816,
228961 v cis deseuirgsitreapng siliga withhydgpphobicizing

agents (such as hexamethyldisilazane or trimethylmethoxysilane) followed by
calcining. This support is then used to support metallocene/ionic activator
catalysts, dried, and then treated with metal alkyls (see Ex. 1, 2 and 4) to
“prealkylate” the catalyst.

[0007) Other references of interest include those where an undehydrated
(or dried and then treated with water) silica support is treated with
trimethylaluminum and used without further calcination as a support for
metallocene catalysts, such as US4912075, US4914253, US4925821, US4935397,
US4937217, US4937301, US5008228, US5086025, US5147949, US5238892,
EPG739360, US6159888, EP0170059, US20010044374-A, and EP1125952.
[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, tnflate, bentonite, etc.), followed
by calcination, loading with metallocene and triethylaluminum (or other
organoaluminum species), and use thereof for polymerization, including
WO00144309, US6300271, US6376415, US6391816, US6395666, US6524987,



-US6531550, US6548441, US6548442, US6576583, US6613712, US6613852,
US6632894, US20030232716, and US6667274. SUMVARY OF THE | NVENTI ON 100091
Thi s i nvewig Bis/d4@dRt €S to a process to prepare a suppor tPCIBEAISEBHGS 1)
conbining a support with trial kyl al unBnum conpound(s), where the alkyl
‘groups have at least 2 carbon atons; then 2) cal cining the conbination of
the support and the trial kylal um num conpound(s); then 3) conbining the

cal cined support with additional trialkylalum num conpound(s), where the
al kyl groups US6A31450,EB65H844 1 WISEOA842 LIS 65 TG583 OUSAMI3F 12, V86138 HR,f ur t her

relates to c | Si | yst conpounds and such treated
. supports, as%%&ag%fﬁ%@rg@%%aﬁgmg@g unsat urated nononers using the
supported catal yst conpounds. 100111 This invention also relates to a nethod
for preparing an active supported catalyst conprising: a) renoving polar

surface grouSUMMARMOKTHEMNVENFEIONum num al kyl and cal ci nation; b)

contacting t eated support. . with further alum num al kyl; and ¢

Cont acti ng t HBOUIER munTk Ryertiotuialius o Bl WP haynppiomipsiing:

transition netal cqtal y&,tm}ﬁﬁgg_chu oSl ith heh! QhgRdad, WhEret he
I Tica

pur poses of this pdtent spec on and the“clainms thereto, "the term
"activator" itheaketgionpehaieankpasttd qarbuntatornéighérer m "co-catal yst", the term

"catal yst" of "catalyst conmpound” refers to.a netal coapou t hat. when
combined with an @ct i \/‘5‘?“6&%3‘3&%’%@“1‘“&@ ?f(r)‘gﬁts‘élﬁw &Eé“‘gg%'é YR her ei n)
pol yneri zes Mduﬂgcs?;% the term"catal yst systent refers to the

conbi nation of a catalyst conpound and a treated support, with or wthout
addi tional activat3y. Témenhimmgshe talopmedrsuppart withaadditonal tfigkylslmpowes of

this patent specifi iqn, are used interchangeably. 10013] This invention
ol ot oo Lo a (rRaadChotsre B AUST EbupnBre A HRE S CRhY 08P 2006/ 044058
fﬁT g lUEngl% %3@3?;]6] 4 1) THie e Ofufther fRRMs o cRARLEHARINE cohlprisig W th a

catalyst compounds and such treated supports, as well as processes to polymerize
unsaturated monomers using the supported catalyst compounds.
[0011] This invention aiso relates to a method 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.

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:



conpound, where the al kyl groups have at |east 2 carbon atons; then 2)

cal cining the conbination of the support and the trial kylalum num then 3)
conbi ning the cal ci ned support with additional trialkylalumnum where the
al kyl gr@peRsodiay@sat | east 2 carbon atons. (00141 Thi s pawestismsz{sart her
relates to a process to prepare a supported catalyst system conprising: 1)
conbi ning a support, preferably silica, with trial kylalum num conpound(s),
where the al kyl groups have at |east 2 carbon atons; then, 2) calcining the
conbi nati on of the support and the trial kylalum num conpound(s); then, 3)
conbi ni ng the cakgine a dal IvaitK gl

conmpound(s), Wnepé thgoaymggrsgg%dssh hgl\%érg?yadggisat 2 lﬁgr%im{lgglsnuﬁ hen, 4)
conbi ni ng tbmn]mmﬂ; wheticahe alkyk groupsdiave abltagt Zoqadion aerdsitthen tri al kyl al uni num -

conmpound(s) wit h a ca nd.and.di | uent ti.onally,

renmovi ng the dil @ 0%619%1@1&13 EB‘QE‘&“Q'P%PF S@%%Pl}fgﬁlp m?@‘%ﬁf WRBERY | al uni num ,
conpound is ﬁepresent ed by the formula AI(R) 3, where each Ris
|ndependentfy selected from the group consisting of C2 to C40 al kyl groups,
preferably C2 to3)::20 tombiming thercaiudireldsuppod ywith additityd] tgakiylatyrimome
preferably e | ndependent |y sel ected fromthe group consisting of

et hyl , propki"li}‘ere E@)Hibi “be}i‘ﬁ‘?lat lqz}“t?u‘f@?o“?gﬁ‘ﬁutyl tertiary-butyl, pentyl,
hexyl, cylo hep ) ted &S q phenyl

and napht hyW“i)OlGl frﬁlsanr]lg er e %l?rggt yé hgg E?gelpfrncfg%?ﬁ eéndtly sel ected
fromthe geatalystyysiemséonmnyisiig: et hyl , et henyl and isomers of propyl but yl ,
pentyl, hexyl, heptyl, octyl nonyl ecyl dod trldecyl
tetradecyl, pent ébecyFombWé%ad’eéWWrﬁeHleged%@W 1 %t‘é&g k)ﬁ@)‘

ei cosyl , he &h[i@-ﬁ)dé ), FRGBIM alkylldrb be af foh tQCc@?dblmat&‘ @é}PSy' hexacosy“
heptacosyl aco nonacos§| riacontyl, propeny tenyl, pentenyl,
hexenyl , hepteny|2) oct:elnyiing ﬂmmemnatxodmfelwkuppnndmdehtymalki,sdaiammmh,
tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl, heptadecenyl,

oct adeceny!| FORB e‘rk‘;?% ei cosenyl , henei cosenyl, WD 2006/ 044058

PCT/ US2005/ 03215%) combining the calcined support with additional triaikylaluminum

compound(s), where the alkyl groups have at least 2 carbon atoms; then,

4) combining the combination of the calcined support and the
trialkylaluminum compound(s) with a catalyst compound and diluent; then,

5) optionally, removing the diluent.
[6015) In a preferred embodiment, the tnalkylaluminum compound is
rej)resented by the formula Al(R);, where each R is independently selected from
the group consisting of C2 to C40 alkyl groups, preferably C2 to C20 linear,
branched or cychic alky! groups, more preferably each R is independently selected
from the group consisting of ethyl, propyl, isopropyl, butyl, n-butyl, isobutyl,
tertiary-butyl, pentyl, hexyl, cylohexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, phenyl, and naphthyi.
[0016] In another 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,



-docosenyl, tricosenyl, tetracosenyl, pentacosenyl, hexacosenyl,

hept acosenyl, octacosenyl, nonacosenyl, triacontenyl, propynyl, butynyl,
pent ynyl wbewasmyioss heptynyl, octynyl, nonynyl, decynyl PCHAS2$HIALD3
dodecynyl, tridecynyl, tetradecynyl, Spentadecynyl, hexadecynyl,

"hept adecynyl , octadecynyl, nonadecynyl, eicosynyl, heneicosynyl, docosynyl,
tricosynyl, tetracosynyl, pentacosynyl, hexacosynyl, heptacosynyl,
octacosynyl, nonacosynyl, triacontynyl, butadienyl, pentadienyl,
hexadi enyl , Hemisashlahiybsen9k; tafcesenyl, pernamderniytexaccdemddiapragbsenphenyl| ,
met hyl peenyl , di net hyl phenyl, et hyl phenyl, diethyl phenyl, propyl phenyl,

. di propyl phen§ftacaserylyponagadenyl, B’é‘ﬁ?‘}/‘F’,’ﬁn&ﬁHMI l?utmﬁmea lhexynylic| opent yl

cycl opent eny I I I h cycl oheptyl,
cycl ohept enyk’?ptgy&ab%&nﬁ% %og%@hg%%?ﬂgla%eﬁlyﬁ&fégﬁg?ﬁﬁﬁmgl,pr eferred

. enbodi nent, adad&yayh ppstadécsmiihRexidammyl, heptadddyryl, oaadseghytpnt , each R group
Is different fromthe other R groups. [00181 Preferred trial kyl al um num

conpounds i n&puasiecyyl.sneasymyl bangisrsynykEacesynyk tosos Ryl detiasosymil( TVAL)

tri-isobutyl ] ( ég‘f n | D)= I}ﬁ@/ | 1ym 1 : S
particul arl y%%ﬁg%dé%@eluﬂ%)% sgl’ gcsﬁétdos?ﬁlh f OM@H%J@%%”TWIQI In a
preferred enbaddieapl pedthdiciyl] ldxkdieaylyhepradienys edtddedngt, @ohidtenydupport is
calcined is the sanme as the trjal kyl al um num used ter the support is

f
cal ci ned. | ndssrdionyl phewylanetbylpbemi odimstylpheny. Fﬁhvgilhﬁ‘}/ﬁrlaqliﬁwlrﬂ’bﬁﬂ)ds ed before

the support | [N ' I.fie f ' I ] used after
t he support ipgépyg:g'{e@dhg rép%&%%&il %I’ﬁ%@@@?&%%@‘r ?t%| Bdl |l y conbi ned
wi th the suppetibpéntylacycieieptenyl; aydichexyl, @y€lohekehyl, fiefidd clohexyl,

(trgal kyl al um num support, not_including any solvent or diluent),
preferably acydohgtyheycleheptsnyl nopernylnorhordenyl,adamanptyh) y a  weight ratio of

1:1 to of 1: ref er gpl . ; : T ri u 'mbm)l! conpound
may be di rec&@gf”@onbi n}ga&r{fﬁﬁﬁéné%%%gﬁ, %P)F #g@sbdéékﬁgyr%@hé?wt Ya sol vent
or diluent preibodingentreadhRi grgupcis dbfiferaiiti feom WietdthérfRegompport. Preferred

sol vents/diluents include, butane, pentane, isopentane, hexane, heptane,
octane, nondfM8Icycl ofasfereadnalkyalaminummeompunds nelude STigBRNTERYY | benzene,

di et hyl benze : ' . sl : e ks .conbi ned
with ya sol vg?FﬁgJﬁl’ th?ﬁhﬂg’%%iﬁxp{d%f@éﬁ, ’a‘ﬁi‘%‘}’ﬂ g?)g?enﬁ at Eagoutjr%%r}-nf o 95
wei ght % Cemexgdhluynind® (ZNBRNI04 4. REhridnZolTroea2d Jor use as a

trialkylaluminum compound.

[0019] In a preferred embodiment, the trialkylaluminum used before the
support is calcined is the same as the trialkylaluminum used after the support is
calcined. In another preferred embodiment, the trialkylaluminum used before the
support is calcined is different from the trialkylaluminum used after the support is
calcined.

[0020] The trialkylaluminum is typically combined with the support in a
weight ratio of 0.05:1 to 1:1000 (trialkylaluminum:support, not including any
solvent or diluent), preferably at a weight ratio of .01:1 to 1:20, preferably a
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, isopentane, 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,



6 the mxture of the trialkylalum num the solvent/diluent and the support
may be m xed by hand with a spatula, by a rotating stirrer with wire |oops,
by netal blades rotating at high speed, by a helical ribbon bladed m xer,
by shaki {4 2008/m44asd N9, fluidized bed m xing, by paddl e ¢erRike@elosAks bl ades
on a rotating stir shaft, or other appropriate neans. The

sol ution/ suspension of trialkylalumnum and support may be dried in sone
fashi on, for exanple, rotovaped, before it is calcined. [0021] The

conbi nati on of the support and the trialkylalumnumis then calcined.

Cal cining ig defined.t,0 be,heating t re,of 300 to
1000C (pref B}earﬁlxxyurg&gh}e&ngl@}ﬁa@mwggﬁ. g}%a%?{%g%%“e%“%bfi‘%%ﬁ@?f rg‘%ggi od of at
least 30 Min{idéEBy hatidabien akpatuR! by £asiting $tierek vithoMirs loops,Hyanehl y t he

cal cining occurs ~ under a vacuum under nitrogen or under air. Typically,

after cal ci hiadgs ratating at highl spged; byrai heligalirdbben d moken, heskakpngort i n anount s
of .05to 1 Lght, % referably 1 14 weight .% nore preferably 2 to 10 .
wei ght % 13‘65@1%#&‘%%%(& %H}ghﬁy p?‘iﬁ%ﬁ_@/’l"&f?}gﬁﬁb}ﬂﬁﬁ‘ﬁ P 'I%{‘%?‘rbe the same
or differ e@haﬁ,ro?mﬁeh@pﬁrb}sﬁéteh{eaaé.km@dommmﬁpéxﬁioﬁwg?flamﬂiﬂuﬁhe cal ci ned
support in a weight ratio of 0.05:1 to 1:1000 (trial kyl al um num support,

not i ncl udi rgd swpportsvawkmdrial indiomsdashion, feréxampld, yotavapedylesfoetit isat i o of

.01:1 to 1:20 .gipreferably a weight ratio of 1:1 to of 1:10, preferably from
1:1to 1:2. cel C kyl al um num conpound nay be directly conbined with the

cal ci ned supggsrg or Um"conﬁmbﬁ%@tﬁﬁishppﬁ'tﬁﬁﬁﬁl%ﬁﬁalﬁfrlaﬂinﬁiﬁ_ﬁrﬁtis flehor to or
during conbination with the support. Preferred sol vents/diluents include,

but ane, pentcaltinedi Safpiming rejefined tmbe heatiag tlmsmpport ata tempeoteneaf 360 ¢ opent ane,

cycl ohexane, n l.yene, hyl benze dj benzen nd the |ike.

T the tr anegp%r GrtrhBRS 300 SCotretentty oo s EhCY e GHrERT o I fent 1

i s typi cal | BoRhRIRA! préferabiPhilletst 1o 19 nGlrs. WRirBRbIyhe ThE gation may then
be dried, f'or exanpl'e by heating, or exposure to vacuum '1f the conbination
is dried by undetd vaguiun, uxler pistagah oy uldeatagrd Typicallpafter 2doBing; tHeess. For ease
of reference.the conbination of the calci.ned sup t wi.th.t second

Cri i kyl ol afFHARRGRALP s PRgert gndas sihaof B aneyt 0h d5rte 1S WBRTA Ty af ¢ or
treatment WI_Efei:alsﬁyﬁﬁﬁweﬂgﬁt@d,mblr@bﬂéferﬁmmzﬁaqwet@ﬁo,t,.!rst and  second

trial kyl al um num conpounds "are present on’the support in anounts of 1 to 20
wei ght % pr{@822]abl y ZThereafisr amnthgritrigikylabmenpmdfviuchiohyy Be the siiBewei ght %

different from the first trialkylaluminum) is combined with the calcined support in

a weight ratio of 0.05:1 to 1:1000 (tnalkylaluminum:support, not including any
solvent or diluent), preferably at a weight ratic of .01:1 to 1:20, preferably a
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 calcined support or may be
combined with a solvent or diluent prior to or during combination with the
support. Preferred solvents/diluents include, butane, pentane, isopentane, hexane,
heptane, octane, nonane, cyclopentane, cyclohexane, benzene, toluene,
ethylbenzene, diethylbenzene and the like. If the trialkylalurninum compound is
combined with a solvent or diluent it is typically present at about 0.01 to 95
weight %. The combination may 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 malkylaluminum compounds are present on the support in amounts of 1 to

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



. WD 20061044058 PCT/ US2005/ 032153 7 100231 In a preferred enbodi nent the
treated support has at least 10 % nore of trial kylalum num (first and
second, WOE(BEM @& different) present than the cal ci neci/Es0p@IRIBrior to
treat men t 1he second trial kyl al wum num preferably at |east 25 % nore,
~nmore preferably at |east 50 % nore, nore preferably at |least 100 % nore.
The anount of trial kylal um num present on a support is typically neasured
by Standard | CP (Inductively Coupled Plasma Atom c¢ Em ssions Spectroscopy -
soneti mes calfgoad] | CP- A} prif@raaninitodanedt Yisd tSeatﬁanbﬁuB& atdedst 1O 9 ed agai nst
standard sanpl es and using cl ai sse fusion nethod tor sanple reparation.
The wei ght p&wEeekmalkylabanisnoifisshand seacnd. 1§ thep ara different)piespgnt gxamﬂ-@ sanpl e

is allowed t X ter..so sa I t inst air
and vt or  pr CUPTEE ol 14 B SRIP 8 SR sk RERhEE. SELTHM o

. trial kylal umatesget 05 % fiRdre, Hadre preferablyRib Pabt S06% Shte | MbredsTeNeriblyodt least

trial kylalum numon the treated support is to nmeasure the ratios of

al um num f r of@ femere dheamgunhehunsikytalyaintmpressnhon a seppeshis typicallye support ,
(hereafter "support,e nt," h as,skli he | um gum t o _support

el ement rati efp’gurﬁi?-‘éﬁf’nﬁaerg Iﬁﬁ&'ﬁ‘l&@vﬁg?‘épg?degig?%ﬁ R@Bﬁ%?ﬂﬂ?&%’ﬁy ( XPS)

nor mal i zi ng BgedidtdépyetomRUnEE tAlcd ICPOAES)@étfal dnalysi techiriduesa support, the
alumnumto silicon ratio would be nmeasured by XPS for the cal cined support

al unbxane andalityated pgainst stenderd sapples and THeg elassofugionmeshedfosisamaple (A]:Si) to
treated (Al : Q) di.rec correlates.to the ratio,of alumnpumt ilicon in
the cal of ned PRBRPE Sh rERRLEBbE R ARohAAmire sedied SBE A B e of e
treated supp&hpleRRalioviddas aBRIb Wale tsol the Edhp10 EiRsiRd bé Brobetteiagatiit aifor

exanple, if the XPS data show that the concentration of silicon is 16.37%

and the concand water priooto testingni num i s 8.04%in the first sanple that is the

cal cined sili hen t rati.o of .alumnumto. sl iGon. t sanple is
8. 04 divided [g@“i& 37 me_%ayi Q qBarggﬁ .therﬂ’_é?ﬁlfm P?“}a?]‘?‘%‘@“%“g‘} E’Fﬁlg treated
support showgalcfiedl slipiREteversus TRV amur 8 arilityjldomirnnton e #atédaupparnism t he
alumnumto silicon ratio in the treated sagﬁ)(;ge I's 10.29 divided by 15.68

whi ch is 0. 63emegyee thgratipserf alumimomrare therthalkylluminue comnsvnds tod al uni num

on the treateg s 0, Ls then determ ne Vi di . 49 y 0.656 to
come up wt N %%ﬁﬁﬂd‘%s‘fﬁpc?ﬂp “&@E@.S“Pﬁc’rgsl%feg‘u} %&?’Qgﬁ@m?‘a# of alum numto
tSﬁpport el enaNimi@iEimtd SuppRiCdlaifcht TR IdetebrAingd BTN HHotGulgBont el ement on

e

Spectroscopy (XPS) normalizing to hydrogen and metals. For example, for a
silica support, the aluminum to silicon ratio would be measured by XPS for the
calcined support alumoxane and for the treated support. The ratio of the calcined
(AL:Si) to treated (Al:Si) directly correlates to the ratio of aluminum to silicon in
the calcined support particles over the aluminum to silicon ratio of the treated
support particles mentioned in the preceding paragraph. For example, if the XPS
data show that the concentration of silicon is 16.37% and the concentration of
aluminum is 8.04% in the first sample that is the calcined silica then the ratio of
aluminum to silicon in that sample is 8.04 divided by 16.37 which is 0.491. Then
if the XPS for the treated support shows that there is now 15.68% silicon and
10.29% aluminum, the aluminum to silicon ratio 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



