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invention relates to the field of organonetal
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conposi tions, nethods for the polynerization and
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this invention include, but are not imted to,
tightly-bridged, ansa-netallgcenes that conprise a
pendant al kenyl (ol efin-containing) group attached to
at | east one of the cycl opentadienyl-type noieties of
the tightly-bridged Iigand, and al so conprises one or




Thus, in one aspect, the present invention enconpasses

a catal yst conposition conprising at |east one
tightly-bridged ansa-netal |l ocene conpound containing a
pendant ol efin-containing noiety attached to at | east

one of the cycl opentadienyl-type |igands and one or

two aryl groups bonded to the bridging atom of the
bridging |igand; optionally, at |east one

or ganoal um num conpound; and at | east one activator.
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having up to 20 carbon atons; 4) OBRA2 or SQO3RA,
wherein RA is an al kyl group or an aryl group, any of
whi ch having up to 12 carbon atons; and




any additional substituent on the substituted

cycl opent adi enyl, substituted indenyl, substituted
fluorenyl, or substituted al kenyl group is

i ndependently an aliphatic group, an aronmatic group, a
cyclic group, a conbination of aliphatic and cyclic

groups, an oxygen group, a sulfur group, a nitrogen

group, a phosphorus group, an arsenic group, a carbon

grou a silicon group, ,or .a boron group, any.of .whi.ch .
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I n anot her aspect of the present invention, this

i nvention provides a catal yst conposition conprising

the contact product of at |east one ansa-netall ocene,

at | east one organoal um num conpound, and at | east one
activator-support, wherein: a)the at | east one
ansa- net al | ocene conprises a conpound having the

formula: wherein (1) M is zirconiumor hafnium X

is, independently. F, C or I; . Eis ar.Si; .

R and Ro o | AiRenshignt sk e g sBhiegrd aFycigRppiadienyl
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group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;

b) the at least one organoaluminum compound comprises a compound
having the formula:

AIX*)o(X )30,
wherein (X°) is a hydrocarbyl having from 1 to 20 carbon atoms; (X%
is an alkoxide or an aryloxide, any of which having from 1 to 20 carbon atoms, halide,
or hydride; and n is a number from 1 to 3, inclusive; and

c) the at least one activator is selected independently from:

i) an activator-support comprising a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-
support, or any combination thereof;

i1) an organoaluminoxane compound;

iii) an organoboron or an organoborate compound; or

iv) any combination thereof.

In one aspect of this invention, the at least one organoaluminum compound
can be optional when: 1) at least one of (X°) and (X" is a hydrocarbyl group having
up to 20 carbon atoms, H, or BHa; 2) the at least one activator comprises at least one
organoaluminoxane compound; or 3) both conditions 1 and 2 exist. Thus, while not
intending to be bound by theory, it will be recognized by one of ordinary skill that a
metallocene-based composition that exhibits catalytic polymerization activity typically
comprises the contact product of: 1) a metallocene component; 2) a component that
provides an activatable ligand such as an alkyl or hydride ligand to the metallocene, when
the metallocene compound does not already comprise such a ligand; and 3) an activator
component. In some instances, one component can function as both the component
that provides an activatable ligand and the activator component, for example, an
organoaluminoxane. In other cases, these two functions can be provided by two separate

components, such as an organoaluminum compound that can provide an activatable alkyl

4°



R4A and .-.48 X are

i ndependently a hydrocarbyl group having up to 12
carbon atons, or hydrogen; b) the at | east
one organoal um num conpound conpri ses trinethyl
alum num triethylalum num tripropylal um num
tributyl alumnum triisobutylalum num

trihexylal um num triisohexylal um num
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wherein

M is zirconium or hafnium;

X is, independently, F, Cl, Br, or I;

Eis C or Si;

R! and R? are independently an alkyl group or an aryl group, cither of
which having up to 10 carbon atoms, or hydrogen, wherein at least one of R' or R?is
an aryl group;

R* and R*® are independently a hydrocarbyl group or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or hydrogen;

n is an integer from 0 to 10, inclusive; and

R** and R*? are independently a hydrocarbyl group having up to 12

carbon atoms, or hydrogen;



(XI') and (X2) are independently a substituted

cycl opentadi enyl, a substituted indenyl, or a
substituted fluorenyl; one substituent on
(XI') and (X2) is a bridging group having the fornula
ERI R2, wherein Eis a carbon atom a silicon atom a
germanium atom or a tin atom and E is bonded to both
(X1) and (X2) and mherein RI and R2 are independently

i ng Phipt 162 Kar A aBie. CBATRYUPGUED, RHEPGRY ocomprises
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Halugyingggt -phppliate, ~ zinc'  alum terqng gbs%ess“ pﬁaéq,ﬂ, zirconia,
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gr oup is i nd&qodactam-w;thth'awaig ptiat iis flgondsp chiomidey brotidle iodide,
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carbon’ group, a Silicon group, or a boron group,
opemnghn&ﬁ‘aw supstitnted) 1on ouembstifuindn alkenssulfenats| |S{!Fé3t1mted or

%%)dr 3 n&g%@%t&ﬁ#q@re a 8{1[??% oq‘n%n?u %tu‘?edo lﬁ)ﬁsulfate, or any

aggmy@agénﬁgé@@@rt conprising a solid oxide treated
with an el ectron-w thdrawi ng anion, a |ayered m neral,

an i onIegilh angfbalbme@tcthwmemm duyspEPR proyidesra, catalyst composition
c

nggﬁglqﬁéé M LELE ?)E(iduct of: gj %‘?oogl%%%% gte@ogéﬁ%g%ﬁd 2) at least
obﬂamha@foa,txeh&aﬁpound or |v) any comnbi nati on

t her eof . Yet anot her as of the .present

i nvent Bbn pisvitdieast preAnspy tallosRRe SPPPE s PPPdghaving the
t R§o@pt act product of: 1) at |east one

ansa-netal | ocene; and 2) at | east one activator,

wherein: a)the at | edﬂ)(xﬁ@(a@ém&mmwmcene conpri ses

a compound TR/?N t he

tl(l;amum zirconium, or hafnium;

(X") and (X are independently a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorenyl;

one substituent on (X') and (X?) is a bridging group having the formula
ER'R?, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (X') and (X?), and wherein R' and R” are independently an
alkyl group or an aryl group, either of which having up to 12 carbon atoms, or
hydrogen, wherein at least one of R' and R? is an aryl group;

at least one substituent on (X') or (X*) is a substituted or an

unsubstituted alkenyl group having up to 12 carbon atoms;



formul a: (W), wherein ML is zirconium or hafnium

X is, independently, H, BH4, nethyl, phenyl, benzyl,
neopentyl., trinmethylsilylnmethyl, CH2CMe2Ph;

CH2Si Me2Ph; CH2CMe2CH2Ph; or CH2SIi Me2CH2Ph; E is C or
Si; Rl and R2 are independently an al kyl
group or an aryl group, either of which having up to
10 carbon atons, or hydrogen, wherein at |east one of

3 Ldggeﬁgekf @%aara%“gr Ouﬁg?pegpgrgky-op gRéﬁ B9 B8 &hfarocarbyl
Ry ﬁiﬁltﬁ'i(y Ear%@%ﬂ)m@rﬂ &f Bei g am@ﬂré&rﬁﬁ%il@e group, a

Zg}carbon atons; or hydrogen; n is an integer fromoO
t dydrocarbpletmirar gl@up,a:ma tnhy rocarbylsﬂyl group, any of which having up to 20

carbon atoms; 4) OBR*; or SO3R*, wherein R* is an alkyl group or an aryl group, any
of which having up to 12 carbon atoms; wherein at least one (X?) and (X4) is a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; and

any additional substituent on the substituted cyclopentadienyl,

substituted indenyl, substituted fluorenyl, or substituted alkenyl gfoup is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen; and

b) the at least one activator is selected independently from:

i) an activator-support comprising a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-
support, or any combination thereof;

if) an organoaluminoxane compound,;

iii) an organoboron compound or an organoborate compound; or

iv) any combination thereof.

Yet another aspect of the present invention provides a catalyst composition
comprising the contact product of: 1) at least one ansa-metallocene; and 2) at least
one activator, wherein:

a) the at least one ansa-metallocene comprises a compound having the

formula:

3A n
"URET aw),
wherein

M! is zirconium or hafnium,;



R4A and ,-.4B tc. are independently
a hydrocarbyl group having up to 12 carbon atons, or
hydrogen; and b)the at |east one activator is an
activator-support conprising a solid oxide treated
with an el ectron-w thdraw ng ani on, wherein

the solid oxide is silica, alumna, silica-alum na,

al um nophosphat e, al um num phosphate, zinc al um nate,

het er opol yt st at an irco ia
bor a1 e ograddenpudshigy Hiuahn SRBuR pBRMnpefist, neopenty
C@ivbbiakil Pmdiigr eOfCHAMe,Ph;  CH,SiMell®;  CH,CMe,CHoPh;  or
el ectron-w t hdrawing anion i s fluoride, chlorfde,
bEhSide:GeBhde, phosphate, triflate, bisulfate,
sulfate, fl rat e, fluorosul fate,
trifluor oacgﬁgtﬁgo Sghosphat e, fluorophosphate,
f1 uorozi rcomatagd Rl e iizpérideatl an blkybp@iuptornataeyl group, either of
per manganat e, substjtuted or unsubstituted 5.
egHRioel0 earben stowseer idregraupbetem atdgnst one of R' or R* is
a nate, substituted or unsubstituted
Fﬁ%%ﬁgﬁu or any conbi nation thereof. In a

further as pR&‘I‘ ahd t RS Iarwemﬂemdeﬁtl}e a hydrocarbyl group or a
activator ort can co e .a solid de treat

ity dsaearhy IS sioun At a*III) Fyh R R ta PO AARISONTY érogen;
oxi de conpr e, ﬁfté%e?ﬁ‘oma(b Isd:”i(f"’ihcl@h&é gRg al um na,
al um nophosphat e um num phdsphat e, zinc al um nat e,
het er opol yt Rﬁ@sﬂéﬂ%g ar¢ indaperalentty mdryﬂr@arby&gm.sp havmg up to 12

l” Zi nc |dde m xed oxi des thereof, or m xtures
tﬂae ey pomsporlivdrodennand * the el ectron-wi t hdrawi ng

ani on AN CEHEP4ti I%Sstf dréOhdtRAtor GB a0 At atoRk@SPofe comprising a solid
i odi de,” phosphate, triflate, bisulfate, sulfate,

f Pxide seetedmath an| qlmtreguwlatremnerammnuwher&mt at e,

phosphat e, I uQrop hat ar. 02| e .

fluorosilic g}e eS,OI]?iI 0)8? 18 sgicg,[ um&lé ﬁglglg}a, aluminophosphate,

S plpsiininit @Hoghatens uhst |Eﬂlllihﬁldte§| h&ﬁﬁﬁ)@ly&m{g@ta@es titania, zirconia,

substituted or unsubstituted arenesul fonate,

SsTMERGsiay Pera, Zingroxides gsed exidestherert; o5 any earabingfinn theisof; and

like, inclu - ﬁpﬁ@

the activat gdr n%uppor"t9 cah&?{%}r %ﬁoeé lfbggﬁaﬁqeé gglogﬂ%eﬂljoﬁﬁ%ef lodide,

nplicabhaten t1$ﬁlmh, bizuthtec ,sulfhiek eﬂu,omhmﬂel,l diprdsulfais} erifluoroacetate,

no| enum . silver, tin, or any conbi nati on..t hereo )

/AP}%,‘%Q‘PI(‘]| t hi %“%%@?é?hat?she fgw‘oé‘&?{q‘v‘é}ﬂa% t h@‘n‘oéﬁﬁlhﬁat%m otﬁPomtltanate
ﬁgz{rlaféor 'Qﬁ?tltﬁﬁhordrd euns}ﬁbg’tmlfé@ él%eglﬂforﬁtpsmﬁ@tﬁuted or

bi sulfate, sulfate, fluoroborate,

ftlmsubsiﬁuﬂeﬂ aaEneSLﬂthhtaorsrmbs:tﬁuaﬂe or phn&ubbtauwsi alkylsulfate, or any

fl UOIP %) 0S hat fluorozirconate, fluorosilicate,

f PR BEY per manganate, substituted or

unsubsty 4 ﬂﬁ'@l@r Qﬂp‘éé’tﬂﬁ&ﬁisﬁ%ﬁ@n the BetivakdH RBp&E can comprise a solid

unsubstituted arenesul fonate, substituted or

umd@mcatf:@me@ a Izlyq:tmn-wah@rawmgjamh@ thr@n th«n wlwoﬁge comprises

I r eof
g&'l nve’nts’lnlclar?Eﬁ a, - Plumipaphe O ppér can corp?}%g hate,  zinc

aaihﬁ)’rﬂt@dwf&tﬁ}ﬁﬂﬁhngs@dleé Qe CAMROGI@ AR Enesia, boria, zinc oxide, mixed
activator-support, or any conbination thereof I'n this

afides thereple oaemvaas dher pé@ fhis axects Bipplectiongvighdigwing anion can
I I n. ol cl a
n?:c o(?rl?gg tf(le eh )?H{} g’l{&Feh % gﬁo h g;l@%))“t tﬁﬂ te Blsulfate sulfate,
Iﬂlycﬁbmfa&; | i dabsosoifaer aI tnfaldil@a'ceta&;er ephospliajte; at eﬂuorophosphate,
neral, a layered alumngsilicate mneral, a

HAPHIRIOEE: alTHAFORIEGaS: c atluorpiiiRaRtsy | permayiggnate,  substituted  or
CRERbRRGES H&H%ﬁﬁ@fl&te SU Stlth&d%%%ﬁlﬁﬁé@%ﬂﬂ biate, substituted
i nvention furt provi es a process for producing a
pol ynmeri zation catal yst conposition conprising
contacting: at |east one ansagetallocene conpound;
optionally, at |east one orgahoal um num conpound; and
at |l east one activator; to produce the conposition,
wherein the at | east one ansanetal | ocene, the at | east




then contacted with the remai ning pol ynerization
reacti on conponents, formng a second m xture, for a
second period of tine. For exanple, the
ansa- net al | ocene conpound can be precontacted with
sonme ot her polynerization reaction conponents,

i ncluding, but not limted to, for exanple, an

a-ol efin nmonomer and an organoal um num cocat al yst, for

ot Rt Bledcatk T i e, ks Rt el e fhereof. Tn
| editish, M8 adBihtoRQbpgortdah Frth& comp?iStd #Fimepal S€metal ion such as zinc,

activator-support. The first n1xfﬁ%e_|s typically
t Bickeld vapaslium, dugstenc medybdeimy sidvern éinc ompny segbination thereof.

N e TR T —,

CRRIe, S gshoRftske; ONtrATtd bionlERBeNkElfatE0r flasbbtats, t HBorosulfate,
m xture of at |east one netallocene, at |east one o
ofrffuorrasefiaisme r phogplptert  fagraphespbates gaflepiprirsonatyy  fluorosilicate,

c . . . o _

St ORI, BRLANRd F b R ghinb AL Hrose

" g @sobdtanteé dienasutfonste, subktutaddrumsutstinngt skylenléne, and the like,
mer, organoal um num cocatal yst, and acidic

non
aE?ﬁ@HEﬁ?W' BﬁﬁpﬁPHﬂﬁWﬁga from contacting the

pr e_(:onfrlai?éteéillofﬂe}“akﬁe%t BF ths tenfAGh Qhﬁ activator-su port can omprise a
activator-support, is thus terned the "postcg tacte&'
nay¢red enindial, sant ien+ekoizinggablé actismtnt-suppat,diresy @imbifsiion thereof.

type.of reaction, if any, occurs between co nents qf
e SopEflote g valgr e SDCERPRG: 16 FHRGAL A pilared clay, an
dogehited LY, ad &xfbBatbP Rl Rleled Blto LASME G hﬁﬁ'bf;‘% lta?;fged silicate

organoal uni num conpound, once it is adm xed with t
niteerdl o 8 enp-loyerad tsalidatec srieerala radlayteed odlaminesisaienmineralp a non-

ve i f.ferent chem,cal formilat.ion and structure
Yo alinlih G s SRR Bl SRR AR SetuCt o
prepark ifdehdprLe€00! thed BAefiort Afrther provides [dipfocesiV it préducing a

al so conpri ses nmethods of making catal yst conpositions
t PRAYMERZation ecaial Yt e 6P HEOT §OBIDABING| sOsdasHagc ateh| lgapt one ansa-

' Y. S r | .y )

e 8B YeoBiogh B S B 308 L oL ARRAUAS ComBBthd; and
I leadt ule petBaminf ac tprodncaniic S&inguisitbnge attargistthe at least one ansa-
co nents, for exanple, the netallocene catal yst an

OB G s UFASE G5t eyl R, SoBPRtId, ,andy Hiec 2 ﬁ%ﬁ“ one
b&&iv?&ﬁf aﬁ%ﬁﬁé@ﬁé&%’. Iit sHH A0 her 5.5%6@@ Hﬁ@irﬁ&@iﬂ{dnzﬁﬁ)r@ a method of
copolynerized, prior to contacting this precontacted
npotrerezing tdbefny commpeising ngomtatiag y sthyleoepanke rdns ,optional  a-olefin
this exanpl.e, the solid oxide activator-support.. .

| SPRAROMER &1ﬁb? cglalyist comperation @giwpqlﬂv@?ﬁaﬁeﬁ cppdifipas to form a

j .a : L ofls :
T S S RS pipSided as discloscd
fekgmme dn zieh firtler hspest, ttha presant ineaion providepethykede polymers and
productivity. |l.n one aspect, thes t hod an he
PPt Al bl (e BB GroR P SrEAsDR eldene and. an

t r,abi i AT o
e L o lor by Bl AR B MR tholymerization
cahditipat todopnsad pohymarasr bepddyhart awiltdreihl thef catedysif composition is
alunigfx%gﬁg)s ch .as MAO. That is, the catalyst
dgﬁﬁg_‘ﬁi_ SBt9fils i nvention can have pol ynerization
act i Vith¥nk RsfdefoSmRSihaititonl (HRREVEE oPfhe 2hidlYsP ARG tions of this
However, thi's invention also provides a catal yst
doyqutioit ¢annbe enlpmiced iy precentadingescand o€ dae polympsization reaction

and an al um.noxane. Therefgre,.ip thi spect . the. . .
SRmpPyets KOTBBLE s miingotor At peted of bR pefaty his mixture i
either an acidic activator-support wherein the
activator-support conprises g%phenically-treated solid

oxi de, and the catal yst conmpoSition is al so not

required to conprise an organoal um num conmpound.
Additionally, this invention enconpasses a process



FIGURE 4 illustrates data obtained from SEC- MALS
anal ysis of the ethyl ene honopol ynmer produced in

i nventive Exanples 5-7 (plot of Rg versus My).
FIGURE 5 illustrates data obtained from SEC- MALS
anal ysis of the ethyl ene honopol ymer produced in

i nventive Exanples 10 and 11 (plot of Rg versus Mw).
FI GURE 6 provides a pIot of zero shear viscosity
Jgrsus nol cular wei ., C|fical

170 .
7% Gentregd (Rt theote Bon Reagtifl %amﬁaﬁi%s forming a
's%&ﬁ{at le}@cu@(Whes%cohdlﬂenod of tinfe! qﬂEiEe)ZarH(SIQVﬂl‘ée&zsé—metallocene

pl ot of zero shear viscosity versus nol ecular weight,
sperioind ain e preogitaddd vithesomesotheypol whgrization pﬁzaicm gemponents,

pr ed .according.tp co arativ Exanpl es .14-1
Bhabiiees B oppadunitshir | Bon cEI Do, edt i motomer and an

} r
%%@gﬁ%xﬁg:ﬁ%%@% fcfros"onfet Mé)lﬁlrt)ﬁ tﬁlﬁé&?ﬁ% %ﬂélféa??{/nére is contacted

Exnﬂnﬂieesmammgiptﬂﬁhmmml reacoﬁmwm@om&;mmw baFndatHiEnited to,

a9 < NG BT OB ot 1Ot 0y OBk, T st pagmed the

CORRBAlabieM SnixfRE %ﬂsc&ﬁﬁns}ﬁ'p}@cdﬂf&tﬁ%&hﬁ&{mts and the second
conpositions to polymerize olefins, olefin polyners

anigtuae is typslly tesped dbe tprstaontagied” mxamalaisﬁ@@]@nses ippatcontacted
c(rg}ﬁggog%lén %gﬁ?r;rcgrﬁ%%x )2 ?16 e i %&Iea(} ?Ieggtodgquétalhooc%ne at least one olefin

ahsoniee] aid ﬂ@ﬁﬁﬁommﬂnﬁlﬁmrdoﬁams%mpound before this mixture
ol efi n- cont ai ni ng nol ety pendant to a

dy ePwipetrd aviihe by actiyaer-singaridisaeng &pe (of apteconfactsd’ymixture. The
%‘?{Hﬂg %‘P ﬂ?e‘fﬂiotcgné tﬁ?orB{‘rleggé anﬁilﬁl[}ﬂngfn &J?:Etaﬁf ddgﬂ régldlc activator-

east ‘one activ tor opt1 ora
Isappdrt dbﬁneﬂ @amoedmﬂutmg nthe pracontacted Irmxamom‘élrthasapﬂim activator-
this |nve tion conprises methods for nmaki

b i ohiban) e PRI P Sy hetinolgay is used
@rﬁiﬁgs BEREAG: - t g?@'o? ﬂeQé‘cﬁJht FLLY ?grzseai@ Gt BN OSpéidints of the

ymeri zi ng ol &fins enpl oyi ng e catal yst
amucpuss t i Bor dixswples extconding Mo thés diesarmtlbe,d iaboveossiblee for the

desi i,on of e at | east one org

Serso Rt el B S O HRETERt 1R RO Ljop metallocene or
RhQSIUSIenes dnd GeldMBNARHMEr, 18THaes dlffébnﬂ étemical formulation and
or ganoal um num conpound can_be optional when it is not

m@r@etysvarfyomo theimhsttnct: aerapgealemingm ompoupd t ued to  prepare  the

conpasi rising the contact product, as
lPﬁ%ngé)’Pgatcéeg "6ne of ordi nary skill. A detailed

descr iTHi§ @veffiod Higo compeisds methdde bf ankingnel st fcotmpositions that
Cat al yst Conposition_and Conponents The Netall ocene
ciippahigast one ansq-meiiacessetlystionsiopalbsareast AR AgappRluminum

%ﬁl\f) g&ﬁ ¢ ?ri/cf_: %¥ Ie}{e%@ n‘é%’iﬂﬁi&' OFhE OfBhbad % tmcf kRRftion include

one ansa metal I ocene conpoun
qﬁmontashmg argnsel@keel daral g cbmipohengs, fod etaynphs toedetatiogene catalyst

gl opent adi en?l l‘lin}iy e a:lgsg ‘Wgh and .a Itgﬁa]zg]b? gbp%hecessadly,
B e e o o )
meixBire) with any remaining catalyst components, in this example, the sohd oxide
activator-support.
In yet another aspect, the present invention further comprises new catalyst
compositions, methods for preparing catalyst compositions, and methods for

polymerizing olefins that can result in improved productivity. In one aspect, these

10°



As used herein, the term bridged or ansa-netall ocene

refers sinply to a netall ocene conpound in which the

two n5-cycl oal kadi enyl -type |igands in the nol ecul e

are |inked by a bridging noiety. Useful

ansa-netal l ocenes are typically "tightly-bridged”,

nmeani ng that the two n5-cycl oal kadi enyl -type |i gands

are connected by a bridging group wherei n the shortest

I|n f thg brrda |etg en Ihq if - trati £
P A P8 STicH pHE withgul e nPed 1or Jsing, 1ares @y eSS FRfgnirations o

tth%é BV aﬁJbﬁ;ﬂ%bQﬁﬁ QkathiySt flRAIH rREKMREIMIDBLaVIAO), or

n5- cycloalk Il enyl -type |igands is one atom aIthoug

ﬁnescabaslysjgrorrgaoattmm dag baupshstantielld freghd aheminoxanes rash s MAO.

enti are t.heref e
o 036 T B Amban Eh o b8 sl b pshapsrizeign sctiviy in
NireCiibkaatid cabs@ity! ofPQikir@RendsNCHuAevay B ikwehion also provides a
cycl opent adi enyl |igands, substituted |ndenyl |  gands,

s Caalystioempesitip 6PEAYFING pl grésmeHacaseomprEnd wﬂe%rlﬁmmoxane

O3S S0 N30 16 BRI SR RS s

EadiGicaictiedtbosuppbnnvheein ithd anivamt-sappaat gemprises archammally-treated

or atin atom ,and wherein E is bonded to both

c§dido g iicadnd nihe- eafpust coympreition gs @los ngly Mlﬁedriro Spgprise an
o5 Ak nupf gptly selected froman al kyl group

sﬁ.an §@§1 grou elther of which having up to 12

car bonAdditieaally rthilsyn‘vemgen cnedrepasses aprdcesstompresing critacting at

a is an ar rou In this.as t, pne . . »
BB ne Btoregt an ok Sttalyeh b St Bkt waBRtriaagen egpgisions to
proauéd B phlyARRASTRAD thid 1ﬁvéi{tio%9bcb’i-\liﬁ%fe§ URethads &t Ifggl?menzmg
fornula >CE| >GeRIR2] or >SnRI R2 erein R1 and
celefibeusingithoentalyst cqmwrtmm @teparedrasalescaibey hegioup or
an ary whi ch _havin 12 carbon
o TaPbR ibishiS o e PR HeP ot S0 000
I's an @hlinednBioR alsb>RPriess af alﬁbledﬁaﬂ@nﬁﬁﬁb@ﬂ@rpbﬂmﬁer produced
i nclude, but are not limted to, >CPh2, >Si Ph2,
>eithiize catatypisompsafionpihisinventiont ol y1) 2, >Ge(t ol y1) 2,

>Sn(t ?]JFM Han %?%“Eﬁssl % fzrnﬁ&i{?fﬂ>s, I@W{Mﬁs of the present

>fﬁ®&ﬁ(dmkrﬂﬂbecom8mbbérémﬂ affey a ré\@HE’mf theChd loolingldetaibeddics dription of
Further, at |east one substituent on at

I@@é@mgﬁ@dgﬁnFﬁ% n5- cycl oal kadi enyl -type ligands is a

substituted or an unsubstituted ol efin-containing

hydr ocar byl group, having up to 12 carbon atonB, whi ch

i BRIEF BESERIP OIS QF THES IGH/RES kenyl gr oup,

regard f. the regiqchem str

funct | BaaRE 1 fsiatds R Eir ol onsplie tneEpanen wgd in the
hydERERTEnpEoup is bonded to one of the
1-13-cycloal kadi enyl -type |igands of the bridging

i gandFIGWéEeZ rillustentes| 8fei structiyen dbfi spedifist mietallpesmes sed in the
1-13- cloal k drenyl-type i gand, and therefore can
b%nﬁ%§t¥ 6%@“5’ 52 pendant al kenyl group. Thus, one

subst i FIATRE BNil[@stetEsddtd Ubiaihe Yoo BETHRINIEMalysss of the ethylene
substituted indenyl, or _a substituted fluorenyl of the

nkerapnobyaerTeduRsH s iy entivedizamales Adpiot of Re viibustMehse
t he anﬁﬂ%ﬂj‘ﬁﬁ% Illl%‘s‘“l'?ﬁ Sda?%gb(}gﬁ'rgg ;ﬁﬁ%ﬁ §E?ﬁ}@&§%ﬁﬁﬁ%ﬂge Bthylene

hydr ocar hai h a

Ckrﬁhmﬂﬁhétcbrem}dedﬁg{ nﬁ/ehmwmnpm £ (plonpf R§eersmer)

ol efinjic portion. anot her e t he_ at

one ar gt Titenes da OhpGe foen SED VA TELES of e cylene

bitel B ik ALY E’xan(ﬁfés) (0% ﬁ%@%ﬂ(ﬂ versus M,,).

er |n I's titanium zirconiu or hafni um

(XI') and (X2) are independently a substituted

cycl opent adi enyl , a substitutﬁq i ndenyl, or a

substituted fluorenyl; 1 one substituent on

(XI') and (X2) is a bridging group having the fornula
ERlRZ,_wherein Eis arparbon atonr a silrcon atonrlaJ



at | east one substituent on (XI) or (X2) is a
substituted or an unsubstituted al kenyl group havi ng
up to 12 carbon atorms; (X3) and (X4) are

i ndependently: 1) F, d, Br, or |; 2) a hydrocar byl
group having up to 20 carbon atons, H, or BElI; 3) a
hydr ocar byl oxi de group, a hydrocarbyl am no group, or a
tri hydrocarbyl silyl group, any of which having up to

20 , 4) OB SOBRA, .wherein RA i _
al k;?rlg[?}g{}gé g?grgﬁld)ﬁ %ﬁ@ﬁ?gﬁ%&’m %gﬁ:oxflsggﬁl{tg I}{Q}ﬁg@ Friﬁ)zecgl&: weight,
BediReARL 19812 OB RRAM,) for polymerd oS idcdfithg to inventive

the s uted cycl opent adi enyl
didamiplesut-¢tl i ndenyl, substituted fluorenyl, or

subst i | kenyl grqup is independently an .

a1 phetEigh vovies Skt derg HER VioR ety mplggulag weieht,
SPeaneaL, M P B 15 (L, PR pElEL e bR 2codiing 1y S paraive
dtxauplesald- By.seni ¢ group, a carbon group, a silicon

gr oup, oron, group, any of which. haying from1

%0 ar: 8rovidth S inudseh, 59, piFion Shrtatopils (CFLs) for
AMRNORT nBRRBSENRE N EnRhBSE Exad&NUL AN (B 1) and comparative
ol €f 1 n-contal i ng hydrocarbyl group is bonded to one

dixanipdesn3-ty@H1daE k@di enyl -t ype |i gands of the bridging
ligand, that is, the al kenyl group, can have up to

about 20 carbon atoms. In another aspect, the al kenyl
DPTRIICED DESCRIPFION G THE INVENTION atons, up to

about 8 carbon atons, or up to about 6 carbon atons.
Exanpl B ofesentkivgntien qupsdesnapwdeatalyst camposiiens, methods for
i m ut enyl ... pen I I "
S, Sty bR e SOF R i BBRRY comBlsitions o
Fobph& il oléfinsd ofgimt wilyhers Hadarticles prepard phatfroinheln one aspect,
pendant unsaturated group can contain the . .

dhis DBYRILIAR FHROBRASFE 2 TSRS comPaBtaR cempEsiagitleast one tightly-

enyl: s

AP EAnS0N) L5 BPORG L BHnd Ay penn
40 earyolopemndiesylrteped ligahdk arcnattlbast oye by endupdbawdyd ¢ theebridging
I“ggqﬂ?its Léu ) In still anof.her aspect,. tﬂe i

GHER; 9. BsnPadeing Jigapdy 8t 2538 0ng G KoL nid PRUQTHEY at least one
YrERINunHGH Rompdtind EInSatd el bificd A5 iMRAHOS borhptiRd methods for
For exanple, any substituent on the al kenyl group, )
whedring tles eatalystceomsition] dsclestd hadeipeantkin ygt 4 fomherrpspect, this

aliphatic _group, a r opat | rou clic.group,..a
oy, PPl anifiedt PP v EsRrRe BBt o B el coaty
EoRIPBsitian Aisclodéd BERMD, AR dENHPODEELVE! Bie Rlesign:tioR HP BRI ¢ Seast one
group, an arsenic group, a carbon group, a silicon .
@reangalumingn CeMposih 2s G ePtiondlsemERANSEL Hh Hicogpntast paesfuct, it is
a f | ' f : t . : .
T84 3 R bbb Do SRR T s n
Siebsbarty uenimuit chialysic kedtiyity goothie Eompdaitictopdptisihfiahe contact
hydrogen can add_to an unsaturated noi et it hi

> within th
e |as ypeerpiood by osa 9t aEdingry gkidls fhé@tadé‘i fessyiptig of the contact
gﬁﬁ hydrogen is a possible
3% sty%ﬁgégﬁgﬁfgﬂgﬁﬁnsaturated noi ety within the
al kenyl group so long as it does not add across the

very olefin noiety necessary for this group to be
&ﬂ%lya‘e&%ﬂpﬁﬂt‘ﬁ#‘l@ﬁﬁm’@l’?ﬂfﬂ.s Further, this description

e QMo SHP8LILYENLES on the al kenyl group atom can
I .

include substituted, unsubstituted, branched, linear,
or hetler oeg caspsuibghe t priceaht aimykenignn afrovides er raskadyst e somposition

Exampl.es of ol efinic _ hydrocarbyl ups, specifically. .
SPRBRYTE P Jeisb oot Rishy b BeT emilflbde RBSEMM F@hptising an
cycl opent adi enyl -type noi ety include, but are not

limted to, 3-butenyl (CHQCH% CH2), 4-pentenyl
(CH2CH2CH2CH=CH2) , 5- hexenyl *{ CH2CH2CH2CH2CH=C112) ,

6- hept enyl (CH2CH2CH2CH2CH2CH=CH2), 7-oct enyl
(CH2CH2CH2CH2C1- 12CH2CH=CH2) ,  3- et hy1- 3- but enyl




occurrence having fromone to about 20 carbon atons.
Thus, aliphatic groups include, but are not limted
to, hydrocarbyls such as paraffins and al kenyls. For
exanpl e, aliphatic groups as used herein include

met hyl, ethyl, propyl, n-butyl, tertbutyl, sec-butyl,
i sobutyl, anyl, isoanyl, hexyl, cyclohexyl, heptyl,
octyl nonyl, decyl, dodecyl, 2- ethylhexyl pent enyl ,

and the ik f aromatic
ga?lsﬁﬁgomﬁﬁn%ew%x sSaoes <y PRl GRS at test one
Eﬁ;@ Rnd RN bridgin dith of MY BYiBERAUband2Bfchi®ne activator,
I| |nclud|ng substrtuted derivatives thefeof; in
emmualily arleast hmmggncfaulwnmam eemyisvnd apfirder Qh@@igsed herein.

but - ar ¥ 154 epeialio; B, Bided B, e RERENOR fefis PRy 0
|1'nEﬁlloJ:éﬁ€| é&ﬁmnanm hatar art am Sr\fbe%ldan&aaﬂmgiﬂypa Aldav@s in the

her eof anpl es of cyclic groups, in each
omoLﬁculemre linked Ibudzebn@ng amaetyot Upéfd ersg-motallocenes are typically

qg}r%ﬁg(#]y Fne a}]%?l Igeftlejvggmjpgy g)ﬁlg(aﬁ Yri eneﬁgana({s ars connected

SR ARt R R b e
act)@lrmlkalltmyl tpt éfgﬂﬁlmmzssihglé iatarhed hl:ly,ctlhe de@ﬂo of theshridge or the
as furanyl are included herein.

odhar pelicen the P{ﬁﬁaﬁ rqycwaégﬁeﬂ rg rltﬁ%%s it @neg a@absalthough this

g@g%#éﬁtgﬂlf 1§§\}1} e Bg{agb?éﬁgs‘gfjﬁlgst ﬁl)é&{ﬂo 539 thei‘éfgre bridged

gilg(bliﬁ&yéluﬂﬂta(ﬁﬁnyl) (}@Hzecmﬁﬁdrm% q;hmef aheé 'r’[ﬁd)ﬁloarkadlenyl portions
integer from1l to about 10, and is an |nteqer froml1

tigclmde iswstigigpd, eyclopeniagench 1@% sybsfjtuigeindpayl igagds gubstituted

t t
'1%0%%%[1 I %aﬁ%gg ﬂa\t}QQh%?&g Eh%elrﬁggﬁ %éBS%n%ﬁt Pg tﬁ&?hrcfcfoggﬁtﬁdlenyl-
i t9pe digandsr o Endlginglgmﬁp Hdingatig ﬁpnnalaaER]iRﬁ edereii Eoim a carbon
lIto 9, inclusive. In each occurrence and gs def.in

tiee  SHCPB AfQTRYeT BRIERARHHDY AUl R10hn an nW%ﬂr?larfzt% fonded to
I r h

B ByciBRerRAGHTRA kel T BC ahfocfl R0 hd Ritkan be independently

tdehaceadffrom g lalkgi gg)ubulr ancatyll groug, eitherof vehitlahavdas yp &nl2 carbon

al koxi d or a bstituted. derivative or

iSRS Titioge heagn ot earionh of 4o 264 Brisetid Bt 20

car bormnaims eef 6Héd§lﬁﬂﬁfhenﬂ BnOE rﬁétﬁﬁ@éene’@' ¢;@t@%ﬁ@d1eny1 -type
and cyclic groups i ncl ude, but are not Hrgte tq:

ligand6 b5y be m@mwoumm@lfommmm R438iIR'R’, >GeR'R?, or

SR e A R e pend Sl s o & 1 Boup or an

%%@éﬂﬂ%ﬂ bf WI’@IQ% €d:12- Sardd WoRISIBY hydrogen, wherein at
CceH4l ;- OMe; - CH2CH2 C6HAOE :

leasp opp cHRA mleR m@wzg@m Nﬁgzmples ofibadpiog ER R giqups include,
i 8 h f: a b te
T, G5 L ARES h7SCPEL S, SR PHY SN Sy, >Sico,
ea@é(tcﬁgwr ﬁSﬁ@ﬁyﬁ)ﬁ,nOl(IMePHI u@iMéEh chbeMeRle, SSnMdPte, >CEtPh
i odi d each _occurrence, 0xyg

rou

SRR OB T elp St g S CSORMOH on S TokD, SCHP,
ed to, al koxy or aryloxy groups (-OR)

ngiﬁﬁgnfgﬁi%kﬁkéludlng substituted derivatives

t her edfurtheh et ddast dhel substitkprit,oncatdbasabiey bf tharmytcycloalkadienyl-type

aral kyl , substituted aIkyI substityted aryl,  or

sltagatis tl%taealb&%lméy Pr 188y PRrybstitgied 10! Iefinspwaiing, hydroswhyl goup,
f 0 r Y, (5OR)

gr o{% 1 ncl ud& %@u%@g}?e%ﬁl S?Irr?lYét ttogl,ﬁé?érrigt Soxy, lkenyl group,”

et hoxy, propoxy, butoxy, phenoxy, substituted phenoxy,

and the like. In each occurrence, sul fur groups

are sul fur-containing groups, .exanples of which

i nclude, but are not I|n1ted1§o -SR and the I|ike,

i ncludi ng substituted derivatives thereof, wherein R

in each occurrence is al kyl, cycloal kyl, aryl,



to about 20 carbon atons, aral kyl or aral kyl halide
groups with 1 to about 20 carbon atons, and the |ike,

i ncludi ng substituted derivatives thereof In
each occurrence, silicon groups are silicon-containing
groups, which include, but are not limted to, silyl
groups such al kyl silyl groups, arylsilyl groups,
aryl al kyl silyl groups, siony groups and the like,

Whl * sgpgﬁngt}eégo %é{z%%ofetﬂ caortb/ﬁ% bfn#hrs&a%ect this olefin-
t Edrﬁﬁ Hé!arb?ﬂ gr g?@%&ﬁa ¥ Ehé bﬂ‘ the rrﬁlbgéloalkadlenylltS?pe ligands

eac enoe n groups are boronh-contal ni ng

g6 uRs, bMﬂlgiﬁg llg&ﬂdudwheﬂ&tﬂ the eolefihid ibontleds tdistal HRﬁn the n°-
-BXz, -BRX rein X is a npnoanignic group such 3
h%)rql@&admkrm ligangd o and) dhergdogs, [can e ofeseabedspy atpeadant alkenyl

lc%ééﬁ%al {gsy }/(\Q@ #{tﬁg{r g? E%ﬁﬁ‘st E{g?fﬁ%‘ﬂ ddd?eingi K)dubstituted indenyl,

sotbs tsubstitueekd ﬂruyfenybof ﬂwbsbﬂaﬂucteael cmrq:lrilsgd aﬂ]alkremﬂ groom it which
to about 20 car on atons n anot her. as

b p C(“Tlrocarb 1 chain
t#Ase thavaremRllaesass sy e>éss0%beé1 PhFOpHEn A §Y y
sgtRALLH, bhemrafe aﬂglbliagéﬁth&ieﬂflgﬁ’e 1i@arfdéCvhich LodHRise@ an olefinic

conbi nat1 on of an hatic "group and a cyclic group,
apr)ramldo group a phosphi do group, an al kyl oxi de

gr oup, | oxi d rou an al kanesul f at e,
ar enes a@%lé ang;.C %i‘ g| lﬁgﬁt S?IFeyIanS% mefa @ﬁf‘&et | ? utthésd invention
sxeoxhgomq{am@rmcmnﬁum ch having from1 to

about 20 carbon atons; or a_.halide. In yet another

aspect, (X3) and (X4IXM)%H§?)MQIW|1? e 1) F, O, Br,
or I; 2) a vieng up to 20 carbon
) W%ﬁt%ﬂ]é\%)r}/zu rota >1/:1|'1gm P

atons, H, or oxrde group, a

hydr ocar by| gt nedg(oy pareoindﬁ)dnﬂbﬁ’t}/)d nosubstitukel kydlopentadienyl, a
group, any_of which hawqgﬂ up to 20 carbon atomns; 4)
CrRattutsd indemsda or fusehstitediueenyy al kyl group or an

aryl group, ,anyswuh |oﬁl'exh%dr‘tg(2yg Md&ﬁ@sﬁ?ﬂaﬁﬁ@ﬂ% formula

In still anot er aspec
| PRERFe nderid § 1$elcmd)tm atdim,ansiBednyatome agbyhaniieny iatvgn, far(alrtm atom,

:3}@{512% t?sbg?'ﬁ?;! %&?ﬁ&&% ﬁ?g& on 8%(,5 gfﬁg%:lfi &/@ agé %;?a?tghl efilently an
fAigr %‘@ﬁ% XC%]&IH? Eiaﬂi gmﬁf QL of QVhitle Hatitg ﬁlﬁ tcV 8b &%Hﬂ“ 8foms, or

aspec 4) are chl or| de. Instill another
dwyslecgen, WhSpinam deash@e drlb anddbpeamelr)’ﬂ Bioug; hydr ocar byI

group havin 0 20 ato

Purther asplol orlrwesw i B0 BF ol KR piigyed or an
| @RabstRRed ﬂ]ké R&aeuPb 2Nafbdnitens;i on conpri ses

a compound h vrng(xge for nul a: RSA Rs (1), wherein:

M is zi rco@i y@n aarpiindependanty: ilndegdnBemr ky 2) g hydrocarbyl

CIgrbup'v3 rh‘avmg upi to 20 carbon atoms, H, or BHy; 3) a hydrocarbyloxide group, a

hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; 4) OBR*; or SOsR*, wherein R* is an alkyl group or an aryl group, any
of which having up to 12 carbon atoms; and

any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of

aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
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Eis Cor Si; RI and R2 are independently
an al kyl group or an aryl group, either of which
having up to 10 carbon atons, or hydrogen, wherein at
| east one of Rl or R2 is an aryl group; R3A
and R313 are independently a hydrocarbyl group or a
trihydrocarbyl silyl group, any of which having up to
20 carbon atoms; or hydrogen; n is an integer fron10
to 10 |ncIu3|ve and R4A and 4B
SPRRIED EHRHPN 2y ATEETHS BF P2 P §ATOR SERY PR A TiligPT Brovs, g5 boron

C%{(e)ﬁgt L WRricH N a rﬁdﬁ&gqqo 20 carbohrﬁt()ﬁ% 2MAEO K h?iﬁgg&{.

east one arsa-netallocene of this inven
conpr i Beanother caspaot rod t]lmpreﬂgltnheerﬂhonnﬂdeauleﬁmmnamg Mydrocarbyl
is zirconiumor haf

ogrowp is bonded to one of Hae mrcyﬁ%lkgglegy]etypﬁ agmdgﬁ]gq ?n%g{ng ligand,
al!hﬁ%/ % carng[ ﬁﬁﬂpaééﬂ hﬁ%%&gra@)bﬁpﬁ mﬁﬁor‘f"ﬁioﬁﬁ r‘ﬁ’lVainBﬂler aspect,

ogen, erein at |east
ouhe atifeniAl grotp Bh havearp tarapbuigtDegybon atoms, up to about 8 carbon atoms,

or up to about 6 carbon atoms. Examples of alkenyl groups include, but are not
limited to, butenyl, pentenyl, hexenyl, heptenyl, or octenyl. In another aspect, the
alkenyl group is 3-butenyl or 4-pentenyl. Thus, in one aspect, the pendant unsaturated
group can contain the carbon-carbon double bond from about 3 to about 7 carbon
atoms removed from the cyclopentadienyl-type ligand itself, and in another aspect,
from 3 to about 4 carbon atoms removed from the cyclopentadienyl-type ligand itself.

