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WD 2007/ 092753 PCT/ US2007/ 061519 1 POLYMERI ZATI ON
CATALYSTS FOR PRODUCI NG POLYMERS W TH LOW LEVELS OF

woh. oG08 N BRANCH NG TECHNI CAL FI ELD OF THE POWEBODDNG1519

5 This invention relates tolthe field of organonetal
conpositions, olefin polynerization catalyst

conposi tions, nethods for the polynerization and
copol yrmeri zati on of ol efins using a catalyst
conposition, and polyolefins. BACKGROUND OF THE

I NVENTION 10 It is known that nono-1-olefins
(a-olefins), including ethylene, can be polynerized

W th catal st conpositions enploying titani um
21 t B UMEREATION CAFADNSIS FOR BRODUGENG BOLIVERS
conbi ned Wi PO LIV BKE4SF RING CHAINBRS g&gm&h

cocat al ysts. These catal yst conpositions ca e usef ul
for both honopol ynerization of ethylene, as well as

ﬁE@ﬂsz&%leﬂLﬁa) Hﬁtrwllﬁ{? Mt h comononers such as

pr opyl ene - but'ene hexene, or other higher
a- ol eThllasmVﬁteqrrefro}ae:s thehe BxlidspE argamonsttlagbngpesitiohs, olefin

Iioq%lr%%{?e{n rh%é&l?:!tefclo%l og tlyorﬂgrl Zaghogg at a Sfﬁsdl}/m&nzatlon and

act rocesses ne?%o
@mmmrmgtlmabﬁblyﬁhs ugihgh catallyst porapodeore rhdpodalefins.
catal ytic activities and polyneric materials tailored
to specific end uses. Polyethylene (PE) produced by
BhymﬁﬂmbEWHbtﬁWﬁHﬁdﬁBJ@NmHﬁHIIy contains 20 small to

noder te nmount | on br hed cule
som 6 EROUR. ol sro sttt RN EERTS GRdeRadean be
%mgﬂiéél\/ﬁnthu&l@ilﬁsts&gh#dshﬁdhsdéiﬁplaﬁnfgl Hitdhivlh, %Jéal&ﬁ {hadium,
[

ance the processi resi ns repared with

?@r%d@rpéh%fa?%ﬂa&ﬁs pen cpphawdrvibp S ithpxideemd infiae presence of
RIREORES Phesk CRralyit Q&ﬁﬁbﬁﬁ&%dcéﬂﬁ&eﬁéeﬁﬁbﬂoﬁ bgﬂleharﬁogdiﬁmenzamn

i ncreased elast|C|ty t it typically inmparts t
lesihylene TRy vetlbeg edmelapeiisatignief ehylsaat woh edmeonogmrs such as

Ca??l{ené m B@eﬂ@t P—Ylg)?é}l% Wp 'o%r 'Tﬁé@é&og Smsbafﬁ&?m{% there exists a

ysSts Is & desirable e exa
evaskint sewdeto idavelhp nese otn‘ﬁnbpmldgwdzwom nstalymet ahﬂdtyse laetivation

a esir e.cata sts
%r %Eeasos ésa%d lh\/\ﬁ%s Oﬁ hay ¢t € Hg wie 6a ﬁtget gmﬁeqrowdf ifnhanced
mymcewceivsnds aatl pal;en@iﬁt matmatsahﬂdsred to bpacifar émﬂrummc e.

hat TR BRE REP) GRATIN o “LOBUITHED A 4 PEi oy ROBEraly contains

gedl e chogpecd ﬁmahnscxff Io&ggﬂlahﬁbﬁmdﬁ!&l frivid @ igoaln sdMR instances,
1%91;9 7c/h(a)ugn2 ?a%c ng 8%997/ 0 e]é?r%(? tozimprove bubble stability during film
blowing or to enhance the processibility of resins prepared with metallocene catalysts.
However for many uses, the presence of LCB is considered undesirable due to the
increased elasticity that it typically imparts to the resins. Therefore the ability to
control the LCB level in polyethylene using metallocene-based catalysts is a desirable
goal.

Onc cxamplc of this need is scen in the usc of bridged or ansa-metallocenc
catalysts, which are desirable catalysts for some purposes, but which may tend to
produce polymer with LCB levels that are detrimental to film performance.
Therefore, new catalyst compositions and methods that allow better control of LCB

levels within a desired specification range is a desirable goal.
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SUMVARY OF THE | NVENTI ON Thi s invention enconpasses
catal yst conpositions, nethods for preparing catalyst

W@ 0wp0%3763 ons, net hods for pol ynerizi ng ol ef i nBCT/@RZNINT/061519

et hyl ene polyners and copd yners. In the course of
exam ni ng netal | ocene-based ol efin polynerization 5
catal ysts, it was discovered that the |ong-chain
branching (LCB) content of PE resins made with such
catal ysts was related to, anong other things, the type
of netall ocene catalyst enployed, and also related to
the particular activator, including the parti cul ar
solid oxide activator or "activator-support”™ which can

SENEYIARN OFcHEEIDRIINEHINof  the catal yst conposition.
10 I nypReiRsRES Rfod egsspg %ﬁﬁgfst' }ei'ﬁggi'tlgﬁs, [REhods for preparing

exanple, it was discovered
PRs 1581 Q@érmvélt@as,e@eﬁmialfytspolmem adefinsp rod wtteyleieggpolymers and

&81' %ﬁHér@r et h&our l}c/>¥‘ﬁeltxg i) ﬁ%tgl? Je%\’ blagevde l eﬁ%f g&l%%emzatlon

everi under rel ative t enperature cond
sy atb, llmiaaldia@omé that the kmgmha@ braecloag ALEBD) content of PE resins

ﬁg?n@ ML ugﬁ] %?t%id/hﬁwwg%rél%\é& ?é Iaglﬂosl no(d-x?rdtfx n&?g%ees YP§, g? }nféallocene
campesti wlayqde pudatsoatletriyto the bafiicnlac ectivaiter, igluding te particular

SRR ol BRI B AP BB SRS o

themptaiﬁ%ompmnmf t wo aryl gr oups, part| cularly one or

two ppen pS, bondedtot ne n atom o
ti ght %? i %@%ﬁ O?lta?al?(ﬁeseml’ﬂﬁ'g %ﬁé’gﬁ?&e@ct‘t VR iscoVered that
mmﬁermetamc&nmwmede rc@mmsg@ﬁerr& eaﬁ apryatice AP0 SinbleGfllar weight

20 c risin l.ea htly-bridged . )

B ETRhS I Ry JERIG e T e Haty FSueti, hich tomperature

Snditiohs Conisanini ﬁ@tdﬂ@b@ﬁdﬁ o) ?@eﬁrﬁﬁﬁgttﬁhe aéat&l?@tshoﬂl?&ﬁsm of this
i gands and.. one or

1 he cyclo e enyl -type
e e o o L cenes o

@ﬁhﬂﬂdeﬂgpedddﬁﬁQﬂten?lp(dlé}ﬁﬁl:&ﬁamﬁigP loeRR at@fied to at least one of the
(1;anoal um num conpound: and at [ east one activator.

B LA BL P RRIeHES P HotH e briaed diEsndoend Heo gamprises one
&C‘Evlfd/ @fy@r SHRD Petic bRd BE tRo %ﬂchgl gx%u & lqﬁx(fcﬁec@ttﬁg bridging

with an e ectron-w t hdraw ng anion;

aam; ofibe Bglthahgdens) lésaadt i vat or - support an

or ganggyu

o8l DX SHE.C PO QSN A, £SO s
qunag: wf Jeasproge nghtlsahndm apgpwetallotéries compemd onntammg a
FOBILAER LRS00 i PLOAUED 51 A 85K 08, A oo
bgaelﬂs mndonteaon itwig arpi etonp8(boatieddh dlie tboidging emst ofnke bridging
f?é n%ihg%t?c%l%pl gég)‘g S? ¥)l Al églerrna.gg @gélg?lglgﬁi gn% aﬁéeatsy\gne activator.
br()n@g!sptg:t,l thganttastoptd aniahioy palabe he aﬁivamr&support comprising a solid

num c at | east one activa

asgeg che\aiﬁte L Fhe (& rQi’ecll'tl nf%?lga‘gr%% a%oagzaélgyered mmerél an ion-
ﬁ@ﬁéﬂ@ﬁﬂl@?éc@ﬁhﬁﬁ%upport, an organoaluminoxane compound; an organoboron

compound; an organoborate compound; or any combination of any of these activators. In
another aspect, this invention comprises the contact product of at least one tightly-
bridged ansa-metallocene compound 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 of the bridging ligand; optionally, at least one

organoaluminum compound; and at least one activator, as provided herein. In this
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3 aspect, this invention enconpasses a conposition of
matter, a catal yst conposition for polynerizing

wob@fiopess3 a met hod of preparing a catal yst conmpOBUS2007061519

a method of polynerizing defins, new polyners and
copolynmers of ethylene, and the like, in each case
enconpassi ng at | east one tightly-bridged

ansa- net al | ocene conpound 5 contai ning a pendant

ol efi n-contai ning noiety attached to at | east one of

the cycl opentadi enyl-type |igands and one or two aryl
groups bonded to the bridging atom of the bridging

ligand; optionally, at |east one organoal um num

APRplo HYINVERHOMR PRCOIDASIES Grrempepitipatod maties, aerstlbigtrcomposition for
ﬁ@l@ﬁféﬁzm%h@leﬁhsl £38LthoN %f %E]Sa 10k c‘%@:ﬂy% c&nﬁtgkﬁoql a method of

oxi d acti vat or - support that I's, can

B@Wﬁ?@g ol efiso REWASRIRSTS iang cap@immetﬁ Qﬁ@th[%lew,@aﬂel@b ligg in each
Wk h Ak I,0 Nz W r n th

cat aleystrﬁfé%ﬁ%lgs ﬁtl é%ﬁgf@qgh Ptggklﬁﬁlvlgr%% eg n ‘%élﬁ I@%%‘?&ne SSmpound
tzmﬁammmaapcncbmbckdeﬁn@bntam)natmdne@stattadmd to at least one of the

egigﬁt umy%) ?Pﬁélael a%)iﬂ % br?cnt%l %6 ar?lt g@% f)% nc{ecle%l to the bridging atom
af;thevmdgmg \Mwné,l ﬂptlcaﬁall’yhet Epst] @ms brganoduminum compound and at

- et e I sSe ound havyi the
PASTTRIB B 05 B 4R B AR et B i Gt ovice
zdti’va’cm-isuppomrthbllaﬁmamrhe g ctiantbr-sRrt adsmpnmdg p&ﬁﬁé ixide treated
%ltg eﬁechohgdlth cl opent adi enyl, a substituted

eny sf WY 1 uor enyl 20 one

S ﬁ bs]tc It OETI taspect #e) camkjl'st( é()mp@;ﬂﬁorb of d@i'g Nighv GitsH0 c41a ¢bi@rise the
t or FR.R2, rein car bon. at om
et O 1 0 AR eap G SSRGS 2 eona i preast one
bligab@mﬂtﬁdmnt Bompbihd; ¥hd aNsk 16262 bne attdato@heidi:R1 and

e)lnd end ntI an alk h group or _an aryl group,
e| t he'fl rﬁ*ga%-qls alleceng  GEPPIiSE) ﬁascmgpound having the
forahiegen, vvherel n at |least one of Rl and R2 is an aryl
group; 25 at least ong substityent on (X1) or (X) is a

substituted or an &MM&WQ&‘I&WW group havi ng

up to 12 CMIbiQ%taﬁﬁﬁ’t?mer({oﬁﬁﬁm%}qlam are
i ndependent ] y: 1 a, - 2) a hydrocar byl

Br, ;
group havi i) uﬂn% 43 aé%lrlb@ﬁpea@@ﬁb’ aHsubsHivbed ;cyglppentadienyl, a

SedhRear UL sle SHQtHhedH Jaggiocar byl ami no group, or
a tri hydlroclg?ri’by Sily erouu ngy of which having up to

20 30 carbene ambﬁﬁﬁlennyn Rand 6X°)50 3rnideistegroip hRANg she formula
R Of SR Pl 01, 4955 8L TN DAt o

@@TE Uskondgdoe1ath (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 (Xz)‘ 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 BHy; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; 4) OBR®; or SOsR*, wherein R* is an alkyl group or an aryl group, any

of which having up to 12 carbon atoms; and
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4 any additional substituent on the substituted.
cycl opentadi enyl, substituted indenyl, substituted

wo baoaogatyd , or substituted al kenyl group is  PCT/US2007/061519

i ndependently an aliphatic g9roup, an aronatic group, a

cyclic group, a conbination of aliphatic and cyclic

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

group, a 5 phosphorus group, an arsenic group, a

carbon group, a silicon group, or a boron group, any

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

or hydrogen; b) the at |east one organoal um num

conpound conprises a conpound having the formula: A

( X) n( X6) 3- ABY 18d¢iend; wngxgyents ox Hjdr @elaati@sytbd hayélapentadienyl,
m 0 ar [ i d a .

%th (;1)%(?& m%gn? Q%Lh?\%t@(’l.rﬁ gl\h()%gg%/ r Oc?rn a&. tgge?ﬁc aﬁ%&{ﬁ/l Vroup is

mdepandently peleliphasic gigep.iagaromatic graup, a cmlmtgpup,rammbmatmn of

I e ) ast i ya

Lrte S5 HBLTnRRY Y phate Hep bt uflC offl: hBRHT erow. o

plorsphomiis rgroep, soi IadSGOKJI git@upr eaiaehmbrwlgtduparm silibon group, or a boron
t avered mn rm

EoR6 LR O R DBl ) 320 B B BIA, TGI8 o 18hogen:

Corrbl bat i othet h‘eteestf png D)gaanalmngﬂmnastampd‘mmacrmWnses a compound
HRd; nh") an organoboron or an organoborate

nﬂ% iv) any combination thereof. 20 In one
aspect of th| s inventi on AKY,@&° )d.east one

or ganoal um aum.c oun can b i 0 . 1) at )
| east one OFTH3] (BuAoqasdy, j Iﬁg}{j}go% B‘if?ion atoms; (X°)
isanialﬂg)xidmortajl é&@ldxaiebamy af @hch Hdvingr fr(Bil|14to 2@) catth® @bms, halide,
nﬂﬁf tlvato% rises, a Ieast one
%& g e h e %ﬂ%ﬁﬁﬁ&o o281 2Rd condi ti ons 1
and 2cexi Sthe athetst ondadtEattplis sdldti@dagnlientperbaund by
theory, it . will be recognized by one of ordinary skil

that a 25 Hetal |a8c3éﬂ§af85§w06foﬁ%nge@ $afick owdpitrsiapegd with an

cat al M%bt@orpwwhﬂﬁfvhﬁghhﬁﬁ ACtjeydd Mideynl %kddexcﬁ%&b&e&tw&or-
the contact product o% i a metal | ocene conponent; 2)
i

a confHPWeH: Of Hut conphin egAfiact i vat abl e |i gand such

as an al kyh or Qﬁgfgaﬂgal{lhﬁﬁﬁgn&@o g et al | ocene, when
t he netallocene compound does not ready conpri se

such a |igédhd; &ner@nokajoner inerEaroborserpunemnd; ¢m sone
|nstances,\§ne gﬁgp&ﬁ@ﬁ&u&pmeégpctlon as both the
3

conponent that” provi des an activatable |igand and
t he alt pyaapsnect Qﬁﬁ@ﬁ émyentipny thexatriphse ongrorganoaluminum compound

QL 14 ne ther |ons

A OTL DAL ) ot Rt R e (RS g FTAE e Yol B! LS naving
wmteo? @ aarbah atamubl.corPiduiy thhat leaamqarauwder aomprises at least one
&%&ﬂo\éﬂln"i‘ﬁl)gar@ géﬂlpound; or 3) both conditions 1 and 2 exist. Thus, while not

intending to be bound by theory, it will be recognized by one of ordinary skill that a

metallocene-based composition that exhibits catalytic polymerization activity typically
comprises the contact product of: 1) a metallocene component; 2) a component that
provides an activatable ligand such as an alkyl or hydride ligand to the metallocene, when
the metallocene compound does not already comprise such a ligand; and 3) an activator
component. In some instances, one component can function as both the component
that provides an activatable ligand and the activator component, for example, an
organoalumimoxane. In other cases, these two functions can be provided by two separate

components, such as an organoaluminum compound that can provide an activatable alkyl
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WO 2007/ 092753 PCT/ US2007/ 061519 5 ligand to the
met al | ocene, and, a solid. oxide treated with an

web@cess Wi t hdrawi ng ani on that can provi de PEEUS2007/061519

activator function. Further§ in sone instances, the

nmet al | ocene conpound can al ready conprise an

activatable ligand such as an al kyl |igand, therefore,

a conponent that provides an activatable ligand is

not required, but can be an optional 5 conmponent of

the contact product. Therefore, by designating the at

| east one organoal um nurn conpound as "optional™ in

the contact product, it is intended to reflect that

¥grad éo Hers cAerand esabe eniledepatadevish eh slrgtrontvethdrawing anion
that BRI pRRAES AR é/ctfvgtor'fﬂpﬁfotn. CRLANL 1L scgﬁé li¥dtdnbel Ot Rtallocene
conposition conprising the contact product, as

ermenond Gerel alsadyeemprisoamiaatizintpbls Kighihd subb as an atkyt ligand, therefore, a

aﬁg&‘flgnto{ha{ gfao e@%%”&cﬁb&%ﬁ@.tl't%%d i m)tsré. H%’r&[‘tﬂ @an be an optional
provi des a catalyst conposition conprﬂ3|ng the
eoornanent of othe c corddct aprotiecist Uwesfaes bynetsibhatipgnthe at least one
r L num. Qu an t | t.. one
ARt A R B TUGRIP U e PR POGRE it Whntended o
rehisei-thett the bograweluotnpnicesapoand capbeioptidray vhegn ite not necessary to
| .a A_R4 X R0 .1 S R3A Rs6 1
{Rﬁgﬂ‘; ic%tal Iagngltyr E'% r'\]/ﬁ[ha nc]:ogrrlp%g:%orﬁ Sﬁ%np?&ing, lEhe( cgﬁtact product, as
umdespantienvhy of drdirG@ry siBil, or T, E is Cor Si; Rl and

R2 arg in endently.an al kyl qarou t an aryl group,

o t hel BOEBORER of 1R i EB0E Bl BER A AR VR s catatyst

tomisaaiem, connertigng tiat cdneas broanet of atRbadh lonBRankSmetdllorend, at least
roup, R?A and R3B are %&feqendentl%fa hydrocar byl

iU R AP FAPS: B € IFT ot BU1D o PPBe R ERn:

havi ng) up tie &Ole@arwa;a&zqmu@éenay@mgﬁﬁﬁs alcdripd¥hd having the

%Pte er fromO to 10, inclusive; and 25 R4A and R4B
Fe'ndependent |y a hydrocarbyl group having up to 12

2007/ 092753

R4B

carbon atons, or hyd n,

PCT/ US2007/ 061519
R4A

R;Im;- E 1.....\\\)(

) @/ s
S

3A n

R R3B

(I), wherein

M! is zirconium or hafnium;

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

Eis Cor Si;

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

R* and R® are independently 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;
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6 b) the at | east one organoal um num conpound
conprises trinethylalumnum triethylal urni num

wo eoogo0e27§s al umi num  tri butyl al um num PCT/US2007/061519

triisobutylalum num trihexylalum num -

triisohexylalum num trioctylal um num

di et hyl al um num et hoxi de, dii sobutyl al um num hydri de,

di et hyl al um num chloride, or 5 any conbination

thereof; and c) the at | east one activator-support

conprises a solid oxide treated with an

el ectron-w t hdrawi ng ani on, wherein the solid oxide is

silica, alumna, silica-alumna, alum nophosphate,

al um Blim pResphatt e least ncong urﬁrﬁéﬁ@lunﬂnum compound  comprises

Qﬁﬁ&ﬁﬂaﬁhﬂﬁuﬂﬂﬁ ?ﬁ& n;{lafuh{lﬁtﬁha 8]%'/’151?1 n&xg “B‘Q{B%f'}llgl’ummum
boria, zinc oxid xed oxides th

ebsabuideluornumer @’dteXY@hﬂmﬁlH@a e It@tﬁphwl&kunhmraw trg)ctylalummum

L
dryuenmokinkfien therdofi dniduor oacet ate, phosphat e,

f 1 uor hos’?ln?agtekeagt ohd ra%ﬁbit&f E\%;p%ﬁb(fxl{nllj}t())rrl%%g gll I ?% oXide treated with

fluorotita ana
m@a@s@n—mmwmhganmsuWhﬁnm e, substituted or 15
unsubsti tut;tl?e So nes Ifon substi t.ut e

unsubst it uted olxsul ]fsaﬁl &S alurgm)? %lbcl%bﬁqwglnla gluminophosphate,
dpeviwoh. Iﬂ'mpspﬁatd: | zmot hiam1m¢lec}ictetbbely|ﬁﬁ%stafﬁs titania, zirconia,

inventi rov t .co sition
DR BREP: B0 Hae. B oy et (T Sty comibaton fertls and
ansa- net al tioe e]reetror&mﬂmd&)«vmg ah@asis ﬂtﬂﬁﬁiealefﬂloiﬂdé Obromide, iodide,
all ocene

}\éyﬁger %tggﬁgaﬁ?o &%g—ﬁﬁgﬁt h%ﬁ?ai% ﬁ g%?%m gorosul ate, trifluoroacetate,

161)09})(1:}(2) (Xﬂﬁé&meoep‘Mlt%[ ei fluddbzirSodatd,ani iBroAlic£ONI Wlorotitanate,
or haf ni um ? and (X2) are [ ndependentl

RUBeeRMited igcht 96 aRybstiited 5 alianesyl %(qaaaed substituted or

B EBHitedO raréneSulRsakd, Uk@sbtibdieor 60 yﬁnsu@ﬂﬁut%ﬂbihdyﬁéﬁﬁme, or any
on (X) .and (X2) is a bridging group having the formula

epappatihiessod E is a carbon atom a silicon atom a

gg[ Ea{ﬂxga'@é %ﬂl@?ﬂcr Q§pc@t tth(\pl\gfg:trsgtlmnmvéﬁﬂ)lﬁpfo%l&g ndedait,& composition

FoTRIRIpERE En Feniagt pr@dq@y pf:grdaplagst eme arsg-mgradopsneeipnh@) at least

&e YivalorN@NéRE - up to 12 carbon atons, or 30
hydrogen, wherein at |east one of Rl and R2 i s an aryl

groupd® at [theast leasteonsudrsuimeteiocame ¢oxprines @Xmpaing having the
fybsii-tuted or an wunsubstituted al kenyl group having
up to "12 carbon atons;

CHEHE) XYM, wherein

M! is titanium, zirconium, or hafnium,

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

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

unsubstituted alkenyl group having up to 12 carbon atoms;
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WO 2007/ 092753 PCT/ US2007/ 061519 7 (X3) and. (X4) are
i ndependently: 1) F, d, Br, or |I; 2) a hydrocar byl

wW@e@a9iteyi ng up to 20 carbon atons, H or BHAPCBYSH07/061519

hydr ocar byl oxi de group, a "hydrocarbyl am no group, or
a trihydrocarbylsilyl group, any of which having up to
20 carbon atons; 4) OBRA2 or SO3RA, wherein RAis an
al kyl group or an aryl group, any 5 of which having up
to 12 carbon atons; wherein at |east one (X3) and (X4)
Is a hydrocarbyl group having up to 20 carbon atons,
H, or BH4; and any additional substituent on the

substituted ?ycl &%nt adi enyl, substituted i ndenzg
subst i t ut e6XP)andr&nypre ’@ldelé%ﬂll’ utled &Ik Bayor @phycgocarbyl

ﬁ%@ﬁ@nh{)xo% éérb&*ﬂ%tdrﬁb gﬂoup,Bﬂfag Hfo% Cyc gmup,

cycC roup a conbi nation O C an

l@fdé‘a‘if’éb amingigep, Yradwipy depcaibyisilyl ngmpanmo’ﬁwhm @éﬁmg up to 20
cgfrﬁ’&ipatoﬁls BRPOBLSOM OUPher& ¥ &I ‘rilg;g g%{gy n?eﬁ'g/p&%up, any

group, a I con group, or a poron
%wahhhwn@ upr toml 2 oad)ozoateambMemmrm lezst foalkei @@’) apd (X*) is a

@éqect e%%r%%gp&%%%? O?/ﬁ? %%%18111 ?’ an act ?vé’%rfd :upport

conpri si ngamny seddidomti debdtiteatt ednwithdr substififed cyclopentadienyl,
ﬁb@t@ﬁﬁe 1‘%% r ag\ﬁ‘tﬁg gd( oﬁ'uoraenz pgreotrre dsug]stE]cH{?a all?enyl group 1is

I On- excnange e ac or -
iodqtﬁndamtﬂsom aliygragio fgroup, hn aroroatfageab parcywiancup, a combination of

an_or ganoboron conpou or an .
aﬁ%prﬁgﬁ % bet(x)lFla ch): cﬁr%%h %n Qrygen \%ro%ns élgl%{]brl group, a nitrogen group, a
Iﬂhuephmﬁs g20upyedn amsetibetroagpechrtain pfuepp B&ﬁﬁfﬁn group, or a boron

i nventio r. des C I ositi ri.sin
FRU oo o biiRe Rofi b 20 o BRTR SR, & i STRY g8 ena
ansa- bt aI thece Meist @ittheB)atat id Risted @B eABEN KSR

wher ei n: the at |.east one ansa-netall ociene

conpri s es conPBsHvaiay ?‘f@ofth%omP%ﬁ*lﬁ%l [agsoligdagxife fuepted with an

R2/ E #lketror2tithdRAvwiSBakiby) d?’@&rdefhﬁlercm a1l onZdxchMYedPleUectivator-
haf ni um WO 2007/ 092753 PCT US2007/ 061519
support, or any combination thereof;

ii) an organoaluminoxanc compound;
1i1) an organoboron compound or an organoborate compound; or
iv) any combination thereof.

Yet another aspect of the present invention provides a catalyst composition

comprising the contact product of: 1) at least one ansa-metallocene; and 2) at least

one activator, wherein:

a) the at least one ansa-metallocene comprises a compound having the
formula:
RM\Aii.QS<‘iD> RMS
R%% Aottt X
/
3A n
R™ RsB (AV), wherein

M is zirconium or hafnium;
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8 X is, independently, H BH4, nethyl, phenyl, benzyl,
neopentyl, trinethylsilylnmethyl, CH2CMe2Ph;

w@ERRSiody2Ph; CH2CVe2CH2Ph; or CH2Si Me2CH2Ph; BCT/ESI00D061519

Si; 5 Rl and R2 are indepertlently an al kyl group or an

aryl group, either of which having up to 10 carbon

atons, or hydrogen, wherein at |east one of Rl or R2

is an aryl group; R3A and R313 are independently a
hydrocar byl group or a trihydrocarbylsilyl group, any

of which having up to 20 carbon atons; or hydrogen; 10

nis an integer from0O to 10, inclusive; and R4A and

R4R are i ndependently a hydrocarbyl group having up to

12 car bon“atidnindependepdly o dén BHmdmphyl heheayl.| beayl.omeopentyl,
@ﬁﬁétmtsﬂmnaé bl a@ﬂz\tﬁuegmupp@msﬁ\gégﬂhl S| @Hg:miéﬁzph or
oxi de treate an el ectron-wthdraw ng anion
wHePMepCEEPhhe solid oxide is silica, alunina,

silica-al up g mﬁé jum nophosphate, al um num phosphat e,

zi nc alun1nate 1e eropol ytungstates, titania,

zi rconi a, Rmigdé%l ge TidEpiendentiyran édkylowoumoxed apyli gteep, either of
0 1 2
Fgcgl%ﬁn%ﬁq ﬁ;]d¥% \%\Aﬁﬁgﬁ gﬁ)}dgﬁ r(]>Ir E}D?tlrog \%l?e’r}g hzft (feast one of R" or R" is
or &yl goup; odi de, phosphate, triflate, bisul fat e

sul fate, fluer rape, flug suI
trlfluoroacllziét a?ilEé18 0 phosp éefnltﬂ&'oropﬁ%drﬁﬁagpg group or a

frihydrazairtrydotya geyupt hm,omﬁ‘)which d'atrm,g dpl to @0Giaticanad@s; or hydrogen;

per manganat & nml%g,tltut egt hoUns bstituted

al kanesul f OridfR e SO G d0pPelusive AR i t ut t ed.

ar enesul f o4t exndsﬁ'ﬁsdre tindep@ndeaitlyun hyigichibyt @ebup having up to 12
5 Isu fatelpf&)r anry* conbi nation thereof. In a

?aﬁ Th&IPes Bpdrage B i hyenti on, the

aCt | vBJ or - shippoldasiCaie @ORtHS & ansa@{1{féior-2t§)p@¥tl &8mprising a solid

ed an el ectronp-w t hdrawi ng. anj on, wherein
PHEe bgtted vt ad’eele%mwgﬂérawm PRIQN, WhiRiTNa,
Sl l'i ca- al umgBelidbiileNBPHRER r@ﬁxﬁmﬁ'bﬂﬁhfﬁl‘iﬁlﬁﬁo%Rﬂﬁh@phosphate,
zin¢c alum nate, heteraopol. yt unggt ates, titania,

PPLYHT phﬁﬁ@ﬁé‘él &inop oplpgninate.n chegsropelytynesigtes. ofifagiss  zirconia,
B8E R0, boflh, iﬂﬁ&ﬂ&@%&@@ o&Rfcs tﬂd?cdﬁﬂb@a@%%%maﬁdgghcmof, and

el ectron-w t dr awi ng ani on can rise fluori

c_hI oride, Hicoplpefeon-Pislitteing ioigphistitionde; thlgride, bromide, jodide,
Phophda! GrifiSid! f‘tﬁstﬁfatésoblflblt'@r ﬁ?ﬁfo@tnewt T HOQSihE 24 Beluoroacetate,
trifluoroacetate, phdsphaté, uor o %osp ate,
whcwah% r cBweroshosphisr os ﬂumatreonaw,uorfbmr«nsah@at@ fluorotitanate,
ityre b .
al <anesu| fonziltbgéﬁl%etdbs%J %tglt Stlmgﬁsu %ahg%lg?oélate’ substituted o
uirsahetsyteto mmsulmgfm sultsgithted or unsubstituted alkylsulfate, or any

combination thereof.