WO 2006/ 044058 PCT/ US2005/ 032153 8 treated support is preferably about
2.0:1 or less, preferably about 1.5:1 or less, even nore preferably about
1.0:1.0, even nore preferred 0.85:1.0 or less. (0025 For the purposes of

t hi s i nveatdoogodsbsd sanpl es shoul d be crushed prior to pesssteseiss The word
"crushed" refers to a finely ground solid, such as one that has been ground-
by nortar and pestle to a fine powder. The sanple is "crushed" enough when
t he XPS neasurenents do not vary by nore than 5% Simlar XPS data can be
generated by nethods known in the art for support materials other than

st 11 caand ghoul debee MleRERSy Wbk B0 PATRSIBARSLRARElIEr SHldidae exarpl e

above. Int con suppo s are-use t el enent

sel ected fOéve}(%rafpbldb’ram}chb@ﬁfmaﬂlﬁ;@ﬂemofhli‘réﬂﬁﬁ:ﬂd) gpoereasl d be the netal
of the group 2, 3, 4 or 5 netal oxide, the silica of the silicates or the

carbon of ti9825hol onE@Tthepmoﬁﬁ@fémémveﬂilmﬁleéﬁmplﬂﬁﬁb@#ltié’e&ﬂ@h%d)nbl ned, the

sel ected el ene ratios -shoul d . eci,al case of
o U e supBRER MeanlrBloef PRI e SRR )iy Bbebd SR s+ o
carbon, si ngg thhiibsbeers pPRAd b§ mit@tar Bid p&a0tah fine potvaer. artt sahple is

trial kyI al um num conpounds do. In that case the relevant ratio would be the

ratio of t he:msixedbenquahah@mtthPquahl@emanté|dnemt vwﬁp'dnorettbm&% ratio of the
carbon to a trea ort 10026 r.. ease ref erence we
have ref errgﬂnrﬁ%g{ﬂtgeéﬁwaﬁ i %glt}’ ‘Héma%‘ “‘(F“P FUPPY d 'second"

herein, hovg\eiaRithéth dfidddind sﬁlsmhlbe\emhx ed RIARE B miafiRér ab B sifida” ST "
trial kyI al um num coul d be a conbination of two or nore trialkylalum num

conpounds awdamﬁe abavsc olnthe evank that noe-pidinote suripprts gresused,ghen thatelesendf two or

rmretrlalk al.u ou 00271 The treated su en be
Coti ned i e b KB R omoaiadiTts APt REBUREE e BB E e at  on
cat al yst sy uﬁéejuorsaﬁahl\/o%de AR EIIh@SifcAes6r thbestbbrbPe Typically
an al um numto transition metal nolar ratio of about 12:1 to 500:1 is

preferred; polyelefinefmthetsvont differant suppértsge tombinedpthe seiected plsmeptali. A
preferred weight f ca aI S onpound to ort IS 01:1 0. 20: 1,
nost prefer%ﬂ'ﬁ Bmgéaf%o 806“‘ § LA%I}BW c?f"fe H‘arf‘wp‘ﬂ‘g; ﬂ%“e‘a’“ﬁ‘g pl ace
the cat al ySinBampeeYelavt Smbifts b Sakshos WERbén, sﬁfee aRILAAR Sifhpbhte deat al yst
conmpound may be dissolved in a solvent or suspended in a diluent, conbined

with the tnettonthiscpbon and tadrialkdalugined comppimds doy Intikeateasettbe e of the -
transition E’reqevant ratio would be the ratio of the carbon to aluminum on the caicined
support to the ratio of the carbon to aluminum from the treated support.

(0026} For ease of reference we have referred to the trialkylaluminum
compounds as "first" and "second” herein, however one of ordinary skill will
recognize that the "first" trialkylaluminum could be a combination of two or more
trialkylaluminum compounds and the "second" could independently be a
combination of two or more trialkylaluminum compounds.

[6027] The treated support may then be combined with a transition metal
catalyst compound to form a polymenzation catalyst system. Useful catalyst
compounds are described below. Typically an aluminum to transition metal molar
ratio of about 12:1 to 500:1 1s preferred; more preferably, a ratio of 50:1 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



conpound, the solvent/diluent and the treated support nmay be m xed by hand
wth WO 2006/ 044058 PCT/ US2005/ 032153 9 a spatula, by a rotating stirrer

W th wrezlgoengessdks netal bl ades rotating at high speedCTRiS2005882158 al

ri bbon bl aded m xer, by shaking, tunbbing, fluidized bed mxing, by paddle
‘or propeller blades on a rotating stir shaft, or other appropriate neans.
The total anpunt of diluent/solvent used to formthe suspension or solution
may be | ess than the pore volunme of the support, or greater than the pore

vol ume of thq sBABRObY a fthling fiter Vith! Wiké Mops§ by MheiEthlades ratBtigg@MAsh i N bet ween
such that a solution-finely divided support mxture is neither free flow ng

_nor a sl urry speefihby & helidal sbbaoipdadrmaixen by shakangrymbling dwstizedbedupport or

Vi ce versa as_. approprjate to e m.xin thod,. If desired the |liquids may
be renmoved b)‘imx‘b‘&f'_@f S@ld\% ?rtPrﬁPFtl{éﬁBﬁ]gesg‘Hga g’ﬁa%gcfgf S‘?ﬁge AL IPPERRE Dr ef er red
. enbodi ments, ihas TRCLRN %brﬂ‘?&f’lﬁl%@nb%ﬂﬁz{éﬂmse& ?&ﬂﬁh:n%@sds € r Where the

catal yst conpound 1s dissolved in a volune of solvent that is 4 tines the
pore vol une eblutihe meaybpdess them the pers vohme! afithbkuppdrt; omgrsatetthampthegorol une of

he support or |ess,. preferabl tinmes .the re volune of {he support or
lese Phret er aolima ofihe sippofaudfhat 4 Sinis Srmbhaor =8 amouren geby e i
procedure for ! : ; s well
noun i -t he e ORGP AN bRl e D B B o ure

1, Experi nmentTie chatysbosnpounCatdiatiph may Re addedcto, suppord6r (idceateaasc Press, 1968)

and invol ves the use of a classica T apparatus for nitrogen absorption.
100281 SupporPPTRNEa ke ke RetAd- Hidesirddibn inids ey beemAvEdhy « ne

convent i onal SHARORAMTRGAI Blsor WRIGVREARA Y 1 {nHBRRIC cfibinichls, i 2 porous

support nate or exanpfe, ta | nor gani c des and I norganic

chl orides. Ghtipienisugtpess suppireteclalique in abadd ehereshea catslystigoppotindrst er i al s such
as polystyreng, . functiqnalized or crossl.inked organic s orts, such as
pol ystyrene (ﬂ?ﬁ'FP]rYﬁ m HENPEGL }5&I"9‘E}Iﬂé§ti‘§1 tlB}CS@Iﬂ%%V&BmE BOM 9%l i t es,
clays, or any.Qt B D5 RARI T QW fTBdeH e 1i ke, or
m xt ures therg%‘"fm%éé(ﬂg% B?egftﬁe%l?déd supportéma erials ll(‘?Fétﬂ%ﬁew?norgani c

oxi des t hat itheperdeolunteasfahuppprtdr 1e€3s, pfefefablyl Btimes thé poed edlumeiofide. The

f d ts incl il whi ch t be, dehydrat ed,
A I XIS AR (L0 A AL LY
O her usef ul @H@gf{stv&ll:@%k\gﬂg é%é‘%%?ét’aﬁs of eV ids pfdceGRBE Ban BPGRESIUM

chloride (U.S. ent
. Volume 1, Experimental Methods in Catalytic Research, 67-96 (Academic Press,

1968) and involves the use of 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 material is a porous
support material, for example, talc, inorganic oxides and inorganic chlorides.
Other support materials include resinous support materials such as polystyrene,
functionalized or crosslinked organic supports, such as polystyrene divinyl
benzene polyolefins or polymeric compounds, zeolites, clays, or any other organic
or inorganic support material and the like, or mixtures thereof.

(0029} Preferred support matertals include inorganic oxides that include
those Group 2, 3, 4, 5, 13 or 14 metal oxides. 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



nmontnorillonite (European Patent EP-BI 0 511 665), phyllosilicate, zeolites,
talc, clays (U S Patent No. 6,034,187) and the |like. Al so, conbinations of
t hese WD 2006/ 044058 PCTI US2005/ 032153 10 support materials nay be used,
for exanpW@2008ick4088- chromi um silica-alumna, silica-tiPCanisaomnd21sbe | i ke.
Addi ti onal support materials may incllde those porous acrylic polyners
described in EP 0 767 184 Bl, which is incorporated herein by reference.

Q her support materials include nanoconposites as described in PCT WO

99/ 47598, aerogels as described in WO 99/ 48605, spherulites as described in

U.S. Patent oNoortm@téRals hth %s@@'fﬁf‘?ﬂaﬁ@l@%ﬁﬁ%—dﬁ&nﬂﬁﬁp%ﬂféﬁ-‘illﬁﬁlny\o 99/ 50311,

whi ch are aI herein i ncorporated by reférence. Preférred supports for use
in this insdichititania amd thddikei Aiddeional supporamataralssinay vahaleuoseposms 100301 |t
I norgani ¢ oxi de,

has” - sur f agBYhF aahiers Sor s 1 O7poIBABD MHIED it beamURSABER Y 6. por e
vol ume i n {rerABOS0Mk: LABARAUDirkilce RRUImybsfle sl By BETOC

particle size in the ran rom about re preferably,

the surfac evemmbas,tdwo@lwesmmﬂen a0 998&866\5 tsbhemhteg as déscfibehinabout 50
to about 500 vol unme of from about 0.5 tqQ.about 3.5 cc/g and

aver age par -84 %atgqtiwg: 819721518 rand pelymers b%dsa%d\%c@@@ W R99{503 1 ]ef erably the
f t 100 t
surface ar ﬁgyhg{.h LRGN HARR [rcord B bbetbrinde Prlfend S f&ré%g A 0

about 400 ore aver age

particle si zhevdnaoxfamm(hlmwa SAuining bndisilidOMungnatesThe aver age pore size of the
carrier useful in the _invention l{ﬁgﬁ_‘&cally has pore size in the range of
from 10 to 1069A prefdtisppeigrredt is8pRoTSatEriak meshprsferably aper abl y 75 to

about 350 G0N okfle M BL oG £ HPRGNIRRLr bty TPISueR] oot compounds

may be suppor toge’t er on one su or t

| ndependent lr%l ﬁ@rﬁgt@ uftR ih ¥R A Hfﬁ&n%ﬁgutwpﬁﬁﬁﬁbﬁﬂkb%c@diﬁ%e&g 321 In

anot her enb e support y conprise one or nore- types support
mat eri al whipahticleasizéim the emige of fiofif aboan$ lwaboﬁbﬁ()(éumrrrMerecmeferabtwt}[é use two
different silicas that had different, pore vol ci ned at

u or n
different tSHEaGEATER Rthe SHRROR @étee s Bt rgs o1 g a0 ftom Obeen
e o R S o L 0 S E R B R T ¢
had been tr g dbout 10 to about 200 um. Most preferably the surface area of the support

material is in the range is from about 100 to about 400 m2/g, pore volume from
about 0.8 to about 3.0 cc/g and average particle size is from about 5 to about 100
pm. The average pore size of the carrier useful in the invention typically has pore
size in the range of from 10 to 10004, preferably 50 to about 500A, and most
preferably 75 to about 350A.

[0031] In a preferred embodiment, two or more catalyst compounds may
be supported together on one support, or the catalysts may be independently
placed on two supports and subsequently 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.



.wth a large amount of trialkylalumnumand a silica that had been treated a
smal | er volune of trialkylalum num WO 2006/ 044058 PCT/ US2005/ 032153 11

[ 00331 TRicSbdi4gedsi on al so relates to a nethod for prep&TIVEGOBAINEE ve
supported catal yst conprising: a) removing polar surface groups on a support
" (the support may be any of those described above) by treatnment with an

al um num al kyl (which may be any of those descri bed above) and cal ci nation
(as described above); b) contacting the treated support with further

al um num al kigd33whi ch Tl soventiyn 2lsaistesesderathethbd fepyepafing hmsaivdescr i bed
above); and C') co?r%tqactli n% t he .al um num al kyl treated support with a

hal ogen- f r ecSUPPPRHLGAII it CRRPHFING At al yst conpound. [0034] A pol ar surface

group is defined fo b . e RO LRINHNS a0 euUP t hat
contai ns el enents )ot hgﬁewgﬁe%‘gé‘gg‘%?‘gﬁ%?“fégﬁ égﬁﬁd Sl ﬁi caﬁ’ﬁa{nd tﬁgtbg' S
present onFt ey Gﬂxhbimcdesaﬁbal zhmpp))![)y‘rz] trieatﬂie::ldw&tg zinha:huslinluime:lkgv%c OFhiclparags and
crevices. For exanple, oxygen js e. mst co Q] aj ,surface group on

sihl i ca sluppoPQ@.Y tMPgﬁW%F?é'éo‘fev)&%@?‘Bﬂ‘%ﬁeé&%{wv%onpound is anK of
R e e o s

[ 00351 | n analkdmiay asiepaidenfly bbasy ofthese deseribed aboye)pind he enbodi nents above
the tri alkyl alumi numor al kyl alum num ch)npound may be trii

met hyl al umi num d:)_efi ncqﬂé%‘/‘ﬁ_ér‘hez_alﬂl%‘?mlkd yeptedsupnort wish agalegsndee pr esent
i nvention, a a&ktﬂn’rﬂetgpé%t'caﬁggﬁwcat al yst systens can be prepared by
S descri e

contacting the suppor rein wth a catalyst conpound (al so

cal l ed cat al JB34pr ecur Agolarguriacegsup Braefined vl hesinyhetepmatordoror  cat al yst
precursors). Catalyst Conpounds (00371 The treated supports of the invention

may be util i BEIErOR™ GOBFAIRIAG EFQP il aniain elamendnotberibas rAPen AYIBeR at al yst
ol o i n(s) . ELABRELEE hdl is BRAHTSR tFubREFbES SR TRINEE e Y Cene
cat al yst conpogs tnddrevicés: dup etdmpliepsrygen is the most common polar surface group

on silica supports. A halogen free transition metal catalyst compound is any of

the catalyst compounds described below where halogen is not present in the

compound.) In one embodiment the aluminum alkyl is tri-methylaluminum.

[0035) In another aspect of thié invention in any of the embodiments

above the tri alkyl aluminum or alkyl éluminurri compound may be tri

‘methylaluminum.

Olefin Polymerization Catalyst System

[0036] In the present invention, an olefin polymerization catalyst systems
can be prepared by contacting the supports described herein with a catalyst
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
polymenze 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



contai ning netal polynerization catalyst conpositions, and phenoxide
transition WO 2006/ 044058 PCTI US2005/ 032153 12 netal catal yst conpositions.
The following is a non-limting discussion of the various polynerization
cat al yst wonpwiwadsswhi ch nmay be utilized with the supp@ABUS00TIIRIS3

i nvention. Bul ky Liand Metall ocene Cat2al yst Conpositions [0038] The supports
of the present invention nay be used to activate netall ocene catal yst
conpositions. Generally, these catal yst conmpounds include half and full
sandwi ch conmpounds havi ng one or nore bul ky |igands bonded to at |east one
metal atom i e : ¢ i ; | ning one
or nore bul lgl/-é{ﬂ %gdr%)éﬁ?g?ﬁgéﬁﬁﬁ%%é ]g?@nﬂt;% éﬁé?ﬂgﬁgﬁgﬁ ?%c):&glgﬁg’ggﬁ o at | east
one netal atvanibu§ pdigMeriZdnentzatakyst torgpadels neyctbmayp pe ntilizedyweith the f used ri ng(s)
or ring systen(s),.or. a conbination thereof. The ring(s) or ring

systen(s) of SUPRUE HfihkipventiGands are typical |y conposed of atons sel ected
from Goups 13 to 16 atons of the Periodic Table of the El enents.
Preferably the atons are selected fromthe group consisting of carbon,

ni trogen, oXgky Ligand Metallgtehé Catalyst@qipdsitions ger mani um boron and

al um num or a conbination thereof. Mst preferably the ring(s) or ring
system(s) arl@038nposedlsrsuppemoef the aresendupyension may bedised F%%éﬁet o those

cycl opent adi ' n ' I ' s. The

o ko T s andBkliodend BRARsCloneShiGREGREY dokRfialy PR GEIGES . The
pent adi ene, halfandl faR eirdwdtl esthpourds aviag ohebeitotd Baky ligaide bodedltoat om i s
preferably selected from G oup 3 through 15 and the | ant hani de or_ acti ni de

series of tlgestpae metal atomnbl epied] matdlacEageampoungs areddesgribedap comailg i s a
t it t al 4, 5 d
o ot hoo: B S BT RARRs LR AP R PO R B, P, 7

or Zr or Hf.oreQR&R] atbm. one enbodi nent, the netal |l ocene catal yst conpounds,
which my be utilized with the supports of the invention, may be
represent ed 893%or nmul aThe kulky Jigamdsmayrsyapgnaadyehic, isedoos(0 41088

PCT/ US2005/ Os%t]e

g‘ﬁs), &2 combination thereof. The ring(s) or ring system(s)of these bulky
ligands are typically composed of atoms selected from Groups 13 to 16 atoms of
the Periodic Table of the Elements. Preferably the atomé are selected from the
group consisting of carbon, nitrogen, oxygen, silicon, sulfur, phosphorus,
germanium, boron and aluminum or a combination thereof. Most preferably the
ring(s) or ring system(s) are composed of carbon atoms such as but not limited to
those cyclopentadienyl ligands or cyclopentadienyl-type ligand structures. The
bulky ligands may also be other similar functioning ligand structure such as
pentadiene, a cyclooctatetradienyl or an imide ligand. The metal atom is
preferably selected from Group 3 through 15 and the lanthanide or actinide series
of the Periodic Table of the Elements. Preferably the metal is a transition metal
from Groups 4 through 12, more preferably Groups 4, 5 and 6, and most
preferably the transition metal is from Group 4, especially Ti or Zr or Hf,

[0040) In one embodiment, the metallocene catalyst compounds, which
may be utilized with the supports of the invention, may be represented by Formula
IV:

L*L*MQ, (Formula IV)



‘where Mis a netal atomfromthe Periodic Table of the El enents and may be a
Goup 3 to 12 netal or fromthe | anthanide or actinide series of the

