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POLYMERS TECHNI CAL FI ELD OF THE | NVENTI ON Thi s
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conpositions, olefin polynerization catalyst
conposi tions, methods for the polynerization and
copol yneri zation of olefins using a catal yst
conposi tion, and polyol efins. BACKGROUND COF THE

I NVENTION |t i o - J- 0ol ef

(a-ol efins), i ﬁ%%‘t&?m}gﬁ@ ‘%%EA@L% PR i zed

wi th cat al ySpOLYMBRIZATIONOP BINIOD AL POTYMERS
zirconium vanadium chromum or other nmetals, often

conbined with a solid oxi de and in the presence of

?gﬁ%ﬂ%ﬁﬂgﬂﬁﬁ gk ositi ons can be usef ul

onopolyneri za |on o ethylene as well as
copol yImhis Zateinfion oklagdshyd ehe f\‘mld hoﬁ: O@momem Suglosa®ns, olefin
F yl ene, 1-butene, 1-hexene, ot he gher
D DB vERSHationT et gy éonﬂ’l‘?élr“@n%xﬁg?tgo c@ﬁstﬂ%ﬁu pelggepption  and

tQ SV/ Ak QP 3R Wr Blcfiht ﬁ&ﬁ%@égﬁfg}s? 1tﬁ) t%‘ flﬁole

cat st activation processe
and using catalysts that will provi de enhanced

cat [ i VI Li Ragj meric materials tailored
t%&%@@@g@r@ﬂ E@‘@? gﬁ%ty of pol yet hyl ene (PE)

resins can hewhsadt tRomy- P%‘k@%ﬁs {oggle%hbfflﬁﬁﬁémg' Peyia€dcan be
in water, gas, and ot%er flurd transport appl |cat?’ons.

Peblyetdnybd Wétlpbqielysﬂ mpo‘snt&nis amREFdg GitaniRS, Z@conpum, vanadium,
ASTM D3350 t |caI classification. 345566C i s
A SaroMI B O BT el g Fn conbnes oh %0313# 9%1@? aﬁ {§HB§ presence of

prceeﬁmﬁs I 3héRARtalykP cORp&ifforR BEbe PR k@It h6RbpAPmerization
PE- 1 pipe is required to neet certain standards

spéoatlmlﬁrreg ast well rﬂes@pommrgﬁam oft @ihyslbwvathacwngmmrh such as

trg)f&lj% anc?(bé‘%ﬁlg’gggggg}gs g%‘tg “H h]ﬁ%g "3\/\% ?1‘8 e there exists a
FUbhdigt sefidh o RicREIoPURLy BREM folhatozdtoh! &Ehly%t@%ﬁﬂﬁt activation

that is determ ned under pressure at el evated
t encwems uargs methods @X hndiing wod glhmescyta‘lm’ﬂs dpp [ Widlaprogidls enhanced

b6 Pl PR T P MR PR Mot YA

A variety of polyethylene (PE) resins can be used to produce high stiffness
pipe used in water, gas, and other fluid transport applications. Polyethylene pipe
classified as PE-100, MRS 10, or ASTM D3350 typical cell classification 345566C is
desirable for use under conditions requiring higher pressure ratings. To obtain a PE-
100 classification, PE-100 pipe is required to meet certain standards specifying
stiffness, resistance to slow crack growth, resistance to chemical attack, and low-
temperature toughness (expressed as rapid crack propagation). Further, such pipe
must meet a deformation standard that is determined under pressure at elevated
temperatures, and exhibit toughness for applications in which the pipe is buried
underground or used to transport coarse or abrasive slurries.

Accordingly, there is also a need for a resin and a PE-100 pipe made
therefromthat has improved physical properties and impact resistance properties.
With conventional processes and resins formed using metallocene catalyst systems,

there is a trade off between high stiffness and high environmental stress cracking



Accordingly, there is also a need for a resin and a
PE- 100 pi pe nade therefronthat has inproved physica

w@e@paotoses and i npact resistance properties. RET/S2007/062555
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conventi onal processes and re5|£s formed using

net al | ocene catal yst systens, ere is a trade off

bet ween high stiffness and hi gh environnental stress
crackingresistance (ESCR). Wil e either high stiffness

te . ured % on

orobls st or TiRUeD r (ORE RN ofRy EPGR Iy can be
hlm}lliluﬁtbtufré& ebavaitidnilepdtésy& Yo Mog bnﬁﬁe‘&teﬁ@l\ﬂ%ﬁﬁ B&th relatively
THE | NVENTI ON Thi s i nvention enconpasses cat al yst
c Sighodifinreiad relatvdy8ighdiS(r-epar i ng cat al yst
conposi tions, methods for polynerizing olefins, and
et hyl ene pol yners and copol yners. In one aspect, the
p SEBEMIARYWOENTHBANYEHENTI@IN Y rel ates to a catal yst

conposition including at | east two different
met al | gi‘@n@"@%‘ﬁ%bﬁﬂ%npaéiﬁ% eitaly sty copppqsEings. gigthods for preparing

OLGARRALIHHIP TS OP@YA for %%Itﬁ‘érlzlu?ga@lteﬁﬁﬁ enB &k &HeOFolymers and

I n one aspect, t’he activator’ can
" acpdlymtor - hupp@rétspﬁtctwthechres@lttlymmlahl g;en@g@d fehates to a catalyst

cooanp iR el & keSete, MBS dPRRRAT Eo8payts, ovtionally
AGGOr SHAErghfballthBufl ShRRHA CarfPit [BEPBHE Qcivh YRl &eMspect, the
havi ng a bi nodal or nul ti modal nol ecul ar wei ght

d petivaidsern & an Thdtivetosgipnaiy. pbiohreheidelstusedingogdiehtion with at
k
AT B oregh B, LB CHBE (B MERIEESSLARES: systom

paesedihg Itmﬂﬁmﬂsaasdaav@ podacd apsigblefih hevigh . bichbdd or imfultimodal
accordance with the present invention, the two

n’@toé‘l’qu%?ée‘ﬁ@g]é’foﬁ*ﬁ@lh%@ncaTh%éeS‘é,]élFlédtOéﬂn%récfﬁattlﬁa? gogd balance of
1#1%%%%5 Sind" QW& ckt Qf‘ad'vﬁfl r@ﬁké&fﬁe’ £ tA"éﬁltﬂJnﬁﬁ# n%ﬁ% ]%'%%rners produced

erent nol ecul ar "wel ght's n one aspec
plaemah'hg itm\tmpnesfm,t ifiventiex dapd good trnms sﬂ’remgltid fThat, in accordance
cer%u%n nmet al.| ocene- based cat Iyst coul d

p|Wd & pFﬁS@IH RGO the t‘()(giﬂéﬁ}iﬁ ofggtpeyg} uél $cf} b Sqlesfigd such that

otyfrs lp%uc@d’ ﬁ@réf%ﬂ‘?ﬁa\fe%@tdﬁs\fﬁk 5{1 Birghert ﬁ{HPéacruﬁatr l'd\/re‘?ghts
Con | tl ons. Useful netallocenes in this aSpeCt of

| nvent lon¢ pgrcaidef thb mresan‘relnncntlolm fartaxdmpte, it was found that certain
it RS ce BB el RS TOrbish dpdthe el weieht
?Egly@ﬂ@len@ N&itRf lobh@e Y loP PEOBAdVeR Yimdey RElafiPEIQ high Rinperature
conditions. Useful metallocenes in this aspect of the invention include, but are not
limited to, tightly-bridged, ansa-metallocenes that comprise a pendant alkenyl (olefin-
containing) group attached to at least one of the cyclopentadienyl-type moieties of the
tightly-bridged ligand, and also comprises one or two aryl groups, particularly one or
two phenyl groups, bonded to the bridging atom of the tightly-bridged ligand. These
metallocene compounds generally are referred to herein as the “first” metallocenes.

In another aspect of this invention, for example, it was found that certain other
metallocene-based catalyst systems were more responsive to hydrogen than the first
metallocene, and generally produced a low molecular weight polyethylene resin.
Useful metallocenes in this aspect of the invention include, but are not limited to,

those metallocenes comprising unbridged n’-cyclopentadienyl-type ligands selected



tightly-bridged |ligand, and al so conprises one or two
aryl groups, particularly one or two phenyl groups,

whomdaadiosd t he bridgi ng atom of the tightly-brpdnes2007/062555
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| igand. These netal | ocene conpg¥nds generally are
referred to herein as the "fir nmet al | ocenes. In
anot her aspect of this invention, for exanple, it was
found that certain other netall ocene-based catal yst

St ems, onsi ve 19 h t hap.t .
ot ot B 88é%nea”y Slg) R sy éé?agoe%g diegnes Ovéa two. optionally
meligeitted indenyd Nigady, YSBBﬁNﬂeﬁﬁ@stﬁtﬁ&kil’byclUﬁaftwdlenyl and one optionally
net al | ocenes in this aspect of the invention include,

bsebssFed grdenylpfigasgd. “8165% ﬁ@é@ébﬁ@teawwé% el giergferred to
urﬂ eh{jgse?n h‘?ec%%? %&ﬂb%e?na+ Fy YRR ak pqac‘l Ci)mng of resin properties

ect rom two option SUbSt
Cy:xni dpeathaslicé nysling iageudgst Emiiosdioapthao nmilhdﬁs more than one first

substjtuted i ndenyl |igands; or 3) ope substitute
c%ﬂt% SRS §1065 than QRe serpad gﬁﬁiql&qgﬁlg » PF E%g{u?rf: aéloone%rst and more

I ek sbd@anghalldiese netal | ocene conpounds generally
are referred to herein as the "second" netall ocenes.

In a fdhuhen oaspsctt, tlteap'rbmlt mycutforr @spmpgisepecithlyst @arposition

b hi. d t hat | ud )

oEr S Bl kP adafdil) Kokt NP Ay ihepiligk R, LS enty-
MBtiahddosRRametMod2né BoMPsends Aty b Ip@ﬁaan@acéﬂﬁodo@taﬁﬁia@ moiety
one second netall ocene. Thus, in one asFect

preadad  raydeast one i cbensaelopentadienstdynes gfmﬂméu Qneow two aryl

c ri £9 t p fi..at LI

ngfg) 23()0@%%& or ?)f(lg%_pnlg 5‘[8& éﬁ tﬂ?ey%@%;aé?%}%d DE least 3he second
anfeedlRctracene ecapslundmbeidgdi métalfo@nie ndaiprising two optionally
ol ef mcontaining noiety attached to at | east one

t HebsEified ﬁ)écd@ sy ] digprds) tyarnpsonly sistigied; wéelb}flwgands or
g t h |

7 PBERgRRRE cicforkhalthl (AR, Bl " YRILAY Menyl lgand
uotiorchdje datriedsabhocgass aompm csml’;g)uhd\;candpat ilaantaiﬂe)actlvator In one

substituted cycl opentadi e ands two opt
o et i aensidws ;ﬂCUV?t@%ﬁ%%Le eﬁa@t%fu%@t)%uw@aﬂ tan be sclectod

C)ﬁ%h{) RenhARh eyl candiseng Rk c9<n@é k¥arsy RSt bt tron-withdrawing
i ndenyl |igand; optionally, at |east one

oaglanoaﬂaqudummmirp@um :exahahgatbl¢ eatstatarepp@t.i oraangrcombination

t t
P 3R ERb oo ish OBe  Slat Ha be Hrhefigied rom. or can
Wab&Prigan aﬁo%dnﬁﬁumﬁm&@hé dc&ﬁ]lb(ﬂfﬁdt r §at §@adbbfonatompound, an
el ectron-w t hdrawi ng ani on ayered mneral, an

i orgapscizn gemppwnda ot al%a@@rlblg@tm@o@ft anyonf thesg astivdoraatThyp, in this

aspect, this invention encompasses a composition of matter, a catalyst composition for
polymerizing olefins, a method of preparing a catalyst composition, a method of
polymerizing olefins, new polymers and copolymers of ethylene, and the like, in each
case encompassing at least one first metallocene, at least one second metallocene,
optionally at least one organoaluminum compound, and at least one activator, wherein
cach of these components is defined as herein.

In another aspect, this invention comprises the contact product of at least one
first metallocene, for example, tightly-bridged ansa-metallocene compounds
containing a pendant olefin-containing moiety attached to at least one of the

cyclopentadienyl-type ligands and one or two aryl groups bonded to the bridging atom



thereof. In another aspect, the at |east one activator
can be be selected from or can conprise, an

woe@anembiim noxane conpound, an or ganobor on coPEDURZIN7T/062555

10

15

20

25

30

an organoborate conpound, or any conbi nati on of any of

t hese activators. Thus, in this aspect, this invention
enconpasses a conposition of matter, a catal yst

conposition for polynerizing olefins a nethod of

pr.epari.n at al yst

0 8Fy rPEf?II‘I 1%? Jes I?}éeas? e onﬁeﬂrleé[gléor?gn ofg |exa lg ph unbridged

ehltyllRoenc aosiptisieg |tiwbeoptlldhaﬁfiCﬁb@t&&%demﬁﬁtﬁieﬂgl diands, two
| east one first metal |l ocene, at | east one secon

w@pfaqmaéﬁzewésﬂtbfﬁtiulaqiﬁam yigards; gpope éh@tléw@%ﬁwpmﬂtm@ﬁyl and one

gﬂ%ﬁﬂ ’sugaﬂut@& ll!l(fe?lgf Pgaﬂl% gﬂe‘a a&n%ractlwgf Elh)% ﬁagltﬂd of least one
se conponents Is defrned as ereln

aso&eﬁalyst Hibrsexiamyper) b lo#st OQﬂprgaBMumhmmmﬁmmhdp roduct

of at ne first tallocene r exa , .. :

tightl § flranagit sspcst b frocBie: embcf?a ﬁd%at%p BHtQPmopgoy of this

PERLAREL Maetin &Qﬁ‘ﬁ@éer’[h@ goﬁ'fgét%tréfdlﬁ* bac ﬁ])egt [E8&t Bhe i@ SHhetallocene;

one of the cycl opentadi enyl-type Iigands and one or

t @0 aarlydlst gm@umomb makgdl lacond; h®) bpliagilpg aatiawbbne heganoaluminum

brld t one second netal | ocene, for

exq g%%%#?ﬁé@ﬁi 4P SEERE conpri si ng t wo

0 pt i o n @} I Y stebat ilbdst eheC Yt oG N mprisda @S anfddBictallocene
ti ona ;é substituted indenyl |igands, or one
@@mgtmn gnelgcl opent adi enyl and one optional ly

substituted in rat | ea
activator-suppgsgx QP%QQ?QW%ast onzﬁ%g §§g§(§%t for

exanpl e, at M'egsitan@ne, Acgaingabrafmlum;compound. St | |
anot her aspect of th5s I nvention grOV|des a cataly
conposi ti on (&P Wﬁiéxfhﬁﬁhpﬂ@ﬁﬂﬁﬁalyéhﬁm@@ﬁﬁﬁi§§dpﬁ@“MhﬂD4 a

?ﬁ\gsﬁ P9 toroafsubgt ut%ﬁﬂ fe%géone first netall ocene;

east one secon 3) optionally, at
| east one oogamﬂmhmmnnnmpémmmb 0lis anidgdng gifoup dasihg dreeformula

hﬁgtor m@greln t he aﬁ | east one fir.st
m%@‘a JHEn ﬁﬁr‘i%té’éi omg2 SligeR A1OMb RATEMHAYIHAIOHY @ tin atom,
fapael @ boﬁ&g&%%@@)% )gMz) %dmﬁh R'Mhdi & drk tn?(fébblﬂﬁently an

zirconium or hafniunm (X1 are 1 ndependently
aalkybgroupudedn ayyll goept ald;heergﬂ Whlah havmg up to 12 carbon atoms, or

hydrogen, wherein at least one of R' and R” is an aryl group:;

at least one substituent on (X') or (X?) is a substituted or an
unsubstituted alkenyl group having up to 12 carbon atoms;

(X*) and (X*) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*; or SO:R*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

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

aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a



substituted indenyl, or a substituted fluorenyl; one
substituent on (X1) and (X2) is a bridging group

whawrngoshe fornmul a ERIR2, wherein E is a car bPOT/aS2T/062555
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a silicon atom a germani um at q or atinatom and E

is bonded to both (X1) and (X2), and wherein Rl and R2

are i ndependently an al kyl group or an aryl group,

ei ther of which having up to 12 carbon atons, or

h%ﬂésoggn’ %er eaimnaratenilceq’sltl oane r%fan anda Rl% L$ ?orh aigwa boron
gPoup; VAt §eustoRg Ll vent VO X of R TY

sghsipl init @vigith AVikQEURST ot 20t @gborl Hemy:a 1gilideorhgdiogen;

up to 12 carbon atons; (X3) and (X4) are ) )

i ndepeRdent e af) lgast @ne pecongy metagcepe hoRipREws by unbridged

ﬁ&%‘éﬁl&%&ﬁ%}(ﬂfg&hé Borafi£arbon atons, H or BH; 3) a

roca e group, a hydrocarbylam no group, or a
tri hydrocar byl silyl gyE)E)E@OYCEHIMMI ch héMI2Ag), wphetain
20 carbon atons;ﬁgf 4} OBRA,or,SCIsRAh wherein RA is an
al kyl group or a d??anﬁmﬁﬁﬂpoﬁﬁyPBf HRuER havi ng up
to 12 carbon atOﬁﬁﬁzﬁHQXﬁﬂ%eﬁQQF&kEH@§a%?@éﬁ&ﬁ&ﬁ&ﬁt%@humnyL

the substituted cycl opent’adi eny substituted inden
subst i t ut ed afshipstiteng byclepensdizsy|, vut edbsatehydemydoup i s

cyetre aroup a 6onbiai o ioirdHefhe andt b HE ot 2) o
groups, an Q¥¥@enbgr etp avidd iy fto POOLHborR atdintst ¢St BH,; 3) a

group, aphosphorus” group, an arsenic group, a carbon
group, a si hydiosargylonjsle ogroapboronhydrocybylamnof gigpeh or  a

o oS ETES A 0ot ims
c ;) m(a ;( |5§ ??( ] ;ﬂ?l)r( %ﬂ o)nl?gﬁ‘gwgd (S%R%\i/mmﬁﬁ ethia\ail\l/rQag;yu Igfb_quthr_rﬁw aayl group,
i M- A), wherein i's titanium

zi rconi um  8RY RRVRichhavioxsp to A carkey aps: fidependent | y

a cycl opent adi enﬁhy @ﬁ‘ositiﬂ%ﬁpygn ﬁlc?siu Eﬂlt{lfgde ?c)\é%opgrhtédienyl or

cycl opent adi enyl, "or a substituted indeny
(X8) are independehiddgnyllls irdependeBly, amrliphati2) graup, an aromatic
hyd.r ocar byl 9oruoug chca}/ci It uu% go(r)nb%lg)aticofalro o I?a}ti%rglsfd cH'clicorrou s, an
BH4; 3) a Btoup,acy group, p Y groups,
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen;
ii) X)X xMxHMm? (M3-A), wherein

M? is titanium, zirconium, or hafnium;

(X’) is a substituted cyclopentadienyl group, wherein one
substituent is an aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms;

(X') is a substituted indenyl group, wherein one substituent is
an aliphatic group, an aromatic group, or a combination of aliphatic
and cyclic groups, any of which having up to 20 carbon atoms;

(X'"") and (X'*) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BH4; 3) a

hydrocarbyloxide group, a hydrocarbylamino group, or a



hydr ocar byl oxi de group, a hydrocarbyl am no group, or a
trihydrocarbyl silyl group, any of which having up to

wQ@oocaotesh atons; or 4) OBRB2 or Sg 3RB, wher ePOI/BROI0T062555
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an al kyl group or an aryl group, any of which having

up to 12 carbon atons; and any %ubstituent on the
substituted cycl opentadi enyl or substituted indenyl is

i ndependent|y an aliphatic group, an aromatic group, a
cyclic grou cQ on_of al af i ¢ and

groups, an gr’)%liygéoncalé rylm%ﬁ group, any o fl ‘8H18up, Vilg HPC%{ %g cirbon atoms;
group, a phoesphoBRS, gf SORR, aﬁheilélﬁﬂﬁ i§ ag iy ,grcﬁ,lpc‘cﬁralﬁ(hlﬂyl group,
group, a silicon group,. or a boron group, any of whi ch

havi ng fromPmy PBWE@h@aYI% HP 4@ dAsarban pignisgend or

hydr ogen; i X r

: 33/ ti tganl um ) ZI( g g%)?n)%&rﬁlg%%l sb%()égtaédy%n(% sﬁi)stltﬁ\ﬁéﬁ c?hl%p@ﬁadlenyl
subst i t ut edoe ydisapest adewiyd 1ngep)amrientil§hﬁr elllp‘hatm @roup, an aromatic
substituent is an aI| phatic gr an a .omatic grouy

or a conbi n&f9¥n2 &¥¢l gl LR T C(,O U@%ﬂ jaEpRt @Lﬁf)‘g Cyglify roups, an
of whi ch haylagnuRob a201FGALBEN AiR8Eon drddDh hdsfhorys group, an

substituted indenyl group, wher'ei n ohe substituent 1s
an al i phat i ersgniogpupan carbongtqw, gsitiop) goupor a boron group, any of

nbi nat i f ali h I
wht on' hav na s g 188 do G ek s HRnaSaY piiragen:
are i ngependently: 1) F, d, Br, or I; 2) a

hydr ocar byl group having up to 20 carbon atons, H, or
BH ; 3) a hyidr ocanbgeraRingéonghespf. a hydr ocar byl ani no

group r a ydr Qc b r Qu 0
havi ng p ttct)l{ezgt fc%aér)[b%{}e ]{gorré;a;\{unc}gl ?{5 @&%d&o%s&?a compound

whevigg theHorhglaan al Kyl group or an aryl group, any of
whi ch having up to 12 carbon,atops; and any additiona
substituent on the substr@%Xed(Xybhopentadlenyl or

substi tuted wl Qf&:ﬁ]?kl}j R a H}ﬂ%ﬁfb‘}?ﬂ&%{g ﬂgmall fo@baéa'rlgon atoms; (XM)

group, an aromat
is an alkoxide or an aryloxide, any of which having from 1 to 20 carbon atoms, halide,

or hydride; and n is a number from 1 to 3, inclusive; and
d) the at least one activator is selected independently from:
1) an activator-support selected from a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-

support, or any combination thercof;

i1) an organoaluminoxane compound;
1il) an organoboron compound or an organoborate compound; or
v) any combination thereof.

In one aspect of this invention, the at least one organoaluminum compound
can be optional when at least one of the following conditions is met:

1) when: a) at least one of (X°) and (X") is a hydrocarbyl group having up to
20 carbon atoms, H, or BHy; b) at least one of (X') and (X®) is a hydrocarbyl group
having up to 20 carbon atoms, H, or BHy; and c) at least one of (X'") and (X'?) is a
hydrocarbyl group having up to 20 carbon atoms, H, or BHg;

2) when the at least one activator comprises at least one organoaluminoxane

compound; or



group, a cyclic group, a conbination of aliphatic and
cyclic groups, an oxygen group, a sulfur group, a

WORG070g®R3 gr oup, a phosphorus group, an ar seni BCOUS20P7/062555
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a carbon group, a silicon group, or a boron group, any

of which having from1l to 20 carbon atons; a halide;

or hydrogen; or iii) any conbination thereof; c) the

at | east one organoal um num conpound conprises a

conpou avi the.formula; Al (X 13)n(X14)3 n,
mhereiﬁy?ﬁﬁévﬁggmgﬁﬁ§ar8%%?6§?n%aving from1l to 20

car bon Aglo@iEs asfe$l 4F this iavenibk Pkddéesod caipadididdXiad&omprises the
any of which having from1l to 20 carbon ataons, halide,
oCOMYEr Pductapll nll @t deastianer first onetalleeens, 2 ) lgastvene second
a e I Lyat ] e :

it lockilS ol 3 AR ikasP e AGLN, Shelchy RIS Bitsg comppopents i as
f doloscd mhincdietelydebotve e dd el whdtheraaspect of this composition, the contact
el ectron-w t hdrawi ng anion, a |ayered mneral, an :

i BW@R’CWQ%‘EE?H @mERPY A ot ey P S0P IR AYI B FBMAGY e ving the
t RGBS A1(X1),@&M)QF ARPARK MR aREafATRAYRG of fhid cibosition, the
or ganoboron “conpound” or an organoborate conpound; or

i eyntactyprodudbicamtfuntirer tdoempeisé:. S) mnopmzagpetic w@mpohnd, as disclosed
i nvention, the at |east one organoal um num conpound

cdiBe optional when at |east one of the follow ng

condi t N@pandtier®Bbect bf tHRGAventibn ProVi®Rsd cé%ﬁ‘l?stodcon{ﬁ&@i)tion that can
and (X4) is a hydrocarbyl group having up to 20 carbon
acempriscHtheogongiqt prashucqef:| éggi{ leseond fifskanetalierenal) gtsleast one

o PRI YR D098 Vs SRR o ana )
hydsogrradoylater, ahprd@vi ng up to 20 carbon atons, H, or

BH4; 2) when the at |east one activator conprises at
| east @he oﬂﬁ‘aﬁb deasti s x Hise metallocene comprises an ansa-metallocene

having the formula (M1-A) provided herein;

b) the at least one second metallocene comprises an unbridged
metallocene having the formula:

i) (XO)XOHXNXHM? (M2-B), wherein

M? is zirconium or hafnium;

(X°) and (X°) are independently a cyclopentadienyl, an indenyl,
a substituted cyclopentadienyl, or a substituted indenyl;

(X") and (X®) are independently a hydrocarbyl group having up
to 12 carbon atoms, H, BH,, or a halide; and

any substituent on the substituted cyclopentadienyl or
substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups,
any of which having up to 20 carbon atoms;
ii) X)X xMxHMm? (M3-B), wherein

M? is zirconium or hafnium;

(X’) is a substituted cyclopentadienyl group, wherein any
substituent is independently a linear or branched alkyl group having up

to 12 carbon atoms;



conmpound; or3) when both conditions 1 and 2 are net.
Anot her aspect of this invention provides a
W@ i9p06i063 on t hat conprises the contact produckCDUS200)/062555
at | east one first netall ocene;, 2) at |east one second
net al | ocene; and 3) at | east oﬁ% activator, wherein
each of these conponents is as disclosed i medi ately
above. In still another aspect of this conposition,
the contact produgte, can further. conpri se: at | east.. .
one organoaluninE%1&gﬁ%%ﬁﬁéhﬁgﬁ?ﬁggﬁﬁganP%%F%pﬁ?%§ﬁ”nuwntm
13) n( X14) 3_idepéndehdy hflalighe &rodp) aA AEim@ic @6HK®r aQfombination
this conposition, the contact product_ can further
conpri se: 5! ahphagisi andyclig greupsotyotintyhichshagingcyr &x 40 carbon
herein. Yet another aspect of this invention provides
a catal yst conpoésition that can conprise the contact
5 product of: 1) a(Xl'pasd (XHe afd instpametetlyl @ bederarByl gioup having

| east one second_netal | ocene; optionally, at |east
one organoaPHﬁ?g%ﬁ@%%%ﬁ@ﬁﬁdﬁ’%ﬁ%ﬂﬁfiﬁﬁgFeast one
activatpr, wherein: a) the at |east one first
met al | ocene conprises an a a-netall ocene having the
formul a (M i) proyiadebinkiéemethorcof)) t he at | east one
second tall ocene conprises.an. unbri dged netall ocene
havi ng St he. 165 RulCAS 5 aTqakBTR) Bpd( fptijscs @ compound
10 WRgYVigE theMBrhslazi rconi um or haf nium (X5) and (X6) are
i ndependently a cycl opentadi gnyl ., an indenyl, a
substituted cycl opent adi ed¥X, 6K ®-substi t ut ed
i ndenyl ; (XY nd {1X8. i nde I car . (~ol4
group havi ng\;x)h ﬁ%"? Q(I 121)58 g{ly on aatygfﬁrgs]\]%#mél-}at,or%fgagb& al?g&ls’ (X5
ha dndgkoddslodiyargleRidc] dnyesttwidth hfiens bt Il fol0edrbon atoms, halide,
cycl opent adj enyl or substituted indenyl is
i REByEHiged Y ismnumbes pen & i dogusiyg ddomati c group, a
15 Cyclicqgroupye A 16NTHRHLABr RiciRbkRihé Ry FYR 1 C

gr oups,

1) an activator-support selected from a solid oxide treated with an

electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-

support, or any combination thercof;

i1) an organoaluminoxane compound;
20 1il) an organoboron compound or an organoborate compound; or
v) any combination thereof.

Also in this aspect of the invention, the at least one organoaluminum

compound can be optional when at least one of the following condions is met:

1) when: a) at least one of (X°) and (X") is a hydrocarbyl group having up to

25 20 carbon atoms, H, or BHy; b) at least one of (X') and (X®) is a hydrocarbyl group
having up to 20 carbon atoms, H, or BHy; and ¢) at least one of (X'") and (X'?) is a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy;

2) when the at least one activator comprises at least one organoaluminoxane
compound; or

30 3) when both conditions 1 and 2 are met.

While not intending to be bound by theory, it will be recognized by one of

ordinary skill that a metallocene-based composition that exhibits catalytic polymerization



any of which having up to 20 carbon atons; ii)
(X9) (X10) (Xp )(X12)MB (MB-B), wherein M3 is zirconium

woeoonabrsum (X9) is a substituted cycl opent adP@nys2007/062555
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group, wherein any substituent %s i ndependently a

i near or branched al kyl group having up to 12 carbon
atons; (X10) is a substituted indenyl group, wherein
any substituent is independently an aliphatic group,

an%té{lrltg/ngi)lca pg n%hsegf thae 800 clhg[%a/rtol %? ocff 61 zegh Elsltconae metallocene

Catbd

atemponean @) (a do- da)cal?d’ﬂ cdmbé’ﬂe%) thaak @rdvﬁtﬂ:@ mﬁ%ﬁffdtzlﬂtﬂe ﬁgand such as an
hydrocarbyl group having up to 12 carbon atons, H, BH
alkyl ornlaydride; liggnd; foj }heaﬁgﬁtaéleﬁﬁﬁlﬁn atheanthe heglipceng ) conppgund or

a u

bRl 00500 LABRL R HFHUA ITAHECLAOTHE! AE5G: componcn. I

hyetho @mteblyths hmmcnglpbn@mdn tfchi@ncaarbbdntIat c@l’ﬂ;)pntﬁ%:ﬂib) pr@vides an

an al koxi de |OXIde havi ng from
a‘t‘*tB’a?gf(ecléﬁaB ﬁn‘gﬁ@ V4| qoa@on%?f fgSf B’i’% aBr‘Péﬁ%‘?g‘i‘ lymgpoxane can

NYHRESH fif 8BIhlwhkR. 3In b@l@ll kY eches%%odi)un&'ib%s %tan |b%31§rBV18&{3 by two

activator Is selected | ndependently from
asthavat EOMPOPMEN; tsuslelaecanedrganmiuramsm ndrnp«undethat @an epdowde an

aﬁctfvgﬁlg el ejh]églgcb‘\{g t g%{q?%{:%'ﬁsﬂﬁig% F?l er egte(rin V\plﬁl an &lectron-

C QIR h @ BnibA e 04n prokide e AtFaHRe ﬁlﬂéﬂbﬁ‘ OFM%r in some instances,
conpound; iii) an organoboron conpound or an

othsameBlocane coropyod edn alseady\cpmarise e atsivatabledizand suahoss, an alkyl
Alh agn 0[’16%6'%(51% agd?r?pogleﬂ)[ thdt IB?OVKEX ah ta&t%gtab erllgagcﬁ 18 n%?is'equl%he but can

be an optional component of the contact product. Therefore, by designating the at least
one organoaluminum compound as “optional” in the contact product, it is intended to
reflect that the organoaluminum compound can be optional when it is not necessary to
impart catalytic activity to the composition comprising the contact product, as
understood by one of ordinary skill.

Thus, a further aspect of this invention provides a catalyst composition
comprising the contact product of: 1) at least one first metallocene; 2) at least one
second metallocene; and 3) at least one activator, wherein:

a) the at least one first metallocene comprises an ansa-metallocene
having the formula:

XHEAHEHXHM! (M1-B), wherein

M is titanium, zirconium, or hafnium;

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

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

hydrogen, wherein at least one of R' and R” is an aryl group:;



conmpound can be optional when at | east one of the
followi ng condions is net: 1) when: a) at |east one of

W@ X@y/1em83 ( X4) is a hydrocarbyl group havi ng upCT/OSR07/062555
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carbon atons, H, or BH4; b) at beast one of (X7) and
(X8) is a hydrocarbyl group ha\} ng up to 20 carbon
atons, H or BH4; and c) at |east one of (X11) and
(X12) is a hydrocarbyl group havi ng up to 20 car bon

atons, H, or, BH4 ast actlv

conpri ses af! Ef%% Olggnéu Ht noa oxan onpou 9[%th or an
3 insMbefitubatalk gm%:lohp ﬁmﬁngu Ittdlzcaab@l #lins; Wi | e not

i ntending to_be ory, it will be recognized

by one of on(&)r?aWP%kalrel mﬂ??&fld%ml(yetb)llfo‘élerﬁé paked a hydrocarbyl
t t
ngERl%e“ 21%1 %h[g 20P¥bA bnf2 R Yt BEL; 3) a gfdr%carbglomde group, a

nactivity typical'ly conprise ont a
phpdiucﬁrbplfamlﬂ@ gatip| asttihpdrecarbylailylaeeure aspopehzhthavial up to 20

t al C qnent, that oviges an_activatabl e
] icgr A AR5 ) QlvRar &9% H\}*gﬁr?18§ | gaﬁéksﬁ §rqUpePr an aryl group,
Mehabf QREHCha T Ech €2 @?{ﬁo@h LR AR QY Mstocfne d(X ) and (X" is a

conpounds do not already conprise such a |igan
Shydnocabyl gravphavaagipp tve2ft carbon some, H,msrtﬁﬁm elsd on e

oy vt des. an ittt FOSHUET e SFroGBisa i e SAERIad ofyclopentadicny,
CONRARREY . irfdehyleX aumtifitedNfIQEERAI0abY rmmam&@i C&lRenyl group is
function in both ways. |In other cases, these two

f infiepensiently am ablehapp EVAUde AN BYPIAKS gﬁ@p&ﬂ@@l%&fﬁ’p@m@w@lnanon of
SR P SO R T REVAC, e AP 8 Doun,

S@h@s@&hepus deotip,eat eflenit tdto@s) £katbii R, hadslamm @r&ip, @f a boron
that can provide the actlvator function. Further, in

s BRI} At efririish haviae fremal 1odsrebaigtipitirdhabider otihydrnggn:
conpr i B§ an ARtV L3P Sl 1980 qﬂ&gll@c%nénc&hgﬁf;es an unbridged

l'i gand, ther efore, a conponent at provides
aaidtalpcall levinggaatrimlanot required, but can be an

opti onal conponent of @roduct her ef or e,
by desi gnat ilug the at @5&?38% gMganoal UM ér? wherein
conmpound as " opt iNRkitaniin I ARRARE BFhaupdUCt, it is
i ntended to refl ect t hat t’he organoal um num conmpound

can be opti onal Wkrandi(X¢ saragtdepeviestnn py¢lopdntasiaenyl, an indenyl,
contatt proadttided ByiRerTTRS ADBREH iy "
skill. (X") and (X% are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BH4; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR™, or SOsR*, wherein R” is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; wherein at least one (X')
and (X') is a hydrocarbyl group having up to 20 carbon atoms, H, or
BH4; and
any substituent on the substituted cyclopentadienyl or
substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an

oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an



Thus, a further aspect of this invention provides a
catal yst conposition conprising the contact product

w@R00714)1083 | east one first metall ocene; 2) at PEEBEB200Te62555
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second netal | ocene; and 3) at | east one activator,
wherein: a) the at |east one first netall ocene
conprises an a a-netall ocene having the fornul a:
(XlXX2XX3XXI\/I1 (M B) V\,herein M is titanium

zi rconi um O{ enlc ou c&r§0 qup, &s&): 11 ro nde eor%de%rolug any of
a substitut E§°¢ chr ﬁen ubs % PB’t nde
or a substi Whﬁ(ﬂﬂlafviﬂgqlf@ﬁ)ﬂto 20r¢erb<@ulaﬁdrmst, deatidgor ﬁj}ﬂr))gen

and (X2) is a bridgin olp . havi the formul a ERIR2,
wherein E i §)a car bon%)ég f@ §(X1|l%,\6n at 0fM135C), wherein

ger mani um at om 3 t nded to both
(X1) and (X2), a% 1\%1{6&?2%112 ggﬁgh%f?g%?ndependently

an al kyl group o(Xan 1saraylsu‘tgtmmd, cgclbpmﬂadnényl\/ngrohp wherein one
having up to 12 car bon %ﬁfﬁc or drogen, wherein at

| east one ofUIRIIUSHHISE! § BIAFIALE areis OF gfembination
substi tuent oP'ﬁhéﬁgﬂ)c 4 &8 ghsupd §IH)b§1t {Vhféhergdv gbfi’ﬁ]to 20 carbon

unsubsti t ut ed kenyl group haV|ng up to 12 car
atons; (X3) awmuh; ( X4) are mdependently 1) F, d, Br,

g: olng 2) H, aoPydr Of§[o§)¥| %gp&ﬁg% VI n u tpgpv Of?%?rgne substituent is

hydr ocar byl agiaNgh&rcOsup Odn @rotrﬂdtllaYgiBW agrby b&hbivhtion of aliphatic
group, any of i ch having up to 20 carbon atons; or

4) OBRA 2 oen&oumHa grounsr aiyrpfRaiphsharingu ipl 20 gashqs aseman

aner et ot 1 oact CBnd S e Calfbeh@ert; UaE ACTIOHRTEr 1 2

group havi ngydpcirdyBroepre@meatens ,20Harbén Bldfis, andoraBH4, 3) a
addi tional substituent on the substituted
cycl opent adh@qirypar xloniiei ¢ groud. i ddeRydrocahyarinat ggoup, or  a

fluorenyl, ﬁimf-ﬂytlﬂlg? gro%gi?(ﬁ{}y of GhiH fﬂa{llﬁ% ug to 20 carbon atoms;

|ndependently an al I'p an aroma
cyclic groupr 4}108&%) onS0ER M, mﬁerahlﬂfhlatancallam (grcmpcrlrlan aryl group,

g{ gﬂg,s aan 911)1(3¥ %? h ﬂgvmg u?)utlof H cgrl;bgllil F21‘[0r1?s,n,| \gv{lergm at least one

(X'") and (X'?) is a hydrocarbyl group having up to 20 carbon atoms,
H, or BH4; and
any additional substituent on the substituted cyclopentadienyl
or substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen;
or
1i1) any combination thereof; and
c) the at least one activator is selected independently from:
1) an activator-support selected from a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-
support, or any combination thercof;

i1) an organoaluminoxane compound;



phosphorus group, an arsenic group, a carbon group, a
silicon group, or a boron group, any of which having

wo e@midio6» 20 carbon atons; a halide; or hydr oBenySN7/062555
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the at | east one second netallﬁ ene conprises an
unbri dged netal | ocene having t formula: i)

(X5) (X6) (X7)(X8)M2 (M2-C), wherein M2 is titanium
zirconium or hafnium (X5) and (X6) are independently

a cycl opent adi enyl ., an.ndenyl. a,substituted .

cyci opent adi“gnw ?5“ rethoberonedhngp S aﬁa"é%%“l"?"’?%?f}’mgﬁlé}id’ of
(X8) are ingdgpendepédnybindtlonftherédf, Br, or I; 2) a

hydr ocar byl group havin%.up to 20 carbon atoms, H, or o
BH4; 3Pt hygw@éraraﬁmcm d&higrigygtion PRPHIASE ot Iradt @ mposition

ar L ' /| S r [

R o LA SRRRET B T1 Y b g by Bflt ast one
wheatoatd mdRAloicsncaand B Katllcagt ontpactvatan veteydingr oup, any of

whi ch having up to 12 car.bon atgns; wherein at | east

one (X¥ ang‘e( Rt7yleast onep gt o@stﬁﬁ%enarmrﬁa%i g aijs-pgtallocene
2@ GAE IRYoAhATRM 1EB) & prBtHled AQEinaNY substituent on the

substTtuted cycl opentadi enyl or Substituted i ndenyl is
i ndepehient lthe aat ddasphatei cegrmolupnetalhocane meerhprisgs oap, uabridged

cycl i raqu canbi nation of aliphatic and cyclic
g¥EﬁH@Fgﬁﬂ“§?V§%ﬁ‘ﬂ?wﬁb, a sul fur group, a nitrogen
group, a phgsphorus grRUPX")BIGOSHAFC gr OUpM23D Y, & HRESN

group, a silicon group, or a boron group, any of which
having from 1 t oM0seaeddemar bafwiung, hal | de; or

hydrogen; ii) (X ﬁé%g)(&ﬁ) alr}1 g@%%%r{r\ééntg%icglgpe\g?ae&%yﬂ aMBlndenyl,

is titanium zirconi um
substi t ut ed agyisdtopedtpdo@niddi@yDvpa sibenredingeeyl;

e At T oa () and (R%) are dpeidently 3 hydrochrbyPgroub havin

or a conbi nation penaently a hiydrocarbyl group having up
to 12 carbon atoms, H, BH,4, or a halide, wherein at least one of (X7)
and (X®) is a hydrocarbyl group, H, or BHy; and

any substituent on the substituted cyclopentadienyl or
substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups,
any of which having up to 20 carbon atoms;

ii) X)X xMxHMm? (M3-D), wherein

M? is zirconium or hafnium;

(X’) is a substituted cyclopentadienyl group, wherein any
substituent is independently a linear or branched alkyl group having up
to 12 carbon atoms;

(X') is a substituted indenyl group, wherein any substituent is
independently an aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms; and

(X'") and (X'?) are independently a hydrocarbyl group having
up to 12 carbon atoms, H, BH4, or a halide, wherein at least one of (X7)

and (X) is a hydrocarbyl group, H, or BHy; or



of aliphatic and cyclic groups, any of which having up
to 20 carbon atons; (X10) is a substituted indenyl

w@e@apglopher ei n one substituent is an ali phatiBCOUS2007/062555
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an aromatic group, or a conbina%ion of aliphatic and
cyclic groups, any of which having up to 20 carbon
atons; (X1 1) and (X12) are independently: 1) F, O,
Br, or I; 2) a hydrocarbyl group having up to 20

carbon atons,, H, _or BH. 3 hydr ocar byl oxi de group,
a hydr ocar byPam &% &?“%IB?tl%%t%Sre@i hydr ocar byl si [ yl

gapdip, any of which having up to 20 carbon atons; or

4) OBRA 2 or. SOsRA, wherein RA is an alkyl group or an

aryl gebup, themy et s acHvaanis ngleepd inslependeaiy amat ons;

;. wherein aty | ea g ), ' . .
hydrocarbylEbrou%ﬁﬁgaﬁﬁgﬁﬁgﬂfggg%nggﬁé%wi%%gh%?digaggiwuhan
BH4; anbtcaoy watthdiatiionahiosubkiéred enheral) ah ien-sihstgdabilcedtivator-
cycl opent adi enyl or substitutég i ndenyl is

i ndepe UL 9 Al Qtppticndhgeup, an aromatic group, a

cyclic groupy a GRBRLAGIIRMoAncalohPbatd;c and cyclic
groups, an oxygen group, a sulfur group, a nitrogen
group, a phagphorusrggnehopon @mmpsden an qgangporatg compdo; or

group, a silicon group,. ar bor.on group, any of which
havi ng from% toa%bc lﬁﬁwni%%ﬂéﬁ a halide; or

hydr ogem;a Rirthet laypR Y% GRIDInR&itI0AN thdh aE@akor-sapporecah R, or can
at | east one activator is selected i ndependently from

i pomprises gisohd oxids fspised twitedredpetepnf wihdraws andorg wihgeein the solid

t b tee%mw }igesa%ﬂl%laecgl{n%ﬂfaw §1H9a{-?1\1/\ﬂnr1] agf-u%ﬂnopfholslgrya d egllurninurn

m neral’, o i"on- exthangeabl e acti vat or support, or any

c@h&dphate] ainct igmants, heteropolytungstates, titania, zirconia, magnesia, boria,
zinc oxide, mixed oxides thereof, or mixtures thercof. In this aspect, the electron-
withdrawing anion can comprise fluoride, chloride, bromide, iodide, phosphate,
triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate, phosphate,
fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, permanganate,
substituted or unsubstituted alkanecsulfonate, substituted or unsubstituted
arenesulfonate, or any combination thereof. In addition, the activator-support can
further comprise a metal or metal ion such as zinc, nickel, vanadium, tungsten,
molybdenum, silver, tin, or any combination thercof. Also in this aspect, the electron-
withdrawing anion can be fluoride, chloride, bromide, iodide, phosphate, triflate,
bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate, phosphate,
fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, permanganate,
substituted or unsubstituted alkanecsulfonate, substituted or unsubstituted
arenesulfonate, and the like, including any combination thereof.

In yet another aspect of this invention, the activator-support can be, or can
comprise, a layered mineral, an ion-exchangeable activator-support, or any
combination of these activator-supports, including any combination of these activator-
supports with a solid oxide treated with an electron-withdrawing anion. In this aspect,
the activator-support can comprise a clay mineral, a pillared clay, an exfoliated clay,

an exfoliated clay gelled into another oxide matrix, a layered silicate mineral, a non-



i1) an organoal um noxane conpound;iii) an organoboron
conpound or an organoborate conpound; or iv) any

w@oonbitomss on thereof. Still a further aspect oPCT/OBR07/062555
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i nvention provides a catal yst qgnposition conpri si ng
the contact product of: 1) at ast one first
net al | ocene; 2) at |east one second netall ocene; and
3) at | east one activator wherein: a) the at | east
I, St ne_c es an a..a- et al ene
hg IeEeéi tsnllc eorrrIrlﬁl era %yjegesds pa?l mln&élcljlc'ﬁtgr rmner ) athléon-layered

ahlu&rﬁﬁ@dih@&ﬁmﬁf%@ﬂ!& aﬂ\ytcahllbﬁﬁaaﬁth‘e%afrl ses an unbri dged

net al | ocene having the formula: i) (X5)(X6)(X7)(X8)M
( |ve D) [n waethes ﬁspraﬁt ithgs Fnyeasan lﬂﬁﬂeﬁr mawﬁ%mprmga fofnigoducing a
?}/g%gaﬁdhd ?”Eér}{;[)@s J&)ﬁc' % act1 a{t”?e%ﬁ‘ty'one first
st tute cl open |eny st| ed

|ndmﬂykmu£Xﬂkaﬂmﬂc@&ﬁmdamﬁdkmdﬁpepd@mmwyn&mﬂyﬂmaﬁgnhmhmﬁnmn
grou fam]éc? l.i to 12 carbon at OnB H H or

hﬁ?lin un ilpashpng ativptopia PEe uey%e cg %ilp(?sétloél wherein the
hydrQcsRY firsd h¥iockhe, Me BHastadid é@éfncﬁﬁﬁ%ll‘&éﬁ%mhé)ﬁ least one

t he substituted cycl opentadi enyl or substituted
| otEngdluingnuinn d@ppmdeimahq/ thenatdbasploat ctigraugse dafined as herein. In

o P b e sRe Ry B b S e By A ol rzheleting. cogprising
2QoRatRQ R R QIBand! dn) ot &Qa@ﬁ(tl)@)rﬂ&l)&lx%} NBth(VBathlyst composition

wherein M37is zirconium or hafni um is a
s ab ptqvudﬁid@rmly @hcbqumﬂﬁdﬂ:rezraybn gmuhnponswh efmem A pefymer or copolymer.

bstit IS | endently. a |inear nched
TRyt et E 180FHg 0p Rowrs BPHSH MRS CRLRe Bolymers and
SYESIhbitse dnd REARINN nEHO YRbreMBA! BidAuSAY bP @B&ﬁétﬁlgeaﬁylb& and an
optional a-olefin comonomer with a catalyst composition under polymerization
conditions to form a polymer or copolymer; wherein the catalyst composition is
provided as disclosed herein.

In still another aspect of this disclosure, the activity of the catalyst
compositions of this invention can be enhanced by precontacting some of the
polymerization reaction components to form a first mixture, for a first period of time,
before this mixture is then contacted with the remaining polymerization reaction
components, forming a second mixture, for a second period of time. For example, the
first metallocene compound, the second metallocene compound, or both the first and
second metallocene compounds can be precontacted with various other
polymerization reaction components, including but not limited to, for example, an a-
olefin monomer and optionally an organoaluminum cocatalyst, for some period of
time before this mixture is contacted with the remaining polymerization reaction
components, including, but not limited to, an activator-support. In this aspect, the
first mixture is typically termed the “precontacted” mixture and comprises
precontacted components, and the second mixture is typically termed the
“postcontacted” mixture and comprises postcontacted components.

For example, the mixture of at least one first metallocene, at least one second

metallocene, olefin monomer, and organoaluminum cocatalyst compound, before it is



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

wo@Roomho®R3 havi ng up to 20 carbon atons; and ( BCWYSEN7/@b2555
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(X12) are independently a hydrqgarbyl group having up
to 12 carbon atons, H BH4, or hal i de, wherein at

| east one of (X7) and (X8) is a hydrocarbyl group, H

or BH4; oriii) any conbination thereof; and c) the at

| east .one activator is selected independent)y from..i) .
OB PR BB R, T O SE0Ta e mixure

t PecbaEctid butdPst@oPbEi€ion bbinPeticAW dag adddl dur id théah&done step,
m neral, an iogn-exchangeabl e activatorsupport, or, any
c BB ELE & atfiret Brorontpstyd HXHFGaneePithipFrsRAReted mixtur, and the

CQRpo Wﬁgé afl icgtt)ala/?rpp% i n@)?ﬁ%?%o&@oﬁ&ﬁp Qfé%c%taét” this iXt]éI'e i§ termed

or ganoborate ¢ any conbi natl on thereof
| thea “pastdonectedd pexturof Féi sxdnpendbm@na rhixeure of first metallocene,

activator-support can be, or can conprise, a solid
oxrad rpesalioshieyimaRORieT IO BIINE g &y Hganghgcbivator-support has

WRELE Iffknidde s Rl bht@etindeafP FRhhiRES SdthiyG@coBhdHEnRBwith the final
silica-al um na, alum nophosphate,” al um num phosphat e,
z precoathcil maitxéyreh tie moipbiry tisirgsiclt 8w, “pdstcaniaated” mixture.  This

zirconiia, magnesia, pori i nc oxide, mxed oxides

¢ HEPEBS0 e Hh e eh eebFar e ¢ Gaglytal o9y @8cns between
eleshs AN $HE Ak tlEs Ao P Bx e, GRBRH Ingao frhil @BdcéiBtion, it is possible
chl oride, brom de, iodide, phosphate, triflate, ,
bifeyuthfcapeccontarted t ergatdaligniobar go@potnd)opnssuitf it admixed with the

L .eftehfé%ﬁ)eagre%}%%?lb?%%gSaBH %f\ﬁlte gge[fllélul%{[)ﬁé)rﬁgrs Ft)g] ?5\% ?edifferent chemical

f Uorozircona uor osi uoroti t ana

pesrvangnabel seubstd fivhe dhordidtingubsianbaluifthum compound used to
al kanesul fonate, substituted or unsubstituted
aPEpasshe piespfacted MY e onbi nati on thereof. In

addi ti qfli, H0GREINALAHSUORRIAORAT HihD Sl BRI ARibns th

nmetal or metal 1on su as zinc, nic vanadi um

t utijzt etnleastodngbiienmetallecdneent ldabtnoneorsceomyl motatiocrat) anleast one

t I'o]gtrioenoaﬁ 'coélltaa?st,i sl Izlls Sanaa?upn?i%toiante!qgnde lltel(e:atlstc %H\GM aét?v%rcoaryvl)vﬂgrein each
of these components is disclosed herein. The methods of this invention include
precontacting any selected catalyst components, for example, the first or second
metallocene or both the first and second metallocene, optionally with an
organoaluminum cocatalyst and optionally with an olefin, typically but not
necessarily, a monomer to be polymerized or copolymerized, prior to contacting this
precontacted mixture with any remaining catalyst components, in this example, the
activator, such as an activator-support.

The present invention further comprises new catalyst compositions, methods
for preparing catalyst compositions, and methods for polymerizing olefins that result
in improved productivity. In one aspect, these methods can be carried out without the
need for using large excess concentrations of the expensive cocatalyst methyl
aluminoxane (MAOQ), or the catalyst composition can be substantially free of MAO.
That is, the catalyst compositions of this invention have polymerization activity in the

substantial absence of aluminoxanes. However, this invention also provides a catalyst

composition comprising the contact product of a first metallocene, a second



ani on can be fluoride, chloride, brom de, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate,

wo bwonowes f ate, trifluoroacetate, phosphate, PCT/US2007/062555
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fl uor ophosphat e, quorozirconagg, fluorosilicate,
fluorotitanate, pernmanganate, bstituted or
unsubsti tuted al kanesul fonate, substituted or
unsubstituted arenesul fonate, and the liKke, including

etaﬁ nbrllen%t I oar111 Etlh%lrme %ane I rinytE} a?snOt h re ca Qlectt co%l 081 io% S not
i AVEnt I on, Pﬂe actrvator-=sup 01 R5H P Caf P

C adjuiircs o cambﬁseearedctmafaﬁrsabporgmhemin @h@ttaﬁgml@h@ort comprises a
activator-support, or any conbination of these
a@h@rma@léwre@a% solid QXIdPn%%aten@wéW COBWBPIHAR iipAlsgfnot required to

&F§ﬁ5“§§$1&g&ﬁﬁﬁ&ﬁg’ﬁé%nﬁ%hg a solid oxide treated

an el ectron-w t ng anion. In this aspect,
t he actddatomnHgupointert@n @oompasses a ptoa@ys tompdisahg centacting at
pillared cla xfoliated clay, an exfoliated cla

géqaﬁfe%nq OB HHOHHEME SISt RRTPPST 10 updgy PphEnizpfien peyiditions to

mrpﬁﬁﬁ@é th@ pORMAY eTREL, S| énfeaﬁﬁ)e&' NE& ahverRioh Y@V REs methods for
un1n05|llcate mneral, a non-| ayered alum hosilicate

mppynelrizingrolefmgs usmgbhmatalwt cohppsiobns prapapdahéascribed herein.

or oauc TG PR PP S Al Ehecttr S GBRsBeR on

conpr i ghRGin¢MoACH N Brodtdel @A Sdrti €18 @hdti doslpril® Ak ! REER&: produced
at | east one second netall ocene, optionally at | east

oNémdhgaﬁdaﬁuWhmuﬁmeéﬁﬁﬁ@h@waéhm»at | east one

\?\f}telr \é?t%%ﬁqe an to?l:ie?qgaﬁu 5 h«l%]ﬁec {%tn%g{l g}e%o 7 ene&dv%ﬁtages( of the present

| gazhtiON&ils BeoAd dpphihl senaecvicWeofahe ft@slin®ddailed description of
organoaluntnun1conpound and the at | east one

adhq disgleed dpadurgef i ned as herein. In still another

aspect, this invention affords a nmethod of

pol ymeri zi ng ol efins, conprising contacting ethyl ene

aBRIBER Wﬁ@lbllﬁ’ﬂﬂON—@Fé‘HEEIﬁtﬂhE&er Wi th a cat al yst

conposi ti as.provi ded nder meri zation
cont ¢ FYEREST iBisiis® St (RioRl=b of ComEIshARNe T patnes that can be
{ HSddi8IiniaRRfHIon, LOBrAARIGAIN MNugIHLON provi des

et hyl ene pol yner's and copol yners, and articles nade
t her ef HﬁiURﬁr Zadm@\edlesbgompmtsamgchgermehyme akroartbgams (GPCs) for

fm conpnoner, Wi th at al yst .c ition
R o TR G SR Peeof E5RaPIRt al-fof SIRER ot SPared. as
C@aﬁh&ﬂﬁﬁjhmgqreln the catal yst conposition is
provi ded as di scl osed herein.
FIGURE 3 provides comparison gel permeation chromatograms (GPCs) for
cthylene copolymers prepared according to inventive Examples 7-13 (E7-E13),

prepared as provided in Table 2.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides new compositions, new catalyst compositions,
methods for preparing catalyst compositions, methods for using the catalyst
compositions to polymerize olefins, olefin polymers, and various articles prepared
from olefin polymers. In one aspect, this invention encompasses a catalyst
composition comprising: at least one first metallocene, for example, tightly-bridged

ansa-metallocene compounds containing a pendant olefin-containing moiety attached



In still another aspect of this disclosure, the
activity of the catal yst conpositions of this

WO pwenvioeh can be enhanced by precontacting soPET/UB20011@62555
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pol yneri zation reaction conpon??ts to forma first
m xture, for a first period of 'tine, before this
m xture is then contacted with the remaining
polynerization reaction conponents forning a second
to atﬁe%{) 1 (])f t%eé ﬁ\éﬁ%%ent e berlll P%{pﬁ hgan ?\Tfogg ﬁgroups bonded
cmrmulaﬂdglﬁg altmﬁrbftthe Bridgsig ﬁgwhd§ Qe %zﬁt ﬁﬁé atdondemetallocene, for
conmpounds can be precontacted with various other
pswmlm z&t i BRbridesdt inerialiQeRion EPIRIISIG c YRl RgtigRAllyn otubstituted
0 ol n a
?Eléﬁ&ltefd?e nyl Ofi aglgl%gg Em ﬁﬂor?a'l Y. astﬁlg%tfgust?@ @g@ﬁyl ﬁnﬁgands or one
pelllbsﬁd.ltﬁf C}tcilomnfadfeﬁyleaﬂdmnS optigtiallysubsitated iateheldigant hoptionally,
the remai nin ymeri zation reactlon conponent
i Aleadiiong, ool lﬁsltmqm fPgakdytoandzAi legst P%‘l‘%ﬁ”a@ﬂpfib?‘ﬂe aspect, the
' Bctmlto?r a2RE€Comp h@@ bhT %Etniﬂt&t%bﬁoﬂt S oy Pl alidet ta%{gﬁdwuh an
the ' precontacted m xture and conpri ses precontacted
corgaondnmunarmcathlefstsecfdﬂd imi shisuraspdcs thypiioa@htign tearemphasses a
ostcontacted" m xt u
b6SeBh EREPRAG btk o ohiael DAY lthgs sty mponents
aliscrasi howg. first nmetall ocene, at | east one second
nmet al | ocene, ol efin nononer, and organoal um num
cocat alysene aﬁmﬂundhe Hetwsne invertionomressdesd avaﬂtﬁlytShecomposmon
;%é%érﬁgelgé lgf ugcpn(%{ édsucf) of tl?/gfe eggt ongrf?rgf %fl%ge e 2) a‘[t lgast one

econ |ng Cat a ositron cofp
C 3¢toal setalteiic; i3 oﬁmreﬂlkjharle@n ens bAnoLimingh édrﬁlﬁblﬁld, énd 4) at
first precontacted m xture, a second precontacted
nisestigne acHion Mdcrditke. Once al | catal yst conposition
compongnt s Mol RaGAMAGA pld BIUHRAE o SEflolFiving e
post co tacted” mxture or exa nce a m
offorhiulst netal | ocene, second netallocene, nononer,
or ganoal um num cocat al yst,_ _and acti vator-support has
been formed from ac any remai ni ng catal yst
conmponents w pecent acted m xture, this
m xture is terne postcontacted" m xture. This
term nology is fsed, raX3%s of what type of
reaction, if ang?Aoc Deteen conmponents of the
m xtures. For exanpl cording to this description,
it is possible for t recont acted organoal um num
conpound, once it is adni £ h the

R3A R4A

n
(IA), wherein

M is zirconium or hafnium,;

XA and X** are independently F, Cl, Br, I, benzyl, phenyl, or methyl;

E*is Cor Si;

R'* and R* are independently an alkyl group or an aryl group, either
of which having up to 12 carbon atoms, or hydrogen, wherein at least one of R'*
R** is an aryl group;

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

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



met al | ocene or netal l ocenes and the ol efin nononer, to
have a different chem cal fornulation and structure

wo e@miotes3 di stinct organoal um num conpound uSsePRICT/US2007/062555
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prepare the precontacted m xturg. This invention also
conpri ses nethods of maki ng cagglyst conposi tions that
utilize at |east one first netall ocene, at |east one
second netal | ocene, at |east one optional cocatalyst,

such as an abumi nogxane, .and at | east .one.activator .

wherei n each ofy Rose s uRsEEisely AaReE BT s ffhing v w0 12
Therbor thvads oofydrdiien; | Nnventi on incl ude precontacting

any sel ected catal yst conponents, for exanple, the )
first 8 sedtsndl loast ang ereene mstallosens qomeprispy & cogpeund having the
sesang,-netal l ocene, optionally with an organoal um num
cocatalyst and optionally with an olefin, typically

but not necessarpgldy, a nononer to be polynerized or

copol ynmeri zed, pri® oncontacting this precontacted

m xture with any g catalyst co
this exanple, the Wetiyaor, such aR’
activator-support. The pregént inventio
conpri ses new catal ysg¥c @si tions, netho 2 oK A
preparing cata YARupositi ons, and neth P

pol yneri zing o hat result in inp d

productivity. | pect, these ne can be

carri ed out ni t hout tthe need f@AusiRg | arge excesqIlIA), or a

concentrahigls fﬁ%ggwex gnsive cocat al yst net hyl
aluninSQ@’glfﬂmﬁf, r Wﬁ catal yst conposition can be

substantial Iy freg“af, iMPendehdl, Zifcontuliforciaifisilinst
conposi tions of th%s i nyention have polynerization
activity in the Subgbdnti.dn caghsessuaense. 4 indonendenty F. Cl, Br, I,

However, thigs Jjnv 1,0 ) vi des a cat al yst
corrpositionlbcgzncfLl #ﬁ@#ﬁg&Fﬁéﬁg%ﬁﬁgct product of a first

netal | ocene, a s&‘daniii’aliheagnescuanncoaaraindeondxaiet, methyl,
In this aspect, the catal yst conposition is n

ot
required to@¥hpniEerdn Byl andientip SdiaCHhePRi (CHdI=CH,,
activator-sgﬁp@ﬁfcﬁfqﬁfi5@@qu hamcgaldp;treated solid
oxi de, and thé cata ysf’conp%é?%lo% I's al’so not
required to conprise an organoal um num conmpound.
Addi tionally, this invention enconpasses a process

ents, in

urt her

conpri si ng contacting & ne nononer and the
catal yst conposition unde 'y Zation conditions
to

Xl lA\l\/[3A.u\\)(l 2A

0

i) R10A (IVA), wherein

M* is zirconium or hafnium,;

R is H or CH;;

R is H,  CHCH=CH,,  CH,CH,CH=CH,,
CH,CH,CH,CH=CH,, CH,CH,CH,Ph, or CH,CH,CH,CH3; and

X" and X" are independently F, Cl, Br, I, benzyl, phenyl, or
methyl;

or



produce the polyner. Thus, in one aspect, this
i nvention provi des nethods for polynerizing ol efins

wa@igiongotose cat al yst conpositions prepared as deeTUB1OTU062555
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herein. The present invention ibso enconpasses new

pol yol efms. This invention also’provides an article

that conprises the polyner produced with the catal yst
conmposition of this invention. These and ot her

feat ures, aspect s, gnbgd&ﬁﬁﬂ%%b gnd advant ages of the
present invention W Hatne aBﬁarent after a review

of thecjol | gw ngitdetaaitl edndesordapbdl@mimin t hédnilioaal 0s esmprises
features, BRI EF DESCRI PTION OF THE FI GURES FI GURE 1 .

i ety gtueainume f Bicthnlasmyung ondrigigeripfuningst o) ribebidgminum,

t ha ' . d : o] . '
Aol R B A S e PRl R b Bk Bhonice
c diisobatydgumimin{ GRPGsde, fdosthwalnyiieme chiomidp.obrysmsr @nasidation thereof;,
co&slyners of Exanples 1-6 (El-E6), prepared as

pF ided in Table 1. FIGURE 3 provides conparison ge

per mealyh on gl MRL QSR BcHHIES) ahOdctiOhBY L @RIt comprising a solid
copol yners prepared according to inventive Exanples

7 0%@le (ETtcE PG, anplepaneditakapmngendedwhercifabl e 2.

DETAI LED DESCRI PTI ON ,OF THE | NVENTI ON. Th resent .