In a further aspect of this invention, the activator-support can comprise a solid
oxide treated with an electron-withdrawing anion, wherein the solid oxide comprises
silica, alumina, silica-alumina, aluminophosphate, aluminum phosphate, zinc
aluminate, heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, mixed
oxides thereof, or mixtures thereof. 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 alkanesulfonate, substituted or unsubstituted arenesulfonate, substituted
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WD 2007/ 092753 PCT/ US2007/ 061519 9 or unsubstitutted.
al kyl sul fate, and. the like, including any conbination

wo b@reef7s3 | n addition, the activator-support B@MUS2007/061519

further conprises a netal o netal ion such as zinc,
ni ckel , vanadi um tungsten, nolybdenum silver, tin,
or any conbination thereof. Also in this aspect, the
el ectron-w t hdrawi ng ani on can be fluoride, chloride,
brom de, 5 iodide, phosphate, triflate, bisulfate,

sul fate, fluoroborate, fluorosulfate,
trifluoroacetate, phosphate, fluorophosphate,
fluorozirconate, fluorosilicate, fluorotitanate,

Yernubgitiadeallslsnfetet areédhodikanswbuting @ngFombination thereof. In
Aldane s Lanaly -'sng%tg‘t@{:dﬂ fﬁg—% r c&%%ﬂé'%% URSLiht (HIJﬁgtaI ion such as zinc,

arenesul fonate, It ut or u stitute .

rickgll sanadiva, tenastenhanolykésnun, nglveti iy e yny meiibisgtiopnthereof.
AE&%H’E Qlfds aé%oj[, The/ agct?(ﬁfzm‘ﬁﬁra%ﬂg ﬁﬁioﬁfcaﬁ l% ildoﬁgg,néﬂl&@d , bromide,
the activator-support can conprise a layere m nerar,
edideon-phesplaaigeabifiatact bisufate, supptatd,, Onombyrate, fluorosulfate,

[ ' t | ln this aspect,the. oy
ERIRARERRL, ARiPRs, AdbEPERE liogpate,  fuorosiiate,
Pudtotitapdtec beryangmnate shbstitated dbrainayhstianed afkahéesat fodate) sybstituted

e i,ni.Q .ano r oxi trix, a.l r ili.cate .
SR 0L OB 05 PRED o e b VL SR o e e
akludinpmiyl dotdtieationrtBerabf. a non- 15 | ayered

al um osigic te mn r%uh.or aq¥ cggbiqgtion t her eof . .
I'n andt K& 2288 P i SIS R Bin U PR OTHERP @R fomprise a
lpyaedssinked, o1 duaichgngeablRodgyiveiorZappadt) daingl ysthbination thereof.

opposi tion conprising contacting: at | east one ansa-
{hotEY FReEh b BSHBIR DRI Cah SPMPHSS ¢ §ih BRngAp  pillared clay, an
eifganealclyy By exPOIRAWA sl @dto al@RSox0ME A6, \WlaPéred silicate
t o produce the conposition, wherein the at | east onhe

cErlo6 PR-VFiSE etiicate Haingrali agayersh elungstisrisniggnl, a non-

16960 URind8Hcdtd thidral, @2 8hy 888bLindGdA R are defined
herein. In still another aspect, this _invention

af f or Hs 2aPther #BEctothis gBYSAven; Dirther Brovidesse Peesepy fagi prgducing a
FAPERALANG ShBNkENSnBREItRA ORhhONAL (ﬁ)h@icaﬁ];l?n at lcast onc ansa-

conononmer with’a catal yst conposition under
Hetalipesuczepmnaynd oaptienadiys at krafiopnn argapedlymirungcompound; and at

0 s r.gi o it LSut 1o
SARChTR S 8 ROMIR, S8 SABRSPIP IR St one e
mstsecene; e Mt dsasit ongweganioshnpnowi dewmpetrty | @nk the at least one

mivgm% o géyiﬂled GRRAL Y FBES ﬁ@@pﬂeﬁsgéhcgj i ﬁggﬁ@ggﬁoerfdg QMhethod of

produce contacti ng et hylene
polymbefing colafimo nermprisidge acontictihy séthglenposid i an aptidasl a-olefin

ol ynerization onditions.to form olLymer or ...
BORGIIR e et samReattion, WhdcE dipbotiryAaan jonditions to form a
wigncted apotlinke] edrtcinemhei catal3® tdmpadetions fepiovifodt & Sisclosed
| nv.entlj on, e activi of the catal yst conp sbﬂtl ons
Rteipn;'g v | RO Ca R T AREBEOB P R EED AtratareRplymers and
Gty rdrst Bed peicleefdadatth@RfibeAGHbARed by contacting ethylene and an
optional o-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 one aspect of this invention, 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
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conponents to forma first mxture, for a first period
of tinme, before this mxture is WO 2007/092753

weEN 82807/ 061519 10 then contacted, w th t heCT/US2007/061519

remai ni ng pol ynerization rdacti on conponents, form ng

a second mxture, for a second period of tine. For

exanpl e, the ansa-netall ocene conpound can be

precontacted with sone other polynerization reaction
conmponents, including, but not limted to, for

exanpl e, an cc-olefin nmonomer and an 5 organoal um num
cocatal yst, for sone period of tinme before this

m xture is contacted wth the renaining

then yieatactedt WEh the aenpaing opboreiraion ireadiigri segipdsgntsn ferming a

ée‘cﬂ}l& %‘ﬁx{lﬂe fof aSQédogdoﬁ@n%ﬁ @f:Mn\éat 9gr %Haprﬁglre the Qﬁ.sa gtallocene
first mxture is typical ter ned pr econt act ed'

pmpannd cande rregeptacsswith @@mtcabftrmlym@nmne Ieactioarmpmponents,

co S0 XUEE 4T S0t YRl cal terne
Haglsdf?(ﬁ Fact g E"un fiuft% afﬁa gorﬁ{p?] 568 p%s??e?‘éqntrgg?% engend an
mgamﬁanhmm Ecmat&ym;nﬁalr spmicheerivdxifltiree défoad tHieafdktuen® contacted
ene, at. |east .one ol.efin

b3 BEE0Gre Rra it Fertt SPyoPRaumBR R Ey Bt s imited to

4 hsdidm oglidy Gﬂctﬂvstof‘r@ﬁﬁp&ﬁt ed Mict HirkhanagitVad ny‘pﬁ:umaof&mcd the

is on e precontacted"” m xture, The mx

tu
st R AT OGRS AR L SOAPAPGAR. i dhe second
@i t0heCis 3gFitMBl @fme® &&p‘%ds’tcoﬁ&l'cf&d ohik Qe 608 E@ﬁl"ph@& pd¥econtacted

recont act ed mxturﬁ‘walth t he agqadl c activator
ETRGIRR. (O eerap PefpdBroHE Of go aermedBeaocex Fhpast one olefin
hBh&mbE€ AT BOlcadYonk %rg’a‘il%qmnﬁlﬁﬂﬁr&lkﬁﬁglspéoM@ndt )S%r@fhls mixture
reaction, if any, occurs between conponents of t

i Ssentctes with rth%ﬁ%ﬁﬁrt@-suaeeﬁr i op DBt P f‘?f@§@|°?eﬂt |TBTPF,'“1TG- The

infxth® YO98Ialb&nkOmobBfer, S8 BaLGH A& | M8 MBC activator-
compound, once it is adm xéd with the netallocene or

sPpart) fuesd dromgontstivg &ie praserienier, MBI Avigh ghe acidic activator-
Qipfpt)ﬂr &0 ih G &IH R/ thfeo‘{}mélt&tn't&%dangmgrg kSt IHAE UEEnHbRIBY is used
the distinct organoal um num conpound used to prepar

regerdiqss exfowhat ta nf Xewton, Thiaayi weewrsi batwabs gomponents of the

(BH:F{eE Ses OQE {e cE@&i a{h@oy&gcrﬁg S' t ft oB§sst1bngt for the

i ze at east one ansa cene ‘cat al
precomaied 9r@noalemgturm wemppyah @alce it is udmlmnhwrth gk, m&tedlocene or

ﬁ%ta:llgg%tei %ﬂg tﬁ'ecg ono&hre t(r)T% hg ga.sd%{ere P gﬁill R4y Potrin%?ation and

recont ac sereétd
storwpoa e frios) ﬁher demampl cergamdmnrmmai | aoepaindatuatd/sto m@ashre the

an 8&&?@&%'1)%“ num cocatalyst with an olefm typically
Bt necessarlly, a nononer to be polynerized or

copol Yhis I'lmlﬁﬂh,onpﬂﬂiﬂ) Coﬁlpnmrthamt)dﬁ of hiuk&lgacceslgnﬁ étﬁﬁ]ﬁtﬁilﬁons that

m.xt ur I nin ents, In

S LTt At SaTo el S oo RoR: e 5o creagatuminum
¢ompindanad hetr lo’aStp eﬁé adtifetopr e 8Bt miecthedptdfothif Ual&ion include
COF@I‘ I %ES new cat g cySfl

precontacting any selected catalyst components, for example, the metallocene catalyst

and an organoaluminum cocatalyst 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 solid oxide
activator-support.

In yet another aspect, the present invention further comprises new catalyst
compositions, methods for preparing catalyst compositions, and methods for

polymerizing olefins that can result in improved productivity. In one aspect, these
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conposi tions, nethods for preparing catalyst
conpositions, and nethods for polynerizing olefins

WO b@v/ogas3 result in inmproved productivity. |n BEEUS2007/061519

aspect, these WO 2007/092738 PCT/ US2007/ 061519 11

met hods can be carried, out w thout the need for using

| arge excess concentrations of the expensive

or ganoal um noxane cocat al yst such as met hyl

al um noxane (MAO), or the catalyst conposition can be
substantially free of al um noxanes such as MAO  That

is, the catal yst conpositions of this invention can

have pol ynerization activity in 5 the substanti al
mpfhedrceandic edriind auk ardgut Howsve for usinslargm exrcish porlegtyations of

thE QX}S&@ﬁfeﬁr%aﬁﬁ)taﬁeriﬁBx Sial P Qucqﬁ]oa[gprﬁéﬁl g%léxﬂﬂnoxane MAO), or

ansa- neta ce_n_e conmpoun an ) an al um no
ithertelyst eomppsitinh scaasle stbstartielly diedl ¢ eluognpeesics isuph jas MAO.

. ' ri i i di . e
18 4 S0 8o BRI B4 AR T oty ision sy i
theonspbitagm] absdren datliyrtoeated Hoyaived thbisi deentéond alsheprovides a
catal yst copposition is also not.required to c ri.se.
RN BpGd AP PHTIRE EB AR RSANY TORRR Y AR iminoxeme,
Thevefotd, dnthénaspapa deantady g rcongssition igxdt séqdredan tcanipirisg either an

at .. |l east one noner. and the catal yst conpositjon.

i PERGg PP SR T oreim Rt N 1 BS] o fPERcS habSMicallyrosted

sotilyogide, Thdisthet tutslystn¢empbsitiot OBPAlsS bt eighired hotomprise an
oJo] nfrizi ng olefins using the catalyst conpositions

%ﬁ%‘%’&%ﬂ‘%@‘iﬂ’é‘é&%@ﬂed herein. 15 The present invention

al so sodiasR4Bs ebisrigveivny&lcehipasses BhprBcés8 uompridihpabs@acting at
onprises an a t hat conpr.ises the pol

C rticle yner . .

1535% 0 SBPTARRY Hmfitfge CAtELYS) SPIPBHHER i“PF%fnP‘ﬁVmFﬁ?%“"n conditions to
ProdeRt HeNpolJhRee Bk, Ohike inveBASM (cBiipridsP ftdifods for polymerizing
enpodi nents, and advantages of the present.  invention

APAS Usdreoiie CABPAF ERPPaTIHeNs RicPaEwd avlErribelblereit oni ng

det ai 11R0,E65E i Rh1iOR aRb en &Jﬁ@eb%e%@&)&%@@ﬁhgat ures.

BRI EF DESCRI PTI ON OF THE FIGURES FIGURE 1 illustrates

t he s¥igdrvgnten gisosgoaaises apwttigle B semprisesdthp polyieer produced
' RY i @H%Et illustrates the
%ﬁy%tdgrﬁ%ﬁg?ﬁ@lﬁg%%%gt%t al é%}énes used in the

conpa¥lase wed Biwmtateres.RISCRIRE etntiodimentts, snd aidamtages of the present

i p&ng{o%ﬁgillfﬁe%g?rrxggg'g%%htsaﬁ&ai %%’ie%v Qif nggﬁ%ﬁggfﬁg‘ﬁ]{e& dé:tscription of
)

onop ner Ininventive
thé dircloged fagirdd. , FIGURE 4 illustrates data obtai ned
from SEC- MALS anal ysis of the ethylene 30 honopol yner
produced in inventive Exanples 5-7 (plot of Rg versus
BRIEP DESCRIPTION OF THE FIGURES

FIGURE 1 illustrates the structures of specific metallocenes used in the
inventive Examples.

FIGURE 2 illustrates the structures of specific metallocenes used in the
comparative Examples.

FIGURE 3 illustrates data obtained from SEC-MALS analysis of the ethylene
homopolymer produced in inventive Examples 1-4 (plot of R, versus My,). |

FIGURE 4 illustrates data obtained from SEC-MALS analysis of the ethylene
homopolymer produced in inventive Examples 5-7 (plot of Rg versus My,).

FIGURE 5 illustrates data obtained from SEC-MALS analysis of the ethylene

homopolymer produced in inventive Examples 10 and 11 (plot of R, versus My,).
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FIGURE 5 illustrates data obtained from SEC- MACS
anal ysis of the ethylene honopol yner produced in

WO pwepi7’se Exanpl es 10 and 11 (plot of R ver secT/MBY007/061519

WD 2007/ 092753 PCT/ US2007/ 061519 12 FI GURE 6 provi des
a plot of zero shear viscosity versus nol ecul ar
wei ght, specifically, log(770) versus log (Mv) for
pol ymers prepared according to inventive Exanples
1-11. FIGURE 7 provides a plot of zero shear viscosity
versus nol ecul ar weight, 5 specifically, log(i70)
versus log (My) for polynmers prepared according to
conpargk I 1 I ' .
comparte a8 BETReER wigh 88 koS HEREV BeRU B gpocntar weighe
gpdeyficatle, hapmpoveramy lopf (MY it polemExsapieb@ed lacktdrding to inventive
El-ElI) and conparative Exanples 14-16 (E14-E16). 10
Eé:%ESCRIPTION OF THE | NVENTI ON The present
I nvemFu@ryRm G\VprdoRlcd @V I6AbALYST sHeaMPREbdityORGsud RiodBir weight,
for preparln cat al yst conpositions, nethods for
sisciical e loghta IMpsTs dorisr fargiedympers PERNAjekpepEding to comparative
% S.149lefin polyners and articles prepared
ron1 I'n one aspect, 15 this invention
enconﬁ&@E&E 8 wravidey somperipess geli pamestion icharpatagramsa&iPCs) for
gﬁl etnegH&lnX]aolg{T}eg 98@ 1%@1vgeﬁﬂr£ 9§ ne lgog@fé 2gH (11) and comparative

risin ol ef I n-contal ning ety p ant” to a
Ey@mpbedﬂan@ﬁﬂkEh@pe ligand and at |east one aryl
group bonded to the bridging atomof the bridging
i gand, at |east one activator, and optionally at
WMDES@WEQDWEMEWMON n anot her aspect,

this I"Inh;/ eggel o ‘i:t%vrgg{lo%e ronides dlg fc%tal%&a?%ﬂ)ﬁgglié%?amethods for

catal ys Ion rosed nerern
fprapatiag @sqjgﬂt cothpositionspwesthodn feonpingsths netlysdsofmpositions to

neri zi oI fd ns | oyi t he cat al
avFEre i ot B BalREro i T oSBTl dhenm, e aspesct
diEis iigvaition rbrﬂﬁrrfphﬁeata bzﬂalgvtt meposw@anmbumgwnleast one tightly-
%ngﬂgnd as a tional cqnponent in con
grsareta oc$ SOPPFIng an, cﬂgﬁn-tcwétdmmg moiety pendant

@ gw@@bm&@ﬁyp@@e QipRdd Gal ab eadPércoRgl gifdi@rbdﬂded $o 9 bridging
25 necessary .to infypart catalytic activity

et ddi theohridgingr igaly & hlga%o?ﬁeae?twamrocﬂ?& Op%'.%naﬂy at least one

WRdRbalAAuhYeot}RuAl. Oh dhotREyaspkitl this MveRtieh E&Mprises methods for
description of the caontact _product conponents

reAk e eelaply SempRYien Ghsclsiech BReE B ENYS" 3 Jorthgreaspect, this
WedkibRCERRpGUIPAIRSIs for polymerizing olefins employing the catalyst

composition disclosed herein. As described above, the designation of the at least one

organoaluminum compound as an optional component 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. A detailed description of the contact

product componcnts follows.

Catalyst Composition and Components
The Metallocene Compounds
In one aspect, the present invention provides a catalyst composition

comprising at least one tightly-bridged ansa-metallocene compound comprising an
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In one aspect, the present invention provides a
catal yst conposition conprising at |east one
wo e@htdysdbri dged ansa- netal | ocene conpound conmpeT/B81097/061519
an WD 2007/092753 PCT/ US200F/ 061519 13
ol efi n-contai ni ng noi ety bonded to a
cycl opent adi enyl -type |igand and. at |east one aryl
group bonded to the bridging atom of the bridging
ligand, at |east one activator, and optionally at
| east one organoal um num conpound as further disclosed
herein. As used herein, the tern1br|dged or

AR R AL BB PP ARS8 o tes ne

akylggods bonddde theblidgigeataineo thalkeidghyg lzand] dglnemfg one activator,

agg:oéﬁﬁl%}}'_ngz?tifl%ég%?esc%‘ﬁggéﬁ?wﬁlorﬁﬁg{?grpﬁ(réuer{({l\%spﬂngtﬁlerl é/isclosed herein.

i f - cyas anbkadidnythet 1ep@ biidgst or anBaeansibaked refiys dimply to a
bri dgi ng group mhereln the shortest |ink of the .
RtRlRcRg FRPRAGPD DB NRUTR (B fHiosT -ey%lpe}éfﬁ%awletﬁw ligzpds in the

Iﬁd)lg@tﬂgsaré %nﬁec?'b o Snééiﬁgl mdiees, Ul SRGRetModeh8s are typically
brid or chain tween the two

mbﬂmbudeql k ama@mglthfttyb%hw @m@ﬁ%loﬁ]§a@ﬁéyldb19ﬁ'f1gqum qwﬂected
t}alpl ?Hd%m;gdrgg r]f?wﬁér%m {h% gggét ﬁnﬁg c%dm% Eﬁggﬂﬁtrﬁb e%z(:@@c%%en the n -

'on-are t erefore
dychaikedienyGtypalligadieisyd pinglpatono n‘p?hum dbe lamigér ef thet bredge or the

rls-¢cycl oal kadi enyd 0 i.ncl ubsti tut ed

ot BleeadredyD T gk BetuTie Lt et ot attoueh tis
vrietd dtehed subdiiape@nyhe m@amnemhishﬁvéﬂtmarmabfb bridged
one_substituent on these cyclopentadicnyl;, 15 t

His(gasaelopkkadicnyl)-dgien gogpouRish avherging e frbT%fﬁlOaﬁ‘EﬁéfRzl portions
HOGHE 'sﬂbs%tﬁtéd %y&@ﬁ&ﬁéhw&‘ﬂ@anﬁs Sé\%bt‘ftﬂ{bdaﬁl@&lgl %gangsn ubstituted

ger mani um ato atom ‘an wher ei n ed
fluprengd tliganys | andethe ddice yhicreippend supshihsnt pm thesicscyclopentadicnyl-

5Pkt ST G A AP 5 SALadh b . oo

dvarai ag;ﬂumnt agorh2a ganbmnumaatoms or ertithyigroged, wikheingf as honded to

r 202 | hi.
bgglb @X‘fbp%lﬁ 51315161 St%/]i)e% %ant%ds ntfﬁl?s %'{r%)t 4 I%olgaélﬁle Scﬂl bé 1r§dependenﬂy
selectealpfedvi aahi adiay | grdh}{:pﬁ‘ arl aighpasipe amhehx@f avibich bgiingugrodP carbon

A By R o R Aol R g Bt o g PP

sel eclethik ragpecnond Isybstgﬁ@u poItha@ mletalllc}deng % Otifelopeintadéinyl-type

f h.h 2 t
R TR R A T S
SR eeherbinR ! slgi RY ch@ﬁ&L&b&ﬂy Relettde frod®ad ulkyagﬂ)up or an
not limted to, >CPh2, >SiPh2, >CGePh2, >SnPh

Sy g} yohera; yiigh WY’@% U A A omoAtons pY ﬁm%gn wherein at

125YRRR o r RENING Y, is a% ®u1? SpiaRples B@Ehaimg E’ICR’Z BRoups include,
>CBuPh, >CMe(toly ]gt ol yl >CeMe
bust AR ( £ ynylted>@HF3r¢ > CPl yT §iePhgn Skl Féétoiylha >Si(tolyl)s,

TS Q,Ca{:sdggﬂ%a ?ggwfémst bEHaBbH, 0 @MLERS -G, >CEtPh,
>CPrPh, >CBuPh >CMe(tolyl), >Sl¥/le(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,”
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ol efi n-contai ni ng hydrocarbyl group, having up to 12

w@ a00po9e783 ons, which is referred to herein as BET/US2007/061519
"al kenyl group,” WO 2007/092753 PCT/ US2007/ 061519 14
regardl ess of the regiochem stry of the al kene
functionality. In this aspect, this olefin- containing
hydr ocar byl group is bonded to one of the
r1 5-cycl oal kadi enyl -type |ligands of the bridging
i gand, wherein the olefinic bond is distal fromthe
71 5- cycl oal kadi enyl -type |igand, and therefore can

PR URE R CabBaL o e STy EraisRe U dp Jp Sspelh s otctin

cshfasting Hy@dchmgegphp is Béndedsuat iof Wieq’ -Eﬂrdl@emi‘ddiénﬂftype ligands
the netal |l ocene conprises an al kenyl group, in which
ofathe thridging aligandal WheEHbstheaRlHEiaebend b disal from the n’-

c9&85@<hﬂieﬂ§il-@rg@yl@§aﬁﬁaﬁ&¥ 'th&@ﬁ:lr@ cafil 15@9@&%%@ QN8 Rhadfeatkenyl

cycl opentadienyl “type ligands which conprises an

ot i ‘Bives, oposelisgtuent on prsubsidtied cyslopentadienylea gubstigeisd indenyl,
e f 0

of% qgcfu&t;lgng%ggyﬁg9fﬁfﬂg mEQFl%cér{%X&;}%%? SO ﬂﬁ &S0, in which

omertl@ mnsdAmstalacenesn cammbez fessoibed ms mnthlafng anlpyqrquarbyl chain

a@tg egiééz] g% IeofI tﬂ? e&@ﬁg?@&é%gg]t @#Q Siidaht Sz%lcl? comlpmses an olefinic

p@dbstltuted quoreny] one substltuent on (X) and (X)

IESI 2 gr Igg nlg a% oclflmp aa\s” lngg%tﬂ%nf ocrz;% I%ctaﬁggcr%%ur% 1s 1r§]vcnt1on

conqmwesmc@ﬁmummikmnhﬁﬂmib@mﬂded to both (X) and (X2)

and wherein Rl and adent an al kyl

group or an aryl g%ﬁagﬁp%ﬁé?eg? wﬁ having up to

12 carbon Rf@mﬁmnmhlzﬂﬁomMﬂragﬁmmuwhpreln at | east one

of Rl and is a r | east one
Substi tuerbCamigxar b didtpRidetb € Rbebfopyappentadionyl, o
subgithetiihdengt oa|alsﬁb1sﬂtutgﬂ$‘lubréh§vl ng up to 12 car bon

atons; (X3 an X4 are An enden F, C
or 1, 2§ a‘)’ ( ) By g e%fg??ﬁa\ﬂ’ ﬁ&ﬂ&%ﬂlﬁ@rw %ﬁﬂ%we formula

Eii‘?&ﬁswhgi'cnPE 1@3]3&14>on?a)torﬁ HYGIces ardiy| epéélﬂﬁnﬁfrﬁ’ Hfbm, &r aZh atom,
hydroca | am no gﬁpup, or, a trlhydroc

|'s
e, by U0l CR DR BE). i whaBinck b e eindengndontly an

ABRAZBh o? l%ﬁﬁ' &tﬂ%@‘ dfswﬁfbhahk\)ﬁjn HP 19T cafbn atoms, or
aryl —group, any r having up to 12 carbon
hyderaen, wxhareahgﬁ la@am @‘rh% ang B 1S Etrnﬁéwt ZIOHPY he

substituteg ﬁé@! Q)B@nfuﬁghﬁ@}ﬂ on {5Ppidrt pkyd;d %dg{ﬂsltrtuted or an

substituted uoren or substltuteé al Kenyl group Is
unsubstituted alkenyl group having up to 12 carbon atoms;

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



10

15

20

25

30
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group, a cyclic group, a conbination of aliphatic and

W@ y@hiog27§5 oups, an oxygen group, a sul fur groupCT/aS2007/061519

ni trogen group, a WO 2007/092753 PCT/ US2007/ 061519 15
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 hydrogen. In
anot her aspect of the present invention, the

ol efi n-cont ai ni ng hydrocarbyl group is bonded to one
of the "i15-cyc|oalkadieny|-type | i gands of the

ridging ligand, 5.that is e alkenyl L oup
A T N M O
drb&p, &hﬁ& S yWhigH m*@ngiﬁﬁmhﬁww@rbm afoast a halidzob hpdrogen
at ons t o about carbon atons

t o _ahout .6
Car bl HIPGHE, SESASIIBE PETOR DR Bt o aL egfidrocsrbyl
%Bﬁ‘p Olondel b LaE of 1R nREF@skadi BBNEHY ligaride ogmyd bndgmg ligand,
e tenyl or octenyl. In another aspect, the alken
tbi*'fd&pt llgenpyl LENP Cit haveoem i AYFut Zﬁh%bor} AloBHe & ﬁ}er aspect,
€
SESURADEEOI A BLHE 3 Rk B A8 ITNRY caton o
@auh ¢ abaetofrecararoetemst r Bremples égfﬁl%wﬁt%am@nwlqdypéut arc not
i n m
81 e, NI g BECh AT oo e
dlkegrarh graupsie Bfbuteny! ot fHoentenpt: h’@];tusagp@tq aspgqtethe pendant unsaturated
%Pgﬁe CQ? Cc%ﬂ{a% Qljlep galjgéﬁi chr%%ﬁb&’dubﬂar BRd foRdbpbs 3 B about 7 carbon

group, can be substituted or unsubstituted
dfoms ermnpd:de froam yhes c;mzmpanwelmnydrmpelagmweﬁ@dlﬁ( englin gan@th@r aspect,

f\{'\h 61 Rrapatl 5{ tarboh ag)ef‘nssl%n%%g(? grohﬂ%%%?@gg&wﬁ%egﬁqgh@ﬂgand itself.
T phati e gr 6Up, AR aromat rc group, ~a Cyclic group, -a

conbi hastilbranofhealaspivat the elaflnepotaimng dgrydupsibydrgrowygbat is the
%Fou grcglﬁ)s %é{)&)grﬁ%(@gtglﬁte&g rnlﬂsr Qg%utegr QR exgm%n% %Bg %ﬁﬂ&ituent on

bon “group

1BE Qlligenyd gb@diIangérD st canslwbsdlecttett enrﬂ@aﬁdamgy from an aliphatic
t hereof, an whi ch h fron11 bout

OB o0 AR G iy Erouty o OEPRBRT & ATERE R oyetic

Solps Sdnbdn%fg&ﬁtg&biéﬁ ,UERIIfRerblle, @ahkespeh @ooym piospherus group, an
context that rogen can add to n unsat ur at ed

TR JEUPE AICAIHE ST ey ROt B98P  BOToB OUS o Hgiuted analog

Meteodaml/ IV iBE halike Mom 916 dBout TSarbbly o8B haBdd or hydro gen.
ﬁOSSIb|e substituent_on an unsat urated noiety wthi

In
HErogPR éhiipted 128 (ippassilo prpsHEent ondhs 2 <y Lgrqup n e Context that

hBoY&E] dan ) iah WARLELYeINRERBS Hittinf 1AE aIk!%h?l gbﬁy Ristiehds it does
considered an al kcnyl group. Further,

wisdesiioyi b dkewt hEpurubERYS JBRFEENist <'h epoa’rlklén §HosHusRhH on any
%&sgmr%@ rh 16 UGRni8 YRS Likcb M @Foup sd 13RS i ddéks @6t add across the very

anched |near or heteroat om substituted anal ogs_of
oleBs enqislyaiceessary fox thipEwypde bpcensidred py alksegrggpp. Further, this

gésgggtgon of %ﬁi sﬁ@ét tMerﬁé %ﬁr%ﬂ: aﬂgegypémuﬁahﬁbmc@aﬁ f‘ﬁ@lude substituted,

east one cyclopentadrenyl -type noi ety
umbmtgtedbmanaln@ Hotar) pmiaterdatogr-sulstipedanalogs of these moieties.