Peri odi c Wwakbessafsst he El enents, preferably Mis a G oupCFUS2008/03853
‘transition nmetal, nore preferably Mi3s zirconium hafniumor titanium The
bul ky 1igands, LA and LB, are open, acyclic or fused ring(s) or ring
systen(s) and are any ancillary ligand system including unsubstituted or

substituted, cyclopentadienyl Iigands or cyclopentadienyl-type |igands.
Non-1i mi ti ngwﬁe&amseasme{a] E{Uhmkﬁ‘%h Itw@mﬁmsmméiefmemmmﬂh@wé al I gands,
cycl opent aphenant hr eney , indenyl l|igands, benzindenyl |igands,

fluorenyl |igGeaugs, tod@tméty]cbr(ﬁdnmdledat}thamdq;mgmde(syrméscnf(theal‘quae’l‘ghieI i gands,
cycl opent acy ecene I| azul ene |igands, pentalene
| i gands, pho@Jp}ﬁ"ogf"TePEaH% a‘{*}ﬂé ﬁf‘ﬁ\pn{z 5?\7\%“3&5‘@‘}1&5 »MB¥rrolyl Iigands,
pyrazol yl y@%ﬁ%l W BAZ Sl hh@RRISr ¢ Qﬂxﬁaﬁpeﬂﬁ%h%y l'ng&ﬂQCL hﬁ@r B he |ike,

i ncluding h ogenate ver si ohs t1ereo for exanple “tetra oi’ndenyl
| i gands. |n amopér lacy;:mh(md ifused ring(s) onriog t)Btem(\y) argingre myea:mnl@ry dlgam'br e

het er oat ons, for ex nitr l.ico or on, n| um sul fur and
phosphor us, Witegbh‘i??‘ﬁ gl‘b‘i‘ﬁ“@ﬁ‘itﬂggéﬁﬁéﬁt‘% y‘gﬁpq’éﬂdf'ﬁ%ﬂL 188 O acyclic, or
preferably a, LR

het er ocycl opeilt Sﬁtgﬂlfrﬁggﬁé ]l?wy%?éﬁglandnggiﬂﬁégfm%#ngmgs rt(cluqel gands

i ncl ude but aycdaopenﬂadlpnylmgands;syclophﬂé}ﬂﬂemlmne)ekgmdsrmde:wldngmdst her

pol yazamacr ocyc| es. Inde dently, e L d LB e the sane or
di fferent tyb@zﬁ'ﬁieﬁdl 1ggn srga‘PF&W IHigan %%‘Gﬁ F‘Hemlqﬁgﬁngsene enbodi ment of

Formul a (1 ependent | vy,
each L" gnzi/) f%m %ﬁ ﬁ%] 1?032%?% {ldio%&f)arckgﬁgidte%ﬁle o [39%6%115%1 ﬁat i on 01}/
substit uent gmhmaﬂngﬁadsbpemhlem ligangs, q»haspﬁoglshgmds ghbsthinimemd (\ngOoups R i ncl ude

ooyt ol CaPUAOS) chyion Micais BupColy KPR oA L @nds DOFORIAEPE s ad cal s
or aryl radi Ega{naﬁae&mb fk@dlinemh@grﬁ mgknat@&b&aglﬁ%%%wr é)@;ﬂ'lg‘i@l s, aryl oxy

radi cal s, e} ra I ca Kyl"fam no ra koxycar bonyl
radi cal s, ate;a’aby@miadd:rmygaﬁﬁdi[mmhcﬂhercemﬁodmit Iu"édlddaﬁ may abmphsemie di al kyl -
carbanoyl radicals radi cal s, acylﬁl ' radi cals, ar o¥lgam no

radi cal s, ‘st PERgHKD eier%téﬂ& aHeXsm wtmgenaql QropgarmARm, suIfraRdi nat i on
th f. |l t to 50
ereo n ah&gﬁérﬁg nﬁé?msgagﬁg}; WFHEarb Ht f g% a&chevcﬁ up to

non- hydr ogen" at prefer rom at” can al so be
substit ut ed picfdratiinb doedsring ofrdigsyetet far nmn\ﬂﬁ,ﬁ@%t@dlﬁﬁ&tﬂﬁﬁﬂyﬂlSZOOS/ 032153

ancillary ligand. Other L* and LP bulky ligands include but are not porphyrins,

phthalocyanines, corrins and other polyazamacrocycles. Independently, each L*
and L® may be the same or different type of bulky ligand that is bonded to M. In
one embodiment of Formula (IV) only one of either L* or L? is present.

[0041]) Independently, each L* and L® may be unsubstituted or substituted
with a combination of substituent groups R. Non-limiting examples of
substituent groups R include one or more from the group selected from hydrogen,
or linear, branched alkyl radicals, or alkenyl radicals, alkynyl radicals, cycloalkyl
radicals or aryl radicals, acyl radicals, aroy! radicals, alkoxy radicals, aryloxy
radicals, alkylthio radicals, dialkylamine radicals, alkoxycarbonyl radicals,
aryloxycarbonyl radicals, carbamoyl radicals, alkyl- or dialkyi- carbamoyl
radicals, acyloxy radicals, acylamino radicals, aroylamino radicals, straight,
branched or cyclic, alkylene radicals, or combination thereof. In a preferred
embodiment, substituent groups R have up to 50 non-hydrogen atoms, preferably

from 1 to 30 carbon, that can also be substituted with halogens or heteroatoms or



14 the like. Non-limting exanples of alkyl substituents R include nethyl,
ethyl, propyl, butyl, pentyl, hexyl, cyclopentyl, cyclohexyl, benzyl or
phenyl groups and the like, including all their isonmers, for exanple
tertiary weotzebeosaesspr opyl and the 1like. O her hydrocar bytT/usmosed2ss3i ncl ude
fluoronethyl, fluoroethyl, difluoroetiwl, iodopropyl, bronohexyl

chl or obenzyl and hydrocarbyl substituted organonetalloid radicals including
trimethylsilyl, trinmethylgernyl, nmethyldiethylsilyl and the |ike; and

hal ocar byl - substituted organonetall oid radicals including

tris(triflu Askby [ j | : '

br ononet hyl %gre“ﬁ]w g})é;ll?rryhFM%?]W%EM%%}QQqgﬁﬁﬂﬁﬁ%gﬁ%%ﬁgm%re g’ﬁd’r adi cal s

i ncl udi ng diprepylybuigl;, pentiyl) hexeyl arypolopentyh dydioherbd t henaylant phenyltppags anddi cal s
i ncl udi ng di et hyl.am ne, di nmethyl phosphi ne, . di phenyl am ne,

met hy| pheny| tBabkpnclading gl F@“é@é?ﬂnﬂédfoé 5¥%‘“PW6?‘53W%"%E%SHBWV] g by,

propoxy. - PHARO iner I Fdien ey bbb dhelonudBomOy dimRaiaybst [t uent s

R i ncl ude ons “car con, boron, alumnum nrtrog hosphor us,
oxygen, ti n,iodéptbﬂbylr brogwhevyliciorébeaizilend hydeocaibyt butdtingedo!l ef i ns such as but
not limted to olefinically unsaturated substituents including

vi nyl - t er m rrgarpmgteind sadiqads incladmggrimehiyisilyl drigethylgesnyb- enyl | hex- 5- enyl

and the |ike o1 two ) | acent R
aroups.  ar o melyRee g BT i, By GRSy RESEIA o dIET T T

sel ected frodraklfdluding trispgidorswatBansilylnartHdbis(difluosdrhetbgNsilyger mani um

al um num boron or a conbination thereof. Also, a substituent group R group

such as 1- bubrampmethyldimsthylgermat muhthe ligeeandhgpbstitutadebororeradicalsl ~10042] Ct her
|| gands may i?x%luﬁ&gfciﬁx?.ﬁ{hgll}gg@eﬁfkg%n I%&L&Cc{ls@o%tiﬁ’ﬁ%i ﬁ-ﬂas%%dicéﬁav' ng group Q

For the purposes I'cation and ‘appe ainms the term

"l eavi ng gr ombluding dum¥thlylgrdné difhathyphosphene dighesyla@thef r om a bul ky |i gand
net al | ocene cat al ¥|St conmpound to forma bul ky |igand netall ocene catal yst
cati on capabmethyiphgaylphesphine, chalpggenradifglsdneivdingfeshoxy, sthexy.aieRxyment, Qi s

S 0020 b P F PR MR ARb ol BRER eighon 1
Formul a (1 V) theabyscarisgi, 6isieon, bofor) aliniiAhmbPhitdoger, ipbaghor®] atygeaaig cat al yst
conmpound. ]0043] Non-limting exanples of | 1 gands i ncl ude weak bases such
as anmines, pHbEEameriumanddhslike indedine alediss suhasdyt nehlmibedieby | radi cal s
havi ng olefinically unsaturated substituents including vinyl-terminated ligands, for
example but-3-enyl, prop-2-enyl, hex-5-enyl and the like. Also, at least two R
groups, preferably two adjacent R groups, are joined to form a ring structure
having from 3 to 30 atoms selected from carbon, nitrogen, oxygen, phosphorus,
silicon, germanium, aluminum, boron or a combination thereof. Also, a
substituent group R group such as 1-butany] may form a carbon sigma bond to the
metal M.

[0042] Other ligands may be bonded to the metal M, such as at least one
leaving group Q. For the purposes of this patent specification and appended
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 n is 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



WD 20061044058 PCTI US20051032153 15 from 1l to 20 carbon atons, hydrides or
hal ogens and the |ike or a conbination thereof. In another enbodi nent, two
or nore Q@:8ah@oedsgpart of a fused ring or ring systenpctfubsmsexaspl es of Q
| i gands i nclude those substituents fgs R as described above and i ncl udi ng
“cycl obutyl, cyclohexyl, heptyl, tolyl, trifluoronethyl, tetramnethylene,

pent anet hyl ene, net hyli dene, nethyoxy, ethyoxy, propoxy, phenoxy,

bi s(N-nmet hyl ani li de), dinmethylam de, dinethyl phosphi de radicals and the

i ke. 10044 ' t ' i on are
utili z]ed V\}?ﬁ‘ﬂtlﬁg(%%?‘g’lﬁg@g‘%eg@ﬁdaef ;‘/’E ?*“?%%‘S%Bﬁ?}‘seqé © d&%rdr‘r’uﬂ?ﬂai’%{?? where LA
and LB are thetedfjcidl anothepatibadiment, two ot mbread's farnea part ofia figedringipr A, as

represented in Fornmula V. LAALBI\/%D,Form‘JI V). These, bri dged conpounds are
known as br i BREtysteft Qihebexamplesaf4d ligandsa hess subsitugnts forR a9 and n are

Gr oups. cont s b L Al AR oy, SEIRRATRORARYE | 1E 000 | 6%he
di val ent noi gifimofoatethydsteRatheth9lent, pehtagittiylengsmetglidleremetyoxy@ car bon,

oxygen, nitrogen, silicon, alum num boron,_dﬁger,rranl umand tin atomor a
conbi nat i on ¢threXyeproppry phentxlyybist-msthdanidaldimetwiamides a carbon, silicon

or germani Ug r.ef er abl contains at |east one silicon atom or
at | east on@m%%l}?g@ﬁ%%&dﬁgs%sit g@ﬁeg group may al so contain substituent

groups R as [odad) ned amamethenembélingnt) Heauppsrtsdtihe invBntidiodte htilizdd ng _
exanpl es of bridging group A may be represented by R2C R 25, R 2SR 2Si,
R 2Ge, R P, withithe metallacene patalyatrromponyds of Fogmpla(V) yhstpl wardh ™ p% hydri de,

hydr ocar byl , Ltute rbyl .. .hal byl [ Late ocar byl ,
ydr ocar byl - PR bitbher B Balont proaiiln: K, o RORShG b ferttid
organonetal | gt d, disubstituted boron, disubstituted pnictogen, substituted

chal cogen, or halogen or two or nore R may be joined to forma ring or
ring system In one enbodi nent, the bridged, bulky 1ligand netall ocene

cat al yst conpounds of Fornula (V) a or nore bridgi roups A (EP
664 301 BlI). WD 20061044058 PCT/ JWHSS 16 %rmqae’?

These bridged compounds are known as bridged, metallocene catalyst
compounds. L4, L3, M, Q and n are defined above. Non-limiting examples of
bridging group A include bridging groups containing at least one Group 13 to 16
atom, often referred to as divalent moiety such as but not limited to as least one of
a carbon, oxygen, nitrogen, silicon, aluminum, boron, germanium and tin atom or
a combination thereof. Preferably bridging group A contains a carbon, silicon or
germanium atom, most preferably A contains at least one silicon atom or at least
one carbon atom. The bridging group may also contain substituent groups R as
defined above including halogens and iron. Non-limiting examples of bridging
group A may be represented by RC, R%Si, R,SiR"%Si, R.Ge, R'P, where R’ is
independently, a radical group which is hydnde, hydrocarbyl, substituted
hydrocarbyl, halocarbyl, substituted halocarbyl, hydrocarbyl-substituted
organometalloid, halocarbyl-substituted organometalioid, 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).



[ 00451 In anot her enbodi nent, the supports of the invention may be utilized
with nmetal | ocene catal yst conpounds where the R substituents on the bul ky

| i gands LA and LB of Fornulas (IV) and (V) are substituted with the sane or
di f f er entwouodama403§ substituents on each of the bul ky | irgamggooso32eaot her
enbodi ment, the bulky ligands LA and 1B of forrmulas (1V) and (V) are
different fromeach other. [00461 In another enbodi nent, the supports of
the invention may be wutilized with other netall ocene catal yst conpounds
such as those described in U S Patent Nos. 5,064,802, 5, 145, 819,

5300, 614, S8 01 1Raidflectibodimen e sditbrisyf e piGioradte 0

551 08223, 5"“33%‘%’?35“53%&8%?“?%“”%3“%?“‘%%5‘8‘?‘23“'3?8&"%%”387\?1529
3\% 98/ 46650, builgy lgando k2 end b 08@%9@%?"%%&) atg sehsbgiedRBhithesamer Ep- A O
b 510’ 635 ST-rekTat of s o il e putly 1%&35‘39@7“‘7‘"?’? of uhioh are
fully i ncor paitadatemahe bolky\ligapdel tantL® 40@4ThaE (NVGnOU (V) arndiffeienent , t he

supports of the invention may be utilized with metallocene catalysts which
i ncl ude bri i ea@e@heTat om nono- bul ky |igand metal | ocene conpounds. These

oubl 1 cat i on 0885 ooaaz PhBe BroBshe W hfotiht Hifhidymaghe Vo o T
96/ 00244, Wathiged bttt ihelidocsiy &ﬁ’ﬁﬁsl camﬂohhcﬁ suaahﬁhbsd\&&cn&d657 475,
5,096, 867, 5,055, 438, 5, 198, 401 264, 405 and Eur opean

publ i cati on &S- Ratgntgses. 2964,84R) 5,445, s\}ﬂ éﬁ"':”&% 5)83%922 f5u'47|6)20i8ncor por at ed by

f J
o BT s I3, LB R 0418 SUPRANLS P RS TEYSH o0 21

L” AIMXQ For ngj854,383), 5, aﬂesme 3VB5%9@8, @gmpss 5 900,2177&{@5 939,500 &id PCTet al
selected fromthe Grou actini des an hani des of t he Periodic Table

o TheCE rrambustinne MO RMQB2R1: Wk B8 Ben WIS B5/07240. HANE ! A4 - and by e
preferably Md,s BoGyYBsA155, WoDeY 8640 00 e 0xdhoamd WodRi93 aka3 17

European publications EP-A-0 578 838, EP-A-0 638 595, EP-B-0 513 380, EP-
Al-0 816 372, EP-A2-0 839 834, EP-B1-0 632 819, EP-B1-0 748 821 and EP-B1-
0 757 996, all of which are fully incorporated herein by reference.

[0047] In another embodiment, the supports of the invention may be
utilized with metallocene catalysts which include bridged heteroatom, mono-
bulky ligand metallocene compounds. These types of catalysts and catalyst
systems are described in, for example, PCT publication WO 92/00333, WO
94/07928, WO 91/04257, WO 94/03506, WO 96/00244, WO 97/15602 and WO
99/20637 and U.S. Patent Nos. 5,057,475, 5,096,867, 5,055,438, 5,198,401,
5,227,440, and 5,264,405 and European publication EP-A-0 420 436, all of which
are herein fully incorporated by reference.

[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
actimides 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



‘transition nmetal, and nost preferably Mis Goup 4 transition nmetal in any
oxi dation state, especially Ti or Zr or H, Lc is a substituted or
unsubst i twioedoduabdsg | i gand bonded to M J is bonded toPRfi/UR2§05/0BA%ed to L°
and J; J is a heteroatom ancillary |I¥gand; and Ais a bridging group; Qis
‘a univalent anionic ligand; and n is the integer 0, 1 or 2. In Forrmula (V)
above, L', Aand J forma fused ring system In an enbodinent, L of
formula (VI) is as defined above for L", AA M and Q of fornula (VI) are as

defi ned aboveansitidmimetal,and Yost préfeddhly Miiskarmoup Marapiitipn thetd imaryet er oat om
containing ligand in which J is an elenment with a coordi pation nunber of
. three from GPodatiomsstete, especadlbibir 4%ior K by 18 asubstituted evunsyhgituted bulkyo from

G oup 16 of {. ri.odi C JTahl A t.Sore . tains a
it rogen, _phiSiiRnee iy T dopda 4 b fFoBRR B R hherafS O

. preferred. [ @aldrylligandiQhb ey is @BdgingaRbup; (B Sufipdént andhict lif@nd;andi | on are
utilized with a netallocene catal yst conpound which is a conplex of a

netal , pref eisdbe yteger Oy has?-t Inoformela(VI) abaygl ley A angbhfermpfasedmng v a

Poreti e, - sustdl HRALah bR, L ORARRe (VAT 0BicaaBEu lor 1 & REL B oa 1Y
5, 747, 406 angn&d Blfolnd3BVI)a7e astlefined abdviea# ferirmala VY ei n ful |y i ncor por at ed

by reference. [00511 In another enbodi ment the supports of the invention are
utilized wi 190481 et al InEemule YR ys? beterpptonn eontgipingfigang imwhicb Jiksent ed by

or o or abl y o PSS} Sgorch RN pftphét oshurel HorF Ghoupl sy i ', O0L %%

preferably a a refera a Goup 4,

5 or 6 transitcberdinmibahimber ¢f tolfdnk GroupdR6F the périddic ThslBdethet 0 M each Qi s
I ndependent|y bonded to Mand (YZ) forns a unicharged polydentate |igand;

Q is a uni valFdmenisi Ryafesably §eoniains 3 sitrngandthosphomes, oxyges of SBMNA®M®Nt  ani oni ¢
group when n_i.5 2 ' ' anionic group when n isl; nis | or
2. 100521 In vh@rxﬁbrﬁéenz&ﬁrfg)rﬁo@p}‘e?elg%l ned to be the sane as L" above and M
are as defin¢ggbsapove f G akofierehibodinydnt, the swppasts d€ihe ipdEntbe ur wtdizedor nul a
(1V), WO 2006/.044058 PCT/ UsS2005/ 032153 18 .

with a metallocene catalyst compound which is a complex of a metal, preferably a

transition metal, a bulky ligand, preferably a substituted or unsubstituted pi-

bonded ligand, and one or more heteroallyl moieties, such as those described in

U.S. Patent Nos. 5,527,752 and 5,747,406 and EP-B1-0 735 057, all of which are

herein fully incorporated by reference.

[0051]) In another embodiment the supports of the invention are utilized

with a metailocene catalyst compound, which may be represented by Formula

(VID):
L°"MQx(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 ligand 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 whenn
isl;nislor2.