In still another aspect, the olefin-containing hydrocarbyl group, that is the
alkenyl group, can be substituted or unsubstituted. For example, any substituent on
the alkenyl group, when present, can be selected independently from an aliphatic
group, an aromatic group, a cyclic group, a combination of aliphatic and cyclic
groups, an oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, a boron group, or a substituted analog
thereof, any of which having from 1 to about 20 carbon atoms; a halide; or hydrogen.
Hydrogen is listed as a possible substituent on the alkenyl group in the context that
hydrogen can add to an unsaturated moiety within the alkenyl group, as long as it does
not destroy the alkenyl group. Thus, hydrogen is a possible substituent on any
unsaturated moiety within the alkenyl group so long as it does not add across the very
olefin moiety necessary for this group to be considered an alkenyl group. Further, this
description of other substituents on the alkenyl group atom can include substituted,
unsubstituted, branched, linear, or heteroatom-substituted analogs of these moieties.

Examples of olefinic hydrocarbyl groups, specifically alkenyl groups, that can
be bonded to at least one cyclopentadienyl-type moiety include, but are not limited to,
3-butenyl (CH,CH,CH=CH,), 4-pentenyl (CHCH>CH,CH=CH;), S5-hexenyl
(CH,CH,CH,CH,CH=CH,), 6-heptenyl (CH>CH,CH,CH,;CH,;CH=CH,), 7-octenyl
(CH,CH,CH,CH,;CH,CH,CH=CH,), 3-methy!-3-butenyl [CH,CH,C(CH3)=CH,], 4-
methyl-3-pentenyl [CH,CH,CH=C(CH3)a, 1,1-dimethyl-3-butenyl
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R3A and R38 are independently H, nethyl, allyl,
benzyl, butyl, pentyl, hexyl, or trinmethylsilyl; nis
an integer froml to 6, inclusive; and R4A and Kn4B
are i ndependently a hydrocarbyl group having up to 6
carbon atons, or hydrogen. In still another
aspect, the at | east one ansa-netallocene of this

i nvention conprises a conpound having the fornmul a:

el rEGe] M gmedit X-%th‘éﬂ'}lc@@g;pgb@g@ CHL], and the

' ﬁﬁ'@ %3 Qﬁ’féﬁﬂsﬁuﬁ@f z’lﬁélog‘%helﬁbﬁ %'one\égtﬁ{ CEithe @dsatuRsd gD bonded to
R2 1's phenyl; R3A and are i ndependently H
othemabhglgmg group can be 3-butenyl (CH,CH,CH=CH,), ~4-pentenyl
(CH,CH,CH>CH=CHy), or a substituted analog thereof.

In addition to containing a bridging group having the formula ER'R? and at
least one an alkenyl group as disclosed herein, the cyclopentadienyl-type ligands can
also have other substituents. For example, these substituents can be selected from the
same chemical groups or moieties that can serve as the (X% and (X% ligands of the
ansa-metallocenes. Thus, any additional substituent on the cyclopentadienyl-type
ligands; and any substituent on the substituted alkenyl group; and (X% and (X* can
be independently selected from an aliphatic group, an aromatic group, a cyclic group,
a combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a
nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon group,
a boron group, or a substituted analog thereof, any of which having from 1 to about 20
carbon atoms; a halide; or hydrogen; as long as these groups do not terminate the
activity of the catalyst composition. Further, this list includes substituents that can be
characterized in more than one of these categories such as benzyl. This list also
includes hydrogen, therefore the notion of a substituted indenyl and substituted
fluorenyl includes partially saturated indenyls and fluorenyls including, but not
limited to, tetrahydroindenyl groups, tetrahydrofluorenyl groups, and
octahydrofluorenyl groups.

Examples of each of these substituent groups include, but are not limited to,
the following groups. In each example presented below, unless otherwise specified, R
is independently selected from: an aliphatic group; an aromatic group; a cyclic group;
any combination thereof, any substituted derivative thereof, including but not limited
to, a halide-, an alkoxide-, or an amide-substituted analog or derivative thereof; any of
which has from 1 to about 20 carbon atoms; or hydrogen. Also included in these
groups are any unsubstituted, branched, or linear analogs thereof.

Examples of aliphatic groups, in each occurrence, include, but are not limited
to, an alkyl group, a cycloalkyl group, an alkenyl group, a cycloalkenyl group, an
alkynyl group, an alkadienyl group, a cyclic group, and the like, and includes all

substituted, unsubstituted, branched, and linear analogs or derivatives thereof, in each

16°



nis 1 or 2; and R4A and Kn4B are independently H or
t-butyl. In yet another aspect, the at |east one
ansa-netal |l ocene of this invention can conprise a

conpound having the formula: R3A Rs (lv), wherein M

i's zirconium or hafnium X is,

i ndependently, H, BE14, nethyl, phenyl, benzyl,

neopentyl, ttinmethylsilylnmethyl, CH2CMe2Ph;
GBS SRR P T Rl SOSAEGEEN .1 oSl rous

I[RURIeObu@ Bre?hidt 1Ht8M R, BYdrE@EkL A sWéH 68 paavfiRdantP alkenyls. For
10 carbon atons, or hydrogen, Wherein atp | east one of

RexmpIEgZalipi;lam geups ag)psagdpherein include meR@A ethd, RIBYRmebutyl, tert-
f R N T IR N ————
28R rdodbeyt DEmyIhekylyet @98 hutenyl, and the like.

Examples of aromatic groups, in each occurrence, include, but are not limited
to, phenyl, naphthyl, anthracenyl, and the like, including substituted derivatives
thereof, in each occurrence having from 6 to about 25 carbons. Substituted
derivatives of aromatic compounds include, but are not limited to, tolyl, xylyl,
mesityl, and the like, including any heteroatom substituted derivative thereof.

Examples of cyclic groups, in each occurrence, include, but are not limited to,
cycloparaffins, cycloolefins, cycloacetylenes, arenes such as phenyl, bicyclic groups
and the like, including substituted derivatives thereof, in each occurrence having from
about 3 to about 20 carbon atoms. Thus heteroatom-substituted cyclic groups such as
furanyl are included herein.

In each occurrence, aliphatic and cyclic groups are groups comprising an
aliphatic portion and a cyclic portion, examples of which include, but are not limited
to, groups such as: -(CH2)mCel Rs.q wherein m is an integer from 1 to about 10, and
q is an integer from 1 to 5, inclusive; -(CH)mCsHgR11q wherein m is an integer from
1 to about 10, and q is an integer from 1 to 11, inclusive; or -(CHz)mCsH Ry wherein
m is an integer from 1 to about 10, and q is an integer from 1 to 9, inclusive. In each
occurrence and as defined above, R is independently selected from: an aliphatic
group; an aromatic group; a cyclic group; any combination thereof, any substituted
derivative thereof, including but not limited to, a halide-, an alkoxide-, or an amide-
substituted derivative or analog thereof; any of which has from 1 to about 20 carbon
atoms; or hydrogen. In one aspect, aliphatic and cyclic groups include, but are not
limited to: -CH,C¢Hs; -CH,C¢H4F; -CH,Ce¢H4Cl; -CHyCsHyBr; -CHCeHal; -
CH,CsH,OMe; -CH,C¢H;OEt; -CH,C¢HsNH,; -CH,CsHsNMe;; -CH,C¢H4NEt; -
CH,CH,CgHs; -CH,CH,CgHsF; -CH,CH,CeH4Cl; -CH2CH,CsH4Br; -CH>CH,CgHLl,
-CH,CH,C¢H,OMe; -CH,CH,C¢H4OEt; -CH,CH2CeHsNH; -CH,CHyCsHyNMe,; -
CH,CH,C¢H4NEt,; any regioisomer thereof, and any substituted derivative thereof.
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nis an integer fromO to 10, inclusive; and

R4AA and R413 are i ndependently a hydrocarbyl group

having up to 12 carbon atons, or hydrogen. In a
further aspect, the at |east one ansa-netal | ocene of

this invention conprises a conmpound having the

fornmul a: , or any conbination thereof Yet another

aspect of the present invention provides a netallocene
compound havi ng, the fornula t-Bu , .wherei,n is Zr, ar .
i B o BBt Sorireipt B0 Bham o chisEde Bromide,
Ceiads that can be enployed in this invention have

been reported. For exanple, U S. Patent Nos.

4, 939, Inleach BeaBrENdd DXy SIRAOUBERE 0By S7caBpedning groups, examples of

which include, but are not limited to, alkoxy or aryloxy groups (-OR) and the like,
including substituted derivatives thereof, wherein R is alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to about 20
carbon atoms. Examples of alkoxy or aryloxy groups (-OR) groups include, but are
not limited to, methoxy, ethoxy, propoxy, butoxy, phenoxy, substituted phenoxy, and
the like.

In each occurrence, sulfur groups are sulfur-containing groups, examples of
which include, but are not limited to, -SR and the like, including substituted
derivatives thereof, wherein R in each occurrence is alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to about 20
carbon atoms.

In each occurrence, nitrogen groups are nitrogen-confaining groups, which
include, but are not limited to, -NR, or pyridyl groups, and the like, including
substituted derivatives thereof, wherein R in each occurrence is alkyl, cycloalkyl, aryl,
aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to
about 20 carbon atoms.

In each occurrence, phosphorus groups are phosphorus-containing groups,
which include, but are not limited to, -PR,, and the like, including substituted
derivatives thereof, wherein R in each occurrence is alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to about 20
carbon atoms.

- In each occurrence, arsenic groups arc¢ arsenic-containing groups, which
include, but are not limited to, -AsR;, and the like, including substituted derivatives
thereof, wherein R in each occurrence is alkyl, cycloalkyl, aryl, aralkyl, substituted
alkyl, substituted aryl, or substituted aralky! having from 1 to about 20 carbon atoms.

In each occurrence, carbon groups are carbon-containing groups, which
include, but are not limited to, alkyl halide groups that comprise halide-substituted
alkyl groups with 1 to about 20 carbon atoms, alkenyl or alkenyl halide groups with 1
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5,399, 636, 5,401,817, 5,420,320, 5,436,305, 5,451, 649,
5,496, 781, 5,498,581, 5,541,272, 5,554,795, 5,563, 284,
5, 565,592, 5,571, 880, 5,594,078,

to about 20 carbon atoms, aralkyl or aralkyl halide groups with 1 to about 20 carbon
atoms, and the like, including substituted derivatives thereof.

In each occurrence, silicon groups are silicon-containing groups, which
include, but are not limited to, silyl groups such alkylsilyl groups, arylsilyl groups,
arylalkylsilyl groups, siloxy groups, and the like, which in each occurrence have from
1 to about 20 carbon atoms. For example, silicon groups include trimethylsilyl and
phenyloctylsilyl groups. |

In each occurrence, boron groups are boron-containing groups, which include,
but are not limited to, -BR,, -BX;, -BRX, wherein X is a monoanionic group such as
halide, hydride, alkoxide, alkyl thiolate, and the like, and wherein R in each
occurrence is alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or
substituted aralkyl having from I to about 20 carbon atoms.

In another aspect of this invention, (X% and (X* are independently selected
from an aliphatic group, a cyclic group, a combination of an aliphatic group and a
cyclic group, an amido group, a phosphido group, an alkyloxide group, an aryloxide
group, an alkanesulfonate, an arenesulfonate, or a trialkylsilyl, or a substituted
derivative thereof, any of which having from 1 to about 20 carbon atoms; or a halide.
In yet another aspect, (X°) and (X*) are independently: 1) F, CL Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHs4; 3) a hydrocarbyloxide
group, a hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having
up to 20 carbon atoms; 4) OBR?; or SOsR®, wherein R* is an alkyl group or an aryl
group, any of which having up to 12 carbon atoms. In still another aspect, (X3 and
(X*) are independently selected from a hydrocarbyl having from 1 to about 10 carbon
atoms, or a halide. In another aspect, (X°) and (X*) are independently selected from
fluoride, chloride, bromide, or iodide. In yet another aspect, (X°) and (X*) are
chloride. In still another aspect, (X°) and (X*) are independently a hydrocarbyl group
having up to 20 carbon atoms, H, or BH,.

A further aspect of the invention provides that the at least one awmsa-

metallocene of this invention comprises a compound having the formula:
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5, 631, 203, 5,631, 335, b5, 654,454, 5,668, 230, 5, 705, 578,
5, 705,579, 6,187,880, and 6,509, 427 descri be such

nmet hods. Ot her processes to prepare netal |l ocene
conmpounds that can be enployed in this invention have
been reported in references such as: Koppl, A At, H
G J M. Catal A 2001, 165, 23; Kajigaeshi, S ;
Kadowaki, T.; N shida, A ; Fujisaki, S. The Chem ca
Society of Japan, 1986, 59, 97, . At, H G ; Jung, M;
Kehr, G J. Organonet. +—4998) 562, 153-181; Alt,
H G; Jung, M J. Opgsiig #8908, 568, 87-112;
Jung, M, Doctoral D ¥Qn, University of
Bayreuth, Bayreuth, Ger 1997X Piefer, B.

Doctoral Dissertation, i t yXof Bayreuth,
Bayreut h, Germany, 1995; a nk, R, Doctoral

Di ssertation, University of th, Bayreuth,
CGermany, 1994. The foll ow ng treat’ges al so describe
such nethods: Wiles, P. C.: "Eogfts, RDS. P.;
Weigold, H in Oganonetallic Chemstry of Titanium
ZWheitim and Hafni um Academic, New York, 1974. ;
Cardin, D L: .. and Raston, C. L.

Chemi stry o#dd§g§§§@§bPég%?gﬁ%and - Haf ni um Conpounds;
Hal st ead Pr &Sis, intgand@itly, F1088r, orThe O ganoal um num
Compound . L.n gne aspect, the present invention
provi des a Edt&I§fs¥ conposition conprising at | east
one tightl VRb%h?&f%r@{hﬁé}?éﬁﬁéﬁ# A€ 5RGI QQHP%P%’ aryl group, either of
conprising an ol efin-containing noiety bonded to™a

c ywbichpeningdipetoyil0- caylpm dtomare hardrbgan, Whersin 2 heastond of R' or R? is
grog& bonded to the bridging atomof the bridging

| Py &HLEOUP; | east one solid oxide activator-support,
and optionaRPy ghg | RISt yRNENASRANGAIYUN NHYAGEFBAUNEoup or a
Thus, the designation of the at | east one

otrwdeshmylsilyharoupgroued vAkchdpvingna toi29 qaphasradenas;tas hydrogen;
reflect that.the orga [ um-num ound can be
opt i onal whed 11 mﬁ?g Ih%&% 19 m(:ﬁl%{u%’ é’ln(fj

necessary to’inpart catalytic
activity toRrthend@itPass independentdy h Hiydchivel gediipaldving up to 12
product, as understood by one of ordinary skill, as
dfasbomaiemsr@dydpgen; Or ganoal uni num conpounds t hat

can beyused. | his. .. ' ' : cd :

T o 78 ool TRl kel PG WiRa m¥ioRER, B i imvention

whangrises 6 Xbnpowndshdwydy the fosrdla:havi ng from 1 to about

20 carbon atons; (X6) is_al koxjde or aryl oxide, any of

whi ch having from1l to arbon atons, halide,

or hydride; and n i sga Runbj ket o 3, inclusive.

In one aspect, (X5) is_an abkKyl having from1 to about

10 carbon atons. Exanp gggof )X noi eti es incl ude,

but are not limted toR net :\EKhyI, propyl, butyl,

hexyl, heptyl, octyl, and i ke. In another aspect,

exanpl es of (X5) noieties i but are not limted

to, nethyl, ethyl, isopropyl . f-piepyl, n-butyl,

sec-butyl, isobutyl, 1-hexyl Bpﬁaiﬁexyl (I8; hexyl,

i sohexyl, heptyl, octyl, and the like. I'n another

agperetn  (X6) can be independently sel ected from

fluoride, chhori. . | de. t hoxi de, ethoxide, or

hydri de. |nn§2{£é§%%ﬁ£§p%@§%%ﬂ? (X6) can be chloride.
XisF,Cl, Br,orI;

Eis Cor Si;

20°



In the formula Al (X5)11(X6)3,, nis a nunber from1l to
3 inclusive, and typically, nis 3. The value of nis
not restricted to be an integer, therefore this
formul a i ncl udes sesqui hal i de conpounds, ot her

or ganoal um num cl uster conpounds, and the I|ike.
Ceneral ly, exanples of organoal um num conpounds t hat
can be used in this invention include, but are not

limted to, _trialkcylal,unm numco ds .

di al kyl al A BRI LAk, SRy 0 P A G cither of
alyh 8 HSiHe B U ScboH Aby,! @ Hyatdpen) WNEeinde 1GeNRRTIT, or R? is
and conbi nations thereof Exanples of organoal um num
campyligebept hat are useful in this invention include,

but are not ,s3a 3B .

i mi t edt ot r Rne Y Ran i RASRePITEY R Bethv 2yl enzyl, butyl, pentyl,
|Héﬂyp’wﬁtﬁﬁléﬂh mlyj;al um num tri-n-butyl al um num (MBA),
triisobutylalum num (TIBA), trihexylal um num

triisohexyl afivan itager fromdctoyd, MclfiveaaRd di et hyl al uni num

hi'oride, o ang® &bnars HAERRHAY ot Fhl el Tl 0 6

atdtbbdn ateoRpdr liydrapeh. speci fied, the conmpound is
i ntended to enconpasses_all .isonmers that n ari ?. . .
fr om althatilf japathsy aggsshi the & legskpne qf*%-ﬁ.let%ﬁ%?gi}e Pﬁ his invention
a fﬁﬂqm% .ganoal um num conpounds

t atﬂ@%ﬁ§%§5§égl Int ?@i§$w%%tion i ncl ude, but are

not limted to, trinethyTal un triethylal um num
tripropyl alum num t g
triisobutylalum num™trit
al umi num ~trioctyl al unRhug
di i sobut yl al um num hydri"de;
or any conbi nation thereof
present invention conprise
ansanetal | ocene with at | east
conmpound and an ol efin nononﬂyﬁﬁe”for?h precont act ed
m xture, prior to contact this precontacted m xture
Wvhbrelthe sol i d oxide activator-support to formthe
active catal yst.. Wien the catal yst conposition is
prepared i nM H$ ZiropaHB PT MifPRIEal |y, t hough not
necessaril yy; ' of the organoal um num conpound
is added to lﬁgﬂgéégggtacted m xture and anot her
portion of EheCard@inoal um num conpound is added to the

post contacted njxjure prepared th recont.act ed
mxture is goﬁ’i‘naaét @W%&Pﬁg‘? yé’@)m%%ﬁﬂ 065?&8‘8'13‘3%1" %Fe.aSt one of
Fﬁmgyﬁzﬁ khyiof the organoal um num conpound can be

ed to prepare the catalyst in either the

precont act i R and ROstre indepandentdy Btasmetiaylt er nat i vel y,

all the cataLyft £9 onents can be contacted in a

single step?®' "% 8t her, nore than one

or ganoal um péfmoRPPoe HRlepaidchity Hsdsbuty). ei t her the
precontacting or the postcontacting step, or in any .

pr ocedly petianothier espect dhe att lgns) one vappoistalioseng @f this invention can

cont act ed,. en . ] num conpound is added in
ntPY pice cgpﬁ.%g?dﬁﬁ\éﬁé?}%&ﬁﬁéﬁ% or ganoal ut ni num
conmpound di scl osed herein include the total anount of
or ganoal um num conpound used in both the precontacted
and postcontacted m xtures, and any additiona

or ganoal um num conpound added to the pol yneri zati on
reactor. Therefore, total amounts of organoal um num
conpounds are disclosed, regardl ess of whether a

si ngl e organoal um num conpound i s used, or nore than
one organoal um num conpound. | n anot her aspect,

typi cal organoal umi num conpounds used in this

i nvention include, but are nﬁi Jimted to,
triethylalumnum (TEA), tri- Jmnylalmﬁnum
triisobutylalum num or any conbination thereof. The
Acti vat or In one aspect, the present invention

dj ety al um num et hoxi de,
gyl al umi num chl ori de,
I n one aspect, the
econtacting the
anoal um num



The activator-support includes the contact product of
at | east one solid oxide conmpound and at | east one

el ectron-w t hdrawi ng ani on source. In one aspect, the
solid oxide conpound conprises an inorganic oxide. The
solid oxide can be optionally calcined prior to
contacting the el ectron-w thdrawi ng ani on source. The
contact product can al so be calcined either during or
after the solid oxide conpound.is contacted with the
el ectron-w t hdr awi ng a -@ In this aspect, the
solid oxi de conpoungkssan be \thl gf heed or uncal cined. In
anot her aspect, the ac&{vat‘ -sugport can conprise the
contact product of at [.g€ast om&™“Cal ci ned solid oxide
conpound and at | east RBne e ct r&n-w t hdrawi ng ani on
sour ce. The activato pport exhibits enhanced
activity as conpared to th r pondi ng untreat ed
solid oxide conpound. The actiMat@r=support also
functions as a catal yst activatd? as g@wjpared to the
correspondi ng untreated solid oxide. Wile not

i WhIs®i ng to be bound by theory, it is believed that

t he activatgpiéﬂgﬁﬁﬁﬂngﬁ&ﬁﬂﬁﬂption as solid oxide
supporting conpound Wi th an additional ionizing,

pol ari zi ng, Xofs, hadependaini g BHmnahethyl, mhehylechdney, yneopentyl,

termed ap. "actjvating" ctio ) keni e
Ay maEh ng @@%@%n aﬁ%%&?ﬁbanw‘?ﬁ@ﬂ)h; or
netigdiMd)ciie, et al | ocene. Thus, the activator-support

is considered to exhibit an "activating" function,
regardl ess Bfs GloeBher it is ionizes the netallocene,

abstracts ranjgnic liigand to form.an ion pair .
neakens  hak Bt R” p daAeRRRmS 4 0 Ru Rebbs §i sroup, cither of
Sivhieh Ya¢iag ugithab &arHod a8ding ¥ ARG gbh, GAfeinAe abttone of R' or R? is
contacts the activator-support, or any other

nscEngIeWE by whi ch ioni zing, polarizing, or bond
weakeni ng m,ght __QCClIB ' t he

netallocengg-{basael1 g%tal%gtq%g %%gﬁgyo% JP@H%Q?YI group or &
| it gddocabylsilVigrew, iaua b whithaoing vpso LY raxbah layonwss etihydrogen;
along with a, conponent that provides an activatable

l'i gand sucH? Bandptegendyom fyto Hgd‘PP]&é‘VPii "é‘gnd to the

nmet al | ocenep4Al Ny Hel : I :

or gano aIu?$nuﬂﬁkgnp%%Hgg&ﬁﬂgﬁnkLghketg%?%%gﬁéﬁQEbm%qﬁ)K)12
canjpoLatoins @e hydwigeml r eady conpri se such a |igand.

In stiJl apother aspect, the activator- ort of .this .
i nventioR ﬂ‘&hﬁﬁ i E ﬁ')gopq Eeaﬁtngpa aqﬁse-r%eiglgcg;e%to rﬁhéﬁ ’mventmn

AeoiptREs Q&Igﬁomt}ﬁ(,{ lthe Rfrmlg€ONMDi nati on of i norganic
oxi de materials, that is chemcally-treated with an

el ectron-w t hdrawi ng conponent, and optionally treated
with at | east one other netal ion. Thus, the solid

oxi de of this invention enconpasses oxide materials
such as alum na, "m xed oxi de" conpounds such as
silica-alumna or silica-zirconia or silica-titania,
and conbi nati ons and m xtures thereof. The m xed net al
oxi de conpounds such as silica-alumna, with nore than
one netal conbined with oxygen to forma solid oxide
conmpound, can be made by co-gellation, inpregnation or
chem cal deposition, and are enconpassed by this

i nventi on. In yet another aspect of this

i nvention, the activator-support further conprises a
metal or metal ion such as zinc, nickel, vanadi um
silver, copper, gallium tin, tungsten, nolybdenum or
any conbi nation thereof. Exanples of
activator-supports that further conprise a netal or
metal ion include, but are not limted to,

zi nc-inpregnated chl orided al.ym na, zinc-inpregnated
fluorided al um na, zinc-inprggnated chl ori ded
silica-alum na, zinc-inpregnated fl uorided
silica-alum na, zinc-inpregnated sulfated al um na, or




The el ectron-w t hdrawi ng conponent used to treat the
oxi de can be any conponent that increases the Lew s or
Brmsted acidity of the solid oxide upon treatnment. In
one aspect, the el ectron-w thdraw ng conponent is
typically an el ectron-w thdrawi ng ani on derived froma
salt, an acid, or other conpound such as a volatile
organi ¢ conmpound that can serve as a source or
precursor fqr that anion. Exanples of

el ect dr aw ng an|0ﬁ e, but are

| -pate uBude, g omi.gle, i ol

phosphat ' blsgﬂfat- sulfate fl uennbo e,

f | uoses S L1111 uor oggétat ezrphosphat e, pr—on g
fl uoroph hate, fluorozirco , fluorosilicate, ({

fluoroti per manganat e, bstituted or
unsubsti t ut esul f onat e, uted or N
unsubstltuted ar enésul f onat e, substltuted or

. : & |ike, incl

at e,

an 2Ye conblmg& thertodpln adgi t-Bu
ot Rér n&RYi oni c ﬁpnpo' ds hat servepas
sour Bles, OrHPm@ESG el ect r gp-W “ ng ani o

alsoﬂﬁ’ I'Oyed in the prese nvention. |In one

aspect, chem cal ly-treate ol id oxide conpri

sul f at ed q/Jde and in ano pect, the

chem cal | y-treat®d oxi de conpri ses sul fated al um na. )
The te kanesul f onat e and al kyl sulfate refer to

5 [RBSOZOI and
RBui s a |linear or
20 carbon atonms,
}h at | east one group
cFoBr, 1, oH Ow,
or OPh Thus, the

branmngd .Ikylmgroup h@Mlno
t hat pjes© tﬂeqally sub%%&*
sel ect ed i#fidepéndent | y
Cet, OCF h, xylyl, mesit
al kanesul f o d aIkyI sul f y be referred to

as being either substituted or unsubstdrtady@émbinatiomehereof.
aspect, the al kyl grou of the al kanesul fonate_ or

al kyl Iatilaansthes aspret dhe pt least ppe gaspBtallogers ofj this invention can
anot her aspect, the al kyl group of the al kanes: x:

or al kyl sulfate can have up to 8 carbon at ogs
to 6 carbon atons. In yet another aspect, F%Mé§=
al kanesul fonates include, but are not |imtet.iQ
met hanesul f onat e, et hanesul fonate, 1-propanesdal
2- propanesul fonate, 3-nethyl butanesul fonate,
trifluoronethanesul fonate, trichl oronmethanesul fo

c&h& &pthgﬂesubépna%% 1SQ¥Q&?xyq5&ﬁnesulfonate, N
2-h oky pr 6panesdl f onat e, ’ ’
1- et i opanesul f ong dt he |ike. 8¢ i

anot b exanpl, 3 x ulfates |

bbRY are Ryt —+4 mteed t gs ‘“’.ulféﬁte et HVsul +Bu
1- priypybSulf atoe, 2- propy] sutf atre” Ph.., byg-Cl

3- nethity yrxmlfate trlqluo'aneﬁﬂanesulfatéw" ~~cl
trichlor hyl sul fate, chlo t hyl sul fate,

1- hydr ox sulfate, 2-hydrox»- opyl sul f at €; -
1- met hoxy- 2-propyl sul fate, and the I|iKe. The term )
arenesul fonate refers to anions having the genera
formul a [ ArAS0201", wherein ArAis an aryl group

having up to 14 carbon atons, that is optionally
substituted with at |east one group sel ected

i ndependently fromF, d, Br, I, M, Et, Pr, Bu, OH,

Owve, Oet, OPr, OBu, OCF3, Ph, OPh, or Rc, wherein RC

is a linear or branched al kyl group having up to 20
carbon atons. Thus, the arenesul fonate may be referred

to as a substituted or an unsubstituted

arenesul fonate. Because the aryl group ArA can be
substituted with an al kyl sid8 chain, Rc, which

includes a long al kyl side chain, the term

arenesul fonate is intended to include the detergents.



1) contacting at |east one solid oxide conmpound with a
first electron-w thdraw ng ani on source conpound to
forma first mxture; and 2) calcining the first
m xture to produce a calcined first m xture; 3)
contacting the calcined first mxture with a second
el ectron-w t hdrawi ng ani on source conpound to forma
second m xture; and 4) cal cining the second
m Xt ur e to farmthe solid oxide activator-support.
d oxide activator-support is sonetines
G pkpuas a treated solid oxide conpound.
Anotﬁ@[ 2 cpf this invention producing or formng

e o g actlvator support by contacting at
lid oxide wwth at | east one
hdrawi ng ani on source conpound, wherein
t he at ol id oxide compound is cal cined
before, during f bEang @Bindhiatiog thét€of. Yet another aspect of the
el ectron-w t hdrawi ng ani on source, and wherein_there
i presens ubeYeaton aIPﬂa‘bg@n ce retallogpen oseiprapngnhaving  the  formula
or ganohe In one aspect of this invention,

5 () xi de has been treated and dried, can

beBslDS ¢  calBai ned. Cal cining of the treated
sol i hoxi gpnerally conducted in an anbient or
|nerE typically in a dry anbi ent

at no Bher tenperature from about 200C to about
900C, and a tinme of about 1 m nute to about 100

hours. | n angther spect cal,¢ci pin |s conducted at a
t enperature from“abou? S’(?E}‘CM( &8 4b8UEt-800C and in

anot heg ﬁ?@q‘?fl’m& egwb%gggg néf 6L %&ng$u1ﬁils rﬁhfiltectan be employed

t enper at om about o about /00C
aimotlmannmpemthave:aieeﬂ mepugtells Eondxmupgd, Dr®nPabmtuNod 4,939,217,
hour

104 49,04 0, oW 5000 L R0t KGR 85PSLiogang 536305,

h9ﬁ5§64é n 55496| 18161”5’?46@58@3 Best 2708l 554 g5, CABRDY4, 5,565,592,
carri’ed ‘ouf ffom about” 1’to about 10 hours af a

t BAPEREA,USS KW ah6dit,28508,63d,3Boud; 65‘5@@, 5,668,230, 5,705,578,

esTDST% BTG erkl f3PR0R)) s St HREhoS B grocgeses to

aPrePare Ghadthldbent TRADOSAE, thsu 6dh BS emmoyeéd 1heﬂ1{3;ah1wlﬁidn have been
an |1 nert at m)sphere such as nit ro%en or _argon,

resgodein @(ffmsq@ﬁéu@l a &koreb Avwiltobe R dr Moreeal 4. 2001, 165, 23;
NOXI I rqa C h

nﬁ@é%‘"’ter" ﬁ%g ?ﬂau Sx iRy b £ b%@ﬁ%&gsgd%?ls &rég’;’é‘s" Society of
tm@aﬁhm@ ab) yxtAlga.ad,; smhg,MoKleﬁg GETS mgpmeetvdhmwsvs 562,
greater t han about 0.1 cc/ g. I n another p
sb13- B 1o lgeHc brpbienM -hhOgapere. \%em'réggg’egqc‘irmf ﬂim Jung, M

e tl@"97 Piefer, B.,
- DOubuep esefiafon, ivirey BF BRARLICBGRARE CorhiRp BT, Pieter,
sDbctdraI))owErtamm djfmmrsﬂnjaef Bagptentha Baymuéy Cﬁemmnblﬂ% and Zenk,
100 to abo t 1000 m I.n apaqt her .aspect,. salid ox
Boonranial Pisseaation, Ustiersite & Fegte i ao it Comiags, (6%, The
8%@10wmg treatises also describe such methods: Wailes, P. C; Coutts, R. S. P;
Weigold, H. in Organometallic Chemistry of Titanium, Zironium, and Hafnium,
Academic; New York, 1974. ; Cardin, D. J.; Lappert, M. F.; and Raston, C. L,;

Chemistry of Organo-Zirconium and -Hafnium Compounds; Halstead Press; New

York, 1986.
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22 m/g, and in still another aspect, from about 250
to about 600 m/g. The solid oxide material can
be treated with a source of halide ion or sulfate ion
or a conbi nati on of anions, and optionally treated
with at |east one netal ion, then calcined to provide
the activator-support in the formof a particulate
solid. In one aspect, the solid oxide material is

treated wi{h a squrce of sulfate, ternmed a sulfating
aé@%ﬁ?@%ﬂﬁéﬂ?€@”6#mgﬁﬂﬁ4!de ion, termed a chloriding
agent, pA GaULEScP! tid ;{ﬂééeﬁﬁ ihP&htioheHARAdAR_ kil watalydi "@mposition

agent, or a conmbination thereof, and calcined to o
pcaupring ke lesst out Gghttfebudgadvertsermethtiocgne chmpowyh egmprising an

useful acidic activatqr-supports inelu but are nat

| PleatByng piisdanard i RESCBRPRT G Sa HeRg. o & e one
f hiyPbiAlE hoadddoRe bSakihabreh of METbRdginBMipahdled least one solid oxide
siliCa-alumna, chlorided silica-alumna; fluorided
sadtivetoranpprrh and optipeallyoptdedst one arsapeduminm pergpepnd. Thus, the
si,| L ca-zi reoni ¢hl orj Ilica-z] ha, fl-.uoris
SS00) LR L UG BURAARs i G fflencet
Zjdflectthatthe argahsdlitnéivgn terapérd cah b optichal Wihea it ianot necessary to

pillared clay such as a pillared nontnprillonite,
oimpash grtelyticr adfivily e the FPIEPSiHEY OMMBisinge thegcontact product, as

S . i . .
a#%%%#@%%@ggﬁg es?g%ﬁ%#gkggﬂ§£%?§g@%§nhﬂth sul fate,
f 1 uor i Oeganosaluatihuan icompoondsathyt caanbé nsdd mnthishmventfon include, but
Furthey, ~any of the activatqr-sypports can optionally
b@et”t%é’@"gﬁd gﬁ’ FW“B?“IF‘E%@ %ﬁg"l’d‘f"ﬂgr netal ion,
typically froma netal sahh;p%cggggowui wherein the

iTf

metal ion can be the sane as or erent from any 6 .
net al  wheteim@p s abydrbearbylhadingydrate 1rtaabeit0. carbon atgms; (X°) is

0 aspect of .this invention, the treated id .
2t KPYAF F 2Pt enushvSLEaving ey | GLeps A0 gathon slomy, balide
t Benfid®) Sld A iPahbinbet b PR} B dinclubive. dn $A8hEHRc(X) is an alkyl
fluoride ion is added to the oxide by treatnment with a

f hawdng Gpomgl tegehent 10 sardbon |aforag oExsmplas peCt) maietissiipedude, but are

i0 a added, t h ' Y f ' r .
0 GENGL SR b ) S SRR B Bl O ke
Veidther dspedtuekangpleduf (MP)embirtied indladeg bue ard het hméted do, methyl,
three  carbon al cohols because of their vo|atili ﬁé aln%
| eflls dpqraeyls arspRy. Nl seebBELf 1soBtY i hexaleAtexyls 3-hexyl,

t u 1,0 3thl $i1.k N i i 6 &, dentl
oS E By SE0, ha By IE Mooy gzt 30) ik b8 idependently
f selemtédd frotNfddride, ahtopidiey bromifle, unethdeideNdthddidd, Fey) hydride. In yet
amoni um tetrafl ugroborate (Nl -1413F4), anmmoni um

stnathes pResh i %&?&W%@Fosi licate) ((M 14)2SiF6),

anmmn A ten(NHERRGber from 1 to 3 inclusive, and
tetraf%ﬁg‘%ﬂlﬁpac%ﬂ;‘?H 2 amontum o . 0 2 METe an
hiypikllyon o8 i3t afthe evaludHal) 2 s MOt restmeted donbe an integer, therefore this

ChSH iR ROt o AR AR P o

NS ;¢&n be used as the fluoriding agent, due to its

ease of use and ready availability. I n anot her L
aspect Gefierally qxreptestofioiganseiustinumirempernds it ern bgpsed in this
be treated with fl uagri ding. agent . dur,j. .

c’éllvsl?thqnn gI Y‘V"élﬁ g\‘ﬁty f*u or%qtdghlggeég eJhOt’ c&aj\glggfagﬁ%lp um - compounds,
t figlkgudithiviganthatile NGotpowsdd| | dialkglslemdatm ngilkdx&le compounds,
cal cining step can be used. For exanple, in addjition

t giatlgylpbeminunn hydride comnouadyeand jogawpInRtigys dheegt.  Examples of
v . . i t. h.
g nfihHE BpponddR it B3 GERN 5, GRTAENITEhlude, byt are not
in this aspect of the invention include, but are not
limted to, freons, perfluoraqohexane, perfl uorobenzene,

f1 uor omet hane, trifluoroetharf®, and conbinations

t hereof . Gaseous hydrogen fluoride or fluorine itself

can al so be used wwth the solid oxide is fluorided



than about 0.8 cc/g, and in another aspect, the pore
vol ume can be greater than about 1.0 cc/g. Further,
the silica-alumna can have a surface area greater

t han about 100 n2/g. In one aspect, the surface area
is greater than about 250 nR/g, and in another aspect,
the surface area can be greater than about 350 n2/g.
Generally, the silica-alumina of this invention has an

t t 5to. 95% In on .
T TR T NI M—
bﬁ?ﬁﬂ“fm Strl-8-babAMtmARe  JTNBA), aﬁ@ﬁsblﬁftylaﬁﬁﬁﬁﬁm (TIBA),

the al um na content of the silica-alum na can be from

ab‘dWYI@meaboutms@Wmahwmmby MC@ﬂalummum, Trdiethylaluminum
Sgtlhf g%t ggdﬂc’sg{ﬁlé % %ﬁm%d’e%ﬂ?%?%r L timacﬁﬁjorfdu 8 iug' comb1nat1on

t ﬂférédff It ﬂfe I&arﬁaﬂﬁﬂ slldVlaiksemeoisi bt spidifiat)ahd yompdil&ld is 1ntended to
sul fated oxide is further treated with a netal jon
serewmma%eslaﬂéswré ﬂ?ﬁé&a% atisefren apargal@owerifisd alikyl group. Thus,
s Qﬁathérrbsg fds f{(f}garﬁfé b SHodndX e can Re used in this
conprises faterand n one "aspect of this

i mventioronnclodes isutl frat aok hh'umdna) i tsinfetiryle dminung,  piatindasminum,

vvherel the alumna is treated wit ulfate S0.
ﬂamavnaexafﬁtm dalugiputior Prepegiah Rty PpEyialuminum,
aﬁhgo}ﬁ:% Bluphind! € SaldoctSinAfuRMONi HESIdARIem 21 NCethoxide,
sul f at e alum num sul fat'e, nickel sulfaté or copper
smxédvuwlaIM1mhﬁkpbcdxeﬂwlﬂlmmucté§@dfa or ey genlﬂmtmdhereof
by for a slurry of t in a suita
oy1 venl Stenaspettyl et Gupion chipisdn it faing, iy ansa-
CRIEAIOEERL RN a@fea%trtﬁlesdihirﬁhld%ﬁnﬁ!ﬁ%inﬂ&aﬁd ¢ aAn dFROmonomer to
Sui t abl e organi ¢ solvents include, but are not limted
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support, including but not imted to silicate and

al um nosilicate conpounds or mnerals, either with

| ayered or non-layered structures, and any conbi nation
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ani on such as those disclosed herein, though typically
the layered mneral is not treated with an

el ectron-w t hdrawi ng ani on. For exanple, at |east one
clay mneral can be used as the activator-support.
Cay mnerals generally include the | arge group of
finely-crystalline, sheet-like |layered m neral s that
are found in nature in fine-grained sedi nents,
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Qésdchﬁ‘lﬂg&ﬂito the followi ng. In one aspect or
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cont act product | east nsa- net al l.ocepe, at. )
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I1H\ge%%%ﬂ de%Qctyrh dsses’ ox(l:ldé maténa?s suc‘h as all‘i’m%ao t‘nwc‘ua'd oxide” compounds
such as silica-alumina or silica-zirconia or silica-titania, and combinations and
mixtures thereof. The mixed metal oxide compounds such as silica-alumina, with
more than one metal combined with oxygen to form a solid oxide compound, can be
made by co-gellation, impregnation or chemical deposition, and are encompassed by

this invention.
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Rl and R2 are independently an al kyl group or an aryl
group, either of which having up to 10 carbon atons,
or hydrogen, wherein at |least one of Rl or R2 is an
aryl group; R3A and R3B are independently a
hydrocar byl group or a trihydrocarbylsilyl group, any
of which having up to 20 carbon atons; or hydrogen; n
is an integer fron10 to 10; and R4A and Kn4B

[ d hy.dr. byl @
grarebloﬂ %nﬁgg XSH%%}.D% délg ?I?JGIIYIOIE’)Q{I? ﬁ%vgﬁ)\ﬂsn&%&rp er COI‘IlpI‘lSES
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' I hyl al
o PR et N SO SLSDAF L
Cﬁﬁp}ég;ﬁ%d O&hl8fidedC ORRRad, | %nd—ﬂﬁir@@fatedanﬂuonded Cilubnft®s, zinc-

| east one acti vat or-support conprises a_solid oxi de
tmm@nt% chlogided| sld¢ar-ynmypa neineniinprgated fluopided esilica-alumina,

P AR AR) Afalet dol-Bler At B, T 02 e

het er o]mohndﬂumg&pedteﬂme adtivator-8uppoirt of)ﬁua,mmgmsmmpnses a solid
boria, zinc oxide, mxed oxides thereof, or
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Smdnﬁ}mnent ftypicalbban ale};trohl-mnildra;\mingaamon to form a actlvator-support
.l uoroaceaat e,
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tt?eaftﬂibiﬁrd}tth& MR Sric BRIGEBRGARR R ctrSARS RS cBfponent augments
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wrserbgndes uh@dmeht}e mésﬂuﬂ pridat €l husulbstacumteﬁslmpoﬂ exhibits Lewis or
subs yl sul flat e onbi na

t REonE ﬁ& aci 1ty W/_l\}l tp{p]thi X géégbeé éli;an R a-CHs PL ggqnsgzﬂ acidity of the
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and untreated solid oxide materlals is by comparing the polymerization activities of

the treated and untreated oxides under acid catalyzed reactions.