( CHZCE%%: M olé‘ RE H§(%8¥alrb§'l%% %%%ngkenyl groups, that can

5- hexen
be bonded to at least one cyclopentadienyl-type moiety include, but are not limited to,

3-buteny! (CH,CH,CH=CH,), 4-pentenyl (CH,CHCH,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 [CHCH,C(CH3)=CH,], 4-
methyl-3-pentenyl [CH,CH,CH=C(CHs)2, 1,1-dimethyl-3-butenyl
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30 (CH2CH2CH2CH2CH=CH2), 6- hept enyl
( CH2CH2 CH2 CH2 CHR2 CH=CHR) ,  7- oct enyl

W@ @20y 2EH2 CH2CH2CH2CH=CH2) , 3- n®et hyl - 3- but enyPCT/US2007/061519

[ CH2CH2C( CH3) =CH2] , 4- net hyl - 3- pent enyl
[CH2CH2CH=C(CH3) 2, 1, 1 -dinmethyl-3 -butenyl WO
2007/ 092753 PCT/ US2007/ 061519 16 [ C( CH3) 2CH2CH=CH?] ,
1, 1 -dinmethyl-4-pentenyl [C(CH3)2CH2CH2CH=CH2], and,
the 1like, or any substituted analog thereof. In one
aspect, the unsaturated group bonded to the bridging
group can be 3-butenyl (CH2CH2CH=CH2), 4-pentenyl

., Pr..a bstitute nal og_t hereof. 5
RG5! Ebrt G A BB G (G bp HhAb -Gt and the
tie ratl say SRbSRAuRAGnAlog th€8sL TaRe A&k MBO YhsANHAA RSup bonded to

i scl.osed herein, the cycl opentadienyl-type |igands
glhen Bidemeh 2\ o8P hefats uiRet i thiRweayl Fé@%&%ﬁﬁﬁ?%ﬂzhes ¢-pentenyl

f0hsCHITEtE=C2aD),he asebanted shaepidieor, sane chemi cal
groupz or, npi eties that can serve as the (X3) and (EXAi)2
i gand® 2dfitioRdo candainingiabrideiag esouprhuwng dhg formula ER'R® and at

aheH ricoBh1keASErOLY @B1disebsbd) Bl |t9@@y@l§[?é:n@55fénaﬁl¥ﬁ?e ﬂ}gands can

| j gands; and any substituent on the substitute
31%2 SRYE olhen alﬂest%%‘d“% Xt expepplexahese aubstifeentmerapensbésrtddyfrom the
s@heechadichl Iy | O, |

ichl 8MBuR8 R lthfiBads &agéﬁy&gr?g% gﬁ g@g ﬁgd%(grlﬂgalﬁls of the

cyclic %r oup, “a conbination of
grsupstaliapcnsry gdhuyr aupadditiendl faubstinontpon ghe miytlopgenadienyl-type
BGLOHR; afd RRP SRORE Mt YnOHP gu@sgirhgﬁé %ﬁieﬁgg gxgy;ﬂlBéar?d %ﬁj)ba%r& (X% can

gr g{g{é a silicon group, a boron grou
& Brcependeatly sakectsy from raafliphatinygrofipyin aontasicignoud, maryclic group,
t 0. AR 00 A Rl 0 ; l'jde. or hydrogen:.as

l'ong as %heg% gﬁ%t%s&cfgkg%% Flg)ru H‘?’n%r?gjx?fgeen acer \%i F{jfuperoup, a
phegeneadups & pboshosiy gronp, daLaridnér grothj scdrbet giowp| #gigison group,

[ ts .t .G be aracterized.in nore.than
SBT3 LB P S I PR DB A lg e
carbbuy _@Emmh%jfad_h@]g@],(?rt Hl]seié@gem @s oy a@&lhe?lﬁ @bups do not terminate the

It e | n an S st.1 tut eq. oren .

P b e T i Bl st s by tat cam be
cherhatchizng, inbntr?m @lhan|26né iomtfu% dafogoliet rsglsuy @6 WRGANY IThis list also
roups, tetrayro uor enyl . gr oups, an N i
%lé:?ué%/ dPEFosTBr é‘ﬂfflekﬁ% ﬁs‘%/Ot‘E%a [Pe Substituted indgnyl Hfegesubstituted
Subshylt irenideyr papially NehueRd RidbnyAl anA0Flubidiiyisethelldng, but not

.he follown roups. In each exanpl e presented bel ow,
hﬁﬁ“&@s 6‘%aheﬁ%rag’éfd§<58€?l¥>’il edBIORDS, s tPiyesERdeateny]  sroups, and

sehieelrefiudredMgrafipsal i phatic group; an aromatic group;
conbi nati on thereof; any

a cychi c group; 25 a\r;%e I | L
subst FEUTRIES @érerehef veese pubsirent igneunsdialydpubutrge not limited to,
HeTbll ®fingtRours. NAldabie exarffle B0 B10w2 Linfds otherwise s cified, R
am de-substi t'uted anal og or derivative tﬁer_eo ;any R
Frindspepdantlyyssiacted somp aw elipipitic sarerem antaspmwatio group; a cyclic group;
WA Ra8Rati SRrddtCh sf.it[&té*@e?ﬁf +i9L AR LA imi
unsubstituted, br an%e , or i near aﬁ%?%ogé ‘?H@?%%Pﬁ” not limited
to, a halide-, an alkoxide-, or an amide-substituted analog or derivative thereof; any of
which has from 1 to about 20 carbon atoms; or hydrogen. Also included in these
groups are any unsubstituted, branched, or linear analogs thereof.

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

substituted, unsubstituted, branched, and linear analogs or derivatives thereof, in each
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Exanpl es of aliphatic groups, in each occurrence,
i nclude, but are not limted 30 to, an al kyl group, a

w@yoogd7Ry| group, an al kenyl group, a cycl oal ReTyb2007/061519

group, an al kynyl group, an al kadi enyl group, a
cyclic group, and the like, and includes al
substituted, unsubstituted, branched, and |inear

anal ogs or derivatives thereof, in each WD 2007/ 092753
PCT/ US2007/ 061519 17 occurrence having fromone to
about 20 carbon atons. Thus, aliphatic groups

i ncl ude, but are not Iinited to, hydrocarbyls such as

araffin and | ke X C
SRRl PO T 500, 20 PR m B oS G o
ihelnde, Hmitayth no dimived yd>,, hyckodwbylls sualmalb parsﬁﬁmﬂydnd a]kenylb For

l.oh
S0, Lo L B 3y 03 PR o,
Hw:;kle seEkaryhl Bsbakl, aﬁmyhtls@angsrlp hpsyl, icgclehetylpheptyt,eoctg], nonyl,

dehi ASGeenD B BT Rle ppiy et e e s |t ed
der [ Vﬁidn‘i;ﬂés of HREeMIc, grolpse &€ badhadinrenes iftdwden Yuf sremob limited

RN L T MR PR

thevedt,, inXhotl ,occdRef®RS hbying AB#h heo | dde@t A, @bﬂdm@g mybsnmted
heteroaton1subst|tuted derivati ve ther eof

deyiypiiEesgPb BpRMatih) CORENUBLL (iR Ut HEI fefbteh“b‘i?gp i oL, iyl

iyt 1AL 81k & inclE bk ARR hafetd AAsm sGisH @kl @Ehﬁ'&we thereof.
cycloacetyl enes, arenes such_ as phenyl, bicycli

gr oupBxanales eheyalickaounss & eRFhRFCETENe: inludg, but are not limited to,

(%?%[dp‘éﬂﬁﬁﬁ@ %ykﬁ%[e@ﬁ’xfs chdloRRBMRE Cé&%ﬁ%nﬁl%h%\@ﬂéﬂyf "&¥clic groups
bout t0 about 20 car bon "at ons.
ams,ittbv ms@, inelodivst iubﬁnt@tfdcc&%w‘revqg rtws@f gu%%hé@cmlrsnce having from

Jb%{lgﬁ ¥ aluft 28%1‘15&1%1[0&@ §ihlls hbBrRREN-sAGHHELE RGElic groups such as

al'iphatic and cyclic groups are groups conprising-an
farinyhateiinclpded hopivand a cyclic portion, exanples of

mhlc a u
"B UL LATLLAE, oy 0B  EBpgrins
'fﬁ@dxaﬁc ﬂ:@:tloarmhd a gydlis Iantwmtoe;gmplds rofwhiiclh ondyde, but arc not limited
tlf)P %rl lfllgf) s&dht% (a}g qamj\gfhereer |9 arnr{]tlrlé%%% &Iﬁt le%e%bout 10, and
q.is, anl incdges frear 1 oo 55 (@H&N@C&E&j—l&%@l—l@ﬁef@whe&m IISlballIl mteger from

er %@r %’E C{/]egt %Ilﬁ e%g,gﬂfo ]Cg ﬁ qzhcélzsngeg d)lrgg&gg Q{Q . wherein

r&h@uﬁ antEgersfrdrﬂ dependeant (b,)anaeﬂ e aheﬁltegasmmmalntoa@ |1pd:iaswe In each
roup

; grou
P P o rngr D, B e hdeneatinly Ne e fpm: an aliphatic
ﬁrlbgﬁeﬁg arduiiicUgtong; blﬁyclgé;grd ugﬂ'lahﬁ d:oin@u:ja&oh ahé@ef;, andnsubstituted
a oXl| de- or . an e Su 1 tut eri
danarye tisredoineluive Bt dew S e Shritoper an amide-
SRERQRd RrRABve BF aHMSF @meof bRy @fl evhac&p@ecst froral 1 ﬂh@tsdu@ 20 carbon

and cyclic grou i nc but are not ‘lirnited t
ateme CEHBY' rog}qQCEngpe as@qg@mglc angepeiEHEBLPS mclude, ‘but are not

EATEOIM | LCH,CoHs; -CHoCsHF; -CHoCeHACl, -CHoCoHuBr; -CHC6HJI; -
CH,CsH4OMe; -CH,CsH4OEt; -CH,CHyNH,; -CH,CsHaNMey; -CHCeHaNEt; -
CH,CH,C¢Hs; -CH,CH,CsH4F; -CH,CH,CsH,4Cl; -CH,CH,CsH,Br; -CH,CH,CsH4l,
-CH;CH2CsH,OMe; -CH;CH2CeH4OEt; -CHzCH2CsHaNH,; -CH,CH2CsHaNMes; -
CH,CH,CsH4NEt,; any regioisomer thereof, and any substituted derivative thereof.
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CH2CoHAOWE; - CH2CoHACEt ; - CH2COHANHZ; - CH2CoHANMEZ;
- CH2C6HANEt 2a - CH2CH2C6HS; - CH2CH2C6HAF;

WO a2y 266 HACL;, - CH2CH2C6HABr ; - CH2CH2CoH4AI ;  3BCT/US2007/061519

- CH2CH2C6H4OWe; - CH2CH2C6H4®EL ; - CH2CH2C6HANHZ ;

- CH2CH2C6HANME2; - CH2CH2CG6HANEL 2; any regi oi soner
thereof, and any substituted derivative thereof. WO
2007/ 092753 PCT/ US2007/ 061519 18 Exanpl es of hali des,
in each occurrence, include fluoride, chloride,

brom de, and iodide. In each occurrence, oxygen
groups are oxygen- containing groups, exanpl es of

whi ch 4 ncl yde t are of limted ta
aryl Oxé):/ grp(Lf)up Ekh CclerT(nce 1n§1udﬁctlll<uo de chlonde bromide,

subsaedidert ed derlvatlves thereof wherein Ris aIkyI,

| k b t tut ed yl.
oY bt 1P pehoRiened Ry SHL Erobty 2 Oa%g%w?mﬁé%a@%ﬁ@mples of
tv(Zhlalb dndludd) but ardast laintred to, ey esagiodl g@ays YOR) and the like,

Pl bt ohed Ry e b5 BIGITURS: Bl YRRy erllo.

&ubﬁitufedtaﬂ@dphﬂd@ﬁ&ﬁed and, ot Bebstituted adddkylMAagh from 1 to about 20

rence, SU|fY qg s are sul fur- contalnln
SPEOBS OB A RIPEBIRSrOT YKYEROT HEIUdeSTOBER (-GN §ighips include, but are
It d 16, metBBxANEhé:BE profey, bkl diHagoRy ebbtitdte@Cbhenoxy, and

derjvatives thereof, wherein R in each occurrence is
dhklike cycl oal kyl , aryl aral kyl , substituted al kyl,

subst ithWaer o@euﬂrenc@r sﬁmsgﬂohgg at ﬁﬂﬁirk:)bhtahﬁﬂg Mo r&&mples of

to about 20 carbon atons I n each occurrence,

Avhiel deplude.oips 258 @ohi inggéioc onRarid e ghilsu piicluging rubstituted
IR Aels heteofhdiOh RIif e,ta@ﬁi obQurrenbBds AlicyPY& gcﬂ}ﬁllkyl aryl, aralkyl,

groups, and the like, including substitut’e
dubstyaiei \alsyls eistibited whdr ef AUt stikad deaying fom isto about 20

ﬁ*h”“ Sygloal kyl, aryl, aralkyl, substituted al kyl,
ituted aryl, or substituted ara[kyl having_fron11
to aHougack occarrbove, atizogen Z®UDH sp@ cfitregenarangdigieg groups, which

V\ﬁﬁﬁ«ﬁy O HSa,3" g&pﬁ 8 t%h 0?\%’1 oL ?gxggﬂt g}o%g& a¥d ocgg %H@ including

i ncl ude, are ho
Isubﬂmmcd (dbmziatn@s $l1u:hrs¢ﬁ, whtedn Rde Icadadmcuasntmlsradigﬂ cycloalkyl, aryl,

a urrence i .S cIo
ar %e/i[(% ar aﬁtﬁuqleg ilgf}bg}%? t?tg(g b oF Sugﬂggfl t ﬁ(gllqatﬂ? ying from 1 to
omosuhshnbmiﬂﬂnmralkyl having from 1 to about 20
carbo ato 25 I n each pccurrence rou
e oot s T OPBERE Sie hr PREPhEEY Giluing srous,
W@l’gclh Ilﬂtlh&éi bet, areASBR lingibsll td)e-HRKendi thel Liklé,nghcluding substituted
sti tut rlvatlv

Bay i BTeRl Sy D Ky BIBEE RSTrAg RS APkl oI, arl, arally
subgttifedt=811, 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
alkyl groups with | to about 20 carbon atoms, alkenyl or alkenyl halide groups with 1
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20

25

al kyl, substituted aryl, or substituted aral kyl having
from1l to about 20 carbon atonms. In each occurrence,

W@ 200092765 oups are carbon-cont ai ni ng groups, wWETNS2080061519
i nclude, but are not limta#l to, alkyl halide groups
that conprise halide-substituted alkyl groups with 1
to about 20 carbon atons, al kenyl or al kenyl halide
groups with 1 WO 2007/092753 PCT/ US2007/ 061519 19 to
about 20 carbon atons, aral kyl or aral kyl halide
groups with 1 to about 20 carbon atons, and the Iike,
including substituted derivatives thereof. In each

il t
GBI bR el Pirtion Burpaey b P A (o APy 20 carbon
afprY) PRd Selik Q idchhding ylbsgtunetpderiaitiybsibleydofgr ou ps 5

aryl al kyl si'l yl 0 si | ox roups,. and the.like,
oy oy Kadhh ot thoger aiisBh  8bef | Shr SlipE syuingy Sroups, which
TR L) rbtﬁta@éTﬁot FRlte@xangilye groudsi 6RA aakymm droGps)deylsilyl groups,

trlneth | silyl and phenyloc |§I|y ﬁroups I n each
aaée\!fw}séartgmu%rsaﬁxg ETANpS e hp Hiken™ Rish iR PHiRFoYFERsshave from

W &dbuk POl dagison atbil. 3R dRefnpld, Kill®d drBups BERide ‘tﬁ?f%thylsﬂyl and

BRX, wherein X is a nonoanionic group such as
pﬁswleétyl%lyagmés al koxi de, al kyl thiolate, and the

| ke, ;madadh Wh&Irkinge, '%o'réh 8fBs e{:&wrbﬁ%ﬁtahﬁng Fi@ﬁlps which include,
cycl oal kyl, aryl, aral kyl, substituted al

by st et naitechioy FBRo -BXoutER Kt wheimiais L@ylrnowaamwgc £Fem such as
h%h&@ ?@H&e, ZQKG)QHQ 0 Q].k%i otHﬁ)latla N A880¢R €i &S R&f toRdrefhiRS in each

I nvent (X3) "and are 1 ndependently sel ected
ocewreRas il ¢1]§Yiatcb’@10gli<ﬁh rﬁfy]a agalkyl c,sugarttmﬁgd gk spbyideted pryl, or

s&gst?cﬂtealalr tﬂag f%{rﬁ 1%%%%35 nﬁr oup, an am do

group, osphi o gr oup, OXI e group, an
aryl ol aj@tlggr@apsct @[ﬁ tlaik kavrasiohf (;}ﬁatmd @g) are independently selected

f%{rg &S pfh%H? ué)(’) ]@ (%Eic?%y %{p%l C%ﬁ’lhma{ign Sa%beﬁ&ahtaﬁct: %goup and a

erivatirve avin rom
c&bb@gr@fp, taambrmho gtaups 3 phosphifialerapy, an Iaﬂk}y@tldeugmdpe |an drylox1de

t 3 d t | .
2581k o0 B LRSI Yoo, iy v
cﬁhgﬁﬁ“vc fH,CrciD)If BT vaicla hhwidg(ftb?m bytb ghoahezmg&rmm apmsaor a halide.

rocar am no ou a ir | I.0C S
TS O BPnicen e Ry &g S0 0oh b BhsBroggr & 2 2

k@%&r@l o6V ap @b QORAI‘H)& ﬁtﬁnﬁ Eu lor B104 [3) @ hyatocarbyloxide

e RO S ih i i ot Bl e byl rop g favhich having
{mieméu}s@ﬁ bdonSe hgcjmﬁ* [ B0 R RS AT dAAkyIGrbEOBE an aryl

to about 10 car atons, or a haljde, |In another

PR ARy qilich havipgap torl? eathen é??&%%tl’&/s@’eil%}tl%'oasf’?%ﬁ(f) and
(X3) fleunliégiadeny é?:[écg% fr@t'h 4)liﬁe:»ca‘i‘liyﬂ 0RdifefromN ¥edbout 10 carbon

anot her aspect, (X3) hloride. In sti

|
arebHara haljsiee tIn qnwier ﬁ?RPC( X&) and (Xf}daéﬁ Extsprrdaptly selected from
fm(ﬁifdgc R de IHRURIde NBY 1108 AEP 1P yR0 ahShBOs L") HndOlX?) are

chlonde Tn still another aspect, (X°) and (X?) are independently a hydrocarbyl group
having up to 20 carbon atoms, H, or BHj.
A further aspect of the invention provides that the at least one ansa-

metallocene of this invention comprises a compound having the formula:



A further aspect of the invention provides that the at
| east one ansa- netallocene of this invention
wa@eow9ses a conpound having the forrmula: WO PCT/US2007/061519
2007/ 092753 PCT/ US2007/ 061309 20 RAA RAB R&E M- X
R20- X R3a R3B n (l), wherein: ML is zirconiumor
hafnium X is, independently, F, d, Br, or I; Eis C
or Si; 5 RlL and R2 are independently an al kyl group or
an aryl group, either of which having up to 10 carbon
atons, or hydrogen, wherein at |least one of R or R2
is an aryl group; R3A and R3B are independently a
hydr ocar byl group or_.z drocar byl silyl group, any
of whi ch having up mn atons; or hydrogen; 10
n is an integer R*OM »0 |R@1u3|ve and R4A and
RAB are independentliy drogarbyl group having up to
12 carbon atons, @g X X« In yet another aspect,
the at | east one ansa- | oCene of this invention
conprises a conpound ha g the formula: RAA\ / R4B
R EM, WRX R3As6 n1l , mherein M is
zirconiumor hafnium X ir#AKzs T, @j + E is Cor
Si; R and R2 are independently an 3!&&% group or an
aryl grouphdestﬁenmnﬁoraa&mhnph having up to 10 carbon

atons ydro st one of R1 or R2
an ar y% &HB e bt §o§7¢6%7% *PCT/ US2007/ 061519
EisCor Si;
R! and R? are independently an alkyl group or an aryl group, either of

which having up to 10 carbon atoms, or hydrogen, wherein at least one of R' or R” is
an aryl group;
R** and R® are independently 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
4 and R*® are independently a hydrocarbyl group having up to 12
carbon atoms, or hydrogen;
In yet another aspect, the at least one ansag-metallocene of this mvention

comprises a compound having the formula:

R3A

S (I1), wherein

M! is zirconium or hafhium;

XisF,CLBr,orl,

E is C or Si;

R! and R? are independently an alkyl group or an aryl group, either of

which having up to 10 carbon atoms, or hydrogen, wherein at lcast onc of R' or R*is

an aryl group;



21 R3A and R3B are independently H nethyl, allyl,
benzyl, butyl, pentyl, hexyl, or trinmethylsilyl; nis
wamoorovEger from1l to 6, inclusive; and RAA anBCRORo0aT/@61519
i ndependent|ly a hydrocarbyRigroup having up to 6 5
carbon atons, or hydrogen. In still another aspect,
the at | east one ansa-netallocene of this invention
conprises a conpound having the fornula: R4A R4B
"Rlm,,,, R'"~EM X R3AR3B N (Ill), wherein M is
zirconiumor hafnium 10 Xis d, Br, or I; Eis Cor
Si; RL and R2 are independently nethyl or phenyl,
wherein at |east ope of Rl or R2 is phenyl; R3A and
R3B are i nd@pewitieRi| greHndependetiy H, migthylj sliyl, benzyl, baid, pentyl,
Iﬁ%&lagpn.gﬁghﬁrsﬁyli.ndependentIy Hor t-butyl. In yet
anot her aspect,” the at |east one ansa-netall ocene of
t hi s i nvent srancaregecGonpyrli o, andusipaiand havi ng t he

formul a: R4puaR B i .20

M is zir cgﬁ u?n&})?z hggé[n%dl%é e?f%%%g%% 8@%@3){\%%@ Havn%g up to 6
5 RIHouUsSO0T,/ddyBi@en22 X is, independently, H, BH4,

et hlen :ptﬁle QXJ)thep %sze\éjc,’thg SRt yclrfe ansa-metallocene of this invention

comprises a compound having the formula:

R¥gee " (I1Y), wherein
M! is zirconium or hafnium;
10 Xis Cl, Br, orI;
Eis C or Si;

R' and R? arc independently methyl or phenyl, whercin at lcast onc of
R*' or R? is phenyl;
R34 and R®® are independently H or methy],;
15 nis 1 or2; and
R** and R*® are independently H or t-butyl.
In yet another aspect, the at least one ansa-metallocene of this invention can

comprise a compound having the formula:

R3A R3B n

(IV), wherein

20 M! is zirconium or hafnium;
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15

trimethylsilylnmethyl, CH2CMe2Ph; CH2Si Me2Ph;
CH2CMe2CH2Ph; or CH2Si Me2CH2Ph; Eis Cor Si; 5 Rl

ware7B2783 e | ndependently an al kyl group or anPer/yk2007/061519

group, either of which haekng up to 10 carbon atons,
or hydrogen, wherein at least one of RL or R2 is an
aryl group; R3A and R313 are independently a
hydrocar byl group or a trihydrocarbylsilyl group, any
of which having up to 20 carbon atons; or hydrogen; 10
nis an integer fromO to 10, inclusive; and R4A and
Ron are i ndependently a hydrocarbyl group having up to

car bonsgto or hydrogen In a further aspect,
the at |ea enderepdgaital FocHe atcthyli ohenvlerkansyl, neopentyl,

ctﬁméfnymﬁ/hﬁeﬁg»npouaﬂbm&%zpa th%ﬁz%méml - BYLCMBUCH, PR, or

t-Bu . t-Bu t-Bt-Bu ---- I &G

Iﬂi‘l’—:s,ﬂ,vl.ez HeRY: ¢ ' zr. ,Z.,, Phl,,,... Hf..,,unCl
Ph ~ SCI Phg'g Btyrs§CI 15 t-Bu t-Bu t -Bu t-Bu t-Bu
t-Bu Phnl,. . cz.,,,, ncl Ph,,,,,.. Ph"'"~ f°C

Ph*" SC PHR @?d ade independentlBan alkyl Bwpt BLAn aryBgroup, either of

Sll’}:ﬂ)lll gi(ll gﬁ n‘{)lfl% g?l on t h ere rr%w%r% %332 9%1 §l%|ln Epfeaégne Of R'or R is

PORYISZOA%/ 061519 23 In still another aspect, the at
Legﬁt gﬂﬁ, ,aitﬂ,g,a %Pf(f n%bmcg&e ﬁﬁeﬁéﬂdgnﬂyvgmhy haf yl tg_rc?ﬁ’lp 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.

In a further aspect, the at least one amsa-metallocene of this invention

Phllln,, 0

e
" @mji/\
\ b4

/
+Bu OQO +Bu t+-Bu CQD tBu
P

comprises a compound having the formula:

Phu,, e ha
- e 1/,, )
PR (’5 ~c ngr\m
\
] g
Ph”ll[ R \I\\CI Phl/; ‘I“““C[

C
PH" (é ~~ci prC d ~oci

, Or any combination thereof.
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Phi zr CI conprise, or can be selected from N,

t-Bu t-Bu t-Bu t-Bu t-Bu / t-Bu Phm"u Zr.,,.,"nd
weEkeoa/o9d Ll Phm .. "Cf...,,"nCl Phl Cl Ph C PPCT/BS007/061519
t-Bt-Bu Phrm,,,, "nC PBRhi Zr CI or any conbination

thereof. Yet another aspect of the 5 present

i nvention provides a netal |l ocenc conpound havi ng the
formula t-Bu t-Bu Phw CI wherein M2 is Zr or HE
Nuner ous processes to prepare netall ocene conpounds
that can be enployed in this invention have been
reported. For exanple, U S. Patent Nos. 4,939, 217,
5,191,132, 5,210,352, 5,347,026, 5,399,636, 5,401,8

5, 420330l amthezgispess, thet doastengausa-melggosag of this iRvéition can
5,498,581, 5,541,272, 5,554,795, 5,563, 284, 56 7

5,571, 880, 5,594,078, 5,631, 203, 5,631, 333%

5, 668, 230, 5,705,578, 5,705,579, 6,187

6, 509, 427 descri be such nethods. O her pr oc&das wiCl
S/ el
prepare netall ocene conpounds that can be enpl oyed{in

this invention have been reported in references
as: Koppl, A At, H G J. M]. Catal A 2001, 165
XGNPIRG, 2ooor/ 092783 P/ UWd%lEfl‘gn 24 Kaj i gaeshi , ’

S.; T.; Ni shida |sak|, S. The

Che ety of Japa : . 97; At O
FBuTg N g J. MRy B¢ dret'r'?\“ 199%v 5B tBu
153PHk@ 1 b \,ncrH G ; Jurﬁ oY) Q(ﬁ‘ ganonet . Ch'era pygmenCl
19987 568/ 8Yeill2; Jung, Qoct%ral Di ssePtat i ~~ci
Uni ver si of Bayr eut h, Bayrh Ger many, 1997;

Pi efer, [pctoral Disserta Jni versity o s

Bayreuth Bayreuth Germany, 1995; and’Zenk, R, ’
ertation, University of Bayreuth,
ey, 1994. The

, or any combination thereof. Yet another aspect of the

present invention provides a mctallocenc compound having  the formula

M 2..u\\\\C|

PH"" d ~~ai
7 wherein M? is Zr or Hf,

Numerous processes to prepare metallocene compounds that can be employed
in this invention have been reported. For example, U.S. Patent Nos. 4,939,217,
5,191,132, 5,210,352, 5,347,026, 5,399,636, 5,401,817, 5,420,320, 5,436,305,
5,451,649, 5,496,781, 5,498,581, 5,541,272, 5,554,795, 5,563,284, 5,565,592,
5,571,880, 5,594,078, 5,631,203, 5,631,335, 5,654,454, 5,668,230, 5,705,578,
5,705,579, 6,187,880, and 6,509,427 dcscribc such mcthods. Other processcs to
prepare metallocene compounds that can be employed in this invention have been

reported in references such as: Koppl, A. Alt, H. G. J. Mol. Catal 4. 2001, 165, 23;
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followi ng treatises al so descri be such nethods:

Wailes, P. C; Coutts, R S. P.; Wigold, H in
wae@anerst al | i c Chem stry of Titanium Zironi uPCT/ERZNNT/061519

Haf ni um  Academ c; New York, 1974. ; Cardin, D. J.;

Lappert, M F.; and Raston, C. L.; 10 Chem stry of

Organo- Zi rconi um and - Haf ni um Conpounds; Hal st ead

Press; New York, 1986. The O ganoal uni num Conpound In

one aspect, the present invention provides a catalyst

conposition 15 conprising at |east one

tightly-bridged ansa-netallocene conpound conpri si ng

n. ol.efin ai, ni .
e iin Ak My fe U And Geok bt Vi hegygpt Socies of
Japanp19sende,dr; avit, e Gr;, |Jdgg,rrg.,altam of Jt Oegdumondgi Cgem. 1998, 562,

|1 d, at__|east one, sql id oxi de ctivator-su rt.,

2SI e Miads Obs@ opiet asiba-ul e e RO Rpd Ay Tune. M.,

Débisral Ul"@ertﬁiﬁﬁi gﬁﬁ{rd}r@ﬂﬁ;a of Bayecudl, Beeﬁs&th OGermaanya 1997;2181efer, B.,
anoal um num comnpoun Optl on I S| ntende

DePEL DIHEt T TPy aIG & R cfg%ﬁ% HhiCEaRAe 1995 and Zenk,

PO ML%Brtéﬁon' Ul Pérsitg GEISAr¥uth OBayﬁBﬂf IG&ataal Y1994, The

activity to the conpogsi ti on conprls\g,g t he cont act
foHowing freafises phwefetcoba Byh onethads:or WeHesh P-skisl Pouttss R. S. P

mfg%h@ sAd.in f@fg%h&netqlﬁa 0RO TRNRAHN Q‘ﬁohﬁﬁﬁ 880 Hafnium,
be used in this invention incl'ude, but are not

Agadere (NeW OotrbolRds wlerlinnD- Jorkampgrt, 6 F.; and Raston, C. L
dﬂe(;ﬁﬁéw (M?ganww;ohﬂm&m 'ﬁafﬁmlﬂy @&ﬁﬁdﬂﬁ)ﬂb ﬁ%lé'teﬁg Press; New

froml bout 20 carbon atons; al koxi de or
Yok é%@e any of which having froml to about 20
carbon atons, halide, or hydride; and n is a nunber
from1l to 3, inclusive. In one aspect, (X5) is an
Htel@dgaﬂhahmﬁgﬂﬁﬂ@mmum about 10 carbon atons.

