HALF- METALLOCENE CATALYST COWPOSI TI ONS AND THEI R POLYMER PRODUCTS
BACKGROUND OF THE | NVENTI ON The present invention relates generally to the
field of wbebiomopaasyneri zati on catal ysis, catalyst conpesriusess/o4met hods
for the polynerization and copol yneri zati on of ol efins, and pol yol efins.
More specifically, this invention relates to hal fnetall ocene conpounds wth
a heteroatomcontaining ligand bound to the transition netal, and catal yst

conposi tions enployin anpounds. Pol yol ef i n such as hi gh
density pol yet hyl ene mgﬁgp%‘ﬁ%g Q)%J/T 3 ty pol yet hyl ene
(LLDPE) copol yner can be pr PRYYMERSRORIIGHP nat i ons of cat al yst

systens and pol yneri zati on rocesses. One nethod that can be used to

produce such pol yol efi ns e AGFOROUNPE THEANYENTdQNal yst system HDPE and
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b d | ecul a r|b nd contai.n too C ong. chain
b;gﬁch: zgml{%e\lfjﬂf?u 30195(%@8?18'? P%\lP'O “Sh?ﬂ) ¥ B r"d‘PfPB‘rHaﬁ?dmaaI?lé{ %)gtegystem
that coul d pm&d&mﬁﬁisﬂnﬁIpfbdbéﬁmﬁﬁlg)érmfonﬁﬁm%@é@ﬂcﬁf'ﬁﬁ,rst §aieh@ntdRy desi r ed

roa r weight distribution and a
?glrﬂ;![ In \a/'teilg glﬂy lrc?éh:c \III}%E%QB& h\é{%ﬁﬁm dlstr u?{on F%r instance, resins having a

polydispersity index (PDI) greater than 6 are not unusual. Polyolefin resins produced
using a chromium catalyst also can have a low level of long chain branching. This
combination of properties is difficult to duplicate with other commercially viable
catalyst systems. Metallocene catalysts, for example, generally produce polyolefins
20 with a much narrower molecular weight distribution and either have too little, or too
much, long chain branching. Likewise, Ziegler-type catalyst systems produce
polyolefin resins which are typically much narrower in molecular weight distribution
and have substantially no long chain branching. Polyolefin resins produced using a
ballard catalyst are generally too high in molecular weight, too broad in molecular
25  weight distribution, and contain too much long chain branching.
It would be beneficial to have a non-chromium catalyst system that could
produce a polyolefin homopolymer or copolymer having the desired combination of a
relatively broad molecular weight distribution and a relatively low level of long chain
branching. Accordingly, it is to this end that the present invention is directed.
30
SUMMARY OF THE INVENTION

The present invention generally relates to new catalyst compositions, methods

for preparing catalyst compositions, methods for using the catalyst compositions to



branchi ng. Accordingly, it is to this end that the present invention is
directed. SUMMARY OF THE | NVENTI ON The present invention generally rel ates
t o new cawel2grroogigposi ti ons, nethods for preparing cat acyatS2aonpmsiti ons,
met hods for using the catal yst conpositidns topolynerize olefins, the

pol ymer resins produced using such catal yst conpositions, and articles
produced using these polyner resins. In particular, the present invention
relates to hall-netalk ceqﬁ coppounds mﬁt@{a hetero on}contalnln | i gand
bound to. t he PPIEREFS Pttt PO laE Feisrgticed dRBESEET SHEV S FE"S uch
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15  wherein:
M is Zr, Hf, or Ti;
X' and X? independently are a halide or a substituted or unsubstituted
aliphatic, aromatic, or cyclic group, or a combination thereof;,
X? is a substituted or unsubstituted cyclopentadienyl, indenyl, or fluorenyl
20  group, any substituents on X® independently are a hydrogen atom or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof;
x*is ~O-R*, -NH-R*, -PH-R", -S-R*, or -CRP=NR",
wherein:
R* is an aryl group substituted with alkenyl substituent, any
25 substituents on R* other than the alkenyl substituent independently are a
hydrogen atom or a substituted or unsubstituted alkyl, alkenyl, or alkoxy
group; and
R® and R¢ independently are a hydrogen atom or a substituted or

unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof.



RB and Rc i ndependently are a hydrogen atomor a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a conbination

t her eof . GababyeaszIeNPOsi ti ons cont ai ni ng t hese unbri dgeacmyseéod/oomial | ocene
conpounds are al so provided by the preseht invention. In one aspect, a
catal yst conposition is disclosed which conprises a contact product of a
hybrid netal | ocene conpound and an activator. This catal yst conposition can
further conprise an organoal umi num conpound. The. activator. . can he an

acti vat or - support ,%a'ég'sgl PHReSKEMe ©8 IEl?ndt,g‘es(in %Pﬁig‘?gbg?'gﬂd oF‘e@BQ%f??Sbor ate
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aspect, a catal yst conposjtion conprising a contact proﬁ$ct of a hybrid
met al | ocene CONPHUHRR g dicloncdwhich spmprises 2 seppstguaduct gt ¢ hyknd msedlpceng e
hybrid netal Leggsmdcampon Retivator, | MHRNkA Y cdmpbdiRbNkdn VAR &lothpHide lag Or and
Ph is an abbreviation for phenyl. This catal yst conposition can further
conpri se an OFEFEPABENIIT ERNEOHoundhe afdvatRe @Bt P& attbractixgionhwpgert, an

act i vat or - SURR@fidoxaf cotpdihd) 3% RRRNSHIRRO MeandlbrAE SGRARNANCH BhizRdamebor at e
conmpound, an ionizing |on[c.conEound, or combinations thereof. The present
i nvention al sempamdegrsloataatiansthereefss for pol ynerizing olefins in the
presence of a cat il t . mrls) ng the
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copol yner, Tq§ﬁﬁﬁ$§%¥Bﬁlgggﬂgsition can conprise a contact product of a
hybri d netal 'ocenée conpound and an activator. Optionally, organoal um num
conpounds can be enployed in this process. The activator can be an
activator-support, an al unineyxane conpound, an organoboron_gqr organoborate

conpound, an ioniging ioni opound, or a conbjnation t . Polyners
produced from pol yner gn of ol efins, I ti i er
honopol yner s polymer s\_gah be used to C aet i cl es of
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BRI EF DESCRI PTION OF THE FIGURES FIG 1 presents a plot of the nol ecul ar
wei ght distributions of the polynmers of Exanple 3 and Exanple 4. FIG 2
present s wWopbmooss1st he nol ecul ar wei ght di stributions ofPCrhs2@oloy4ver s of
Exanple 5 and Exanple 6. FIG 3 presents4a dynamc nelt viscosity versus
frequency plot, nmeasured at 190 0C, for the polyners of Exanples 4-7. FIG
4 presents a plot of the nolecular weight distributions of the polyners of
Exanpl es 8-12. DEFI NI TI ONS To defi npc%re clearly the ternms used herein, the
followi ng definitions are provided. e term "pol yner" neans honopol yners
et\hyl ene and a conononer. "Pol yner"

conpri sing ethyl ene”an yirers oy
al so neans honopolij) and cQpol y @ any ol efin nononer discl osed

herein (e.g., prog » #alyst" generally refers to

or ganoal um num conpothds that can cop ute one conponent of a catal yst
conposition. Additionally, "co-catakyst" can refer to other conponents of a
catal yst conposition including, bu 3t | i;mantlekh tsoan abmeviatmxafoe phenyl.

or ganobor on .organqbar at e..conpounds, i oni zing ioni.c_conmpounds, ,as

i 96 osed. ner s EAAN8 BBt TRONARS: cariifsf bl SreoP R REL SOt ua
function of ttheaatapoundbokn activavheuppodt amelamaioksi® ddynpadide bn bigendborpound
may operate. In on% aaiepect of this.invention, tae term"co- c€t alfyst" IS
used to di st i HGELIOFOTPHIHALIPIZEE 1PHE CUmpANgqr CBBIH%‘SE?’ISit AHr om t he

hybrid metsal | ocenerhe prasenthithventibiealb® Enterhplated § prodes’ Fodpul et AngeIsnsk ini S used
wthits ordi gar meanj ngartto refer to neutral conpounds of the form BY .
The term "fl JBF BEFGSHB! DoAY COPRPHINTY therQESHepEn RIS Wg sO N tingtas FH#lYsto ref er

to the nonoanjoapbéitishlith & oRfih! HEKRRE GRACOPHGHAT &0 FRFMNEb NI nokRE uh@srm
[cation] +[ BY4] ~, where Y represents a fluorinated organic group. Materials

of these typd¥hapesizafiiecandijonsntp Psrdueetd pelygner or copolymer. ~ The' catalyst

composition can comprise a contact product of a hybrid metallocene compound and

10 an activator. Optionally, organoaluminum compounds can be employed in this
process. The activator can be an activator-support, an aluminoxane compound, an
organoboron or organoborate compound, an ionizing ionic compound, or a combination
thereof. » '

Polymers produced from the polymerization of olefins, resulting in either

15 homopolymers or copolymers, can be used to produce various articles of manufacture.

BRIEF DESCRIPTION OF THE FIGURES
FIG. 1 presents a plot of the molecular weight distributions of the polymers of
Example 3 and Example 4.
20 FIG. 2 presents a plot of the molecular weight distributions of the polymers of
Example 5 and Example 6.
FIG. 3 presents a dynamic melt viscosity versus frequency plot, measured at
190 °C, for the polymers of Examples 4-7.
FIG. 4 presents a plot of the molecular weight distributions of the polymers of
25  Examples 8-12.



referred to as "organoboron or organoborate conpounds.” The term "contact
product" descri bes conpositions wherein the conponents are contacted

t oget her wo2aryoossider, in any manner, and for any | engt RCOUSROOI®O40FDr
exanpl e, the conponents can be contacted by bl ending or m xing. Further,
contacting of any component can occur in the presence or absence of any
ot her conponent of the conpositions described herein. Conbining additional
material s or conponents can be done_b aq¥ sui tabl e method. Further, the
term "contact product” includes nixpﬁ¥8§1 8Nends, sol utions, slurries,

reaction product siroaféiné Roré tlkarly MHe LAADLAALHANS, thOesIRAing AblikiAMEhare CONt act
product” can include reaction products, it is not required for the

respective c@ﬁﬁ@#@nts to react with one another. The term "precontacted"

mxture is used tqpdegehi BEoImEIT Sheallt Xhdth&poRmdrdt dnysisifz0 "RBAGRL Spfhat are
contacted for a first period of time prior to the first mxture being used
to form a3" psspdyneraef eliylens ansleaceompnaingt. uiPelyafer calsamyans hemepemarssnd hat

arecont act ed videS© 106! h8shdr dtdeiEed £ t LR¢ontacted m xture
describes a ﬁ?@%ﬂ?g ofgﬁg%a ocenercon%%ﬂdﬁg%opi%ﬂﬁgggﬁﬁz), ol efin nonomer,
and or ganoal um nuffhe éerpoinoctatadyst cemmpulindsiers toefrganealuhiimunricginpeunds ghat

cont act ed W Ll g}, 46iJ YAl QhaSHARQEL AASsPRh Ao A0NdAARY, <05 gaRggH uni num

conpound. Thus, "precontac escri bes “conponén at are’use cont act
each ot her, [zat regferitontheo conprinants iofig catalystcammposiaon sicludirghbutgee imdked to,
postcontqgted m.xture. Acc rdingJ&f this inventign.na. occasionallg

Sh nas

di stinguish ﬁgautmv{/lé%xr?"?f" SEHPOIENt L e th8raf)er %Oﬁaproém éonp')r"é%bon AP Xkt ur e
and t hat conpedBclibsedfHessin.t Tie tefink fasraatadias’ ibesd rggaediess of thelaotuakkiadcpnef
according to this descriptign, .it i ossi ble for the precontacted

o ganoal o ndl EEmEETRAT Bt dEmide! meShBRRokY which e et HERR Btfe Bnd t he
ol efin nmonomehe dspechafethiseafb@ibnl Ghd @dri 8do-tRAG” sl id eli®inguisth et cal
conpound, fornmul ation

compound. 1 or St 000 SLLUELULE, LA LIS KL S LD o canosl g num

precont actsed or gan@akdi it oeERE WOEbnUonpBHRI NS tked Withl @8 GFdiRRY nRSning

conpri sing an organoal um num conpound that was used to prepare the

precont act ed o rstE tx _neutral compounds of the form BY;. The term “fluoroorgano borate
compound” also has its usual meaning to refer to the monoanionic salts of a
fluoroorgano boron compound of the form [cation] [BY,4], where Y represents a
fluorinated organic group. Materials of these types are generally and collectively

20  referred to as “organoboron or organoborate compounds.”

The term “contact product” describes compositions wherein the components
are contacted together in any order, in any manner, and for any length of time. For
example, the components can be contacted by blending or mixing. Further,
contacting of any component can occur in the presence or absence of any other

25 component of the compositions described herein. Combining additional materials or
components can be done by any suitable method. Further, the term *“contact product”
includes mixtures, blends, solutions, slurries, reaction products, and the like, or
combinations thereof. Although “contact product” can include reaction products, it is
not required for the respective components to react with one another.

30 The term “precontacted” mixture is used to describe a first mixture of catalyst

components that are 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



Alternatively, the precontacted m xture can describe a m xture of

net al | ocene conpound, ol efin nononer, and activator-support, before this

m xt ure iwocorimeiled with an organoal um num co- cat al yst PCEius2ée0b4047 t he
term "postcontacted” mixture is used to glescribe a second m xture of

catal yst conmponents that are contacted for a second period of time, and one
constituent of which is the "precontacted" or first m xture of catalyst
conponents that were contacted for a first period of time. Typically, the

t er m " post coReHeatiefor @ sependepariod 1of ditheh e fem theopdestadtdlemixtere Mexdribee a Of

met al | ocene gRRRUN .00 r.- ofganoal um num canpound, and

acti vator-suppor% ?g. dl?%tggzﬁéhn% c(% V- dre{a??e(ﬁo@%?‘lnas oxP]&g?, MACHEH Rdm
contacti ng t hegapeadwaintmcoegomidioncempdunds)pestre @lis afixtiRES GoBPRRALS Wi th
any addi tional,: nent dded t.o ke yp the postcontacted m xture. For
i nst ance, thgétg %F?'?p(ftr:?gl %3% Oglr?gﬁlt ag%HB‘&FHIt g8 BUNL &ORHBRYont ABted

M xture cin hecentahenidcaibey-compaicats e iré usd BeonBRfleacRIh@NB ior GAN

i nclude an o(r;(g%ﬂ:%al m num congour]% which is the sane as or different from
t he organoal um nune EEnPBURGHR & theFepmdp Bpsicontigted ik Biig- a dceerdingh dire, as

descri bed heimeitionAREY odtaddhylly BiEiSeulidhAVEMNEQNa %@%p@ﬁeﬁp uSC ﬁ)skl%gﬂ‘%lt){e
di stingui sh between aconponent used to grepare t he postcont act m Xt ure
iz

and that conPSRENCtes;mixiire qad thay componeataftasdhe mixiprrhad bedhprepardn Faybr i d
met al | ocene, exa@d®$Gr hhosdid dWNiE dagd ikl -irreLa e~ copgpound with. a

het er oat g(gw cont ai ning | iugg;nd bc;und t _é)lht he 1t rltgnég)étg?ogﬂ fr(r’gtgﬂ? %ﬁe}%gﬂﬁcfﬁdﬂ d

met al | ocEhesC8ANERTENYH FaRPPEE, erastinisreoniaeteth Vithche Bietjlotcmpend adi defd - t ype
noi ety, whergbRohet, &t H9s G¥& é?la%(?}?h}f I ieties.include. cycl opentadi enyl
| i gands, indenyl Ii gands? fTuor enyl .ind)g(alﬁ%g,o gn(g&fteﬁglgIcﬁ?(%{cal%/ﬁ%?iﬁ%nﬁg
partial |y saforrulplen. oF stsighse fromtteeidigténct organoabsniowmanmpogsl wséd @yemie t hese.

Possi bl e subgt istdéeRthSe® hitihgS an ll; Sl e hydrogen, therefore fhe
description "Substi tu%_edltfgx%i \E/helltﬂlhgggskgt tﬁé:gg% I%iacr'fecrf"lrig‘si aﬂ AT SR i ses
partial |y saQueemtrogenti igalsesibsdieh camptighg ah\otganbaidmingm cémpsumbyesoihdior enyl

oct ahydr pf | ulgggwﬂgre Rer TR I-THRY ﬁg&% %rgd i ndenyl, partially saturated
I ed pgrtlatlaysxt

fluorenyl, substi ' aturated indenyl, substituted partially
sat ur at ed Alternatively, the precontacted mixture can describe a mixture of metallocene

compound, olefin monomer, and activator-support, before this mixture is contacted

with an organoaluminum co-catalyst.
Similarly, the term “postcontacted” mixture is used to describe a second
20 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 compound, olefin monomer,
organoaluminum compound, and activator-support (e.g., chemically-treated solid
25 oxide), formed from contacting the precontacted mixture of a portion of these
components with any additional components added to make up the postcontacted
mixture. For instance, the additional component added to make up the postcontacted
mixture can be a chemically-treated solid oxide, and, optionally, can include an
organoaluminum compound which is the same as or different from the
30  organoaluminum compound used to prepare the precontacted mixture, as described

herein.  Accordingly, this invention may also occasionally distinguish between a



fluorenyl, and the like. In some contexts, the hybrid netallocene is
referred to sinply as the "catalyst,” in nuch the sane way the term

"co- cat alyeroiwmsused herein to refer to, for exanple, &@OTarSgaEO40dT™ NuM
conmpound. Unl ess ot herw se specified, the foll ow ng abbreviati ons are used:
Cp for cyclopentadienyl; Ind for indenyl; and Flu for fluorenyl. The terns
"catal yst conposition," "catalyst mxture," "catal yst system" and the

i ke, do not depend upon the actual product resulting fromthe contact or
reaction of CPEPUSHHBITEMP Preprre te AFPTRE mptre pad (s comppReat afi e

catal ytic si /xR hat Beenf Bt the co-catalyst, the hybrid netallocene
conpound, any ol efin nononmer used to prepare a precontacted m xture, or the
act i vat or - suppor t Theifterar “Bybrsd maidlogenss e desstiprdnahtuabriqgedr balgmstallpgsact er ns
"catal yst corpashindQlith a HefkdHiomtoffhming! 1fpand be@idoYHE naksili& metafNehE he

| i ke, can include both heterogeneous conpositions and honogenous

conposi t i 6ns hylifire negallocenvy drf otbisr inyéntios peopiain ere &1’ Hy dr’ sveloparadiendl-vat  gr oup
that includes, .but js .not; |igted arvl, .alk cycl oa | .. al kenyl,
yel oal kenyl Hoigh whFRAGT byt ev i ey ittt SHieRDlaotay faed Rl ' and
the |ike, andnden@l geds,afilorstilSligahts, echd theSlikes tindludiggl pahfalipcdatated ionear ,
het er oat om substituted, derivatives thereof._ The 1%er. " %hen‘i cally-treated
sol i d oxi de, SubsEigitgdydesivaguesaes; anplngs of Ay i these. ‘?Sé‘gf%ﬂ‘ Spes QRithrse
conpound, " angatdigndiddetrydidpeh, GRdréfort tBOHdsEriptioR k@R At dWeidRives theRbertih vel y

hi gh porosity, which exhibits Lewis acidic or Brnsted acidic behavior,
andwhi ch 1Ras thieeRventient exmriiseh Parially esatyraied wWigaRdsy SUfthgs c istployseeindenyy pi cal Iy
an anion, an ' j | £ | eck 2t ' is

b ol 1y an e B e b gpy Pk

chemi cal | y- t flwateayl, swbstiuiedi pretidbymseturatedc tndpnyls substituted qlapadly c eaverated
product of sqli I o} i =M j 4 i ce
conpound. Tygilu((:)%fl%%‘gfﬁgﬁégﬁeﬁllrggﬁ\@}C&ﬁegé’gﬁ ée sg%%gg{?i elgg%f?f%%cﬂsaeswgni zi ng,
aci di ¢ sol i d agsiedeatglystgomrouchTthe sanes way the tigrpoico catatydt™ ia osddvieram tosigfepor t "

are not ed to.inply these c S iper n % RORNEnt s
shoul d ngt% béé’c%)ﬁse ?%%1 ’ g’i Oé%glgﬁg@?l rﬁ%‘orcr(%{éﬁoélﬁ?' oltt’]nlf' %eg[(}:l%{t&g y%;[%%%’ﬁ', tt
following abbreviations are used: Cp for cyclopentadienyl; Ind for indenyl; and Flu

for fluorenyl.
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The terms “catalyst composition,” “catalyst mixture,” “catalyst system,” and .
the like, do not depend upon the actual product resulting from the contact or reaction

20  of the components of the mixtures, the nature of the active catalytic site, or the fate of
the co-catalyst, the hybrid metallocene compound, any olefin monomer used to
prepare a precontacted mixture, or the activator-support, after combining these

k24 (13

components.  Therefore, the terms ‘“catalyst composition,” ‘“‘catalyst mixture,”
“catalyst system,” and the like, can include both heterogeneous compositions and
25  homogenous compositions.

The term “hydrocarbyl” specifies 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.

k2N 19

30 The terms ‘“chemically-treated solid oxide,” “solid oxide activator-support,”
“treated solid oxide compound,” and the like, indicate a solid, inorganic oxide of

relatively high porosity, which exhibits Lewis acidic or Brensted acidic behavior, and



conposition. The activator-support of the present invention can be a

chem call ytreated solid oxide. For any particular conpound discl osed

her ei n, amg 28twoesiiar e presented al so enconpasses all comrCorusatmoONDH7

i soners, regioisoners, and stereoisoners§that may arise froma particul ar
set of substituents. The structure al so enconpasses all enantioners,

di astereoners, and other optical isonmers whether in enantioneric or racemc
fornms, as well .gs m xtures of stereoi SOWL%pwaS woul d be recogni zed by a

skilled arti 4Hch hasheen Grated with @p slestrasydpdipwing sompgrent.iypigally 3 #HeM. pr esent
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claima ranggofboday cdffiRes APBIILGEN ContadtNfrBMict 16T doRddd:88d RSHpAIndCh@hM
i ndi vidual 'y each possible nunber that such a range could reasonably
enconpass? i skctien-wihdmyingsinipnsowice e¢rapquad g yrisallyethe chemigally-tseated eliges and

conbi nat i ons Qe SRpHIAIERiZRBC AMRRSSRE k! Bboyrd” THE AHls Cssufotn aﬁge

Appl i cants disclose or clalma chemcal noiet aving a certain nunper of
car bon at ons, agipyplor-senpoy” arqitnehtuséds ta ampliysthesgseonponehtaiare iingdt, vandussichy every

possi bl e nu e I n S | St 1 he
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al i phati ¢ gr compostiomg The ecnvbtdreu@dricaf the preseatmmyera®nuse tbehe ckémicallyef ers t o
a noi ety that ca sel ected i ndependently froman aliphatic group having
1, 2, 3, lgf, é{eatéips‘g“,%%,“leg, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20
carbon atons, as Wet hnyapardtylar angeubéidivesed hesia, dmostnisndre pseséited aBxanpl e,

an aliphatic groou hgvhn(%@g) to.6 gar bon at ons anddal so.incl U}d?l n%aany
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carbon atonms). Simlarly, another representative exanple follows for the
wei ght rati o “BIUGFGEnGEPFCATHY 284 L4 \PREGH -SmsdMhelhr 3 epgnaipystic or
conposi t 18N RERMiE RfImb NasOREl 38 RALhredfof tshirdbidoméANhE MduldBe ecBimisddoguse t hat
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skilled artisan.

Applicants disclose several types of ranges in the present invention. These

include, but are not limited to, a range of number of atoms, a range of integers, a

range of weight ratios, a range of molar ratios, a range of temperatures, and so forth.

20  When Applicants disclose or claim a range of any type, Applicants’ intent is to
disclose or claim individually each possible number that such a range could
reasonably encompass, including end points of the range as well as any sub-ranges
and combinations of sub-ranges encompassed therein. For example, when the
Applicants disclose or claim a chemical moiety having a certain number of carbon

25  atoms, Applicants’ intent is to disclose or claim individually every possible number
that such a range could encompass, consistent with the disclosure herein. For
example, the disclosure that a moiety is an aliphatic group having from 1 to 20 carbon
atoms, as used herein, refers to a moiety that can be selected independently from an
aliphatic group having 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or

30 20 carbon atoms, as well as any range between these two numbers (for example, an

aliphatic group having 3 to 6 carbon atoms), and also including any combination of



to activator-support is in a range fromabout 10:1 to about 1:1000,
Applicants intend to recite that the weight ratio can be selected from
about 10:wQ 20tp08519: 1, about 8:1, about 7:1, about 6: 1, pabaistoosd404about
4:1, about 3:1, about 2:1, about 1:1, a@out 1: 5, about 1:10, about 1:25,
about 1:50, about 1:75, about 1:100, about 1:150, about 1:200, about 1:250,
about 1:300, about 1:350, about 1:400, about 1:450, about 1:500, about

1: 550, about 1:600, about 1:650, about 1:700, about 1:750, about 1:800,
about 1: 850 ramgbobetwec9@@se aboutmberdFMr eamplopan aliphb@io Grovpditiviigohad By, t he

e el 2 h a8 s thé B iR, LRI B NP g, 20000 & 100008 T
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for exanple, to account for a reference that Appl icants may be unaware of

at the time aBput{’he 2peytitaly abputihle ahews|4; béb?‘tin” 1, mhoutRel, abaydl:. @heutd f.eser ve

the right tQuR[avioSshddkt:29r b8l 5siGLARY - 7'5”9496& f"i‘?& a%bﬁﬁ%tfsbu?d&?l 26012l 0gs,
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herein should be interpreted in a manner similar to these two examples.

Applicants reserve the right to proviso out or exclude any individual members
of any such group, including any sub-ranges or combinations of sub-ranges within the
group, that can be claimed according to a range or in any similar manner, if for any

20  reason Applicants choose to claim less than the full measure of the disclosure, for
example, to account for a reference that Applicants may be unaware of at the time of
the filing of the application. Further, Applicants reserve the right to proviso out or
exclude any individual substituents, analogs, compounds, ligands, structures, or
groups thereof, or any members of a claimed group, if for any reason Applicants

25  choose to claim less than the full measure of the disclosure, for example, to account
for a reference that Applicants may be unaware of at the time of the filing of the
application.
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The use of broader terms such as “comprising”, “includes”, “having” should
be understood to provide support for the narrower terms “consisting essentially of”’ or
30  “consisting of” or “comprised substantially of” Use of the term “optionally” with
respect to any element of a claim is intended to mean that the subject element is

required, or alternatively, is not required.