[0052] In Formula (VII), L? 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),



preferably Qis selected fromthe group consisting of -0-, -NR-, -CR2- and
-S; Y is either Cor S; Zis selected fromthe group consisting of -OR
-NR2, -CR3, -SR - SiR3, -PR2 and -H, and substituted or unsubstituted aryl
groups, wworobdieapsgovi so that when Qis -NR then Z is sermsicesiodzissm one of
the group consisting of -OR, - NR2, -8R, -SiR3, -PR2 and -H, Ris selected
froma group containing carbon, silicon, nitrogen, oxygen, and/or
phosphorus, preferably where Ris a hydrocarbon group containing from1l to
20 carbon atons, nost preferably an al kyl, cycloal kyl, or an aryl group; n

is an integ 10.4 Ly | of 2 X s amhidgl enl carionic

group when ﬁﬁtﬁ%ﬁ%@oé l§<8?]§a5&)§:8{7§t?1§%&ﬁgrﬁo gﬁf@‘gg%?o?; mh dhﬁ% EHQ;S pr@Ief erably
X is a carbageitker Caf HOX 1 Riecteddrom tHecgroliettisinting vk -OR] NBy,, dERGERed by t he
Q Y and Z conbination. [0053] In _another enbodinment, the supports of the

ihnvent i onI ar%lprt-PRizM-Hwﬁﬂdﬁuhﬁgﬁleﬂ@cmbﬁ@?lwdwl gomsowHishe BAVIEA i ncl ude
Cystentay el VRRQ LR RS2 ¥ Rited BPmutiel o EBHS Fonslsta of idked, O '

Non- i m tingNRxaBR! &SiRO-PROGAEIDR N geldciral frhe agrédpontalmng @arbbn,el enment ,

preferably nitrogen, boron, sulfur, oxygen, alum num silicon, phosphorus
and tin. Exasiitans nisfogemenygensand/oopkesphomatprefesably whersuhise hirdsocazhnsr | bed i n

WO 96/ 33202, WO 96/ 3402 97/17379 ,and WO, 98/.22486 and, EP- Al-:0 874 005
and U, 5. Pat BREP ROPEEME fon 50 20ichoq i miskmipterahly dn ey ekl 033 0ag,
5,744,417, agdnarbfodp s i8lah itbger\Wint I té18 Spréfrabily 1 oPCOKNSE ahRdichy ' ef erence.
[0054] | n anot her” emrbodi nent, the supports of the invention may be utilized

Wit h met al | owsendic geaupl when rois 2pwph thsa divklentanioni¢ growp adepinds dspietsatly as
transition tal catal ysts, based aon bidentate.ligands cpniai i yridi ne or
Ui ol | ne. okt F EEoRBAEn TG ST P Ao BheRPRLEY s R2 YT o) R
09/ 103, 620 f et cdmbmatien. 1998, which is herein incorporated by reference.

In another enbodinment, the netallocene catalyst conpounds are those
descri bed i n[00S3IT publ Incanothen smpgdiogng thaupparts Wihe gnventien aretilized are ful |y

i d . in by ref . [PO55] 1. di ., th
Suppor vs of - Vil TR hepe RIS SRR Poyndsy Riey e BREhlPRe IR RE ot 2 yor
conpounds whidihpleRes vaiferé RIRRBETIBMdE the AREE)Vderig dyklehi(s)/ ¥AcRIA &0 44058

PCT/ US2005/ 032153 o
more heteroatoms or a combination thereof. Non-limiting examples of

heteroatoms include a Group 13 to 16 element, preferably nitrogen, boron, sulfur,
oxygen, aluminum, silicon, phosphorus and tin. Examples of these metallocene
catalyst compounds are described in WO 96/33202, WO 96/34021, WO 97/17379
and WO 98/22486 and EP-A1-0 874 005 and U.S. Patent No. 5,637,660,
5,539,124, 5,554,775, 5,756,611, 5,233,049, 5,744,417, and 5,856,258 all of
which are herein incorporated by reference.

[0054) In another embodiment, the supports of the invention may be
utilized with metallocene catalyst compounds, which include complexes known as
transition metal catalysts based on bidentate ligands containing pyridine or
quinoline moieties, such as those described in U.S. Application Serial No.
09/103,620 filed June 23, 1998, which is herein incorporated by reference. In
another embodiment, the metallocene catalyst compounds are those described in
PCT publications WO 99/01481 and WO 98/42664, which are fully incorporated
herein by reference.

[0055] In another embodiment, the supports of the invention may be
utihzed with metallocene catalyst compounds which may be represented by
Formula (VII):



19 ((2) XAt (YJ))gMn Formula (MI1) where Mis selected fromGoup 3 to 13
or | anthanide and actinide series of the Periodic Table of the Elenments; Q
I s bondedw®ib/enaosseach Q i s nonoval ent, bival ent, or tROVES2e0R0321330N; X
and Y are bonded to M one or nore of 1K and Y are heteroatons, preferably
both X and Y are heteroatons; Y is contained in a heterocyclic ring J,
where J conprises from2 to 50 non-hydrogen atons, preferably 2 to 30
carbon atons; Z is bonded to X, where Z conprises | to 50 non-hydrogen
atons, preferably 1 to 50 carbon atons, preferably Z is a cyclic group
containing 3 to 50 atons, preferably 3 to 30 carbon atons; t is O orI; when

-t is 1, Ais a bridging group J(Qm)m;(‘y,]a)qmmst one of %nn\mga{n,q
preferably X and J; qis 1 or 2 or 4 depending on t

oxi dation state of M In one errbodl mant where X is oxygen or sulfur then Z

P caan white MR fsefeeted Gt cireap i 13 51 G d AriHid e ERIRE oy 0 "
preferably P«fﬂbﬁ?& T&Hﬁ]@ﬂth@’%maﬂ{ QR bthQﬁ@]M-EHE emtghé ﬁsmié;@t al yst

conmpounds use in this rnvention may, in one enbodi nent, I nclude
conpl exes of biMaleht, antliveldRtraniies & ardkY ambaddede oheser mﬂtdwfs)éand ¥taral ., New

I 20 Bl b8 e e S S o0 o
\Copol yrer | 2Byl s hEBE J%HP%@&%& Shbn bR aRezed Vi ny!

Monomer s by Catalys 1996, 118, 267-268,
and WO 96/ 23preferahipR ite Bé darbomy atetns1Z 1&B@ﬁledW99/h&2427®mpm§slmﬁ@nt Nos.

5,852,145, 5,866,663, and 5, ich are all herei .fuII. incorporated
by { ref er encBOI-HHIQRENA0MmS; é’i"erg"akéfnll ??‘FFEW‘?H‘&IHWE“&&@F Ets, or
al kyl ated 1 gagh coftailfadi6!sh Mimd e RRBEY 3 Resh b idifs qqEBbeKemehRal can be

activated to a cationic state by the actlvators of thi's invention described
bel ow. [005715 1/Asis aibmiding egtoupsjomed &b holeast encof X Ysind I preferdbbg X aiidilni ne based

| i gands of 8. to ounds, di s | osed in. PCT publications WO
96/ 23010 anol‘l\'fb{3 OF73: 4y 52%%9}?% "gé’f“haﬂ ox1 GRE0B A DN CE“SB"' 849- 850

(1998), all ginibiely %erebe{sedx@,gemspgm&aieﬁtt RYpliehAr B EfathefO 2006/ 044058
PCT/ US2005/ 032153

embodlment where X is nitrogen or phosphorus then Z is present. In one
embodiment, Z is preferably an aryl group, more preferably a substituted aryl
group.
[0056] The metallocene catalyst compounds useful in this invention may,
in one embodiment, include complexes of Ni** and Pd** described in the articles
Johnson, et al., New Pd(I)- and Ni(II)- Based Catalysts for Polymerization of

[ Ethylene and a-Olefins", J. Am. Chem. Soc. 1995, 117, 6414-6415 and Johnson,
et al., "Copolymerization of Ethylene and Propylene with Functionalized Vinyl
Monomers by Palladium(II) Catalysts", J. Am. Chem. Soc., 1996, 118, 267-268,
and WO 96/23010 published August 1, 1996, WO 99/02472, U.S. Patent Nos.
5,852,145, 5,866,663, and 5,880,241, which are all herein fully incorporated by
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.



100581 Ot her netall ocene catal ysts, which may be utilized with the supports
of the invention, are those Goup 5 and 6 netal im do conplexes described
in EP-A2-0 816 384 and U.S. Patent No. 5,851,945, which is incorporated
her ei n bywg mbigiAmee. Al so useful with the supports of tRCEUSZIMSNIZAIEN are
bri dged bis(am do) catal yst conpoundg¢as described in WD 96/27439 and D.H.
McConville, et al., in Organonetal lics 1995, 14, 5478-5480, which is herein
i ncorporated by reference. OGther netallocene catalysts that may be used with
the supports of this invention are described as bis(hydroxy aromatic

ni trogen |igeyssp) | N Oth& mEan&ihe bitalybis S5 Rich4ayty efliZes withape por at ed her ei n
by reference. O her netallocene catalysts containi r]g one or nore G oup 15

gt ons 'lt)hgt FapPOBis C}ﬁﬂtﬁinthion, mﬁhtys@'@um 8 apd 6tetal i mmblﬁms?cl ude t hoseI I
[ i n VD. 98/ 46685 ' ' in,i Dy . . Sti
ot her ot al R6VERES ohERiA% 81P RS S TR b N SRR OB irt o of chis

i nvention i pedopshate BeRINHY bdfétefdes aKiso DRI Wil BRSuPFErH ofthis iMenfl@SCr i bed in
WO 99/ 20665, which is incorporated herein by reference. [0059] It is also

cont enpl at edre bradged bisfarvideirbatalysteompouhds ascdestriedan W ORH51498 asd descr i bed
O "Lt VRSl A ofbanS Rl 865 T SEHETBAG, Sl ReR, 1o,
herein by r %ﬁ&fr@a}tﬁﬁh b9 Hefefinkt. Whler HBANERNe cﬁag]gs& tha rMyPHR (RA%AINhE e

Pol ynmeri zati on al ySts [0060] The supports of the irvention nmay also be
utilized wi tshpgartsund thiS imvention serdesinitied gs pis(lyydeoxyzavinatic vHxogey bgamdshpounds.

CGeneral ly, th atalys i.ncl ydes. a G ou to.14 tal at ref er abl
a Group % tdnifg'r%t@t#e%érsaﬂ%“&“c Mrgprgtggélfregh g‘%@ﬁ“%r rgferabl y Zl
G oup 4 net gheiaflgithe gagx?&stcan@ﬁﬁdge&&tormedreaymg?gtﬁ&rsqm mifhélse@ bound ito

at least two Goup 1 ons, at l|east one of I's al so bound to a G oup

15 and 16 atwith thiersoppyirtsanddiik énvegtiominclde tigsE desaribed abW0O 98M668Hast one of the
G oup 15 ato i s .also.bound to,a ou or 16 omthro ot her group
wh oh may be ieh i HEre oRPBRLY Beregr .l SbeepeRlSci e g ot oup.
silicon, geryggRmewad with thd s‘?lg?tar_ts S thRAveRiieh iroludthB6R Aukinfcléroup 15 or 16
atom may al so be bound to nothing or a hydrogen, a G oup 14 atom contai ning
group, a halmeteligcene catalystsas descobediD WODSY/QAGGT, &/hivdiTis UBROBBiteBRatER 21

by reference.

[0059] It is also contemplated that in one embodiment, the metallocene

catalysts described above include their structural or optical or enantiomeric

isomers (meso and racemic isomers, for example see U.S. Patent No. 5,852,143,

incorporated herein by reference) and mixtures thereof.

Group 15 Atom Containing Polymerization Catalysts

[0060] The supports 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 Grbup 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



contai ni ng group, and wherein each of the two G oup 15 atons are al so bound
to a cyclic group and nay optionally be bound to hydrogen, a hal ogen, a

het er oat wo pos/oa0k8/dr ocar byl group, or a het er oat om conkGI/HS2985/¢R26%Wp. (00621
G oup 15 atom contai ning netal polynmtization catalyst conpounds nay be
"represented by Fornula (IX) or (X): RA Re ,/ 1~ IR3._"Xntm R2 7 I5 Ri

Formula (IX) or R4 1 /Rs YRL/ \MXn-2 R5 R Formula (X) wherein Mis a
transition nmetal, preferably a Goup 3 to 14 main group netal, preferably a

G oup 4, 5, caﬁtafnix_ﬁggx%h{;z faﬂdvﬁi%’ﬁeﬁh&ff&h@ﬂd@ﬁ) 13UiforAs 4 tatto,boandl to 410St
I Tani

preferably zirconium umor hafnium Each X is i ndegendent ly a | eaving
group, pref yelit group andmayoptionadly ba ogndtahydsegen, shalegsm aheterstgm ey dr ogen, a
hydr ocar byl graup, ,a.heteroat.0 r a _hal.ogen, and nost preferably an al kyl
or an aryl é&k}’g‘f‘?o?{]’tyég“’é*’k?ﬂa.he\%?%&ﬁ'ﬁ’&%&‘&ﬁ%%ﬂ US2005/ 032153 22 100631 y
is 0 or I (eer)y is QGRupYp atem éontaARm@Hotal pdlyreriZafiowyatalgsd on state of M

preferably +3, +4, or +5, and nore preferably +4, mis the formal charge of

the YZL or tcompends maybewtpreserdédkbyboymia (IX)or(X):or -3, and nore preferably

-2, Lis a Goup 15 or 16 elenment, preferably nitrogen, L' is a group 15 or
16 el ement or G oup 14 containing group, preferably carbon,

R4

s
R3 L/a \ "Xn+m
. /

RG

R2—
e
Formula (IX) or
R
e
o\
. /L,\ /M Xn-2
R
i Z\
[
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,

Fach 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.



silicon or germanium Y is a Goup 15 elenent, preferably nitrogen or
phosphorus, and nore preferably nitrogen, Zis a Goup 15 el enent,
preferably nitrogen or phosphorus, and nore preferably nitrogen, R and R2
are i ndepanzeonddgssa CL to C2o0 hydrocarbon group, a het ePEEUSHOSOEIBRI ni ng
group having up to twenty carbon atoid®, silicon, germanium tin, |ead, or
phosphorus, preferably a C2 to C20 al kyl, aryl or aral kyl group, nore
preferably a linear, branched or cyclic C to C20 al kyl group, npst
preferably a C2 to C6 hydrocarbon group. 100641 R3 is absent, a hydrocarbon

group, hydrqgeés] a halyog@rr 1Iqwheatyds Ograup Canialseny)ng group, preferably a
|'i near, cyclic or branched al kyl group _having | to 20 carbon atons, nore
preferably mBisitke %@@Wﬂ,ﬂﬂﬁ@/@f%éﬁ erblyit 3artfyer +5g pdimoreprglerally thr ef erabl y

b R R Y R e

group, a cy@hi,ﬁorgbgéfﬂblyggpup, a substituted cyclic aral kyl group or a
multiple ring system preferably having up to 20 carbon atoms, nore
preferably HeisweGroup 14 166lement,poeferabbingifrogerd even nore preferably a Cl to

C20 hydrocarhon _grou a o C20.aryl,group. or a C t aral kyl group,
or a heter oaﬁ‘l dha%‘?ﬂpg%f’hg&af%‘lfﬂf f Sfoype}(gﬁ%r#gm%g:mm&rgfe%&c ﬁoﬂ’l kyl
group, Rt angidda F@¥mminm} er connected to each other, and/or R4 and RS may .
be interconnected to each other, R6 and R7 are independently absent, or
hydr ogen, anY a$ k{droup buplemient, porierablymitregesnerophosphaiush aad aeere ipydfergblyup,
preferably a.tri near, cyclic or branched al kyl group having I to 20 carbon
atons, nore Zr abl y absent, and WO 2006/ 044058 PCT/ US2005/ 032153 23 R is

absent, or i3iy¢rQGETS cRmehO preférdbBLAT bHspibrad, AHB mdre prefOUBR: (
het er oat om corllt ai n?‘%g g?ort?p. F0066] E’rtBy " orrrrgt? char ge of theri?(éZL op YZL'

| i gand", it mibogemant the charge of the entire |igand absent the netal and
the 1 eaving gr Quie e i BtoeBeng o R I bbbl SeIaggho0" 10 1S meant
containing group having up to twenty carbon atoms, silicon, germanium, tin, lead,
or phosphorus, preferably a C; to Cy alkyl, aryl or aralkyl group, more preferably
a linear, branched or cyclic C; to Cyp alkyl group, most preferably a C; to Cs
hydrocarbon group.
[0064] R3is absent, a hydrocarbon group, hydrogen, a halogen, a
heteroatom containing group, preferably a linear, cyclic or branched alkyl group
having 1 to 20 carbon atoms, more preferably R” is absent, hydrogen or an alkyl
group, and most preferably hydrogen.
[0065] R* and R’ are independently an alky} group, an aryl group,
substituted aryl group, a cyclic alkyl group, a substituted cyclic alkyl group, a
cyclic aralkyl group, a substituted cyclic aralkyl group or a multiple ring system,
preferably having up to 20 carbon atoms, more preferably between 3 and 10
carbon atoms, and even more preferably a C; to Cy hydrocarbon group, a C) to
Cyo aryl group or a C; to Cyg aralkyl group, or a heteroatom containing group, for
example PR3, where R is an alkyl group,
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 alky! group, halogen,
heteroatom or a hydrocarby! group, preferably a linear, cyclic or branched alkyl

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



to each other or may be bound to each other through other groups. By " R and
RS may al so be interconnected” it is neant that R4 and R5 nmay be directly
bound t o waembe/otsbsr or may be bound to each ot her througlT/o$2oes03g13uUps.
Phenoxi de transition netal catal yst compositions [0067] The supports of the
invention may al so be used with phenoxide transition netal catalyst
conpounds. Generally, these conpl exes are heteroatom substituted phenoxide
ligated Group 3 to 10 transition netal or |anthanide netal conpounds
wherein the i t f ; %ﬂﬂlﬁi p. [0068]
Phenoxi de trgﬁgﬁf%“ﬁ'ﬁwrégﬁ“a?%@%gﬁ%‘Sfﬁ# smrrlggg e ég?ae]ggﬂ*tﬂed by Formul a
Xl or Xl |: Rgetétioatdth ébndihify gloupR4 Rs Fornula (XI) WO 2006/ 044058

PCT/ US2005/ 032153 24 R2 Rl Mi-On-2 S R. RS R2 R4 R3 Formula (XII)
wherein R i H0804, oge@ﬁrfwwmwhﬁggﬁr%@%ﬂﬁﬁ%w‘%“‘F@Ftt‘heary al kyl

group, pref . Gr tertiary
al kyl group, a{%gée fetﬁ%gﬁi/r“a{g%ﬁ bggﬁ%&?%y%i?%%qéﬁg%éﬁﬁ %&B'OF{@%%/ not al so
be bound to Rf mapalsodasiterornaiedR3t it meRht that R ndtRrmay bendieaiydionhdig gr oup,
the rest of R2 to R5 are independently hydrogen or a C, to CL(r) group,

preferably atocgch gtheper maxhe bepng ip eachpthershrough gthergraugs.oBYywR @dFacl ude

butyl, isobu | Wk, I ggp%ml L , isooctyl,
decyl, nonyl B%gglggyeillﬁtwg%&g%y (h)tfls %é‘%{tothﬁ a sgl %f@?‘ﬁ%{/bﬁg’{“y{% bound to
M 100691 EaedchRtherer ifay®e bupndmyeabl otheslthpeughanhdrygraupest i t ut ed or

( Phenoxide transition metal catalyst compositions
[6067] The supports of the invention may also be used with phenoxide
transition metal catalyst compounds. Generally, these complexes are heteroatom
substituted phenoxide ligated Group 3 to 10 transition metal or lanthanide metal

compounds wherein the metal is bound to the oxygen of the phenoxide group.