Exanpi n%f a%%% ﬁpé 3‘% h%%t' H&Je}ﬂgﬁ?ﬂ %ﬁ dlgg e%g%;cﬁl%t composition

limted

doairising a’cteytkt or&ntightﬂlse-bhdgei ahm—namblk)hme a@pﬁ@md comprising an
qxﬁn ﬁé{eﬁ%%%flg %?%t}/f rf)%n?l o%? glpncc é’lpde%tadpelﬂt } %lpe %e{nd an@ teleast one
zﬁ”?hgxbup Ybndddstohhid yhdgﬂlghnﬁ)mlof tht lbmdguhg 11§arhle x‘ylcast\@c solid oxidc
200 092753 PCT/ U 20 7/0 1519 25 iso

SEPGr-SaiRp . CHA OPRREEIY R A0 O BB BRIyl Sl Thus, the
de@@ﬁ@lﬁﬁﬂ@mﬁhb vt lsael efd @dﬁbﬂmrﬁﬂlwﬂ rcbﬂibouﬁch hobbtenal is intended to
bﬁom' ge, nmet hoxi de, et hoxi de, %%prl deI hn %/et

TeHEt Rt the pregpoal W&mﬁﬁﬂmﬁ@u@ﬂs%‘r? topng! YRR f£4% fef Rgcessary to
i) B4XB3_HKotivityl So @hé lﬂﬂﬂ@fosft[dﬂ”b&mbﬁsﬁgl el usit¥®, product, as

and 5 typically, The value of n is not
‘Fé’ﬁ%t‘?‘?ﬁ%doﬁeo‘)f%d’é‘ﬁrﬁ ?}r‘iﬂég@rdlscil?@fié‘ﬁ@ﬁ% this fornula

i ncl udesans enaihba! dofoeaP R dan 1Rl el RMBRNAMHMBNNMEude, but
cl ust er _conpounds
are not limited to, compounds with the formula:
ALCK)(X%s0s

wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms; (X°) is
alkoxide or aryloxide, any of which having from 1 to about 20 carbon atoms, halide,
or hydride; and n is a numbér from 1 to 3, inclusive. In one aspect, (X%) is an alkyl
having from 1 to about 10 carbon atoms. Examples of (X°) moieties include, but are
not limited to, methyl, ethyl, propyl, butyl, hexyl, heptyl, octyl, and the like. In
another aspect, examples of (X°) moieties include, but are not limited to, methyl,

ethyl, isopropyl, n-propyl, n-butyl, sec-butyl, isobutyl, 1-hexyl, 2-hexyl, 3-hexyl,



10

15

20

25

30

and the like. Generally, exanples of organoal um num
conpounds that can be used in this invention include,

wheio7asesnot |imted to, trialkylalum num conppCmds2007/061519

10 di al kyl al um ni um hal i de 28onpounds, di al kyl al um num

al koxi de compounds, di al kyl al um num hydri de conpounds,

and conbi nati ons thereof. Exanples of organoal um num
conmpounds that are useful in this invention include,

but are not Ilimted to trinethylal um num

triethylalumnum tripropylal um num

tributylalum num tri-n-butylalum num (TNBA),

triisobutylalum num (TIBA), 15 trihexyl al ypi nu .

isqhepg b HeepislaPeril. rath 4‘? ikSct I arethemtipecl i(gtggn %“!H"El ﬁ’ilqﬁl?ﬁ?denﬂy

g@H&%@a! %@m AlubS AL Wnyd iU Bk dteieh Vit sl@de, dies-had, alr Ui dide)  In yet

chloride, or any combination thereof. If the

guatiter espest, (X kgAn hesdrids s not specified, the conpound

is infende g ﬁ?g@? es Al o SEABES foAdtl AR Adufeve, and

fromniatl1 gger??cu 1%wjgl(sep Cl flsed allkfl ~group. Thus, in .

gnisalier nads FecTheevedmpbb e 5f nrigafitsiaduta he @ ciniassturigsrefore this
hat.Ga ihhflad & db THEGE 408 daRGhideh c1BUL: @ifipounds,

ttﬁ’g%mﬁ%c uggs %%S&PH&}% rﬁgﬁ)a u?ﬁ num P éat yl al u?n' nurm ipoun

durdi the difgl al um num  tributyl al um num

triisahut alurg'ﬁ | LA b d in thi
trii s§ e 1%%1%1 i E% 01{ éég%@%‘&fy llg]k um %ﬁ%})oﬁqd&t ?/ﬁ _(zﬁnurﬁ Hsfjem KRS
ievhaidrdeinchetie, s dntt yral uod nlimiteddriode tridkglehyiaimnm eampounds,
.h].oride, .or .conbinatiqn th A N o]y ct ,
‘?‘ﬁJé(y L%%H}lmi ﬁ@% Fi on EONpr s e@%%‘?g%%‘ﬁ! act | %Bé?g En‘;e compounds,
dink@lal@minteh ahtdeitieneompdimdas dndasombinationy aherablini Fuamples of

conpoynd.and an ol efin nmononer.to orm re C
SeAbeaniAn Bhofulel el ReREa O b MR AAACHE are ot
MinitBdt he tsol i dimekiydemiatingat otrichplpmiintia, f or triprégeylaluminum,

active catal yst. We he cata onpasi.tign is
ss%bé‘sé?‘é&?mwnilhit%ﬂ%aﬁﬁéf‘{mwﬁ Ctﬁ’lﬁ@ﬁt Egraacgpu,lp%fﬂummum (TIBA),
BRRSRAhinYm, 2 RAIbhOFHimitien, Or@idosdlufimuy ¢ atiphyiatuminum
i s added to the precontacted. ture and ?r}g{ her binati
pbPridendiingbutylaleiniy Brdalu R REHPG Y Tileatiydly (grPmation
IHREJ?05F GO hA%LEMr Bl Woeh RIS RBE §bcifidie thd B8mpound is intended to

precontacted m xture'is contacted with the ,ﬁo ig{y?xi de
ereqormpasens. al Heorowsrthat oap)arise frome agagfagyda spRy gLyl group. Thus,

~ Re.hsed of BrdneRahEnih & otdoahd S that Babt hSEd in this
?ﬁ%@ﬁ%@?@gz%S PCT/ L 52007/ 0%15_18 26 pr econt act i ng ITI
trvepten dosluder bng ast et lanited e itvEeghylaminuge triethylaluminum,
ﬁﬂr@bﬁa&rﬁﬂ{ﬂﬂﬂ) n et?itbﬁty‘fﬂﬂmirgﬁn,c ORLRE @ alniRus, NOrBexylaluminum,
st'ep.” Further, nore-than on€ organoal um num conpounds _
téirolipeylededinuin ej t Heipctyldumppasont acdictigladpmingg ethoxide,

08¢ il ' ' b hGiRatidthereof,

BT SLANR AR Sl 0B B ORHE B WSSt
or gandal omd raspeat,o o ymesent inviddigni qommtisgsppeecontacting the ansa-

metallocene with at least one organoaluminum compound and an olefin monomer to

form a precontacted mixture, prior to contact this precontacted mixture with the solid
oxide activator-support to form the active catalyst. When the catalyst composition is
prepared in this manner, typically, though not necessarily, a portion of the
organoaluminum compound is added to the precontacted mixture and another portion
of the organoaluminum compound is added to the postcontacted mixture prepared
when the precontacted mixture is contacted with the solid oxide activator. However,

all of the organoaluminum compound can be used to prepare the catalyst in either the
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steps, the anobunts of organoal um num conpound
di scl osed herein include the total anount of

w@e@anexEbszim num conpound used in both the precpeor/astioedos1s19

and postcontacted m xtureg¢ and any additi onal

or ganoal um num conpound added to the polynerization

reactor. Therefore, total anmounts of organoal um num

conmpounds are 10 di scl osed, regardl ess of whether a

si ngl e organoal um num conpound is used, or nore than

one organoal um num conpound. |n anot her aspect,

typi cal organoal um num conpounds used in this

i nvention include, but are not limted to,

I FORIRAFHRE %R%WPH‘(E‘FE% stepy j AlterBefisAlal ﬂlhfhﬂﬁﬂtalyst components can

el dofiRRiMh 3l siiB10Wap. Or any conbination thereof. 15

The Activator I'n one aspect, the present invention

enconfasdes moredhan pue oresnpaluminum, compawrdssiandeatsed, in either the

t I 0

éﬁi’cg)tngag:ggg drgt?gﬁrﬁ)s&g%%?%gga?ﬁgg om @Hf ?P&Qzﬁu&: HP%ﬂ:‘i’l e catalyst

@pgmnmta eteneantacderh oWhgn aawdganaalulrreawn conmgoand isvatdsd.in multiple

I p@n&tehﬁﬁmﬂﬁ? %?torgefnlaglu%nurﬁac%tmp%ﬂgg%ﬁbc;lo%h %reregrqringude the total

an-act i vat or - suppo risin

taeoane dofy otganealaminimn onompom awdedg imnboth; thel| ayepstcted and

ti vat.or-suppor

e R S RS

mlmmbn redagore O"Pﬂ’mneﬁ)dz totek aramynts: oﬁbfgmabalummfm &byhpounds are
sc‘ic!&%& fggrt e\é%togra ethe.?_?é nlgge dor§81|'1ci) Eu &‘régc\)/mgognd is used, or more

Ashetn OH¢ @rgdBwphotinam mmpmuﬂs p&c tapothbe agp‘eeﬁ effpical organoaluminum
I nvention e Clon%asses cat

BIEPraf g PRRGREai8t il BEPRGT po! (e tpapictylatuminum

c(wmm); tsien-dusheihiaih ytriidobatygdumaiing or@xi dembafadiontthbof.
is typically used in conbination with an

or ganoal um num conpound. | n another aspect, the
Al Abav@lor SUpport conpri ses at | east one solid oxide
30tre{ated with at | east one el ectron-w thdraw n

ani on;TMnRRE ESPEGHHE1Ss BTSSERto FIVARLIQM FRBRMPATSPS @acata%’St composition
%bﬂﬂh@ﬁlg i Ndagaoak Uﬁ%lﬁﬁh—br?dgém Haehasehial&e AHPAHAMs disclosed

phosphate, zinc_ alum nate, heteropol ytungstat'es,
thﬁf%l Oétloﬂ?]rlbcﬂ’ﬁ ilgpst WQW%IU@BW%COTEPW% ¢ at 1eﬁ$t>0@9 activator.

\fpdggt_(ﬂy 95%%215 3 Qtﬁrfeyé%acg@]éll Zan EZ aft % cﬁ@ﬁmt L\.ﬁ{ ?ompnbmg a

e, or any m xture or conbi nation
éﬂ]éld méieetrﬂatﬁcﬁ evitle pa cleconvv ithdfewisieneniani araysaed memeral an ion-

A 1 5 0SB ot

fepmppesllahargancbeiatd conpawet at eny pirobiphiggneof any of these activators,
eb&%%@t?ﬁ}%%de&ﬁéf%oz' rconate, fluorosilicate,
el

fluorotitan per manganate, 5 substituted or
unsubsti tut ed al kanesul fonate, substituted or

(oM b i AT LB s O

t her edh. one aspect the present invention encompasses catalyst compositions
comprising an acidic activator-support, which can comprise a chemically-treated solid
oxide, and which is typically used in combination with an organoaluminum
compound. In another aspect, the activator-support comprises at least one solid oxide
treated with at least one electron-withdrawing anion; wherein the solid oxide can be
silica, alumina, silica-alumina, aluminophosphate, aluminum phosphate, zinc

aluminate, heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, mixed
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The activator-support includes the contact product of
at | east one solid oxide conmpound and at | east one

web@cess Wi t hdr awi ng ani on source. | n one aspeCI/US100B061519

solid oxi de conpound conpri2zdes an inorgani c oxide. The
solid oxide can be 10 optionally calcined prior to
contacting the el ectron-w thdrawi ng ani on source. The
contact product can al so be calcined either during or
after the solid oxide conmpound is contacted with the
el ectron-w t hdrawi ng anion source. In this aspect, the
solid oxide conpound can be cal ci ned or uncal ci ned.

I n anot her aspect, the activator-s (o] ise .
atdescibpeabang BaLIE: OF Sa TEAEE b RENPARLPR SEPTED) PO Wherin the
F&tﬂﬁl -SANRAWHL aRthbrAtan be feaRk, ‘éﬁﬁ‘)rlde bromide, iodide, phosphate,
ectron- wi t hdf awi ng_ani on sour ce.

tidlatoy abisulfaep seketee xhidsplaraten HBW&%%I‘H&E% i iffuproacetate, phosphate,
ﬁ&&ﬁ% ghgt%ht BRior GAE RSB O N B EbsHIthteL at ffitbré@lahske O X lpéﬁnanganate

conp e activat or - support al so functions
sasafuyst  act | weubstitatedc oﬁlﬂialﬁ@dlf?wt?ahes‘élb%F@%on?f ngmsubsﬁfuted
AL ﬁ%ﬁﬂ SQlpk G &etms\b{g%ultlﬁed R Is'uﬁﬁt%ngrl /Y dnhi8ation thereof.
bHsund Fheory, It i1s I eved
act i vihe actqu:nplm@p@mwm@@dmﬁ@tqomﬁcbﬁf@@ﬂ gt atleges one solid oxide
S%ﬁgourntdl Nl &P fg& ﬁgﬁle Wb 1?%1@1‘39&*\%&1% NAliod 9MétNdn one aspect, the
I"Zi ng ond “weaken: n unction, collectivel X
ﬁcéfdmehchn c&mpowhtqongshsem not 1mrg‘cmby oxigtgak sHhan gotiheoxide can be
ond t Th
Rl ST R0 P OBy s i 0. T
ténteampsodiet egh dlso bx lmakctﬂed&tthéattmngam affiigt thefsptidtaxége compound is
egar.d f t her. e
8@8‘?? e ?vg‘&btﬁ gﬁhgrr? r]awmgna 1?1%&% o%?n %ﬂﬁﬁ%%ép%gfe% solid oxide
veRkensl dddebe@ilcihed bgﬁjitdtlcbmm Inrenbtier pxteat, ltoe ecrterator-@upport can
si mpl.y coord|nate§Rto an an#onlc

g%qﬁ\pla%q gxet fRntagt mrg cérof SaIH 6?)38 {me o icg%%n &1 \Qho:ﬁd% compound and at

ﬁ@gmam&ywmdﬁm@mlam Beurc@ol ari zi ng, or bond
weakeni ng m_ght occur.

rin
rret al IThe o FetiVRtQEsunport e?(gt‘m oﬁgﬁ goﬁct&ﬂt}{ S compared to the
h@l‘ﬂ dntRaRatdoVidt Ride SoMRRRIME. l’lﬁlcta},blﬁlvﬁﬁlr-lsypptﬁ*emso functions
a on ﬁ a conmponent that provides an actiyv P de. Whil
lap g@ﬂw}@oa@tu@repra@ e fo the Cﬂ%ﬁﬂoaélnw@’éﬁ?af ifj gxide. While
0t %tlaﬁ)cﬁﬁ%QO pebiet BY BErynNet isl beTidved tha e h@Bator-support can
one organoal um num cofrpound, when the netal | ocene
Fompionrrs sabexist SIPPEE/COTERANBH vEieh &% eﬁdlélorlﬁlg’ém&m%danzm&
%901%1919 %J%% Eﬁ? H%%K/ Q@ﬁé@t&f@l}z%eﬂnﬂbcﬁtaw |“a@i’&&hﬂ§"’ function, by
aspect, e actlivator-su gort of this inventjon
compenisgghe regki-dgand h@nfg ptineen andenippiceligand and ﬁh%(g’&tal in the
P el IOt 88 “activati
TSR 2 BSETRLIIED Shuias ot 6 vy
ehrgiono megardﬂhsﬁ afiwlgeteonip an emlzesaﬁ@ n@tﬁlljo@g@,|%}>sﬁac’ts an anionic
trea \Mth at le 4 I
g Rs T it o T2 SosRR A PR TR A 4 U rptdenc, simoly
reabalihatsStosatc Anieaical gandnahert mocetactmhd gictivatopeumpst, or any other

mechanisms by which ionizing, polarizing, or bond weakening might occur. In

preparing the metallocene-based catalyst composition of this invention, the activator-
support is typically used along with a component that provides an activatable ligand
such as an alkyl or hydride ligand to the metallocene, including but not limited to at least
one organoaluminum compound, when the metallocene compound does not already

comprise such a ligand.
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such as silica-alunmna or silica-zirconia or
silica-titania, and conmbi nati ons and m xtures

wo b@voef753 The m xed netal oxi de conmpounds suchP@BEUS2007/061519

silica-alumna, with nore28han one netal conbi ned

with oxygen to forma solid oxide conpound, can be

made by co-gellation, inpregnation or chem ca

deposition, and are enconpassed by 10 this invention.

In yet another aspect of this invention, the

activator-support further conprises a netal or netal

i on such as zinc ni ckel , vanadiun1 silver, copper,

gal | i tin u t denum

o RO . (o st GPSE PF s B Futipy gorparises a soid

1hb@hnﬂ‘clﬁxﬁd&haféﬁﬁp fal Iﬁﬁ;ea oRleahatefialyet alcombinhatiof lofd@rganic oxide
.are not, n]teg zingc, 15 i r§$ ated chl ori ded d

I&Ffﬁﬂ? athal .l%e aﬁgﬁa&ﬁl Pithoth alsd IWIRgmponent, an

dfpmhﬁmﬁ %@@d&bﬂt@ rait d@ht Dink | EReranbfdl Aéh. ZTHRS; tﬁwmwahael of this
| uorided silica-alumna, _zinc-inpregnat ed sul f t ed
TEVEIHORENCEMPATS OFiAS TatTal TIFBrA8HUMNe. sABTHepxide” compounds

sweResd silich81@6tnlaV et BiiUARYNta @E dihkStita ke NdddORombinations and
conprises a solid  oxide of rel atlveéﬁ%‘%1 porosity
winteEs dharedsi t $he apixed gastal exide mEmeyn as élhczﬂlumma with

RERANEL bne HMI RHBINQXWHE dx§&l ﬁﬁf&ﬁ‘ﬂ ) Xdﬁcf 87'&1&1@ @oﬂdp'btlnd can be

an el ectron-w t hdrawi ng conponent, typicall
pdcby o-oall st anPrRENaRPBAT chanital dangsition, and are encompassed by

ig&ghﬁgﬁg%‘support Whil e not intending to be bound.
ol low ng statenent, it is believed, that

t r eat haeyet appthehespiepop Gl isventioge the ackivater-support further comprises
LLEGHT Qi 535'@09 GsCORBORRALI AUAMRGRS 510k, gg&c %llium, tin,

the acrdity o e OXi , e activatér-stpport
terpitdi, tmolbzbdwrsmo ror 25 yBropmighatthrathiertiof y Bxinpitesi af activator-supports

tﬁ-x%to P.h %%% & rxtlgl%ln 8} I?r?et%le}’&ndqn%[ucér %ﬂ’?’ t ?Q ndf llﬂ#utt%/d to, zinc-

feat ed "o
ﬁﬂmegraxteaﬂ t yhloﬁdeche ablreimc alziny-mmeegnatcbd aﬂdomdﬁtdr eahledna zinc-

i I%ﬂ??efdz af?l g‘ﬁlt g 1?’\?? ta}uélgm af G r% %}i{t 20 fluogided  silica-alumina,

Ziﬁé-ﬁrﬁpﬂc@dat@d( bel€scd aldeding Gradng abmlbmadn thededfl ons In

one ect, the ch cal.l y-treated l.id oxi
o oror PR B her Sihefl T Atiater- R RoBe e it SRARHER gmprises o solid
MY f BnRdvely highSporosiey, kiR ixhSdseLeeld £diti &F Bupnsted acidic

3,4, 5,6, 7,..8,.9, .10, 2, 13, 14, or 15 of e .
Vi ¢ & S]Qbﬁcéhd CHX@%HM@%&I s bl 1ol n-wﬂ@rmng
SirepeRht, 5@%&611? Chnf E:Iéﬂtrbllil@wﬂﬂ[’dwﬁﬁ | ﬁﬁox@rtoa%mﬂlad @ctivator-support.
elenents See: w ey's WO 2007/.09275

Plieusgotygees 19 bezémets% berise fobreinge aﬁafqal%ﬁ Enigr helieved that
dddthhefilof theJbEaMic! &Md&wgﬁhnél eIt @S- wWHBHEAng eofponent augments

Wl kinson, G; Mrillo; C A ; and Bochmann;, M
FHeReRS qhﬁ(ﬁcgia’qy of @?e‘?ﬁlg? o §Fhu§t the aEgvator-support exhibits Lewis or

M@ A Bl SEhRAGE typifaR, %reh{%i" MdnYthe TRGid BP BYSMNEd acidity of the

oXi ae conprises oxygen an | east one el ement
wtteatadewlidr ol OﬂB mgghod gp quextifyabe agdity®f, thEehemigally-treated

b wieatdPsolid oxide materials is by comparing the polymerization activities of

the treated and untreated oxides under acid catalyzed reactions.

In one aspect, the chemically-treated solid oxide comprises a solid inorganic
oxide comprising oxygen and at least one element selected from Group 2, 3,4, 5, 6, 7,
8,9,10, 11, 12, 13, 14, or 15 of the periodic table, or comprising oxygen and at least

one element selected from the lanthanide or actinide elements. (See: Hawley's
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5N, Sb, Si, Sn, Sr, Th, Ti, V, W P, Y, Zn or Zr.
Sui tabl e exanples of solid oxide materials or

w@oeowpoeeTds t hat can be used in the chem cal | ypeT/@81080T0061519

solid oxide of the present 2pnvention include, but are
not limted to, A1203, B203, BeO Bi 203, CdO (0304,
Cr233, CuQ Fe233, Ga203, La203, M1203, MG3, N O
P25, Sb205, Si2, Sn®2, SrO Th02, Ti 2, V205, W3,
Y203, ZnO, 10 Zr2, and the l|ike, including mxed

oxi des thereof, and conbinations thereof. Exanples of
m xed oxi des that can be used in the activator-support

of the present _inventiaongheluyde, but are no L m.ted )
GandenyspethegicabigOnar; i i&}rbﬂ\lﬂg}y 5 §°1% 39%%%&11 F.A;
\%knggn, St ’M@ﬂlo fe.A. G@r,id B@Ehrhﬁlmn g«at ﬁNaInLE’d Irﬁbgalalc Ck%ﬂzzsz‘;;v,

n r,. an e like.

R Wikihnisesciased 1070 )c G, BeSiorsmia uide oB G ofgeen and a
1§é§?% Etelé?ﬁelﬁ@ae%ﬁsﬂ%ﬁﬁ AINBe el &0 @4.5Co, OL!CifFe, 014l 1] ®in, Mo,

imted to, silica- al um na silica- tltanlc

T&lBbc&kﬁmrﬁbﬂmaT1iééVbPéggZﬁﬁﬁ?fclay mnerals, °
pi || aggebigl @%asmpléé Hﬂ(ﬂﬁi oJu'dE Qﬂét@malﬁloy% odhdsCOR 8an be used in
alun1nop ospha and t l'ike. I'n a further aspect

0]
thhichemiralipiticted soHé osuﬂe. qf thg prrsentamesritign ipgjude, but are not limited
t%hg CS: ah % ﬁ] gﬁgl Qg %Cﬁ %t @ (tfq@;/,'r)(t)u(w It‘ég()?t Gz!tzﬁ},siaz@}eanOs,

Aponerit
Mloébt N)Q— \Ha@hoﬁlaﬂsn §1Qm i Smﬁ)zs GuPcdhOBy H“I(He rVZQSh éV sl VO3, ZnO,

2;1%6 eagcrl[atﬂ'?er Ilﬁl 1&018(? BF oﬁlﬂédy o%bﬁgn t‘fl@}é&[ Li& aéo%lﬂétfcﬂls thereof.

one oth can ‘be the sane as
Bxamplie§ fof meitd foxutes ahat crmt b usddeiretite @dﬁailatocr@nswnt @f ¢he present

%&gﬁ%@% Uéio h!}lﬁ earglr%lto? [1¥naJled th hl%lxed ?”51 gé n&fnglyt QB Mich of Al B,
B, @, '%@rﬁ@ﬁﬁﬂe SGhi b, M) m " PeSattii B8} 55, T, Ti, V, W, Y,

olpd o e i al .and_.an el ect api o
2o roenseng 1% chrdun B oAt B Ret e dadt o F4 Hedia e Ofbttvator-
dipporeshme dysewhirgRntibie alysi ieleluids, burcimt awot dichitedt to, arhca—dlumma
el ect ron- MAthdraMAng 00f§onent

Sl P DL GO 40P FRar S g i PORrelon HOE, gt Hmine-
ﬁ%n{h%luhmﬁa-tzﬁsoﬂl@,alﬁﬁhﬂopﬁébphaw @@d{ucng:c i mpr egnatl on

one compound ont o_anot her ik
f ol | ol AofuBhst 2wsek alcthin gmf?é%l%d’f etSﬁ’ chiﬂi?f‘aB}%%ﬁ it cfemically-
FLxbELS QhtR%hee FRARRYAL: 0Bk REIcHBA-WH RS R (ﬁ@npo'il@nt typically
anion, "and optronally the netal ion is éaIC|ned The

& elecirorrwithdrITiagiaREP e e thescide talid paule bferighis @gtionslly

%@é?nf@%l}a L ate§ QURP e NEast RAk biREF R38Siohhehdi@MnSbOfthe same as or
ronsted acidity of the solid oxide upon WO

aGBTHOoRPER 2aRCTNISh 6B PIeD6 1thaD comtitytee dhersatid x{deaaterial, then
?@19&1 J ﬁﬁnﬂaerﬁétﬁp&ﬂ%lh %}Mﬁgﬂ SRBROASRH dh%mlcallfy—treated solid

0] C y an ectron-w draw ng ani on derived rom
axislal tAlteamntivelyd 2 sokid oxidemaonscud dnslraroasvishdrgwing Jnien source

egg(%tgctg&) ”&%‘&“F%m%@&tsuﬁﬂﬂaée%{ﬁ@ agnpg ﬁl@fﬁ%ﬁeb;p which the oxide is

recursor f
contacted with an electron-withdrawing component, typically a salt or an acid of an

electron-withdrawing anion, includes, but is not limited to, gelling, co-gelling,
impregnation of one compound onto another, and the like. Typically, following any
contacting method, the contacted mixture of oxide compound, electron-withdrawing
anion, and optionally the metal ion is calcined.

The electron-withdrawing component used to treat the oxide can be any

component that increases the Lewis or Brensted acidity of the solid oxide upon
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Exanpl es of el ectron-w thdraw ng ani ons include, but
are not limted to, fluoride, 5 chloride, brom de,

WO o@7@ez7sphosphate, triflate, bisulfate, sulfaPer/us2007/061519

fluoroborate, fluorosulfate, trifluoroacetate,

phosphat e, fl uorophosphate, fluorozirconate,

fluorosilicate, fluorotitanate, pernanganate,

substituted or unsubstituted al kanesul fonate,

substituted or unsubstituted arenesul fonate,

substituted or wunsubstituted al kylsul fate, and the

i ke, including any m xtures and conbi nati ons 10

t her eof . In addition, other ionic or non-ionic

ESABRds TRhate espsrh e slaghrepsvifllrawinge semponent is typically an

eleRebh ANitMdrh Nz d}0d @Ve@ Toorh @kaft| §r?a8§ &Imh&y&)%ﬂdﬂmd such as a
the present invention. In one aspect

SR areapic cempandtiat ¢apxcte eo ﬁpsqus@smapwursar dor that anion.
FRhih1XbHlecRBL w‘ltlﬁdre@\riﬁé o SRERe, Hi'tgare of 11m1ted to, fluoride,

cheni cal | y-treated oxide conprises su
thierider nkromitan éedifie.o phosrhatel &fiftate, shibdlfte rseffeue tﬂ)uoroborate

@Fﬂlb%ﬁlfgév' n&ﬂd&?oa%@tﬁ%’ al yh&%ﬁ fr whﬁﬁ%ﬁé&%ﬁ?@ehearuonguconate

%pa -, resp ective erein
mﬁmt%ll kﬁuogﬁmtﬂa av [pnlgnmganwtezo gdstimiedat ars, unsubstituted

tclﬁéheélﬁf ;ﬂg{g'f gg%ét%ut&lljbg% ysﬁ?st}%{ea %‘énes ﬁcs)ﬁa[t(e) neos_‘lbsututed or

group se epen rom
gv,@bstjﬁtted absisulfete, an;slyﬂhyl l;kene’st:lh;ﬂn,g &Jriy oRkturdshesd cofiinations

Kyl f.at. f d. t
%:ﬁe ?]}gﬂ élg é[? %ﬁgsﬁﬂfcy 1y Sun-lgmcg 8%{011{1 gg?rsira%eoaﬁes%urces for
dmse GtectrbheNlﬁierngrmms afntalise Remplogbeé sntHeofadent dvention. In
8{1&( %‘Pe%y ltﬂgg & Ci‘rc’:lgl yh%ea‘%?cﬁ gcfh(g?)gé% %g%%%geésag g q?atec! solid oxide, and in

ano er ‘asp EC
athﬂ%ipbé@ﬁﬁtoheMcaH&kﬁHateﬁLdﬁidﬁ Sorfipiiseh NIt ah@niBa.

e peorr RS pcflesttfe o gD RS Mkt pbons iiayg peneral
fetmila RCSD,07, dii@t[t[al?@)sozbgn alteg?e@itvgg,n e@h’érgﬁhn s a linear or

f onat e,

é Ifon gro panesu
eREEHERER! oot Biine 2P &b 28 RAmoncitemb thst s ontis Tl sebstituted with

tur et 0B @rdi® m&tolf@maéﬂcha&ﬁbeﬁoﬁﬁ QrOER I 7L Bk 09 R, B CFs, Ph,
h drox thanesulfonate 2-"hydr oxy- 2-
1@% USHQFWWIB?I@%@F@%WW@ man fe referred to

am ini k@the!rr.l, 84 ithﬂedfiﬁ‘%ﬂ ct f
ﬁgﬁ?gfes |ncFu5e but arEB%%?ES|ﬁ?lO&ggﬁﬁkﬁ%hgdnghﬁgbmoOfthe

rrugratstas alistl yliatgl ceathaye up-tor Bhydrbon ptemes. In another aspect,
pIRAYVI S bate. a]l@an@?uhﬁﬂa%ry&lﬁ#l utfafis %an] havr: fugtto 8 carbon atoms,

trlfluoronethanesu at e tric onet
ehip Fofreampnaiimat b yet amyt@maqpemh yx@npteapﬁ alkanesulfonates include,

guth){fy ALY ‘lgmte'aotoo rr(ﬂ luffgﬁe?ta ehhanfabukfonat?h -propapesulfonate, 2-

1- met hoxy- 2- propyl su fate
propAresylfbortas e3-medtlerlbuttnesatfonats, hmﬂuogomIaQag@snlfbﬁite trichloro-

A r
O T T —
POPANSRTOTAtO 6B bthox3 L pmpamsalfbyatsmm tht likedTn Y1l Bnather aspect,

on el.ect ed, |nd ently fro
sfiie B PURRER 5368 Y BST e Sl reoray st
Phrofoulfasy, REproyidsutiate, RCS-lrﬁetHylbutylsulfate, trifluoromethanesulfate,
trichloromethylsulfate, chloromethylsulfate, 1-hydroxyethylsulfate, 2-hydroxy-2-

propylsulfate, 1-methoxy-2-propylsulfate, and the like.