The present invention is directed generally to new catal yst conpositions,
nmet hods for preparing catal yst conpositions, nethods for using the catalyst
conposi t iwatomogasymeri ze ol efi ns, the pol ynmer resins pcodse@d/ou®isng such
catal yst conmpositions, and articles prodoced using these polyner resins. In
particular, the present invention relates to half-netall ocene conpounds
with a heteroatontontaining |ligand bound to the transition netal, and

catal yst conpositions e |l oce onpounds HYBRI D
METALLOCENE COVPOUNDS Tﬁ%ﬁﬁtﬁﬁ rﬁéﬁ%ﬁﬁﬁ%ﬁlﬁ i ENTION o) hybri d

met al | ocene conpoTRe prdzami ﬂgerﬂloﬁﬁkadlieﬁl@@rg%némlﬂﬁtt(y n%a'dceﬂa]yst compositions,
heteroaton}contalnlgg | i gand, and net hods. of maki ng these conpounds For

conveni ence, MG OB PISBRHTHE GRpIYSt SomRIsHiong “’teéhqqlér@r ugiae e rsagplyst
net al | ocene GoRMPEMIES to b&yﬁx@ﬁz@&@ﬁﬂé t&fpotl}mne? rééWse&BB&@d ubing smbéakag%ed .
or Ti;

hybri d netallocene conpounds have t formul a: wherein: MrTs
X1 and X25i nqepeesiEms) yndaprgclgs mgdperél wingathesehrqlymen edingr Inrpattisgiar.tthe ed

aliphatic, apEEBit tveMonC ¥okhics QF %Hﬁqne@efllo@en%o%ﬁﬂ}r}dgnwhﬁ'eﬁe éterogﬁm' S a
substltuted or unsubstituted cycl opentadi enyl , uoreny group,

any substit uépataingg ligand helmdde thenrangitign metal, htyd celgbyst eommosidipnsensplbyng t ut ed
or unSUbStltgﬁ&g?@hhgﬁﬁﬁkﬁ?fﬁéﬁgg%$§ or cyclic group, or a combination

thereof; X4 is - -S-R A or-CR B=NRc , wherein: RA
is an aryl group substituted with an alkenyl substituent, any substituents

or & subdli ¢ SRaR AR MRS, Eny T or 1 Koxy a oup: and RB

and Rc i ndependenﬁ’htyprasent mvbu;mhnaiysetosastmldwbﬁd ﬁmhﬂ;lbi:etmtceﬂpMndslhs\dhgﬁi tuted

aliphatic, a%%%tolcecne mmet?%r% RetdloatoR- con’cammgC logand and methcgcps of mang these
compounds. For convenience, these compounds will be referred to herein as hybrid
metallocene compounds. In one aspect of this. invention, the unbridged hybrid

15  metallocene compounds have the formula:

X2
Xl _I\I/I —_— X3
x* (n;
wherein:
20 M is Zr, Hf, or Ti;

X' and X? independently are a halide or a substituted or unsubstituted
aliphatic, aromatic, or cyclic group, or a combination thereof;,

X? is a substituted or unsubstituted cyclopentadienyl, indenyl, or fluorenyl
group, any substituents on X® independently are a hydrogen atom or a substituted or

25  unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof;
X*is ~O-R*, -NH-R*, -PH-R*, -S-R*, or -CR®=NR€,
wherein:
R* is an aryl group substituted with an alkenyl substituent, any

substituents on R" other than the alkenyl substituent independently are a



Formula (1) above is not designed to show stereochem stry or isoneric
positioning of the different noieties (e.g., this fornmula is not intended
to di spl ayoeom/s8s15r ans i sonmers, or R or S di ast er eoi sorerdajsoolovdseugh such
conpounds are contenpl ated and enconpasdéd by this formula. The netal in
formula (1), M is selected fromZr, Hf, or Ti. In one aspect of the
present invention, Mis either Zr or Ti. In formula (1), X1 and X2

i ndependently can br om or

b I or,
i odi ne atom As ugggo%eé'r PW ﬁlnlﬁ Or un?lg)ﬁhtugdcﬁp h(len%legf aorox%r anched
al kyl and al kenyl g@upmd. Gener al | y, the aI i phat| c group contains from1l to

20 carbon atonms. Unl es Bot M. S fied | and al ken r
described herein are i Eg% ’BjeP b’ arg | § h§‘{lrf’%e& %tf)g’l of §oﬁ‘r’é?tg9t ‘? Eear
branched, of a gi uﬁdilbmihtea ylipHaQi, a@@fﬁd‘ml@cy&id gr&ﬁﬁﬂfh@difﬁblﬁataﬁhdhabéf

di astereoners are_inclu %SI wi thin th| s. defi mSE1 an.exa unl ess

ot her wi se”speci fi BaMYhdD; abgrepisofst dGSiEneh 4o shey ?t?f(‘??‘ﬁ‘(‘i@‘sr?ypggb?fmﬁﬁd

i so-propyl, \Wiitienihd6f the tiffebdht loidtiSs (¥ his F@muRGH HetEnndMdtty displageRWk Y|
t-butyl, sec-butyl, and so forth. For instance, non-limting exanples of

octyl i soner $PHPRIEEs:2 06t ﬁylorh§x§’}35t§‘f?8‘s?l‘€?fé)ct 9Fh°“@<aﬂ19f‘e§°‘BP°‘%‘df t3Bl e

al kyl groups -¥htmplafedan®En@MPaf¥edy tHs foRgulRr esent invention include, but
are not limted to, nethyl, ethyl, lNgropyl but yl ﬁentﬁ_ hexyl, heptyl,
g Hf wsrlyi 1

octyl, nonyl, or a'b%wetalah&rtnﬁe (), R, is Fslentgst faam HPRBPeHhi n' t he

scope of ﬂ)hetlﬁgﬁg@g{m{,é},ylgﬂthglelltngkygeF, but are not limted to, ethenyl,
propenyl, butenyl, pente exeny g&nenyl octenyl, nonenyl, decenyl

and the like. Ar oiqur@ubréhﬁé aalﬁcP( c’@ﬁme flyi5an B erhalifle. sheh pea dluetins

include aryl I Y, [ m t ed
to, phenyl, a {%qr@ bY(tstnlgtAurtlg(ggg err?yﬁ?g%sggﬁ?ﬁmf%m%u? gﬁgg?’?ﬁc{gggm&\dépht hyl ,

phenyl -s ubst ior htaedledlalldgml anch@lbmyrhgt@labs@memllefdthalakphanc anehptagatajrsifeom 1
carbon at oms 18 PRARBHR SRR AR ARy D Syl A S M L 8B e
used in tihe peeseae 1nuan®dtuooncludmhlildeuquhelmy¢mers olingar obbranghed, of a given
moiety; for example, all enantiomers and all diastereomers are included within this
definition. As an example, unless otherwise specified, the term propyl is meant to
include n-propy! and iso-propyl, while the term butyl is meant to include n-butyl, iso-
butyl, t-butyl, sec-butyl, and so forth. For instance, non-limiting examples of octyl
20  isomers include 2-ethyl hexyl and neooctyl. Examples of suitable alkyl groups which
can be employed in the present invention include, but are not limited to, methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, or decyl, and the like. Examples of
alkenyl groups within the scope of the present invention include, but are not limited
to, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl,
25  and the like.

Aromatic groups and combinations with aliphatic groups include aryl and
arylalkyl groups, and these include, but are not limited to, phenyl, alkyl-substituted
phenyl, naphthyl, alkyl-substituted naphthyl, phenyl-substituted alkyl, naphthyl-
substituted alkyl, and the like. Generally, such groups and combinations of groups

30 contain less than 20 carbon atoms. Hence, non-limiting examples of such moieties

that can be used in the present invention include phenyl, tolyl, benzyl,

dimethylphenyl, trimethylphenyl, phenylethyl, phenylpropyl, phenylbutyl, propyl-2-



di met hyl phenyl, trinethyl phenyl, phenylethyl, phenyl propyl, phenyl butyl,
propyl - 2- phenyl ethyl, and the Iike. Cyclic groups include cycloal kyl and
cycl oal kewgl2ommiogiises and such noi eties can incl ude, butcarus2o0oodoum t ed
to, cyclopentyl, cyclopentenyl, cyclohex®l, cyclohexenyl, and the |ike. One
exanpl e of a conbination including a cyclic group is a cycl ohexyl phenyl
group. Unless othermﬁse specified any substituted aromatic or cyclic

Lorm ol yi 1 SvaMp v o T sl i Poed SRlsebSPHElSeipplenifiha i<,

ortho, neta, and spdv ﬁlmeh& GiTEHQB.ﬂerutCﬁre nbelipites e@tcycmmernpl Qgcloﬁﬁhte&hpﬁ X2
i ndependent |y

trom 1 to 20 KaPEsR: ORI SHODRIRE o OBe s S oRDaaR UL by e

met hyl, et hylyclrgesupl is a bydiyhexyphétyy knoubew)ﬂess &E&Wée,s &sfisd, any@B¥titute@r
decyl. In_still another aspect, either X1 or X2, Both are

trimethyl Si | JIORAIRAT. OICHC BRI e dierein p&%é*teanki‘)amfl%é 3 degiispmesits| §Pr ar e

et henyl, propeiivple, the!te@mytblyl REAERNW inclEX sﬁw% ossiBRuBhent PELiEENY lthat RONENY!
or decenyl X1 and X2 i ndependently are a substituted or unsubsti t ut ed

aromatic groﬁﬁhoﬂﬁﬁaé&aﬁﬁle having up to 20 carbon atons, in another

aspect of the pregpihe i ByRPIIfOMe priset GhvehGSENK' asPoet md?:genﬁé}gl Xgredf € both
chlorine atons. X1 and i ndependent |y can be selected fron1pheny|,

napht hyl , t olSystituigenon ansubgtifitech glinkes group thavinetfram dHerdP carbimesigmat Hy| |
phenyl pr qpyl ’ancpcﬁéné'sbwi't X! an@@@%ﬁhe&n%@l?ﬂr@%ﬂyl ERG1 %Pﬁﬂ'ﬁ l:mtyl pentyl,

cycl opentenyl, cycl ohexyl, cycloh exen\t;t or cycl ohexyl phenyl 1n ot her
aspects of thewlj hw@htqccﬂ noyig, or decyhn &ilélranaﬁﬁeeqpectquémxxor Kde(péﬁéent |y

are nethyl, Qileetﬁxlethyﬁ%ﬁ%thylo'in et NbthdSspdct NGk x4 an?é al BdepeAdent 'y
I°oF % aspec

can be nethyl phenyl, “benZyl, Oor a c i ne aton1|n not of the
present i nvemtdpenyl, buﬁerfycmmteayl( hgxeny, h@tfmyh wbkshylt nenesdyloor devsuls t'tand ed

.CyCl opent ad' yllnde eﬁ'(ﬂi%ﬁ% Ia’re Qs betHQtreg Wlun%b%H{E\te ! ﬁ'o@l?ﬁ“c %ﬁoﬁgckoroé a¥n ? present

i nvention, tuted unsubstitu |eny Oup In
anot her elépedi,mg(@p tOSZOapameSitqrmmradmther Qspsqnbﬁthetpmserd lmwdemyl group. X can

be an unsubstitut gd ,cye AReIALL, €RY lana PIGRY botn OlmiHOLSHY!  KoMR- X
independently can be selected from phenyl, naphthyl, tolyl, benzyl, dimethylphenyl,
trimethylphenyl, phenylethyl, phenylpropyl, phenylbutyl, propyl-2-phenylethyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, or cyclohexylphenyl in other

20  aspects of this invention. Yet, in another aspect, X' and X* independently are methyl,
phenyl, benzyl, or a halide. Further, X' and X* independently can be methyl, phenyl,
benzyl, or a chlorine atom in another aspect of the present invention.

In formula (I), X° is a substituted or unsubstituted cyclopentadienyl, indenyl,
or fluorenyl group. In one aspect of the present invention, X’ is a substituted or

25  unsubstituted cyclopentadienyl group. In another aspect, X’ is a substituted or
unsubstituted indenyl group.

X> can be an unsubstituted cyclopentadienyl, indenyl, or fluorenyl group.
Alternatively, X> can have one or more substituents. Any substituents on X°
independently are a hydrogen atom or a substituted or unsubstituted aliphatic,

30  aromatic, or cyclic group, or a combination thereof. Hydrogen is included, therefore
the notion of a substituted indenyl and substituted fluorenyl includes partially

saturated indenyls and fluorenyls including, but not limited to, tetrahydroindenyls,



Al ternatively, X3 can have one or nore substituents. Any substituents on X3
i ndependently are a hydrogen atom or a substituted or unsubstituted

al i phati cvoanovmssis, or cyclic group, or a conbination trhemsedos/obipdr ogen i s
i ncl uded, therefore the notion of a subg8ituted indenyl and substituted
fluorenyl includes partially saturated indenyls and fluorenyls including,
but not limted to, tetrahydroindenyls, tetrahydrofluorenyls and

oct ahydr of | uore t he

hati cs.whi.ch e e
present invehti giérf’ﬂ‘(‘ﬂr ﬂﬁ)ﬂcgll‘?éﬁaﬁlé?rw&@l E xe 3%? @gatg‘g \X%Clgﬁarf R&I ude,
Eut alr e not :ehmoty@dj lni (hé: }5f€§e|ﬂy hnvgﬁt‘n'd’hyinclupé afyls, anbt)&lkldnylspeiﬁnydles bexyich |
eptyl, octyl, non ecy en rgpen .. pentenyl , hexenyl,
hept enyl , oct®Hife; %WbﬁEHVIh“B?ddﬁcéﬁQWP gﬁg ‘ﬁ@w FW@ CPW£§F¥§E¥$@:Qronatic
gr oups and C BRI, I’h@hyloﬂ&:yw e'(t}h:n?-i &fp@ﬁyICbGér@M nﬁmeassl déealis agderdhMeRnyk an

i nclude phenyl, tolyl, benzy | i k C¥c ic substituents are also
cont enpl aPed "AB§], 9T d%eﬁaylnemi the H#? i Wgsté%zlaﬁﬁwogga IG,8FWPS PRLCTH AR VB ov e,

i ncludi ng NDiGhhaBS gPAPE, a%Sm&)Agde@rasmeyka@mdluaygmlsvewb} bbzyPNRdaRdRKd.  Of
this invention, each substituent on X i ndependently is a hydrogen atom or

a methyl, et (pKlic pidstsyents sre glse gpntemplied erengandropolimiging gramples Were elser
aspect, Substpk&w!&atasown%ﬁdﬁ{g%na%e%%&pas cpa@mgﬂ#ﬁm byeidreyn @ hydrogen atom

et henyl, propenyl, butenyl, pentenyl, hexenyl, "heptenyl, octenyl nonenyl ,
or decenyl. X4 inlf Qnm‘p‘nfm( Pft}n% invigntfpna eachpybRtitaent ipdepergleRinis ar - CR

B=NRC. 1n,thg drog} ngf eny(Flﬁ- Eibo?YL f’i"wm $b8tyi\d?‘nle>%11 gﬁﬁgu%x{éf hegh aryl

group substl i tue i tabl e al kenyl
group subst i taspeat SUbsnnllenfd on Xare sglectedonddpendentiyl ﬁpm a hﬂhegfyll atorp,r Sheapily | |

butenyl , pente n , and the
li ke. Accor dif ‘8%{"6 one-d Stétg{mpé&%l he eggh¥éten \iglﬁﬁl Orqﬁ&ggll kenyl
substituent on RAX“sn fommelal{Bny O- ,BN@SE WPH-RY, -8- lbutoeHSZR =INR®.shrthe aspect s

of this mveﬁ ACO?%[E}iAnS Cp;)% urr{%ok}elessklb%t ?P}l(%?&“ sutﬂt@&?% pects

RA can be fu stituted w rogen a
unsubst i t1st edllah}dyslubstmhelne NEkampgles af duaxl;le glﬂcemp grd%prsubstmmntsanclsdﬂ tbabére aI kyl s

net oo, e SSPRELIED! Syl 55 Wb R BB i o ¢
t he al kenyl swbe‘ntyl tageanlyl, alt\theaikehaleeording to one aspect of the present invention, the
alkenyl substituent on R” is an ethenyl, a propenyl, or a butenyl.
In some aspects of this invention, R* contains no further substitutions. In
20  other aspects, R* can be further substituted with a hydrogen atom or a substituted or
unsubstituted alkyl, alkenyl, or alkoxy group. For example, suitable alkyls that can be
substituents on R* include methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, or decyl, and the like. In addition to the alkenyl substituent, R”* can have
additional alkenyl substituents selected from, for example, an ethenyl group, a
25  propenyl group, a butenyl group, a pentenyl group, a hexenyl group, a heptenyl group,
an octenyl group, a nonenyl group, and a decenyl group, and the like. Alkoxy
substituents generally have between 1 and 20 carbons atoms and include, but are not
limited to, methoxy, ethoxy, propoxy, or butoxy, and the like. In one aspect of the
present invention, each substituent on R other than the alkenyl substituent
30 independently is a hydrogen atom, a methyl group, an ethyl group, a propyl group, an
n-butyl group, a t-butyl group, a methoxy group, an ethoxy group, a propoxy group,
or a butoxy group.



addi tional al kenyl substituents selected from for exanple, an ethenyl
group, a propenyl group, a butenyl group, a pentenyl group, a hexenyl
group, a wepbswBsigroup, an octenyl group, a nonenyl gr@ap/Usasd/oadodecenyl
group, and the like. Al koxy substituentg4generally have between 1 and 20
carbons atons and include, but are not limted to, nethoxy, ethoxy,
propoxy, or butoxy, and the like. In one aspect of the present invention,

each substituent on.RA other.st han the alkenyl .substituent jkndependently is
a hydrogen atom gn %’e‘?‘ﬁ@l(ﬂg?(oﬁﬁ? Q%ﬁagi hyllborb'%‘?ﬂfﬂ’,g eéfa'BPSf))?%)%ﬂ‘bﬁ’ﬁ BB n- but vl
group, a t - buwfhe igpeatign inaludethedxljovghpmpictiedd et hoxy group, a propoxy group,
or a butoxy group.In formula (1), X4 can be -O-R A Non-limting exanples
of X4 in this aspect of the invention include the foll g@ihg noieties: and
the like. X4 in forrmula (1) can be -CR B=NRC, where RB @nhd Rc independently
are a hydrogen atomor a substituted or unsubstjtuted alli phatic, aromatic,
or cyclic group, or a conbination thereof. Exe a8y fphati cs which can
be enpl oyed as RB and/ or . i ncl ude the al kyl and al K el ections

di scussed above. These inéjude, but are not limted tfQ  hyl , ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, detyl; ethenyl,

pr openyl , butenyl*iggnte hexen hept enyl, octenyl,| nonenyl, or
decenyl, and the |ike. YA

al i phatic groups, also ssed above, can include phenyl} benzyl, tolyl,
xylyl, and the like. Simlarfy, cyclic substituents can algo be enpl oyed,
and as di scussed above, non-limting exanp?%s i ncl ude cycl opentyl;

cycl ohexyl, anditiehigel i ke. I n one aspect of this invention, RB and Rc in the

-CR B=NRC.nvni ety iadependen are Bydregen ate met hyl ~gr.ou an
ethyl grolp, a prggﬁ?eﬁFgﬁbﬁgéﬁlhgﬁgﬁyT Pgﬁﬁﬁzg gkggffpaﬂ¥8ﬁ%Py£R%ﬁenyl
group, a bentydrogérmoatpm @& d wibytitugd @dpnsubstitateX wlipHatigr owpatid, Br todlivdréup( 1), X4
can be - CR B=NRC. non-lLimfgi exanmpl.es of X4 in this aspect gf the

i nvention is® ﬂé"‘f’@‘l“f‘tb% thfg’e?r{)i PlaRy lﬂﬁ‘ﬁﬂ?saw ip ca ‘t?o%?ﬁa}?ﬁtﬁdead Ralangieat i c,
aromati c, or REViatlude GE QIKYS and eSO REbARAE 0RGusEIINOOS., TRER iAl1Sd, B8Ede as

wel | as substituted al kyl, al kenyl, aor al kox
not llilmleted to, m)c/athyl, ethyl, p¥opyl, butyl, penty¥, hexyl, heptyl, octyl, nonyl, decyl,

10  ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, or decenyl,
and the like. Illustrate aromatic groups and combinations with aliphatic groups, also
discussed above, can include phenyl, benzyl, tolyl, xylyl, and the like. Similarly,
cyclic substituents can also be employed, and as discussed above, non-limiting
examples include cyclopentyl, cyclohexyl, and the like.

15 In one aspect of this invention, R® and R® in the —CRP=NRC moiety
independently are a hydrogen atom, a methyl group, an ethyl group, a propyl group,
an n-butyl group, a t-butyl group, a phenyl group, a benzyl group, a tolyl group, or a
xylyl group. In formula (E), X* can be -CRB=NR®. A non-limiting example of X* in
this aspect of the invention is the following moiety:

20

CH,

CH,



groups. Such groups described herein are intended to include substituted
anal ogs with substitutions at any position on these groups that conformto
t he nor maworzaioe®ssais chem cal val ence. Thus, groups substPCratsSee9m4on7 one or
nore than one substituent are contenplatiéd. Such substituents, when
present, are independently selected froman oxygen group, a sulfur group, a
nitrogen group, a phosphorus group, an arsenic group, a carbon group, a

silicon group, a gergrani.u rQup.. ti roup, a lead qrqgup, a hor group,
an al uni num gr oup(};ll afé%i’%%?g niS‘(%:i%BFu e&p,aﬂgﬁan& FEANBIHSE a7 iggabcr FipP ’oragg
substitut ed dembiationsahdrbell eefdiscdovyd,ofs wdil ahsubantured alkybnaldenyh o2 @lkeay bon

Activity of EREPE et R BRGeER R oahge” BF R DR rmeBEThR |t uen

groups i ncl udebstibitionaaLamopoditidh b1e thes© grdupe thad | dodfvii go ghe pinal kEpPIfes of
hal i de substi Fue,nts, in each occurrence, .ingclude fl uo&i de, chlori de,

broni de, and ShSEcH2lepes M GRS RiTRLed B’%ﬁ@%“g‘?’%ﬁﬁﬁ anqng substifuent are
oxygen- cont aicbatBgp@ic@ups, exanpl es of which include, but are not limted
to, al koxy or aryl oxy L%oups (- ORX oS 1RX 2, and the

¢ ), -OSRS - OPRX 2, -
li ke, including soBgts tf%altwwar?%tsaehlé?@swewé?l@?tﬁd %3“1 M exyERn

occurrence c u?,eaasluiﬁﬁl oup Ch Qitkdprh ,gir&fpwa,plﬁ)_'é}ﬂ‘lolﬁysl grofpl bt ke drabkyl
substituted ar% , or substituted aral kyl having from1l to 20 carbon atons.
Exanpl es of &PIREX $rayp. HfiliFEneroY GLASEIIUERETOUGr HHPETIURC? IFae BTRt 2 B8 not
linmted tjg, TRABOXY afhHRXY grdipORAXMorgAME OxrYup, PHL BRAHeomekine t kbl esk Rhenoxy,
and the like.” In each occurrence, sulfur groups are sulfur-containing
groups, exanmphlstitusgd dgrivenve therageanyirft whicl hawing |from tlelg 3bcarb®RyoRNd2t he
i ke, T ncl udinggee WPSybtodt® dascBhl R lthet@ bR 0hot dhBAL ok ineaChe
occurrence cang%é al Ky lé dycl oa% kyl, afg;gll!b aral kyl, substit ut‘gté, al kyl ,
substituted aatplyst eymposition Exemplesphedel|of Hapse mepstituenh grouns ipgjude, but are

not limited to, the following groups.

15 Examples of halide substituents, in each occurrence, include fluoride, chloride,
bromide, and iodide.

In each occurrence, oxygen groups are oxygen-containing groups, examples of
which include, but are not limited to, alkoxy or aryloxy groups (-OR%), -OSiR%;, -
OPRX,, -OAIR%,, and the like, including substituted derivatives thereof, wherein R*

20  in each occurrence can be alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted
aryl, or substituted aralkyl having from 1 to 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

25  which include, but are not limited to, -SR* and the like, including substituted
derivatives thereof, wherein R* in each occurrence can be alkyl, cycloalkyl, aryl,
aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to 20
carbon atoms.

In each occurrence, nitrogen groups are nitrogen-containing groups, which

30 include, but are not limited to, -NR*, and the like, including substituted derivatives

thereof, wherein R* in each occurrence can be alkyl, cycloalkyl, aryl, aralkyl,



carbon atons. In each occurrence, nitrogen groups are nitrogen-containing
groups, which include, but are not limted to, -NRX 2 and the |ike,

i ncl udi ngveubsrdosiased derivatives thereof, wherein Rx i RCEASROO®EHAT ENCE
can be al kyl, cycloal kyl, aryl, aral kyl l6ubstituted al kyl, substituted
aryl, or substituted aral kyl having from1 to 20 carbon atons. In each
occurrence, phosphorus groups are phosphorus cont ai ni ng groups whi ch

i ncl ude, but hncludlng

LEstt st oo aRFoRR gkl el a6 wbiinidd ERME bAABE ST bt 80 o

al kyl , cycl oatdmesl , aryI, aral kyl, substituted al kyl, substituted aryl, or

substi t ut ed aralkﬁl vin fron1% ﬁ 20 carbonﬁﬁ%o . I n each occurrence,
arseni ¢ groups ar & §#<Cefi< “8’63%8 PPAYUY rEEUPE , 2P R PIHE ICORRININSEOUP% ot

limted to, wASdR dheluddSb@Rark not, limied td)ePRIKep(ORBL,UsHd theSHIRS tihéiuding
derivatives thereof, wherein Rx in each ocgurrence can be al kyl,
cycl oal kyP, a&pgpfituted: depyativess fhereqft m@&w&yvn QTRsPIouERsg 3Ty ibe’ Blkyl,

substituted ayabdidy, BAY, NGIKHT, Qibskinited AfkyE AHub&u@d AR, of RuBaledafalityl €NCeE,
carbon groups are car bon- cont ai ni ng groups, which include, but are not

limted to, &FWDE AR} QLO5rBaP4oOMEat conprise hal i de-substituted al kyl

groups wWith 1 to 20 ega Qe&r@hmrseafcaysﬁbs gfeouﬁémwcbﬁkaﬂnﬁgog%q Sajken atons,

- C(NRX) H, NRX) RX, - ORX, e, includi EUbSti tut ed
der | vat | ves. HBIEDR St dmieRio, AT 2cHASGRR Ny AHAE: Gk b ppstiiicd

cycl oal kyih, QEMVativid fHelobl, wBMBRIRY H 88 hadkikencs YRS tb'etdlllgﬁdcﬁ:'iééllkyl Odryl,

substituted aral kyl haV|ng froml to 20 carbon atons. |I'n €ach occurrence,
silicon groupslig.cubstitited alkyb sebshinitadarys ougbstitwied el devide fropul 2@ not
limted to, F&%%agﬁgups such as al kylsilyl groups, arylsilyl groups,

aryl al kyl silyl groups, siloxy groups, and the like, which in each
occurrence have f horgach occurrence, carbon groups are carbon-containing groups, which

include, but are not limited to, alkyl halide groups that comprise halide-substituted

15  alkyl groups with 1 to 20 carbon atoms, aralkyl groups with 1 to 20 carbon atoms, -
C(NR®H, -C(NR®)R¥, -C(NR*)ORY, and the like, including substituted derivatives
thereof, wherein R* in each occurrence can be alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to 20 carbon
atoms.

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

25 In each occurrence, germanium groups are germanium-containing groups,
which include, but are not limited to, germyl groups such as alkylgermyl groups,
arylgermyl groups, arylalkylgermyl groups, germyloxy groups, and the like, which in
each occurrence have from 1 to 20 carbon atoms.

In each occurrence, tin groups are tin-containing groups, which include, but

30 are not limited to, stannyl groups such as alkylstannyl groups, arylstannyl groups,

arylalkylstannyl groups, stannoxy (or “stannyloxy”) groups, and the like, which in



1 to 20 carbon atons. For exanple, silicon group substituents include
trimethylsilyl and phenyloctylsilyl groups. In each occurrence, gernmani um
groups arwogerwmsiiam cont ai ni ng groups, which include, Ipot/use@nGL047i m ted
to, gernyl groups such as al kyl gernyl gnaups, aryl gernyl groups,

aryl al kyl gernmyl groups, gernyloxy groups, and the like, which in each
occurrence have from1 to 20 carbon atons. In each occurrence tin groups

are tin-contai rou but not lim.t st annyl
groups such && a(l’c%}‘lg‘l%'fcﬁ 8’?’0{]5’5% @T"s?tgl'ﬂﬁy 'éﬁ’é‘ﬂp%oupérlﬂ} &‘fek&l st"&nnyl
groups, stanmcxmnﬁaﬁm"ﬁhﬂmmygmmy groups, and the I|ke mhlch |neach

occurrence have f to 20 c‘%gon atonggéThus tin S. LN u e, but

are not linmted t ea§ SATE5EY) % B0 L VPY #€ T‘FOBtE’(‘,‘U}gr%ﬂ W ieh gpe are

| ead- cont ai niaﬂgnarmﬂ@@, to\/\/@lkﬁjheddng‘rblhbi?aryhbﬁd Q{bﬂpsﬂafyldlkﬁleh@%rdl@s zﬁidkﬂﬁH ead
groups, aryllgad groups, aryl al kyl| %dpgrou S, an the like, which in each
occurrence eV HcHim efch ‘EFCQ’GerE&r}B‘ESﬁ CAbERRR™MSccur r ence, bor on

groups are boron- gpgdcaiobéudEnéd, esm,grduisls aR uop&i sAGiniRY Erodp€ whdh ihéinad, ed t o,
-BRX 2, -BX , -BRXX, and the u e, wherein X is a nonoanionic group such as

hydri de, al k&%t #enoblimyed ohiBR at-BXoaR thand thi dike, srhereim & is 2 Anqeanipnig ac h
occurrence cambupudt Kyh%drfaxceilra&&&ymkf,ﬁﬂwd1ate aarnalalfa/ilke wbm&mtle’dl@éawl

substituted ary or substituted ara é having from 1 to 20 carbon atons.