[0068] Phenoxide transition metal catalyst compounds may be represented
by Formula X1 or XII:
R O—M"—Q,4

R R®

Formula (XI)



unsubstituted with other atons, including heteroatons or heteroatom
containing group(s): 0 is oxygen; Mis a Goup 3 to Goup 10 transition
nmetal or |anthanide netal, preferably a Goup 4 netal, preferably Mis Ti,
Zr or Hf wa2dos/oidoss val ence state of the metal M pref er @giywus200s832143 or 5;
and Qis, and each Q may be independently be, an al kyl, hal ogen, benzyl,

am d, carboxylate, carbamate, thiolate, hydride or al koxi de group, or a
bond to an R group containing a heteroatom which may be any or R to R5.

[ 00701 A heteroatom containing group nay be any heteroatomor a heteroatom
bound to car bon,Rsr | i cogt or anot her heteroatom Preferred heteroatons W
2006/ 044058 PCT/ UgS2005£032153 25 include boron, alum num silicon,

ni trogen, phosphoy&s\arsenic, tin, lead, antinony, oxygen, selenium and
tellurium Rartig X preferred heteroatons include nitrogen, oxygen,
phosphorus, and sy / BEven_nore particularly preferred heteroatons

i nclude nitrogen Qxygen. Wie—hepgyoatomitself may be directly bound to .
t he phenoxide ring or N_gmay je bound to another atomor atons that are

bound to the ph&fioxi de ﬁ?ng he het eroat om contai ning group may contain
one or nore of the same or digdferent heteroatons. Preferred heteroatom
contai ning groups include impes, ¥ nes, oxides, phosphines, ethers,

ket ones, heterocyclrcsR #s, thioethers, and the like. Particularly
preferred het er oat om cont § groups include imnes. Any two adjacent R
groups may formmulti-rin tures. I n one enbodinent any two or nore R
groups do not form a 5_sef 'ng. [00711 In a preferred enbodi nent the
het er oat om subst it ut ed phenox de tRansition netal conpound is an

i m nophenoxi de Group 4 transiljon netal conpound, and nore preferably and
i m nophenoxi dezi rconi um conpound. [00721 Preferred netal |l ocene catal yst
conpounds include: rac-dinmethylsilyl-bis(indenyl) hafsmuna{Xug) hyl

rac-di met hyl silyl -bi s(i ndenyl) haf ni undi chl ori de,

rac-di met hyl silyl-bis(indenyl)zirconiundi methyl,

rac-di met hyl.gid sl gi$ ﬁ&&}gﬁé}y er)azt &Rﬂ &ghﬁ r})lr&%}a%?y a tertiary alkyl group,
preférabiy a C4 to Cy alkyl group, preferably a C4 to Cy tertiary alkyl group,

preferably a neutral C, to Cyo group and may or may not also be bound to M;

At least one of R? to R is a heteroatom containing group, the rest of R? to R’ are
independently hydrogen or a C; to Cyg group, preferably a C4 to Cyo alkyl group,
preferred examples of which include butyl, isobutyl, t-butyl, pentyl, hexyl, heptyl,
isohexyl, octyl, isooctyl, decyl, nonyl, dodecyl, and any of R? to R also may or
may not be bound to M;

[0069] EachR' to R® group may be independently substituted or
unsubstituted with other atoms, including heteroatoms or heteroatom containing
group(s):

O is oxygen;

M is a Group 3 to Group 10 transition metal or lanthanide metal, preferably a
Group 4 metal, preferably M is Ti, Zr or Hf;

n is the valence state of the metal M, preferably 2, 3, 4, or 5; and

Q is, and each Q may be independently be, an alkyl, halogen, benzyl, amid,
carboxylate, carbamate, thiolate, hydride or alkoxide group, or a bond to ar 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



-rac-di met hyl silyl -bi s(2-net hyl - 4- phenyl -i ndenyl ) haf ni undi net hyl ,
rac-di net hyl sil yl - bi s(2-net hyl -4-phenyl -i ndenyl ) haf ni undi chl ori de,
rac- di metwy hsvsloydos®i s( 2- met hyl - 4- phenyl -i ndenyl ) zi r conpgmliszmsN3153
rac-di met hyl sil yl - bi s(2-net hyl - 4- phengl -i ndenyl ) zirconi undi chl ori de,
“rac-di et hyl sil yl - bi s(2-met hyl - benzi ndenyl ) hat hi undi net hyl ,

rac-di nmet hyl sil yl - bi s(2-net hyl - benzi ndenyl ) haf ni undi chl ori de,
rac-di met hyl silyl -bi s(2-nethyl -benzi ndenyl) zirconiundinethyl,

- di et hyl. I d
o o YR bR LB HLAJER bSO, e ekl
rac- di met hylagnimhy,bjxgr € serehiy, anddtiogihh. Paftivulslyi prefettyd heteroatoms
rac-di met hyl si | yl - bi s-(2 met hyl -i ndenyl ) haf ni_ undi chl ori de,

rac- di met hyliB¢udq nifspgen; oxygentphospharss and sulfyre divien mare Rarbeplary

e di met ny PR BtngtRifkfudcRBRH st owRBE The RarBRT RN us | o
rac-di met hy |d$1*el:ﬂ* b&ind(t8 ﬂfﬁiﬁlﬁﬁbnﬂe fing bt hxﬂ i Becyant Yo Ardftidrattih 6hdtems de,
rac-di met hyl si | bi s(2- net hyl - 4- napht hyI -indenyl) zirconiundi net hyl,

rac- et hyl enéhagnasq bowad iy tlyemhpmmdmﬂngmmheteroatom containing group may

20U e S O L BB R SR HARMER 0051 092109

rac-ethyl en%ohta%ﬁh%gﬁﬂgé néiude aRinefdinfilésObkides, ﬁhosphmes, ethers, ketones,
rac-di net hyl si | met hyl - 4 -(2 -met h yl -phenyl ) -i ndenyl)hafm undi met hyl ,

rac di net hyllsidrwycbmpxambnmﬂmmhqs anéﬁhwlukqmﬂamwlaﬂmefmeﬁhaf ni urdi chl ori d

 ac- di et hy MEMTOMOR; cQpi3ining Hopesinelide mings| ABY 50 AiagSH R BIPYS B Woni undi et hy
|, rac- di mefbh Infiildi-¥ing RirGétdres® Il énttodlimEmtday wb Be fiord RighslgR b not

zi rconi undi chl ori de,

rac- di met hyIermy'lIf’-Im‘-mb@efﬂTml&yl 4-(4' -nmethyl - phenyl ) -i ndenyl ) haf ni undi net hyl ,

(raac di met hyl[ﬁbjlﬁl bi 3(1121 ar;r)%th 1¥ed emﬂg'dlme tt tﬁglhelp:roa )subs?gu?e&/pl}elqg{l éurrdi chlorid

rac- di net hyltgdnksition phetdl Zonpbind m%nﬁﬂnm?ﬁéﬂ&hdeﬂb@ﬂ)ﬁh)trdn@ﬁl@ﬁ)ﬂe)ﬂ' rconi undi net hy
|, rac-dinmethylsilyl-bis(2-nethyl 4' - met hyl - phenyl ) -i ndenyl )
zi r coni undi ciempoiund and more preferably and 1mmophenox1de21rconmm compound.

rac-di met hyl silyl-bis(2-nmethyl-4-(4'-tert-butyl-phenyl)-indenyl) hat hi undi et
hyl ,

[0072] Preferred metallocene catalyst compounds include:

rac-dimethylsilyl-bis(indenyl)hafniumdimethyl,
rac-dimethylsilyl-bis(indenyl)hafhiumdichloride,
rac-dimethylsilyl-bis(indenyl)zirconiumdimethyl,
rac-dimethylsilyl-bis(indenyl)zirconiumdichioride,
rac-dimethylsilyl-bis(2-methyl-4-phenyl-indenyl)hafniumdimethyl,

1 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,



rac-di nmethyl silyl-bis(2-methyl-4-(4'-tert-butyl -phenyl)-indenyl)

haf ni undi chl ori de, rac-dinmethylsilyl-bis(2-nmethyl-4-(4"-tert-butyl
-phenyl)-indenyl) zirconi undi nmet hyl,

rac- di mretsiyimshidosdi s(2- met hyl - 4- (4" -tert-butyl - phenyl) pcradgoyshs2i1s3

zi rconi undi chl ori de, 26

rac-di nethyl silyl-bis(2-nethyl-4-(4'-tert-butyl-phenyl)-indenyl)hafr-iundine
thyl, rac-dinmethylsilyl-bis(2-methyl-4-(4"-tert-butyl -phenyl)-indenyl)

haf ni undi chl ori de, rac dinethylsilyl bi s(2-methyl -4-(4'-tert-butyl -phenyl)-
|ndenyl)2|r&p

e gircop! eth :
;??Cglmnﬁhglyl Sln% E] in i—gégﬂglrcom d1c lorrﬁ:le butyl - phenyl) -indenyl)

rac- di met hyﬁ%rqlmeﬂ’(ﬂﬁ%bﬁ@ mgthyl-4- @eﬁnﬁmﬂhi’ snybrigdsrybafiiemdinetbyl sopr pyl - 4- (
4' -t ert - buragtdipretylsilyl-bistlempthiyirdt Ri-mathy g )mdenyl)haﬁnumdlnzilon de,

r ac- di met hytaidiylethybilybbis(2- nmttl(y&lﬂ-(ﬂémbﬂiyhpbtnyl)-mdenyl)mrcommndnmethyl
- phenyl) - i neRAdite(tRAsisbbisf-nethyl-4-(2'-methyl-phenyl)-indenyl)

tert-butyl - ﬂhﬁﬂydlﬁdlb]ﬁ]gﬁ@yl ) haf ni undi chl ori de,

rgﬁeg;{?‘t Ih% Cnglime iR % )Al4-(t4€ﬁ1tetﬂ}"i‘-b}iény]) indenyl)hafniumdimethyl,
tylsh

tert-butvl iR PRI "2| r é}ﬁ - " e hen -indenyl)hafniumdichloride,
r ac- di rre%/hy %s - Z-‘q é yI)-indenyl)zirconiumdimethyl,
-phenyl ) - | nﬁgn‘}'me silylhis -mektwé&— Ay phinyi) indeny)

tert-butyl - Blﬁ@ﬂylﬂ?dlmleéﬂ%l ) zi r coni undi net h

rac- di net hy rai-gigriethyilsilyr-brséd-imgethyd- H%tm@bﬁyﬁﬁ}dnyl)ﬁd@wl)hﬁﬁﬁmdiMMt hyl ,

rac- di met hy rad-diyriethyils(y2-bist2-melhyl-46(dtitertsiapybphenylhohdenyl) zi r coni undi et hyl ,

rac- di met hy hgfinlushdithlefide, et hyl - 4, 6-di i sopropyl -i ndenyl ) zi r coni undi chl ori de,
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Bis(n-propylcyclopentadienyl)hafniumdimethoxide,
Bis(n-butylcyclopentadienyl)zirconiumdichlornide,
Bis(n-butylcyclopentadienyl)zirconiumdimethyl,
Bis(tert-butylcyclopentadienyl)zirconiumdichloride,

, Bis(tert-butylcyclopentadienyl)zirconiumdimethyl,

‘ Bis(benzylcyclopentadienyl)zirconiumdichloride,
Bis(benzylcyclopentadienyl)zirconiumdimethyl,
Bis(benzylcyclopentadienyl)}(pentamethylcyclopentadienyl)zirconiumdimethyl,
Bis(benzylcyclopentadienyl)(pentamethylcyclopentadienyl)zirconiumdichloride,
Bis(propylcyclopentadienyl)(pentamethyicyclopentadienyl)zirconiumdimethyl,
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Bis(tetramethyl,propylcyclopentadienyl)(pentamethylcyclopentadienyl)zirconium
dichloride,
Bis(tetramethyl,propylcyclopentadienyl)(cyclopentadienyl)zirconiumdimethyl,
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Dimethylsilylbis(1-methyl,4-butylcyclopentadienyl)zirconiumdichloride,
Dimethylsilylbis(1-methyl,4-butylcyclopentadienyl)zirconiumdimethyl,
Dimethylsilylbis(1-methyl,4-butylcyclopentadienyl)zirconiumdimethoxide,
Dimethylsilylbis(1-methyl,4-butylcyclopentadienyl)zirconiumdibromide,
Dimethylsilylbis(1-methyl,4-butylcyclopentadienyl)zirconiumdifluoride,
Dimethylsilylbis{1-methyl,4-butylcyclopentadienyl)zirconiumdiamide,
Dimethylsilylbis(1-methyl,4-butylcyclopentadienyl)zirconiumdimethoxide,
Dimethyisilylbis(1-methy!,4-butylcyclopentadienyl)zirconiumdibenzyl,
Dimethylsilylbis(1-methyl,4-ethylcyclopentadienyl)zirconiumdichloride,
Dimethylsilylbis(1-methyl,4-ethylcyclopentadienyl)zirconiumdimethyl,
Dimethylsilylbis(1-methyl,4-benzyicyclopentadienyl)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)zirconiumdichioride,
Dimethylsilylbis(1-methyl,3-iso-propylcyclopentadienyl)zirconiumdimethyl,
Dimethylsilylbis(1,3-dimethylcyclopentadienyl)zircomumdichloride,
Dimethylsilylbis(1,3-dimethylcyclopentadienyl)zirconiumdimethyl,
Dimethylsilylbis(n-propylcyclopentadienyl)zirconiumdichloride,
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Activators

[0073] While additional activators are not required, they may be present if
desired. Preferably the additional activators are not present, but if they are present
they may be present in any amount typically used for olefin polymerization.
Preferably additional activators are present on the support at catalyst transition
metal to activator metal ratios of 1:1 to 1:10,000. Useful additional activators
include methylalumoxane and those hsted 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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and decene-1.

[0077] Other monomers useful in the process of the invention include
ethylenically unsaturated monomers, diolefins having 4 to 18 carbon atoms,
conjugated or nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.
Non-limiting monomers useful in the invention may include norbomene,
norbornadiene, isobutylene, isoprene, vinylbenzocyclobutane, styrenes, alkyl
substituted styrene, ethylidene norbomene, dicyclopentadiene and cyclopentene.
[0078] In another embodiment of the process of the invention, a
copolymer of ethylene is produced, where with ethylene, a comonomer having at
least one alpha-olefin having from 4 to 15 carbon atoms, preferably from 4 to 12
carbon atoms, and most preferably from 4 to 8 carbon atoms, is polymenzed in a
gas phase process.

[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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incorporated herein by reference.)

[0082] The reactor pressure in a gas phase process may vary from about
100 psig (690 kPa) to about 500 psig (3448 kPa), preferably in the range of from
about 200 psig (1379 kPa) to about 400 (2759 kPa), more preferably in the range
of from about 250 psig (1724 kPa) to about 350 psig (2414 kPa).

[0083] The reactor temperature in a gas phase process may vary from
about 30°C to about 120°C, preferably from about 60°C to about 115°C, more
preferably in the range of from about 70°C to 110°C, and most preferably in the
range of from about 70°C to about 95°C. I another embodiment, the reactor
temperature in a gas phase process is above 60°C.

[0084] Other gas phase processes contemplated by the process of the
invention include series or multistage polymerization processes. Also gas phase
processes contermnplated 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.



copol ynmer of ethylene is produced, where with ethylene, a conononmer having
at least one al pha-olefin having from4 to 15 carbon atons, preferably from
4 to 12 carbon atons, and nost preferably from4 to 8 car bon atons, is

pol yrer w@ghos04458 gas phase process. 100791 In anot her PEAABANSPATISHE ¢t he
process of the invention, ethylene & propylene is polynmerized with at

| east two different conononers, optionally one of which nay be a diene, to
forma terpolynmer. [0080] In one enbodinent, the invention is directed to

pol ymeri zation process, particularly a gas phase or slurry phase process,
for pol ymer|Go88p WO 20 otHes @mBoditiiont/IRO fac08 AtihAng Bie presenyineasion one or
with one or_nore other nmononers incl UdIng'ﬁ-‘tﬂlyl ene, and/aqr __ other olefins

havi ng fronis&apable of prodegng stegtes thangdg1ps ¥REN RET haun(247 Kefm i

pol yneri zat e part of
the cycle o?@t reg@gg%&s@gw&qu%@cﬁ grggﬁolgﬁ}%} 3*@% W%aﬂggt %ﬁown as a
recycl e streggo s/t (4550¢ gmﬁﬁdpruférablyi ghﬁfﬁ ﬁdml 10,000NBs/he@SH0 K ghit).t he heat

of polynerization. This is removed f he recycle conposition in

anot her par ﬁV@fm@ﬂ@é’r%f?tﬁlbb/ gyatar han 25,080 é‘?ﬁéh‘élﬂ 300 Keffa), sti more  reactor.

Generally, in |, Ui p n a gaseous
stream cont BRPRESre it FLoRERSREPESD K ghpt %tﬂﬂusﬁn PR EIEED ougn” s
fluidized bﬁféateﬁtﬁaﬂ%Oﬁ]’Oﬂﬂ@ﬂﬁﬁQQﬁO@ la}t@ nod fer dalé® ti@rgdi gooons. The
gaseous streamis w t hdrawn fron1th ui di ze recycl ed back into

the react oﬂbS%l(%%Oﬁ%Ks@n)sﬂO;greqwltbmio%%ﬂjlbéﬂlr (4:5 WQKE’B‘!B)M fromthe reactor

and fresh S a ded t | ace the p rized nmononer, (See for
exanpl e U, SIOU8BL( ong Pl SR prbas BRIy bS8 PeRROETe 036
5,352,749, BufiR%rfdh aboat ﬂaﬁaﬁﬁﬂsoaﬁ@h&z@m@e&%@ﬁ&m@m Hdesand
5,668, 228, all of which are fully incorporated herein by reference.) [0082]

The react or iipthegangeafi0RC 40 gbant REYS hravothes embgdiment; the gurgprgess 100 psig -
bout 200 pergprratures pelE B9 Cobie SHBY nobricsiehth 2 e RPetBFRb y in the
[ 0083] The P e g Wi cbou
30C t o aboutethyk@€ang cemencrhéry afd oftermbyirogS0dongwith catialyst &€ addask. cThe

suspension including diluent is intermittently or continuously removed from the

reactor where the volatile components are separated from the polymer and

recycled, optionally after a distillation, to the reactor. The liquid diluent

employed in the polymerization medium is typically an alkane having from 3 to 7

carbon atoms, preferably a branched alkane. The medium employed should be

liquid under the conditions of polymerization and relatively inért. When a

propane medium is used the process must be operated above the reaction diluent

critical temperature and pressure. Preferably, a hexane or an isobutane medium is

employed.