In one aspect, the chemically-treated solid oxide comprises a solid inorganic
oxide comprising oxygen and at least one element selected from Group 2, 3,4, 5, 6, 7,
8,9, 10, 11, 12, 13, 14, or 15 of the periodic table, or comprising oxygen and at least
one element selected from the lanthanide or actinide elements. (See: Hawley's
Condensed Chemical Dictionary, 11™ Ed., John Wiley & Sons; 1995; Cotton, F.A_;
Wilkinson, G.; Murillo; C. A.; and Bochmann; M. Advanced Inorganic Chemistry, 6%
Ed., Wiley-Interscience, 1999.) Usually, the inorganic oxide comprises oxygen and at
least one element selected from Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo,
Ni, Sb, Si, Sn, Sr, Th, T1, V, W, P, Y, Zn or Zr.

Suitable examples of solid oxide materials or compounds that can be used in
the chemically-treated solid oxide of the present invention include, but are not limited
to, Al,Os, B203, BeO, Biy0Q3, CdO, Co304, Cr,0;, CuO, Fe, 03, Ga0s, Lay0s, Mny O3,
MoQ;, NiO, P,0s, SbOs, Si0,, SnO,, SrO, ThO,, TiO;, V205, WO;, Y203, ZnO,

ZrQ,, and the like, including mixed oxides thereof, and combinations thereof.
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wherein M is zirconiumor hafnium Xis F, d, Br, or
I; Eis Cor Si; RI and R2 are

i ndependently an al kyl group or an aryl group, either
of which having up to 10 carbon atons, or hydrogen,
wherein at |least one of Rl or R2 is an aryl group;
R3A and R3B are independently H nethyl, allyl,
benzyl, butyl, pentyl, hexyl or trinEthyIsinI nis
an |nteger fron11 to Iu5| and R4A and

KExgreplesh g & ke prrides g1ah§6q, g 41 |1n é}feo@ﬁslvpitg\;-lswépoatpof fhegpresent
?ﬂ@%ﬂ)n%ﬂ&ﬁﬁe Ht afky&ftQH&?ed to, mixed"H:a@es' dF dnfyl ondEREoh of Al, B,

|'east 'one ansa- netal | bcene can al so conpri se,
aBe cﬁmOdecseCeﬁteEet GaniaaMop Mo O¥idP h3lyi SigSe,hs, Th, T, V, W, Y,
ffn r%lr and the ike. R%Ixamxles of mixed oxides that can be used in the activator-
support of the present invention also include, but are not limited to, silica-alumina,
silica-titania, silica-zirconia, zeolites, many clay minerals, pillared clays, alumina-
titania, alumina-zirconia, aluminophosphate, and the like.

In a further aspect of this invention, the solid oxide material is chemically-
treated by contacting it with at least one electron-withdrawing component, typically
an electron-withdrawing anion source. Further, the solid oxide material is optionally
chemically-treated with at least one other metal ion, that can be the same as or
different from any metal element that constitutes the solid oxide material, then
calcining to form a metal-containing or metal-impregnated chemically-treated solid
oxide. Alternatively, a solid oxide material and an electron-withdrawing anion source
are contacted and calcined simultaneously. The method by which the oxide is
contacted with an electron-withdrawing component, typically a salt or an acid of an
electron-withdrawing anion, includes, but is not limited to, gelling, co-gelling,
impregnation of one compound onto another, and the like. Typically, following any
contacting method, the contacted mixture of oxide compound, electron-withdrawing
anion, and optionally the metal ion is calcined.

The electron-withdrawing component used to treat the oxide can be any
component that increases the Lewis or Brensted acidity of the solid oxide upon
treatment. In one aspect, the electron-withdrawing component is typically an
electron-withdrawing anion derived from a salt, an acid, or other compound such as a
volatile organic compound that can serve as a source or precursor for that anion.
Examples of electron-withdrawing anions include, but are not limited to, fluoride,
chloride, bromide, iodide, phosphate, triflate, bisulfate, sulfate, fluoroborate,
fluorosulfate, trifluoroacetate, phosphate, fluorophosphate, fluorozirconate,
fluorosilicate, fluorotitanate, —permanganate, substituted or unsubstituted
alkanesulfonate, substituted or unsubstituted arenesulfonate, substituted or
unsubstituted alkylsulfate, and the like, including any mixtures and combinations

thereof. In addition, other iomic or non-ionic compounds that serve as sources for
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R3A Rs(I1l), wherein M is zirconiumor hafnium X is
A, Br, or I; Eis Cor Si; R and R2 are

i ndependently nethyl or phenyl, wherein at |east one
of Rl or R2 is phenyl; R3A and R3B are independently H
or methyl; nis 1 or 2; and R4A and R413 are

i ndependently H or t-butyl. Also in this aspect, the
at | east one ansa-netall ocene can al so conprise, or

CHese electron-withdrawing anions can also be employed in the present invention. In
one aspect, the chemically-treated solid oxide comprises a sulfated solid oxide, and in
another aspect, the chemically-treated oxide comprises sulfated alumina.

The terms alkanesulfonate and alkyl sulfate refer to anions having the general
formula [R®S0,0] and [(RP0)SO,0T, respectively, wherein R® is a linear or
branched alkyl group having up to 20 carbon atoms, that is optionally substituted with
at least one group selected independently from F, Cl, Br, I, OH, OMe, OEt, OCF3, Ph,
xylyl, mesityl, or OPh. Thus, the alkanesulfonate and alkyl sulfate may be referred to
as being either substituted or unsubstituted. In one aspect, the alkyl group of the
alkanesulfonate or alkyl sulfate can have up to 12 carbon atoms. In another aspect,
the alkyl group of the alkanesulfonate or alkyl sulfate can have up to 8 carbon atoms,
or up to 6 carbon atoms. In yet another aspect, examples of alkanesulfonates include,
but are not limited to, methanesulfonate, ethanesulfonate, 1-propanesulfonate, 2-
propanesulfonate, 3-methylbutanesulfonate, trifluoromethanesulfonate, trichloro-
methanesulfonate, chloromethanesulfonate, 1-hydroxyethanesulfonate, 2-hydroxy-2-
propanesulfonate, 1-methoxy-2-propanesulfonate, and the like. In still another aspect,
examples of alkyl sulfates include, but are not limited to, methylsulfate, ethylsulfate,
1-propylsulfate, 2-propylsulfate, 3-methylbutylsulfate, trifluoromethanesulfate,
trichloromethylsulfate, chloromethylsulfate, 1-hydroxyethylsulfate, 2-hydroxy-2-
propylsulfate, 1-methoxy-2-propylsulfate, and the like.

The term arenesulfonate refers to anions having the general formula
[Ar*SO,0T, wherein Ar* is an aryl group having up to 14 carbon atoms, that is
optionally substituted with at least one group selected independently from F, Cl, Br, I,
Me, Et, Pr, Bu, OH, OMe, OEt, OPr, OBu, OCF3, Ph, OPh, or RE, wherein R€ is a
linear or branched alkyl group having up to 20 carbon atoms. Thus, the
arenesulfonate may be referred to as a substituted or an unsubstituted arenesulfonate.
Because the aryl group Ar* can be substituted with an alkyl side chain, RS, which
includes a long alkyl side chain, the term arenesulfonate is intended to include the
detergents. In one aspect, the aryl group of the arenesuifonate can have up to 10
carbon atoms. In another aspect, the aryl group of the arenesulfonate can have 6
carbon atoms. In yet another aspect, examples of arenesulfonates include, but are not

limited to, benzenesulfonate, mnaphthalenesulfonate, p-toluenesulfonate, m-
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, or any conbination thereof. I n anot her aspect
or non-limting exanple, the catal yst conposition can
conprise, or the catal yst conposition can conprise the
contact product of, at |east one ansa-netall ocene, at

| east one organoal um num conpound, and at |east one
activator-support, wherein: a)the at |east one

ansa net al | ocene conpri ses b) the at |east one

PRS- RU T PTG T AR AR 7 SNt tichloro-

Cﬂféﬁioﬁ?ﬁérﬁ&lésﬁl%lﬁ@é triflB6komethylbéhkeddifl fiatd, @AsiloRRfthylbenzene-
activator-support conprises a sulfated solid oxide.

| sulfomitel  afleernbenzargsulfonate, nohloreheneeneguléonatepl el-hyfwxyethane-

s BRTE R R E AR RSB Wi SRR 7,

| east WRnahs aidtabalvitiendng Etfonip@ﬁéﬁt ieprises a salt of an electron-
or ganoal um num conmpound, and at | east one

a¥ithdmawing snippdhe cowﬁ@}cgq oF: cagipr 19 thet salkgan bo,pny cation that allows
aﬁl%asaﬁn? ?éxJept%? Qigc n‘plgg% Eﬁ&?tobﬁ'tetagﬁ &ﬁmg%ﬁﬁtﬁ .eFactors that dictate
thyla

gan oa conprises tri m num
t the smthiuhw Gﬂ uhmplanmular silt s barvy ek soume for the chaeyron-withdrawing
Ca?nqgﬁ ?r?cthlld%n bﬁthz?r[e %%]; 11m1teg to, the solubility of the salt in the desired solvent,
the lack of adverse reactivity of the cation, ion-pairing effects between the cation and
anion, hygroscopic properties imparted to the salt by the cation, and the like, and
thermal stability of the anion. Examples of suitable cations in the salt of the electron-
withdrawing anion include, but are not limited to, ammonium, trialkyl ammonium,
tetraalkyl ammonium, tetraalkyl phosphonium, H', [H(OEt,);]", and the like.

Further, combinations of one or more different electron withdrawing anions, in
varying proportions, can be used to tailor the specific acidity of the activator-support
to the desired level. Combinations of electron withdrawing components can be
contacted with the oxide material simultaneously or individually, and any order that
affords the desired activator-support acidity. For example, one aspect of this
invention is employing two or more electron-withdrawing anion source compounds in
two or more separate contacting steps. Thus, one example of such a process by which
an activator-support is prepared is as follows. A selected solid oxide compound, or
combination of oxide compounds, is contacted with a first electron-withdrawing anion
source compound to form a first mixture, this first mixture is then calcined, the
calcined first mixture is then contacted with a second electron-withdrawing anion
source compound to form a second mixture, followed by calcining said second
mixture to form a treated solid oxide compound. In such a process, the first and
second electron-withdrawing anion source compounds are typically different
compouhds, although they can be the same compound.

In one aspect of the invention, the solid oxide activator-support is produced by

a process comprising:
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c) the at |east one activator-support conprises

sul fated al um na. In still another aspect or
non-limting exanple, the catal yst conposition can
conprise, or the catal yst conposition can conprise the
contact product of, at |east one precontacted
ansa-netal | ocene, at |east one precontacted

or ganoal um num conpound, at | east one precontacted
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ol efin, and t'he activator-support are as_discl osed
her ei n2) calcining the firyierix e tectormfthe $olid dxidecastivaar-support.

provides for a cat al .conposi tion riskng L : .
cont acian ﬁpgtg‘ﬁrctas%?c?a(iﬁfhé%éfqp%ﬁl My g%t% ?@E borxﬁ%ﬁg %86%?“ support i
a ué@ﬂt@dﬁ@@ﬁ@ c6RpHOYpd contai ning a pendant

ol efin-containing noiety attached to at | east one of

the cy&) ogertesingeay least gac| sakidnerida rremmneang  withq st clectron-

g i dgi t : . hri dgi ng
SRR, L AT R OO B0 09
conver?) chleinimy thb fiox efieturéitoopraducect dalkénatfirat dtturehat

is different fromth _conginatjon of .t he soli? oxidﬁ1 )
act i vadbreoaiases thearlciped) SRt AgHrs Withcd Apron §lectron-withdrawing
diiiGh 9566k &gﬁpﬁuﬁdm&ma&ce nfRBRChnd t he acti ve

catal yst conposition can be fornmed typically upon

act i va#) nepldihimgntbe akécondeméxtumshiocformathei sotil utkede activator-support.

nverti the nmetall ocene conpound to,.its cationic
¥ T 01, O, PRI SEPPURE £ SO SoEfirEsgh Oy iyl a treated
eidifacdxiRedoRigundf ter, or during its conversion to a

cation that ‘can initiate olefin polynerization. The at _
| east Anetheeageset afh#ds daversiony produeing oretferming ethe solid oxide

i sbonnet B BB ot R e, otk SR S0P of RARPR tectron
t Qithd@wigl #1ib®§e186€ cotip@ind] Ddrerdt el 0 ¢@RLolidWwidde compound
does not al ready conprise such a Ilqand, and_an

atgtqau‘éqe@rbaf@'ﬁpémg or j@;lger tacting theep a@n—wﬁh@r@w@g anion source,
5L RGED BT, ARG OGRS s
| NSt anpashe dspes of thidink eitéin, ons: thasolitboyidohisteen irgatedand dried,

separ at e, conponents, uch as.an qQrganoal ym m . .

&R B FDYRHENTA RRIBinGR: ealsfing of Ve ABRISdAT OFidgasgenerally
t | { :

ST 4 BEBRAT o A0, 2005 . ORANL LA SR o

f sira @xperhee fidne abaiti208t©to abweht HORICT,anid dor agiere off apout 1 minute

t he ansanetal | ocene conpound can, be at | eas; one
otogheshl YrhagRate aneehapectrEtlFping i§foRduciprbalo temperature from

| %D%QIF t%ba(ll U[gl Jb%%ﬁ?%md Qﬁanﬁt E&?Jthég.sgs%%&' cgﬁgnir?% ¥ MRbfducted at a
the actrvator can be a Lew s acidi c organoboron
CRRpRrM e GRRa bsutod0(RLSlor #flut g0AN & ivenhkothérgapectf taldining is
the netal | ocene, such as tri s%pent af | uorophenyl ) boron ., = .
osondn¢tpdh dropn ebeweh hown to about 5 hours, and in another aspect calcining is

Lci Ll , | .
B b PP R AR 1o Biankihel B, alciping can
ase 8diried @aNfanldBolt N6 aBP@UITOhours asi idrhpeaatoih®om about 350°C to

aspect, a dialkylated tightly-bridged ansa-netal |l ocene
chowbd¥iCas di scl osed herein can be reacted with a

Br onst i di t r : o

tr1 (nDLET e BB el Eaf BE s turing calcining. Gencrally,
N;aleifling®s botdaniet] iim e oxidizing atmosphere, such as air. Alternatively, an inert
t et raki s( pent af | uorophenyl )borate to renove one al kyl
ligand to forman al kyl ated netal | ocene cation. Yet

anot her aspect provides for a dialkyl ated

tightly-bridged ansa-netal |l ocgne conpound that can be
reacted with a Lewis acidic ate activator such as

tri phenyl car beni um tetraki s(pentafl uorophenyl ) borat e

to renove one alkyl ligand to form an al kyl at ed



iii) at |east one organoboron or organoborate

conpound; or iv) any conbi nation thereof

I n anot her aspect, the present invention provides a

catal yst conposition conprising the contact product of

at | east one ansa-netal |l ocene; at |east one

or ganoal um num conpound; at |east one

activator-support conprising a solid oxide treated
ron:w t hdrawi ng ani i onal

Al RBscEn ik a8 21T T SHePopt T ToHBRAGPOREBECEeh 1 atogen or

PEABEAIMInBYRIBL da@heRis@y i des a cat al yst corrp03| tion
conpri sing an ansa-netal | ocene cosr;%gund cont ai ni ng

pendamIn amaberaspeds @t Mg mvyntion, the wx&wmﬁwyé tto prepare
o(ﬁ'lte ?ca‘ﬁ -t?eat(edvsa 112" ox ard Bor%r{%hl%] %{‘%tep ﬁ%n abo 1hO 1cc/g. In
anon1 n#nun1conpoun , In one aspect P

Caﬁc&héisds peaMheolill @Ridef cdnﬁ}:b(ﬁlehmzfsrﬁ P& viokume greater than about 0.5
subst ant| ally free of alum noxanes, and in another

asy8cand ippyst %rﬁme%@%@ thayabayt 1{0ricke. i Jseiflrangther aspect, the

have. pol ymerlzatlon actlr¥|ty in the sub

aa%lg% eidE FCOmPGRTI J1as eurtace “area fmea‘?RS’Phiisg .&Setet 1G(Qem e In
P&%ﬁﬁé}tashéb‘f %Jahﬂ QRidY B g@ﬁéﬂt%ag atsﬁ%fx&tar&oﬂmscibbhmo to gbout 800

cofprisihg ‘at ['east oné ansa-netal [ ocene conpound
ath »@ B RO RotHeR adpatsS fdRPAfut 250" HBBEE00SH /g,

COﬁpOSItIOﬂ i S not reqU|red to conprlse elther an

aci di cThesolidipwide mq@gmltcambertmatedt\h@ acpurgatod habdpisorar sulfate

conpri ses tre X

c APy Bt iOR i AR BHaRRy LR of Bk Pl ot ion
athefcgiRfiRd ltd Provitie the ﬁﬁ%ﬂﬂ—suﬂibéﬂi in theYora\sfe patiallhte cssm In one
conmpounds di scl osed herein can be conbi ned with any

t awedl the sebidaxide materipl syienatrdav ity B saPigRioh SR @@3% a sulfatmg
dj f

SRR B Lol YRR N8R Tl DA o fon,
t tended a\iRiotiding. agEnltr bherombinatian sleresd] ald est@nea to provide the solid

conmpounds di scl os her ei n n he canbi ned wt

aPXifif ATRSHRE- ﬁ‘?f HegStdiie %‘Blﬁ’rﬁcﬁﬁﬁ% TEHPPOLH ch?ud)é but are not
ORkited 3ol Y @BnAddd UftnfhaS UARAIL] AN Hdotided MBI Csulfated
m neral ; optionally, an ion-exchangeable

agltiniad; dxremmbﬂ (srltca-ahpmnandhlb:;xdethmhtaadsnnm dluorided silica-alumina;

t [ 1y .
on B Sl eSS it Fo o e blopled Sl tigy ruorided
ofjlitNiBcdny &nfhen silica- zuc@hﬂel%l‘ﬂ@ﬁ@&?ﬁn@faﬁmﬁh& orifRfcetéRel silica-
to as p ﬂupt{hydr ocar byl al um num oxi des? or

lawsd aaiess suchhes atphildared ancuityetillemtep m@m@lyafrr@ated with

coptacted .with th noxane |
sﬁf" iRt PR AR BROZEE S plhef etupjpophosptates
S@Ibt&ﬁﬁny Whdagdd with Ssibbated Mhiocgidey of RElokideD of taﬁy f@ﬁﬁﬁ@dﬁoﬁ thereof.
i ntermedi ates, and products of the activation_ ste

bBuracs ANy fdhé agtiHaysSuBRASCRAN aPGRnaly bisicated Wihe! least one ofher
2@2{5? fort @ﬁh&%g(ﬁ?&hl nc?%h%tg&ﬁ% Pr%%{t&,ﬁgﬂ@?&gh% Prﬁ:%aq 1(91& can be the

f sanie Atdraitferent fidir anpheetal shat eeakposp thecmhd arideenaterial.

i ntroduced into tq;e pol yneri zati on actor wi t hout

bei ng Is¥icASBEFt of this invghtinp t E%"é?d 0’[“ g VBHATTIYRRATE comprises a
CRERRIEAG0RE okitleSn 't}ﬂeVi%%'o% Pabti @ilar® SS190 Thls dpcso%!réé'ﬂf”fﬂ{@nde ion is
conmpound, wherei n the al unmnoxane conpound can
c&dﬂpditeethbloxm bgttraathentesith cayﬂ’uomdmg ragemtgeIn still another aspect,

ruct ur es, t cally es t e. clic .
St 2an 86 il Gt huae by hEmits gy of GF opiésinig suitable
| l¥ent sB@Rks Qlfcoﬂ%ladi'cﬁﬁgr %&Mﬁm@aﬁﬁt%e o ﬁhﬁteﬂ% 1ihe ope to three
carbon atons, and n is an integer from3 to about 10

are enconpassed by this invention. The (ALR0). nviety
shown here also constitut es the repeating unit in a
| i near al um noxane. Thus, n_)’eawr al um noxanes havi ng
the formula: R-E-P, 1/41-y- AI



n \R; wherein Ris a linear or branched al kyl having
from1l to 10 carbon atons, and n is an integer from1l
to about 50, are al so enconpassed by this invention.

Further, al um noxanes can al so have cage structures of
the formula Rt 5m FaRom_aAl 4n03m wherein mis 3 or 4
and ais =1im3) - nom+ noo); wherein nAl(3) is the
nunber of three coordinate al um num atons, no(2) is

bR SlgpholS e 9%3%&%3%3&30W1§?P%3$’3’@% Efgmples of

tﬁﬁdﬂtﬁﬁ’é a@éﬂfé/ khaf e Be lﬁ.@&i 118%15 SRV ERBBA tifcladd bul gi'enﬂot limited to,
al kyl droup; wherein is a |linear or branched al kyl

hisxdreddudriconacid t G1H0 amabmmrat dheride (NHFfpysammonium bifluoride

a@}n\j}&; ,?%%i{pég}ﬁng?ﬁgr%ﬁﬁ%?)ﬁ ﬂ%mé?rg%}? 5 arrrr%&fl%wmﬁgoﬂuonde

vqreieﬁhrd)r&dir@café)gr@mgzslmxpl@ﬁhbﬂiuﬂl I héb&@lﬁmﬁb%yhb@&ﬁféh e@NH,PFs),

such as net hyl, ethyl

p@ﬁ@t}moromnqq@s@r(flme)ﬁ @rrmlcmlwﬁreetaﬂugrorlgpateé@ﬁa@% ammonium
i 0t

PARokRERe BSHeal, ok RIE TR ot For
aé}@nfpﬂlé, alrinforiied bi fhuoride NI JHBI canibe axeadas, theﬂhcydldmg agent, due to its
al um noxane, n-propyl al um noxane,
| G Bfwnﬂlfﬁﬁywﬁwﬂm but yl al unm noxane,
t-but yfn] fHePQ Bfof tﬁ@ﬁre@éﬁt y+ HGh IR 8816 oxide can be treated with a

i sobut'yl al um n xane, 1-pent um noxane,
_Zﬂmm'dn)g adgent moxagethe 3egleining| atepmi rvbn(jarﬂuoriding agent capable of

i SO- pe | al umi noxane, 0 | al,um naxane,

BsRRhl) SR RE e polid Oxida g B GEIGARE R SHokanbg vsed. For

V\éxtaﬁl 11f1 84&Rbn by BRSe @lf.loﬁ{:hﬁg %@&%s ALK rBBS PRRARIRM v@bétﬂe organic
résent invention, methyl ~alum noxane (MAO, eth

aﬂlmdmg(mrs @frn Heswrodt )EXammnm ofolatide gr@ntc:yfb\lqmlung agents useful

SRR FERE 5 B350 Bl RSB Lo SRARE b R

f pefudrobéremy| éﬂlid%rﬁétﬁﬁmet I itefliorbethbid1NUsAd Oombinations thereof.
triisobutylalum num respect ively, and are someti nes

r@asspusehiydrogenstiyride erelupyinedisgiican msexiedesed wish Wéphwmﬂde is
Nd~pol v

"R By 8L LR g Y SR oice wi

I thy ﬂpbn@rﬁgtagemsetoarhpahm ﬂﬂﬁﬁdﬁgla@eﬂiﬁﬂhl agdsisapanmiubdéd ® fluidize

trialkylalumnum such as disclosed in U S. Patent No.

he 8ot de dpringcalangiione n i ncor porated by reference

init e I e _ 1

b SRR ot sepbIP PRSP flmicaly-renod sold

fexide Icemp(iﬁsﬁd chlprided dolR{ Bxiie- @) thalfieBn afnal pastisilagd bolidy thus a

is at t. about 3. ver,. depen on ,how..t he
oﬁoaerﬁ&afrc §AeIhis ﬂage%%wﬁspéﬂiedb gﬁﬂgéiﬂ %‘ﬂaﬂdlrlﬁ geent. The
V&l'ldi‘ﬁieqpn Rafk 36 aﬁ&ed’ & t'h@l%lxﬁiev\h}' iy 8 ”sﬁﬁly%fstﬁ@'ﬁkﬂe(iﬁ a suitable
al um noxane, and such a conbinati on of

Cﬂo@m‘t’ alnuariothex aspest efithe prasptiiseition, the eolnzbomder angritreated with
t f th nt
o OBing oot Yempe e aE R sl TR Sordipg aes Saesblsof serving

CRAMEdudeN6r dhilorafet drnBbroabMi daeenfg tHe&xid®li@ing @kiclcdfing step
the alum numin the alumnoxane to the nmetall ocene in

tdam b@owp«bs Fet emple, volpsile greppisrahlasising agents ¢ap begisgd. Examples
%o?%)e or amic. & il % L?S%Rl?% hlé %]sﬁsegpclfq{l n%'éﬁt?on 1fnclude but
the P U M A PR ST & noxane oce

tdhe n@@lrmﬁsd to, Q&‘talﬁ fi¢BHa Iplei;chidrolbenaam,r chibrdimétharied du:hloromethane
15, 000: 1. The amount . of opt.i onal al um noxane added to

aﬁhﬂrzspf;mer i GAEqro ietpashlorids, drichipimsthangl. ¢ o fnY FofABBatign thereof.
A
E&tlsghg% %{ %gﬁd@pf%loﬁgg ?tg?ri? ag% ljl?é'o(l)ﬂ;@ ﬁ%égu\{ngﬁ)a%e solid oxide

50 g/ L. Crganoalunrnoxanes can be prepared by
vari ous procedures which are mell known in the art.
Exanpl es of organoalunrnoxané preparations are
disclosed in U S. Patent Nos. 3,242,099 and 4, 808, 561,
each of which is incorporated by reference herein, in




one activator-support as provided herein; at |east one
or ganoal um noxane conpound; at | east one organoboron
or organoborate conpound; or any combination thereof.
Accordingly, in one aspect of the present invention
the at | east one activator can be selected from at

| east one organoboron conpound, at |east one

or ganoborat e conmpound, or a conbination thereof.

B S, SRR REREEF BB DB BT 5e i
afochaSto PApRridd acHIBidBh A5&NENtRE a8 3GEan®R8ed to fluidize the solid

organoal um num conpound; at |east one
awtidey during ealgipdion. conpri sing a solid oxide treated

Wi th el egtran-w.t hdraw, n ni.on; .a | , .
or ganoBdEdnts: 5T HANORERY B o SpenBALRABed sofld oxide
agR@siising Reold aBedY tredte@ Riitho An Plevvod agitialrdming| ansdn, the electron
conposition conprising the contact product, of: at

| wiBdraging anierncandiedyPiselbnedded ip dimwlid spidsi injapgmpunt greater than
P. § ' 1. & r . )
SRaEDls L SRS B T THClde Ol SHARROABER I clecron yithdrawing
adndoropdn lonadded ,to aine sudidi azadeoin sugpourt . gréatert thass alamp @84 by weight

21 B CPIRh3Keq BB Ehanighpu A byt 68 ah S B croater than
diat %yo@aggﬂ JF tE AL IRAGXGHTBE BRdteiiall 2850 7% bl BRight of the solid

or ganob or ganobor at € cocatal ysts di scl 0se
hexidé.n, or any conbi nati on of organoboron or

t tal ysts .dj scl her.ei | i t .
o QoA A BV £ CRPaRT DAPIHne N, Bt fleoride o
%1@1{3@105?' breéntbedérledidinig g ae k6lid RRId¥Ek AenB@RY Fronti8But 2 to
the netal | ocene conpound does not already conprise

saboht 50%ihyavel ghts wdisrcathe aveight garceatswans base eorfpowaight phthe solid

far cat al yst...compositihop. Further,; an

A e Prolek RN His G A0 feg el the amount of
Caeduonaditdraingn Yord Nfodr gaa@lorfbride oF ghkedder Ring present before
cocatal yst; an organoal um num conpound; aqptionally, at

| ealeining ibe selidrionisR dp dromy gowpl ity gEP‘Pty?S(’/aH?Y weight, dnd in another

Lya - oyt f -alys .t

DL, FUARX g b’ 567 8 Sl RATRIBL Ay Yoo s
caepeattitlairawingt bnisn ftvantsednin sansahstmnsufftieyt to eepadit, after

or ganoboron or o nobor at oungds d i n_anot he .
RO _ av%‘_ﬁ-?@«tO&g‘ﬁﬁbg‘?‘%ﬁ@ﬁW%ﬂ& e Eflp o the weight
gki};’tﬁe RSB Z@AldnBheRede hilides L& nUhShtiit &lfficient to deposit,

ence of organoboron or organoborate conpounds.
| aftep welchsmg dtom aboywtr d§dtedatioet 8D by Wesigldrhmlide ion relative to the

"or.ganobqr on". congound.can ,be tQ re o neutral.. .
SOER S HsoideonBor  ognrrar 19 tochehabliohd Hieltdayide ion
FelatioX &Rk Qucid @ B8N bRIdeN ICAERRIALS 0PEnlbRdSion is added during

i nvention can conprise a fluoroorgano boron conpound,
acaldiniog.cocky anhwhbw calcised onthe presenesy of LCClasbiteds typically no, or only

h f fl 10 b ] .
N T e A

fi afedanith AR theaNAet8gidbasn bt drivd blanyesstidigkdodvn in the
refer to neutral conmpounds of the form BY3. The term

fary inchuling bt met Limited dap suntignaliléstion Joliqwed By, gvaporation, drying

| s r t i oni.casal f a. _r
THREL b, S5t e DL TR LRI BBl g it the
Vdabsiging step phardiatedy svithbutadriingtteeinprggmutal lidwaideFor
conveni ence, fluoroorgano boron and fJl uyQroargano
bor at el heoleplagng 'éseggg ip&%aaraﬂwé*%rqde%h%ﬁ ina can have a pore

%ﬁﬁ&?&éﬁéﬁh&y attiud @[‘.‘PP&FP M CHEPRPEY SthePor®YoRintd & be greater
nane as the context requfres. Exanpl es of

fl uoroorgano borate conpounds that can be used as
cocatalysts in the present i ggenti on include, but are

not limted to, fluorinated yl borates such as,

/'V, N-di net hyl ani | i ni um

t et raki s(pent afl uorophenyl ) borate, triphenyl carbeni um




a whol e, as conpared to a catal yst conposition

contai ning catalyst conposition that does not conprise
any ionizing ionic conpound. Exanpl es of

i oni zi ng ionic compounds include, but are not limted
to, the foll ow ng compounds: tri (n-butypanmoni um
tetralcis(p-tolyl)borate, tri(n-butyl)- amoni um
tetraIC|s(n}tonI)borate tri(n-butyl)ammoni um

t ' a | S((iii 4%@2'@#& H’n‘%}‘ he? gglge)cp ?healt)c?l’e volume can be greater than about
t glr éﬂ/%' Fﬁﬁhé:r eHen@h YA 1RhaRYEahfa aSsurface area greater than about 100

tri, ammnlumtetrakls[s 5 )
- B I ¢nwp@¢feth¢wu)fpmearya ibeveater thanrabont 250 m’/g, and in another
rr%%é ti/ ﬁ‘lémg?qﬂfa%%%&{ Qzlmci)g %pe%Per%&u AR 'B%BVM/EP r@én%ralﬂ’y, tlge silica-

t elubrith< bSthiy in0ntionliek ah &livitNa donehiftb@rbbins torhiriue 98¥4s In one
(mtolyl)borate, N, N di net hyI ani | i ni um

t a§neglk ths( aluming WW b H@n%i i§anppagia can be from about 5 to about 50%,

- 0
m{‘*}gﬂ Cl SH(% h@gg p ae“r?? ey%%fr tge silica-alumina can be from about 8%
Ntd\hhiblunm%wmmmh by manght

keth glkl é ﬁlg,l?aéﬁ(i H{ _ g ggrggggeg%\ﬁfgtlgea?lﬁlal o 1rdagx1de component such
U &{ GRIGIAA RENGR. HMARN§AMhY BOMRLHE 2 E)EMEB%'EB’ KO Pahbtidally, the

tetral cis(p-tolyl)borate, triphenyl beni um
t ailfasddcdxsdenis further treated with a metal ion such that the calcined sulfated oxide

t O%}%g{%ﬁ?or 2 atl ' Il%h e Ls%%r b?ﬂé léllrﬁtfaﬁecf slél g Q)}Z{id% c(:jolmn];?r}sgy sBll%ate and
t ﬁl'uﬁﬂ%"ﬂn(}ﬁfebﬁﬁédﬂ I5tF ei§ ﬁk}'eﬁﬁé’n 5héjédlﬁtéﬂlydlﬁhﬁﬁﬁls ¥&raledtss: 4 process

Ehenyl carbeniumtetralds [3 ,

gieirr thiel alwninads [inepted welﬂy B wshlfatatseurep; inghiding foxesamplgnbut not
t g tgg:té,g gtﬁ af +3lil f fr)gath glﬂ}latt% g%ﬁ aS{:lgh ag o ml‘fﬁ‘i‘ sulfate, zinc sulfate,
t glofnhuih SQifate,Oliviedd @lldite or tomHRy k.ultﬂm: In one aspect this process can be
tetraki sg 4-dj nmet hyI phenyl borate, trop

t erFamed by, fgrmainge $iiry RE AP 3l wBinade, a Sturtelziy |891Uﬁmt sueh ag plgohol or
[ rifl

ripieD) ohibichy o Rl concentration o the sulfating agqnt has heen added
ysmbabllabgahwt koluentd mdhaieg |b$l( mhan‘ litndted ab;srlgel D% 03] tcattlmee carbon

it mtetra bor, l.ithi um tetralcis(p-
t%‘F&FO;f%B‘?CaPSé" tﬁ‘?‘l?ﬁ‘ﬁf‘%‘f‘%’ i‘("ﬁ? HEGISISH At e, |t hi unt et

ral ds( BEt I

tetr ak%st?’S 5-di mﬁ%éh I'p erﬁ% gfig?oen inllel%%i'h Hifore calcining is generally

tﬁ't)lmafoloubf%kto rahowat, S(I%)bylwmght from about 2% to about 30 % by weight, of

t %151243%}365 gtfq% utb%?/g{i)e n‘xg%&or ere the weléﬁp percents are based on the

t @bioBKof (iRe tsBlid | xi® BtRre SAMB. Once impregnated with sulfate, the
tetralcis(mtolyl)borate, sodium

t st fagadaixddeocan- l*m drmdﬁwl qmgn#h?cbbmam in thedirtuipeluding, but not limited
: %lg():tl?)ﬁ %T?trag 101 af) e&w% %’8 rﬁl%%aa&%dngsﬁ)n%eyvacuum spray drying, and

t Bk kb CdIﬁlbﬁ@‘Dit af élstopml ihidiatethe calp@irasdépimediately.
tetral ds(phenyl )borate, potassium
t et r aking fghtgng 19 babeg g@zge Wéﬁﬁlaeglsq:lgqﬁon-wnhdrawmg component such as

{dgﬁrs%g?a | %)!n la'ﬁ]?qth mBP a?%zlr)%{ g of tths 1nvent10n can optionally be

tteéatal with @3Inéal sﬂmt’@t m‘chmllilghyﬂeﬁab salata mﬂ@lt—caﬁlsalmﬁg compounds. In
tetrafl uorqgborate, tri phen}ll car beni.um

t SterasPest Sf ednypaioBnthris comnoppEmhedfipbin Qrfmpregnated onto the
t &hidadiad | olgiBRs ﬁx‘ﬁ? r%fdn ﬁbtsécilﬁﬂfff‘)ébﬁ@éiﬁﬁqhwnhe supported metal

tetraki s(2, 4-di net alumhat e
tri phenyl car beni um t et rak| 3(3 5-

37°




di met hyl phenyfl al um nate, triphenyl carbeni um
tetraki s(pent af | uorophenyl )al um nate, tropylium
tetraki s(p-tol ypal um nate, tropylium
tetralcis(mtolyflalumnate, tropylium

tetraki s(2, 4-di net hyl phenyl )al um nate, tropylium
tetral ci s(3,5- dinethyl phenyl)alum nate, tropylium
t et raki s(pent afl uorophenyl )al unm nate, 1ithium

t et raki s(pent afl ugrophenyf|.al.um nate,.]Jithiu .
t @P?@F@P‘ﬂ% e’h\ﬂ"f‘i‘lﬂ&&v ﬁ-gtsé)’ﬁlgppqrﬁplﬂﬁ]okufe can ﬁxrrtnher comprise a metal
telicabg! - Ll T hRLMM Pab&iund,| iNedMcopper, | gallium, tin, tungsten,
t§%1F§E| s%gr)r{ﬁt ozl%%ab%mahat e hium t et P al i 3 2,4-
dinvatytdehping on/p edmbinatierethetdof. hFamexample, zine can be used to impregnate

: zl;e: gqﬁicﬁé)%g%bgha‘nuﬁégﬁn%ggﬁg Qgﬁgh %giapyas]i %cti\}i{)(t Md'Bw cost. The solid

t el ldakiaf bRerRhAH! Wil fRRREBMt GH B Pedreainiag GomiPounds before, after, or
t et raki s(phenyfl al unm nate, sodi um

t at thelsame pimedhytpht sotidexide isdrsgtedryith the electron-withdrawing anion.

t et r aki ol yflal,um nate ' . . . . al
tetr aki@‘%g'%ﬁ ?%Y %hﬁ’@] 036%1}%{/‘?@? g&tﬁ% asl?lé(? Oélg%l fnua}ﬁnal with 2 m‘j’ atean
t @krdbdi PhedmethodibyBikivh fHeerxidois dohtactte withadinetal source, typically a
tetrafl uoroal um nate, potassjum ) .. . .

t selt o vietyl sereming erepvady msludes. byt is nop fmited tegelling, co-gelling,
telral cls f . ' | like. Followi contactin
¢ SRR ORI R Th 8ol arBBUCP TS e, Following any contacting
t ehdthdd, Iertdrmhoréd alixiaet exideodmpsundielectron-withdrawing anion, and

tetraki s(2, 4-di.net hyl phepyl )al um nat e, .potassi um. )
t ¢l metad 1quats gyplaal%@e}]ﬁ}p eﬁi}ﬁ@?ﬁ\‘ﬁqﬁaﬂ @Iﬁp%?i%gﬁa{?&al’ an electron
&k O , i 1C&ltb&NintéAl-containi ound are
tfv%l—%%é@ﬁ}é Zﬁi}%ﬂyﬁ%ﬁoﬁ%iﬂ%%% ) f 1 uor oal ur(r:iogginél,lg comp
sichueattetl ahd aMcinéd sitltaBedBisB~

hexaf | uor oi sopropanogl at o) al umj.nate, or silve :

ot rakils peel s SpurpapfAGS spBibogid Y be contacted with an
C Y R&bhoet LRI £ObrehiRVMRYRInun ERERIYsORirzd figt pefddof time prior to
conpound are exenplary, and the ionizing ionic

c opacting iths motktire nvitle dhe leidiar activigtarisepRAThs dace the precontacted
inventiop. The O efin Mnoner . . oand
G OE oS kroler S rommergnt Bo M ASRRCERjable tignd o
| Ahd ARtaNSdMEBAEdAE Bt ot RGBS &Sanrizinoaidys tcocatalyst, is contacted
conposi tions and processes of this _i,nv%&ta' on incl.ude

olvéith rthe @eisismekvaiesUmgolty if 4pBRPSIHON uforgprising’ the acidic
carpbon at o I L b G | thoRfdBntacted mixtu
oA E BT TE Pl T4 ForRUla R Bl 108 po8Bntacted mixture
hanwely16wed Zatdntiin i Hetes estat iforge secend gerioddktiing prior to being
such as ethylene or propylene, as well as . .