Cnvent on pfbu BTG SHsash ETBYS M e §Byminophosphate.
Canpafihi Phosphart hots fLimPhepantRbpeBidditles, titania, zirconia,
conposi tions, nmethods for using the catalyst

c omEDeila. iboria, 2k podymikedexidesehiieaf, oprwf ¢ampjaationgthercof, and
and vari ous ﬂ?e:]él'e&lro%§wﬁﬁ<?£9v{n%?m{i&9'i"g AlL&Hden c%¥iﬁ99§r%mideU iodide,
one aspect, 'S’ nventi on enconpasses a’catalys

cohppahte] anflsMidustafey: suffhte] Edplotvigef iffudfosulfate, trifluoroacetate,
net al | ocene, for exanple, tightly-bridged a_. .
aPhewphricoceHuorepisalitios chirrasifongca plyrfanticate,  fluorotitanate,
OpEeankal AGiTRCt ¥ ISR ARl ANe Qlbliifed or
cycl opént adi enyl -type l'i gands and one or two aryl
guostpstifocdchechesdfdnae, br amygiongittomtisdredéthe bri dgi ng

i gand; 6 at | east one secgnd netall ocene, for ex l e, ..
an unbmeag@@tkﬁ“%t Q?Heﬁtceogeﬁkl%n‘ﬂf"?@}%g PFRISp e 6?\@&2‘{; composition
subsbtilig @ contact product of: 1) at least one first metallocene; 2) at least one
second metallocene; and 3) at least one activator, wherein:
a) the at least one first metallocene comprises a compound having the

formula:

(IA-1), wherein

M is zirconium or hafnium,;

X*A and X* are independently F, CI, Br, I, benzyl, phenyl, or methyl,
wherein at least one of X** and X™ is benzyl, phenyl, or methyl;

E*is Cor Si;



cycl opent adi enyl |igands, two optionally substituted
i ndenyl 1igands, or one substituted cycl opent adi enyl

wa@ra700ms5»pti onal |y substituted i ndenyl | i gandPCT/US2007/062555
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optionally, at |east one organagluninun1cocatalyst;
and at |east one activator. In“one aspect, the

activator can conprise an activator-support that is

used al ong with an organoal um num cocatal yst. Al so in

this aspect 1k hi sphhvention en asses a catalys .
composi t1 on Koot Rei A5 eHeagiRer DRaGufes B & §81 eroup. cither
caf alhydit hSaPanent 3 cabse hesed ohBy@bfien, Wheedie affagcne of R'* or
the, present invention provides a catalyst conposition
cBnpisiadi 4yl gAe:cont act product of: 1) at |east one

first netal l,ogene; 2prra e con o] ;

3) optionally, gﬁdl éast ta%éneﬁg%%egﬁ%gﬁﬁmgng%&@%%%{élu n%? fp or a
amnthydlyocatbyll € brompeargaifivtatohavingney @ 20 caaljont iemstor hydrogen;

| east one first npetallocepe conpri ses a, conpound

havi ng the fid$ AuIngesey frﬂsn,(pm& SHEARRSE Zi r coni um or

haf ni um  X3f>angdq XA X & dePARRAN & MyldYodirb [ havk to 12
benzyl, phenyl, or né%h IFﬁEA ?QQC gi(%ﬁ€yg%gn§néldg%yp ©
acabpndependemidrgzcan al kyl group or an aryl group,

ei t her _ of i ch . having u 0 carbon atons, or :
Pyr oglh  whts di1Foh PP ssiBed Sieliigr ek muftispo R cp@baynd having the
arydmug-oup; R3A and R4A are independently a

hydr ocar byl group or a trihydrocarbylsilyl group, any

of which havingRify to 20 carbon atons; or hydrogen; n

is an integer fro 0, inclusive; andR5A and R6A

are i ndependent | ydr ocar byl group hgtng up to 12
. b) the a$~ﬁég§2£?ne second

carbon atons, or
met al | ocene conpri ses\ ar@0fPound havi ng fornul, a:
\ SA MZA..\\\\\X

SN

i) R34 (A-1), R (IIIA-1), or

=)

a combination thereof, wherein

M is, independently, zirconium or hafnium;

X" and XSA, in each occurrence, are independently F, Cl, Br, I,
benzyl, phenyl, or methyl, wherein at least one of X™ and X** is
benzyl, phenyl, or methyl,; and

R™ and RSA, in each occurrence, are independently H, methyl,
ethyl, n-propyl, n-butyl, n-pentyl, CH,CH,CH,Ph, CH,CH=CH,,
CH,CH,CH=CHj,, or CH,CH,CH,CH=CHy;

ii) RI10A (IVA-1), wherein

A . . . .
M~ is zirconium or hafnium,;



conbi nation thereof, wherein MA is, independently,
zirconiumor hafnium X7A and X8A, in each occurrence,

wae®zitoependently F, O, Br, |, benzyl, phenyPCT/U82007/062555
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met hyl ; and R7A and R8A in eaatf occurrence, are
|ndependently H, nethyl, ethyl; n-propyl, n-butyl,

n- pentyl, CH2CH2CH2Ph, CHZCH:CHZ CHZCHZCH:CHZ or
CH2CH2CH2CH:CH2; ) (IVA), wherein M3A is zirconium or

haf ni um R9A is Hor ~R10A is H CH2CH=CH2,

CH2 CH2CH=CH?, crlgcr%%%ﬁ: , CH2CH2CH2Ph, or

CHZCHZCHZCI—B an@'R11A a;nd XH2A arcH jonapendentd M, H,CH=CH,,
a, I, benz hen orilii

conbl nat i on Cﬁ?d’egﬁp CEIT eCHECH&I%IPho%CHZ&HZCﬁ CH3; and

or ganoal um num cgnpo Co I gl y henyl,
triethylal um num tr#@%py?glﬁn@pﬁaﬁd@? 4 é* n%eq]ggq R\eny of
triisobutyl aletilnuipretnr athiexst! aleust Xtifhand X12 is benzyl, phenyl, or
trioctylal um E E] di et hyl al um num et hoxi de,

di i sobutyl a um hydri de, diethylal um num chlori de,

or any,gconbination thereof; and d) the at |east one
activator is an activator-support conprising a solid

oxi de treat &) wi hy eombeinetoan thorcnf, tahdr aW| ng ani on,

wh ljd d
si lelr gian}al um so Iﬁflaf}?é(ll}?ogﬁfé'éﬁdf én éaﬂuﬁ’?ﬁoﬁ ﬁ?ﬁpﬁﬁto%%%rfséng a solid

ZioRide Mcbidd Q\ﬂihean Ne@hopieh dthwigShRhe & hereir: ani a,
zirconia, magnesia, boria, zinc oxide, mxed oxides

t hereof, or ﬂmmhﬁontidﬁa@ isdieat Blapded, ; siligachlumina, aluminophosphate,
elaﬁl%{iéﬁ)rﬂ Vfghég}% , amh?rpnna?e flhgt%Jr’opg)Fytungma?ers dgtama zirconia,
brom de, i‘odi‘de,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and
the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,
phosphate,  fluorophosphate,  fluorozirconate, fluorosilicate, fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or

unsubstituted arenesulfonate, or any combination thereof.

Catalyst Composition and Components

The present invention provides, in one aspect, a catalyst composition
comprising the contact product of at least one first metallocene, at least one second
metallocene, at least one activator-support; and optionally, at least one co-catalyst.

Each of these components is further described below.

The First Metallocene Compound

In one aspect, the first metallocene of the present invention is typically a
tightly-bridged ansa-metallocene compound containing a pendant olefin-containing
moiety attached to at least one of the cyclopentadienyl-type ligands, and also
containing one or two aryl groups bonded to the bridging atom of the bridging ligand.
As used herein, the term bridged or ansa-metallocene refers simply to a metallocene

compound in which the two n’-cycloalkadienyl-type ligands in the molecule are



phosphate, triflate, bisulfate, sulfate, fluoroborate,
fluorosul fate, trifluoroacetate, phosphate,
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fluorotitanate, pernanganate, §gbst ituted or
unsubstituted al kanesul fonate, “Substituted or
unsubstituted arenesul fonate, or any conbi nation

t hereof. Yet another aspect of this invention provides

SRy SOROTUA SOMRE TSI S AR RRGEHEL o

s egaNfrsticadlloesengirondutd) Uséful @ﬂﬁﬁ-m@tﬁﬂo@@bé vt @pically “tightly-
wherein: a) the at |east one first netal |l ocene

cbrggidescaniogipuhe thavi r@cm&iaﬂ@ﬁyﬂuﬂyae ligpids| gre connected by a

\Aﬁﬁrgglég C%/%ﬁ? ;yv 1Zre|11rejqcﬁe éﬁor?tq%{ hggf ';Illm g{ﬁ%}ggarr}go %‘%‘; ﬁ@?\ﬁiﬁn the n -
W@?d?l@élﬁacﬁ&nﬁ-%ﬂ% li as ‘Psf eaﬁng4ﬁ1dSStﬂeeleﬁgth ,ofmﬂeeeﬁhge or the
or methyl; "EA’i s A and R2A are independentl

anhah Rqetweganoﬂnp @10 ancgﬂ«y&lk@hwp;[yp@ ]umds of owhiagdm, although this

B LB OBy AL A LT cnion
0 -

ey G oo SR scronacg g e

20ydaalbathicrat opstionr ifvhdicogentiturcd sydopdnttdegegt 1fgaods, Gubstituted

to 10, .inclusive, R5A and R6A re i ndependent |l y. a.
BRI gh R Doty e sh R S, orbituent on

hyits© 488 opdhkadilty |- ¥pel BaRHs AE 2RI gﬁfgdgrﬂﬁﬁ %5{719% QRE formula ER'R?,

conpri Ses a conpound havi ng the fornul a: A1),

( vahlemul)E sy cab@tommnat $ibepnt hleme of germhripg) atowE.Ar jastin atom, and

R %elg % 1¥dedzto both cyc pentaglen{}l tyg% ligands. In this aspect, R' and R
can be selected independently from an alkyl group or an aryl group, either of which
having up to 12 carbon atoms, or hydrogen, wherein at least one of R' and R” is an
aryl group.

In this aspect, one substituent on the metallocene’s cyclopentadienyl-type
ligands can be a bridging group having the formula >CR'R? >SiR'R* >GeR'R’, or
>SnR'R?* wherein R' and R* can be independently selected from an alkyl group or an
aryl group, either of which having up to 12 carbon atoms, or hydrogen, wherein at
least one of R' and R” is an aryl group. Examples of bridging ER'R* groups include,
but are not limited to, >CPh,, >SiPh,, >GePh,, >SnPh,, >C(tolyl),, >Si(tolyl),,
>Ge(tolyl);, >Sn(tolyl),, >CMePh, >SiMePh, >GeMePh, >SnMePh, >CEtPh,
>CPrPh, >CBuPh, >CMe(tolyl), >SiMe(tolyl), >GeMe(tolyl), >SnMe(tolyl), >CHPh,
>CH(tolyl), and the like.

Further, at least one substituent on at least one of the n’-cycloalkadienyl-type
ligands is a substituted or an unsubstituted olefin-containing hydrocarbyl group,
having up to 12 carbon atoms, which is referred to herein as an “alkenyl group,”
regardless of the regiochemistry of the alkene functionality. In this aspect, this olefin-
containing hydrocarbyl group is bonded to one of the n’-cycloalkadienyl-type ligands
of the bridging ligand, wherein the olefinic bond is distal from the mn’-



X7A and X8A, in each occurrence, are independently F,
d, Br, |, benzyl, phenyl, or nethyl, wherein at | east
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R7A and R8A, in each occurrenc are i ndependently H,
met hyl, ethyl, n-propyl, n-butg?, n- pentyl,
CH2CH2CH2Ph, CHZCH:CHZ CH2CH2CH=CH2, or
CH2CH2CH2CH=CHZ; (I'VA-1), wherein M3A is zirconium

or &M%@yﬁé%@% rQéﬁi& H C]EEG’CE{-IESS@Z pendant alkenyl

2 QiCHYe sabditudnt Sn anibstikdidd @ﬁﬁopﬁﬁﬁﬁ@%%iﬂb_‘s{mﬁted indenyl,
d |, benzyl, phenyl, or , .Wherein at | east

0RE aoﬂﬂlbstmmdafh@rwizﬂf ithe B@Fﬁilypenep%tmnses 8n affgppl groupy in which
' 'cés)e %yaﬁs%rmétgﬂ&éeﬁgs tcgr? rb%otiescﬁﬂgd G go'ﬁ?anﬁhél a: %ggﬁoig%%yl chain

I'vator i's an activator-support conprisin
onttatémtl rteairedofithchcyatopehdicngirtype tipdndsmvhirhacorprises an olefinic
wherein: the solid oxide is silica, alum na,

sPPYOR- al umi na, al um nophosphat e, al um num phosphat e,

zinc alymd N@t She ROLE! QROLY IHRISTAHRS mdthlG¥—h& comprises an ansa-
zirconia, magnesia, boria, zinc oxide, mxed oxides

theﬂ%hﬁwnaﬁavamyhcﬁnbmhat|on t hereof; and the

el ectron-w t hdr.gw ' is fluor | or.i de,
bromi de, i odi déﬁ\%ﬁ%@?mg\” trifl atﬂgﬂ Bi-hfdpe,
sul fate, fl g H@Hnﬂlrﬁ,zufcbfﬁgﬁp%ﬂhifﬁiu%
trifluoroacetate Qsphate quorophosphate

fluorozir coﬁ&t)eandf |(Xo)r exsi indspendently osehstiteiedtcaclopentadienyl, a
bst t nsubstituted
a? &%ﬂrqg(r 1% 6}{ e a su%gti’{utt%u { 8relﬂ Is

Kanesu P “unsubst it ut ed
ar enesul f onahe sutﬁflmaﬂyoxp(od'p ABROUCY s 4 hed@af groGahavipg the formula

Conpo; Ivgllle?er}n %ng a%%ﬁ)po%nagcgrtnsa silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (X") and (X?), and wherein R' and R? are independently an
alkyl group or an aryl group, either of which having up to 12 carbon atoms, or
hydrogen, wherein at least one of R' and R” is an aryl group:;

at least one substituent on (X') or (X?) is a substituted or an
unsubstituted alkenyl group having up to 12 carbon atoms;

(X*) and (X*) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*; or SO:R*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron

group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen.
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net al | ocene, at | east one actiyator-support; and
optionally, at |east one co-catalyst. Each of these
conponents is further described bel ow. The First
Met al | ocene Conmpound In one aspect, the first

nmet al | gcene . of the ¢ PREsen nvent
1 ot 1 95 oReugbaRs HETE oot CHEC hoplshabuBis B g ansa-

pﬁmme@mmﬁafmnmg noi ety attached to at Ieast

one of the cycl opent adi enyl rtype |igan and al so
cont ai ni ng one(Xr)(}t(\)@(é@S/KMgroups iﬂ@ﬂdﬁb"f hsreime

bri dgi ng atg}imlgft aﬁlﬂﬁnbﬂﬂcg&hﬂﬁ&h&ﬁﬂﬁl As used herein,

the termbrid 'ocene refers S|rrplytoa
met al | ocene(Xngpm (1. & Bre\/\ﬁ[ﬂchbeﬁd&ﬁtlyvm substituted cyclopentadienyl, a

h5-c g‘glng di enyl %/ ands in the nol ecul e
als‘étfﬁlﬁ’é ¢ ¢ S&é tﬁt}te Uty and these term may be
used i nt er clangaalinidd (X' Bt 6 19 4 b @lind Blodh lh%ﬁg e formula

throu?hout Useful a a-netallocenes are typically
" ERgR Ivyltﬂrepld ded"a, canteanitony, & kidicon htent, wgermanium atom, or a tin atom,

oA Oaﬁ%ﬂﬁ&e@%% AR OB ROR el R RAGC g Mndtpendently an

bﬁlk@gg?d}l P @h YarPegrRpN il Jﬁwhi%}dq{a@)ﬁigktﬁﬁlt@ Myl cdr¥He atoms, or

| i gands |sa5|ngleaom Thus, the |eng of the
bhydrgects rvhcran ebighs obe iR esnd Reisaperyl group;

hS-cycl oal kaligny| Gy B AR (K288 AP, #4ARHAR or an

this bridging a omis su

f uhsibstiftedl dlleSeNgoap htivihg up BV ENtdrbeh atppiscal | y
conprises brijdged bi,s(h5-cycl oal kadi eny|

t
corrpounds K eradn X’ hérehlﬁde@?@%]éﬂ k Bidf e‘ﬁ@ IB%gT? LiZrishydrocarbyl
|,
sggdu it lﬁ‘%bﬁf) nge%r%)iparﬁ&gan s, st |¥[It u!tsjegar&auoocralégh?xme group. @

| hgdrodarbylamind greup.idee, trih@dmearhyl&rhﬂ gsolys biny Uéwhlchmavmg up to 20

t he | opent anyl -type | a S s a bridgi

g%@fan Rl gt PhEBRE: huPQRR elwﬂ%rlé.aﬁ 3 grolipdiap gy eroup.
ta £ hidH &M & /N2 RarB6h 'EPd?ﬁéJ W’Iﬂr&ﬁnat 1%rastaorfe' (:3( ?E&{QX“) is a

wherein E i's bonded to both cycl opentadi en ype
I lhg@nd@byll grouhhaviaspett 20 RibematoRe, Id.am Bid:; sed ect ed

B N T T ——

hyehsaggsd Waehdl Nsdstitueast flasiendf &l andtifdled SalRéhy@r Yroup is

gril?dlégéndently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen.

Further to this aspect, the at least one first metallocene can also comprise any
combination of metallocenes having the formula (X')WXH(XHXHM', wherein the
substituents and the metals are defined above. That is, the at lcast one first
metallocene can comprise any of combination of (M1-A) and (M2-B).

In another aspect of the present invention, that alkenyl group, that is, the

olefin-containing hydrocarbyl group is bonded to one of the n’-cycloalkadienyl-type

ligands of the first metallocene’s bridging ligand, can have up to about 20 carbon



In this aspect, one substituent on the netallocene 's
cycl opent adi enyl -type |igands can be a bridging group
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>SnR1R2, wherein Rl and R2 can ge i ndependent |y

sel ected froman al kyl group o? an aryl group, either
of which having up to 12 carbon atons, or hydrogen,
wherein at |east one of RL and R2 is an aryl group.

Ex | f  bridagi ERLR?2 i ncl but

AR oo e ShAERS: RUETS a3 Gloms. o
>8 {blt Blchibon a&hd, @k Yib )t@ aboud( dadbonl 9t@ms >ENBRPles of alkenyl groups
>Si MePh, >GeMePh, >SnMePh, >CEt Ph, >CPr Ph, >CBuPh,
>@bideobyt 3re nosilititeddpy byteny camerydl §axpnylsBameslops pgtenyl. In

> gﬁﬁﬁer fs%’{t,t @b ﬁl%nylzgguﬁ & -Hlt?%{lhog lﬁr-lsé?l%nyl. aﬁ"hl!ls? ﬁrc'&neoe{hﬁect, the

substitu on at st one o
hpemdant oadakumated pyoup ey eortaig aimdsarban-earberbddaubl ab@d fesm about 3 to

unsubstit ut ed ol ef n-contai ni_ng hydr ocar by roup, . . :
T EA5OPI A1PMCEEISBRY JRES rdtentr o Qi tslf, and in

h%ﬁ@th& e%ﬁ_e@fnfrafﬁl KeN¥boud 4QURoon aft@&@&éﬂl@\%ﬁ fdm e clopentadienyl-
regi ochem stry of the alkene functionality. In t%ls

asyredigand Hsddf. ol ef i ncont ai ni ng hydrocarbyl group is

R I T
diafkeay] Sro@ dahSehdibsitele@dr kadiRded YP& EdagPMd,an@Rdbstituent on

therefore can be described as a pendant al kenyl group.
THhgsalkemd grawst vhereptesgh, gas bpseleeigl dgdependently from an aliphatic

géﬁoﬁp itk a%gﬁlgﬁ% l(%rou Saugsél{ct gllo% 1 ig:’](%%}latio(ﬂr of? a]iipsheagic aar%ld cyclic

tute enyl™ 0O h ocene conpr

alghkaipy, argboien droupii gifu€ @scup, Renido@ennBoap,! ©peRPEoridEroup, an
be descri bed as containing a hydrocarbyl chain

aPISERIE €HOUDe 2 GADOBRIQURe 2 SYIEPH BERP ot BRFANLUY BEOUP; HR GEOUD, 2 lead

' ' an.o j i Qn.: - .
b, SORON 2F6yeE ATy B, A ipillific JBuP 6 organometalli
agraups ametsabstoced elchiaativegthtivef, fany mfl whick Xaxa XK@XAH tdlabout 20

ML is titanium zir.cani [

% %rivé h@mrfg&rz) ai8 nfagsigio P Endy s Ehedgssble subswent on

CYifd ﬂR%ﬁtlaﬁbEIFXﬁ thé& c§1_%@§tt U he8toEAAeRY ladd 6 & unsaturated moiety

substituted fluorenyl;
within the alkenyl group, as long as it does not destroy the alkenyl group. Thus,
hydrogen is a possible substituent on any unsaturated moiety within the alkenyl group
so long as it does not add across the very olefin moiety necessary for this group to be
considered an alkenyl group. Further, this description of other substituents on the
alkenyl group atom can include substituted, unsubstituted, branched, linear, or
heteroatom-substituted analogs of these moieties.

Examples of olefinic hydrocarbyl groups, specifically alkenyl groups, that can
be bonded to at least one cyclopentadienyl-type moiety include, but are not limited to,
3-butenyl (-CH,CH,CH=CH;), 4-pentenyl (-CH,CH,CH,CH=CH;), 5-hexenyl (-
CH,CH,CH,CH,CH=CH,), 6-heptenyl (-CH,CH,CH,CH,CH,CH=CH,), 7-octenyl (-
CH,CH,CH,CH,CH,CH,CH=CH,), 3-methyl-3-butenyl [-CH,CH,C(CH;)=CH,], 4-
methyl-3-pentenyl [-CH,CH,CH=C(CH3)2], 1,1-dimethyl-3-butenyl [-
C(CHs;),CH,CH=CHy,], 1,1-dimethyl-4-pentenyl [-C(CH3),CH,CH,CH=CH,;], and the

like, or any substituted analog thereof. In one aspect, the unsaturated group bonded to



one substituent on (X1) and (X2) is a bridging group

having the fornmula ERIR2, wherein E is a carbon atom
w@2@7l1p®meh atom a gernmanium atom or a tin atpPoOT/US2A7/862555

is bonded to both (X1) and (XZE and wherein Rl and R2

are independently an al kyl gro B or an aryl group,

ei ther of which having up to 12 carbon atons, or

hydrogen, wherein at |least one of RL and R2 is an aryl

gr,oup, .at. | east one substituent, on ( [, is a

TR bt “Troumn St FOHRRY ol ORI gpenteny

UP-GH, CER CEBCHOT HRY, @6 subsXidite @ Bich 1 §2ihkrcar.e

i ndependently: 1) F, . d, Br, or |I; 2) a h¥drocarbyl L2

group Wagidigonfo containgas BHASAL greup havipg therformgla BR'R” and at

PG5 DRSS B PAP IR B B L s o

5 2thecfasbmptadld coms jcam blsd hatBRAcrosubSadAs. AbragxaempldRéhcks swdstituents

| k | up, f whi.ch havi X
e be %é?%& framihte Sord af?%ﬁlij?gla%rg% %ﬁavleégﬁo@ﬁﬁ%ﬁ}&%fv%fﬂ% the (X)
U BRY OSTitdndl &F (Y HrQPROhAKRLEY | ThigURSY Lidtiesh! H&MN¥nt on the

substit'uted fluorenyl, or substituted “al kenyl group is
i apdpeantieinnyy-type lidangh ainid aing rsobgsitucam oartberaubstitged alienyd group;

oV bS) Sa 1820 SR TRARRA G Sl BRAH T o KBt aromaric
10 9GRHP, a dyRRASBIR alontifitidn o AlipKSR NG cYEIRVBouss, GRORGEN group,
group, a silicon group, or a boron group, any of which

hawuhgr feram 2 pigo2en gepupon ospheruggioapi g -arsgpic group, a carbon

hydr ogen;i.n Qt her ct, e ast I rs

e GBP S il SRR F e BRAREL e biETh 4R RETElsybr goron eroup.
f @h MrainuiXdesug Xas8 36rddhid MouB) an Wagindhtetdlc igfoup, or a substituted
titanium_ zirconium_ or hafnium (X1) and (X2) are .

i AeayEadhresf. anysefhahich hpwag el b poid 2@ sgrbon gtoms; a halide; or

5 SHRBERERLEC SR o oy WS L BTy e iy

havmpgsitidre Fathew| thisERL B Judek eulstituchisitbataras &e lobaraattnmd in more

a silicon.afom a germaniumatom. or_a tin atom and E
i SaBofRfed” ttEeSSo‘Wieg(O%ﬁ WY 40X land i dreaho RIclfe ferdrogen.
afRrdBREeRRNASHS %rad substituted indenyl and substituted fluorenyl includes

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

20  tetrahydroindenyl groups, tetrahydrofluorenyl groups, and octahydrofluorenyl groups.

Examples of cach of these substituent groups include, but are not limited to,

the following groups. In cach example presented below in which R is used in a

generic fashion, unless otherwise specified, R is independently selected from: an

aliphatic group; an aromatic group; a cyclic group; any combination thereof; any

25

substituted derivative thereof, including but not limited to, a halide-, an alkoxide-, or

an amide-substituted analog or derivative thereof; any of which has from 1 to about

20 carbon atoms; or hydrogen. Also included in these groups are any unsubstituted,

branched, or linear analogs thereof.

Examples of aliphatic groups, in each occurrence, include, but are not limited

30

to, an alkyl group, a cycloalkyl group, an alkenyl group, a cycloalkenyl group, an

alkynyl group, an alkadienyl group, a cyclic group, and the like, and includes all

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



al kyl group or an aryl group, either of which having
up to 12 carbon atons, or hydrogen, wherein at |east
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substituent on (X1) or (X2) is 3 substituted or an
unsubstituted al kenyl group haglng up to 12 carbon

atons; (X3) and (X4) are independently: 1) F, d, Br

or I; 2) a hydrocarbyl group having up to 20 car bon

hy&cr 61&651?% hlagl mgr'_]%d)rélr %)Ibep :[0 %go%{[ rlb yO)I(ll gtem%; 'f"BPs aliphatic groups
girdpic, dny aff nahiigheday, M@irogurtyds 20ccag @ﬁffatsoamt alkényls For
4) OBRA or SOsRA, wherein RA is an al ky roup or
aﬁwm@lﬁo@lwhafawr%bps\%mw lpﬁé%mrigcluée flk?th_’&’i fgléYleWP&]t Snkutyl, tert-

gr 0{3@ g\eﬁu ; lez%%%l Z%A]gg o%glallt( ORE, ll EP'&%%M%L&%%??%CW nonyl,
addgtl ctaralad:ylsmbmwllieugln peraenytl rtmtesiyhsahd thet 1€ck.

cycl opent adj supstituted i pdenyl, substltw}ed
f1 uor emyfmp Iso a{%qqt]ﬂ&r@a)sa}q(@ﬁ |008+1‘Eﬁ£1ﬁe,llgc lude, but are not limited

| prlependentdokidn AthiRBaki.Cadd QP likan iR QiR sﬁbﬂft&cg@ deBivatives

cyClic group, a conbination of aliphatic and cyclic
gtheugs, uaneaohy@c@nrrgm®u baviag stuidbhub @r ebgyt 25 ndarbangen Substituted

P BT FRBRGE kol s HhBoRthast 5 Tyt Bl o

haweisitgl, Addoime likk qnaadﬁg lRP Retefod i sitbshatdddRrivalive thereof,
hydrogen Further to this aspect, the at |east one

first Eéﬂ@pleéeémé:h@@mowsw ceenpraugeneminchisiebbuiard wa liotited to,

SR o PR, P g i o
alny the likk ﬁlhclualngtshbstﬁﬁteh Gaﬁ‘fzatﬂeethétebs tin eBdhaddcoeee h@aﬂﬁg from

conprise any of conbination of (M-A) and (M2-B). In
afbRuidrto ah%c?@ cgrboporpt. eBlutsth ereﬁ%%flrsahsﬂt@tﬁ%@wd}%éﬁ%s such as

g ol ef i n-cont ai ni ng hydr ocar byl
grrﬁgﬁ%yl aw g%lh%%ﬁlone of the h5-cycl oal kadi enyl -type

I [ gand:tn @ﬁch becirirans¢, atgthatit @oenwyclic rdaupsdge ngrotpsgesrdprising an
to abou& 20 carbonat ons n. an

th ..
B%@\é?aoﬁ@naal%gxc i§ PSP aﬁarﬂ%}%%w‘% 1 @6@&6 rbféare not limited

C@d Bosy éﬁtsﬁé'ﬁsas U—QCH?)m@QHLRS 8\)\1196"1‘519% 1saétpfﬁ§egepfroﬂlpl {oPabout 10, and
about car bon at oirs. ﬁb es of al kenyl™ groups

i nob adentegpntiroar é tm ot lnbluthecﬂCH@)meHﬁlény iwhepam tremsyain, integer from
SR s S RO SEREE i
asPRGEn, infeB& from 1 to about 10, and q is an integer from 1 to 9, inclusive. In each
occurrence and as defined above, R is independently selected from: an aliphatic
group; an aromatic group; a cyclic group; any combination thereof; any substituted
derivative thereof, including but not limited to, a halide-, an alkoxide, or an amide-
substituted derivative or analog thereof; any of which has from 1 to about 20 carbon
atoms; or hydrogen. In one aspect, aliphatic and cyclic groups include, but are not
limited to: -CH,C¢Hs;
-CH,CsH,F; -CH,CsH4Cl,; -CH,C¢H4Br; -CH,CsHaul; -CH,CcH4OMe;
-CH,CsH,OEt; -CH,C¢H4NH,; -CH,C¢HsNMe,; -CH,CsH4NEt,; -CH,CH,CeHs;
-CH,CH,CsH4F; -CH,CH,CsH4Cl, -CH,CH,CsH4Br; -CH,CH,CgHul;
-CH,CH,CsH4sOMe; -CH,CH,CsH4OEt; -CH,CH,CsH4NH;



pendant unsaturated group can contain the
car bon-car bon doubl e bond from about 3 to about 7
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ligand itself, and in another 2§pect, from3 to about
4 carbon atons renoved fromthé& cycl opent adi enyl t ype
ligand itself. In still another aspect, the
olefn}containing hydr ocar byl group, that is the

d b d
e e A R

wWoghstintes @attvaticamehofsel ect ed i ndependently from an
al i phatic group, an aromatic group,. a cyclic group

conbi n&xp@alesof Aplidasatn eachmgceyRice cingluge plioride caigr@énbromlde

gLR¥Rdif sul fur group, a nitrogen group, a phosphorus
group, an arsenic group, a carbon group, a silicon

group,Ime@ﬁkmamrmmmgn@ga1g@upsme@&pgnyaﬁummmgggnmﬂpmam@bsof
ro ro an al um num g an | norganic
&3@%@@3? bug argrnea[? mitgg i a0k oF Fiay %%?HSJ&?M@% the fike,
“ﬂ%ﬁf?ﬁ sﬁ;@ﬂtu%fd B &y R Y- 88, HhAEInIR §Ca1RA0M IRk faarrﬂogralkyl

at ons; a hal i de; or hydrogen. Hydrogen is’ [iste
p@lslsrubltai dlipls substietad apl, tvheibaliteedyaralgyldapingrirarheé to about 20
con ext that_ hydrogen.can add.to an unsaturated np

PR o Rt S ABERY OB e O bl Taas e are
d a6t lifded RS mRHERDYth@yO BRI Waitoxkyy BE@BLY substRuted Phenoxy, and
p055|ble substituent on any unsat Ur at ed noi ety w

t the ldickenyl group so long as it does not add across

the veny géhegécu lef{l]re r% 81{2 %?fur {)]%tgm%{&eg fb pteixgrrrllples of

consi der & enyI

ofwhidbhéxdiclgde) Suit t are N nﬁnltte@ etoal BRnyﬂld gh® utkeah@amaaﬁgl substituted
i ncl.ude substituted, unsubstituted, branched, lin
ofchgtiyey Hesialswherein Briscagh aronisnes it Hkxle CWP@kyleélryl aralkyl,

AR LSt TGS PRy 13RS Rl Woou 2
cymbopemMaﬂlenyl-type noi ety |nclude, but are not

I imte CEI? - but eng/l lﬁé%ha%gﬁ%)’ 4- p%atgenél opps. which
bﬁg‘%&ap)&ke (nogﬂn%%zg"z%%% %rbups angc{h%nDﬂLe (including

hyl -3- but enyl
[ s@ﬂﬁ@&@ﬁ@e@*@p@l—@@reoﬂwhmrhﬂl in 8agheyvicemgrice is alkyl, cycloalkyl, aryl,

[ h%ﬁgy%&lt:itu e%l(%ﬂ, ’sulet{tﬁtg(ii rarlemtll,h %lr _sgbs_tll%lfjtteg ra]l}la{lk)Ll_ having from 1 to
about 20 carbon atoms.

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

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

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

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



C(CHs) 2CH2CH=CH2], |, -di net hyl - 4- pent enyl
[-C(CHs) 2CH2CH2CH=CH2], and the li ke, or any

waewstiotoss ed anal og thereof. In one aspect, theCT/US2007/062555
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unsat urated group bonded tothe ﬁrldging group can be
3-butenyl (-CH2CH2CHECHR), 4- pént eny!
(- CH2CH2CH2CH=CH2), or a substltuted anal og t hereof.
In addition to containing a bridging group havi ng t he
a ER1 nd, at, J.ea e_an n 9) .
by SR RIS ofh LR Mo AR BT OY el ufTirogps win 1

t lttﬁah‘)dl,ﬁ 90 datioal dteras l’h@alﬁ@l%r&ir&l@yhl@dlﬁle (gtrdﬁ@’s with | to about 20 carbon
substituents. For exanple, these substituents can be

s @fospsy il rhﬁélﬂfrrlﬁ@luélaﬁréub%ﬁ% aerivgfigesiseset. noi et i es
that Cq & V@ccﬁ&eﬁc{%h 5(1%021 g{o%ag xcl% Alfl E&bta%ln% ggrtou%sﬁ which

first netal ocene ditrona stit
t htﬁ:hﬂiﬁg: bopeaotrd |lmn§dd-tby prdayll dro@midsich atid/ 1Ay geaupst arylséiplt groups,

car By RN GRien oy Eobcirdybs Plmabos i prBeee ik pave from

an JrBeRt 2@ c4Ho BronR. C&! dxanPlOYRicoR fRHR! 1Hﬁﬁdlé3ff'nﬂéthylsﬂyl and
al i phatic and cyclic groups, an oxygen group, a sul

gpbenylochylsiltligoges. gr oup, a phosphorus group, an
arseni roup, carpbon grou can.
qer mantt MG B Teri ey POy RS e Yol GBaEE HO sy which nelude,
gbatite ndnlifktddkd) UBRIT BN, E‘FﬂX' WAEGANKGs 8 mHdanidRic group such as
organonetal lic group, or a substituted derivative

t hélr@ofhydalﬁy @fkomec WU‘Wévﬁhmjatﬁ,r end 1the dikgpoud pdewehy Borin cach
%nrg'l{en %1 m n cy%Loe §/ L Irglfgl)’l;ahgsl, ltsogsgltu%gd aﬁ<§r SsudliRa aryl, or

C QuiReisitéd aalkyFhuvifefromt INoibbintsS10 dafsdnud&ss.subst i t uent S
that can be characterized in nore than _gne of thes
cat egofi @sothercaspae Behpyipvertinps(f) gpd 4Kshare neqiqpa@%enﬂy selected

h

"SI UphRE L0 5 A TpER, SimBrSiiELE M b o o
saydlicagredp,i anckenigb raupd afphnspladry gﬂ)u'pna:d alldtiy fogidelbgroumain aryloxide
limted to tet&ahydr0|nde roup

| st oy St A i G Ry dFiay il gy @ substituted
g H@H@eﬁlve Exaom 85 @ff WI%@H Iﬂa@itlé hese tc§ %{ﬁft '2b W& Hon ML Dr a halide.

include, but are not limte | owi ng groups.
| hn gat hn@hanpﬂpectpr(ﬁs)emdedee:irowndwemﬂﬂmlry Rl) &, Wde®rior I; 2) a

RIS SR P LT e RS Do Ok e ARET BHy B Rydfeartytoxide

Eﬁl’@t b ﬁy%@&ﬁylaﬂnﬂd’ &oUF, cﬁractﬂﬁydrgéﬁfbﬁ@ﬂﬁllg?@\lp @Ry of which having
er eof ; substituted derivatiye thereo i ncl udi ng

bup NP qarbﬁnt woms:cor 4 QBR{ der SOa avhasind- 1s @y alkyl group or an
aryl group, any of which having up to 12 carbon atoms. In still another aspect, (X°)

and (X*) are independently selected from a hydrocarbyl having from 1 to about 10
carbon atoms, or a halide. In another aspect, (X°) and (X”) are independently selected
from fluoride, chloride, bromide, or iodide. In yet another aspect, (X°) and (X*) are
chloride. In still another aspect, (X°) and (X*) are independently a hydrocarbyl group

having up to 20 carbon atoms, H, or BH.



an am de-substituted anal og or derivative thereof; any
of which has from1l to about 20 carbon atons; or

why@rogwss Al so included in these groups are aPgT/US2007/062555
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unsubstituted, branched, or Iigﬁar anal ogs t hereof.
Exanpl es of aliphatic groups, th each occurrence,
i nclude, but are not limted to, an alkyl group, a
cycl oal kyl group, an al kenyl group, a cycl oal kenyl

group, ;an_al kynyl aroup, .an al kadi en roup,..a .cyclic
o oup. 18 0e Y iogEC R Mo P Ry dimpound
uRsvibg thet fofregla: branched, and |inear anal ogs or
derivatives thereof, in eachoccurrence having from one
to about 20 carbg : us, aliphatic groups

i ncl ude, but ?gr %gé hydr ocar byl s such as
paraf fins and al keny exanpl e, aliphatic groups
as used herein RialLydé V@th§ et hyl, propyl, n-butyl,
tertbutyl, sec- ot | gODWLyd , anyl, isoanyl, hexyl,
cycl ohexyl, heptyl, oety, nonyl, decyl, dodecyl,

2- et hyl hexyl, penten butenyl, and the I|ike.
Exanpl es of aromatic growpsy) i poeach occurrence,

i ncl ude, but are not '*fﬁ‘7’” 0, phenyl, naphthyl,

ant hracenyl, and the |ikeR" ncluding s(agswhertiad
derivatives thereof, .in each. occurrence having from®6

to about 25 arbaFOniEy gE e tpiisg derivatives of

aromatic conpoypdix* peliniPendiatly 3 €1, 1 byl §sheh Pl or methyl;
tol yl, xnyIA'nES|tyI, and the Flke, i ncl udi'ng any

het er oat om gubs€iardi,ed derivati ve thereof. Exanples of
cyclic groupsa .in.each occurrence, include, but are ,
not limt ed&t o¢ el SES’aIF@?ReHQ?m@y%‘l %gﬁe%rﬂgl? oran aryl group, cither
CYE WDRGERWAIRN@S to 8T €41B6n StoedY, 86 hpdiepH, wHekdl @t icast one of R'* or
grqups and the like, including substituted derivatives

t Rer 8o arykgredsh occurrence having from about 3 to

about 20 cakben ORBA us: S ' ed

cyclic grou%é SS@ gg fE?%n§ %%%g&?hgr%dgg&%g%§$%.gPHp or 4
e adtydesatiyl $RT group) anyhutvitclahol iy ep 1oc2(0dadbipsatém€, or hydrogen;
groups conpri.sing an Iiphatic-pggtiqn(?nd a cyclic
portion, exaibrrEteer HRMChDO; ife fsesvehtid are not

limted to, Rgf QUPRISUEH A8 Her h ?&R{‘_bir‘ﬂ =T 12
IS an integer frgm 1 t%“%%%ﬁ%‘{e‘%g gﬁg’ qai §¥1m1|%ntequhe pto
f canrod atomsSor hyticdgeni ve; - (CH2) nC6HgRn_q wherein mis

an integer, froml to out. 10, apd IS, an integer
From 1084 410t i JBS dgpast peg By tladledthe Oy compound

having the formula:

(IB), wherein
M'™® is zirconium or hafnium;

R’" is methyl or phenyl;

R’” and R* are independently H or CHs; and

n is an integer from 0 to 5, inclusive.



mis an integer from1l to about 10, and q is an

integer froml to 9, inclusive. In each occurrence and
w@goodabioned above, R is independently sel ect edP€T/OR200E062555

al i phatic group; an aromatic gégup; a cyclic group;

any conbination thereof; any substituted derivative

thereof, including but not limted to, a halide-, an

al koxi de, or an anidesubstituted derivative or anal og

;?ggoﬁﬁ a%(tal}eégeésgegtl it eg f]éé flrgaost eOCIF %rﬁ?boﬁtta lgc(:)engﬁ dtb Ms invention

thﬁﬂnpﬁs@rawén@ouﬁwhaui@g thlaut)rrmﬂ@ not Ilmted to:
, -CH2C6HACH ; - CH2CGH4B ;

- CH2 CH2 CEHANBR; Shy reg|0|sower<£
t her eof d any substituted \deyi vati ve thereof.
Exanpl es of S, in each oc gace, include AN
quorlde chl ori de,; brom de, and |od|de I n each

occur gen groups ¢ ggn- cont ai ni ng

group of whi gD W, are )
t ¢BY pXor~7ar yBxy grogps R and t he TV vBu
i ncl Bth.pg”s\bsta t ut ed der uap ves=ier eof , mhgﬂ LBC u:fq

i s aPkYlT Ncychaal kyl, ary ar yl© subst i t ut'ed C

al kyl, s ituted aryl, or S ituted aral kyl h

fron11 to out. 20 carbon atons. es of al koxy

aryl oxy groups /fIQ groups include, but are not ,
limted.to, t hoxy, ethox propoxy, butoxy, phenoxy,

subst | :noxy, anc 2. In each occurrence,

s Bt BS U} A ngpgroups, exanpl es

of mbh@h u but agre not\limted to, -SR and the

| i kepys Qg subst i tylied d“tL:étlves t her eof ,

wherei n each occurrencg a kyl cycloalkyl,

aryl, ar |, substituted \f‘ yI , subst ituted aryl, or

about 20 carbon
, or any combination thereof.

substi t ut ed
5 atons.

2

In still another aspect, the at least one first metallocene of this invention can
comprise, or can be selected from, any subset of the first metallocene formulas

illustrated above. For example, the at least one first metallocene can comprise, or can




In each occurrence, nitrogen groups are
ni trogen-contai ni ng groups, which include, but are not

WO pov7tie®dss o, -NR2 or pyridyl groups, and the |P&BEUS2007/062555
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i ncludi ng substituted derivativyes thereof, wherein R
in each occurrence is alkyl, é | oal kyl , aryl,

aral kyl, substituted al kyl, substituted aryl, or
substituted aral kyl having from 1l to about 20 carbon
atons. In each occurrence, phosphorus grou

phosphe: Qt ai ni ng gr oups, i ch includg

not L4 - PR2, [ )

suBYt i o TR | vis” Whelf ) s ei N Rnd,N €L .c
occuPrepce N.sal kyl , wcaryl,

SUbSPIT diad D¥ory| - Substires izt

ar al kyl Ing froml to abgi carbon atons

each occ arseni c groups atglarsenic-conta

gr oups, J
and the like, |nc£fding substituted derivatives
t HBY PO BEKOR i n each occurrence is al kyl ,

cycl oall\jflﬂero@rﬁfbces%s% |§Yépar§1’ﬁ@t%ﬂb$éﬁ% %Q ?Hfﬂ/ds'that can be employed
substituted aryl, or substituted aral kyl havin m 1

t o dlnsutvédbios drayorbean anportedn  Eac lexaoglay Ib&cﬁatemameM 939,217,

Pt Ana o R e 602 R IHENT an P aEDs Tha: 5436305

cgmanicae, hahigirsisubsbigset edsaizhngr 985 794 t I3 sH308abosIb65 592,
20" car bon atorrs Ikenl al kenyl hal’i de rousvvlth

15t581f§I§6ut5 V.67 béﬁ3é12©$rs s @&1a3315y| 5.6p4.4p4 @668%05 da705,578,
27;(5@%76/' %HS%‘%&)T artlcy f? 55)% 4%9r$e%9rl‘t§et t(s)lg% i dod% Ee(gl H E%Tocesses to

udi hg subs tivatives er 86

O@fepafeeﬂl@allosenlel dipogh@U it @€ b8 dnipt@yedcanthad ﬂﬂVBl(ihon have been
groups, .which include, but are not limted to,

gFenapsd 4 saferanespi sueh g kemlpd, Allr i & |JyM0ér6@fgéA 23/01 165, 23,
hdohd 4 | DSy kiaRd 7
\Mr[?éig égn :Sac#agg%urfenczdl%w Hidel /?fgﬁ'ﬁa tlogabggtcé%’lﬁgal Society of
caln;bmm 1&8@ni§’ 9FoA&1teHaGpIJang,si\VIl iKohin, (@r.bt@rganm&tudbem 1998, 562,
ri [ and p tylsilyl gro h@%
L éﬁt W ot gﬁpﬁ i elnasR ﬁ@? griotigs June. M.
‘A@O‘E{brél@lsééiiﬁtloﬁ’ Uni@ERit) 8F Haly Mufe Bal Routh, BRrman PN 997 Peifer, B.,
BRX, wherein is a monoani oni ¢ group such as halide
hjlmctoai@l Dla$ektat¢ml,eUnlabﬂsyy of agtcathe Bayrmith, Hecrimake, 19é)ﬁd and Zenk,
W%?,r BIOQ’[OI%J ﬂ}ssee?’[gtti]on, University of Bayreuth, Bayreuth, Germany, 1994. The
following treatises also describe such methods: Wailes, P. C.; Coutts, R. S. P.;
Weigold, H. in Organometallic Chemistry of Titanium, Zirconium, and Hafnium,
Academic; New York, 1974. ; Cardin, D. J.; Lappert, M. F.; and Raston, C. L,
Chemistry of Organo-Zirconium and -Hafnium Compounds; Halstead Press; New

York, 1986.

The Second Metallocene Compound

According to one aspect of the present invention, the second metallocene used
to prepare the catalyst composition comprises unbridged n’-cyclopentadienyl-type
ligands selected from: 1) two independently selected, optionally substituted

cyclopentadienyl ligands; 2) two independently selected, optionally substituted



occurrence is al kyl, cycloal kyl, aryl, aralkyl,
substituted al kyl, substituted aryl, or substituted

wae@kyloshavi ng from 1 to about 20 carbon at onBCT/UR2007/062555
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anot her aspect of this inventigg, (X3) and (X4) are
i ndependently selected froman~aliphatic group, a

cyclic group, a conbination of an aliphatic group and
a cyclic group, an amido group, a phosphido group, an

aIH}( H\ésu$q‘ng%a?)ggﬁe %%g? {u¥edo c?o gueggl 24 one optionally substituted

r enes

t indRhMignlydr,4)@hy dorabinatidi tlhbﬁdf ae Ifdﬂwa&y ve thereof,
any of which having from1l to about 20 carbon atons
or a hdihpgen ¢ ywectaplbotive #nvggb@btthe (%3yashrge (sm)ndamétallocene
[ engl 5 r b
r@glﬁl 812 qu%nﬁrlﬁ%%(ﬂ'iqdcjéﬁo %(1)er1]1yg y(g)reTTS llg%hd?g%i&%%ﬁ?r%@s Kxéo optionally

hyﬂisﬁﬁﬂé@W&dﬂed&d@h?Uﬁgarﬂs Wm@hbw aubstitut@r mu@nyl Qfgaﬂds or a
trihgdrocarbyIS|IyI group ¥ of which havinﬁ
gomhBHEen HckIos hbthlma}speﬁq&e BiastgngRacongagta wemcv@prlses an

| f which h
i AdeY B AR o IRED: OOV 2L Repect . (X )
and (X4) are |mﬁépﬁﬁdEOCXﬁwﬁelectedNﬂFAhhﬂummdrocarbyl

having from 1l to ab %; 10 carbon atons, or a halide.
I n ano@ﬁéﬁzggﬁggporg B)U%nd (X4) are |ndependently

sel ect f r r AR
o ot PR 40 4L SRIofgILAR, ahipdl i

styﬂbpaMmM@mﬁ(mgpebﬂnm@&BMeaﬂd (X4) are |ndependently

or b (ka6 CohStEisnkeut? 3 Re” G Feall: 2.8 B peliront eroup

mﬁﬁah NG 9ORUbSLItdIng O CB%“QHJ&VJ ng hftRod0b 1ae roup, a
(1A, J%\aﬁgreln MIAis Z|rcgﬁlun1or hgfnldﬁ? X3 Sroup

xhﬁdraﬁ@byha@mgr@emqrw tnhy@pcarsvlsﬂyl groumayy of Wh@h)hlavmg rup to 20

a ﬁargﬁ% OIrEnAs‘ | S BSI §§%ﬁ%r oueﬁeln Bar E,Plagl?(j? eorﬁ%ﬁor}taln aryl group,
hany agwui@hm@whg upads b@ﬁar@b@ﬁﬁ»mspﬁnd’lydf ogen, wherein at

| east one of R1A or R2ZA is an_aryl group;

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

In another aspect, the at least one second metallocene can comprise an
unbridged metallocene having the formula:

XXX HXHM? (M2-B), wherein

M? is zirconium or hafnium;

(X°) and (X°) are independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl;

(X") and (X®) are independently a hydrocarbyl group having up to 12 carbon
atoms, H, BH4, or a halide; and

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

aliphatic and cyclic groups, any of which having up to 20 carbon atoms;



R3A and R4A are independently a hydrocarbyl group or a
trihydrocarbyl silyl group, any of which having up to

wQ@Qoocaotesh at ons; or hydrogen; n is an integerP€T/OR2007/062555
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to 10, inclusive; and R5A and A are independently a
hydr ocar byl group having up to~12 carbon atons, or
hydrogen. In still another aspect, the at |east one
first netall ocene conprises a conpound having the

formul a; (1B wherein ,MLB i s . zirconi um.or haf ni um .
ron 1 s st o Bk el iR b HREE dlsprmprie an
Hu@bridddd;mailtbcbnd Bavay thotf@@eia:f rom 0 to 5, _
inclusive.In a furt her asgsecz‘t, the at | east one first

nc

metal | ocene of KX )RVERIMon conplM2eS).avhesrtpound

havi ng pihe 05 uh 3t hafm@lm:any conmbi nation thereof. In
still another aspect, the at |east one first

met al | (Xdnmdaix’y hiesind¢peaddntigra catopeatpicngk an andeangh) ababstituted
Selqﬁ%]})ed from any subset of the first nmetallocene
f GYIPRadigyLoF pstRUBO YW Hor exanpl e, the at | east

one fi I'(ﬁt) JRL @igb QfCinBe Geﬁ?tgﬁp‘i'\?' FE€C1,MBr, 0RN; @Pa %%h%‘é&r%gil group
from any ‘conbi nati on thereof. Nunerous processes to

pheyag eupreb all ovebe agmpouHdort Bity; cana by @egiriayledde ngroup, a

A e e R e
S cdbén QRfns; or 39@8@3‘@ or SOARL, WBefein R An3RG) gRoup ad eyl group,
5,451, 649, 5,496, 781, 5,498,581, 5,541,272, 5, 5%,795, .

528681 sduch mvEgsuBgp |2 Garbyn aggas; vehes9d aplgst @edX ) aoB(X') is a

oMo R0 i el w2 gt ondf R O ner

pr ocesseg stisstipicdp ah ehdreiiatihAeE Bec SsoMpRIINES of Ratistiaasd Belenyl is
enpl oyed in thjs invention have been reported in

r dtdspaisietdy a ahiphaéic graypy an aromgtic greyp, e cyglic gygpp, acgpnyination of
Aaliglpa%%'an%lﬁa/clig?g'roups, an oxygen group, a sulfur group, a nitrogen group, a

phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen.

In yet another aspect, the at least one second metallocene can comprise an
unbridged metallocene having the formula:

XXHXHXHM? (M2-D), wherein

M? is zirconium or hafnium;

(X°) and (X°) are independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl;

(X") and (X®) are independently a hydrocarbyl group having up to 12 carbon
atoms, H, BH,, or a halide, wherein at least one of (X') and (X®) is a hydrocarbyl
group, H, or BH4; and

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

aliphatic and cyclic groups, any of which having up to 20 carbon atoms.



Kaj i gaeshi, S.; Kadowaki, T.; N shida, A ; Fujisaki,
S. The Chem cal Society of Japan, 1986, 59, 97; Alt,
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562, 153-181; Alt, H G ; Jung O ganonet. Chem
1998, 568, 87-1 12; Jung, M, %Bctoral Di ssertation,
Uni versity of Bayreuth, Bayreuth, Ger many, 1997;
Peifer, B., Doctoral D ssertation, Universi ty of
EB)thr glrJaAIITSOD} {gséfstg%cit,otﬁe ag?elaéfeornsﬁ eco%q[a ndta% e can 'also comprise an
Baybiediicd . mdealorainyhaviidOhe fdiagil4:ol I owi ng tr eat | ses al so
descrlbe such methods: Wailes, P. C; Coutts, R S.
[ H in Crganonetalllc Chen1stry of
coni um and Haf ni um Acaden1c New Yor k
1974. rdjn, D J.; L& t, M F.; and Raston, C
; of Crgaﬁ% ni um and - Haf ni um
Conmpoundsy, kb@g?ead Press; w York, 1986. The Second
Metall o rne’i&mpound Accordlngﬂag@%ne aspect of the
vention, the secif. met ®f4 ocene used to

prepareAthe catalyst conp 5 on conprises unbridged

h5- cycl opent adi e gdnds sel e from
i ndependent |y se“ﬁt% optionally su@b@ﬁtﬁ?%ﬁnﬂ]ﬂmmmihGEOf
CYdeppent adi enyl Ilgands 2) two independently

sel ected, optionally substitutedi ndenyl |igands; 3)
one sub@%ﬂ&un@memymﬂmpeﬂbawhemﬁwﬁawm,one optionally

f ﬁg?telo Led gl |,d§llsealclf-g%;ggfr?tﬁzreoﬁﬁ Hg%g%}%e%tky tal"f,]:@,n Br, I, benzyl,

|@M@gﬂuﬁah]taﬁiat | east one second netal |l ocene
conprises unbgldged h5- cycl opent adi en I-tﬁpe Il?ands
sel ect &1 pRbk t,meaybtqqéwncy 3¢ bElepe methyl, ethyl, n-propyl,

c ent I oPpL;l o4 t

THGAROT RORRY. SORTERHEPG, e CHaClE, SOttt or
asnﬁc}hC}MGHat}Least one second netal | ocene conpri ses

an unbridged netal | gcene having the forpul a:

(X5) ( X6) Exaeepre- (hopatdyast ape resordnpctaocsns camelsm qgpmprise an
h r ependently a
ng Opentfﬁahm%ﬁghéaggth@ nyl?ga substi t ut ed

CYCIRG entadlenyl or a substituted indenyl;

e "
o g

R B), R (IIIB), or any combination
thereof, wherein
M?® is zirconium or hafnium;
X" and X*® are independently benzyl, Cl, or methyl; and
R™ and R*® are independently H, methyl, ethyl, n-propyl, n-butyl,
CH,CH,CH,Ph, CH,CH=CH,, CH,CH,CH=CH,, or CH,CH,CH,CH=CH..



(X7) and (X8) are independently: 1) F, d, Br, or I|;
2) a hydrocarbyl group having up to 20 carbon atons,
wo000n08BE8; 3) a hydrocar byl oxi de group, a PCT/US2007/062555
hydr ocar byl am no group, or a t%hydr ocar byl si |yl
group, any of which having up 20 carbon atons; or
4) OBRB or Sq 3RB, wherein RB is an al kyl group or an
aryl group, any of which having up to 12 carbon at ons;
and an bstituent on,the substjtuted . . .
cvel opEhitir ah R Glibby Rrlol {fghfin juvention, the at least one
| BetRpea Attetdeynadinabhphisd b CopOUHd, hadthgah®fiRiniuta: gr oup, a
cyclic grou a conbi nation of aliphatic and cyclic
a nitroge

M2 i's zirconium or hafnium (X5) and (X6) are

i ndepepdenthy a _cycl opent adi gn an i ndenyl, a

subst nt adi en i t ut ed

i ndeny¥= R X8) are NwtiepeAdant|y a hMb‘@
Nz ‘. ooy

L
. 0 12 carbon at o H,BH4, o
M

0
y substityent_o Hecsubsti t ut ed Y
H=\Or sub i ndpayw s o
: al i phatie-ordup, & rratic\g(o\i-p,—Q
cyclic group, \a=¢onpi nati on of alipkatic, and cyclic
groups, any of which having up to 20 _carbon atons;In

; r as e af secoMQ
netal | oC can co e an unbri dg tal |l ocene Q
havi ng the\fermul a: ( oX6) ( X7) ( X8) (WP-C), wherein \ _«

M2 is zircpnium or haf Aiigm (X5) and (X6), are e

[ en y a c t ad Kadeny )~ d
5 substit cycl ope ienyl, or a tituted

i ndenyl ;
Q{\/\/

2

2



(X7) and (X8) are independently: 1) F, d, Br, or |

2) a hydrocarbyl group having up to 20 carbon atons,
wo000n08BE8; 3) a hydrocar byl oxi de group, a PCT/US2007/062555

hydr ocar byl am no group, or a tEZhydrocarbylsilyl

group, any of which having up 20 carbon atons; or

4) OBRA or SOsRA, wherein RAis an alkyl group or an

aryl group, any of which having up to 12 carbon at ons;

wherein at | east one (X7) and (X7) g hydrocarbyl

group having up to 20 carbgn ators, )

substltuent on the s u Nen am

su ed enyl is indepen y /an allphatic

group, an a tic group, a cyclig _group, a

conbi nation of\ ahi,phatic and cycl i/e~sgroups, an oxy
group, a sulfur\g!oup Yo rQup, a S

gr ic group, a car a silico

group, on group, any of whi ¢ §ving from1lt

20 carbon at ; & halide; or hydrogen. tn yet another ’
aspect, the at |east one second metal | ocene can

conprise an unb ed aII efle having the forml a:

erein M2 is zirconium or

X6 dependently a
g an |ndenyk‘ & substituted
cycl opent adi or a substitwted indenyl; (X7) and
(X8) re i ndently a_pb3gdr ocar byl group having up
¥, //or a halide, wherein at
Ieast one 3 s a hydrocarbyl group, H,
or and an StltlJent on t ‘Fﬁu&F&dﬁchﬁﬁhanonthmeof

cyclopentadlenyl or’ substituted indenyl

I ndepemdent hyother adpe@halid et astume savoad mallc&em ouIp comprise a
cyclic rouP ﬁ onb nation of aliphatic and cyclic
gFB@B@H%§Wy9%t qﬁf%aV|ng up to 20 carbon atons. Al so

in this aspect, the at
can al so conprise an
formula: (HA), (H A,
wher ei n

one second netal | ocene
i dged netal | ocene having the

mbj nati on t hereof,
,“\\\\\X

MZC

/ ‘XSC
5 : (IIC), wherein

20 -« . . .
M2 is zirconium or hafnium; and

X’¢ and X*¢ are independently benzyl, Cl, or methyl.

In still another aspect, the at least one second metallocene can be selected

“Q “Q

\\\\CHZ \\CH2
CH, CH2
from @ @ , or a combination thereof.
10 In yet a further aspect of this invention, the at least one second metallocene

can comprise unbridged m’-cyclopentadienyl-type ligands selected from one

substituted cyclopentadienyl and one optionally substituted indenyl ligand. In this



M2A i s, independently, zirconiumor hafnium X7A and
X8A, in each occurrence, are independently F, C, Br

wo 2000am0y3 , phenyl, nethyl; and R7A and RBA, iPCEHS1007/062555
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occurrence, are independently met hyl, ethyl,
n-propyl, n-butyl, n-pentyl, CH2CH2Ph, CH2CH=CH2,
CH2CH2CH=CH2, or CH2CH2CH2CH=CH2. I n anot her aspect,

t he at Ieast one second netal |l ocene can al so conprise

he f |
(Pt S B AG0® BrRESRT she ol Pompseteh ey metaltocen

Zhhea uumbﬁﬁmbafnlunl X7B and X8B are i ndependently
benzyl, 4, th% and, R § and R8B are
i ndependent I y }@( MY DOSERIT,  n- pMBpds Wherdint y |

gﬁé@%é%ﬁgggﬁfgﬁ% acggggP;gHgo ?LIS aspect of

t he pr €Xnis 4 svaritutah pydldi]&naidldnghgto@n evieedode substituent is an

| ocene can conprise a co nd .havi t he
{ BHH 3 SO AV BB & FmpBeticihf AGphad 38g cyclic roups,
t ogeite ga
e 8ol AESpIESpUAMIRLOHOFR'S, £1 EATBIAGE i s
z Mdl@rmm ome srbshent is @ aaphhtl)ﬂgmqn dtn)a&@naroegroup, or a combination of

ndent | anot her

R dicag: agrs R TR b D Sihonafite
sel ect @d“ﬁ RAI(X *PhrcAing&yERtiaatyt on 1 Rl 88for 1t 1) Y@y dRdcarbyl group
further aspect of this invention, ‘the at |east one
sé@@ng wettal I?Q)c@m@lbalfpf@%nﬂr |CgeB@hbrﬁ)dgehlydrocarbylomde group, a

8%8%8?@3} &d% % orla tgﬁ%éhjoga% %lgﬂﬁ D?ﬁ%ﬂg R}:ﬂ@ﬁvmg up to 20

St | ent a

S ld%bh tatoin®d ot m)zlenmc bt S@EIRJC whtréihiRSais peatkyl gheipair an aryl group,
| east one second netal | ocene conprises an unbridged
nmeiwuPf whishdayiagiupdo 4 hearben aiemy; and

any additional substituent on the substituted cyclopentadienyl or substituted
indenyl is independently an aliphatic group, an aromatic group, a cyclic group, a
combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a
nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon group,
or a boron group, any of which having from 1 to 20 carbon atoms; a halide; or
hydrogen.

In another aspect, the at least one second metallocene can comprise an
unbridged metallocene having the formula:

X)X xMxHMm? (M3-B), wherein

M? is zirconium or hafnium;

(X®) is a substituted cyclopentadienyl group, wherein any substituent is
independently a linear or branched alkyl group having up to 12 carbon atoms;

(X') is a substituted indenyl group, wherein any substituent is independently
an aliphatic group, an aromatic group, or a combination of aliphatic and cyclic groups,
any of which having up to 20 carbon atoms; and

(X'") and (X'?) are independently a hydrocarbyl group having up to 12 carbon
atoms, H, BHy, or a halide.