In each occurorRimeece eanbeiatkyincyslolly, 2w arlkyhisnRptfuieshalkyl nsulgfityed aps ot whi ch
i ncl ude, llQUt s%sﬁhﬂ&farélkﬁ'ﬂa@ﬁgtﬁ%mI%]-Marboﬁ‘la%gn -ALRXX, wherein X is a

nonoani oni ¢ group such as hydride, al koxide aIkyI thiolate, and the |iKke,
and wherei n Rx i nlegash oseusisnee abimivum gtsepaarwlumlew1ceaqaklwg greypp| whigh g| kyl |

substituted gy, bétuﬂéhb{ Hﬁlﬁ&} ], YAIR*OU A SYD S REYE gﬂe@rnaklsyh bhGnit Fom 1

to 20 carbon atons es of [ norganic groups at may be ugsed as
substit uent s ,group sagle bs bxximlp; dhwadd, atklylithiolatey and gheelikepand iheredRT i eaclpal X2,

-G8 X, %b%ur%nCe caA%XZa.lkar épgsclf)?(lﬁild d'gf'grahéylf%ubsmﬁéfélﬁyl&dbﬁlt@te@@?%p' oni ¢

group such a ride
15 substltuted aralkyl having from 1 to 20 carbon atoms.

Examples of inorganic groups that may be used as substituents, in each
occurrence include, but are not limited to, -OAIX,, -OSiXj, -OPX;, -SX, -AsX,, -PX,,
and the like, wherein X is a monoanionic group such as hydride, amide, alkoxide,
alkyl thiolate, and the like, and wherein any alkyl, cycloalkyl, aryl, aralkyl, substituted

20  alkyl, substituted aryl, or substituted aralkyl group or substituent on these ligands has
from 1 to 20 carbon atoms.

Examples of organometallic groups that may be used as substituents, in each
occurrence, include, but are not limited to, organoboron groups, organoaluminum
groups, organogallium groups, organosilicon groups, organogermanium groups,

25  organotin groups, organolead groups, organo-transition metal groups, and the like,
having from 1 to 20 carbon atoms.

According to one aspect of the present invention, M is Zr or Ti in formula (I),
and both X' and X? are methyl groups, phenyl groups, or benzyl groups. In this
aspect, X° is an unsubstituted cyclopentadienyl or indenyl group, and X*is -O-R*. In

30  these and other aspects, R* is an aryl group substituted with one alkenyl substituent,
such as propenyl or butenyl. Further, R* can be additionally substituted with, for

example, a methyl or methoxy group.



al kyl thiolate, and the |ike, and wherein any al kyl, cycloal kyl, aryl,

aral kyl, substituted al kyl, substituted aryl, or substituted aral kyl group
or substiwoento/ssishese |igands has from 1l to 20 car bonpratrarsgooossanpl es of
organonetal lic groups that may be used a8 substituents, in each occurrence,
i nclude, but are not limted to, organoboron groups, organoal um num groups,
or ganogal | i um groups, organosilicon groups, organoger mani um groups,

organotin groups, 05&8{121‘2{1&3\%19(:ar g{c%f'%e AR bé%{?loﬁeiﬂs A QURS, and

the Iike, haV|ng ccor to one as bect " of the
present i nvetiormuiy (IMang bZth X'randi X’ ane frmthyugmupd pherazhgrolupa, h>r K&nza{hgroi(ﬁs are
nmet hyl group hen 5ou n rou 3 is an
unsubstitute cycf?peh? éh@ %?Qﬁﬁﬁéﬁl em?%ﬁnlorlépﬁg ®Tn these

and ot her as pm?FNR Rklthsseeamdaxtbelr a@ECIBI,FR slit(i ihdepeckdently hremmeaﬂrllgempl, a :
substltueg suc pgq& ﬁ Further, RA can be additionally
substi tut &d \RA%’( ) ﬁ%l%gp’ oéalz%y ?'Iy "Br et hoxy group.|n accordance with
anot her aspect of Iltsgatpreemdniontlini€ing ieRampldd bSh)ZHridOihefEilodeﬂe fc@xlhﬁbllnﬂs (oF), and

aspoct, 3 | eATGROTEY P HeGte AN SEHCI Bhy Y iosrn LB Ay b BBl R x| s

- CRB=NRC. | findehyisEh Rnd abbdeiati@spe plhidhy], Eﬁixﬁﬂ o%ofmewmﬁ%lhbtén@ef e a phenyl
group, a benzyl group, a tolyl group, or a xylyl group | Tustrative and
non-limting exanples of hybrid nmetall ocene conpounds of the present
invention include (Ind)(X )Zr(CHPh)2, wherein Ind is gpn.abbreviation for

i ndenyl, Ph is an abbreviation for phenyl, and X4 is ong of the foll ow ng
noieties: ; and the like. Oher hybrid nmetal |l ocene conpgunds are

contenpl ated as being suitable for use in the nt invention, but which
do not fall within the scqope of formula (1). T ese MRefude, but are not

limted to, the foll ow ng“€onpounds: and the |ike. Ado al hybrid
met al | ocene conpounds canCbhe used in accordance w th 4 pY esent i nvention.
of the present invention is not liffited to the hybrid

Therefore, the scope
met al | ocene specié&

10 ;or

CH3 ; and the like.
Other hybrid metallocene compounds are contemplated as being suitable for
use in the present invention, but which do not fall within the scope of formula (I).

15  These include, but are not limited to, the following compounds:



Met hods of making the hybrid netall ocene conmpounds of the present invention
are al so provided. One such nethod for synthesizing a hybrid netall ocene
conmpound WO 20tvogFIésent i nvention involves first the syrChasea9ondio41 or
exanpl e, hal fnetal | ocene conpounds CpZr €H Ph) or |ndZr(CH2Ph) 3. These

hal f - met al | ocene conmpounds can be synthesized in accordance with the
procedures described in Scholz et al., "Benzyl conpounds of

el ectron-deficient transitign netals. The nol ecul ar structure_ of

Cp2Ti (CH2Ph) 2 and, CpZr ( CH; N 1S disclosed in Journal of yanonetal lic
Chem stry (199 443(1) Thi s procedure oys ini eact ant

mat eri al s whi re cof y avail able, f st ane®€, I ¢l magnesi um
chl oride (Ph MyCT), cycl opent adi enyl zi rconi uMtrrg CpzZrd 3), and
i ndenyl zi rconi um yri thl_ori de ndZr C 3) ynt hesi g of el et al | ocene

conpound of the @resent A\ on from K (CH2P Ph) 3 can be
acconplished usAing a repreg At i ve proceduke deg n et al
"Synt hesi s, stAucture and ecul ar dynam cg i gonpounds

[ Cp(ArO Zr (h Bu)NCCH2Ph) (CH2Ph)] and [ Cp( ARO p ATEN )2]," Journa
of the Chem ca) Society, Dalton Transacti ong 7, 3398-3405. CATALYST
COVPOSI TI ONS The present invention also reldtes to catal yst conpositions
enpl oyi ng these\ hal f-netall ocene conpeunds /havi ng a het er oat om cont ai ni ng

| i gand. According to one aspect of the present invention, a catalyst
conposition is provided which conprises a contact product of a hybrid

nmet al | ocene qadpeUkic. anddidonad tiybrvhingtallockht Sompdaldy $in be mjp@sintacosrdagn

further conpri.ge an organoal um_num.conpound. The actjvator can he.a

acti vator-su %‘rq‘? PGS YRS éllrg?grgtoé?rﬁn%iﬁ‘fa?e o eo‘?rﬁﬁﬂt)‘%?'gwndsr nog ?‘Bﬁﬁgbor ate
conpound, san tb ¢RIKbHYmeRANbENE eFFRRE Pebvided aBoveonbi nat i on t hereof. These

catal yst conpositions can_ _be used t producglpolyolefins, bot h honqﬁolyners

and copol yners, f &fethpdsa0f aakmgr then hybrich mgtpllocens: CoRROUNER Ot I PEFSC
net al | ocene GRARAM e ialko tPREE&dC abit HiSh meMHIR S dyh@BSziN@s hiybed hRfaMYtene

compound of the present invention involves first the synthesis of, for example, half-
metallocene compounds CpZr(CH,Ph); or IndZr(CH,Ph);. These half-metallocene

10  compounds can be synthesized in accordance with the procedures described in Scholz
et al.,, “Benzyl compounds of electron-deficient transition metals. The molecular
structure of Cp,Ti(CH,Ph); and CpZr(CHyPh)s;,” is disclosed in Journal of
Organometallic Chemistry (1993), 443(1), 93-9. This procedure employs initial
reactant materials which are commercially available, for instance, benzylmagnesium

15 chloride (PhCH,MgCl), cyclopentadienylzirconium trichloride (CpZrCls), and
indenylzirconium trichloride (IndZrCls).

Synthesis of a hybrid metallocene compound of the present invention from
CpZr(CH,Ph); or IndZr(CH,Ph); can be accomplished using a representative
procedure described in Thorn et al., “Synthesis, structure and molecular dynamics of

20  n*iminoacyl compounds [Cp(ArO)Zr(n*-Bu'NCCH,Ph)(CH,Ph)] and
[Cp(ArO)Zr(n>-ButNCCH,Ph),),” Journal of the Chemical Society, Dalton
Transactions (2002), 17, 3398-3405.



wherein: Mis Zr, Hf, or Ti; X1 and X independently are a halide or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a
conbi nat iwo 20tveeaf; X3 is a substituted or unsubstitut edTagesopenvadi enyl ,
i ndenyl, or fluorenyl group, any substitaents on X3 independently are a
hydrogen atom or a substituted or unsubstituted aliphatic, aromatic, or
cyclic group, or a conbination thereof; X4 is -ORA -NHRA -PHRA
-S-R A or - = i is an aryl group substituted with an

al kenyl subs%m%gm%ﬁ)ﬁﬁents on RA other than the al kenyl

substi tuent i ndep@h¢@rdsént iAveatian Ald IrolgRn t@taBlyS compdiilishd Endpledingrthese
unsubstitute | kyl . al kenyl, or al kox roup; and RB and, Rc i ndependently
are a hydr ogg’ﬁl?'éﬂ °8"r“ea°°§ﬁ’8§?‘fst having %%etgwgﬁﬁgmwg@ lighnd) ACPUIING 1@t i ¢
or cyclic grop,asgdct dfchbprathi aivehiied, epfcatalyst acmpssitaiCa prdviell hwkicRNd

ot her aspects of .the present inventiqn, it is contenplated that the

catal yst ComSBRBPEIHASOYPL rUNePiRdpBrhmetliocrarpolddnt rbALI BT dg¥d or
unbri dged netahlyoiC eaBpdABAOHAd furdhsr \36hpriRS alRr@inbA1ARifRAL cambbMAL OfThe
Additionally, more than one organoal um num conpound is al so contenpl at ed.
I'n anot her a8fEEtOr AN RSN ACHSHPI SUPPRIE AN BHMIngXasa CaPPand cHhPEaIobPin o s
provi ded whi glhahdhdRiid &fhoand; SoRfzingRbR6 Usthpstfnd Sor¥BibthaliBh Aklcggene _
conmpound, an activatorsupport, and an organoal um num conpound, wherein this
catal yst conposi t Thefei ataydseampastiony epeke gredtpnpradycsneslyolsfiganetbr on or
or ganoborl@teheaa%mma%,ana%@ bI9RLA! RE d OfHety 6P ERRERISpIibAlichl STHRSRERE, the
cat al yst conposition has ca?_a yst activity, to be discussed below, In the
absence of t metdlogangicomperid ipghess ¢agdlyst compesitions hasthefdmanplagspects of this

i nvention, these conpounds can enpl oyed as activators. For exanple, a
catal yst conposition conprising| hybrid netal | ocene conpound and an

activator is contenplated, apd iln thi,s aspect, the
i xp—1\|4—x3 P

by (n;
wherein:
M is Zr, Hf, or Ti;
15 X' and X* independently are a halide or a substituted or unsubstituted

aliphatic, aromatic, or cyclic group, or a combination thereof;,

X? is a substituted or unsubstituted cyclopentadienyl, indenyl, or fluorenyl
group, any substituents on X’ independently are a hydrogen atom or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof;

20 X*is ~O-R*, -NH-R*, -PH-R*, -S-R*, or -CR®=NR",

wherein:

R* is an aryl group substituted with an alkeny!l substituent, any

substituents on R* other than the alkenyl substituent independently are a

hydrogen atom or a substituted or unsubstituted alkyl, alkenyl, or alkoxy

25 group; and
4 R® and R® independently are a hydrogen atom or a substituted or
unsubstituted aliphatic, aromatic, or cyclic grbup, or a combination thereof.

In accordance with this and other aspects of the present invention, it is

contemplated that the catalyst compositions disclosed herein can contain additional



activator is an al um noxane conpound, an organoboron or organoborate
conpound, an ionizing ionic conpound, or any conbination thereof. Mre than
one acti WiDap100008:16- cat al yst can be present in the catalPgstuscamapos®uti on. |In
a different aspect, a catalyst compositon is provided which conprises a
contact product of a hybrid netall ocene conmpound and an activator, wherein
the hybrid metal |l ocene conpound is: and the |ike, or a combination thereof.

Optionally, this catalyst co sition can furth

or ganoal uni n&]ﬁ%@n‘b‘ofﬂ%‘%ﬂ@ﬁ'?%@finglﬁﬁw HE ‘ﬁ?eiL§ ?ﬁ]\’fé‘n?‘]e iR masses
various cat aladgitiog 81y @feird ih@xﬂ&n&@@ir@hl&hﬁ@nﬁﬁotﬁﬁddnﬂ&ﬁﬂm contengdlatéin be an
activator-support. In one as CL, t he activator- sg}pgort coran sesgg

cheni cal | y- t r eat el &witheg agRertd thaPrese ARVepley, @ caRlysheamRASIER IS RISisEE can
conprise a chaychndonridés a Sorfddt lpafda& &t Aybridmaxiekhcad dbouhdyan stivast ol i at ed
clay gelled into another oxi de matrix, a layered silicate mneral, a

non- | ayer éd SPPRCEafRd AP rREgaNCaluMInu cpmgound, r’ﬁhﬁE?é‘} thig sptalysh ﬁ%?%ﬂsmoa 1s

non-| ayered a}issHnARs) ke6 ¥l Althin6XaAks, &gar@BUroﬁQﬂtBrQﬁ{ob@r@tet bsmmnhds, Gager al 1y,
t he activator-support contains Brnsted acid groups. The chenjcally-treated
sol i d oxi de AXH#IBg fenie sRENEEMSacis aspect She spialyst sompRsition, hassgsHgt ng
untreat ed Solab&iw@Xtodfe SRR Bow, ShENRME BF In¥sd datorsl nebdals oxi de al so
functions as a catalyst activator as conpared to the corresponding
untreated solid oXioweverwin | etherhaspeple nolc 8§ yinvansgn.e thesop | dompekidgecaic bevat es
the metal, bOC%&gld B d LhGc %&QC%Pfexa 1984 %tyzptscorﬂptosﬂtlén BhpRERESHAHA ! O

el i ninate co-cata ysts fromthe ca osition. The actTvation
function of tniraealbw«mevqnmous@uppérqn a@vetw derontemplated, enhamdkid aspect.vibey of
catal yst co lpele

cont ai ni ng {rﬁgm@%drrﬁggggw dr{]‘%%h%%: Ye %ugg’n%%ﬁ%%]&ggfo%e&aﬁ@%\%? ke It %l"gdbel i eved
t hat t he chemndalitiyg tqne‘atoecbosmd iod ank c@ebioationftheredfi Morasha@zrpna@piwpmr@rr, even
in the absence of, an o |, unj, nu n | um noxanes, organoboron
conmpounds, |oﬁfmaHQCP3%?8“g§“"¥%% §£6§ﬁ§8@ﬂ§n?ﬁke The chenlcally treated
sol i d oxilde can canprdi@emsodspett,ox catalystr e@atpesition ihprovided which comprises a

contact product of a hybrid metallocene compound and an activator, wherein the

hybrid metallocene compound is:

ﬂ\@

<8 (76

and the like, or a combination thereof. Optionally, this catalyst composition can

20

further comprise an organoaluminum compound.



el ectron-w thdrawi ng anion. While not intending to be bound by the
followng statenent, it is believed that treatnment of the solid oxide with
an el ect rwp-20itdossiawi ng conponent augnments or enhances tPrhe/tseodioosp4nf t he
oxi de. Thus, either the activatorsuppor®2exhibits Lewis or Brnsted acidity
that is typically greater-than the Lewis or Brnsted acid strength of the
untreated solid oxide, or the activator-support has a greater nunber of

acid sites t solid oxide, or both. One method to quantify
the acidity 0O It\lgerq#g#gﬁ{yﬁg treated and untreated solid oxide nmaterials

i s by conparing t ke prekgnremventdr entomphdsyd vdridas @fitaltyﬁleccﬁﬂ}ﬁaﬂtl@ﬁk edithining r eat ed
oxi des under acitd at ah%ée eactitons. Chem(i treated solid oxi des of
on T vent 1 8R et PR S RERL b DR oIRPH. TR SPGATReCE L A0V T B o
exhibits LEVViCSmﬁlﬁ‘.Sedla(l:helﬁnoBl‘lil-&’éﬁéﬂ aﬂiddmdebehaammve@ndh&aﬁwaxof @ippbit\eghy hi gh

porosity. The sol.id goxide i§ chem call ted with an el ectronvmthdravm ng
conponent ; tﬁﬁ?‘ﬁ‘éﬁel‘ﬁ/g{%“‘é‘i‘e t?Bﬁl Wﬁtc ’ffa“ﬁ?ﬁ oAY: anFxfdiptpdglpy gelled

act i vat or - SUPRE bhothd@xWedhditfx t Dlagsred ﬁﬁm@m&fraltbﬁorprasrés@tsmbﬁyﬂﬂﬁdrﬂna t he
sol i d oxide ga;sed to prepare the chemcal]y-treated sglid oxide has a pore
vol ume great ye'feﬁaﬂ“@“?s’é‘é?tﬁ mperabr @i R leyersth AlMBinogligae tmigeral net gR¥sent

i nvention, tBembGightich therkste dbasraly, AR RtVAbHERpEH 8aitsihs BRAKe® add §dufs.
According to yet another aspect of the present invention, the solid oxide

has a pore vol ume by exmisallyrrgated solig Oxige exhibimenhaasedasilitytas compated(to d oxi de

has a sunpaceneatgrsiindingOmkafd telid MRUe"Gnthouhd) Yhie @H&Rﬁé&‘ﬁ& tR3RE Ghiid t he
solid oxide has a surface area of from?200 to 800 nR/qg. In still another

aspect of t hexige alse finclipnsas aicatalystasBvaier 4sgomrirad tohe CW@B‘P@MW#@@ of from
250 to 600 nRiih oxlde Wﬁﬂh%%hérxlcslﬁ}ﬁﬁéa‘%h s%ﬂh IOQldg)éb%te%Q‘ﬁb 5deﬁcemath§0| id

i norgani c oxi de conprising oxygen ‘and an el enent selecte G oup 2, 3,
4, 5, 6, 7, 8bsence dgfco-chtalystspit iy 8ot nedessasy td liminatelve- q@@iysmﬁrqm tlwma@lysor

compi1 L0 LIRS FeSLEURD SRLES! 882 MRS ANk R R0 AL 0
Wley & $éns enlp@ o, ac@mtycnf, cafalyst ;cofpbdtiiors en a2 @gle Masr pcbmpna;red to a catalyst
composition containing the corresponding untreated solid oxide. However, it is
believed that the -chemically-treated solid oxide can function as an activator, even in
the absence of an organoaluminum compound, aluminoxanes, organoboron
compounds, ionizing ionic compounds, and the like.

20 The chemically-treated solid oxide can comprise solid oxide treated with
electron-withdrawing anion. While not intending to be bound by the following
statement, it is believed that treatment of the solid oxide with an electron-withdrawing
component augments or enhances the acidity of the oxide. Thus, either the activator-
support exhibits Lewis or Bronsted acidity that is typically greater than the Lewis or

25 Brensted acid strength of the untreated solid oxide, or the activator-support has a
greater number of acid sites than the untreated solid oxide, or both. One method to
quantify the acidity of the chemically-treated and untreated solid oxide materials is by
comparing the polymerization activities of the treated and untreated oxides under acid
catalyzed reactions.

30 Chemically-treated solid oxides of this invention are formed generally from an

inorganic solid oxide that exhibits Lewis acidic or Brensted acidic behavior and has a

relatively high porosity. The solid oxide is chemically-treated with an electron-



C. A ; and Bochmann; M Advanced Inorganic Chem stry, 6th Ed., WIey-

I nterscience, 1999.) For exanple, the inorganic oxide can conprise oxygen

and an elwoento/msiiected fromA, B, Be, Bi, Cd, Co, Cr, pPCuusB@y/o@m47 La, Mn,
Mo, Ni, Sb, Si, Sn, Sr, Th, Ti, V, W P23Y, Zn or Zr. Suitable exanples of
solid oxide materials or conpounds that can be used to formthe

chem cal | y- treated solid oxide include, but are not limted to, Al 203, B20

, BeQ, Bi 208, Co3™, Cr2 Mh2
N O p20s. SRR S OmERRst GRISAE 5 CTop b I TR Jig O O ot

and the |ikeactiva@régppogt. M xed oxi des t her eof , and conbi nations thereof. For
exanpl e, the solid oxide can be silic al um.na, siljca- | um num

|, u a,
phosphat e, het er opSFFEIEJSt e SPectaf 4Ry Fresoit ipysntian, Wﬁgsr‘?ggloé‘dgb‘bstege{? zi nc

oxi de, m xed pesphidesie Chahieafy-tréicdosdyid CRidRi Hadtal goe VbRROfreatdrnBars 0l1i dd/g0xi de of
this i nventl on enconpasses oxide materials such as al um na, "m xed oxide"
conpounds >t héYeeing, ionangthes jaspeck of e PTesent AMENTIPhthn 40D &8 WS fi RGr es

t hereof . The vBluxRdgR¥teH Sham00BONES ABGRIIAS t&iyet GAoBEURIPAa 68 Breséngl € or
nmul tiple chemi cal phases with nore than one netal conbined with oxygento

form a sol i dwentn esspbd mdde BeaRsrerolyne giegietthak | §€§/8t hat can be used in

the activator- supnpmot&fr adpa6t, HeQSBNbxilENAN duftficd 26d SKkfom 06 tRT0RORPYg | | M t ed
to, silicaalumna, silica-titania, silica-zirconia, zeolites, \é& i ous cl ay
g

mneral's, al Umeiznpthensspect, te selichexids haserugface arer obfromi298tte 80Qmd/et He | i ke.
The el ectjpon-gap LGRSt GHHPE{&%R i Rbnt e lsb1EPbx B RasSOukEc Ok ASE £3R be any

conmponent that increages the Lewis or Br nsted aci dity of the solid oxide
upon treat medf0(mé0¢omvgared to the solid oxide that is not treated with an

el ectronwi t hdr awi Ry, %kﬂ{&% dés&e& dbi® kReORH Rkt aofsoﬁmn&ga%e%de

invention, the el ectronw t hdraw ng conponent is an el ectron-w thdraw ng
ani on deri vedomposingoxsygen anéan gleimgnt sglected Hom gravplidd4, Sifcf, &P.d0vbl. ati | e

0 e  COMPIUE LB SRHE NS BLSRYE U PO Bl
sul fat e, 15i sutohatle, lahthanide de, acuhlldoreﬂmlmptsbr (Seede Hawlegtis déondehsed r Oseurifaht e,
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.) For example, the inorganic oxide can comprise oxygen and an
element selected from Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, Sb, Si,
20 Sn,Sr, Th, Ti, V, W, P, Y, Zn or Zr.
Suitable examples of solid oxide materials or compounds that can be used to
form the chemically-treated solid oxide include, but are not limited to, Al,O3, B,Os3,
BeO, Bi,03, CdO, Co0304, Cr;0s3, CuO, Fe 03, Ga;03, La;03, Mn;03, MoO;, NiO,
P,0s, Sby0s, SiO,, SnO,, SrO, ThO,, TiO;, V205, WOs, Y203, ZnO, ZrO,, and the
25 like, including mixed oxides thereof, and combinations thereof. For example, the
solid oxide can be silica, alumina, silica-alumina, aluminum phosphate,
heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, mixed oxides
thereof, or any combination thereof.
The solid oxide of this invention encompasses oxide materials such as
30 alumina, “mixed oxide” compounds thereof such as silica-alumina, and combinations
and mixtures thereof. The mixed oxide compounds such as silica-alumina can be

single or multiple chemical phases with more than one metal combined with oxygen



fl uoroborate, phosphate, fluorophosphate, trifluoroacetate, triflate,

fluorozirconate, fluorotitanate, trifluoroacetate, triflate, and the I|ike,

i ncl udi ngwoizktunogsand conbi nati ons thereof. I n additi orCTatShe@w/obmai c or

non-i oni c conpounds that serve as sourcé4 for these el ectron-w thdraw ng

ani ons al so can be enployed in the present invention. Thus, for exanple,

the chemcally-treated solid oxide used in the catal yst conpositions of the
resent can ' - al um c hoed al um om um, na,