C SBBTEpH P e feprior ki His R YRSTiAR B g e g o

ol efini OI%IC’ p ide SARalo-¥BpporRt tHan be
reacti oﬁmg%ggﬁﬁggﬁﬁée?ocop %ﬂé/n%%fg g%l et hyl er?ejgglgljrrpri se o

a emjloyedaimithis indentibhyhasmebeenSEpomtéde For ceamplaarid.Sa Patent Nos.

i 07,068 paB AR, “Ro02s R oS g 38R, S376.415,

COPYERY, | @585 éd 16 st En@ashaus da hay@cfibo Buéth meghdds, each of
abdut 20" cdrbdn atoms in’'their nol ecul ar chain.

Aoyliich @5, incyrpbiiated hyolefersrsk hetein, ap #5 pRfITe{Ya) , i nt er nal ,

| i near, branched, substituted, unsubstituted,

functionalized, and non-functionalized ol efins can be

el O%eRigeabRi Vv RSLbSI s drarLag¥iditinerd] yiptieabr-Supports
unsat ur at ed conpounds that can_be polynerized wth the .

cat al ysinsonsf aspRétsof Hietveation. e AEYaPIUPRPE Ys6¢ in preparing the
limted to - veRl Anrdt - ctivator-
o A b Pop RO Pl el B qdmmpritd hfomxchiangeatle o
3-nmethyl -1 -pentene, 4- nethyl-1 -pentene, 1-hexene,

2- hexene, 3-hexene, 3-ethyl-1 -hexene, 1-heptene, 2-

hept ene, 3-heptene, the four R8rmal octenes, the four

nor mal nonenes, the five normal decenes, and m xtures

of any two or nore thereof. Cyclic and bicyclic



In one aspect of this invention, the ansa-netall ocene
can be precontacted with an ol efinic nononer, not
necessarily the ol efin nmononer to be polynerized, and
an organoal um num cocatal yst for a first period of
time prior to contacting this precontacted m xture
with the solid oxide activator-support. For exanpl e,
the first period of time for contact, the precontact

time, between the ansa-netall ocene, the ol efi

nmﬁ@r 1ncA ng ut ot}(ﬁ a]HB’éP(LraF? Cag%i eflwno&lgﬁat% compounds or

t%ﬁ@ﬁéfﬁg | éith%@%gtﬁ lfaj[?)éi‘é'ﬁ bi ABh-RRetel s@ruB‘ﬂu[‘Bét énd gnyadatlinibn thereof.
hours, and fromabout 0.1 toO about 1 hour js typi cal .

thﬂtmspept ofsbisfinomtiahoian-cxchangeahle dayeeedalwmmosidicates such as
np S I%F e%??lstgome% S %c&lérﬁtgps%qpo‘n@ C@/hérp ?nepéc?('ﬁg gltcﬁ%t&qsupport

I'n nononer

(ﬂ‘?&%ls Wl&%@k&ﬁﬁ%éaﬂld/ &dtivaSr-S oo tite(dinvmﬁlbnill}ebﬁ akatdd with at
e activator i s conposi t| on (further. conpr]

t leestsmle@pc@ryanﬂ@tlul@wmataewp suh g be?éﬁ dtSﬁ@S%&f{fﬁl&nﬂl&Eg@ typically
XU S TR G laXﬁvatt&gs@g&tt Clg 'Ho’?‘ﬁtegféd"ﬂ/ Yh el nhﬁthdrawmg
CoRBT EE e AT i cont act second perio
tmﬁemthe postcontact rime, prior to belnglnltlatlng
the pol ymerization progess. In one gﬁqgel post cont act.

times BetoneetPetie BOPFAVAN P t oY ngqglﬁlﬁgrqanaﬁ%mpnse clay
t

PSP A LAy ke sk e of P T oy
ah@matrauadawmr-mpgqusunaude Fbasaneomtdumt@d toe sorf-exitragsable, layered

10 m_ nutes to about. 30 nut e, otglca .
|ﬁlug}%qshl§‘,a tegSPeit s piflated; clays,, glﬁ?h y pg{}s is used, it is not

C HeRMS the COARARARS n (hF ccﬁfﬁ%ﬂéhﬁof @B Skt @Jrﬂl;ﬁ:@ﬁm, but rather is

activator-support, organoal um num cocatal yst, and

ofit bo nandl@erah anrastivel part o thy datelyal poyAposition, thecause of its intimate
cont act.ed |, | zat |

whSSPeation, Wi tb .F%g% ag@nt]& %gﬁﬁa&qen’? ﬂ@tj#xto@ﬂl‘é? W htivatable

proceed

AlikRIN@t th¥ %étallo@é% sieh & aﬂ@f@n@ﬁluﬁhﬁﬁﬁ CWlhﬂbyns)t 1ntend1ng to be
conponents can be "precontacted" in sse] or tub

pbowrd by thene, it Jérhebpvq%ﬂ]ﬂh@eﬂ@%@w@ﬁg actiygjog-SuppoTt serves as
reco tin t
\am éﬂsoﬁlﬁb | tasnttetﬁ lf ?egl 5 UCt?lQI %}ﬂ? qg&alﬁ’(fcgﬁg%ﬁd \rBanoaluminum

contac continuously to

t B@nﬁ@ﬁﬁ‘aﬁsﬂb foﬁi a cita@icdagpoaitdheped Reprodudegiobhmdrse
process in which a batch ofa1£ ont act ed oduct C

be add &y ore aspsrle the ¢lay g}a;r,fgt InveRgpn Pglpass matarials either
?}Pegtt ?Eﬁl A Gtatl OF tﬁé’tn?;pv% G’ 8l %t}PVﬁ{mﬁ foh&y Wettmg, ion

perl can range froma few seconds to as much

s exehiange, dayilariag. ITg‘pg:e]iy, thoclaf insatersyh ectivatarksapport of thlS mventlon

conti nuous pre ontacting step can |ast p caII from

aBRAPrisess gldghd %5135% etn” st %@83 @4 | %%%I%S including

fpgw]ﬁﬁ&g f ll‘l@%ﬁ y Rh&fRi A6kl BemplekPchimhs.| agbwewp] @) thay material
S

econds to about 45 mnutes, or from
abetiratdt- pmtse of othith GuvenBon nalseit ensompass  clays ethakthaye| feen ion

t he e ct.in ces an b I ut

 BroRhEEP S ECSB G SRR B BRIMAE B pr Al Fea,

”FE¢IIIPb§d Pho Wigslignds RichRRmade, eaahtecafird, altnge, ar mtrlte
erent set of catal yst conponents, For exanpl e,

| east fvone aspecy she @bmﬁ@ﬁpgswrtb@f usninention ?O&Fl?ﬂsﬁﬁ pillared
m fjr él'l@t)?(%ﬁj tgﬁlaref:dp L %/\%du%? 6 PBFR G 'cﬂ% thierifis rtﬁzlt have been ion

castrone her “cat al conponent
f ex¢HaRgewathCland, fipidally grolyandlean mgmyrcharged mevall ¢qnp;plec cations.
precontacting steps can _be carried.o ip a.sin
v Exg@ples ofj Sﬁglmmsnﬁﬂa dedug @r%notﬁ@iﬂttﬁ‘i fo, hagin tﬂ“g which can have
T 3 1RSI &Y 2RV btHeP 1388 188, Thus, the term
(§§%§ n@'}%alz{gg1L R&ﬁéusgﬁlﬁ?@ﬁ) or a gon‘ol natlge; t her eof
For exanple, a flrst m xture of two cat al yst
conponents can be fornmed in a éni,,rst vessel, a second
m xture conprising the fi rstfi xture pl us one
addi ti onal catal yst conponent can be forned in the
first vessel or in a second vessel, which is typically



compound can be fromabout 1:1 to about 1:1,000, and
i n anot her aspect, fromabout 1:1 to about 1:100.
These nolar ratios reflect the ratio of
ansa- net al | ocene conpound to the total anount of

or ganoal um num conpound i n both the precontacted

m xture and the postcontacted m xture conbi ned.

When a precontacting step is used, generally, t he
nol ar ratlo of olefin nononer .to.an

ocen
O HaRE e (@ ABPIE SOARES SePcliPs i PRIIRG Bt PREIPIa gtjpns of a
0, f 18hd. duoh akoKik
c%gdﬁ % erbi1 Ot éﬂ%cé\&rz%tﬂ%elrap%s tg%?ygéf}ﬁk%ﬁlslg?nvent i on, ggin lons.
t Tieesapiobymericatationo firet then mamotilhmd areithie fheviateslayers of filee clay and

or ganoal .uni num co rom,
aW ¢t calcigpd ae cqnﬁn%:fﬁm tagglbg p11{ ags, mg%g%%ly:%l?}a&ﬁng the clay
2p1§ Qb bSumhnl i ffichirédd orhusCoddeah@ e ﬁw@héﬂﬁrﬂwﬁmned to produce
ound can be from about 1:3 to about 100: 1, and

vt supeving plspdity ool s e xR ot s ‘maintained
A0Sl 08B P Y T O Pl i

aﬁltnbﬂéﬁ oF g Eﬂ@.ﬁhg GRdterddl zftﬂoﬂhibqiwdaﬁt claylntatermbtus&d Examples of
000, 000. "Yet anot her aspect of this mven%)#é)@ 9§ 365-371

tpaélamg gid pillaradcelon arpfounddn. Frdt Binpain Sctegeadf( (#59°);

o HBAPRHLA Ladbbson, cd

CSAE 154 SRR SR BB A elbon <l

1CRO3} ppabpep, Acadific Press, lne (B¥icy. %f PateritsNo. 4,452,910; U.S.

h | f
 Pilegioay 3 76.8 bimodi L FoReahiotp o LOR0ARS it OE Wil i Brporated
that; 3{1|1tg\élﬁmlegyver pol ymer production costs.

ACCOrdingly, 1’1 one aspect, the present invention can
use AlRBe pﬂhmngrpgwnsahﬂhze&mh}cumdﬁ deviag ¢xghangeable cations and

actlvator support .int | um

WAVFS HBEOIE At EXRATTE: Pﬁ%ﬂ?ﬁﬁaﬁ i §hHEE A polymerization
bgt bietRintHatathyst @nGRBRRL Wﬂi&ﬁﬂemﬁﬁﬁl&ﬁﬁtﬁl d:anlitﬁnl QSedioTherefore,
not activate thé netall ocene catalysts in the sa

maitable abyamlmegarfgalpdlﬁrmgx@ﬁglde but apeyapt digHisd| S? #gophanes;

PR Sob R BTN o HSHE 208 LARMA R cror such
ah§ B HR oA 1 b4t 8 OpbRRenit &R0 ﬁbﬁr&ﬂﬁnohmﬂ&’;temlﬂlpomtesad)ﬁlloysﬁGs

conbi nation thereof can be used optfi gnal |y

Caermigaiies onisesi fneRTBEast KhDTitery SHYCEHEYCE Hbfe Fhe ﬁ’?efous clays

one H
DEARARC P SORRLRAIE 6D, Aol R epkic o sepenine

aem cidiie] Iapbmhits) sﬁﬂmrteodr angrcohﬂnmfsmd th@'e@lbdatoaley'lsp@t the pillared

wth the ansa-netall ocene, elther in t nce or
BN eEnglorHBO L GPF B DSHISOHE. OFUPYHERRIGRE tg‘i’% that the

S ounds IOﬂIZIhg
gm Cﬁ%loc%ph%ﬁgh%ﬁ)&?ﬂaﬁom% ﬁmﬁ%ﬁnoﬁ@ém

or any conbi nati on thereof can be
used aThe piltdned biay ams he pettedatedcsribe prdsertdnventigni fof geample, in

g rﬁgé %5@%@? 21,3 E;gnt%gﬁgr ano&gg{n d&;{”&r%%%pa? %ﬂgut F0°C under
dded
059%%39% : ﬁl’l@% ?@P@g&g | SitBP&d, FRhboMR 8 hodts, [h8Ré being added to

I F'gan e 1s a hydrocarbyl group, H,
OtheBfdlymetieationhreacior. | Thistexempleao a\pmtman@chwm@égmétﬁg, because

or ganoal um noxane c ound; or bho hese ¢ |
aPEhStEEHEDS Wﬁe@e&‘l@ﬂ?ﬁy cpﬁt 4 og%ﬁtpglgn ¥ |0§%§ tél?lﬁ%ﬁmes and
prtlﬁ&@”ﬁnc'hmfﬁ@ta' %n@iﬁ@tuﬁpbfv@mb&aﬁi@ @ubsimandtéml| all of which are
absence of cocatal ysts such as al um noxanes,

o egamamssedrbycthisgovantion. i oni zi ng i onic corrpounds or

any conbi nati on thereof Thus, in one aspect, this
i nvention provides a process to produce a catal yst
conposi tion, conpri sing: contacting at

| east one ansa-netal |l ocene, [ east one olefin, and

at | east one organoal um num cﬂ)‘?rpound for a first
period of time to forma precontacted m xture
~ conprising at |east one precontacted ansa-netall ocene,



tivi wherein ML is titanium zirconium or hafnium
(XI') and (X2) are independently a substituted

cycl opent adi enyl, a substituted indenyl, or a
substituted fluorenyl; one substituent on
(XI') and (X2) is a bridging group having the fornula
ER R2, wherein Eis a carbon atom a silicon atom a
germaniumatom or a tin atom and E is bonded to both

o at e e 5 ety Ty 0 B By AER R0 W prpe

ki a1y domnpbeitiond REMhigtiavntionr Ayl og@bineiheirieiothetinorganic
| east one of R and R2 is an aryl group; ) X at )
| sppert omatesialss ineluding, bt @el nobrlimbed to.s zgplien Jnpiganigyoxides,

glgahrq%glrrx]alf%f g@gé&ﬁ%fﬁeé%ﬁ nc}{% Qg&.o ;ﬂ% d;ﬁ?;/é??&&;’tg/pfcgl g‘tﬁ)port materials

| thetepanse nsddyin this fegar@ inclBde, bt ate nd@)limitéd tr, silmabsilica-alumina,
group having up to 20 carbon, at ons,

g amEtea il G £ITBRIG TBRERCS S, PRFiR 6‘&%%’43*;/*4 @m%i%ﬁ?gﬁéﬁ‘i?ﬂ“%ﬁn% thoria,

4 | ShiinGho Ofzi i Gilinfhdied,n Hated  silica
ARG S ahffings Brogible, St BUrBAL DB ted silice
aphopphayed ughwminagansidicatitagiag upopredipitaed whilicdititania nfuengded/silated
t% 12 carbon atqﬁs;.and . any additiona

SN, AP RAtOR AL X YR theESPE opent adi enyl

subst i T Sk G2 AAta-metHNS bdrleWoRtholthd & RMMton t6'the ion-exchangable
substituted al kenyl group is independently an o o
addtivhtat-seppgriouped e preparat the eptdyy, cempygsifione ofr Gifp invention is

conbi nat.i on ,of  ali t,i c,and ic ar

oSBRARS bl bl Ot AR SR SYEl BB oBiBE et on
Othe WikiglNofoth§ @biieat 8- QipPort obipobert @6Pb#sed dnsthkifiab metallocene-
group, or a boron group,_ any of which having from1l

to

2day: aviste)at Brwas alspdoherb thag frany @bege h. wi% 10 apgutoHQ wtde ansa-
a ' t i Mk kDS
IROEbresk VR B 8 oA Grcatiial ) ol B Aikad adtvid et

100 gr o mxacixesfylsemeetpliocene and oy cbwitoasuppott rcembedontacted
sol i d oxjde per_hoyr (abbreviated gP/ (gCTSChr)). In
2k A¥edaigsedty lqnggh 8§tt’¢¥1§/§? owt Hicsosah, e?ﬂt?%ngeé‘gﬁ%éhe ansa-
C [ . agtivity :
CHPAISLEE 8% DA RrSaHI | imcarepetan or @ e
aaimponeyt ofi the eddiercas Henadrieveduwithow bisting S@gixture of clay and

P/ (gCTSChr). .In still another aspect, the catalyst of
e RSP e BT o ob ExwRBR HEc T 7aRCBJoSAe SOPOITG oaf the clay
Ihaekial ?]IE hag lgfrmﬁ&ﬁ%‘orﬁ QAbERAGSbm B e 3E HBERY 200°RNA order to
in anot her aspect, an activity of greater than or
eqphixdvetthe alepotiti®D @F thé/apgETsEorend nnche claypedivatarisugport. In
activity is typically nmeasured under, sluyr . .
BTG et RGP GaPRg G fis B featerd are mixed from
gﬂﬂoﬂ? oo F'h taﬁmﬁ 1RO Y ARSI &ah 'a@l‘ﬁe@@fﬂ@%@é&ﬁ'ﬁ&l S thabRit mBllocene

, and an ethylene pressure of about 550 psig. In
anothbelayasieatbr-sippos. activity i s neasured under slurry

ol ynmeri zatj on conditions using,isobutane as t "
ol ﬁen]tn, angther aspey Hiepteselt iIBYFIEgR A YPRFECY F%Hﬁ%&‘a’f’l’osm"ns
gﬁgﬁﬁs% mgéidé%ti%toﬁ%g%g, Qi BREcAhRSRU Riyble@thincral. The

psi g to about psig. The reactor should
heue ‘Sayestdaminesdll’ yis oed heieontd descoibe anatenwls Isughc ag elay minerals,

caating .or ather .for f fouli. upon naking. it .
oot iftn dorarstisPEgT sfhven gttt RRIREUARY 39T getted into
PaloyEs ok ZRtrh A x Pr96res sfificrals mixtd@r dat@lweitibotbtr inkrials, and the
present invention are intended for any olefin

pldtey rmsranyaedmbingtiam ggreofowlhien thedcili¢ aciatorgsupaest giggaprises a
types.of. pol vperi zat | e . in. . .
055 3Bl MR BRE A FERPEL S UATERIS D pinaraving
react or capable of polynerizing olefin nononmers to

produce honopol yners or copol yners. Such honopol yners

and copolyners are referred to as resins or polynmers.

The various types of reactors include those that may
be referred to as batch, slurry, gas-phase, solution,




Pol yneri zati on reactor systens of the present

i nvention may conprise one type of reactor in a system
or nultiple reactors of the sane or different type.
Production of polyners in nultiple reactors nay

i ncl ude several stages in at |east two separate

pol yneri zation reactors interconnected by a transfer
device naking it possible to transfer the polyners

resul ti fromthe . first polynerizat. r.ea r,into. .
Lo shelfas e, diretosef hexBl; 1R SRbikA HF FyRfed Midbral is ot
Cloduitd Wl Sini e @B -WihdrARineeAGS0" FoiMByanise,ditf €8¢ oAt clay mineral
fromthe operating conditions of the other reactors.
Aanchervaed gethy actyetgmaipPetét i on in nul tiple reactors may

i ncl ud h ual nsh . .
react of ¥ SR lAEARneRlS FRARl e 19 HB5h of FRENARRtalline, shoet-fike
Pialate® rhikatal O that Maé tfollE i @aakein ikt gamedwypdinmmks) dedimentary -

any conbi nation including, but not limted.to

rigcks: pped | B6p likea@ndr hich|OpPiteegds C}aé%c?f_b rhs)':dmau_s silicate and
CHTRERAER finelaRORitR Meds ersﬁ'ﬁ&{l{%rssa?d 'Uég‘ hizhQuith@areas. This
pressure reactors or a combination of high pressure

victrh ikscalgp asel oo dyacriteehpdrous méaEnesiuml silipdtes matic & ophyllosilicate

may be operated in series . or. in rallel. . . o
AERISPHF.n GXe8D 5 o SUTIRINGEHS hab crrh B Apscbiy sy jgvention include, but
p&k)&f&?rﬂnﬁ@édi R AMBPNRE; SHSLRY WBth GRORAEES! PAl)| @aSti-octahedral
one loop slurry reactor. Such reactors are known in )

t (Mg)annd aledvatines clhrpof sucl st inontmartllonges Abentenitasy opentronites,

n r, diluent, c | yst and opt.ionally a N s
R rigpontess o i NP Rt Fhickss o orgmisgs: cblorites;
WABIE- 1Rk Y BaYd; Z Bl @ibefiS Utlays GRfladiak| but @ontiimit@lixo sepiolites,
processes nmay conprise the continuous _introduction of
aattaphlgites. and palyedrskites; arfgrnenting ghayt 1ilite; Japonite; saponite; or any

ol vner.i zati on & ea [ e ng J; S val .
R e T A R L T A R
PRabhtntrdienae dort Hitedgroupnvl cRgactRitlaed f dlaygntanalyo be used as the

flashed to renmpve the solid _polynmer fromthe |jquids .
t IehivatobApRROEeot this igveniion: as fsrgRd hesrigy cﬁlﬁ%rsslrﬁl?aﬁﬁ’mpﬂse clay

Var i . . g N
PSS ACANES oL SE P58 1 bl P BAREAL Badion o
i seplolitks arnd/ palygbiskites, thatohathwebteradli ekdranget] withe darge,etypically
requct i on;, . ation by cyclonic action in either a
BT g et B cOPPleR o on by |
centrifugal zlsgé‘ckt of this iﬁ‘vérﬂhiféhf%eﬁ ha%jz@féfd RRIYAI® hleZiddell @B activator-

process (als nown as the particle formprocess), )
vdvipprts er metiallodenoantivators the dayeradsminierads aredppicdlby calcined prior to

gtﬁ%gg%%cqgg@%’ E}%{j&ﬂt ’a%gi:tiﬁg %‘?Zn‘}%r%%s é&?%«?gﬁ?o% about 100°C
6r08sbduf! ¥86°CE FEdin Gbhol 500 B ABYEOBPOTR @dfrbyt ARLELEOREEto about
inits entirety herein. Sui tabl e diluents used in
s#W¥Cy pol ynerization are well known in the art and
include, but are not Iimted to, the nononer being

pol yneri zed and hydrocarbons that are |iquids under

Fﬁérfllgr@zﬁng@i&hpleﬁﬁﬁthe@w&fp&re%anosﬁﬂaht abl e diluents
i ncl ude,

ut are not limted to, &y [ogarbons,Sﬁgg gs
pr opanixangles ahéicaprialystsemunogiion of i HYEnlqn gictidgngut are not
i t ang, =€ i | QQRple, the catalyst
JAJSEA 0, ARORSIL 16, 9RO LeBeh 70 SRy | @l e sty
casmtbdsitionscanh eseprrise, dirl the ndatdlgst usathostionesanpéreprise the contact

pogznerization of propyleﬂs nononer . as disclq;ed i n d
wradugs el lepg onegimganoglocensat ieast ORk QST JIayip pompound,
rﬂd%%%tﬁo&%ﬁbﬁoﬁ-ﬁl bit, fRbkfEt Y. According to

yet anot her aspect thi's invention, the

pol ymeri zation reactor may conprise at | east one gas
phase reactor. Such systens %&e known in the art and
may enpl oy a continuous recycte stream contai ning one
or nore nononers continuously cycled through a
fluidized bed in the presence of the catal yst under



to about 280C, for exanple, and from about 70C to
about 110C, dependi ng upon the type of polynerization
reactor. Sui t abl e pressures will also vary
according to the reactor and polynerization type. The
pressure for liquid phase polynerizations in a | oop
reactor is typically less than 1000 psig. Pressure for
gas phase polynerization is usually at about 200 - 500

psi g. ngh ure atlon n .t ubul

Dot ocitve. rBaEtIERL SpEEr afifirR damirt s tnsihd bevipg the
farl@Q: psig. Polynerization reactors can al so be
operated in a supercritical region occurring at
general |y higher tenperg d pressures. QOperation
above the critical AT ¥Ssuee/ t enperat ure

di agram (supercritical phase) may offer advantages.
The concentration of VBWrgcs hgaot ants can be
controlled to produce R&ESi n certain physical and
mechani cal properties. The posed end-use product
that will be fornmed by the [ nd the nethod of
form ng that product determ ne ~esired resin
properties. Mechani cal propef?lwﬁ |nclype tensil e,
flexural, inpact, creep, stress relaxatlon and

heligteias s tests Physi cal properties include density,

nol ecul ar h nol ec wei ght distribution,
mel ting teﬁ% U?%mmb?ggﬁmPanS|tlon tenperature,

t enper at ur eX'i@'lﬂdeBEndéhM}Stfa'dl' Babion, density,
stereoregularity, crack gromﬁh Iong chai n branchi ng
and rheolodﬁmdFOH§asurenents The concentrations

odi {1 o o, Brioa oet PeeRBPLER S G Bk by grou, cither of

RERIgY BaviAg UP &S B) E8BbMatBieP&T Hyldessen Gohersiae IIealsiSond:S:ﬁ‘d{Itom R%is
control product density. Hydrogen is used to contro

FANCYICETowB| ecul ar wei ght. Co-catal ysts can be used to

al kyl ate, AV, B

wei ght . 3§f |a§?ggc§% g&%lsigﬂﬂ drrrf?érao ro uct
afibpdrotarbglsitylrais ahy Oﬁwﬂmhdmamngﬁ]fpeo 20 carbon atoms; or hydrogen;
stereoregularity. In addItI?ﬁ the concentration of

poi sons mush 1558 infegerfrom § 1e Tl hey i npact t he
reactions agd pyeAeGLe REQRAALIES: hydrocarth1 @rdti) Béﬁfﬁfg Wto 12
resin may be fornmed I nto various darticlés, including,
buatbancttorhs, mir hgdkogen bottl es, druns, toys, household

contai ers,  utensils, f|In1product druns, .
tanks ot pelbt'" oS st ant® PLgialop G5 copifgnd  comrises

Smithiyn, be tH@tﬁ?laﬁﬁ’mfl@fhm tﬂﬁﬁ@)ﬁﬂﬁl‘nﬁ{ﬁ tributylaluminum,
|nclu ing, but not lTmted to, blow™nolding, extrusion

rtnisdbwglalmmam, ormahexnriﬂlmmgl,n,t lBisabeolalimiguns adrioctylaluminum,

et r e Baids Gisebhb B TRLF T Py Al Bioride, o

bk teambRiafieR Sfdretd; #Hdr i ng manufacturing and for desired
properties in the end product. Additives inc

surfacd nodhe |ab16§5tsQ]@WCH§at§I‘F‘EPP§§e?WﬂSSN‘%ﬁ“g Okide treated with
t.ac [ ch as primary and
§§€%%3%P%LI ﬁp%'%gngaahgﬁgﬁents processi ng ai ds such
as wax es/ oithe sahd dxideoisosiliestahmming, sdica-ahpeind.adluminophosphate,
additives such as fire retardaﬂgﬁ, @Flstats

‘ep

sbevinger Blosaber ERS, algunaten YRR G riEei offreonia,
%{e%a ‘t%r[?iy%ﬁg %fﬁ@ WIRES xS PR &S, &Céh?rc%ﬂ%att@ntﬂmr&)f and

I'n n one aspect, the’ ethylene polyme

produced usthe glet:tren-maﬂldtaymng @mmmlﬂuwdemhloﬂmﬁ% bromlde iodide,

J N RIS AR T RN M ER—

observed when using a tlghtly bri dged ansa-netal | ocene
conpound w t hout an oIefin-cggLaining noi ety bonded to
a cycl opent adi enyl -type liga even when the
conparative netal l ocene conprises at |east one aryl
group bonded to the bridging atom of the bridging




respectively, and further illustrate how reduced LCB
| evel s are mani fested (see: Table 1). Linear
pol yet hyl ene pol ynmers are observed to foll ow a power
| aw rel ati onship between their zero shear viscosity,
go, and their weight average nol ecul ar wei ght, My,
wWth a power very close to 3.4. This relationship is
shown by a straight line with a slope of 3.4 when the
| ggarj t hm 0,1 S ott ok he 0

hhtEns Huobtoip i Ao GaRYRL "7 EREHICRE nuMosicanace,

£hafs kebdAguedused lhjéubshﬁutﬁdi emes@fonhtengsﬁmmed or

branchlng (LCB) Janzen and Col by presented a_ npde
tensubgsiteied ¢ arenesyifopatpe sUbHItME]d| aF | Brsubstishied hélkVISHlé%rFs or any
p o) vs. log(Mw for given frequencies of
%%&n&&umﬁg%g%%on of the wei ght average nol ecul ar
wei ght Ab iti s ppleytmiie at Basone'sbsagrtdliongne aanglsovainprise, or can

branching. i n polyeth | enes, t Struct 485-486,
Ssoscisy EFd(gfl@Q’%?omW ﬁaylgg }PFC%F‘B ated herein by

reference, in its entirgty, Thus, Figures 6 and
7 plot thelogarlthmo thelogarlthmof Mv
for polyners preparRffade !’- oR*is invention,
illTustrating the depenﬂenc- of .zgr o shear nelt

vi scosity on wei ght av&%a@ ie&ylar wei ght (Mw), and
denonstrating that these p are only very
slightly deviated fromthe | -know 3.4 power |aw
"Arnett line" which is use ication of a

| i near polynmer (J. Phys. Chepgaa

980, 84  649)
ConS|stent with this observatidh, botKISEC- MALS and
Eolggy data indicate that the inventive netall ocenes
dtice very low LCB in ethyl ene polynerization, as
i I | ust r at edvit fs Fiogtiven 6r Kafnivkxanpl es 1-11. In
cont rast, polyners made according to the conparative
Exanpl es 14X18FHald B | oner Mv rel ative to pol yners
pr epar ed aQEﬁJéI g .to this invention, Exanples 1-11.
Typi cal |y, ese ynmers al so had S|n1lar or slightly
hi gher | eveR%altdefﬁB;ncbpendehﬂshn alkg'tigionp br gu eyl group, either of

8 denon es a co son o el - per neat | 2.
vl ?\9@83}3@@@5 1 GRS, P ‘Pﬁ?“pﬁ'l“?f%@r@e Esql or R is
ﬁgﬁ$g Gp;t O Exanpl es 1-11 and Exanpl es 14-16, of this
i nve on.” These gEC results (Table 1 and Figure 8)
i ndi cate t HRY* andR°P atejiedenendensly ampthyt, @Hyﬂeb@nzyl butyl, pentyl,

cco thls i nvention generally have high
¥L Eﬂnﬂﬁy Wil e the pol yners nmade accordi ng

to conpar atﬂié@nﬁﬁté fﬁ§n14o 61lfcelve; aliar act eri zed by
low | evel s of LCB fFigure 8), these conparativ

poI YNer s ha@ “remd " aed ipdepsndenthy %W@@C%WWW@QWO 6

ccording to this invention.

d)aﬁ%oarl]raé ?@ﬁlﬁqgf:@s 12 and 13 al so denonstrate that
t he caA&byrsthlpﬁs@par e at/Rustene arpametilloecvrian lalsocemprise, or can
C- 1 exhibited poor activity (Table 1). Further, a
csnselegted frme W%hﬂ’lﬁ%@ej@ﬁé‘ﬂﬁol yImer s (about 50

wt% were observed in the polyneric sanples prepared
according to Conparative Exanples 12 and 13 during the
process of preparing the GPC and SEC- MALS sanpl es of
these materials. Thus, using polyneric sanples
prepared according to Conparative Exanples 12 and 13,
25 ng to 28 ng of polynmer was mixed in 25 nL of
1,2,4-trichl orobenzene, and agitated for 5 hours,
while maintaining this mxture at 150C. Vi sua
exam nation of the sanple vial containing the sanple
prepared as described revealed that a precipitate
formed on the sides of the sanple vial. This
observation indicates that tgg -pol ymers prepared
according to Exanples 12 and I3, using netall ocene
C- 1, were non-linear polyners. No insoluble polyners
wer e observed in polynmers prepared according to any



The termtightly-bridged ansa-netall ocene describes a
net al | ocene conmpound in which the two
115- cycl oalkadi enyl -type ligands in the nolecule are
i nked by a bridging noiety, wherein the shortest |ink
bet ween the two /5-cycl oal kadi enyl -type |igands
conprises one atom Thus, the length of the bridge or
the chain between the two cycl opent adi enyl -type
ligands is a single ato ough this bridging atom
IS substituted. Thus,
i nvention are bridgedAd
conmpounds, wherein th {15-'\clo§lkad|enyl portlons
i ncl ude cyclopentadlen i,EIgaMHQ i ndenyl |igands,
fluorenyl |igands, t he A/ ke, X|nclud|ng substit ut ed
anal ogs and partially satu d anal ogs thereof.
Possi bl e substituents on t s include
hydr ogen, therefore the desqﬁ ‘g "substi tuted
derivatives thereof' in this |ﬁﬁ%nt|oﬁ[0ncludes
partially saturated |igands such as tetrahydroi ndenyl,
t@h@ﬁﬁydrofluorenyl oct ahydrof l uorenyl, partially
saturated i aturated quorenyI
substitute p§$¥%gﬁﬁﬂﬁ22?ﬁ%§ng i ndenyl , substltuted
partial |y sHtisCatBrdofluorenyl, and the like. In some
contexts tE 8E gllocene is referred to sinply as the
"catal yst " Phek the same way the term "cocatal yst"
is used herﬁi hd R? EI%fiﬁ‘de pbifiehfl9 16 0P phéHyl, Whbrein at least one of
conpound. The terns "catal yst conposition,'
"RhOBR@smhwmﬁture " and the like do not depend upon

t he act ual Lpd 380f 1 € conponents
of the m xt rezg1 ear%lgltau?eél g&%ﬁ%rgl{:etﬂwe catal ytic
site, or thgifnse2;ahdt he al um num cocat al yst,
ansamet al | ocgne, apy ol efin nonomer used to prepare a

pr econt act eR” nendRit éire mdependenthy Hor §PPBE acti vat or
after f&fsg% ﬁ'h@gsp Qte 1.5[1% a‘t?e{i?tl %'Hnsc‘mm%o%é&r aﬁ&%ohﬁah@‘é or can

catal ys alyst  m Xxture, the ik
) honngenous

i ncl ude both het conposi i
conposi tions. ,p, gunydr o@ O
specify a hydroqﬁrbo rancal éPbup ha

gsed to
hat t’ncititles, but
is not linited tp aylzedlkyl, cyBtoslkyk; 'Chlkenyl

dignyl . al Bnyly/ arsl kyl

nd the like, a |ncludes al
$ g unsubstitu ranched, Ti

h T SR 1?‘ﬁ)rgubst i tuted derivatives thereof. Unl’ ess
ot her wi-se speci fied, C

@%@

rically to ref
al koxi de ryl oxi de gro . Unl ess otherw se
speci fied, the™iydfocar byl rdegr qups of thi’s
invention typically conprise up to about 20 carbon
atons. In one aspect, hydrocarbyl oxi de groups can have
up to 12 carbon atons, up to 8 carbon atons, or up to
6 carbon at ons. The term "hydrocar byl am no" group
is used generically to refer collectively to

al kyl am no (NHR), arylam no (NHAr), dial kylam no
(NR2), and diarylam no (NAr2) groups. Unless otherw se
specified, the hydrocarbyl am no groups of this
invention typically conprise up to about 20 carbon
atons. In one aspect, hydrocarbylam no groups can have
up to 12 carbon atons, up to 8 carbon atons, or up to
6 carbon atons. The term_/'al kenyl" is used
broadly to specify a hydrocag%§l group that conprises
an al kene noi ety, regardl ess of the particul ar

regi ochem stry of the al kene noi ety and enconpassi ng

cycl oal kenyl, cyclo
aralkenyl aralkynyl

Wbm#pcarbyIOX|d

ectively to




The term"pillared clay"” is used herein to refer to a
conponent of the catal yst conposition conprising clay
mnerals, typically of the of the snectite group and
ot her phylosilicates in addition to sepiolites and
pal ygorskites, that have been ion exchanged with

| arge, typically polynuclear, highly charged netal
conpl ex cations. Exanples of such ions include, but

are not limted to, Kegg i ons whi ch can-have ar ges
such ari ous pol i | at es, ar ge
I QBS~ > +-B@r traupi ALy hg/1 afer $BY0 0 t-Bu

exchapge actjon in whic rm@xchangeabL cafl.ams of
a cl gy gl are r eptr whd h | ar geph il

charged }j such as Keg ions. These po

cations then i nmobiliz wi.t hin the int s of

oxide "pillars,"” effectively supporting the cla
| ayers_as gol -li ke structures. Exanpl es of
pF%P%W?ﬁﬂlgﬁﬁ%grllared clays are found in: T.J.
Pi nnav ai anotlfgiagpeeorih-lithiay) exadple; BiélafalB88)mpdsitidn can
Thomas, Intercal ation Chemstry, (.S Vhittiqgﬁ$£:a€d1
ACOBIEYSH 8hike calglys) cappostiionggn cBmpYEe the capfah REOPHeE gy at least one
| N oa. e, at- i find, dnat RAHIRE activator-
l\lgﬁs%m%%ggé%li Ehjall‘hsd t%@s@ga%rﬁlﬂu@%ﬁé%,’%o;a each ofa crvaer
Whipgdort, shereiior por ated herein in its entirety.

Al t hough any nethods, devic and materials simlar
P T

Alt-u on$BanPhatents e S

i ncoPpogdt ed..er ei n byPhr.ef€r encecif or t hePpuppogp~6f
descﬂfﬁ? éhd|disclo§hﬂ§§

and neth | ogi es that are

r~eganpl e, Pffe C?§FEUcts
cribed in the _ _
d/Ln connecti© t N

the presently destri bed invention® The publications ,
di scussed abgve and t hroughout [
sol el : di scl os 5

ApRBi, C el Oh.—

cons&&yed g8 an Fdnissiqm%g at\the i nvent ®hs. af € J6CI
enti%hﬁd:tolﬁnﬂgdate sugh-tiscfosgre by vientu ~~c
priof i nventi on¢ For particular co nd
di scl osed ei n, any general=s§tructure presen
enconpass formati onal , regioiso
stereoi sonmers, and the |ike, can-arise froma ’
parti > of substj The general structure
al so s all ena > di ast ereoners, and
ot-Rer i $BvreFu s i’n &R%nti onmeric or

r acefii-c fongs.ct as wel IPragm Yfuces of stereoi soners,
as tPe C extci r equi r 687 TNThe present invention
is furth i | lustrated by fol l owm ng exanpl es,

t-to_be constr

limtations/upon the scope t eof On_the [ [
is to be clearly understood that res’o‘?rtanggﬁgj@é{aﬁg%tq%éoﬂ

vari oug) ot hee A3RRESS orgaRRHINTRAMSoniPothd teapbiiess, and
equi val ents thereof which, after reading the

d ésethylpluimdrurhdrien-hutyldyminygy adisohuid aelings, erany cempination
ordinary skill in the art wthout departing fromthe
s B¥ the present invention or the scope of the
appendeyl cl g@id least one dctivitossippottaotpgisescasyifassl solid oxide.
unl ess ot herw se specified, the syntheses and
preparations described herein were carried out under

an inert atnosphere such as nitrogen and/or argon.