The term arenesulfonate refers to anions having the general formula

‘[ArASOZO]', wherein Ar* is an aryl group having up to 14 carbon atoms, that is
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i near or branched al kyl group having up to 20 carbon
atons. Thus, the arenesulfonate may be referred to as

wa2®alsi7s3 ut ed or an unsubstituted arenesul f onECPUSIHT/061519

Because the aryl group ArA3tan be substituted with an

al kyl side chain, RC, which includes a |ong al kyl

side chain, the termarenesul fonate is intended to

include the detergents. In one aspect, the aryl group

of the arenesul fonate can have up to 10 carbon atons.

In anot her aspect, the aryl group of the

arenesul fonate can have 6 carbon atons. In yet

anot her aspect, exanples of arenesul fonates, incl.ude

Qo SRS uer Pt St BAHD STIGUEH FfraERdonty from F, CL, B, I
wepht, el eacorf ONR, ©EipOPel OBOEOWH;pRAf OPhNdr R, wherein RC is a
toluenesulfonate , 5- xyl enesul f onat

3
IRET | o PBFAPRG X §l5ah ERRR TR, r PRnPYPGR atoms.  Thus, the

Fei AaKYRAE 2RNEEHHQPRL @, as a substituted or an unsubstituted arenesulfonate.
trifluoromethyl benzenesul fonate

Beqagss drcotiel BJPWAY cfen bg §Hbgitated with an alkyl side chain, RE, which
itwaeohapzenaslf@nalsn, ®blanphrneanesidtd Anat@ided to include the
1- hydr oxyei harie- benzenesul f onat e,
GterRerss o- - R Aeyh dhe ane Pt RATRe apmgslfrmaly ga hawy up to 10
é@?&h ta{b?nsel ?xl‘ftaﬁgf?l'ei/\"agﬂég{, e A8y 1CHIRR HNthe CRENLEEMA can have 6
salt of an electron- w thdrawi ng ani on, the counterion
@rbamttoors. dh yehanotker aspearexgEpiesyofcaencsnl forpes mplugasbut are not
.he_salt t / ec , t he_aGi. -
ol o, SRSUELA OISR R Lot 1 fbetomte,
whiepapilfanate, of,5tdybenpsul fonetel driflyaramaethoxsdepesngsulfponate, trichloro-
[ [ C - . ~
S Ao By BB LD L toenzn
sutfondiesi r Bdosmbktnantsulfofatehe ¢hlotobefizeadwdfmete, eadthydidxyethane-

f the ti,0 i on-pai ring.effe t cation
Gong Sy g AR T PE Bl R ol e
salt WWhenhtheceedtam-withdtatvite; bodkponeut dcontprisesral salt of an electron-

stabili.ty of the anion. Exanples.of sujtabl e cations
wibneiad o fe80ufBer oh Ak o s HthGRDRT g Ahnat altows
1hRGRHAE rovaut oradc%ofhl%blsd bavkttedhd acid ammmg: damlinihg.i ahdtyts that dictatc
B B i S PTOT T EB2  re ceeonavitdraving
bt RedludS; B iaPahbionsit@f o) i SSublity of itkd efleht the desired solvent,
el ectron withdrawi ng anjons, in vanyin? rggortiqﬂs, .
Brlateol A FToRAI TS Lo C e 1 RATHAR AL ReGis PPy ¢ e tation and
Q:ﬁbh,VB&%}Bs&ﬁbﬁtP?fd ertie® ihipartd@ b B shevsl theContdhNahd @S like, and
of electron w hé}aMAn component s can be . contacted

Girmak Hebibi efehfranion; HraBPHEI SHESRIS [ctips in the salt of the electron-

WathdvAH ah¥on BRELRNBuOLEE ot tiRRked &f,fLhdoniue tH8RYT 8Gmonium,

activatof-support acidity. For exapple, one, aspe

5 . 3+ pect . of
teiaglkgbammparmndatrpallodmbbenfioniend »dH(RB#a] , and the like.
el ect pQnR WY LOCGHAMBE SR SAE g%é&gﬂpaea% Vk/ﬁhclhjgwgh nions, in

nore separate contacting steps. s, one exanple
suymgpppotess, n hetisch to trloadhe spacific aeipiip pf tesactivator-support

repar.ed | fo A s ted sokbi A . ¢ b
UL b Bao S SRl oggonens an o
caithitedtwitnthefoxidd deterphpiouitscoisty oomdivideally,vantang order that
g%flc’)rsdts f lee tesril% ] \é\ﬁcttlvha c§r§svl\fp1r)] aepclic%py. For example, one aspect of this

invention is employing two or more electron-withdrawing anion source compounds in
two or more separate contacting steps. Thus, one example of such a process by which

an activator-support is prepared is as follows. A selected solid oxide compound, or
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source conmpound to forma first mxture, this first
m xture is then calcined, the <calcined first m xture

WO goovloga1szont acted with a second el ectron-w t hECBWA2097/061519
ani on source conpound to #B2rm a second m xture,
foll owed by cal cining said second 5 m xture to forma
treated solid oxide conmpound. In such a process, the
first and second el ectron-w thdraw ng ani on source
conmpounds are typically different conpounds, although
they can be the same conpound. In one aspect of the
i nvention, the solid oxi de acti vat or support IS
cgg}%?%?ﬁg g)é)xmae O al 1?10 I{tla S’[%é]a th r]s'% el%g@éng%gthggw%ng anion
sehmetcrommmmﬂh‘«br ﬁvmng fian |rm|xttﬁe,uﬂﬁ£ ﬁ:rstnmtmﬂk isottear ¢aléned, the

5 e ST R b S B i, i

saamecmmlﬁodnﬁl ® ifovnend isedondt i‘méxt&fd I fllowedeby calcining said second

suppor t produced b rocess
Bty o it E B Bl s Eoaportis TP GRER Soprogessfgofirst and
e o LH]lé?bﬂeﬂnt-\hltHdIﬁWiﬁg #liect §dfice V\d:dtﬁl(jHLﬁ;WL NgreAnyPidally different
sour ce 00ﬂ£ound to forma first n1xt@ and 2
e a

08811’8?‘?1‘?%6 brthpy, pan, pS theSEme SOBPOYH cal ci ned

fir Stlnmnétaﬁj?]&t o8}heGiandivhi thg solig okaleCdchi@gtor bhippolit is produced by
m xture with a second el ectron-w thdrawi ng anion

asQi'B???é%‘?S‘ﬁﬁB‘ﬁ?ﬁd to forma second mixture; and 20 4)

cal cin)i BgnthfithgSe §&Moﬂ'ﬂétckiﬁ1%oﬁ&1 emmttibat 88t bRcR¥h-J8thdrawing
activat or-support hus, the solid oxide

2RiqM SPHFCSTCOSNONBA o farmsd HEt HBEaIS:@drred to sinply as a

t r eat§dcal&ifledn ¥ Honik AP MM AE S MELxias e@&&at&f supBb:2.
I nvention gr oducing or formng the solid oxid

act i vt apatBefpgsnact byt untinrentiog. dhe | wiish oswe g@matpr-wpport is
M&@d%takﬂbgggesgg nQBE el ectron- 25 withdraw ng ani on

sour ce Conpound erern the at | east one solid oxide
conpoundeoniadiaiec khdersh@her enliddgrideg comperintderwith a first electron-

| e urce, and
R ACk M  SuEEC AP (ARIR BN PR e
and o’&)g@ai@bmgaile $irstinmixbme teesiodute otaltineg firstwanturgn,
once 4h Li-d gxi reat d and
be su’ﬁs gzall%%n 81 ?aqmﬁ%?j f?%a nrlenv‘gﬁ1 of steﬁom{ r 1%8?%1&{%&1(]”“’1“‘%
again whuooei wmno&ngemﬁrrai 4 yecoﬁﬁ)nummde;(ahéd in an anbi ent

or in rt t,m)s ere .cally i.n _a_ dr
at mospher legg ge Sgﬁ%’@yglf?fﬂ"é S%B}b%%/‘)l?gg@%? POLBRIQE-support.
TR Ctheasodi df @tida attivaeorafuppb us sdmBiimdt ecfetrod abBithplHQf a treated

g I n_anot her aspect, calcining is conducted at a
5P ﬁﬁé‘rdﬁ GFEFPOm WO 2007/ 092753 PCT/ US2007/ 061519 33

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-
withdrawing anion source compound, wherein the at least one solid oxide compound
is calcined before, during or after contacting the electron-withdrawing anion source,
and wherein there is a substantial absence of aluminoxanes and organoborates.

In one aspect of this invention, once the solid oxide has been treated and dried,
can be subsequently calcined. Calcining of the treated solid oxide is generally
conducted in an ambient or inert atmosphere, typically in a dry ambient atmosphere,
at a temperature from about 200°C to about 900°C, and for a time of about 1 minute

to about 100 hours. In another aspect, calcining is conducted at a temperature from
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about 300C to about 800C and in anot her aspect,
calcining is conducted at a tenperature from about

wdoezovrsabout 700C. I n yet another aspect, caPCi/nsI0g7/061519

is conducted from about 13Bour to about 50 hours, and

i n anot her aspect calcining is conducted, from about

3 hours to about 20 hours. In still another aspect,
calcining can 5 be carried out fromabout 1 to about

10 hours at a tenperature from about 350C to about

550C. Further, any type of suitable anbient can be

used during calcining. Generally, calciningis

conducted in an oxidizing atnosphere, such as air.

Abper 3R IG ¢¢ pborn 8PAYE tandainmenether espestictpleiningi isr ogratucted at a

[_ar or a d atnD S uch as dr oge
%Bmg%rgﬁ%% % JFJ(fd g,gtobab 2@8 (?nslg ryctt Pp C ocralicmmg is
tdoedudid ﬁbhﬂlbodt Hehee tcdalit @ ERTR CdieiNin M&ﬁhﬂeﬁ &xpect calcmmg is
prepare. the chemcall rea solid I de, has por
o Bt o BroW A b BLAboB 10 BRRS: 11 Fil BBk Hgppece Sicining can
arPeeticd bieréaldbdupXitd @b6NTPRSRE dh aSe@mpPRtife YRIM ABout 350°C to
greater han about 0.5 cc/g, and in yet another

BBC0°Gr eat er than about 1.0 cc/g. In still another
aspectpurtlBe ahP tHid dsu@abrRersIIERAAG He RS darist/EdIdehg. Generally,
area from about 100 to_ agbout 1000 nR/g. In_ another

Lefrdung isendycted iy an egipene Atmespaers. %‘lﬁhfa&@ér apBermptively, an inert

Q}l@ﬁ%ph%@ shéh APAYLe8&08r a%og &4 Qadu@ﬁl@ a'ttﬂofﬁiﬂel‘é stﬁ?ﬁcé{s h€kirogen or

aspect, from about 250 to about 600 The sol

SRTR98 eRaxidoara b usss t reated with a source of hallde

i on orpShbiRl GspecPBf tf&rln@etﬁRiﬁblthllgrbﬂée 88thPRent QEEQI to prepare
Etlonallg treated with at |east one netal ion,

tthe sheraicallyrtraated sphidwiifle haser poreivehtoe staapssdhan abpqtrﬁ)el cc/g. In

f .

0P haol 60 L B0 el e FSARAm HRBA%hAR ous 0

tasfgredd in yetlahathien gspeaty emtaterdharoahae 16} ooty br telbanasher aspect, the

t er.nmed chl oriding agent, a source of fluoride iagn
velifeide FOgRAMHE AgS &g%ﬁtace SrtalreBmhah 0Qrior et dPO0 m 7. In

andiHeRh§eBe doli@oRie CofPohfie 190hisria@xi e et Ak 200 td Bbout 800
anpt her "aspect, useful "acidic activator-suppgrts

undguﬂﬂanbumaaﬂhmnn@ea5ﬁbnnﬂkmﬂ25®u>ﬂxmnﬁ@mﬂladunrna

chlori ed l.um.na d.a n sulfa

a1 U e G 1 e OO R WA 6O O halide on or sulfte

Sbh, 6aa abmbtnaaon fofumiidrtbe ens iolpticmalBi tﬂ&téﬂi withsall feasteshe metal ion,
na; . brom ded silica- z|rc chl ori

She Gerd TP aHRERe Pt S-Bpe Ehins oD AT &P Slspiait safid. Tn one

Sdsbétath2 isbE@Bkile ilefhl BattatddeithlaWouRR, oft ulfatedt@med a sulfating
treated S|I|ca alumna, a pillared. clay such as a

(2P AP UHSRINBIPTED ™ detasi: 3 sharidipe; 4968 ISR O fluoride fon,

fibtidd £l8uokdithPabeie, 0Pk cOhhibikiBn tm&ﬁpblﬁ’d 84l cidlet 1b Eﬁ)w&f the solid
ot her al um nophosphat es, gdlonall treated wit

Qideagcsivator.y By rru%herasp%qtﬂbﬁe @cidify aciivptogsHpRQTEY inpyde, but are not
tihgn& e V@r&%@ﬁog%ﬁa,P%ioggg@ Oaﬁ{l%éa? 18uorided alumina; sulfated

alumina; bromided silica-alumina, chlorided silica-alumina; fluorided silica-alumina;

sulfated silica-alumina; bromided silica-zirconia, chlorided silica-zirconia; fluorided
silica-zirconia; sulfated silica-zirconia; chlorided zinc-alumina, triflate treated silica-
alumina, a pillared clay such as a pillared montmorillonite, optionally treated with
fluoride, chloride, or sulfate; phosphated alumina, or other aluminophosphates,

optionally treated with sulfate, fluoride, or chloride; or any combination thereof.
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34 Further, any of the activator-supports can
optionally be treated, with at | east one other netal

wo eov7/00yps cal ly froma nmetal salt or conpound, P@ESEOTI061519

the nmetal ion can be the sS&ne as or different from
any nmetal that makes up the solid oxide material. In
one aspect of this invention, the treated oxide
activator-support conprises a 5 fluorided solid oxide
in the formof a particulate solid, thus a source of
fluoride ion is added to the oxide by treatnent with
a fluoriding agent In still another aspect, fluoride

can b add o the oxide
Rt raeT i Sraalr e trvaerel e Ao G Sy Ylgft one otmer
IMﬁEEibn, ty@(ﬂgllﬂ Ifﬂjljm aﬁﬂftaﬁﬁeﬁt ﬂﬂ&orhpc;’ﬂnﬁﬁ dhefzin TH&anletﬁElercaél be the
three on al cono aus of thelr, volatil|t an
S 6 GF AREST, et By Pl GRSt U2 G Hh P el o
t hat I‘ﬁ&ﬁhe gpm efltHifidvRhGoh, e REAON oxméla!ddeatobyapp@mompnses a
not limte hydrofluorlq cid éyﬁ% anmmoni u

fhicuiges dBliq RKIRJ then BRI rh BT P 6810 (i PZPe of fuoride fon is

2A0BB b Uhe orlideaby ufyaah&&atvﬁh(d\llﬂﬁaﬁeang NI THMtill another aspect,
silicaofluoride exafluor05|llcate) (NH4)28|F6)
f&%ﬁ?é‘ﬁllawmi?ﬁfaﬂ@l‘%ﬁr tpHsspHat BY (rgipe) slurry of the oxide in a suitable

sbﬁleﬁlagll,ldhoésog%ﬁcﬁ A0 Bref, HREHMNing2 WP BiHBt limited to, the one to three
hexaf [ uorotitanate (NH4)2Ti F6, anmoni um 15

caebent plaehdy ibeeamsataf hRFUYDZFIES, angn lvo garfegseteasion. aRgamples of
iﬁ%ﬂhﬁ},ﬁﬁ%&ﬁé ol %51@ - us%grm tﬁ?&aﬂp&ﬁmnam'eu%t are not hrmted to,

bi fluoride NH4HF2 can be used as the fluoriding agent

hydeofluprict sacid a@éF)@f agyeoning rBuarideav@HLAb Iartlgﬂom,qm bifluoride
OX| gﬁﬁ‘ an SﬁmﬂI {egx%ﬂ‘af)ﬁ%%%e QN?PEF N, ahforifhy Gsilicofluoride

treate fluorldlng agent ur|n
(hhfeafh@r@dlmamj Si(Xpla)28iHs)f | awmicdivny  dypaatiuarapbdrpbatef (gNH4PF6),

fthm%{)]?ol%gsh %é{d ?ﬁ%t gt ihis e%ﬂ&ﬁ@*&ﬂo?&}tgﬁt? KIQ%IB%}I‘H‘% r211111111()11ium

caTC|n|n can or éxa
Iteadﬂimsarcﬁdnum (NHagZdge nmalocgesthenebﬁddrpi Gminbimdtiym thereof. For

voI |Ie organi,c~ fl Wl agent s

ﬁ% 1 G5 Ibé?cthil rédjegl%lgiﬁ[? C?‘?ﬁolflseg |ars16 eagerﬁden%s%?m due to its
da@c bhis aadpeaty avhilabiéit. nventi on i ncl ude, but are not
limted tg, freons er f | uor ohexan . ) .
oer | BorsHish 238t of bR SrewBLRIRON Fierseligosidasmdi s with a
fardinatigens dfuhﬁgeﬂfe cAkiffageatys hydiyogeoritilngonpee oapable of

luorjne itself Iso e used th the solid oxide
theto U caniiog Fe Mg HERS GHe CElSH B AR PR dGed.  For

b0 i GHdifgn td ﬂl(fo’@lﬂlﬁl)rmﬂgj Soditd desciibal f)ﬂe’dﬁﬁb@l ngmme organic
agent is to vaporize g@iluorldln agent 1nto a
z

14qriding pecals 123 b9 bBisdr Zexampples ebrpigtifserganig lﬂeqoe?dmg agents useful

i 3hBiaBpdck B theFhldtRnl Melulld, RAALNES: 138RECH, Gbokd) g@rﬂuorohexane
i nyention, the chemcally- treated solid éO oxXi

oBweRe.c HlwrPHethaas] | tiflorepshanglt rads orqmijpatipns  thereof.

@é’sret){& H&I(ﬁhgenc' ﬁ{lbﬁlde Bf' BSofne HOMF 65n Biso BRIREL d8tH @R dofid oxide is
ded to the oxide by treatnment with a chloriding

famﬂed dTriee cekingRs.dOnp GATEAMET enclbRrbel satichEs Bk ghdidogxide with
the rﬂ%ﬂgm% a%leﬁ'tr is¥o Qgpc;rﬁ% aoﬂu&?dihg agent Wb %%@ stream used to fluidize

the solid oxide during calcination.

Similarly, in another aspect of this invention, the chemically-treated solid
oxide comprises a chlorided solid oxide in the form of a particulate solid, thus a
source of chloride ion is added to the oxide by treatment with a chloriding agent. The

chloride ion can be added to the oxide by forming a slurry of the oxide in a suitable
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WD 2007/ 092753 PCT/ US2007/ 061519 35 solvent. In
anot her aspect of the present invention, the solid.

wo@xidersn be treated. with a chloridi ng agenPCTius200g061519

the cal cining step. Any chi3sridi ng agent capabl e of
serving as a source of chloride and thoroughly
contacting the oxide during the calcining step can be
used. For exanple, volatile organic chloriding agents
can be used. Exanples 0 5 of volatile organic
chloriding agents useful in this aspect of the
invention include, but are not limted to, certain

freons, perchl orobenzene, chl oronet hane,
doh’hhfo rloreephen espectof the pfesem ingertisn theasolid orfidsrqagde treated with

B G AR B Miline Mo Alhnl A A Bl P ot CHRBRYSF serving
ws arsoutte ofothilatidexandethorhmghhygcaddatingi thg oxiGealucingtbe calwining step

qgltl IB? CLilsQé 81“ é}ga%rﬂlg gvotlaﬁﬁ %%a%? X\ﬁlggdfhﬁeaggmts %Qh %'e %geci‘ OExamples

agent 1S va I di i

off Wemnnlmsx@anicoshﬂdruimg ageniidresedid| in d:hm(axpej:e otithei mgentlon include, but
| t t

%ﬁeec érfl}tgé] %Or" ggﬁn eg)in? S?e%%ﬁ dré)%egzue% ¥ hgo n ran% e&lgﬁ‘loromethane

@kladefokme acteﬁhlon/vl tethachitorédeg ctrich loroethivenl awir ngnya momnﬂ:;mattm thereof.

ectr on c al | ad ed to,. .
St RytBlt ehiPrad e SRl st Y50 57 ke E e Sptia oxice
Ryiringicgltinifg. One cdaldrdermthéetBod b catadtigr tha&&&iétwﬁlh‘l ¢he ch]ondmg
el ectron w t hdraw.n ani on can be added to the
SiFers, ) YAROR D Ao UE RSP Ao P <P iy the solid
foliﬁieScﬁiﬂr@ Q@Xdiglgiongr eat er than about 3% by wei ght of
the salid oxide, reater than about 5% Db i ght of _. )
the soPpgn e BBV GIBSTe SO Ec o ghe %{sﬂﬁ? t{kdfeghsolid oxide
QbrdpRingOh isdlid R @eatdd Wilh QRCCIBSRALvith ey HIHn Qhe electron
el ectron-wi thdrawi ng ion, for exanple fluori

rithskawing asien grndaecipically addedctq the selithoxide ?‘61069(9 gfgater than
IaPoBEDR & l\xlélélft QNBOOMEd 8xide. RLAIHthR AWRY NEbBBlon Wlthdrdwmg
where the wei ercents are based. on the wei ght

tAREOTS AN BE 2 de t § eplidoqueidp e 28 jarjopat eleater fan M?% by weight
%‘ritltﬁé BbIAg Dxlcﬁ dgl% {c@ Qﬁat@mt&% tb@%&%ﬁ@?{ tHf sol. sol d ox1dc grecater than

el ectron- or exanple fluori

chbuatr $°ddyi weightpefdbe mhdaevflém)r%@eat@ thamélpapt 7 %ebx melgﬂlt of the solid
q&&%ﬁ is fromabout 3 to about 25% by weight, and in

another aspect, fromabout 4 to about 20% by wei ght.

Wien Haldndesspa, the ameent d@ltdh@n—‘eitbmm it fod eagioply fluoride or

e u f n 5,
acﬂoq{he {Og‘lT eﬁgrztg, e %o%%%% %)lil%g {))glhg béo %8@8@? gi;dntl about 2 to
vebbghf0%alyi weigh)wheed ﬂielWﬁgh‘OpdrbfmtSI\BHeghBed ofi thehwe'@ht bﬁlthe solid
oxL$e. I n an thzr afpect, ? % @?an ano a ¢ of
SIS Pent* e Gy Hmingqde liee“ra %%ﬁ“éfl Nt ig> %%eg%ou? mount o
Qﬂ&ﬁ&mgwﬂbmﬁwH4996Myﬂnebghﬁpkaﬂudﬁd¢an bhbﬂﬁewen1Qnt$mn before
sol ide,, or fro % t 0.

§@L}> ht go ?éﬂ ng edlé R about 3 to g%ou?%%t% ]by we1ggp and in another

aspect, from about 4 to about 20% by weight. When halide ion is used as the
electron-withdrawing anion, it is used in an amount sufficient to deposit, after
calcining, from about 0.1% to about 50% by weight halide ion relative to the weight
of the solid oxide. In another aspect, halide is used in an amount sufficient to deposit,
after calcining, from about 0.5% to about 40% by weight halide ion relative to the
weight of the solid oxide, or from about 1% to about 30% by weight halide ion

relative to the weight of the solid oxide. Ifthe fluoride or chloride ion is added during
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relative to the weight of the solid oxide. If the
fluoride or chloride ion is added during WO

WQe®7/0892¥53 PCT/ US2007/ 061519 36 cal ci ni ng, BODOSHES7/061519

when calcined in the presedée of CCl4, there is

typically no, or only trace levels, of fluoride or

chloride ion in the solid oxide before calcining. Once

i npregnated with halide, the halided oxide can be

dried by any nethod known in the art including, but

not limted to, suction filtration followed by

evaporation, drying 5 under vacuum spray drying, and

the like, although it is also possible to initiate the
calc@ing ek g8 phemeeleineddn hapreprnge of Cfilngherhés typically no, or only
IFHRE GONAL, &k ARG BXicHRridINEn $h!the RoRh %c[kabéf%?‘éj ciiBining. Once

prepare the treated silica-al um na can have a pore

vepiagratpdesite bakidy thabdised @xBlecegngbe dredbbe ans p@éhod Krtpavn in the
u C

B M P, B R BRAL Ty Braffifion, drving

adert vaquum, Gpeay dryitairanfiéhe likhealtidughadt i alse passiian to initiate the

f. In
N 4 RS0, SOR B0 R AT 1
e/ g, Hrdsilipa-alvotihe mseCB@pmparetthe trsatefl adecacaleaimacanb®ve a pore
3 g rally the sidica-
S A Whcd B N SER sk vl F g e ot
abaousbdat OR ed guamgﬁl%noth’cr esect, a:BqD pmte vd‘Hm@e &b vk p@eater than about

f .the,sil.ica-al um na m about . 5 10
bou?@50€ the hca-alﬁ%nfxﬁle?analé?fg Ca( sur a}%g aée]eau %eﬁ,§r tlt1an about 100
aoig.efit onk alsjmrt,sﬂhlelsuﬁ“a@d 2Rk I gRater hisarf sleont 2150 wh*/g, %ndt @ another

abou g?“%‘tﬁ‘#‘%ﬂéﬁ‘?% G %ggge&%‘irotﬁgliu ‘gllltf@#ﬁ 2 b%{}%ﬁ 1y,agle silica-

adluiﬁ’inaaalf(lhmi‘ih{fdl:rﬁ%m&{ab R duming obh%nf eom ?ﬁou@ g to abgut 95%. In one
partic e soll Opt.i.ona the su ted oxide is o
B hlPe A SR oh Ob UL P HBFRIGH R bR afort HEost 5 fo about 50%

@Al 6h BREthSkIASPBEE theQitfl 1 ZBnfAtBF 1S QN A-dBdu: cahHedR&n about 8%
aspect, the sulfated solid oxide conprises sulfate and

é?ﬂWWHéogﬁﬁh%ﬁéa§¥ﬁ€%$tof this invention, the sulfated

al um ngyd §41fa@6d7§q143¥x1ac R6RPASS su‘I‘I‘ﬂFcr @dd"a ts@l@d kil d?)?nﬂoﬁcnt such
treated with_a sulfate source, including for exanple

Batalwena pr miliadelyminag g fibe ifermcefda graraodaps wiid. sQptionally, the
SHERA DR %Hﬁérst%dfté%f Sith %'Iﬁgtalsféhfsﬁt:ﬁ that %&Eﬂl&ﬂ@& sulfated oxide
sul fate, nickel sulfate or copper sulfate. In one

&epweises ehmstapr doeare emcibéhQSUH@tpﬂ goliddoxige fcompiineg sulfate and
Sd:hHﬁ % ‘ifl otngects dt‘%‘frﬂﬂs '.l 'tﬁ@%ﬁl?até@ éf‘ﬁ%ﬂha HEPIES by a process
al cohol esi red concentrati on
ofher¢ia tb@llailamnngs a@emi Wﬂds atﬁsliarceaszsmiltecdao m@dmgkibeexample but not
UG fo, SOUALR 2oidt B 498Dt A8 MR artd R shifute! Dfc suifate,
ohe to Three carbon hol°S becalse™ ofr ot

\abirainiuti $151fmdllbknlvssllﬁ$té ac eoppmnsulfmte [In dnhlaspm,ﬂhﬂstprocess can be

te | rresent. bef o cal.cinin
SRaRRY B Gt By of SR g T Sl By el bwtconot on
fwaden, ab owhich%ht odalredi tcod€entatiyn el Bt sulfating agent has been added.

Suitable organic solvents include, but are not limited to, the one to three carbon

alcohols because of their volatility and low surface tension.