Ul T at ed al ury fonm PR Aedng Dl ARESSt BupTbGe MO R M

brom ded si | iactavatdrisnppoat, of thef pteeght Shvdntier ahaludendnt hteuooti bmgted to, silica-

silica-zirconja,. c I, ilica-zirconia, bromded.sil,ca-zirconia,
SUlfared o 1 Phibing LR, Shtd ofeid SOME, vBILAT R AR, (e
el ect ron- wi t htlmaw-ngooanpoaenmitaeand thedike salt of an el ectronw t hdraw ng

anion, the counterjon or cation of that salt ca sel.ected from any
cation that all ows%? Elgctéoé'l"fwdf(%a‘?”é'g(ff’?’pi’ﬁeng%s@grcfr%gg;g%ﬂ)eai‘w O&“%hc NRE*Y duri ng
cal ci ni ng. Faoiperent liat inkiredséd ehet hewvis wirt Bibhdtéd Ycidity ofiehgaslid ekidarupsal t to
serve as a soqurce for the el ectron-w thdraw ng anion include, but are not
limted to, CHETEH Ui FIRRATGK 1q e solid; oxife (thal gt e owgrﬂ“, eleHEP ack of
ad\éer ser eaﬁt“iimhtayvi@ artiblf). adcbiing ioQiireQ@;Ld’gi ﬂ@thefﬁfdséidtlﬁn\l%gtiwﬁﬂe tib@ronat i oncI
and ani on, hygrqscopic properties inparted to the salt hy the cation, an
the like, and‘g?‘a@?" coPB '}ti‘st?’%?cqoﬂ'é‘”g‘ﬁfaﬁ’h‘?g Wehifreed P tte %k at i ons
in the sabt of otheecah®fuhl OdicMial BdioRid Geatit Bmpdial UAB: sebkés aBaolRE oki M t ed
to, ammoniumtrial kyl anmoni u% tetraal Eyl amoni um tetraal

| al Kyl
phosphoni um PFgEursp at pRiong fxapgles |of glsctromwithdrawing nigng a@qlw%s bgffargne or

more di fferenbt ahnfed kQNsulfalch BsaithB In@RHIEN Shlodidy, KRS8 JioRIdRP ALboQifate, CAN bE
used to tailor the specific aci dltg of the activatorsupport to the desired
4]

| evel . Conbi Apioberatce phaspbater Suoxpphesghaio Wdluewagserientridlatea fluseozirernatist ed
that af  or ds ERe Heaer drRuce e Pl Dind B I Sl B T et
y-treated solid oxide acidity. For
exanpl e, léne campiaationsftharerifs In addiion, mither sonéqrpn ropi-ingictoampowndsshas serve as
el ectron-w t Ry aw 139 tlﬂegé Ql@cé&l%ﬁﬁdrawing anions also can be employed in the present
invention.
Thus, for example, the chemically-treated solid oxide used in the catalyst
compositions of the present can be fluorided alumina, chlorided alumina, bromided
20  alumina, sulfated alumina, fluorided silica-alumina, chlorided silica-alumina,
bromided silica-alumina, sulfated silica-alumina, fluorided silica-zirconia, chlorided
silica-zirconia, bromided silica-zirconia, sulfated silica-zirconia, and the like, or
combinations thereof.
When the electron-withdrawing component comprises a salt of an electron-
25  withdrawing anion, the counterion or cation of that salt can be selected from any
cation that allows the salt to revert or decompose back to the acid during calcining.
Factors that dictate the suitability of the particular salt to serve as a source for the
electron-withdrawing anion include, but are not limited to, the solubility of the salt in
the desired solvent, the lack of adverse reactivity of the cation, ion-pairing effects
30 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,



conpounds in two or nore separate contacting steps. Thus, one exanpl e of
such a process by which a chemcally-treated solid oxide is prepared is as
fol |l ows: woO=xelowssd solid oxi de conpound, or conbi nati oRCOUSEO9MEL047
conmpounds, is contacted with a first el @&tron-w thdraw ng ani on source
conpound to forma first mxture; this first mxture is calcined and then
contacted with a second el ectron-w t hdrawi ng ani on source conpound to form

a second m xture:;, the secon i xture is then,cal ci ned.to f{.er ted
or o s b LA shorfit B RseTit aiiontuln. PRBIST plesPhshib B B R GELLS?
el ectron-w t Ad theilikg ani on source conpounds can be either the same or

di fferent conpoungds., According t th t of the. t . ti ,
The chom cal |-t r BBihes OGN RboRoPE o riror R suPtre

mat er i a: , a rl]nﬂ)('e@'irigxfﬁlrdﬁortmﬁs?rchmbe WEd & eAbithratpetific alcidityosfomBi actiexsrde
materials, that is chem ca -treated with_an el ectronw thdraw n
conponent ? aftPRIFL!P 6%@?594 i’%%}t PTRlipations H@%&qmé‘éﬂfl@éa,w‘%é?’ﬂmr}?@g 1% al
salts, metal p@Bfact@d with RS oxi®t BhteSA R NN ALER SIS DYRINIESallyNaxitt ini affly ot deg
exanples of the nmetal or netal ion include zinc, nickel, vanadi

titanium si lthatrifordspthe desigd| thepiqallyftisated plid oxide mitybd%qm?ﬁamaﬁ?%e li ke,

or conbi nati Qfsect srQhRGhvenfddXRinfloyMg GO G biehdeRitBdawRlgiadionxba@es t hat
contain a netal or netal ion include, but are not limted to,

Zi nc- i npr egn&PBEOWNEE 8t fM@eY Mre FAPARRE qontealNEMPS pr egnat ed 1 uori ded al umi na,

zinc-i npnggnat ed frhorgndeda@bMdN@ch 2! ;%eésgrmpe\gﬁu@ﬁ QdcHehliQiilydRGted solid |
silicaalum na, zinc-inpregnated fluorided silica-alumna, zinc-inpregnated
sul fat ed al uekifg,is pispared theas follors: a1 salectratselid pride cpapenng; prccomtipdtion o€

sul fated zi n(bxﬁileum tuﬁds, aleCJ‘nﬂl% eldi Kfﬁh_ P ﬁr?tr])!lemﬂ%%i\gﬂgt %ﬁS@Qt}urcé‘ny

1 r
met hod capabl e of inpregnating the solid oxide nmaterial wth a netal can be
used. The netchogound tatfouh at first wxkitete; this Grshmadereds wiicined andthen coolaried,

typical Iy asali, 9 IRl eleEOM. A irEOMMOH Waref HdoBhAd!98 o 'a 1iSof8!

, gelling, cogelTing, 1npré&gnation of one conpound onto anot her,
and t he lliske mikfuregéisi seechd mixeirenist thén cabaimedli tniforgn € oppedisudidi axideddagorrsl. or
TP 0nat e Lol g ) 08 0yl A RSB

can be either the same or different compounds.
According to another aspect of the present invention, the chemically-treated
solid oxide comprises a solid inorganic oxide material, a mixed oxide material, or a
20  combination of inorganic oxide materials, that is chemically-treated with an electron-
withdrawing component, and optionally treated with a metal source, including metal
salts, metal ions, or other metal-containing compounds. Non-limiting examples of the
metal or metal ion include zinc, nickel, vanadium, titanium, silver, copper, gallium,
tin, tungsten, molybdenum, and the like, or combinations thereof. Examples of
25  chemically-treated solid oxides that contain a metal or metal ion include, but are not
limited to, zinc-impregnated chlorided alumina, titanium-impregnated fluorided
alumina, zinc-impregnated fluorided alumina, zinc-impregnated chlorided silica-
alumina, zinc-impregnated fluorided silica-alumina, zinc-impregnated sulfated
alumina, chlorided zinc aluminate, fluorided zinc aluminate, sulfated zinc aluminate,
30  and the like, or any combination thereof.

Any method capable of impregnating the solid oxide material with a metal can

be used. The method by which the oxide is contacted with a metal source, typically a



Accordingly, the solid inorganic oxide can further conprise a netal
selected fromzinc, titanium nickel, vanadium silver, copper, gallium
tin, tungwsoenio/aeiigbdenum and the |ike, or conbi nati on®cofustéiesesonet al s.
For exanple, zinc is often used to inprégnate the solid oxide because it
can provide inproved catalyst activity at a | ow cost. The solid oxide can
be treated with netal salts or netal -containing conpounds before, after, or
at the same t| th the. solid oxide is treated. with.th .

el ectronwi t h&?lg‘g’\f H’ja‘?ag'ﬁ?%ﬁ‘f“"fgoﬂ%"ﬂ °§Wncchi’)‘%t éggfsn@(’tnﬁ‘ﬁeﬁd@’ EAlne ¥ act ed
m xt ure of oxtliiegciaippepmaion of end tanposnd dtoaatiortgr,amidahe liked If Besirg@t@é ion is

typically calcined. Alternativel solid oxide.material, .an )
el ect ron-wi t AP 4% °8H‘p§k9?ff‘éé‘?de§r’i‘ami Wﬁ’r?@?tﬁﬁ g0 fhe SBlr“!" FEfQInSOBHPRI ni ng
conpound ar e feant asd edbsqoentia] cometdedi sl ttRNaapsdried Mikdl OUSorPIARASHES are
used to formthe chem cal I,%é-,treat,ed solid de useful in the Pr esent

r €,

0X
i nvention> THECUARSNe 2h9 SRlid; ingreapic Sxidecap dpiiler comPEshprreal selfsted drmct
product of aze) finia, dRkeIDMRAIE, 3ilebr AddpBre AIHGR; W, tiehsRW RABlyBAdAM, Sour ce.
It is not required. that the solid oxide conpound be calcined prior to
contacting t fed diceldts oncombinatienti tighesimiials o dioe xammMe dbntsaeficmprssdiet
typically isiGpleghdtethe @bkid6%id8¥EdaB& iPEarfirbfilie IS dath X haRGAMROMNd 1S
contacted with the el ectron-w thdraw ng ani on source. e solid oxide
conpound can®®® cal ci ned or uncal ci ned. Various processes to prepare solid

oxi de actjipvat or - syRPQi{doxkdeahn b8 et KR HRUEIE Br h@ia?—c&rﬁéﬁﬁﬂgic&'ﬁ digye been
b in U P tenF Nos.

reported. For exanple, such nethods are descri bed . S.

6, 107, 230, 6485, after, o5 apdhe, spong, tige 3axd, they Lolidgoxides issE@tedgw 315 Bhes elgctron-

6,376, 415,  6y3i@Grale anford FolBHhg Ay 20ma@RB mehad2the i

6,548, 442, 6,576, 585 6, 613, 712,?%7632?892:"‘66, 667?2_%?‘”‘2%@%‘3“%%?@8‘32.

Accor di ng t o compoundpelectro-withdrapyimgs emion,i ande i watal tidre is dypickliyx¢adanedat er i al
is chem cally ont: act | [ ' al: =W t hdr aw
conmponent, t f/x B%e%lgﬁegg’a%yoel@e%(%o%% tIvgvllq%lh%il} é\fve\n&%él a\glrtl]?dé%‘%’g% 8‘19 lco\én. SOE‘%F t %’Ig F& ,ge t he

sol i d oxilde metadsiladr ogpalrntiliyg ¢anmiadrare abhtyctéd adtcebingtd smdtanemsly. | on, and

then calcined to (’%igﬂsapr&%gs%ls gr%mtséa {3'f0%h the chemically-treated solid oxide useful in

the present invention. The chemically-treated solid oxide can comprise the contact

product of a solid oxide compound and an electron-withdrawing anion source. It is

not required that the solid oxide compound be calcined prior to contacting the

20  electron-withdrawing anion source. The contact product typically is calcined either

during or after the solid oxide compound is contacted with the electron-withdrawing

anion source. The solid oxide compound can be calcined or uncalcined. Various

processes to prepare solid oxide activator-supports that can be employed in this

invention have been reported. For example, such methods are described in U.S.

25 Patent Nos. 6,107,230, 6,165,929, 6,294,494, 6,300,271, 6,316,553, 6,355,594,

6,376,415, 6,388,017, 6,391,816, 6,395,666, 6,524,987, 6,548,441, 6,548,442,
6,576,583, 6,613,712, 6,632,894, 6,667,274, and 6,750,302.

According to one aspect of the present invention, the solid oxide material is

chemically-treated by contacting it with an electron-withdrawing component,

30 typically an electron-withdrawing anion source. Further, the solid oxide material

optionally is chemically treated with a metal ion, and then calcined to form a metal-

containing or metal-impregnated chemically-treated solid oxide. According to



or netal -inpregnated chem cally-treated solid oxide. According toanother
aspect of the present invention, the solid oxide material and

el ect r onvWwOhdrezoa831§ ani on source are contacted and cal cipagdisgéomwbsoaneousl y.
The met hod by which the oxide is contactgd with the el ectron-w t hdraw ng
conponent, typically a salt or an acid of an el ectron-w thdraw ng anion,
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ont o ther,. and the. like. Thus,. fal.low .any cont acting
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mxture tjg formthe soldfhdoxhdSoREslideletpoahtPRRk in cOGERJithalk g Ueonanot her
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15 1) contacting a solid oxide compound with a first electron-withdrawing
anion source compound to form a first mixture; .
2) calcining the first mixture to produce a calcined first mixture;
3) contacting the calcined first mixture with a second electron-
withdrawing anion source compound to form a second mixture; and
20 4) calcining the second mixture to form the solid oxide activator-support.
According to yet another aspect of the present invention, the chemically-
treated solid oxide is produced or formed by contacting the solid oxide with the
electron-withdrawing anion source compound, where the solid oxide compound is
calcined before, during, or after contacting the electron-withdrawing anion source,
25 and where there is a substantial absence of aluminoxanes, organoboron or
organoborate compounds, and ionizing ionic compounds.
Calcining of the treated solid oxide generally is conducted in an ambient
atmosphere, typically in a dry ambient atmosphere, at a temperature from 200 °C to
900 °C, and for a time from 1 minute to 100 hours. Calcining can be conducted at a
30 temperature of from 300 °C to 800 °C, or alternatively, at a temperature from 400 °C

to 700 °C. Calcining can be conducted for 1 hour to 50 hours, or for 3 hours to 20

hours. Thus, for example, calcining can be carried out for 1 to 10 hours at a



at nosphere, typically in a dry anbient atnosphere, at a tenperature from
200 0OC to 900 OC, and for atime from1l mnute to 100 hours. Cal cining can
be conducweaomroossisenperature of from 300 OC to 800 OC, pom/uskacennaui vel vy,
at a tenperature from400 0OC to 700 OC. 2&al ci ni ng can be conducted for 1
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any of these activator-supports optionally can be treated with a metal ion.

20 The chemically-treated solid oxide can comprise a fluorided solid oxide in the
form of a particulate solid. The fluorided solid oxide can be formed by contacting a
solid oxide with a fluoriding agent. The fluoride ion can be added to the oxide by
forming a slurry of the oxide in a suitable solvent such as alcohol or water including,
but not limited to, the one to three carbon alcohols because of their volatility and low

25  surface tension. Examples of suitable fluoriding agents include, but are not limited to,
hydrofluoric acid (HF), ammonium fluoride (NH4F), ammonium bifluoride
(NH4HF;), ammonium tetrafluoroborate (NH;BF;), ammonium silicofluoride
(hexafluorosilicate) ((NH4),SiFg), ammonium hexafluorophosphate (NH4PFg),
analogs thereof, and combinations thereof. For example, ammonium bifluoride

30 NH4HF; can be used as the fluoriding agent, due to its ease of use and availability.

If desired, the solid oxide is treated with a fluoriding agent during the

calcining step. Any fluoriding agent capable of thoroughly contacting the solid oxide



but not limted to, the one to three carbon al cohols because of their
volatility and | ow surface tension. Exanples of suitable fluoriding agents
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volatile organic chloriding agents can be used. Examples of suitable volatile organic
chloriding agents include, but are not limited to, certain freons, perchlorobenzene,
chloromethane, dichloromethane, chloroform, carbon tetrachloride, trichloroethanol,

20  and the like, or any combination thereof. Gaseous hydrogen chloride or chlorine itself
also can be used with the solid oxide during calcining. One convenient method of
contacting the oxide with the chloriding agent is to vaporize a chloriding agent into a
gas stream used to fluidize the solid oxide while calcination.

The amount of fluoride or chloride ion present before calcining the solid oxide

25  generally is from 2 to 50% by weight, where the weight percent is based on the
weight of the solid oxide, for example, silica-alumina, before calcining. According to
another aspect of this invention, the amount of fluoride or chloride ion present before
calcining the solid oxide is from 3 to 25% by weight, and according to another aspect
of this invention, from 4 to 20% by weight. Once impregnated with halide, the

30 halided oxide can be dried by any suitable method including, but not limited to,

suction filtration followed by evaporation, drying under vacuum, spray drying, and



and the like, or any conbination thereof. Gaseous hydrogen chloride or
chlorine itself also can be used with the solid oxide during calcining. One
conveni enwormtonossisf contacting the oxide with the chl opcdiusgooagest7is to
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oxi de whil e calcination. The anount of fluoride or chloride ion present
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without silica, and according to another aspect of this invention, the solid oxide
component comprises silica without alumina.

The sulfated solid oxide comprises sulfate and a solid oxide component, such

20 as alumina or silica-alumina, in the form of a particulate solid. Optionally, the

sulfated oxide is treated further with a metal ion such that the calcined sulfated oxide

comprises a metal. According to one aspect of the present invention, the sulfated

solid oxide comprises sulfate and alumina. In some instances, the sulfated alumina is

formed by a process wherein the alumina is treated with a sulfate source, for example,

25  sulfuric acid or a sulfate salt such as ammonium sulfate. This process is generally

performed by forming a slurry of the alumina in a suitable solvent, such as alcohol or

water, in which the desired concentration of the sulfating agent has been added.

Suitable organic solvents include, but are not limited to, the one to three carbon
alcohols because of their volatility and low surface tension.

30 According to one aspect of this invention, the amount of sulfate ion present

before calcining is from 0.5 parts by weight to 100 parts by weight sulfate ion to 100

parts by weight solid oxide. According to another aspect of this invention, the amount



Wi thout silica, and according to another aspect of this invention, the
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structures, herein, though typically the ion-exchangeable activator-support is not treated with an
electron-withdrawing anion.

According to another aspect of the present invention, the activator-support of

20 this invention comprises clay minerals having exchangeable cations and layers
capable of expanding. Typical clay mineral activator-supports include, but are not
limited to, ion-exchangeable, layered aluminosilicates such as pillared clays.
Although the term “support” is used, it is not meant to be construed as an inert
component of the catalyst composition, but rather is to be considered an active part of

25 the catalyst composition, because of its intimate association with the unbridged
metallocene component.

According to another aspect of the present invention, the clay materials of this
invention encompass materials either in their natural state or that have been treated
with various ions by wetting, ion exchange, or pillaring. Typically, the clay material

30 activator-support of this invention comprises clays that have been ion exchanged with
large cations, including polynuclear, highly charged metal complex cations.

However, the clay material activator-supports of this invention also encompass clays



and conbi nations thereof. In another aspect of this invention,
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material used. 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);
20  U.S. Patent No. 4,452,910; U.S. Patent No. 5,376,611; and U.S. Patent No. 4,060,480.
The pillaring process utilizes clay minerals having exchangeable cations and
layers capable of expanding. Any pillared clay that can enhance the polymerization
of olefins in the catalyst composition of the present invention can be used. Therefore,
suitable clay minerals for pillaring include, but are not limited to, allophanes;
25  smectites, both dioctahedral (Al) and tri-octahedral (Mg) and derivatives thereof such
as montmorillonites (bentonites), nontronites, hectorites, or laponites; halloysites;
vermiculites; micas; fluoromicas; chlorites; mixed-layer clays; the fibrous clays
including but not limited to sepiolites, attapulgites, and palygorskites; a serpentine
clay; illite; laponite; saponite; and any combination thereof. In one aspect, the

30  pillared clay activator-support comprises bentonite or montmorillonite. The principal

component of bentonite is montmorillonite.
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char ged iwo210808315as Keggi n i ons. These pol yneri c cati ens/use@nhon7

i mobi lized within the interlayers of tB& clay and when cal cined are
converted to netal oxide "pillars,"” effectively supporting the clay |ayers
as colum-1|ike structures Thus, once the clay is dri ed and calcined to

produce the suppo%l %aa? 8%r Scatﬁe weer egtlegxflda LIS %“Qe@u&%“ ce

structure i s maintaf ¢ &5 yis en Kice eSuI I'ng pores
can vary in sbapsitaidpraieard dy cﬁylhgractsd)(nrc mﬁddrhe ipdrt ht&foslﬁl@rdfmy]ﬁcallaldrﬁnd t he

parent clay materi anpl es pillari and pillare S are
found in: TJ thﬂgﬁ’f‘rgj%# gouréchEg‘HE 612968%33%%6 P r@?tio‘{)rf%%r) ‘g]jh%g #Honas,

| nt er cal at i oRx&mMgIRyS bfeyreatfndnt \Mldetdribga Oereild itAshod&E WS ORderstéll. thaChthe 3,  PP.
55-99, Academc¢ Press, Inc., (1972); U S Patent No. 4,452, 910;. U S. Patent

No. 5, 376561 Preheafing qande gagicdnout b many gt Aseperafyres and fimep.nigclpdipe @8y

utilizes clayofbighdd 8f RapeROur® %l ANGLABISE al AfFivHish aRJedcaMmpissed Bpalpke of
expanding. Any pillared clay that can enhance t he pol ynmeri zati on of ol efins

in the catal y%‘tenﬁ?ﬂ’rpom tion of the present invention can be used.

Therefore, sui tabhﬁe QétﬁrﬁtoﬁﬂsWoﬁhéeé R)r prBiard Ak ichE Mn%@iﬂo?su&ftﬁé Brebi
limted to, allophanes; snectites, ohdoctahedral

tri-octahedr anvepiigy) canrhs f@mnﬁéw%@therhéwé@fw syppprt alsatwiﬁt rm%qdlmg@ Rt nos
(bent oni tl@s) ’hnﬂ{%ﬁttli %?fl un&%%@'bkitdgss S)Ih tphét@cP%'réa‘ﬁ& oﬁ@ésl 2Bk 8fke. In

vermculites; mcas | 'uor oni cas; m xed-| ayer clays; the fibrous
cl ays incl udlong appect, rtmwdllSanédnla@rlS]érih@Iar@ ased @phldgmugmﬁesot lmited to,

pal ygorSk'te% lick, 5&9%5&&% Chfﬁ}én?d | 't{nén‘?a ﬁ%g %t oma RN |6ria, Aoy

conbi nation théfeo n one’ aspec 3Ct i vat or - support
conpri ses pemltmnno@oqrhatmmlumnurhlmq:sphate 'Eﬂeamanmmoatecxpamtpd)rsdwa/tm‘ma

bentonite is nont réréo oni ite. Th@ gto ‘@\(;/reclF clay can be pretreated if
desired. For "&%% FFSI}é % WPy SPRETBE e is pretreated by drying at 300
OC under 1an inert Aabcsrﬂﬁlgherae],ot}tey[asp:eaﬂ btyt}dryresrmt um@eumn fone o3 rhamr@f thbef or e
bei ng added th()), t‘S nmerization reactor %Jﬁ
pr et reat ment WarBeiotsa REPRITHE PE DS R VAP SISO oA
preheating camgdaealGinuireebnipstind fornefivgt [@kioe bf titwpeioatoontactangthid Mbsure
i ncl udi ng any .
with the activator-support. Once the precontacted mixture of the metallocene
compound(s), olefin monomer, and organoaluminum compound is contacted with the
20  activator-support, the composition further comprising the activator-support 1s termed
a “postcontacted” mixture. The postcontacted mixture can be allowed to remain in
further contact for a second period of time prior to being charged into the reactor in
which the polymerization process will be carried out.
According to yet another aspect of the present invention, one or more of the
25  hybrid metallocene compounds can be precontacted with an olefin monomer and an
activator-support for a first period of time prior to contacting this mixture with the
organoaluminum compound. Once the precontacted mixture of the metallocene
compound(s), olefin monomer, and activator-support is contacted with the
organoaluminum compound, the composition further comprising the organoaluminum

30 s termed a “postcontacted” mixture. The postcontacted mixture can be allowed to

remain in further contact for a second period of time prior to being introduced into the



conbi nati on of tenperature and tine steps, all of which are enconpassed by
this invention. The activator-support used to prepare the catal yst

conposi t W WF008316 present invention can be conbi ned wPCH/uskéve0040aDr gani c
support materials, including, but not IB#ited to, zeolites, inorganic

oxi des, phosphated inorganic oxides, and the like. In one aspect, typical
support materials that are used include, but are not limted to, silica,

silica-alum na, al.uni na itania,.zirconia, nesi a,. baria, fhori
1 Ui noohos pRAVERTESR kSt RO L LIE SR s 5F Prestacting ety iy
si licaltitanitlds aspeottofi ranidne6eBlillushated iYECoipX 6 @at Motvber eof . According to

anot her aspect of the present invention, one or nore of the hybrid
nmet al | ocene conpounds can be precontacted with an ol efin nonomer and an

or ganoal um n@REANPAWIUMNUMaCOMPOIUNISS | od of tinme prior to contacting this
m xture wiith the activator-support. Once the precontacted m xture of the
met al | ocere conpolihefesdsPect FainPalvarigR FOMBRYRdY haherdae yied HhdBHBGEY i s

cont act ed Wi tikvehtiéh id€lhile/ BhOdre HSNRMIED o, IcbRPSQHAP ASIiLE BB fhsfier conpri sing
the activator-support is termed a "postgontacted” mxture. The

postcontacted m xture can be all owed {8 A%ain in further contact for a

second peri ogvhefe #%i5%8n RlipHatic %@upﬁmgg £BRNABE daffofl aldis. 'FRRACkMipld, R2WhA Ch the
pol ymeri zation process will be carried out. According to yet another aspect
of the preseRe ethilyerppybhutybhexsbrorigobatybf t he hybrid netal | ocene conpounds

can be prigeont act ot dindihuinh uifBRRIRIANGNAL RE] IALAGRURAR he fOF

first period of tinme prior to contacting this mxture w

or ganoal um n@eses ipshnen inchde butare petdwwied 4¢ tcerporinds hadngthetfermnulat al | ocene
conpound(s), olefin nmononer, and ackil(y(a)t @F@}support is contacted with the
or ganoal um num conpound, the conpositioh farther comprising the

or ganoal umi nuefesX isransdreatbyb St'ciean atkowide onpix erytaxideT h dalidss ot e ydridee d

m xture can l. in in further contact for a second period of
time prior tgg%%lggr\éﬁglt%ogdﬁngggfvﬁnto t hepol yneri zation reactor. A

non-| i mtlbng exanpl enoasppcte&Oris actyidngaibyl hodny Gamce tei20 cattnsataspedt of t he
invention is alichtLel'}sa;[syl;ezac‘: %? t}ilenprgé:%{rpnlvgnt?onf &atis ];19 lafk?%éving from 1 to 10 carbon

atoms. For example, X can be ethyl, propyl, n-butyl, sec-butyl, isobutyl, or hexyl,

and the like, in yet another aspect of the present invention.

According to one aspect of the present invention, X° is an alkoxide or an

20  aryloxide, any one of which has from 1 to 20 carbon atoms, a halide, or a hydride. In
another aspect of the present invention, X° is selected independently from fluorine or
chlorine. Yet, in another aspect, X8 is chlorine.

In the formula, Al(Xs)m(X6)3-m, m is a number from 1 to 3, inclusive, and
typically, m is 3. The value of m is not restricted to be an integer; therefore, this

25 formula includes sesquihalide compounds or other organoaluminum cluster
compounds.

Examples of organoaluminum compounds suitable for use in accordance with
the present invention include, but are not limited to, trialkylaluminum compounds,
dialkylaluminum halide compounds, dialkylaluminum alkoxide compounds,

30 dialkylaluminum hydride compounds, and combinations thereof. Specific non-
limiting  examples of suitable organoaluminum  compounds include

trimethylaluminum  (TMA), triethylaluminum (TEA), tripropylaluminum,



ORGANOALUM NUM COMPQOUNDS | n one aspect, organoal um num conpounds that can
be used with the present invention include, but are not limted to,
conpoundswbaviomgsiihe fornul a: (R2)3Al; where R is an al pphatscaogooup havi ng
from2 to 6 carbon atons. For exanple, BRScan be ethyl, propyl, butyl,

hexyl, or isobutyl. O her organoal um num conpounds whi ch can be used in
accordance with the present invention incI ude but are not limted to,

ds hay (X5 h byl ; X6
S o al ko, e BpRmRy SR o AR, ROk i e ERE YL

3, inclusi ve.tmlsdibuqnzﬂmaﬁﬁﬁf;H;etﬁylah&nﬂuhwﬂtomﬂa,rabyItheheke; mgpofribﬂmﬂnsttherﬂﬁ car bon
atons. |n anot hergﬁsgect of the prese i nve an a Vi ng

ti | k h
from1l to 10 carb e I0EgROE KA ate§(§ "&eglh(’dbé}‘ %rf?ﬂ? acm& S?)WIX"%C utyl,

sec-butyl, | %9brd YetalBEerResompoudd dvithhen |otéﬁﬁoallhrﬂm)dﬁnt cangdun@randspeokfinf t he
present invention. According to one, as ect of the Q%r esent_.invention, Xis

an al koxi de GPOnGReR S| fB5 dle PregaRfacivr MY, RN HYsCoPfaging thiy PreropiFisdn

atons, a hal ingl@ureowitlR tHaYadfiVA6r-supporditofohiffa catBeCionositibe. WiRAGRY cdtdly@nt i on,
X6 is selected independently fromfluorine or chlorine. Yet, in another

aspect, X is CEMPRTHGIGS Preparefdn toy mafmsT. tyigally) thpsady not pecessanily, 4 PRUIBSL f rom 1

to 3, incl US'tNeeorgammxmbxﬁaéoerpouﬁe iisS acdtted tH &MY Pledbnt@ftednliguROind S ct ed to
be an integer; therefore, this fornmula includes sesquihalide conpounds or

ot her or ganoaptienrefnihe| arganeplugdmyse FAEBourEx Bnistded tofthe PeRsRICIEdi MiKiTe
Comound%osu'pfre}aleﬂ Wi e grehshtécq&?ﬁl@&mqs WhrltdbtddD QiR HRSEME dxieeiitil Abr-

I ncl ude, but e not to, trialkylal um num conpounds,
di al kyl al uni mumonalﬂqyeevsorﬂmﬁmmorgdm@lwnmn@ﬁmnmmdeqak@ﬁ|ua@i @cmmmmths

di al kyl a! urm %Mﬁyc%wp%n&? {W&&@p&e p%gntgamlo?%gét%achng Et@ﬁ’.f Altgggt%ew,c

nonlimting
all the catalyst components are contacted in a single step.