[0087] In another embodiment, the polymerization techmque of the

invention is referred to as a particle form polymerization, or a slurry process

where the temperature is kept below the temperature at which 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 shurry processes include continuous loop or



-preferably in the range of fromabout 70C to 110C, and nost preferably in
the range of from about 70C to about 95C. | another enbodi nent, the reactor
t enper at we@ 2006/084088s phase process is above 60C. [0084] pCrivstogarighase
processes contenpl ated by the processi3of the invention include series or
‘mul tistage pol ynerization processes. Al so gas phase processes contenpl ated
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

ncor por at edsg: AR prekesO RS, o A ls Lot a S DG i 0o | )
anot her enbQH$.renént Noh¢,618 84 Owhioh id Hezéinfullyimcorpersed by refediceon s capabl e

of produci ni;w%reater t han 500 | bs of polynmer per hour (227 Kg/hr) to about
200, 000 | bsA#fF88] 90, 90dn rugtheremhodiney die reactponspden theshurypraessy ofieat er t han

o R B TG bl S0 Bt (5
still nore ngr(mf),aﬁaﬂelp)‘e@fa@gxgéatéﬂﬂmm 360(0BO/ht (ZAEBIK /Ar), #AGndsg! hr), still even
nore preferab g'r eater than 50,000 | bs/hr (22,700 Kg/hr) and nost

preferably @refenably greater than HQ000 [hsdy (540 0 Ixgrather embogiment &e t han

100, 000 I bs/ jr._ (45,500 [hr). 100 lurry po ri i Ss
general ly uég‘wéﬂﬁ %dé}grulfsgggrf ﬁxezpﬁ%cessr%ﬁé%ﬁ‘lg?ntﬁno%]pg%dgé{ﬂ‘élgr%agératﬁ%hﬁ,@@f

at nospher es g6 RiRNerget RHGT(6B0HK LR Preférible Sredtét theL25,0000smf O0C to about
120C. In anot her enbodi nent, the sl urréﬁprocess tenperature i s above 1.00C.

In a sl urry (pbB4Eeihrhtoabaut 0000 bstkr (45,580 Kgf).d, particul ate pol ymer is

cotmnoners ANt en EAAFRIA T SPON R Hseg gy IR RafhMbES 20C i o
i ncl udi ng did 2@0060i 5,00N205,15,2360998| ¥d0F,58NHM S MARCT WO SIIB2895 fwikeh t he

reactor where the vol atile components are separated fromthe pol yner and
recycl ed, opre Bublalingprpgraied herein by refergmdeon, to the reactor. The liquid

diluent e din th I [jzatd ' | S. | kane havi ng
from3 to g%@aiﬁbon at%ﬁg,gg'a?ﬁé?ig}céﬁ?f;}ggp%?géﬁﬁéﬁ ’g}'égir?gl% lh\éé)%r% I’'um enpl oyed
shoul d be IpréfdiaBlyélerry ob gasqshask proedds opératedliy R pré®ht O the atalghtat i vel y

inert. When a propane nediumis used the process nust be operated above the

reaction di Ishsem ofdhe inventiontandpe thetabsance pfiopessentishy frepoé pry BYENEEES, hexane or
an i sobut ANl gs! t'f'l@hlyfaluminum, trimethylaluminum, tri-isobutylaluminum, and tri-n-

hexylaluminum and diethylaluminum chloride, dibutyl zinc and the like. This

- process is described in PCT publication WO 96/08520 and U.S. Patent No.
5,712,352 and 5,763,543, which are herein fully incorporated by reference.
[0091} In another embodiment, the method of the invention provides for
injecting the catalyst system of the invention into a reactor, particularly a gas
phase reactor. The polymerization catalyst in liquid form can be fed with an
activator, and/or a support, and/or a supports together or separately to a reactor.
The injection methods described in PCT publication WO 97/46599, which are
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



enpl oyed. 10087] In another enbodi nent, the polynerization technique of the

I nvention is referred to as a particle form polynerization, or a slurry
process where the tenperature is kept below the tenperature at which the

pol ynmer (Qo@3006j0s4088 sol uti on. Such techni que is well knoWwCT/HS208f032r38, and
described in for instance U S. Paten¥ No. 3,248,179, which is fully

I ncorporated herein by reference. O her slurry processes include those
enploying a | oop reactor and those utilizing a plurality of stirred

reactors in series, parallel, or conbinations thereof. Non-limting

exanpl es of (1l invéntioR cOpEIFHREs. | Y dtdRore @f thd Mmonembe dBedin WO 2006/ 044058

PCT/ US2005/ 032153 33 stirred tank processes. Al so, other exanples of slurry
processes apelymsszatioromay he utilizd asatselventgnd/or ilugniy dydragarbyl splyenérein fully -
i ncor porated by referen 1.0088] .1 ot he di_.nen react.or used in
the slurry B*eo%%ossé"t&%ﬁt ﬁ@h al’ﬁ@%ﬁ#’ﬁl &pﬁf’iﬂh"agé"g‘l‘ﬁ“% exﬁpngﬁfﬁﬁo}r]]\@en Y ggiker t han
2000 | bs of Ap@LMARprixEsed Pidy tySiedily BoddebmplisRidebyiontRtiabkbe Giapiter than 5000 -
| bs/ hr (2268 Kg/hi), and nost™ preferably greater than 10,000 1bs/hr (4540

Kg/ hr). | n andidsdumeobbiquidemnontes, thecalalyst systgot bringiswpgoited.t Gas phaseess of t he

i nvention is producin reater, than 15 0 bs o l.ymer per hour (6804
kgl ) . pr e PEICARFY gy i sonmpaied SaBtyBoinasgeype Spiuc ol RRY pRfhero about
100, 000 | bsihpwh fobe Afltab fof brodhaﬁg%g@ﬁemhﬁgo%ewbwdéﬁ r9¢RSses are
described in U S. Patent Nos. 4,271,060, 5,001,205, 5, 236, 998, and

5, 589, 555 amdoEmtiDpoyhrization. illustrativa exarfiples ynaybedopnd stld8l herei n by

brocess. " pheraras: $sEEaG ATy 538 LS BRIRE T B34, e ot esence
of the catals ﬁ3,999¥§im@§5/04mz'. BRR S MBorpBFhted by RfertRGERE Buipbsd’lof f

essentially free of any scavengers, such as tri‘ethylal um hum
t ri met hyl al &hBrpatentipracticsobut yl al umi num and tri-n- hexyl al unm num and

di et hyl al i hi i , i but yl i d the |jke. hi i
descr bed 1 AW pub! 1 Gstersy. fisbolyfesaaaBiimaindemparalite i NREES, 352 and
5, 763, 543, \ﬂ%a@%oazs%;gefmb %ﬁ&% ?énit}iﬁfa‘?ﬁrg%ﬁ‘&iﬁgn?ﬂm& 8t gfoﬁn%»cw%vl I'n

anot her enbodi nent, e net e I1nvention provides for 1njecting the

cat al yst syt bslodf 2009€. iThe phdss@e mayvarpfrogal in Hgra 600 bhbt fiom @RS phase
reactor. The pol ynerization catalyst in liquid formcan be fed with an
: bar to 1600 bar, or from 1.0 to 500 bar. Where lower molecular weight

copolymers, e.g., Mp < 10,000, are sought, it may be suitable to conduct the

reaction processes at temperatures above 0°C and pressures under 500 bar,

Polymer Products
[0094] The polymérs produced by the process of the invention can be used

in a wide variety of products and end-use applications. The polymers produced
can be homo- and co-polymers of ethylene and or propylene and include linear
low density polyethylene, elastomers, plastomers, high-density polyethylenes,
medium density polyethylenes, low density 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-norbornene,



‘activator, and/or a support, and/or a supports together or separately to a
reactor. The injection nethods described in PCT publication WO 97/46599,

whi ch ar ewof2odslossdsacor por at ed herein by reference, may kpeToskéismseriss [ 0092]
I'n enbodi nents of the process of this3sinvention, the catal yst system may be
enployed in |liquid phase (slurry, suspension, bulk phase or conbinations
thereof), in high pressure liquid, or supercritical fluid or gas phase
processes. Each of these processes may be enployed in single, parallel or
series reagk | qUj: hiS St i nononmers with
the suppor ﬁﬁe l@é%o-aglleges el’gyéﬁégﬁgﬁ%égpﬁ%ﬁﬁl%qg&gﬁ @1@%&& | uent or

. sol vent and basdd palymers ipheducedinohiis idotactie palypfopyleac satddticpobypropiylere t o pr oduce
enbodi ments of WO 2006/ 044058 PCT/ US2005/ 032153 34 the invention

copol yners. a0fgangemyplack of rppget $8- used in the polynerization may be
. utilized as | vent | . al so
sui t abl e, bc!???%il i phatﬁ%q%%n%? éﬁéﬂ’%‘il}ﬁ%ﬂé?’ﬁ FEéJ’%”Z@gX‘?}t&% et?nréﬁi,{f'ene. Bul k

and slurry ghaabasesragendlyqiaaldightpealacon0036¢M00y0000srtteoi¢eng t he
catalysts wth_a slurry of_Iiquid nonoper, the catalyst system being
suppor t ed. @ﬁnﬁﬂ%wo%al%é@i@” migight mwlesulan wistaht applicationsy 84chd nay be
conducted | | I : | l.ene
honopol yner gh %E%Sg@gﬁ’ %?rse'fss%ﬂl\?}{@u‘)g%%ﬁlgi%ﬁgmRﬂﬁfgﬁ{fﬁéﬁl?%% (;M;;". &Hblhlﬁgt rative

exanpl es may20000fiocmsternplatdd, olleSABarBS%qudl, to88,0000Ad8iti0RA1y6 ¢opolpmaB2, 638,
5352, 749, 5,436,304, 5,453,471, 5,463,999, and WD 95/07942. Each is

i ncor por at edfi§inbpdiments.efche gveptignydkeomyrise g molegdarsygighfdistibetion (00931
General ly, t ! rizatiQn,reactio e atuyre may vary from -50C to
250C. The rémmﬁyf%ﬁﬁ%%a?%rb%%ﬁld# ??%Esgg)ﬁgéo §3from -20C to 220, or bel ow

200C. The prig re MayTheolyrhérd 8F tidHvéltionanAiObieaded ME/or coditiidéd bar to
1600 bar, or[ mm 1.0to 50)8ﬁbar. Where | ower nol ecul ar wei ght copol yners,

e.g., M $10vidosny ether priyrgen Namlimitingtexamples abpther polywarsuneludibinear eact i on
e L LK SN T R
used in a WolRthiAédeShighWendit Bylaitd, iShtdctitSRoIRBpy1eRd, efyfene The pol ymers
produced can be "honp- and co-pol yners of ethyl ene and or propyl ene and
i ncl ude | i nguepylene copolymers and the like.

[0097) Polymers produced by the process of the invention and blends

thereof are useful in such forming operations as film, sheet, and fiber extrusion

and co-extrusion as well as blow molding, injection molding, roto-molding. Films

include blown or cast films formed by coextrusion or by lamination useful as

shrink film, cling film, stretch film, sealing film, and oriented films.

l [{0098) In a particularly preferred embodiment this invention also provides

polymers with a lower or wider dispersion of residual metal ash in the polymer.

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:



| ow density pol yethyl ene, el astoners, plastoners, high-density

pol yet hyl enes, nedi um density pol yet hyl enes, | ow density pol yet hyl enes,
pol ypropyl ene and pol ypropyl ene copol yners. Preferred polymers, typically
et hyl ene WAg¥w/ 0440580l yners, have a density of from 0. 86dKIEUS2003039153/ cc;
density being nmeasured in accordance3tw th ASTM D-1238. The term

"copol yner", as used herein, may nean a polyner derived from2 or nore
nononeric types. Preferred nononers and co-nononers include ethyl ene,
propyl ene, 1-butene, 1-pentene, 1-hexene, 1-

hept ene, | - 00699 |'nO“Rﬂ@en%\%ﬁﬂP@m@c@Mﬂ@ﬂﬂﬁc}ﬂm@dﬂﬁd'w%nﬂgmcﬁaﬁa 5-

met hyl -1 - nonene, 3-meth | -pentene, 3,5, 5-trinethyl- | -hexene,

vi nyl cycl ohesdinm mqtalssnmxaklkner(é ﬁl@@@h@fhﬂ&mz@ﬂé% salmmmutqbnnee ®ahor bonene,

WD 2006/ 044058 , PCT, 5/ 03215 xene | 2- nor bonene,
or conbi nat PYFdas YOrg A, Péﬁeﬁtebdﬁ@d{ﬂﬁé?@ ?sﬁ?dﬁﬂlﬁgerﬁﬂ%?&l ude

I sotactic p%é(rﬁ)sroﬂ@!lb%ﬂfoa vilsdbtdifed o ARy DSASon, and random bl ock or i npact
copol ymers. 100951 The pol yners of enbodi ments of the invention nmay have an

M (nurrber aver age nol ecul ar wei ght) value from 300 to 1, 000, 000, or
bet ween m 700 to 00, 00 Fo | ow wei ght nol ecul ar wei ght applications,
t hovt thesio géf‘

such as Yoh | ubricating and fuel oil conpositions,
an M of 30 0610 020 00fidifiyiRBtiRiRlRbRE silRh, 40SFarbd¥a@GidPavisen 10, 000.
Addi ti onal | copol yner embodi ment s of the i nvention wi conprise a
mol ecul ar \/\E)él@rslillmilvssHSrqobwunadnmtl( A0\Byans of twethplalyenioimin 250 ols of toluene

| . 50r 56, or<4or53. 100961 T @m”ers of &hl S. i nvention be. bl ended
and/ or coextdt feRsh tenpersture, Theirgactiop gyas sxethempyg. | Afierlethins MEFCASAD of of her

pol ymers i nglqyy t%:lobﬁ‘ﬁ@ﬁl erafife 46 pyet ﬁb]}/ %M%?Wa@ﬁﬁémd%ﬁs%ﬁ%s%veﬁi astoners,

hi gh pressure [ow den5| y po ene, high density polyethyl enes,
i sotactic poSQ,nplpqngabnmeftohtchy,laaddneﬂun:ﬂnrlvanmmopol yners and the I|i ke. (00971

pREGRRLET TR WS e TR PR L SR
Ay A
shrink fil movwemiglt. fThemgsudtingetuphortt wascalsmad un@erfanlamstmami app4etied fil ns.
100981 1n & P Xiately 48 nbure Fhe resulting Sic Support was subseqnentty placed” Pr OV 4es
under nitrogen and cooled to room temperature. A 1.0 gram sample of the silica
support was reacted with 0.2 grams of triethylaluminum in a toluene (30 mls)
slurry. The slurry was allowed to sit overnight. The slurry was then filtered under
partial vacuum, washed with several 10 ml portions of toluene and combined with
0.30 mgs of (1,3-MeBuCp),ZrMe; in approximately 30 mis of toluene. The slurry
was allowed to stand overnight at room temperature. The slurry was filtered
through a frit under partial vacuum, rinsed with several 10 ml portions of toluene
and dried under 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
ovemight at room temperature; subsequently filtered, rinsed with several 10 m}

portions of toluene and dried under vacuum.



-polymers with a | ower or wi der dispersion of residual netal ash in the
polynmer. Ash is generally nmeasured by I CPES (Inductively Coupled Pl asna

Emi ssi on w8pewtouassopy, which is described in "J. W QO &6TRUS200508183 i vel y
Coupl ed Plasma- Optical Em ssion Spedroscopy,” in Encyclopedia of Materials
"Characterization, C. R Brundle, C. A Evans, Jr. and S. WIson, eds.,

But t erwort h- Hei nemann, Boston, Mass. (1992) pp.633-644). The pol yners of
this invention preferably have an ash content of |ess than 100 ppm

preferably | @eso4jhan SQatﬁg@M ©ouprative). EXpeOigran sahple WDIZARBARAG G
PCTI US2005/ 032153 36 100 Tol uene was ur chased fromA drich and dried
over ni ght ovigated SIBMWWtabgﬁﬂﬁﬁ eamiyped with §.300per @ 32r ve2, 20 wt %

solution in C I i ysts and
used as recewieaga’gilﬁgéz m[ﬁéb{o ggﬁgllf? qus:ﬂgg&%. ﬁ@glésﬁﬂeﬁl ésﬁ%% ce Davi son.
Synt hesi s of alfpwaidas kit dvermight ¥Soomie@deatrd subdegyémlyTHienetd rinsepivill silica. 40
grans of raw Grace-Davison 948 silica was conbined with 20 grans of

triethyl al unsavews 1o portians offoluenr gahdriedundep ¥asuBhper at ure. The reacti on
was exothermc. After letting the reaction cool to roomtenperature
overnight. The slurry was filtered, rinsed with several 50 m portions of

t ol uene, andEdpémﬂemﬂePolymuatw{lQOlOl] Cat al yst 1.

Triethylalu treatged. sil G ace- Davisan 948 raw silica

[l tratad i OTBBIet byt B e lloind Surma B mens. pravumT gRORe& b resulti ng
Support_was gilgchiitel #adRindpet suaté RAMTRL RSP TactoRPRI XU Gl 45
hours. The resulting sil'ica support was subsequently place under "ni trogen
and cool ed t b psicgoals 61894737 kPaeandA dtmOeqyeishOd 32pkBa.of t he si I ica support was
reacted with 0.2 grans of triethylalumnumin a toluene (30 ms) slurry.
The slurry was allowed to sit overnight. The slurry was then filtered under
partial vacupgd NaPesdnshddlesseveral 10 m portions of toluene and conbi ned

with 0.30 ngs of (1,3-MBuCp)2ZrMe2 in approximtely 30 ms of toluene. The
slurry was H0166jed toPekymcdzaimrgnad;mth)denerwmsBéambﬁuﬂmr punifigddys| urry was

(11 Lered heoush Bl Loh IO RRLLLE! NPEUM ISR LR, Begral 10 m
(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 purchase'd from Aldrich Chemical Company. 98+% 1-
hexene was obtained from Alfa-Aesar and further purified by fiitration through
basic alumina (Aldrich Chemical Company, Brockman Basic 1) into a vessel

containing activated 3A molecular sieve.

Scavengers / Co-catalysts

[00107] Triethylaluminum (TEAL) was obtained from Akzo Chemicals,
Inc. and used without further 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 punfied 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 $00 c¢c column packed with

dried SA mole sieves purchased from Aldrich Chemical Company.