(X9) (X10) (Xp ) (X12)M3 (MB-A), wherein M3 is zirconium
or hafnium (X9) is a substituted cycl opent adi enyl

w@e@apglopher ei n one substituent is an ali phatiBCOUS2007/062555
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an aromatic group, or a conbins?ion of aliphatic and
cyclic groups, any of which having up to 20 carbon
atons; (X10) is a substituted i ndenyl group, wherein
one substituent is an aliphatic group, an aromatic

group, i natio phatic and
o7 oups 175D BRARH R R Wi 0 e RPeBISatE en cppgprise an

1 inbdidbcd XdedillrEre h@@@@ed@ﬁmlaf 1) F, d, Br, or I; 2)
a hydrocar byl rc;ﬂs{a aV|ngfy ,to 20 carbon atons, H,
or BH4; 3) a hyldrdeanbyl ¥ gr ouppM34C), wherein

hydr oc r a trihydrocarbyl sil
y MW mﬂ%ﬁﬂgﬁwrﬁ i hy yl'sily

group, any o nNg up to 20 carbon atons; or
4) O3R(X9)01rs SEBRtitutovh ey@openRdiciyhnraipk ywheegpio wpe Gubstituent is an

any of which havin to 1l rbon atons;
ﬁp%%y N e BN tieh eoBRneten 8 plitiefigead cyelc groups,
g% ep\%fcﬁ%%ghl Q5 26 €Rsbh highRd i ndenyl s

pendent y an allphatlc group, an aromatic group, a
cycl|c(&rbmpasmbﬁﬁmbdnamﬂ@hgumpahmphatDneadwncymiuxanahpmnw

ou an_ oxygen grou a.,sul fur I trogen

QBN 5 HHBRERUE. oF birsmbIRtar aShlengio Ay cu EaBuR. any of
g%&%ha@nfg‘dﬁt@%cﬁ%&:torﬁi a boron group, any of which
having from1 tg 20 carbon atons; a hal i de;

or
hydr ogéX.") prd 801 wesr ingensadentlyt hB %tch Basar loRd adwdmsarbyl group

TELAhLOFENS, S FRIPLES, 2 B0 TERAL O8NS de aroup, o

Nh?dt@bzﬁbM&nilﬁo giloup Ctﬂlal.tﬁhydlrobéﬁf)ylllsﬂlyﬂ gréuf hny 8f @&hich having up to 20
substi tut ed cycI%%Entadlen group,, wherei n any
sﬁﬁi@t)il #1986 of 8) ORBe peh SOk | yvierein Feais agralio gFrumey an aryl group,

E}y be QIBR:H abfﬁ ﬁqi) 4B chidoh atdil: PAMeAiP EKLBIB%Q &t0 2X]” afl (X'?) is a
S e 1S

tltute group er éi n any substituen
[ hyld!penﬁg]rgrbyp hzm]ag uphna:t(] mr@mmatpms aih, aBHmandt gr oup,
orac (a)urlr;(r) Ia(ﬂﬁ%l&?arf su fStlfaule}l on t Ie%u‘t;as?i(tjutgc}/ gyllcilocpe%tragye?lil’ or substituted
indenyl is independently an aliphatic group, an aromatic group, a cyclic group, a
combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a
nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon group,
or a boron group, any of which having from 1 to 20 carbon atoms; a halide; or
hydrogen.
In yet another aspect, the at least one second metallocene can comprise an
unbridged metallocene having the formula:
X)Xy xMxHMm? (M3-D), wherein
M? is zirconium or hafnium;
(X®) is a substituted cyclopentadienyl group, wherein any substituent is
independently a linear or branched alkyl group having up to 12 carbon atoms;
(X') is a substituted indenyl group, wherein any substituent is independently
an aliphatic group, an aromatic group, or a combination of aliphatic and cyclic groups,

any of which having up to 20 carbon atoms; and



any of which having up to 20 carbon atons; and (X1 1)
and (X12) are independently a hydrocarbyl group having

wa@Ipooraoma3 car bon atons, H BH4, or a halide. | nPGI/UB1007/062555
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anot her aspect, the at | east O?ﬁ second net al | ocene
can conprise an unbridged netal''ocene having the

formula: (X9)(X10)(Xp )(X12)M3 (M3-C), wherein M3 is
zirconiumor hafnium (X9) is a substituted

cycl op ph di 2, 9r.o ubstitue

al i phafl C?grcg{?y’ ) %f cpegﬁ,\é\(f n[ly aril 8roca1%|y groggll_ll}gvmgtup t812 carbon
ohtoads, PhaBHLG candhdlide Wﬁel@ﬁﬂb)@&astaﬁ& off O aedr (K§Vik nghyRocarbyl
to 20 carbon atoms; (X10) is a substituted indenyl

g BEW; BwpieBEi-n one substituent is an aliphatic group,

an aro r [

cyel | C@Cg%ﬂé%ptg tﬁﬂpa:sp&;t %%PF]& a@%e'né%@%&f m%ltaélgpéh c%naan&i) comprise
atoyrscon{bidatibh afi dne{t%lldb)snar having eme nﬂmmlay CO)CEYONXHM? and

o WP S BB BB 0 g e

aThydE aRa 'étb%!ls"i‘ BhOQBhPHRtalREerR dah 'caﬁgﬁ%ﬁfybdbln%lﬁaﬂon of (M2-A),
group, any of which having up to 20 carbon at ons;

4@@& (M2-60s(2-Dh VISt A), RM3-B) oM 31Ky (Mgr D) mroimyammblnatlon
aﬁ§%%ﬁxoup, any of which having up to 12 carbon atons;
ein at least one (X1 1) and (X12) is a

hydr ocanQyin @isO4pediaihl Rg 1daBt i oMo Man atdo @mprise an
BH4; and any additional substituent on the substitute

c yiobiigssd magialasgne bpving ths formulasd i ndenyl i s
i ndependently an %%Iph tic group, an aronatic group, a
cyclic group, a c \ of aliphatic and cyclic
groups, an oxygen gr Od group, a nitrogen
group, a phosphorysa bup, 30 arseni c group, a carbon
group, a silicon é%nPAor a boron group, any of which
having from1 to aghon atons; a halide; or
hydrogen. In yet aspect the at | east one
second met al | ocengggcamgonpri se an unbri dged
net al | ocene havi ng the fyhinul a: .

(IVA), wherein

M* is zirconium or hafnium,;

R**is H or CHs;

R'** is H, CH,CH=CH,, CH,CH,CH=CH,, CH,CH,CH,CH=CH,,
CH,CH,CH,Ph, or CH,CH,CH,CHsj; and

X"* and X'** are independently F, Cl, Br, 1, benzyl, phenyl, or methyl.

In a further aspect of the invention, the at least one second metallocene can
comprise a compound having the formula:

R9B\(®/\/\

CI\M_?,B--““CI

R1OB (IVB), wherein

3B . . . .
M™" is zirconium or hafnium,;

R”® is H or CH3; and



(X9) (X10) (Xp )(X12)M3 (MB-D), wherein M3 is zirconium

or hafnium (X9) is a substituted cycl opent adi enyl
w@e@apglosher ei n any substituent is independentP@I/EaS2007/062555

| i near or branched al kyl group Eaving up to 12 carbon

atons; (X10) is a substituted i'ndenyl group, wherein

any substituent is independently an aliphatic group,

an aromatic gr oup, or a conbi nation of aliphatic and

g%/glrr;sc gﬁggﬁi n@—flz(cﬁz(;ﬁﬁre |ﬁggg§ dgF% yc@ﬁmCHzPh or

hymz@a;—gcblyCngoup having up to 12 carbon atons, H,

BH4, or a halide, wherein at |east one of (X7) and

(x8) i &n atilyapthehreect ghoah least oy seand mialiagepe can be selected
this aspect, ~{he at |east one cond netal | ocene _gan

al so conpri '
t he formul as7{'X5) (X6) (X7) ( X8) and (X9) (X10) (X

) (X12) MBclaaber@hn the substisugnia and the netals aee
defined abqvg,. That is, the.at \least one seco \

nmet al | o%r‘ conprise @ nati on of
(M2-B), S (MZ D), (M M3-B), (MB-
-D), or any atlonthere ointhrs
ag%@fbt, t he at C?Iéast one second rr(]étza Gcene can al 862"
conpr i n unbridged netal kqcene having the for Ia.
(1 VA) Ais zirc fnium ROA
or R10A is H CH2CH= CH2CH2CH=CH2,
CH CH=CH2, CH2CH2 P sNGr CH2CH2CH2CH3; ! il

X1JA.angd X12A are i ndepesAd -—\ F, d, Br, I, l,
@po nmethyl. In a 1\4 aspect of the
eatign, the at | east Ovfe sgcond tal | ocene™an
5 conprl se(cﬁ)&gmound havi ng t he“fp a: (1VB), wheréfn
Cl\i\\\Cl Cl\f\\\Cl @/\/\
Cl

Zr.n\\\cl

o
@,
o
o

o
po:
be.

CH,CH=CH, | CHCH=CH, " or any combination
thereof.

In still another aspect, the at least one second metallocene of this invention can

10 comprise, or can be selected from, any subset of the second metallocene formulas

illustrated above. For example, the at least one second metallocene can comprise, or



MBB is zirconiumor hafnium ROB is H or CH3; andR10B
is H CH2CH=CH2, CH2CH2CH=CH2, CH2CH2CH2Ph, or

WERBCHRGF®CH . I n still another aspect, the atPCBHS1007/062555
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15

one second netal | ocene can be ézlected thereof. In
still another aspect, the at |é€ast one second

nmet al |l ocene of this invention can conprise, or can be
selected from any subset of the second netall ocene
formulas illustrated above. Fop _exanple, the at
one second netal | ocene can co
from or atl y conbination t Ina furth
aspect, the netall ocene compQn ngaof this i nweal ] QRe
that is, the at |east one fj| sﬁ net al | ocene apd

| east one second netall oce
nmet al | ocene or conbi nati on
havi ng t he fornula X1) ( X2) ) ( %) - conblned wi b
afd seddnd #eHd ocdiRELor conbi nat Fon  of »second 2R

nmet al Lecenes haV|ng t he for-mlas (X5) (X6) (X7) ( X8) M2 or

( X9) X12) M3, whe @r he—sybst i t uent's©

t he | s are defined heré That is, the
naL&gmene conponent cafimscanpri se any first cal o

meLa ene or conbinatigA df flrst net al | ocengs '

ha P-B), or any co \On

R £ _ N ond netal | ocene
conblnaq?%gjg§ nmet al | ocenes h &hﬂg{&pe formula (M2 o, |

(M- B), '(M2-D), (MB-A), "(MB-'B), (MB-CO),
( MB< any conbi nation thereof. FIGURE 1
illu te fornmul as of sone netall ocenes that

were ysed as disclosed in the Exanples. The
Crgah *dni num Conpound | n one aspect, the present
QN provides a catal yst conposition conprising
[* one first (ansa) netall ocene conpound, at
Iea t one secondnetal | ocene conmpound, at |east one
act i vat or*“"and dﬁ@ﬁbﬁ@ﬁb&mﬁﬂnﬂﬁﬁ@f one co- catalyst

Such 2387 O3RN DU on O SEORELIL Yy . e
bidastesre firet mbtalibdead ahd theampasinshewetdhdt hetalleuentll can cornprlses any
first metallocene or combination of first metallocenes having the formula
XHEAHXHXHM!, combined with any second metallocene or combination of
second  metallocenes  having  the  formulas  (XO)XOHXHNXHM?  or
X)X XXM, wherein the substituents and the metals are defined herein.
That is, the metallocene component can comprise any first metallocene or
combination of first metallocenes having the formulas (M1-A), (M2-B), or any
combination thereof, combined with any second metallocene or combination of
metallocenes having the formula (M2-A), (M2-B), (M2-C), (M2-D), (M3-A), (M3-
B), (M3-C), (M3-D), or any combination thereof. FIGURE 1 illustrates the formulas

of some metallocenes that were used as disclosed in the Examples.

The Organoaluminum Compound
In one aspect, the present invention provides a catalyst composition

comprising at least one first (ansa) metallocene compound, at least one second



wherein (X13) is a hydrocarbyl having from1l to 20
carbon atons; (X14) is an al koxide or an aryl oxi de,

wa@ry7ab108si ch havi ng from1l to 20 carbon at onsPCHaRI0d®062555
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or hydride; and n is a nunber from1 to 3, inclusive.
In one aspect, (X13) is an al kf} having from1l to
about 10 carbon atons. Exanples of (X13) noieties

i ncl ude, but are not | i rrited to, nethyl, ethyl,

b
anoe?% olgeléegctbc)én oungxé/t fyact \%20%; X%opgt%olnggy a‘h iﬁals(t Oone &- -catalyst

b@lﬁchaﬁﬁ allﬂ @tgdnbﬁ]hhﬁﬁlrﬁ Qonﬂmhﬂﬁw ,Orgéﬂd)ytlumlhﬁlﬁpc[dhmdunds that can be
, .h-butyl, sec-butyl, isobutyl, 1-hexy

211FF‘é1><19Ith15 Fvgabig mCI%iéHébt $I¢ no igtited to e@pmundam&l thg dormula:

i ke. In another aspect, é‘]{ %&ga@ be i ndependently

sel ected from fl uoride, or i"de, 7B oni de, net hoxi de,

et hoxi eerain (XY ylisi ajbydrbmyﬁthaamgtm 1a:spm)c¢arbc(n>@t4ms c(éﬁ“) is an
be ch| ori de. Inthefor Al ( Xl ( X14)

nafBarerr g aylpyds %%rfg‘ghlelé having @bﬂé%gfarhﬁm agongs, halide, or

TRedY&, URd Af ish hﬁnﬁ&tfrérﬁslt fd §LRbIubiQc P&n Je | a@ﬁ&g &%") is an alkyl
therefore this formula i ncludes sesqui ha I |

c (hmaogl sy 1 ¢t bleut dP garbon latomisn UEmaoiplisst er(Xc 0 mruncmﬂsgncladﬂj but are
Ge I f I
cBpUAY Prae g hrttg SERR Gt e DBRY T G mard e tke. In

b'dﬁotﬁéreasﬁb@ét ekarhpied of gx”I mhbtks! 1Ak, "M £ORBOURGSd to, methyl,
di al kyl al um ni um hal i de conpounds, di ‘al kyl al unmi num

alctaki ld@pr@nﬂp@umsyl di- Ialtklylsammyhuwphwlr i ldbewén%dl@ﬁﬂs 3-hexyl,
Cos%lﬁgx hé})%ﬁl ?thll alﬂﬁ ﬁ? fh}<e {gﬁ other Q{P %ﬁﬂ?% Aty lflye 31%5” cpendently

|on Acl

b@élec&tﬁ@ lﬁfﬁ);ﬁt flubfiild, Etﬁhldrﬁiet btc{iﬁlﬁﬂyﬂnaﬂhumde UBtEomdle ?r hydride. In yet
triethylal umipum tri pyl al uni num tributylal um num
t PRQtACTHASPSAtAPU iRl kE G’%RIB triisobutylal um num

(TIBA) 'hll tﬂlﬁé ?&Mlaﬁ'Aﬂ{%%{%”# Lr 1 hsiohexy Ihﬁétugbﬁ]lu[nto 3 inclusive, and

trioct um num um num et hoxi
dltym@kbh;rt yll ial umThineahyedof deis mbk etsuydted voribaum oidgor.i therefore this
| f the particul ar

" Suate el 3@%{5@5@@ 2{9%91{0%% 8His6a P B g gmpounds
ensPmRass. all isomers that can arise froma particul ar

speci fied al kyl group. Thus, in another aspect,

ex arrpl éenofallpr ganphdswfi quatnoabmquoumd@mmgndmﬁmt e bsestd in this
| 1nven{1on include, but are not limited to, trialkylaluminum compounds,
dialkylaluminium halide compounds, dialkylaluminum alkoxide compounds,
dialkylaluminum hydride compounds, and combinations thercof. Examples of
organoaluminum compounds that are useful in this invention include, but are not
limited to trimethylaluminum, triethylaluminum, tripropylaluminum,
tributylaluminum, tri-n-butylaluminum (TNBA), triisobutylaluminum (TIBA),
trihexylaluminum,  triisohexylaluminum, trioctylaluminum,  diethylaluminum
ethoxide, diisobutylaluminum hydride, diethylaluminum chloride, or any combination
thereof. If the particular alkyl isomer is not specified, the compound is intended to
encompass all isomers that can arise from a particular specified alkyl group. Thus, in
another aspect, examples of organoaluminum compounds that can be used in this

invention include, but are not limited to, trimethylaluminum, triecthylaluminum,

tripropylaluminum, tributylaluminum, triisobutylaluminum, trihexylaluminum,



i nvention include, but are not limted to,
trimethylalum num triethylal um num
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triisobutylal um num

trihexyIaIuninun]triisohexylal6ﬁinum

trioctylal um num diethyl al um num et hoxi de,

di i sobutyl al um num hydri de, diethyl al unm num chl ori de,

or _.any c i.nation thereqgf. ln one aspect, . the present, .
R SRR Bhas s ol s RleuR et oo RETK R one Uioxice
f idfissbubgilahlinge ARdridel gethilaghinneh dheridy, of &85dontbigation thereof.
second netal | ocene, or precontacting both the at | east

one fi MEPNGHAENECRACPRABYCIEAB CHRUBINGSHPI Aot @ dic at least one
a@iqst(?}%tél%@ﬁé & &Icﬁlﬁ%ﬁlergt’ NIESne @gncpﬂlte#a(ﬂg9411|e¥01615recontacting
| east one org hoal n1co-cat£fyst, to forma

pibethaiht acteast amiexirsrand the aolcadt@ne sadoadtmdthllenes, and optionally an

precontacted m xture th any activatqr, . such as an
a1\ anBRerasyp PP“?I@WV Git g 8“%8%%3%}%286%% §?‘.Cat\?\g’éh to form a

t B?e_c@ﬁ’tta@t'eé[' %ixﬁﬁ’&%ﬁrtt.b QBniast MiEPRESHadtBd hﬁ&ﬁr%ﬂﬁearny activator,

typi cally, though not necessarily, a portion of the
osgdneal amianuvatessupaodl ystiovontheuadiveanatblystadddticn othe catalyst
the precontacted m xiure and, anothe ortion of the :

o FRRERT i TR G BO DR G HaR - 58 G GethoRgh ppighecessaffya portion of
P @Rt Mt AGHSR U o6t dht By rc@ﬁh?b@ﬁ’d YheER: ddied R6 8ottt Red mixture

m xture is contacted with the activator. However, a

N
ofnd hnogicgapetiPuneinthe copgroahinicem pempeed con pdrepdded to the
DS SR bRt LR B GRRYRSLR G gprsced i

C asparentfovedsr, Rl el agheshliminanycodifd@nd ichn Beluiddab@repare the
steps, or .all the catalyst conponents can be contacted

aratshypsiamitiraiheypreatagtipg of pAECantacang gl ehliqragiively, the catalyst
F‘d&rg) &Ee'ntﬂgrﬁ bk h&ﬁta%%l B Ay %?&éfrqnnﬂfﬁ}ltﬁgm%&dﬁr GANthRecatalyst

use In either the precontacting or

p osmpomnascdanbg cohtapted ar substaatiytlypthe sanktismeiima winglehstdph e
catal yst conponents are contacted. \Wen an .

or ganoivﬂﬁ?rn < OAD 6N ArgaBoal e ?Pfﬂlfﬂuflﬁ% Fan B¢ w5, in cither the

B?ec_@ﬁ'fﬁé’tﬂ{%'s‘op{he Aroaakbig P SOMPANFridb@Rt 38 Sfhich the catalyst

t
herein include the total anmount of organoal um num
c soppomats e dottactbdt Whichen praooaltaet e cempound is added in multiple

ostcoptacted mxtures, and any addjtional .
o GAT AFROATH X B ARATR & OB 3Eioysh porsia ingiyde the total
r el -of ThegRbouhimiret 3bmpsidntiGe®f i BRARNOMUPriddMacted and
conpounds are di sclosed, regardl ess of whether a

sippyrententesamoeiicn adninyoiddinngl prgangademingm espround added to the
?@g]iy%ge?i%&%%l %g&tgru nﬁ“lgrf]eggrr'f.:e)?el;' I:c]cg[al Ao RO 5pc?rrga&saﬂﬁﬁit1mm compounds are

or ganoal um
disclosed, regardless of whether a single organoaluminum compound is used, or more

than one organoaluminum compound. In another aspect, typical organoaluminum
compounds used in this invention include, but are not limited to, triethylaluminum

(TEA), tri-n-butylaluminum, triisobutylaluminum, or any combination thereof.

The Activator
In one aspect, the present invention encompasses a catalyst composition
comprising at least one first metallocene compound as disclosed herein; at least one

second metallocene as disclosed herein; optionally, at least one organoaluminum



conmpounds used in this invention include, but are not
limted to, triethylal um num (TEA),
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conbi nati on thereof. The Activgg In one aspect, the
present invention enconpasses cat al yst conposition
conprising at |least one first netal |l ocene conpound as
di scl osed herein' at | east one second netal | ocene as
di scl ose opt | east .one .
oF SERBER, A F e o8 e R Y Rrng SRBest 08t lepopy sctypeor can

apet ahﬁracaw@[cmppbﬁe séltctb@ aémonesotidt byidt Oficatd@n with @R electron-
activataor-support, selected froma solid oxide treated

\WW EViBg é%lpﬁo%MYFf?érfaWeWé: gniogrexchanggghle agfiveiqiesugport, or any
n%Bﬂlaﬁeﬁ? ﬁl%ﬂ% c?rgaf,}fbta fufFh lan UOR ms&hrd & oF3¥oboron compound; an
Cco thereo a dc 6{)

I'nati on n or ganoal unt noxane ¢onpoun
o bganaiedto torapsgdd UertEny anmbing amo biOagt of tiearpaivatbys; efichadtywhich is
conbi, %aon of any of these activators; each of which
igﬂﬁFgg ' herein. Chenically-Treated Solid Oxide
Activator-Supports In one aspect, the present
i nventi on enconpasses catal yst conpositions conpri sing
aﬁ%am&hﬁaﬂban&ﬂﬁgﬁdthmﬁmwbﬁhnaaﬁmhevmor can conprise, a

oed | 3 cHifbPRRES oRS e G aRoS LIS i Btingomfositons

| Bo ?ﬁ§1ﬁ§ hn A8PR&r-subPet, AChikl 30 be, Y RRR hmPASH fal heSidlly-treated
| east oné solid oxide treated mnth at | east one

ebelet pyidenkndhivhac rsgty@maﬂm uswh em @pmbméog ovifhy apxirganoaluminum
g?grllrl\Bgun ' IIn a‘rthgll éjsgllep[ hesaI lV E?tlé lggfnprlses least onte solid oxide

nophosp nun1p osp ne Al
helcetc® pathyitusgs bat eRctrén-hathidRwidd bEIORA] @hetﬁﬁgﬁhe?sbﬁd ox1de can be
boria, zinc oxide, m xed oxides thereof and the |iKke,

obilighy dliRingr esilisa-elgmiia agiusrnenhoprisfe. ahunigmer gibaspinte, zinc

elaﬁﬁﬁlge?[’g, %%Egﬂ%gga@pltﬁ%lg aquclaﬁlaf nggﬁésgae 'bplfqlé” ﬂﬁé g)@lde mixed

brom tri'flate, bisul
f Iolxlmlem bHeraitf eandf tha dikosor éin@)t |jxttnei drl coarbdeatieh ab@cof; and wherein the

or ophosphat.es, fl uorozircon orosi|jcate, :

f el MUBHERANE SBioRaTGaha o Neidis Qgorpide, Ph&sphate, wiflate,
U'B?s\:{ﬁﬁ’t%' tyiged, ahkABss s Oﬂéérgsulﬁwstﬁﬁdbtr@ﬁeﬁfe fluorophosphates,
unsubsti tut ed arenesul fonat e, I'i ke, of any '

c dwbiozatémate, t hﬁu@romhcéthe ﬂoonoumnates Slmpfoattganatcl udelsstituted  or

t r1]11(?su(f>stlttu"[ae%t algaru?ecslﬁll ona e & st%tﬁtaeatorolql?su S 1tut%d arergesulfonate and the
like, or any combination thereof.

The activator-support includes the contact product of at least one solid oxide
compound and at least one electron-withdrawing anion source. In one aspect, the
solid oxide compound comprises an inorganic oxide. The solid oxide can be
optionally calcined prior to contacting the electron-withdrawing anion source. The
contact product can also be calcined either during or after the solid oxide compound is
contacted with the electron-withdrawing anion source. In this aspect, the solid oxide
compound can be calcined or uncalcined. In another aspect, the activator-support can
comprise the contact product of at least one calcined solid oxide compound and at
least one electron-withdrawing anion source.

In one aspect, the activator-support typically exhibits enhanced activity as

compared to the corresponding untreated solid oxide compound. Thus, the activator-



conpound and at | east one el ectron-w t hdraw ng ani on
source. In one aspect, the solid oxide conpound
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optionally calcined prior to cagtacting t he

el ectron-w t hdrawi ng ani on source. The contact product
can al so be calcined either during or after the solid
oxi de conpound is contacted with the

el ectron-wit hdrawi ng ani on, source. In this ,a ct, the .
oGRS SRR SRS ol SoaRalRE T solPponding

anetr&iesd asigestide.t WehiRaiot ating HPPObdurdiasy thesm! itSe behdred that
contact product of at |east one calcined solid oxide

c Sifp BEHEAriYPRArt | skunglin ap sotif opkids SHeRAWRS gorwPrRd with an
S .C l-n..: ; i - t i

i i, By, bYGoRf bilhily RHPRA | coliKAIVR) lofmed an
c Gaateapogidiungtian) by eatakehisg tHednexi-ligand dimpd boheel lat snionic ligand

the activatorsupport can function. as a catalyst . o
aéhd %rafta g tﬁ%ﬁ%@ﬁl@ae% e 3596 AFESIIRYPRYT intqnaideesd to exhibit
sqh "‘Qct%ﬁﬁig : fu%ﬂiéllﬁ r%ﬁrdlbﬁtmeﬂ%r t0is B6ni RAURY nfd¥allocene, abstracts

theory, it is believed that the activator-support can
f ancanignc degasd| fod faori de ®wppar.t wegkansnthoumdtaldigéndabhond in the

addi tj onal ionizing, polarizing, or bond weakenin .
FaeleBe sitecepaug Eriettaic Haetd Dher Rronictine activator-
f YiHorOBr aRy oMeAKRBhAMGESy WBIR ivhiz8R) doRARH:b&t ¥RRINweakening
an anionic ligand and the netal in the netalﬁocene.,- ,
Thught ackher. aatirepariog thaupgailacenesbaseh sitefstegmpesidorhefiphis invention,
an_ " iLyvating” . f.unct. re | ess,.0 Lot is. .

"I, LR Y DS ahEPRITRO L SHARPRS i vices o

t acthatablcdipah®Buchak bn al@bdeydrilhiegaie t@the nhd@didderROidlutdihg but not
the netall ocene, sinply. coordinates to an anionic

| e ta depst ane opgppgdpRinuReconyouydvdics thsgaetellocgpe gomgpound does
0 Qﬁﬂi ich ionizing, polarizing, or
b%ﬁ%ﬂﬁggﬁenlﬁggﬁpgﬁ#ﬁ%%%ur. In preparing the

nmet al | dc stile alpalse chspart,ahy sdtivamnsogpdri @ithsfintdntion comprises a solid

i nvention,. the activator-support . .is typically used . .
alohg U %dsn@%mi; R REIC IR H ey dordingtpa;ofhegeanic oxide
| i ga0 s Ueh i@?ch@ﬂli%!l@}ﬂea% WA ra:nd&_eétfcglaxﬂghdrgwfﬂ%ecomponent, and

met al | ocene, includihg but not limted to at |east one '
oogaeradly uratadnweb mp demst onevedrer trhedalnenal Towetle: sdioxidd of this

does ﬁq} alre%gy cog&rise.spch a li aqd.‘]n %iiud” mpound
2 DR SA5585SSG e oS g 3 R B. “eiixed oxide” compounds
| QY@ i &OMRminResr &ilkAlifohiA0bO aMica-tRX4iisle an@t@hdbiations and
a m xed oxide material, or a conbination of inorganic '
oxiig@res thereof. The mixed metal oxide compounds such as silica-alumina, with
more than one metal combined with oxygen to form a solid oxide compound, can be
made by co-gellation, impregnation or chemical deposition, and are encompassed by
this invention.
In yet another aspect of this invention, the activator-support further comprises
a metal or metal ion such as zinc, nickel, vanadium, silver, copper, gallium, tin,
tungsten, molybdenum, or any combination thereof. Examples of activator-supports
that further comprise a metal or metal ion include, but are not limited to, zinc-
impregnated chlorided alumina, zinc-impregnated fluorided alumina, zinc-

impregnated chlorided silica-alumina, zinc-impregnated fluorided silica-alumina,

zinc-impregnated sulfated alumina, or any combination thereof.



materials, that is chemcally-treated with an
el ectron-w t hdrawi ng conponent, and optionally treated
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oxi de of this invention enconpaéses oxi de materials
such as alum na, "m xed oxi de" 'conpounds such as
silica-alumna or silica-zirconia or silica-titania,

and conbi nati ons and m xtures thereof. The nixed netal

oxi de nds such, as silica-al um .
one me? nR%tﬂ Iasrpggt the ﬁCthatOI‘-SHpPOI’%I g rqﬁrlls 1n§ qtloa compalges a solid

C ORjale Ustlrel £iaplydRighasteodity, @ﬂn@ﬂekl@bit@memmélﬁﬂtnaﬁ Bashs@d acidic
chem cal deposition, and are enconpassed by this
i Releiqron. Then sglid oxiddst frerc hewiraly-tisated hwthi #y evgation; withdrawing

:Tgfgm?&i n}’},a@/ﬁ Cﬁﬁg%o El‘éctﬁr&{-&/ﬁﬁgﬁa’ :a]lg e rtT? fgiﬁ \?dle ?é’)[{vator-support.

S zinc, nic
c Opipkr potgaltérdimg td ibe, bdumﬂgbs;t el forbdwibg esatemeray itaisybelieved that
conbinatiﬁ t her eof f activator-supports

t HSRtEE P lggligﬁpllcSOén(E WEL egectrﬁgtvgﬂt rAMINgG HeMpgacnt augments
b'dl; kB cBOthel dcifyesE the oxFdNCTARY §ANRLRtof RyPord&hibits Lewis or

alum na, zinc-inpregnated fluorided al um na,
z Bmcnsmqgir aghpt eticbhb gmicddly sedtércthamtheni.evas or Bronsted acidity of the

t.ed f ' | -al um. .
2 REs b saahidn Onfmaebi s vl Bl etmpichapicgy-teated
t lﬁﬁdl Affredtét JRL HEHc ARRERLs 1stﬂ'jiec Afdrivy ttﬁé SHBRSIZAtiEH activities of
this invention conprises solid oxi relatlvely

h ﬁ@irqgéﬂdc@dwtremd @hldéS(‘#ﬂdSir pgd E@Wygechma@ﬁl@mr Br nst ed
aci dic 119 5 ct theb ?khe 1|célpy {%éatgcfe sdlisd rl&é“ {:gr%*nlgerst rseo"illd 1gorganic

with an eP conpon ent

ebeft rc@ﬁhpWsihE @&@gwnr@lda«n lcam, onb@lefnﬁnlmsélected from Group 2, 3 4,5,6,7,
activator-support |l e not intending to be bound by
t Ke9f ) |1éwl?ng}3si‘ht0ér1érﬂf thg perjagliyiaplce Qeeprivzning Promeneid at least

Obnd REAGOTARBCG Mhdfe Mlalﬁﬁe %kea%hﬁfa | 1 %faﬁ aV\CeSQQ Hawley's

conponent augments or e ances e acl
O)Ciodéens&'clh (& emidué Diﬂtanw@t drl " skirtbplartin ‘é’xlbyl& Send; eOS; Gotton, F.A.;

ted aci whi S |caII ater than t ;
Mg, ﬁ\é'tlélép ot fg pgd B i f"é%dsfewganeﬁef@mm 6"
OE% erléWHltéf@Cl&%nUg ? RGaIRC il 1ﬁé(rggﬁlc bRRle comprises oxygen and at

chemicall y-treated untreéated solid oxide materia
i deabtyorpogtpaentrsglected fthNBBI Bat Bof dacioi ¢irt CesFoiGa he, Mn, Mo,

e e S O A AT Rer YT AR Cal |yt eat ed sol i ¢

oxi de Gablé sREmPleS 6f kélid MHad@atatEials or compounds that can be used in
the chemically-treated solid oxide of the present invention include, but are not limited
to, Al,Os, B,O3, BeO, Bi;03, CdO, C0304, Cr,03, CuO, Fe,03, Ga,03, La;03, Mn,Os,
MoOs, NiO, P,0Os, SbyOs, Si0,, SnO,, SrO, ThO;, TiO,, V,0s, WO3, Y203, ZnO,
7ZrO,, and the like, including mixed oxides thereof, and combinations thercof.
Examples of mixed oxides that can be used in the activator-support of the present
invention include, but are not limited to, mixed oxides of any combination of Al, B,
Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, P, Sb, Si, Sn, Sr, Th, Ti, V, W, Y,
Zn, Zr, and the like. Examples of mixed oxides that can be used in the activator-
support of the present invention also include, but are not limited to, silica-alumina,
silica-titania, silica-zirconia, zeolites, many clay minerals, pillared clays, alumina-

titania, alumina-zirconia, aluminophosphate, and the like.



oxi de conprising oxygen and at |east one el enent
selected fromGoup 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
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oxygen and at | east one el enent 8sel ected fromthe

| ant hani de or acti ni de el err1=:nt§1 (See: Haw ey's
Condensed Chemical Dictionary, 11th Ed., John Wley &
Sons 1995; Cotton, F. A ; WIKki nson G Mirillo; C.

V\?III Fﬁ?arga?sggé\{l ofAfﬂls T§%g amdcoxg@%m %erlaY 1S 6hermcally-

Il ence, I nor gani
oineaed Cb@mbhta% axygieat fask @e élaa&h \Oi'ﬂlﬁir@\lvﬁllged’dmponent typically
selected fromAl, B, Be, Bi, . Cu, Fe, G,

an clggtrompyithdrawing anigp smgﬁe gprthqrhthe-lsphd VXWB rpater\yal 1gﬁptlonally

héfnca ﬁg'trt%ﬂpél Qmﬂf(a‘g@éa@ts ogé Ioﬁfélr Igetglﬁgo% éﬁ'%t C%Ell 94 hePbame as or

npoun at can use n the ly-treate
sdiffejiemxfrda ady tniealpelesent tHanwenstitotes ithe lsolé, oxdidd naateial, then

CPHEITECOIOr b R BRI 5 Gl B BTy reated sold
P%géle %th%%ﬂveglzcg solg‘&gde 1%5Qr1al-r5}@2an elén-WitBaw¥EBnion source

and the like, 1ncluding mxed oxides
th@r e@ftactahdtnd odabdimek smnétantcelsbfof ThExalﬁ'fbllOésbwahnb(dd: oxide is

b th t
Rl B 0 DefforaR oy iteCordiinet bHGTSSHIE ain geid of an

MekBloslitiamwahg aMiorns OibiuAad i B Bf né¥ hnﬁsedB% @umgo%o gelling,
Co, Cr, Fe, Ga, La, M, M, N

Si,” Sn,
Thmprﬁgnatw)n qj\‘lonv coz]qpougd ontgmjjlothffé qnm{cbe hg‘( aﬂ"ﬁp@gllbffollowmg any
Ift%ctﬂ%rl%gt%o %E c% ct%g ?u(iie o? ord?ig c%%g) ééscﬁtg) - 1Ithdraw1ng

esen |nve I on a

I lai‘ﬁbheﬁldt@,tloﬁdtlly tﬁanii’lta.l%lﬂla,caﬁ:[ﬂedCa titania,
silica-zirconia, zeolites, many clay m nerals,
p| | | ar dd° cslespon-withdrpwing cmpaicna s fa-itert dishioaide can be any

Hﬁb&%’ﬂ Qanl'ﬁEr%a%e@ntﬂe tﬂ%\/lg o!f JosBd fad cflt@/leéf APt BLide upon

his" I nvention e sol e mat er 1
clttemtm:atl yir eat egbpbot, cthmteﬂmtmngmthdrazwmg aimpeeast 1ongpically an

el ectron-w t hdraw.n ent yp ically
F@&&r%ﬁvl ARG HA sfrw %&rsefé ﬁir?éroahe{ gemggdg such as a

0Xb Qg1 BoBhic 3éorﬁp%uﬁ@ tthad n@llnl e eI Gl ¢- 5rr ?@Eﬁgor"\fotr Rhat anion.
at | east one other netal ion, that can he sane as

oExamplee rod| rﬂled’mouﬂwma\nmg adnigiseimehtic,t lbuit arc cms tlintitedeto, fluoride,
Lgﬁlgpg Sr)[r iﬂd ngl t erl Iitlarrt]rgp ggﬁalé[%,le 1s glﬂfart% afluorobomte
cli@Biosalfity,- t teatedaceelté,d PrbgateAl tﬂlﬁcﬁréf}hdéﬁﬂla}te a feetdzeconate,
g?é(llygfepéﬂnlacgtee“ afl‘luoargt?tageﬂeel epceg*rglgryga\rllmattehdrs?l\{)mstﬂgtegm %P unsubstituted
alkanesulfonate, substituted or unsubstituted arenesulfonate, and the like, including
any mixtures and combinations thereof. In addition, other ionic or non-ionic
compounds that serve as sources for these electron-withdrawing anions can also be
employed in the present invention. In one aspect, the chemically-treated solid oxide
comprises a sulfated solid oxide, and in another aspect, the chemically-treated oxide
comprises sulfated alumina.
As used herein, the term alkanesulfonate refers to anions having the general
formula [R®S0,07, wherein R® is a linear or branched alkyl group having up to 20

carbon atoms, that is optionally substituted with at least one group selected

independently from F, Cl, Br, I, OH, OMe, OEt, OCF3, Ph, xylyl, mesityl, or OPh.
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acid of an el ectron-w thdraw ng ani on, includes, but
is not limted to, gelling, gelling, I mpr egnati on
of one conpound onto anot her and the like. Typically,
fol |l ow ng any contacting met hod t he contacted rri xt ure

o] OXI el ect.ron- vmthdravvln ni.on,
opt' th dna ';']% frg]?él?tgl rna\é be. refegrgdcﬁonaés " S%Rs%tuted or an unsubstltuted

ehﬁ;@hé@[foﬂuté hai end Ageapipangniordipest the alﬁiﬁ@@hlfbrﬁwe eadl it8re up to
can be any conponent that increases the Lew
Bl Aselgnéqras-t {n yiothgiassst:ithe abkiyheroup o thy @gﬁnﬁéhltfonar%can have

0 p e n
OO 3P, RS 51T A % SRR . o o
salkhnesatfomaedinclode,dtul ere o hipoted do, stuethaesulfonacd, aﬂllah@ulfonate, 1-

o gg{g}i & 8\2% gﬁ@%{)}%{?pgl %a‘%e( gxﬂ@%}’l@fé&%{ﬂ oena(‘.[)er trifluoromethane-
elsﬁ%t{a%] W AT 2R IGSRd, NCl WilEronRianBlifroR Rk, 1-hydroxy-
limted to, fluoride, chloride, bromde, iodide,

phtt@pftsatfenatt r Rﬂﬂyétoey-prmpaﬁeauléQnaWI lf-memoxynupmpm@s@lfmate, and
glr osul fate, trifluoroacetate, phosphate,
IE? }lif’phosphat e, fluorozirconate, fluorosilicate,

f' uor ol§ARAtBed PRIIRNGRNREAR, arshtRakbiand @6keR to anions having the
unsubstit ut ed al kanesul f onat e, substituted or

u@glllﬁﬁélt formuled AaT AL W]@ﬁfaltﬂeAr avichnt a1l Eidke, havingl wdind? carbon
‘% n{g %ﬁal{ ? ) 95‘19.1110 oanBktn[at 1§h tap? 2§00 (; ér%u?%glesteg rlhdependently
8 H oundes t at serve as

s@mm:ESCIf Bf IENE$Et e)lrem rom @MehoEa\@mgomi OEng,CIHﬂoﬁOQB Thus,
be enployed in the present invention. In one aspect
t Hie P HEINRIE. rrayathed TeisITRd Bxiddeacoiiuéel of an unsubstituted

S li
CASREinae, 16 oREyHEer HarPeBFNBle ARRE ol i have up t0 10
Asarber chitdrey. eilm andther aspeot, ahdk anryé udbfpoofathe arefi@nBodade can have 6

ani ns havi t he general fornmuja e

Bar QN 4tonysy gg ryebi‘nogli‘eé REPREH eéﬁl’i@‘es @£ 6‘1?56%‘1‘39?%55 {“618% are not
CHLRRA afo n%en%&éﬁulf(ﬁla‘&pt '&%ﬁilﬂalén@%%hét%m %dtol’MehghuﬁBnate m-
| east one group sel ected independently fromF, O,
I tol@ﬂesmmeqa 5-xmﬁ&ulﬂ@hatexyﬂlﬂ/ulorome@pgydenzenesulfonate trlchloro-

T B P Rt R SRR, LR oot
OB@nz%ﬁ@s@l%natE he flablopknAdnhPfofite! hehdidbrnsdbfionatee dalydroxy-
h%ﬁl?meubpen;e%esulfonate, 3-fluoro-4-methoxybenzenesulfonate, and the like.

When the electron-withdrawing component comprises a salt of an electron-
withdrawing anion, the counterion or cation of that salt can be 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 between the cation and
anion, hygroscopic properties imparted to the salt by the cation, and the like, and
thermal stability of the anion. Examples of suitable cations in the salt of the electron-

withdrawing anion include, but are not limited to, ammonium, trialkyl ammonium,

tetraalkyl ammonium, tetraalkyl phosphonium, H', [H(OEt,),]", and the like.
y yl phosp



12 carbon atons. In another aspect, the al kyl group of
t he al kanesul fonate can have up to 8 carbon atons, or
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of al kanesul f onat es i ncl ude, §b are not limted to,
met hanesul f onat e, et hanesul fonate, 1-

propanesul fonate, 2-propanesul fonate,

3- et hyl but anesul fonate, tri fI uor onet hanesul f onat e,

trichl tha sul f onat | or ul fonat e

1- hy dr %Xl)gl%g%h%\ 1ni1t]10nr§a?8né or rnore (P erenta Qec ron wit (frang anions, in

ZVE}Mﬂ{gJWp&tlbﬁQ Ran &8s wkédwataBor the specific acidity of the activator-support
| - met hoxy- Pro panesul fonate, and the |ike. Also as
C

udedhh élfwéreﬁ vele (ONHAiBRtORE | Fleftimne withdigiing gompprsss can be
h%XﬁtQ&F& BE8HARE D%k e hALHH s"i‘m&ﬁﬁ %gﬁr md’f@lﬁ{uﬁl}n aﬁ‘fi fa‘n§ drder that

an aryl group having up t at ons,
opffoaathey dssibd t adtivhied-suppoht atiditeasFoo rwalgpkeu p)ne aspect of this
sel ect.ed. |nd ndentl fro I, Me, Et, Pr
BifLveRiipn @\?énp Be “@P Y T e“(%%w”fﬁﬁaw@rg SO SO*FFFGscompoundS n
t lago BF %?ééébﬁ&f@éo%td%ﬁﬂ Bepd. ef Blsr &k dxAnfdse &F s%Hlli’ﬁtpkdc‘éEse@r which
or an unsubstituted ar enesul fonate. I n one aspect,
ary lacgyaserpsupport hepapencd ssibf trimve. cAncleatee salpd D@ldm:ornpound or
car bon L n_anot her .aspect, . t | .group .of the .
C PonBRaRe oMo ComiDEt o St Wl o8t Ryorhie anion
agpaes cofpatil & fétim ar ﬁﬁem&f@@ afh@s fitsd GhitelRe i9UkerPEMcined, the
not limted to, benzenesul fonate,
na@lhtnnélféﬁtemtﬂ@nlét then /contegfed avidhs al feepnst electron-withdrawing anion
(91%r?er&%§1§E%llﬁ({] % efbrn% P s)e(é/ ﬁnl%%il’l.lulfeo l%gl'iovved by calcining said second

uor o benzenesu

t mlgﬂuk@twf@hh@xwa%azmasoﬁld@ Bé&hpound. In such a process, the first and
trifluoronethyl benzenesul fonate,
t ﬁ?c@ﬁfio?@ﬁﬁ?wl%‘éﬁi‘%&s‘m@% n¥ugce compounds arc typically different

fl'_ﬁﬂg&ﬁ{%ﬁzeﬁ %{%fh% e Rl QMEREARENRFUI T Onat e,

roxyet enesu onat e,
3-f I uodmede ambct‘t@»f yireinzeneauthecobd exidanckivtae-duppat is\Wreduced by

the el ectron-w t hdrawi ng conponent conprises a salt of
af PEPERT YO MM ¥dr awi ng ani on, the counterion or cation

of thaty) Sc%h’éacﬁﬁ@a@@h@ﬂ%d@ b ?Huﬂcf'@fth at le‘agﬁoﬂe@e&@hlwﬁlﬁlrawmg
revert Or decon‘pose back he acid duri ng cal ci ni ng.

Famtoorssumha@mmmdaoéOMeflmmlatbrd iahg of the particul ar

ani on Pharlsiene BsdSmanfge ¢ Top( et o4 Rl G5y

of thelsahbthed dspet deSiHiednsQitvaNtthe tsbid | &Gde Qbtivator-support is
adverse reactivity of the cation, ion-pairing effects

betaduesd bhe progesseampEding:

1) contacting at least one solid oxide compound with a first electron-
withdrawing anion source compound to form a first mixture; and

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

4) calcining the second mixture to form the solid oxide activator-support.
Thus, the solid oxide activator-support is sometimes referred to simply as a treated
solid oxide compound.

Another aspect of this invention producing or forming the solid oxide

activator-support by contacting at least one solid oxide with at least one electron-



ani on, hygroscopic properties inparted to the salt by
the cation, and the like, and thermal stability of the

wa@piosno1oExanpl es of suitable cations in the saPCT/OB200@62555
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el ect ronwi t hdrawi ng ani on i ncl ?e but are not limted
to, amonium trial kyl annoniu§1 tetraal kyl ammoni um
tetraal kyl phosphonium H+, [H(CEt ]+, and the

i ke. Further, conbinations of one or nore different

t.ron W thdraw ng ani on in.varyin ro
o ud g PUler EpAPRERE ey Bl P PHRERH G compound
agd caldh&d bsfoppduting or bher dﬁﬁdchﬁ@l tlhee@fle&troxﬁwﬂbdxﬁaziﬂgoafion source,
of electron withdrawi ng conmponents can be contacted
withh Whpeinsthrigds Agelstantipl ahispractod sBsyjpxangy and organoborates.
i ndi vi ?1’1’81'14 s e@[Qﬁ} tlﬁQYna@ﬁﬁ{&{ lghg@ﬁ]e @81‘1{&9& h!fkebe%ﬁ%eﬁt%g gnd dried,
activator-su port aci exanpl €, one aspect
t loars blenmmquemtly gakimeldoy Oa@utm\g) odrthotreated solid ox1de is generally
el ec mnthdramnéglanlon source conmpounds in

t

BRGNP Rofhaigaspcre. typigally i éwa%fn@mo%tmosphere

S

> HED (R AGRO oMUY 200- 6% BEOARY . FHABOL iphof about 1 minute

c arpleainnd 00 diousonilni anathico aspatt, @xllcd&ng;mrqmdmdsd af & temperature from

contacted with a first el ectron-w thdraw ng anion

s8bpw SWokpeuakPu F00F nangd 1y prgthes %%P@P'fe cakcmlgg fis ccgpducted at a
tg(I{l%u;ﬁ[ulléeg%t herf:)og.j{?l 45(%%90’ abou?gga‘te(? ec? ry ano {1?{ rsgecl% calcmlng 18

a Seco

a@bﬁ&hcﬁeﬂuﬂr@rﬁ HUPOURHr P ab&ift rH02h&es and il a)ﬁbthreﬁ‘ aspect calcmlng is
foll owed by cal ci ning said second mxture to form a

t cerdustpds BPmabewt Heowrs ipehent20 heprs.ybnstidl q@p&)@ég@e% pdcining can
f (¢}
hE %Elm%gdou% ?I%ﬂ{' Qbo%lt qftbya%g}lt\fl\q{de Egﬂé} ?\QJ[ 09 resf?% a%ou‘h350 C to

conpounds are typlca conp
t heyutdan’the t he sane conpound. I n one aspect of the
i nvention, the SO|Ig oxi de t ort

i vat or-su
pr oduc&4Tthsr: anee 8 gﬂ@él?pﬁm IeTH gan %« usgGalpingng. Generally,
S@Al’cﬁiu s@@nﬁ%@?ﬂﬁ%ﬁ o\ﬁ’i(flﬁngtatnll(?s?ﬁére Ofd€h as alr Alternatively, an inert

el ectr rawi ng ani on source conpound to forma
f tmsaspherkt such as artnbgat) oc atgonnemygrelhang amsdsphem tsuckeas lyydrogen or
formthe SO|Id 0 ctivator-support. In another

aSPERE MBNOFiP<Cap élﬁ? ‘on, the solid oxide

act i vaphnGHaPR éct Io$ tHRY i‘ﬂ%&ﬁﬁﬂ ﬁ]\é 31 roQﬁﬁSc%nﬁ)%H&{thﬁbc{‘ga prepare
1) contacting at |east one soiid oxi de conpound with a

f thres¢heatieadyrtogated Mdmd@ghas a pore volume greater than about 0.1 cc/g. In

another aspect, the solid oxide component has a pore volume greater than about 0.5

cc/g, and in yet another aspect, greater than about 1.0 cc/g. In still another aspect, the

2
solid oxide component has a surface area from about 100 to about 1000 m /g. In

another aspect, solid oxide component has a surface area from about 200 to about 800

rnz/ g, and in still another aspect, from about 250 to about 600 rnz/ g.

The solid oxide material can be treated with a source of halide ion or sulfate
ion, or a combination of anions, and optionally treated with at least one metal ion,
then calcined to provide the activator-support in the form of a particulate solid. In one
aspect, the solid oxide material is treated with a source of sulfate, termed a sulfating
agent, a source of chloride ion, termed a chloriding agent, a source of fluoride ion,

termed a fluoriding agent, or a combination thereof, and calcined to provide the solid



ani on source conmpound to forma first mxture; and 2)
calcining the first mxture to produce a cal ci ned

wo poogtiorsxt ure; 3) contacting the cal ci ned firBECT/US2007/062555
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m xture with a second el ectron, gnthdrawi ng ani on

source conmpound to form a secoé m xture; and 4)

calcining the second m xture to formthe solid oxide

activator-support. Thus, the solid oxide

aC“ V%tat%at I. ER g‘éi&é}%fsaéﬁg rpaus??i o %Rﬁ taﬁ{el}ze‘ia[dr-gugagf)’rt% nc{q%il‘%gbu% are not

i IIM&!&HI an pbm@hi@dch QluhinhOlchlofiged hursiaj CﬂL(MﬂdG@ alumina; sulfated

acti vator-support b){ contacting at |east one solid

oR{ugEngj Gramy d| stlicardlypimae pldetideshyilientipaian dluarieshsilica-alumina;

SQUiIFEGE SPRQ na; gﬁlbdep ih& %}co,lnﬁa%fﬂoﬁﬂgd §1(1’1c5-91r93(d19,eﬂuor1ded

conpound I's cal ci'ne ore uring or ter

c @'rhitcmtrbaﬁga tdm&atekieﬁltdaeznrcmfah d]ﬁlamdagzmmahmiﬁauﬁﬁete tagatkd silica-
e i s a sybstant absence of al unm noxanes

ein th
aﬁ n&%a?naﬁ(ﬂrea& gay Speh gna P ﬁ%%tm%‘rtmt’ﬂl Qifen PRl treated with
omGErifIecagtid &X'sgl?atg a%h@%ﬁﬂtem glatth, agd ot eﬂumﬁl%ﬁhosphates

be subsequentl’y cal ci ned I'cining of the treated
sobiichadlyi teatéds Wg@nsrlﬁﬁltd yﬂlmnﬂdu ot etilordeanr anpi@ntbigation thereof.

e at nospher e i cal l dr
FRboniPestiE SSrysiupRiney whrbrbniaoB Totubith gt lgsane other
99M,1o@rtgipleﬂry Rothl AMBeQf sAPGUSordpoth AWk Berbia BO alétal 180 can be the
hours. In another aspect, calcining is conducted at a

t sapepeeidiEerepbiipmiso meyd dlet makes b the sebdoidamenterial.

tag% gregl% 51? é(; tre %tnol%gé}gl '?Veﬂﬁ%%h 8&{% >f18e7 g{}bv tor-sup%or% comprises a

afiabhésd ssigeside i@ahe formngs o ﬁarﬁ@fﬂﬁbl @61&1;1 tﬁlIsQiTsoaﬁQLﬂf flyoride ion is
hour to about. 50 hours, and in _anqgther aspec
cafldqdntonthei exide Mauiseas@ents Wehn . Byoridise %919'[3 irb sl spethep aspect,

h‘Pl‘dBﬁde dh csdtn"tle ad%@@tt(hﬁ{e A3RE fomﬁﬁ%hhou Ry eg%de in a suitable

carried out from 1to out
t enipentatuah @s fataohv]abxowateﬁam"l@dmg, hioart nob Gated Ruy theame to three

any _typ f suitable n‘met can ke used_durin
& r@Pﬁ'aﬁf@%Ok%elr«F@%q 9 1 thew) ! Hiliy and lewnatifee densipan Examples of

_O)ﬂiugﬁ&l'nggl @ﬁt@&Rr@aﬁeoe $448 Nn aBishventibh iREINAL, IB(€1aYo nétNlimited to,
I nert a ere such as nit rogen or ar gon or a

r émdmiﬂngruat m:éplﬁHF)a suwhorasmhyitiroogen (YH4Ear bomonium  bifluoride
m&(}ﬁXﬁgS gr%pnomum ?eqraﬂuoroborate (NH4BF4), ammonium silicofluoride
(hexafluorosilicate) ((NHg),SiFg), ammonium hexafluorophosphate (NH4PFy),

tetrafluoroboric acid (HBF4), ammonium hexafluorotitanate (NHg),TiFs, ammonium
hexafluorozirconate (NH4),ZrFg, analogs thereof, and combinations thereof. For
example, ammonium bifluoride NH4HF, can be used as the fluoriding agent, due to its
case of use and ready availability.

In another aspect of the present invention, the solid oxide can be treated with a
fluoriding agent during the calcining step. Any fluoriding agent capable of
thoroughly contacting the solid oxide during the calcining step can be used. For
example, in addition to those fluoriding agents described previously, volatile organic
fluoriding agents can be used. Examples of volatile organic fluoriding agents useful
in this aspect of the invention include, but are not limited to, freons, perfluorohexane,

perfluorobenzene, fluoromethane, trifluorocthanol, and combinations thereof.



I n anot her aspect of the invention, the solid oxide
conponent used to prepare the chemcally-treated solid

w@00daotess a pore vol une greater than about 0.RCT/TSI7/062555
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In anot her aspect, the solid oggde conponent has a
pore vol une greater than about “0.5 cc/g, and in yet
anot her aspect, greater than about 1.0 cc/g. In stil
anot her aspect the 2 solid oxide conmponent has a

ace.area fr ba 100 to bout 1 00 n .. .
2o Res 90ERet OIS hudde BSOS Pl i pisthptia oxide i
aﬂ@anﬂd‘@&ﬁrﬁigmatcnﬁﬁ@ Dac abokthicBOthethod oﬂncbﬂactﬁfgdhb Bolid oxide with
still another aspect, from about 250 to about 600 m

/ @h fynsiding 3genbisitel dapRiize @i TIOTIdHE agent intosd 8¢ SHices uged to fluidize
Sfdekidd d»gcégﬂwg§?sulfate ion, or a combination
an

o ani ons, ptionally treated with at | east one
nmet al Sanilartyhein awkic spedt ofpthdy imdentidre the chemically-treated solid

actjvator suppor the formof a particulate solid.
| RXYA éog%@ Cthﬁﬂé J«E‘emogt d 5idfe Thce for Of & naptieyfatgy solid, thus a

Ws&ﬁc@o?&ﬂ&‘f'@e Bh S deatS thelXidBs) @eattbddlitng CFﬂGEHf‘ng a@ent The
source of chloride 1on, ternmed a chloriding agent

soblotide afn ¢dnulr addled ito rche vedearby fanfihgiesiwiynef thg @mtd,e 1ora suitable
onmbi atl t her and calm

2 ST P en e DR BT the Mg R B Sl A ypaged with

agtchidag asgéﬁpwrhﬁg th8 @Aluﬁlﬁldg hep. AR cRIRkidini! gta@t%awole of serving
brom ded al uni na; chlorided alum na; fluori

abuisAuce ofichlaridel aed theronghlybeasctiad th pridadaringrhaaleining step
Clg%l OB% d%egi Sf*olrleggm leu%lgt?lb ofr a%?%&ehgglgclilﬁé lélg{c:nz%s 9elnull)g &4 Examples

Si'l1 ca-al um na coni a,

cbf oslatdRbrgidid¢ cldoddihg @ganas uidﬁmﬁ itkie dspsict dfCtie ZiveBO Aiclude, but
sul fated silica-zirconia; chlorided zinc-alum na,

t pfernoddigniteddat oataiy ﬁf‘?%]éaﬂ’%?hlﬁfé?be%eﬁ‘i’ |qhigremcibpag, dighiqromethane,
a%hl@rcﬁ’bllnll al E]f&or : %&Mlbllléléj n Rﬁlor@&{% drdfabl yagltyr CafBthatibh :‘thereof

fl'uoride,’ sul ate sphat ed”al’um na,
oﬂmsasoualhyrtrog@p rebipldaterschlaptei msm&l day dlscebt esedwtith the solid oxide

| fate, fluoride, or chlorjde; .or any conbi.nati.on .
Bringalcipiie e Coaygnight PHBOGBE o gélaﬁp%fg? @i@dhe chloriding

0 REdRN@kd wa[?ﬁ'lz"er@ @ﬁl@gdl‘ﬂgta%eﬁ’tt 1n|tcf3 8%as QBCarRTRE tdTBuize the solid
ion, typically froma netal salt or conpound, wherein

theKMEMahgpdmnmanlbe t he sane as or di ff erent fron1any
nmet al

oXi
nepoct g RS RAVBRtTER0R, Kamri: aqehhisily-wedled iid oxide
a@bﬂn}éﬁﬁlﬁg -aSHHA0HLid€ ARfcldS®Rh @n clectron-withdrawing anion, the electron

withdrawing anion can be typically added to the solid oxide in an amount greater than
about 1% by weight of the solid oxide. In another aspect the electron withdrawing
anion can be added to the solid oxide in an amount greater than about 2% by weight
of the solid oxide, greater than about 3% by weight of the solid oxide, greater than
about 5% by weight of the solid oxide, or greater than about 7% by weight of the solid
oxide.

In one aspect, the amount of electron-withdrawing ion, for example fluoride or
chloride ion, present before calcining the solid oxide is generally from about 2 to
about 50% by weight, where the weight percents are based on the weight of the solid
oxide, for example silica-alumina, before calcining. In another aspect, the amount of

electron-withdrawing ion, for example fluoride or chloride ion, present before



fluorided solid oxide in the formof a particul ate
solid, thus a source of fluoride ion is added to the

w@ziodaoteyd t reatment with a fluoriding agent. |PCBUBL007/062555
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anot her aspect, fluoride ion cap be added to the oxide
by formng a slurry of the oxi é in a suitable sol vent
such as al cohol or water, including, but are not
limted to, the one to three carbon al cohol s because
of itheir adI rface n. | es
mpal}g*mn&r hgl Xééh A, 4 C ?’ Yry 8 a gg%?lgb% ?}hlwse%g)h%nynde in another
] tlﬁﬂdmld'ﬂ)@lludeto Q:lﬂht a0e, 9twélgl‘fﬂ t ahdnOhalide ion is used as the
hy rof luoric acid (HF),, ammnlumfluorlde NH F),
aﬁ%%ﬁmrmﬂ@ﬁfamw jageong Ndsmisyd i nippament sufficient ‘to deposit, after
t : I

Elél)k(%ﬁgd g{ogg clﬁlté ?t l(e)s\“t_%%z_% 50@“5%()%% ﬁhlllde 8];1 HRf AR the weight
h eX dfclsobid opidos mhammhe(rl\dbﬁéet:ﬁ])ahdé stLrsad Iruor znb@rnt sufficicdt to deposit,

( i um hexaf ] oro ( NH4) 2Ti F6,
n?%ﬁ{lﬁlgxg My %rSC}éﬁ%ta Ol(tf\/lﬂh’; %Zr\p:@g ta]il’?é1d891§n relative to the

t RRigRfor ROdoGRMRINALY Gty LBEHE RS, toF%ou?)S@'%)lb§ »weight halide ion
ammoni um bi fl uori de’ NHAHF2 can be used as the

f relamiedbige wgght of theeoltdoNids Ié deeflwfridese Chalndde aady added during
aallablll . Inangct r. sect of #Q; esen 1 |
SUERI AU d1evies) Gl s g %ifﬁseﬂ}ée{’ Lieth<i ’t‘ﬁypéca y ho, ot only
f kides 1deRY oA FRBEJE BF ICABridR 8ok & GhNEAIH %8B -befRY calcining. Once
fluoridin tgent ca{])abl e of thoroughly contacting the

sONPELRREd Wi halidy t %baltﬁ’@ﬂcﬂxrder@nileébleddw 49¢ roesbeld kpyyn in the
éﬁngklbldléllgg]ri)gtdﬁ%t hrﬁﬂe({ B, ! ?t?(?n Ht}'ﬁ?lohdfloﬁgvgcg %?tdasvayéoratlon drying

a@addrsvacaiin PEpraks a@zm@@aﬁph@&k@falt\hah@ﬁ itl ie alNog#RbiBle to initiate the
fluoriding agents usef uI in. this aspect of the
i GYlemineoYen maneduclyoithoxt dryiesg theiimpregRated solid adds,

perflugyg Qﬁﬁgﬁgﬁnﬁangédé%r n@?ﬁ% Qﬁketreeft%dj ?iglg?ﬁga £ can have a pore

trifluoroet ations the Seous
hydhmgaegreﬂtbudlahc%oerSIacL‘gi heond sgictt, clanpak sohbee usete greater

w.th delsfluorlded duri calcinin
c%ﬂvfe a0 Howodher g s PRICER fancbeogFafer than about

Wltmcé/ge FfulrtHéir 'tlf@ H8cLH8Rna ccantﬁ%wg APQKfag8 af%aféré‘a%r' tﬁhﬁ‘ 9bout 100
aggnt Tnto a gas streamused to fluidize the s

oxi’(e Huenengspeet] mersatﬁacmare&mgﬂeahet yhani aboahbi(hmr/gaslpbm another

nvent i.on chem r ed soI
comsi dut MR S71 gt B GrRTRr R lod s BhaRy B el e siica-
Palimifdlbates BObhttbn KRS AurhdIcoRtchf oMl bide td Mout 95%. In one

added to the oxide by treatnment with a chloridi ng .

age&neet, thghalumina content of the silica-alumina can be from about 5 to about 50%,
and in another aspect, the alumina content of the silica-alumina can be from about 8%
to about 30% alumina by weight.

The sulfated solid oxide comprises sulfate and a solid oxide component such
as alumina or silica-alumina, in the form of a particulate solid. Optionally, the
sulfated oxide is further treated with a metal ion such that the calcined sulfated oxide
comprises a metal. In one aspect, the sulfated solid oxide comprises sulfate and
alumina. In one aspect of this invention, the sulfated alumina is formed by a process
wherein the alumina is treated with a sulfate source, including for example, but not

limited to, sulfuric acid or a sulfate salt such as ammonium sulfate, zinc sulfate,

aluminum sulfate, nickel sulfate or copper sulfate. In one aspect, this process can be



chloride ion can be added to the oxide by formng a
slurry of the oxide in a suitable solvent. In another

w@aspeav106d t he present invention, the solid oxPAEUSENT/062555
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be treated with a chloriding aggnt during the

cal cining step. Any chloridingagent capabl e of
serving as a source of chloride and thoroughly
contacting the oxide during the calcining step can be

used. For. exanpl e, vol ati,l e organi ¢c chlgridi ng agents
o Qo Y B G G0h 5 e PR B A Beotol o
agerdrs illsefidH tHendéshiesd caap@etation dfht@e isaMetiid agent ek uden added.
but are not limted to, certain freons,

p SHE# S ograie splaents N pdirediun e noHilignicdrtenichape fo three carbon

gﬁic%&lg BEMs 8 tﬁ{éﬁﬁ vBﬁE{i&%@;‘g%&‘lﬁrfﬁéyegE&%{?r oet hanol , or

y conbi nati on ereo seous rogen chloride or
chl ori me this aglctt, clanarabwo disulfste dompidsertitef@olchidindixg thegenerally

St iy PrAbHE SR GVl o RGP 9 4 8 HaHof Jebadsight, of
ClloR LisiuR 89ARC Moyt B5D B GRENE t&lﬁ%ﬂﬂévﬁﬁg%ﬁt&heféééﬁ'tsddré ®ased on the

the solid oxide during cal Cination. ' '
aotcighatadr ths uyobdr oxidorpefdrs eslcmiopenDoa iyprcpescddvidobilthte, the

oxXi onpri si a solid oxjde treate i th . ..
oPuEr SRR ERLPSE SRt A ER R et isriite Rlingupyigrot timited
apd, QctfoRtiletidy RilloMel Yy daiRfatidh, RGeSO ded vaotuae si)l_rdy ARying, and
amount greater than about 1% by weight of the solid

oshadike, plthoagbitie plsa ppsehle thaitiitethe calsinmg siep mnnadjately.

ani on n d sl | i.de i n. n
o eat of Padfo R REBE b0 (BT Bt diRu By AR Rhonent such as
gheladeeor billtuie adiguhe 38fidnorRinghbxidl dfh@iss@hvbtiodxéaheoptionally be

greater .than about 5% by wei ght of the solid oxide, or
giieaiee Vithrameth spircezdpdyding mstal seis ereetabsqndpiniog gempppnds. In

OBfre gi’gﬁtgﬁghé ‘?ref'i‘t%gﬁu ﬁks@é%ﬁ%cﬁ%gﬁ Odk ¥ ddodla MH%é%agd onto the

for uoridé or c e 1on, present
cablid pkidg it heliohi fdrox itk sitscgendy ajohyerfadom@bteusuppotted metal

about 50% by i ght, ere the weight. percents are .
b4BeR Caglﬁmt% /xgqogfﬂflglas%wehé GIrgA% PHIEe Ch FUTEies dpprise a metal
Sibib&ad afrbi :}ﬂlc bgitese CahGiLM Ndivel,N BPRNELIATRE G, tungsten,

t he anmount o efeqtrpn-mﬁthdramnng ion, for exanple
f madyliddeumy orchtambidatianothgrepf. els@rixampfco rme ahie bausagl to hmpregnate

IR XA ATI LT D 1
Wk B tcan Vb @Rateadviilemb@DNsdl§ di9@dalafntaiéing compounds before, after, or
at the same time that the solid oxide is treated with the electron-withdrawing anion.
Further, any method 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
salt or metal-containing compound, includes, but is not limited to, gelling, co-gelling,
impregnation of one compound onto another, and the like. Following any contacting
method, the contacted mixture of oxide compound, electron-withdrawing anion, and
the metal ion is typically calcined. Alternatively, a solid oxide material, an electron-
withdrawing anion source, and the metal salt or metal-containing compound are
contacted and calcined simultaneously.
In another aspect, the ansa-metallocene compound can be contacted with an

olefin monomer and an organoaluminum cocatalyst for a first period of time prior to



el ectron-wi thdrawi ng anion, it is used in an anount
sufficient to deposit, after calcining, from about
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wei ght of the solid oxide. In gother aspect, halide
Is used in an anmount sufficient"to deposit, after
cal cining, fromabout 0.5%to about 40% by wei ght
halide ion relative to the weight of the solid oxide,

r g?nt?c ) &Out 1xt({/1%et Q’VI 81812 acff (é/o bc¥1va\{¥§r-%u)pp8¥tal @ ﬁe precontacted

e weig €0l
f miefukdler aetatbdeas, lrﬁ@ndr@eﬂ arfl cvelhefcrd tiak p@viias e twun@table ligand to
such as when calcined in the presence of CO , there

i sheefpldagens ingdding bug ﬁpsfhrtltteéicte an eygsngalugu gasptalyst, srcontacted

C rhde [ N

OO MC AR bR, B piRSLBCHERLE Bhghint" R acidic

drcteditdnsupport ietchaed Kreotostcontbéted amtixturec| Titd pastcdntitcted mixture
imted to, suction filtratjon followed b

23%1){3? algwel todrypmginHERsT %@ﬁhtﬂ? asproayl REFPH (196 timggior to being
{ QR frco AL 0RMI LnidithahSGnRASI fodds Ll bl Blificd B

calcining step inmediately without drying t
i npr egivarieds gud¢edsasxtod grepitee selid |Q2<adealautwa’n@r sm@pdrtst ¢hat can be
e ethetreatedslrc -alumna.c have p
VST o] Bl TRRBEPTR BB DBors TOMGA: | hoo AT pebS. Raient Nos.
p@f1©7\29bUf691(§539290€699¢a9¢f ammo@m@s§3 C®1h5,8ad 6,876,415,
anot her aspect, the pore volune can be greater t han

26001 $1600805 G66FGrPRGRT. Eb ORI, druambnasvehrmpAg. ach of
5 WACE iRLER LAY Kl A ARE 13RS 00 0"
a a

as e e area n about 250
nQ/g, and i n anot her aspect the surface area can be

greater than about 350 n2/g. General}gy, the
silon-Exchongsable detivarrSUpRYERERGROISEe] Mpesg FliNaoE SHRRMES

from ali)ﬁ) #1 ¢ %&t %?(ﬂﬁts 1a?e{?t1011ntl%ngctlgﬁt%fgﬁoprﬁoﬁ'tg&seﬁl r%tgﬁ‘aring the

content o i ca-al um na can out
abatalysS@Mapaaitthns pf dnoidventi@as geclie, ot han arbmpmsa:aam: ont-ewhangeable
of the srlrcaaumng can .be from about (toa

e%varqrn%uﬁaorbyn%tlaﬁ ut Refdingifadrtgpsuigatend p I&thnaeﬂcate compounds

C@Mﬂn@ﬁ% %‘ﬂhglattﬁtha[‘%e%ds&l ndn q’&‘}}eij&i W?nﬁn({s WeP RPnbination
aumnaor silica-alumna, in the f

pahemocful atle swbthdr amepbnaﬁ | this ttmeemutm aumewamabls layered
t her tr

clrifed e rndd bl dal Bafrirci S b igparts. When e

aspelor-duppors Ubiptied HOlohtxOKindealit® ARtiVak@Ssuppdrt,ait @ardBtionally
be treated with at least one electron-withdrawing anion such as those disclosed herein,
though typically the ion-exchangeable activator-support is not treated with an
electron-withdrawing anion.