Sol vents were purchased fronw& mrerci al sources and
were typically dried over acttvated alunmna prior to
use. Unl ess otherw se specified, reagents were

obt ai ned from conmerci al sources. General testing

y way as i nposing



Mol ecul ar wei ght and nol ecul ar wei ght distributions
wer e obtained using a PL-GPC 220 (Pol yner Labs, UK)
system equi pped with a differential refractive index
detector and three 7.5 nmx 300 nm 20 urn M xed A-LS
col ums (Pol ymer Labs) running at 145 C. The flow rate
of the nobile phase, 1,2,4-trichlorobenzene (TCB)

cont aining 0.5 g/L 2,6-di-t-butyl-4- rret hyI phenol

1 pl/mn. t he
poI yrrerqg} E*b §Sl%%gLrg‘?e°ﬁ‘%‘§ﬁq’;3 e1%‘ep {lﬁ{a&sg‘g eS‘IS%“"n can
1c8nprise, Bﬁﬂlmcata%p&ﬁﬂpdsm(ﬁzrbah%m@ﬁh@me|caﬁtawqmdﬁc$ of, at least one
Sanpl e preparati on was conducted at 150 C for h with

oavusmelalipcensdatdeast pre grgiroatyRuBPEeURGand gt @fﬁt@ﬁg activator-
b t ferred to sanple vials for injection. In
Sﬁ&g’%ﬂf%ﬁ%@m m ze unbal anced sol vent peak, sol vent
with the sadr a dsupsietdnonnisalideengmimprisephase was used
for sol ut| on_preparation._The integral cali br atign
< ecular
R b psCh | P neare,
Phi | b, ps em als Co ny' s |nearph
pol y,qu‘y“ er?é“\ rlex W' 3,Zraaeﬁhe br oggest
d Standard was
xperiment with
m ne shear AN
Vi SCOSI ty charactetistics Small-strain

osci | |2 ShE measur e perforrred on an
ARES QS 2 rheq | l'el-plate
géBvet stfrﬁﬂirrent r eonetrics Inc.).

Dat aPier e t__;“@l |y obt u:Le oxeell i an angul ar frequency
rangen . ¢ 100 ra a t nperature of 190 C.
Fluff samgiies were stablllz ith 0.1 wt % BHT

di sper sed dri ed before

mol di ng. SanptesAftere conpressi an mol dedam cokBin&iidmhereof;
a total of three minutes. The sanpl es were allowed to
mel t ab) a r Bieat lepell gnelosganeplayoyma cpmpowHbcompTife® and

e N T

qtiereeifeshdi n a cold (roomtenperature) press. D sks
having the size 2 mmx 25.4 mm di aneter we

out of ©k he FhsialksastangRstivaior-FppeTt SGTREFes SoliEted e

charac e I .

e echEESR ope o TAO4HRRE SUAPIE 008 composion can
nNtorhpiiseeopthe ymtalysdﬂgmlﬁﬁiﬂidnman chinprisdtenrehtact pwaduct of, at least one
preheated to th nitial erature of the s

udy.
UPISRonasHed @ﬂ“o‘éﬁtﬁh@“&ﬁoﬁt P e e AR AEanoaluTtim compound,
e%uléaétb&?é gfé@ont%&@d HRER], RRSaVRES S BSASshtRelMBaR atd*&upport,
ates to mm t hi ckness and t he excess was
twhcmanl gach of theE‘(tnsamnstal\Mﬂeae,gtén ergddoglupdinem agomepuad, e olefin,

e vaI thro out..a freguency sweep but |arger
If‘g‘ilhﬁ sS“RB‘?rgg‘i? 61131"13(}56&8% W scosity sanples to
mai nt ajn f@rﬂf@aﬁ%&b be thayr %%nu@i'ﬁ:)rb@iﬁe@fbﬁl A cueal y4€ Scomposition
were used for high viscosity sanples to avoid

ovamprisinl; e chatacio prpduct 108 it digassr onen Hightly-REdgednpsg-metallocene

the linear scoel astl t h The

 EppdRE ok PSR AR Rt o1t B e Bhir 1R o R R ined P ot least one of
f heqyelpeRadibhyl APSER gAY ah@ okeep ufms @yl @vaips Qﬁddétgtot the bridging
torque_transducer. scosity data were fit with
aatﬁﬁu@ﬁﬁheévnégmgéwand(aas@opé I%H anc rqagensyharapifipctiondp gppvert the

r fo
(R ity B A BADR  NERAPRL S cp FBRTRH bf the solid
Sons, New York, 1987), p 171-172], which is
i ncorporated by reference herein to obtain estimates
of the zero shear viscosity, M sScous relaxation tine,
and a breadth paraneter, as ihdicated below. - 7701[1
(orroa] ((1-n)la), wherein:= magnitude of the conpl ex
viscosity in Pai

o
et
-




= angul ar frequency in rad/s rio = zero shear
viscosity in Pa.s r = viscous relaxation tinme in s a =
breadth paranmeter n = power |aw paraneter, fixed at

0. 1818. Absol ute Ml ecul ar Wi ght as Determ ned by

Li ght Scattering Mol ecul ar wei ght data were

det erm ned usi ng SEC- MALS, whi ch conbi nes the net hods
of size exclusion chromat ography (SEC) with

mul .t ht atter MALS) det VN
Eeﬁd%gcﬁ%é?r-sqpﬁarﬁta% Bl MR ENRERT g Bl s, i
Tefd Yhe adveaa @@%b@o%n%béﬁb@@d&@pto@ilﬁ upon activating
PL-21 C system (Pol yner Labs, UK) or a Waters 150

Ckher@ElHQ‘;@lee whieh |cm) rlmcluqlmpowﬁmfagg fihey mdalioceng, sprpound to its

e EGTBAA AR 3 DRSO, BREGORP LR ater, or

(@Biﬁg Bet@tiefion %c&)on ﬂhht canf inttiste aliefin pelynherizatidn. OTHe at least
nm./ mn, the nobile phase, 2, 4- trlchlorobegzene
( cr@)eag@\)éﬁhaé PR @wvmﬁhﬁ;@ﬁfallﬁ?@@ intp an) agHys calpyst ypically includes a

? :)lp i g&utﬁatgw%\ﬁ@és:’aﬁrﬁu@f 7ty a{ndl-sﬁpl?}zs art ﬁk%l% iyl ﬁ&ﬁllocene, when

oncentrations of
dépanettlitgenn o&a;mindsdoemobalmadpa‘nmpnsﬂ sucbOa ﬁgatmi; aud A activator

before being trapnsferred to the SE ect.ion vi.als
STRRRORGR # BoUdFOREer Fesamanaorcbed Jﬁ#lffﬂ%%?w&%‘“&%’ ed with
hhgh %Bmppﬂe%: Ufp rexéﬁﬁ 519 hin Jr@RBRHMARARMI I IoFRS iM¥@diles, these two

necessa in order to obtain true honogeneous
sﬁinumnsrmn Henprawlidied ibyrtwoosepargts com@n&nt@,ombrﬂsr@t prganoaluminum

PR T e VG Gl 0T eRl Sref MR AR, P anotter

| B3r8FdrieAkhHSaNDroViaé thectdedtbAfunstdd. War e. At each
chromat ogr aphi ¢ slice, both the absol ute nol ecul ar

wei ght In( prerpsnert f%@?samﬁanth%maww Ry kyidion ageny fog the ansa-
kno as. _radi us o at g on, ( e

offist Qitfel 31 b o[RS BAPRIELOAR Such e

Nﬁkﬂ@ﬁﬂmﬁﬁlﬁ)xiﬂd 8r @i@ﬁ@ﬂaﬂuﬁi@xﬁ@é aiTheghotlier \ispedt, fd?. dxample, the

Anal . Chum_ Acta, 272, 1 (1993), which is her

. arébm@ ranci mdrediin apifiG eraapebiren jcamppyn ﬁfil?qbgﬁt pf agfgcting an
I S lipe

IR SRR TR R il gt enepooon o

Sﬁi]jhleﬁyl(:a@hﬁunmn tétt'aldlsj(pquﬂ;afﬁlmplxeaﬂ)l@uat)e thhte ineighdt typically in

TR R ek gnelpiiond szedtaibh gs M Srgeor iR RER grperyag I sil
anthiim .S 5dd ?dlmyﬁm{i tEnB oAb aRsd MenRllodde %oﬁ‘?ﬁﬁiﬂ &ldisclosed

fromthese data,  and are’presented in various
Thaeidi van Sico ceachaly avitha pp Boanttediasidis dwrate  arbivaion; W@h as tri(n-

By (B efekod e 0o T R Bl g Setalis-

S{g¥HlaNapRPHElbotdie for 3BmbIA Jorendillegs ligd @S férm an alkylated
function of Mcould be determ ned at each slice

dinctadlopgnensatignt eYni angther: aspeetapioyidss fone dialiplatedytightly-bridged
R% Of br (l%i%lﬂas L o r?(ﬂh%ls csInob% pe%%teﬁfwﬁﬂ 9%%@130&‘?@1(: b%{'ate activator

own I n equatl

ss&am ﬁhﬁleﬁjﬂcﬁﬂ&nhmntdhﬁl@i’s@ﬁﬁfhﬁubfo@hﬁ’(}é}bomd tb Irlamarre one alkyl
YINErsS, reSpeCt|Ve glven gm

V\}égzgﬂtto £y gg@&y}qtﬁwta]éqcegggatb@f ’lﬁgp,e\g]@ cnqt B@el}dl%go be bound
ggﬂ% gﬂ g,f’s' g\ﬂl&émé&%r ACtr hec!atea%s? g%a 188 ?Jé té(fqmetallocene

t edtfonnaid myalumber ofreattigredepsgiah bBMdZto-igeB&\albe\@ch a catalyst.
(B3W Y%et‘ a further aspect of this invention provides for a catalyst composition

comprising the contact product of at least one tightly-bridged ansa-metallocene
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61 (2 + B3wB3," r inv _ LCB frequency ( cram ),
the nunber of LCB per 1 000 C, of the ith slice was
then conmput ed straightforwardly using equation 3:
LCBm = 1000*14*B3w/ ML(3) where M is the MWof the it
h slice. The LCB distribution (LCBD) across the

nmol ecul ar wei ght distribution (MAD) was thus
established for a full polyner. A Quant achr one

Aut osor b-6 .Ni t rogen, Por Lze Dy stri .L.on .
R g5 oBr B SRy Ra T rh SRR ion and
agteiRast oAb GoEReKidd sctivafor-sigsodiBvithoRo e NedURE ah -orddnosluminum
i nstrument was acquired fromthe Quantachrone

Commpaadi tn forgy oths egontagt \prodysite pdn athiso gspschathe) geid-@geigllocene
Silica- ' ti r . . .

SR AR A R i aghes o et one of
sthki gatopitailieaylagbelilipands, ionatar twumybrgtoups Hdnded to the bridging
Exanpl e was_typi.cal|y Davison sjlica-alym na obtained

f atem aithe brgiging ligandsaadiat Igast snahﬁ@m%ﬁif@}%wl ¢hat ap initiate olefin

] Vi /
b Bt A0 FelfRpffll Foooyft dhud o6t SF AR 6 alolat
f thiso rtiske abfb pricrabicydatadit | mme-tetallveemd drecauset iteskeadiyt khomprises a
sol ution_contajning a ni.um bifluaride in an anmount
Shircepearedizpnd (gt i (DBt ey s PORFETRRIGNt of t he
silica-alum na. This inpregnated material was then

dried in a vacuum oven for 8 hours at 100C. The

t Buswbhlvorinakede dictivagarsal uni na sanpl es were then

calcingd as foll . About. 10 grans_of .t he al um "
ver o piia B8 PIPeRt 1 tins BERER: JHLPHEN, ARV, pogirh cgmeosition
SkdMhRistch, @¥ ardatal bt Skmpbsititie chapitiang th¥ddneact PRodatd of at least one
was ‘supported on the disk, dry air was bl own up

t énsgunetallonsnel entiogelly,nat lpashoae arganealyminws gompognd;gand at least
1.8 st.a s [ 0 ' nhace

20 A PRRE st e 4B hgR Bl MR MndcrRhier

t enper at ur ei)of t headtivaratippgdiecomprising a sdlvldxiddb&tabwith an

hour tg a final ter_rperaturj of about 500C. At thisb i

t enper elpeire-withdrawing @uom dayched JRSTal FbiRBcpxphangeable activator-
fluidi r Wbt 66 L in the dry air.

After \/\gﬁgw‘t?{gﬁgi I fr%a-aal 3%%% Was col l ected and stored
under dry nii} r ogatricashore: argsoslsednasand compedpsure t o

t he atnosphgre. Preparation of a Sulfated A um na,.
Act i vat or - S‘B’épor gt ledstonc E‘i’rgﬂ OEPW%Qr%%OW%O%d”by
a process wWQerei thalgibiR@oNaRropen cal ly-treated with

a sulfate or”bisul'fate source, typically selected .
from luenotber kimect ethet present| invertonapiayidesndnafalyst composition

sulfate a njum bi sulfate. One exanpl l.o
ASoouisgies thy A st Prd foes 0 HB TR Sl fehG" G Jeost one
SéHehaBeniAVim ERHBENAL hOkat dnd RAvAGHe@PSrSInrisil a solid oxide
contai ni ng about 15-20% (NH4) 2S04 or H2504. This )
steated ewith ami electipnswithdrewing amiorssend epfiosaily, 2mo alyapnoxane
r e) 5. W, 5N [ .t hi s: .

b AD 1n Y ol BPE IR PR elop proog iy cualvt
SéaimBitlond @bmefiyingi bh ogesa-meatloswns usepowidt ontaining a pendant

exposure_to the atnosphere. . .
unsaturated moiety, an aluminoxane cocatalyst, an optional activator-support, and an

optional organoaluminum compound. However, in one aspect, the catalyst
composition of this invention is substantially free of aluminoxanes, and in another
aspect, the catalyst composition of this invention have polymerization activity in the

substantial absence of aluminoxanes.
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Met al | ocene Preparations Unl ess specified

ot herwi se, reagents were obtained fromAldrich

Cheni cal Conpany and were used as received.
2,7-Di-tert-butyl fluorene was purchased from Degussa.
The Gignard reagent CoMgCl (1M in THF) was purchased
from Boul der Scientific Conpany. Hafniunm(IV) chloride
was purchased fromStrem The solvent THF vvas

distil]ed f ot assi u i.le nhydro i e

et her | @ ahRerebegh) OF | HEsohb dRTaEn. HRd s 4, SHa s, cgmposition
sfdat feadh dHeSHRL-196thBétché icomponaaid aRdhlehiiorgne. In this

over activated alum na. Al solvents were degassed_and

saspeaiothe waelysheamprsétinn lRéth: rqquﬁecbt%%nmrssemth@r Yhapidis @gtivator-

1H. N
U RO P e, o
fiae &l edmpddial i dlisw"l’hoﬁ rrecjtﬁﬁdeR doftfprivtizan GBEhBaluminum

ref erenced against central |ine of CDC13 t 77
psAnouRdporkieg, ﬁ%pﬂﬂ%‘r%‘ﬁﬂo%‘@%c‘?@?mﬁ’&? 8pd Phercin can be
u e
R o e e g

Mléclbdeddlegdﬁn,Leﬁ an)y euindachtibe rosfl a]]ummoxanes dlsclosed herein, to form a
%ﬁﬁqgsgtcgﬁﬁgl ion of t?us 1n(v2rl1JtEon3 %u}/ﬂ%gr g.n)(? _a%:s‘ -%rie]t'élg)icgt?et Igalrlnpounds

YRR RSP SCRGY gL A5 B it o
alummoxanes and optionally an activator-support; optionally, a layered mineral;
optionally, an ion-exchangeable activator-support; optionally, at least omne
organoboron compound; and optionally, at least one organoborate compound, to form a
catalyst composition of this invention.

Aluminoxanes are also referred to as poly(hydrocarbyl aluminum oxides) or
organoaluminoxanes. The other catalyst components are typically contacted with the
aluminoxane in a saturated hydrocarbon compound solvent, though any solvent which
is substantially inert to the reactants, intermediates, and products of the activation step
can be used. The catalyst composition formed in this manner can be collected by
methods known to those of skill in the art, including but not limited to filtration, or the
catalyst composition can be introduced into the polymerization reactor without being
isolated.

In one aspect, the aluminoxane compound of this invention is an oligomeric
aluminum compound, wherein the aluminoxane compound can comprise linear
structures, cyclic, or cage structures, or typically mixtures of all three. Cyclic

aluminoxane compounds having the formula:
{—Al -ojf
| n
R

R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an integer

; wherein

from 3 to about 10 are encompassed by this invention. The (AIRO), moiety shown
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The followng ligands L-1 through L-5 were prepared as
di scl osed herein. M xture of isonmersM xture of

i somersM xture of isomers LilL-2L-3 t-But-BuK NBu
CAFigN , ¢ C4i-ir Mxture of isonersM xture of isoners
L-4L-5 Synt hesis of

2- (pent-4-enyl) -6, 6-di phenyl pent af ul vene (F-1).

here also constitutes the repeating unit in a linear aluminoxane. Thus, linear

aluminoxanes having the formula:
R
/
R\LAl—oa—Al
| n o\
R R

R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an integer

; wherein

from 1 to about 50, are also encompassed by this invention.

Further, aluminoxanes can also have cage structures of the formula R‘5m+uRbm_
«AlsnOsm, wherein m is 3 or 4 and o is = nays) - HoE) T now); wherein nays) is the
number of three coordinate aluminum atoms, #pg) is the number of two coordinate
oxygen atoms, now) is the number of 4 coordinate oxygen atoms, R' represents a
terminal alkyl group, and R® represents a bridging alkyl group; wherein R is a linear
or branched alkyl having from 1 to 10 carbon atoms.

Thus, aluminoxanes can be represented generally by formulas such as (R-Al-
O)s, R(R-AL-O),AIR;, and the like, wherein the R group is typically a linear or
branched C,-Cs alkyl such as methyl, ethyl, propyl, butyl, pentyl, or hexyl wherein n
typically represents an integer from 1 to about 50. In one embodiment, the
aluminoxane compounds of this invention include, but are not limited to,
methylaluminoxane, ethylaluminoxane, n-propylaluminoxane, iso-propyl-
aluminoxane, n-butylaluminoxane, t-butylaluminoxane, sec-butylaluminoxane, iso-
butylaluminoxane, 1-pentylaluminoxane, 2-pentylaluminoxane, 3-pentylaluminoxane,
iso-pentylaluminoxane, neopentylaluminoxane, or combinations thereof.

While organoaluminoxanes with different types of R groups are encompassed
by the present invention, methyl aluminoxane (MAO), ethyl aluminoxane, or isobutyl
aluminoxane are typical optional cocatalysts used in the catalyst compositions of this
invention. These aluminoxanes are prepared from trimethylaluminum,
triethylaluminum, or triisobutylaluminum, respectively, and are sometimes referred to
as poly(methyl aluminum oxide), poly(ethyl aluminum oxide), and poly(isobutyl
aluminum oxide), respectively. It is also within the scope of the invention to use an
aluminoxane in combination with a trialkylaluminum, such as disclosed in U.S. Patent

No. 4,794,096, which is herein incorporated by reference in its entirety.
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To 5-bronp- 1 -pentene (100 g of 95 w% 0.637 nol)
was added cycl opent adi enyl nmagnesi um chl oride (700 nL
of 1 Msolution in THF, 0.7 nol) at O Cin an hour.
After stirring for an additional 30 m nutes at 0 C,
the m xture was warned to roomtenperature. After
stirring overnight, the reaction was quenched with a
m xture of ice and water. The m xture was extracted

Wi th nt ane.  The ani c | er was she

and et RGO SaucmpThel iy AR b dpt B hinoxane
tf&?mﬁé%' YRIAL-ORdekd \@(RUH[EU;JAIRQO%& e@pﬁm;v Ul 6s gAVRa& about 3.
yell ow-brown liquid (98 g, crude

plontevar, éﬁlﬁﬂd}l‘zg unpsarhoadihermegancrlyniipexaae igprepaRd.- stored, and uscd,

RGB! SPBAER 8 308 Yl RS e

@bmbﬁﬁtl&a ofr bfgaﬁd»@lﬁlﬁfr@xm at@compristd ihahe aethods and compositions
tenperature and stirred overnight. The anion sol ution
whthequersat iN¥e¥i®Rz ophenone (110 g, 0. 604 nol) di ssol ved

in TH dionBoliptsthg¥Soptional
war rregn %’ ge%fg%%%‘_nh}e%tagfsgﬁlg 3s§tu‘§l gp?m:f‘s?lgg ovcrelr ni éﬁs gThe priona
aRAachoxanc)hs nmplmhe of the dAumiminx fruthe abdminozargrtd thegetallocene

HCL | ut Th t d ith
e R HEOROToP GHRDY FRgEFoRkhel UL a0 R ERRLer i another
g%q&{j tﬁ’é’ﬁl‘blg‘f‘ PG OMS aﬁﬁﬁﬁhﬁﬁ‘ﬂ BUhé afughinb30RP Y& theQhethliScene in the

vént under vacuum at C gave a dark red viscous
comnpositien @i Lisvally fdins sbowce@tl itn abept 2hE0GHd Thel sy of optional

t hraugh si l.i.c oduct was_ col |
aﬁw g 00 ST P wobEr RS g5ty S SReuT e Y ange of about
glL &f abdie 1080!N@0! ﬁ%ﬁyﬁbéd’d&) Hesi/Lad ambmdwa n{g114501' from
, 84% yield based on 5- br ono- 1-pentene) as a dark red

ab@cidugg/@tb aquﬁﬂnm/ta 300 MHz, CDC13) 8 7.41-7.48 (m

é?ibo- .rﬁameﬁla%a’é %pge %{épﬁ%zb}légx pl%gg_délﬁssw{ﬂ%h are well

jchl)wn n ﬁﬁ-&t OExaﬁﬁplesld‘Dorg@diﬂnﬁnaﬁhn(erpreﬁkﬁtionﬂ afe5digel6@d in U.S.
% 30 ( 1. 1- 76- 1. 8
ek Nos. "324) 99?42"311‘1 z4,§08 A of 7\3111?21128 TRYSEROS teg by reference

ﬁ% Iﬁ%‘ “%4 ti Y- ](gﬂ% %%mp}égf %gw grgglu%}rnox]lagig 0%4 be prepared is as

TATova8, Wah which KlBs@lved it 4n 2dert G265 soent] 8n B@reaged with an
nt hesi s. of

iR RS camgopey BB nALRn Sy £q Sesig ogaposlyginoxane

| if & believed that thi

%B@bg@{c{a Q?Vtiﬁlg S%ﬁﬁﬂ%ﬂﬁ%%‘gﬁ%g@ By (this é)atemcrlrlé 1) elieved that this

dymheﬁw anethed E@BO affmlo ainyixivae @ﬂg@di rlirgat jand4 yeHe dR-Al-O)

M in hexanes, The XL u

G SBE R ot Wi 55} FIEBERRBRE b fgvention.
ANepAthtivel Ubfg&ﬂo&l@ﬁmﬁﬁdﬁﬁ & be prepared by reacting an alummum atkyl
2- (pent-4-enyl) -6, 6-di phenyl pent af ul vene (F-1) (145 g,
©0ml8i7urrd3$l)chcﬁs s eith 2 %y@tami feBoouah gs hardratod cepnes smléatea in an
mi nut es. e mxture was warmed to roomtenperature
érf'f:(ﬁt%rg?l}lf;g eC??er ni ght. The reaction was quenched with
a mxture of ice and 10% HC1 aqueous sol ution. The
m xture was extracted with Et20. The organic | ayer was
Wgﬂ@&www%f%"oéw&fedﬂ¢‘é’éf%’@er anhydr ous sodi um
sul f at I S n
pal o R RRvaaY Hereih b e Rt ine BERiny (RHHOR 3RKRI & catalys
ao@potitied campkesrmgg ac awatalyst m)mpomnom tomprisieg ﬂlefcmvntalchmoduct of,

deS| red product (191.7 li%g/l | d) was obt i’:\l ned as
#hicast Qus grpa- q;@gp;so%fonal t least’one organoaluminum compound

ﬁ.m% Biieast 0%E$éﬂva§or6 “HieRRenybP et B b@léf&&ﬁnﬁgpe%)lenﬂy from? Qut least
rono-1|-butene (100 g of 97 wt% O0.719 nol) wa

added cycl opent adl enyl magne3| um chl ori de (800 m_ of 1

M solution in THF, 0.8 nol) .0 Cin 50 mnutes.

After stirring for an additiohal 15 mnutes at 0 C,

the m xture was warned to roomtenperature. After

stirring overnight, the reaction was quenched with a



To a solution of 6-butenyl-6-nethyl pentaful vene (17.8
g, 122 mmol) (prepared by the nethod of K J. Stone
and R D. Little, J. Org. Chem, 1984, 49(11),
1849-1853) in dry THF (50 nL) was added a solution of
methyllithium (75 nL of 1.6 Min ether, 120 mol)
while cooling in dry ice. After stirring for 20 hours
and warm ng to roomtenperature, the yellow sol ution

was gradual |y added t sol ution of benzophenone )
(3% 5415l proviied Bt A e LBRRRR G compounc
| gC1eadd bR ofihSord:P 'oiesgdndBBdicatehyoumad odfdngT cobifdtios thereof.
anal ysis of 7an aliquot showed that the reaction was

ndaedrdinglynin ene aspset ef therpressdi invertian the @t leashengactivatog can be

R SRhE o R oa® O s e b Y orgamoborgis sqmpound,
Fel 4 omuishtiofd tiekdogn of pentane (150 nl), the organic

| ayer was washed with water and dried over sodium "
sul f at by aThethgopipest e PressRbiBEnioR SFONIagsua kst (gegposition
r L QUi I - nj.oht d
CFabH] o R5agR0 S AU VR e ot on
doigatbahndiiumy eatiponnidp anleasredddtisatoBfurpor, codeirsiiged @ylid oxide
11-1 NVR (300 MHz, XC13) .67.22-7. 40 .1 ,

SiFeted W (1 S1eSiEom VU HAwRE kg AT oo, a5 opgggeboron or

J = ; 5 1= . . , 1
byt el i el i o
2bdmpdsitiid tolPriging Akl gontacl préduct 6H) ; at Ieasu\eue( #8sankgtallocene

CDC13) § 156.16, 148.39, 143.20, 140 96, 140,92
sEgnd paRtpEng s PR uptoghd molet AR opgiohgdn or organoborae
%%Jcs%‘ﬂys%%a%g%r%ﬁnoa]r&ﬁilﬁﬁl cdmtfoutd; add 3phénal] af GetivdorSfipport. In
S mpséts e Toatadyst tompeifien isyiqpseauited 4o pppyiss Hpatitvatarsupport.

n34)-1-(2, 7-di-tert - . . . .
eyt rsietoiingupd disslse hgsin pqn by combined with any of the
S@lgahdbRfbnObr drghmdbhoriterdochxalyyist disclbsydehérdif, Srganyl @mbination of
mol ) in Et20 (200 nl) was cooled in dry .ice anpd
nomBaRgborer wragpboratg cheata]yyiedisplesed kerein, slppg yithgcomponent that
a OpWM . f
e
StheUine@Nossas wapoand idoedmyt ialreadyndomprisel sitchom lighnd, such as an
2-(1, 1-di pet hyl pent 4-enyl) - 6, 6- di phenyl pent af ul.vene
(e@APARgImpNS pornpoung; Jo g ﬁﬁ@b)%t iCHX’EB%O%-lg%“ﬁL&% any ansa-
V‘ﬁétaﬁl%@éhe%ﬁ&?@gﬁ&@igglé(sgd BRidE24 BY @nYRSed\RBAY hPorgliBoron or
tenperature and stirre or 20 hours. After cooling in
i oxganabosatd whcaalystf amonrganoalametinh ymypokhdir pptiensily, @pdeast one
) in water (200 was,..added. Faql | ow ng addition of..
pEHTERRE AN ORI toniiF asraggﬁﬁ Chipart %@@e‘b el Rlgsidon of
VA edeidd) MBHEYer, i RS as?édf,i e cawdyst SORpbdisn bf i€invention is
and filtering, the solvent was renoved under vacuum
| sbstantjally Graof praspphaton Wherggmboajatmgmn@mdéd?nﬂi inppnother aspect,

t hanol (100 nL). an he .hot . net ol Ui Lo P
oisr eeiypt SOmpPgtiof ol LU (AR BRR bp et Rifyiry in the
S@ltsBnWASbEaR of bisAbboesh dridrfibbaertcampountki ch was
then renoved under vacuum while heating. The solid wa

br okenlupne anpeeld as reidegddianeim therferm hersapeharery’ WWIIPP‘ma can be
et hanol r | ng; | : fib

i pirel R ftss) Bblo oRRRLAL bolah? ot bljcdindidr thettor. For
peaahsle, thd Srghngbord Yomipetustds ofekisdhtaitioedansompribe & dluoroorgano
solid. Synthesis of 6,6-$iphen | pent fuIv$€@HSF:4hh £ An
BaoTEB PREmeHR, (3 Jugrogrgane §o Pgm 4% 08 Acf gtjpn’ thereol.  Any
a 5n U #14RE art can be
PEE RO fockn e T IBEERRY 3Rt RElpchd deltn B0

hydroxi de (30 g, 535 mmol) was slurried in DVE (200

m.) The slurry was cool ed i nnfjnn ice bath and freshly
cracked cycl opent adi ene (35 430 mmol ) were added.

After 30 m nutes, the solution of benzophenone was

added over 15 mnutes. The flask was stirred in a

N




Synt hesi sof 5- ( 3- (pent - 4- enyl ) cycl opent adi eny0-5- (2, 7-d
i-tert-butyl- fluorenyflnonane (L-5) A fl ask was
charged with 2,7-di-tert-butylflourene (10 g, 36
mrol ), Et20 (150 nmL), cooled to -78 C under N2 and
stirred as n-BuLi (4.3 nL of 10 Min hexanes, 43 mmol)
was added via syringe. The reaction m xture was war ned
to roomtenperature, stirred overnight, cooled to -78

C,..an - (pent -4-enyl) -6, 6- di but vl f .

(st oRoReEy liog i adochain Pompiandl 0 Hslst i Beaning 1o poer to
Ofeufrad compORls ITAh&ERfdm BYL! I'Fhe tdrm @u@rode@idn borbte Dbdpound also
49(11), 1849-1853) quickly added. The reactjion m xture

vhas iamusel meaniee e trefepde AhemongArosici salt iy dRerepsgano boron
The_ reagt| q it . .
It bl SrpHBIERE b AL Y B ARE Chniarggec i
wahpd For téhvenieate, ddradigad tovar aminfhiystoongsnd\b@S@icompounds are
Renmpval of the sq@lvent under vacuum gave a Il ow oi l
EbpiceBH refprreho @lhectwﬁhbﬂg AregnehqrpR 8918‘8?“@61 Sy %tﬁ%ﬂme as the
h -forded a m xture of isonmers for the desired
p?%g%@t?e(?ﬁ%% g, 66%vyield) as an oil. _
Synt heEkamplds phifmyrborzhiny bomenwinippusdy thateanbearngd hcgashiglysts in
pentadi en-1- = . . .

yHhecrisan inygntion inclyde. byt Aoty irpiefoie uemgaied BNk PPl fuch a
: N?J-Qirﬁah}?ﬁhlﬁﬁnﬁﬂ - 1)tetrakis(tpelﬁ_9ﬂuoro henyleborate, triphenylcarbenium
1-(3- (pent-4-enyBcycl open adlenylg 1-(2,7-di-tert-buty

| fetrakis@entbfludrophergil)bheates; | hightiran dettakistpontafiporophenyfmrae, NN-

e ey SRR S B Sombm bR et cbenium

a&n@ki@[3,sthg(tﬁhﬁbmm%ﬁthmté,o ahdonhé ehipgr atdhiding mixtures
stirred overnight, and then added via cannula to Hf Cl4
(er®f.g ExgapBs mirfluprostease feean somppuns that sambe gisdrasfocatalysts
(450 ni) and : i j

R S L e
t w3 3 8bss(trifhercshethiylyphensl | saos and that léd, nthdirginixtineg éreof.

T e B o S W e cmpe
ggf fl} | oﬁ%\a& %PEBE%LM hﬁgxﬁg%&e% SHRpRBL M driUgRebd dddehounds,
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y aile| thowgho ké Ebr(ni 6w eakiy-cadrdingding” anivR WBOOcAkbinedCBh3)g@ometal

7.88-7.98 . 1..78-7.88 , 7.40-7.50

2RgmpepD wgﬁlssgﬁog%é TR Patent %5@%@4) 2H), 7.11-7. (2g] (m

4H), 6G%§er§1}h_’g,oﬁ% Smodtl) of SrZthobYof asbnipouhlt) candbd 1itibiz&B in this
=37 H, IH), 5.61-5 78 (m 1

(t, J ( H),” 5.44-5.50 (t,
Jnventiontz In dild) aspset] 9b& npaay ratio) ef hey organobeqpn compound to the

4,82-4.96 2H)., .2.28-2.48 (. 2 1.94- 2. .
mpalipogs. SRR ibithe Grdslh Folipn i ft 6 ot 10:1.
icAIRCHR aRohdOofithe fhitPoctfancl¥drod or thivtoctdancl Bdralcompound

132. 69,7°129. 08, 128.83, 128.45, 128.39, 128.22,
126450 a copgialyst for e metallocenedyin a ey of fropnabegt 0.5 mole to about

1 tes offgrafeonaojnd her iple Bimeipfifodt cofuff in one aspect, the

18006%,of thoffbremb. BiZon 3bflddkooRand borad3catbpoudill. u34d as a cocatalyst
31.02, 29.48, 29.31.

Sfertthe sictdiogensnisrip [aenag o Gemettesh 8§ wale . 2oyt P dyelpppt boron
s PO BB et ol otmallossne SYIPSH or en-o-y1  dene)  ha n

ium dichloride (1-2)
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To

1-(3-(but-3-enyl)cycl opentadi enyl)-1-(2,7-di-tert-buty
| fluorenyl)-1, 1- di phenyl net hane (conpound L-2) (3.2
g, 5.7 mmol) dissolved in Et20 (30 nL) was slowy
added n-BuLi (5.2 nL of 2.5 Min hexanes, 13 mvl) at
0O C. The mxture was warned to room tenperature,
stirred overnight, and then added via cannula to Hf Cl4

( . xture of pentane
(%%elggswlgar{go@g%)o@yrérgﬁg Bty Cgca% fO m nutes. The
m xt ur b vas wasreredtheo present tlavqmpat providend astatalysd doomposition

two days. The slurry was .concentrated and centrifu
THETPSEE O AR SHBASEPR COTRESIRE 18 FAT DBt B D at least

Wi eidhay-HaE a‘zk&rﬁle‘l&llbeerﬁ:e B&@PSurdBombrising N@n oleﬁn_rcr?ntalmng

extracted wth nethylene chloride and centrifuged
swpiety bendedgo taaptwloptemtadneyyietype ligaret andaatuaast ooe givl ggrevp bonded

eI | W %négl ‘%Oé%g?f qh%ﬁg,/& g'?ﬁéig 1&“@6 % ol\@ﬂ;lgl?y, Wteast one

7@1@§n(7ahﬂﬁmﬁﬂil cotfipound; 3Rd B) I8 1648t ond actlvabortias discfoskit herein. In
g o o ) b o o o e

Ga@(ghqg aspeqt.dthe Jpregeng IIHzentlQlH)pYO\gd@?a gagb/s( tcom]pe&gorl;) amhsclosed

obyginc oyt Syiobb ooty g eocataist i adtfto to thse

20tB6r rionbits. Bldweva, ko @pedihe 2elysOeiipdstionl s nvention
13C NWR (75 MHz, CDCl13). 8. 149.52, 149.33, 144.51
11&@1113,@&11@@7 freg offigpizing ioniscrompoundss apd in gpefheryaspect, the catalyst

:lé)gn%bgmoi‘ﬁt@g 111‘?[%1? éil’av%églyﬁ'%nzgtﬁ)@l afivity 12 thedhibstantial absence

13 08Gink1ienie Toipdunds, Th3till@nothéBa@ect, hkGr&Rnt hidnttr, provides a
:I'(::Iﬁé[]ralgs?t> cor]fl%g'smon comprising at least one ansa-metallocene compound as disclosed
herein, at least one ionizing ionic compound cocatalyst, optionally at least one
activator-support, and optionally at least one organoaluminum compound. Examples
of ionizing ionic compound are disclosed in U.S. Patent Numbers 5,576,259 and
5,807,938.

An ionizing ionic compound is an ionic compound which can function to
enhance activity of the catalyst composition. While not bound by theory, it is
believed that the ionizing ionic compound can be capable of reacting with the
metallocene compound and converting the metallocene into a cationic metallocene
compound. Again, while not intending to be bound by theory, it is believed that the
ionizing ionic compound can function as an ionizing compound by completely or
partially extracting an anionic ligand, possibly a non-n’-alkadienyl ligand such as
(X% or (X*), from the metallocene. However, the ionizing ionic compound is an
activator regardless of whether it is ionizes the metallocene, abstracts an (X?) or (X%
ligand in a fashion as to form an ion pair, weakens the metal-(X°) or metal-(X*) bond
in the metallocene, simply coordinates to an (X°) or (X*) ligand, or any other
mechanisms by which activation can occur. Further, it is not necessary that the
ionizing ionic compound activate the metallocene only. The activation function of the

ionizing ionic compound is evident in the enhanced activity of catalyst composition as
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101. 01, 100.68, 76.93, 57.94, 35.36, 35.35, 34.11,
31.08, 31.05, 29.42.

Synt hesi sof di phenyl nmet hyl i denel ri 543- (but - 3-enyl ) cycl o
pent adi en- 1-

ylidenel I [fis-(2,7-di-tert-butylfluoren-9-ylidene)Jzir
coniumdichloride (1-3) To

1-(3 (but - 3- enychcIopentadienyl) 1-(2,7-di-tert-butyl

f | u ny 1) - Fspagegql %aé%y% %ng%)ﬁ Ggﬁﬁﬁf%gatgl&ft( \%JIQII)}ESIUOH that

adﬂ&Chdﬁc&hbhse(al@ i@nilngdbnit QoMpbimdiexanes, 152 mmmol ) at
C. The mxture was warned to room tenperature,

st i 1 r edixampleniof HENIZMEIONHE FOTABRISGS ynelude v 12 ppt Bimded to, the

ity GRS ) RO, BBl g ot o

ﬁhmirbaﬁn&lmas Vﬂﬁﬂﬁﬂnt—tméylyimmtbenpem{mhuﬁd)astmmmm f or tetrakis(2,4-

on : t to . d Th

o ARG PTO BRI o T GUbHOPSEIITEEA: FHFRGLaS-SFAE (phenyDborate,
di .