In this aspect, the amount of sulfate ion present before calcining is generally
from about 1% to about 50% by weight, from about 2% to about 30 % by weight, of
from about 5% to about 25% by weight, where the weight percents are based on the

weight of the solid oxide before calcining. Once impregnated with sulfate, the
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from about 5% to about 25% by wei ght, where the wei ght
percents are based on the weight of the solid oxide

wedoane276al ci ni ng. Once i npregnated with sul f aPer/Us1087/061519

WD 2007/ 092753 PCT/ US2007/ 681519 37 sul fated oxi de

can be dried. by any nethod. known in the art

i ncluding, but not limted to, suction filtration

foll owed by evaporation, drying under vacuum spray

drying, and the like, although it is also possible to
initiate the calcining step imedi ately. In addition

to being treated with an el ectron-w thdraw ng

conponent such as 5 halide o sulfat i on, e solid. .. .
subgtagaowide eart bredeed pijamy e T L 86(‘1 %ﬁfé’pﬂg But fot limited
& gt?cttgﬁ M BoRFITRIVAG 13/08VapSratibhl Cdryﬂigﬂgldﬁfbﬁuuﬁﬂlsbﬁywymg, and

mét al - contai ni ng conpdunds. In one aspect

(0]
fheViknt #lthoush s @ISan%@ihh*fdg naaﬁe e crleraing %%}mmeglately
| mpr eﬂ‘EQ&cﬁﬁoﬁ’ ‘&]& RetnldCireat ith Q% dSotioh-SRhaiwag f:@hpament such as
u

and subsequently converted into the supported ne v b
blapjudﬂ: arabwfaté ign, theowiidi ingtepnict erdde @ff itHIS) HYFRAM Ea‘b?PJE@‘a y be

ﬁ Wi haejr’negaq mﬂfcéeﬁnﬁluﬁﬁ{gaﬁletlpbeﬁ@lcﬁ'%@cgl-&ﬂrﬁﬁﬁhﬁigr&mpounds In

um silver, copper [1ium tinp
bnmmtean thmv;endemhvsemonmou@m 4 asided e PeBRPTopRAted onto the

ﬁéj}({rgx%b |g(])(f‘u C?‘[] 575 . ﬁdsu%gechx'gﬁﬁf %ﬁ{/&‘ted Hﬁo S(Qé 'Sﬁippdorted metal

ecause | es goo St acti vi ty
hpw CﬂSﬁﬂngThAcsmidlrtgly,dhc d@hctammut p@d{c egnfithergommgrise a metal

o _net al - cont,ai ni n r IQr
5‘%‘3?tﬁ% g‘ﬁfﬂe e ntl%kek ox dgsf) gé t rgeag{%ﬁ e e
ntgyteleagin; on a\mbtrfbaitawnn@ermﬁ d’mr exBples zﬁ@rcanmsg@fm@@pregnate

ggfn isor[jg{e e%iggf:};eg%ﬁstgh S 0l; Igeso % Xc%/ﬁ gatﬁﬁ?%ﬁ éét@%ﬁ? 16 Bek@l The solid

eRlteashad tydatd ﬁnﬂ’i&ha:hl %mmmetdlmmM1hg campoahds lgfore, after, or

net al - cont ai ni n oun n

[t PhetSéxalettléne %f g}eﬁa 31 éf’ *reshcta(&j th? gfeﬁ{g n—%ﬁ{ho ]gawmg anion.
CONMPOyREher tdﬁ}f&ﬂ&hﬁ@ bf ingegn4dting the k(ﬂld Enldb mutﬂgdl a’njh a metal can
contacti ng nmet h the contacted m

&ngg% n@he g}eg&q%wmthmi: ohids § 899‘58%)6(& tgx 82616? sourc a{:lypwally a

IS gir &&M@oﬁ?&ﬁlﬁg%ﬁiﬁoﬁﬁ@ inALd&) bat is\wet Yimiredso) gcdlmg, co-gelling,
OXI

e material, an electron- Wlthdr@\dﬁ ﬂg En source, . otin
amgraghatioreppne spwreyndenta AneBaE Anfithy ‘E}n‘EB R e Y ©© &
GROLAE tifd cBhd el mixped ofigkidd anssuimldy elebﬁoﬂﬁﬁtﬁd@&wmg dmon and

aspect’, the ansa-netall ocene conpound can he conta |
whe memi iop sefypiraliyrelrinedg H’ﬂltedﬁatb‘feé%r?o%ﬂ ﬂg?nmatena an electron-

SindPfel RdtaPfsaltl & ndfdiQUontdining Scompound are
coqﬁct [ %atﬁhs&m@;{{ urne Wi th tahesaam di c

aohtacwdondsalspord simgHareopll- precont act ed mi xture of
met al | q‘{?ﬁheir eﬁggﬁnﬁ{e’ aﬂﬁ%&ﬁf&%ﬁ@ RbndpBahd RER b dRStaRREd with an

activa e netal |l ocené, includi ng hut
mieﬁah nmwinper tandan co‘ggmbmnnmnmmﬁ@b@atf% 3, Est pegiod of time prior to

%ﬁg%ﬁ% d% W‘Ll%‘? Gvift il Goifte! 5 r-svl B&Qr t Ont&18he precontacted

er conprising e acl
aﬁtﬂtmatdfrme&mlﬂmﬁhb mendreemranti ttdu‘@dhpmtsth@tmmgé@w activatable ligand to
<)3( ‘tmuega?loce-:l;{éa c?Stir?goQ&ta}ﬁ Ermtga & a%rc?rganoalurmnum cocatalyst, is contacted
with the acidic activator-support, the composition further comprising the acidic
activator-support is termed the “postcontacted” mixture. The postcontacted mixture
can be allowed to remain in further contact for a second period of time prior to being

charged into the reactor in which the polymerization process will be carried out.
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30 can be allowed to remain in further contact for a
second period of time prior to being charged into the

wo e@acga7ss n whi ch the pol yneri zati on process wWd¢T/Ubm07/061519

carried out. WD 2007/ 0927538 PCT/ US2007/ 061519 38

Vari ous processes to prepare solid. oxide

activator-supports that can be enployed in this

i nventi on have been reported. For exanple, U S. Patent

Nos. 6,107,230, 6,165,929, 6,294,494, 6, 300, 271,

6, 316, 553, 6, 355,594, 6, 376, 415, 6, 391, 816,

6, 395, 666, 6,524,987, and 6, 548, 441, descri be such

met hods, each of 5 which is incorporated by reference

her ei Variogsi processes rtet prepausn sehid rawdpe fistieator-supports that can be

A !k%’}%h%' QRR&&%iofl”ﬁa\JeaM@eﬁlei’e Mt@?.f ai;or example, U.S. Patent Nos.

ActiVat or - upports In one aspegt of thi's i nventi on,

OHO7E30i vail69.989p 2 24.4%%6d 6,300 7dpab3ig.50he 6,85%.494:516,376,415,
It this, heyventd c hse

B I oh S saCe GepbBlchid §aBRRI RREIRT R mothods, cach of

dticH 1smdaeporatedsiyt ieGatecedredeinl innisrosidty cat e conpounds

or mnerals, either with | ayered or non-I| ayered

structures, and any conbination thereof. |n another

depERthavigetbie sl ciivartoniSupports ot Bxyehalh\Bféadrh b4 clh ayer8ibports

al um 3osi | icates ch.as .pil]ar eg. c{ ays can bed used . h

as ac Pﬁieo?spgﬁtpﬁgﬁlj% leél n,t %C ﬁvalog—suppo used 1 preparing the

aafalysatompssifipay bf thiOMprehies cam compriex ahaogeakiamgeable activator-

activator-su r{, it.can tionally be treated with
supnast| BBEIh Sl ingh HrBACHE HPAT Aar Bl G U Georbpounds o
inhasRlseBhdrOsRE Iherel 6 ndhRyekdtyfictats, ¥nd tah¢ combination thereof.
i.on- exchangeabl e acti vator-support i s not iirfeat.ed Ym th "
A apptaes 3BRCLATINE PAUERHGD: QR s RhaneRaklFe YT Atumippgiicates such as
PN dr¥@tREs THR RN dseBfast AbtiSatoP @R8N BARn GREREIISE aktiv@Yor-support
m neral s havi ng_ exchangeabl e cations and | ayers

CAPREPE FF 18R FERANERGDICTISvVARI-SUPRRyt, D epThPRfiiugfly be treated with at

Gkt ¥R SlecESRRAMbRvAE R, sublits MdRe FINcIdskdThbREn HRough typically

I on- exchangeabl e, | ayered alum nosilicates such as )

e [r-erhenggpble AGHVREIGHIPPHRE i oitrestgdpwith an glegep withdrawing

iahidnS Not meant to be construed. as an inert

component of the catal yst conposition, but rather is

to be Iooprd depests the activajer-papoertof tihe waeafigsican comprise clay
_ L Cits iatinmt e At

FREPAR LML, RAGAUAR bl IR S AR AR, i

aningied iavtatasrt-e1ppbrts ingdnde, thut ervenotelimitbd tarien-exalinegsble, layered

T e

actany &t or esuspped ks se inerscasporgnt oo lcatalyst cemposition, but rather is
r eacdt s wWth the ans -tﬁretcal Qcene an
m

O SR LeiopRERT L LA BEFATp By pecause ofis inimate
assneesiohi with tisedndssmptatiduae gndl therompbnero nisat ys@edts, an activatable
i BRI AR Sl X R oY Pl 5 SR gt o v
haved bgahedrk eatie belibtdd Hay theUsn ieREkanByable bttiivi@or-b@iport serves as
an insoluble reactant that reacts with the amsa-metallocene and organoaluminum
components to form a catalyst composition used to produce polymer.

In one aspect, the clay materials of this invention encompass materials either
in their natural state or that have been treated with various ions by wetting, ion
exchange, or pillaring. Typically, the clay material activator-support of this invention

comprises clays that have been ion exchanged with large cations, including
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exchange, or pillaring. Typically, the clay materi al
activator-support of this invention conprises clays

wo baw/oberse been i on exchanged with | arge cati oPGT/US2007/061519

i ncl udi ng WO 2007/ 092753 P@Y/ US2007/ 061519 39

pol ynucl ear, highly charged. netal conplex cations.
However, the clay material activator-supports of this
i nvention al so enconpass clays that have been ion
exchanged wth sinple salts, including, but not
limted to, salts of Al(IIl), Fe(ll), Fe(lll) and
Zn(l1) wth Iigands such as halide, acetate, sulfate,
nitrate, |te one as

| .
Rt gieer b fp6rre] TBHPL PRT PO SonpPTeeey i dpgreteril
detiq¥iSr-supiRrisebMthis! haveatios!| aMS el‘&ouﬁﬁsb tcﬂ)a)rbeftlﬁ‘t ha)ve been ion

cl ay naterlals t ha hav i on, ex ed wt

EPREELY P DLy Sy MISBHBEE, b PR Rt e afh D, FectD.
QNP £4 LALTH Qi hgaﬁdﬁﬁwhaﬁ, Hafids WG Btate) @&lfatél,ﬁhﬁdte otnitrite.

are not limted to, Keg |n i ons mhlﬁgvcan hav Tlared
char gesorARosls ﬂchlayaap BHETBEIRPEKD %f’T"&f‘E%“ cgppgrises pillare

Jber Th@vc&fn bﬂ)lrdﬁed dibysis ba thaemrio dl)d)] hﬂfdrﬁgs faf @ase been ion
a sinpl e exchange reaction in which

@wbm&vge\aﬁh dargat ypirsliy frodynuciess fﬁgkﬂéfrqhérgeér@eﬁé SPEpla cations.
%&rﬁplgﬁ 6? SuchMod8 li¥cIEharaR Grd ﬁBtS 1im$td8 Ro AR e£88dbAs Whikh can have

ese meric cations are then i mmobilized wthin
dHaeadsrch |aayér gamuqmyexwt@ﬂﬂﬁes WhE Pthea|1aieRdemsr ghus, the term

élﬁgly S% 18040 arg;r‘ QZ%thﬁge RibH By whthftBE EkMRin¥eable cations of a

upporting the clay ayers as colum-1|ike structures.
dtay spatenalearchrsplsiced with dqmged highly chirgrddgns, osushorfukesgin ions.

’}‘E?es% H}S) e}f}ﬂ?&? {;étio[ﬁg apé ltﬂe‘?lr M@ﬁlﬁ&f‘ﬁhﬁi/tﬂe%%r&yeﬁsrﬁ the clay and

expa ice structure i's maintained and
whemsalt:med srepdherded to Tirsalr @gdd tpillgrsgoetdertivaly myrtm the clay

e _and si S 0

RS P Byl T i 0y B A e o prosuc
ke suppdrtiag pilgrabetwepn blag rleydm c¢hagpaaded fd@mobtlmturér iyJmaintained
Pi vala Science 220.(4595 365- 37 )

bR O PPe R aTEroh GRETTONTYE DR i oY st size oo @
ﬂmcﬁaﬁ QE&H@ pilesig) maferah.and, thppardab <8, mAtathéniscd. Examples of
PAlEEE 27 pillrdd Segh e o 5 RIDBRE hACH 000! SR> 365371
?ﬁ;@h qlfl}/[\MlTh&th Snﬂef&@ftmr(l'g‘lﬁdi‘ﬁbtrﬁl&(SeWhlttﬁlgltdiﬁdr&hm Ic&bybon eds.)

e pillaring praocess utilizes vi n

EhcRameabi®> HHAIGHEC AReFS: h ’epgnggngﬁ]:ﬁ%?m Sﬁ ﬁd‘%&gg 10; U.S.
PR¥NPNb! 81386,6¢1 23nd 1708, madht @0d1a4060,48. dach yevHictais dlorporated

25 of olefins in the catal yst conposition of the
peregeintits piERY i on can be used. Therefore, suitable

clay Pﬁh@%ﬁ@érﬁl% ﬁhcéﬁsl k{8 @1dyN@lrdss hBvingalxeh&tleable cat1ons and
limted to: ophanes; snectites, both dioctahedr

laxess eapablerdf sprediagr d’}nY( WYprednday that gag reg}éegicp ¢ pglymerization
Ei" 6 £in8%h fﬁgr&taﬂ%{s't %lﬁﬂb&ﬁ@n ()pﬁi%tﬁ?é’éeh?ﬁl)venﬁkﬁﬂée[m 483, Therefore,

ectorites aponltes hal S|tes vern1cuI|tes
miitade ddyuoriomrRisator mﬂilmngtlesludm Refdafeapet lighitgdsto:t rdlophanes;

sfnggt tgéj,sooﬁl &¥etahedral (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 fiberous clays
including but not limited to sepiolites, attapulgites, and palygorskites; a serpentine

clay; illite; laponite; saponite; or any combination thereof. In one aspect, the pillared
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30 including but not limted to sepiolites,
attapul gites, and pal ygorskites; a serpentine clay;

WO bdoriez753 aponi t e; saponite; or any conbi nati OPCT/US2007/061519

thereof. In one aspect, theopillared WO 2007/ 092753

PCT/ US2007/ 061519 40 clay activator-support conprises
bentonite or nontnorillonite, noting that the

princi pal conponent of bentonite is nontnorillonite.

The pillared clay can be pretreated in the present

i nvention. For exanple, in one enbodinent, a pillared

bent onite was pretreated by drying at about SOOC under

5 an inert atnosphere, typically dry nitro for
a@dutace‘fﬁ%ﬁ@poﬁefs@%nb@ E?@nf&aaedmt dnengori lomte noting that the

Pen¥HRL é&ﬁﬁé&ﬁt bt Rfite i BloatByANPLige. Of a pretreanent
I's not limting, because preheating steps such as

this rEheypibaredlasi e brpreieaisdny the hrasentdnyentionurkes example, in

t o
S0 ey O5HHEL o GETOLI B R0y SR 08, s00eC
anveert |40n05p116re',rt5¢n¢adi|y chxamlam_malﬁd)mamm B\/Iaxuw -befqrrp betng added to
B B P P25 S PR mir IR e, becmso

@tcheatmg] eto@arsuch as ump anany‘rhb eatradds out winady Rghcrbiginpatagurcs and

|tes i, nor oxi des, ]
s e b og R bE o LSRN, o5 S stepsopll of which are
aﬁﬂﬁﬁpaSbéd/byﬁﬁénﬁ'H@tﬁlﬁft materials that can be used in
this regard i ncl ud re not 1|i

e}a ed .]go, s' lica,
S | | colh ARG angsslp AFtrrierPPaFY S50 fpd clays Uéd to prepare
mlﬁegﬂ@ﬁl}%t cbﬁijpbﬁtlolfld Uﬂ lﬂlud advédtion Bah béldoﬂ{lﬁﬂ’edabvb'ﬂﬁl Hter inorganic
thoria, alumn te al um num %hosphat e, zinc

éPERﬁfth%te“Ea'ﬁoé "B {25, not smitefh e Fealitei dppreanic oxides,

?}hbé;ﬁﬁtédl ndRdaRic §ﬁ§é£%h§| th@l®e. Sinl bkcPbdpetb@Mfical support materials
| uori ded/silated alunina, and any combi nation or

fhat (g eber wefl B this TRgeard peinfe. gTut 58 Aokl deetilica, silica-alumina,

QRIRRHNMahd, bRERA QHaérfésfehﬁoﬂl@ %ﬁ%ﬁi@&'&ﬁﬁﬁh@ s117a9ed alumina, thoria,
activator-support used to prepare the catal yst

ebpBerhosphates ﬁlﬁﬁsmimv aropphipte.s zing piabningtcf r phespbaied  silica,
gy e(yMa%’dt Q1 ﬁﬂt éliﬁ(t: a t?aﬂsgoaﬁ@Ei? t&%ﬁe@ﬁmgﬁm& X\ fluorided/silated

wei g at or - support
@b%m@ﬁemd a(nyopn@atyé@nm miiwiré theg¢ofiret al | ocene- cl ay

ot urﬂ%? \/5{1 %}1 nfoF aﬁ;as %Qéjnet Jb%v%cflﬁlﬁqh ?@?H@ & t?f%o/Sﬁ gxchangable

abqut 1 ansa- ne ocenc
eatiedtgssunpodt uspketatmspat thescatelysacbmposities. o 3hifhavention is

%Eeﬁyﬁ‘gfn %S§Oriew§%| QGG wt‘VCans)éz—matallocenﬁ Cfomplexm}:)ased on

tor-sup ort R T R con act ed
itlen gtehgho foftthuecmwtcai-elwmtt hmnmmguhnt(mt baseded waefintlh@etallocene-

sa- .net cene an r- uff| ci ent

3eaB’o]§ﬁDme o W?’Tsealrsr%t 8111? aﬁeto #@E’g‘ﬁé‘nf"t dn tﬁleougﬂgth% ansa-
adnaliccac hioglwewlclivid At aaadly i tha oftratdsrae dedircd|adyvieiosl

met al |.qcene conpl ex. F%uexanpl lthetantsa met al | ocene . cted
conpo mixfuge qsgynetallocene an “clay activator-support can be contacte
and mixed for any length of time to allow thorough contact between the ansa-
metallocene and activator-support.  Sufficient deposition of the metallocene
component on the clay can be achieved without heating a mixture of clay and
metallocene complex. For example, the ansa-metallocene compound and the clay
material are simply mixed from about room temperature to about 200°F in order to
achieve the deposition of the amsa-metallocene on the clay activator-support. In

another aspect, the ansa-metallocene compound and the clay material are mixed from
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30 material are sinply m xed from about room
tenperature to about 200F in order to achieve the

waleaspi7sdn of the ansa-netal |l ocene on the cl apCT/US2007/061519

activator-support. In another aspect, the

ansa- net al | ocene conmpound and. the clay material are

m xed from WD 2007/ 092753 PCT/ US2007/ 061519 41 about

100F to about 180F in order to achieve the deposition

of the ansa-netallocene on the clay

activator-support. In another aspect, the present

i nventi on enconpasses catal yst conpositions

conprising an acidic activator-support, which can

eborprliOfEF o #tpe d 8¢ Frinpederlto aghigve hetdspasitipmgbthednsa-metallocene
mneral” i.s used herein to describe materials such as

8?21}6 ﬁ]a%aél?%‘fag?r'sﬁlppfe’%’r ed cl ays, ion-exchanged cl ays,

exf ol ilataadttek agpect.ettieopresng dnedndips. gpebhopdssentcatalyst compositions

anot her oxi de,.mat r.i | ayered . ni.neral s m.xed,or .
PPRESe A P e AR RIPRRS MG SPRESmPike: [Qergpinoral. The
eah i RgticdNmineed e ad usdthaereithe desatlibe metetiviatwmch sypgay tminerals,

C rises a. layered mneral ,.i.t. gan opti onall e .
PRI a5t fon i atied shES apstolibs efh it (B5s eelied into
aﬁbmler &xiab dnaan_ 'k,hl@’ﬁi&c@i &ﬁﬁ&m&adiﬁ@arceiddm,u_tmh B lbticy phedadidly, and the
he | ayere neral (is not__ treated.with .an )
EcOF GRY GOrPRIREHAR o5t o WVheB g AEIF dCtiXpiof-SuRRoTh fgmprises a
@Galy%yemhﬂ@éj rall, it eaaﬂoﬁtecl,ﬂlaag Q)ea?eng@ véhlﬂi 'fny Biaﬁrorﬁel.l&ﬁﬂfc]tcn-withdrawing
ay mnerals generally include e |arge, grou ) .
PRI08I §Hc8r 5 thask | feslossharein; Keov SRR bR dPed ppigeral s not
WeBteti QMR ab e10RoRLWithdradviniCalbRl FRE BflbERE foast one clay mineral
sedimentary 15 rocks, and the like, and which
camBe st 2 the @FtagdooTPAYEr ous silicate and
al um nogi higaht JthaeIRliscid fe 31868 Lbrd st Milcletydiafifne, sheet-like
and very high surface areas. This termis also used
ey eneds srinpraln fht oue frerchés ingirsi o Bag-gsingd Re¢iments, sedimentary
Qﬁéﬂsl, Ogid 11681 Bike SLHHCLHES GXRARLES, Ofin&l Y MLARLE! Silicate and
that’ can be used in this I nvention 1 nclude, but are
rbtminpsilicatd rineradd Wohshertdikesympetireseand peyyrhigh surface areas. This
| oct. ral ) g : 1
PSR Bhod & st k4 R6L AGAIMu0? ity ARl o phyllosilicate
(shectuoni Essmples oifitciayniniesls thed corbet wed iorthis dpeamitivednclude, but
U84 BBV T o SO, e e I TaN, gt ot
(v uahich glehiwttivest thiefaol tsadh t £ semitabiitlesites (bentonites), nontronites,

ttapulgite and pal.ygorskites:. a.serpenti clay; . .
R P e PRI i S RO, DR chtorics
trhigeé-ddyer Malays;C crendibecdudy chilys elnglwslile | tangnsto linieed to sepiolites,
kaolinitc, 25 ntnorillonite,. or illif.e roups. of .
aﬁa;}%l_gltgq,ﬁ g%[?%qr S gnsegpg)alnﬁeclﬁ%;eﬂ ’1teé anon, te;, saponite; or any
aohiby@dtion- e t  Banyhicémiddne ldyo mindaldlitatdmpsad the kaolinite,

herein. Pillared clays conprise clay neral s,
YRR IIpnise. o dlisr EioNES Gleict o Pgibth e GRrlfo be used as the

RioM| 881 -SighRtest ik Adehitdn0Rs Ucloxe® heltdih.e Pilkiel clays comprise clay
pal ygorskites, that have been ion exchanged with .
|Igmg@’ls,fcymp@gy[ q)g,the of the smectite group and other phylosilicates in addition to
sepiolites and palygorskites, that have been ion exchanged with large, typically
polynuclear, highly charged metal complex cations.

In one aspect of this invention, when layered minerals are used as activator-
supports or metallocene activators, the layered minerals are typically calcined prior to

their use as activators. Typical calcination temperatures can range from about 100°C
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pol ynucl ear, highly charged netal conplex cations. 30
In one aspect of this invention, when |ayered mnerals

w@e®7/03ud3 as activator- supports or netall oceneCT/US2007/061519

activators, the layered mmaerals are typically
calcined prior to their use as activators. Typica

cal cination tenperatures can range from about 100C WO
2007/ 092753 PCT/ US2007/ 061519 42 to about 700C, from
about 150C to about 500C, or from about 200C to about
400C. Non-Limting Exanples of the Catal yst
Conposition 5 Exanples of the catal yst conposition of
this invention include, but are not limted to the
tokbavi HP°Cl froomebawipked°Coto izt |ISORTEI oy fiexnabrw, 200R€ to about
Gfbah yst conposition can conprise, or the catalyst
conposition can conprise the contact product of, at

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

NP AR A PO PP e PR o et one

ansa- rEdaaipll@cehmeccHthsmnImsdmrpoﬂ tds hmﬂnngn tlhdude but are not
R2 re

HEHEE, B, 4 e Vi o P o0 ettt Sy Mo catatys
Bbmpogmbn cahScdrhpifia; Sir; thR1cagaigstRRorapesitiord epe mdmprisy ﬁm contact
0 or an aryl grou ei t.her of havin
et 85 e B m SRS ol e s R iy Sompound,

@AE adleaftlon@laciZatbSsupportatiibregi:oup; RSA and R3B are
|ndep dent drocarb oup or a.20

trihy ocarb%?gkﬁéﬁmﬁﬂﬁﬁbﬁmgﬁ§’8$ © GRMRTSR AvPryonpd payving the
20msasbon atons; or hydrogen nis an integer fromoO

to 10; and R4A and R4B are i dependently a hydrocar byl

group having up to 12 arh at onms, or hydrogen b)
the at |east one prgagod|(whinumgepound conpri ses

R Yy, u\\\x
E M
"
T
S

3A n
R™ R3e (1), whercin

M! is zirconium or hafnium;

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

Eis C or Si;

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

R* and R*® are independently a hydrocarbyl group having up to 12
carbon atoms, or hydrogen

b) the at least one organoaluminum compound comprises
trimethylaluminum, triethylaluminum, tripropylaluminum, tributylaluminum,

triisobutylaluminum, trihexylaluminum, triisohexylaluminum, trioctylaluminum,
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25 trinmethylal um num triethylal um num
tripropylalumnum tributylal um num

wo eoo7®edysst yl al um num  tri hexyl al um num PCT/US2007/061519

triisohexylal um num trioc#§lal um num WO 2007/092753
PCT/ US2007/ 061519 43 di et hyl al um num et hoxi de,
d.iisobutyl al um num hydri de, diethylal um num chlori de,
or any conbination thereof; and c) the at |east one
acti vator-support conprises a solid oxide treated with
an el ectron-w thdrawi ng ani on, wherein 5 the solid
oxide is silica, alumna, silica-alum na,

| um_nophosphat e, . umi nu phosp zinc alum nate,
%é‘?tgll‘ 6‘&8}%@&3@9}%@%@“8@?%% Uy q&’é‘ﬁlﬂ% dicthylpggingm chloride, or
ag;,icambﬁaﬁgn%rg&; afid Xed oxi des thereof, or any
conbi nation thereof; and the electron-w thdraw ng

ani on Ds f Itheaf lrast erg At VEHOT- PR GRMDTigRs #solid oxide treated with

RAQERABL Syithdrhf 3t ioliviekdigt €, sul fate, fluoroborate,
fluorosul fate, trifluoroacetate, 10 phosphate,

f I uor ophosphatselidfoxide dy stticanaliening,| sibeaaliuniieat duminophosphate,
fal ROk t ﬁﬁ@gﬁ%tieﬁ eLian %ﬁﬁfn@te S 'ﬂ Hﬂo‘lﬂtt H%SQ%E?S, titania, zirconia,

unsubsti tute anesul fonat e’ st t'ut r
URRERESie. hortae ding o&ifies mxmlées tharb:gf ior g dombination thereof; and

unsubsti t ut,pd e?éclfr)f)h%ﬁ(ﬁ%\gl tgo'!tmﬁg)fs ﬂﬁ? i ) r@ﬁdrﬁﬂ: bromide, iodide,

thereof. Also I1n this aspec ast
phasphate: atlﬂlfl@tqe nld Sc‘dﬁttealsgtfawo rﬂJrqr@mrat@r ﬂlmnosulﬁtd;) etrifluoroacetate,

SRR [RThorhoSORE M IRGORARE | AN BE g
ipsrmdnEeOE LTS drstiaEdi W MissBstElieBr dkhnesqumaie C arbstituted or
[ nd ntly

S 04 USRS, PR e 0 B o o
a;bmlvmauon tlttyebfogen wher ein at |east one of Rl or

rou nd, R3R are i ndependent |
mst hyI ?/n[ )1}?3 g%t 51% at e(jltsgﬁpne %gﬁﬁﬁt&%%&ﬁn a]6¥ comprise, or can
ﬂ:ewaiebibgttfmﬂ Wl conZipundibaviag thefegeta:from 1 to 6,
i ncl usi ve; and

R3A RSB n

(IT), wherein

M1 is zirconium or hafnium;

XisF,ClL Br, orl;

Eis Cor Si;

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

A and R*® are independently H, methyl, allyl, benzyl, butyl, pentyl,
hexyl, or trimethylsilyl;

n is an integer from 1 to 6, inclusive; and

*4 and R*® are independently a hydrocarbyl group having up to 6

carbon atoms, or hydrogen.



RAA and R4B are independently a hydrocarbyl group

having up to 6 carbon atons, or hydrogen. WD
WQe7/0992¥53 PCT/ US2007/ 061519 44 Al so in thi BCEEpEOT/)61519

the at | east one ansa-netal#ocene can al so conpri se,

or can be selected from a conpound having the

formula: RAA RAB R2i ,-.*X R3A R- n (IIl), wherein

ML is zirconiumor hafnium 5 Xis d, Br, or I; Eis

Cor Si; RL and R2 are independently nethyl or phenyl,

wherein at |least one of Rl or R2 is phenyl; R3A and

R3B are independently Hor methyl; 10 nis | or 2; and

R4A and R4B are independently Hor t-butyl. Also in

this ablsedtthiyaspeet theaydgashone %gén?%lﬂ%ep?) g@helse gamprise, or can

@e%@le@@ﬁmdﬁeaz cdﬂ'ipcﬁﬁﬂ hali h& fcﬁHuIla Bu t-Bu Phi, """ C
Zr..,, ,icl Cz Phi '---C be
sel ected from t- Bu § t But-But Bul\ Zr.,,
ad Ph ,CH.., '€ Rhwsv" Hf ClI Ph' ~, C Ph
SCl WD 2007/ 092753 Ig X007/ 061519 45 t-Bu cl t Bu
t -B RZ,E C{MQX
~ v
3A
R™ R3s (XII), wherein
M is zirconium or hafnium;
5 Xis Cl,Br, or I,

E is C or Si;
R! and R? are independently methyl or phenyl, wherein at least one of
R! or R? is phenyl;
R3* and R®® are independently H or methyl;
10 nis 1 or2; and
4 and R* are independently H or t-butyl.