In another aspect, the activator-support of this invention can be, or can
comprise, 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 the catalyst composition,
because of its intimate association with the ansa-metallocene and the component that

provides an activatable ligand to the metallocene, such as an organoaluminum. While



alumna. In one aspect of this invention, the sulfated
alumna is forned by a process wherein the alumna is

woe@atie®swi th a sul fate source, including for PREDPL067/062555
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but not limted to, sulfuric a%'zd or a sulfate salt
such as ammoni um sul fate, zinc-sulfate, alum num
sul fate, nickel sulfate or copper sulfate. In one
aspect this process can beperforned by formng a

PRt 5 B o BB pRE LR srveor
ofuppoet sdtldsatd By in@RIlc hestdne ehatadaad wﬁu tHeabhs@-metallocene and
or gani c solvents include, but are not limted to, the

OREZANGRIERITBE CGAMIORCREP cOhSPE Hecalabist gompgeition used to produce
v% eIrlty and | ow surface tension. In this aspect,

e anmount of sulfate ion present before calcining is
gener allh yné agrecaldautlad %alt@iadﬁ)@ﬁjﬂlisﬁﬁ%tby)nvmicgdnpassfmajmials either
about .2% t o about 3 % by WEI of from abaut 5%to
alb Hicin8eRY Sals ghttha Ratyfigite eceﬁetr%é?dgrwt pEHO8RIENS, PY Wetting, ion

bag&fAngl ok Bﬁla%gg i pRE1Y, MR SIgY hﬁt&?&'l 9&1\@?& QLfport of this invention

calc:lnlng Once |rrpregnated with sulfate, the sulfated
oxomiprigean clogs dihatedaby ooy n:mt leschangedwwithn lahgs antions, including
I nc mte suction filtrati

£ 8PPy s Br et GRS Py RIG HEr -y AALEr o agley materia

d Yt vaghr- s@ AN f! hike in@ntibRUAko | dncbSp@ss elapmﬁatblhevé Qeen ion
initiate e calcining step inmediately. In addition

t exghengeyl Wﬂtéa@tl@alevxmltﬁ, Hwhé]ll@sth%ﬁmwhﬂh@ﬂaﬁm fgjts of AI(IIL), Fe(ll),
| ng@ﬁzgﬁ]& ZI?()L]I(B Jwﬁls]félagﬁé guchoars h§1 gée%atle oﬁif#ehl%tr%fe ogmtrlte

nic o nven On carn

t r eat edn wh¢ BsgecyRh@llag Qidticor- $u’1b@bﬂ!djf nhis I’iﬁ{z@ﬂtloﬁ &bh@m@és pillared
met al - cont ai ni ngl conpounds. In one aspect of
T

th
| glazht iTh8, temh gd @oﬁlﬁmwdsse@ 4 refer iyelay npaserils that have been ion
é'h%g hq 9 an‘aé egle h:}%')h p}g 2 egécﬁgltega]? rcmngge@(dcatlons.

su seq ent | nto t
c @Jxamplen of sﬁdc mnd |1mcgh<§e bluh eresmitl Iemiteuotog &eigginoionsl s/hdxfhncan have
ther ¢ seleﬁted fronLZ|nc ni ck

vﬁ S?Suﬂﬂcg %\7 2 ?’aﬂ% 0X0§1§F lafgsy and gfhcr laregsiph, Lus the term
ol bide %‘f@}s t8'a Sm! ?@@Jcﬁﬁ{gqua&ﬁﬁ liff Q\fh-lch':f% e@l‘l@dﬁ@&ﬁﬂe cations of a

zinc can be used regnate the solid oxi de because
| clagr meicdels a@omplacad a’h;hs ﬂarg@thlghlwyclmgtdl ons, c&wh. asTKeggin ions.

salid oxide.ca e treated wi,th tal. salt r
it BHOS i s Bnatingr el g 3 B gfghe clay and
Sa/Rn tchihetiad cdhierte@hd che@XiolRiel* ﬂta%@’amgctwetyhsdpbsmng the clay
el ectron-w t hdrawi ng ani on. Further, any netho

i hyeesgaolumen-tike stausityrgs. ok e ongst the iclay iniried %andrmlcanedctarproduce

the supporting pillars between clay layers, the expanded lattice structure is maintained
and the porosity is enhanced. The resulting pores can vary in shape and size as a
function of the pillaring material and the parent clay 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); U.S. Patent No. 4,452,910; U.S.
Patent No. 5,376,611; and U.S. Patent No. 4,060,480; each of which is incorporated
herein in its entirety.

The pillaring process utilizes clay minerals having exchangeable cations and

layers capable of expanding. Any pillared clay that can enhance the polymerization



be used. The nethod by which the oxide is contacted
wth a netal source, typically a salt or

woredoalie®ent ai ni ng conmpound, includes, but is nPET/US2007/062555
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limted to, gelling, co-gelli ng i mpregnati on of one

conpound onto another, and the ?I Fol | owi ng any

contacting nethod, the contacted m xt ure of oxide

corrpound el ectron-w t hdrawi ng anion, and the rret al
ternative

OXI 86%1 3 etr ¢ EclfltaXIg Oéﬁlpogﬁlon o'lf\ltl%%%fﬁ:sent 1nvel¥t’10n canqoe ursg% Therefore,

ronwmw aw ng ani on sou

aggitdbite ctipt alinggab tfoppilteingl meh@tabni ag ﬁ@tﬂnﬁﬂﬂ&d tdf € allophanes;
contacted and cal ci ned si nul t aneousl| I n anot

aspesittes, brE dogahrdrad | (AbcBWericastahsdink ¥Mﬁha15’ed%ﬁf1&%5tt€%¥60f such
Wiy § Qn@ﬁmghﬁ%ﬁl%sa ?ﬂﬁﬁftesgnqoﬁgm?t%g aﬂ&%rﬂ@@ rﬁfrqapomtes halloysites;

cocat al yst or I rst erio
t ocomtaéts; ngidakj sluotoxtivase ahldrited; hl@ll)&dl-ld}'ﬁﬂ' clays the fibrous clays

activator - su port. Once .the precontacte xture of
et bk O BRI o SeRiplites rAiGRESHCS: wg? p%lsga?rs&ggs gfhserpentine

agtak v aki@bl aﬁmlu'teg Whnite, & Plrt%hﬁﬁﬂa@l%ﬁ MoredNah YHE AGhdeUkhe pillared

not “limted to an organoal um num cocatal yst, is

c ohyaettedtanisupparhecoagirges teotanitat or rmuplponﬂomtda enoting that the
conpasition further co. r3|n cidic

= BTV R SPTPaRHS e DrSElr et Re I cont act ed-

M Xt ur @he PRear&Pshe @B 86 hedredicytil g FrRBer? en¥htioNe ot Bxample, in
remain in further contact for a second period of tine

plon@ ﬁmbodltx@nhg rohaed @dntpmtfowah pretreated by dryingfai ebout 380°C under
I zat I on proc

oo ek ey e AR P it SR AR hiss BBt Bne sdded o

t Iﬂfétp(ﬁﬁlﬁelbﬁti%ﬁﬁlemﬁd THis %Qérﬁgewpﬂeﬁgatﬂﬁﬁﬁls*}ﬁﬁ Mimiting, because
reported. For exanple, atent Nos. 6,107, 230,

6 plahsatgpostes agh, asgﬂms Bagy e xarricdso 18, BHE/, oweB%nmmres and

6,376, 415 .6 391 6, 3 ' 987 . and
SUBES: M forsRaiaty, S derbta Ry 360 P ieBlnal of which are

| BRSYpRkAde thy ifvhebence herein, in i ts enti rety
| on- Exchangeabl e Activator- Supports and Layer

M ner aiThadn-Geehangcabls e HYAO-HIPBRIS Sispae Pl B‘FGQ ﬂmss used to prepare
' '&Yepé ? Coc{‘_lr_g[?osﬁfotnk Voqttﬁ{s tﬁﬁ@rﬁﬁ{n cHSEY cb&bg{?a Engtlll Q)%letr t'iﬁorgamc

catal ys ositions o I'S I nventlon
C eugforts @gataiald, oinelednigartge adt encaclimited ao; Siaqﬂ[lesr tinorganic oxides,

| udi ng .but not |jmted.t SI| cate an
aP ?ﬁpﬂ lmrgiuéc &5}%&%&6% TIEX asp%?tt hy@jcalysypport materials

| e 18l beus&P I 1Ay RI8R1 ﬁ%fu‘dgtwted?e nBNEmARY & WMRIaN &t umina,
t hereof. In another aspect of this i1nvention,

i elmeng Hemgeadicenial sggnasd, boria, ﬂuorlded alumina, sﬂated alumina, thoria,
aluminophosphate, aluminum phosphate, zinc aluminate, phosphated silica,
phosphated alumina, silica-titania, coprecipitated silica/titania, fluorided/silated
alumina, and any combination or mixture thereof.

The amount of ansa-metallocene compound in relation to the ion-
exchangeable activator-support used to prepare the catalyst composition of this
invention is typically from about 0.1 wt% to about 15 wt% ansa-metallocene
complex, based on the weight of the activator-support component (not based on the
final metallocene-clay mixture). It was also found that from about 1 wt% to about 10
wt% ansa-metallocene works well to afford a catalyst that operates at desired

activities.



alum nosilicates such as pillared clays can be used as
activator-supports. Wen the activator-support

w@eopi®es an i on- exchangeabl e acti vat or - SuppoPCT/UB1007/062555
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can optionally be treated wth a | east one

el ectron-w t hdrawi ng ani on sucﬁ as those discl osed

herein, though typically the ion-exchangeabl e

activator- support is not treated mﬁth an

:lcte::f/bﬁgl rmx SLS a%% t’aﬁocleblvelr@ ag alﬁgtsp set?ptglbrt can be contacted
Cafp mised fst Ay Mem@h adfstimavtb Ngloax Qlﬁtﬁﬁ@giﬁl@bﬁaaabét%én the ansa-
and Iayers capabl e of expanding.,. Typical clay m neral

a@tﬁ‘fi aocene. qulgp@pfﬂ\gatqrn%lpm XK ﬁglle@t rflsPosition t @y th% metallocene
pi Pﬁngr rﬁ%ays azytt%oungClﬁbm W?t%btlﬂ fidhn g 2 Lfﬁ&ttﬂec' CPf clay and

e term "suppor
I motadlonaic omapitx.t Fdvexamphl nhfedn@zs,matallometcommpnxhencﬂ the clay
of the catalyst conp05|t|on but rather is to be
c SHISTHE RESS B DA B X aflefronr aboyt TQOR (ERRCE YL O EORBOSFA F g order to

g?ﬁeﬁ?\% lf%f dél’PteO§%11r015 %fnﬁte SR %%"té Ebtcetﬁé’] 0¥1VI tbg ctle!(f}g aalvator-support In

oce he “conponen provi
aahothat apte, the gandmicallbbmeretmpblod ﬁmbthe S:l.ayhn&tSrlairare mixed from
orggﬂoaluninun1 Wi | enot. i ntending to be bound by

y 007K toj abopfel §0K ayondriio achieve By dsrenteiyeiahe énsa -metallocene
a%LM¥gh§%%#RBﬁ&%a&&%yes as an insol uble reactant that

reac net al | ocene and or ganoal um num
conponémtagothor hgeon, ahe atadéntSinvanivpoSicbmpassus eatalyst compositions
produce polyner. In one aspect, the clay materials of

t RPEPTIHDE A aﬁ’rﬁh“e ﬁ?ftYﬁt%%WPét arhigh gans FemBisci ?%Yﬁ@drmmeral The

NalH by SERLEnQaI Rafsch %%?enp && 'Ele§c'i‘ﬁc’>@trﬁ§teﬁ‘ﬁ15 Ru¥RbE RES minerals,

i ons by wetting, ion exchange, or pillaring.
Typlacal khays,t ive- @bh@ngﬂ@tcéaysalexﬁmme\iaﬂ@ys sufporad olfays I@eﬁed into

|nve t|on co ys that have b n l.on. exc
WA DO B o oo B GG 50 B r 1 g . and the
c it 98d aiE eainbmaHh eerbdt | fNen HEOVRYERE actiNBorCd ort comprises a
materi al activator- supports of this invention a

e &ﬂy@mda@mecqlay gan pationdlyebdh deried ovithesicleati god q]@o@t]qon-wnhdrawmg

| e SR lts, in Ny but ot . ljimt 0,..salts
By ol GliBhPerly Bt PG, 7 R Bt is mor
asrcliall ivileh aeRt@bewithttahai@anioht Rt @xar@pleNit lehdt ®ne lclay mineral
one aspect, the clay activator-support of this
i Goiebe NwsH a8 GrpictiseT-pINPPEr ed cl ays. The term pil | ared

cl ays 'an}}'ﬁﬁ%rat,l? gén%];a?& ihQuéd A% IHEE gfduﬁlﬁ fi 'ﬁ@@t crps%(lﬁne sheet-like

been io
layered rmnerals that are found in nature in fine-grained sediments, sedimentary

rocks, and the like, and which constitute a class of hydrous silicate and
aluminosilicate minerals with sheet-like structures and very high surface areas. This
term is also used to describe hydrous magnesium silicates with a phyllosilicate
structure. Examples of clay minerals that can be used in this invention include, but
are not limited to, allophanes; 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; or any

combination thercof. Many common clay minerals belong to the kaolinite,



exchanged wth large, typically pol ynuclear, highly
charged netal conplex cations. Exanples of such ions

w0 p@iaa®s3 but are not limted to, Keggin ions MIT/TR200&062555
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have charges such as 7+, varroga pol yoxonet al | at es,
and ot her large ions. Thus, termpillaring refers
to a sinple exchange reaction in which the
exchangeabl e cations of a clay naterial are replaced
\.’I_Mtt]ﬁeoglémon]]%ﬂrlrtg“ £ 11cl:1ae% I%roﬁ{g a?e lfi%{%:nPﬁlar 8%9 afg be fsed as the
t h&l\}aEHerhbpMe os tHif idvietic, ay d@@%swﬁﬁeﬁﬂ Ellllﬁh%d o@dy@ comprise clay
converted to nmetal oxide "pillars," effective
s gpparks trgicale ot thaypf theupectifserenp apchoth Plk%hﬂlpﬁuertar wisaddition to

t S [

¢ RSO aRa; B il Sl g IS 38 RADRMGER PRPIHEE. wypicaly
eppandﬁdnlmghbamaqkdnﬁtﬂmemm&xnanomalned and the

por oSi IS enhan§§9 The.res It|ng ores can vary in
shape dhanspsRechel Qi PNERHBn VL ey Ming? ﬁ@rWQrﬁsa‘iﬁlVawr‘

aRehdo8 oP McBltocSl AN HURbR! R la}%?@djmlﬁeﬁm&@ i®dily calcined prior to
piliaring and pillared clays are found %

Pitherawsaiaa acBaitenc d'ypirel ¢dG8Eion t%ﬁe@mlexwgasr)ge fformabout 100°C

A SRS Bfiyoeh 1SS b 98- Coapt b o aRC to abour
I ngeeC.(1972); U.S. Patent No. 4,452,910; U.S. Pat ent

No. 5,376,61 1; and U.S. Patent No. 4,060, 480; each of
mhich 'S incorporated herein in its entirety. The

Iar I n roces t|||zes clay m neral s having
anoa oxane ctzvat
exc angeabl'e"cations %3nd | ayers capabl e of expandi ng.

Any pi lih ased gpay, thatprewnt enhanioa phevides a catalyst composition
pol yneri zati onof olefins in the catalyst conpositio
oPomae%g,ooraﬁatrlwéﬁmpeﬁtleaﬁomrlﬂgé dhe qamgrck pradact of, Bt least one

syt ah| g 8@1¥e ”lltn%a%lt SorfeQTscBind! %étﬁ%c'epﬁlo?ﬁﬁonahy,t A" fast one

not limte o) hanes snectites
diooghadiechiraim Cé‘dnﬂ)ommld ahd iat twl;tad*r&chrc&kfat()fs/g&h%ﬁd the activator can be
i ves the f such as nontnorillonites

deriva
(B@ﬁ@ﬁ%F@@@?de W@nltes hectorites, or |aponites;

hal | oysi tesj) ver g Qé’tln}atcﬁssupﬂ&@ ﬁectéd H%%%ﬁé%mde treated with an
chlorites; m xed-layer clays; the fibrous clays

i ncl udrewgtr@uwmhdtawlnmmem atley@ecpnmtermle@ ioatexapaniggilile sgtivator-

and pal ygor skites tine clay; illite;
IaponrPéﬂxg%B%ﬂpfgmﬁowﬁgﬁsﬁggﬁgination thereof. In one
aspect, theiipi | | afiesht 6herg@fohiuiaheans YpRPGIndEONPr i ses
bentonite or nDntnDrlllonlte noting that the

princi pal céiponehieasspndrraanshpion or ereaarhorse PARINE;cr

v) any combination thereof.

In another aspect, the present invention provides a catalyst composition
comprising the contact product of at least one first metallocene; at least one second
metallocene; at least one organoaluminum compound; at least one activator-support
comprising a solid oxide treated with an electron-withdrawing anion; and optionally,
an aluminoxane cocatalyst. In still another aspect, the present invention provides a
catalyst composition comprising a first metallocene compound, a second metallocene
compound, an aluminoxane cocatalyst, an optional activator-support, and an optional
organoaluminum compound. However, in one aspect, the catalyst composition of this

invention is substantially free of aluminoxanes, and in another aspect, the catalyst



The pillared clay can be pretreated in the present
i nvention. For exanple, in one enbodinent, a pillared

whenvomose was pretreated by drying at about 3PODUS2007/062555
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under an inert atnosphere, typically dry nitrogen, for
about 3 hours, before being adg d to the

pol yneri zati on reactor. This exanple of a pretreatnent
is not limting, because preheating steps such as this

many be.carried out. at nany ot.her tenperatures, an
eSS aRO Ry iR bl B o Slonc EHBEE B SR shgence of

StRpPsSnoainks.of whi ch are enconpassed by this invention.
The i on-exchangeabl e activat or-supports such as o
pi | | ar &4 WPHYE a5RE the prespidr BVEHONC froylidest a catalyst composition
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SEBBURY (efOBITaF &0 EFAEEN RN AR P copipastion o also not

i E‘&iu%& 10 Q&hpﬁgeeaﬂq&tgaﬁdamrﬁﬁgmt ébmp%’uhﬂc &hus, any combination of first
silica-alumha, alumna, titania, zirconia, fagnesia,

bend sgcohdl nwtilbechcatammiomads s distlestddicrem nan be bombiagd with any of

al.um nophosphat e | ym n osphate,. zi ) i, nat

> BRAREGBR Gy Ay BRI BRSRRNR Ruiddyl il 1R, or any
COBIBRaRbh 8f Sdmddxiafay dikdleRtd derdin, U6 Thekedlcatalydt &nposition of this
alum na, and any conbi nation or m xture thereof. The

amdgAtionf Furdcneny ¢aekinetiatonh i cenidnsecendmeslaceng empounds
Lgﬁgf&%&f Ngsap! ganta.coteI ‘éS‘r%B{nﬁ& URAR' by u.saeflgm}n%xgr{ee R ?(?Ihgi%ation of
yS ion 0 ion 1s typically

conposli I's Inve

f aumiabomes, Ganll ¥tlontly,ahavlid Bxidet tesed-witi ah | de@id8-withdrawing
conpl ex, based on the weight of the activator-support .
c 3MEBn Rty B ddeaedomippralf ppitanalit an | igeerehapgeaple activator-

XSO doptibla 1428t Ha$iCorCLRe bl éd}u\%g;'u Oy priBhafyt 9t lcast
g]g]gﬁ# 10 0t %?o ]\gz,aa_ et aﬁeo@gne wor ks wel ﬁ&]’t 0 a(gpftﬂg%l?g?yté cast one
c atgahyistratt bahpames tatfesn atatdysi comghoation wif thie svEineon.

m xture of . a a-metal|oce e and cl ay ac IV tqr-srﬁgport :
can be LURIRIEUY %hd'SHiTREE A & 28y x@ff{ww qljrguppoxides) or
abl W41 DR RIEHEsC OfHcaftt crRELNRE BorhPEnARSA A9 8RB RAYVith the
actéév‘at or-support. Suffici \éyra?t deg%éi ti oﬁ?%?é t ge '
melualihocené & satpotalitydoreattive cohmpundisolibant abouighang solvent which
Wlist sql%lsjttantri]a%@tilngrg toathlénré(altcyarll?s, ?nfter%le%}/ateas,ngnd products of the activation step
can be used. The catalyst composition formed in this manner can be collected by
methods known to those of skill in the art, including but not limited to filtration, or the
catalyst composition can be introduced into the polymerization reactor without being
isolated.
In one aspect, the aluminoxane compound of this invention is an oligomeric
aluminum compound, wherein the aluminoxane compound can comprise linear

structures, cyclic, or cage structures, or typically mixtures of all three. Cyclic

aluminoxane compounds having the formula:

1)

R ; wherein



net al | ocene conpl ex. For exanple, the a a-netall ocene
conpound and the clay nmaterial are sinply m xed from

WwW@bwatioroedm t enperat ure t o about 2000F i n or dePCT/US2007/062555
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achi eve the deposition of the g a-nmetal | ocene on the
clay activator-support. In ano %er aspect, the a
a-net al | ocene conpound and the clay material are m xed
fron1about 1000F to about 18Q0F in order to achieve
| \?gl near r lS)ranc tapﬂll %]flﬁerO%El;lg gog g ec:acf)'ggtagore%s(;eﬁ n is an integer

| Iﬂr\bﬁﬂB it® rab@anmrma%ae@np@h@I ¥p thiS @RS | TRS (ARMY, insdi&g shown
an acidic activator-support, which can conprise a

| Agisr algo niomstitfes thRerepesie: haijdhed lcAR raa}mmP&an@s edhus, lincar
h ials such as clay mnerals,

guﬁgﬁ%éﬁﬁggig&i@%éagﬁgianged clays, exfoliated clays,
exfollated cl ays geIIed |nto anoﬂﬁer oxi de matri x,

| ayered mnerals n1x mnth ot her
materials, and the I onbination t her eof .
When t he aC|d|c actlva ﬁbrtRconprlses a | ayered
mneral, it can optlona y be treat eticsein h at | east

one el ectron-w t hdrawi ng ani on such as those discl osed
h&r gianjinebhouiglanéhediatiall hyvinp €rdnay es €d catbioragdmd, and@tis an integer

treated th_an el ectron-w raw ng anion. For
ifgﬁ%l&)%tﬁ%ﬁqa&%n@mwgﬁww IeRtiYE used as the

acti vapQfnSUR ﬁﬁﬁoxa%@éﬁn@l%eﬁa@k %a@?ﬁﬁfcﬁi&%’ of A€ |fériﬂﬁ11§ ﬁ%‘mw -

| arge group of finely-crystalline] sheet-like | ayered
n.AbL@Ls whatciramels Bourdl and onat @) A nbvengrai wiedein ) is the

c GHEPFL o r oBD8e Gl GRG0 ) resm s i umbet of o cbordinat
abki dAOStb ks C% & 1@" tA€mahbeMot 1 &dR@hatel k& gsh labtfhs) rfesre{)resents a

and very hi gh sur f ace areas. This termis also used
d ésrpvinah elkbdf groopsantBn eeiroventsid bridgies alkyt groap; wherein R is a linear

PAYLLASIL R0 5 ShE YShHT & | (CXAAB] §8Qf cl ay mineral s

use nothi & hve ncl ude, but are

not Ii mhedﬂﬁrﬁmoﬁéﬂe@mbhabeseprsgm&tﬂgteﬁéraup@yrformulas such as (R-Al-
di oct ahedr al and tri-octahedra

nd
dé')r)nav%ﬁ'@éé))hfhl&eéﬁd dhe hikas Wherstimiha Rl( glf%péé typically a lincar or
ﬁ%ﬁ)&f - 5 alkYP Ol hO 'Ih&ﬁyl Qﬁlg g%;%y? SbutﬁhPégggﬁ)Gf fl&(%"l wherein n

oysli S; vermculites; ['uoro
Chhﬂ@ﬂ@ﬁ&ﬂmﬂ%ﬁ@dmi&M@gmtﬁaysl tdhebbutb50us Iel @ys embodiment, the
| gfulnﬂgéya%e blélgmgoolgndlsl ronf t t?l(ljs tlgvesn%olnmnllc ude, but are not limited to,
methylaluminoxane, cthylaluminoxane, n-propylaluminoxane, iso-propyl-
aluminoxane, n-butylaluminoxane, t-butylaluminoxane, sec-butylaluminoxane, iso-
butylaluminoxane, 1-pentylaluminoxane, 2-pentylaluminoxane, 3-pentylaluminoxane,
iso-pentylaluminoxane, neopentylaluminoxane, or combinations thereof.

While organoaluminoxanes with different types of R groups are encompassed
by the present invention, methyl aluminoxane (MAQ), ethyl aluminoxane, or isobutyl
aluminoxane are typical optional cocatalysts used in the catalyst compositions of this
invention. These aluminoxanes are prepared from trimethylaluminum,
triethylaluminum, or triisobutylaluminum, respectively, and are sometimes referred to

as poly(methyl aluminum oxide), poly(ethyl aluminum oxide), and poly(isobutyl

aluminum oxide), respectively. It is also within the scope of the invention to use an



attapul gites, and pal ygorskites; a serpentine clay;
illite; laponite; saponite; or any conbi nation

wo b@raafos3 Many common clay m nerals bel ong to PE&EUS2007/062555
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kaolinite,montnorillonite, or iglite groups of cl ays.
Pillared clays can al so be useg as the
activator-support of this invention, as disclosed
herein. Pillared clays conprise clay mnerals,

typically of t of the snmegtit roup. and ot her ..
onpriBeiate dL ol PRk Bufh PR heBted in U Paren

paloygaogkpses, that have been ion exchanged w th

| arge, typically polynuclear, highly charged netal )
conpl eX hg AUFSA INVieRtigh sonspelatesomanthivaluenabnit ibrihe whispinoxane
| b Nera| s sed ct i, yat.of; - r

oy S TR 2RO o] RACREOTSIRE G GRRURDRL NS B least abour 3.
t Hovweatt, vepald rigngdn gromothe toogdnbeiumins@nass @eparvditseorsd, and used,
Typi cal cal cination.tenperatures can range from about
195015 ORBTHT BOBBELIS Mkt BoEIa SODRC Aypiexgrspged such a
Okofhb RSP 8E bred AAREMIND x ARQUke QRNGsed Th IRNRARINIAL BAXB&Bpositions
Activators In-one aspect, the present invention

pobthcgesscat inatlopst conposition conprising, or a

cat al yst conposj,tion,c ri si.ng the.contact product .

o e T RSP ALRT FRPBTY GeHaRis g8 O BRES R an optional
S @rRIAoXRE athb PSR Sati®BY kiRNalmibunfin the ARmiABLine to the metallocene
or ganoal um num conpound; and at | east one activator,

wite thsi eprappsitpat iswstdly Gam phous di Kk toeebauh d8p8Adnt Inyone another
fr i n Y, r- Qrt. C f sol.i .
AT AP B AHRBR L) PR e dRbdhcene i e

trea an
| dy@peditith efidlally donh @Bo@xNasgdam B5,000: 1.V ather Sh@@@ of ,optional
or any conbination thereof; ii) at |east one

orlyaHBATANAi Bk e 2 PORRAIRALON FPYe Kran wa’yntorighin a range of about
OhYANRB]T A aRut qlb@?rh?é)ﬁ[ abth EM%W%&/E% 'a’t%utaﬂ)() rr111§/L, or from

conbi ndati1 on thereo n" anot her aspe the prese
I abantlinng/Lpgp abowed mg/tat al yst conposition conpri sing
the contact praduct of at | east one first netall oceng;

at | eaSteywaluadpecHEIL P HEPRES Dyt virgopsprggrdures which ‘are well
ORAGRRS HIY U NE,CAIRAUWTI D rg@Hoal BRSExaARBreparations are disclosed in U.S.

act i vat or - support
Patent Nos. 3,242,099 and 4,808,561. One example of how an aluminoxane can be
prepared is as follows. Water, which is dissolved in an inert organic solvent, can be
reacted with an aluminum alkyl compound such as AlR; to form the desired
organoaluminoxane 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-AI-O), aluminoxane species, both of which are encompassed by this invention.
Alternatively, organoaluminoxanes can be prepared by reacting an aluminum alkyl

compound such as AlR3 with a hydrated salt, such as hydrated copper sulfate, in an

inert organic solvent.

Organoboron and Organoborate Activators
As provided herein, in one aspect, the present invention provides a catalyst
composition comprising, or a catalyst composition comprising the contact product of,

at least one first metallocene; at least one second metallocene; optionally, at least one



conprising a solid oxide treated with an
el ectron-w t hdrawi ng ani on; and optionally, an

wa@bkwmitmiane cocatal yst. In still another aspeRCT/Us1067/062555
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present invention provides a c%%alyst conposi tion

conprising a first netall ocene conmpound, a second

nmet al | ocene conpound, an al um noxane cocatal yst, an

optional activator-support, and an optiona

CLRANFLTA BLFBTBRY TR S KRC P o830 Rbor dlfe o

s ipatifchay Iffont:r @6 1@kt adddtiawanesporand piovidd HdaEh; at least one

aspect, the catal ystconposition of this invention has

pOTSFRRHIREOKE estnopnd:yat lgastaRe osgnekaipR PrPTealRbeFitecagppound; or

ala ! {)}Qﬁiﬂ&?ﬁr thEI%OQnRE&‘?&in Efp.(?r?%ne b cp5Ft°h%nﬂre§eﬁY GRERGSh the at

provi des a catalyst conpoSrfion conprising at | east

ohesf oresictivabdadandeankced flpau atdeasadnd cegsibbane cempamd, at lcast one

nmet al | ocene conpqund, and an al unmi.noxane. In this

aSpragebortih eore%&uaﬁ;@ta ceBWBBERT PBHOL s not T equired to

conpri $¢ ARirfel VAL ha URRQNE ARG HbRSrEREAl ¥Sdatalyst composition

conposition is al'so not required to conprise an

ocganoshg tiancmtes ppaimtiof dhlgast canyfirstomita Hatononatdfast one second

firiﬁ and_sgzoqg netallo?ene conpounds. as ditsclosgdt ot

a9 i AL AN AL CBPPAURE: &) 15t 8% difiigator-suppo

( ROMpfisHE R Qe AE BYldeatd AN ax tReEdN-wiihafahase tnibB fidNeptionally,

or any conbi nation of al um noxanes di scl osed herein, ,

t @n fosganpbored PhPyEspoknsp 68¢atalpH. dh ankther appeshtthepresent invention

Furt her, an onhi nat.i . 0 y

B ETRS oM A BSO8R pribs P st BERREL o atemg gne i

Winidfal Rayneal daripaaxdnat Oeadt 0ol NRtdraN rétaldddent;n@xab/gnoboron or

and optionally, a solid oxide treated with an, .

e PEERPRORIGLP G ¥k HYOEANUMIBEY earanqupd; and epjiopally, an activator-
' ; i.0 Y iheB b 100 ahl . .

AcioR  IRRRL ORfed MRl BN SRIARARAR' for required 19 comprise an

c aapatoresupportd 0 pAnyo nadshymet@iockmastongpoendr diaclotedr deein can be

co und, .to forma catal yst conpagsition of this .

| ROERITF AR ﬁlawﬂ&o%a 8 Oapgggg?@rraé? Feegiqyrigdisclosed herein, or

Phy CHYBRAREN BY lor@holow B} BphAftR}at@bocatalysts disclosed herein, along

organoal um noxanes. The other catal yst conponents are

t ypihcatdngpaent thet prdvides dn adtizatabla Migarskank a3 an alkyl or hydride ligand

S VSN RGBS RS, poF Rl ao bl RaE s st o
| M@dTRdtialdesan RchnBEAEHIRIS Qnoladae IRA I0BaELEP ce@Bosition.

be used. The catal yst conposition fornmed in this '
miriber, emnhcarebipgidnedifaef agg sccond metallocene compounds disclosed herein

can be combined with any an organoboron or organoborate cocatalyst; an
organoaluminum compound; optionally, at least one aluminoxane; and optionally, an
activator-support; to form a catalyst composition of this invention. However, in one
aspect, the catalyst composition of this invention is substantially free of organoboron
or organoborate compounds, and in another aspect, the catalyst composition of this
invention have polymerization activity in the substantial absence of organoboron or
organoborate compounds.

In one aspect, as provided herein, the term “organoboron” compound can be
used to refer to neutral boron compounds, borate salts, or combinations thereof. For

example, the organoboron compounds of this invention can comprise a fluoroorgano



met hods known to those of skill in the art, including
but not limted to filtration, or the catalyst
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reactor w thout being isolated, .In one aspect, the

al um noxane conpound of this |93ention s an

ol i goneric al um num conpound, wherein the al um noxane
compound can conprise |linear structures, cyclic or

cage structures, or typi Xt ur

%g on Cogfpo%n(riﬁ’oxaﬁgrog o%‘%%u 0 a%g ﬁgmp%léna[e 2 coerﬂlatloﬁ tﬁgregf Any
I ifeRor@ho DE@BE hﬁdﬂad)ﬂ@wgah@voda@efmmmolm& Oknb@viC &f B art can be
atons, and n is_an integer from3 to about 10 are

e HEB#Rsas Beaiteny ﬂwﬁr@orgmbﬂrp@ FOMPRENSAjaRdS usuptonganng to refer to
SBQIWP&I Q%fng)oﬁlllcﬁoofctﬂg {i_tb{ﬁ WS 'Pﬂ’éetefrﬁqﬁﬁ‘)%d}gaﬂﬂ)nﬂ)& erbo?n ound also
| i near m noxane i near al um noXanes vin
t hes fitorusublamedting ta refon earthe rmdaoaniohidsaiskyfl a fworsuggano boron

froml to 10 c rbo ato nd nis an integer_from
t 6°%peyd eét he, fQumy| %a&oeﬁﬁ%%gas‘gléﬁeﬁy rﬁmegemtwe%waﬁte%i organic
F%M\@e MFor %mnm@mr&&%@ %Qoﬁ‘ Qﬁ’aeﬂﬁ&ggrg%ﬁ& HGrta%érc‘b?rlﬂbftlnds are

ornmula Rt5 +aRb , Wherein mis 3
aﬂyj)l(zalhysreﬁerfbAl to 3))llect1'V@(y2by ergﬁn@lﬂ@romﬁwen@pmnd'sAb( By enther name, as
e nup‘ogr of three coordinate alum num atons, "o(2)
TR RUHIBI®f two coordinate oxygen atoms, "o(4) is

t he numRkemnpRE of f166R6HaRG bEraBXN@EFbUAELIE: caRlbel BB BS&thlysts in
a termnal al kyl group, and Rb represents a brid

2 Hheyreignb U enaTeine i FbUtgrangt iaed tor IBpEGHbAryhPRIACS such as
h "j‘\)’[\] Qigmgtlilgf;ﬁlﬁlng In 10 Fe%‘al%g(;%thtaﬁHgfpg ! m}(ﬁbor% u m n&if)%?t%ﬁcarbemum

an be represented genera as such

A&etra@s(pena(ﬂlﬁoﬁph@)yl}bﬁka%,, hallndmt hetréldlé(pentéiﬂhﬁfr@lﬁnylf)lﬁbrae N,N-
group is typlcaI%¥ a linear or branched Cl1-C alkﬁ
sdupcthy a%pﬁlm tet }ﬂ,ﬁi 5-bt§|(151§1)y1prongﬁ§l@x}pphe@élﬂhqutte ﬁ@slg,qrbenlum

V“B&faﬁisgsoﬁ‘ bfs&t@fffﬁ@{d tlg}gﬁ;h%rﬁfw&?{[@n It qRE" likd 0%&&19% drmxtures

abou € al umi noxané compou
ofherdufs Hxamptdsiodriluormwirgrhe, bopart c@ngounds thait wart elusea, as cocatalysts
l.al um no ane

| al
mat %Fgaf F%Fr{lh?ﬁ%)élgt}%zhlgc ugé oblB ra&epwt }tﬁ]ﬁqq,]‘@x fisépentafluorophenyl)boron,

Ik?slﬂﬁ wlad Hmd&%ﬁ&ﬁyl)ﬁhegyf]yér@h uﬁﬂ@ﬁ’é(@lfbe including mixtures thereof.
sec- butyla um noxane, iS50 uty al um noxane,

1 pent Witiough nmx]atfadlng tpdmlgquaﬂlhy]th@)f@ikeymg theory, these examples

| al um. noxane
oP %uo oorgano borat¢ and fluoroorgano boron compounds, and related compounds,

are thought to form “weakly-coordinating” anions when combined with organometal
compounds, as disclosed in U.S. Patent 5,919,983,

Generally, any amount of organoboron compound can be utilized in this
invention. In one aspect, the molar ratio of the organoboron compound to the
metallocene compound in the composition is from about 0.1:1 to about 10:1.
Typically, the amount of the fluoroorgano boron or fluoroorgano borate compound
used as a cocatalyst for the metallocene is in a range of from about 0.5 mole to about
10 moles of boron compound per mole of metallocene compound. In one aspect, the
amount of fluoroorgano boron or fluoroorgano borate compound used as a cocatalyst
for the metallocene is in a range of from about 0.8 mole to about 5 moles of boron

compound per mole of metallocene compound.



I so- pentyl al um noxane, neopentyl al um noxane, or

conbi nations thereof. Wile organoal um noxanes wth
waledo7ao®as types of R groups are enconpassed bRCT/HB82007/062555

present invention, methyl alun1§oxane (MAO, ethyl

al um noxane, or isobutyl alun19 xane are typica

opti onal cocatal ysts used in the catal yst conpositions

of this invention. These al um noxanes are prepared

I um h | al. um num or

PP LRT R A abE Hr§ G o € Somet i mes

r ef er r ggtampled ofpbé wétagishyd)mpd)syﬂmm oMmioxid@htiod Myt B are not

alun1nun1OX|dei and E (i sobutyl al um num oxi de),

r §8pdt fov ey follawipg. 4 cs)nw R Phé10§dt§%1€n%fextaﬂ7é’1€ the catalyst

 PYEPRSED i BP0 PR SR BalE T comac

val ues of nin the alu xane for.nul as -0 . n and
ROFgAaPlning pompoyg. ¢ ti%si Qnepefixatgg-sy 8§tw 8% 3.

However, dependi ng upon how t he organoal unm noxa#e
prepared stored, and used, the value of n car
variable within a single sanple of al um nof&he,

such a conbi nati on of organoal um noxanes are %‘”
in the nethods and conpositions of the present
invention. In preparing the catalyst conposition
this invention conprisi pti onal al um noxane, S
mol ar fhti ot @ﬁa%ﬁgp H?%U aﬁ°?ﬁ@‘§ﬁﬂﬁ§ﬁ%xane to the N

netal l ocene in the conpositjon

i scusual I'y fpmnk;oo e
cof opti ongd— ¢

5:1 [,g-8h0 \%%' 000: 1. Fhe

al um noxang ded to a poly 'zatlon zone is a

amount Wi\tH n a range of abo 0.01 ng/L to abou 000
from abong~0. 1 ng/ L to about ng/ L, or fro S

about 1 nmg/L to about 50 ng/ L. Crganoalun1noxanes can

, Or any combination thereof;

“Q

“\CH2

CH
10 b) the at least one second metallocene comprises @

c‘ o 9 O~

wCl Clame, & eountCl
\\CH2 Zr

oY

CHCH-CH, CH,CH=CH,

4 p?cﬁicﬂlpﬂél’ﬁ at [Ehse ope Eise mictilveend, iat)ktasmmt: emmlndtmﬁaltmaye at least one



prepared is as follows. Water, which is dissolved in
an inert organic solvent, can be reacted with an

wa@bkamitmess al kyl conpound such as AIR to form t P€T/US2007/062555
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desi red or ganoal um noxane conpgynd. Wi | e not
intending to be bound by this atement, it is
believed that this synthetic nethod can afford a

m xture of both linear and cyclic (RA-On

al um poxane speci es, both of~Whi ch are enconpassed by
' 0 al um nox

m num al kyl corrpou
SUCR; S R3 vvlth a hydrtab.e s@lt such as hydcr1 Z “\Cl

/4‘ BN

| th‘dtOfS As pr cm}
N N gsent invention P hO'S
a catal yst conposition conpri a catal yst _
conposi t1GA coRprising the condf é)%i pfoduct of, at TR,

| east Qne first netall ocene; at | east one second
net a ens: tionally, at |east oneorganoal um num
compound; and at | east one activator. The acti vator

cafi™ber4@d| ect ed i ndependently from at |east one

acd r-support as provided herein; at |east one
m noxane conpound; at | east one organoboron
or gagobor at e conmpound; or any conbi nation thereof.
Accor di dgi¥, % n copey aspbinktiaf theteef,pr esent i nvent i on

t he at eas& one_ac |vator can_ be aﬁe ected from

| east She offandbor 5RcofPSungre Ao Ipquy™ on%on[1pound comprises

O g BIR k8. C AROBIAGalueiin@n C AARbR@Y laRnihfial &@f any Ntobination
further aspect, the present invention provides a

cﬂteémfs%ndcon'posml on conprising the contact product of

at 'eaﬁg ong,d tﬁ?ﬁa‘st Jﬂfeta% L 85060 colr%%%:?és aoéﬁ?fa?eﬁ%gfc?omde.
net al | ocene; east one org 34l conmpound; ~ at

| east omemathect Wdpeat - @UpESLimithigRKAEplag tike &@ﬂalydt @si@esition can
treated W|th an_el ectron-w t hdrawi ng ani o fgll

o SPMBHER, P thegatabish TRt @R C@W@l&ﬁ%@swaméctdse chpf st least one

l ?irﬂnﬁgﬁﬁ{)ce‘ﬂé pgl.cﬁeastt Bﬁe @E&ﬁﬁnfne{aﬂﬁ@&%' an 185 P%hg gﬁ%ﬁoaluminum
cat al yst conposition conprising the contact produtct
otompduride aisd atderst bna sttivaet-aippocewbeconpound; at | east

one second talloc an o:T?anoboro or organob tde from

cocatalag/st cf’rtgaff’(?%\tl ufifium&8np locefiey 18 selecic

acti vat or sypp this aspec
|_t| on is d_Btuo conpr @ O
"""" C ...mu\\ C| Ph i, ~mCl
" Qv . \C'
\)

R4

, Or any combination thereof;



activator-support. Any a a-netall ocene conpound
di scl osed herein can be conbined with any of the

wor@anatess on or or ganoborate cocatal ysts di scl PEEUS2007/062555
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herein, or any conbi nati on of ggganoboron or

or ganoborate cocatal ysts di scl osed herein, along with
a conponent that provides an activatable |igand such
as an alkyl or hydride ligand to the netallocene, when

the_ne%g{lo%§neago gnq%wdoF&%%%ung%gﬂ% conpr se§8&ﬁ$ from

aliga such as an organoalu

a catal yst conposition. Further, any conblnatlo
first~andsegord netal |l oce ».-os di scl ose

her @]@ @ nbi ned wi ganobor on of

or ganobg cocat al yst ; 5 9a un1nun1co wwda

optlonaJZx' ét | east one aIunH oxdne and op

at S 2-support m“ ; at al yst co
\~> ion. Ho aspect, tf

catalyst Co-uoS|t|on of this in -- |on is CH,CH=CH,

substantially free of organoboron or organoborate

conp and i n anot ect, the t

conp i on -of “his in i 0 e poly zation

ac&|V| y in the substantial absence Qj of ganobor on or

or ganobdlat e conpouﬁﬂg‘bﬁﬁﬂone aspect’, ~agfrovi ded

heFéipit he term ron" conpod be used to
I {::)neutral bo pounds, bo ts, or
co natj ons t hereof exanpl e, »-0r ganobor on

conpoundQHgﬁcnhls i nvent i GA)CBINHCONPr i Se aCH),CH=CH, = or any
quoroorganoboron compound, a quoroorgano bor at e
c 6ppbington teregf:combi nat i on thereof Any fl uor oorgano

bor on %Lt f1yoroqrg a[k% por g 8&1{}1%1 mcdnllgpotugg a 86rnprlses

can be ilized.” The ern1 Iuo organo bor on compoun

hasethilslubsiuah, neadbngaluminghe rtrltsﬁblﬂﬁlahfrﬁihump rgeouimyd Scodfbination
the form BY3. The term fluoroorgano borate conpound
cHaddi t s usual neaning to refer to the nonoanionic

Sa' ts 9% a_Hlupiag &f%%n@é%@&ﬁﬁﬂ%&?ﬁﬁ%f a dulGtchifHhina.

[cation] [BY4 ere represents uori nate
or gani ¢n gtilb upoth&oaspectmremnelrmnmngf dxaomdm rtga odallgstr @ampssdion can

fl uoror 0 bo e conpounds are t eferred
t GOBBIYOf RGP cosh GGG S OB B T GEnab PBYCE P e feast one
?f@%on@&e@l 'Fﬁst(‘rﬁ&ﬁl@d@éné R YakESnc FRéaSMAGRS] &cond metallocene, at least

uor oor gano borate conpounds that can be used as
angpmcygtta@ed prganoaluminum compound, at least one precontacted olefin, and at

least one postcontacted activator-support, wherein each of the first metallocene, the
second metallocene, the organoaluminum compound, the olefin, and the activator-

support are as disclosed herein.

The Optional lonizing lonic Compound Cocatalyst

In one aspect, the present invention provides a catalyst composition
comprising, or a catalyst composition comprising the contact product of: 1) at least
one first metallocene; 2) at least one second metallocene; 3) optionally, at least one
organoaluminum compound; and 4) at least one activator, as disclosed herein. In
another aspect, the present invention provides a catalyst composition as disclosed

herein, comprising an optional ionizing ionic compound cocatalyst in addition to these



the present invention include, but are not imted to,
fluorinated aryl borates such as,

wa@ 2007Aai08et hyl ani | i ni um PCT/US2007/062555
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t et raki s( pent af | uor ophenyl) borg{)e, tri phenyl car beni um
t et raki s( pent af | uor ophenyl ) bor [ithium

t et raki s(pent af | uor ophenyl ) bor at e,

N Ndi net hyl ani | i ni um

t ol h%ﬁ gl 3 Cﬂae}lgg rﬁc‘vt&gﬁrvlei lnlil Qhe ggaptec tl)ep ca?alyst ]cgr%{)gstlt%n of this invention
tey ﬁLﬁ)K!aﬁ{lﬁlﬁfrbé 8f tonidihd @niredmydunahienl ihbaoateaspaer the catalyst
the like, including mxtures thereof. Exanpl es of

f p%p%ﬁl%%thb%m@ﬁmwdﬁda PO iRt ACtyAly UB dke substantial absence
c ege

ng? ?ctn?grlnﬂ%c‘ ¥03116 Ebrh ‘r:t‘llng{ pgln%m]f %ﬂ&\élfeg%%&'a tl;l%%ﬂrégeﬁl’t iRRh & ﬁrowdes a
t cataly3t @)nhpos(tiohlcbhipﬁsmget leygdt)oph enyd-bmitlocgneanthpbiued as disclosed
i ke, i ncll udi ng m xt.ures thereof. Al though not

i HEEHY Hglept BB IuiAiBe Bonie h‘é’“FRﬂuPGVﬁoﬁ@taB’%b dRflongihe gp Ieast one

examRkaSupport, |a%8r0%9619£ﬁ@0att192[595§6 &REnddIURMRARY &ﬁ‘ﬂ%ulﬂer Hamples
conpounds and rel at ed conpounds, "are thought to form
" weaddiying donidi sventpiongd e idoesedhem (&SniPawed Nuintblers 5,576,259 and
o%%g;%ggt al conpounds, as disclosed in U S. Patent

77983. Cenerally, any anount of organoboron

conpoung ﬁﬁmb%e ioié IcbA@Bund i Bh SohiDV@Ripodid WHICHPBEh function to
aspect, the nolar ratio of the organoboron conpound to

t lyehange 4hq actie ofohp catalyst ﬁomh@lmpa%hltq ot baging tyngheory, it is
%gllil V68 t%at tﬁe 10anti) %é 1&1910 I 8aéa|nybe t ]gab"i%m lfnrteac(%I ith the
?| uor oo UOF oorgano rate conp g

ua&mhl@se@ c@ﬁpdlmkiyeﬁid édi’lﬁfeﬁtﬂﬂg thetnadthl@eene irts a cat@nfcamgtallocene
of from about 0.5 nole to about 10 npl es of boro

c 6PAHBOHY.- p/égalﬁnwhﬂ%ﬂotnb@tegmngé@ v& bewnsh BYidleeory.rit wn@heved that the
fcl
FraEALe SAE BN Ui KA RIBAEL Taflbound by cpmpletely or
t bemﬁﬁy aﬂxtr@aﬁigeaﬂ amiomcahgaa;ﬂg @o@ﬁblix raomxahbun(a@leﬁymmg@d such as
eg. of  bor per nol e of

oKD S0 RE b db A ok @f&”@pmgthgx%% HedopReqnd metallocenes.
Cafdley st Igoq%%%{ toir e E3ATRY qI?VeB{lOIIII I@g@%a@{ theory of action,

composi tion this rnvention inc ut are not
| ir¢patddekstod wheehck m}hd owizig; iohiv cngpoaséatizesrthe metallocene; abstracts

g SR ETBa L O (g i3 ot s Fa® gmion paic
CORLRGE & f%%{%ne%etaql(xp)e Qﬁétalod)@“) f ie®il- (X’%t hdtAGEE: mifal-(x'),

| east one second netall ocene, | east on
oagdnoanhqﬂah(ﬁhm barbount, leahd)nat ﬁﬂséagd/oomecond metallocene; simply
a%gér\(/i?nta 255 2P R %gtt dne‘@gs %B(Q) (X", (X%, (X', or (X'?) ligand; or any other

mechanisms or combination of mechanisms by which activation can occur. Further, it

is not necessary that the ionizing ionic compound activate the metallocene only. The
activation function of the ionizing ionic compound is evident in the enhanced activity
of catalyst composition as a whole, as compared to a catalyst composition containing
catalyst composition that does not comprise any ionizing ionic compound.

Examples of ionizing ionic compounds include, but are not limited to, the
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,



a) the at |east or any conbination thereof; b) the at
| east one second netall ocene conpriseso r an y

W@ oovhitoss on t hereof; c) the at | east one PCT/US2007/062555
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or ganoal um num conpound conprl ﬁs triethylal um num

tri-n-butylalum num triisobutylal um num or any

conbi nation thereof; and d) the at |east one

acti vat or-support conprises a sulfated solid oxide. In

ano Spect. or non | m c
trlllé)OSIWI? Hdium, rt?tléaéqs[g ?%ﬁ%@% méth;gl?p%enalibor | bn

Caltytampidnsent he t@t@ﬂil&”(?&ntm&iﬂbﬁﬂienQDboraﬁe | east NQﬁﬁlethylamliniurn
first nmetal | ocene east one second netal |l ocene,

| &dskistntoldbpspsal uNiNdmeBHBBIREM an cﬂetlé?#lﬂ(@atgkyl)@ﬁ@te N,N-
a%ﬂl%éﬁﬂgﬁﬂlﬁfﬁﬂp orty tré@s?% al ; (ﬂmeﬁgllﬂhgﬁyl“?yorét@ ast I\PNedlf‘n {h%amliniurn

ocene 1S se ecte rom mbi nat i
t Inerakof3,b)imétaylpherlydbotatgne N&éﬁnmhiylm&hﬁjluho leﬁnkls[fSS -bis(trifluoro-

select m conbi pat j.on _t ereof C e at | east. on
é)anﬂaw HiEonDb e BN CBuh: r%eéﬁaEV(P&P HRRpenyDborate,

t e H%n?lléﬁ%kﬁhﬂfn nlt'é'ﬂrakié'(f) 't(ﬁ itryeal u%ﬁ'ﬁ’éﬁblc@fbeﬁﬁﬁh tetrakis(m-
conblnatlon t hereof; and the at | east one

amlyl\)lalr@ue- suppor tlrlpbmmcrarmura sul f atetchkssl Lfridmacthylphenyl)borate,

ey SRR T G e PubhOf BB ot o enytcarbenium

C CARRS] 3, 5-Bik(CERoFABI Y HhchNE0EABL act pro d uct Ofriphddylcarbenium
| east one precontacted first nmetall ocene, at |east one

pﬁfé@bﬁ(m@taéwombemd)hmtal | Goeyieum at totrakistp-tohd)borate,  tropylium
an S .

e L R N LM

agdtiak R NS -da@hgibhendoraed,n eac Iﬂropfrhﬁﬂ‘ie f | I $dtrakis[3,5-bis(trifluoro-

netallocene t he second. netal | ocene, o
oFtFANG RN Elilﬁ [herateo nptﬁawilunt he t%iraécﬂﬁ(wnwéh@rqnhényl)borate lithium

acfétfa‘lé% o UK p%ol% Joof t‘ﬁﬁln? %gtgaﬁ]s?ﬁl?éngll)b&la{?e ARk, N ?eltrakls(p-

tri(n-

on|2| catal
tolyl)borate lithium tetrakls(rn tolyl)borate lithium tetrakis(2,4-

dimethylphenyl)borate,  lithium  tetrakis(3,5-dimethylphenyl)borate, lithium
tetrafluoroborate, sodium tetrakis(pentafluorophenyl)borate, sodium tetrakis(phenyl)
borate, sodium tetrakis(p-tolyl)borate, sodium tetrakis(m-tolyl)borate, sodium
tetrakis(2,4-dimethylphenyl)borate,  sodium  tetrakis(3,5-dimethylphenyl)borate,
sodium tetrafluoroborate, potassium tetrakis(pentafluorophenyl)borate, potassium
tetrakis(phenyl)borate, potassium tetrakis(p-tolyl)borate, potassium tetrakis(m-
tolyl)borate, potassium tetrakis(2,4-dimethylphenyl)borate, potassium tetrakis(3,5-
dimethylphenyl)borate, potassium tetrafluoroborate, triphenylcarbenium tetrakis(p-
tolyl)aluminate, triphenylcarbenium tetrakis(m-tolyl)aluminate, triphenylcarbenium
tetrakis(2,4-dimethylphenyl)aluminate, triphenylcarbenium tetrakis(3,5-
dimethylphenyl)aluminate, triphenylcarbenium tetrakis(pentafluorophenyl)aluminate,
tropylium tetrakis(p-tolyl)aluminate, tropylium tetrakis(m-tolyl)aluminate, tropylium
tetrakis(2,4-dimethylphenyl)aluminate, tropylium tetrakis(3,5-
dimethylphenyl)aluminate, tropylium tetrakis(pentafluorophenyl)aluminate, lithium
tetrakis(pentafluorophenyl)aluminate, lithium tetrakis(phenyl)aluminate, lithium

tetrakis(p-tolyl)aluminate, lithium tetrakis(m-tolyl)aluminate, lithium tetrakis(2,4-



In one aspect, the present invention provides a
catal yst conposition conprising, or a catalyst
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| east one first netal |l ocene; 2» at | east one second
net al | ocene; 3) optionally, ﬂeast one

or ganoal um num conpound; and 4) at | east one

activator, as disclosed herein. In another aspect, the

dhgng e[g\élglc]j ; éfnglﬂa g%@ﬁ%ﬁ ntatra @gy (i%glﬁﬁ}y OSI @alﬁr?ﬁn% e, lithium
| @Jntaﬁusﬁﬁmuﬁ@tecocadcahmst te&aa@@bﬁﬂaﬂnoxbphédygsﬁﬁhﬂzﬂé sodium
conponent s. in one aspect, the cataly

c&‘ﬁ%@(nheaﬁl)%ﬂmm@res POt |t%tFﬁ1ﬁl%P§QlM§%18ﬂWaé¢ | 90<1hi=1@e tgfrakis(m-
' Q&g]ﬁélﬂlgﬂﬂa?@l s%dﬁlmé%fﬁ@fs A %ﬂﬂethglgggfgl ﬁﬁ{]mlﬁét@e%dmﬁlht%trakls(s 5-

conposition o é
p dimasthylphatyil)ahmaﬁﬁte vity sadiirhe su bstteﬁ“hbrallurﬁnlnsen ce oOpotassium

or B BB FUT dis: B Estuah JRR OSBRIt Poassium

C @éﬂ%ﬁdsﬁﬁ I%Iuﬂlﬁﬁ%t o%tQJSl%.l’I{Te t ldREEAGOHPARAMUASAS potassium
di scl osed herein, |'east one ionizing i"onic conmpound

cwmg(&é{dlmdpyhpbﬂadllawrmnatbeast opgagomi vat or {gupport,  (3,5-
| east. one or n m. conpound. .

e PR IR e bate > P AR B LTS | OB Cfcarbenium

Un%(z Pat endnaliuoies pheryl Ffrad@mma, 5, 807 838  ARtrakis(1,1,1,3,3,3-

ionizing ionic conpound is an ionic conpound which can
f heraflugrpisaprenraneltodaluménages t orvsitver detrakigperueroyishutoxy)aluminate,

C%ﬂ?l%{ %otrhlgﬂaUOW]tlher%OP oflowg\lflé?dthgye dl%HleZﬂlr ylbnlc coh@gP 1?(1 Iflr% exgrnplary,

Izl n I'C conpou

I @A thehgnivingliotib eorﬁp(haidl i9 ﬁ@ﬂ’l&nﬁmm&dman@lpté@m @ivichfign.
the netall ocene into a cationic netall ocene conmpound.
Again, while not intending to be bound by theory, it

'%%?@h%@%@gmLﬁél the ionizing ionic conpound can

function as an ionizing conpound by conpletely or
parti allh ynexspact ﬁhn g)re‘mnamvemm(m lemcgmqﬂssepcaspmlpmyrlaation catalyst

non- h5- al kadi enyl gand such as (X lg
( KBYPOHAN 9Py m%xaz)a R BRTHAOR | BV frariss gk sggnprising the

n‘é&ﬁhét%@&lﬁfé of, '@W@a\éﬁﬁme ARt ﬁ%@eﬁf&e&f af REstRIRSEMnd metallocene, at
i nvention depends on any theory of action, regardless

ofcagh et exctivter, | andi zphr@lailymatcleasinptmj 19a- catah%tze& dhselosed herein.
n?}nsgpra%%gq%cﬁ%{kftégch%c?rﬁ 1ge§u §?~||tf6?q &)%ealg)%bm ﬁ)sgﬁ,] (Nx&i catalyst
p@b@Fomis%a p@&ce{s@@@f ﬂ@mveiﬁ@l in€ 180 oleﬂ'ﬁfc@ﬂnpéﬁ%)s having from 2
m‘?ot gbout 30 carbréﬁta?olms( égr)molgsglg Ian ﬁnglg at least one olefinic double bond.
This invention encompasses homopolymerization processes using a single olefin such
as cthylene or propylene, as well as copolymerization reactions with at least one
different olefinic compound. In one aspect of a copolymerization reaction of
ethylene, copolymers of ethylene comprise a major amount of ethylene (>50 mole
percent) and a minor amount of comonomer <50 mole percent), though this is not a
requirement. The comonomers that can be copolymerized with ethylene should have
from three to about 20 carbon atoms in their molecular chain.
Acyclic, cyclic, polycyclic, terminal (o), internal, linear, branched, substituted,
unsubstituted, functionalized, and non-functionalized olefins can be employed in this

invention. For example, typical unsaturated compounds that can be polymerized with



and/or netal -(X12) bond in at |east one first and/or
second netal |l ocene; sinply coordinates to at |east one

WO XBy/1010%31), (X7), (X8), (X11), or (X12) |i ganpCT/OR208T§62555
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ot her nmechani sns or conbi nat i og of mechani sns by which
activation can occur. Further, ?t IS not necessary
that the ionizing ionic conpound activate the

net al | ocene only. The activation function of the

ni zi i QPJ,G. conpound i vi.dent .i.n the enhanced
a &l %alteggstso p J&hé g}lvgigt on gL { gg’ﬁﬁt 3 %oé[ lng\’I[&](g 1ioe ’proggf:ene, 1-butene, 2-
C O0Ras, T mkthyd | dAtdley Bbb W OIFRO Sli-pdndshe apeAichd, BIme el Bll yp8htene, 4-
conposi tion that does not conprise an%_ionizing I onj
§

cabiridoentsegndiexcrs, Fbpreng-iaane Totpblngsene, l-hecptene, 2-
| G tgr‘fjeeg-lfél&eng,rtﬁe g&fr r{ogrﬂllto%?enteg thd Rfar ];181111'159%9&165, the five normal
co s: tri(n-butyl’)ammoni umh

oun
t dtconks, sdna- inddtydey gt atyetwd or (merbuthyilepf. abyubini amdh bicyclic olefins,

E gt{c]rl e lgléé@ nt@? ‘iéﬁlitl)qg?qr}%tyglhg%{;qin)(egé?cié%l’x)e&mr%ioyn?lene, norbornadiene,
tohd Rtk YdhBTTH0N iR &t Zeakl 86 ribed above.