M&Rﬁe@%}ﬁé}ﬁmwﬁ | Sc%t%%ﬂs [3,508s( &%&h&ﬁn{?ﬁ{énglmﬁﬁte, tri(n-

a second tinme w pent ane (100
eliyfemetbnning h mevtiskigpentatiiaopiaybbetateent r iN.Ngdimethptailinium

; klrel{eacy, DA pRsRaag | g -

S %yl&mfmﬁ@ﬁ SFDQé)tra(Hi@(Z afﬁlmeﬂl(yﬁ)r_dng)él&?)’rﬁt?J_ ;'T{)SNI-_dlzlmethylamhmum

7telwk$(332d@n¢thmlﬂ)len)®bgmtq sN, Mﬂ)metbylgmhpglm 1¢q§akls[3 5 btg(’cnﬂuoro-

TR T R S N ———

1Hipheft 1%1&:5111% ( Mtet2dis(p-2o13Bbatafe] (m'lpEd:ﬂ)ylcaﬂ)ehﬁnﬁ 2 Ttetrakis(m-
2 0.97 (s, 18H): 13C NMR (75

(m
L0y Braiedd. 65, tigheniarhoniomy. 137 t%liﬂkl%%‘@l fubihylphenylborate,
triphenylcarbenium tetrakis(3,5-dimethylphenyl)borate, triphenylcarbenium

tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate,  tropylium tetrakis(p-tolyl)borate,  tropylium
tetrakis(m-tolyl)borate, tropylium tetrakis(2,4-dimethylphenyl)borate, tropylium
tetrakis(3,5-dimethylphenyl)borate, tropylium tetrakis[3,5-bis(trifluoro-
methyl)phenyl]borate,  tropylium tetrakis(pentafluorophenyl)borate,  lithium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(phenyl)borate, lithium tetrakis(p-
tolyl)borate, lithium tetrakis(m-tolyl)borate, lithium tetrakis(2,4-
dimethylphenyl)borate,  lithium  tetrakis(3,5-dimethylphenyl)borate,  lithium
tetrafluoroborate, sodium tetrakiS(pentaﬂuorophenyl)borate, sodium tetrakis(phenyl)
borate, sodium tetrakis(p-tolyl)borate, sodium tetrakis(m-tolyl)borate, sodium
tetrakis(2,4-dimethylphenyl)borate, ~ sodium tetrakis(3,5-dimethylphenyl)borate,
sodium tetrafluoroborate, potassium tetrakis(pentafluorophenyl)borate, potassium
tetrakis(phenyl)borate, potassium tetrakis(p-tolyl)borate, potassium tetrakis(m-
tolyl)borate, potassium tetrakis(2,4-dimethylphenyl)borate, potassium tetrakis(3,3-
dimethylphenyl)borate, potassium tetrafluoroborate, triphenylcarbenium tetrakis(p-
tolyl)aluminate, triphenylcarbenium tetrakis(m-tolyl)aluminate, triphenylcarbenium

tetrakis(2,4-dimethylphenyl)aluminate, triphenylcarbenium tetrakis(3,5-
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129. 08, 128.84, 128.50, 128.45, 128.33, 128. 30,
126. 58, 126.54, 126.18,126.01, 124.04, 123.81, 123.55,
123. 48,

dimethylphenyl)aluminate, triphenylcarbenium tetrakis(pentafluorophenyl)aluminate,
tropylium tetrakis(p-tolyl)aluminate, tropylium tetrakis(m-tolyl)aluminate, tropylium
tetrakis(2,4-dimethylphenyl)aluminate, tropylium tetrakis(3,5-
dimethylphenyl)aluminate, tropylium tetrakis(pentafluorophenyl)aluminate, lithium
tetrakis(pentafluorophenyl)aluminate, lithium tetrakis(phenyl)aluminate, lithium
tetrakis(p—.tolyl)aluminate, lithium tetrakis(m-tolyl)aluminate, lithium tetrakis(2,4-
dimethylphenyl)aluminate, lithium tetrakis(3,5-dimethylphenyl)aluminate, lithium
tetrafluoroaluminate,  sodium  tetrakis(pentafluorophenyl)aluminate,  sodium
tetrakis(phenyl)aluminate, sodium tetrakis(p-tolyl)aluminate, sodium tetrakis(m-
tolyl)aluminate, sodium tetrakis(2,4-dimethylphenyl)aluminate, sodium tetrakis(3,5-
dimethylphenyl)aluminate, sodium tetrafluoroaluminate, potassium
tetrakis(pentafluorophenyl)aluminate, potassium tetrakis(phenyl)aluminate, potassium
tetrakis(p-tolyl)aluminate, =~ potassium  tetrakis(m-tolyl)aluminate,  potassium
tetrakis(2,4-dimethylphenyl)aluminate, potassium tetrakis (3.5-
dimethylphenyl)aluminate, potassium tetrafluoroaluminate, triphenylcarbenium
tris(2,2’,2"-nonafluorobiphenyl)fluoroaluminate, silver  tetrakis(1,1,1,3,3,3-
hexafluoroisopropanolato)aluminate, or silver tetrakis(perfluoro-t-butoxy)aluminate,
or any combination thereof. However, these ionizing ionic compound are exemplary,

and the ionizing ionic compound is not limited thereto in the present invention.

The Olefin Monomer

In one aspect of this invention, unsaturated reactants that are useful in the
polymerization processes with catalyst compositions and processes of this invention
include olefin compounds having from about 2 to about 30 carbon atoms per molecule
and having at least one olefinic double bond. This invention encompasses
homopolymerization processes using a single olefin such as ethylene or propylene, as
well as copolymerization reactions with at least one different olefinic compound. In
one aspect of a copolymerization reaction of ethylene, copolymers of ethylene
comprise a major amount of ethylene (>50 mole percent} and a minor amount of
comonomer <50 mole percent), though this is not a requirement. The comonomers
that can be copolymerized with ethylene should have from three to about 20 carbon

atoms in their molecular chain.
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121.08, 120.89, 120.31, 120.03, 119.43, 119. 24,

115.71, 114.86, 108.44, 103.37, 103.18, 76.66, 58.10,
35.38, 35.36, 33.98, 31.05, 31.02, 29.46.

Synt hesi sof di phenyl net hyl i denet h543- ( pent - 4- enyl ) cycl o
pent adi en- 1-

yIidenejIIe-(2,7-di-tert-buty|f|uoren 9-ylidene)l zirco
ni um di chl ori de (1 4)

1-(3- t=4- | o di .

T o B RSy eﬁf&ifﬁﬂ ) elsstfo it orichid fhistiuted,
gunﬁ@.ts@tuf@@fo FncHbRAQkY, eﬁd'ﬂ%n@ﬁ&loﬁﬁﬂ%d@kﬁﬂ@&nséeoéﬁlpﬂoyed in this
added n-Buli (52 nL of 5 Min hexanes, 130 mmol

olr_m.enffm Fori sxampte, W\mcaivanmetafted cpmm@ﬁb@r@n be@o ymerlzed with

LT agys?%gf %I%F?t?%nﬂ@tﬁ@ﬁ&e‘%}l :jaﬁéj g(\)/t lzi"m fed 1o, gafgp&lé[ CiL%utene 2-
(gﬁﬁn@@-m@ﬂl@l Etbdene2Robiktylené, Opéatére, EQJeﬁteﬁbl,tB%ﬁLeth'E»ﬂle—pentene 4-

mxtme\msvmnmdtoromntamaaune stirred fo
omﬂw-p@mee\ldmm@dw@xqaaey Relaxenehd- eﬂ%ﬂd@é@%sl-heptene 2-
S t

shé trfe t’i pr?e%@ tﬁ S%g’l%g:ﬁ%l) c?%%s ﬁgﬁgﬁdﬁﬁlﬁgﬁg (ﬂoﬁgﬁes the five normal

Waédéﬁds aarﬁeﬁﬁ)itdre‘sldf'amw two m»enhmetheﬁaf mMQyclichamn blcyclic olefins,
extracted wi th nethylene chlori and centrlf ed. ;
s BItRdingbyiot limisd 19, Syelppeens. X6k BFHOPRY gy Borgornadiene,

7%8%&%'%% 5, fpolngde agelerbupoldy 757 57 (m

7 I 6nd .aSi3:cf, nwhéiH)l coﬁol@ﬁz&e? 18@65{1&(& the mono@etHethyleng can be

( 59;5:&{;31%11 % §1t7512(§) (510%1' ( tIIl a:lletsn br.oa e?; 1{_605 of(%he COmonomer
111@:?1.1(% %gt Qﬂg@ nét"lilmlt'éd ﬁg ﬁr 16(15 1*17ute¥1e7 Zf%terﬂ%"%rmethyl 1-butene,
2ispButyless, (hbenzen)e z ;@nteze,oa mﬁhykﬂl)pennenn,s f?cnmhy(lmpentene, 1-

s Hhitls, S Tikine 3 eb Rl Enpifhehdybdl Reptenc, the

1850 8ormd1 2t tdnds, tAe foudt Bormad Sodénes1@6thd Five hdfinSSecenes. In another
126.18, 126.03, 124.04, 123.79, 123 54 123.47,

12speg thel cangmer zan g 1-hutencyd-penteyesbhexeny, pectene, 1-decene, or
é5 61, 114.44, 108.51, 103.36, 103.29, 76.69, 58.13,
35.37, 33.78, 31.06, 31 03, 29.61, 29.33.
Synt hesd o9 Abpgeee Ntk niduyt bfl ec@bh&dds {nirodluckidnimtdi vl paniér zone to

4- enyhcycl o-
produce the copolymer is generally from about 0.001 to about 99 weight percent

comonomer based on the total weight of the monomer and comonomer. In one
aspect, the amount of comonomer introduced into a reactor zone to produce the
copolymer is generally from about 0.01 to about 50 weight percent comonomer based
on the total weight of the monomer and comonomer. In another aspect, the amount of
comonomer introduced into a reactor zone is from about 0.01 to about 10 weight
percent comonomer, and in still another aspect, from about 0.1 to about 5 weight
percent comonomer based on the total weight of the monomer and comonomer.
Alternatively, an amount sufficient to give the above described concentrations by
weight, in the copolymer produced can be used.

While not intending to be bound by this theory, in the event that branched,
substituted, or functionalized olefins are used as reactants, it is believed that steric

hindrance can impede and/or slow the polymerization process. Thus, branched and/or
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pent adi en-1 -yl i denel |
h15-(2,7-di-tert-butylfluoren-9-ylidene)lzirconium

di chl oride (1-5) A slurry of

1-(3-(1, 1-di rnet hyl pent - 4-enyl ) cycl opent adi eny1) - 1- ( 2,
7-di-tertbutyl fluorenyl)-1, 1-di phenyl met hane (conpound
L-3) (10.8 g, 17.9 mol) in Et20 (50 nL.) was cooled in
dry ice and n-BuLi (22.2 nL of 1.6 Min hexanes, 35.5

nmo|. S ded,.dr opwi se. After u
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PR TR ol e SRR R s o
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el e ey RG] IO JHIF o P e dLotfged,  or
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GB@dS]) p8lyfnedizaiBorDaf (lmiefﬁll-i)qmmuads, in@ndl(ng]busm)e not 11m1ted to, 1,3~
7.52-7.60 J= 8.7 738 7.47 (m
Ipytadiency @Oé’ff‘ngé 4 RFntﬂﬁi-ane @1’%3 g%‘?"éﬁlg?’é: 6. 14S 6.18

(t, J = 3.0 H, 1H), 567583(m 1H), 561-5.64(t,

J =3.0H, 1H, 5.48-5.52 (t, J= 3.0 Hz, 1H),

4Pﬁ@aﬁaﬁm1 ¢fithe Zldtalyst Q@mposition(m 2H), 1.44-1.53 (m

Nk (78 egSoeshsjtishon Spephiat a el s obbsitih g a method
143afHaingl déhtd¥ing 1d9eddr, onk28eiB-bridid Wsa dddaildtene compound, at
128.739, 128. 33, I26.58, 126.52, 126.11, 125.97,

least one activator, and optionally at least one organoaluminum compound, as
disclosed herein. The method disclosed herein encompasses any series of contacting
steps that allows contacting each of the components provided, any order of contacting
components or mixtures of components. While not intending to be limiting, examples
of contacting steps are typically exemplified herein using a treated solid oxide
activator-support and an organoaluminum cocatalyst. These exemplary steps can
encompass any number of precontacting and postcontacting steps, and can further
encompass using an olefin monomer as a contact component in any of these steps.
Examples of preparative methods to prepare the catalyst composition of this invention
follow.

In one aspect of this invention, the ansa-metallocene can be precontacted with
an olefinic monomer, not necessarily the olefin monomer to be polymerized, and an
organoaluminum cocatalyst for a first period of time prior to contacting this
precontacted mixture with the solid oxide activator-support. For example, the first
period of time for contact, the precontact time, between the ansa-metallocene, the
olefinic monomer, and the organoaluminum cocatalyst can typically range from time

about 1 minute to about 24 hours, and from about 0.1 to about 1 hour is typical.

Precontact times from about 10 minutes to about 30 minutes are also typical.
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124.18, 124.10, 123.73, 123.36, 121.09,120.78, 120. 20,
119. 75, 118. 88, 114. 16, 113.84, 108.10, 104.30, 100. 60,
77.19, 57.65, 46.43, 36.32,

Once the precontacted mixture of ansa-metallocene, olefin monomer, and
organoaluminum cocatalyst is contacted with the solid oxide activator, this
composition (further comprising the solid oxide activator) is termed the postcontacted
mixture. Typically, the postcontacted mixture can be allowed to remain in contact for
a second period of time, the postcontact time, prior to being initiating the
polymerization process. In one aspect, postcontact times between the solid oxide
activator-support and the precontacted mixture typically range from time about 1
minute to about 24 hours, and from 0.1 to about 1 hour is typical. Postcontact times
from about 10 minutes to about 30 minutes are also typical.

In another aspect of this invention, the various catalyst components (for
example, ansa-metallocene, activator-support, organoaluminum cocatalyst, and
optionally an unsaturated hydrocarbon) can be contacted in the polymerization reactor
simultaneously while the polymerization reaction is proceeding. Alternatively, any
two or more of these catalyst components can be “precontacted” in a vessel or tube
prior to their entering the reaction zone. This precontacting step can be a continuous
process, in which the precontacted product is fed continuously to the reactor, or it can
be a stepwise or batchwise process in which a batch of precontacted product can be
added to make a catalyst composition. This precontacting step can be carried out over
a time period that can range from a few seconds to as much as several days, or longer.
In this aspect, the continuous precontacting step can last typically from about 1
second to about 1 hour. Also in this aspect, the continuous precontacting step can last
typically from about 10 seconds to about 45 minutes, or from about 1 minute to about
30 minutes.

Alternatively the precontacting process can be carried out in multiple steps,
rather than a single step, in which multiple mixtures are prepared, cach comprising a
different set of catalyst components. For example, at least two catalyst components
can be contacted forming a first mixture, followed by contacting the first mixture with
at least one other catalyst component forming a second mixture, and so forth.

Muitiple precontacting steps can be carried out in a single vessel or in multiple
vessels.  Further, multiple precontacting steps can be carried out in series
(sequentially), in parallel, or a combination thereof. For example, a first mixture of

two catalyst components can be formed in a first vessel, a second mixture comprising
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35.38, 35.36, 31.06, 31.03, 29.47, 26.99, 24.19.

Synt hesi s of

Di phenylnet hyl i dene[ 15- (cydopent adi en-1-yl i dene) 1

E15- (2, 7-di-tertbutyl fl uoren-9-ylidene)]zirconi um
dichloride (C1)

Under ni trogen, 1-cycl opent adi enyl1-1-(2, 7-di-tert-butylf
| uorenyl)-1, 1-

the first mixture plus one additional catalyst component can be formed in the first
vessel or in a second vessel, which is typically placed downstream of the first vessel.

In another aspect, one or more of the catalyst components can be split and
used in different precontacting treatments. For example, part of a catalyst component
can be fed into a first precontacting vessel for precontacting with at least one other
catalyst component, while the remainder of that same catalyst component can be fed
into a second precontacting vessel for precontacting with at least one other catalyst
component, or can be fed directly into the reactor, or a combination thereof. The
precontacting can be carried out in any suitable equipment, such as tanks, stirred mix
tanks, various static mixing devices, a tube, a flask, a vessel of any type, or any
combination thereof.

In one aspect, for example, a catalyst composition of this invention is prepared
by contacting 1-hexene, triisobutylaluminum or tri-n-butylaluminum, and an ansa-
metallocene for at least about 30 minutes, followed by contacting this precontacted
mixture with a sulfated alumina activator-support for at least about 10 minutes up to
one hour to form the active catalyst.

The precontacting step typically increases the productivity of the polymer as
compared to the same catalyst composition that is prepared without this precontacting
step. The enhanced activity catalyst composition of this invention can be used for
homopolymerization of an a-olefin monomer such as ethylene or copolymerization of
an o-olefin and a comonomer. However, neither a precontacting step nor a
postcontacting step are required for this invention.

The postcontacted mixture can be heated at a temperature and for a duration
sufficient to allow adsorption, impregnation, or interaction of precontacted mixture
and the solid oxide activator-support, such that a portion of the components of the
precontacted mixture is immobilized, adsorbed, or deposited thereon. For example,
the postcontacted mixture can be heated from between about 0°F to about 150°F.
Temperatures between about 40°F to about 95°F are typical if the mixture is heated at
all,

In one aspect, the molar ratio of the ansa-metallocene compound to the
organoaluminum compound can be from about 1:1 to about 1:10,000. In another

aspect, the molar ratio of the ansa-metallocene compound to the organoaluminum
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was suspended in dry Et20 (250 nL). Wile cooling in
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with the ansa-metallocene, either and in the presence or absence of an
organoaluminum compound, as specified herein.  Thus, the at least one
organoaluminum compound is optional when at least one ligand on the metallocene is
a hydrocarbyl group, H, or BHs; when the at least one activator comprises an
organoaluminoxane compound; or both these conditions are present. However, the
catalyst compositions of the present invention are active in the substantial absence of
cocatalysts such as aluminoxanes, organoboron compounds, ionizing ionic
compounds, or any combination thereof.
Thus, in one aspect, this invention provides a process to produce a catalyst

composition, comprising:

contacting at least one ansa-metallocene, at least one olefin, and at
least one organoaluminum compound for a first period of time to form a precontacted
mixture comprising at least one precontacted ansg-metallocene, at least one
precontacted organoaluminum compound, and at least one precontacted olefin; and

contacting the precontacted mixture with at least one activator-support
and optionally additional organoaluminum compound for a second period of time to
form a postcontacted mixture comprising at least one postcontacted ansa-metallocene,
at least one postcontacted organoaluminum compound, at least one postcontacted
olefin, and at least one postcontacted activator-support. In one aspect, the at least one
ansa-metallocene can comprise a compound having the formula:

XHEAHE)(XHYM, wherein

M! is titanium, zirconium, or hafiium;

(X") and (X?) are independently a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorenyl;

one substituent on (X*) and (X?) is a bridging group having the formula
ER'R?, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (X') and (X?), and wherein R' and R* are independently an
alkyl group or an aryl group, either of which having up to 12 carbon atoms, or
hydrogen, wherein at least one of R! and R? is an aryl group;

at least one substituent on (X') or (X% is a substituted or an

unsubstituted alkenyl group having up to 12 carbon atoms;
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EXAMPLES 1-16 Catal ytic Runs Varying the Metall ocene,
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JgreiteDthan 05 @qual to about 100 grams polyethylene per gram of chemically treated
solid oxide per hour (abbreviated gP/{(gCTSO-hr)). In another aspect, the catalyst of
this invention can be characterized by an activity of greater than or equal to about 250
gP/(gCTSO-hr), and in another aspect, an activity of greater than or equal to about
500 gP/(gCTSOhr). In still another aspect, the catalyst of this invention can be
characterized by an activity of greater than or equal to about 1000 gP/(gCTSO-hr),
and in another aspect, an activity of greater than or equal to about 2000
gP/(gCTSOhr). In one aspect, this activity is typically measured under slurry
polymerization conditions using isobutane as the diluent, with a polymerization
temperature of about 90 °C, and an ethylene pressure of about 550 psig. In another
aspect, this activity is measured under slurry polymerization conditions using
isobutane as the diluent, with a polymerization temperature from about 80 °C to about
105 °C, and an ethylene pressure from about 450 psig to about 550 psig. The reactor
should have substantially no indication of any wall scale, coating or other forms of

fouling upon making these measurements.
Utility of the Catalyst Composition in Polymerization Processes

The catalysts of the present invention are intended for any olefin

polymerization method known in the art, using various types of polymerization
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reactors. As used herein, “polymerization reactor” includes any polymerization
reactor capable of polymerizing olefin monomers to produce homopolymers or
copolymers. Such homopolymers and copolymers are referred to as resins or
polymers. The various types of reactors include those that may be referred to as
batch, slurry, gas-phase, solution, high pressure, tubular or autoclave reactors. Gas
phase reactors may comprise fluidized bed reactors or staged horizontal reactors.
Slurry reactors may comprise vertical or horizontal loops. High pressure reactors may
comprise autoclave or tubular reactors. Reactor types can include batch or continuous
processes. Continuous processes could use intermittent or continuous product
discharge. Processes may also include partial or full direct recycle of un-reacted
monomet, un-reacted comonomer, and/or diluent.

Polymerization reactor systems of the present invention may comprise one
type of reactor in a system or multiple reactors of the same or different type.
Production of polymers in multiple reactors may include several stages in at least two
separate polymerization reactors interconnected by a transfer device making it
possible to transfer the polymers resulting from the first polymerization reactor into
the second reactor. The desired polymerization conditions in one of the reactors may
be different from the operating conditions of the other reactors. Alternatively,
polymerization in multiple reactors may include the manual transfer of polymer from
one reactor to subsequent reactors for continued polymerization. Multiple reactor
systems may include any combination including, but not limited to, multiple loop
reactors, multiple gas reactors, a combination of loop and gas reactors, multiple high
pressure reactors or a combination of high pressure with loop and/or gas reactors.
The multiple reactors may be operated in series or in parallel.

According to one aspect of the invention, the polymerization reactor system
may comprise at Ieast one loop slurry reactor. Such reactors are known in the art and
may comprise vertical or horizontal loops. Monomer, diluent, catalyst and optionally
any comonomer may be continuously fed to a loop reactor where polymerization
occurs. Generally, continuous processes may comprise the continuous introduction of
a monomer, a catalyst, and a diluent into a polymerization reactor and the continuous
removal from this reactor of a suspension comprising polymer particles and the

diluent. Reactor effluent may be flashed to remove the solid polymer from the liquids
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that comprise the diluent, monomer and/or comonomer. Various technologies may be
used for this separation step including but not limited to, flashing that may include
any combination of heat addition and pressure reduction; separation by cyclonic
action in either a cyclone or hydrocyclone; or separation by centrifugation.

A typical slurry polymerization process (also known as the particle form
process), which is well known in the art is disclosed, for example, in U.S. Patent Nos.
3,248,179, 4,501,885, 5,565,175, 5,575,979, 6,239,235, 6,262,191 and 6,833,415,
each of which is incorporated by reference in its entirety herein.

Suitable diluents used in slurry polymerization are well known in the art and
include, but are not limited to, the monomer being polymerized and hydrocarbons that
are liquids under reaction conditions. Examples of suitable diluents include, but are
not limited to, hydrocarbons such as propane, cyclohexane, isobutane, n-butane, n-
pentane, isopentane, neopentane, and n-hexane. Some loop polymerization reactions
can occur under bulk conditions where no diluent is used. An example is
polymerization of propylene monomer as disclosed in U.S. Patent Nos. 5,455,314,
which is incorporated by reference herein in its entirety.

According to yet another aspect of this invention, the polymerization reactor
may comprise at least one gas phase reactor. Such systems are known in the art and
may employ a continuous recycle stream confaining one Or moOf€é MONOMErs
continuously cycled through a fluidized bed in the presence of the catalyst under
polymerization conditions. A recycle stream may be withdrawn from the fluidized
bed and recycled back into the reactor. Simultaneously, polymer product may be
withdrawn from the reactor and new or fresh monomer may be added to replace the
polymerized monomer. Such gas phase reactors may comprise a process for multi-
step gas-phase polyinerization of olefins, in which oleﬁhs are polymerized in the
gaseous phase in at least two independent gas-phase polymerization zones while
feeding a catalyst-containing polymer formed in a first polymerization zone to a
second polymerization zone. One type of gas phase reactor is disclosed in U.S. Patent
Nos. 5,352,749, 4588,790 and 5,436,304, each of which is incorporated by reference
in its entirety herein.

According to still another aspect of the invention, a high pressure

polymerization reactor may comprise a tubular reactor or an autoclave reactor, both of
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which are known in the art. Tubular reactors may have several zones where fresh
monomer, initiators, or catalysts are added. Monomer may be entrained in an inert
gaseous stream and introduced at one zone of the reactor. Initiators, catalysts, and/or
catalyst components may be entrained in a gaseous stream and introduced at another
zone of the reactor. The gas streams may be intermixed for polymerization. Heat and
pressure may be employed appropriately to obtain optimal polymerization reaction
conditions.

According to yet another aspect of the invention, the polymerization reactor
may comprise a solution polymerization reactor wherein the monomer is contacted
with the catalyst composition by suitable stirring or other means. A carrier
comprising an inert organic diluent or excess monomer may be employed. If desired,
the monomer may be brought in the vapor phase into contact with the catalytic

- reaction product, in the presence or absence of liquid material. The polymerization
zone is maintained at temperatures and pressures that will result in the formation of a
solution of the polymer in a reaction medium. Agitation may be employed to obtain
better temperature control and to maintain uniform polymerization mixtures
throughout the polymerization zone. Adequate means are utilized for dissipating the
exothermic heat of polymerization. These reactors are known in the art.

Polymerization reactors suitable for the present invention may further
comprise any combination of at least one raw material feed system, at least one feed
system for catalyst or catalyst components, and/or at least one polymer recovery
system. Suitable reactor systems for the present invention may further comprise
systems for feedstock purification, catalyst storage and preparation, extrusion, reactor
cooling, polymer recovery, fractionation, recycle, storage, loadout, laboratory
analysis, and process control.

Conditions that are controlled for polymerization efficiency and to provide
resin properties include temperature, pressure and the concentrations of various
reactants. Polymerization temperature can affect catalyst productivity, polymer
molecular weight and molecular weight distribution. Suitable polymerization
temperature may be any temperature below the de-polymerization temperature

according to the Gibbs Free energy equation. Typically this includes from about 60°C
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to about 280°C, for example, and from about 70°C to about 110°C, depending upon
the type of polymerization reactor.

Suitable pressures will also vary according to the reactor and polymerization
type. The pressure for liquid phase polymerizations in a loop reactor is typically less
than 1000 psig. Pressure for gas phase polymerization is usually at about 200 — 500
psig. High pressure polymerization in tubular or autoclave reactors is generally run at
about 20,000 to 75,000 psig. Polymerization reactors can also be operated in a
supercritical region occurring at generally higher temperatures and pressures.
Operation above the critical point of a pressure/temperature diagram (sﬁpercritical
phase) may offer advantages. |

The concentration of various reactants can be controlled to produce resins with
certain physical and mechanical properties. The proposed end-use product that will
be formed by the resin and the method of forming that product determines the desired
resin properties. Mechanical properties include tensile, flexural, impact, creep, stress
relaxation and hardness tests. Physical properties include density, molecular weight,
molecular weight distribution, melting temperature, glass transition temperature,
temperature melt of crystallization, density, stereoregularity, crack growth, long chain
branching and rheological measurements.

The concentrations of monomer, co-monomer, hydrogen, co-catalyst,
modifiers, and electron donors are important in producing these resin properties.
Comonomer is used to control product density. Hydrogen is used to control product
molecular weight. Co-catalysts can be used to alkylate, scavenge poisons and control
molecular weight. Modifiers can be used to control product properties and electron
donors affect stereoregularity. In addition, the concentration of poisons must be
minimized since they impact the reactions and product properties.

The polymer or resin may be formed into various articles, including, but not
limited to, bottles, drums, toys, household containers, utensils, film products, drums,
fuel tanks, pipes, geomembranes, and liners. Various processes may be used to form
these articles, including, but not limited to, blow molding, extrusion molding,
rotational molding, thermoforming, cast molding and the like. After polymerization,
additives and modifiers can be added to the polymer to provide better processing

during manufacturing and for desired properties in the end product. Additives include
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surface modifiers such as slip agents, antiblocks, tackifiers; antioxidants such as
primary and secondary antioxidants; pigments; processing aids such as waxes/oils and
fluoroelastomers; and special additives such as fire retardants, antistats, scavengers,

absorbers, odor enhancers, and degradation agents.

Ethylene Polymers Prepared According to this Invention

In one aspect, the ethylene polymer produced using the catalyst composition
of this invention is typically characterized by lower levels of long chain branching
(LCB) than are typically observed when using a tightly-bridged ansa-metallocene
compound without an olefin-containing moiety bonded to a cyclopentadienyl-type
ligand, even when the comparative metallocene comprises at least one aryl group
bonded to the bridging atom of the bridging ligand. In a further aspect, the ethylene
polymer produced using the catalyst composition of this invention is typically
characterized by higher molecular weights than are typically observed when using a
tightly-bridged ansa-metallocene compound without at least one aryl group bonded to
the bridging atom of the bridging ligand, even when the comparative metallocene
comprises an olefin-containing moiety bonded to a cyclopentadienyl-type ligand.
Figures 3 through 8 illustrate various aspects of olefin homopolymer produced
according to this invention.

The combination of size exclusion chromatography (SEC) and multiangle
light scattering (MALS) detection was used to detect and characterize polymer
branching. As illustrated in Figures 3-5, diagrams obtained from SEC-MALS
analysis plotting the radius of gyration (R;), one measurement of molecular size,
versus My, of the ethylene homopolymer produced in Examples 1-7 and Examples
10-11, demonstrate one aspect of the invention’s utility in reducing LCB. Deviation
of the radius of gyration (Ry) from a known linear control (in this instance, HiD9640)
indicates branching. Thus, the data from Figures 3-5 demonstrate that the polymers
prepared using the catalyst compositions according to this invention are only very
slightly deviated from the linear standard, HiD9640, at high molecular weight end in
the plot of Rg vs. Mw.

Figures 6 and 7 illustrate plots of log(7) versus log (My) for polymers

prepared according to inventive Examples 1-11 and comparative Examples 14-16,
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respectively, and further illustrate how reduced LCB levels are manifested (see:
Table 1). Linear polyethylene polymers are observed to follow a power law
relationship between their zero shear viscosity, 770, and their weight average
molecular weight, M, with a power very close to 3.4. This relationship is shown by a
straight line with a slope of 3.4 when the logarithm of 7, is plotted versus the
logarithm of M, Deviations from this linear polymer line are generally accepted as
being caused by the presence of long-chain branching (LCB). Janzen and Colby
presented a model that predicts the expected deviation from the linear plot of log(7¢)
vs. log(M,) for given frequencies of LCB as a function of the weight average
molecular weight of the polymer. See: [“Diagnosing long-chain branching in
polyethylenes,” J. Mol. Struct. 485-486, 569-584 (1999)], which is incorporated
herein by reference, in its entirety.

Thus, Figures 6 and 7 plot the logarithm of 7o versus the logarithm of My for
polymers prepared according to this invention, illustrating the dependence of zero
shear melt viscosity on weight average molecular weight (M, ), and demonstrating
that these polymers are only very slightly deviated from the well-know 3.4 power law
“Arnett line” which is used as an indication of a linear polymer (J. Phys. Chem. 1980,
84, 649). Consistent with this observation, both SEC-MALS and rheology data
indicate that the inventive metallocenes produce very low LCB in ethylenc
polymerization, as illustrated in Figure 6 for Examples 1-11. In contrast, polymers
made according to the comparative Examples 14-16 had much lower M,, relative to
polymers prepared according to this invention, Examples 1-11. Typically, these
polymers also had similar or slightly higher levels of LCB, as illustrated in Figure 7.

Figure 8 demonstrates a comparison of gel-permeation chromatography (GPC)
runs for the polymers produced according to Examples 1-11 and Examples 14-16, of
this invention. These GPC results (Table 1 and Figure 8) indicate that the
polyethylenes (PE) produced according to this invention generally have high
molecular weights. While the polymers made according to comparative Examples 14-
16 were characterized by low levels of LCB (Figure 8), these comparative polymers
had relatively lower M, as compared to the polymers prepared according to this
invention. Comparative Examples 12 and 13 also demonstrate that the catalyst

prepared using comparative metallocene C-1 exhibited poor activity (Table 1).
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Further, a considerable amount of insoluble polymers (about 50 wt%) were observed
in the polymeric samples prepared according to Comparative Examples 12 and 13
during the process of preparing the GPC and SEC-MALS samples of these materials.
Thus, using polymeric samples prepared according to Comparative Examples 12 and
13, 25 mg to 28 mg of polymer was mixed in 25 mL of 1,2,4-trichlorobenzene, and
agitated for 5 hours, while maintaining this mixture at 150°C. Visual examination of
the sample vial containing the sample prepared as described revealed that a precipitate
formed on the sides of the sample vial. This observation indicates that the polymers
prepared according to Examples 12 and 13, using metallocene C-1, were non-lincar
polymers. No insoluble polymers were observed in polymers prepared according to

any other Example.

Definitions

In order to more clearly define the terms used herein, the following definitions
are provided. To the extent that any definition or usage provided by any document
incorporated herein by reference conflicts with the definition or usage provided
herein, the definition or usage provided herein controls.

The term “polymer” is used herein to mean homopolymers comprising
ethylene and/or copolymers of ethylene and another olefinic comonomer. “Polymer”
is also used hercin to mean homopolymers and copolymers of any other
polymerizable monomer disclosed herein.

The term “cocatalyst” is generally used herein to refer to the organoaluminum
compounds that can constitute one component of the catalyst composition, but also
refers to the optional components of the catalyst composition including, but not
limited to, aluminoxanes, organoboron compounds, organoborate compounds, or
jonizing ionic compounds, as disclosed herein. In one aspect, cocatalysts can be
organoaluminum compounds of the formula AX)n(X3.0, wherein X% is a
hydrocarbyl having from 1 to about 20 carbon atoms; (x%) is alkoxide or aryloxide,
any of which having from 1 to about 20 carbon atoms, halide, or hydride; and n is a
number from 1 to 3, inclusive. The term cocatalyst can be used regardless of the
actual function of the compound or any chemical mechanism by which the compound

might operate.
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The term “precontacted” mixture is used herein to describe a first mixture of
catalyst components that arc contacted for a first period of time prior to the first
mixture being used to form a “postcontacted” or second mixture of catalyst
components that are contacted for a second period of time. Typically, the
precontacted mixture describes a mixture of metallocene, olefin monomer, and
organoaluminum compound, before this mixture is contacted with the acidic
activator-support and optionally an organoaluminum compound. Thus,
“precontacted” describes components that are used to contact each other, but prior to
contacting the components in the second, postcontacted mixture. Accordingly, this
invention may occasionally distinguish between a component used to prepare the
precontacted mixture and that component after the mixture has been prepared. For
example, according to this description, it is possible for the precontacted
organoaluminum compound, once it is contacted with the metallocene and the olefin
monomer, to have reacted to form at least one different chemical compound,
formulhtion, or structure from the distinct organoaluminum compound used to prepare
the precontacted mixture. In this case, the precontacted organoaluminum compound
or component is described as comprising an organoaluminum compound that was
used to prepare the precontacted mixture.

Similarly, the term “postcontacted” mixture is used herein to describe a second
mixture of catalyst components that are contacted for a second period of time, and one
constituent of which is the “precontacted” or first mixture of catalyst components that
were contacted for a first period of time. Typically, the term “postcontacted” mixture
is used herein to describe the mixture of metallocene, olefin monomer,
organoaluminum compound, and acidic activator-support, formed from contacting the -
precontacted mixture of a portion of these components with the any additional
components added to make up the postcontacted mixture. Generally, the additional
component added to make up the postcontacted mixture is the solid oxide activator,
and optionally can include an organoaluminum compound the same or different from
the organoaluminum compound used to prepare the precontacted mixture, as
described herein. Accordingly, this invention may also occasionally distinguish
between a component used to prepare the postcontacted mixture and that component

after the mixture has been prepared.
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The term tightly-bridged ansa-metallocene describes a metallocene compound
in which the two n’-cycloalkadienyl-type ligands in the molecule are linked by a
bridging moiety, wherein the shortest link between the two n°-cycloalkadienyl-type
ligands comprises one atom. Thus, the length of the bridge or the chain between the
two cyclopentadienyl-type ligands is a single atom, although this bridging atom is
substituted.  Thus, the metallocenes of this invention are bridged bis(r’-
cycloalkadienyl)-type compounds, wherein the n’-cycloalkadienyl portions include
cyclopentadienyl ligands, indenyl ligands, fluorenyl ligands, and the like, including
substituted analogs and partially saturated analogs thereof. Possible substituents on
these ligands include hydrogen, therefore the description “substituted derivatives
thereof” in this invention includes partially saturated ligands such as
tetrahydroindenyl, tetrahydrofluorenyl, —octahydrofluorenyl, partially saturated
indenyl, partially saturated fluorenyl, substituted partially saturated indenyl,
substituted partially saturated fluorenyl, and the like. In some contexts, the
metallocene is referred to simply as the “catalyst”, in much the same way the term
“cocatalyst” is used herein to refer to the organoaluminum compound.

The terms “catalyst composition,” “catalyst mixture,” and the like do not
depend upon the actual product of the reaction of the components of the mixtures, the
pature of the active catalytic site, or the fate of the aluminum cocatalyst, ansa-
metallocene, any olefin monomer used to prepare a precontacted mixture, or the solid
oxide activator after combining these components. Therefore, the terms catalyst
composition, catalyst mixture, and the like include both heterogeneous compositions
and homogenous compositions. 7

The term “hydrocarbyl” is used to specify a hydrocarbon radical group that
includes, but is not limited to aryl, alkyl, cycloalkyl, alkenyl, cycloalkenyl,
cycloalkadienyl, alkynyl, aralkyl, aralkenyl, aralkynyl, and the like, and includes all
substituted, unsubstituted, branched, linear, heteroatom substituted derivatives
thereof. Unless otherwise specified, the hydrocarbyl groups of this invention
typically comprise up to about 20 carbon atoms. In one aspect, hydrocarbyl groups
can have up to 12 carbon atoms, up to 8 carbon atoms, or up to 6 carbon atoms.

The term “hydrocarbyloxide” group is used generically to refer collectively to

both alkoxide and aryloxide groups. Unless otherwise specified, the hydrocarbyl
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oxide groups of this invention typically comprise up to about 20 carbon atoms. In one
aspect, hydrocarbyloxide groups can have up to 12 carbon atoms, up to 8 carbon
atoms, or up to 6 carbon atoms.

The term “hydrocarbylamino” group is used generically to refer collectively to
alkylamino (NHR), arylamino (NHAr), dialkylamino (NR5), and diarylamino (NAr)
groups. Unless otherwise specified, the hydrocarbyl amino groups of this invention
typically comprise‘ up to about 20 carbon atoms. In one aspect, hydrocarbylamino
groups can have up to 12 carbon atoms, up to 8 carbon atoms, or up to 6 carbon
atoms.

The term “alkenyl” is used broadly to specify a hydrocarbyl group that
comprises an alkene moiety, regardless of the particular regiochemistry of the alkéne
moiety and encompassing all stereochemical isomers. Thus, for example, the term
alkenyl is intended to include any CH=CH_-substituted or CH=CMe;,-substituted alkyl
group, regardless of where the substitution occurs within the alkyl group. Terms such
as olefin-containing hydrocarbyl group or olefin-containing pendant group are
typically used interchangeably with alkenyl group, again illustrating that these terms
are not intended to be bound by the particular location of the C=C double bond within
the group. Unless otherwise specified, the alkenyl groups of this invention typically
comprise up to about 20 carbon atoms. In one aspect, alkenyl groups can have up to
12 carbon atoms, up to 8 carbon atoms, or up to 6 carbon atoms.

The terms solid oxide activator-support, acidic activator-support, activator-
support, treated solid oxide, treated solid oxide compound, and the like are used
herein to indicate a treated, solid, inorganic oxide of relatively high porosity, which
exhibits Lewis acidic or Brensted acidic behavior, and which has been treated with an
electron-withdrawing component, typically an anion, and which is calcined. The
electron-withdrawing component is typically an electron-withdrawing anion source
compound. Thus, the treated solid oxide compound comprises the calcined contact
product of at least one solid oxide compound with at least onc electron-withdrawing
anion source compound. Typically, the activator-support or “treated solid oxide
compound” comprises at least one ionizing, acidic solid oxide compound. The terms
support or activator-support are not used to imply these components are inert, and this

component should not be construed as an inert component of the catalyst composition.
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The term “activator,” as used herein, refers generally to a substance that is
capable of converting the contact product of: 1) a metallocene component; and 2) a
component that provides an activatable ligand such as an alkyl or hydride ligand to the
metallocene, when the metallocene compound does not already comprise such a ligand,
into a catalyst that can polymerize olefins. This term is used regardless of whether an
activator ionizes the metallocene, abstracts an anionic ligand to form an ion pair,
weakens a metal-ligand bond in the metallocene, simply coordinates to an anionic
ligand, or any other mechanism. As disclosed herein, the contact product comprises
at least one activator, which can be selected independently from: i) an activator-
support comprising a solid oxide treated with an electron-withdrawing anion, a
layered mineral, an ion-exchangeable activator-support, or any combination thereof;
ii) an organoaluminoxane compound; iii) an organoboron or an organoborate compound;
or iv) any combination of these components.

The term “clay” is used herein to refer to that component of the catalyst
composition, a substantial portion of which constitutes a clay mineral or a mixture of
clay minerals that have been pretreated by either exchanging cations, pillaring or
simply wetting, that can be used as a activator-support in the catalyst composition
described herein. The transition metal compound and organometal cocatalyst are
reacted with the clay activator-support to form the active catalyst. While not
intending to be bound by the following statement, the clay component of the catalyst
composition of this invention probably functions as a activator-support for the
transition metal compound, as well as a cocatalyst from the standpoint that it is in
intimate physical chemical contact with the transition metal component.