Also in this aspcct, the at lcast onc ansa-mctallocenc can also comprisc, or can

t-Bu CO t-Bu B q -Bu
Ph//’l

....... mCl
PH - Zr\ e wmCl|

@’; h’C@fN

be selected from, A\ &

t—But—Bu t-Bu
Ph’” m\\CI

Ph/c C/{

-
-
-



"¢ t But -BuPh, ¢l t- Bu L' ~~ R Ph,,Phi,,,,,.
Phn,,,. K - Zr~ Phi H  Ph--"'CH C | ~C C or
wa@ary7/0e08bi nati on thereof. In another aspect OPCT/US2007/061519
non-limting exanple, the @atal yst conposition can
conprise, or the catal yst conposition can conprise the
contact product of, at |east one 5 ansa-netall ocene,
at | east one organoal um num conpound, and at | east one
activator- support, wherein: a) the at |east one
ansa-netal |l ocene conprises t-Bu 'Z %0t-Bu t-Bu t-Bu

t-Bu PPhi,,,,,, a,np~il Ph,in,..., H" Ph--" Phi r
Phi H~ CIl O t-Bu QFI t-Bu t-Bt-Bu t-Bu_t-Bu

Zr. \f...,, Ph, ,,,,.,, =

Risu0 1Sl P Btiee B~ { U “PBin

Ol

\' , Phu,~ \Cl, Ph- -" cPi.,

c e \scny corbi Pt Tregi eof ; bB’h'Fh “east
one org | um num conpou onpri ses

triethyl tri-n-bu num P
triisobutylal um num or any ion thereef\, and

c) the at |east ohe activator-suppoft conprises a » o any
soinbitagign hsir¢af. oxi de.

In another aspect or non-limiting example, the catalyst composition can
comprisc, or the catalyst composition can comprisc the contact product of, at Icast onc
ansa-metallocene, at least one organoaluminum compound, and at least one activator-

support, wherein:

a) the at least one ansa-metallocene comprises

Ph L1s,

Ph/ H f \\\\\CI

g

+Bu CQ +-Bu t—But—Bu
Phlm, Hf Gl P h/f//,, wCl
~c

h/ "G NE i

» OF any combination thereof;,
the at least one organoaluminum compound comprises
tnethylalummum, tri-n-butylaluminum, triisobutylaluminum, or any combination

thereof; and

c) the at least one activator-support comprises a sulfated solid oxide.
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WD 2007/ 092753 PCT/ US2007/ 061519 46 In still another
aspect or non-limting exanple, the catalyst

W@ 0Wp0%3763 on can conprise, or the catal yst coPQDBES100D061519

can conprise the contact preduct of, at |east one
ansa-net al | ocene, at |east one organoal um num
conpound, and at | east one activator- support,
wherein: 5 a) the at | east one ansa-netal |l ocene
conprises t-But -Bu t-Bu t-Bu t-Bt-BU Ph,m, Zr

und C Ph,,IMJ Phnm,., H, ,,,,0C Ph- Phi Zr Phi
ia ~d t-But-But-B\ t-Bu ,. 9 Ph,,,, SG Ph,
Czr " ,CHvCl Ph, CI "-d or any conbination

t her elof still 4notherasprct peeat lipiénorgardel tharHakstamragiien can
SO py am&mnaomr&%y&ﬁw S of, at least one
{711 Sobut %etca{agsn%nr?&or any corrb? ngtl on % her e(c))f’a caston

md—m?talhtr@nat at|lesst bnOPRSABRANVEGY CAUPYEId; a@@ ﬁ*plleii% e3¢ activator-

su§ H%t&’ﬂ r% um na. In still another aspect or

n ti ng exanpl e, the catal yst conposition can
conpraxe, dre athastamea&rgsatmdehmmcpmﬂ@m conprise the
conta ! acted

actArat

ansa- ne um num conpoun he

ol efin, re as disc N\
her ei n. »aspect of this Tnvention provides ’
for conposi tien PRI Si ng the contact

pr od east gne ’ tq;ged

&Bga- ¥ net-B20 Co cont ai ni ng a pendant

ol ebhp):- LRAcng noi etp,attaah.ﬂf'to at | east one of

tagi enyl -type | nd<'and one or two aryl
d to the bridgi

t hePﬁ'fCCI'

gr oups

, , or any combination thereof;

b) the at least one organoaluminum compound comprises
triethylaluminum, tri-n-butylaluminum, triisobutylaluminum, or any combination
thereof; and

c) the at lcast onc activator-support compriscs sulfatcd alumina.

In still another aspect or non-limiting example, the catalyst composition can
comprise, or the catalyst composition can comprise the contact product of, at least one
precontacted ansa-metallocene, at least one precontacted organoaluminum compound,
at least one precontacted olefin, and at least one postcontacted activator-support,
wherein each of the amsa-metallocene, the organoaluminum compound, the olefin,
and the activator-support are as disclosed herein.

A further aspect of this invention provides for a catalyst composition
comprising the contact product of at least one tightly-bridged ansa-metallocene
compound 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 of the bridging ligand, and at least one reagent that can function to convert the

metallocene into an active catalyst that is different from the combination of the solid
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atom of the bridging |ligand, and at | east one reagent
that can function to convert the netallocene into an

wa@edarwe7eat al yst that is different fromthe cop@i/mst0D061519

of the solid WD 2007/0927537PCT/ US2007/ 061519 47

oxi de activator-support and. organoal um num conpound.
di scl osed. herein. Thus, in one aspect, the active
catal yst conposition can be forned typically upon
activating the netallocene, which can include
converting the netal |l ocene conpound to its cationic
form and by providing it with a hydrocarbyl Iigand

either before, after, or 5 during its conversion to a

OO HVRIRE-SHRPOT (FRe .oagaéma#ummwnp%mquz%@?lewd htgingt Thus, in
log8 Slspe @M1l RAVE NMatal 1R lcomPDsifOR \68H thet REmBB tA}iLABL BFon activating
into an active catalyst typically includes a
é%m@ﬂﬂceflﬁaawhﬁﬁfb\?% Bl &ew inaghe meigHpeengyegmpaund to its
Atk Wbrrh Oad 18y 'ﬁ&@lhin%cl? REsth MGBrochiS]1 Wbl bRE& Sefore, after, or
conpound does not al ready conprise such & |'igand, and
Anrigstiisveangersiaioiepd Atiam thakcaer W%@aqummlmemﬁatmneﬁe at least
I8 LGB tha fe&hcénwe&&h@&%taﬁeae&%ﬂ% SMRA Maliie gﬁn&ﬁy includes a
conponent , exanpl e, an or ganoal um noxane.
icampanes shat phessdestancactivaiehde ligansl wgh ap en @lkod/ tml@é rmtaltqmne when

SRR ERTPSNERS ol 2] ALAPRRLATIII, s ap e
tcormphrentetsgirb odehesreian th somet hl@tancwﬁo bpibrfencti Ctﬂwtan banpchieved with
pr.Qv [ rf

Y LB, LSRR8 PR s e o
amens &amﬁtea;bﬂomdeah dyciovmp Sﬁpadltec aomb@neats Isecs s en e)rganoalummum
ng}gnoa{# rgl]t nﬁ]gr)%: %gogfrlfieeschgr]}cug’%o?lﬁer aslalal'l<§ntc§1 )(;efﬁgta oceIn%, and another
kbﬁmoﬁaﬁnhakmhlﬁaﬁdb&w&wﬁeMbBﬁﬁmhdmC organoboron

]E: ?g&ot d o2 s%%lf:’rg éfo {,] ggabéite}%ﬁt%g ac 1vator angla Ila’uon nq for the ansa-
trﬁétSlﬂ(ﬁt%ﬁb afcotpoaperyh ) bor an Odast t 6m¢)hefgéh6ﬂﬁbﬁ1ﬁb)uﬁb such as
t et r akj s(.pent af | uqr goph | )borate,_that is use
t‘&}?}@ﬁh"ém%a% °t 6?981%6’2‘9 Repsr alf 8?%9?%??9?&@8’@ rfxample, the
Se6RatBS caf R Janeak Waidi m'g‘a‘ﬁﬂﬂ&‘éﬂdconh usldi édpabRNet Miedtracting an
aspect, a diallylated ti | y-bridged ansa-netal | ocene

copeunidsans draus| Bseaetsl é% Suih s ey eeuatlygrephepyboron or

3& BGhrbindl GetRMiR @mmﬁdr ﬁ{&;ﬂ)@yﬁtb ashdt! i Nosed typically in
yl.yamoni umtetra p-tol borate or
Nomb@mth\y]ﬂa ﬁp|a1llwlzgmgt @emazmcg as@p organoaluminum compound. In still
eam)f-hfe{* H@’e@? Q%Xﬂ(}ﬁ%ﬂ@t%ﬁﬁé@%s@-ﬂfetﬁlﬂﬁe Eérﬁﬁ&g'idté% disclosed
forman "al kyl ated 25 netal | ocene cation. Yet another
é@p@@t cgy i deastddorwith i dhrpsted earidic ghetaje [setiviefer] such as tri(n-
LeWI S ac?la uBf NGl Ni otk Cap bﬁrﬁ%ﬁ&ﬁ‘}m‘fﬁﬁrﬁmﬁ tetrakis-

I ¢ borat e ti vat or such

t(pesadngtopherydrvotae t @t rTgRios ¢ pent aalkmb rlégﬂménW) boratan alkylated
t al a . .

rﬁ?tﬁﬁ(]%@ﬁ%‘ n%@l?gt : E’%Jc q%ﬂlgﬁgaﬁgf g];o%agsl fr:]btrgeln ?A@Iﬁ%dbtéghﬂy—bndged
bawaanetijodehe epynpoind et bal bevediddhaith tahleewistacidic borate activator
Cs%%ﬁl%ster en E:ellr Exiud] te%ralﬁysl(;?etn?gluomp lelngf)g rate to remove one alkyl

ligand to form an alkylated metallocene cation. Thus, while not intending to be bound

by theory, it is believed that the active catalyst comprises an alkylated metallocene
cation, and any number of reaction steps can be used to generate such a catalyst.
Yet a further aspect of this invention provides for a catalyst composition

comprising the contact product of at least one tightly-bridged ansa-metallocene
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30 cation, and any nunber of reaction steps can be
used to generate such a catalyst. Yet a further aspect

w@boorlpss nventi on provides for a catal yst conmpOBUS2007061519

conprising the contact prod8ict of at |east one

tightly-bridged ansa-netal |l ocene WO 2007/ 092753

PCT/ US2007/ 061519 48 conprising at | east one

hydrocarbyl ligand, that can initiate olefin

pol yneri zation and. at |east one solid oxide

activator-support, w thout the need for an

or ganoal um num conpound to formthe contact product.

In this aspect, the ansa-netall ocene conpound

enpiEiRe 8t Igasicmgdivdrayiadiyil digewhthat nam tnitiwic el gfirapolyoieedation and
0 . 0 dipenyl -t .

et (B AAANR0 ot Rt BT e 0 % rggpapppminin

enmapnueld tchefoimi thyi egntiacty @m:ﬂ,uc’an dImtthiseagfieconéhe ansa-metallocene

| efi
%%ﬁéoﬁr%?ir%pljiseg A Aﬁe I%!: %lgg L?Pnn 2 &Llr]g% %%ﬁ%%%n%‘pa\%%q ao ﬁt east one of

the cyetppenedicnyl- mpleyh@mls did er thypeargl grquipe-adndyt ab allé bridging

n Iloceebca it alre
%y%x oofgg? glflfgg%a i ta?& ;fﬁt ?Iﬁa]:l %d%/cgcwqglfgaﬁg %hat can initiate olefin
pxd’mmzatm I am. orkBnélgaitmal doinpoxah e/oftd nsabe rre@uddd to alkylate

ne as . th ent _invention provides. a Iy
tc:orrp npre %ﬁgﬁaﬁ ﬁ”sao’?le%hB%‘?ngl 3:? ?a“r,s?)nﬁo? C@ compnses a
b;aimasarbymggahhehamaﬁ adtiatp odmciolpheriadtioneast one

ansa-netal | ocene; optionally, at |east one

or ganoal um num conpound; and at |east 15 one
agganvalimiimomher Lrivaldre activator can be sel ected
indepfndently frog}(1 i% an activator-support conprising .
a sol Il Vi FEPIedPedPIRPe YU cPiOgHISRi fhGriMShgeomposition

ShRibing dr%y&&zﬁ%trﬂoﬁbﬂ{cﬁ twn%ni;ﬁﬁixfg’@ﬂ%%ﬁ%p hfoduct of, at least one
actlvatﬁ support, or any conbination thereof, i1i) at

PqEpety e&?ga%%nalhlm b Jeabteorco prRgn PRl uMimh | Jompeungearst at least
L. HK SRR GPIMTOR tRE 2S5 SRARARR R any

congol nation trher eofd In ano?ﬁ%gegtsgpect gn?]éhrﬂgrféas@ént

i nvention Provi ewcfavqi@r%uppgtt copppisiictd whid axahgpiréasecyith an
the Ca@&tﬁﬁ{ Wr?&l%% g 10ﬁt g?l%h n‘ﬁﬂgra?rﬁlQOH%&Qﬂ%n%(&%’ig activator-
at | east one organ al'uni nu I'ea one

act i vaupppertseippuT tongungrinsghengofi soI id oxide 25 treated

with an elg¢ctro 8‘?@'5]9 onally, an

al um noxangf cog%ll}%ttm% n % I]I%Qd%eg?%nl%agbect t he
present i nwént i @hlemtwc dl@nd)ommcyganobommamnﬁdunm or

conpri si ng; gl%? %ﬁ&%&n OGene conmpound containing a
pendant un atura e y, an-al um noxane

cocat bl ysothearnsppttj thalprasehti watcatios uppoides @ndtalyst composition

comprising the contact product of at least one ansa-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. Tn still another aspect, the present invention provides a catalyst
composition comprising an ansg-metallocene compound containing a pendant
unsaturated moiety, an aluminoxane cocatalyst, an optional activator-support, and an
optional organcaluminum compound. However, in one aspect, the catalyst
composition of this invention is substantially free of aluminoxanes, and in another
aspect, the catalyst composition of this invention have polymerization activity in the

substantial absence of aluminoxanes.
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opti onal organoal um num conpound. However, in one
aspect, the catalyst 30 conposition of this invention

wo soogiotssant i al |y free of al um noxanes, and i nPENUs1V87/061519

aspect, the catalyst conpogbtion of this invention
have pol ynerization activity in the substantia
absence of al um noxanes. WD 2007/092753

PCT/ US2007/ 061519 49 In anot her aspect, the present

i nvention provides a catal yst conposition conprising
at | east one ansa-netal |l ocene conpound and an
aluninoxane In this aspect, the catalyst conposition
i s not ired to conprise ejther an aC|d|c

act i vaPof OIS, RS IR BReRCTH HEVERAG DR, fpGHtplyst composition
cofpiisE@SataletfledficC A daymbabiot®d shpdlin@Xdddiean ANEnROKAR. In this

catal yst co 03|t|on is also not required to conprise
a’lﬁpe&t égﬁ SpiYSS ?ﬂmpos&%@m reqﬁl,mg to &Rpprise either an acidic activator-
BicliPARNRCATROMIIbEt SHrsri R 8EhBRI QI -t6fed$lid oxide, and
ined with any of the al um'noxanes
(%%I‘W r%lal?%gﬁfonam rAlFuRod xicarsyd to dfempGEste dnhergeppaluminum
n‘%ﬂﬁn&onﬁfhﬁét 280 Qf s AHAEIIRESAN %ngbﬁﬁaboscﬁ&l&%ae hBrein can be
o forma _ catalySt conposition of this invention.
combinad, vaRy 2ansal the adlleérnaranes &p@lorﬂasirq@rwls elupgipwm oxides))
Qﬁgc‘fds@d %Peﬂ?eoﬁ%’? I BRiNMHA @fnéﬂuﬁ%ﬁwaﬂgg( aré%lo%d herein, to form a
conbi nati on of um noxanes, and opti ona
a:gta,ly,satcgmpg@pbp@ raf: thg;pmvgn’aqm Y, Fm;thleaymyednmmetaﬁbcene compounds
Qﬁ’gcﬂc%@&l +1é/re1na%a OBe e&ﬁﬂ@lﬂg@ a*QJitﬁ %%5% ' Mﬁﬁﬁ’ﬂox‘%ﬂ@ PQL tCO bination of
opt 1 onal east one organo on compound; nd
@bnhmnaaney,, and dptiasellore estgatmioppen; optigrodiyd a layered mineral,;
f cat al.yst |nven 15
Kﬁb Eﬂr}nh%l xaﬁd}als léﬁee Xgﬁi}%g%l%e%rggg&? 3 h&l él y %mg{ﬂ(% araf:%ylleaSt one
@hymbhmnn@mmgewqi@ndopmgwﬂgamuﬁmnoman@amﬂihﬁc@0@@ﬁmmLtofbnna,
%&§I g&nco (%p&ﬁh%lﬁrgth%Plcally contacted with the
monoxanc in FEF hydr ocar bon conpound
sol venfkhlrrnﬁmugas areyalse rvferred Whiag poly(hy driabsbahbiualihym oxides) or
i nert fo.the reaﬁhan S, iéhlgnedlates and. gﬁoducts .
SFEPREIIR R o I oRAlyShECHRUFIITHE SRipalfy) sprtacted with the
@Qmskiﬂcﬂﬁ af atuRdd hpdidehhoRRBAPous @ Bolkents ﬂiolugﬁ gl sél¥ent which
known to those of skill in the ar

t hg
he mgﬁﬁbmmﬁaffh@r TEAPPEG: (TSR Fishproghoipiof the activation step

&ah deYisded C ONAROGt LIy ON iAo ddEorl mrhfbd%e@hg ﬂildﬁxtlérg&n be collected by
being . isolate

poIK ri zation reactor W thout ILn

EJEPT GO E10l HHGRARS T GREGUIE t3F POHPE e Ko filfragian, or the
icata®fit @bmPOIREN 6an Bé MTIHEEE ﬁff@%@?@lyﬂ%ﬁ%ﬁidﬁ feh8tor without being
al um noxane compound can conprise 1inear 25

dsol#fedures, cyclic, or cage structures, or typically

m xt Urlﬁ%n@fasﬁédt {lﬂ%rﬁ&mr@(ﬁhé ComBbi BOUAD & eRABRYIYS oligomeric

havi ng the fornul a:
aluminum compound, wherem the aluminoxane compound can comprise linear

structures, cyclic, or cage structures, or typically mixtures of all three. Cyclic

aluminoxane compounds having the formula:
%Al—o‘f
| n
R

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

; wherein

from 3 to about 10 are encompassed by this invention. The (AIRO), moiety shown
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n R ; wherein Ris a linear or branched al kyl having
froml1l to 10 carbon atons, and nis an integer from3

wo eooalogars3 10 are enconpassed by this inventi onPCTN82007/061519

(AFRO " noi ety shown WO 206¥/ 092753 PCT/ US2007/ 061519

50 here also constitutes the repeating unit in a

I i near al um noxane. Thus, linear al um noxanes havi ng

the forrula: R RA-0A n RR; wherein Ris a

| i near or branched al kyl having froml to 10 carbon

atons, and n is an integer 5 from1l to about 50, are

al so enconpassed by this invention. Further,

al um noxanes can al so have cage structures of the

hefenalsa mnstituiesRihe, repeating| umdnne livser ellyminoxine. 3 Bhus, linear

ﬂlu@rﬁgoﬁaﬂéhzwﬂf‘il{e?ﬁ)muﬁp( 2) + no(4); wherein nA (3) is
the nunber of "three coordi nate al um num atons, no(2)

is the nunber of two coordl nate Rxygen atoms, no(4)
is the nunber of 4 _nﬁjk {/gen atons, Rt
represents a 10 term al| g\(oup, and Rb

represents a bridging a \A/ﬁ?reln Ris a
linear or branched al ky haV| ng f’rg M 0 10 carbon

R 8TBunch P vraBL A DRSPS BOeP of B ERER FnBSRa Pl h intogor

flhm 1 ltckéqoumﬁe,rae alsb I&acd?ngx@etpby ¢hi§ jmzleﬁ'aéﬂ y ali near or

branc al kyl such as nethyl, ethyl, propyl,

but yI l%eg% E‘%‘B X‘%‘S&f/f‘n Q\kﬁ% 81 6‘1%1"10915%%%? H%ﬁ ormila Risy+oR

w&h);,@g,e nb&eﬂ:ﬁn mnisaj 6f 4fandng, list=0 n@RPUko30r nbd , Osﬂﬁerem rai3) 1S the
noxane conpounds of t

FiRoBR Phtes,teiad ateb {0 4400 ey o (BomUmber of two coordinate

oxfdeyl abing] ﬂ@(X)ai@eﬂleQIMeaMm%&ﬁﬁﬁate _oxygen atoms, R' represents a
um noxa i so- propyl - al um noxane,

%”E%Ra\? LHYE BT HBx & treawwtamhﬁ%&ea#&y group; wherein R is a linear

Sﬁﬁrabbﬁeﬂaﬂbﬂﬂﬂaﬁﬁé% 11t890 daonl AbHEl noxane,
pent yl al um noxane, 2-pentyl al um noxane,

3 pent P, | AR ReRaS can 1y Tegtrsprind predreity htermeylas such as (R-Al-
8,0 PRl URIRLO %88 She Ol er&ﬁt @ng %Jaﬁ? eig %é@h_l/ % linear or

or anoal um'noxanes wth different type

‘éfraédéﬁi‘i]c@nﬁaél&@él suqhyas wwethyt, eesleyit piopyk ﬁ’tubdnpemfﬂt h;/ hexyl wherein n
Ml?oi‘@?@seﬁm ring %Q%/ I th UM BOXBAE: 6” ilf Ot ¥ bodiment, the

al um noxane are opti onal cocat sl ySts Usé
hmigeiaar y semp S|0tf i ns ofventivrs inichadent bun areThmﬁe hrmted to,

ALHONARGIET € BibSRALGHKERM T TRLIMAALIILART  iso-propyl-

aluminoxane, n-butylaluminoxane, t-butylaluminoxane, sec-butylaluminoxane, iso-
butylaluminoxane, 1-pentylaluminoxane, 2-pentylaluminoxane, 3-pentylaluminoxane,
iso-pentylaluminoxane, neopentylaluminoxane, or combinations thereof.

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

No. 4,794,096, which is herein incorporated by reference in its entirety.
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25 triethylalum num or triisobutylal um num
respectively, and are sonetines referred to as

w@eioyeEshyl al um num oxi de), poly(ethyl al unm POMUS2007/061519

oxi de), and. poly(isobutyl Stal um num oxi de),

respectively. It is also within the scope of the

invention to use an alurninoxane in conbination with

a trialkylalum num such as disclosed in U S. Patent

No. 4,794,096, which is herein incorporated by

reference inits entirety. WO 2007/092753

PCT/ US2007/ 061519 51 The present invention

conte | ates many values of n in the al um noxane

f or nulThs I(TRSCAF igyention fentgomplages apany roluey il 1 yiithey glyminoxane

fbrhéna%t %Sé) ARRMIR R -ALIOVRYES | arﬂﬁ R?[S’[@élgg nu@@ Mat hzwl_,t about 3.

t he or ganoal un1noxane is prepared ore used

However, depofding epom hasv (e @rgen@almnﬂxan%. lsSnrﬁ@ﬂrréd <HPRsfeand used,

e AN POXa0CHe JBHaBil Wittn S SR gﬂ:‘ Qrbfoiclummoxane and such a

organoalun1noxanes are conprised in e met hods and

cmmbmgtmm of srgaphaliminqraneere qom-“e'rﬂed dm the methodp and ggmpositions

P&w %L¥§Re3 osition of this invention conprising

an E ronal un1noxane the nolar ratio of the

al um mlmp’reptantlg &manm“mamsttmntdféhmnmmm@nenprismgt gmeoptional

]%%POSI L o eI Roldr ya%% ! timg %ﬁ]ﬁiﬁﬁ&t nt]ﬁégh 8? to the metallocene
n-one ano her aspec

of tﬁdﬂeorabmmmum usvatlpefrah ubioniok ailﬁ)etot dauhé OMOQHI ob“e peec another

in t co usuall m_abq
ig’,eﬁggkfelfn é?n?g :t}te %11‘1 St ona 'ﬁa lﬁ%’xﬁé?( gonéhea %It%gnggne in the
aompbsiﬁ&ﬂi iig atuadly fodmeationt énl mmbﬁsm ]Iﬁ O(Bﬂ h d Ireﬁtmgeumf of optional

ut 0.01 /L t o .about onla

Pl IR 160 TTROH 61y G SoBLE ML R kg of sbout
D@ 1MBH. taabsﬁtgmaﬂngm N@xang®ut al be/preepadved 10y me/L, or from
varlousgﬁooc ﬁi gﬁ;fh are well known in the art.

Y noxane preparations are

di scl Qﬁggnéd]urhjin%ane?&bﬁrﬁe Papared, BAZuEAR @odedures which are well
4, 808 each of which is iIncorporated b&pfefereq
kapwnin thewttt Exgnplos of greseARlvBYANMING PETPAY{Ra ATe disclosed in U.S.

phisnt 'T\_Q?&a@e%@q}@@ﬁl&ﬁ%@r%@ cct2of Wiabh @¥gncoWireicd by rcference
which'is di'ssolved in"an”inert organic solvent, can be

hewin.da i ertiaty- 20nalcumPRITRRRY| TCHHEBINES G&R bgspfepafed is as
Wt $ OB MVhRR 16 8RL616Ed ﬁf Qzﬁﬁfé@ﬂ (H*Qluﬁ@ %@Rent, 6TBOHAGied with an
e not inhtending to be bound by this stafement, it
ipbihiabine glat] tchapopkd suchs At AR to Rehder dasiresk prggoajuminoxane
'Z})%ﬁl_?]ﬂﬁﬁd ofyRRL bt 1ﬁtgx?cﬁg%?<29e %)S%If\ﬁ& bG thiBsBhentdnt, it is believed that this
noxane speci es, are enconpassed by
shmtheiinvimathiodn can Affeed nat imvetuye  ofr patodingst rodasselic aﬁR-Al O)n
ed re fa u n
S5 GRAE L RATED AATH 2 SRR o
aﬁdmnmm&m,fca*gmoalumnanxanea ean hmrg@naltcdslm V@ntﬁ.lg an aluminum alkyl

compound such as AIR; 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 ansa-metallocene; optionally, at least one organoaluminum compound;

and at least one activator. The activator can be selected independently from: at least
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O ganoboron and Organoborate Activators As provi ded
herein, in one aspect, the present invention provides

w@2@angd7gst 30 conposition conprising, or a CBEBU§ENT/061519

conposition conprising theszontact product of, at

| east one ansa-netal | ocene; optionally, at |east one

or ganoal um num conpound; and at | east one activator.