, 5-di met hyl phenyl ) borate, tri (n-butyl)amoni um
t et r akils o8¢ Bspyics (Whérf h wopolysichyd piedy Hebmoaereer cthylene can be

: ébéog%é%%ggn‘?%ﬂéﬂ%ﬁ%| )IB &pgtthgl: aspect, examples of the comonomer

Nid¥etiem®uhyteaRbt Tifdiddm tb??fo@gieﬁé,piib@{elﬁle) bYu@ne, 3-methyl-1-butene,
N, N-di methylaniliniumtetraki s(mtolyl)borate, N

NaHoRetyhepe anl -Pemienan 2drentere.s (Rmethyl-Aarchignphehiciybd arcatene,  1-

{\Iéllf}%eglﬁrz%@%‘. 3P%el{p?(%%ﬁmgﬁeélﬁif/lrB-E%xregf:,e,l-heptene, 2-heptene, 3-heptene, the
Nfdvr diofalyctas, | thé fdiiMnormal nonenes, or the five normal decenes. In another
tetrakis[3,5-bis(trifiuoronethyl) phenyl]borate,

Nanpegh. g eRMAANGT §aRy pe 1-butene, 1=pentene, 1-hexene, 1-octene, 1-decene, or
t@t{yF&E! s(pent af | uorophenyl ) borate, triphenyl carbeni um
tetraki s(p-tolyl)borate, triphenyl carbeni um

t et r akilis ot abpdc), thoraatoant vf icpinemyrh@ambediaedh into a reactor zone to

t et r aki 2, 4- di net hyl ph | ).b , i ph | beni
L Bitaks S canalyme oy EBeni 9t vait 4P) Bhemprc 4 beribinpercent
t ebmakdmérSbRadbs thd Htél%éi@ﬁ%%k iRk l.he rc@%n%gorner. In another

tri phenyl carbeni um tetrakrs(pentafluorophenyl)borate,
t renegt, ithenamamt ek carpaanudryhtydsiced mto & rayetor izam 18 from about 0.01 to

t ki | vl t t L. i

tabfdia S Patoeht RORimer FEYihoMh appihgy g from about 0.1 1o
t @bsakl Skikht geﬁbﬂﬁédﬁﬂdr@ﬂ%ﬁ)ﬂaiﬁpélﬁﬁ& totd] GPMEhtUSR the monomer and
tetrakis [3,5-bis(trifiuoronmethyl) phenyl]borate,

t eopYRomeh t edltemite(ohe nemfamemo phidingFyths g the takpyandescribed

¢ SRR IR BN A Bt RE A Fucrd kLRt

bor at e Whild hottiftcheingadsi tg( hound! iyl Jpothabey, i ithdhewsmt that branched,

t Eltlgs?iit(lites ,20'r4f-unctionalized olefins are used as reactants, it is belicved that 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 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. In one
aspect, at least one reactant for the catalyst compositions of this invention is ethylene,

so the polymerizations are either homopolymerizations or copolymerizations with a

different acyclic, cyclic, terminal, internal, linear, branched, substituted, or



di met hyl phenyl ) borate, |ithium
tetraki s(3, 5-di net hyl phenyl )borate, |ithium
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t et r aki s( pent af | uor ophenyl ) bor %e, sodi um
tetraki s(phenyl) borate, sodiu

tetraki s(p-tolyl)borate, sodium

tetraki s(mtol yI)borate sodi um

t et r tlthe‘% éefgn rrel% A (%hpl e’ny t(%bg{ %Om%o gnonﬁ,]of this invention can be

t ﬁhd‘dalftﬂ pEYIaBOFBiHE of I@lﬁﬁlaﬁtﬁ tétpounds, including but are not limited to, 1,3-
t et raki s(pent af |l uor ophenyl ) bor at e, pot assi um
t Brtadiens (istnaene | doreatadiengoindslsyfigadiene.
tetrakis(p-tolyl)borate, potassiumtetrakis(ntolyl)
borate, potassiumtetrakis(2,4-dinethyl phenyl)borate,
p Pireggsaiation é theekata(y3t Bongiositioly| phenyl ) bor at e,
potassiumtetrafl uorobaorate, triphenyl carbepi um
t et r aki® @B?tgFry pIpegh (T ﬁ%‘feé‘tlo? Fpﬁ‘ﬁ'@?ﬁ???,sa‘i‘ B%tiar[g’lﬁhwcomposmon and a
U eidirlal 84dihiiGh |cl)ﬁ‘1!a&'t’fﬂg;§€ Foast Bh@l?ﬁﬁyﬁlgﬁﬂg&rﬁbum least one second
t et raki s( 2, 4- di net hyl phenyl ) al um nat e,
t mqmﬂ@ngneg ar lbm pum@tevtatqg{kami(@t@nally at least one co-catalyst, as disclosed
thy phen nate triphenyl car beni um

ﬁﬁg}m ng( rf%ég q? %H}éﬁ? 1%@5’&@%15 ong Bsﬁg;rreitadlrﬂcene at least one
t 8édoalfirmétRdRhy, | orad WeMbBRALEen b BBM fikdfand second metallocene can be
tetrakis(mtol yI )al um nate, tropylium
t@chakﬁagt(efi withiianie tohyar pstagiyst )oampanens élchtdmg@;hwt uyet limited to, an
t %{ rf% %1%01% T, (1{ %é E%AﬁBP ﬁf%%l Ia 111 H{gn{)@l&e Pse 1? 51)[%/ in%@)ntactmg steps
ted ﬁc&lﬁleﬁés@@ﬂ’lﬁy&hb Yo [@l&]’myﬂn))ﬁd)rﬂéﬂ tdaicepollmbRzddm Precontacting steps
tetraki s(phenyl)alum nate, lithium
t 621 AR¢! gé Rr@cp%n[[a)cgpgl nqttnéﬁaét opg t Hysfynpetallocene, at least one second
t
i g%eﬁaﬂaél 2 Xﬁﬂ)ﬁﬁﬂ% ﬂ%nes)if,)\gitﬂ ﬁ?ﬁ(g%alely a leaﬁt. ong olefinic monomer,
t eptiadillg ( & 5eas|ﬂ (:1 rmgmimahyﬂn)mhumda&ﬂm, hnd h]pltlmlally at least one
tetrafl uoroal um na

t AP RQTSPEpR %\frF%}EA %ﬁ:lweqmﬁ) %qtlcmti% spRportsfgyp figst period of time, prior

ted rc@ﬁﬂa%r@@ﬁbyIp}&bﬂt@h@@trﬁlxtlﬁ@d\wﬂ] any remaining catalyst composition
tetrakis(p-tolyl)alum nate, sodiumtetrakis(ntolyl)

alcomperznts, ncg@mplnmed in the precontactlng step. For example, the first period of

L Bt S e et (T eb Ry ERar Pl G it &, FEDciiTlocene. o second

t eictafocsiy, @aldidfim@nfnoRRet, amali atim)rganoalumlnum cocatalyst can typically
tetrakis( pent af | uor ophenyl )al um nate, potassium

t é@l}gﬁﬂ‘@( pherappytal mlmqﬁgtoeabopbzéhg@}rumnd from about 0.1 to about 1 hour
( e S
%{ {@ cliaz ( %irr%: qnyalcg gllntém ncg‘%wea’bogg Elgsrﬁllnﬁﬁs to about 30 minutes are also
te;tlﬁ(aiil s(2, 4-di net hyl phenyl ) al um nate, potassium
tetrakis (.3,5- dingthyl phen [ )al um nat e, paqtassium
tetraf My &rl@aﬁnfﬁff mf% gxangile, p‘?’i’éﬁ)ﬁh?: BFBRNAERY nixiure or more than one

< ?re%ggtagted 2} 1 %1‘3‘ lj'_%%ﬂg&tg@ g S}Wﬂh) ftiléJ ofeﬂ?ajlﬁiﬁg n @(Iitgl’yst composition

hemgfe)lr)r_u;ntesgirtlg.Iraimpasiﬁbmﬁwbeahemithwp(mcomac&idl metture. For example, a
t%}rercglll(tlagtgg errnflitllilroer %f t ﬁlps!fI tgl)éiy)sgclzolill nmaetta?focenes, olefin monomer, and
organoaluminum cocatalyst can constitute a precontacted mixture, which can
subsequently be contacted with a solid oxide activator, to form a postcontacted
mixture. Typically, the postcontacted mixture can be allowed to remain in contact for

a second period of time, the postcontact time, prior to being initiating the



or any conbination thereof. However, these ionizing
i oni ¢ conpound are exenplary, and the ionizing ionic

w@eopamd i s not limted thereto in the presenpPCT/US2007/062555
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i nvention. The O efin Monomer zn one aspect, the

present invention enconpasses pol ynmeri zati on

catal yst conposition conprising, or a polynerization

catalyst conposition conprising t he contact pr oduct
east one st neta

Sgglgﬁnaerlzattt i Prggeésr%e n_gne, sgg(%t 8 Ff‘con‘t cftatt g%egr ettvgeeg the treated solid

opkidenativatorddupbe@shd ﬂ[&pr@@tﬁﬁﬁ@i mﬁiture agpicalBclagsedom time about
herein. Unsaturated reactants that are useful In the

poIyiruicito abpwr4ioyee aad Bom & h toahoat | dpuicis Rpugdle Peyfgontact times
a%npmgl?%gﬁﬁmﬁés t#)hal'b§uﬂ ;’rgﬂltu Qhrd eggd @&ap' efin

conpounds havi ng from a out rbon atons per
nol eculle aanthchagpary @t thieastentoe alyefcombirldom| e baivdis catalyst

This i nventian enconpasgﬁs honopol yneri zati.on

pFORBRRRIE S8 ik o F R e PERTIRTIGH ACTet HyTbRsqply while the
PHORMIEDRorR Featfioh i@DrGRRALYMEANERLIAlly [ BAC WO Wokd) of these

Feast one different olefinic conpound. I n one
asplelyst afmponenly aialyﬂve prabntected @aca wosmelodir tabtnphen@ their entering

cgpol rs of Iene C S or .anmount of

ciyreltEnczols, HarrBareERTE NeRg d o Agaroges in which th
C PrRBAEBEd PREUUP £ fdeEsieitidusly ROUBNrchbtoB drSit RAE 1R a stepwise or
requi rement. The conononers t'hat can be copolynerlzed

wibatghwishyregess Bhwhich ahbajeh of prereriecied podagioan begrdded to make a
g%ﬁ%’t %ﬁﬁgyﬂ tt‘tflk ; éérlgnht%glfﬁg‘z‘gtfﬁ &l pe cﬁ%féﬁ qu‘E oyer a time period

bitieud che dangeufdsihni 4 Bdvedeconds ibat Inhtth&d; sefvemattiayzmalrllfz@r In this
and non-functionalized olefins can be enployed in this

i ASRSAt it comthyuor af?ﬁm@acttrggpttaaparu Hsh b s dTem meeinb second to
t e 4 [ .

| it AR AR TR O S DG el o i st typically
1fiout ebmyt @ sdeohdnty, alburetShplinutds; loutfeome abowobuwiythent®, about 30
1- pentene, 2-pentene, 3-nethyl-I|-pentene, Anethyl -
17HBHPEne, 1-hexene, 2-hexene, 3-hexene,

3-ethy klteﬁﬁ?i)&@lpeche Lo RtabiG %ceﬁe&he&ecarﬁe@ 80t BN Bwiltiple steps,

the four normal octenes, the four normal nonenes, the
f ratkerrtbamalsingcstere sn el mishiplir esxtoics arwpmpnedzreanlm cemprising a
ol efi nc

tg eof . Q%Fli nd_bi cygli | di ng but
narrrh e EH v Eemiienor sinrdrs Wo BBNl components
NQADBE BHt L&) foR@mpar MAMSREre, AMdwel By coi@ctipaie HEirstMikRire with
polynerlzed as descri bed above.

t [east one other 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
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.

In another aspect, one or more of the catalyst components can be split and
used in different precontacting treatments. For example, part of a catalyst component

can be fed into a first precontacting vessel for precontacting with at least one other

catalyst component, while the remainder of that same catalyst component can be fed



In one aspect, when a copolyner is desired, the
nmononer et hyl ene can be copol ynerized with a

w@eoonerwes . | n anot her aspect, exanples of thePCT/US2007/062555
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conononer include, but are not .Limted to, propylene,

1- but ene, 2-butene, 3-nethyl- Z-butene, i sobutyl ene,

1- pentene, 2-pentene, 3-nethyl-I-pentene, 4-nethyl-

1- pentene, 1- hexene, 2-hexene, 3-hexene,

T BED  RA G pASRALALER SPR P
f icumgaﬁnﬁadr dacenesl. ditdtianafohge BsRECor at fenikeaTMOErfecof. The
can be 1-butene, 1-pentene, 1-hexene, 1-octene, ) )
1 PERSeRiAtingogandioyGagiisl oyt in gpe sy ablecequInpRIt ol ab tagks, stirred mix
c 0 [ [Fal r t or, n

RS B ok R HEE BP0 P S E b e g, or any
weomghinaper therdof.conononmer based on the total weight of

t he nmononer and conononer. | n anot her aspect, the .
anount BPNE GRFTENRF SKHPP Sk CatlySheomBos it Pb this dpwentign can be

f HRmaRRGUE c&rt&%in%‘%l?&@ﬂé, tlﬁis%ﬁtgﬁiunﬂﬁﬁﬁed?ttrigtg’ﬂ@tg}[%lgfﬁﬁinuril, and a

and in still another aspect, fromabout 0.1 to about
wéirgy metgccenindco smenodrerctddlmsed fonat leest abowt! 3 Oweingtes, ilowed by

th d . ALt ti . t

L PR 1 S R v Bt i g BT spgort for a
bYea¥itaht 10 mhfidiupcoRAk NOB to #6096 Headti takatilgstus ed.

Wiile not intending to be bound by this theory, in the

event {Thatrrénoarietieg step tyrsed byuinergases thg prpdustonal ¢1ztdg polymer as
CEP 0% B A0E B ABAAR Qb A BrB RO IR reconacin

P eley MET ez @thafte dPActic &$ Satalit Sompositie 6f tian tventiey edd e used for
portion(s) of the olefin renoved sonewhat fromthe
c ApmepolyacHariionad g e-pleHa MwneNer aerh dsectivslenscaregpelymerization of

hi nder . the rgaction in the Py thatkhhe sanme otle,[fint

s B sETAUER 8] ST (PRIORa™Shr e@é%%?%l% t'o % Rgcontacting step nor a
C RbRESEARMB AR pdOLRLR PRGN BRhtiod. N One aspect, at

| east one reactant for the catal yst conpositions of

t hi s i fhemostepnthgednhyiuemean kohedesd ol (emmerataeiavddonp guration

el ther mopol yneri zati.ons or..copol.yperi.zati-ons with .a .
L e e o e R

baad eheatbatcRlat iokide@dtivasilippos! duchitied a@oeidnrof thédcomponents of
addition, the catalyst conpositions of this invention

cdie peccasieetes nmpdyipnisr inmepibired  adspdicds ion dpapitndndhgreon.  For

| %%é&%&ie,”t%e tf)%tstcgﬁtgctgg trni%(tiu{rrei Ea?ndbet Reatél'd ﬁ'orn between about 0°F to about
150°F. Temperatures between about 40°F to about 95°F are typical if the mixture is
heated at all.

In one aspect, the molar ratio of the combination of first and second
metallocene compounds to the organoaluminum compound can be from about 1:1 to
about 1:10,000. In another aspect, the molar ratio of the combination of first and
second metallocene compounds to the organoaluminum compound can be from about
1:1 to about 1:1,000, and in another aspect, from about 1:1 to about 1:100. These
molar ratios reflect the ratio of the combined first and second metallocene compounds
to the total amount of organoaluminum compound in both the precontacted mixture

and the postcontacted mixture combined.



but adi ene, isoprene, 1, 4-pentadiene, and
1, 5- hexadi ene. Preparation of the Catal yst Conposition

w0 poognotoher aspect, this invention enconpassesP@r/US2007/062555
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catal yst conposition and a nethpd conpri sing

contacting at |east one first tal |l ocene, at | east

one second netal |l ocene, at |east one activator, and
optionally at | east one co-cat al yst, as di scl osed

herein In gne. .as this |nvent| h

one fi rS &t Dief or{gaécﬁlélg stf:p |1(S:‘a%SFdO %%nera D€m3tar ra of olefin

meicabhiee efoe ,theQ rcomntgfbi et iaad eécobat mefalleéneamdn@a@md in the
net al | ocene can be pr econtacted with any

c Rrespytasted arpEHesn D femabony! 18 Ge abyit 1I091999éd01t fomggpout 10:1
olt(e%onllt@()q@norrer In this aspect, the ol efin nononer

used I'n any precontacting steps is not necessarily the

sanme olefndhérmspsoeof this inecrpiony the rwagd ratiy eCtho ml@d onge activator
steps can i ncI ude precontactin

on
i B Sreanpalimp e SmPoid Gocane L e1n§ to ghoy 1000:1. In
caphthaald,eq, tHaek &8ht raftbldT tAPkH MBI Rlivdi§aRt theMRganoaluminum

ol ef i ni ¢ nonomer, “optionally at |east one
ongmpmaidummbemﬁwc abaltyks$ to ahdutopdl: bnald in pet dneter agpest, from

ivato a treated solid oxide

th]o{ﬂai’ tp%q’i‘f for a first period of tinme, prior to
c ont aclh RBurte affcBCHMhRGHRAiBh %haIH8ight Falfio T Yhd @MRIiMtIdE of first
cat al yst conposition conponents not enployed in the

pre¢ @moadtmﬁgll@teeﬁts toFgratesy safiel exide hetlwatqrwpmﬁ catl b@ffrorn about
t Il l'lj&i 290 uf ?fit(ﬁ‘)%tooot hﬁ? tR ?ﬁ]]g{] s%e%tecgfl #R in r%t%eg tl?e elgﬁ{ ratio of

met'a Iocene a sec an o

MeHroLEibinéd éirdd ring rsgmaﬂnummwmbmcab@tb&ebhd; 3Ride activator-support
typ| cally range fromtinme about 1 m nute to about 24

ich cagrhe frombapolid 0 to abqus lawhﬁ()olamfbm anjogher yipppeeh |from about

Pﬁ%"c@‘aﬂ&ﬁt ttiggs from about 10 mi nutes to about 30
m nutes are also typical. In this aspect and exanpl e,
o nce t meprspo o ik egvamtixd s ehao bluminexanban nonequired to form the

recontacted. m x e is contacted wth the remaining
SRS OB, Fitied Bristhantaire hitea lopinpusiampigproduction

t%é{?d IARGoRIRRAE O %*eegsﬁ&%tﬂﬁ&e rcbQft BXAMRINC ca® use AlRs-type
precontacted mXture of first and second netal | ocenes,

obedanpalmmrronme rcommoedndy gad oal trmieduselob eatdzl y@tvatoaﬁupport in the

9 ssetnlcet o lumlgorx%%gsm %&Cdt ﬁfjongl]l%tﬁjor g}ipenswe l't])ora?e compounds or MgCl,

are required to form the catalyst composition of this invention, although aluminoxane,
borate compounds, MgC1,, or any combination thereof can optionally be used in the
catalyst composition of this invention. Further, in one aspect, cocatalysts such as
aluminoxanes, organoboron compounds, ionizing ionic compounds, or any
combination thereof can be used as cocatalysts with a first metallocene, a second
metallocene, an activator-support, and an organoaluminum compound. However, the
catalyst compositions of the present invention are active in the substantial absence of
cocatalysts such as aluminoxanes, organoboron compounds, ionizing ionic
compounds, or any combination thereof.

Thus, in one aspect, this invention provides a process to produce a catalyst
composition, comprising contacting at least one first metallocene, at least one second

metallocene, and at least one co-catalyst, wherein the at least one first metallocene, at



subsequently be contacted with a solid oxide
activator, to forma postcontacted m xture. Typically,

w0 b@7pewsEont act ed m xture can be all owed to rRORUR200T062555
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contact for a second period of -tinme, the postcontact
time, prior to being initiati ng t hepol yneri zati on
process. In one aspect, postcontact tinmes between the
treat ed solid oxide activator-support and the

eea(s:tto or}lteasggoelgi rbr{%:tagé'lfreﬁ% @ a‘t) laea%t %nlreaﬁ,] élta \' ?are lﬁse(? %ﬁrghnr In this
I aspeyRi 3l at Rast eant@chtalystmesn fdoaipraboatt 1cdft Bhé Wrgmobiminum
about 30 m nutes are also typical. |In_another aspect

oFOMAPWIG ARt Iqaspne ARtV AemiPRet WricemibedhPss cat al yst

conponent g t&’%n&tﬂﬁf @év:é]e%f th hp‘r@s% LIRS ﬁﬁl %88 a process to
reactor sinultaneous e po ynmeri zat'i on
r eagiucon ciltslyptrmqmditlbg, coﬁhﬁrﬁ;rﬁgat ively, any two or nore

of these catal yst conpf)nents can be 'P'afrecont ac

a vessel or COMBENS i3br lcpY ORei HIsbnMeraliAgECh At rieééttl%ﬁ second

zone. TRidI0RERS %Eﬁ@r&tﬂlyngt BLRRNE JNAAE afld GORBt rHillg l{ﬁ'ganoalurmnurn
process, i n which the precontacted product is

cont i neowpbdynd for & fiestpedied of timoto farmcaprebmntactet mpwusaomprlsmg
or batc se proce in bat c f precontac

o ot L ob SaGRTdE! i Retfh e fas DS BREPEHCSd socond
Thi's prLREARLaS | 49105€RNE AfrcbntE&ddd IRshnOHlunN@h Sorhpdd, and
period that can range froma few seconds to as nuch as

sever abptenpdly. @deqsbwg?apr ccanitpctds erefézs @@ét t he
cont | nuous g{)ﬁﬁﬁ BF&R&%&& %ﬁ Eth %/ Eelagtabne acL}la&g} support

about 1 sec

t he comhd Bpﬁ@tﬁillpreﬁl@ﬁi@h@h@ﬂgﬁl@ﬁﬁrﬁ@uﬁmm@ﬁﬁldtfyph @@&dnyl period of
from about 10 seconds to about 45 mnutes, or from
about 1M 19ufosm & PayeRntackes MiHUCeeoMISRE Malcpsfeang Rastsontacted

pr eCOntf?sqtrtélglld%re{?&%ﬁea‘éﬁgﬁw@ﬁos@&{n'idc‘fe‘a s%%ncLHle{E}%Eéﬁ' &t lcast one

st eps, rat than a single ste
m xt ur @estameaqmsdepar@doalemnhmcorcpmpsumg aopdiohléy, entt dedst one
of cat al st conponent s. r exanpl e,

F CLﬁeast t wo
cat al y@? NHedn.and apleag ore ae%te%rl%? GHytQr-FRRNOEL.

m Xt ur g, oflé)!ﬁ Qg’ﬂeﬂle%ta?ﬁﬁta@ﬁwt@ 8f {h@%a{al}fs§5f {5 YERioW 1§ grpically
at | east one Ot her catal yst component form ng a secon

migxdater ¢hanaorcbqed th @bot. 100 drating pelypﬂlgboﬂpalcgnamgofmhems:ally treated
mul tj

v SRiE e bt Eturbnremeg RN LS RC nolite fRpeth R etalyst of
CRi§ {Ren@H cdnbeSBhtaBRrized by an activity of greater than or equal to about 250
gP/(gCTSO-hr), and in another aspect, an activity of greater than or equal to about
500 gP/(gCTSO-hr). In still another aspect, the catalyst of this invention can be
characterized by an activity of greater than or equal to about 1000 gP/(gCTSO-hr),
and in another aspect, an activity of greater than or equal to about 2000
gP/(gCTSO-hr). This activity is measured under slurry polymerization conditions,
using isobutane as the diluent, and with a polymerization temperature from about
75°C to about 100 °C, and an ethylene concentration from about 5 mole% to about 20
mol%. In one aspect, this activity is measured under slurry polymerization
conditions, using isobutane as the diluent, and with a polymerization temperature of

about 90 °C., and an ethylene pressure of about 550 psig. The reactor should have



(sequentially), in parallel, or a conbination thereof.
For exanple, a first m xture of two catal yst

weompam®st s can be forned in a first vessel, aPGEUSIN7/062555

10

15

20

25

30

m xture conprising the first nbgture pl us one

addi ti onal catal yst conponent n be formed in the

first vessel or in a second vessel, which is typically

pl aced downstream of the first vessel. In another

aspect.. Qne Qr .nre t he ,cat al yst.. conponent s can .be.

= SPREi Y Be bR fromh i B SR TR E ol B fine wpon
Fefak@xai®cancapaicinedfs. @ cat al yst conponent can be fed

into a first precontacting vessel for precontacting

with at | east one other catalyst conponent, while the

r e

¢ FP AP o Co b T Xy TR ot e

pr econtract icmglysist lof athel gassenoOnavattioar acatiatepdtd for any olefin
conponent, or can Ee fed directly.into.the reactor, or .

a PRIYRISTIZHqM, othindy £B9WN TR ethp r Bk oMLK VAR Sc Bpch f polymerization

CHEEIRY oML g A R 58S Y

t wdzetor acaphblskof polyessigingoblcinymoygmersoto arpduce homopolymers or
conbi.nati on t hereof . b?mone sgec for exa

| e, .
cSPRYREC oy raipobnh; ) RRRGIMSR Wi ehured; tepap davins or

byo KAHAC thB GratiohE XAIRE o f treddter9 BHEIMAAkNHTE NN BEy be referred to as
tri-n-butylalumnum and a first netall ocene and a

s befghdslwsy agasadesre spltiont higk asessuigotwbuBo orianteckys reactors. Gas
f tacti . { ] . W
a%lsl%ﬁ%\fl\%?cgg%a&g?n c%ﬁlplrlg?.fful e bEE %]ac?oqr% (6)0? {g%g)é? g{aogiz%ttap reactors.

na-acti vat or-suppor

alsautty thActBisibdyeconthitist @caitel drdisiizbmal 06p3. tHigh Peskivie reactors may
catal yst. The precontacting step typically increases .

t RRMpHsRIdGlarctay teffularieagieypy RerctarstyBesrisaiddudbat¢eor continuous
< al ‘ 0Siti . . ‘

¢ AR ALE LPhiARABOTL LN KO, kS RAGRAKGH, B \0Rfhuous product
cdtsahargé. dbogesist may atsb inblude ipaxtexhtor dinll clirecb ecaysledoff wi-reacted
honopol gmer i zatjon of an a-ol ef m nononer such as

eTMYPBISE UBr e dpsbeQrRIonyche 3ngiPr SiIUeH- a- ol ef m and a

CONDNOBB[ymdARUENE Feactdd i SS’B@I"HS BRhE GRELAC tiveskici Aldy t¥myfise one
postcontacting step is fequired for this invention.

Thepepok tresstur aipt edsysficst or endéplcbeattort efl the same or different type.

o R AL A Lt B e o

Pk&Rent asdlpdeiakblr Raabs (MecbiReleg@dbyal itthnkt dRvice making it

activator-support, such that a portion of the

c oppdriem sapgfer the polymers resulting from the first polymerization reactor into
the second reactor. The desired polymerization conditions in one of the reactors may
be different from the operating conditions of the other reactors. Alternatively,
polymerization in multiple reactors may include the manual transfer of polymer from
one reactor to subsequent reactors for continued polymerization. Multiple reactor
systems may include any combination including, but not limited to, multiple loop
reactors, multiple gas reactors, a combination of loop and gas reactors, multiple high
pressure reactors or a combination of high pressure with loop and/or gas reactors.
The multiple reactors may be operated in series or in parallel.

According to one aspect of the invention, the polymerization reactor system

may comprise at least one loop slurry reactor. Such reactors are known in the art and



the precontacted m xture is inmobilized, adsorbed, or
deposited thereon. For exanple, the postcontacted

worRoorae®wstan be heated from bet ween about OOF pOI/HRIINT/062555
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15Q0F. Tenperatures between abﬁgt 4Q0F to about 950F
are typical if the mxture is ated at all. In one
aspect, the nolar ratio of the conbination of first
and second netal | ocene corrpounds to the organoal um num

gg K Océn %rlgg ggt%cal cflor ?Q[ul lpg]t) I{/Igpgr?lguhﬂ%e Jfo ag}lst an(lg Pptlonally

f laﬁﬁtcoﬁlﬁﬁoﬁ% afagl ljﬁéb@{tinﬂﬁﬁﬂﬁ fé@ﬁ@@ulﬂ)@g &&téthefhere polymerization

or ganoal um num compound can be from about 1:1 to about

1 96cugpoGengiy Y, SORHINIOHE ProgejseTMay £FOBRsHa continpopgintroduction of

0 S f

¢ Ratinotiel Do PSPl ford Bt A bolEhortalion RAckPah P coptinuous

t hemdwel droranbisntcactbr of gasapknsiom eomparipg usudymer patibles and the

t re ontact d mxt re.and, the postcont.acted m.xture
gﬁﬁ%ﬁe YR SRy %%%SF%tosfﬁ@ﬁV? ghejotd polyares gt fhe liquids

t Beit 0Bhfisd BE URuG, AbRIhd ABRLWBhohdnd Wa&ﬁﬁ? kdeBfblogies may be

first and second netallocene conpounds in the

puewofor dkis edparitwnustep canhudeg bnbmtalhmwd;d fio, fshiog dlbasuhay include

100, 000: 1, .or from a 0 abou

B REPL8R oToReR RGMoRV A, PimRE RENGHPBEETREA0] tpy cyclonic

t BiciOhicetherd g@loaletolr %9410ty diéhd; BLsPRBABRBY ¢BhFRIPation.

conmpound can range from a%out 5to about 1,000:1. In

anot heA aﬂp@étslurnheoomegﬁﬂtlmamme@&f (alsre keown crsotbiedarticle form

5124 08 RGBT 1L ORGP, LRl Nos

anot.
f sagabout, 51)1,1%81505§i66ut75 5@;5125 ore, a2B9r8he6 283 pettandf 6,833,415,
this invention, the weig rati o of the conbi nation of

f epadto aﬂ&c%b?d@%%teélbb’é%%%e thoits YeEEEHCEHY i d oxi de
acti Vagﬁg%bgé‘ Qér{ts G 19%111 1?91%#&&%‘)' ]aré gveﬁ%l&)vn in the art and

1:1, 00 et anot her a s Itnvention is
t Iite:lumbg bintare adti loniodd tohthe mmﬂonwe teihp petynanded edhygtirocarbons that

el agence, 1o Lrea o sol | ox(de, actiator- SUBPOCL.

| RoPNRERE o, AaRBGIarbdns QMERRO Yhophnd Coyic®haLatt isbbd@R0-n-butane, n-
pentane, isopentane, neopentane, and n-hexane. Some loop polymerization reactions
can occur under bulk conditions where no diluent is used. An example is
polymerization of propylene monomer as disclosed in U.S. Patent Nos. 5,455,314,
which is incorporated by reference herein in its entirety.

According to yet another aspect of this invention, the polymerization reactor
may comprise at least one gas phase reactor. Such systems are known in the art and
may employ a continuous recycle stream containing one or more monomers
continuously cycled through a fluidized bed in the presence of the catalyst under
polymerization conditions. A recycle stream may be withdrawn from the fluidized
bed and recycled back into the reactor. Simultaneously, polymer product may be
withdrawn from the reactor and new or fresh monomer may be added to replace the
polymerized monomer. Such gas phase reactors may comprise a process for multi-
step gas-phase polymerization of olefins, in which olefins are polymerized in the

gaseous phase in at least two independent gas-phase polymerization zones while



One aspect of this invention is that alum noxane is
not required to formthe catal yst conposition

wale@chiowesl herein, a feature that allows | owerP@EDUSIMBT/062555
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production costs. Accordingly, bn one aspect, the
present invention can use AIIo@ype or ganoal um num
conpounds and a treated solid oxide activator-support
in the absence of al um noxanes. Additionally, no

e nsi ve rate conpounds or .are~.required to
F AR e BRUR G SRR B AL bPER i TR B Efbon zone 1o 4
akédoad gblyad ik fiaxame., d@@ftﬂi@offgaﬁFHaB@@&cthBQiscloWd ianysS. Patent
combi nation thereof can gptionally be used in the

cdtoal $:392.¢bFa8P /PR anG £.43Ri384; ¢ngh@f ivdnch sypeqipgrated py reference
oggﬁgégggg%e&%gatalysts such as al um noxanes,

or ganobor on conpounds, ionizing ionic conpounds, or

any comecodingonot kell eafotban aecused ths mocaial yst Righ pressure

wth a first netall ocene, a second netall ocene, an
aBPDYRTBRUQLASHAPE 1% ARMBIS Gt | EBIGEWHIPHBW%%}%@%‘W@“W’ both of
HoWeMEhre S nCiat @b st @m&sﬂeﬁéteﬂsm% hhe s3I €Bhes where fresh
i nvention are active in the substantial absence of

c omapalcy Shiiagus orawtabystaing oxdded s Manogen olryr bnentrained in an inert

conpounds, ionjzing iqQnic conpo S, or any.

CSRBPHat T PR fuccd i nd FARMIRS sl Migrgrs. catalysts, andior
| OMERLT QinfneNis 385 Be BitRERIISInt O REQARUSRaR Satidrddiced at another
conposi tion, conprising contacting at |east one first

meerd ofoherractont The gat stispaas swydedniernixed duaedymerirgtion. Heat and
I cp-cat al yst reyn. th t t_one fir. .
rBrar S inEte SRR wRERENY B R pbEERAYReiBh reaciion
| easditi@iye co-cat al yst are di sclosed herein. In this

aspect, the at |east one cocatal yst can conprise at .
| east é¥EOWigaiRowt FHPIHGHYWRHpOLIHE AYRNtign, theplymagezation reactor

a%a{y\/&)wrfsé lﬁ%‘fﬁt‘i%ﬁ%ﬁ%ﬁ&{doﬁl%a&& %Qreitﬁﬁl%gggﬁ&aﬁert i contacted

anot her "aspect, t esent 1 nvention provi
pmathesis tcatafysodooposationt it wattatdo nposng i @npthecomeansi ng\  carrier
contactingnat | east. ﬁﬂe first netal |l ocene,

at | asé .
ORMEBYBR AN ST RS AEUCT 9F PHIFAT IPnORET Ak be cRipy<d. If desired,

Ok hdnomBH ndly be@Euchen AhOINRG HIsBURCC BIRAYNHit e Ratalytic
first period of time to forma precontacted m xture

c o3nehios prigluat, 1 deespresemec pr ebssnt@of bquiflimagerial. The polymerization
one %{econtac
a

met al | ocene, at | east ed second. .
e baRanancde [-FRR GRS B B8BTSO m wnimption of o
C QAMRAsM &f thafdlymer in a reaction medium. Agitation may be employed to obtain
better temperature control and to maintain uniform polymerization mixtures
throughout the polymerization zone. Adequate means are utilized for dissipating the
exothermic heat of polymerization. These reactors are known in the art.
Polymerization reactors suitable for the present invention may further
comprise any combination of at least one raw material feed system, at least one feed
system for catalyst or catalyst components, and/or at least one polymer recovery
system. Suitable reactor systems for the present invention may further comprise
systems for feedstock purification, catalyst storage and preparation, extrusion, reactor
cooling, polymer recovery, fractionation, recycle, storage, load out, laboratory

analysis, and process control.



optionally, at |east one precontacted ol efin; and
contacting the precontacted m xture with at | east one

W@eao7aenoss - support and optional ly additional PCT/US2007/062555
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or ganoal um num conpound for a 2 cond period of tine to
forma postcontacted m xture ¢ iprising at | east one
postcontacted first netall ocene, at |east one

post cont acted second netal | ocene, at |east one

post cont act.ed or ganoal um compound, ..opt ional |y t .
Peast  ongansth RARe bt ol PG RES LRI, indo provide
pesiic PadrReti@dindliide VRh®eradupP prdssurk Nindn theasRehtration® of various
catalytic activity of the catalyst_of this invention

i §cacippise alHolyrgerizatian teWRfraBic ghatffes widyyt nodugivifis polymer

p I el.49 c e aklynlreat e ] ot

OHAERDE, RREHP D BRI Mo C YRILF i) PSRl Dhqtymerization

aspesiratutchenayabal yst tahpdrivuse ibeloentthondeegriyterization temperature

charaqterized.ﬁg an activity of %yeater t han or equal .

t Bceppding tothg Gibby ey sesray pauatian. Tppisplbt theyinglygeschrom ghout 60°C

activi § t h I bout -

of) s ERBiG 1oF Rty R Gy RN IG € B 8Bl P, fopgpcing wpon

ohd ttpSof polgmtiiMfios adhchee. characteri zed by an activity

of greater than or equal to about 1000 gP/ (gCTSO hr), .

and i nSaiehlneresaypertll alyp vapt pegordingfo heagi@der anapplpmerization
5 RRae P A AR O iohTints BSDieclof i} Bpicaty tes

| slolhutbane 1630 plig. diréssernt for gad phdst podynpalAttied iszaduaby from about

te er%%yre from about 750C to about 100 Oq, and an

eﬁﬁ@m ut gRC erier A1iel RrrmPalystTizatiorondubylar atiiieciaxs reactors

gy é/éne{d’l}lg%ﬁ AR FRRE Lbout bb§)09% 'aW)JtWS',(ﬁ)Ogﬁ?gS! Up &9nmidAdRion reactors

slurry polynerization conditions, using iIsobutane as

t hen dilscudrt opemttdwirt h supacyne | maidnowctenper at geecralfly higher

agout 90 0C , ,and an et hyl ene pressure o%ﬁabogt FSO. ¢

p&SePeTaHiES r ldt CSHIS o HADTRIBS L AMYCal iy foitical” point of a

I ?%Sﬁﬁbﬁ;&ﬂpe@&u@wa Binl (suffRefdrRicalGabd)MBay0s ffQ@alfantd L6 B

of fouling upon making these neasurenents. Utility of '

t he Catlhf yenceasapuseiivaaus reafanty e be eantiphledtopredeensresing with

The catal ysts of the .present .invention are intende :
R e A e S R

oryire on’rmne
Usk fgmedriyals rdsitPasl e nREodETbAaing ikt HeRkicOd&ernAdes the desired
used herein, "polynerization reactor” includes any

p &tsitiopgies. ofylechanical properties include tensile, flexural, impact, creep, stress
relaxation and hardness tests. Physical properties include density, molecular weight,
molecular weight distribution, melting temperature, glass transition temperature,
temperature melt of crystallization, density, stereoregularity, crack growth, long chain
branching and rheological measurements.

The concentrations of monomer, co-monomer, hydrogen, co-catalyst,
modifiers, and electron donors are important in producing these resin properties.
Comonomer is used to control product density. Hydrogen is used to control product
molecular weight. Co-catalysts can be used to alkylate, scavenge poisons and control
molecular weight. Modifiers can be used to control product properties and electron
donors affect stereoregularity. In addition, the concentration of poisons must be

minimized since they impact the reactions and product properties.



react or capable of polynerizing olefin nononmers to
produce honopol yners or copol yners. Such honopol yners

wana7aopsd yners are referred to as resins or ppCT/OB2087/062555
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The various types of reactors Eclude those that may

be referred to as batch, slurr§ gas- phase, sol ution,

hi gh pressure, tubular or autoclave reactors. Gas

phase reactors may conprise fluidized bed reactors or
igﬁ%??g@g\rp@ ?IPGEI:‘ZqI‘ 1r(rc)sen‘ril Gl Or‘t?eogot%nﬁcri |r11¥[8 rV%lalcﬁoalﬁlc%aglgglugiélg, but not
I giatitearns, toaess drid, 3@ sabddehsid & oftairetd) uteakily, €@t @oducts, drums,
React or types can include batch or continuous

piferd dda PP BEQALIBRIENGs e LBYs. MBHPHS H@éGSSﬁ% BAYDE ugget to form
0 u r C Pr.9 y

e 0L eaBie oy LG o bRAE SRERIIE iy molding
rrma)mmral nohdingath e fomnngormst mokiied ard mb llikentAfter polymerization,

nerlz i 0 eactor systens of the present
HY $Son r& BEb e be gidd f %éheopolef@g&tt%rpr?‘ﬁd%bg%t@ﬁfessmg

O'Eiufﬂtlé Biaﬁuﬁctﬁﬁﬁg Ld Fbr‘alfesﬁéﬁleprél?émesom thl L5 B8Mbct! YRBitives include

Production of polyners in nultiple reactors nay
| noifargemedifiersabucdt agekp iagets, hgddockswnckepay, aaneomdants such as

pol I zation reactor nterco nect ed. b fer .
ROUIEE WERIehE ety Bheai Bk bR Soer e B has & Ses oils and
I @isbtdel al@nici@ Mintl RBediblr SdditRRk KB he &itd %arﬁ%@té?ﬂ'tlsﬂafbt Qcavengers,
the second reactor. The desired polynerlzatlon

cehwirbaraesor enhanecrofand egradattongwsntimy be di f f er ent
fromthe operating conditions of the other reactors.
Al ternatively, polynerization in nultiple reactors my

| Mthyldge PO nivR Padpare@ARterdind taddliiyBendiiom one
reactor to subsequent reactors for contlnued
pol yned? 28¢€ aspectivihicr ethylene eabtmarrs Hpdt @wglymgys iequgeid using the

%&?t?%g{ﬁgbﬁ@%ﬂ@n | &Clﬂﬁg' Bgetrtﬁ)ﬂt cQtPtbel 'cHMa@tgr&é?l bg a bimodal or

op reactors, I'e gas reactors,
cmdbﬁimatﬂailomo@bullaoo;peighrtd dgarﬂounea,cbmmmemdft wbich fmeghlustrated in

WTRCRES, S on B el BABEBPS SermRbcquPeIopt & W Sap b e be formed

&Y thD eh O BRY, aBle bR el lo8&hcO Eorhf[a;bﬂ%ﬁf alh#d thAIGRT AbRGulLP weight
one aspect of the invention e pol ymeri zation

r eamporens ystbsenvadjo bofopmicd M‘d&tseb@uﬁnet@ﬂ@cdng opmpdnent.yRegarding
rs are e art

Such, react i ndna .
c Tph e GERIE SRR afToBsii A oBl, SHBHEar o Of long chain
diblaneRihg (CaED ¢S bbssse O RYpieNB, lay c@ﬂ%a&@ﬁ@%@ﬁer%&‘o@ﬁed using
continuously fed to a | oop reactor where
pehsaraecialaedngh without an olefin-containing moiety bonded to a cyclopentadienyl-
type ligand, even when the comparative metallocene comprises at least one aryl group
bonded to the bridging atom of the bridging ligand. In a further aspect, the high
molecular weight polymer is characterized typically by higher molecular weights than
are usually observed when using a tightly-bridged ansa-metallocene compound
without at least one aryl group bonded to the bridging atom of the bridging ligand,
even when the comparative metallocene comprises an olefin-containing moiety
bonded to a cyclopentadienyl-type ligand.
FIGURE 2 provides comparison gel permeation chromatograms (GPCs) for

cthylene homopolymers and copolymers of Examples 1-6 (EI1-E6), prepared as
provided in Table 1, and FIGURE 3 provides comparison gel permeation



occurs. Cenerally, continuous processes nmay conprise
the continuous introduction of a nononer, a catalyst,

w@r@7a0@sd uent into a polynerization reactor aPdI/URB®07/062555
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conti nuous renoval fromthis rsgctor of a suspension
conprising polynmer particles afnd the diluent. Reactor
effluent may be flashed to renove the solid pol yner
fron1the l'iquids that conprise the diluent, nonomner
gé%gaéoc ?Qrgn?(?ﬁ&%)tﬁé J[hﬁzcs gceoﬁglyglg{ rgpargg%c%or%lngqo ]gxarnples 7-
fllanEmElJ)h@tep@ml am@lrdmi@edaﬁy TabrbR narh@mimbddie@ablecular weight
addi tion and pressure reduction; separation by
cyefrgitionaat i ordqnh i these ahreyefogramyris hwﬁac;f@l P and  film

poP@%gﬁ&%t ' A 1lh}étrﬁi.%at ' Elél% %E@tﬂeytgélﬁébroﬁhy&f ‘%{y the inventive

meri zati on proces W1 as t he part
f oatatyptsoaes shserwildi ah hIaSe viebdd lomdweularnwichydt adistribstions.  Another
di.scl osed, . for exa

in S, Patent s. 3,248, 179,
4 1n56caligROf issgwlery Vselshztséjlé FFutign 2%@@2@5%@ ga %é\ﬂw/Mn, as
anehBaB3R: ibdes PARD 2°fTIY@11'o%hm'0{%chﬁP Qs QBﬁgoﬁéﬁtS 2 seen in the

reference inits entirety herein. Suitable diluents
uded melesilar wlgblolCifli’@rpezhtofoEICdﬁ%Ew Ianlinbvwrel suffitiently low in
but. ,are not he no

patoh 1 et Toareied el ool e st 4be SrBRRREY very low

UREREculR 36di L1 Naik0 Adtdth RNShicFE¥AMBbREL@E t6 YnbRBL luring processing.
diluents include, but are not limted to, hydrocarbons

s etthers thertaghameleculas wstehk apmponendsh indaensed by Blit andeM., of Tables 1
” BS&‘E %gei Sufﬁ&&ﬂ%?&) ?de ﬂlgﬁ Bff @D Srer@lfiond ?ﬁaﬂ&?%%@gs@

neriza on’s ‘can eceur

ondltlons where no dlluent is used. An exanple is

pol¥ner|zat|on of propyl ene nononmer as disclosed in
Dsfinignsnt Nos. 5, 455, 314, which is incorporated by

ref erepeg,Jap {06111181%6' J]%a%rg/sc}e?iﬂg Sk ¥ns (ﬁ%g %%1%}11{] Ond fﬂ)l%@/ﬁ%deﬁnitions

anot her aspect o nventi on, yneri zat
raaz@owwhdyibdﬁpmx&mtﬂtnhmadﬂhﬁﬁengaawmhqsewﬂahbymnydomnnmu

Such syst known in the art

ctermiged e ﬁqye s AT RE itﬁgtﬂs :%%QFU%P usage provided
”‘HQ&HFH% &%&m&b&%&% ﬁ%&&ih@&'h&r%%ﬁﬂol@ fluidized bed

in the presence of e catal yst under pol ynerization

condi t iTbasterm | 13ﬂyn¢ §tusdnhmay1be mwmhdmammOBnUnawhgmﬁﬁng

S!eﬁ}bffe{ng%g o1 ngaorl]\ﬁg?rﬁ r‘% re 6618 &8 apr%f%\ %lefe nic cornonorner “Polymer”
is also used herein to mean homopolymers and copolymers of any other
polymerizable monomer disclosed herein.

The term “cocatalyst” is generally used herein to refer to the organoaluminum
compounds that can constitute one component of the catalyst composition, but also
refers to the optional components of the catalyst composition including, but not
limited to, aluminoxanes, organoboron compounds, organoborate compounds, or
ionizing ionic compounds, as disclosed herein. In one aspect, cocatalysts can be
organoaluminum compounds of the formula AIX')y(X'Hi., wherein (X7) is a
hydrocarbyl having from 1 to about 20 carbon atoms; (X'*) is alkoxide or aryloxide,
any of which having from 1 to about 20 carbon atoms, halide, or hydride; and n is a

number from 1 to 3, inclusive. The term cocatalyst can be used regardless of the



wi thdrawn fromthe reactor and new or fresh nononer
may be added to replace the polynerized nononer. Such

wWQ@a®7phase reactors may conprise a process forPCT/US2007/062555
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mul ti step gas-phase polyneriza%ion of olefins, in

whi ch ol efins are pol ynerized |ﬁ t he gaseous phase in
at |l east two i ndependent gas-phase pol ynerization
zones whi |l efeedi ng a catal yst-containing pol yner

for in.a fdrst pol rizatjon. zone,to. a.secon
R Dich i hS b TE a2 h i FORC SR RESRRE g compound
dingghtapeghtd. n U. S. Patent Nos. 5,352,749, 4588, 790 and
5,436, 304, each of which is incorporated by reference,

in its ToptereiRresmatastad nixgse dy wgdthsran fte dewkHBE Rfrst mixture of
a%%ﬁ%t %mj%&%n{snt\ﬁgpglleogbnta?ct&i' ﬁ]? apﬁ?s??éh%g qf time é)rior to the first
pol yreri zation reactor may conprise t ubul ar reactor
omiatnralicor avel reafoar a bedstcoafactldi’ cbr ac@nkneiktuien of catalyst
the art. Tubul ar react o(ﬁsogaog have several . zones where

f CRBROBRIHOARAL, aienFRRiagiet SO ot ERM PStied abfe Uatfdeq ypically, the
MBRQBRL: B YRErERELRLBEY hiku@B o8N asOBRE ARBREEREBptionally at
t

and i ntroduced at one zone of the reactor. Initiators,

c &tasll g5t slefinmidromaratral gtslcast emp emganosglumayurb eosponed, edore this
in.a gaseous stream and jntroduced at another zonge of . ..

t RS Forconfaslsdg Rt hen ACTRAPTHUTORE o xeeiiopglly * additional
pelgaBilliFmatun® Romipeadd. aMthub €5Estn@achRly REScHFR! @¥fdnents that are
appropriately to obtain optimal polynerization '

r #esk foopordenidiach ether, Idconiali togeantrojiag thisomeeneaspacthe second,
of e.lnvent.ion, t ner;i.zati eact or
PP TR oSSRV UiF Tt ARah RS aBRbply iginguish
MBI al ongRRt@ACHsed tViptdpatdithe pRrédntstedaRINPAS iahd @Rat ymponent
suiitable stirring or other means. A carrier caonprising . .
aAfteInae Migtuga AdscOgn INienstedo r Fancxaeplcnperongipg iihipdescription, it is
e i b E .
REE Tor i 1HESRE B SR ARRATER (RtponEd 2 REATEs idbracted with
r dachetahog@noduod the dptiohdle]gfireseneacoro Bbsanaeedfo formut tbast one

terial. The polynerization zone is maintai ned at ..
?g}f%é?rgt FERCahq PR & ORI | BT ¢ SEURLTe] HfQrRe the distinct

T QrJmbAIGH] BpbuHd ARdQ fleYreEonk BaGL! ‘
oo il EpRROUd AR PR CRICTTECIIR RS, o s cas

t ¢mparatantastagdomrgaioamdnyo wainpowidy armicoopenent is  described  as

D EEPTbE b P th 7 sSPPYTORH' w7 SR e PR ¢ B komacted

mixture.

Similarly, the term “postcontacted” mixture is used herein to describe a second
mixture of catalyst components that are contacted for a second period of time, and one
constituent of which is the “precontacted” or first mixture of catalyst components that
were contacted for a first period of time. Typically, the term “postcontacted” mixture
is used herein to describe the mixture of metallocene, olefin monomer,
organoaluminum compound, and activator-support, formed from contacting the
precontacted mixture of a portion of these components with the any additional
components added to make up the postcontacted mixture. Generally, the additional
component added to make up the postcontacted mixture is the solid oxide activator,
and optionally can include an organoaluminum compound the same or different from

the organoaluminum compound used to prepare the precontacted mixture, as



exot herm ¢ heat of polynerization. These reactors are
known in the art. Polynerization reactors suitable for

w0 b@7powsent i nvention may further conprise angCT/US2007/062555
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conbi nation of at |east one ragl material feed system
at | east one feed systemfor c tsal yst or catal yst
conponents, and/or at |east one pol yner recovery

system Suitable reactor systens for the present
VPRSI, CHPLFhe SRS 8T BE UL cLERRS icingui
e$tfinesh Qroonipdaéitaised @OpicP@re thO bydBIntdcOMENtYre and that component
fractionation, recycle, storage, |oad out, |aboratory
aRBeithe uxtyrrhas beeRSP#SHt r ol . Condi tions that are

controkje (?er];notﬁ%lﬂ LRl %ﬁf&—&%‘ﬁlﬁggéﬁ%i £0GHe20%hdQiocene cr:oernpound

provide resin properties in e tenperature, pressu

aivd witheh geneent’-aydledRadifnayjcoligandeds ttihisolecule are linked by a
Pol ymeri zation tenperature can affect catalyst

pbodgiagineiety, wherojte shortegtink betwightheame worxsteallgadienyl-type

i ght di i bution. ' I I [ ' )
0 SR80, L0 R AL R chu ecen

dewd QlyYIoPértZdénydiy e PRIt hesidgE Qtdhh, NGthoQgh igls Bridbig atom is
Free energy equation. Typically this includes from

abehstitg@hC tBhuabobe pGHOccTesr 0bxthip! iayentiog faronbrdasdt bis(n’™

7Q0C t bout, H Q0C, dependi n onst he t of . .
6T Fr Bt 6P aEinas ST eRRR dhp Pesa Pl aTeR! prgns include
Vi oG ey N Gichst RRIch@aed-Qts, aMtbrOB) iFehdsZ @hdl A {i¥PSncluding
The pressuré for |iquid phase polynérizations in a

| odpstitused paalogssandyprirgallyl satireted anhimgs dizwenf. IIBODLsIugstituents on

zl%lge%% %%Bgcis? in%@%u 9%%%61182‘[}1%%?0&# éﬁé | gcgjg)ﬁ'rogs‘%%{)slt%utfecri Wrivatives

PeHYSET | ZAt ItBR |iAvéntidu! aihcl@ﬂe@ugﬂﬁhﬁtye shieasddr Sghils such as
generally run at from about 20,000 to about 75, 000

psitghydeingeayl; z setrabpidiodsercay’s  cathatitodupenylemattiadlyi nsaturated
f‘n?déﬁ?ﬂ Chéﬁilaﬁ;@" sdtTdted" Rk '%ﬂbﬁﬁu@&”géﬁhhg’ 0GR indenyl,
enper at ove 1he

res an pressures. erati on a
crulistiaatd pattidllyokatarapide Shioreat, eamertkd Uilke. di lagsémt contexts, the
(supercritjcal phase) may offer advantages. The
C THRIGET TR 1SIRIHRA A B 5B L SRS ool BRCTL 815t Y19 way the term

SCABRPCES S S RISeE ) BB g co

f or med Thy ttimes H‘esalpstactonpdsaiongt hothlpdt motturesigartdhéte like do not

prdggelill%tupgg ttheer a{gtl?a %rotdlslgt gfetﬁle {re%gtion of the components of the mixtures, the
nature of the active catalytic site, or the fate of the aluminum cocatalyst, ansa-
metallocene, any olefin monomer used to prepare a precontacted mixture, or the solid
oxide activator after combining these components. Therefore, the terms catalyst
composition, catalyst mixture, and the like include both heterogencous compositions
and homogenous compositions.

The term “hydrocarbyl” is used to specify a hydrocarbon radical group that
includes, but is not limited to aryl, alkyl, cycloalkyl, alkenyl, cycloalkenyl,
cycloalkadienyl, alkynyl, aralkyl, aralkenyl, aralkynyl, and the like, and includes all
substituted, unsubstituted, branched, linear, heteroatom substituted derivatives

thereof. Unless otherwise specified, the hydrocarbyl groups of this invention



resin properties. Mechanical properties include
tensile, flexural, inpact, creep, stress relaxation

wap@7herodhess tests. Physical properties incl UPET/US2007/062555
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density, nol ecul ar weight, nnlggular wei ght

di stribution, nelting tenperature, glass transition
tenperature, tenperature nelt of crystallization,

density, stereoregularity, crack growth, |long chain
R S s 58 2 B0 HEAE o By e
CQart Bdval upstb 12 akbioh iagings, upfisls 6k bRmsION@s ® GEebon atoms.

i mportant in producing these resin@gropeyties.

Conpnortf 118 dydepceBykards dirowt biatied ersrisilly;to e cebegtively to

i %ofﬁsﬁﬁi))'iiae ARt loxﬁ%o%gﬁl%song{tﬁééglcﬁﬁe%eg cified, the hndsrocarbyl

Co-catalysts can’be us ate, scavenge pois
aogide @ndupslof té aeuhtéon tyeicaliy convixdkicfupes abaar2Oarhvaetbrho In one
contr ol grod ci Qioperties nd el ectron donors affect

s B8 e gTACARIIQKidq Rroygyicen GAYe TREO conemRe} A1onem ugsto 8 carbon

PQioaANS: M RI6 BELEH Atk zed since they inpact the
react i ons and product properties.The polymer or resin

may be Thotered hydtosashytanons” giotp ¢ ws¢ gemarlcaldy togrefdyepllectively to

no imt , bottle ru t.oys, ehal .
caliwlibe ERriT.srdin Prpieb Pt o ATHE. e dprylamino (Nar)
t afdips. RIMIES otlHeRTR %Eﬁﬂ@cﬁ,th@ﬁ?dﬂobﬁﬁfrlsamﬁv{@rg'r&hiﬁ of this invention
processes may be used to formthese articles,

| ilieadlyrepmiise upoto dbiowt 2@ batben aipmsy Ao loak rigpecexitdiesiagiylamino
din rat ational | ng,..ther ' s

ol PR € M P 2 R Aot G SBbE o3 uptgg6 carbon

aatnixpdi fi ers can be added to the polyner to provide

better processing during nmanufacturing and for desired

pr oper tihgsteim ‘afenghdispisdubioadixatn spersy # rpidreerbyl group that
S : rS.:SC [ - i -

¢ SR R B P e RS P CRHR Qi TPl Eh QBT gy thene
anddigty iatd rensompasgme rlls steep deorssilngomdrels Bushfoasxample, the term

LR HES e & L AR any P et ied g s B st e alkyl
g?ﬁtg{pp{%rgﬁrdlé%g BF wRBRARE &lb31ituBBA o8& FE A5kA AR aAGERoSp. Terms such

ene Polyners Prepared According to this Invention
| ms orlefimspieiningt hedwcinpl ke reoypoloy nelcin-andtagopd I pgndang  group are

produced usi. he t al.yst,, conpasi tion og hi.s
R on s b ST ST 115 SRR pPfla Al hat hese terms
Mdtet AdTDtahdedb 86 Bbadd Hyeihg partitufi 1dRtdh 6Nthe @<AMhid%e Bdnd within
which are illustrated in. o ' '
the group. Unless otherwise specified, the alkenyl groups of this invention typically
comprise up to about 20 carbon atoms. In one aspect, alkenyl groups can have up to
12 carbon atoms, up to 8 carbon atoms, or up to 6 carbon atoms.

The terms solid oxide activator-support, acidic activator-support, activator-
support, treated solid oxide, treated solid oxide activator-support, treated solid oxide
compound, and the like are used herein to indicate a treated, solid, inorganic oxide of
relatively high porosity, which exhibits Lewis acidic or Brensted acidic behavior,
which has been treated with an electron-withdrawing component, typically an anion,
and which is calcined. The electron-withdrawing component is typically an electron-

withdrawing anion source compound. Thus, the treated solid oxide compound

comprises the calcined contact product of at least one solid oxide compound with at



FI GURES 2 and 3. The hi gh nol ecul ar wei ght conponent
is observed to be forned with the first, or a

wa@20vetialosdcene conponent, whil e the | ow nol ecuP@r/US2007/062555
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wei ght conponent is observed tg be formed with second
met al | ocene conponent. Regar di & t he hi gh nol ecul ar
wei ght conponent, |ower than expected | evels of |ong
chain branching (LCB) are observed, typically, as

C?e{era%ar ed ectrg 2 fvang 1a$r %%ﬁogleg%l:flc:etg %Oudléid %}l)llggl , t%e activator-
cm&p@ﬂeaﬂ agéRaly bdlidpexide ganpourkyetorhras talﬂeeacsoﬁﬁ@ﬁ@hmg acidic
net al | ocene conpri ses at |east one aryl group bonded

601!41@‘16? cogPadat bR 6T APPBF AGCHEAPT-HRRELt arqingf used to imply
etslt1 %Bm?é@e% dst are 1H&T ngqgﬁo({’] ﬁgﬁ)ln@ﬂt sW?hlg ot @)%l c)éﬂ?tﬁue'd an inert
Ize y by higher ts

haracte typi cal nmol ecul ar wel
thannpali@t uﬁnhalchtyly@baﬁmpcsﬂiomhen using a tightly- br| dged
a a- msé,gl | ocen nmpound wi t hout a Ieast f ary :
gr oup ﬁd@altacttVﬁ@nbr%Sd&Pﬁdlegee%nﬁe RRET#R Hyft iiybstance that is

| g oﬁé’(ﬁﬂleﬂ‘ﬁ%nthg REnGOMRBLAL ofe 178! ﬁ%ﬂaﬁ?&c%ﬁ@ component; and 2) a
conprises an ol efmcontaihing nol ety bonded to a

cyeippent thdi poyides ypectivagbladigard SgREs 2npiloy od bgdride ligand to the

A R T R R A I
( Eko BQhtalyRf BRAERIAPMETRWISRM. IThisTRkh & dsed aagarcﬁbs@lé%&ther an

provi des ‘conpari son gel perneati onchromatograns (GPCs)
f @@tl\éwylloeﬁés dspoiciatteeencp ﬂbﬁ@pédaraem@m ligpne do Eampdne pn pair,

Weailgenl(s g’ﬁ)l gaﬁ)({ %819([ Er? t%lsrsnﬁal(ﬂéu | bn %ggr 1 %es tla an anionic

ecu ar wel S evli

t higael, ohhayratieg hfb@h‘aﬂlﬁn usefdikcldset hetrdde ths doﬁthétmroduct comprises
ap gl ications, As illustrated by t hese Fl GURES, t he
1598t pcoatit@tPr by hidhecannle pelpdied endenerdenty grom: 1) an activator-

An?lg@{?\‘tegelécgedq A% Qrsgﬁg %?deeﬁ t&d V&yl\ﬁll Q{htelegkéﬁ-(x}ltkﬂ%ﬂa'\ﬁfi‘gc‘ anion, a

I ndication o ecul ar wel
dilsgferadomtricont, arsidnkhexcharggeble aktiessoredupivt, Mfr ar@sccpm‘tﬁnéttdmdhereof

i n. Tabl es and 2. The lo | ecul
c HpR AR uraglogaé@rfsomomﬁg llﬂo&w %%ﬁngﬁw% Plg Hegrgtfobegsis compound,

p%falK, Ry é:dngﬂ%ﬁ%n%fﬁﬁ@& c%mp%ﬁéht§Uff' ciently lowin

nol ecul ar \NE‘Ig ht to provide good nelt flow w thout the
pr esendécdbrmy echnyl’ osvured dergimato \m’ﬁgm thedi dompoaciteett theecatalyst

Fﬁ?@ﬂ%ﬁt?onq %&r&h?téﬁyaﬁ[%@té@ﬂf gow%? &%{s{lt%%p { ocfelggelra or a mixture of
| Ry CAlrRERLD YhaMMard hee pedtrchtll 85 either exchanging cations, pillaring or
simply wetting, that can be used as an activator-support in the catalyst composition
described herein. The transition metal compound and organometal cocatalyst are
reacted with the clay activator-support to form the active catalyst. While not
intending to be bound by the following statement, the clay component of the catalyst
composition of this invention probably functions as an activator-support for the
transition metal compound, as well as a cocatalyst from the standpoint that it is in
intimate physical chemical contact with the transition metal component.
As used herein, the collective term “clay mineral” is used herein to describe
the large group of finely-crystalline, sheet like clay minerals that are found in nature
in fine-grained sediments, sedimentary rocks, and the like. Clay minerals are a class

of hydrous silicate and aluminosilicate minerals with sheet-like structures and very



and 2,are sufficient to provide high physical strength
to the final products. Definitions In order to nore
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definitions are provided. To t g extent that any

definition or usage provided by~any docunent

i ncorporated herein by reference conflicts with the
definition or usage provi ded herein, the definition or

% W?fao%l I%Ide?g rregsetleﬂmggg g{) Oulﬁéd to g r%l y%tgoglgtyngagileésrl#éﬁc’l silicates
aﬁd‘lhoe[ pleaReiliaR rs&'u@tfureﬁt Kighe @smam A omlivesial9befot € the kaolinite,
conononer. "Poly is also used herein to nean

hSBFBPHRNS, ahallf@ﬁ@wrﬁir%%f Ty, Hehem pdry FeRgralags got used
”ﬂ@r%ﬂ?{ Efezgéé gﬁt‘hﬂn@ glraﬁieﬁ soil Q%n&?cfﬂg %fctﬁﬁlga@h}{ﬁ{cllles' ﬁb{} r%ecessarily

generall ere refer e orga oal
cohpmmn&amthmtmeamsdﬁmsmbtmﬁQabmm1ﬁmmnmnent of the

cataly conposj.tion, hut also refers to the optio
con‘ponjﬁi‘F ge%f Qﬁlh gﬁiaéil ysised fa fei ﬁ&OH’d’PﬁE}“ Og ?ﬁe catalyst
N@EmbbdHidEChrhRisid) UK ARAANE Sy piRLIBAGRRO b P GRIFPAY %g&up and other

or ganobor at e conpounds, or |on|2|ng i oni ¢ conpounds,
aphylicsdiceedinhedditinn fon sepielitas pandt pakygemkisdsy sthat bave Been ion

Af %C%f ?ftjy;itﬁ L@gﬁ OR&H@I}% Py f Fj_lgjer, Thggrhgyu ﬁ%g%q: g}ew jcomplex cations.

haxbmglch bPHudh s ahQUde, 2t ﬁ@ﬁk&ﬂlrﬁlﬁt&i’fﬁ», Kle¥d#h) ioh$ which can have
al koxi de or aryl oxi de, any of which having from1 to

al@bacrgeszwcwﬁ Hon vatiaureolyesiomseallates, sndoptherelaresrigng Thusg the term
f |
bg use r%fggg atgi s(%rn le X%ﬁjﬁé? %act Il}lﬁ r%ht? Lqull S aiaﬁégasotle ERdns of a

C oRpomB@riar a@HMpQ}bedmvﬁ&i 14¥E¢ iaphlsneHaygadhioak, §ue@ as Keggin ions.
conpound m ght operate. The term "precontacted”
miTRESr ROLYRCHG 6ofigns aes thep gmanabilized evithin |t1i*f‘stnt<iﬂa9(tﬂi§r0é the clay and

Caldh %ﬁltc rfed ’EE’@ P& LeRed 'Hdahleﬁarl %]gcl ; Stpﬂfatrse’d efoét MpéBrt%lg the clay

peri o prior tot miture eln
t tayeoyr am @)ldmm-ilﬂ(e striietates d"Exampses cod rpdllaringt andeplliﬁred clays are found

Cat ati‘s%fmﬁvgp}?g%%m " %%ﬁl(@%ﬁe hﬁ%piﬁcé}ﬁg%ﬁ gl%:lgsp ntercalation
d@‘ﬁ%ﬁl'lﬁ%%ls NG \ml%ﬁﬂgt&l ofd At Jdc@@s%tn SNT) @Ftﬁlgho§§-@§ » Academic Press,

optlonalfy at | east one ol efin nononer 1 east
otee. .0l § a2 &l BinPatenh Mo rxeHL0; b ofaterttiVg 5,376,611; and U.S. Patent

No. 4,060,480; each of which is incorporated herein in its entirety.