Further, more than one organoaluminum compound can be used in either the

15  precontacting or the postcontacting step. When an organoaluminum compound is
added in multiple steps, the amounts of organoaluminum compound disclosed herein
include the total amount of organoaluminum compound used in both the precontacted

and postcontacted mixtures, and any additional organoaluminum compound added to

the polymerization reactor. Therefore, total amounts of organoaluminum compounds

20  are disclosed regardless of whether a single organoaluminum compound or more than

one organoaluminum compound is used.

ALUMINOXANE COMPOUNDS
The present invention provides a catalyst composition which contains an
25 activator, and in some aspects of the invention, the activator comprises an
aluminoxane compound. As used herein, the term “aluminoxane” refers to
aluminoxane compounds, compositions, mixtures, or discrete species, regardless of
how such aluminoxanes are prepared, formed or otherwise provided. For example, a
catalyst composition comprising an aluminoxane compound can be prepared in which
30  aluminoxane is provided as the poly(hydrocarbyl aluminum oxide), or in which

aluminoxane is provided as the combination of an aluminum alkyl compound and a



exanpl es of suitabl e organoal um num conpounds i nclude trinethylal um num
(TMA), triethylalum num (TEA), tripropylalum num diethyl al um num et hoxi de,
tributyl avoreoregsidi | sobut yl al um num hydri de, trii sobut yCalusedoawogos7

di et hyl al um num chl ori de, and the |ike, 36r conbi nati ons thereof. The
present invention contenplates a nmethod of precontacting an unbridged
hybrid netal | ocene conpound wi th an organoal um num conpound and an ol efin

nononer to fqQrma precontacted mxture, pripr.to contactin hi

pr econt act ed%(?ﬁlrﬁ t??eac\gl\nwt Iﬁ’“fq%nes At Vat™ S?ef‘suég’fflrl?oxta%esf iy g%gf%ff@é? as

conposi ti on. péyérydtdeerbybilainimmin @ddpped drgadaluminpxe@ar ed in this manner,
typical ly, though.not _ necessaril ortion of the, organoal um num.conpound
is added to the p?ﬁ%SWFTaC aiﬁ?ﬁ?‘szl}"&‘w%f? ahﬁﬁfeﬁ’tgptaf)%? f”i‘tgr?iheo*ﬁu'f“r?@xane n

or ganoal um nuarsatea@bhydtodasbaada@ipolind tdleenh 0B bupdningcdoB@ntinkt 14rabfsieany ed when
t he precontacted ture is. contacted the_solid oxid

] X t it e
acti vat or Supp¥ t.oq}lﬁ)W@?/té’Ft,s’ 'f‘f?é‘“%‘ﬁ?tf"sr én‘m’ij’gﬁﬁﬁf’ﬁ ERgiYsRsERfan Canste used
to prepare tIThecathBbty@mposifip® Sdrine@in this Mhiels ddNEcted By ey atfabRGn&Kod,
post cont act i r}% step, Al t,i%anatl vely, all the catal yst components are

contact ed i n ‘% pemglee b¥ flitop Allaiativelyy the catalystHemPesitam SamiAdedit® mound

can be used itie Rijrh&lzatififreMtOCRIMRELiNDisOhtel N€ poSt contacting step. Wien an
or ganoal um num conpound i s added in nultiple steps, the amounts of

or ganoal uni num cofPoaHIIRXaRg ersereund plthis inyrarion ean brcan Jicgmerpralyatinusg

or ganoal ygi NempAIRAOLRD lih&hr BQtuBrutdI€ PR C QRlcaAfEL bradide PORLEGAR! 3¢t ed
m xtures, and any additional organoal um num conpound added to the

pol yrreri zat i &HxtuEesef alf threph &ryshio plaminogang cogpeunds having hedamodd:uni num
conmpounds are di sclosed regardl ess of whether a single organoal um num
conpound or nore than one organoal m'é ound is used. ALUM NOXANE
COVPOUNDS The present invention provi des a/ qat al yst conposition which
contains an activator, and in sone asBects of ;the invention, the activator

conprises an al um noxane conpound. As used herein, the term "al un noxane"
refers to al GHERENRARA liRGHH QL Prasched alieshbavinedram 149 49 garben atgms.gind drig e

speci es, I egaielee$dnPS to 20, are encompassed by this invention. The AIRO moiety shown
15 here also constitutes the repeating unit in a linear aluminoxane. Thus, linear

aluminoxanes having the formula:

R
R-{AI—O7LA|
| q \R
R ;

wherein R is a linear or branched alkyl having from 1 to 10 carbon atoms, and q is an
integer from 1 to 50, are also encompassed by this invention.

20 Further, aluminoxanes can have cage structures of the formula R‘5,+QR",.
o«Alg,O3,, wherein R' is a terminal linear or branched alkyl group having from 1 to 10
carbon atoms; R® is a bridging linear or branched alkyl group having from 1 to 10
carbon atoms; r is 3 or 4; and a is equal to nai3) - noE) + now@), Wherein nas) is the
number of three coordinate aluminum atoms, no() is the number of two coordinate

25  oxygen atoms, and no) is the number of 4 coordinate oxygen atoms.

Thus, aluminoxanes which can be employed in the catalyst compositions of
the present invention are represented generally by formulas such as (R-Al-O),, R(R-

Al-O)¢AIR;, and the like. In these formulas, the R group is typically a linear or



how such al um noxanes are prepared, formed or otherw se provided. For
exanpl e, a catal yst conposition conprising an al um noxane conpound can be
pr epar ed WO 2040/Bs1al um noxane is provi ded as the pol y( hpdrasasopb40at um num
oxi de), or in which alum noxane is provBded as the conbi nation of an

al um num al kyl conpound and asource of active protons such as water.

Al um noxanes are also referred to as pol y(hydrocarbyl alum num oxi des) or

or ganoal um ngxa .~ The .ot her. cat t,conponent.s, typi.cally are contacted
o P Che Al U RO e S PP AYR L ERPRC AL bR ney USSR S gh
any sol vent tofialumisoxanddSinggouhdd thyt dan e tiseddn héverdaeecwithtie, presshieinventibat es,
and products.o he,activation. step.can be used. The cat st _conposition
forned in thi"écfhfffinnlé‘ft i Y ‘é’f‘gg BS d?fsh%%}"f‘g‘é’f‘%nenefﬁﬁﬁl,%f‘mxa&ar?f)I e, by
POl yITor | 2911 of Lonct o1 wthont e ng 8ol ar od.. The: | um noxane. conmound of

. bei ] .._The aJ um noxane conpound o
this inventi Gﬂmb‘ﬁ?i‘aﬂ% sﬁﬁ'bbqyragjﬂ?ﬂﬂ?’faég’aﬂsﬁ'ﬁ??f[?ﬁ\“HBWB&anp%‘Bﬂﬁ@F’é‘?%@"‘?ﬂ%ﬁear
structures, gygiylafunshéaaé,ures, on- ﬂtﬁfﬁhﬁﬁiﬁ&b&hwe& or issp&itbREiIRVxas, |

bA

three. Cyclic alum noxane conpounds having the fornula: wherein Ris a
linear or br RFBLYIAPRPPXANSy i mfidf ¢ dBF 1 K> 100 ar®®¥n &PBRINAtYh theteel an

i nteger fromyethfaldfhinoRbif, %ﬁ?ﬁlﬂ?ﬁﬁ&éﬂe,%dﬁﬂ-&t&l%ﬁﬂﬁdxﬁﬂe arERepAtdQrarpi et y
shown here al so constitutes the repeating unit in a_linear alum noxane.
Thus, |inear tEmefyabrunes. rEghyiguniang, opmirigobufralpeininR respectivelie #pd or

branched gl KybmbBaéNGref fofiMed tb s LOIHRHAIN aRLBAEN (Q(m),Qpél§ﬁeﬁ‘ﬂl LRaeer from1
to 50, are also enconpassed by this invéntion. Further, alum noxanes can

have cage st ronisdeleedpely(isohatyt dpminum ®ide) rgmsctivelyn lisqlorwithimtesteperft s a
termnal | neRd in0fn3h 356k Attt Gt Porhihddl Aty fandinGiAl A8 13t OB,
ging l'inear or branched al kyl group having from1 to 10 carbon

atons; r is 3hapdisdlosedrid UsS.iPsteptiial4,1%,086(3) - "0(2) + "Q(4)> wherein A (3)

tao coordinat e oxydbrrstans vaTaE . JpRHER AR il g ind R e Dgen

atons. THus, ahiminoxaox feslaskR A-@)aandR(Re APOMAIR,, irgspedimekyatlabonst aspects,

composi tions poz];nd q are at least 3. However, depending upon how the organoaluminoxane is
prepared, stored, and used, the value of p and q can vary within a single sample of
aluminoxane, and such combinations of organoaluminoxanes are contemplated herein.

In preparing a catalyst composition containing an aluminoxane, the molar ratio

20  of the total moles of aluminum in the aluminoxane (or aluminoxanes) to the total
moles of hybrid metallocene compound (or compounds) in the composition is
generally between 1:10 and 100,000:1. In another aspect, the molar ratio is in a range
from 5:1 to 15,000:1. Optionally, aluminoxane can be added to a polymerization zone
in ranges from 0.01 mg/L to 1000 mg/L, from 0.1 mg/L to 100 mg/L, or from 1

25 mg/Lto 50 mg/L.

Organoaluminoxanes can be prepared by various procedures. Examples of
organoaluminoxane preparations are disclosed in U.S. Patent Nos. 3,242,099 and
4,808,561. For example, water in an inert organic solvent can be reacted with an
aluminum alkyl compound, such as (R*);Al, to form the desired organoaluminoxane

30 compound. While not intending to be bound by this statement, it is believed that this
synthetic method can afford a mixture of both linear and cyclic R-Al-O aluminoxane

species, both of which are encompassed by this invention.  Alternatively,



the present invention are represented generally by fornmulas such as
(RAL-OP, RIRAI- OgAIR2, and the like. In these forrmulas, the R group is
typi cal | ywa 2bimmsg15or branched G -C al kyl, such as net hylpCTatshgoo0opnopyl ,
butyl, pentyl, or hexyl. Exanples of al @k noxane conpounds that can be used
in accordance with the present invention include, but are not limted to,
nmet hyl al um noxane, et hyl al um noxane, npropyl al um noxane,

i so- propyl al um noxane, n-butyl al un noxane,..t - but yl.al um.noxane

soc- buty! ar uirs ot s b hROS L ARt 2R Ao Bt R KSR, sy

pent yl al umi nax&RY;Al3vigeathytatadniahosvales hidrapé nopHealkulfite) G andnert organic
neopent yl al un‘ilno ane, and the like, or any conbination thereof.

Met hyl al unmi n8X3RE; et hyl al uni noxane, and i so-butyl al uni noxane are prepared
fromtrinmethylalum num triethylalumnum or triisobutylalum num

respectively, ti fer | y( et hyl al umi num oxi de),
pol y(et hyg alﬁ%ﬁgﬁﬁ%i(g’%ﬁob&%féggﬁfbﬁBg}ﬁgm num oxi de),
respectively. It iAscartimg tbhdihdt abfiRt SOROBresdnt inventiohy BRtca@Iyst Qmffkition

al um noxane in conmbipation with a trial kyl al umi num such as that discl osed
in U S Pateftl NPMRISe9an 0@i§anohqErT, & s BFERNGHNALH t 398MatEbNt &PRgrRAbRENNRRY

val ues of p @ n@bd‘rﬁek&ﬂp&lnumﬂ&marﬁeu&a%mhfagmf)am&,-b@me and, MaRnANiked) 9Al R2,
respectively. 1Is sonme aspects, p_and q are at |east 3. However, depending

upon how t he O%r ¢papRtions riBsianle | 5ot resmpled flugtogrgane betan uesepoupdie 94| ue of

P and g gan VRb¥oWahfbstaRt BhipehRisafBhenplatéd um noxane, and such )
conbi nati ons of organoal um noxanes are contenplated herein. In preparing a

cat al yst conposit AsH ssdshlaiflvorgresno dotaw eroflugieorzangebeoralesgomneund carf be he
ﬁrglt 2!5 g}?' ﬁsb%gé’éd%}f‘fﬁ@?i&eﬁthﬁveﬂh&m o@%oéb*%%&g&‘r@ﬁ%hgb&ds%tt ot al
yori net al | ocene conpoun (0] COITpOUI’ldS In the conposition IS
general |y betwrebnusedlio thndres@0,i0@0tion include, dmbeiserot dispedito, fiuveinatod arylr ati o
2 pol yrrer | 2900 B onieh o dean e giten B RA ) Ve Bl BRIARBHERDLR O | ©
to 100 nghL, tmphehyloarbéniwg/ L ttetrdds(paptafluoOpanybbérate] nox sitheéen can tétekpr epar ed
by vari ous pr(ge%?a%greo%hen%%%le?s OfN,N-dimethylani]inium tetrakis[3,5-bis(trifluoro-
methyl)phenyl]borate, triphenylcarbenium tetrakis[3,5-bis(trifluoromethyl)-
phenyl]borate, and the like, or mixtures thereof. Examples of fluoroorgano boron
compounds that can be used as optional co-catalysts in the present invention include,
20 but are not limited to, tris(pentafluorophenyl)boron, tris[3,5-bis(trifluoromethyl)-
phenyl]boron, and the like, or mixtures thereof. Although not intending to be bound
by the following theory, these examples of fluoroorgano borate and fluoroorgano
boron compounds, and related compounds, are thought to form “weakly-
coordinating” anions when combined with organometal or metallocene compounds, as
25 disclosed in U.S. Patent 5,919,983. Applicants also contemplate the use of diboron,
or bis-boron, compounds or other bifunctional compounds containing two or more
boron atoms in the chemical structure, such as disclosed in J. Am. Chem. Soc., 2005,
127, pp. 14756-14768.
Generally, any amount of organoboron compound can be used. According to
30 one aspect of this invention, the molar ratio of the total moles of organoboron or

organoborate compound (or compounds) to the total moles of hybrid metallocene

compound (or compounds) in the catalyst composition is in a range from 0.1:1 to



or ganoal um noxane preparations are disclosed in U S. Patent Nos. 3,242,099
and 4,808,561. For exanple, water in an inert organic solvent can be

react ed worzoswmosdlam num al kyl conpound, such as (R2 Al pCTwsk@wmniohre
desired organoal um noxane conpound. Wi B2 not intending to be bound by this
statenent, it is believed that this synthetic nethod can afford a m xture
of both linear and cyclic R-Al -0 al um noxane species, both of which are

enconpassed hy this invention. Alternpatjvely, organoal urg noxanes .can be
prepared by Sééct illsﬁﬁlcg ’atk’ﬁrﬁ"?ﬂhlf# 8?13{}]? @8%@3%, OSUCR" arHsu TRBA Tr%eth a
hyflr at ed sal tompsimb @ed by drcatcedlysofopealie bytridah&alldceneais frone0t5 moBae ¢0

sol vent. ORGA NOBORATE (%FVPQJND Accor.di ng. t.o.anot her aspect of
t he present i%m&ﬁ%‘ea?wm CB?‘FDB?I% i%n" béqugg%rﬁyppgemgﬁhg?e& nobor on

or organobor abRpasidl Wat&ding@ SRetRdIQESERt 6X1thid irfy@niti0 thatathoapgidluotberdane| ude
neutral boron conpqunds, borate salts, and th or confi nati ons

i ke,
t her eof . Bor besessporopTegne BYRL8IPREIGH OBhHS MRS ARd LY rE Y bor at e

conmpounds ar %oﬁpmn@ryg}ﬁE,Qthmdﬁgﬂan@&h@cgrﬁmﬁ@organo boron or fl uoroorgano
borate conpound can be utilized with the present invention. Exanples of

fl uoroorgano borate conpounds that can be used in the present invention

i ncl ude, but ;gfezmR@f 10N c¢6SPcuNbEuori nated aryl borates such as
N, N-di met hyl ani I'i ni um tetraki s(pentafluorophenyl)borate, tri phen})lll car beni um

t et raki s( pent af | uhopeay yentne further Rrayides ¢ PaiRlyst- composition: which can
(pentaf i ygr Oggﬁgﬂn%e% %5 :‘ifhtiﬁng NorhE Qbﬂﬁ&mﬁl an! Rz foficr &fhppAd is an ionic

, 5-bis(trifluor phenyl] borate, triphenylcarbenium o
t et raki s[ 3, 5-chinggund thatiean dhmstiny 2y an phigyajdr|dsspae@lyshtedenhprce| thg activly ok xt ur es

thereof. Exanpl gaﬁaylgsft cB&gQ{iﬁgog{ IR O mna&gm%@%m}&g% tfedfy, B efcl @S

optional co-cat ts i present 1 nvention inclu ut are not limted
to, tris(penttitthecompingngi) bonprund iy dapiide BF deacting ithl ametghedehy Fgmpound

ohenyt ] RoL om0l L 452 Sl P BB E 0 (0,
f | uor oor gano ifxdpiet cetivnpomaEHocea dompduatie dA gainyydiila ast intending hobrgbdunt dy f or m
"weakl ycoor dit eaotr}i, R 1s believed that the ionizing ionic compound can function as an ionizing
compound by completely or partially extracting an anionic ligand, possibly a non-
alkadienyl ligand such as X! or X?, from the hybrid metallocene. However, the
ionizing ionic compound is an activator regardless of whether it ionizes the hybrid
20  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 hybrid metallocene, simply coordinates to an X'
or X* ligand, or activates the hybrid metallocene compound by some other
mechanism.
Further, it is not necessary that the ionizing ionic compound activate the
25  hybrid metallocene compound only. The activation function of the ionizing ionic
compound can be evident in the enhanced activity of catalyst composition as a whole,
as compared to a catalyst composition that does not contain an ionizing ionic
compound.
Examples of ionizing ionic compounds include, but are not limited to, the
30 following compounds: tri(n-butyl)ammonium tetrakis(p-tolyl)borate, tri(n-butyl)
ammonium tetrakis(m-tolyl)borate, tri(n-butyl)ammonium tetrakis(2,4-

dimethylphenyl)borate, tri(n-butyl)ammonium tetrakis(3,5-dimethylphenyl)borate,



ani ons when conbi ned wi th organonetal or netall ocene conpounds, as
disclosed in U S. Patent 5,919,983. Applicants also contenplate the use of
di boron, w0 2bisgokRISON, conpounds or other bifunctional eocwpswEsMaNt ai ni ng
two or nore boron atoms in the chem cal 48tructure, such as disclosed in J
Am Chem Soc, 2005, 127, pp. 14756-14768. Generally, any anount of

or ganoboron conpound can be used. According to one aspect of this

i nvention, the rati.o of the t |, .moles of .o nobhpron or .

or ganobor at e ¢ ntr%‘b’ﬁi?an?odlﬁu%onpotﬁtﬁﬂ(s'ﬁg S@'S?Dgu?ré’fne?fhybgﬁeeng Hg‘?ra{%ybr i gne-

nmet al | ocene ootyhammdniuar Corguakis@sntafluordphen@ftoadty;st A9 Mpdigicthytanilinburh N a
range fromO0.1:1 1015:1. Typi |y, e anpunt of t.h | yqr oor ga boron or
f1 uor oor ganot%'g%ﬁ{pémiy&#ﬂﬁ%d E\ggb‘}{ggﬁlglaﬁl gt al S‘?g?k'f@}lql)ﬁﬁ’owfbri (I}P’N’
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of unbridged hybrid tall qce conmpound. Accordi.ng to angother aspect o
this inventi 6?%915{?@'%%%%%?’ Iﬂ&b‘gﬁlf’ﬂb&“ﬂﬁuﬁg ??ﬂ%ﬁgégﬁ'ﬁgm Fate
conmpound i s nfetiyl)ghéhylTBbRE, t ONN-diledy1a{linheh O NeRadidpentaMIBRPUBE BEFatd Ol € Oof
hybrid netal |l ocene conmpound. | ONl ZI NG | ONIl C COVPOUNDS The present invention
further provifRAENHHEMYY st CHHFHUBIYORPTHRI ch rPRANHSARITWR  arferalpi(Br ng

i oni ¢ conpoumglyl)fatk,0Ni Zi NgripHRAYICarB&IMAUNG | SteRikib(@PLAMERYPRUDLbARL can
function as an activator or co-catalyst to enhance the activity of the
catal yst combfd¥reRyleabenpn| e refrakised.eémethylpkenyibesaiond byrinhesdeagbenium j g

bel i eved lbhaftetxtaﬂr%[iﬁBiséﬁﬂQorbﬂBﬂhfl)&QH?ﬁdb?Qe,' s capabl e of yf@aghidgnd h a

met al | ocene conpound and converting the netal | ocene into one or nore
cationi c net &tagsesataleerpphenyigboreie, | wepyivent teEakivpitdlybRaratel odepdium

conpounds.  Agai,Ris I §odiAL, ig&@ﬁianngte]frﬁ(iggAgﬂMQﬂg Ky NBOIak, it&,ﬁgﬁmbe' | eved

that the ionizing ionic conmpound can function as I oni zi ng cohpound by
conpl et el y oitetigkis(3, aflimethysphendiionaje.an antropylwnd i gandetrakod &5 blisytrifluoro-

ovever ¢ honPBRAYTHERCTS Shpphud® (R R0 NSO IR CoFBRm e her
it ionizd$§ ttarakp(pentdilnegopticnpllenae, ditbiumactesaphanylbanteX lithgandtetmkis(pf ashi on
as to form art]olgll Q)rzﬁg‘,i N Ela‘ukrr?ns tetrakis(m-tolyl)borate, lithium tetrakis(2,4-
dimethylphenyl)borate, lithium  tetrakis(3,5-dimethylphenyl)borate,  lithium
tetrafluoroborate, sodium tetrakis(pentafluorophenyl)borate, sodium
tetraphenylborate, sodium tetrakis(p-tolyl)borate, sodium tetrakis(m-tolyl)borate,
20  sodium tetrakis(2,4-dimethylphenyl)borate, sodium tetrakis(3,5-
dimethylphenyl)borate, sodium tetrafluoroborate, potassium tetrakis-
(pentafluorophenyl)borate, potassium tetraphenylborate, potassium tetrakis(p-
tolyl)borate, potassium tetrakis(m-tolyl)borate, potassium tetrakis(2,4-dimethyl-
phenyl)borate, potassium tetrakis(3,5-dimethylphenyl)borate, potassium tetrafluoro-
25  Dborate, lithium tetrakis(pentafluorophenyl)aluminate, lithium tetraphenylaluminate,
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(pentafluoro-
phenyl)aluminate, sodium tetraphenylaluminate, sodium tetrakis(p-tolyl)aluminate,
30  sodium tetrakis(m-tolyl)aluminate, sodium tetrakis(2,4-dimethylphenyl)aluminate,

sodium tetrakis(3,5-dimethylphenyl)aluminate, sodium tetrafluoroaluminate,

potassium tetrakis(pentafluorophenyl)aluminate, potassium tetraphenylaluminate,



the metal-X 1 or netal-X 2 bond in the hybrid netall ocene, sinply
coordinates to an X1 or X2 ligand, or activates the hybrid netall ocene
conmpound W9 2wm@8sIsher nechani sm Further, it is not ne®eTamegoohab7t he
ionizing ionic conpound activate the hyBiid nmetal |l ocene conpound only. The
activation function of the ionizing ionic conpound can be evident in the
enhanced activity of catalyst conposition as a whole, as conpared to a

catal yst conposition s not contai.n an _ionizin joni ¢
el o of | PORFIIR g TebRIn: BT E Toket b deam PR Bpls s PERRTYE. ¢ he
fol |l ow ng conaalizds4-dinidtiiylpHeuyydlhamarni um tgitdssilsins ( p tahtydk)sbor at e3,5-
tri(n-butyl) amT |un1 ﬁtrakls(n}tol | Yborate, tri(n-but ium
tetrakis(2, 4d“8? b E??iﬂa %o PRESSIUR ¢ i FRLE ORI A nid) tt@?rmgg

, 5- di nmet hyl ph@ﬂ}ﬁin)ilﬁkﬁfsath&ebﬂ' I (Sridibg Yoni@RBMPounds useful in this mventlon are not
tetrakls[3 5- blsétrlfluoroneth IG phenyl ] bor at e, trlﬁnbut 2
t et r aki s( penti#icd e shmergherryamples oﬁlwﬂvwm%‘w & e di closed i US)
tetraki s(p-t glaeh) Ry 31586,200 Mrddd Bt dmgl ani | i nium tetraki s(mtolyl)borate, N
Ndi met hyl ani | i ni um t etraki s(2, 4-di et hyl phenyl ) bor at e,
N, N-di met hyl ani | i ni um tetrakis(3,5-dinethyl phenyl)borate,

N, N-di met hyl yigeRiMONORERK S[ 3, 5- bi s(trifluoronethyl) phenyl]borate,
N, N-di et hyl ani | i ni um t et raki s(pent afl uorophenyl ) borate, tri phenyl carbeni um

tetrakis(p-tolyl) bosairated o at sthbn pmrloyed Matki catalsh composiamatasd
tri phenylgar Bepinip, {fhmkdesdd of il MBIHR%h %%au,l, IRAR L Rofint dohipBERRS Hadipeni um

tetraki s(3, 5-di"net hyl phenyl ) borate, triphenylctarbenium

E et ratl SE 3, Stfg&nsetw B3P cathon retemipy pox pm!ﬁyﬂle] oorhaving Qﬂrszﬁféﬁyip@fif: bberd. u'r}a[“S
et raki s(pen r S

tropyliumtetr _ab (Ss)r{ &BX% }%g@g{)&lyﬁtﬁ%@m{% ﬂ{%ésgés l% g 4_ E’inél‘e ofbePQUcR Z_g

t et raki s( 2, 4-ethiytemt loy bp}lpghyd: Jab ovedltas, copcrlyrpgnhzat;m reactions with a different olefinic
tetrakis(s, 5 cdllrnnEtnlgiyl ré%é’mé bor at ers 'S ah”@‘ ntain a majo amount of ethylene
teHahﬂBSf%&hwf Jor onet % hﬁﬁ Ho@f

t et r aki s(lpent(a$d moteopneny)l ankdcr minm afnlotniitl af’ ffomonomer (<50 mole percent) though

t et raki s(pentaf l. uorophen orate, lithiu et raphenyl bor a i um
Lot aki ot ol DF J* B ATPEemeBhy (s omeaRFS (ha 81 OF SRRPararze) i viend

t et r aki s( 2, 4-often have from 3 to 20 carbon atoms in their molecular chain.