As used herein, the collective term “clay mineral” is used herein to describe
the large group of finely-crystalline, sheet like clay minerals that are found in nature
in fine-grained sediments, sedimentary rocks, and the like. Clay minerals are a class
of hydrous silicate and aluminosilicate minerals with sheet-like structures and very
high surface areas. This term is also used to describe hydrous magnesium silicates
with a phyllosilicate structure. Many common clay minerals belong to the kaolinite,
montmorillonite, or illite groups of clays. Thus, the term “clay mineral” is not used
herein to refer to the fine-grained soil consisting of mineral particles, not necessarily

clay minerals, that are less than about 0.002 mm in size.
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The term “pillared clay” is used herein to refer to a component of the catalyst
composition comprising clay minerals, typically of the of the smectite group and other
phylosilicates in addition to sepiolites and palygorskites, that have been ion
exchanged with large, typically polynuclear, highly charged metal complex cations.
Examples of such ions include, but are not limited to, Keggin ions which can have
charges such as 7+, various polyoxometallates, and other large ions. Thus, the term
pillaring refers to a simple exchange reaction in which the exchangeable cations of a
clay material are replaced with large, highly charged ions, such as Keggin ions.
These polymeric cations are then immobilized within the interlayers of the clay and
when calcined are converted to metal oxide “pillars,” effectively supporting the clay
layers as column-like structures. Examples of pillaring and pillared clays are found
in: T.J. Pinnavaia, Science 220 (4595), 365-371 (1983); J.M. Thomas, Intercalation
Chemistry, (S. Whittington and A. Jacobson, eds.) Ch. 3, pp. 55-99, Academic Press,
Inc., (1972); U.S. Patent No. 4,452,910; U.S. Patent No. 5,376,611; and U.S. Patent
No. 4,060,480; each of which is incorporated herein in its entirety.

Although any methods, devices, and materials similar or equivalent to those
described herein can be used in the practice or testing of the invention, the typical
methods, devices and materials are herein described.

All publications and patents mentioned herein are incorporated herein by
reference for the purpose of describing and disclosing, for example, the constructs and
methodologies that are described in the publications, which might be used in
connection with the presently described invention. The publications discussed above
and throughout the text are provided solely for their disclosure prior to the filing date
of the present application. Nothing herein is to be construed as an admission that the
inventors are not entitled to antedate such disclosure by virtue of prior invention.

For any particular compound disclosed herein, any general structure presented
also encompasses all conformational isomers, regioisomers, stereoisomers, and the
like, that can arise from a particular set of substituents. The general structure also
encompasses all enantiomers, diastereomers, and other optical isomers whether in
enantiomeric or racemic forms, as well as mixtures of stereoisomers, as the context

requires.
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The present invention is further illustrated by the following examples, which
are not to be construed in any way as imposing limitations upon the scope thereof.
On the contrary, it is to be clearly understood that resort can be had to various other
aspects, embodiments, modifications, and equivalents thereof which, after reading the
description herein, may suggest themselves to one of ordinary skill in the art without
departing from the spirit of the present invention or the scope of the appended claims.

In the following examples, unless otherwise specified, the syntheses and
preparations described herein were carried out under an inert atmosphere such as
nitrogen and/or argon. Solvents were purchased from commercial sources and were
typically dried over activated alumina prior to use. Unless otherwise specified,
reagents were obtained from commercial sources.

General testing procedures, characterization, and synthetic procedures are
provided herein. Synthetic methods to prepare the metallocenes, treated solid oxides,

and other reagents of this invention are also provided herein.

General Testing Procedures

Melt index (ML, g/10 min) was determined in accordance with ASTM D1238
condition F at 190°C with a 2,160 gram weight.

High load melt index (HLMI, g/10 min) was determined in accordance with
ASTM D1238 condition E at 190°C with a 21,600 gram weight.

Polymer density was determined in grams per cubic centimeter (g/cc) on a
compression molded sample, cooled at about 15°C per hour, and conditioned for
about 40 hours at room temperature in accordance with ASTM D1505 and ASTM
D1928, procedure C.

Molecular weight and molecular weight distributions were obtained using a
PL-GPC 220 (Polymer Labs, UK) system equipped with a differential refractive index
detector and three 7.5 mm x 300 mm 20 um Mixed A-LS columns (Polymer Labs)
running at 145 °C. The flow rate of the mobile phase, 1,2,4-trichlorobenzene (TCB)
containing 0.5 g/L 2,6-di-t-butyl-4-methylphenol (BHT), was set at 1 mL/min and the
concentration of polymer solutions was generally kept in the range of 1.0-1.5 mg/mL,
depending on the molecular weights. Sample preparation was conducted at 150 °C

for 4 h with occasional and gentle agitation before the solutions being transferred to
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sample vials for injection. In order to minimize unbalanced solvent peak, solvent
with the same composition as the mobile phase was used for squtibn preparation.
The integral calibration method was employed to deduce molecular weights and
molecular weight distributions using a Chevron Phillips Chemicals Company's broad
linear polyethylene, Marlex BHB5003, as the broad standard. The integral table of

the broad standard was pre-determined in a separate experiment with SEC-MALS.

Melt viscosity measurements to determine shear viscosity characteristics

Small-strain oscillatory shear measurements were performed on an ARES
oscillatory rheometer using parallel-plate geometry (TA Instruments, formerly
Rheometrics Inc.). Data were typically obtained over an angular frequency range of
0.03 to 100 rad/s at a temperature of 190 °C.

Fluff samples were stabilized with 0.1 wt% BHT dispersed in acetone and
then vacuum dried before molding. Samples were compression molded at 184 °C for
a total of three minutes. The samples were allowed to melt at a relatively low
pressure for one minute and then subjected to a high molding pressure for an
additional two minutes. The molded samples were then quenched in a cold (room
temperature) press. Disks having the size 2 mm x 25.4 mm diameter were stamped
out of the molded slabs for rheological characterization.

The test chamber of the rheometer was blanketed in nitrogen in order to
minimize polymer degradation. The rheometer was preheated to the initial
temperature of the study. Upon sample loading and after oven thermal equilibration,
the specimens were squeezed between the plates to a 1.6 mm thickness and the excess
was trimmed.

Strains were generally maintained at a single value throughout a frequency
sweep but larger strain values were used for low viscosity samples to maintain a
measurable torque. Smaller strain values were used for high viscosity samples to
avoid overloading the torque transducer and to keep within the linear viscoelastic
limits of the sample. The instrument automatically reduces the strain at high
frequencies if necessary to keep from overloading the torque transducer.

Viscosity data were fit with a modified Carreau-Yasuda model [R. Byron
Bird, Robert C. Armstrong, and Ole Hassager, Dynamics of Polymeric Liquids,
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Volume 1, Fluid Mechanics, (John Wiley & Sons, New York, 1987), p 171-172],
which is incorporated by reference herein to obtain estimates of the zero shear

viscosity, viscous relaxation time, and a breadth parameter, as indicated below.
7% = /{1 + (@z) T,

wherein: {7*| = magnitude of the complex viscosity in Pas
® = angular frequency in rad/s
770 = zero shear viscosity in Pa's
7, = viscous relaxation time in s

a = breadth parameter

n = power law parameter, fixed at 0.1818.

Absolute Molecular Weight as Determined by Light Scattering

Molecular weight data were determined using SEC-MALS, which combines
the methods of size exclusion chromatography (SEC) with multi-angle light scattering
(MALS) detection. A DAWN EOS 18-angle light scattering photometer (Wyatt
Technology, Santa Barbara, CA) was attached to a PL-210 SEC system (Polymer
Labs, UK) or a Waters 150 CV Plus system (Milford, MA) through a hot transfer line,
thermally controlled at the same temperature as the SEC columns and its differential
refractive index (DRI) detector (145 °C). At a flow rate setting of 0.7 mL/min, the
mobile phase, 1,2,4-trichlorobenzene (TCB), was eluted through three, 7.5 mm x 300
mm, 20 pm Mixed A-LS columns (Polymer Labs). Polyethylene (PE) solutions with
concentrations of ~1.2 mg/mL, depending on samples, were prepared at 150 °C for 4
h before being transferred to the SEC injection vials sitting in a carousel heated at 145
°C. For polymers of higher molecular weight, longer heating times were necessary in
order to obtain true homogeneous solutions. In addition to acquiring a concentration
chromatogram, seventeen light-scattering chromatograms at different angles were also
acquired for each injection using Wyatt’s Astra® software. At each chromatographic
slice, both the absotute molecular weight (M) and root mean square (RMS) radius,

also known as radius of gyration (R,) were obtained from a Debye plot’s intercept and
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slope, respectively. Methods for this process are detailed in Wyatt, P.J., Anal. Chim.
Acta, 272, 1 (1993), which is hereby incorporated herein by reference in its entirety.
The linear PE control employed was a linear, high-density broad molecular weight
distribution (MWD) polyethylene sample (Chevron Phillips Chemical Co.). The
weight average molecular weight (M), number average molecular weight (My), z-
average molecular weight () and molecular weight distribution (M./M,) were
computed from these data, and are presented in various Tables.

The Zimm-Stockmayer approach was used to determine the amount of LCB in
ethylene polymers. Since SEC-MALS measures M and R, at each slice of a
chromatogram simultaneously, the branching indices, gy, as a function of M could be
determined at each slice directly by determining the ratio of the mean square Ry of
branched molecules to that of linear ones, at the same M, as shown in equation 1:

(Rs)y,

EM =5 (1)
<Rg >11-n
where the subscripts br and /in represent branched and linear polymers, respectively.
At a given gv, the weight-averaged number of LCB per molecule (Bs,) was
computed using Zimm-Stockmayer’s equation, shown in equation 2, where the

branches were assumed to be trifunctional, or Y-shaped.

6 _g(zwgw]%m[(zwm)?fé+(Bsw)%}_1 o)

EM=
B |20 B ) | B ()

LCB frequency ( zcay, ), the number of LCB per 1 000 C, of the i slice was then

computed straightforwardly using equation 3:
LCBy; = 1000%14*Bs,/M,; (3)
where M; is the MW of the i slice. The LCB distribution (LCBD} across the
molecular weight distribution (MWD) was thus established for a full polymer.
A Quantachrome Autosorb-6 Nitrogen Pore Size Distribution Instrument was
used to determine specific surface area (“surface area™) and specific pore volume
(“pore volume™). This instrument was acquired from the Quantachrome Corporation,

Syosset, N.Y.
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Preparation of a Fluorided Silica-Alumina Activator-Support

The silica-alumina used to prepare the fluorided silica-alumina acidic
activator-support in this Example was typically Davison silica-alumina obtained from
W.R. Grace as Grade MS13-110, containing 13% alumina, having a pore volume of
about 1.2 cc/g and a surface area of about 400 m*/g. This material was fluorided by
impregnation to incipient wetness with a solution containing ammonium bifluoride in
an amount sufficient to equal 10 wt % of the weight of the silica-alumina. This
impregnated material was then dried in a vacuum oven for 8 hours at 100°C. The
thus-fluorided silica-alumina samples were then calcined as follows. About 10 grams
of the alumina were placed in a 1.75-inch quartz tube fitted with a sintered quartz disk
at the bottom. While the silica was supported on the disk, dry air was blown up
through the disk at the linear rate of about 1.6 to 1.8 standard cubic feet per hour. An
electric furnace around the quartz tube was used to increase the temperature of the
tube at the rate of about 400°C per hour to a final temperature of about 500°C. At this
temperature, the silica-alumina was allowed to fluidize for about three hours in the
dry air. Afterward, the silica-alumina was collected and stored under dry nitrogen,

and was used without exposure to the atmosphere.

Preparation of a Sulfated Alumina Activator-Support

Sulfated alumina was formed by a process wherein alumina was chemically-
treated with a sulfate or bisulfate source, typically selected from, but not limited to,
sulfuric acid, ammonium sulfate, or ammonium bisulfate. One example follows.

A commercial alumina sold as W.R. Grace Alumina A was sulfated by
impregnation with an aqueous solution containing about 15-20% (NH.).SO4 or
H,S80,. This sulfated alumina was calcined at 550 °C in air (240 °C/h ramp rate), with
a 3 h hold period at this temperature. Afterward, the alumina was collected and stored

under dry nitrogen, and was used without exposure to the atmosphere.

Metallocene Preparations
Unless specified otherwise, reagents were obtained from Aldrich Chemical
Company and were used as received. 2,7-Di-tert-butylfluorene was purchased from

Degussa. The Grignard reagent CpMgCl (1M in THF) was purchased from Boulder
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Scientific Company. Hafnium(IV) chloride was purchased from Strem. The solvent
THF was distilled from potassium, while anhydrous diethyl ether, methylene chloride,
pentane, and toluene were purchased from Fisher Scientific Company and stored over
activated alumina. All solvents were degassed and stored under nitrogen. Reaction
products were analyzed by 'H NMR spectroscopy (300 MHz, CDCl; referenced
against either the resi.dual proton peak at 7.24 ppm for CHCl; or TMS at 0 ppm) or
13C NMR (75 MHz, CDCls, referenced against central line of CDCl; at 77.00 ppm).
Reported preparations were not optimized.

The following fulvenes, F-1 through F-5, were prepared as disclosed herein

and used to prepare the ligands L-1 through L-5 provided herein.
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The following ligands L-1 through L-5 were prepared as disclosed herein.

| N~ /Q—Q\
t-But—Bu e\ /\ £ By t8u o ),.‘ t-Bu
Phe., Ph, o,

-
Ph" CE PO, D
Mixture of isomers Mixture of isomers Mixture of isomers
L1 L-2 L-3
t-au’@Q\t-su t—Bu/Q@\FBU
e
Ph CiHon. c/
PR CHe™
4 "
AN
Mixture of isomers Mixture of isomers
L4 LS5

Synthesis of 2-(pent-4-enyl)-6,6-diphenylpentafulvene (F-1).

To 5-bromo-l-pentene (100 g of 95 wt%, 0.637 mol) was added
cyclopentadienyl magnesium chloride (700 mL of 1 M solution in THF, 0.7 mol) at 0
°C in an hour. After stirring for an additional 30 minutes at 0 °C, the mixture was
warmed to room temperature. After stirring overnight, the reaction was quenched
with a mixture of ice and water. The mixturc was extracted with pentane. The
organic layer was washed with water and dried over anhydrous sodium sulfate.
Removal of the solvent under vacuum at room temperature gave a yellow-brown
liquid (98 g, crude pent-4-enylcyclopentadiene). To the crude pent-4-
enylcyclopentadiene (89 g) dissolved in THF (500 mL) was added n-BuLi (60 mL of
10 M in hexanes, 0.6 mol) at —78 °C. The mixture was warmed up to room
temperature and stirred overnight. The anion solution was added to benzophenone
(110 g, 0.604 mol) dissolved in THF (500 mL) at 0 °C in 25 minutes. The mixture
was warmed to room temperature and stirred overnight. The reaction was quenched
with a mixture of ice and 10% HCI aqueous solution. The mixture was extracted with
pentane. The organic layer was washed with water and dried over anhydrous sodium
sulfate. Removal of the solvent under vacuum at 40 °C gave a dark red viscous oil.
The oil was dissolved in heptane and filtered through silica gel. The product was
collected by washing the silica gel with 5-10% CH,Cl, in heptane. Removal of the
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solvent gave the desired product (145 g, 84% yield based on 5-bromo-1-pentene) as a
dark red viscous oil. 'H NMR (300 MHz, CDCl;) & 7.41-7.48 (m, 10H), 6.59-6.62
(dd, J = 5.1 Hz, 1.4 Hz, 1H), 6.40-6.42 (dd, J = 5.1 Hz, 1.4 Hz, 1H), 6.12-6.15 (m,
1H), 5.86-6.02 (m, 1H), 5.08-5.20 (m, 2H), 2.55-2.60 (t, J = 7.2 Hz, 2H), 2.22-2.30
(m, 2H), 1.76-1.88 (quin, J = 7.2 Hz, 2H); C NMR (75 MHz, CDCls) 5 148.28,
148.13, 143.28, 140.85, 140.76, 138.01, 133.51, 131.34, 131.29, 127.76, 127.74,
127.13,127.08, 124.74, 118.24, 114.24, 33.95, 30.13, 28.46.

Synthesis of 1-(3-(pent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-
1,1-diphenylmethane (L-1)

To 2,7-di-tert-butylfluorene (125.1 g, 0.45 mol) dissolved in Et,O (700 mL)
was added n-BuLi (47 mL of 10 M in hexanes, 0.47 mol) at 0 °C. The mixture was
warmed to room temperature and stitred overnight. The anion solution was added to
2-(pent-4-enyl)-6,6-diphenylpentafulvene (F-1) (145 g, 0.487 mol) dissolved in EtO
(300 mL) at —78 °C in 10 minutes. The mixture was warmed to room temperature and
stirred overnight. The reaction was quenched with a mixture of ice and 10% HCl
aqueous solution. The mixture was extracted with Et;0. The organic layer was
washed with water and dried over anhydrous sodium sulfate. Removal of the solvent
under vacuum gave a pale brown solid. The solid was washed with heptane and dried
under vacuum. A mixture of isomers-for the desired product (191.7 g, 74% yield) was

obtained as a white solid.

Synthesis of 2-(but-3-enyl)-6,6-diphenylpentafulvene (F-2)

To 4-bromo-1-butene (100 g of 97 wt%, 0.719 mol) was added
cyclopentadieny! magnesium chloride (800 mL of 1 M solution in THF, 0.8 mol) at 0
°C in 50 minutes. After stirring for an additional 15 minutes at 0 °C, the mixture was
warmed to room temperature. After stirring overnight, the reaction was quenched
with a mixture of ice and water. The mixture was extracted with pentane. The
organic layer was washed with water and dried over anhydrous sodium sulfate.
Removal of the solvent under vacuum at room temperature gave a brown liquid (94.2

g, crude but-3-enylcyclopentadiene). To the crude but-3-enylcyclopentadiene (94.2 g)
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dissolved in THF (500 mL) was added n-BuLi (70 mL of 10 M in hexanes, 0.7 mol at
—78 °C. The mixture was warmed up to room temperature and stirred overnight. The
anion solution was added to benzophenone (133.8 g, 0.735 mol) dissolved in THF
(400 mL) at 0 °C in 35 minutes. The mixture was warmed to room temperature and
stirred overnight. The reaction was quenched with a mixture of ice and 10% HCl
aqueous solution. The mixture was extracted with pentane. The organic layer was
washed with water and dried over anhydrous sodium sulfate. Removal of the solvent
under vacuum at 40 °C gave a dark red viscous oil. The oil was dissolved in heptane
and filtered through silica gel. The product was collected by washing the silica gel
with 5-10% CH,Cl, in heptane. Removal of the solvent gave the desired product
(152g, 74.4% yield based on 4-bromo-1-butene) as a dark red viscous oil. 'H NMR
(300 MHz, CDCl;) & 7.29-7.41 (m, 10H), 6.50-6.53 (dd, J = 5.2 Hz, 1.4 Hz, 1H),
6.29-6.31 (dd, J = 5.2 Hz, 1.4 Hz, 1H), 6.02-6.05 (m, 1H), 5.82-5.98 (m, 1H), 4.94-
5.16 (m, 2H), 2.53-2.60 (m, 2H), 2.33-2.43 (m, 2H); °C NMR (75 MHz, CDCly) &
148.59, 147.67, 143.18, 140.86, 140.78, 137.85, 133.48, 131.38, 131.36, 127.85,
127.82,127.18, 127.13, 124.75, 118.35, 114.29, 33.36, 30.20.

Synthesis of 1-(3-(but-3-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-1,1-
diphenylmethane (L-2)

To 2,7-di-tert-butylfluorene (91.7 g, 0.33 mol) dissolved in Et;O (500 mL})
was added n-Buli (35 mL of 10 M in hexanes, 0.35 mol) at 0 °C. The mixture was
warmed to room temperature and stirred overnight. The anion solution was added to
2-(but-3-enyl)-6,6-diphenylpentafulvene (compound F-2) (104 g, 0.366 mol)
dissolved in Et,O (200 mL) at 0 °C in 35 minutes. After stirring for an additional 30
minutes at 0 °C, the mixture was warmed to room temperature and stirred overnight.
The reaction was quenched with a mixture of ice and 10% HCI aqueous solution. The
mixture was extracted with CH,Cl,. The organic layer was washed with water and
dried over anhydrous sodium sulfate. Removal of the solvent under vacuum gave a
pale brown solid. The solid was washed with heptane and dried under vacuum. A
mixture of isomers for the desired product (142 g, 76.5% yield) was obtained as a

white solid.
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Synthesis of 2-(1,1-dimethylpent-4-enyl)-6,6-diphenylpentafulvene (F-3)

To a solution of 6-butenyl-6-methylpentafulvene (17.8 g, 122 mmol)
(prepared by the method of K. J. Stone and R. D. Little, J. Org. Chem., 1984, 49(11),
1849-1853) in dry THF (50 mL) was added a solution of methyllithium (75 mL of 1.6
M in ether, 120 mmol) while cooling in dry ice. After stirring for 20 hours and
warming to room temperature, the yellow solution was gradually added to a solution
of benzophenone (21.87 g, 120 mmol) in THF (50 mL) while cooling in ice. A red
color formed immediately and after 4 hours analysis of an aliquot showed that the
reaction was nearly complete. After an additional hour, the mixture was cooled while
a solution of concentrated hydrochloric acid (20 mL) in water (200 mL) was added.
Following addition of pentane (150 mL), the organic layer was washed with water and
dried over sodium sulfate. The solvent was removed under vacuum and the red liquid
was cooled to — 15 °C overnight. The red crystalline product was washed with cold
methanol and dried under vacuum to a red solid (32.8 g, 84% yield). 'H NMR (300
MHz, CDCl3) & 7.22-7.40 (m, 10H), 6.56-6.58 (dd, /= 5.1 Hz, 1.8 Hz, 1H), 6.24-6.26
(dd, J = 5.1 Hz, 1.8 Hz, 1H), 5.91-5.93 (t, J = 1.8 Hz, 1H), 5.70-5.85 (m, 1H), 4.84-
5.00 (m, 2H), 1.88-2.00 (m, 2H), 1.52-1.60 (m, 2H), 1.17 (s, 6H); B¢ NMR (75 MHz,
CDCl3) & 156.16, 148.39, 143.20, 140.96, 140.92, 138.98, 131.61, 131.43, 131.39,
127.81, 127.77, 127.24, 127.14, 124.88, 116.30, 113.45, 41.96, 35.86, 29.90, 27.90.

Synthesis  of  1-(3-(1,1-dimethylpent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-
butylfluorenyl)-1,1-diphenylmethane (L-3)

A solution of 2,7-di-tert-butylfluorene (27.8 g, 100 mmol) in Et,O (200 mL)
was cooled in dry ice and n-BuLi (68 mL of 1.6 M in hexanes, 0109 mmol) was
added dropwise. The shurry was warmed to room temperature and stirred for 24
hours. The dark solution was cooled in dry ice and a solution of 2-(1,1-dimethylpent-
4-enyl)-6,6-diphenylpentafulvene (compound F-3) (32.8 g, 54.3 mmol) in E£0 (100
mL) was then added rapidly. The mixture was warmed to room temperature and
stirred for 20 hours. After cooling in ice, a solution of concentrated hydrochloric acid
(20 mL) in water (200 mL) was added. Following addition of pentane (100 mL), the

organic layer was separated and washed with water. After drying over sodium sulfate
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and filtering, the solvent was removed under vacuum leaving a glassy solid. The solid
was heated with methanol (100 mL) and the hot methanol solution was poured off.
This process was repeated four times. The solid was then dissolved in hot pentane,
which was then removed under vacuum while heating. The solid was broken up,
dried under vacuum, and then heated with ethanol (70 mL). After cooling, the solid
was filtered and dried. A mixture of isomers for the desired product (18.1 g, 30%

yield) was obtained as a white solid.

Synthesis of 6,6-diphenylpentafulvene (F-4)

Benzophenone (63.8 g, 350 mmol) was dissolved in anhydrous 1,2-
dimethoxyethane (DME) (150 mL) under nitrogen. In a one-liter flask, ground
potassium hydroxide (30 g, 535 mmol) was slurried in DME (200 mL). The slurry
was cooled in an ice bath and freshly cracked cyclopentadiene (35 mL, 430 mmol)
were added. After 30 minutes, the solution of benzophenone was added over 15
minutes. The flask was stirred in a refrigerator for 90 hours and then, while cooling in
ice, 3M HC] (450 mL) were added. The mixture was diluted with pentane (500 mL)
and separated. The organic layer was washed with water (2 X 200 mL) and dried
over sodium sulfate. The solution was filtered and taken to dryness under vacuum.
The solid was dissolved in boiling pentane (600 mL) and then concentrated to 400
mL. Cooling to —15 °C for 40 hours gave a red solid (69.5 g, 86.3% yield). '"H NMR
(300 MHz, CDCls) § 7.24-7.38 (m, 10H), 6.53-6.59 (m, 2H), 6.24-6.30 (m, 2H); °C
NMR (75 MHz, CDCl3) & 151.24, 143.20, 140.65, 131.73, 131.55, 128.16, 127.20,
123.89.

Synthesis of 1-cyclopentadienyl-1-(2,7-di-tert-butylfluorenyl)-1,1-diphenyl-
methane (L-4)

To a solution of 2,7-di-tert-butylfluorene (29.8 g, 107 mmol) in dry THF (100
mL), cooled in dry ice, was added n-BuLi (43.0 mL of 2.5 M in hexanes, 107.5
mmol). The bath was removed and the dark solution was stirred for 2 hours. This
solution was then added dropwise to a solution of 6,6-diphenylpentafulvene
(compound F-4) (26.0 g, 113 mmol) in THF (100 mL), while cooling in ice. The

reaction mixture was stirred at room temperature for 86 hours and then cooled in ice.
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CLAIM5S W Caim 1.A catalyst conposition conprising
the contact product of: 1) at |east one

ansa-netal |l ocene; 2) optionally, at |east one

or ganoal um num conpound; and 3) at |east one
activator, wherein: a)the at |east one
ansa- net al | ocene conprises a conpound having the
formula: (XI)(X2)(X3)(X4)M, wherein M is titanium
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hijitred eff, guovad.eind dnied veaTD ARMIEHEE eDispmersfor thy desired
FrBB 01 4ot B0 OB RS S HP SR ERbUE0 1 L g

up to 12 carbon atorms; at | east one
substituent on (X2) is an aliphatic group, an

gsxmbeSlSa cycldfc gr ofnt3- (Befttd‘rﬁ!lﬂ)ﬁYF@Re%‘Pdﬁ“inF%{% 'Zdaﬁ%rt-buwl*
@ljeﬁggﬁm%éﬁg; oxygen group, a sulfur gr oup, a

rog grou phosphorus group, an arsenic group
a car barlagk oap ch&igai Wwitlr Q17- @F@dﬁhutyiﬂoareho(w]g @mm,ol)aﬁyo (150
%L&h&églgd rt]&a !|7§] (?erpl\il ang st1rre d s E-(H]uLx (EQB 2L OF 16'M in hexanes, 43
mmol) was added via syringe. The reaction mixture was warmed to room
temperature, stirred ovemight, cooled to -78 °C, and 2-(pent-4-enyl)-6,6-
dibutylpentafulvene (compound F-5) (13 g, 50 mmol) (prepared by the method of K.J.
Stone and R.D. Little, J. Org. Chem., (1984), 49(11), 1849-1853) quickly added. The
reaction mixture was warmed to room temperature and stirred overnight. The
reaction was quenched with saturated NHCl solution. The organic layer was
extracted with Et,O, washed with water and dried over anhydrous Na;SO4. Removal
of the solvent under vacuum gave a yellow oil. Elution of the oil through a silica-gel
column using heptane afforded a mixture of isomers for the desired product (12.8 g,

66% yield) as an oil.

Synthesis of diphenylmethylidene{ns-[3-(pent—4-enyl)cyclopeﬁtadien-1-
ylidene] } [n°-2,7-di-tert-butylfluoren-9-ylidene)jhafnium dichloride (I-1)

To 1-(3-(pent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-1,1-
diphenylmethane (compound L-1) (45.3 g, 78.6 mmol) dissolved in Et;O (400 mL)
was slowly added n-BuLi (68.5 mL of 2.5 M in hexanes, 171.3 mmol) at 0 °C. The
mixture was warmed to room temperature, stirred overnight, and then added via
cannula to HfCl; (26.8 g, 83.6 mmol) suspended in a mixture of pentane (450 mL)
and EtO (30 mL) at 0 °C in 30 minutes. The mixture was warmed to room

temperature and stirred for two days. The slurry was concentrated and centrifuged.
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(X) and (X4) are independently: 1) F, d, Br, or I; 2)

a hydrocarbyl group having up to 20 carbon atons, H,

or BElI; 3) a hydrocarbyl oxi de group, a

hydr ocar byl am no group, or a trihydrocarbylsilyl

group, any of which having up to 20 carbon atons; 4)

OBRA2 or SOBRA, wherein RA is an al kyl group or an

aryl group, any of which having up to 12 car bon at ons;
tuent
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with an el ectron-w thdrawi ng anion, a | ayered m neral,
add-2BrBSeXic BAT§ bl 3402 %%f‘grwsﬂpport or any

conbi nati on thereof; and ii) an organoboron

conmpound or an organoborate conpound; or iv)any
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oylidene] dn t(2 Kdi-térs-batylfluoxena9-plideng hafninay dichloxisde &2 o
CCIaraIb:)nnEat \?mrrgrlegn(bg{ 3- en;l?l)cy%lo-ll;lggta 1%}13?11)-)1%2,ﬁ&%ﬁ%uttgdﬂﬂor%flyl)-1,1-
diphenylmethane (compound L-2) (3.2 g, 5.7 mmol) dissolved in Et;O (30 mL) was
slowly added n-BuLi (5.2 mL of 2.5 M in hexanes, 13 mmol) at 0 °C. The mixture
was warmed to room temperature, stirred overnight, and then added via cannula to
HfCl4 (2.1 g, 6.5 mmol) suspended in a mixture of pentane (30 mL) and Et;O (5 mL)
at 0 °C in 10 minutes. The mixture was warmed to room temperature and stirred for
two days. The slurry was concentrated and centrifuged. The liquid was decanted off.
The remaining solid was washed a second time with pentane (80 mL), then extracted
with methylene chloride and centrifuged. The solution was taken to dryness under
vacuum to give a yellow solid (3.1 g, 67.4% yield). 'H NMR (300 MHz, CDCl;) &
7.87-7.98 (m, 3H), 7.79-7.86 (m, 3H), 7.43-7.49 (m, 2H), 7.30-7.38 (dt, /= 7.5 Hz,
1.4 Hz, 2H), 7.14-7.29 (m, 4H), 6.24-6.27 (d, J = 0.6 Hz, 1H), 6.20-6.24 (d, /= 0.6
Hz, 1H), 5.87-5.92 (t, J = 2.7 Hz, 1H), 5.62-5.77 (m, 1H), 5.42-5.47 (t, /= 2.7 Hz,
1H), 5.18-5.23 (t, J = 2.7 Hz, 1H), 4.85-4.98 (m, 2H), 2.35-2.55 (m, 2H), 2.13-2.22
(m, 2H), 0.96 (s, 18H); *C NMR (75 MHz, CDCl;) § 149.52, 149.33, 144.51, 144.30,

137.33, 132.16, 129.13, 128.89, 128.51, 128.45, 128.30, 128.26, 126.58, 126.53,
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a)the at | east one ansa-netal |l ocene conprises a

conpound having the formula: RAA RAB Rnf" p.... R2e-
R3A Rs wherein M. is zirconiumor hafnium Xis,
i ndependently, F, d, Br, or I; Eis Cor Si;

126.24, 126.06, 123.77, 123.54, 123.42, 123.36, 119.97, 119.75, 119.08, 118.90,
118.58, 114.94, 114.83, 111.14, 101.01, 100.68, 76.93, 57.94, 35.36, 35.35, 34.11,

31.08, 31.05, 29.42.

Synthesis of diphenylmethylidene{ns-[3-(but—3-enyl)cyclopentadien—1-
ylidene]}[n 5.(2,7-di-tert-butylffuoren-9-ylidene)]zirconium dichloride (I-3)

To 1-(3-(but-3-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-1,1-
diphenylmethane (compound L-2) (40.5 g, 72.1 mmol) suspended in Et;O (400 mL)
was slowly added n-BuLi (15.2 mL of 10 M in hexanes, 152 mmol) at 0 °C. The
mixture was warmed to room temperature, stirred overnight, and then added via
cannula to ZrCls (18.5 g, 79.4 mmol) suspended in a mixture of pentane (400 mL) and
Et,O (30 mL) at 0 °C in 15 minutes. The mixture was warmed to room temperature,
stirred for one day, and evacuated to dryness. The residue was stirred in pentane
(300mL) and centrifuged. The supernatant was discarded. The remaining solid was
washed a second time with pentane (100 mL), then extracted with methylene chloride
and centrifuged. The solution was taken to dryness under vacuum to give a red solid
(38.1 g, 73.3% yield). 'H NMR (300 MHz, CDCl3) 3 7.88-8.02 (m, 3H), 7.77-7.88
(m, 3H), 7.46-7.54 (m, 2H), 7.31-7.40 (broad t, J = 7.5 Hz, 2H), 7.14-7.32 (m, 4H),
6.24 (s, 1H), 6.20 (s, 1H), 5.96-6.02 (unresolved t, 1H), 5.63-5.79 (m, 1H), 5.50-5.55
(unresolved t, 1H), 5.25-5.31 (untesolved t, 1H), 4.87-5.01 (m, 2H), 2.33-2.53 (m,
2H), 2.15-2.27 (m, 2H), 0.97 (s, 18H); *C NMR (75 MHz, CDCls) & 149.85, 149.65,
14423, 144.01, 137.27, 133.51, 129.08, 128.84, 128.50, 128.45, 128.33, 128.30,
126.58, 126.54, 126.18, 126.01, 124.04, 123.81, 123.55, 123.48, 121.08, 120.89,
120.31, 120.03, 119.43, 119.24, 115.71, 114.86, 108.44, 103.37, 103.18, 76.66, 58.10,
35.38, 35.36, 33.98, 31.05, 31.02, 29.46.

Synthesis of diphenylmethylidene{ns-[3-(pent-4-enyl)cyclopentadien-1-
ylidene]}[n 5-(2,7-di-tert-butylﬂua:n‘en-9-yIidene)}zirconium dichloride (I-4)

To 1-(3-(pent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-1,1- |
diphenylmethane (compound L-1) (34.7 g, 60.2 mmol) dissolved in Et,O (300 mL)
was slowly added n-BuLi (52 mL of 2.5 M in hexanes, 130 mmol) at 0 °C. The
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RI and R2 are independently an al kyl group or an aryl
group, either of which having up to 10 carbon atons,

or hydrogen, wherein at |least one of RL and R2 is an
aryl group; R3A and R3B are independently a
hydrocar byl group or a trihydrocarbylsilyl group, any
of which having up to 20 carbon atons; or hydrogen; n
is an integer fromO to 10, inclusive; and retA and
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Synthesis of diphenylmethylidene{ns-[3-(1,1-dimethylpent-4-enyl)cyclo—
pentadien-1-ylidene]} [1°-(2,7-di-tert-butylfluoren-9-ylidene)]zirconium
dichloride (I-5)

A slury of 1-(3-(1,1-dimethylpent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-
butylfluorenyl)-1,1-diphenylmethane {compound L-3) (10.8 g, 17.9 mmol) in Et;O
(50 mL) was cooled in dry ice and n-BuLi (22.2 mL of 1.6 M in hexanes, 35.5 mmol)
was added dropwise. After 1 hour, the bath was removed and the mixture was stirred
for 48 hours at room temperature. The mixture was added to ZrCly (4.37 g, 18.8
mmol) suspended in pentane (50 mL) while cooling in ice. The slurry was stirred for
65 hours at room temperature. The slurry was concentrated until thick and pentane
(70 mL) was added. The slurry was stirred overnight and the liquid was decanted off.
The solid was washed a second time with pentane and then extracted with methylene

chloride and centrifuged. The solution was taken to dryness under vacuum to give a
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4. The catal yst conposition of Claim1, wherein the at
| east one activator is an activator-support selected
froma clay mneral, a pillared clay, an exfoliated
clay, an exfoliated clay gelled into another oxide
matrix, a layered silicate mneral, a non- |ayered
silicate mneral, a |layered alum nosilicate m neral
and a non-layered alum nosilicate mneral, or any
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Synthesis of Diphenyimethylidene{n5-(cyclopentadien—l-ylidene)}[ns-(2,7-di-tert-
butylfluoren-9-ylidene)|zirconium dichloride (C-1)

Under nitrogen, 1-cyclopentadienyl-1-(2,7-di-tert-butylfluorenyl)-1,1-
diphenylmethane (compound L-4) (15.26 g, 30.0 mmol) was suspended in dry Et;0
(250 mL). While cooling in dry ice, n-BuLi (24.0 mL of 2.5 M in hexanes, 60 mmol)
were added dropwise. The bath was then removed and the mixture was stirred for 24
hours. The solution was gradually added to zirconium tetrachloride (7.38 g, 31.7
mmol) suspended in pentane (50 mL) and cooled in ice. The orange slutry was stirred
for 90 hours and allowed to warm to room temperature. The resulting slurry was
centrifuged and the solid was mixed with dry methylene chloride (120 mL). The
mixture was centrifuged and the solution was removed and taken to dryness under
vacuum, The desired product (9.63 g, 48% yield) was obtained as an orange solid.
'"H NMR (300 MHz, CDCl;) & 7.98-8.04 (d, J = 9 Hz, 2H), 7.91-7.96 (m, 2H), 7.83-
7.89 (m, 2H), 7.55-7.60 (dd, /=9 Hz, 1.8 Hz, 2H), 7.38-7.45 (dt, /= 7.5 Hz, 1.8 Hz,
2H), 7.21-7.36(m, 4H), 6.30-6.34 (m, 4H), 5.64-5.67 (t, J = 2.7 Hz, 2H), 1.03 (s,
18H); *C NMR (75 MHz, CDCl3) § 149.98, 144.00, 128.93, 128.50, 128.41, 126.64,
126.08, 124.16, 123.56, 121.12, 120.30, 119.41, 117.92, 109.92, 102.40, 77.72, 58.36,
35.40,31.01.
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R3A and R33 are independently H, nethyl, allyl,
benzyl, butyl, pentyl, hexyl, or trinmethylsilyl; nis

an integer from1 to 6, inclusive; and R4A and -- 4B K
are i ndependently a hydrocarbyl group having up to 6
car bon atomns. 7. The catal yst conposition of Caim

1, wherein the at |east one ansanetal | ocene conprises
a compound having the fornula: wherein M is

FVaiRIRD ar o1 nde AU PRSI "G by ighlphngadien-1-
A d 3R 2027-8k-t K- bR nRerénS0-HH88YSjzirconium dichloride (C-2)

A flask was charged with 5-(3-(pent-4-enyl)cyclopentadienyl)-5-(2,7-di-tert-
butylfluorenyl)nonane (compound L-5) (12.8 g, 23.8 mmol), Et;0 (200 mL), stir bar
and cooled to 78 °C as n-BuLi (5.3 mL of 10 M in hexanes, 53 mmol) was slowly
added. The mixture was warmed to room temperature, stirred overnight, and then
added via cannula to ZrCls (5.5 g, 23.6 mmol) stirring in pentane at 0 °C. The
mixture was warmed to room temperature, stired for 7 days, and evacuated to
dryness. The residue was extracted with pentane, filtered, and the filtrate discarded.
The remaining solid was extracted with CH,Cl, filtered and the filtrate evacuated to
dryness affording a red solid (7.8 g, 47% yield). %). 'H NMR (300 MHz, CDCl;) &
7.88-7.94 (m, 2H), 7.63 (broad s, 1H), 7.55 (broad s, 1H), 7.47-7.53 (m, 2H), 5.87-
5.90 (t, J=2.7 Hz, 1H), 5.58-5.73 (m, 1H), 5.46-5.49 (t, J= 2.7 Hz, 1H), 5.23-5.27 (t,
J = 2.7 Hz, 1H), 4.80-4.92 (m, 2H), 2.55-2.75 (m, 4H), 2.20-2.40 (m, 2H), 1.90-2.00
(m, 2H), 1.40-1.80 (m, 10H), 1.15 (s, 18H), 1.00 (t, /= 6.9 Hz, 3H), 0.97 (t, J=69
Hz, 3H); °C NMR (75 MHz, CDClL) § 150.92, 150.64, 137.78, 134.97, 123.74,
123.51, 123.48, 123.44, 123.12, 122.48, 120.96, 120.56, 118.73, 118.36, 116.13,
114.32, 112.59, 102.07, 101.93, 76.73, 48.76, 35.79, 35.76, 34.81, 34.68, 33.75,
31.49, 31.48, 29.59, 29.24, 26.35, 26,18, 24.07, 24.04, 14.81, 14.78.