Although any methods, devices, and materials similar or equivalent to those
described herein can be used in the practice or testing of the invention, the typical
methods, devices and materials are herein described.

All publications and patents mentioned herein are incorporated herein by
reference for the purpose of describing and disclosing, for example, the constructs and
methodologies that are described in the publications, which might be used in
connection with the presently described invention. The publications discussed above
and throughout the text are provided solely for their disclosure prior to the filing date
of the present application. Nothing herein is to be construed as an admission that the
inventors are not entitled to antedate such disclosure by virtue of prior invention.

For any particular compound disclosed herein, any general structure presented

also encompasses all conformational isomers, regioisomers, stereoisomers, and the



m xture is contacted with the activator-support and
optional |l y additional organoal um num conpound. Thus,
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contact each other, but prior %g contacting the
conmponents in the second, postcontacted m xture.
Accordingly, this invention may occasional ly
di sti ngui sh between a conponent used to prepare the
pﬁlﬁ% u?lt%ta%élggrbsg]e ngng :ae arﬂgl%}ar 1%_60 ngs%tlllen S. gil;f&gr tere?l sttructure also
t BhGonglRsessi At egdhtiohderd, Siddas&dndre, mr othbe opti&t qsttra@h 8¢hether in
or ganoal um num conp ound once it is contacted with the
nERANIOBICER O AR efomgﬁ po el @) Bt RO SIRESOISOMSTH 4y dhe context
r@ ted to format |east one different chem ca

ound, fornulation, or structure fromthe distinct
or ganomhel pir¢yaimn icocmpouns fusted ilotiptedpar thetthBowing examples, which
preconta t ed n1xture In this case, .the precontacted

ofFabfs RO TPtV Y 3t SPOREhEMI@tiessionyleg sgepe thereof.
COMPthE %bﬂ@a@nu % Wa&gg@ aﬁu&&m&%%ﬁ 3hn BERal %8 Jarids other

prepare the’precontact m xture. Simlarly, the term
" psrscsoembadimdhts ningdificatidns, arskeduhatamisthewotiewbmhi décracading the

second.m xture of cat al 0 nents.that a

SRRy N, TRy gaGt ﬁlsmsslar”@ e, Orﬁwa%ﬂ%“ in the art without
C@ABSdriif 80 tBE syt 6thé Prsbif inWhE6RBE M6 keshe dTithd ép'p%ﬁded claims.
m xture of catal yst conponents that were contacted fo

a firstngbe ifellowihgt ¢xamplepy pinkess |ogherpire spseificd, the syntheses and
m%%)ie?%rfa@%%?‘dne?af:{“h’é%& werefs 51%%9 J‘u? ru 'der 519 19&? %{ %}h&% such as

cene

caffspen dnd/@ndredat | Sobdcdts @Hﬂéﬂﬁﬂéhasécbfrﬁﬁdcofnﬁrﬁﬂ’cwl sources and were
cont, act| ng the precont acted m xture of a portion of

t heellyodyiRsh erers acivieredt HEmay PHAIQ iushal UklstpeHishrise specified,
adfethl QHPSRHP] R dARhGont aaked m xture, Cenerally,
t he~addi t1 ona t

conponent a 0 make up the
post coficactbdestingt proecdusest lvbamoterighton dad ayhthedt qrrpcedures are

and opt.i.onall n.include an or noal um num co un .

£ R S eRGn o SR BRI HEP QT Qs %%ﬁ%t@%éaﬁﬁ oxides,
ugRdofher %g&ﬁé & thﬂ(?n‘pernﬁﬁﬁ’ iAo Mid¥d HERin, asdescri bed
herein. Accordingly, this invention may al so

occasional ly distinguish between a conponent used to

stc ntacted m xture and that conponent
aﬁ@?m‘fﬁl@qwg trﬁ?e “Nds been prepar ed.

Melt index (MI, g/10 min) was determined in accordance with ASTM D1238
condition F at 190°C with a 2,160 gram weight.

High load melt index (HLMI, g/10 min) was determined in accordance with
ASTM D1238 condition E at 190°C with a 21,600 gram weight.

Polymer density was determined in grams per cubic centimeter (g/cc) on a
compression molded sample, cooled at about 15°C per hour, and conditioned for
about 40 hours at room temperature in accordance with ASTM D1505 and ASTM
D1928, procedure C.

Molecular weight and molecular weight distributions were obtained using a
PL-GPC 220 (Polymer Labs, UK) system equipped with a differential refractive index
detector and three 7.5 mm x 300 mm 20 um Mixed A-LS columns (Polymer Labs)
running at 145 °C. The flow rate of the mobile phase, 1,2,4-trichlorobenzene (TCB)



The termtightly-bridged a a-netall ocene describes a
net al | ocene conpound in which the two
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i nked by a bridging noiety, m@ﬁrein the shortest Iink
bet ween the two h5-cycl oal kadi enyl -type |igands
conprises one atom Thus, the length of the bridge or
the chain betmeen the two cyclopentadienyl-type

ggt‘rfl[nds | lge db%% utqg mﬁehty éﬁegon nes ?z%% Iap grnett/rmn and the

i nulﬁj&htr@tibnadfq)dwm&%mti@m (b geraysllyoladpk adihe rﬂyﬂg)e dfyYIp® 1.5 mg/mL,
compounds, wherein the h5-cycl oal kadi enyl portions

ﬁ@p@é@gc%rf@p@ﬁhegdarewyxghm g%?r‘i@&le prrffmée\wp Wasgepmgycted at 150 °C
f %{04{ Wit Bé&%ﬂaﬁ ﬂ&%ﬁ@% ﬁdd%g beT(pr% Il kdlﬁnoifé%‘iﬂgt #ffrred to
anal ogs and part Tﬁ sat Urat ed ana ogs thereof
Peasaplblaals Lfmsinjéament sInOdsrdt:ﬂw&smlmngwdsbalmhcﬂJ delvent peak, solvent

hydr o t herefore the descrjption "subs |tut
dafihv T e GoROBRIOn 41 i reok fﬁvléﬁts? Sis iuted def ?utlon preparation.

PahE 1ﬁ{egﬁ/al Salidfaabe dndthGARMAR éﬁ@'a y@Pp td Qi'éﬂl‘i"d%y ﬁi{o@cﬂgﬁ RWdights and

tetrahydrofl uorenyl, octahydrofluorenyl, partially
s atalecat e dvalgideinstﬂlbutms usiak layClsavren Bhléimf(rhmneaiy ICompany's broad

dpcratoryF TR Ml pRBSIIAS s BB SR e agigal wable of

C ol 1984 Bsta dagd Was plel RESHEnddSn QESITEBExpRinSénRith SEC-MALS.
"catalyst", in nmuch the sanme way the term "cocatal yst"

'S used herein to refer to the organoalun1num
C cat a Qsition," "catalyst
m X p Ut ¢” ‘étdon Odlhadg Z{l]ﬁltergﬁs‘qlffmmélo‘!lér%wfl m@'e Ocrtupon t he act ual

pr oducSuffhtell ARINIAA Gtas FOrnadd byhe p@&!&@@ﬁﬂﬁeﬂeﬁl gfimiewas chemically-
m xtures, the nature of the active catalytic site, or

t Hsatedvathor sylse a1 briHaimsevieat wpiratly selpetadniion). |byé apelimited to,
aﬁmﬁ&kceafchd‘ &PW lg& gmﬁﬁ&%h%lﬁlﬂa{ee Cdl{éte@&iﬁ]@% follows.
sol1d oxXi

m Xxture, Or e e activator after I ni ng
these corponentisl allhenefsoldeas tWR.t Gravs AhmahysA was sulfated by

conposi tjon, .catal yst n1xture and. the |i ke Ju
bSPARRA Mo Bdf e B saq%‘?ﬂ.%o%‘f lytiQgh, §0%tﬁ@%.% 6%?8 7o ?ﬁH4>2304 or
C@Hﬁ@?' Thid @ﬁlf I %uﬁﬁﬁdﬁwa?é’a@&ﬁ&?ﬂt@ﬁb oClig aH%@H) 4Oh ramp rate), with
speci hydr ocarbon radi cal group that includes, % t

i ) Sr{ohold pmlo(éd this tempdratugd. k&ft@m@yb |t1@'za¢lk1y1[na va¢sK:@Hy¢t¢d and stored

Qg o, hS oR WG oo e RPN a1

Metallocene Preparations

All manipulations involving air-sensitive reagents and materials were
performed under nitrogen by using standard Schlenk line or dry box techniques.
Unless specified otherwise, reagents were typically obtained from Aldrich Chemical
Company and were used as received. 2,7-Di-tert-butylfluorene was purchased from
commercial sources including Degussa and Aldrich Chemical Company the Grignard
reagent CpMgCl (1M in THF) was purchased from Boulder Scientific Company, and
hafnium(I'V) chloride was purchased from Strem. The solvent THF was distilled from
potassium, while anhydrous diethyl ether, methylene chloride, pentane, and toluene
(Fisher Scientific Company) were stored over activated alumina. All solvents were

degassed and stored under nitrogen. Zirconium(IV) chloride (99.5%) and n-



substituted, unsubstituted, branched, |inear,

het er oat om substi tuted derivatives thereof. Unless
wordenmose specified, the hydrocarbyl groups oPCT/HE®07/062555

i nventiontypically conprise up,to about 20 carbon

atons. In one aspect, hydrocargg groups can have up

to 12 carbon atonms, up to 8 carbon atons, or up to 6

carbon atons. The term" hydrocarbyloxide group is

e%ll%gner Hv%? ! gser e g?clrlcﬁffﬁbemlc o?ﬂml?)m% and were used as

TKide roups ess
SB&%Meued tEkl@(HﬁMHdéﬁ‘}Br byircsnride ﬂfcﬁlé)ﬁae of %MtE)S and  bis[n’-n-
invention typically conprise ;g to about 20 carbon
afou%cycmel@in@le@:dbemonlm dicbéa ;(Mrﬂ)d@rg puelghssed drpnh geemercial
up.to 12 arb n atons 8 can t

s edProfielitngor S, Hfem SiaTal Fruf S ey hd Crompton

5 UR%dctQﬁnpfdd@&HWGﬂeOaﬁeﬁ;fz%ﬂ EpllrENMRebpectr@soabyy(Bamn Melz, CDCls

(NHR), arylam no ( di al kyl am no

dir%ffsvp@ﬁﬁ dgainshgighey ﬂ}j’rréﬁ}é‘éal mﬂpé@ﬁ,ako%t eé‘*/\PIQ@ f@fp@HCﬁs. @IMS at 0
D SR PRI STUA A o o 70
appegt, hydrocarbyl am no groups can have up to 12

car bon rbon atons, or up to 6 cg&bon
¢ 956& herein

at ons. %tﬁ gnﬁéwﬁg--ftafvﬁ%m ~1jthyopghs - %r%%{amyeﬁaaedsﬁe

10 hyfd Qé‘e%rtgﬂeggfeﬁﬁg hgﬂﬁ‘fs 1CPMROLSEE-P0 hﬁb%ﬁé@héf&het y,

regardl ess
al kene noi ¢
i somers. TRys: S
i ntended to indl ude any
C}hChkz-substNlh ed al kyl , regardl g
the substitutijon occurs wi t he al kyl
such as ol efmBcont ai ni ng gy ocar byl grodprQr
ol ef m cont ai ni ng pendant group are typically used

I nt er changéabl-yyvict h al keayb--group, agai Rinehgst-engi-i ng
that thes&"FEPHE%Pe notm@ﬂvﬁFﬂﬁﬁwto péBEHREHEYE he
particul ar | gaation of the ExC doubl e bondEai thin the

of 1 hi WP B P et AT ftrpw@%%ﬁ@%e% osg%ﬁerem

carbon_atong. In one aspect enyl groups ca

up to n at ons, @ bon at ons, @ -
6 teaf b .--/htBMhe t erps ~- oK i e

acti vat.or- support, acidi ¢hagtfvator-support, PW/C

act i vfafoﬁp/pir/t\ Ph™ Q/\/ Q(\/\

Mixture of isomers Mixture of isomers Mixture of isomers
L1 L2 L3

articul ar Tegioc n1stry of the

substltuted 0

15 Synthesis of 2-(pent-4-enyl)-6,6-diphenylpentafulvene (F-1).

To 5-bromo-1-pentene (100 g of 95 wt%, 0.637 mol) was added
cyclopentadienyl magnesium chloride (700 mL of 1 M solution in THF, 0.7 mol) at 0
°C in an hour. After stirring for an additional 30 minutes at 0 °C, the mixture was
warmed to room temperature. After stirring overnight, the reaction was quenched

20  with a mixture of ice and water. The mixture was extracted with pentane. The

organic layer was washed with water and dried over anhydrous sodium sulfate.
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activator-support, treated solid oxide conpound, and
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i norgani c oxide of relatively gégh porosity, which
exhibits Lewi s acidic or Brnst aci di ¢ behavi or,
whi ch has been treated with an el ectron-w t hdraw ng
conponent typically an anion, and which is cal cined.
The eI mnth onent i.s Ly |cal

eRSEE onvvl d%oéwe hd \S}nﬁ gcué‘gﬁrgéo% e A atyr?”"w -brown
tnlqafrded(%olg d oewedep@mmhyrb@cbpamams@s t here aufel n@dde pent-4-
contact product of at |east one solid oxide conp

wicRHcxd! q>@&£@tdleélﬁé8% Bréssadyedsing HAF 4400 gLamiesad @eéiur@@h (60 mL of
C?p‘plg[u h )Iéﬁ%k Cq's | l 8].)t Qte %t"bv at'lq{ S BRSIre w wady ﬁ)d to room
SOl | OXI ast

1 e cdnpoun conpri ses one 1 oni Z
agdnibegatirl ardl QitfedeoeamipeunThe Iﬂﬂantsarurﬁisnmmdbd @b benzophenone
activator-support are not used to inply these

cohidonieho@t mod disrehicd iarddik K09 mbirpo eﬁtlnﬁdmlrmtqsotﬂ@emlxture
construed%§s an inert .co of th

Cgvngos, | oy, tc‘tme[?,erature 1 \r;sgltrrgg averpl usglc}ile ﬁ% ctuon was quenched

r efigrsmoenerofide)anda 08 B s§@das sdlbﬁ(ﬁn.l 3he;:1ap@1hle®vagfextracted with
converting the contact product of: 1) a netall ocene

c bAfface nThe %rﬂamz )law @J@ﬁfwﬁm with aftat% e8¢ ideed oxer anhydrous sodium
aCtltfarjc'g t % ov?l oqfatﬂe N N nuntsc'iﬁr VEhC,él%lmly Eft 4%r°é] éagvre ag 8ar5< &g(g ylxgous oil.

ocene, ocene~rconpoun

NQthe i aaﬁ MisSARY irs Bettadl Fitg@a dhrouh QilRa Cg@l almhgtproduct was
that can polynerize olefins. This termis used

r 6gfgctdelys weshing dtehalicaage! ith \531100/? lebﬁizzléélepﬁée Removal of the
I'“E&@Lﬁtcg%%‘ q}@&éd @%‘dﬁ%ﬁ?@g é’zﬁ} g%ﬁ %%éﬁr%{@- Plentene) as a

ens gand

Wﬁhtékl le@GaRBus 8il MPHYNVIO (3H0oNRIERS amc st anilonie (1|nl yamy.6.59-6.62
or any ot her nechani sm As discl osed herein,

et 5o eubA orithi 68-ut? (dadr- brdTacki b 8. 6.12:615 (m,
pﬁmgé% PEBeliBT S8 SRS LOIhaT Ly 2y o, 222230

orsup éelected a’so X1 de’

Wl(ﬂhh 2H, B|76-qt880(fq€ W, Uhe reaviag 2ani 60, NMR ayEnNedz,TDenals, 148.28,
an 1 on-exchan | e activator-su pport,

cofibil hat A3t KEtBof140.76, 1B%.Us gléﬁééL U3 AdxaAb29, 127.76, 127.74,
C?EP.%,”@h.dg' h}.4.?£‘, 1R PROIL 3335, 3 ?fz%%ObOf ate
conmpound; "or TV) ’an 0

I'nati 'Nese” conponent s.
The term"clay"” is used hereln to refer to that

conmpaonent of the catal yst conposition, a_suhstanti

pSYRthesis ofof mr@n(peahéxepwe)@éor&n&adawh lné%aardlﬂertabutylﬂuorenyl)-
ml?‘lt-él'i'i)ﬁef&lmethane (L-1)

To 2,7-di-tert-butylfluorene (125.1 g, 0.45 mol) dissolved in Et,O (700 mL)
was added n-BuLi (47 mL of 10 M in hexanes, 0.47 mol) at 0 °C. The mixture was
warmed to room temperature and stirred overnight. The anion solution was added to
2-(pent-4-enyl)-6,6-diphenylpentafulvene (F-1) (145 g, 0.487 mol) dissolved in Et,O
(300 mL) at —78 °C in 10 minutes. The mixture was warmed to room temperature and
stirred overnight. The reaction was quenched with a mixture of ice and 10% HCI
aqueous solution. The mixture was extracted with Et;O. The organic layer was
washed with water and dried over anhydrous sodium sulfate. Removal of the solvent

under vacuum gave a pale brown solid. The solid was washed with heptane and dried



clay mnerals that have been pretreated by either
exchanging cations, pillaring or sinply wetting, that

w@an7helossed as an activator-support in the carP@l/ys1007/062555
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conposition described herein. ?e transition netal
compound and organonetal cocatalfyst are reacted with
the clay activator-support to formthe active
catalyst. Wiile not intending to be bound by the
igl{léq\@an Co:’r%f)gl &%Rf g]or%teﬁslfa Y th%%npl{e ro%uct gd&% g, 74% yield) was
fulamﬂea%aaﬁntargon@-tlvator support for the transition
net al conmpound, as well as a cocatalyst fromthe
st andpoint that it is in intimte physical chemn cal
' As used
Lﬁ&gls gqggrﬁee rbs(; Pi rm S}@%g@aﬁr}nﬁﬁéﬁgﬁm is used
her e| nToo 4ewaro- b!autehe (EX0geg gobHuP7 ovt%, 0.719 mol) was added

n I1ine, sh claymne als .th
yﬁiagq Qe 6 Oafi%n(@d”f%@é'lnwp tiog dyil, ik, @le) at 0
r Gglﬁﬁ 50 %ﬁg Lreg]eAkt’ekﬁl 1 . atﬁ'a{aa[tﬁ)lnﬁl ?Srl?lltﬁlt&l %S’(pft ¢ mixture was
rous silicate an um nosilicate mnera
shaerhedl itk @ocgh rtemparame ardtey stiytiviggbvsniphaake aeraeasn whligaienched
termis also ysed to descrjpe hydrous magnesi um
siilc ARt (i o 160 aa@w%%rr ! Fg%\tnélx@if? 038 P acth ith: BRvaRe-  The

Chadnl@ NEEANGPELARE dh Rk &) 1dRikl Sver anhydrous sodium sulfate.
non nDrlllonlte or illite groups of clays.” Thus, the

t &emovell d}khmcpieq:raluhdersvanmmmwseﬁ)rm tngicatte gagé efordwn tipad (94.2

i ne oi | co I St f mner ticle not
nécuda P fenyaeRBRians "t e B Tl uroRFIIT 0420
0 dR8aveMn THE (360 mIhab 88d8d RBLLA7AUNE bAYD M $n B&&8es, 0.7 mol at
herein to refer to a conponent of the catal yst

coftpdei lhomizwnpwisivagnad aytononer tangeratuypedstigedafverght. The

o aRTES e R R R A AL R v m o
begh ) 1% C0aN38dn il ITRE IRixtry RiaS Q\,lalrﬂﬁecﬂ’ &l dJome J[e%ﬂ{erature and
hi'ghly charged metal conplex cations. Exanples of such

i oiged nedroghi. bt raa:oaonofvasl quentied woh akeggime ofoies and 10% HCI
whi ch ca have har ges such

paﬂ‘gﬁ&‘(‘%ﬁ% PPt i e S¥a8 St ?%{Pg g/l%&@%@h L;léhe quganic layer was

t QlaBhdl Wit KaRY ah&fdﬁéé oV & RhPHORY SoBNARAMAE. RRAPVAIST th®solvent
whi ch t he exchangeabl e cations of a clay naterial are

r epfi@ceduwn 8h40 & geye hidgthlryd vhvaowgedl. i Binsgil sue disagived in heptane
Ke yneric cations are then . .
A BTETS ahroEk Rt b Tt eradibies sofich B Rgshing the siica gol
vvm $abe] CeUCBIi8 1PmHer tl@éiné&hl R sObitepavBitht AbSived product
effectively supporting the clay
(152g, 74.4% yield based on 4-bromo-1-butene) as a dark red viscous oil. 'H NMR
(300 MHz, CDCls) & 7.29-7.41 (m, 10H), 6.50-6.53 (dd, J = 5.2 Hz, 1.4 Hz, 1H),
6.29-6.31 (dd, J = 5.2 Hz, 1.4 Hz, 1H), 6.02-6.05 (m, 1H), 5.82-5.98 (m, 1H), 4.94-
5.16 (m, 2H), 2.53-2.60 (m, 2H), 2.33-2.43 (m, 2H); *C NMR (75 MHz, CDCLs) &
148.59, 147.67, 143.18, 140.86, 140.78, 137.85, 133.48, 131.38, 131.36, 127.85,

127.82,127.18, 127.13, 124.75, 118.35, 114.29, 33.36, 30.20.



| ayers as columm-1like structures. Exanples of
pillaring and pillared clays are found in: T.J.

w@rwav®msn, Science 220 (4595), 365-371 (1983)pPCTUR007/062555
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Thomas, Intercal ation Chenistré (S. Wittington and
A. Jacobson, eds.) Ch. 3, pp. g-99, Academ c Press,
Inc., (1972); U S. Patent No. 4,452,910; U.S. Patent
No. 5,376,611 1; and U. S. Patent No. 4, 060 480; each of

Wﬁyﬁﬁletsﬁ 5%‘38‘ ut- t-een(%fl Xcdghgl{tl lenli e(? %&%Pﬂy&ﬁ&%ﬂyb-l,l-

eqquuﬁyﬁﬂahh@euhase described herein can be used in
the practice or testing of the invention, the t

met hodd© %@ﬂiﬁ%bwwwmnérﬁ%ﬂsg,a@ 83 H@@léud#ﬁsalé% AR Eézﬂ) (500 mL)
A,
< RHRLd r?%gigga%e o r@? 1 Sh TR 8@%3?16?5% rac"J"fﬁle mixture was

i nCorporat e erence”f or pur pose

d%ﬁhb@t&@oﬁﬂ&n@bﬁe@d@ Sho gtirrE®bven@in| The tuhen @&aﬁ&ﬂ wa@ 8dded to
and net hodol ogi es that are described in

paHPHCEHEN NS, «imhew Rﬁnmwﬁ@ useerrpnd oﬁw%’éct(l% g t366  mol)
t !a?ss& 31%%% \;98 %Er olg %%tﬁl?]hlteSTIAq:[€9 lﬁgll‘rl %aftof '3 dditional 30

sScusse OUt are provide

S ehﬁlhtus f100 °¢t h@ie rerﬁﬁ& ha$s Walmed tPfoohPtehipRratirt 1208 sBAL® overnight.
of the present application. Nothing herein is to be

c di rhs reagbon wes querebed wih amixhuage of ise ahdehtkacqaeeusrotution. The

nt.itled to an cl osure
© Mikhte Rt R PRI R Qs b ST B offtle a8t Wi ishelhyigs aer and
h @ried Bveredhihy @S kediust sulatcur Rerds s R s &® under vacuum gave a
enconpasses all confornmati onal isoners, regioisoners,

sPeledupaprielid, Thagolithayas weashed sithcentane jasd dricdmngder vacuum. A
p &tlu?é'lhf"{soﬁl%s R)fr tﬁ#’ Hé&%e‘d%‘%@&éct (ﬂ% 23 Z?g“/agleﬁ@ Fgt &%ﬁned as a

SO enconpasses all “enant’i oner s ere
o&hﬁbs@@dlcal i sonmers whether in enantioneric or
racem c forns, as well as m xtures of stereoisoners,
as the context requires. The present invention is

gflﬁﬁaﬁls ok h L{§ tlr(ﬁhﬁ:@h)hgeﬂtbéﬁelflﬁh k%lﬂﬂeﬁﬁﬁ‘p L Rifivendirc)

be’ constru osl ng
I imt aﬂ'looras solption t b @bmpmyltdame‘exytpen@ﬁulvh@ ((d)?lt%r aryl22 mmol)
ISt

L proRrp O e s REROL LB S ORTRSHR ik 0S H BV F | it ol #9011,

angd4eqes ah ant sHERSH a0f) Wikiaghed @Edlﬁt’ioﬂ @ﬁﬁétﬂ?llf‘tﬁlﬁm (75 mL of 1.6
description Herein, may suggest thenselves to one of

oMmm@ﬂy:r,s k20 mrhof) theleagaoling tlhoinr ige pdyftor mgrmrgofﬂrﬂﬁehours and

Iﬁlrérlh%lggtfo r{agr% n,gr?lséc’rg&lre, thev ?erﬁolvxp Qoiffiort Qv%s %19 %85?11 dcfela%o a solution
of benzophenone (21.87 g, 120 mmol) in THF (50 mL) while cooling in ice. A red
color formed immediately and after 4 hours analysis of an aliquot showed that the
reaction was nearly complete. After an additional hour, the mixture was cooled while
a solution of concentrated hydrochloric acid (20 mL) in water (200 mL) was added.
Following addition of pentane (150 mL), the organic layer was washed with water and
dried over sodium sulfate. The solvent was removed under vacuum and the red liquid
was cooled to — 15 °C overnight. The red crystalline product was washed with cold
methanol and dried under vacuum to a red solid (32.8 g, 84% yield). 'H NMR (300
MHz, CDCls) 8§ 7.22-7.40 (m, 10H), 6.56-6.58 (dd, .J= 5.1 Hz, 1.8 Hz, 1H), 6.24-6.26
(dd, /= 5.1 Hz, 1.8 Hz, 1H), 5.91-5.93 (t, J/ = 1.8 Hz, 1H), 5.70-5.85 (m, 1H), 4.84-
5.00 (m, 2H), 1.88-2.00 (m, 2H), 1.52-1.60 (m, 2H), 1.17 (s, 6H); *C NMR (75 MHz,



In the foll ow ng exanpl es, unless otherw se specified,
the syntheses and preparations described herein were

w@aorile®sdut under an inert atnosphere such asPOi/URGTO62555
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and/ or argon. Solvents were pugghased from comerci a
sources and were typically dri over activated
alumna prior to use. Unless otherw se specified,
reagents were obtained from comercial sources.

G?mglt?g%gﬁlgggég F‘g“ﬁ;’@% 13608 f&ﬁﬁé g\%téﬂeﬂﬁk“ 131.39,

nMgbheds| A707701 EPM, elztma ef &, 119680 €613 49, 8abe B 58, g, 90, 27.90.
oxi des, and other reagents of this invention are also

prOV|ded herein. General Testing Procedures Mel t i ndex

38R i ont F-4 AR ik L A5 DRSO AsA AR - e

Hibgbyl1aeeényBl i, 1-distRny [nidchhne @/-39 n1n) mas detern1ned
in accordance with ASTM D1238 condition E at

wi th af2leem of Zirdidsrérhuty fhorgnee?” demsh QOymW@B in EtzO (200 mL)
dGlg" %féﬁqn'(ﬁ%qg@gﬁd R&S ]ﬁu(%lé%CmF cg(‘ g?‘?\gb%ﬁ& Igeg) o%b fhmol) was

conpressi on Sanp (of0]0)
hadded diogwisendThé cheg fvas vaboead td@odsmueslpartatme@nd stlrred for 24

tenperature in accordance wi th ASTM D1505 an

Dﬁglzfg-, %E?F S gion WagoBlEd A ATSE gRY 3 APRIAG b2 T Adimethylpent-
L .ol

(SLPY S B 0 et ool et oo s 8 17810 1o

r eflraetd teni aded r@tﬁdlect Ehe angturh mae WarBiedrto xcoamotempﬁﬂimre and

0 élrl}ﬂﬁéﬁg)d@ﬁé@?pgo echo? ]{?%/}g?e {aesoﬁ,ﬁlgé @rflégr?clerq atectl hydrochlorlc acid
12 Aibhih Gl r(E(hﬁﬁiL? R&s bd&d) criModiing Q&l@@@o%éﬂtane (100 mL), the
2,6-di-t-butyl-4-nethyl phenol (BHT), was set at

n ptgamqiamidwts veparaind end Pashodrvidi waisty Adier doing ovsh soc{m@ sulfate
9GhE E‘l erl kheD storl1|er1]1t L hse ren ar\@g under]iffflcuuné?ean?! a Fﬁ,leéss% P%l%c} Oir"]he solid

de en Fetl

WaS1s (h@ﬁ)t@dl Gﬁlﬂﬂmathaﬁ&o(m@ rhOy arfl fhevlddt hndﬂ@aﬁlaﬁ ksl0Adn &g poured off.
gentl e agitation before the solutions bein g
t MaHsIesss gvas deratRd fouy figes. flde sphg s ithan dipsolydgiarhot gentane,

MRl 44 YnhalaRced uﬁﬁérv%wﬁu{ﬁe@hke ROLHENT THA gg'l];c% Pve«ls broken up,

sane conposition as t nobI phase S use
sdtiod uoderpraepan adndothen heated with ethanol (70 mL). After cooling, the solid

was filtered and dried. A mixture of isomers for the desired product (18.1 g, 30%

yield) was obtained as a white solid.

Synthesis of diphenylmethylidene{ns-[3-(pent-4-enyl)cyclopentadien-1-
ylidene]}[n°-(2,7-di-tert-butylfluoren-9-ylidene)] hafnium dichloride (M-1)

To 1-(3-(pent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-1,1-
diphenylmethane (compound L-1) (45.3 g, 78.6 mmol) dissolved in Et;O (400 mL)
was slowly added n-BuLi (68.5 mL of 2.5 M in hexanes, 171.3 mmol) at 0 °C. The
mixture was warmed to room temperature, stirred overnight, and then added via
cannula to HfCls (26.8 g, 83.6 mmol) suspended in a mixture of pentane (450 mL)
and Et;,0 (30 mL) at 0 °C in 30 minutes. The mixture was warmed to room
temperature and stirred for two days. The slurry was concentrated and centrifuged.

The liquid was decanted off. The remaining solid was washed a second time with



The integral calibration nmethod was enpl oyed to deduce
nol ecul ar wei ghts and nol ecul ar wei ght distributions

wagioigo®wshevron Phillips Chem cal s Conpany's BPCDES2007/062555
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| i near pol yethylene, Marlex B T%003, as the broad

standard. The integral table of"the broad standard was
pre-determned in a separate experinent wth SEC MALS.
Preparation of a Sulfated Al um na Acti vator- Support
A BT RIS D R SR e 7
b@@lu’u&ams $4Ke0 Q6 drynepd Galdr Was@ine s etbefd piMowbsdlidn@b.4 g, 71.7%).
limted to, sulfuric acid, ammoniumsulfate, or

arﬁﬁﬁMan{%psl\dHrZaCECkhﬁ& BRI @’én,f T, G- 7-A8 CmiHd.c1.40-7.50 (m,

Hlﬁqegnat% i%gg(b s fa{n 7%%%0%3 slot 2§«rgwg H?u(% éﬂ]‘broaﬂg%ult}l) 6.24

15br3@&%s(1‘ﬂﬂj4)s 83@499& H=Sta HA NI, sahfsaxae@nalw)msma 5/\@($(t J=27
calcined at 550 0OC in air

3Hz hidDel SP&r3- U (tad 1%7§{2‘eé§fﬁeﬁ‘ §21ﬁ‘r9e6 (nAf%HQp - 4% ﬁ@ 2H) 1.94-
AR 82155 SO L) 1 AL AL 5 1401

Metabl ocener Prepas,atizons 12leoranbel abk8ss uzgmg)l \1’28’199 128.22,
air-sensitive refllzgents and materials were perfo

undeprOni2¢-8gebls. usiny ., sidnarld3 Séni18AK0) |1%36,r 1bﬁ§9 119.66,
b chni I fi Wi r
D Ee R PP AR LR LB gy R Zfgs. 5788,
aBd.z\%e}?ianSéd]Sasl 04cdi02209.48,20. 0 -t ert - butyl fl uorene

was purchased from comrerci al sources incl uding

Degussa and Al drich Chem cal Conpany the Gignard

r M I fr .
SRR 2 08k, MR o ARG ain

pyTiatieg HY (2, 20i-SertditylTiaer &eY-yidene) Hiafiiasn dichlorideqdi-2)

from potassium_ whil e anhydrous diethyl ether

met hyl dfe chllot3-hat- 3;?@ﬁb@>ﬁéopea?@dlepm)de@e7 élﬁ'iegtrimtylﬂuorenyl) 1,1-
SPURThAEGF TR, f S5ed Btk bkl 3 i, o mi) v

n@lowg@mdedzhrmm(s 'I(ﬂﬂ!)of@fﬁ B indRexa8&, 2YImmasld at 0 °c The mixture
nbut yl I'i t hi um were purchased from Al drich em cal

ozmpawmsd do vieora terperatise, réigiet verarnigtsinbthcn dddgd yia cannula to
o rUE R T By Al Mo o peniane (0 g ang 0 5 mL)
( M- OyCvierlé rﬂlllmteh aged niikeiie saswarmedto room temperature and stirred for

two days. The slurry was concentrated and centrifuged. The liquid was decanted off.
The remaining solid was washed a second time with pentane (80 mL), then extracted
with methylene chloride and centrifuged. The solution was taken to dryness under
vacuum to give a yellow solid (3.1 g, 67.4% yield). 'H NMR (300 MHz, CDCL) &
7.87-7.98 (m, 3H), 7.79-7.86 (m, 3H), 7.43-7.49 (m, 2H), 7.30-7.38 (dt, J = 7.5 Hz,
1.4 Hz, 2H), 7.14-7.29 (m, 4H), 6.24-6.27 (d, J = 0.6 Hz, 1H), 6.20-6.24 (d, J = 0.6
Hz, 1H), 5.87-5.92 (t, J = 2.7 Hz, 1H), 5.62-5.77 (m, 1H), 5.42-5.47 (t, J = 2.7 Hz,
1H), 5.18-5.23 (t, J = 2.7 Hz, 1H), 4.85-4.98 (m, 2H), 2.35-2.55 (m, 2H), 2.13-2.22
(m, 2H), 0.96 (s, 18H); *C NMR (75 MHz, CDCl3) & 149.52, 149.33, 144.51, 144.30,
137.33, 132.16, 129.13, 128.89, 128.51, 128.45, 128.30, 128.26, 126.58, 126.53,
126.24, 126.06, 123.77, 123.54, 123.42, 123.36, 119.97, 119.75, 119.08, 118.90,



sources such as, for exanple, Strem Chem cals, Boul der
Scientific and Cronpton. Reaction products were

war@7yewd by 1H NVR spectroscopy (300 MHz, CDCPCT/US2007/062555
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ref erenced agai nst either the b si dual proton peak at
7.24 ppmfor CHCI3 or TMs at O zpn) or 13C NWR (75
WMHz, CDC 3, referenced against central |ine OOCDC 3 at
77.00 ppm. The follow ng fulvenes, F-I through F-3,

VRIE SRY £PASE o4 1%?8@0'iﬁ?.'195E(?136‘1§;ﬁg%8?{’7g.e9§§ﬁz.pef%?.ﬁ&p% S5, 34.11,

I'gandsS”L- hrough’ rov
230 pent+.gs,@oud) - 6, 6- 2- (but-3-enyl)-6, 6-
2- (1, 1-dinmethyl pent-4-enyl)- diphenyl pent af ul vene
di phenyl pent af ul vene 6, 6-di phenyl pent af ul vene F-1 F-2

F+ foll g ng | - | 5l . .

plrS Bgyr}gla as i|N|scIgoﬂislg@g]ﬂg';?'g| ﬁ']l ldkﬁ‘iréﬁu'?%qg%"%'i“\é\%{ rc§CI0pentadlen'1'
Kteied} [Q7-(2, 3 R ES-DMOAIO FerRd-y1id 0N [ Ardonlunt dichlordde (M-3

I\S/lgnt heeg%[g (()f 2- (pent -t4- enyl ) - gh6- di %hrecn;llupent af ul vee(ne )

(F-1). TPo 5- b bfnenl-4sanbexréoneca@dicgydfl-@5/-di wst-oityBrorenyl)-1,1-

el ABT A EEY, T3 ER) Mgt 00 m)
NQUE -1 1§ &dddsd ntBUINgshahL st A8 dirtih ARRhne30 150 MhEIS 280 €. The

OC, the mxture was warnmed to roomtenperature. After '
sniikfura gras wegrnieg hto, roohre terepasatiesn stiersd quyermigldd and tthenaadded via

m xt ur e i C nd ter. . .The m,xture s extracte

el el 4ReE oPganmeD MRk CatRis Spr RSy me and
amg,adpaoedLpwer °@ i gdigiistes 0Uthé! Misutd @hewhenaMalrodh téfBerature,
sol vent under vacuum at room't enper at ur e gave a

y stiredh i3 9vind4y gl ¢veomteg, tocdiyaess. The residue was stirred in pentane

TR L S OB ST, B0 s s
Wagisleadicke secondBtilvie WD paitad (500mM), itherhexaoed, with metiylene chloride

at -78 QC. The m xture was warmed up to room i i
t &hh é?%ltl&gélaﬁ ge soluion iag iken itgﬁwnesméldswwu@otp (HHYomred solid

d t0 b ) -
T o T CRE ke OB o7 3570 atb1-ip7 o4 o
il KIHUT. 87 Vieky (eayr JHe 7t47-7.6® it €HpET.a2-003® @nd/ sti.2 iHeg 1.2 Hz, 2H),
over.ni 9ht. The reacti on was %uen hed

7.15-7.29 (m, 4H), 6.23 (broad s, 1H), ©6.19 &)road s, 1H), 5.94-5.98 (t, J = 2.7 Hz,
1H), 5.62-5.76 (m, 1H), 5.50-5.54 (t, J = 2.7 Hz, 1H), 5.24-5.29 (t, J = 2.7 Hz, 1H),
4.82-4.96 (m, 2H), 2.23-2.43 (m, 2H), 1.97-2.05 (m, 2H), 1.48-1.61 (m, 2H), 0.97 (s,
18H); BC NMR (75 MHz, CDCl3) 6 149.85, 149.65, 144.27, 144.03, 137.79, 134.18,
129.11, 128.85, 128.51, 128.46, 128.34, 126.59, 126.55, 126.18, 126.03, 124.04,
123.79, 123.54, 123.47, 121.09, 120.89, 120.32, 120.06, 119.46, 119.26, 115.61,
114.44, 108.51, 103.36, 103.29, 76.69, 58.13, 35.39, 35.37, 33.78, 31.06, 31.03,

29.61, 29.33.

Synthesis of diphenylmethylidene{ns-[3-(but-3-enyl)cyclopentadien-1-
ylidene]} [115-(2,7-di-tert-butylﬂuoren-9-ylidene)]zirconium dichloride (M-4)

To 1-(3-(but-3-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-1,1-
diphenylmethane (compound L-2) (40.5 g, 72.1 mmol) suspended in Et,O (400 mL)
was slowly added n-BuLi (15.2 mL of 10 M in hexanes, 152 mmol) at 0 °C. The



with a mxture of ice and 10% HC aqueous sol ution.
The m xture was extracted with pentane. The organic

wo ag0enowds washed with water and dried over anh@UUS2087/062555
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sodi um sul fate. Renoval of the,sol vent under vacuum at
40 OC gave a dark red viscous 8 The oil was
di ssolved in heptane and filter ed t hrough silica gel.
The product was col | ected by washi ng the silica gel
5-10% CH dl e Rem) of th soI
QRS ety Gr il TG e el iy added vie
5 chimtol Zr%tg%ﬂ 8 IS@ 788 rﬁmd@rslﬁsﬂeﬁded/insdllﬁu&u@ loff peﬂthhd B0 mL) and
(300 NHz, d 7.41-7.48 (m. 10H), 6.59-6.62 (dd,
J EuO5(3 rp&) a0 7 4 g 15 Npputes Ahe gmg;tgre(wgp Wgrmedg,to TOPR. temperature,

5. tglg%_% f02(0(})_"% ’r‘r%ia@é }]—aléf-i %&%@gé@ ‘[805-%'{1?&_\] @%regéﬂz Tufazg}_é—?ﬂ ed in pentane

2 (AW )Hhd(aantridbfed. 1ThtbsubeBRtahguian disdarded.. ThHzgmadhdng solid was
12&851%'%/1% $gggn ‘B'rn’e f@cgic‘ms‘l)tan%é%&gTL§ 1@%1? gg%a%ﬁ_@ivélgl@%lse{hylene chloride

1%Kd Z&mﬂ%@d 74"he %&Zn&@wa} ZakeR% dl%%ésszﬂrdell%ugﬂl to give a red solid

t
| (?(831 (gpémfsomylem)J ) HyNI\/ﬁb@ﬂOaM?HEﬂ;CSIL)-S& 3 83-8102 {rer BHpUL77-7.88
Il pheny| et h L-]
y k! 4Lt g DRSS o kT . 147 32 m,
digsiqk vAg), ismokl 2@10){ 500 6@ (di@ésoﬁ%ﬁqdlﬁ) Buds_s. (76‘me}H5>f5 50-5.55

10 Min héxanes’ . he m xture
waunreshlved t; dbin 6éﬁ’;ﬁe}la(mr@oaf¢d tstlHn),r 436715\03& (m,ghftl) 21']51332 53 (m,

S Bent 2 2gm P8 o BENm e e AMRUTS QA GDEP P48, 14965
014873 mMph), ﬂf—“ spph e o Hx@g( 31@@ gAL)128%50; 18395 158 39 12830,

m nut €s. € mxture was warmed to foom tenperature
ando.s8, i2@t4,o0l2r h8,ghi6.0IThR4rdad2B ¢, ids.5quaedsAgd 1.0% 120.89,

i 20 e 8 A a1 e BN 2P g o B g 5810,

washed3smd, B3wRt e1. 04 ¢ bedgover anhydrous sodi um
sul fate.  Removal of the solvent under vacuum gave a

pal e brown solid. The solid was washed wi th heptane

aggf‘ﬂﬁé'egggd ct aﬁﬁ’%‘m f“&%{?ﬂéﬁ‘g %Fl&;ﬁ&gﬁ Hb%{lglpﬁlétaf -snyDeyclo-
jaldfens hﬁcine?/['fgt gf?'(ﬁ-t&ft-bu Ifluoren-9- gll?eneﬂzlrconlum

2 but - 3-e i’'phenyl pent af ul ven

4 dihdoridd (Mdt)ene (100 g of 97 wt% 0.719 nol) was

added A slurry of 1-(3-(1,1-dimethylpent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-
butylfluorenyl)-1,1-diphenylmethane (compound L-3) (10.8 g, 17.9 mmol) in Et,0O
(50 mL) was cooled in dry ice and n-BuLi (22.2 mL of 1.6 M in hexanes, 35.5 mmol)
was added dropwise. After 1 hour, the bath was removed and the mixture was stirred
for 48 hours at room temperature. The mixture was added to ZrCly (4.37 g, 18.8
mmol) suspended in pentane (50 mL) while cooling in ice. The slurry was stirred for
65 hours at room temperature. The slurry was concentrated until thick and pentane
(70 mL) was added. The slurry was stirred overnight and the liquid was decanted off.
The solid was washed a second time with pentane and then extracted with methylene

chloride and centrifuged. The solution was taken to dryness under vacuum to give a

red solid (11.65 g, 85.2% yield). '"H NMR (300 MHz, CDCls) & 7.93-8.02 (m, 3H),



cycl opent adi enyl magnesi um chl oride (800 nL of 1M
solution in THF, 0.8 nol) at 0 OCin 50 mnutes. After

wariornoreg f or an additional 15 minutes at 0 OQPCT/B2007/062555
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mxtwe\msvmwmdtoromnta%?aune After stirring
overni ght, the reaction was quénched with a m xture of
ice and water. The m xture was extracted wth pentane.
The organic Iayer was washed with water and dried over

R I f t d
cuurr?w?ﬂ1 gﬁh1 6b%PFHé ggeéaa gromgﬁpi 3§gﬁ{5§32§ﬁx'rzo-
,7.3<5r(tmqe4muts 03- (emaldcﬁqupemu@dlse(te) 30 Hi;eH;r s@e 5 83 (m, 1H),
but-3-en | cycl opent adi ene (94.2 g) dissolved in
(560- 57@}% twds 8 dld 1D Buts-5(52dtnl = 810 Ha Nil). - &$e§<%él§ 2H), 1.76-

057 0.
¢ ol 23D L AR, (PRI AR L TR R IR © v

WEEBS Eﬂﬂzﬁ@ﬂ@lgb&ﬂz@ﬁhem (14@3181491, 19. 1135,6m)38)49 129 15 128.89,
di ssolved in THF (400 nL) at 0 OC in 35 mnu
mil%%-ate | adS wht 13- %ol%@e%rd@éé@url% dhd 1%@ P?,r é%|4 T8, 124.10,

OY8%. '?Bg'?%g/é[r']glr@é‘cfio"fk ‘éﬁ?}u@“eﬂ@ d el q Xt ‘1‘[?84”108 10,

i ce ‘and adueous”’ i on he m xture wa
ex04.aet H10.640, t7h. 1pe AT .afed6. I 86A2gaH38, 3AYer3 ves 3\l\ﬂ)§h99147, 26.99,
ﬁﬁ water and dried over anhydr ous sodi um sul fate.
Val of the solvent under vacuum at 40 0OC gave a
dark red viscous oil. The oil was dissolved in heptane
and filtered through silica gel. The product was
¢ Siyhtiesis df bis| (nAdh3rghanlytprapilinden)] if dohitin HOHGHIQM-A)
in hept%V enoval of the %olvent ave t he deS|red
pr oduct! sy Bogllogenc uas, prepared aseudips 1g.-the gaRerel ygpaspliye method

a%or%u@?ﬁthte?%s(ﬁid%ﬁﬁyﬁle%lfoceﬁlekl H3R0ANHE GCRELBY. Broanomet.
7.29-7.41 6.50-6 d, J =52 Hz, 1.4 HZ,
| Erem6.2090 6539., w'd anl Al6. B 6z, ctbl.4JHDrgdndynet.6 (bam6 2061, 621,

98 4.94- 5 2H).
Tha Cohigal pirasiiy® ritthodstios Smiite sppstiu i) pasgatiocenes
ChXe Bportbdlift 8- nethbel §7reffenctd3. 18, 140.86, 140.78,
137.85, 133.48, 131.38, 131.36, 127.85, 127.82,

127.18, 127.13, 124.75, 118.35, 114.29, 33. 36,

3Q. 20. § IS, of . . .
" Syathes ot BRERSmennh aiseonium GheH! (M) 7. di - tert- buty
| f1 uor enwl hedallb&ing Wﬁt@ﬁ&@@@@c&&hé)m -Ef?e general dpreparatlve method
7-di-tert-butylfluorene (91 i ssol ved

i rﬁorEEO@@I(gS@Iﬁrma@ylwabsta@t@édnéﬁéllmgn%(@s Smhsthltmfonlr@aqmom such as
hefkapa? ng metsl?ocrergle )ch]%rldgs Oacs: re]g-)rol}?ed 1nXt1%Jersg“on\{va ., et. al. J. Organomet.
Chem. 2003, 683, 2; Basset, J.-M., et. al. J. Am. Chem. Soc., 2001, 123, 3520; Marks,
T. J. Acc. Chem. Res., 1992, 25, 57; and Marks, T. J. Organometallics, 2002, 21,
1788. General preparative methods for forming hydrocarbyl-substituted metallocenes

are reported in a number of references.

Synthesis of {115-[1-(pr0p-2-enyl)indenyl]}[ns-(n-butylcyclopentadienyl)]-
zirconium dichloride (M-E)

A 500 mL Schlenk flask was charged with (n-BuCsH4)ZrClsz (20.0 g, 62.7
mmol; prepared by the reaction of (n-BuCsH4),ZrCl, and ZrCly in refluxing toluene)
and approximately 400 mL of dicthyl ether. The resulting slurry was cooled to 0°C,

after which time Li(1-allylindene) (10.7 g, 66.0 mmol) was added via cannula as an



warmed to roomtenperature and stirred overnight. The
ani on sol ution was added to

wQ2(baor33 enyl ) - 6, 6- di phenyl pent af ul vene ( conpPCmUSH#02)62555
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(104 g, 0.366 nol) dissolved ifb t O (200 nL) at 0 OC
in 35 mnutes. After stirring r an additional 30

mnutes at 0 OC, the mxture was warnmed to room
tenperature and stirred overnight. The reaction was
URIFIE R Trl g s P NSRBI mperr
0@ FeCsollaye ivavasmaadhe david. hThatstltiapdold wad ddeled in toluene
anhydrous sodium sul fate. Renpval of the solvent under

v &ed centBrged o ssEioac hiGhwR aenviabiof spheent i iaguaislded g ow-brown
W i ; ] f

O R R, R LA DR incth Sl g cooled to
Was @ lidrad reublaofdounts t Reabtingd sluby nvdvelitacdf and the precipitate was

2- (1 ,1-di methyl pent-4-enyl)-6, 6-di pheny| pent af ul vene .
(ﬁ'f‘ls@} upderyedefed gt (Gl H%meihjn) 183t Eiﬁbfigﬁ&’rﬁiﬂlatf t geigdow solid
( 1 J600l22 ( r ot fe i )
St e iR TR FESe 96 I Tome” Gepady 12> (m
184B(A8HA)Hi )N 2382 AHEM( &67,(GH,)weds:)adlded.@ en) Hy-eOHCH,), 5.10-
thyl i thi 5 pLof 1.6 Mjn e r 20 I
Pl S REGH 5 B8 (gl GrHk bR For: B8 ot 92591 (m.
a 37y _ t ¥ e i pn
ST LRI SRS 0 FI UECLA BARMAI D s 0n 1
( 22H877 8- B0(nmyin ICpHi n 7 B . Y& 0, 21.§oHi | e cooling in
ice. Ared color fornmed imedi ately and after 4 hours
anal ysis of an aliquot showed that the reaction was
ngxAMpeeRplet e. After an additional hour, the mxture
was cooled while a solution of concentrated
hydnelc hicate € aadyic (Rorsmilyniing whe eMe{adlooene ) Agivgtoaddgdor?, and
F%IOIn?Z\/t\iiOQAg addi ti on of pentane (150 nlL), the organic
| ayer"was washed with water and dried over sodium
sul f at @xarhpRs Spbv@nTavas] rigndaed poRaeFiz¥tasuin Aae tie polymer
red liquid was cooled to - 15 0C overni%ht. The red

c eharpgiprization ghag (it ctialsnaderegolimer 48| dhyetc inherengngppolymer

IoF A ARSI b RS PR p AR B ks wer
6 cOifihubtcddn (adehe-ghllon §3. 18 Htiter LstBinkdzs stet)readior2 4. [26rs(afdsobutane

i] Iaﬁi,i g@%b(@ﬁ@lr‘}@? mﬁ%’taﬂ%}%c’az?@g%} _wse'reg S’segitiﬁ aﬂ e;an]iplgs. '_{—Zlﬂldrogen, when

added, was added slowly throughout the run and was measured as the pressure drop
on a 340 mL steel cylinder. Metallocene solutions (1mg/mL) were usually prepared
by dissolving 30 mg of metallocene in 30 mL of toluene.

A typical polymerization procedure is as follows: Alkyl aluminum, SSA and
the metallocene solution were added in that order through a charge port while venting
isobutane vapor. The charge port was closed and two liters of isobutane were added.
The contents of the reactor were stirred and heated to the desired run temperature.
Hexene, when added, was flushed into the reactor as the ethylene was initially added.
Ethylene was fed on demand to maintain the specified pressure for the specified
length of the polymerization run. The reactor was maintained at the desired run

temperature through the run by an automated heating-cooling system



5.00 (m 2H), 1.88-2.00 (m 2H), 1.52-1.60 (m 2H),
1.17 (s, 6H); 13C NMR (75 Mz, CDA 3) d 156.16, 148. 39,

wai®720105340. 96, 140.92, 138.98, 131.61, 131.4BCT/US2007/062555
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131.39, 127.81, 127.77, 127.24,..127.14, 124. 88,

116.30. 113.45, 41.96, 35.86, 29 90, 27.90. Synthesis
of

| -(3-(I,!-dinmethyl pent-4-enyl)cycl opentadienyl)-I-(2,7

-di-te [ £1 uor.enyl)- _|.l-di phenyl pet hane (L-3

so ut | SIORE &N drpgtivgn el BETEaE SRRl og gl fapcs) for
Matly)ent Nhdth@fAINBEQ aHdl LoyAPmeERobe Exumpls y1-6CEERRE), prepared as
n-BulLi (68 rnL of 1.6 M.in hexanes, 0109 mmol) was
adEeddegrigplaibiel. FRemyps, for yhepartigrlprpgtallgeenspgped in Examples 1-6
t enpanat i Endndud fred for 24 hours. The dark

solutron was cooled in dry ice and a solution of
2-(1,1-dinmethyl pent- 4-enyl)-6, 6-di phenyl pent af ul vene

(ggzﬁogn% F-gg (32.8 g, 54.3 mol) in Et O (100 ni)
rapidly. The mxture was warmed to room
U PIBEPRIM TR B LaBh " Rhs Pyl BRUIBLalN&RT A@ﬁ%%ﬁ%uzdodart, and

ice, a solution of concentrated hydrochloric aci
mCpniliomat er (200 nmL) was added. Foll owi ng addition of

t 10 ic. lay ated and
echod renoersy (ERFE Kbl d0h s ar SRREG R B dets and
apdlyhick te@hiab@rizdthR &0 \FENEthYRAC! BRYR] cwﬂﬂﬁheﬁ/ﬁl‘%ﬁh&% using the
| eaving a glassy solid. The solid was heated wt

metthlysiolcompoations) diaplgsachbeigor  rRalymediation| wyns orcraagpnducted as
ed. off .,~Fhj rQces ea four (ti ...the .
N E R R e R e L RIS

was I SSO

t ReRtor € PoM@ttrizaEe] nivaktattied suthartl ehtinhbes [metidle fvasprocess
broken up, dried under vacuum and then heated with )

etaRHbens( rothet loop ARRGPr Cw! KRRFYD thet SlYIydPTRERFSY PY teopEgting an
P T S8l PRI BTt Ry FiGURE
sahd d. scSymt hesillecofe, Hayhgnlyd fetiwd irdéraedd in FIGURE 1, with cither

hs-[ 3- (pent -.4- enyl ).cycl opent adi en-1 ylidene]}[ .. .
hgll%%ugfﬁa iR Of ﬂ%‘gﬁ{ﬁﬁl& i gg ﬁﬂﬁ%@f Tluwg%arﬁcamtor-support ina
digo, QfirrLarftdl1dve J#h continuous output to the loop reactor.

1-(3- (pent-4-enyl)cycl opent adi enyl ) - ' '
1- (2, 7Pdicontectingutvpb f lcammiednyduy - id, the dfgplommyd netehagre  Either

(comound Lﬂ“%PS%A” 78. 6 ) dissolved in Et20. . .
(OB yndn it R e s ! e RgCi; putions in
hegati@e whielfed aB8arat@btrddnfdGato BBanTfold UpQredmSoMBE BBEd activator
to roomtenperature, stirred overnight, and then added
vifegder outlet where they contacted each other and were combined with isobutane
flush. The solid activator was flushed with the combined solution into the autoclave,
briefly contacting the either triisobutylaluminum or tributylaluminum/metallocenes
mixture/solid activator just before entering the autoclave. The combined solution
flush used to transport the solid activator into the autoclave was set at a rate that
would result in a residence time of approximately 6-24 minutes in the autoclave by
adjusting the isobutane flow rate. The total flow from the autoclave then entered the
loop reactor.
Ethylene used was polymerization grade ethylene (obtained from Union

Carbide Corporation) which was purified through a column of alumina activated at

250°C (482°F) in nitrogen. 1-Hexene used was polymerization grade 1-hexene



cannula to HHCO (26.8 g, 83.6 nmol) suspended in a
m xture of pentane (450 nL) and Et20 (30 nL) at 0 OC

WO 20030019550 ut es. The nmi xture was warned to r oonmPCT/US2007/062555
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tenperature and stirred for t ays. The slurry was
concentrated and centrifuged. e liquid was decanted
of f. The remaining solid was washed a second tine

wi t hpentane (100 nilL), then extracted w th nethyl ene

chl.oride and centrifuged. The sol ution.was taken to .
aToHTunEe A8, EORbh L RE5r 0ol atPalDL At g (§fat gpuriicd by

7 Yisti¥tionlar MR b6 IO tMBass€DBrSighth dol88m of¥Burhifh adtil)ated at 250°C
7.78-7.88 (m 3H), 7.40-7.50 (m 2H), 7,29-7.38 (broad
t (482°B) m pitpggenpifhe joop reagtopavasry ligpid, fudl, 8.2 prmodigmster, loop

: Ega:ctog,: %%}@%g&g%%’olf :20'7?3’ %a!?l}ﬁg glgbggﬁl(n{efs’) ] ilzq:uédzlfzmﬁjéne was used as
| Hye, difuchB- Sodb hiytirogdn waR.add¢dz to telhilatedth8 2ndleQbbar( weigRtHhf, the low

2.28-2.48 (m 2H), 1.94- 2.05 (m 2H), 1.46-1,60 .
2930? cilagg veiht TBRPOTESE AVEIR 789 NmET %) dT1164g§$ﬂtane was

1%8}y%i|erizg-fftﬂr Jde kBButafo (&o%?nelilfwoé%ﬂﬁ s Pé@&e%@ompany, Borger,
128783, 128.45, 128.39, 128.22, 126.50, 126. 46,
126x.)3hat1®bs 9rthet 281rifE@d W2 istiBatick? 8ndiGubska@erBly, passed through a

119. 89, 9.66, 119.0 ok 18.82, 118. 53,
1f21%1,Of]fi%mgéﬁctw%dla]f??a"%ﬁ@gf) I HHTEE 76 88 57. 88,

35. 29, R35ct87 conditidds imchud, a3freBorc 2RuAR, SAPp3L(4 MPa), and a
Synt hesi s of di $§%mth I

B gibtabave To6hTads anlisayed iachable 2. Also,the reactor was

yoE%r' {414 1 ﬁi-\/é %sﬁdle%gé Yibde! A6 P1 0oL R s TRl M was added
[ oride ‘( 0

1 tHr3ugtoa0:33- @nyitqutatidlgtpeinthack €sevbn ad fed to the 0.5-Liter autoclave as

-(2,7-di-tert-but ¥I fluorenyl)- 1,1- diphenyl nmethane
( Ee1ep8emhabever) Metillpcepe eonplitipsions iy tegicgearl warepithyn  ggange of

TSRS o Bl Bl acer
r @olynice mpsr@tmored fiohi theedaaveatnthghbte efredbotrth22@dbeger hour and
6.5 nmmpl) s

HSEONPET OF oRbLETPYD AL Tulshis derer O RO ALY el er under
19itng@Hta{3§oouF€@8mQ<E1l4ﬁ)el ‘warned to roomtenperature
and stirred for two days. The slurry was concentrated

and cefheicbegdyist (THBA| argUINBAVasasdddehired cofidentraten in a range of
remai nin | i s _washed,.a second tinme with pentane
(TSR R0 cl Pt B i REFRPR B PRBREAR reactor
cgBtprbfang S@tic Hhigdupodfthé edhciSa §radeAmbOnt{IXERS IPSILS by weight,
vacuumto give a yellowsolid (3.1 g, 67.4%vyield). 1H
NeRd{lgaw) commer@yl aptistatic agent sold as “Stadis 450” was usually added.
The various resins were prepared according to the above procedure, as specified in
Table 2.
FIGURE 3 provides comparison gel permeation chromatograms (GPCs) for
cthylene homopolymers and copolymers of Examples 7-13 (E7-E13), prepared as
provided in Table 2. Formulas for the particular metallocenes used in Examples 7-13

are illustrated in FIGURE 1.
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Metallocene formulas are illustrated in FIGP—J%.}EI\],
TIBA, triisobutylaluminum.
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129.1 1, 128.85, 128.51, 128.46, 128.34, 126.59,

126.55, 126.18, 126.03, 124.04, 123.79, 123.54,
wQa2®8747105421. 09, 120.89, 120.32, 120.06, 119.4BCT/US2007/062555

119. 26, 115.61, 114.44, 108451, 103.36, 103.29, 76.69,

58.13, 35.39, 35.37, 33.78, 31.06, 31.03, 29.61,

29. 33. Synt hesis of diphenyl nethyli dene{

hs-[ 3-(but-3-&nyT) dycl opent adifen-Ty[ 1[dend]
}hs+(2, V-di-terd~utyl f|ucten-9-yl|dene)] zircopijum
di chljomi geZ MA)SE & (3] S [slalelal |= = | & |2| T |8|®
- (but]- B- ery 15 cycy ejent ad| enyl )| =< |S|S| 7R = | & [<] 4 |28
-(2,7-di 1t2Ft 1BERE|f Il uprenyd )| 1, 1-| di phenyl met hane
(conmpound L-2 40.15 g/ 2.1 mmol ) suspended|in Et]20
(400 |nm.) {was $l pwy| added n-BdyLil (1p.2 iy of |10 M|in
hexanes, | 152 pupl).lat @ DC= Themi xture was war mefd fto
room|t enpeg &t Eeggst';:;rlgj over|nilght |« ok |t hen added o 3|a
via da@nlila 3 ¢ Fr (1825 & 784 B1®|9|susSpendes|i ¥ a3 =
m xture of” geptpre |(400 ML) and|Et P |(30 |mL) |at p [oC |T|“
in 15 minutes| [The |m x{ure“wag warned tp [room
t enperature, styrred forrone day, Tapdevacuated 1o
dryness. | The repidye was| stz rred |n| pentane (300
and gent i'g Ee Rﬂwejlmar@teul_tm/\/as@di scar ded,, [Lhe o NEX
remaingng Sd | fﬁ/fa)s Rashed @ sa(:ﬁ@ TiFES Wt h Peyitlale |I| o
(100 |nL) %Ee%%tga&'tefd wit h et hy| ene|thi ori‘de (\é‘nd\l S|
centri fuged. ThAe sdlution was |t aken|to drlyness upder
vacuum-to give a red solld (381 g1+ 73 3%yield1H
NVR (|300(VHz, |CDCI ) d|7{88-8.02 (m BH,|l 7.77-7, 88
(m 3H), 7@436;§§%(m 24),57.0301-7.40 (brioad|t, P = | |,
7.5 hzs PH 2 Tof4-0. 32| €M AH)5(824|(s|8] ) | 8. 29 65.(3|S
| H), |5296-B202- (ufitjefolwpd 3, |RiE| <5633, 79 | (% | 23
5.50-5. 5% %un B5oPRved 1, I8, |5|25-b.[31 (junresol ved t,
|, |4.87-5.01 (m [2H)| R.33-2.53|(m| 2H)| 2/15-p.[27
(@ 2H), [0.97[(5, 18H)] [3C NWR[( V5] M, [CDO3) O
149. 85, 149. 65n|144. 23, 14401, [187] 27, | 133. 51,
18. 08, 1783843128, B0 <128 495 |4D8|33, |«128. 30, || @ |9|%
136. 580 125 547|126, ¥8]5126, 018 |#P3[D4° | 2% 813 5| o |2
148. 55, 123<48:|421. 08] 12( 89, [120| 31,| 120. 03, o
1¥9. 43, 119.24,|115.71) 114’86, [108| 44, | 103. 37,
1%3. 8, [6.66] p8. 140, B85/38, 35/3b, | 33.098, 3L.05
3¥-02, 29.46. |Synthesis pf di phenyl pet hylji dene{
hZE [3-(1|I3dE rethy pent x#- hyl }.oyel ppentadi en-x |« o =[5
Ig/lldﬁnta]ﬁ[% Howl < |8 7 8«22 %] 2] 2 |¢] o |&lg
h& (2, 7- diz ;-@gyrflﬁarem-s-”)T dene) [ Zi rconfum'| < [S]S
5

g

3

= &

2 oI Rlas —

= 28 242 v <l 2 (avlnls! [z e | o |a] ® |42
S RS2 15a |8 1 [BHEE0R 2] 7 Rl 4 g
: A< 1323 =

) N

2 = = =
g g L. |8 kRl 2 | =lelEl 1512 |8 |slE gl
= 5| £ (o528 |EEE5 25 |5 |52 15
o 5| @ |5|88 25|82t 2lalElElS 5|28 nleels|BEEE
= | 2| % |8BEl53ElE e EELslE R85 EEE|EE |5 s
SN I T TR R I E R N P PR S
SolE|EB2EETIE T 2R TEE Iz A |5z
= < 209 2 | P71 sz (& 88 |B|=
ﬁ g Q o A




dichloride (M5) A slurry of

|- (3- (|

L-3) (10.8 g,
dry ice and n-BuLi

mmol ) was added dropMAse

wo diostierosdbut yl f | uorenyl ) -
17.9 mmol)
(22.2 nL of 1.6 Min hexanes,

, | -di met hyl pent - 4-enyl ) cycl opentadi enyl )-1-(2,7

|, I -di phenyl met hane PCcDOpmoTah2555
i WSEt O (50 nmL) was cooled in
35.5
After 1 hour, the bath was

renoved and the m
room t enper at ure.
g, 18.8 Mol ) suspg
cooling in ice. The&
room t enperature.
t hi ck and pent ane

stirred overni ght—ant

solid was washed a

extracted with nethy
‘0 dryness under vacuumto give a

sol uti on was t aked
red solid ( 11.657¢
CDA 3) d 7.93-8.02

Th

Th

2]

;m

7

S
]

ture was stirred for 48 hours at
2 m xture was added to Zrd 4 (4.37
ded in pentane (50 nL) while
slurry was stirred for 65 hours at
2 slurry was concentrated until

D L) was added. The slurry was

1l the |liquid was decanted off. The
econd tine with pentane and then

ene chloride and centrifuged. The

85. 2% yi el d). 1H NMR (300 Mz,
m 3H),7.80-7.91 (m 3H)

7.52-7.60 (dt, J =
2H), 7.20- 7.35 (m
(t, J =3.0 Hz, IH)
J=30H, IH, §
4.88-5.04 (m 2H) T
2H), 1.26 (s, 3H),
NMVR (75 MHz, CDCl3

&

),

(
8

7 Hz, 1.5 Hz, 2H), 7.38-7.47 (m
1H), 6.27 (broad s, 2H), 6.14-6.18
5.67-5.83 (m IH, 5.61-5.64 (t,
B-5.52 (t, J 3.0 Hz, IH,
76- 2.10 (m 2H), 1.44-1.53 (m
07 (s, 3H), 1.02 (s, 18H); 13C
149. 67, 149.60, 144.31, 144.13,

143. 46, 138.49, 12
128. 39,
124. 18,
120. 20,
104. 30, 100.60, 77.
35.36, 31.06, 31.0

124. 10, 12

128.33, 126
119. 75, 1E8

3,

D.
D.
B

Ben

1

15, 128.89, 128.51, 128. 48,

b8, 126.52, 126.1 1, 125.97,

y3, 123.36, 121.09, 120.78,

38, 114.16, 113.84, 108. 10,

D, 57.65, 46.43, 36.32, 35.38§,
29.47, 26.99, 24.19. Synthesis of

bi s[ (hs-1-(3- phenyt
dichloride (MA) T

according to the ge

substituted bis(i [
Alt, HG, et.al.
and Alt, HG, et.