Acyclic, cyclic, polycyclic, terminal (o), internal, linear, branched, substituted,
unsubstituted, functionalized, and non-functionalized olefins can be employed in this
20 invention. For example, typical unsaturated compounds that can be polymerized with
the catalyst compositions of this invention include, but are not limited to, ethylene,
propylene, 1-butene, 2-butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-pentene,
3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-ethyl-1-
hexene, 1-heptene, 2-heptene, 3-heptene, the four normal octenes, the four normal
25 nonenes, the five normal decenes, and the like, or mixtures of two or more of these
compounds. Cyclic and bicyclic olefins, including but not limited to, cyclopentene,
cyclohexene, norbornylene, norbornadiene, and the like, can also be polymerized as
described above. Styrene can also be employed as a monomer in the present
invention.
30 When a copolymer is desired, the monomer can be, for example, ethylene or
propylene, which is copolymerized with a comonomer. Examples of olefin

comonomers include, but are not limited to, 1-butene, 2-butene, 3-methyl-1-butene,



di met hyl phenyl )borate, lithiumtetrakis(3,5-dinmethyl phenyl)borate, |ithium
tetrafl uoroborate, sodiumtetrakis(pentafluorophenyl)borate, sodium

t et r aphenyDRoroaej15sodi um t et raki s(p-tol yl ) borate, sodi BEI/US2009/004047
tetrakis(mtolyl)borate, sodiumtetraki 922, 4-di et hyl phenyl ) borate, sodi um
tetrakis(3,5- dinmethyl phenyl)borate, sodiumtetrafl uoroborate, potassium
tetraki s- (pentafl uorophenyl)borate, potassiumtetraphenyl borate, potassium
tetraki s(ptol at,e assjiumtetyakjs tal vl ) borate, potassium

totr aki (2, 4 b RRb IRk " Sp AR AL FpbAtne, ) B RRIAGS:
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t et raphenyl al um nat e, pot assi um tetraki s(p-tolyl)alum nate, potassium

tetrakis(mt (Bresﬂar)t 4p 1%ttge1 arﬁgqrgg icQmPnomer intréduced into a reactor zone is from

t et raki s(13, 4-01Bt4yWHBRPeteal d0RMINBIEr bR &S e Ubkalt WeikRKIf $hel Bomymer and
di met hyl phenyl ) al um nate, potassiumtetrafluoroalum nate, and the |ike, or

conbi nat i ons cPHerQERsT. InoHillz anpther gspest: dhepoaw sofucoatappmee, Intiedacednip®na i on ar e

not limted tQcthesfis BbRAY 1 Wméigﬁt zﬂefceh%%wﬂmi R8¢ Lot ARRANEAS 1A LE
disclosed in U S. Patent Nos. 5,576,259 and 5, 807,938. OLEFIN N[%\IGVERS

Unsat ur at ed theampegmey andgomeapmpe &ghlinywaethe asheatatha lapunic ofrparénomsns and

pol yirer | Zat | &x A RGASE Mol 2ns id YRS B0 VabfHlnd QlodReLLRE By
conpounds having from?2 to 30 carbon atons per ecul e an aving an ol ef
ni ¢ doubllé bdhredotaliwgight afvlzamommes aedegramwast. honopol ymeri zati on processes

U519, 25119 .0 S Pl 05 B B it i
or functionalized olefins are used as reactants, it is believed that a steric hindrance can
impede and/or slow the polymerization process. Thus, branched and/or cyclic
portion(s) of the olefin removed somewhat from the carbon-carbon double bond

20 would not be expected to hinder the reaction in the way that the same olefin
substituents situated more proximate to the carbon-carbon double bond might.
According to one aspect of the present invention, a monomer/reactant is ethylene, so
the polymerizations are either a homopolymerization involving only ethylene, or
copolymerizations with a different acyclic, cyclic, terminal, internal, linear, branched,

25  substituted, or unsubstituted olefin. In addition, the catalyst compositions of this

invention can be used in the polymerization of diolefin compounds including, but not

limited to, 1,3-butadiene, isoprene, 1,4-pentadiene, and 1,5-hexadiene.

PREPARATION OF THE CATALYST COMPOSITION
30 In one aspect, the present invention encompasses a catalyst composition
comprising a contact product of an unbridged hybrid metallocene compound and an

activator. Such a composition can further comprise an organoaluminum compound.



conpound. The resulting copolyners generally contain a maj or anmount of

et hyl ene (>50 nole percent) and a m nor anount of conononer (<50 nole

per cent) ,wolrowgiesilthi s is not a requirenent. The conpnomeCs/ushew/ocen’ be
copolynerized with ethyl ene often have #8om 3 to 20 carbon atons in their
nmol ecul ar chain. Acyclic, cyclic, polycyclic, termnal (a), internal,

i near, branched substi tuted, unsubstituted functionalized, and

non- functi on d olefi e enp this_invention, For | e,
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pr opyl ene, but ene, 2-but.ene thyl -1 -butene, isobutylene, 1-pentene,
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octenes, the four normal nonenes, the five normal decen and the |ike, or
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i ncl udi ng butanpeides d,rrgegleﬂcg o, cycl opentene, cycl ohexene, norbornyl ene,

nor bor nadi ene, and the like, can al so be polg/rrerl zed as descri bed above
Styrene can al so Bboewﬁmbe s mveRiogmer 2 ixdrd, efaliocsnst comppund icgh bewhen a

copol yner i s yfleshth&ed with@n SRAERRRofoRler Pedesit@d! n6viRBRERily Bl RNBoRImer
propyl ene, Whl ch is copolynerized with a conononer. Exanples of olefin

comononer s i riebepelymsrizedapnd anoerganopiumirnme gompausd ferafirsp perigdeafdime prior
3-met hyl -jly- byg g&ﬁac‘hﬁ%%%}étc@&ﬁacté& REAIE Wth o4 a@@vrhtt@rrb‘?lﬂp@ﬁ Mehdiist herR@REENE,

4- met hyl -1 - pent ene, xene, 2-hexene, 3-eth exene, 1-heptene,
2- hept ene, 34h@ptoenentac1rtbetmcentaetrmnt,ﬁv@twetekéhe rrdptﬂ@oqeoe coreramdett of

the present etegaudtgnmgtasﬁa@ TRARARE, it 8R! Sl ToHHhEAP nrlaREnt ene,

1- hexene, cene st’yrene, any conbi nat'i on there0of.
Ceneral ly, t rengasrhomtO. bhotcoorﬁﬁbm;s, fon¢xapuples §dmi Atldoal hawc Peacontartdintes

produce the (ifofﬁfa(?'mmutesh? 0 mlpgfeg)gretaf%o%%pgﬁg@ht percent of the comononer

based on the € nonomer conononer. According to
anot her aspect of It Iamotperres;pem of nivee itvetinn, b Heybedonetallcsénec comoprowrd rean er oduced
Into a react %ltec%)gtg&ed w1tfh an oleﬁnlc monomer and an activator-support for a first period of
time prior to contacting this precontacted mixture with an organoaluminum
compound. The first period of time for contact, the precontact time, between the
hybrid metallocene compound or compounds, the olefinic monomer, and the
20  activator-support typically ranges from 0.1 hour to 24 hours, for example, from 0.1 to
2 hours. Precontact times from 10 minutes to 60 minutes are also employed.
Alternatively, the precontacting process is carried out in multiple steps, rather
than a single step, in which multiple mixtures are prepared, each comprising a
different set of catalyst components. For example, at least two catalyst components
25  are contacted forming a first mixture, followed by contacting the first mixture with
another catalyst component forming a second mixture, and so forth.
Multiple 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
30  two catalyst components can be formed in a first vessel, a second mixture comprising

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.



0.01 to 40 wei ght percent conononer based on the total weight of the
nmononmer and conononer. In still another aspect, the anmount of conononer
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of diolefn conpounds i ncl udi ng, . but not limted to, % but adi ene,

i soprene, 1, 4- pentfadnher, asprd af Bus, dvsptiony ghe WP%E‘P‘AWIHQ ©OMPPRECATPAL YST

COVPOSI T|16N eRar@NE, aﬁﬂs}ﬁigkd K}Jlbﬁdpﬂﬁ&ﬁﬂéenb nu&%to%uﬁaaormga%@ﬁ%nﬁnmt&l yst
conposi tion conprising a contact product of an unbridged hybrid netall ocene

conpound and S#Alyget ndataptionatiyc png %‘WB@N hyhoeaahem) uprcheenteiapr ins ethan
or ganoal unmi nygiERAPAAY rSldtdr AklSu1AGLJuVR cme e up&ymgr% & ©rddon! g t ed

to, activator-supports, alunminoxane coipounds, organoboron or or ganobor ate
conmpounds, i Orfcgddng. i dhfﬁmabm}bofuwd@vo entotehef Mickee catalystceomipionatts oars bt her eof .
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conposi tions, suc or e respective ca
conponentl§ i mamhy cgntdmou@rmsehpubrtb@ precontacted product is fed contmuously to the

) reactor, or it can be a stepwise or batchwise process in which a batch of precontacted
product is 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 generally lasts from

20 1 second to 1 hour. In another aspect, the continuous precontacting step lasts from
10 seconds to 45 minutes, or from 1 minute to 30 minutes.

Once the precontacted mixture of the hybrid metallocene compound, olefin
monomer, and organoaluminum co-catalyst is contacted with the activator-support,
this composition (with the addition of the activator-support) is termed the

25  “postcontacted mixture.” The postcontacted mixture optionally remains in contact for
a second period of time, the postcontact time, prior to initiating the polymerization
process. Postcontact times between the precontacted mixture and the activator-
support generally range from 0.1 hour to 24 hours. In a further aspect, the postcontact
time is in a range from 0.1 hour to 1 hour. The precontacting step, the postcontacting

30 step, or both, can increase the productivity of the polymer as compared to the same
catalyst composition that is prepared without precontacting or postcontacting.

However, neither a precontacting step nor a postcontacting step is required.



In one aspect of the invention, a hybrid netall ocene conpound can be
precontacted with an ol ef nic nononer if desired, not necessarily the

ol ef i n noworzero/wssise pol yneri zed, and an or ganoal um numPCogseuM0£0aT a
first period of time prior to contactingsthis precontacted m xture with an
activator-support. The first period of tine for contact, the precontact
time, between the hybrid netall ocene conpound or conpounds, the olefmc

nononer, and the anoal um num. conpound ically ranges from 0.1 hour to
24 hours, for exa%?é’f’ﬁf?“gﬁt{;‘. T"it%relcaﬁ(l}lﬁ ?‘éla%de%o%%(%@fer%rrere%ndf g’]ér?’l ‘%’(‘S‘em nut es
to 30 m nut egpefsd saffisente tiphityre ddsorptioan rhpregnatisPes intradtiof dfpredontacted a

hybrid netal |l ocene ¢ (rsui?ound can be pre oq"taact ed.w tp an ol efinj ctrrrgnomer
and an acti vé’?‘é?‘-r%ﬂ'b‘g % AGHYALOL SYRPOY S‘}‘fgﬂ badoiemEar the SMPYRSia®Ei ng
thi s precont gedcostatfed initreVi irhmabilifddy adkofetarildpositedReddd. Wihee hédtiag peri od
of time far contact,, the grecont act tinme, between the hybrid mfe al | ocene
compound dr dbSPRIAYs thePratcjitastsdinix s Biseally 1hrgted R 2 fRapnefaliis of EappBr t
typically rarges ikooimd? bnAYPE tP984F hours, for exanple, fromO0.1 to 2

: :

hours. Precontact times from 10 mnutes to 60 mnutes are al so enpl oyed.

Al ternatively, thécgmdmgnoaeiaspechobdlis snvestiomrthe awlaguetic of tre molss ©fst eps,
rather than g5y WeafkaR compdilhaB @bIhiR 8¢ BrihbhERIANE BhERACH ocach
conprising a different set of catalyst conponents. For exanple, at |east
two cat al yst ceelyporeanriositian gensoallyas ireel rénge fiongl:a t6 il r19100@i ¥m amasherfaspecowed by
contacti t i 1 xtur j .t t hey. a : f ] a
second m'r&% t u:hge, Ingkggastgl ef’sé}rﬂta ﬁéxg\e/ui?%qgﬁegp{'é@géit Iz%? |tnh é‘ch?égp%gg%’&rf%g} Oci}gr ried
out in a singht®d wEskemades oH unbridged|hybrié ssehlinceteucorhpaundntel thepineles of
precontacting_steps can he carri.ed qut in.series (s entiall i.n
Dararer . or bR Simpnh a§in Hspbl o3l &0 lR R SThER b ribs,
cat al yst conpefeentte raas ob etilansted of meallbéens compasw| qr canpecaizdo rthex total e
conprising the first m xtyre. plus one additional .catalyst..conponent .can be
Formed i n e nanaupt 8 Blatialirgirbinh Sotiug Gt a@BRmeSOiT b e CRRRERRS bl aced
downst r earm ofmiktuge f addStthy ep6ftontddtednahitiie asgitited, offe pRécoftatng0fandlve

cat al yst conponents can be split apd used in different precontacting
treatments. POPCUNALLBE &tePIAIF FIBIOYEL cat al yst conponent

When a precontacting step is used, the molar ratio of the total moles of olefin
monomer to total moles of hybrid metallocene compound in the precontacted mixture
is typically in a range from 1:10 to 100,000:1. Total moles of each component are

20  used in this ratio to account for aspects of this invention where more than one olefin
monomer and/or more than metallocene compound is employed. Further, this molar
ratio can be in a range from 10:1 to 1,000:1 in another aspect of the invention.

Generally, the weight ratio of organoaluminum compound to activator-support
is in a range from 10:1 to 1:1000. If more than one organoaluminum compound

25 and/or more than one activator-support is employed, this ratio is based on the total
weight of each respective component. In another aspect, the weight ratio of the
organoaluminum compound to the activator-support is in a range from 3:1 to 1:100, or
from 1:1 to 1:50.

In some aspects of this invention, the weight ratio of hybrid metallocene to

30 activator-support is in a range from 1:1 to 1:1,000,000. If more than one unbridged
hybrid metallocene and/or more than one activator-support is employed, this ratio is

based on the total weight of each respective component. In another aspect, this



is fed into a first precontacting vessel for precontacting wth another

cat al yst conponent, while the remai nder of that sane catal yst conponent is
fed i nt o woxewmanssipr econt acti ng vessel for precontacti n@Critshooanetioner

catal yst conmponent, or is fed directly 4Aato the reactor, or a conbi nation
thereof. The precontacting can be carried out in any suitable equi pnent,
such as tanks, stirred m x tanks, various static m xing devices, a flask, a

vessel of any type,..or .conbi nations. of .. apparatus. || t .aspect
of this i nveﬁ‘ﬁl%’ﬁfﬂ g Warie egé%r%t asl &S{.Eﬁﬁﬁoﬂgﬁpgﬁ.r@p ngﬁ'ﬁﬁe%[ﬂ%ri dged
hybri d net al laoetbereaspare tthevatight ratip pHihe untsridgad bebridnihewiio e ae edngdoyiad to @ed

optionally an unsaturated.hydrocarb %ze‘ar' ntacted in the polynerization
r?god'lfgmf’%i"} raf‘ﬁeegﬁ’Bﬂ' ?il(;gﬁé)'on reaction is proceeding.

reactor si mulPfAY

Al ternatively, an\lintdoddnesompoidstadieaer equiifddys tfof® MROARNYSE coMmPoditon.
rior to entering the reaction zone. This

precontacted. in vessel . |

precont ac in&lhgf’glbe?i YOERFAne eaRrgeRsd 1n Hheghsenge Pﬁ@“’ﬁ‘l"é’éﬁﬂsatﬁcé‘&fdb‘rgb’duct is
fed continuousd prebent tiheentie@&hP ruse, Ofor ielkaile, BfzafoahirBiRWNSEnYPould! shvase
process in which a batch of precontacted product is added to nmake a

cat al yst conp&&yafqrshPPorHn hepbsensh PElpHX&eEp can be carried out over a

time period that aasitbadle of%?aaaoaorf 8Nl 5RaRMfad CoBSoutds Bredtot T8} Salo days,
or longer. In this aspect, the continuous precontacting step generally

lasts from 1f@BcchFatayst spgpesition ahdbiReinvertipact , Nerrthalesnt iafumpnexanes,
pr econt aqyl nQrg%h@&r(l)r@&&giﬂoﬁ@a%@oﬁﬁﬁﬁmﬂﬁoﬁﬁ%ﬁ%rﬂ% BthSRmd Qor gfrgmgtio% nute to

30 mnutes. Once the precontacted m xture of "the hybrid netallocene
conmpound, ol &freefrrgnbawsed inmthen pajalsie apmRosHinns contemplated by and enwonpassedd wi t h

the activat ol;gUPRRS LS ﬁ@(ﬁpoﬁ $deO D14, h [ L
activat or-suf)vpl)ort) iISsr.este'e,r rrea the * Bos?fccl)lnt a%étaléé’ %@?ﬁ%&é&?&rﬁ%agosffgﬁmt act ed
m xt ure opti epapdunds.eienizing ioniccepmpastdsf or cembigatoond thereéfodarobe tempioyed he

post cont act ti. i iniptiati t E i rocess.
Poct cont act e BUtALmbBlodht tahbils. BF SRR AT FORBEEESEin % suppor-
gener al | y5r apbenéa drmn®@rganbduminuo @poont.s. I n a further aspect, the

E?ZE?O?LZ‘CLOQ ggn.%’lgt(z:ilyirs]tngorl{lggsgt?onfs roc}W{hg' &es@gy rin\;[egtic;"n régrlljerrailly-r gvepgec%?arl]);s?(:t I ng
activity greater than 100 grams of polyethylene per gram of activator-support per hour
(abbreviated gP/(gAS-hr)). In another aspect, the catalyst activity is greater than 150,
greater than 200, or greater than 250 gP/(gAS-hr). In still another aspect, catalyst

20  compositions of this invention are characterized by having a catalyst activity greater
than 500, greater than 1000, or greater than 1500 gP/(gAS-hr). Yet, in another aspect,
the catalyst activity is greater than 2000 gP/(gAS-hr). This activity is measured under
slurry polymerization conditions using isobutane as the diluent, at a polymerization
temperature of 90 °C and an ethylene pressure of 450 psig.

25 As discussed above, any combination of the hybrid metallocene compound,
the activator-support, the organoaluminum compound, and the olefin monomer, can
be precontacted in some aspects of this invention. When any precontacting occurs
with an olefinic monomer, it is not necessary that the olefin monomer used in the
precontacting step be the same as the olefin to be polymerized. Further, when a

30  precontacting step among any combination of the catalyst components is employed

for a first period of time, this precontacted mixture can be used in a subsequent

postcontacting step between any other combination of catalyst components for a



step, or both, can increase the productivity of the polyner as conpared to
the sanme catal yst conposition that is prepared w thout precontacting or
post cont awOi2n/008k1dever, neither a precontacting step n®ecTaSp@owe®AT acti ng
step is required. The postcontacted m xtdre can be heated at a tenperature
and for a tine period sufficient to allow adsorption, inpregnation, or

i nteraction of precont act ed m xture and the activator-support, such that a
portion of the cg on mxtur i S i mobi

sh8

ﬁ of t precont a J %

adsor bed, or ¢&B &Mon. T W EPEPHe ?ﬁ'ﬁbflg ’8% AFBE, corwpeune

post cont act edrgmwum&u@emn@hh& and 1hleaaéxaﬂcahq)eaxsé&rﬁas@aa‘cu]ﬁtectmfg stapofar @ OF to
150 OF, or from 40 ‘?F to F Accor di E‘g ontg‘ asg"b 0 IS .Inyention,
the nol ar ratiS RSO 19& t‘mﬂ é§ cslrls RysPRact miRpECBeR © ﬁﬁ&ﬂﬁ*&c% Withefrol es of
or ganoal um nupsvGEeFRepPEYH toFordh £ pbsidoyitikted ARG thit@cERRIATbE ¥ sdcénd lfbnad range
from1l:1 to 1:10,000. In another aspect, the nolar ratio is_in range from

1:1 to 1: 2, 0@8Hmygrior fornisiating e Pa'é’B‘éE%amf‘ FRacH)- ot exampje.ghe f‘ﬁép?ﬁﬂdé’é of

unbri dged hyRed fm&@d&cmep&mu Mfind, ObdhiéenBihE SobinHi GHRATHP bl T yBHAN
conpound is in a range from1l:1 to - 100. These nolar ratios reflect the

rati o of tot dretalopens spmpping) |tb%eﬂéﬁ@emﬁewrorth%o%ﬁwﬁwppemt 13ad t e al

amount of or ganaal IR mYIRRY B Keoﬁorﬁ@rﬁﬂ%ﬁ?%sﬂ héur®Gtdn bhaoRrepact ed.
m xture and the postcontacted m xture conbined, if precont acting and/ or

post cont act i AP i @prnudeseto e A Masmies. Tmmstaorm%@domww iopgonplly s plioweddel  t he
mol ar ratjyo Qfmiile, I:c%zf'&lt £ &8orfdl pePib8 bk Hm%ﬂ@ﬁﬁ‘s&coﬁ&c{ B8 pefBR & Fhitkin ybri d

met al | ocene conpound I n the precontacted mxtlre i s typi caIIy In a Fange
from 1: 10 t o theopolg@erization pragessnohecording toaete aspepd whdhis inveation agsicontadii s

ratio to accoyt be%eeﬁ%ﬁ@ﬁ%e?% {:ctéd‘hﬁxtﬁﬂ% %thngf}eéﬁ@iﬁ{ &eh tcl@_ﬁp xﬁe‘ﬂ%’s gl efin

nononer and/or nore t ocene conpound s enpl oye this
nmol ar rati o dem 9d hoor & 2éhges.for fioml0:1hotiotol] BAB: 1 i n anot her aspect of the
invention. Generally, the weight ratio of organoal um num compound to
activator-support is in a range from10:1 to 1:1000. If nore than one
or ganoal usi nPQLMPBRIKNTIONIPROCESSe t han one acti vator-support is enpl oyed,
this ratio is bas% n the total
atalyst compos1t10ns of the present invention can be used to polymerize
olefins to form homopolymers or copolymers. One such process for polymerizing
olefins in the presence of a catalyst composition of the present invention comprises
contacting the catalyst composition with an olefin monomer and optionally an olefin
20  comonomer under polymerization conditions to produce a polymer or copolymer,
wherein the catalyst composition comprises a contact product of a hybrid metallocene
compound and an activator. In this aspect, the hybrid metallocene compound has the
following formula:

X2
X'—M—X
X’ (I
25  wherein:
M is Zr, Hf, or Ti;

X' and X? independently are a halide or a substituted or unsubstituted

aliphatic, aromatic, or cyclic group, or a combination thereof;



wei ght of each respective conponent. In another aspect, the weight ratio of
t he organoal um num conpound to the activator-support is in a range from3:1
to 1:100,woroimossise aspects of this invention, the wei gotr/usatvo0wi7 hybrid
netal | ocene to activator-support is in &8range from1:1 to 1:1 , 000, 000. If
nore than one unbridged hybrid netall ocene and/or nore than one
activator-support is enployed, this ratio is based on the total wei ght of

each respective ¢ onen | n.anot her ect ht ratiosis in

range from1:5 togqpiélo '%Efbtu tegrorfurn(%ﬁ?sil%i yClofeIlﬁé %'iy? P ﬂ'é‘HS‘E}ﬂer
aspect, the weiuphiny aibstituaits bﬂlé{’uﬁd@perdlgﬁuw i‘rylarhydrorgm aﬂoho&eana;b@ﬁmmawﬂd to
the activator- i.n a range fr Al um noxane
conmpounds ar &" ?’fg’?&}‘%aﬂllglggc aéorf’?)tfcrrP’f‘F‘Yép‘éértoéW féf‘%‘BhﬁS’é‘?'ﬁhﬁrﬁo >Thus, the

pol yneri zati on carxiis coee -Np-Rhe-PabreénseRYfor aCRPEMRX anes. Accor di ngly, the
pr esent |rgvent| on can. use, for exanple, organoal um num conpounds and an
activat or “support whefeie absence of al umi noxanes. Additional | y, Organoboron

and organoborate Cormoaﬁdis a’:hreryn oue Guibstitled Q/ltfhoﬁﬂna@keﬁﬁlt a.méﬁﬁleﬁtormgsi tion
of this invention. Nonethel esg um noxanes, ganobor on or_organoborate

conpounds, i oni zi Sepstiyamts %oﬁp&ihﬁistharbﬁhecéufﬁ‘iyﬁast‘ Biteent frdegepdentbagrend used

in other catalyst hgRopashibin08s aCRBLAIRA A afsiiétiatd ARGOANRFHEW: WikRL N the
pr esent invention. Hence, al um noxanes, Or ganobor on or or ganobor ate

conpounds, ionizi Hij’upoarﬁdc conpounds, or conbinations thereof, can be

enpl oyed 1¢i th the hybrie qeted hRephReaBRRUNBydb&n SXaIB} ﬁ,suﬁét&n!i‘t@& orn the
presence or in the absence of an organoal um num conmpound. Catal yst

conposi ti ons of t Hesupstautedaliphafe mrereaticgentaeli groum ave cembigatignghereefct i vi ty
greater than 100 gf %”&fféfenpoals%(&ft h#ee %rrﬁ@x‘iza%@’eﬂr&fessa%d \éﬁ'{pﬂf %U&Rﬁ{r& per

hour (abbreviated gP/( er aspect, the catal'yst activity is
great er t han cempositgamewhich comarise2G0sontact grodadteaf mmd%@a@bngmpﬂuﬁd I n

still another %§P§8&vato‘i%ﬁéréﬁ§turecR?H—?ds%létbl?({l neocfon{ h&d nvention are

characterized" aving a ca VI han 500, greater than
1000, or Ilgreater than 1500 gP/(gAS—hr) Yet |n anot her aspect, the
catal yst activity is greate han 2000 gP/(gAS hr). This actiwity is

measur ed underﬁ

or a combination thereof.
The catalyst compositions of the present invention are intended for any olefin
20  polymerization method using various types of polymerization reactors. As used
herein, “polymerization reactor” includes any polymerization reactor capable of
polymerizing olefin monomers to produce homopolymers or copolymers. 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



slurry polynerization conditions using isobutane as the diluent, at a

pol yneri zation tenperature of 90 OC and an ethyl ene pressure of 450 psig.
As di scuswedososss any conbi nati on of the hybrid netal lPcrarseocometnd, the
activator-support, the organoal um num cdfipound, and the ol efin nononer, can
be precontacted in sone aspects of this invention. Wen any precontacting
occurs wiwth an olefinic nononer, it is not necessary that the olefin
nononer used in the precontacti ste the sane as the olefin to be

ol yier i sed. cPOPERCPRAGELRRAT SRR Bt SRt ebui RS gEstslrion of

t he cat al yst comprisenerical brshogizphtatylecpst Gliglapressite reguddrs athy @bmbtiseegutdciavs
precont act ed m'xl'ﬁtfre can be ysed in a subsequent postcontacti ng ste$

bet ween any Gf HEPV¥oIfBFRSt i oSO CHPE] Y&t MEGHS0 8r CBPITHIOE AFFCYEY i od of
time. Fgr exg}mhﬁ;ou& hgrobaskysi domtgdel QEaeHteR0 NGO bdlinubilze pﬂj’dgfaﬂ’l@@shh?"gd]um
conpound, _and 1- hexene can he used .in recontacting step for a first
period of ti MECesHY “laﬁiaisodf‘g&??nl?%%lé’d A4} Sirerd EecyFlE ot SRRt BARORE M wi ¢ h

t he acti vat OhestéaREMbndRer! Adrorailp&ft contacted m xture that is contacted for
a second period of time prior to initiatjing the polynerization reaction.