Synthesis of dibutylmethylidene{115-[3-(pent-4-enyl)cyclopentadien—1-
ylidene]} [n’-(2,7-di-tert-butylfluoren-9-ylidene) hafnium dichloride (C-3)

To 5-(3-(pent-4-enyl)cyclopentadienyl)-5-(2,7-di-tert-butylfluorenyl)nonane
(compound L-5) (14.6 g, 27.2 mmol) dissolved in Et;0 (150 mL) was slowly added
n-BuLi (26 mL of 2.5 M in hexanes, 65 mmol) at 0 °C. The mixture was warmed to
room temperature, stirred overnight, and then added via cannula to HfCls (5.2 g, 28.7
mmol) suspended in a mixture of pentane (150 mL) and E;O (20 mL) at -78 °Cin 15
minutes. The mixture was warmed to room temperature, stirred for two days and
evacuated to dryness. The residue was stirred in pentane (150 mL) and centrifuged.
The supernatant was discarded. The remaining solid was extracted with methylene

chloride and centrifuged. The solution was taken to dryness under vacuum to give a
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R3A and R33 are independently H or nethyl; nisi or 2;
and R4AA and ,-.4B rc. are t-butyl. 8. The catal yst
conposition of Claim1l, wherein the at | east one ansa-
any conbination thereof 9. The catal yst conposition
of Aaim1l, wherein (X6) is fluoride, chloride,

brom de, nethoxide, ethoxide, or hydride. 10. The
catal yst conposition of Claim1, wherein

Al 5)n(X6)3 . iS,tLi net I ' tri j

OYSRY Rt Ay Y NREON it GrRY o447 8Y B, 250,
t7.64 Thidtd %! 8NN 56! Brbad sSES), R4 T 3R i, REN) §.ROISSRAOUL Y= 2.7 Hz,
alumnumtri-n- hexylalum num triisohexylal um num

t Hillb $t38-% (73t d ). Eg%ﬁkﬂﬁl @Mm‘%’bIﬁZeﬂbeﬁ-I\;%?-23 (t, J = 2.7 Hz, 1H),

TR i Sl S X Ui e, e B P 20X BT ap 28D, 1.40-
CDBP O, 101)) 1017 @, aBm),10.90erei 6.9tHE 3H), beagt, £A&.9 Hz, 3H); °C
aﬁfv'[ﬁ/ ?%505\41'{2 (?Bch) 8 150.63, 150.32, 137.78, 133.55, 123.42, 123.40, 123.36,
123.15, 121.99, 121.30, 119.48, 119.02, 118.30, 117.97, 115.26, 115.07, 114.30,
99.44, 99.39, 76.79, 48.73, 35.74, 35.72, 35.01, 34.89, 33.78, 31.52, 31.49, 29.53,

29.30, 26.46, 26.30, 24.09, 24.05, 14.83, 14.79.

EXAMPLES 1-16
Catalytic Runs Varying the Metallocene, Activator-Support, and Conditions

Examples 1-16 in Table 1 illustrate ethylene polymerization runs performed in
a one-gallon (3.785 liter) stainless steel autoclave reactor at various temperatures,
using two liters of isobutane diluent and an aluminum alkyl cocatalyst and scavenger.
No hydrogen or comonomer was added. Metallocene solutions (2mg/ml) were
typically prepared by dissolving 30 mg of the metallocene in 15 mL of toluene. A
typical polymerization procedure is as follows. The aluminum alkyl compound,
treated solid oxide, and the metallocene solution were added through a charge port,
typically in that order, while venting isobutane vapor. The charge port was closed and
two liters of isobutane were added. The contents of the reactor were stirred and
heated to the desired run temperature (Table 1). Ethylene was fed on demand to
maintain the specified pressure for the specified length of the polymerization run.
The reactor was maintained at the desired run temperature through the run by an
automated heating and cooling system.

After the allotted polymerization time, the ethylene flow was stopped, and the
reactor slowly depressurized and opened to recover a granular polymer. In all cases,
the reactor was clean with no indication of any wall scale, coating or other forms of

fouling. The polymer was then removed and weighed (Table 1).
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activator-support selected fromchlorided al um na,
fluorided al um nophosphat e,
fluorided silica-alumna,
or any conbination thereof
catal yst conposition of cliam1l1, wherein the

or ganoboron conpound or the organobroate counpound
selected fromtris(pentafl uorophenyl)boron,

fluorided al um na,
sul fated al um na,
pillared clay,

12. The

IS
tris[3,5-

bi s(trifluoronethyl)phenyl]boron, N, N-di met hyl ani | i ni um

Table 1. Polymerization data for polymerizations performed in autoclave reactor.
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N, N-di methyl aniliniuntetral cis(mtolyl)borate, N, N-di ne
thylanilinium

t et raki s(2, 4-di net hyl phenyl ) borat e, N, N-di et hyl ani | i ni
unt et raki s( 3, 5-

di met hyl phenyl ) borate, N, N-di met hyl aniliniuntetrakis [3
,5- bi s (trifluoronethyl)phenyl]borate,

N, N- di net hyl ani | i ni um

t et r aki s( pent af | uor ophenyl )(?%r , triphenyl carbeni um
tetrakis(p-tolyl)borate, tri ﬁ‘ car beni um

tetraki s(mtolyl)borate, triphenyl carbeni um
tetrakis(2,4- dinethyl phenyGborate, triphenyl carbenium
t MarQlringy( 3, 5- di net hyl phenyl ) borate, triphenyl carbeni um
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a cyclic alum noxane having the formnul a: wher ein
Ris a linear or branched al kyl haying from1l to 10
carbon atons, and n is an integer from3 to about 10;
a |inear alum noxane having the formula: RFAI RIin \R

wher ei n Ris a linear or branched al kyl haying
from1l to 10 carbon atons, and n is an integer from1l
to about 50; or a cage al um noxane hayi ng the

SR o3 B b, o 8 R B woBloun, o

n horab @Mf{ﬁﬁmcﬂ@érﬂé ), @l barbon! Eraipy s silitd) @Rjupl ®r a boron
the nunber of two coordinate oxygen atons, 110(4) is
t EouR A vdTcluhavieg Bpma lo 20:6rERoR alerasi2 hakide; ar hyieagrnis

LT THT %, U o I Y SIS ompo
haypiingtheformlat o 10 carbon atoms; or any comnbi nation
thereof ALK
wherein (X°) is a hydrocarbyl having from 1 to 20 carbon atoms; (X%
is an alkoxide or an aryloxide, any of which having from 1 to 20 carbon atoms, halide,
or hydride; and n is a number from 1 to 3, inclusive; and
c) the at least one activator is selected independently from:

1) an activator-support selected from a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-
support, or any combination thereof; and

ii) an organoboron compound or an organoborate compound; or

iv) any combination thereof;
wherein the at least one organoaluminum compound is optional when at least

one of (X*) and (X% is a hydrocarbyl group having up to 20 carbon atoms, H, or BH,,

2. The catalyst composition of Claim 1, wherein:
a) the at least one ansa-metallocene comprises a compound having the
formula:

wherein
M! is zirconium or hafnium;
X is, independently, F, Cl, Br, or I;
Eis C or Si;
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15. The catal yst conposition of Claim1l, wherein: a)the
at | east one ansa-netal | ocene conpri ses or any
combi nati on thereof; b) the at |east one

or ganoal um num conpound conpri ses triethyl al um num
tri-n-butylalum num triisobutylalum num or any

conbi nation thereof; and c) the at |east one
activator conprises a sulfated solid oxide. 16.The

catal ! OGRS BheSoRkflfn U0E Bl P 1 B, s o
which having up to 10 carbon atoms, or hydrogen, wherein at least one of R'and R%is
an aryl group;

R* and R*® are independently a hydrocarbyl group or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or hydrogen;

n is an integer from 0 to 10, inclusive; and

R** and R*® are independently a hydrocarbyl group having up to 12
carbon atoms;

b) the at least one organoaluminum compound comprises
trimethylaluminum,  triethylaluminum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trihexylaluminum, triischexylaluminum, trioctylaluminum,
diethylaluminum ethoxide, diisobutylaluminum hydride, diethylaluminum chloride, or
any combination thereof} and

c) the at least one activator comprises a solid oxide treated with an
electron-withdrawing anion, wherein

the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstate, titania, zirconia, magnesia,
boria, zinc oxide, a mixed oxide thereof, or any combination thereof; and

the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,
phosphate,  fluorophosphate,  fluorozirconate,  fluorosilicate,  fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or

unsubstituted arenesulfonate, substituted or unsubstituted alkylsulfate, or any

combination thereof.

3. The catalyst composition of Claim 1, wherein the at least one activator is an
activator-support further comprising a metal or metal ion selected from zinc, nickel,

vanadium, tungsten, molybdenum, silver, and tin, or any combination thereof.

4. The catalyst composition of Claim 1, wherein the at least one activator is an
activator-support selected from a clay mineral, a pillared clay, an exfoliated clay, an

exfoliated clay gelled into another oxide matrix, a layered silicate mineral, a non-
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or any conbination thereof; b) the at |east one
or ganoal um num conpound conprises triethyl al um num
tri-n-butylalum num triisobutylalumnum or any
conbi nation thereof; and c) the at | east one
activator conprises sulfated alum na. 17. A catal yst
conposition conprising the contact product of: 1) at

| east one ansa-netal |l ocene; and 2) at | east one

C;[FIE:T\F/ ;@ﬁéagghaﬁ{?%% %) ﬁf’?}f?ﬁe tg q%@%és’l?@a? gﬂﬁl%raﬂegﬁ!l | 9GRS ayered

r
OfEi$ilddte tiinetalNonhey EdrbilvhtidiSthedcbAni um  zi r coni um
or haf ni um (XI) and (X2) are independently

a substituted cycl opentadi enyl, a substituted indenyl,

of a bst | e r | s . it .
O RS i, 4 i, 9T B s an
f 1opHbiRe, ERsRctitah @r @bitnforillonie,c aratroaitgny hactstite, colaponite, a
atom a germani um atom or tin.atom, and E is %pda“
thallowsite, (axvyrmipgite:x®)micang EPRiG, @ chipaters gyxed-layer clay, a

i VRV P iy}, BRfllite,
PR, Bt WPy BB SBIYh sEipphife By, AR, or
viapoite) onanyt emshination tbérel. and R2 is an aryl group;

6. The catalyst composition of Claim 1, wherein the at least one ansa-

metallocene comprises a compound having the formula:

R3A R3B n

(1), wherein

M’ is zirconium or hafnium;

XisF,ClL Br,or I;

E is C or Si;

R! and R? are independently an alkyl group or an aryl group, either of
which having up to 10 carbon atoms, or hydrogen, wherein at least one of R! or R?is
an aryl group;

R** and R*® are independently H, methyl, allyl, benzyl, butyl, pentyl,
hexyl, or trimethylsilyl;

1 is an integer from 1 to 6, inclusive; and

R** and R'® are independently a hydrocarbyl group having up to 6

carbon atoms.
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at | east one substituent on (Xl) is a substituted or
an unsubstituted al kenyl group having up to 12 carbon
at ons; at | east one substituent on (X) is
an aliphatic group, an aromatic group, a cyclic group,
a conbination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a
phosphor us group, an arsenic group, a carbon group, a
lic r n_gr n which, hayi
’? ?_’Plileg % Car 8%)09{%{09 09 o(‘r%{gn hg_’l %él%ﬁelmg at" 80kt Bne ansa
(ﬁiat)allawﬂe@ﬁﬁ)mﬁs% doﬁ(jﬁbﬂﬁdﬁﬂﬁﬁh@ thie foymida: C1, Br, or |;
2) a hydrocarbyl group having up to 20 car bon at ons,
H, or BH4; 3) a hydrocad ; group, a
hydrocarbylanino gr @ | ygeeocar byl si | yl
group, any of which i ng MR to 20 carbon atons, 4)
OBRA2 or SOBRA, V\;herela}%i”""A i syartXal kyl group or an
aryl group, any of whif¢ /ng™¥p to 12 carbon atons;
wherein at | east one of ( nd (X4) is a hydrocarbyl
group having up to 20 carb t H, or BH4; and
any additional substituent o

| P bstituted

cycl opent adi enyl, substitut ﬁﬁ%enyla[gubstltuted
fluorenyl, or substltuted al kenyl group Is
|WU@p@ndently an aliphatic group, an aromatic group, a
cyclic grougs.a.co f aliphatic and cyclic
groups, an X)I/ng r“"’m%%‘f‘l‘a%“% >fur group, a nitrogen
group, a phrspoRBisord: oup, an arsenic group, a carbon
group, a silicon group, or a boron group, any of which
having fronE18€6r50 carbon atoms: a halide; or

hydr ogen; d h t

i ndependent 1y ﬁ%mﬁre%dép%ﬂ?‘gn@nqﬁ%tﬁgl & d‘tﬂk ir?{ds 'S%S%r?‘]% 81ff one of
skl amitIe?Cﬁsfphmyla solid oxide treated with an

el ectron-w ¢t W-ag ani.on, ered eral, and an
i on- exchang%gk 3C%FV§93Fm§ﬂBba%Pr“5ﬁ“' y conbi nation
thereof;  ,is51dd2; 288 Organoal um noxane conpound; and
iii) an organoboron conpound or an organoborate
conpound; oR** and R*®javg t-bartyl. conbi nat i on t her eof .

18. The catal yst conposition according to Caim 17,

wher ei n: a) the at |east one ansa-netal |l ocene

CRMPI i BIRS cAtaGRIPRMIbsiiRM B ¢afn f OF MMbefsin the at least one ansa-
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wherein (1V), ML is zirconiumor hafnium

X is, independently, H Bah nethyl, phenyl, benzyl,
neopentyl, trinmethylsilylnmethyl, CH2CMe2Ph;

CH2Si Me2Ph; CH2CMe2CH2Ph; or CH2Si Me2CH2Ph; E is C or
Si; Rl and R2 are independently an al kyl
group or an aryl group, either of which having up to
10 carbon atons, or hydrogen, wherein at |east one of
Rl and_R2 is<an aryl group; 123A and R

t EBdTY CE SIt-pl  gBE A0 W h-fev i t-Bu

20 cpy.bo torr§|, or hydpgge ; 1§ an integgr

to 19~Fnclfsiye; and p—C ‘” o pr CRA

R43 are | pendently a hydr rbyI group havi

12 carbo oms; and he at | east one

activator c s a solid oxi ated with an

el ectron-w thdraw ng ani on, whérein , or
any combination thereof.

9. The catalyst composition of Claim 1, wherein (X% is fluoride, chloride,

bromide, methoxide, ethoxide, or hydride.

10. The catalyst composition of Claim 1, wherein AI(XS)H(X‘S)g,_n is
trimethylaluminum, triethylaluminum, tri-n-propylaluminum, tri-i-propylaluminum,
tri-n-butylaluminum, tri-sec-butylaluminum, triisobutylaluminum, tri-n-
hexylaluminum, triisohexylaluminum, trioctylaluminum, diethylaluminum ethoxide,
diisobutylaluminum hydride, or diethylaluminum chloride, or any combination

thereof.

11.  The catalyst composition of Claim 1, wherein the at least one activator is an
activator-support selected from chlorided alumina, fluorided alumina, fluorided
aluminophosﬁhate, sulfated alumina, fluorided silica-alumina, and a pillared clay, or

any combination thereof.

12.  The catalyst composition of cliam 1, wherein the organoboron compound or
the organobroate coumpound is selected from tris(pentafluorophenyl)boron, tris[3,5-
bis(trifluoromethyl)phenyl]boron, N,N-dimethylanilinium tetrakis
(pentafluorophenyl)borate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,
triphenylcarbenium tetrakis(pentafluorophenyl)borate, lithium
tetrakis(pentafluorophenyl)  borate, = N,N-dimethylanilinium tetrakis[3,5-bis
(trifluoromethyl)phenyljborate, and triphenylcarbenium tetrakis[3.5-
bis(trifluoromethyl)phenyl]borate, or any combination thereof.
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the solid oxide is silica, alumna, silica-alumna,

al um nophosphat e, al um num phosphate, zinc alum nate,

het er opol ytungstate, titania, zirconia, nagnesia,

boria, zinc oxide, a m xed oxide thereof, or any

conbi nation thereof; and t he

el ectron-wi thdrawi ng anion is fluoride, chloride,

bro;ri de, iodide, phosphate, triflate, bisulfate,

S at fl uorqborate,,.flugrgsul fate . "
CEH FudPe e o pROLt R SRE 7 oFpesih e, catelyst composition
f &&ﬁngﬂzésftﬁe RBhfict pIIRECSE: 1) GAl&st bhe' Ahe-irefilidkéne; 2) optionally,
per manganate, substituted Or unsubstituted

ahtk baasts ohé corgarmalwubnsim tcotgduond; 3ires Ulbasti enet ectivator; and 4) an

arenesul fonate, or sybstjtuted. or un stituted. )
alogy#1ag| fofie, CBWPQHQHcéﬁ]GFtﬁQt iR ﬁ@flg-gﬁﬁyﬁ)fﬁ%fﬁmﬁ?@c dgtyakis(p-

f i : . : . F )
Sl BB A GG By SboSRTREL b hammoim
atesakive?, aldinetyiphedylyoetateonal | yri(mbutyhasimanmen tetrakis(3,5-
or ganoal um num conpound; _.and 3) at | east one

adimsthylphenylhoraien:  a) t HEnabutyRgmmogium tetrakis [3,5-
R IIIRAGIBORAE" 3 Somound hevi st mocniun
B B SNt el (ekidp ot i
SNOSdimetiodartueny |, otetrakis(bdolybboeses | uor¥hyRimethylanilinium
tetrakis(2,4-dimethylphenyl)borate, N,N-dimethylanilinium tetrakis(3,5-
dimethylphenyl)borate, N,N-dimethylanilinium tetrakis[3,5-
bis(trifluoromethyl)phenyllborate, N,N-dimethylanilinium
tetrakis(pentafluorophenyl)borate,  triphenylcarbenium  tetrakis(p-tolyl)borate,
triphenylcarbenium  tetrakis(m-tolyl)borate, triphenylcarbenium tetrakis(2,4-
dimethylphenyl)borate, triphenylcarbenium tetrakis(3,5-dimethylphenyl)borate,
triphenylcarbenium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,
triphenylcarbenium tetrakis(pentafluorophenyl)borate, tropylium  tetrakis(p-
tolyDborate,  tropylium tetrakis(m-tolyl)borate,  tropylium tetrakis(2,4-
dimethylphenyl)borate, tropylium tetrakis(3,5-dimethylphenyl)borate, tropylium
tetrakis[3,5-bis(trifluoromethyl)phenyljborate, tropylium
tetrakis(pentafluorophenyl)borate,  lithium tetrakis(pentafluorophenyl)borate,
lithium tetrakis(phenyl)borate, lithium tetrakis(p-tolyl)borate, lithium tetrakis(m-
tolyl)borate, lithium tetrakis(2,4-dimethylphenyl)borate, lithium tetrakis(3,5-
dimethylphenyl)borate, lithium tetrafluoroborate, sodium
tetrakis(pentafluorophenyl)borate, sodium tetrakis(phenyl) borate, sodium
tetrakis(p-tolyl)borate, sodium tetrakis(m-tolyl)borate, sodium tetrakis(2,4-
dimethylphenyl)borate, sodium tetrakis(3,5-dimethylphenyl)borate, ~sodium
tetrafluoroborate,  potassium tetrakis(pentafluorophenyl)borate,  potassium
tetrakis(phenyl)borate, potassium tetrakis(p-tolyl)borate, potassium tetrakis(m-
tolyl)borate, potassium tetrakis(2,4-dimethyl-phenyl)borate, potassium
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one substituent on (XI) and (X2) is a bridging group
having the fornula ERIR2, wherein E is a carbon atom
a silicon atom a germaniumatom or a tin atom and E
is bonded to both (XI) and (X2), and wherein RI and R2
are i ndependently an al kyl group or an aryl group,

ei ther of which having up to 12 carbon atons, or
hydrogen, wherein at |least one of Rl and R2 is an aryl

iR T R o7 e

i -tolyl)al te At tripgBdAtlc&Benium  tetrakis(m-
Lsﬁ)lgst it uent on (%Q; gp o yga umﬁrzﬁ?c grpgu? can rzilélomat iC (
gobdjaluminays | i ctr@henudcarbenmnbl naetrajms(aﬂ dimgthidphenydlatiminate,

WohsgdR RO, kORISR Al pden, BinfRgjsarbenium

AR B g, P M

h“@(b%fl tetrakls(frﬁ(ﬁ))yl%‘ldm(iﬁ@é ar e itnoleprmdent | y tetdakis(2,4-
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zbnm&l}dnlaﬁr&ﬂ)@lﬁmnare, or trBpyliurg) éetmam(é C%éwtg)%pgglyl)alummate
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%Oﬁ?g ca?/b;/logﬂ %{ma%@ﬁnt%ﬂ}%v%g}lgmfahﬁmhngﬁ ng up to lithium
%Qtrﬁﬁ% Hta@lh%ﬁﬁ)heﬁle)ﬂhnﬁﬁ’a?@z LSO akispRES Al Minkte, lithium
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i tnE 2 M aninaglubrobipheny!l)fluoioplvmmnate; i vasibwer suppasrakis(1,1,1,3,3,3-

selected froma solid oxide treated w th an
chexafiperoisgprorangiat glgml%qr € a | r ed SHY$fer al tetigkis(perfluoro-t-
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anobor on conpound or an
or ganobor at e conpound; or

14.  The catalyst composition of Claim 1, wherein the catalyst composition comprises
the contact product of: 1) at least one ansa-metallocene; 2) optionally, at least one
organoaluminum compound; 3) at least one activator; and 4) an organoaluminoxane
compound co-catalyst, wherein the organoaluminoxane compound comprises:

a cyclic aluminoxane having the formula:

{—il—oﬁ |
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iIii) any conbination thereof; wherein the at
| east one organoal t uni num conpound i s optional when at
| east one of (X3) and (X4) is a hydrocarbyl group
having up to 20 carbon atons, H, or Bah 20. The process
for producing a polynerization catal yst conposition
according to Claim19, wherein: a)the at |east one
ansa net al | ocene conprises a conpound having the
%egja wherein M is zirconiumor hafnium X is,
Péndently, F, d, Br, or I; Eis Cor Si;

R' andr k2 4 ¥nBarl &Qﬁﬁﬁ!ﬁ@&ﬁﬂdehﬁﬂnglﬁbﬂ 1 86 00 RaDoOn AfbnA, hd n is an
group, either of which having up to 10 carbon atons,

aintegguiirogSrio ahberldkn at | east one of R or R2 is an

aryl 13 are independently
a hydr%@%‘%ﬁ?‘mﬂ?‘?ﬁfﬂeg?‘fﬁgt r ?@g‘ar ocar byl si | yI gr oup,

any of which having up to 20 car bonRat ons;

hydrogen; n is an int egﬁfA oa%pﬂ’ 10, i ncI u5| ve; and

wherein

R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an
integer from 1 to about 50; or

a cage aluminoxane having the formula R s aR oAl O30m wherein 2 is 3 or
4 and o is = nay - o) + Howy; Wwherein rags) is the number of three coordinate
aluminum atoms, nopy is the number of two coordinate oxygen atoms, now) is the
number of 4 coordinate oxygen atoms, R' represents a terminal alkyl group, and R°
represents a bridging alkyl group; wherein R is a linear or branched alkyl having from
1 to 10 carbon atoms; or

any combination thereof.
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R4AA and Ras are independently a hydrocarbyl group

having up to 12 carbon at ons; b) the at | east

one organoal um num conpound conpri ses

trimethylal um num triethylal um num

tripropylalum num tributylal um num

triisobutylalum num trihexylalum num

triisohexylalum num trioctylal um num diethylal um num

OXi y di et hyl al um num

$or i’@% ca%l&s%%gfﬁ%é%@%ﬂng@énml? hg’?lg%& and c) the

at | eat onde atltehstahennszmmrailsme&omhm; oxi de treated

with an el egtron-w thdraw ng ani on, wherein

t he e|SS|I|ca S|I!caal

af-BUTi N Ata,sual u Blu g-BuZ' NC,. +-Bu
het es,Qpo ungstate, titanra, da, magn

bor ige ~n:cl oxi de, a M'sed J\d@ t her eof ; Pﬁu'/

conbi nat j t Her eof ; andPh C! t he

el ect roniw(t hdrawi ng ani on i uori de, chloride,
br om de, hosphate, tri bi sul f ate,
sul fate, fluoroborate, fluorosulfate, °~

trifluor oacet at e, phosphate, fI uor ophosphat

fl uor osi | uoroti ta t-Bu
stit ybed FOstad ut et
“Substi teH.ed Ot ygsubstitut &t G
‘ subst i t usedear Forgubst i t ut edh” ~ci
al kyi"sul e ~ar any conbin n thereof. 21.Apr@cess
for pro i/ng a pol ynerizati st conpositi -
conpri si ting: 1) at
ansa- mst al l ocene; and 2) at |east one‘’activator, ’
)t he at st O ansa- net al | ocene

xpound hav pr nul a:

~C

or any combination thereof;

b) the at least one organoaluminum compound comprises
triethylaluminum, tri-n-butylaluminum, triisobutylaluminum, or any combination
thereof; and

c) the at least one activator comprises a sulfated solid oxide.
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M is titanium zirconium or hafnium

(X1) and (X2) are independently a substituted

cycl opent adi enyl, a substituted indenyl, or a
substituted fluorenyl; one substituent on
(XI') and (X2) is a bridging group having the fornula
ER1IR2, wherein E is a carbon atom a silicon atom a
germaniumatom or a tin atom and E is bonded to both

(,X1) d and wherein Rl ,and R2 are independently
T 1 G Bl oSPeG GaP L hor of whi oh

havi ngyup tRe etk bROanAtANEIohe By@pagRN, Wherein at

| east one of Rl and R2 is an aryl group; at

Fstituent on X @ substitut :

kenyl, g t o ikdCarb

at ong; §at tIBgast one subst{%f'uent @R, (X2

an ~phat 'Zcﬂ@foup, an afonreti grgCoup, a cygl+€
i Loncbf aliphaffiTc and cy®ic groups, a

p, a sulfur grou ni trogen group,

phosphor us Nl ar seni ¢ gng a carbon group, N

silicon group, or a boron group, any of which having ?

from1l to 20 carbon atops 2= hal i de;

(X3) /and_(» are indep 1) F, d, Br, or |

) ) pyl, ogr BBHD Ravip ft§420 carbon at ons,
E‘,Bu% B (%3 atﬁfg/dr oCRAr-hy
&ag

U

: o -8€l group, a
hyd by a?jcho gr ou?h”or S/ t TYahydr ocar byl si |yl
gr o, amy/ of Chhi ch havi ng to 20 carbon atons; 4)
OBRA2 or RA, wherein RA™M alkyl group or an
aryl group, f whi ch havi p o 12 carbon atons;
wherein at | east ohe of (X3) and (X4} is a hydrocar byl
GraHp cOavinafortthefcdf;20 carbon atoms, H or BEl; and
any additional substituent on the substituted i
cycl opent adhenyst, deastt i ene edPredgenuR, HSPMPAERKY  comprises
fl.uer . r i 0. i ..
e, S, SR d ARG, or gy, sombination
ajatofs a@f oup, a conbination of aliphatic and cyclic
groups, an oxygen group, a sulfuyr group, ni t rogen
group,©a pHBeaHEsengRUiyator SAMBFIES mgﬁ& % carbon
Icoup, a silicon group, or a boron group, any of which
having from1l to 20 carbon atons; a halide; or
Hy/dr oge reatadystl chinpbsition compsisingribe aonfavapudugtsofl ell @t depst one

i ndependent |y from i ) .an act, vat or-support
sereiaorasend 2hierssoaede SPeB SRR an

el ect rgn- Wi hdr QNG AR L OmeRI1bANE! @ehpHsBE b Aompdlad &Bving the
i on- exchangeabl e acti vator-support, or any conbination

tthemdaf ; ii) an organoal unm noxane conpound; and
an organoboron conpo anpbar at e conpound;
or &)Cb(@jr (X%?XE}M;, NR&RM

M! is titanium, zirconium, or hafnium;

(X) and (X?) are independently a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorenyl;

one substituent on (X') and (X?) is a bridging group having the formula
ER'R?, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded. to both (X') and (X?), and wherein R! and R? are independently an
alkyl group or an aryl group, either of which having up to 12 carbon atoms, or
hydrogen, wherein at least one of R' and R? is an aryl group;
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I v)any conbi nation thereof 22. The process for
produci ng a pol ynerization catal yst conposition
according to Caim21, wherein a)the at |east one
ansa- net al | ocene conprises a conpound having the
fornul a: RL.LEAI'""X X R3A Rs (w,

at least one substituent on (X') is a substituted or an unsubstituted

alkenyl group having up to 12 carbon atoms;

at least one substituent on (X?) is an aliphatic group, an aromatic

group, a cyclic group, a combination of aliphatic and cyclic groups, an oxygen group,
a sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a carbon
group, a silicon group, or a boron group, any of which having from 1 to 20 carbon
atoms; or a halide;

(X% and (X* are independently: 1) F, Cl, Br, or [; 2) a hydrocarbyl

group having up to 20 carbon atoms, H, or BHy; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; 4) OBR?”; or SO3R®, wherein R* is an alkyl group or an aryl group, any
of which having up to 12 carbon atoms; wherein at least one of (X% and Y is a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; and

any additional substituent on the substituted cyclopentadienyl,

substituted indenyl, substituted fluorenyl, or substituted alkenyl group is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen; and

b) the at least one activator is selected independently from:

1) an activator-support selected from a solid oxide treated with an
electron-withdrawing anion, a layered mineral, and an ion-exchangeable
activator-support, or any combination thereof;

ii) an organoaluminoxane compound; and

iii) an organoboron compound or an organoborate compound; or

iv) any combination thereof.
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wherein M is zirconiumor hafnium X is,
i ndependently, H, Bab nethyl, phenyl, benzyl,
neopentyl, trinmethylsilylnmethyl, C-12CMe2Ph;

i 2Si Me2Ph; Cl-12CVve2C1-1213h; or di2Si Me2Cl1-1213h;
Eis Cor Si; RI and R2 are independently
an al kyl group or an aryl group, either of which
having up to 10 carbon atons, or hydrogen, wherein at

s et eottuhEn atseip Bl Gk d2Ererin: oup or a

tri hydgpcar ingl #ilkask ogle Quba-nfallooénenbiraprideaa ew@npiunt having the
20 carbon atons; or hydrogen; n is an integer fromO
tformela:j ncl usi ve: and R4A, and Rus are independently a
hydr ocar byl group havi ng-y car bon atons; and
b)the at | east one acti =r|ses a solid oxide
treated with an el e®¥ oh-wi iyt ®$ ani on, wherein

, i pa, silica-alumna,
ph¥&phat e, zi nc al uninate,
zi fconi a, magnesi a,
fde thereof, or any

s
RIA Lo N
R (IV),

al um nophosphat e, aluqkpa
het er opol ytungstate, titani
boria, zinc oxide, a mxed
conbi nation thereof; and

wherein

M! is zirconium or hafhium;

X 1is, independently, H, BH,, methyl, phenyl, benzyl, neopentyl,
trimethylsilylmethyl, CH,CMe,Ph; CH>SiMe;,Ph; CH,CMe,CH,Ph; or
CH,SiMe,CH,Ph;

Eis C or Si;

R ahd R? are independently an alkyl group or an aryl group, either of
which having up to 10 carbon atoms, or hydrogen, wherein at least one of R!and R? is
an aryl group;

R* and R®® are independently a hydrocarbyl group or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or hydrogen;

n is an integer from 0 to 10, inclusive; and

R* and R*® are independently a hydrocarbyl group having up to 12
carbon atoms; and

b) the at least one activator comprises a solid oxide treated with an
electron-withdrawing anion, wherein

the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstate, titania, zirconia, magnesia,
boria, zinc oxide, a mixed oxide thereof, or any combination thereof;, and

the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,
phosphate,  fluorophosphate,  fluorozirconate, fluorosilicate, fluorotitanate,

permanganate, substituted or unsubstituted alkanesulfonate, substituted or
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the el ectron-withdrawi ng anion is fluoride, chloride,
brom de, iodide, phosphate, triflate, bisulfate,

sul fate, fluoroborate, fluorosulfate,
trifluoroacetate, phosphate, fluorophosphate,
fluorozirconate, fluorosilicate, fluorotitanate,

per manganat e, substituted or unsubstituted

al kanesul fonate, substituted or unsubstituted

gpﬁ%%gwgeﬁn%ﬁesuﬁggﬁé Byts‘ﬁgstﬁﬁtehm ugﬁgdb%ﬁﬂl%gsal}&ylsulfate or any

ate, or ‘conbi na hereo
c adprabipatiorctheyzofi t i on conprising a contact product of:
1) an ansa- netall ocene; 2) optionally, at |east one
or ganoal um num conpound; and 3) at |east one

aghi vano ngrocmefo? rﬂi‘ ducingga ]%\?erflgﬁzaﬁﬁﬁ %a@}s@lcb%sﬁﬁoﬁ‘%mpnsmg

the for s Zr or

( RBA)ctimgd (FR5 Byt deast | mthemdemtddi,ocané;ydb oopmmﬁlly,g rabufeast one
or a trihydrocar byl of whi ch. havi ng up

C Bt Sbmendpt ) BgBen® H ot MEtiter 1o

0 to 18 i ngleUsi¥&t oAB%nsa-metallocend &%ﬂﬁn@@cﬁ &Smpdund Rving the -

i ndependently: 1) F, d, Br, or I|; a hydrocar byl
gfasmplanavi ng up to 20 carbon atoms, H or BH4; 3) a

i hyar ocar byl si 131 GRoRICRIGE B WheBR havi'ng up to -
20 carbon andnstita@iund)zircRiRAd, oF hatkiaRA, wherein RA is
an al kyl grqup or an,aryl group, any of which haV|n%
up to 12 ¢ af% g nangk 6}@ are independently ‘a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorenyl;
one substituent on (X') and (X?) is a bridging group having the formula
ER'R?, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (X') and (X?), and wherein R' and R? are independently an
alkyl group or an aryl group, either of which having up to 12 carbon atoms, or
hydrogen, wherein at least one of R' and R? is an aryl group;
at least one substituent on (X') is a substituted or an unsubstituted
alkenyl group having up to 12 carbon atoms;
at least one substituent on (X?) is an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an oxygen group,
a sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a carbon
group, a silicon group, or a boron group, any of which having from 1 to 20 carbon
atoms; or a halide;
(X%) and (X*) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BH,; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*, or SOsR*, wherein R” is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and
any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is

independently an aliphatic group, an aromatic group, a cyclic group, a combination of
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b) the at | east one organoal um num conpound conpri ses
a conpound having the fornula: Al (X51 (X

wherein (X5) is a hydrocarbyl having from1 to 20
carbon atons, (X6) is an al koxide or an aryl oxi de, any
of which having from1l to 20 carbon atons, halide, or
hydride; and n is a nunber from1 to 3, inclusive; and
c) the at | east one activator is selected

i ndependently. from i) _an .

AHRRGE GRd SYPHOEIOWS B OB B 8 SHIE BRe 2 FERD SO 2
V#ﬁd@gﬁ&u? Rl QR- WhdnidleBWpNG @Rbe group| aydliesh Biopy af a boron
and an ion-exchangeabl e acti vator-support, or an
cgnobp,reayiob whidherayofg from 1 to 20 carbopjajorag; a halide; or hydrogen;

or ganogl um poxane. ¢o oun'ﬁ%
prgangﬁ)oron Eoﬁgszﬁ?ﬁdmoror%n Ogrgaﬁo O?oé?%ouggn%%ﬁlﬁﬁé?@grcompound
| Navidthe E@Rilat i on t hereof ; wherein the at | east

one or ganoal um num conpound is optional when: 1) at

| east one of (X3) and (X4l(FEBywr ocar byl group
20000 Sy AL Bl i 2 0y s )
ciepalkuctidest ad Jarylotide comaif wihichshakirgniio lao @0padwarstoms, halide,
or hydride; and n is a number from 1 to 3, inclusive; and
) the at least one activator is selected independently from:

i) an activator-support selected from a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-
support, or any combination thereof;

ii) an organoboron compound or an organoborate compound; or

ii) any combination thereof;
wherein the at least one organoaluminum compound is optional when at least

one of (X*) and (X*) is a hydrocarbyl group having up to 20 carbon atoms, H, or BHa.

20. . The process for producing a polymerization catalyst composition according to
Claim 19, wherein:

a) the at least one ansa-metallocene comprises a compound having the

formula:

wherein
M! is zirconium or hafnium;
X is, independently, F, Cl, Br, or [;
E is C or Si;
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R' and R? are independently an alkyl group or an aryl group, either of
which having up to 10 carbon atoms, or hydrogen, wherein at least one of R' or R? is
an aryl group;

R** and R*® are independently a hydrocarbyl group or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or hydrogen;

n is an integer from 0 to 10, inclusive; and

R** and R*® are independently a hydrocarbyl group having up to 12
carbon atoms;

b) the at least one organcaluminum compound comprises
trimethylaluminum,  triethylaluminum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trihexylaluminum, triisohexylaluminum, trioctylaluminum,
diethylaluminum ethoxide, diisobutylaluminum hydride, diethylaluminum chloride, or
any combination thereof; and

c) the at least one activator comprises a solid oxide treated with an
electron-withdrawing anion, wherein

the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstate, titania, zirconia, magnesia,
boria, or zinc oxide, a mixed oxide thereof, or any combination thereof; and

the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,
phosphate,  fluorophosphate,  fluorozirconate, fluorosilicate, fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or
unsubstituted arenesulfonate, substituted or unsubstituted alkylsulfate, or any

combination thereof.

2. A procéss for producing a polymerization catalyst composttion comprising
confacting: 1) at least one ansa-metallocene; and 2) at least one activator, wherein:
a) the at least one ansa-metallocene comprises a compound having the
formula: |
CHEAHXYMY, wherein

M! is titanium, zirconium, or hafiium;
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(X") and (X are independently a substituted cyclopentadienyl, a

substituted indenyl, or a substituted fluorenyl;

one substituent on (X') and (X?) is a bridging group having the formula

ER'R?, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (X*) and (X?), and wherein R! and R? are independently an
alkyl group or an aryl group, either of which having up to 12 carbon atoms, or
hydrogen, wherein at least one of R! and R? is an aryl group;

at least one substituent on (X'} is a substituted or an unsubstituted

alkenyl group having up to 12 carbon atoms;

at least one substituent on (X°) is an aliphatic group, an aromatic

group, a cyclic group, a combination of aliphatic and cyclic groups, an oxygen group,
a sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a carbon
group, a silicon group, or a boron group, any of which having from 1 to 20 carbon
atoms; or a halide;

(X%) and (X are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl

group having up to 20 carbon atoms, H, or BHy; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; 4) OBR*; or SO;R*, wherein RA is an alkyl group or an aryl group, any
of which having up to 12 carbon atéms; wherein at least one of (X°) and XHisa
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; and

any additional substituent on the substituted cyclopentadienyl,

substituted indenyl, substituted fluorenyl, or substituted alkenyl group is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen; and

b) the at least one activator is selected independently from:

i) an activator-support selected from a solid oxide treated with an
clectron-withdrawing anion, a layered mineral, and an ion-exchangeable
activator-support, or any cormbination thereof;

ii) an organoaluminoxane compound; and

iii) an organoboron compound or an organoborate compound; or
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iv) any combination thereof.

22.  The process for producing a polymerization catalyst composition according to
Claim 21, wherein:
a) the at least one ansa-metallocene comprises a compound having the

formula:

wherein

M’ is zirconium or hafiium;

X is, independently, H, BH4, methyl, phenyl, benzyl, neopentyl,
trimethylsilylmethyl, CH,CMe,Ph; CH,SiMe,Ph; CH,CMe;CH,Ph; or
CH,SiMe,CH,Ph;

E is C or Si;

R! and R? are independently an alkyl group or an aryl group, either of
which having up to 10 carbon atoms, or hydrogen, wherein at least one of R' and R%is
an aryl group;

R* and R are independently a hydrocarbyl group or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or hydrogen;

n is an integer from 0 to 10, inclusive; and

R* and R*® are independently a hydrocarbyl group having up to 12
carbon atoms; and

b) the at least one activator comprises a solid oxide treated with an
electron-withdrawing anion, wherein

the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstate, titania, zirconia, magnesia,

boria, zinc oxide, a mixed oxide thereof, or any combination thereof; and
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the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,
phosphate,  fluorophosphate,  fluorozirconate,  fluorosilicate,  fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or

unsubstituted arenesulfonate, substituted or unsubstituted alkylsulfate, or any

combination thereof.
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23. A catalyst composition comprising a contact product of: 1) an ansa-
metallocene; 2) optionally, at least one organoaluminum compound; and 3) at least
one activator, wherein:

a) the ansa-metallocene has the formula:

wherein:

M? is Zr or Hf;

(R*» and (R’®) are independently a hydrocarbyl group or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or
hydrogen;

n is an integer from 0 to 10, inclusive; and

(X**) and (X**) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHs; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a trihydrocarbylsilyl
group, any of which having up to 20 carbon atoms; or 4) OBR%, or SO,R%,
wherein R* is an alkyl group or an aryl group, any of which having up to 12
carbon atoms;

b) the at least one organoaluminum compound comprises a compound
having the formula:
AICC)(Xe)s.05

wherein (X°) is a hydrocarbyl having from 1 to 20 carbon atoms;
(X% is an alkoxide or an aryloxide, any of which having from 1 to 20 carbon
atoms, halide, or hydride; and n is a number from 1 to 3, inclusive; and

c) the at least one activator is selected independently from:
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i) an activator-support selected from a solid oxide treated with an
electron-withdrawing anion, a layered mineral and an ion-exchangeable activator-
support, or any combination thereof;

ii) an organoaluminoxane compound; and

iii) an organoboron compound or an organoborate compound; or

iv) any combination thereof;

wherein the at least one organoaluminum compound is optional when: 1)
at least one of (X°) and (X”) is a hydrocarbyl group having up to 20 carbon atoms,
H, or BH,; 2) the at least one activator comprises an organoaluminoxane

compound; or 3) both conditions I and 2 are present.
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