Y

a

M
i
24
e
)

+

opyl )i ndenyl )] zirconium

5 et al | ocene was prepared

eral preparative nethod for

nyl ) metal |l ocenes reported in:
Or ganonet. Chem 2000, 599, 275;
Jacrganonet Chem 2001, 621

304. Gener al
substituted bis(ing
a nunber of refere;

‘N
%

pr epata

NS

C
ie
1C

on

egnethods for form ng
net al | ocenes are reported in

13.48
23.5

Mn/1000 (pellets)

Mw/Mn (pellets)

Metallocene formulas are illustrated in FIGURE;)) < <

2 TIBA, triisobutylaluminum; TNBA, tri-n-butylalufm




Synt hesi s of bis(hs-indenyl) zirconiumdibenzyl (MC
This netall ocene was prepared according to the genera
w@e@panass ve net hod for form ng hydrocar byl - subsT/US200®062555
net al | ocenes by substitution reactions, such as
al kyl ati ng metal | ocene chl éP?des, as reported in:
Resconi, L., et. al. J Organonet. Chem 2003, 683, 2;
Basset, J.-M, et. al. J Am Chem Soc, 2001, 123,
3520; Marks, T. J . Ace. @gklggg 1992, 25, 57; and
Marks, T. J . Organonetalli 2, 21, 1788. Ceneral
preparative nethods for formng
hxﬁ%ocarbyl substituted netall ocenes are reported in a
ehiBf " ref erences. Synthesis of

(h5-[1+(pro L) 1N :
15 (1 BUt y| By SR Ty Ve s corash indugt o 3 igest one s
( MdBlloterm)Q) adlefSe bhesdcohd ﬂﬁ’tﬁllm&ﬁlepahﬁr Ve laakttdhe (20t BUEE, wherein:

5H4) zr 3 (20.0 q, 62.7 prepared by the reaction
of andaky Gl 14 dt etf Sengry omaféH%C)GHSn@%&Pmnnﬁw fpetallocene

i ofthet,hy!l ether. The resulting slurry was
co%TH% toOOOC after which tine Li(l-allylindene)

(10.7 g, 66.0 mM¥OX)H@ESCEIMEd vi a d¥hlvdl)avhessin
anet her eal ﬁgﬂutlon The reactlgq?n1xture was stirred
atg

overni ght a ARHFOHMAZANCARMEY OF BHGHE t he sol vent was

removed in yROUGad TRE) LRSWdehOtdich Iadsw@sﬁuﬂe@s;?m?&twenyl, a
tol uene and centrifuged to renove LiCd. Renova

s@NM@hﬂﬂimmvmﬁu@%yméMﬁE@d@uyémNbMFbromn solid which

vas cooreu- £ B U5 PRRLE MU iy R

SIBR'RY, WiaseihiH tser @dbonaemt Jﬂgﬂﬂ@éﬁe &lopt, taateemi¥aEmOftdBor a tin atom,
under reduced pressur 1 h) tq yleld t he

preBd dicis begded Sﬁell’qﬂé\@(s)oqnidc()%).k 2ndyvhesgingR " apd Rjvre (foppriently an

Suftil e ol n. G, o@g{awg@@ .42 caron,gtoms, o

( iy d Gk GHIGHR) at Bast One 5m2a1(m @dﬁ:a@-ﬂ@riﬁjp, 5 78-5.76
(m 1, C5H4) 587583(
CH2=CHCH) , 9. lemt eons0s trﬁmfufnt @H@() 67450 b 37 (aﬁlggtatuted or an

C%Fggbstlﬁteg%ﬂge%gl %roup ﬁaxqg l_%%o lfgeh@n athn®8-7.18 (m 2,

MPLES 1-6 Bench
Scal e Cat al YXf Yoanuixs) V@rmdqg:ntihﬁlyl\/bt)aF | @ &reor I; 2) a hydrocarbyl
Acti vat or. - Su poré B
group having up 'to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*; or SO:R*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and
any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a

phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron

group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;



Conditions Exanples 1-6 in Table 1 illustrate

pol yneri zati on run data and pol ynmer characterization
walaioa/16ws3 et hyl ene honopol yner and et hyl ene- 1P¢IEXS2087/062555

copol ynmer prepared using the catal yst conpositions

di scl osed herein. Polyneri 28fi on runs were conduct ed

in a one-gallon (3.785 liter) stainless steel reactor.

Two liters of isobutane and al kyl al um num

cocat al yst/ gcavenger, were used in all exanples. .

FydrogBh.  wiba Sadey s 8 B Besr ™ ArougRsn. op unbrideed

I uidtARden At virpais fethuis the pressure drop on a 340 niL

steel cylinder. Metall ogcen

|yt i | mg/ mL
usual |y prepared by di(%_s)aﬁ(iﬁ(%gai{d%sof EEM&I' b\gé’:rﬁ’gﬁﬁiln
30 nL of tol uenmzﬁ[sfﬁgﬁqhﬁﬁlzhggh% A%E%{]%“%g procedure

is as foll ows: um num met al | ocene

sol uti on were add€d and (Xhadre arddpendehiiypughclap@inaligsl, an indenyl,
port while venting isobutane vapor. The charge port

vas closed AEPYBC] FYUPREIBAiSE b sHRs iy mﬁﬁ%v@zd. The
contents of the C re..sti eghtp,.t .
desired run terrp?r% t%ﬁfﬁ%&n@?ééﬁgﬁﬁ%dgg?ﬂmgls’ Br ! 8L 2) o
fl ushed i nt bydioearbplagtoup lmyirtghep eéo P eavbormamnmsni,i @l B4 3) a
added. Ethyl ene \NES fed on demand bodmai tain the

speci fied pPedOGFRYoEIIc hgrotBecidt | BYIOEHBYHMEIO ¢ fgoup, or  a

pol ymer i zat @iy dkabarbyldig1 ?ﬁﬁ@! My ¥BShieRhAYiALedo 2h chfdn atoms;
desired run tenperature through the run by an
aut omat ed heat RBRcoel SAGR syeheseFIRCUREN 211 gudugtens an aryl group,

conparison gel pe tion chr tograns. (GPCs) for
ety ene. oo SHERERE Banar SHEPL ALt os 1. 6

(E1-E6), preparedng@s siistiticdedon N theabdidstltutedordydlopsnthd@ienyl or
the particular netallocenes used in Exanples 1-6 are )
i |1 ustrat edspbhstimte redeny] xingmepdently) an pliphaticpgrapg, an aromatic
Scal e Cat al yt]i Y/ ' I , .

e varor - Shishs PSR N B LFEERG ap crcic sroups, an

(E7- E13) i noXadrnezrdup, lalsuktur @bep,malisrogmi graiip, arphosphotat @oup, an
and pol ynmer characteri zaﬁji on data for ethyl ene-
1- hexene coBGFYMEFOYR & 5aDaH SIRPnSHIRN B1QHRY §fyboron group, any of

\(/:vg :rg oi 'otn :j 82 ?vélg&l;lga!vﬁﬁe@orﬁqrt@ D0 -cafBBh WRRY; 2 ALIi@N of Hidogen;
ii) X)X HEMHHM? (M3-A), wherein

M? is titanium, zirconium, or hafnium;

(X’) is a substituted cyclopentadienyl group, wherein one
substituent is an aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms;

(X'%) is a substituted indenyl group, wherein one substituent is
an aliphatic group, an aromatic group, or a combination of aliphatic
and cyclic groups, any of which having up to 20 carbon atoms;

(X' and (X'®) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy4; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a

trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;



follows. A 27.3-gallon slurry | oop reactor was
enpl oyed as the pol ynerization reactor. Polynerization

WO 2003/105& carri ed out under continuous parti cCPET/USI0T/062555

process conditions in the | oop reactor (also known as
a slurry process) by contaé9$ng an i sobutane sol ution
of a first netall ocene, having the fornula indicated
in FIGURE 1, and a second netal | ocene, having the

f la indi ic ' eith
et sobut yi 8 hORR 8F SO botrah i S ahiivh esoup ey erour.

al um na act bxpbPwhRHPRGINE ubfo &2 Qarbok a®hist i aut ocl ave
with continuous output to the | oop reactor. )
Precont acti ng wadny afditienal giubstitpent s the| Jubsiitigd reasleeentadienyl

o PRGSO or

were fed asgsepasaydicsgroes scomttimt@nrdalipldtd andsycleéagioups, an
of the solid activator feeder outl.et where tqg%
contact ed eSQEKEHARYD: 2iHTWeHBURSHHITAE SiPYM 2NYBBRIEFeEroup, an

flush. The %f%'ef:lig #?(Iﬁf#t, Y 3LBbn gﬁoﬁlgf b Hiﬁ@&g%ﬁﬂuféﬁr;a%ron group, any of

conbi ned sol uti o the cl ave,

contacti ng twhecheavimey fremilite @0 wasboalatomsyadmbde; or hydrogen;
tributylal um num netall ocenes m xture/solid activator
just b&fore entering the autoclave. The comnbi ned

sol ution flyuph usedcébib@disherbst he solid activator
into the autoclave was set at a rate that would result

i ané residence time of approximately 6-24 minutes in

t he autocl aye adj usti.nag t he iso?ut ne flow.rate.
e SR P el Rkli0ot R LASPHARG AN BNEOR, o

| oop reactof) Et hyletetdrse@pivescloaty from 2 &lidoskidy @eled with an
et hyl ene (obtai ned from Uni on Carhi de Cor porati on) )
whi ch giestronmviithiesgying posa Byest gipcrak aniQprfrpiangeable activator-

activa%gﬂ%ﬁgOgggggnﬁﬁgﬁéhfbﬁaﬁitrogen. 1- Hexene used

was po rfzation gr exene( obt ai ned from

Chevron Cheii) cal an Gpapeahyhinekarcicowpsuifidir t her puri fi ed
by distillat.ion and suhsequently passed thyough a

col um of alitini nd™ QERNRRFULLOFIPOY @f@n(ozi@azﬂpﬁor@ﬁ% compound; or

ni trogen. T@g | ogpy ERAGhAfonRSect |1 quid full, 15.2 cm
di aneter, |oop reactor, having a volune of 27.3

gallons (103.3 liters). Liquid isobutane was used as
(e 1ML SO 9ERR) BLSREA ol SAHSEL S o
ofxtme’)pohwiev® pvRdAIshas tHhRringRPUt ane was
XXX )XHM? (M2-B), wherein
M? is zirconium or hafnium,;
(X®) and (X°) are independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl;
(X") and (X®) are independently a hydrocarbyl group having up to 12 carbon
atoms, H, BHy, or a halide; and
any substituent on the substituted cyclopentadienyl or substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of

aliphatic and cyclic groups, any of which having up to 20 carbon atoms.



pol yneri zati on grade isobutane (obtained fromPhillips
Pet r ol eum Conpany, Borger, Tex.) that was further

w@uorflowds by distillation and subsequent|y pasBemUS2007/062555

through a colum of alumina activated at 2500C (482F)
in nitrogen. Reactor condi {9dns incl uded a pressure
around 580 psi (4 MPa), and a tenperature about 77-95C
(170-2030F) as indicated in Table 2. Al so, the reactor

hour o She. Sbl CHTRS D2 6P Ee BaSUl i oQRR ghSgmeiliocene
CXYuK Ay cbajve @ngqigﬁagq@qbr@m fed to the 0.5-Liter

autocl ave as desgri Met al | ocene

concent rat i ons & é( é@é BYI ver e M3Biwhgrdiange of
about M%@zfrﬁ Igmg%rﬁgﬁﬁlﬁnper mllion (ppnm) of the

diluent in the polynerization reactor. Polynmer was
r ermve@X?)r omat fibstiwagit oyclajentdiéenyhteggony, ﬁbﬁ‘ein Bﬂy Xlbstituent is

I bs, p ur and recovered. in a flash cha

vmd@aﬁldﬁpﬁw g o Smched %W e ot to oCé‘Fbon atoms;
nitrog w |

(TI BA At \Agg@%ﬁ%g%g?l 3?%1 g%rﬁ% r %%?g’ﬁﬁ?%ﬁ‘tf% endently

ofan fliptmtialgoeitp, 4d Gropmti2 @toypat &ccpreblnatmcm ofaatipbditict dnel cychc groups,
diluenpt.in.the pol ri ation reactor. To prevent
SFQPEWBHFIhﬂUng‘Pt%/ é%f‘t{?ps mal | anmount (I ess

than 5RPyundyx Aehg hﬁdep@ﬁde@m& ﬁ%?oc@fbyﬁgl%@ﬁ‘ﬁﬁﬁﬁi?%b to 12 carbon
anti st at| c agent sold as "Stadi § 450" "was usual

aderh, HTBEverrd llider esi ns were pr epared according to

t he above procedure, as specified in Table 2. FIGURE 3
provi des conparison gel perneation chromatograns

(GPCs) 4f or et bythgaetidhoageprling Ry Slagfidl, GaRedil MRS & 10dst one second
Exampl es 7-13 (E7-E13), prepared as provided in Table

2 moplogencLo ISy ﬁbmﬁ’&ﬂg%meﬁlﬂloﬁ%ﬁ&w@@é%@f@§@d in

Exanpl 7-13 ar is sedk2i n FI

Labor at%(S)ry pol y ?(iﬂ?&ﬁ@& ndi ti ons andé) TRkt

pol ynmeri zat Wstzesaﬂlmmor@aﬂnu\m al l ocene formul as are
illustrated |

FI
triisobutyl Q(Sni‘%%aﬁle méepqﬁfi%{y Bl @yftopentadienyl, an indenyl, a
pol ynE@ugsﬁwt&ﬂ dfc%b@hiahféﬁyﬂ ang SLnsahbﬁ@@%rlhaa{ .on

resul ts. Mh/ l'ets) 13.4 59 8. 8.09 13.03
14. 44 10.1 n@p(éa ) etteg)ldﬁienﬁetﬁlél aaBycﬁocaazb;a @ouBhadnGup to 12
25.9

carbon atoms, H, BHy4, or a halide; and

any substituent on the substituted cyclopentadienyl or substituted
indenyl is independently an aliphatic group, an aromatic group, a cyclic group,
a combination of aliphatic and cyclic groups, any of which having up to 20
carbon atoms;
ii) X)X HYXMHHM? (M3-B), wherein

M? is zirconium or hafnium,;

(X°) is a substituted cyclopentadienyl group, wherein any substituent is
independently a linear or branched alkyl group having up to 12 carbon atoms;

(X' is a substituted indenyl group, wherein any substituent is
independently an aliphatic group, an aromatic group, or a combination of

aliphatic and cyclic groups, any of which having up to 20 carbon atoms; and



Met al | ocene formulas are illustrated in Fl GURE 1.

TIBA, triisobutylalum num TNBA, tri-n-butylalum num
woOoaMesIe Claim 1. A conposition conprisi ngPehes2007/062555

contact product of: 1) at |east one first netall ocene;

2) at | east one second net 419 ocene; and 3) at |east

one activator, wherein: a) the at |east one first

net al | ocene conprises an a a-netal |l ocene having the

o ron i B e e BlartS s rereh Bt BBk 0 12

a substabuh e@dnayH BPeNdradiagidy] , a substituted indenyl,
or a substituted fluorenyl; one substituent on (X1)
afRll (X2) is a bridging group having the fornul a ERLR2,
wher ei B E | o a silicon atom a
gernanganma?gﬁf&g§8%&¥ﬁ%&§?gnl 11 and Eis bonded to
both (X ) and (X ), and wherein R and R are

i ndependently an al kyl group or an aryl graqup, either
of whi ¢h ha¢¥ RYMDPIEQR #5°0edPBAR Erthe; rTHY dhoghheast one first
WRRERioRer confRRbs £BEmAunthafig ti2fofuAn aryl group; at
| east one substituent on (X1) or (X2) Is a substituted
or an unsubstituteEd al ke group having up to 12
carbon atons; ((X& are, i ndependently: 1) F
a, Br, or I; 0 af byR"gr oup having up to 20
carbon atons, HR% | 2lhx@ hydrocar byl oxi de group,
a hydrocar byl am.pg~ (.2 trihydrocarbylsilyl
group, any of ich h ng p to 20 carbon atons; or
4) OBRA or SOGsRA, wh n RAis an al kyl group or an
aryl group, any of wh haw ng_up to 12 carbon at ons;
and any additional substj on the substituted

cycl opent adi enyl, substtt &*d i ndenyl , (;RUbshirkt ed

fluorenyl, or  substituted al kenyl group is
M is zirconium or hafnium,;

ou

X*A and X* are independently F, Cl, Br, I, benzyl, phenyl, or methyl;

E"is C or Si;

R'* and R* are independently an alkyl group or an aryl group, either
of which having up to 12 carbon atoms, or hydrogen, wherein at least one of R'* or
R** is an aryl group;

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

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

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

carbon atoms, or hydrogen.



i ndependently an aliphatic group, an aronmatic group, a

cyclic group, a conbination of aliphatic and cyclic
wW@e@ansLosan oxygen group, a sul fur group, a ni PEDYSW07/062555

group, a phosphorus group, an arseni c group, a carbon

group, a silicon group, or 1&l bor on group, any of which

having from1l to 20 carbon atons; a halide; or

hydrogen; b) the at |east one second netall ocene

b ed
OO 5o DS A B R, L o

Z eIl EHB codi rﬁasf mbmo&ﬁ%v@gdhe( fehuRr e i ndependent |y
a cyclopentaé) gl an indenyl, a substituted
R

cycl opent adi eny or a substituted i ndenyl ; (X7) and
(X8) are independ ~1l) F, d, Br, or I; 2) a

hydr ocar byl grou inglup to 20 ¢ r atons, H, or
BH ; 3) a hydrocar de group, B car byl am no
group, or a trihydrocgplyPsll yl group, of _whj ch
having up to 20.carbon avqes; or 4) (BRBZMIA‘S@ R
wherein RBis =18

W group or an aryl oupxﬁény of
whi ch havi ng Ug carbon atons; an y
substituent .on the sYybstitute di enyl or
substitut ed ndenyl T's |ndepea&§¥tly an al i phati ¢ (IIIA), or any

group, c&RbLALRAERINfod VHHReina Cyclic group, a
conbi nation of ali hatlc and cyclic groups, an oxygen

group, a sulfur @A{oup1n®pnmctemdgemrcgnmuporlaiﬁphmsphorus
group, an arseni rqﬂgg A a_carbon roup

group, or a boro dARyagE° %Weh%fgllgdzfp?l}(%ﬁﬂi CLBr 1,

20 carbon at, 1fﬁ, dl bid8ethr afydr ogen; ||)
(X9) (X10) (Xp ) (X12) M8 -A), wherein MB is tltanlun]

zi rconi um or ha1Rn| and R('Xgn cpeh acoyirgned eip iadependently H, methyl,

I d
cycl opent adiBOYT i 84R: MHRLE! N.R0E: SNASIILKS by ! Sudfw-ch,

of a|IphatlC}ﬁﬂﬁhcyﬁkﬁﬁb@M@&ﬁﬁ%&@ﬂ@CHﬁCH@ICh haV|ng up

to 20 carbon
R9A\@>/\/\

Xl IA\ 3A |\\)(1 2A

i) R10A (IVA), wherein

M* is zirconium, or hafnium;

R**is H or CHs;

R is H,  CHCH=CH,,  CH,CH,CH=CH,,
CH,CH,CH,CH=CH,, CH,CH,CH,Ph, or CH,CH,CH,CH3; and

X" and X2 are independently F, Cl, Br, I, benzyl, phenyl, or
methyl;

or

1i1) any combination thereof.



atons; (X10) is a substituted indenyl group, wherein

one substituent is an aliphatic group, an aromatic
w@e@ang1063 a conbi nati on of aliphatic and cycl PCT/US2007/062555

groups, any of which having up to 20 carbon atons;

(X11) and (X12) are indepe H%ntly: 1) F, d, Br, or |

2) a hydrocarbyl group having up to 20 carbon atons,

H, or BH4; 3) a hydrocarbyl oxi de group, a

hydr ocar byl gm no_gr.oup, or.a trihydrocarbyl silyl :

ot oup. Tany. of CORMEHIRAeolg o dby! LFieH Bt avigesonggetivator
OBRZa@ivaoe stbporit@ii@{sih e sd 1l @id@trkatbd 9itBUR déctdA-withdrawing
aryl group, any of which having up to 12 carbon at ons;

aﬁ@manvh%ﬁ@ftional substituent on the substituted
cycl opent ad ik yAlido xi‘aﬁ q? Ghitcyt gﬁjln{n%j I éa-a{lﬁmina, aluminophosphate,
phatic g a roup, a

i ndependent 'y an all toup, an aronmati c’ group
cyhinisugr glhpsphate; orbicnadliraimatf attcpipatyitengatacscytifanta, zirconia,

o B DRGSO G Sib o GrsehPE gy tphna Caran: and
group, a sikicQn.ey; %Rh%ng]viﬁgt PRGN 8 %’lﬁféa cﬁllagi?i@,fbrﬁﬁﬁ&‘é? iodide,

having from1 to Zg’car ons; a e;
hybosphete; toflatei ibjsubfate, caifbicnatucosbardter dobrosaligtec friflingoacctate,

at.least ong activator is,selected independently from,.

" Phesia | VARGPPBEEFt  SuiREREEaNTiPom OGRH pty; Jortitanate
t hedhBgamdtd h ams@hRat r &N- WhiubekidNdalRM M fordtd, a%ab&uted  or
m neral, an ion-exchangeabl e acti vatorsupport, or any

c onpibs@tufedrarenssulévrte, pi ynygondrigpiioodheradfnoxane
conpound; iii) an organoboron conpound or an
or ganobor at e conmpound; or iv) any conbination thereof.

2. A cgnposiA tsipRaiardtadingto @lain yhomiarted Bt [E4 one activator
met al | ocene
1S an activator-support, further comprising a metal or metal ion selected from zinc,

nickel, vanadium, tungsten, molybdenum, silver, tin, or any combination thereof.

9. A composition according to Claim 1, wherein the at least one activator
is an activator-support selected from a clay mineral, a pillared clay, an exfoliated clay,
an exfoliated clay gelled into another oxide matrix, a layered silicate mineral, a non-
layered silicate mineral, a layered aluminosilicate mineral, a non-layered

aluminosilicate mineral, or any combination thereof.

10. A composition according to Claim 9, wherein the clay mineral
comprises an allophone, a smectite, a montmorillonite, a nontronite, a hectorite, a
laponite, a halloysite, a vermiculite, a mica, a fluoromica, a chlorite, a mixed-layer
clay, a fiberous clay, a sepiolite, an attapulgite, a palygorskite, a serpentine clay, an

illite, a saponite, or any combination thereof.



(X5) (X6) (X7) (X8) M2 (M2-A) has the fornula:

(X5) (X6) (X7)(X8)M2 (M2-B), wherein Mis zirconium or
wadonitomes3 ( X5) and (X6) are independently a  PCT/US2007/062555

cycl opent adi enyl , an indenil a substituted

cycl opent adi enyl, or a sub 13t uted i ndenyl ; (X7) and

(X8) are independently a hydrocarbyl group having up

to 12 carbon atons, H, BH or a halide; and any

substi tuent A0n t he. ubst ¢l opent,adi en
subst ! 1t ed ROV e H el bE R g M B K o feast one firs
g hfvtddlocade @ihmbs £ cghpolad havﬁgt%hd for@uRUP, a

conmbi nation of ali hatl ¢c_and cyclic groups, any of

whi ch havi ng up pon atons. 3. A conposition
according to Cs sin _the netal |l ocene

(X9) ( X10) (XPY (X -A)tﬁas the forml a:

(X9) (X10) ( Xu ) P2 Ba@) , Wherein M3 is zirconium
or hafnium ( Xgps”T i tuted cycl opent adi enyl
group, wherein any sgpgstituent is independently a

i near or branched I group having up to 12 carbon
atons; (X10) is a sus afjed 4 ndenyl group, wherein
any substltuent isin epende tly an aliphatic group,
an aromatic group, or “a Bonbi nation of al(iBhatheccimnd
cyclic grou of whi hfhaw ng up to 20 carbon
atons; and @11 W&l%ﬂlﬁaa 8% ndependently a
hydrocar byl RG¥ QUR-thAVdrPlemR: to 12 carbon atoms, H BH
, or a halid 4. Aconp03|t|on according to Cla|m1
wher ei n t he Rat andRétaro fralcpersiondy HetrdTH o eehe conpri ses
an unbri dged rretal I oc ne 6]9Vé1 1?Cthe formula: i)

(X5) (X6) ( X7V(38) N &Y i's zi r coni um or
haf ni um (X5) and (X6) are i ndependently a

cycl opent adi enyl, an indenyl, a substituted

cycl opéat adlAeﬁ9mPOSéfﬁ01ha ng ttotdding deeyfigrein the at least one first

metallocene is selected from N, ,

/%%’\jt Bu ./i Q.i ‘t-Bu t-Bu
Phu oCl Phin,, .~ e WCl PR, "\ o Cl
z Hf Hf
Ph— " Cé NG ph=° (g ~ci P (g i
/
or any

2

combination thereof.



(X7) and (X8) are independently a hydrocarbyl group
having up to 12 carbon atons, H BH4, or a halide; and
wa@apy74oiest i t uent on the substituted cycl opent aBtEN§1000062555

substituted indenyl is inde?endently an aliphatic
group, an aromatic group, a %yclic group, a
conbi nation of aliphatic and cyclic groups, any of
whi ch having up to 20 carbon atons; ii) (X9)(X10)(Xp
) (X12) (M3-B herein [ i £cani_ um or .haf ni um
150 1 95 s neame 0B tefeMih i Sl MG SR ieiTlope second
anyetAldsid dongitsed £ conp@pandentliye frinupear or branched
al kyl group having up to 12 carbon atons; (X10) is a
substituRéy i ndenyl group, wherein any substituent is
i ndependen | i phatic group, an aromatic group
or a conbi f aliphatic and lic groups, any
of which h Ap to 20 carbdh a ; and(X11) and
(X12) are ind éﬁ?ly a hydrocar byN groupghavi ng up
atoms, s, BH , or a haliggBl¢t iii) any
ereo¥

. 5. A conpositioff acCEting to
in the at | east one t nmetall ocene

conpri ses a cpspound havjng the,ds la: (1A), wierein
5%’1 X3A and X4A are (IHES’ or any

Q.

NHA is zirconium or hafﬁ“
| ngeRRRHE M HeYeof wifdreinBr, |, benzyl, phenyl, or methyl;
|

EAi1s C or Si&‘RlA and R2A are independently an al kyl
group or anMiry$ zigrooupy oehafhiem;of whi ch having up to

12 carbon atoeps ks hydr ogen rei t | east, one of

RIA or roa P ai Sy BT et BT oy 8AF

i ndependent IRY® anhyriPogariaépcad QR Bl n@ethyl, ethyl, n-propyl, n-butyl,
CHQCH:CHQ, CHQCHQCH:CHQ, or CHQCHQCHQCH:CHQ.

14. A composition according to Claim 1, wherein the at least one second

metallocene comprises a compound having the formula:



tri hydrocarbyl silyl group, any of which having up to
20 carbon atons; or hydrogen; n is an integer fromO
wo 2002A@91065cl usi ve; and R5A and R6A are i ndepenBenub300a062555
hydr ocar byl group havi ng ui to 12 carbon atons, or
hydr ogen. 6. A conposition E@ordlng to daimi1l,
wherein the at | east one second netal | ocene conpri ses
a compound havi ng the fornula: conbination thereof,
wherein M2A is, independently, zirgonium or hafnium
X7A and X8A, in each ocgH —ar e’ ndependently F
d, Br, |, benzyl, phe et hyl ; and R7 R
in each occurrence, are dently H, met

et hyl , |, n-butyl, , CH2CH2CH2
: CH=CH2, CH%CHZCH:CHZ; i)
(I'VA), where MBA is 2|rco i haf ni um ROA i s /Fi~

or CH3; RI1O0A i

CH2CH2CH2CH= SeCH2CH2 —or CH2CH2CH2
X e i ndepe d, Bbr, {
phenyl , or yl; or iii) any conb|n: ion thereof.?7.

A conposition accdrding to Claim1, wherein the at
gt or is an activator-support conprising
ide treated with an el ectron-w thdraw ng
erein: the SO|Id OXIde is silica, alumna,

silTcaxa(umna, alumn almnnwnp ate
zinc alu ’ﬁate heteropolytung tltanlggﬁph‘_*<ii7
zi rconi na@ne3|a boria, zinc |Q§, m xed oxi des

th r any conbi nation theg;; and <z§

, or any combination thereof.



the el ectron-withdrawing anion is fluoride, chloride,

brom de, iodide, phosphate, triflate, bisulfate,
wa@do7av®s3 f | uor oborate, fluorosulfate, PCT/US2007/062555

trifluoroacetate, phosphate, fluorophosphate,

fl uorozirconate, f1uorosi | 1t& @te, fluorotitanate,

per manganat e, substituted or unsubstituted

al kanesul fonate, substituted or unsubstituted

ar enesyLf onat or..any conbin n_t.hereof

conpositi on ncemie R SO RGPy aRIRR R 4B aitepsy qug second

O Rtk enadodiprisSs zaaoraﬁdunuataaﬁlgswmmma further

conprising a nmetal or netal ion selected from zi nc,

ni ckel , vanadi uR™ n, nolybdenum silver, tin,

or any conbination eoN—9x_A conposition according

to daim1, wherein e at |east one activator is an

activator- supporﬁjgepéﬁfgb froma clay mneral, a

pillared clay, aps€ iated clay, an exfoliated clay

gelled into anot de matrix, a layered silicate

m neral, a nonlay ilicate nineral, a | ayered

al uni nosi | i cate m nera 10181 non-Iayere%ﬁal m nosilicate

mneral, or any conbi nati on t her eof (I CI€¢nposi ti on

accordm@@ltgnghﬁmykghaﬁgﬁﬁein the clay mnera

conprises an al | ophone, a smectite, a nmontrnorillonite,

a nont Ronistkéor GHheador i te, a | aponi te, a haIonS|te a

e Ty LR g, o

aicrppw,gHbeH;a pal ygorskite, a serpentine clay an
illite, a saponite, or any conbination thereof.11. A

conp03|t|on according to Claim1l, wherein the at |east

one firnst cene C f S v

formul & 1% n% 9&111 OS%IO% ac(l\%ﬂn%ﬂ %prﬁérgglrﬁi?nl%gegn it'i?er étnlgastt %Se second
R2B i s nethyl or phenyI R3B a are i ndepe
Hor CH3; and n is an integer [
12. A conposition according to aim1l, wherein
| east one first conbination 9Mefeefl. 13. A corfpOsiut¢

according to Caim1l, mheretf:jiizft | east iff:jii§yd

metallocene is  selected from CH,CH=CH, CH,CH-CH,
Cl\zr.n\\\cl Cl Hi f-n\\Cl Cl\Z\r""“Cl
0O 0
CH.
(CH,),CH=CH, (CH,),CH=CH, (¢ 2)3@
2 . ,
CI\ FigCl Cl\erm\“Cl Cl\Héf"‘“Cl

xR, X

(CHy)s
(CH,);CH; , (CHy);CH;



net al | ocene conprises a conpound having the fornul a:

conbi nation thereof, wherein M2B i s zirconium or
whadonitons3 X B and X are i ndependently benzyl, BIT/US2007/062555

nmethyl; and R7B and R are independently H, nethyl,

ethyl, n-propyl, n-butyl, &HocH=CH2, CH2CH2CH=CH2, or

CH2CH2CH2CH=CH2. 14. A conposition according to C aim

1, wherein the at | east one second netal |l ocene

conpri ses a conpound having the fornmul a:or anyc
conbi n thereof.15. A c osi tion according
d ai V\,h No the at le ond netallo e
conprijSes a conpound havi ng e formula: (IVB)G ;. .l
WhEMeizpwWE3B i s zirconi ufff~agr.whiaf ni um R>9yB |

R1OB is H CH2 CH2CH2CH=CH2,
Ph, or CH2CH2 6. A conpositio
ac gto dagiml, M~ the at | east one secomd.CH=CH,

nelgallocene is selected fo r atl y conbination

t hef @)) A conposition according to Claim1,

wher & a) the at | east one first netall ocene

COﬁF-L}ﬁS«@cS a conmpound having the fornula: MB is
sonium or hafnium R2B is methyl or phenyl; R3B and

ndependently Hor CH3; and n is an integer

o5, inclusive; b) the at |east one second

a8 GOMRYLAESoALGARPHARoPavi ng the formila

i) (HO, vvhereln I'S zirconiumor hafnium and

17. A composition according to Claim 1, wherein:
a) the at least one first metallocene comprises a compound having the
formula:

(IB), wherein
M'® is zirconium or hafnium,;
R*® is methyl or phenyl;
R*® and R*™ are independently H or CHz; and
n is an integer from 0 to 5, inclusive;
b) the at least one second metallocene comprises a compound having the

formula:

1) G@ (IIC), wherein



X7C and X8C are independently benzyl, O, or nethyl;
ii) (1vB), wherein MBB is zirconium or hafnium R9B
w0 200A10105CH3; and R10B is H CH2CH=CH2, CH2CH2EHECBE)7/062555
CH2CH2CH2Ph, or CH2CH2CH2CH or iii) any conbination
thereof. 18. A conposition b%cor ding to Caima1l,
wherein the nolar ratio of the at |east one first
netal |l ocene to the at | east one second netal |l ocene in
the catal yst co about /1: 10 to about

10: 1. 19. A conp t?%lﬁcogﬁué%%g%%l% a?ﬁial m 1, wherein

the at | east onexﬁ%ahd/gﬁ(bgrelusde@enmﬂy%aﬁ@n -@U@[ﬂﬁéthyl
sel ected from chl ori ded aI um na, fluorided al um na,

fl uori ded al unmi nophos®? fated al um na,
fluorided silica-al um na, 3 clay, or any
conbi nation thereof. 20, 03| tion according to
Claim1l, wherein the or%la'!'rWIBU noxane conpound
conprises a cyclic alugiRoxane having the formula: R
is a linear or branch having from1 to 10
carbon atons, and n i s%s ayeger from3 to about 10;a
| i near al um_noxane having the,foarnula: R i | i near
or branched“gl kyl having from1 to 10 car W

and n is an int ewlgglpggngmﬁq)rqgggyﬁmSO a cage

al um noxane havi ng the formila Rt5 +aRb _aAl4 q 3 ,
wherein mis 3 oR Aisdhdr @Hssand "Al (3) - "0(2) + "O(4);

NIRRT AR T T

oxygen atonEHzt}p{z@HZCHSthe nunber of 4 coordinate
oxygen atons, Rl represents a term nal al kyl group,
and Rbor

1ii) any combination thereof.

18. A composition according to Claim 1, wherein the molar ratio of the at
least one first metallocene to the at least one second metallocene in the catalyst

composition is from about 1:10 to about 10:1.

19. A composition according to Claim 1, wherein the at least one activator
is an activator-support selected from chlorided alumina, fluorided alumina, fluorided
aluminophosphate, sulfated alumina, fluorided silica-alumina, a pillared clay, or any

combination thereof.

20. A composition according to Claim 1, wherein the organoaluminoxane
compound comprises

a cyclic aluminoxane having the formula:

1)

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

from 3 to about 10;



represents a bridging al kyl group; wherein Ris a

i near or branched al kyl having from21 to 10 carbon
Ww@t@nap1063 any conbi nation thereof. 21. A conpBSI/UBINT/062555

according to Claim1, wherein the organoboron conpound

or the organoborate con‘pou11189i S selected from

tris(pentafl uorophenyl) boron,

tris[3,5- bis(trifluoronethyl)phenyl]boron

N, Ndi neth n ;

tet r akifdf aératlértl n%?lbeﬁﬁgrﬂgl heEraEl: v i phenyl car beni um

t et raki s(pent af | uor ophenyl ) bor at eR [ithium

t et raki s( pent af | uoro I )6)

N, Ndi net hyl ani | i ni u

tetrakis[3,5-bis(trifl lrorre I)FQhenyI]borate
tr| phenyl car beni um ; wherein

S o RE o gpIcY kAﬂg”’”&qf{ '%Eqﬁeé@toﬁf’#@%%ea Al ineger

,ﬁ»OMf_‘[(ﬁé%u{b@ cont act product further conprises:
at | east one organoal um num corrpound UQ&%VI ng the

f or nul a:cags leml@)xn(le(hﬂ)l@ the forveuleRis( 8)AlsOz,, wherein m is 3 or
carbyl having from 1 to 20 carbon ato
%k%it e8P aﬁg(%iryln%ﬂ gy yAsP SR RYR .ﬁ?ﬁf% cofordinate
atu@uﬁ&tncadsth@ Rt QTBhe A@hbdteof Qo ByHEInGR; 0:8/86n AtdnSs, o) is the
number from?1 to 3, inclusive., 23. A conposi tion

2880PEi plg? ceoTIMAE NP ECN (EPBi T Tepreseats # &xBXnahkyl group, and R
O A SRREL RS bR R v o

trlltd)SObwtﬂojbhaioum; pum trihexyl al um num

trioctylalu i et hyl al um num et hoxi de,

di i sobé}th/F%’(Pn{%Fﬁ??ﬂIh‘?‘ﬁﬂﬁﬂfl de, diethyl al uni num chl ori de,
or any conbination thereof. 24. A conposition
according to Caim22, wherein: a) the at | east one

first Betal lAoceneosibiopr ksesdiag comidaind hawhagirt ke organoboron
fornul a: zi rconi um or haf ni

erein MLA i m
ST A0k o MrdopBisdEmorgs £ SPord ° Npensgfiiied  from
P&y dntafRiordPeAYhboron, tris[3,5-bis(trifluoromethyl)phenyl]boron, N,N-

dimethylanilinium tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate, N,N-
dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, triphenylcarbenium
tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, or any mixture thereof.

22. A composition according to Claim 1, wherein the contact product
further comprises: 4) at least one organoaluminum compound having the formula:
ALX )X 300,
wherein (X") is a hydrocarbyl having from 1 to 20 carbon atoms; (X'*) is an
alkoxide or an aryloxide, any of which having from 1 to 20 carbon atoms, halide, or

hydride; and n is a number from 1 to 3, inclusive.

23. A composition according to Claim 22, wherein the at least one

organoaluminum compound comprises trimethylaluminum, triethylaluminum,



EAis Cor Si; RLA and R2A are independently an al kyl

group or an aryl group, either of which having up to
wd2oocaotee at onms, or hydrogen, wherein at | easPCDN82007/062555

R1A or R2ZA is an aryl grouE' R3A and R4A are

i ndependently a hydrocar by 2 roup or a

trihydrocarbyl silyl group, any of which having up to

20 carbon atons; or hydrogen nis an integer fromo

incl.usjive and RGA nde end I .
&rSP'\sél?lﬁln}lmbnrl ouEﬁnlﬂRglaB i, rnt o tlj}’fog ]l%(l) F e[rlg?}égllﬁummum
hyxdddt)g@mmula)mt heli@hy kRafhurane cgegdd nEisabit ngﬁﬁﬁﬁnum hydride,
conprises a conpound havi ng the f or nul a: conbi nati on

t Hesthsdalumes elhlpridp ar pay combjagiéandbercpt;,  zi r coni um or

haf ni um X7A and X8A, in each occurrence, are

i ndependently F, d, Br, |, benzyl, phenyl, or nethyl;

and R7A4and ARaﬁnpdshioaaacbbrdmcgms Ceaimel2, amerdimdependent | y

H, meth , eti1 I ropyl tyl, ent yl

CH2 CHR y ]'@p.g 0 fp ré_@@t@ Cenk mp_;(‘l?ses aycornpound having the
CH:CHQ i) (I\Mo wherein M3A is zirconium

hafnium ROA is H or CHB R10A is H, CH2CH=CH2,

CH2CH2CH:CH2 , CH2CH2CH2Ph, or
CH2CH2CH2CH3; ﬁg“ %ﬁéare |ndependently F,
ad, Br, |, bemzyl M thyl; or i1ii) any
conbi nat i on theﬁéﬁtEA NHA“X

R2A” é \X4A

A
3A n
RTR# (TA), wherein

M is zirconium or hafnium,;

X*A and X* are independently F, Cl, Br, I, benzyl, phenyl, or methyl;

E"is C or Si;

R'* and R* are independently an alkyl group or an aryl group, either
of which having up to 12 carbon atoms, or hydrogen, wherein at least one of R'*
R** is an aryl group;

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

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

R>* and R* are independently a hydrocarbyl group having up to 12
carbon atoms, or hydrogen;

b) the at least one second metallocene comprises a compound having the

formula:



c) the at |east one organoal um num conpound conpri ses
trimethylal um num triethylal um num

wo eoognoepygsd al um num  tri butyl al um num PCT/US2007/062555
triisobutylal um num trihexylal um num
trioctyl al uni num diethyl al@hi num
et hoxi de, di i sobut yl al unmum hydnde, di et hyl al unmum
chl oride, or any conbination thereof, and d) the at
| east one activatQr is an activator-support conprising
a solid oxide tReated with an el ectron-withdraw ng
ani on, wherein th th oxide is silica, alumna,
silica-al umm, al gsphat e, al ym phosphat e,

zinc alummate, heter u/ ngstates, t nia, zircoma,

magnesi a, bona, zinc pp%i%{)‘“, m xed oxi des X her epfs or

any conbi nati og cprgof , "ghl the el ect ron-W%gkawi ng

anion is fl uor oride, brom de, | de, X

phosphate, triNate< bisulfate, sulfat | uor obor at e,
fluorosul fate, trifl gékoacet ang) php! e, (ITA), or any
fl uor ophosphate, fluorozirconate, fluorosilicate, ’

f | uor octombimatien theeofiarigaciat e, substituted or
unsubstituted al esul f ona substjtuted aor

e
unsubstituted ar 8hedbIPEREREN g 2R UELSIHH Mo
thereof 25 A conmpGsihj & af e Rt Ailifiepéndently F, C, Br, I,
wher ei nb) the at |east one second netall ocene
conpri ses obenzyh ppeadndyi methyloand her eof ; c) the at

| east one or ganoahum A CO und conpri ses
triethyl al um'gnu 7t F‘P‘? # de;n?F QFRUAGRye, afc Tdependently H, methyl,

triisobutyl aihyli ARPA! @BXtyEORYHcAALT @i eRPh, ad,CH=CH,,
d) the at |east one actlvator-sgﬁgort conprises a

sul fat ed solGHCEkCHECER, oA SiIAGI R cording to
Claim 22, wherein: a) ke | east one first

net al | ocene is sel ect conpbi nation thereof;
b) the at | east one secon is selected
fromo r a ny conbinatigon thergof; c) the at |east
one or ganoal um num co%oun \36'6" rises

Q0

ii) RI10A (IVA), wherein

M* is zirconium, or hafnium;
R**is H or CHs;
R" is H,  CHCH=CH,,  CH,CH,CH=CH,,
CH,CH,CH,CH=CH,, CH,CH,CH,Ph, or CH,CH,CH,CH3; and
X" and X2 are independently F, Cl, Br, I, benzyl, phenyl, or
methyl;
or
1i1) any combination thereof;
c) the at least one organoaluminum compound comprises
trimethylaluminum,  triethylaluminum, tripropylaluminum, tributylaluminum,

triissobutylaluminum, trihexylaluminum, trioctylaluminum, diethylaluminum ethoxide,



triethylalumnum tri-n-butylal um num

triisobutylalum num or any conbination thereof; and
waldoorheloss | east one activator conprises a sul PEr/@82007/062555

al um na. 27. A conposition according to Claima1,

wherei n the contact pr oduct2? urt her conprises: 5) an

i oni zing ionic conmpound selected fromtri (nbutyl)

ammni um tetrakis(p-tolyl)borate, tri(n- butyl ) anmoni um

nt ol t t but
ST IR ROF W A o BECRDb mbnaion theror
aga®ni um tetraki s(3 , 5-di net hyl phenyl ) bor at e,
tri(n-butyl)ammoni um

tet r akids[ 3, Hiehits loasti gneussitydior H§/Ia}1p4?é1ﬁ9/‘l01 Beiettecomprising a solid

LALLMty i, whrcin
N, N- di et hy klensdlidnoxide tietsilak) Sl@lmlﬁa)lsylhc)abadﬁlatra aluminophosphate,
, N-di methylaniliniumtetraki s(mtol y{)borate
NANTH Wt gﬂ\arq, ZI t ltll’p]é]@'fes( Qet&ropo ytungstates, titania, zirconia,
Y,
" éﬂﬁ?h%)( S?bgﬁg 52111@8[1 ?mxgé &1@%&&%&1&3{3 3p 5111}} &ithation thereof; and
N, N- di mst hyltlam:lbcptmnumthdrawmg anion is fluoride, chloride, bromide, iodide,

tekéq%ﬁi@ %g el us% tnE ttﬂ}/olrg‘tpolga?tgylﬂluggorsaltfate trifluoroacetate,

t Shésphhe( peﬂﬁ@fﬁgh&bﬂﬁgen)@lﬁo@@ﬁﬁbﬁmet ri pheoylicas,bemudititanate,
tetrakis(ptolyl) borate trlughenyl car beni um

t eemzsigeate, t dl&bst)tbmdat @r vpiubkénied c aglbensbuinate,  substituted  or
tet r kt!lt%{e% ene u are n o?ni?nal thetrgéfphenyl car beni um
te e 8 I]t y pah or afl

tri phenyl car beni umtetrak| s[ 3, 5- bi s(trl fl uoromet hyl)

phenyl kbor ate, triphenyl carbeni um

t et r ak 23( pert EMRASHIOBHERSIHE AP Slam 32 grcinim
tetrakis(p-tolyl)borate, tropylium
tetrakis(mtolyl)borate, tropylium C Q

t etraki s(2, 4-di met hyl phenyl )borate, tropyl{ 6{ tBu
tetrakis(3,5-dimethyl phenyl)borate, tropyli unﬁ’h' -------- Cl
tetrakis[3,5-bis(trifluoronethyl)phenyl]borat®” d i
tropyliumtetrakis(pentafl uorophenyl)borate, Iit

t et raki s(pent af | uor ophenyl )borate, lithium

tetrak la)s( phéisyit) lsast pne firg miiallagene compriscs

t et r aki yl )borate, |ithium

tetra it | ) borate iy C O
t eBra 2 M- ol Treshy | pleenNA tBit hi tPd

tet ram S(43, @I,l met hyl phermylC D) atcﬁ ['i t hi uneha, .“C|

t et raﬁ—l’l? B-r.at e, sodi umTé ‘Ni;(pent af | quwpﬁ le
bor at e, yum tetraki s(phen borate, sodium

ol yl ) borate, sodi

bgrate, sodi um

di met hyI phenyl ) bor at e, SOdI um tetrakis-

tetraki s(mt
tetrakis(2, 4

, Or any combination thereof;



(3, 5-di net hyl phenyl ) borate, sodiumtetrafl uoroborate,

pot assi um tetraki s- (pentafl uorophenyl)borate,
w@oeaoadeiossn t et r aki s(phenyl ) borate, potassi um PCT/US2007/062555

tetrakis(ptolyl) borate, potassium

tetraki s(mtolyl)borate, pég%ssi um

tetraki s(2, 4-di net hyl phenyl ) borate, potassium

t et raki s(3, 5-di net hyl phenyl ) borat e, potassi um

tetrafl uoro borate, triphenyl carbeni um

tetrakis(p-tolyl)alum nate, triphenyl carbeni um “ Q

tetrakis(ntolyl) alum nate, triphenyl carbeni um

tetrakis(2, 4-di et hyl phenyl)al uninate, triphenyl “‘CHz

car beni um tetraki s(3, 5-di net hyl phenyl )al um n NCH,
tri phenyl carbeni um tetrakis- @E} @
§ gte P;E guor hengégﬂ) S)lrﬁ%mnsg{;]@f ne alilogé/ne cornprlses

tropylluntetrakls(mtolyl) mnate tropyllum
tetraki nethylphen tropyliu

tetr t hyl pheny I um nat e tropylium
tetra en | uor ophefiy;.. ['ithi WHf wiCl

alcum nat e,
t et r aki fqgﬁltlafl uor ophepy

5 umnate [ithiu
t@ Ghenyl ) al um ithi um @Q
t (p yl)al um na e, S thi um tetrakis )
al nat e, ‘ hi um CH,CH-C

CH,CH=CH,
t et raki s(2, 4-di riet hyl phenyl ) al um nate [ithium
5- di net hyl phen nat e, |Ith|LH’Q
nat e, sodi
tet raki s(pentafl uorophenyl) fal um nate, sodi um
te'E i-sCbhenyl ) al um nat'€™godfum t et r aki s(p- t@HI Jwrcl
mpde, sodi um tetralS(Bdol yl)al um nate, sedium
Ki sk 2, 4- di met hyl ph al um nate, sodi @
(3, 5-di net hyl pheny um nate, sodium
tetr afI uoiLgcratidm nat e,  pot assi@incH=CH, CH,CH=CH,
t et raki s(pent af I'uor ophenyl’) al um nat e, ‘pot assi um ’
t et phenyl )al uni nat e, potassium
tetr (p- [ )al um nate, potassium
t etigaki §((1mtol yl)- aluninate, potassium
t etxaki s(2, 4- di net hyl phenyl ) al um nate, potassium
(3,5- dinethyl phenyl)al um nate, potassium
oroal um nate, triphenyl carbeni um
trls(2 "snonaf | uor ohi phenyl ) f l.uor oal um nat e,
silver t é{tC%aCﬁIP st C‘img “%p%n Hhedor:
hexaf | gpr oi sipr epanagt o)oak UMbARhSaluinu®i | V&mpound  comprises
tetraki s(perfluoro-t-butoxy)al um nate, or any
céfh%hﬂalﬂlmwm,h di-wolputy pRImIpI A teisgbytylebBem: jgnany combination
pLdrsifyo the contact product of: 1) at |east one
f| rs ’met al l ocene; 2) at |east one second netall ocene;
3) optidpnal lthe, at ddast @asictioater-arppane@ampnsesunutfargdeulidipxide.
and 4) at |east one activator, wherein:




a) the at least one first netall ocene conprises an a
a-netal | ocene having the fornula: (XIXX2XX3XX ML
W@ MovAYL08herein ML is titanium zirconium or Pef/nB207/062555
(X1) and (X2) are independently a substituted
cycl opent adi enyl, a subst i 14t ed i ndenyl, or a
substituted fluorenyl; one substituent on (X1) and
(X2) is a bridging group having t he fornula ER1R2
vvherela Ei a carbon atom %a cgw
ger mani um at oI AR gnﬁ) éﬁ%l i ebe(]) ded to both
(X1) amyl (XZe aud Waareldﬂelemd Retaloeenndapeng@edidd from
an al k graoup or an aryl group, elther of mhlch
0

RItand R2gj,

.....

*\3) a hydrocarhb
hydr ocar byl ani no gfoup, or a trlhydrocarbyIS|IyI
group, whi ch having up to 20 carbon atons; or
: gERAs, Wherein RAis an al kyl group or an
arylpglo P\ a of which having up to 12 carbon atons;

and ‘i4 nal substituent on the substituted
cyclopen ieﬁ%l, substituted indenyl, substituted
fluoreny or substituted al kenyl group is

i ndependent Y2 auhgh§kbﬁmgﬁgy@ﬂm&%faronat|c group, a

cyclic ?roup, a conbi nation of aliphatic and cyclic
gr OUpS géh d?@up, ong sgpdond gmé‘@ﬂOC%lem Sr og@lﬁcted from

group, a phosphorus group, an arseni c group, a cakbon
gr oup i li,con group, or a bqron,group, any o i C
havi . )@o 20 car bo; @ al i de; or

hydr og&r e at | east o g€cond netal | ocesa) .

conpri seg: %ﬁhunbrldged met al 'ggedie having the on- | a:

i)@@()x g)mswz (@@ Waer, ei n

CH,CH-CH,
Cl\Hif..ma ir wCl Cl\Hif.uua
0 0 0O
CHQCH:CHQ , (CHZ)ZCH:CHZ , (CHz)ch:CHz , or any
combination thereof;
c) the at least one organoaluminum compound comprises

triethylaluminum, tri-n-butylaluminum, triisobutylaluminum, or any combination
thereof; and

d) the at least one activator comprises a sulfated alumina.



M2 is titanium zirconium or hafnium (X5) and (X6)

are independently a cycl opentadi enyl, an indenyl, a
wamstiotoss ed cycl opent adi enyl, or a substit ut eBICT/US2007/062555

i ndenyl; (X7) and (X8) are |ndependently 1) F d,

Br, or I; 2) a hydrocar byl %ﬁoup having up to 20

carbon atons, H, or BH4; 3) a hydrocar byl oxi de group,

a hydrocarbylanino group, or a trihydrocarbylsilyl

i.ch .havi n_at

3 " chrad or PSSO THEALMHR ©OCEnCF R st product

affytthc@r @um rigddy Of 5)WhincC hoﬂ@iﬁgn(Eioﬂl]@ t@mbdudr b&ébtéli Off&r1  tri(n-
and any sugstltuent on the substituted
c%ﬁyw@m%mr@ ny| teBakigpelyDbotaty i rfggmpptyDgmmonium  tetrakis(m-

B&Qgt%nt ! %1(§%u§Jnjoﬂ%nuﬁngr ?éf%]kl 53%4 %tﬁ%&fgﬁg@{:lﬁdgate,a tri(n-

CyC Ic group lnation o atic

gboypamnamini y genetgrkayp,5-dimsthlyfphengjtauge, a niri(h-dgsb)ammonium
group, _a_phosphor us n arseni c group, a

g FQSGEIS[%\S E’ﬁ(‘ir%@‘ﬁmé?f‘é}@ﬂ) %SPY@?%@FO n group, an?l%éﬁi) Wﬁ)aHWmmum
h @éﬂ'aﬁg; Pd'ﬂu@)ro%oﬁel%q Q on tl\l}glalﬂﬁ n'ugﬁ f%frakls twl)borate

ydrog 1) (X9)7( 10)(Xp X12) , wherein
| N Nl-d;lmnthula;mlmlmmoﬁatrwk[s(n@tolhlalﬁmatanﬂ\l NXﬁl)neth:ylaalhmum tetrakis(2,4-

S dBR b P R e g tER 4ol Bl by borate,
0|N R- diﬁl@@lkf[h%ﬂhﬁﬁh@f %trﬂﬁﬁ@'5%1@(@1@ﬂ1§d&6ﬁ1b&1§?89éi19ﬂb0ﬁ&¥ N,N-

of "whi ch aving up to 20 car bon at ons iI's a

s dsethylanidigivion d@r@lmmrmfbwrmmlbbor@me trspmgylp@rb empm; tetrakis(p-

| phatic._gro AN .ar omg| 0
Céc)o l)b(g%fltebn ‘g he ﬁ ao Ilméman d thacfl%l?(‘rm-yogwgborate trlph%:nylcarbenlurn

V\ﬁfétﬁlklst@mdﬁﬁethﬁl h@lymoﬁ‘a’?é bOﬂ at mengz%lﬂ)):nﬁﬁﬁ (X12) tetrakis(3,5-
are |ndegendentF

;2)
hyHrebylp wl)@mﬁp haV| nglnhlsnxléarb@n@ar bon attf‘é%w[%ﬁ -bgftrifluoro-
Bﬁle»ﬂaff)phénﬁ}b%?a%af byligXligfaBei 2 BYALRGRLRALBELRGy borate,

tropylium tetrakis(p-tolyl)borate, tropylium tetrakis(m-tolyl)borate, tropylium
tetrakis(2,4-dimethylphenyl)borate, tropylium tetrakis(3,5-dimethylphenyl)borate,
tropylium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tropylium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate, lithium
tetrakis(phenyl)borate, lithium tetrakis(p-tolyl)borate, lithium tetrakis(m-tolyl)borate,
lithium tetrakis(2,4-dimethylphenyl)borate, lithium tetrakis(3,5-
dimethylphenyl)borate, lithium tetrafluoroborate, sodium tetrakis(pentafluoro-
phenyl)borate, sodium tetrakis(phenyl) borate, sodium tetrakis(p-tolyl)borate, sodium
tetrakis(m-tolyl)borate, sodium tetrakis(2,4-dimethylphenyl)borate, sodium tetrakis-
(3,5-dimethylphenyl)borate,  sodium tetrafluoroborate,  potassium  tetrakis-
(pentafluorophenyl)borate, potassium tetrakis(phenyl)borate, potassium tetrakis(p-
tolyl)borate, potassium tetrakis(m-tolyl)borate, potassium tetrakis(2,4-dimethyl-
phenyl)borate, potassium tetrakis(3,5-dimethylphenyl)borate, potassium tetrafluoro-
borate, triphenylcarbenium tetrakis(p-tolyl)aluminate, triphenylcarbenium tetrakis(m-
tolyl)aluminate, triphenylcarbenium tetrakis(2,4-dimethylphenyl)aluminate, triphenyl-
carbenium tetrakis(3,5-dimethylphenyl)aluminate, triphenylcarbenium  tetrakis-

(pentafluorophenyl)aluminate, tropylium tetrakis(p-tolyl)aluminate, tropylium



tri hydrocarbyl silyl group, any of which having up to

20 carbon atons; or 4) OBR 2 or SOR, wherein Ris an
wa@bkdyhogsdup or an aryl group, any of which harCTygS2007/062555

to 12 carbon atons; and any additional substituent on

the substituted cycl openta ?@nyl or substituted

i ndenyl is independently an aliphatic group, an

aromatic group, a cyclic group, a conbi nati on of

al i, phat i C n o en

}%Paglst(rgguﬁfﬂp %@rétﬁat& f ou pt,ro a&lBlﬁlo s pht)é?r%ls(&%g Epe‘tlgﬁp enyf)alﬂurmnate
alh‘épyllhlﬁng&&tdkls(@SQﬁtthplng&kl}b,Iurﬁmﬁﬂé | 6OPy1n® UstraRls(@entafluoro-
boron group, any of which having from1l to 20 carbon

apbwl)ablrmaﬂtied ehthwm higtrplog@pntadporpphony hapkimirai hisltipen tetrakis-
eﬁ?lgaluﬁﬁnatt@e aﬂthlg\ st te%ﬁlsﬁjré%ﬁﬂ%ﬂrﬁ%{%um ﬁﬁfmﬁunqgf)rakls(m-

es a cdnpoun aving t Wwherer n (X1
[ mlﬁl)hyﬁh[mnmrlhyiunh astrakdp(2, 4Q1m161hplqzh&@1)aarrhmmtemldﬁﬁm tetrakis(3,5-
i S an a kOX|de@§r an ary onide, any

14) f
( Wﬁ@ylphﬁml)f wng: B bl Besodgim F@@?}S&@nwﬂwm-
a?%@ljaﬁmﬁné‘t@“%dﬁﬁ@ r@egraﬁlg(gﬁenﬂﬁ n'ﬁﬁht%e’ s@(ﬂﬁimd) tehgﬁ rTgp-tolyl)

st one activator |'ected | ndependent|y f
| pluannatet sadatror e eippor-tol glgdleminate, fsodma tgokis@, é)ednrdahylphenyl)

treat.e th,.an el ect.ron-w t hdr awi hg .ani on, a

R . SRS R PR Rotf® Frafiuoro-
camlﬁ@bl OputhRRME Ototiakis(FAtPROAPASKH I IRMARE ?@tﬁﬁ!@tﬁﬁd,tetrakls-
iii) an organoboron conpound or an organobora

c ophsoynd umeratd, \pptaéﬁynbt@ﬁ‘bklﬁ@tﬁobﬁ)aimnét@f pOWsetrreutﬁqurrﬁém-tolyl)

a talu:mgng% onaéss%?]g?ehra%sm s \%Ineﬁcﬁy ﬁl)t%lulcr)rﬁnslé)t ?sashl:[l} te%sakls (3,5-
aﬁlﬂlﬁﬁﬁlbh&fyﬁi)aﬁlfrmﬁéf& @Bﬁssﬁﬁ?ﬂ) te&aﬂu&}éﬁiﬁﬁﬁt@’c@)" triph@wcarbenium
haV|n§ to 20 carbon atoms, H, or at | east

ofes(d )Qlc)naﬂﬁgropyphynylgﬂ@r(m}@m@@& byI @}V@u D tetrakis(1,1,1,3,3,3-

hexafluoroisopropanolato)aluminate, or silver tetrakis(perfluoro-t-butoxy)aluminate,

or any combination thereof.