Reactor Description and Preparation



[ 001021 Catal yst 2. The above synthesis was repeated. Catalyst 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
gr am sanPlo08G/0446%8 tri et hyl al umi numtreated silica tha?C'\E@@@é’P%’il??ed as
according to the synthesis in Cataly8t | was conbined with 0.30 ngs of

(1, 3-McBuCp)2ZrMe2 in approximately 30 mis of toluene. The resulting slurry
was allowed to sit overnight at roomtenperature; subsequently filtered,
rinsed with several 10 mM portions of toluene and dried under vacuum WO
2006/ 044058{(RAT¥PUS200BHBARHE R0 Avéro 0adiittedan ah yert imoSpirpa(M4d)i ve) . A 1.0
gram sanple.,of triethylalumnum treated silica described above s conbi ned
with 0.30 nﬂ%’fbm‘ “?‘Pg@gt%mw ?.p%gpgﬁl?eﬁ&{icpg}e@geme G99 uene. The -
resulting s int&nk PV | VLY ure;
subsequent | g}éﬁ?ﬁfﬁ] ,t ri nsegm\t):\n%tfﬁéahsog%% 9:'%3, %tu%gﬁﬁt%’ﬁgggété{lol uene and
dri ed under swygptyofmitregere hydmge@hitrogeo mixtard, and ethylene(Oidkqbipped withe f ol | owi ng ~
slurry phase, exp%ri nent s, Bre_ssur,e IS éeggrted i n aLam)spheres and pounds

per square BDifppsabieRERly meshamen] stigersfQ0 REMY, The ayfociavss were prepared equal s
6. 894757 kP . ; . - 3 1061

Pol yneri zat ?gﬁ%%gﬁtgﬁﬁeﬁge%%tﬁgﬁzﬁ% cf@r??r?g?gpagraltg | egrﬁgyc k%gssi ng it
t hrough a sabues of colums: 500 cc Oxyclear cylinder from Labcl ear

(Cakl and, CA) followed by a 500 cc colum packed with dried 3A nole sieves
purchased from Al drich Chem cal Conpany, and a 500 cc col um packed with

dried 5A m???‘%ﬁg@ﬁ}‘gﬁ@gﬁ&gﬂ;éﬁ% drich Chem cal Conpany. 98+% 1- hexene

was obt ai ne er purified by filtration through

basi ¢ al uni §8018] dr i cThehestoravasGrepecy/as dsaitiedaboBgand tHeh punged withvessel !
contai ning activated 3A nol ecul ar sieve. Scavengers / -catal ysts 1001071

Tri et hyl al usthylppe( Targacigss wets heatrddo #dnandetbylenrwae &l’csg chargetto thqd used

1 00t £ Rl M R o 5 M RO b o e
[00111] A solution of 1-hexene and scavenger / co-catalyst at room
temperature and pressure was next added to the reactors via syringe. The reactors
were then brought to process temperature (85°C) while stirring at 400 rpm. Once
at process temperature, ethylene delivery pressure for polymerization was set to
the pressure generated by the components (ethylene, diluent, co-monomer,
scavenger/co-catalyst) in the reactor.
[00112] The supported catalysts were stirred in toluene at ambient
temperature and pressure and added to the reactors (at process temperature and
pressure) via syringe as a slurry to initiate polymerization.
[00113] In the nature that solutions are added via syringe, a hexanes
solution 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



(00108] Pol yneri zati on grade hexane was used and further purified by
passing it through a series of colums: 500 cc Oxyclear cylinder from
Labcl ear woCmké/encss CA) foll owed by a 500 cc col um packegk/vémbs/adeissd 3A
nol e sieves purchased fromAl drich Chem cal Conpany, and a 500 cc col um
packed with dried SA nole sieves purchased from Al drich Chem cal Conpany.
Reactor Description and Preparati on WO 2006/ 044058 PCTI US20051032153 38
(00109] Polynerizations were conducted in an inert atnosphere (N2) drybox

usi ng aut ocl ' ] t t e ontrol,
o ey fnsert SrERHMARaG s BRbaRKbEaBAnd Rl ien pled GBS Rliofef
regul ated sufEI5Syminiites ipblydgeizatidty e g®hé reattospeeretbeled and vented. eThey | ene, and

equi pped with _disposabl e PEEK nmechanical stirrers (400 RPM. The autocl aves
wer e prepar edPolppergvizsgpelgtediafipr e yeraiping Jeastign compencyis werseemeyedgnhour s and
then at 25C fqr - | ' 1101 The
reactor was p‘sr%lglﬁ(g'rggqﬁéagﬁﬁ¥%@ggg%%\%%ggﬁg eﬁ3¥ gﬁ# geé@hbmp%ft#l?sg't hyl ene. The
react ors wer ey hehitaesllisted #0ramdée . et hyl ene was first charged to the reactor.
In the cases were hydrogen was enpl oyed, hydrogen was added next. 100111] A
sol uti on of 1Polymeneharagterizationger / co-catal yst at room tenperature and

pressure was adde o.the reactors via. syri S were then
brought to pr@@@% t eng%élg?lﬁrr %a(gfgeazg{}\irf {egﬁgst | Fb @%gthgl}ggﬁ%ﬁﬁl %ém&)r?mce at
process tenpefepbitédein TibRy1. ePer stalytivanosting Ssciyther safipld@iniohsiwené | on was set

to the pressure generated by the conponents (ethylene, diluent, co-nononer,

scavenger / co-Rrapaieq by Ylisseivingdhe polymer in I, 3d4nchlorphenzene pHrBPdaputityst s wer e

P e e A TG S e CRE

initiate pol yfigmixatitiont 1590 1d 35hdker éven foripprexiiatdy $hbiurs] TRE typical added vi a
syringe, a hexanes solution was also injected via the same syringe
fol | owi ng t hefimal geeientration of nohgnerdan selgten wias befmeer Bidito iO&xmﬁa@f Mathed ni ng in

(e L oe, BRSREuAIHASr LS PRI o1 SUPRULL Rl 1%,
for testing.
100116] Molecular weights (weight average molecular weight (Mw) and -
number average molecular weight (Mn)) and molecular weight distribution
(MWD = Mw/Mn), which is also sometimes referred to as the polydispersity
(PDI) of the polymer, were measured by Gel Permeation Chromatography using a
Symyx Technology GPC equipped with evaporative light scattering detector and
calibrated using polystyrene standards (Polymer Laboratories: Polystyrene
Calibration Kit S-M-10: Mp (peak Mw) between 5000 and 3,390,000). Samples
were run in TCB at (135C sample 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] Samnples 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 em-1

resolution with 32 scans.



1001141 Et hylene was allowed to enter (through the use of conputer

control |l ed sol enoid val ves) the autoclaves during polynerization to maintain
react or gauge pressure (+/- 2 psig). Reactor tenperature was nonitored and
typi cal | ywoabostoasts8d within +/- 1 C. Pol yneri zati ons werRCTH8$200d03p153addi t i on
of approximately 400 psig 02/ Ar (5 m¥ e% 02) gas m xture to the autocl aves
for approximtely 30 seconds. The polynerizations were quenched after a WO
2006/ 044058 PCT/ US2005/ 032153 39 predeterm ned cumul ati ve anount of

et hyl ene had been added or for a maxi mum of 45 m nutes polynerization tine.
The react or §o0¥asf COO'Weﬁﬁ&En\éﬂUﬁéi@ne ddiRlyrRES YRt YPdophidboief Wadf ter the
remei ning reacti on conponents were renoved in- vacuo. Yields reported

i ncl ude t ot deteyingdtviegmirgment ofithe m@hyldh&imwpalbysd at ~1¥78lcusl.albe | i sted in -

0 ol MR AT B S0 b L L1
pol ymer sanpbgee eﬂaﬁpﬁ?@rﬁg%&g/@egafrﬁgn%ﬁiz%&gb%& l%i%zﬁt*]?c IMHEEO In

1,2,4-trichloro enz urity from Sigma-Aldrich) containing

2,6-di-tert ﬁdwmal“ca'lﬁﬁfdﬁéhlehﬁﬂwh’mﬁ&ﬁ NMR Yatd topreditidhe %Yo Bdmdifoafer N 2

shaker oven for approximately 3 hours. The typical final concentration of
pol ymer i n sohtent wrthinsescdneenetion fangzetod edhd approximeatiely2 4wtBHT concentrati on

f . /i of. TCR.
e e
P B R R e SR B, Eﬁy%g et ﬁ’(&ﬁu) o T

pol yner, mrﬁm&e%md@we@fmtmkrJhrorratography using a Synyx
Technol ogy GPC equi pped with evaporative |ight scattering detector and !

cal i brated using polystyrene standards (Pol ynmer Laboratories: Polystyrene
Cali bration k._Mv) between 5000 and 3, 390, 000). Sanpl es
were run in ﬁﬁg it Mﬁ@@%ﬁhﬁﬂe@ Errperat ures, 165C oven/col umms) using three

Pol ynmer Labqr ghfalys€Sf HI&@he T O Maxed-B 3%h X 1. Som/Sal Ueseld PoRATekES. NO

col um spregddi ng “cor F yere enpl pyed. Nufrerical angl yﬁ%ﬁm\éf

performed ugi ng EpocI? elg%?/t)vqare avai| able from Synyx Tech
Catalyst 1 3.0 609,000 | 420,000 1.45 0.0250
Catalyst 1 2.9 598,000 | 365,000 1.64 0.0219
Catalyst 1 2.8 563,000 { 347,000 1.62 0.0229
Catalyst 1 3.1 599,000 [ 385,000 1.56 0.0257
Catalyst 1 2.7 571,000 j 329,000 1.73 0.0245
Catalyst 1 2.9 634,000 | 406,000 1.56 0.0244
Catalyst 2 3.1 530,000 | 289,000 1.83 0.0351
Catalyst 2 3.0 550,000 ! 349,000 1.57 0.0323
Catalyst 2 2.8 536,000 | 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




-100117] Sanples for infrared analysis were prepared by depositing the
stabilized polyner solution onto a silanized wafer. By this nethod,
appr oxi mexwel 2906/daeesgeen 0. 12 and 0.24 ng of pol ynmer was ®E§FISI0EP3BI3t he
wafer cell. The sanples were subsequ#éintly anal yzed on a Brucker Equi nox 55
"FTIR spectroneter equipped with Pikes's Mappl R specul ar refl ectance sanple
accessory. Spectra, covering a spectral range of 5000 cm1 to 500 cm 1,
were collected at a 2 cm1 resolution with 32 scans. WD 2006/ 044058
PCT/ US2005/ ORIH) 40 WiickihefieteRtibid Beisin dre fiespmiePpplatérmice Lhe wt . 06
copnmononer was determ ned via nmeasurenent of the nethyl” deformation band at
. -1378 cm 1. Werein, ipehudinganytpricsity dédusentsrandios tasbngrpioceditedtp theexteminbi nat i on
at --4321 cnyl, which correct Qr pa | engf h. di fferences, JThe normalized
peak het ght 1Y il fagoBeient with S sRCLORat ST A1 s Sphprei IR Lo PBEOTE R dat a
- to predict tpg e dXHHNBR AR [he spEIHEE BabYAiinehR, WhitOfAMBLF fd iffentiRye Of
either approXximately 2.4wm % to “approximately 17 w 9% or approxi mately
2. 4wt % t 0 apbavwtiermilbisiraed afid descoibédy variousxaodificalipps cat bymadkewitboute| at i ons of

0.98 or greater are.achi eved. These nbers. are repprted as weight %in
Tabl e 1. TabReParingsom s hia sngicops of OISRt AssRBRRENA BPot Mn i el d

Pol ynmer | ncghife E}ia?fhe(iﬂ{/%hgegi@ﬂieﬂhﬁer% _Catalyst 1 3.0 609, 000 420, 000
1.45 0.0250 Catalyst 1 2.9 598,000 365,000 1.64 0.0219 Catalyst 1 2.8
563, 000 347,000 1.62 0.0229 Catalyst 1 3.1 599,000 385,000 1.56 0.0257
Catalyst 1 2.7 571,000 329,000 1.73 0.0245 Catalyst 1 2.9 634,000 406, 000
1.56 0.0244 Catalyst 2 3.1 530,000 289,000 1.83 0.0351 Catalyst 2 3.0
550, 000 349,000 1.57 0.0323 Catalyst 2 2.8 536,000 318,000 1.68 0.0297
Cat{al yst 2 2.9 573,000 373,000 1.54 0.0327 Catalyst 2 2.6 575,000 371, 000
1.55 0.0311



Catal yst 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 Catal

st 4 0.01

Catal yst 4 0.012 Catalyst 4 0.012 WO 20061044058 PCT/ US2005/ 032153 41
-100119] Al docunents described herein are incorporated by reference
herein, including any priority docuneq&s and/ or testing procedures to the
extent they are not inconsistent with“this specification. As is apparent
fromthe foregoing general description and the specific enbodi nents,

whi | e

forms of the invention have been illustrated and descri bed, various
nmodi fi cat CbAIMSan be nmade without departing fromthe spirit and scope of

the i nventi on.
l[imted there

selected fromt

tri-isobutyla

Accordingly, it is not intended that the invention be

by. 42 CLAfNB.l. @ rocess.to polynerize ol efins conprising:
A) preparitng aX§H§BﬁHPQBYHEFﬁ?P gg%%”@ﬁ?ﬁﬁyst conpound by a process
conprising: 1} %@ﬁigﬂd@ia%pﬁoxﬁdﬁﬂéﬁﬁoc@ﬁé Ay sk Sdmpduind bl Rbdesd CumprpRPOUNd(s)

roup con5|st|ngxof tri‘ethyl al um num
Uni nurembanxing & suppert witxirsttriaky lalnminem eamppurdés) selaetedy t he

second

combi nat i on Of%’% h?}eﬁ%rgﬁg (lrsjénsfaslrlgg émﬂ?ﬁtthgiaﬁll lelln% | t%mﬁ&gﬁ@lﬁlgﬁ'[‘%%g‘g& ?ﬁ-h— then 3)

conbi ni ng the

ppo sol'vent o

trial kyl al um rexyampowncthhes sel ected fromthe group consisting of

2) calcining the combination of the support and the trialkylaluminum
compound(s); then

3) combining the calcined support with a solvent or diluent and second
trialkylaluminum compound(s) selected from the group consisting of
triethylaluminum, tri-isobutylaluminum, and tri-n-hexylaluminum;

where the first and second trialkylaluminum compound(s) may be the same or
different; then

4) optionally, drying the combination,;

5) combining the combination of the calcined support and the second
trialkylaluminum compound(s) with a metallocene catalyst compound and,
optionally, a solvent or diluent; then,

6) optionally, removing the solvent or diluent; then

B) contacting the supported transition metal catalyst compound with one or

more olefins.

The process of claim 1 wherein the support is selected from the group consisting of
silica, fumed silica, alumina, silica-alumina, magnesia, titania, zirconia,
magnesium chloride, montmorillonite, phyllosilicate, zeolites, talc, clays, silica-
chromium, silica-alumina, silica-titania, polymeric beads and combinations

thereof.

The process of claim 1 wherein the support is silica.



T

triethylalum num tri-isobutylalumnum and tri-n-hexylalum nunm. where the
first and second trial kyl al um num conpound(s) nmay be the sane or different;
then 4) optionally, drying the conbination; 5) conbining the conbination of

t he cal ci ned support and the second trialkylal um num conpound(s) with a

net al | ocene catal yst conpound and, optionally, a solvent or diluent; then,
6) optionally, renoving the solvent or,diluent; then B) contacting the
supported transition netal catalyst conpound with one or nore olefins. 2.
The process of claim 1l wherein the support is selected fromthe group
consisting of silica, funed silica, alumna, silica-alumna, nmagnesi a,
titania, 4ircoHeprocemmghdaimhwhercnrthesippor henwsurfacoatier & thpiarige offrbincat e,
zeolites, talc, clays, silica-,chromum silica-alumna, silica-titania,

pol ymeri ¢ beadtborhtd ieshert7A0mHe andier pere vobmerindheyapgeaidrom abqusOthte wher ei n
the support is;Si44 4 . Of; I | port has
a surface ar ey $fE/panyole NifuBbREERY A HTullebr R Ay o RaPEDT
pore vol une i nShemr ange 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 m 5. The
process of claim1 wherein the firs rial kyl al um num conpound conpri ses
triethyl al-uni nﬂrﬁpreqessrﬂ%clwbwégrewrti% it iHalkypieppnm @ﬁ@%@%@pm%

trial kylal um conprises triethylalumnum 7. The process of
claim1 wher eﬁ#githﬁfe?il@lgy@g and second trial kyl al um num conpounds are
triethylalum num 8. The process of claim1 wherein the ratio of alumnumto
support eb.emerThe(fascesslef diim hetemdin tkdSEcond trialkglaaheumednpoppbedmppisest ep 2)
to alum numto ,sl%ﬁg?rt, el enent of the treated support of step 3) is about
2:1 or less. 9e WH8¥8ss of claim 1 wherein the support is silica and the
ratio of alumnumto silicon of the calcined support of step 2) to al um num

to silicon of &G bdkabrGainttRRGEM R it &R BeoddiridRYRuntindm RbmbEiRis

are triethylaluminum.

8. The process of claim 1 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.

9. The process of claim 1 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.

10.  The process of claim 1 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 (.85:1 or less.

11.  The process of claim 1 wherein the metallocene catalyst comprises at least two

metallocene compounds.

12, The process of claim 1 wherein the metallocene catalyst comprises one or more of:
rac-dimethylsilyl-bis(indenyl)hathiumdimethyl,
rac-dimethylsilyl-bis(indenyl)hafniumdichloride,

rac-dimethylsilyl-bis(indenyl)zirconiumdimethyl,



10. The process of claim1 wherein the support is silica and the ratio of
.alumnumto silicon of the calcined support of step 2) to alumnumto
silicon of the treated support of step 3) is about 0.85:1 or less. 11. The
process of claim1 wherein the netall ocene catal yst conprises at |east two
- metal | ocene conpounds. 12. The process of claim1l wherein the netall ocene
catal yst conprises one or nore of:

rac-di met hyl si |l yl - bi s(i ndenyl ) haf ni ur’rﬁ met hyl ,

rac-di nmet hyl sil yl - bi s(i ndenyl ) haf ni undi chl ori de,

rac-di met hyl silyl -bi s(indenyl)zirconi undi net hyl, 44

rac-di met hyl sirb&ﬁmﬁﬂgﬂilmemmh&aiyt)zmmmhbmﬁ de,

rac-di met hyl si |l yl S - phenyl -i.n i.met hyl ,

rac- di met hyl sﬂ’f’?ﬁ‘%@%@b’@fs ﬁwgﬁ@ gy “l‘iﬁ@%ame ’rﬂ“ﬁ i chlori de,

rac-di met hyl sIrbyhml;yﬂaﬁﬁrymsmtheﬂaypbqaﬂyﬁﬁllﬁuiﬁw hafnRinGebridli met hyl,

rac-di net hyl silyl-bis( -4-phenyl™-i nden Z|rcon|und|chlor|de

rac- di met hyl s|rh§fdmt1$)(lQ1Yh=th®meﬁ’e'hﬁ1phdI&ﬂW@ehal mrmmrn@nwshyl

rac- di met hyl si | | fni undi Q

Fac di et hyl orPRER RIS SRS TR den D ARG
rac-di met hyl S|rbGLUmﬁHﬂ%ﬂ.\3}yﬂﬁbistla#hreﬂ@nbtﬂlﬁﬁlﬁﬂﬂd)haﬁmﬁlﬁ@lmdﬂﬂl chl orl de,
rac-di met hyl silyl -bis-(2-methyl-indenyl) zirconiundi nethyl,

rac- di met hyl s|"P(‘yﬂm!ﬂﬂ§dilb’lﬁﬁ(%weﬂWhé@ﬁwd;mthhﬁnw rdichiaridg) |

rac-di net hyl si de,

rac- di net hgl Si % ngélt@%@% %*{efﬂlyg ge‘r{r%ﬁd%n@ﬁlgeggﬁﬁrﬁg L‘tﬁ%rl de,

rac- di met hyl sirbyﬂnﬂﬁtl@(lﬂ}ymm@memyhh@{zﬁﬂdyhyl) ndenidmdidflovdendi net hyl ,
rac-di met hyl sil yl -bis t hyl - 4- ht h i nden 2|rcon|umj|chlor|de
rac- di met hzl S|"f’ fimﬂﬁt@%‘%}—‘/@ ﬁérmﬂhﬂdgi’ﬁw IZ“F‘?fH‘éng't‘% ekt ni undi chl ori de,

r ac- di met hyl slrwummmarymxswtmahmamnwIhamqﬁme)hyzu r coni untdi met hyl ,

rac- et hyl ene-bi s(i ndenyl’) haf ni und
rac- et hyl ene- e lmﬂﬂl@riszly)l-lbesf(ﬁrmﬁbyldn-ﬁ@nfl)dh@fmumdlchlorlde

rac- et hyl ene- bIS 1n LI Goni i et
rac- et hyl ene- B s%hlr?]eglg"ﬂ%}ll)% ?fs' (')'ﬂ?tﬁ%n%%nplg feniumdichloride,
rac- di met hyl Slrh()LHmlthﬁ}(labﬂf@tstQLhreﬂryf 3. mﬁmhylyihdmghmhMMahyl ) haf ni undi net hyl ,

rac-di nmet hyl sil yl -
s(2- met hyl - 4- (rgc-dmﬂpwlygnb@ﬁ%rmmehdé«qghtylﬂazﬂﬁiw}?ﬂarewwﬂﬁblOnde