For exanple, the Fpi@erigdionggacier systemst oy the GHSERINVENHEN JRACEATRRIISE AF e,
between any GarbbNaabRR iRfa ERLMYR! biHPRt Ahéoxese HeOSRRUBE diffdiént Odysd. Ni C
nononer, the activator-support, and the organoal umi num conmpound can be from
0.1 hour to Faodystiensof palwnsroimmuliple mastars may inclusmseGratishgeed a ag@Wai nut es.
The post ggnt agt.ede PokhrBatit 1RA YnbRolebRUESE) LOLATR Bevitk GARIACK for a

second period of tine, the postcontact time, prior to initiating t

pol yrer i zat i easshle teyansfardbopelymgrstresubing faepdls fitst peliingrizatipn meacton into

post cont act tj i £ r Wl
O T s R A R
hour. POLYNMEREZfeeN BREOCESSoEastalgy sinddmmpadi the artleer ofadtére. pAdismntivelsnvent i on

can be used t o] I ri. .ef i 0 . One
stch pr ocess PpHFEERA il KASltnb LI HRABR st o BTG
conposi tildon ohe tréwetqprte sebdequant ecrcionn farorvptimed spatpomdrazatiomg Miigple atagtoy st

conposi ti on Vé'iysaftgmsa rr]na(})lligcleiu e gr?yngg%tl;ingtpo% i%glgl!iigg,aé)dtyno?%nglegftio,n multiple loop
reactors, multiple gas phase reactors, a combination of loop and gas phase reactors,
multiple high pressure reactors, or a combination of high pressure with loop and/or
gas phase reactors. The multiple reactors may be operated in series or in parallel.

20 According to one aspect of the invention, the polymerization reactor system
may comprise one or more loop slurry reactors comprising 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

25  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 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

30 combination of heat addition and pressure reduction; separation by cyclonic action in

either a cyclone or hydrocyclone; or separation by centrifugation.



conononer under polynerization conditions to produce a polyner or

copol yner, wherein the catal yst conposition conprises a contact product of
a hybrid wetaldwssne conpound and an activator. |n thisPaspset9/ovdee7 hybrid
nmet al | ocene conpound has the foll ow ng fS0rnul a: wherein: Mis Zr, Hf, or
Ti; X1 and X2 independently are a halide or a substituted or unsubstituted
al i phati c, aronatic or cyclic group or a conbination thereof; X3 is a

substituted or bstl uted ent fluo group,
any substituents § )ﬁ?ie&z% d’e‘ﬁro fseﬁatdls%p%%)”d’r%s tg é‘f‘S‘r"h% Brogfl%s%/rftut ed
or unsubstit diselbsed, |mha¢>aamplearmrrmt$ CPatetit Dipe.l BR48/109UP4,501,885,C0565,n2d,1 on
thereof; X4 is PH- -S-R A or -CR B=NRC, wherein: RA
is an aryI 9[505&6%5@% %lse‘g{z% %@H%ﬁﬁéﬁil substituent, any substituents
on RA other than tShigabdd ituepis lﬁéﬂDﬁltdllirt!,elﬁﬁlym&Qﬁﬁ&ﬂdﬁﬁlHEM)luEﬁ@ bt hm@@gﬁndatom
or a substituted or unsuybstituted al ky], al kenyl —or al kox roup;. and RB
and Rc in epé BIRPPRyeta eén%pﬂl}’ﬁ}efi@eélna {Wﬂr%‘iaﬁlgngﬁlﬂfétal“? dawds ('J‘Pg‘iﬁrf§ SR t ut ed
al i phatic, aromdtions OFxdayléd Gf J&uRtdble anuemscmm(reatwnaﬂeh%tequuehnt@

di fferent as&ﬁct t he pol ynerization process can enploy a catal yst

conposi ti on ?reﬁarE%rsv%saSa p%ﬁ?%cfy%?lﬁaﬂ& ispbutangy bi-betapfet BIPFHERHe

conpound and i@pedsde, ¥pefitand/Sd fhBxanbeSEMOTdof pBEHRHL AR REHHNRAHBELrS: OF a
conbi nation thereof. The catal yst conEosHlons of the present invention are

i nt ended for “aﬁ%fbélkeqopﬁiﬂ“%‘%‘ybﬁ‘éw?é‘tm isgsgdhod usi ng various types of

pol yneri zgtion r ege&&a§q§ t&s/epﬁf%qlehggp%wa thRGhVERBEH, 2R bapm(eg@a%ﬁ? FeaclopC! udes
any polynerization reac capabl e of polynerizing ol ef nononers to

produce honp pHY\EREPESOH lwb@}%ﬁ‘é phase Tegetoy.aPuchisystep awy eMmplayactontisuduacl ude
those that m?é/cypl% srtr%gr'ﬁréo?xguﬁlgg Jre Q)@trﬁ&e rﬁJ)ﬁbrn{e\‘s c&?tﬁmously 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.
15 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 polymerization of
olefins, in which olefins are polymerized in the gaseous phase in at least two
independent gas-phase polymerization zones while feeding a catalyst-containing
20  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, 4,588,790 and
5,436,304,
According to still another aspect of the invention, a high pressure
polymerization reactor may comprise a tubular reactor or an autoclave reactor.
25  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
30 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



phase, solution, high pressure, tubular or autoclave reactors. Gas phase
reactors mayconprise fluidized bed reactors or staged horizontal reactors.
Sl urry resotormogay conprise vertical or horizontal | oopsT/ude@b/oprgssure
reactors nmay conprise autoclave or tubulSdr reactors. Reactor types can

i ncl ude batch or continuous processes. Continuous processes could use
intermttent or conti nuous product di scharge. Processes may al so incl ude
partial or f lilhgl atal rec cI eto g I eaat egl1 Jongmer, unreacted compnoner,
and/ or dil uen DR Balt oSV & e e o the pl'&dent 1 n¥ENTi on may
conprise one cbmpssmg an emﬂtoogamclmmestystemommmhérlrpdyeberceaﬂbwds Ibdesirée same
or different ltqeyF_le. Productblo of o%mers i n_nmul t|p e Leac EJ may i ncl ude
several stagd®® MENQPey By ;be, DigUught iR e YaBY) DARST iR tGoBIct walb: thF satalytic

i nt er connect eehchiyn ﬂrddtlanﬁqf the pe&vnoeeor riBsente) of hqlp@mdaiae trae polnsfigdtiohhe

pol ynmers resultln romthe first polynerizat eac kfto t he econd
Feactor . Tho S FAABEr) ADFDEE R LR TrE I GEltah BerahE B Eb RS nay

be different sf)lluﬁm bhihe PBBMRE iNg réa0fish inkditn. Hgitatien MaPBE ehPRSEOESobtain
merization in nultiple react ncl ude the manual

Al ternativel
transfer of éBTt{)f HeF%eoﬁ‘é“tfoéaé‘tdortotB‘ag%%e‘éfﬁg’ﬁ‘P P@éEFBF@‘OF‘OIm‘HBFﬁSl nued

pol ymeri zat i @Rougfléht ihBlpBlynRAchn st Qﬂ&rdﬂéyméaﬁ\@ lakeARi12BY fr URipadig @B
including, but not limted to, nultiple [oop reactors, nultiple gas phase

reactors, a CSHBETE hesh obROlYBEZalAR gas phase reactors, multiple high

pressur e peact or s HofopdlyfrRFLind 2bhSPmes JrieicRE SRoausd lwak&rhz%p wiRdhi@r gas
phase reactors. The nmultiple reactors may be operated in series or in

paral | el . Acdwieationensraiidays pawlt ipfex f’i@ml fﬂWér‘R i 98, &/thmipoFgmexamples Ron
reactor syst %lmﬂeﬁﬁm@rﬁe% @M P8 IQ‘HHnSJ)xUﬁ&}{ d??&tﬁglé%‘mré@ ng

vertical or horizontal |oops. Mononer, [uent, catalyst an optlonally any
conononer rra;ﬁommpl@w@ummmecft%@lfth@l@vehmrp reactor where pol ynmeri zati on

occurs. GCenerall Yrrhg(a@ﬁsjl %qléﬁlg?éngco%ge;?%l aﬁgﬁpgéds'%ﬂ;ﬁ‘?%c%b L%“ zation

i ntroduction of a nonone uent
reactor dnd trmtalloertei qwumusndsexfmlwatre#enbmtdmoa tym@d:lvdallso#ntlan $lwsrpegesﬁr@n

[1 ashed (o © OHEVE &SRR IR e BT it bV Elon, IETEYRer Bkttt Fitpe®

from 0.90 to 0.95 g/cc. Yet, in another aspect, the density is generally in a range from
0.91 to 0.94 g/cc.
' If the resultant polymer produced in accordance with the present invention is,
20  for example, a polymer or copolymer of ethylene, it can be formed into various
articles of manufacture. Such articles include, but are not limited to, molded
products, household containers, utensils, film or sheet products, drums, fuel tanks,
pipes, geomembranes, liners, and the like. Various processes can be employed to
form these articles. Non-limiting examples of these processes include injection
25 molding, blow molding, film extrusion, sheet extrusion, profile extrusion, and the
like. Additionally, additives and modifiers are often added to these polymers in order

to provide beneficial polymer processing or end-use product attributes.

EXAMPLES
30 The invention is further illustrated by the following examples, which are not to

be construed in any way as imposing limitations to the scope of this invention. Also



t he diluent, nononer and/or conononer. Various technol ogies may be used for
this separation step including but not limted to, flashing that may

i ncl ude awg0wmmoss1ati on of heat addition and pressure reduatsa/,oo®epar ati on
by cyclonic action in either a cyclone 62 hydrocycl one; or separation by
centrifugation. Slurry polynerization processes (also known as the particle
form process) are disclosed, for exanple, in US. Patent Nos. 3,248,179,
4,501, 885, 5,565, 17 5,575,979, 6,239,235 .6, 262, 191 and 6,833, 415.

Sul tabl e di T SONPEPABLAT Verne PRy BoRTinsrodrrah PREVHE o arahes
limted to, i napRogEest thandelyepal onerif btidraskill iyde aar bons that are |iquids
under reaction congdit. ns%,gx | es of . suitahl.e diluents |nclude, but are
not limted to, h%"bto‘l?‘?‘b g@ﬁpdwnggabﬁ%ﬁa%‘i ip PEgostRas S Eh AR 1248

n- but ane, n- pendeErtewith $0p6MEAREweipROPeENnt ane, and n-hexane. Sone | oop

pol ymeri zation reactions can occyr. under bul k conditjions where no dil uent

i s used. Accordi n&‘%holoﬁéf“eg‘rﬂi %@%be‘i&o Bin) ¥ defeRpge iihAccotdaace with

pol ymeri zat i (TN &AL Y atBY °C I BlE60Blgrdnedsighone gas phase reactor. Such
systens may enploy a continuous recycle stream containing one or nore
nononers cont i nuoégwebﬁé‘}%&i Wasr SIGRINEd fip G, BY P8I sontipkisT fg/ederite of t he

catal yst undepmpREdérEmbERY sRple MIddi 215 °C Pef RAY.CIA ShdiBBRENEBY 40 Bolts t hdr awn
fromthe fluidized bed and recycled back into the reactor. Sinultaneously,

pol yner pr od@troopaigmperatire Wrcadidanice gritht AT Y dao08 and AS THER 1828, prasséurerononer
may be adgedd o replace the polynerized nononmer. Such gas phase reactors
may conprise a process for nulti-step gas-phase polynerization of olefins,
in which ol efins ¥ed hedlogiesli chericierizatioas gaxepabrppdise fliovwest Swaldstraimo

i ndependent I ' ' ‘ ‘ . o

catal yst - con%a ?ﬁfﬁ%ﬁgﬁﬂ% rsr?éég??rl oeé%tre%ﬂ%hrtlg g'glfeispreg{ah%% {’/r?rg%hrzég?l?tgﬁs zS Slﬁrétlfco a
second pol yménd. ZARES rheaymiter Gheg tpyradelaflatggpophge ABabtdpgicd dstsovased in

U.S. Patent Nos. 5 Sg 749,..4,588, 790 and 5,436, 304. Acc rg%n to.still
anot her as pe@f&%'?nep i 129|On enﬁeocﬁfnpéexh‘i‘?jﬂS‘g'rlggs}'ﬁ’fsgs g%qlx‘?ﬂ‘@'r@i) ﬁagﬁ’“’r W™t or may
conprise 13 t ybwk afittddeagii® thed modifiedUihgse! pareméteaChRbau-Yasuda (CY) empirical

model to obtain the zero shear viscosity — 779, characteristic viscous relaxation time —

7, and the breadth parameter — a. The simplified Carreau-Yasuda (CY) empirical

model is as follows.

no
|n*(@)| = ’
| [1 + (z_ﬂa))a ](I—n)/a
20  wherein: |7*(®) | = magnitude of complex shear viscosity;

770 = zero shear viscosity;
7, = viscous relaxation time;
a = “breadth” parameter;
n = fixes the final power law slope, fixed at 2/11; and
25 o = angular frequency of oscillatory shearing deformation.
Details of the significance and interpretation of the CY model and derived
parameters may be found in: C. A. Hieber and H. H. Chiang, Rheol. Acta, 28, 321
(1989); C.A. Hieber and H.H. Chiang, Polym. Eng. Sci., 32, 931 (1992); and R. B.
Bird, R. C. Armstrong and O. Hasseger, Dynamics of Polymeric Liquids, Volume I,
30  Fluid Mechanics, 2nd Edition, John Wiley & Sons (1987).



Tubul ar reactors may have several zones where fresh nononer, initiators, or
catal ysts are added. Mononer may be entrained in an inert gaseous stream
and i ntrosocet/mssione zone of the reactor. Initiators, eatralsg@vmp40and/ or
catal yst conponents may be entrained in5a gaseous stream and introduced at
anot her zone of the reactor. The gas streans nmay be interm xed for

pol yneri zati on. Heat and pressure may be enpl oyed appropri atel y to obtain

optimal pol ynerization. reaction i tions. ot her aspect
o the i heenton- MaiEt Rt Bl PfeaoRR s FaFbHsS el ihnf G

pol ynmeri zat i ®L 2EHRASEQr hi\ghaempaamfbecmmamsgfaph)s ufifo NPalyire ilabbratoies)caithl yst
conposition wtable rin ot her . A car ier onprising an

i nert organi (EX A9rplenzens, ?g;é) ﬁ%‘?f@}t i f)effoé’f'rﬂf‘tﬁy‘é{j 'i"fjrﬂ‘g&er d? the
nmononer nay b&ng&augmfmw@ h@mamr dﬂ@ﬁ-‘bﬁty‘l-mrﬁbtﬁﬁﬁﬁeﬁﬁl) aWh tbhdeft@atiolod! yti C
reaction product, in the presence or absence of quid material. The

pol ymeri zati &9 &/ brvesjusedsiartabnlizetinghe ?@ﬁpé\f@?ﬂ?fé@ %W%P%@L}He‘é’a% wrad Wil |

resul't in the;fof f&hingh &Izm@r SRkeHiia85n of 1T5f}ﬁ Re!. YBRSolhforfof ﬁ%@%&rhf?l@ 1ﬁ“°~‘d' um
Agitation may be enpl oyed to obtain better terrper ature control and

mai nt ai n uni fstbrizgbIBeway garitioh ot by theatingt #tr BOHEdot Sthvarpwith rre:pasmai on
zone. AdequalenPantAne hk!dhesh! QLo sn RAL! BILNEreXPLOqT G ARR! O

pol yneri zat i ners an ners of e | ené prodlce
accordance wi(T. BxlOIGmm)l andewdré cn’nibwedewa]h h)brdael\lmea pmblethyilamdetandardr@?lﬁllﬁ)i to 100

[/ 10 m Faqr a , |t j.nd f 5 10

O 0o o NPT s o B LERAE s Db g, A0 ™
i nvention. THelokang ablyredhticis hiyé apet ha&etﬁmmlpyeﬁenzﬁ fbnmduMmdlsmae mgmbere or
nore hybrid netall oc t he present i tion fall
Ui bhe r ARtraed PORracneRht B8 7 troroeht Rt molkeint ket Byl [ o) °

the pol yner drnpoélydispessitynindex; A6@Enined BY Ghd thtibMW/Mh, §/niasurd@F mdletudnot her
aspect, the den5|ty is.generally in a range from0.91 to 0.94 g/cc. If the
resul tant pol"fE disFB8ieRd i n accordance with the present invention is, for

exanpl e, 13 pol ymeiuiient 0Pl YdpherPatigh RYddeNehyldne Stadindie bR DRRni OdrBid¥ar i ous
Corporation. This ethylene was then further purified through a column of Y-inch
beads of Alcoa A201 alumina, activated at 250 °C in nitrogen. Isobutane was
polymerization grade obtained from Chevron Phillips Chemical Company LP, which
was further purified by distillation and then also passed through a column of lA-iné:h

20  beads of Alcoa A201 alumina, activated at 250 °C in nitrogen. The 1-hexene was
polymerization grade obtained from Chevron Corporation, which was further purified
by nitrogen purging and storage over 13X molecular sieve activated at 250 °C.
Triethylaluminum (TEA) was obtained from Akzo Corporation as a one molar
solution in heptane.

25 All polymerizations were conducted in a one-gallon stirred reactor. First, the
reactor was purged with nitrogen and heated to 120 °C. After cooling to below 40 °C
and purging with isobutane vapor, 3.5 mg of the hybrid metallocene compound were
charged to the reactor under nitrogen. Approximately 100 mg of the activator-support
(A-S) were then added to the reactor, followed by 0.5 mL of 1M triethylaluminum

30 (TEA) co-catalyst. The reactor was then closed, 1-hexene comonomer and two liters
of isobutane were added, and the reactor was subsequently heated to 90 °C. The

reactor contents were mixed at 700 rpm. Ethylene was then added to the reactor and



articles of manufacture. Such articles include, but are not limted to,
nol ded products, household containers, utensils, filmor sheet products,
druns, fueb208wies315pi pes, geonenbranes, |iners, and thePCrThS2009m0i00US
processes can be enployed to formtheseSarticles. Non-limting exanpl es of
t hese processes include injection nolding, blownolding, filmextrusion,
sheet extrusion, profile extrusion, and the |like. Additionally, additives

and nodifier re often added.to thes | yners i rder rovi de

benefi ci al pg?dsﬂ% erB?’ngté’s@f"ﬂgamo? C8ﬂsgq1§§(gtglp‘¥8ﬁﬂr€t°£‘%5t%r‘?sﬂﬁjt ig‘? ?"E‘R‘RWES The

i nvention i s niaithined ahd | doatroldddedt 09 WChehrbgdhbomilieg 6@xanRt aGn twhé GF @ee not
to be construed in an as | mposi djmtations .to the sco of this

i nventi on. Alpgg'&?ﬁﬁﬂ%l Z@é& CQFE’E%‘QH tggésoh’t‘tﬁréer and ciaylene WeIRyERiFERMsthe

modi fi cati onssaceAdhefpdttvtl sy dpendd)atd R YolygOsludt RaEBale¢Ra ahddsuie of
ordinary skill in the art. Melt index (M, g/10 min) was determ ned in
accordance with ASTM D1238 at 190 OC with a 2,160 gram wei ght. Hi gh | oad
melt index (HLM, g/10 min) was detemxAMdikn accordance with ASTM D1238 at
190 OC with 21,600 gram wei ght. Polymer density was determ ned in grans
per cubic ce%f’?t(’r%‘fse‘i‘fa(ﬁ‘f’ﬁléid% A AlUE GG S AR ed sanpl e, cool ed at 15 OC

per hour, and condi §iii@NAemifr wiOothaHES fidh WQ@.”G?a%mnﬂ;aHf' @ohtRinfigCORflance
with ASTM DI 505 and ASTM DI 928, procedure C. Mglt rheol ogi cal

char act er i za@|ugHaa Weeightrrbharing asurfase powel 48 (e andapere (vebmwe ofsk? | | at ory
shear neagur e(BRt ThidGhRekf Wa0 bBBhe s Qp&)%&{lﬁ?ﬁg%ﬁ &&ag&pb&ﬁae sizk BF 70 ARES

rheoneter using parallel-plate geonetry. ) ol ogic tests were
performed at MoYnyApprpEmatstipl Weryns elbibistmatgriet weredmpregnated withnoplugia  dat a

wer e then Culokfiahidbls®d nishiat dgﬁsﬂ%&nggﬁmﬁsﬁum{&gg%%u@et falfungsuda

(CY) enpirica to obtain t zero shear visc
char act eri st iica damp powderdiazmng theoronsistercy-oftvet sandd Thieminteadtah thpamdaved er - a.

The sinplifi ‘l;“rga ﬁ:gtrp{aﬁ 3Ha Mﬁ)%qQO QQQndQ IClEliIT? gtl ap roguerhat!al%l 196 °(f,‘ %rllgvl\%urs.
15 To calcine the support, 10 grams of this powdered mixture were placed in a
1.75-inch quartz tube fitted with a sintered quartz disk at the bottom. While the
pox;vder was supported on the disk, air (nitrogen can be substituted) dried by passing
through a 13X molecular sieve column, was blown upward through the disk at the
linear rate of 1.6 to 1.8 standard cubic feet per hour. An electric furnace around the
20 quartz tube was then turned on and the temperature was raised at the rate of 400 °C
per hour to the desired calcining temperature of 450 °C. At this temperature, the
powder was allowed to fluidize for three hours in the dry air. Afterward, the fluorided
silica-alumina was collected and stored under dry nitrogen, and was used‘without
exposure to the atmosphere. The fluorided silica-alumina activator-support of

25 Example 1 is abbreviated A-S1.

EXAMPLE 2

Synthesis of a sulfated alumina activator-support
Bohemite was obtained from W.R. Grace Company under the designation
30  *“Alumina A” and having a surface area of 300 m%/g and a pore volume of 1.3 mL/g.
This material was obtained as a powder having an average particle size of 100

microns. This material was impregnated to incipient wetness with an aqueous



wherein: \h*{ ) |I= magnitude of conplex shear viscosity; ho= zero shear
viscosity; th = viscous relaxation tinme; a = "breadth" paraneter; n = fixes
t he fi nalwpawsvooBad sl ope, fixed at 2/1 1; and co = angeicarusteegueaty of
oscillatory shearing deformation. Details§ of the significance and
interpretation of the CY nodel and derived paraneters may be found in: C
A. Hieber and H H Chiang, Rheol. Acta 28, 321 (1989); CA. Hieber and

H H Chiang, Po 2, 931

A st rong. and Gt BLARRR YRR e gt R Pe | LR FiseiRs e B e i i o
Mechani cs, 2ndlabgid indnllowedio oY hider &aduamsat aff?xinatéd} EIOUCafor Ye€h@hd.s and
nol ecul ar wei ght "g_l stributions were obtained using.a.PL 220 SEC hlgh

t enperature chro f’c?@ qi5He sRpert BY gipmsrof this ppyder g?é‘é‘)‘“‘&ﬁ Ypre placed im a

tri chl or obenzermseinéhl Girtzaibe hﬁtea%ﬂeatmnt&td Quats dielvat ateeb&fon;t Mzhie et e at a
tenperature of 145 0C. BHT (2,6-di-tert-butyl-4- rreth%/ Eﬁgeno at a

concent r ati ofo¥fergvas Sglpnoweésom&%alshsala(%ff%p cp1y B sybstigu bYRASHEect i on
vol une of 20Qhrm;gmaamsrashewarm@e%mnmalwa@qhm @ﬂathgmneomsmt the5

ng/ mL. Dissolution of the san%ne in stabilized Tp was carried out b
heating at 13weErrgofsl-féut-$ standad subia dsebngn hougefp etecllsi umapdarourh@ecol ums
used were thi@enPheevaMineaduiied 9n GRY W Embdra@¥3RN Tilse@REMAgHR SFabpbrat ed
with a broadql i near pol yethyl ene standard (Phillips Mrlex BHB 5003) for

whi ch t he nolpethourtoibe gnsiret sgloiyies, tanpeeatyre wE 00 The AbHipigmmgrailbr @9 at i ons
are used1 n ;p'aG/d@&@iEPJn%%e& '&?‘hlﬂt’jgk If&'\%re%oﬁé i ﬁﬁ@ dwj;ﬂpekﬁgﬁ&a@cg%é@hﬁ&ﬁl ar

wei ght ; t he wei ght-average nol ecul ar wei ght”; and e

pol ydi sper si @juniingers callecied ahd stdredyntdéredry aitiogetMahdwas asedeuishug exfoswrel ecul ar
wei ght distri, o) | e V. { 51 € obt gi ned
from Uni on Ca?gtlﬁ]%eg%oﬁ}hg%at Pghfm@@ #és)d eaﬁﬁ hgaadlgg%rg{ n f%f?%ékggapu?l i ed

t hrough a colabbnaviefed A- ﬁZ:h beads of Al coa A201 alum na, activated at 250 0C
in nitrogen. |sobutane was

15 EXAMPLES 3-4

Comparison of polymer made using hybrid metallocene MET 1 and A-SI to a
commercial LLDPFE copolymer produced using a chromium-based catalyst system

The hybrid metallocene compound used in Example 3, abbreviated “MET 1,”

2

20  has the following structure:

The MET 1 hybrid metallocene compound of Example 3 can be prepared in

25 accordance with any suitable method. One such synthesis technique reacts



pol yneri zati on grade obtained from Chevron Phillips Chem cal Conpany LP,
whi ch was further purified by distillation and then al so passed through a
col umm ofwoO 20imoksibeads of Al coa A201 al um na, activat e@Catus2@0/004047 n

ni trogen. The 1-hexene was pol ynerizati 68 grade obtai ned from Chevron

Cor poration, which was further purified by nitrogen purging and storage
over 13X nol ecul ar sieve activated at 250 0OC Tri et hyl al um num (TEA) vvas

obt ai ned from n.a £2ne | ar tlonlnhpta

ol yror s zat | SYASERiEREd b o iog IR, PO LR Pl AR, e
react or was phlogiee follotved diytreavgion vamconeegtiealesitaof 1i20utdHol. Ahéserreaiohd arg to
bel ow 40 0OC and gw%na}g %gth i sobut ane vapor, 3.5 ng of the hybrid

met al | ocene 0 e &Y FEPT Fhe reactor under nitrogen.

Appr oxi mat el y lOOIrngEx@ifanehE thet tewblomswmnged Witk 3)5 wer f MEEN 1addeddt o t he

reactor, follo nm_ m nu TEA) co-cataly The
reactor was \Aﬁloﬁ?’%%el(ﬁ)% me ﬂgﬁeél]e(fi%?ﬁg?fﬂ% WBlr’La%(gI’P{"é’lfé }B‘f‘eriesé’b‘i%ane
were added, aidds bhRobuRae! AriewdfalGHASA(UEAY kis hetangibyed P8 xffple Bheafiegact or
contents were mxed at 700 rpm Ethyl ene was then added to e reactor

andf ed on derfghBotrofpalymesrsion &t SRst aad 40 psig ethyleaspiessussh ﬂwea%@rlgvasme
reactor was qﬁ)}pﬁé@dnﬂ%@9%ﬁﬁ*p f AteqbmadedHonDhe kicREghout the 60-m nute run
time of the po yrrerl zation pon conpl etion, the isobutane and et hyl ene
were vented from fabledsapmarizes the PpEEE B InRERPeHsE 96 Exaraplg 3 HEoRsaliSH kT
product was gabhpeletde? Ml&ﬁ'fgﬂcorﬁ?%WH-Q?&nllﬁYﬁ{vla@aﬁlpg4 @hé Wethpledra
silica-alum na activator-support silica-alum na was obtai ned fromWR
Grace Conpany-L&dht a@nﬂbﬁ@ermﬂ)@laﬂomﬁlmalby ayglablet frern dCheatann Bhillips [eheaeal ar ea of
400 n2/ g and t S a
powder havi ngC% H%qgve%g%wewg%ﬁofj cle 5| gl ChI&hl%mmn@tgﬁ%%lyégg%?%Ql ?%s[k@?xyﬁ 100
grams of thi sniFabledi @Bpmerpmgﬁﬁt%dmmeﬁwné&@mabﬂme vonsmikcng 200 nL
of water and 10 grans of amoni um hydrogen fluoride, resulting in a danp
powder having the consistency of wet sand. This m xture was then placed in
a flat pdn arithbhd 1. Reddndr prapesty aordparisom fon EEmrmpleappgr oxi mately 110 0C for 16
hour s.

Example | Catalyst Type MI HLMI Density PDI
3 Hybrid 0.17 254 0.928 10.3
4 Chromium 0.18 28 0.925 12

FIG. 1 compares the molecular weight distribution of the polymer of Example

3, produced using hybrid metallocene MET 1, with that of Example 4, a commercially

20  available polymer produced using a chromium catalyst. The molecular weight

distribution profiles of Example 3 and Example 4 are very similar. Example 3,

however, has less of the low molecular weight fraction which can contribute to

smoking during processing and to transport line wax build-up than the chromium-
catalyzed polymer of Example 4.