28. A catalyst composition comprising the contact product of: 1) at least
one first metallocene; 2) at least one second metallocene; 3) optionally, at least one
organoaluminum compound; and 4) at least one activator, wherein:

a) the at least one first metallocene comprises an ansa-metallocene
having the formula:

XHEAHEHXHM! (M1-A),wherein

M is titanium, zirconium, or hafnium;

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

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

hydrogen, wherein at least one of R' and R?is an aryl group;



having up to 20 carbon atons, H, or BH4; and c) at

| east one of (X11) and (X12) is a hydrocarbyl group
whawrngiosp to 20 carbon atons, H, or BH4; 2) tPET/EB2007/062555

| east one activator conpri ses at | east one

or ganoal um noxane conpound; 12°6r 3) both conditions 1

and 2 exist. 29. A catalyst conposition conprising the

contact product of: 1) at l|least one first netall ocene;

e 2t o TR SR B3] 5y Gt or

mahaibk@t@&laeﬂmgrp ﬂoﬁﬁﬁaﬁﬁ ap@o netabbogens, having the
f or mul a: %gxf( 3(X4 (M-B), wherein ML is
titani um 2|( Ooidury ) ate lﬁdmméeﬁtly( Xt) F.anld Brxon ;) e hydrocarbyl

elpg%g C {

Sggo%‘rﬂi tut Iu?! tgezr?;PasrB%é ldg.)%gsug%’t +rt ﬁtﬁgdﬁj%e@woncﬁ leXIde group, a
s ipdiotirtglamiongrioXp,)oranthydoparbglsidyl prowtgiang oﬂwhwh havmg up to 20
haV|n thefornBIaE R2, ywherein Ejs rbon atom

PP 215D gRgéPhégp%m"é]%eéﬁp Koy 15 30 I3 g o pagiryl group,
angy Efévﬁwma%g % ﬁ)@wb()%at)ongngm{x ), and wherein R

R are inde dently an al kyl group or an aryl
gr oup, eitheny ohddihomah kebstihgntiport othe2 sobstignd atwpepentadienyl,

h t f R2 i .
Sy Sy L Subofied CRRLeRIneht SistRisl akind) erow s
I %&p&i&ﬁﬂy hihEshaG g@dhpualsu&%{dtfc %r&q) @'c?@l&yéro% ,QUdmbination of

havi ng up to 12 carbon at ons; X4) are
i abelpéiadadt ¢yelic growps, @n oxpgen @roulp; a2%ulfar Igyumo@amtrygen group, a

g gusg) hrau\kl)l N9y UD nt grsgrglc Cg%&?%on 2308 1or (])uap 9 sEcoﬂ l%rc}up or a boron
hy r ﬁ de group drocark%/ M no or

t Tgird”itpgjﬁt@C@TVbelS hiythg go8UPto Mrlﬁtfn Abring me rtg hy@rdgen;
20car bon atons; or 4) OBRA or SGCsRA, wherein RA'is an
al kyl & oupthsr an least| ongr sagpndaryetallocgAF ¢ FOTARKISCA g 2t p unbridged

SRR QRer o ot | cast ene (09) and (o)
H, or BH; &nd XWX HXPHM? (M2-A), wherein
M? is titanium, zirconium, or hafnium;
(X°) and (X®) are independently a cyclopentadienyl, an indenyl,
a substituted cyclopentadienyl, or a substituted indenyl;
(X") and (X®) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy4; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR®; or SO3R”, wherein R® is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and
any substituent on the substituted cyclopentadienyl or
substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen;

ii) X)X HYXMHHM? (M3-A), wherein



any additional substituent on the substituted
cycl opent adi enyl, substituted i ndenyl, substituted

wo bawaneryd , or substituted al kenyl group is  PCT/US2007/062555
i ndependently an aliphatic group, an aromatic group, a
cyclic group, a conmbi nat i ohZ%f al i phatic and cyclic
groups, an oxygen group, a sulfur group, a nitrogen
group, a phosphorus group, an arsenic group, a carbon

group, a silicon,gr.o .0r @ boron .any of which

havi ng from 1 to oo duriseh Aeghm o hdnfas o,

hydrogen; b) them?) isastuBtataeeosidpdmidédydc@dep, wherein one
conprises an unbridged netall ocene having the fornul a:

i) (X5) (X6) WpIitugst Mpan Athhatic Sigyer &1 ATOMATS 2royna gF @riombination

zirconi um g .aﬁﬁllfﬁ@iic% éy%ga Igy@(ﬁf%s,(a ) of ﬁich%&&wm bY¥ carbon

a cycl opent adi eny an 1'’nde Itute
cycl opent adia®mgt , or a substituted indenyl; (X7) and

(X8) are independeptly: 1) F, d, Br, or I; 2) a i i
hydr ocar by grougxhéyi%ééﬁﬁuﬁ%i@@maéﬁﬁaﬂ%ﬁﬁﬁﬁ%ﬁonS%ﬁ““wntm

BH4; 3) a hyg ra_‘ﬁ%ﬁ%ftﬁy o ,d@n _gfoﬁ)rl&h@ic gro ,CHrOeF %I?Ml{ll\lhgti%cﬂ]hgf aliphatic

group, or a trihydrocarbylsilyl group, any o
havi ng up t en®Oyaiargoaupsainyns;whoch B)viiGBRBR 28 caB@nRitoms;

wherein RB is an glkyl or. an aryl gr , any, of
mhichlhavinb up &gli%nggﬁgﬁgmgﬂﬁﬁﬂﬁn@%ﬁvgiEygf(ﬁe§%10r132)a
one (X7) anﬂy&%zar"t_)}zlsgﬁ)u mhmﬁgagp% 29 &4#Bor @nkd HPort BH,; 3) a

20 carbon atons, or BH4; and any substituent on the
subst i t ut ed hggioroprlexidi easpupor asubgdiocarbgldmindegyoup, s or  a

i ndependent | n aljphatic arou an. aronati ¢ .gnau a )
eyl e or oufMARAHBRAR] EEuTfZes BRRhaER ub P oot aoms:

groups, an Qx¥yeBRJk 0HBO;RC Siidreih RITiOUR allg/] BidupQ@eR aryl group,
group, a phosphorus group, an arsenic group, a carbon
group, a si REBhWHICBRBYVINgup 4o bdeghoyremy; anthy of whi ch

E;“é'r ggem om1lto a%o GAEBRN AbHEent b Al WBstitlled cyclopentadienyl
or substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen;

or
1i1) any combination thereof;
c) the at least one organoaluminum compound comprises a compound
having the formula:
ALX)X ),
wherein (X') is a hydrocarbyl having from 1 to 20 carbon atoms; (X'*)
is an alkoxide or an aryloxide, any of which having from 1 to 20 carbon atoms, halide,
or hydride; and n is a number from 1 to 3, inclusive; and
d) the at least one activator is selected independently from:
1) an activator-support selected from a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-

support, or any combination thercof;



ii) (X9)(X10)(Xp )(X12)MB (M3-C), wherein M3 is

titanium zirconium or hafnium (X9) is a substituted
waeyoapwst adi enyl group, wherein one substituePtT/S20871062555

al i phatic group, an aromatic group, or a conbination

of aliphatic and cyclic gré&hs, any of which having up

to 20 carbon atons; (X10) is a substituted indenyl

group, wherein one substituent is an aliphatic group,

an aronmati c.. roup, or a combi natian of . aliphatic and

cyclic groupd, afloRrmeiERORE KPR Fo 20 car bon

atonms; ( X1l}ijjand ah Sddholdiéh dondppedeiemtdryinobrate.cofpound; or

Br, or |I; 2) a hydrocarbyl] %roup having up to 20

carbon aton#?) H, agy capbinaton thereafdr ocar byl oxi de gr oup,

) : ; ' ' Evl
o P R A AL DA ol A BfinPodrh R IP BRICHE) S Joast one of
4Yhe@BRGVhgaon&@ehs cxivtherein Rc i s an al kyl group or an

aryl group, any of ich having.up tq 12 carbon atomns;
wher ei ) &l 8 &8t O%n @55 ail@ @ i %fz@rchrba?ﬁwo@a}%yvp to 20
ILA¥Bn R G1,URt BAL2D) S@fRALMAL 7? bl!ag. gg(g)BtsM’é h3BdcABY! group

addi t1 onal 'substituent on the substit y »
c heviog epttad0enyonatorss; st ort Bitle dinid md @hdasti ane of (X7) and (X™7) is a

i ndependent | n.ali [C gro argmati c group, a
ey ot BRadrer ol ST e F and cyel | &

gr oups 2) afic Oxy 8%t BhOURvAoS Woldprisel @HReasd okt E:@8RAluminoxane
group, a phosphorus group, an arsenic group, a carbon

geoupound; @ | i con group, or a boron group, any of which
nycr ogeht Bt 445828881 haci on thereof - and <) the
at |least one activator is selected independently from
29. A catalyst composition comprising the contact product of: 1) at least
one first metallocene; 2) at least one second metallocene; and 3) at least one activator,
wherein:
a) the at least one first metallocene comprises an ansa-metallocene
having the formula:
XHEAHEHXHM! (M1-B), wherein
M is titanium, zirconium, or hafnium;
(X') and (X?) are independently a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorenyl;
one substituent on (X') and (X?) is a bridging group having the formula
ERIRZ, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (X') and (X?), and wherein R' and R? are independently an
alkyl group or an aryl group, either of which having up to 12 carbon atoms, or
hydrogen, wherein at least one of R' and R?is an aryl group;
at least one substituent on (X') or (X?) is a substituted or an
unsubstituted alkenyl group having up to 12 carbon atoms;
(X?) and (X*) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20



i) an activator-support selected froma solid oxide
treated with an el ectron-w thdrawi ng anion, a |ayered

woreevenedos3 an i on- exchangeabl e acti vat or suppor t PCDUSZNY062555

conbi nation thereof; ii) an_organoal um noxane
compound; iii) an organoboﬂ%@ conmpound or an

or ganoborat e conpound; or iv) any conbination

ther eof 30. A catal yst conposition according to Claim

hsifb%s b et OB et SRS T B 0 S F el g wour

1(1j}Z of GOIIhUIVRg ﬁ@f&ﬂﬂﬁhrbb%@iorﬁm GvHexGn aﬂ[e@st one (X ) and (X*) is a
ependently a cycl opent adi enyl, an indeny

s Qﬁ@rtomrbyleaowbml@m ugppbon @pmy, Kty dihile Eﬁl‘iad
denyl ; dgpt |
| ndeny ﬁ}ﬁ b Q?dl&@ tl'tl{%gg P& ﬁlH é]?_?%tlﬁxg r Qﬁ;é%lg%kadlenyl

gr oup haV| ng car on at ons,
halhbsﬁmted/\:h &fdenyl atutisdasdd ofieorefiyl( X01) autdtifured) alkersyl group s

h Q H, or BH4; and any subst ituent o
eg%{ﬁ%{&f ot é HP%@%I%@F]P%W@WP E5PUrs AI5¥E 1 SRl 2 combination of
' Bﬁﬁgh)(k dndl & ﬂ@%&%ﬁnfahyo g{d%gafa' Sulfdf %ka %”mtrogen group, a

aromatic gr p, CIC corrbln
alphgipaoius @nap, ceynlalrscmg rgmms a ampownfgrewy, CchSlhaMl Iggoupp or @ boron

2 LIl R G BE h
)( (X12) MB (MarQ)athasust Nénef QeraHda: métm&?fé%({ﬁfﬂ@eﬁ xlu@) YBbridged

? wherein M3 is zirconiumor hafnium (X9) is a
smétl%‘m@e@w%dh@&ﬁw@dl enyl group, wherein any

substituent .i s indepe ar or .

al kyl group )haV| ng up?‘gﬁ&.&t &gﬁﬁ)gn at ons; @igilwﬁlsereén
substituted i ndemylis gitiipm, AMeehiai) orhyfmbmlst i tuent is
i ndependently an aliphatic group, an aromatic grou

or a conbination(¥P a@l%(ﬁh)a@*(l“ii endgpendeyy p 6y glprsmrliony, ﬁ;ﬂn indenyl,
of which hayiigsidRed & AGataRaYL, 3F @ WB6stiRH indenyl;

(X") and (X®) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BH4; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR®; or SO3R”, wherein R® is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; wherein at least one (X')
and (X') is a hydrocarbyl group having up to 20 carbon atoms, H, or
BHy; and

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

ii) X)X HYXMHHM? (M3-C), wherein

3. . . . . .
M is titanium, zirconium, or hafnium,;



(X11) and (X12) are independently a hydrocarbyl group

having up to 12 carbon atons, H BH4, or a halide,
wobk@raonsat | east one of (X ) and (X ) is a hyePeDuszoyb62555

group, H or BH4. 32. A catal yst conposition according

to daim29, wherein the at3]east one second

nmet al | ocene conpri ses an unbridged netal |l ocene havi ng

the forrmula: i) (X5)(X6)(X7)(X8) M (M2-D), wherein M

i'sS zirconium or fgnium ((X5) and (,X6) .ar.e .

i ndependently a &cl gpén?‘&)ﬁg@ﬁﬁ,cyéﬂp%nﬁ%%ﬁlﬁl,grgup’ wherein  one
substi t ut ed sgiseihRBe Rt adAphlic gfupaars fdsdatic Wr&eh, or a combination
i ndenyl ; (X7) and aéiX8) are i ndependently a hydrocar byl

group havi ng§f aiphasic mpdcache gramsngny ¢f whigh hagingaup to 20 carbon
hal i de, whergin at |east one of (X7) and (X8) is a

hydr ocar byl group, H or BH4; and any substituent on

the substituted ¢xt)apeniadivenyinderyl uhst wtheteitone substituent is
i ndenyl is independently an aliphatic group, g\.n ) ) )
aromati ¢ gr 8B PRASEIONR. Y BIRFIALS EBMhi et PYRDAtion of aliphatic
al i phatic angy cygic| 0 £ @ REvihi ety FRMR, HBmb;0

20 car bon atorrvs‘;:};y 1icif)(;md(bgsda) X10) ( Xp )V(nygllzlfl\/B (I\E}B- D,
wherein MB is zi (X0hianeh (@' )hat rindenendx@ly: i $) &, Cl, Br, or I; 2) a
substi tuted, cycl opent adi enyl group,, wheyein an ,
Subst i t uent MFAOFRBELERHBAIA P I A4 PO g & or B 3) a
al kyl group hhatca8yeRide0 gl%\klﬁ,ar RONhAdBBEbYlaR) igfodd, or a
substitut ed mdeny?, roup, erein any substituent is

i ndependent Itryhyairpcarbyiﬁaled grougr gupof whichhaviag iup tg28wprbon atoms;
or a conbi nati fc al i g and gyclic Qups, any

of whi ohnagl HE0ER ¢ B SRR S ah Gt BBy Aot eroue,
(X12) are i agependphtiaying Upyidriocarionl at@nouphdiéimian Gastone (X')

to 12 carbon atops, H BH4, or a halide, wherein at
| east one ofn{ KX)) dmthydkogarbyl gowy Brdemip e 2 caipen atpms, H, or
or BH4; or BH,; and
any additional substituent on the substituted cyclopentadienyl
or substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen;
or

1i1) any combination thereof; and
c) the at least one activator is selected independently from:

1) an activator-support selected from a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-
support, or any combination thercof;

i1) an organoaluminoxane compound;

1il) an organoboron compound or an organoborate compound; or

v) any combination thereof.



iii) any conbination thereof. 33. A catalyst
conposition according to Claim29, wherein: a) the at

wo e@stiowse first nmetall ocene conprises a conmpoREMUS2007/062555
having the formula: (1A-1), wherein MIA is zirconium
or haf ni unt X3A and X4A ar eif’%dependent ly F, d, Br, I,
benzyl, phenyl, or nethyl, wherein at |east one of X3A
and X4A is benzyl, phenyl, or nmethyl; EAis Cor Si;

R1A and,R2A ,ar e _i,ndependent.ly an_ al.kyl  gr (o] -1y .
aryl ggg'Up, Aei ?%%lyaofpcomlo%lho%a\a}?cr?éénﬁ% %Og @%%garzgt‘mvvherem the
anal Boey (YO PHENX " MIEMEL-T) dbs thedsimdae of RIA or
R2A is an aryl group, R3A apd R4A are independently a
hydr ocar byl gr é%p)QSr)()é Y IMy dr ocar 6M2sP).yrhegdiBup, any
of MiWiQQME&?uﬂi%r!}an carbon atons; or hydrogen; n

to

is an integer from 0, inclusive; and R5A and R6A

are i ndgpemdain’) yreandypdndaalyby tydppeupdieayi, ag ingenyh aldibstituted
carbon atons, or hydrogen;, b) the at |east one second

eV PP EHb G HERER] BigBnd havi ng the for mul a:

) (TN and((X¥ SrelihdeRhdGY £RFIROORDII Yot ﬁz![\%?% to 12 carb
wher ei ?(I\)Q%l i(s,j [ r?depe ndently, Rﬁ%r con§|} ?r?noogr] hag }l%rr? carbon
Xaanasn &1, X8, orre kaick, phewgin enlcest aceofi 3dppehdhtisye drocarbyl
d BrH If genz |, phenyl, or nethyl, wherein at | east

oREP RS )@A@ rf"X8A i s benzyl, phenyl, or nethyl; R7A

and R8Ayy isiibs@iafhit 0F GHE rs@&@iﬁne@efcwﬁb%m%% BF kibsHtuted indenyl is
nmet hyl, ‘ethyl, n-propyl, n-butyl, n-pentyl,

CHRICPR™eRth an @hpt@He @Fgup, an aromatic group, a cyclic group, a combination of

aliphatic and cyclic groups, any of which having up to 20 carbon atoms.

31. A catalyst composition according to Claim 29, wherein the
metallocene (X*)(X')(X'" )X )M? (M3-C) has the formula:
XXX XHM? (M3-D), wherein

M? is zirconium or hafnium,;

(X°) is a substituted cyclopentadienyl group, wherein any substituent is
independently a linear or branched alkyl group having up to 12 carbon atoms;

(X'%) is a substituted indenyl group, wherein any substituent is independently
an aliphatic group, an aromatic group, or a combination of aliphatic and cyclic groups,
any of which having up to 20 carbon atoms; and

(X' and (X'?) are independently a hydrocarbyl group having up to 12 carbon
atoms, H, BHy, or a halide, wherein at least one of (X') and (X*) is a hydrocarbyl
group, H, or BH4.

32. A catalyst composition according to Claim 29, wherein the at least one
second metallocene comprises an unbridged metallocene having the formula:
i) XXX HXPHM? (M2-D), wherein
M? is zirconium or hafnium,;
(X°) and (X% are independently a cyclopentadienyl, an indenyl, a

substituted cyclopentadienyl, or a substituted indenyl;



CH2CH2CH=CH2, or CH2CH2CH2CH=CHZ2;ii) (IVA-1), wherein

MBA is zirconium or hafnium ROA is Hor CH3; RIOAis
WOR00CHRIO5-CH2, CH2CH2CH=CH2, CH2CH2CH2CH=CH2, PCT/US2007/062555

CH2CH2CH2Ph, or C}QC}QC}QC}B and X11A and X12A are

i ndependently F, d, Br, 1E)enzyl phenyl , or nethyl,
wherein at | east one of X11A and X12A i s benzyl,
phenyl, or nethyl; or iii) any conbination thereof;

and c) the Ies neatlvtri n .

26t vat or - sUSHONY Bty 4 B BRswibrt g baying wp o 12
Wi th agabe aton) HMBHMJI bawmgd@mzmemwh a6l dic dtEe’sehd dX®) is a
oxide is silica, alumna, silica-alum na,

al um néﬁ%ﬁﬁhﬁk%oumlfb@ifﬁﬂn pibsphate, zinc al uninate,

het er opol yt S ty n pycTe ' .
boria, zi ncgggi%‘g$tﬁ§ﬁn>ze g%é bgt%tgt%?e%%io or g%?/i&la’or substituted
conbi natdeayl it h&repﬁfd;enﬂﬁ an tliyshaeit @edupoir wiohtade gvdupga cyclic group,
anion is fluorjde, chl|loride bromde IOdI? . i

phos phat@mbination 4f @liphatic prch el Caiipyiy any pl aidppdasup to 20
fiuorogmhbatmst rifluoroacetate, phosphate,

fi uorophosphate, fjuorozi rcopat e, fluorosilicate,

f1 uorofilt anat e, PENEENYANREE)MUbst | (MBeRl), ovherein

unsubsti t ut al kanesul fﬁg@ substituted or

unsubsti t ut ed "AFEREEYP PR ™ or any combi nati on

thereof. 34(x# 1pa@ﬁ@s%té@éyom¢a%aieﬁgl SoGRPRSE h a8 substituent is
conpri si ng cont acting: 1) ‘at | east one first

met al | denendeptly atinpasgs brapgeedsdkyraourehayingoerioel2 caﬂdm atoms;
) o eat g, B AR Mo BRI, LD M7 Shosiucnt

havi ngiddegerddentiylaa: al(phaRX XA OanMirofidtic Arowd) edred rRhbiition of
titanium_ zirconium or hafnium
aliphatic and cyclic groups, any of which having up to 20 carbon atoms; and
(X' and (X'?) are independently a hydrocarbyl group having up to 12
carbon atoms, H, BHy, or a halide, wherein at least one of (X”) and (X®) is a
hydrocarbyl group, H, or BHy;

or

1i1) any combination thereof.

33. A catalyst composition according to Claim 29, wherein:
a) the at least one first metallocene comprises a compound having the
formula:

(IA-1), wherein

1A - - . .
M is zirconium or hafnium,;



(X1) and (X2) are independently a substituted
cycl opentadi enyl, a substituted indenyl, or a

waumstiotoss ed fl uorenyl; one substituent on (X1LpCEDS2007/062555
(X2) is a bridging group having the fornmula ERLR2,
wherein E is a carbon atom34 silicon atom a
germaniumatom or atin atom 1 1 and E is bonded to
both (X ) and (X ), and wherein R and R are

i nd d A n'ev | [
of i ch hadt nghet St gsPadling G Br bR It methyl,

WhkRiimatdbash 6aSdf Xeandl X Rlis beitkyRdhbsyl a6t radthiyl; gr oup; at
| east one suRstituent on (X1) or (X2) is a substituted
or an unsubgt it Gtadial kenyl group having up to 12

carbon at onga 2angd. i nd . E .
a, Br, or I; %&aa{ h)g/ r%ﬁ%@%‘%@u@@%ﬁ% h%%n t;r%}' ! sUP cither
caf haichatiavirgs upto [ cBbbli atdin @ ohyisdga, bytavein de lagstoate, of R' or
a_Bhydrocar byl am no group, or a trihydrocarbylsilyl

gRoup, a0yl GPURhi ch having up to 20 carbon atoms; or

4) OBRA or REsRAnqwhek el Riiksendthh) k%’_ | hQEBLRLAT &Bup or a

aryl group, any of which having up to 12 tarbon” atons,;
athyaingcaggdiilyl groab, sybftvitticheltvimnuy toe2 Oseailatni atorngcbr hydrogen;

cycl opent adi enyl, substituted indenyl ubstituted
fluorenyl, &4rs éﬂ@ﬁgef ﬁ?@u‘%ﬂ ﬁ)em??usb‘%/eoﬁlﬁ?i s

i ndependent IRy* apd R phatddep&ide aﬂﬁdﬁkﬁﬂﬁﬂgﬁn@fﬁﬂﬂmgﬁpto12
cyclic group, a conbination of aliphatic and cyclic

grabps atoars, oxlgeeecgt oup, a sul fur group, a nitrogen

group, .2 PhOZPAALAD Ol OBy Ak SN &l RUPs BrBBLRving the
group, si I'i'con~gr oup, or d boron group, “any oP Wi ¢h
h@yinfiga:from 1 to 20 carbon atons; a halide; or

hydrogen; b) the _at |east one second netal |l ocene

conpri ses an unWVﬁdged net al | ocene having the fornul a:

[ -A), wherein Mis titanium

(X5) and (X6) -ar g=Rpdependent |y
a cycl opent adi enyl ndenyl, a sdbsty ed
cycl opent adi enyl , 25uB61 t ut ed i ndenyly 7A

M2 A--“‘“X

©@2 xsa @ A

i) R34 (A-1), R* (IIIA-1), or

zirconium or haf

any combination thereof, wherein

M is, independently, zirconium or hafnium;

X" and XSA, in each occurrence, are independently F, Cl, Br, I,
benzyl, phenyl, or methyl, wherein at least one of X™ and X* is
benzyl, phenyl, or methyl;

R™ and RSA, in each occurrence, are independently H, methyl,
ethyl, n-propyl, n-butyl, n-pentyl, CH,CH,CH,Ph, CH,CH=CH,,
CH,CH,CH=CHj,, or CH,CH,CH,CH=CHy;



(X7) and (X8) are independently: 1) F, d, Br, or |
2) a hydrocarbyl group having up to 20 carbon atons,

waoi200en0868; 3) a hydrocar byl oxi de group, a PCT/US2007/062555

hydr ocar byl am no group, or _a trihydrocarbylsilyl

group, any of which havinglé% to 20 carbon atons; or 4)
OBRB2 or SC R, wherein RBis an al kyl group or an
aryl group, any of which having up to 12 carbon at ons;
and any substituent onhe substituted

cycl opent adi enyl or s ' i ndenyl is

i ndependently an aliphati oup, romati c group, a
cyclic group, a conbi ngtion/ of i phatic and cyclic
groups, an oxygen gro&é,'ﬁmﬁﬁﬂpa%\group, a nitrogen
group, a phosphorus grggp._AaR arsenic group, a carbon
group, a silicon group oron group, any of which
having from1 to 20 ¢ at/ons; a halide; or

hydr ogen; iL% (X9) (X10) (Xp ) (%X&2) MB (M3-A), wherein M
is titaniumVzirconium or hafnium (X9) i(]:sV‘%'l)’ wherein
substituted cycl qpent adignvl, #19HRamWherein one
substituent is an aliphatic group, ah aromatic group,
or a conbi nati onRot isdfliopidki ¢ and cyclic groups, any

of whi ch having up,st 0 20 carpon at . (X10) is _
substituted indenyl grolip, wﬁéreiﬁﬁggg}éé%%titd@ﬁﬁjﬁéjﬂ_CHi

an aliphati grgeeyen éH;@EB!@HE@H?ﬁ@}PI% 0 9CHZCH,CH,CHs; and
conbi nati on of aIHpﬁatlc gnd cyclic groups, any of

whi ch having up 0 2mdcarbers iatependentitiR ClaBd 1{beb2yl, phenyl, or

are i ndependently:.1).F Br, 1h;, 2)BA .
hydrocarbyln&%@ﬁpwﬁg%Fhat@%yﬂgmﬂaggarﬁ%ﬁiétoﬁﬁpq¥y%ﬁthL(H
BH ; 3) a hyguggar byl oxi de group, a hydrocarbyl am no

group, or a trihydrocarbylsilyl group, any of which
havi ngoup to 20 carbon atons; or 4) OBR 2 or SABR

wh in Ris. I Ol | , f
sher 11 1550 A BT Mt o P o ¢

carpon a
c) the at least one activator is an activator-support comprising a solid

oxide treated with an electron-withdrawing anion, wherein:

the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstates, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and

the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,
phosphate,  fluorophosphate,  fluorozirconate, fluorosilicate, fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or

unsubstituted arenesulfonate, or any combination thereof.

34. A process for producing a composition comprising contacting: 1) at
least one first metallocene; 2) at least one second metallocene; and 3) at least one
activator, wherein:

a) the at least one first metallocene comprises an ansa-metallocene
having the formula:

XHEAHEHXHM! (M1-A),wherein



any additional substituent on the substituted
cycl opent adi enyl or substituted indenyl is

wo p@ependent |y an ali phatic group, an aromati CPQI/OS)7/862555
cyclic group, a conbination_of aliphatic and cyclic
groups, an oxygen group, aldQl fur group, a nitrogen
group, a phosphorus group, an arsenic group, a carbon
group, a silicon group, or a boron group, any of which

havi ng fronb} 9¥%§H5%@§§ﬁmﬁ{$"§#hwwgal'de or
hydr ogen; y a reof; andc) the
at | east onexachhd/ Koy aies imRpatdeady i ndepandentdyylopémienyl, a

an activator-support selected froma solid oxide
tﬁ@%ﬁtléﬂe%nﬂﬁnﬁarpféll stiteted Wjupreayhwi ng ani on, a | ayered

::n opr‘glr ﬁ[at i on ?gé\% gfg@%ﬁ{kﬁf@@ gn@gzhy%f ﬁ{m@#‘gg{&m h@¥in§'the formula

c @RORUNcréihib) is alrbadjfcglaenmhpﬁ 91!1110610 apaladeanhadom atom, or a tin atom,
orq?nob rate conpo

mhj,nat t he
3311 Poagatorkh EXS&P@. %) aﬂ nyﬁf‘gp i3 ;?lfi'&%n%ﬂ%f{epquenﬂy an
{E?P%’r(g tpaPr GR rﬂ?ﬂ' §1'o'i19 &@l{gra(ﬁ{%ﬂﬁh ﬂa)vu%; §8Siy Pf¥on atoms, or

| ocene; | east one sec net al | ocene;
3hy¢pgmnwdmhynaebameasbfbnembRgmmoahﬂmlmun1conpound

"oast one 1 A 6Shats FUBHRETE D X Jobr diCh & & sabsitued or an

auﬁﬁﬂa@ﬂlﬂuﬁé@%ﬂl&@%ﬂoﬁﬂ hiRg (P EETMD Barbdndiefd XX3XX ML
(M-A), wherein i titanium zi rconium or hafni um

(X1) and (X2X)and %bé@emdmwﬂgnﬂa{ st €k drear I; 2) a hydrocarbyl
R R TR T -

( X&drobsbalabiinclgons, @raatipydavirbgsiylesrd gy, ﬁﬂﬂl af which having up to 20
carbon atoms; or 4) OBR*; or SO:R*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;
b) the at least one second metallocene comprises an unbridged
metallocene having the formula:
i) XXX HXPHM? (M2-A), wherein
M? is titanium, zirconium, or hafnium;
(X°) and (X®) are independently a cyclopentadienyl, an indenyl,
a substituted cyclopentadienyl, or a substituted indenyl;
(X") and (X®) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy4; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a

trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;



ER1IR2, wherein E is a carbon atom a silicon atom a
germanium atom or a tin atom and E is bonded to both
w@ Xy/1emd3 ( X2), and wherein RL and R2 are i ndependsnt/g62555

an al kyl group or an aryl g%oup, ei ther of which
having up to 12 carbon atofd/ or hydrogen, wherein at
| east one of Rl and R2 is an aryl group; at |east one
substituent on (X ) or (X ) is a substituted or an

e Lt Y LAY AR S g s,

or I; 2) a bygopwhichhhvighepRo h2¢amen B@nispaD car bon
atons, H or BH; 3) a hydrocarbyl oxi de group, a )
hydr ocar byl ani no 28Y osgPstifient o | Higdr B®stitBieds | qyglopentadienyl  or

group, any i.ch.having - FPCARE ‘
4) OBRA or g%%sﬁ%tg%@éﬂgdﬁa?@%%&%{f%?ﬁ ragltﬁpéﬁg?p’a%n aromatic
aryl group, geoyp, atysitti grbumaviontinpion@f hflpleaicheod catldimgroups, an

and any addi ti onal subst{tuent on .t he SUbStitpgltaeIg@
cycl opent adPEFEAN, 2rQihatsh itk HQUP-FAERYESN AW i RhgeRigrus group, an

fluorenyl, Qfseﬁi\ﬂ%ﬁ(;dglt, Htcﬁt@oﬁ‘!%}‘(gl?}’ll sl Broup, or a boron group, any of

i si ndependent|y I phat i oup, an aronatic group,

a cyclic gredpch mvogieomdttd @A cafboalaigpimak helidmdr bydbgan;
groups, an oxygen groups. aioSukf uringroup, i trogen.
group, a phdsphorus gkjgl)g? ig a&eﬂlﬂc gr og%i,g'éié’glﬁﬁe%
group, a siliconngTiQumnidh, AcBRILAN oBh8HRm;any of whi ch
having from1l to 20 carbon atons; a halide; or

hydr ogen; b) the(&t) Iseassutshtese spelapensadi¢nydbcgraep, wherein one

conprises an unbridged al-1 acene_having the formul a;. ..
)05y ( 6 (A et e GRATal Roufe P, Hiobbinaron
zi rconi um eof aligiidticwmd dy¥By gedighs( AB) oRvBichndepfN@ers RY carbon

a cycl opentadi enyl, an indenyl, a substituted
cycl opent adP®®% | or a substituted indenyl; (X7) and

(X8) are indepen gﬁﬁg Iwy a s@stiﬁl’teaqinge@g ;gg(gﬁ), lw'he?eXn 911_?; s%brstituent is

hydr ocar byl grou ving up to atoms, H,

BH4; 3) a hyadrabiphatiyyproxp.den gromypic grolyy dirac ashpinativmof aliphatic
group, or a trihydrocarbyl silyl. gﬁoup, any_. of which

havi ng up t 1% ey Lig 1 ZByHPS g3y R -which having up to'20 carbon atoms;

(X' and (X'®) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BH4; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR, or SO3R", wherein R" is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

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

or
1i1) any combination thereof;

and



or 4) OBRB2 or SOR, wherein RBis an al kyl group or
an aryl group, any of which having up to 12 carbon

wa@at@nagioand any substituent on the substitutedPCT/US2007/062555

cycl opent adi enyl or substituted indenyl is

i ndependently an aliphaticlé$oup, an aromatic group, a
cyclic group, a conbination of aliphatic and cyclic

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

group, phasphor u ro an arsenic. grou car bon
group. °h o fRebices gl iiobs sERERA stytteRay BeF i on
having fromjl to aﬂ@ct@@ﬁ&%pi@t@ B8¢cted ol dlgslidadxide treated with an
hydrogen; ii) (X9)(X10)(Xp )(X12)M38 (M3-A), wherein M

i s titalecuon-whdrpgangiayionra laxeied grperplixey ignsexchangeable activator-

substi%ﬂ%ﬁ?h§%&§ﬁﬁgﬂﬁ%ﬁk3quagroup, wher ei n one

substi atic group, an aromatic group,

or a conbi nadi onanbrgahégdinainogarendmpycehd;c gr oups, any

of which having up to 20 carbon atons; (X10) is a

subst i t ut ed!iIndeAY PTEGRAGPN IRACERHOIAIOT SRR samPOYgl; or

an aIiphatigggrogﬂyﬂﬁﬂm@ﬂgggk%&fgroup, or a

conbi nation of aliphatic and cyclic groups, any of

whi ch having up to 20 carbon atons; (X11) and (X12) are

i ndependently: 1) F, .C r,.or |I: 2) a dr ocar byl i
group ﬁgvin@‘&Ho%ﬁszﬁﬁcgggﬂﬂngt8n§¢yhﬁnag%§HC?m§§¥émnm0““°n
hyghpaahE YdoRMHE:: 9T OUR, least Y BERMRMARIERE By AlRastObn@ sccond
tri hydrocarbyl siTyl group, any of which having up to

2megalogore; ) ontonaly, 4) lc@BRR grag@Bminughennapoyngy argl 4hat least
abh{la roup. or .an aryl group, any of which having up
t 3 12 Carhon at Oms: and any additional substituent on

the substit tHeedt ayst apentiadi @ollo®@he SeodgiristsItd ansa-metallocene
i ndenyl is independently an aliphatic group, an
ah@ﬁﬁgﬂ@fQHBWﬁi a cyclic group, a conbination of

aroup. i trogelgrGey I e phor S Ao n St LT

M is titanium, zirconium, or hafnium;

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

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

at least one substituent on (X') or (X?) is a substituted or an
unsubstituted alkenyl group having up to 12 carbon atoms;

(X?) and (X*) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*, or SO:R*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any additional substituent on the substituted cyclopentadienyl,

substituted indenyl, substituted fluorenyl, or substituted alkenyl group is



arsenic group, a carbon group, a silicon group, or a

boron group, any of which having from1 to 20 carbon
w@t@nae1083 hal i de; or hydrogen; or iii) any conmpCTEE20071062555

thereof; c) the at |east one organoal um num conpound

conpri ses a conpound havi ng3¥he fornula: Al (X

13)n( X14) 3-n, wherein (X13) is a hydrocarbyl having

from1l to 20 carbon atons; (X14) is an al koxide or an

aryl] oxi de, any,.of which having from1 to 20 carbon .. .

2Bty AR s o 0O gbamtgcion of

3 alipigic Usidvgicliangoshs, bh®xaked s, @nilfae lokdtdt @rnittBgen group, a

sel ected i ndependently from 1) an activator-support

s @hewWhew!s f rew, atls BISPRIC aXPHe & FERPR AL H sificon group, or a boron

el r on- \ i: i 0N, e mnenal .

;SR S IEK B OO0 OB 2Pl RASHGHR LS or Brassr:

t her eob) i i theartolganoaleunicomxianactelbsgeotncomprisey am unbridged
or ga oron oynd or an organoborate conpound; or

ob co
i9¥”%hvaﬁﬁﬁﬁﬁﬁgg? 2reof ; wherein the at |east one
organoaluni@pﬁ1conpoqu5g§?e@@b@ b when afl RSEheRRE
n

of the follow ng anditl exist: 1) a) at |east one
of (X3) and (X4) M'sis &itdmpn.cu@phiyin, gr bafpiunavi ng up to

20 carbon atoms, or . b), at Jeast one of (X )
oo o 6k i sy BlisRinreREY bs tep St didlhan indeny,
atoms, H oh sBhititutedyFopcdtadic@ds br @8&bsAfutédthddnyand

(X12) is a hydrocar by grgup having up to 20 carbon

atons, H, or BH4{X2)anchéXat ajcemdepapdentbict i Nalk.of’l, Br, or I; 2) a

oD ¢ 2l bSEH R R SRR ORI B 3

pol ynmeri zi ngy@oeirbpidxideonpfoupl N@: hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR®; or SO:R”, wherein R® is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

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

ii) X)X HEMHHM? (M3-A), wherein

M? is titanium, zirconium, or hafnium;

(X’) is a substituted cyclopentadienyl group, wherein one
substituent is an aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms;

(X'%) is a substituted indenyl group, wherein one substituent is
an aliphatic group, an aromatic group, or a combination of aliphatic

and cyclic groups, any of which having up to 20 carbon atoms;



contacting ethylene and an optional a-ol efm cononomer

Wi th a catal yst conposition under polynerization
wa@oeouditbioers to form a pol yner or copol yner; wheeBUR200N@62555

catal yst conposition conprises the contact product of:

1) at least one first met al#@cene; 2) at | east one

second netal |l ocene; 3) optionally, at |east one

or ganoal um num conpound; and 4) at |east one

activator, whereipii,a) the.at l.east one fi )

net al | ocene conpﬁgséfkgéag)dyﬁépiﬂpg@gﬁg‘hgi%héjtﬁ%’Orl’z)a
formul a: ( XhyxeXatByiXgtdlip (Rdvird) upher®i sarbin afonis, RNGUBH,; 3) a
zirconium or hafnium (X1) and (X2) are independently

a substit ut 8ddiegebploseadR®np | 2a SydecarbyleBing n@EeHp,, or a
or a substity . : 0 R ¢ .
and (x2) 1 s "hERechRASEMlun . o ik bRk ufile olfhton atoms:
wherein E isra) por 80RY, vehestih IR0 aatatkyl geoup or an aryl group,
ger mani um at om OE, tin atonH an% E is bonded to both

(X1) and (x29¥°%W’maﬁ@W€gHPﬁi AR OR 2P MHtependent | y

an al kyl group ot;anqaki%hal HuB4Rucl! dnt Rbstied tyclopentadienyl
having up to 12 carbon atons, or hydrogen, erern gt

| east one obr RibsttedRadény] anindeydndgmtuspy algthatie gstupome aromatic
substituent on (X ) .or (X ) is.a substit.uted or, an.

unsubst i t ut 86Uk R@?ﬁ@ﬂc %&mp& %hlwéwa;?ﬂahpli ic a3 s8ic groups. an
at oms;  (X3) o’pckn(gip, als81finEe RS RAaRbh: erdip, . phbphoBis group, an
or |I; 2) a hydrocarbyl group haV|ﬂ%up£%o 20 car bon

atoms, H, ORISBRMGSr@Ip, a chipdn gtapby bibigdrigrogh ou s, bagon group, any of
hydr ocar byl an. FOu r trihydrocarbyl.si | )

0t oup. any SRS Bom d o 30 by ST BgE gthyargpen

4) OBRAror SOsRA, wherein RAis an al kyl group or an

aryl group, .any of which having up to 12 carbon atons;

and any addiith onahy spkinptiQethercefi t he substit ut ed

cycl opeg taditl?enw ea?tiu u: g@ug%%&ﬂﬁgg%%&%sédrﬁﬂﬁsﬁg a compound

fluorenyl, or subs

I davidgdendantlhy an al i phati c group, an aromatic group,
a cyclic group, a conbination of aliphatic and cyclic
groups, an oxygen group, %l(guprgﬁr)@roup, a nitrogen

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

d) the at least one activator is selected independently from:
1) an activator-support selected from a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-

support, or any combination thercof;

i1) an organoaluminoxane compound;
1il) an organoboron compound or an organoborate compound; or
v) any combination thereof;

wherein the at least one organoaluminum compound is optional when at least one of
the following conditions exist:

1) a) at least one of (X°) and (X*) is a hydrocarbyl group having up to 20
carbon atoms, H, or BHy; b) at least one of (X’) and (XS) is a hydrocarbyl group



phosphorus group, an arsenic group, a carbon group, a
silicon group, or a boron group, any of which having

wo e@midios® 20 carbon atons; a halide; or hydr openysSi7/062555
the at | east one second netall ocene conprises an
unbri dged netal | ocene havi h§lthe fornula: i)
(X5) (X6) (X7)(X8)M2 (M2-A), wherein Mis titanium
zi rconi um or hafniun1 (X5) and (X6) are independently

ac.d n ttute 11
R G SREaaDaRio 4pfS Lo BT AR BTy Daamg < i o
( K?dro@zﬁﬁ d@@ﬁi\d@%}h}b ¥6 20Lgarbon &tbms, B, or®HL,; 2) a
hy drocar avin to 20 carbon atonms, H, or
BH4 39) at ﬁyfér 5’@%& B¢ &@88@01@ COUPrises 1§y deast alnéy‘l)rﬁ?ﬁqulmmoxane
WPour@l o2 i hydrocarbylsilyl group, any of which
aV| g up to 20 carbon atons; or 4) OBRB2 or SOR ,
wher ei 8) Righ cenditivnall kil 2gkisup or an aryl group, any of
whi ch having up to 12 carbon atons; and any
substituent on the substituted cycl opentadi enyl or

substi gyt ed A RERBY bf potyrh ag%&ﬁng%ﬁt&%mﬁﬁH%lIphatIC

group, an aromatic group, a cyclic group,
conbi nabditaningf ethyleph aind caragtionat | d¢-©lgino upmpnmnero xyithen catalyst

group, .a sul fur group,.a nitrogen group,  a phosphaorus
gFempOsiten %&i@é RPlYMGFiGHEPN cQnEitioRY e ngTB @g)obgnemr CRRRymer;

group, wieredn Hférc%&l% %Fhmgos‘i‘t%ﬁ &)fm L BN ADHERMOE 1P at lcast

20 carbon at onrs; drogen; 11)

( ¥93 moyl(tadﬁnc):(leim)ma(st\/ﬁnmacomﬁl erctdllocdi:; |33 optld)laﬂlllyuaq least one
tit
ibﬁacaﬁﬁéﬁ?@gm%iﬁwpw@uﬁﬁ% Kb e RS P 1 s an

al i ph ahh C OHRURE 1843t an@NBitst CmtaRne Ofondhriefinn ahiMetallocene
of aliphatic and cyclic groups, any of which having up

t baviog dwrfoonulat ons:
XHEAHEHXHM! (M1-A),wherein

M is titanium, zirconium, or hafnium;

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

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

at least one substituent on (X') or (X?) is a substituted or an
unsubstituted alkenyl group having up to 12 carbon atoms;

(X?) and (X*) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*; or SO:R*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is



(X10) is a substituted indenyl group, wherein one
substituent is an aliphatic group, an aronmatic group,

w@eood/1emedbi nati on of aliphatic and cyclic gr oupST/USIW7/062555

of which having up to 20 carbon atons; (X11) and (X12)
are independently: 1) F, a42Br, or I; 2) a

hydr ocar byl group having up to 20 carbon atons, H, or
BH; 3) a hydrocarbyloxide group, a hydrocarbylanino

gr.o rocarb rou ch

hik \}#J ﬁ%n(%gtb{ an ibpmé g i lg(]f)%upa rﬁ/aélrc %ﬁgup?%'ﬁygl},cofiro ornblnatlon of
WABpIRItI dRdi SycHD @bkl afrax ggerp oroup, arlfud e, aamyrogén roup, a
whi ch having up to 12 carbon atons; and an add|t|onaF
s IBRIPLOIYE rErOWh %érsgmgﬁrwmt?eaar@%|gé@mataa 116Qfy |grQ3pp, or a boron
S [ t L t

%Pogt% Eﬁ{] &;{?118%?5%11% Pgﬁl pg;ﬂ)gyglfcﬂ a{téfmgrh Iﬁlhdp rtﬂ hly‘arogen
corrbl nayi ontlaf al ilqkatime asecbndyahmllcgfeﬁupsompmse@xygennbridged
grou a sulfur group a nitrogen group, a phosphorus
%?Wﬁb a carbon group, a silicon
group or a oron gro ech hav 0
20 carbon a{%ns a haF?gg@nggﬁﬁjﬁgbgen op“?f§§g§%§nﬁ
conbi nati on theréﬁ%ﬁncmunmamabnm@asthdhﬂnn

O T orm ot A (SRR RS B TRy LR an nden
hydr ocar byl aRaydtiged E?U]@)ﬂenﬁagle%gl ofh hesktiat@mdedykl4) is
an al koxi de or an , whi ch haV|n9 from

1 to 20 carbon a(XﬁsmuhéKOd@f mﬂQﬁwdmﬂb@ lankd @LiBr.gor I; 2) a
nurber fro.mhyd ar%%l %rouR Salv}ln%dléﬁ?u? 2%) car on aﬁoms Eﬁt BEL;; 3) a

Ioc

acti vat or

activator- sup&x@birb§1©kﬁ1@t egrofupomaa ﬁ@diﬂodareylaﬁmd regégd or a
with an el ectron-w thdraw ng anion, a |ayered m nera
an ion- exch&ﬂ@@&ﬁ@@%&%bﬂ€5W6r§ub§8th @ﬁwagypt0200mbonamnm

conbi nati on g} be%?{f% or SO;R”, wherein R is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

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

ii) X)X HEMHHM? (M3-A), wherein

M? is titanium, zirconium, or hafnium;

(X°) is a substituted cyclopentadienyl group, wherein one
substituent is an aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms;

(X'%) is a substituted indenyl group, wherein one substituent is
an aliphatic group, an aromatic group, or a combination of aliphatic

and cyclic groups, any of which having up to 20 carbon atoms;



i1) an organoal um noxane conpound; iii) an organoboron
conpound or an organoborate conpound; or iv) any

w@ oonoilomss on t hereof; wherein the at | east 0nePCT/US2007/062555
or ganoal um num conpound is_optional when at |east one
of the followi ng conditi ond%exi st : 1) a) at |east one
of (X3) and (X4) is a hydrocarbyl group having up to
20 carbon atons, H, or BH4; b) at |east one of (X)

R e A L R

(X12) is a hygioesdybyloudr@tmehay ith@ousarbéh 3dnaarRost BHy; 3) a
atons, H, or BH4; 2) the at |east one activator
conpri ses atyfesgbylonsleor gionpal dni Apkapabrlamyundgroyy or a

3) both condiitj X] 3 .
produced by gﬂtﬂh)ed P ne{t#ésg@gggo&ﬁ aiiuﬁ{ %’fG\.nglél.ﬁaﬁﬁg 23{11??6 g P & arbon atoms,
conpri si ng ar pPOBRES opBOERIT,achddyin tRTeis mrtahgd gafup@rainnaryl group,
36.39. A pr ocesE I‘OE pr.oduci n% a gol ymeri zation

catal yst coAPbei VIGA haviRgrpLe hg cubat aomsned 1) at

| east one first alihiaeRN Subltudit dn,et'ﬁ%tsuBﬁﬁut%&%ngQpentadienyl
net al | ocene; and at | east one activator, wheréin:

a) the at | easubsohed indsityl neindepandentty soaphage graup, an aromatic
a-netal |l ocene having.the fornul.a: (X1 XX )

(M-B), whePHUR REYFES FPYRR wmb%tﬁﬁe&fféﬁﬁﬁ%aﬂwgfvﬁlmﬁoup& an
(X1) and (Xgxy@herbiylapgmaesbly a_ehiﬁféléé%tg'rbllxg,%g)hosphorus group, an

cycl opent adi enyl ,” a substituted indenyl, or
subst i t ut edafsenigeenp. & cathen guiypt # silieon Sonp( oK) bagerigroup, any of

(X2) is a bridging.arou awhna .t he formil a, ER1 )
(nerei 5 & ¢SSR AR 0GRS PG Rouen
ger manppm atom or a tin atom and E is bonded to both
(X1) and (X2), and wherein Rl and R2 are independently

an al kyl gr dlip oPNRFOTAPYIRtIQH BEisOTei t her of whi ch
P, 195HP e G363 SRRy DB RT ABRHRES oo
having the formula:
ALX )X 300,
wherein (X') is a hydrocarbyl having from 1 to 20 carbon atoms; (X'*)
is an alkoxide or an aryloxide, any of which having from 1 to 20 carbon atoms, halide,
or hydride; and n is a number from 1 to 3, inclusive; and
d) the at least one activator is selected independently from:
1) an activator-support selected from a solid oxide treated with an

electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-

support, or any combination thercof;

i1) an organoaluminoxane compound;
1il) an organoboron compound or an organoborate compound; or
v) any combination thereof;

wherein the at least one organoaluminum compound is optional when at least one of
the following conditions exist:

1) a) at least one of (X°) and (X*) is a hydrocarbyl group having up to 20
carbon atoms, H, or BHy; b) at least one of (X’) and (XS) is a hydrocarbyl group



at | east one substituent on (X ) or (X ) is a

substituted or an unsubstituted al kenyl group havi ng
Wa@Ipooraoh®3 car bon atons; (X3) and (X4) are PCT/US2007/062555

i ndependently: 1) F, d, Br, or |; 2) a hydrocar byl

group having up to 20 carbdfatons, H, or BH ; 3) a

hydr ocar byl oxi de group, a hydrocarbyl am no group, or a

tri hydrocarbyl silyl group, any of which having up to

<P 83degodRan ot 5B TP ARy G s

t‘hydr%caﬁ’@?lbgiﬁu%h&ﬂﬁg’ upREIREATbGH atb@aSH, BH L X3) and (X4)
is a hydrocar YI group having up to 20 carbon atons,

H or Bhahe a3idlcasty oBeicictivepalcosppises @ deast ¥e t prganoaluminoxanc
S Lt ut cycl opent adi enyl, substituted indenyl,
sggéﬁé%ﬁtgg fluorenyl, or substituted al kenyl group is

i ndepedybsth kynditionalliapth@tekist. gr oup, an aromati c group, a
cyclic group, a conbination of aliphatic and cyclic

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

group, 38 PhaspiGhUSHRUPby B8 nfRANFEIAMOKP, a carbon
group, a silicon g 5up, orya boron group, any of which
having from1l to 20 carbon atons; a halide; or

hydr ogep; b), the at | east one secon tallocen .
Corr Bs ARG R SR AR e RETPg Rl 6.
i) (X5)(X6)(X7)(x8)M (M2-C), wherein Mis titanium
zirconium or hafnium (X5) and (X6) are independently
a cycl opentadi enyl, an indenyl, a substituted

cycl opentadi enyl, or a substituted indenyl; (X7) and
(X8) are independently: 1) F, d, Br, or |I; 2) a

hydr ocar byl group having up to 20 carbon atons, H, or
BH4; 3) a hydrocar byl oxi de group, a hydrocarbyl am no
group, or a trihydrocarbylsilyl group, any of which
having up to 20 carbon atons; or 4) OBRB2 or SC R
wherein RB is an al kyl group or an aryl group, any of
whi ch having up to 12 carbon atons; wherein at | east
one (X7) and (X7) is a hydrocarbyl group having up to
20 carbon atons, H, or



BH4; and any substituent on the substituted
cycl opent adi enyl or substituted indenyl is

wo p@ependent |y an ali phatic group, an aromati CPQI/OS)7/862555
cyclic group, a conbination of aliphatic and cyclic
groups, an oxygen group, aldl fur group, a nitrogen
group, a phosphorus group, an arsenic group, a carbon
group, a silicon group, or a boron group, any of which
havi ng éron11 to 20 arbo at onme; W@’ %Bﬁl ; “tion
hydr ogdh: i) XN 6)? 3“3 (%13) y?‘ﬁ‘/ﬁz o Shglval coggpositio
| ofpH R WhtaglifiE ONi)Usn leadt GRS fitstMhethMStkné;S2)Aat least one second
substituted czclopentadlenyl group, wher ei n one

sissaliocenranend &) adcast ensrastivatiog PaIREsN'an aromati ¢ group,
or a Cgﬂb' n%e‘ ap lQeIst a(l ph?stt' et@ﬁ&eﬁX%dn‘é‘&%&f Ua[ﬁs unﬂ%etallocene

of whi havi ng up car at ons,;
shb@hgﬂuﬂBdHMBdenyl group, wher ei n one substltuent is

an aliphatic grg n aronptic group, or a
conbi nati on of (X%F%ﬁég 1)@4 Md cycl | @g‘(ghdﬁler%ﬁy of
whi ch havi nﬂd“’i@tﬁa@iuﬁﬁ z%aacaﬁl emmmn( Xlg and (X12)

are |ndependent y: ;
hydrocarbyl(&ﬂowm1NXV)a@ upmp@uﬂﬁﬂﬁarbdwnanahmydhpmﬁmhmud a

rocar byl o ro a hydrocar byl am no
gF@%ﬁﬁhﬁfmgéﬁﬂﬂﬂyﬂwﬁ%Hﬁ%a?gﬁﬁ?§ groupy any ofymhich
havi ng up t gn2QuusafLRNEAGOTEId OC) Na Qﬁfgn?g SloupEBFng the formula

wherein Ris an alkyl group or an aryl group, any of
WERCR wdmrfng Hiis atcz@rlm aempopiligen ﬁ@m Wesranustatorageta tin atom,

Ogl?% i3 boégen to( )(qu and (%éflf av&;h cin K'Y g T?Za\{rlerl] Qndently an

carpon at OITB any a I Ona

sulxst ighaipnbr an atrijle%@up%mﬁd@t(ﬁ“dwﬁﬁcﬁl&pﬁ@t aﬁltGI’lMI c&tbon atoms, or
substituted indenyl is independently an aliphatic

ghpdiecmvheramat icest gpoabR- andiycisier ag aipir: a
combi nati on ,0fj.al | phatiaRf: ohc l(X% gF QPP is & substituted or an
unsubstituted alkenyl group having up to 12 carbon atoms;
(X?) and (X*) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*; or SO:R*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; wherein at least one (XS) and (X4) is a
hydrocarbyl group having up to 20 carbon atoms, H, or BH4; and
any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;
b) the at least one second metallocene comprises an unbridged
metallocene having the formula:
i) XXX HXPHM? (M2-C), wherein

2. . . . . .
M* is titanium, zirconium, or hafnium,;



oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a

W@ Rdo7aenwsyr oup, or a boron group, any of whi chPeIEUSI097/062555

from1l to 20 carbon atons; a halide; or hydrogen; or
Iii) any conbination t her edf® and c) the at |east one
activator is selected independently from i) an
activator-support selected froma solid oxide treated

w th an el ectron-wthdraw ng.ani on, | ayered. m.neral,.

an ion- exchangeatge&e) % gt(gya%r%}%déngdre{l&y %rc@ ntalichyl, Anindenyl,
combi nat i on atshigstieatd cydldperthdngRaPakubtineXPndenyl;

conpound; iii) an_grganobgron conmpound or an

or ganobor at e conpdunghd 6K)j 41 mdgpadembnatliloh FheBeotr I 2) a
40. A netho [ o] ef.i ng, riSl.Ng; )
cont act ng ot raaey B ARELLE (b 2% SRIPLIMCEL, or BH 3) o
Wit h a cat ahyédiocabpiprilct i groupndar podrpo@bylaatiioon group, or a
conditions to forma polyner or copol vvherf?;i n the

mer.;
cat al yst coﬁr&y&mﬁaw@dﬁgmugew Hevbishiaripe PP Rl icaghon atoms;
1) at least ongoBRisbr g@%};(w,g?l’fei?&ﬁ R alallly#3Rup@n aryl group,

second netal | ocene; "a east one activator, ;
wher ei n:  a) anhef ahidhdmsingouetof 12 sarborestahispwberein at least one (X')

ri ses an +net al | ocene . havi t he forpgul a:
((:;)<I1mxx|2xx3xxaﬂ§ (%\}] 18 gﬁ}yd\‘g@fg&é’ﬂ ,grq\\ﬁpnl?aglqg 111%?9 g%carbon atoms, H, or

zi rconium @bhafpium (X1) and (X2) are independently
a substituted cycl opentadi enyl, a substituted indenyl,
or a substitutedany usrlstijient opie shebssubstifeied owclogentadienyl or

and (X ) is i, dgi n roup .havi.ng, the f.ornul a ER1IR2 .
anerein € SRR BRI RE AR BompT Ui sromarc

ger mani um aiedtip, ydict grou@tadivnishtioni of aliphdidintl @ybied ?roups, an
éﬁl) and ( X%%}’lge%ng?oxg irsﬁllﬁrllr &u}inadnitﬁgge%rg?oilpr: %%%ggpdh%?&s g%roup, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen;
ii) X)X HYXMHHM? (M3-C), wherein

M? is titanium, zirconium, or hafnium;

(X°) is a substituted cyclopentadienyl group, wherein one
substituent is an aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms;

(X'%) is a substituted indenyl group, wherein one substituent is
an aliphatic group, an aromatic group, or a combination of aliphatic
and cyclic groups, any of which having up to 20 carbon atoms;

(X' and (X'®) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BH4; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR, or SO3R", wherein R" is an alkyl group or an aryl group,

any of which having up to 12 carbon atoms; wherein at least one (X'")



al kyl group or an aryl group, either of which having

up to 12 carbon atons, or hydrogen, wherein at |east
woee@7ab10RL. and R2 is an aryl group; at |east OPET/US2007/062555

substituent on (X1) or (X2) is a substituted or an

unsubstituted al kenyl grou 4Fﬁaving up to 12 carbon

atons; (X3) and (X4) are independently: 1) F, d, Br

or I; 2) a hydrocarbyl group having up to 20 carbon

o 2 Sy TR B 7 o s .o

group, any &HwxEh having up to 20 carbon atons; or

4) OBRA or SOsRA, wherein RA is an alkyl group or an )

aryl group, any &R wHdERNHPHEUEH qnothfzsug%trtbf@ﬁ cyelongutadienyl
wherein at | : ' I :
group havi né’?S‘EJSPg@o&@r‘/%ﬁggg’ %%lrrlr)(si,eﬁtﬁ{, &o?ﬁﬁ%&lﬁ? %g&r% %%?/mmanc
addi tional gttt b cuditt gromp, tah@nshutaiontoftaliphatic and cyclic groups, an
cycl opent adi enyl , substituted indenyl, substitutﬁg
fluorenyl, BXYEHEEPTR GroBUULEREPA NPEFHEIPEP, 2 phosphorus group, an

i ndependent layselgi@ ngér%)? h %EﬂbSn S RPPa si‘ﬁ@oﬁ%@ﬁg}n dg‘cd Wrﬂu gnouﬁ, any of

cyclic group, nat i on-of “al I phat cyc

groups, an osygemvgreoiign 1do £0Ichthon gtomsp a halidd; or bgdmgen;
group, a phosphorus group, an arsenic group, a carbon
group, °& silicon group, or a boron group, any of which

havi ng fromi) t 020 6AbRMoAhORST; afd hal i de; or

hydrogen; b) the at |east one second netall ocene

conpri sks athasibeadstepedicireatar isoelested Hulgperglenthe froay mul a:

i) (X5)(X6) (X7) (X8).M (MR- C ereip M2 is. titanjy ,

21 rcont um O harRren g Rapbort HIELE) Rab thid b ROl wich an

a cycl epemb@di@dihvin@inibAdeRytred aifeths bh idH-e€thangeable activator-
cycl opent adi enyl, or .a substituted indenyl; (X7) and
(X8) aP@PNoHgep@derbigatiopthereofyy  Br | or 1; 2) a

hydrocarbyli%rouQnE gh&gﬁﬂﬁogamégngﬁggpn atons, H, or

BH4; 3) a hydrocar oxI de grou ydr ocar byl am no
group, or aiif)ri hydoeastoydmsddmpound engm, orgampbahtewhimpbund; or

having up to 20 carbon .atons;
1v) any combination thereof.

40. A method of polymerizing olefins, comprising:
contacting cthylene and an optional oa-olefin comonomer with a catalyst
composition under polymerization conditions to form a polymer or copolymer;
wherein the catalyst composition comprises the contact product of: 1) at least
one first metallocene; 2) at least one second metallocene; and 3) at least one activator,
wherein:
a) the at least one first metallocene comprises an ansa-metallocene
having the formula:
XHEAHEHXHM! (M1-B), wherein
M is titanium, zirconium, or hafnium;
(X') and (X?) are independently a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorenyl;
one substituent on (X') and (X?) is a bridging group having the formula

ERIRZ, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,



or 4) OBRB2 or SC R, wherein RBis an al kyl group or

an aryl group, any of which having up to 12 carbon
wa@at@nagiosherein at | east one (X7) and (X7) i s BCT/US2007/062555

hydr ocar byl group havi ng u;f to 20 carbon atonms, H, or

BH4; andany substituent on the substituted

cycl opent adi enyl or substituted indenyl is

i ndependently an aliphatic group, an aronatic group, a

IC, l\nat,i f aliphatji ¥
A 5 I TR G0, Sy SRR, S, Y 5hlncenay o
gakgP gréupP bO R heyIUgrodp Obifher 5T RIBRMavig GpRo 1@ €ab&ORtoms, or

group, a silicon group, o a bpron group, any of which
haydreger vderan ailessh opapbBnang Bnis anardareuwpe; or

hydr ogen, i) léaé? )c(n%]' Qll‘t{séﬂle# %#Zpryﬁ% %@Q@? ’Sis \241%{18&{}11&@ or an

is titanium zrrconium or haf

s ubsibstitutedchlioyg] goephadhgny ko 82 cdrpon wbekei N one

substituent jg an al,i phatic group, an_aronmatic_group,

or a conbi n%%oaﬁldﬁ“bﬁlieplﬂs%need%@: cf)clf i €l &roarpg%én@fydmcarbyl
Ol MY ERNAWH NG HPcABorR ekl BRMoaBATES) b Rkodafbyloxi
S%{%ﬁ?i %J“t“te%ﬁ? ngezr?slc 1rg?oupo,‘%ﬁ)bI \7\he’|rr]0ei ngg’ﬁ?é) séﬂ?@tol(iaﬁogzotm?es group, &
ahyddocphglaincnggroup, orartriby dnoedrbylsdyl@ugyp, eny af which having up to 20

conbi nati on of iphat | nd cycl i g groups, any of

CRTOR Al g" o OBEYS8" 8R0S He8 0L sE ety arvl roup,
akfy bNAdARANEIRMS ¥p tol)2 Barbbh atdBhs; wHerdin allead one (X:R and (X*) is a
h rocarblyl group having up to 20 carbon atoms, H, or
B%B’(;img%fbﬁ group beardyp toxdGearpproaipms. Ay ditde andyl am no

group, or a_trihydrocarhyl sil royp, .any. of whigh .
Raving up ¢ 820 HIBER" sThleHl, o R BB SR s ibhentadieny,

WoehseitutedRC indeny@n adtsittut@r ofiforenylanoar yilbsgfu@ddp, alkéyl Ofgroup s
whi ch havi ng qu to 12 carbon atoms; wherein at | east
'R

offedlepsadently amaliphatio group, an AspaRasic ZBY: 2 G SifpSRER: agprifEnation of
t gligtgati%ain*ao&cﬁg %upsl_l'an cnyE&'fL grcﬂﬁ}g a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;
b) the at least one second metallocene comprises an unbridged
metallocene having the formula:
i) XXX HXPHM? (M2-C), wherein
M? is titanium, zirconium, or hafnium;
(X°) and (X®) are independently a cyclopentadienyl, an indenyl,
a substituted cyclopentadienyl, or a substituted indenyl;
(X") and (X®) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy4; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR®; or SO3R”, wherein R® is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; wherein at least one (X')
and (X') is a hydrocarbyl group having up to 20 carbon atoms, H, or
BHy; and



any additional substituent on the substituted
cycl opent adi enyl or substituted indenyl is

wo p@ependent |y an ali phatic group, an aromati CPQI/OS)7/862555
cyclic group, a conbination of aliphatic and cyclic
groups, an oxygen group, aldQl fur group, a nitrogen
group, a phosphorus group, an arsenic group, a carbon
group, a silicon group, or a boron group, any of which
having from1l to_20 carbon atons; a halide: or :
v ogen: or 111 fins EURRRhag o PR S clopeptiginy! or
at | east onguiGitityd@ienyiSisSiatlgh@ehtiynge RRPIIRIL d¥up, an aromatic
fromi) an activator-support selected froma solid,.
oxi de treat EPUR & KYHIS PRt ORI CAW1pkatigHingFyclic groups, an

20t 106Kl 0| A YDRIRAHL S AP B v
conmpound; i kispniagrarpgacaion grouppapidivmndgip ot a boron group, any of
croanobor e SSUCE) b Sl Sl TSR SeLS0ls

An article gonprisingR%peloysencpraguced pyistos Wwiktded

of O ai m 40.

M? is titanium, zirconium, or hafnium;

(X’) is a substituted cyclopentadienyl group, wherein one
substituent is an aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms;

(X') is a substituted indenyl group, wherein one substituent is
an aliphatic group, an aromatic group, or a combination of aliphatic
and cyclic groups, any of which having up to 20 carbon atoms;

(X' and (X'®) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy4; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR, or SO3R", wherein R" is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; wherein at least one (X'")
and (X'?) is a hydrocarbyl group having up to 20 carbon atoms, H, or
BHy; and

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

or
1i1) any combination thereof; and

c) the at least one activator is selected independently from:
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1) an activator-support selected from a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-

support, or any combination thercof;

i1) an organoaluminoxane compound;
1il) an organoboron compound or an organoborate compound; or
v) any combination thereof.

41. A polymer produced by the method of Claim 40.

42.  An article comprising a polymer produced by the method of Claim 40.