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,
rac-ethylene-bis(indenyl)zirconiumdimethyl,
rac-ethylene-bis(indenyl)zirconiumdichloride,
rac-dimethylsilyl-bis(2-methyl-4-(2'-methyl-phenyl)-indenyl }hafniumdimethyl,
rac-dimethylsilyl-bis(2-methyl-4-(2"-methyl-phenyl)-indenyl)hafniumdichloride,
rac-dimethylsilyl-bis(2-methyl-4-(2'-methyl-phenyl)-indenyl)zirconiumdimethyl,
rac-dimethylsilyl-bis(2-methyl-4-(2'-methyl-phenyl)-indenyl) zircomiumdichloride,
rac-dimethylsilyl-bis(2-methyl-4-(4'-methyl-phenyl)-indenyl)hafniumdimethyl,
rac-dimethylsilyl-bis(2-methyl-4-(4"-methyl-phenyl)-indenyl)hafniumdichloride,
rac-dimethylsilyl-bis(2-methyl-4-(4'-methyl-phenyl)-indenyl)zirconiumdimethyl,
rac-dimethylsilyl-bis(2-methyl-4-(4'-methyl-phenyl)-indenyl) zirconiumdichloride,
rac-dimethylsilyl-bis(2-methyl-4-(4'-tert-butyl-phenyl}-indenyl)hafniumdimethyl,



rac-di met hyl silyl -bi s(2-nmethyl-4-(2'-nmethyl -phenyl)-indenyl)zirconi undi net hy
.1, rac-dinethylsilyl-bis(2-nmethyl-4-(2'-nmethyl-phenyl)-indenyl)

zi rconi undi chl ori de,

rac-di met hyl sil yl - bi s(2-nmet hyl -4-(4'-nethyl - phenyl ) -i ndenyl ) haf ni undi net hyl ,
“rac-di nmet hyl silyl-bis(2-nmethyl-4-(4"-nmethyl-phenyl)-indenyl)hafniundi chlorid
e,
rac-dinethylsiIyI-bis(2-nethyI-4-(4'-#%thyl-phenyl)-indenyl)zirconiunﬁinethy
|, rac-dinmethylsilyl-bis(2-nethyl-4-(4"-nmethyl-phenyl)-indenyl)

zi rconi undi chl ori de,

rac- di met hyl sidagiditoetbylRil yretis(PHmethyl4t-(4t-ertt bulowl t-phienphandenyDhafodiemdichaifdni undi net
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- phenyl ) -i ndenyl ) zi r coni u
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hyl, rac-di n’emhsdhrﬁethylbﬂjmlﬁi(z-tﬂmlﬁth(~44‘ee(‘t43ut)t1ephenp])Iuydenyl)21rcon1umd1methy1

~phenyl ) - i ndeny! haf
r gc d|>/rr23t hyI Si r%laﬂ) dirge (lgl .ﬂ%me&hfl\ A4 @ﬁtbu@dtpypnyl) -indenyl) zirconiumdichloride,

- phenyl ) -i nde%@dﬁhétﬁ%’l@ﬂﬁ@'xﬂﬁﬁﬁ}d (4'-tert-butyl-phen¥l) mdenyl?(Z isoprp 1 4- ()4 -tert-
rac-di methyl silyl-bis | -"4- -tert-b phenyl’) -|n
zi rconi undi chlmtylephenyl)- 1ndenyl)haﬁnumd1methyl

A terts ooty 1 bengREI e 5 achy LR S5R PY1 -
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but yl - phenyl ) - ﬁaﬁd@nvhylﬁléylr{ﬁmhldrﬂ -Gr- redtebutyl -phenyl)-indenyl)(2-isoprpyl-4-(4™-tert-
di net hyl I
S
but yl - phenyl) naadianythylzﬂqu@nnmhﬂmm ait-eleyl, -phenyl)-indenyl }(2-isoprpyl-4-(4'-tert-

rac-di nmet hyl si| yl - thyl -4-(4' - rt byt yl

- phenyl ) -i ndenlg}?/ ty (PE1 pgim%wl Yzirepuiun migmeEhy,

butyl - phenyl ) - jpdeRvh l%ilﬂq{?ﬁ!zlfﬁ@ihﬁelt@&llsopropyl mden hafmumdlmeth 1,

rac-di met hyl silyl -bi s{2-net hyl - di 1 sopr opyl -|n hafnlundlnethyl

rac- di met hyl si rtay+d4rbetb]{/12ﬂyién$(%mﬂh)6-4cﬁ dlmpmmb'indemdl)@nwrynzmdwthymrrdl met hyI

rac- dlnethyI5|I I Z|rc ndlchlorlde

rac-di net hyl si I‘%é]d th‘%’]ﬁﬂﬂ& §§1mt’j].‘:’g 424 fhésc? "°88§1“-‘1F“r?’§)é}{y?‘§‘%% chI oride,

Bi s(cycl opent a:dzlcemyth)/laﬂymmumhﬁm @ﬂlllsﬂ@ropyl 1ndenyl)hafn1umdlchlor1de

Bi s(cycl opent adi enyl ) 2|rcon|umJI|n;imdgcéw,lﬁ

Bi s( pent anet hyPe(reflopattdigncabaiion rigédi chl ori de,

Bi s( pent anet hy, i met hyl

B|s(cyclopenté%&gﬁagp§¥%@%?§9¥‘%%+ﬁ Hgiggﬁtadlenyl)2|rconlunﬁlchlorlde

Bi s(cycl opent ailis(pentginpthyleytlapattidi¢reyDiiopeintaiiihéoride) zi r coni undi et hyl ,
Bis(pentamethylcyclopentadienyl)zirconiumdimethyl,
Bis(cyclopentadieneyl)(pentamethylcyclopentadienyl)zirconiumdichloride,
Bis(cyclopentadienyl){pentamethylcyclopentadienyl)zirconiumdimethyl,
Bis(1-methyl 4-butylcyclopentadienyl)zirconiumdichloride,
Bis(1-methyl,4-butylcyclopentadienyl)zirconiumdimethyl,
Bis(1-methyl,4-butylcyclopentadienyl)zirconiumdimethoxide,
Bis(1-methyl,4-butylcyclopentadienyl)zirconiumdibenzyl,
Bis(1-methyl,4-butylcyclopentadienyl)zirconiumdifluoride,



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

- Bi s(1-nethyl, 4-butyl cycl opent adi enyl ) zi r coni undi net hyl ,

Bi s(1- met hyl , 4- but yl cycl opent adi enyl ) zi r coni undi net hoxi de,

Bi s(1- met hyl , 4- but yl cycl opent adi enyl ) zi r coni undi b enzyl ,

"Bi s(1-nmet hyl, 4- butyl cycl opent adi enyl ) zi rconi undi fl uori de, 46 B
s(1-met hyl, 4-butyl cycl opent adi enyl ) zi pgoni undi am de,

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

Bi s(1-methyl, 4-ethyl cycl opent adi enyl ) zi r coni undi et hyl ,

Bi s(1- met hyl , 4- benzyl cycl opent adi enyl ) zi rconi undi chl ori de,

Bi s(1- et hyl , 4Bb6Hmwhwybbmwbﬂdauﬁémﬁwwﬂﬁn@mhmmﬁdhhblhyI

o ST Y S RS SRSl RN ke 0o B (1t

- met hyl, 3- n- preRylLayGYOR Pﬁ?tl@ﬁ&ﬁeﬁdﬁn@@ﬂi’doﬂﬁﬂmﬂﬂbmyl de,
Bi s(1- net hyl, 3- n- pr opyl clv) ent adi enyl ) zi r coni undi et hyl ,
Bi s( 1- net hyl , 3Bisdlom mnéfaﬁl@ﬁ Fiysomiwsshehlerifee hl or i de,

Bi s(1- net hyl %5 methyl, B is(1,
B sl ety i 5@?@%%@%109 B kRl ] et vl B TSt
Bi s(1, 3-di met hlBiIsﬁymbmpbhbm@logdpbe)madlmt)zm:ﬁmmhhﬂbnde
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Bi s(n- propyl cygisapaehei ﬁﬁ:‘f&ﬁﬂdy'éﬁﬁ@ﬁtbﬁl&l)flizH@Jdeﬁdnchlonde

Bi s(n- propyl cycl opent adi enyl’)'zi’r coni undi’am de,
Bi s(n- propy! cyBIS(ip@n‘lhahﬁ-eﬂ)y*bl))dtiypbxpmtmy@@ﬁmlumdlmethﬂ

g1 o(n- pr opyl cyeraaaardin-BRA AR STt iichtorice,
Bi s(n-propyl CyBistmaﬂh@Ii’o-Qmﬁr«)ﬁ}&f}I&ldpﬁﬁthd’ieﬁ)h)zlrcomumdlmethyl
Bi s(n-propyl cycl opent adi enyl ) haf ni undi fl uori de,

Bi s(n- propyl cy}§1sGp’éHmﬁ'@iléwi%&?#ﬁ%fﬁ?ﬁl@@dwhlomde,

51 o(n- pr opyl cye penraa it PR et

Bi s(n-butyl cyclebeprbpﬁcmhqﬁe)lmdreoyimmmnidicdﬁqrde,

Bi s(n-butyl cych opent A N nehflen it T Feth,
Bis(n-propylcyclopentadienyl)zirconiumdifluoride,
Bis(n-propylcyclopentadienyl)zirconiumdiamide,
Bis(n-propylcyclopentadienyl)zirconiumdibenzyl,
Bis(n-propylcyclopentadienyl)zirconiumdimethoxide,
Bis(n-propylcyclopentadienyl)hafniumdichloride,
Bis(n-propylcyclopentadienyl)hafmumdimethyl,
Bis(n-propylcyclopentadienyl}hafniumdifluoride,
Bis(n-propylcyclopentadienyl)hafniumdiamide,
Bis(n-propylcyclopentadienyl)hafniumdibenzyl,
Bis(n-propylcyclopentadienyl)hafniumdimethoxide,
Bis{n-butylcyclopentadienyl)zirconiumdichloride,
Bis(n-butylcyclopentadienyl)zirconiumdimethyl,
Bis(tert-butylcyclopentadienyl)zirconiumdichloride,
Bis(tert-butylcyclopentadienyl)zirconiumdimethyl,

Bis(benzylcyclopentadienyl)zirconiumdichloride,



Bi s(tert-butyl cycl opentadi enyl ) zirconi undi chl ori de,

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

Bi s(benzyl cycl opent adi enyl ) zi rconi undi chl ori de, 47

Bi s(benzyl cyel opent adi enyl ) zi r coni undi met hyl , Bi s(benzyl cycl opent adi

enyl ) (pent anmet hyl cycl opent adi enyl ) zi r coni undi net hyl ,
B|s(benzylcyclopentadlenyl)(pentanethﬁgcyclopentadlenyl)2|rconlundlchlorlde
Bi s(propyl cycl opent adi enyl ) (pent anet hyl cycl opent adi enyl ) zi r coni undi et hyl ,
B|s(propylcyclopentadlenyl)(pentanethylcyclopentadlenyl)2|rconlunﬂlchlorlde,
Bi s(propyl cycl opent adi enyl ) (t etranet hyl cycl opent adi enyl ) zi r coni undi net hyl ,
Bi s( propyl cyclBiértadiyetvpkntadienylmmeetiyindyetiopent adi enyl ) zi r coni undi chl ori de,
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Di met hyl si | yl bihgk cycl opent adi enyl )2| rconl undi br om de,
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D net hyl si |yl b| s pent anet hyI cycl opent adi enyl ) zi r coni undi et hoxi de,
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Di
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zi rconi undi ChlBlme(ghyl31lylb1s(cyclopentadlenyl)mrcomumd1rnethyl
Dimethylsilylbis(cyclopentadienyl)zirconiumdimethoxide,
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(cyclopentadienyt)(pentamethylcyclopentadienyl)
zirconiumdichloride,

Dimethylsilylbis(cyclopentadienyl)(pentamethylcyclopentadienyl) zirconiumdimethyl,



D net hyl si |l yl bi s(cycl opent adi enyl ) (pent anet hyl cycl opent adi enyl )
zi rconi undi net hyl, 48

D net hyl si l yl bi s(cycl opent adi enyl ) (pent anet hyl cycl opent adi enyl )
zi r coni undi net hoxi de,

D net hyl si l yl bi s(cycl opent adi enyl ) (pent anet hyl cycl opent adi enyl )
zi rconi undi br om de, 48

Di met hyl si | 'yl bi s(cycl opent adi enyl ) (pentanet hyl cycl opent adi enyl)
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Di met hyl si |yl HiEppiv qééﬂa4 but yl cycl opent adi enyl ) zi r coni undi benzyl ,
Di net hyl silyl Ibirrﬁéﬂ;l}dmmg(Eydqﬁhﬁmeﬁylsqpaﬂ@rﬂaﬁsiwaM}L&@dd{&@nIzuezslhﬁh&géﬁz?p,
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nme Si i undi chl ori de,
D et hgl sil §| g???&hﬁﬁn%ﬁ\ﬁ (1%§étl So- dr?%l%() &%ﬁ @%@%&?@W@{"?@gm undi net hyl ,
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Dimethylsilylbis(1-methyl,4-ethylcyclopentadienyl)zirconiumdichloride,
Dimethylsilylbis(1-methyl,4-ethylcyclopentadienyl)zirconiumdimethyl,
Dimethylsilylbis(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,
Dimethylsilylbis(n-propylcyclopentadienyl)zirconiumdimethyl,



t hyl si | yl bi s(n-butyl cycl opent adi enyl ) zi r coni undi chl ori de,

t hyl silyl bi s(n-butyl cycl opent adi enyl ) zi r coni undi net hyl ,

thyl silyl bis(tert-butyl cycl opentadi enyl) zirconi undi chl ori de,

thyl silyl bis(tert-butyl cycl opentadi enyl) zi rconi undi net hyl ,

" Di net hyl si | yl bi s(benzyl cycl opent adi enyl ) zi r coni undi chl ori de,

Di nethylsiIyIbis(benzylcyclopentadienx%)zirconiundinethyl,

Di net hyl si |l yl bi s(benzyl cycl opent adi enyl ) ( pent anet hyl cycl opent adi enyl ) -
zi rconi undi et hyl ,

Di nethyI5|IyIb|s(benzylcyclopentad|e(yl)(pentanethylcyclopentadienyl)-
zi rconi undi chlXmethy]silylbis(n butylcyclopenta enyl)zirconiumdichloride,

Dimet hyl si |yl 5#{91(3 ?S%¥chl: nlb t%? pen a&{elkyi)‘z)ﬁr}pc}n?um&m%l CYC| opent adi enyl ) -

zi rconi undi ne

Di met hyl si | y| igd{eprypalylbiyettanent pitipeamdi ARk aibinichpyiakopent adi enyl ) -

zi rconi undi chl ori de
Di nethyIS|IyIHmﬁﬁﬁbbﬂyﬂwﬁ@ﬁdb@ﬂEﬂﬁ%@ﬁ@d@?ﬂ%@$@ﬁﬂ@ﬁ?¢%¥ﬁ4opentadlenyl)zircon
undi m ethyl,

D net hyl si | yI b| 'S p lSlfl/ibls bﬁnzﬁ ml%pcfntearﬁiilﬂl()?ré;toflgggﬁ*}gf I'lcycl opent adi enyl ) zi rconi
undi ch | or i dDimethylsilylbis(benzylcyclopentadienyl)zirconiumdimethyl,

Dret oL el et Rl SR b ORGSO A RS LAUSh  ovel opent a

Di et hyl si | yl Bigédighb gk CPhyl propylcyclopentad|enyl)(pentanethylcyclopenta-
di enyl ) zi r coni undi chl ori D et hyl si

i s(tetramet hyIDlpﬁﬁp@ﬂlbﬂ%ﬂ(@@ﬂbﬂdD@W)%W@b@p@nﬁwmfdnwnﬁdlel)eon| undi net hyl ,
and Di net hyl sHJ lQhﬁ%@F r.amet hyl , propyl cycl opent adi enyl ) (cycl opent adi enyl ) -
zi r coni undi chli®F74e e nethod of claim1l where the olefins conprise
ethyl ene. 14, Dlmmylmym@@px@ﬁyleympmideﬁﬁD@eﬁtblaemyleiwmﬁemm@l)se propyl ene.
50 15. The nethod of claim1l wherein the ol efins conprise ethyl ene and
propyl ene.  1@ircqmMumdisagiyd, of claim 1 wherein the ol efins conprise ethyl ene
and a conono LS L ne, butene,
pent ene, hexgﬁgnéﬁé%ﬁgﬁﬁi&% g%%% %gﬁng?gggégﬁggy %ﬁ%@@%aﬁdodecene
hexadecene, ¢4mmmmympehheda 1, 3-

Dimethylsilylbis(propylcyclopentadienyl)(tetramethylcyclopentadienyl)zirconiumdim

D me
. D ne
D ne
D me

ethyl,
Dimethylsilylbis(propylcyclopentadienyl)(tetramethylcyclopentadienyl)zirconiumdich
loride,

Dimethylsilylbis(tetramethyl,propylcyclopentadienyl)(pentamethylcyclopenta-
dienyl)zirconiumdimethyl,
Dimethylsilylbis(tetramethyl,propylcyclopentadienyl)(pentamethylcyclopenta-
dienyl)zirconiumdichloride,
Dimethylsilylbis(tetramethyl,propylcyclopentadienyl)(cyclopentadienyl)-
zirconiumdimethyl, and
Dimethylsilylbis(tetramethyl,propylcyclopentadienyl)(cyclopentadienyl)-

zirconiumdichloride.
13.  The method of claim 1 where the olefins comprise ethylene.

14.  The method of claim 1 where the olefins comprise propylene.



met hyl pentene- 1, 3,5,5-trinmethyl hexene-1, 5-ethylnonene-1, and isoners
thereof. 17. The nethod of claim 1 wherein the olefins conprise propyl ene
and a conononer selected fromthe group consisting of ethylene, butene,
pent ene, hexene, heptene, octene, nonene, decene, undecene, dodecene,
hexadecene, 4-nethyl pentene-1, 3- nethyl pentene-1, 3,5,5-trinethyl hexene-1,
5-et hyl nonene-1, and isoners thereof. ,18. The nethod of claim 1 wherein the
pol ymeri zati on occurs in the gas phaé . 19. The nethod of claim1 wherein
t he pol ynerization occurs in the slurry phase.

15.  The method of claim 1 wherein the olefins comprise ethylene and propylene.

16.  The method of claim | 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-cthylnonene-1, and isomers thereof.

17.  The method of claim 1 wherein the olefins comprise propylene and a comonomer
selected from the group consisting of ethylene, 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.
18.  The method of claim 1 wherein the polymerization occurs in the gas phase.

19.  The method of claim 1 wherein the polymerization occurs in the slurry phase.