25 The hybrid metallocene catalysts of the present invention allow the production

of a polymer with properties similar to that of Example 4 without using a chromium-

based catalyst system.



To cal cine the support, 10 grans of this powdered m xture were placed in a
1.75-inch quartz tube fitted with a sintered quartz disk at the bottom
Whi | e t hewpaatenssvas supported on the disk, air (nitrog@aTasro0om04047
substituted) dried by passing through as513X nol ecul ar sieve colum, was

bl omn upward through the disk at the linear rate of 1.6 to 1.8 standard
cubic feet per hour. An electric furnace around the quartz tube was then
turned on and the tenperature was Q%kiggL%éstpe rate of 400 OC per hour to
the desired cal cining tenperature At this tenperature, the
powder was aldowweadsdrOoff dobintbirg mati® usib hgieidvaettBodee MBT Dayd A1 82, withtaadwar d,
the fl uori dedvisiold pracoatddtihg) ao veemerolal ELDRH ceppthnsdror ed under dry nitrogen
and was used w thout exposure to the atnosphere. The fl uorided

silica-al ym na actThy ayrid mefaN6dehe @dmpXMARsEd th ExaniMar £¥, Mo iafedSIMEEXAVMPLE
2 Synthesis qf, a sulfated al um na activator-support Bohem te was obtai ned
fromWR G dee? SHYV B AN Re designation "Al umina A" and having a
surface area of 300 n2/g and a pore vol une of /g. This material was

obt ai ned as a powder having an aver parti cl ® of 100 microns. This
material was inpregnated to incipi t ness-

an aqueoussol ution of

ammoni um sul fate to equal 15% sul f NT Fe was then placed in a
flat pan and allowed to dry und at appraxi mtely 110 OC for 16
hours. To cal cine the support), of -hj dered m xture were
placed in a 1.75-inch quartz t iyted with \ered quartz disk at the

bottom While the powder was su {ed on,the disky air (nitrogen can be
substituted) dried by passing t# a 23X nol ecul ar sieve colum, was

ar rate of 1.6 to 1.8 standard
cubic feet per hour. An electrig round the quartz tube was then
turned on and the tenperature was raised at the rate of 400 OC per hour to
the desired calcining tenperature of 600 OC. At this tenperature, the

powder was al | owedht MET 2hgbriemétalocehy @enpdand 6f Exaniphs 506 yanberprepAtddan war d,

the sul fated al um na s collected and stored under dry nitrogen, and was
used wit hout aé%%]ﬁ? ewith any sultaa)?e method.  One sugh synt e%s techn?q e reacts

10  cyclopentadienylzirconium trichloride with three equivalents of benzylmagnesium
chloride, following by a reaction with one equivalent of 2,6-di-tert-butyl-4-
methylphenol. The reaction employing the Grignard reagent is generally conducted at
a low temperature. The tri-benzyl intermediate can be isolated at room temperature
and stored at 0°C for long periods of time without significant decomposition.

15  Alternatively, the tri-benzyl intermediate can be used irn situ to prepare hybrid
metallocene compounds (e.g., MET 2 and similar compounds) in a 1-pot reaction.

In Example 5, the reactor was charged with 3.5 mg of MET 2 (hybnd
metallocene), 100 mg of A-S2 (sulfated alumina), 0.5 mL of 1M TEA
7 (triethylaluminum), 40 mL of 1-hexene, and 2 liters of isobutane. After one hour of

20  polymerization at 90 °C and 450 psig ethylene pressure, the reaction was stopped and
213 g of polymer were removed from the reactor. The polymer of Example 5 had a
melt index of 0.35, a high load melt index of 32.2, a density of 0.9283, and a
polydispersity of 15.

Example 6 was conducted in the same manner as Example 5, except that the

25  hybrid metallocene (MET 2), the sulfated alumina activator-support (A-S2), and 1-



to the atnosphere. The sulfated alum na activator-support of Exanple 2 is
abbrevi ated A-S2. EXAMPLES 3-4 Conparison of polynmer nmade using hybrid

nmet al | ocewe 2MBI08s1and A-SI to a comer ci al LLDPE copol ymecprusdeootousi ng a
chrom um based catal yst system The hybris8 met al | ocene conpound used in
Exanpl e 3, abbreviated "MET 1," has the follow ng structure: The MET 1
hybrid netal | ocene corrpound of Exanple 3 can be prepared in accordance with

any suitable pet hod nthesis.te i,que . reactscy, ent enyl
titanium tri CREBF G V\Eef‘?{‘%icﬁ%epéy F gucc‘ifl q%%r’i]}%ea%rgn}cég%u?‘ ﬁl éOI‘I de
foll owed by MNEER] A¥82vmﬁd11-ﬁéb&newme\/salrﬁéﬁ mQvam-cbﬂﬁaﬂxﬂiﬁ 20 hhesa-Hepasad foens are
generally cor‘idHct ed.at lowte rature. g‘g% the reactor was

charged with "3 TRyigSs toppepng 1 ?qddtor'rg’ceaTeF‘ﬁﬂre 5“1156@“% cgptagiing| with
(fluorided Sleﬂiylbac AArdMTER , coddataifst. Of 185 hexanpolymefl werki bkisedffrdns Ofabt ane.
Triethylal um n s not enployed in Exanple 3. After one hour of

pol yneri zat i (B’HIL;'H"ICQ'%“’@G &%8MBISE- psi g et hyl ene pressure, the reaction was

stopped and 309 gFo6. ROLHIFHresVHeE moROTNE Yefgh® MidtiistioRA G Othe pbRRAEs lof
sunmmari zes the pol ymer resin progertles of Exanpl e 3. Propertles of Exanpl e

4 are provi d@t}a‘F‘Bks eomnst lugrAtes ﬁ‘t‘?f\PéecER‘éﬁwgéﬂW hyhgd zeiadlopine, Be a

LLDPE copol yiBtivat@SuppdeQ BHE hiE b@hhyo@mlek@m Rei %ﬁmt%&vanorpré’&yn Acturpg a@hem cal
Conpany, which was produced using a chrom um based catal yst s

shown in TablieExamplge, sesnljedoin $pelpmet vih less oEhenioemgleaar Waig @tlan ar e
very sinijhar andafie df meqlgmolwu%%élgmcgmaﬁ' sg&lcfeortheEm@f%@i %411 FIG 1

conpares the nol ecul ar wei ght distribution of the polyner
produced usi dtriybien ¢ambe ahprged iy WETing thepprdpr inhwhichfthExamporents, ofathe

ol ocul ar it gD T o e S A R D D1 &4 ar e very
simlar. Exanpl e BIGhdeeupares thashdobgsabpropérees dtherpbdlgmatsanf Bxeinglet 4f7 act i on
whi ch can Cora‘-ogr{pg}i{ige E)?ample 4 was a sample of a LLDPE copolymer resin produced using a
15 chromium catalyst system. Examples 5-6 were produced using a hybrid metallocene
of the present invention. Comparative Example 7 was a sample of a LLDPE
copolymer produced using a metallocene catalyst system, commercially available
from Chevron Phillips Chemical Company. This LLDPE resin has a melt index of
1.4, a density of 0.916, and a PDI of 2.3. As illustrated in FIG. 3, the polymers of
20  Examples 5-6 exhibited shear behavior similar to that of the chromium-derived resin
of Comparative Example 4. That is, Examples 5-6 have high melt viscosity at low
shear rates, and low melt viscosity at high shear rates. FIG. 3 also demonstrates the
difference in the rheological properties of the polymers of Example 5 and Example 6,
due to the precontacting step discussed above.
25
EXAMPLES §8-12
Comparison of polymers made using hybrid metallocenes having formula (I) and A-

S2, and the effect of precontacting

30 The hybrid metallocenes used in Examples 8-12 had the formula D:



snoki ng during processing and to transport |line wax build-up than the

chrom untat al yzed pol yner of Exanple 4. The hybrid netall ocene catal ysts of
t he presew0D 20rvesiison al |l ow t he production of a pol yner Partus2@oop®nt i es
simlar to that of Exanple 4 w thout usisag a chrom unbased cat al yst

syst em EXAMPLES 5-7 Conparison of polyners nmade using hybrid netall ocene
MET 2 and A-S2, with and w thout precontacting, to commercial LLDPE

copol ymers The hybrid netallocen conmpound used in Exanpl es 5-6,
abbreviated "MET 2," has the folX omﬁng structure: The MET 2 hybrid

nmet al | ocene conpound of Exanple4 5-6 can be prepared in accordance with any
sui tabl e net hod. One such syﬁrhetrsﬂiechnlque reacts

cycl opent adi enyl zirconiumtrichljoride with three equival ents of

benzyl magnesi um chl oride, followg by a ggaction mnth one equi val ent of
2,6-di-tert- butyI 4- ms\th&C phenpl . The reaction enplo t he (}lgnard
reagent is gafheres Mwesof ?@Hxa?@§QQQ@?@Hbgré?ﬁ?bm“@WQ teqd ingernydand

i nter medi at e yegyy be isolated at roomtenperature and stored at OOC for |ong
periods of time wthout significant deconposition. Alternatively, the
tri-benzyl intermediate can be used in situ to prepare hybrid netall ocene
conpounds (e.g., MET 2 and simlar conpounds) in a 1-pot reaction. In
Exanpl e 5, the reactor ma§NEﬁarged with 3.5 ng of MET 2 (hybrid
netal | ocene), 100 ng of A-& (sulfated alunina), 0.5 nL of I M TEA
(triethylalum num ‘gg)nL of 1-hexene, and 2 liters of isobutane. After one
hour of polynerlzJ# g0~QC and 450 psig ethylene pressure, the
reacti on was stopped and ¢ of polynmer were renoved fromthe reactor.
The pol yner of Exanpl e 5§ d nelt index of 0.35, a high load melt index
of 32.2, a density of 0.9288, and a pol ydi spersity of 15. Exanple 6 was
conducted in the sanme nmanner as Exanple 5, except that the hybrid

net al | ocene (MET 2), the suNated alum na activator-support (A S2), and

1- hexene were precontacted prijor to being introduced into the reactor. For

Exanmpl e 65 for Examples 8 and 11,
CH,
A
|
C=N
CH,

for Example 9; and

]
O
H3C /
for Examples 10 and 12.
10 These hybrid metallocenes can be prepared in accordance with any suitable

method. One such synthesis technique reacts indenylzirconium trichloride with three
equivalents of benzylmagnesium chloride, following by a reaction with one

equivalent of an aryl alcohol or imine, respectively, depending on the example



MET 2, A-S2, and 1-hexene were slurried in a vial containing 20 nL of

n- heptane for 1 hour prior to being introduced to the reactor and
subsequenwocorwmeiisng with et hyl ene and TEA co- cat al yst PCTAB2@90040pD| yrrer
were obtained fromthe polymerizati on ob0Exanple 6. FIG 2 conpares the
nol ecul ar wei ght distributions of the polyners of Exanples 5-6, and
illustrates the inpact of precontacting (the hybrid netal |l ocene, the
activator-sup on..nol ec strlbutl

d
Procont act | ngomBRInd e, THeaBtbRan P Resbt YAger LI EhEl BB e 1 ou
nmol ecul ar weicgiducfed a€ hilon tangbratovee Thd tri-benzyli lgh:rrﬂfﬂlﬁElQhIﬁbe welagdtatfre@nt i on.

Hence, the nol ecul ar jght distrihution can b e var.yi. t he
order in whi éﬂ“qq’iﬂé"r@o?ﬁﬁ%%@ﬁ? abfd’tﬁe ?fapoé?gyg‘?n g?s‘%}aﬂ%ﬁr & g%‘ﬁbiﬁé‘é'ﬁgﬁnéget her,
and precont a@eédngpoditivh. anltehaively, thd &i-b&zgonfaa;mslat&earr bealsediie 3l to
properti es of the pol §rrers of Exanples 4-7 gratlve Exanpl

C%P%

sanpl e of *a PrpptE y8E8 mAtwllocsne SopPRYRsls (& &q %“i?ﬁr“&ﬁf‘ﬁfﬁ?‘&%gdﬂf&m?s 2

system Exanmg|n§ifar ofipRts lﬁﬁqué@%dcﬁtﬁi ng a hybrid netall ocene of the
present invention. Conparative Exanp was a sanple of a LLDPE copoly

produced using a gt &9 oefeﬁéare%lﬁ%wgt tfseyge@@ﬁﬁ W@érﬁ’i‘%rrgé‘i‘ arithy 3avae| Apihe from

Chevron Phil ligscih ﬁ@lme@rw&%loJ mgsoﬂ—A@E(sﬁﬁﬁbd‘am%ﬁmﬁ 08l hLigrdex of
1.4, a density of 0.916, and a illustrated in FIG 3, the

pol yners of 8L mf d-hoxpichpadd lﬁ?féé?f 1#9@%% ofhes polymerizatign fyigt WeIE t he
chrom uml@er 'cgmc{eﬂ%b{bngfho@mr@ dn\ﬁ%S%@%’&@le‘ﬁe p;régﬁfre I for @%ﬂﬂ;ﬁ!s%sl(ﬁ 6 have

high nelt viscosity at | ow shear rates, ow nelt viscosity at high
shear rates. ti GspRtiz¢ dybud mmidiocence A- Sheardi ﬂflﬁﬁ@lfrc‘éelierprﬁmtqct?éomo@ﬁ cal

bt ccont act | ngEng e BRI e B 0 e
made usi ng hybri dTabtedl Isomensgesithy polgmEoprop¢raey ¢f)E7and>le&$212 amlbke tdlemaf f ect
o b on S T TR LR 360 AR BATR L 250 e
unsubst i tlgt edoumnpldyytrizadodat 90 °C and 450 psig ethylene pressure. FIG. 4 compares the
molecular weight distributions of the polymers of Examples 8-12, and illustrates the
impact of precontacting (the hybrid metallocene, the activator-support, and an olefin)
on molecular weight distribution. As demonstrated in Table II and in FIG. 4, the
selection of the X* ligand does not, by itself, have a dramatic effect on the molecular
20  weight distribution. Examples 11-12, without precontacting, produced fairly narrow
molecular weight distributions. While not wishing to be bound by theory, it is
believed that this may be the result of using an indenyl group instead of a
cyclopentadienyl group in the hybrid metallocene compound. Precontacting, as in
Examples 8-10, produced broader molecular weight distributions than Examples 11-

25 12, in which the catalyst components were not precontacted.

Table II. Polymer property comparison for Examples §-12.

Example | Precontacting g PE Mw Mn PDI
8 Yes 176 108,000 | 15,200 7.1
9 Yes 153 125,000 | 16,300 7.6
10 Yes 176 108,000 | 15,500 7.0
11 No 169 119,000 | 24,700 4.8
12 No 208 117,000 | 27,100 4.3




X4 was: for Exanples 8 and 11; for Exanple 9; and for Exanples 10 and 12.
These hybrid netal | ocenes can be prepared in accordance with any suitable
met hod. WO 28uatesaynt hesi s techni que reacts indenyl zi r ceqairaseamiostotdr i de
with three equival ents of benzyl magnesi ¥in chl oride, follow ng by a reaction
wi th one equivalent of an aryl alcohol or imne, respectively, depending on
t he exanpl econpound bei ng prepared. The reaction enploying the Gignard

reagent is genera conducted .at. a | pw. t rature. The _tri-benzyl.

bt ormedi at o can- B0 FEBF 8} St s ot DRiERDEE At hRto vt 7% oW or

| ong peri ods oafy liritel by theaTlhingsi WiitH FolRM, (e cpp aldditdall Ajdiedenad bivaky, the
tri-benzyl internmediate can be used in situ to prepare hybrid netall ocene
conpounds (e SyPIect ORERFHBSCIAUBY i n Exanpl es 8-12 and sinilar conpounds) in
a 1-pot reaction. For each of Exanples 8-12, the reactor was charged with
3.5 ng of the respective hybrid netall ocene, 100 ng of A-S2 (sul fated
alumna), 0.5 nL of IMTEA, 40 nL of 1-hexene, and 2 liters of isobutane.
The pol ynerization runs were conducted for one hour at 90 C and 450 psig
et hyl ene pressure. For Exanples 8-10, the respective hybrid nmetall ocene,
A-S2, and 1-hexene were precontacted in the manner described in Exanple 6.
Exanpl es 11-12 did not utilize precontacting. Table Il sunmarizes the

pol ymer properties of Exanples 8-12. The colum heading "g PE" indicates

t he amount of copol yner produced, in granms, fromthe onehour polynerization
at 90 0C and 450 psig ethylene pressure. FIG 4 conpares the nol ecul ar

wei ght distributions of the polyners of Exanples 8-12, and illustrates the
i npact of precontacting (the hybrid netallocene, the activator-support, and
an ol efin) on nolecular weight distribution. As denonstrated in Table |
and in FIG 4, the selection of the X4 |igand does not, by itself, have a
dramatic effect on the nol ecul ar wei ght distribution. Exanples 11-12,

Wi t hout precontacting, produced fairly narrow



nmol ecul ar wei ght distributions. While not wishing to be bound by theory, it
is believed that this nmay be the result of using an indenyl group instead
of a cyclwpenteemdssanyl group in the hybrid netall ocene ceopasea9/ 004047
Precontacting, as in Exanples 8-10, prod2ced broader nol ecul ar wei ght

di stributions than Exanples 11- 12, in which the catal yst conponents were
not precontacted. Table Il. Polymer property conparison for Exanples

8-12. The SCOREA ﬁ% protection is not limted by the description set forth
above, but isTonl'y limted by the Cainms which follow, that scope including
all equivalents of the subject matter of the Cains. CLAIMS 1. A catal yst

conposition conpri,sin contact product of b cen conpound
and an acti vdtor, é"’?@?ﬁo?‘ﬂ%ﬁtﬁ ”ﬁ’é‘gélﬁ%@gr% ‘i‘gﬁﬁgeh'%rh‘g?ef 8°9"r mul a:
wherein: Mi &o&pouddfand@ﬁ attivato, and X independently are a halide or a
substituted or uns bstl e hatlc aro clic group, or a
conbi nati dn t her eSferest Fé‘y&@ IPgeRE Sempun naﬁ?g%@gg‘?rf'\h‘%/aed cycl opent adi enyl ,
i ndenyl, or fluorenyL group, amxzsubstl tuents on X3 independently are a
hydrogen atom or a substitut ed unsubstl tuted aliphatic, aromatic, or
cyclic group, or a conbi nat?(nri])n % f: X4is -ORA -NHRA -PHRA
-S-R A or -CR B=NRC, where is an aryl group substituted with an

al kenyl substituent, any substitlyents on RA other than the al kenyl
substituent independently are aXydrogen &o0om or a substituted or
unsubsti t ut eq,Rldy! . al kenyl, or al koxy group; and RB and Rc independently
are a hydrogen atomor a substl tuted or unsubstituted aliphatic, aromatic,
or cyclic group, ®Fisgrcldfvier®ti on thereof. 2. The catal yst corrposi tion of

claim1, wherein xl &dex%n&ébgﬁé%:ﬁ{i?ed?é Iay hilde 8r a substituted or unsubstituted

10  aliphatic, aromatic, or cyclic group, or a combination thereof;

X? is a substituted or unsubstituted cyclopentadienyl, indenyl, or fluorenyl.
group, any substituents on X> independently are a hydrogen atom or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof;

X* is ~O-R*, -NH-R", -PH-R, -S-R*, or ~CRE=NR’,

15 wherein:
R”* is an aryl group substituted with an alkenyl substituent, any

substituents on R* other than the alkenyl substituent independently are a

hydrogen atom or a substituted or unsubstituted alkyl, alkenyl, or alkoxy

group; and
20 R® and R® independently are a hydrogen atom or a substituted or

unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof.

2. The catalyst composition of claim 1, wherein X' and X? independently are a
methyl group, a phenyl group, a benzyl group, or a halide.

25
3. The catalyst composition of claim 1, wherein each substituent on X
independently is a hydrogen atom, a methyl group, an ethyl group, a propyl group, an
n-butyl group, a t-butyl group, or a hexyl group.



met hyl group, a phenyl group, a benzyl group, or a halide. 3. The catal yst
conposition of claim1, wherein each substituent on X3 i ndependently is a
hydr ogen wibemo/@ssret hyl group, an ethyl group, a propyl PgTaspeooanton? but yl
group, a t-butyl group, or a hexyl groum34. The catal yst conposition of
claim1l, wherein the al kenyl substituent on RA is an ethenyl, a propenyl,
or a butenyl. 5. The catal yst conposition of claim1, wherein each

substituent o RL t her than th stl ue end ntI i
hydr ogen at ony SR C(S’H}?f’s‘ Fﬁ?‘?{" b’r‘glﬂié %P ﬁq‘tée“yr t(l)tﬁ%, r?/An ;u?yl

group, a t-bmm)ekhegylompmpaqymlam;englr oup, an ethoxy gr oup, a propoxy group,
or a butoxy group. 6. The catal yst conposition of claiml1l, wherein X4 is
-ORL. 7. The catal yst conposition of claiml, wherein RB and Rc

i ndependent | 365 ar Ie The hyd[;@gecnnpdsmﬂn ¢f dramhy| wﬁdfraurbacrawshhyht 018 Rtﬁp)th@ propyl
group, an n- uty gr.oup, roup a phenyl group, a group, a
tolyl grodp, B thealepy! a@&fefbené in a"déa%rsy%fwfeﬁeﬁb%tpn adnii?ﬁ pmam
wherein the ae@{yl\gaau@ralpﬁ)p@ng@ﬁfglaﬁaﬁ-eﬁ@um% ta COURATdr&ip)d rAethédyl @ogriade
treated with an el ectron-w thdraw ng anion, wherein: the solid oxide is
silica, al umiSHeXyrQuPcHPEPRIH STauP: §F ﬂlh\“ﬂWﬁﬁbsphat e, heteropol ytungst at es,
titania, zirconia, magnesia, boria, zinc oxide, any m xed oxi des thereof,
or any mixture thereof; and the electron-w thdra ion is fluoride,
chloride, brdmi de Thpkualyao@position ofplaim 1bW§@IlemePEe‘S 8&’?ate or any

conbi natign thereof. 9. The catal yst conposition of claim38, wherein the
activator-support further conprises a netal or rretal i on, and wherein the
metal or metal i offbesatlysiccommosikien of vlairadi whereini R Vend RCindgeandensbyl ar¢ am i n,

t ungsten, )
conposi tion o}&alq%al m 1, E\ﬁﬂﬁlgﬁﬂphe Cﬁl otup 88&5/16@%&&%_{1‘5&?@5?'0 o?tt
co][rplrl Si ng a hutyi)grmlprmplmlnyl goy, hbanzytigohpya, tolyhgrews, oF r aylytigobpy, an
exfoliate

15 8. The catalyst composition of claim 1, wherein the activator is an activator-
support comprising a solid oxide treated with an electron-withdrawing anion,
wherein:

the solid oxide is silica, alumina, silica-alumina, aluminum phosphate,
heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, any mixed oxides

20  thereof, or any mixture thereof; and

the electron-withdrawing anion is fluoride, chloride, bromide, phosphate,

triflate, bisulfate, sulfate, or any combination thereof.

9. The catalyst composition of claim 8, wherein the activator-support further
25  comprises a metal or metal ion, and wherein the metal or metal ion is zinc, nickel,
vanadium, silver, copper, gallium, tin, tungsten, molybdenum, or any combination

thereof.

10. The catalyst composition of claim 1, wherein the activator is an activator-
30  support comprising a clay mineral, a pillared clay, an exfoliated clay, an exfoliated

clay gelled into another oxide matrix, a layered silicate mineral, a non-layered silicate



clay gelled into another oxide matrix, a layered silicate mneral, a

non-| ayered silicatemneral, a layered alumnosilicate mneral, a

non- | ayerwo 2aiouns318si | i cate m neral, or any conbi nati onPChase@b/ood17 The
catal yst conposition of claim1, furthed4conprising an organoal um num
conpound having the fornula: Al (X5)m(X6)3.m wherein: X5 is a hydrocarbyl;
X6 is an al koxide or an aryloxide, a halide, or a hydride; and mis froml
to 3, inclusiy 12.. Th atal yst conposition of claiml erein the

or ganoal um ndrea At S8 PeYBas PIRGR SR redeRpmar s Rrerh o
tri-n-propyl ahynombimticiteértnfl al um num et hoxi de, tri-n-butyl al um num

di i sobutyl al um num hydride, triisobutylal um num diethylalum num chl ori de,
or any conbi nation thereof. 13. The catal yst conposition of claim1,
wherein the ddtivahekathlystadongobitivh b ERind PO frtheBEonirisiignaxaagncalimound, an
organoborgn or ortg%rhob.oraﬁ&ef conpound, an ionizing ionic conpound, or any
conbi nati dn tABPRBY nayRe Ue IeUPYRY st conposition of any of claims 1 - 13,
wherein the hybrid nmetall ocene conpauxd)ix%,.9r | ndenyl (X4) Zr (CH2Phenyl ) 2;
wherein X4 is_15. An olefin polynerization process conprising contacting
the catal yst "86f#5sition of any of claims 1 -14 with an ol efi n nonomer and
optionally an ol efk’ s £eydestarsys; under pol yneri zati on conditions to produce a
pol ymer or copol yngr. 16. The process of claim 15, wherein the catalyst
conposition and t Ke Ak idegridramioxide: & Bpitdsctr@dydride agds phase reactor, a
| oop sl urpy react gfis o PtoS, iddlfflet ank reactor. 17. The process of claim
15, wherein the ol efin nononer conprises ethylene, propylene, or styrene.

12. The catalyst composition of claim 11, wherein the organoaluminum compound
is trimethylaluminum, triethylaluminum, tri-n-propylaluminum, diethylaluminum
ethoxide, tri-n-butylaluminum, diisobutylaluminum hydride, triisobutylaluminum,

15 diethylaluminum chloride, or any combination thereof.

13. The catalyst composition of claim 1, wherein the activator is an activator-
support, an aluminoxane compound, an organoboron or organoborate compound, an
ionizing ionic compound, or any combination thereof.

20
14. A catalyst composition of any of claims 1 - 13,

wherein the hybrid metallocene compound is:

R, R

Ti Zr
/
O/

; > O



18. The process of claim15, wherein the olefin conononer is 1-butene,
2-butene, 3-nethyl- 1-butene, isobutylene, 1-pentene, 2-pentene,

3- et hyl -woperwmesss 4- nmet hyl - 1-pentene, 1-hexene, 2- hePemals2009/004047
3-ethyl -1 -hexene, 1-heptene, 2-heptene, 63-heptene, 1- octene, or
styrene. 19. A conmpound having the formula: Indenyl (X4)Zr(CH2Phenyl) 2;
wherein X4 is or

Indenyl(X*)Zr(CH,Phenyl),; wherein X* is

|
NV VV;

0
H3C\©/\/
; s O
CH;
.
SNy
CH; _

5
15. An olefin polymerization process comprising contacting the catalyst
composition of any of claims 1 -14 with an olefin monomer and optionally an olefin
comonomer under polymerization conditions to produce a polymer or copolymer.
10 1e. The process of claim 15, wherein the catalyst composition and the olefin

monomer are contacted in a gas phase reactor, a loop slurry reactor, or a stirred tank

reactor.

17.  The process of claim 15, wherein the olefin monomer comprises ethylene,

15  propylene, or styrene.

18. The process of claim 15, wherein the olefin comonomer is 1-butene, 2-butene,
3-methyl-1-butene, isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-
1-pentene, 1-hexene, 2-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene, 3-heptene, 1-

20  octene, or styrene.



WO 2010/008515 PCT/US2009/004047
66

19. A compound having the formula:
Indenyl(X4)Zr(CH2Phenyl)2; wherein X* is

H,CO

|
NV V.V,

0
H3C\©/\/
> ; or
CH,
s
C=N
CH, .