The activator can be sel ected i ndependently from at

| east WD 2007/092753 PCT/ US2007/ 061519 52 one
activator-support as provided herein; at |east one

or ganoal um noxane conpound.; at |east one organoboron

or organoborate conpound; or any conbination thereof

o&@mxtldawsyppqrh ap peovidaddireins at %é“p?@s‘ﬁﬁ%nqah%ﬁﬂ‘%ﬁ compound;
hleea{i‘t one %gé fi‘cc;r' NS Ichbo?zﬁQ &)%mo%ﬁ!ie@ﬂ; eglyf EmbiAdtion thereof.
tedst One gano oron conpound |'east one

Amgnmmgh»r at ene esptied the Ereewntan@im@iﬂrth@ iab feagherepftivajgy can be

%‘1;& geicvg 34%%{: § e & %gn %ec!anﬂo (? i Q8 &{e%fgﬁﬁﬁ’moﬁte compound,

conprising t’he contact product
6ﬁaéﬁnﬂmhnﬁhﬂ&ﬁaﬁansa net al | ocene; at | east one

or gangtagrﬁé‘ﬁxﬁg Cor‘(r‘g %ni;gd re%ént mvgltltltolqp %rovnées a catal¥st composition

activ Sing-a SO OoXl
wrhlbhsaﬁ\g ethe Cédraet V\pﬂoﬁdctamf rg kastoone amfaamtawby at dpast one

boron or rate co
um{rﬂlgl ﬁP’é’§8H?‘{’gaﬁ383r§ ope actrné% ?Hg 0 Cac{ng;fr?ﬁ?é Qesﬁhd oxide
ﬁ@eﬂ@& Sivith Ogh CEGRFonSiTldrhréhoC anfoact andr egtiotallf : aratorganoboron or

nla%gmﬁ oa[] % ﬁg‘g??%ﬁ'gts tall 0 }getrg;sp%ﬁ% n‘&%gpg% Co?%v%nﬁon %rowdes a catalyst
S5 EFRARA otnprEagatiad )baﬁt,actalprcﬁfuganﬂ‘al i leasn cronpesmdietallocene
and optjionally, an activator-suppo b, In this as

|°

P%P@H%?g}gqm% B%’? anf) ynsadury AL OTERIO @8};9&(& or%anoborate

BhcaBftdty 84 QrgatleBRMihumlGni¥tinan sdd G?tlaﬂldlljz@ aﬁetcami‘fpt}skmbort In
di scl osed hereln can be combi ned w

th
6?1@ BIRSBlb thmCHRlySt cRIRRSEIH '8 10b é%&uaﬁeg#g? $otieSer 8 ggtivator-support.

gedr[} REaAEYEnE QORIpBaLH AlicRked BEGANBROHO RoMbined w1th any of the
ano orate cocatalysts disclosed herein, along

arEoolyOme T QEARObORH FOEREIYEA GBtiPhRt ABTCE| P ARY Sigination of
?i%ﬁgbo‘%xﬁ( LndboRitd g@calta]l Hils&lgsctcf‘l?cr@ﬁt RlohS &AM corfifdhent that

ne compound does not  al ready conprise
guofdea ah |agia\mﬂabl<sh@dmd auctors 20 lod ga hpdideigtofic lpcene, when

ot goe{cdrﬁo"é‘e el n%gﬁndz 9%?2118{ Q8 yF%ﬁlBﬁge sEeRY aaﬁ§§1d such as an

0CeRe conmpounds osed herein can be conbi ned
wrgdnoalmmlamowgapmbm dn form ®rcgiatish sompestiveat Hpyher, any ansa-

%{cﬁggeggorﬁ&@ngfpo ps[cmg,&' Fl?rem ORI B, {b%ﬁl}ied Hitn! a%?%‘h &%‘ﬁxoboron or

I Ona an acC vat or suppor
fo@galﬁb‘a)rﬁﬁt aboasdlystp rpoetgahariuminung hicsnpawadntapianally, at least one

Bl e S5 BREBE G FRAPIYEL S URPEIA Bhmpcstion o
@kis @A ganoho b eewppairdspeanthe Gmteaymtdwmpoaslpe@tf thistihgention is
%gﬁ%%%tllgg’%% ﬁfc' Ig{:ﬁlag{))t?q%{}n tpﬂ Iof’g'ﬁllgo orgte c%pnp%uf{a%, 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
boron compound, a fluoroorgano borate compound, or a combination thereof. Any

fluoroorgano boron or fluoroorgano borate compound known in the art can be
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substanti al absence of organoboron or organoborate
conpounds. I n one aspect, as provided herein, the term

w0 eoogasbdr on” conpound can be used to refer POI/US2007/061519

neutral boron conpounds, bdéBate salts, or conbinations
thereof. For 30 exanple, the organoboron conpounds of
this invention can conprise a fluoroorgano boron
compound, a fluoroorgano borate conpound, or a

conbi nation thereof. Any fluoroorgano boron or

fl uor oorgano borate conpound known in the art can be
WO 2007/ 092753 PCT/ US2007/ 061519 53 utilized. The

term f 1 yor gor gano boron conmpounds has, its usual ,
T 16 SR B S e RO RN CCORDBIASR> VR Fseping to refer to
B¥airal TdvenpgcRinds bl W ERHOBNG. UDliateemCiosdnd bsite BéSipound also
i,t s .usual . neani ng efer to the ponoani onic salts of

t
1 15 ov58 AABII80 1 Ae1eE SRIBR ORNIORE FelisypL @ Huoroorgano boron

[coaipbed tif B4 ] formWhRtien BB, 65BAL SY arebldd@iits N2 trRErinated organic
organi ¢ 5 group. For convenience, fl uoroorgano boron

SHRPIY | LRBr 08 ARe o ST s BRdsNieR 8 ch Flsoropygsinediorgte compounds are
regbiedl el fdrRdosl doBEEHWE) Yy BYzAbB50RRBADBLATBP U? d&he:Hame as the
by either_ nanme as the " context requires. Exanples of
FPE@FU@H@%%%_borate conpounds that can be used as

cocat glyadpied d&F fiudISolRhRS Bitatd CDHEHUNAE 1Haf Eétygﬁuseﬁ% c?%@calysts in
not limted to, fluorinated aryl borates such as,
[{;behp@p%ﬂhmr@ﬁmmﬂpg@ﬂ but are not limited to, fluorinated aryl borates such as,
e Bk it or . ‘ ' | car bani heni
e o oShanu Py har 2y Bon AR ©2 Al Barbenium
tetrakikpentgfiurraphanybbprasny lifisomattetrali(Nentafluorophenyl)borate, N,N-

Rt b 3 s PR S BRPY Ryt riphenylcatbentum

tetrgkiind byt s(trifdworomethy)phenyl]borate, and the like, including mixtures
[ -biskirifluorenet hyl ) phenyl ] borate, and

R B ahley bbb RE R ot AR ] 2B BB S cocatalyss

fih tor wesapa moventivorindody dunds: hétdimitehtd) eris(petafisSorophenyl)boron,

Q l.ysts 15 i resent invention include, but
S8 2 e Sty R PR P B s R B Pares thereor.
tri s[ lthdaigh (ot iftctiding 1 o yHoupt &yyht FoNGRingaRBortyNthese cxamples
Ii?@, includéng n%ﬁt res ther%Pf. Al t hough not
Oht SREREF T BE LB HU P 18780 PEFIh 6B HE 0PI relpfed gompounds,
axatiplgs 1offofthUuvarigenedipenial eadnth {heo cORbHERA R bAANometal
c&ggoun S, nq_r%{ate conpounds are thought to form
CORRRYRAS GHPaFIAsAT Y SaRrtehis-dh2R8% onbi ned wi t h
or gan@eRkallly, 28y CARBMNES or@hobbal 8sBEoUHY bhiSbePRIBRAY in this
5,919,983, Cenerally, any anount of organoboron
EOFteRd EaRnperspest ithedqlar £3ics of ithg eRganphorgm cempound to the

AsRADcend RAnPRhAl Rlhd Binpbligiof" BARARBP BB YPOURI b8t 10:1.
the. netall ocene conpound in the conposition is from
diysiselly, the janpeyms ipd the fiporoorganmbergn| gr, fleereorgane Moras¢ compound
LB&t dd HESQRONHRTEr BRMAGaRbcchb HOLOPHAR0 O f B L6 R AP RIS o about
25 used as a cocatalyst for the netallocene is in a

r Ariglenef boromcapmeund psr meleof metabloogne compound. Tn 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.
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10 nol es of boron conpound per nole of netall ocene
conpound. In one aspect, the anount of fl uoroorgano

W eooa092763 f | uor oor gano borate conmpound used asP@I/US2007/061519

cocatalyst for the netall d¢ene is in a range of from
about 0.8 nole to about 5 noles of boron conpound per
nol e of netall ocene conpound. 30 WO 2007/ 092753

PCT/ US2007/ 061519 54 The Optional lonizing lonic
Compound. Cocatayyst In one aspect, the present

i nvention provides a catal yst conposition conprising,
or a catalyst conposition conprising the contact

product of: 1) at least one tightly-bridged
Ek%@pmﬂéwféé’éﬁém&’érﬁﬁwwné&?ﬁﬁ@isﬁg an

ol ef i fj; coft %k;:;gc@g tRe "DicCint RARHARGH tHrodicRY el catalybt composmon
opent adi enyl -type |1 gand and at | east one aryl gro

bonphésing, tag a ¢rsallysti NPRFItATOPATAITISIRE ther GG @rwilgg‘»a ﬁé‘f 1) at least
g | abSThRAL CAMRA contai

Gy PGP g SR 0AE oSG TR i
ﬁnmtj’l eondesiplect pyctlhleﬁmﬁ@mmmbm oy grlewst gas agyl group bonded

tgpy%}’l gli%gp%%rﬁl 3P &% dif &%glﬁ% éﬂaerfj Ny aﬁ)tfb?ﬁﬁ | S{tNGeast one

Ionlzing 1onic tocat
afgdndsalmnmm tchepeoudd, @tché) at mapbnamastlvatmm@sclﬁwdohﬁéem In

I
GERGE. bl 157 RRERS BT LD BHERLIAR o fscion

1 ont z
ngrein)esmpagieg bn ophenaj atnalzynghomc coppsind orvatdlysthm gddition to these

i nventi on hav nerlzatlon +af t|v
g%ggc&mv«?rﬁl E[_é[g RYL> or}e aﬁpgl hgelcgm%lst gg négsqtuan of fhxs invention
& dubktadfiglityhfee @ padkingtibaicpoagenhds, andrit |a¢mthpr evpetg ghe catalyst

cat al ys osition rising at |east .
LR RETR T TR A G-
be ﬁﬁﬁmﬂ? onfi @ Bbrah SehdsO Th Gitill QRPN Aol diicapresdnt mventlon provides a
Opt i onal | Yy at | east . one .activator- SUﬁﬁort and

isia Yé‘h%qlgpsg%oq cé)é%qns&%atolpbsé ABS ARG 88?Pﬁo(i?ﬁg)ound as disclosed

EXRIR! 8S1ea@f 0chONbHiBE i CobRHIRLA NDcatayst]i sicantlg atnleast one
U S. 'Patent Nunbers 576,259 and 5, 807, 938. An

a@tmazq»rnsgxpp@m anCoptipmaHY af easroneoERNASHB B PR afixamples
05‘3' qgﬁlkﬁg {Ric éon F&ﬁﬁf‘ GfRe afisblovtd Yn Qj st paicaaNlSdrs 5,576,259 and
|

osi Ti on. e not bound by theory, it is
6éﬂﬁév§d that the ionizing ionic conpound can be

capabl g %mﬁlﬁgclbhﬁgc%{;&rﬂdh% ariTeS:Ak | RERIRENE GWPRHNG N function to
and. converti| e ne | ocene Iinto a cationic
wehaick oTEiNgy Qfoﬂpao anfelyspgamposifiph| eWidle nef &awRh Pyt theory, it is

hgveldngnap Xhé gg Hizie. '15n1& ScodfoufY €Gnt BAlcahle b0 ?éa%hﬁ% with the

IC conp unction-as an 1onizihg conmpound
cmemﬂche:bed: yompomﬁi pad tdoavérying xhe anttilingene iatni » pigonic metaﬂocene

%andﬁct X %{n? \»)fnlae quntel’lgllng 6[5 i b%UTY_%Wg tﬁ@cﬁ? ﬁqg BefSved that the

romt cene ver,
iiemizinignignicotdmpamadpoun furicsionarss an ionizing compound by completely or

partially extracting an anionic ligand, possibly a non-n S_alkadienyl ligand such as
(X% or (X%, from the metallocene. However, the ionizing ionic compound is an
activator regardless of whether it is ionizes the metallocene, abstracts an ) or x4
ligand in a fashion as to form an ion pair, weakens the metal-(X>) or metal-(X*) bond
in the metallocene, simply coordinates to an X or (X% ligand, or any other
mechanisms by which activation can occur. Further, it is not necessary that the
ionizing ionic compound activate the metallocene only. The activation function of the

ionizing ionic compound is evident in the enhanced activity of catalyst composition as
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activator regardl ess of whether it is ionizes the
metal | ocene, abstracts an (X3) or (X4) ligand in a

wo aghioga1sas to forman ion pair, weakens the neCHUSI0K)/061519

or nmetal -(X4) bond in thesﬁetallocene simply

coordinates to an (X3) or (X4) ligand, or any other 30
nmechani snms by which activation can occur. Further, it

is not necessary that the ionizing ionic conpound

activate the nmetall ocene only. The activation function

of the 1ionizing ionic conpound is evident in the

enhanced activity of catal yst conposition as WO

2007/ 092753 PCT/ US2007/ 061519 55 a whol e, as

& Oihole: @8 compatedcin eyt eRmRRRTIHITL FPEAIE FRiHYSt composition that

G&Hs@loY SdmpRIPAS! ibhRhd Baic c&&@ﬁmaot conpri se any

I oni zing 1 onic conpound. Exanples of ionizing ioni
conpoﬂﬁ@rgpieﬁ @f igaizing forde compoundsyincligle; gut efpenot limited to, the

nd t ] ]
t Bt &’&\% rt%)p 0 HQ% Hi(nldutfl ?arﬁfﬁ‘i)}ﬁu}r?"f;@ﬂhw tolyl)borate tri(n-butyl)

borate,” tri ) amoni
smmoaking ( m ttetrgflhys(hrm&dy@bonatq, ( n- tiu(wbmiﬁﬁmmqmlm tetrakis(2,4-

é%é&%ﬁgﬁ%@ );éo{ja'tém t%@ﬁ@%&hﬁ@ﬁl%e tetrakis(3,5-dimethylphenyl)borate,
winrlaky EBnBaidmet hytepHGsp3-bisttrflsoromethyDphenyllborate,  tri(a-

bl DAt TR b pmisSuoraphetorste) o, NPR-imsylaniliniam
teiralrisimmipibarates et Mklrchﬁwérwaﬁhmunophea*ugak)sﬁmrtam)bome N,N-

PRILAT PR SLATE R BRSO N ipeyantini

thtmaistg/b'alnnbmylphnnymmmﬂe; NEI-(&H&thyéamyﬂuphe ttaking? At s (trifluoro-

NN dgg)?l sé t%g%: ;rg{%‘ﬂﬁ%ﬁ(}}’lf’%%%{‘% tetrakis(pentafluorophenyl)borate,
Nlﬂﬁeﬂymfﬁﬂbbﬁﬁlﬁﬂl | i totrakeis(petolyaios4td, 5- bmpt(dnyldathmimﬂ tetrakis(m-

bl ot Lt PSSR ot 2. Ak R ospulapegyhborse.

treiHea: ]!cﬁl(bléniuﬁ{ yl) H@tﬁ“ﬂhﬁ(s 3 dinplieylph&alberni¢)m  triphenylcarbenium
tetra IS n} tonI) henyl car beni um . .
tetkakisl3.e %%I%t e, 15 triphenylcarbenium

EJ&aREWké}ﬁfo?@ﬂHcHWE&ﬁfcam &by Irmei MRbLBNMsghemylbdiaicat eropylium

tr| henyl car beni um

askmstptyl)@ow%( t EPRYLGR o A HE phéimptipipheapbborate,  tropylium
Eé&dﬁm@x'cﬁﬁeﬁ?mh'éﬁ%ﬂ)ﬁ&a{eakl S( PEBbAlHOr 0phesy iifesatiSetrifluoro-

tropyli'umtetfaki s(p-tolyl)borate, tropylium
p@ﬁh}d}ﬁhg{lyﬁlbqyaty; ) bérfoa)ygum r oﬁgﬂaikmenta uorophenyl)borate lithium

k&t &%&1@ %H&g?ﬂ%ﬁ&e NthihBP E&%&qs({;ﬁ&@ﬂbbﬁéﬁ@ lithium _tetrakis(p-

tetra ,o-dir phenyl ) bor at e ropyl iumtetrakis
PﬁyEb@KS%trlfMM®n@ 20 ﬁﬁ@ﬁyb&ﬁh@ﬁ&b?%@ratehﬂFW@pyl|@ﬁ¢ﬂﬂ%24-

or | [
étﬁg 128 %%ﬂﬂ,f Q‘{tk 3 or %?%g%l ) g%%agis? 51 dlﬁlgjcl-&?%henyl)borate lithium
tmafmbf@(om%nwd}mr@ﬁ&lsdpﬁnhﬂumopécmé)hoge(tg sodium tetrakis(phenyl)

)b
r%i%( ng@&ri te!&f‘a%%(]# %lkﬁ{)&% b%?%‘tilgl y*&@ﬁ{sﬁ%ﬁolﬂ)‘b&?ﬂté’,m sodium
lt@t'dkm@ 9{d3m5’e}'drilp1‘&hw)bqn’am;1yl Ysbdiuat e, tdtrakis(3rrdimethylphenyl)borate,
tscé 1{1%{(!t§t??§glm?é€c%rg%r %ﬁ‘?&ﬂrﬁlb eltrgigg(pent éluo%:ﬂphenyl)borate potassium
t@tdkad(pisdnigheoipte, Aotdretuat e tetfbdki(pHwlyl)borate, potassium tetrakis(m-
Inglty) %age% Pﬂ%tga}ls%rgl Bt%{rg{dg(g,li—g%%l%ﬁgrlphenyl)borate, potassium tetrakis(3,5-

dimethylphenyl)borate, potassium tetrafluoroborate, triphenylcarbenium tetrakis(p-

tolyl)aluminate, triphenylcarbenium tetrakis(m-tolyl)aluminate, triphenylcarbenium

tetrakis(2,4-dimethylpbenyl)aluminate, triphenylcarbenium tetrakis(3,5-
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t et raki s(2, 4-di net hyl phenyl ) borate, sodi um
tetraki s(3, 5-di net hyl phenyl ) borate, sodium

wo edorapid7edr obor at e, pot assi um PCT/US2007/061519

t et raki s(pent af | uor ophenyl pbhor at e, potassi um

t et raki s(phenyl ) borate, potassium

tetraki s(p-tolyl)borate, potassiumtetrakis(m
tol yl )borate, potassium

t et raki s(2, 4-di net hyl phenyl ) borat e, potassi um
tetrakis(3,5 30 di net hyl phenyl ) borate, potassium
tetrafl uoroborate, triphenyl carbeniumtetrakis(p-
tolyl)alum nate, triphenylcarbenium

c{l@@ﬂmkﬁnmﬂ)@bnwa)‘cal mﬂhﬁ@yléarbﬁmwph tatpksfpamtaflugnephenyl)aluminate,

MRS ST TR SRR, itpoiggtminace, twopytium

t@@k&@%dﬂﬁ@ﬁﬁ@h@l}’%ﬁl@m@t hyl pheny itipayliminat e, tetrakis(3,5-

N )
%gegmé(ngggﬁn_ lftl%nr ggﬁglu)llrin e] aklsﬁ%etnéa’ﬂuO{ phen?rl)alummate lithium
tb’ealﬁsﬂpiesf(aﬁubtdpybﬁ)é)aﬂmnmatee 1ﬁhmpy| itettmhs(phenyl)alummate Jithium

. | | t
GBI St MRS BrealdsMa i lurpipage lithipm tetrakis2.4-
diﬂteﬂ@tplse(n@lﬁhm?illmt Hithjnhe n&hﬁhﬂs%-ﬂ&hﬁ?y?ﬁ&pﬂb&émtﬂnate lithjum

aki entaf | uor g en | ) )
SRR TLREN R | ot BRony I AR Borertiey tifuminate,  sodium
tb‘eﬁlﬁmf!hsﬁﬁblﬂm’yil inl)aasl lu@d)diﬁﬁ\te te‘ﬂrilﬂ'_htbﬂp_umyl)alummate, sodium tetrakis(m-
t raki s(p-tol,. u e, |1l I.um ] . .
pERRREER coffr) SRR sty Dmingte ol tetrakis(3.5-

dlingetyylplhbapiiadtelm nat goditint hi UMetrafluoroaluminate, potassium

t%%%l{xaéeﬁrgglagqo%h?qyglaén%gg%{g %lssl'{lrpmr]cgtgﬂaekm(pilenyl) aluminate, potassium

teRdlt t@(}ﬂﬁt‘ﬂﬁrﬁfnb’séo r opfeaghubh@l UrkbRati§m-S3ghMiininate,  potassium
tetrakis(ph enyl) alumn ate, sodium

et S p by phyghiiasts; sodi pRTasEEMaki s ( nfetekis (3,5-

difletlyl S ajl)bRdlifate SOBbMBium  tetrafluoroaluminate,  triphenylcarbenium
tetrakis( 4 dlnethy fhenyl)alun1nate sodi um

tflé@?a@”ma@uorebwépw pRlkEnagni nat e, sibysdi urtetrakis(1,1,1,3,3,3-
Hokbfi %?gﬂjr? E)gélgw%xga‘gél f‘?ﬁ%ﬂ%r tetrakis crﬂuoro-t—butoxy)alunnnatc

.-\_.)

tetra um nat e, tass rum
qr@pya@rrg}:(%ﬁmyhgtrgpﬁ nilaweeer, ﬁ@sgmm ionic compound are exemplary,

c&lgttﬁéEJIﬁ%I b y}:% qug%xgt hﬁ%é‘ﬁ%&é{% the present invention.

tetra um nat e, potassium

tetrakls(z 4- di et hyl phenyl ) al um nate, potassi um

fﬁgé ?* 15 di net hyl phenyl ) al um nate, potassi um
40T A unlnate tri phenyl car beni um

t r | s(]21, @heg 28pent péfthis aneditiphe nubdtidatedr eattamisndbe are useful in the
H‘T]b!e%l/(n\ﬁg ﬁ%lr%%)llr arléc Sé%sa\ﬁ%ﬁ ctataf)éﬁ ﬁwgflgonb Fm% PIQrgsses of this invention
ihduda blé’@mﬁﬁomdmhdwﬁglﬁ@ﬁg/@@uﬂ Pt albant 30@artdnyatoms per molecule

|nat|o t her eof ese |o Zi i on
ARG o1 doBf i oE itk 608 oRhE Miefon® encompasses
HoeraRyYteriZation thrddesics Ql@mtghsﬁéﬁg]@ digfid hﬁ:hﬂfs%‘ﬂ%ﬂéne or propylene, as
i nventio 2Q The A efin Nononer |In one aspect of this
Wﬁ% BhEPRAMYmEHEaogTeRelpos wth afnleastiomsditfprent elsfigic ?Cﬁﬂpound In

doeaspRet Y0Tes | opblyRitrREO6E T88RioN bP £Rf1ale) Sdopolymers of ethylene
conposi tions and processes of this invention °include

COPURIsE & HHRIUHESUHRE etykre rad sueleparesnaband agwinor amount of
R ROh A LBTEMBR pF B YhSugh this is not a requirement. The comonomers

that can be copolymerized with ethylene should have from three to about 20 carbon

atoms in their molecular chain.
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25 and having at |east one ol efinic double bond. This
i nventi on enconpasses honopol yneri zati on processes

waigin®oassi ngl e ol efin such as ethyl ene or propyl/@sm)7/061519

as well as copolynerizatiéh reactions with at | east
one different olefinic conpound. In one aspect of a
copol yneri zation reaction of ethylene, copol yners of
et hyl ene conprise a major anmount of ethylene (>50

nol e percent) and a m nor anmount of 30 conopnomer <50
nol e percent), though this is not a requirenent. The
comononers that can be copolynerized with ethylene

shoul d have fromthree to about 20 carbon atons in
t hei r “Moicisysysiicapply syclipgenmingl @opimtanal, linear, branched, substituted,

Bﬁﬂﬂéﬁ%ﬁ@& / fgﬁél'c%'n%l1ze':li7 aﬁ@ }‘18}1 'fﬁnctﬁ%lrﬁié%eﬁqolgﬁn %n t)? F]Elpgoafed in this

termnal (a), internal I near
imsntion; Far expmplaniopicehensereated aothpnonds uhatcctand:mqidlmelnzed with

%@&{tﬂ st%q{f h. i ﬁ{)@ﬁ%}{qgclh&]e b Sre Ven%cl?(g 19, p&‘%]?,ylﬁtg, 1-butene, 2-

exanp pl ca sat urat éd conpounds
bme Iwl-bhtene, haotnlaxlalhq; dteentdnet Rifenicne eBvimdliyl-1-pentene, 4-

GBS el 3008, 1 50, WS BEEPYL GRG0 D, -

hcpiem e:rhbc;pt&ammﬁolur helpit&th betvacs, 4hc farir iptmdl-RRBh&) ehe five normal

- n --h ene xene, et hyl -.| - hexene, . .

%‘ %%éﬁe%e %ﬁl gr?:ély qg’ohglbtn&(ﬁg A"F%{?é’ff oﬁ)’c)i}‘?o?’?ﬁalbmy“’hc olefins,

mlg;heg ;butiw lfrmtﬂd mocymipeﬁtﬂmemloﬁe&%é hlhiﬁﬁﬁ@ﬂ@i}?é , norbornadiene,
Lure n nore thereo

e R, BOERED B PEOTBrr Ry o Rerdolis but not

| i mitéal dne, a@yc‘tl &ﬂﬁﬁt&ﬁ@olﬁm& ehexsnd, IOMRAbME @Rflene can be

norQornadl 10 and the_like, can also be

P78k A HESEPTYRE alboRetheaen 28p@elSs afifen camonomer

mpmeym dré mdegirhied] td, heopPBAKTET-batdRY! enfitGRN 3b&ethy1- 1-butene,
§0| merized with a cononomer. I n anot her aspect

DS of DR B0 pRONERS: Privsthyk-Dsptengy of-Asthyl-1-pentene, 1-

héxEnted-HeRend) PR BBE3 -yl LEAEne, 21 AULERE  2- )
g)neth yl -1 -butene, |sgbuty enene H% tene, hgﬁ%%%ZSh%mene the

WEOHPAL Potegst @ﬁé”ourm%@hwnqnﬁ@emt péive nonBaltdecenss, In another
Qsﬂ%@‘é(elﬁl@coﬁbﬂ&ﬁ&n&n 53 Fﬁamékle 11 ngﬁt)éﬁg e]‘ ~hdxdA8PY ¢ %@%inﬁ 1-decene, or

2- hept ene, 3-heptene, the nor mal “oct ehes
ﬁBGWenornal nonenes, or the flve normal decenes. In

anot hex onasREL; ¢+ }Ehﬁn&ﬁﬁq{f%&:’ﬁor% rb%trgsduc%td m"ce({ g Tgactor zone to

1- pentene, 1-hekene, 1-octene ecene,
piedupre thes semlymeh és gy fone ahowo m@m i 'uot athmhu @edwlefgho percent

e
g%rﬁg%iﬁ; b g rr?l{ag%eu ?oq%lp%rg%ﬂ? tll?;o ul%io a%ci] Og’é’[‘lelélﬁf In one
epeeth dhe raniams d)focmmdn@memtlatrodmeghmt@fd tdaetorDionee Bidduce the
&ﬁjtsrwo}gu c egehgr afl $rond Bl %‘%b O t he b{)ﬁp g{? %V&ggg)é %g{{;g&og)emonomer based

nto’ a react
e ol tytak wcight gé ﬁwmblhqmérrmm aheuion{dr Oln tfotBEAsbcdOhe amount of

&ﬁh&mm&eirn%r%lauced el %nl‘%gctor Szgr(iie is from about 0.01 to about 10 weight
percent comomnomer, and in still another aspect, from about 0.1 to about 5 weight
percent comonomer based on the total weight of the monomer and comonomer.
Alternatively, an amount sufficient to give the above described concentrations by
weight, in the copolymer produced can be used.

While not intending to be bound by this theory, in the event that branched,
substituted, or functionalized olefins are used as reactants, it is believed that steric

hindrance can impede and/or slow the polymerization process. Thus, branched and/or
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on the total weight of the nonomer and conononer. In
anot her aspect, the anount of 25 conononer introduced

WO pdog/oge762act or zone i s from about 0.01 to aboptT/L82007/061519

wei ght percent conononer, s&nd in still another

aspect, fromabout 0.1 to about 5 weight percent

conononer based on the total weight of the nononer and

conmonorer. Alternatively, an anount sufficient to

gi ve the above descri bed concentrations by weight, in

t he copol ynmer produced can be used. 30 Wil e not

intending to be bound by this theory, in the event

that branched, substituted, or fu ctlonallzed ol efins

aydic Rerione) afabe lelin rrpoyed sempEyal o, the fgbpp-carbon double

P GRREE n6BBe RPEIS] BN BinGEr BlcOMadiitth ROHEREY ZiRdtitB same olefin

process Thus, branched and/ or WD 2007/ 092753
ROHSABoTNeEISngre D5eximpd todthp sribParied)onyfoublsbendapight. In one

V\%JEE’%’ a6 ABNREcth AT} {HAQ afly P @&nﬁ@&ﬂ@ﬁ‘s ek BveddRGs ethylene,

d not be expected to hinder the reaction in the
wayha helymeieatieneears| eitheh homaprlymerasianssen eppobansfiyabons with a
B{f?e?féﬂ{atagg&% t Q?fl?éar PORGA! blﬁ{éIQQUbilﬁea?on@aﬁét&Gt subBtituted, or

one aspe edst one reactant for the cataiy
oomb@emtercbnbﬁnf Inhadslitiany dirrt EaspLyBsCampRAideRs, 0f5th§omffh1et10n can be

Bgécy ﬁy@éﬁ&%ﬁ?&%@&@dﬁk&fﬁe&o&ﬁ@m@' YBRGLH ﬁtaaﬂ'é n9f limited to, 1,3-

ferent acyc cyclic,
betadmnal isopmaterivdpenthdiaeaand Brehetadtbnes u bst i tuted , or
unsubstituted olefin. In addition, the catalyst
conpositions of this invention can be wused in
mbymmionatfitha GaftalgrstoCerpnsiGonpounds, i ncl udi ng but

are n U e

1, 4- pgﬂ £18 Iagheé:g this anvle'ngorﬁg éo%g %Qees %fl%%?%tpcg)r os1t10n apd a method
cbpfisingl g(ﬁﬁaﬁhg‘pﬂsjemt Oclinel nghﬂyebasm tap ?d—hjeallb n&t@n tomppound, at
Enconpass gﬁ AP sitlon and a hod und. as

R REONT 2601 HE Y ERa oG8 E] ER g Fomeound

@'Ibg&rbﬁ@héfén?)lc gne nﬁ‘ffﬂidelﬂSdobalt herbﬁﬁlltcomﬂ:&ssas thy aéries, of contacting
and opti ona at .| eas e or ganoal um num.co

2601 8hp 0era SUaCHIRE T P UMD A HEF Bt R T contacting
%8%69@?@ 8B nARKr ST 'cSﬁlpBﬁcﬁiQ ntagici Hdg intshEng td Bélimiting, cxamplcs

| ows contacting each of the ¢ ents provided,
S s InG OB 6 SPiEITo GHERPLTG] HiToi e gf freated sofid oxide

GePRBEeRportihd @nNQLadddtB@RBLAD cbeuthgsd. | mh%!,en gxemplary steps can
exanples "of contacting steps are typicall

EREFIPISH| BYY W@Flbﬁnoﬁﬂeﬁ@mac"ﬂfrgeé{l‘édPO?GPm&‘”é% gteps, and can further

&E&Mﬁés@ rusﬁHg,OQﬁ? ol FhoRBmeF 98RBT RBMpeAEALA Flof these steps.
ese exenplary steps can 20 encompass any nunbef of

FravwheseafinreRpraiite Pobrebin piepstadhe capyst emepasiion of this invention
fyfisper enconpass using an olefin nnnoner as a

contact conponent in any of these ste Exanpl es of

pr eparlatongaspet lod thys inyeptienp dheardgeme IQPW can be precontacted with

a%@gﬁﬁ&'rﬁ&wq}flet{ Hbtsnéclggs@lﬁw 81 olefin monomer to be polymerized, and an

organoaluminum cocatalyst for a first period of time prior to contacting this
precontacted mixture with the solid oxide activator-support. For example, the first
period of time for contact, the precontact time, between the ansa-metallocene, the
olefinic monomer, and the organoaluminum cocatalyst can typically range from time
about 1 minute to about 24 hours, and from about 0.1 to about 1 hour is typical.

Precontact times from about 10 minutes to about 30 minutes are also typical.
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follow. In one aspect of this invention, the
ansa-net al | ocene can be precontacted with 25 an

W@b@f7iopa763 monomer, not necessarily the ol efi n PONOREN7/061519

to be polynerized, and an 5&rganoal um num cocat al yst

for a first period of tinme prior to contacting this
precontacted m xture with the solid oxide

activator-support. For exanple, the first period of

time for contact, the precontact tine, between the
ansa-netal |l ocene, the olefinic nononer, and the

or ganoal um num cocat al yst can typically range from

time 30 about 1 minute to about 24 hours, and from

about Oncq the pagrswtactechixturs of ygriseanetallgyepeoptedint monomer, and

j b '- t.+30 . hutes are. .
G e O e T s B B P 57 kT e e Shivator, s
cyrepositin Frdhesrmoautristhgnihg solié onfdeantwatmdtiakdroedles postcontacted

-ef 1 r r | ' Lyst i.S.

e RS e Hteon LRGN B BAGOLT 1 Bhmdifin contact for
eowqoond t pesipd( fodir tilves thenpostsimartt Himesoprick oxi biing initiating the

j ' er t he postcontacted. m xture. . .
ORI bRch 8 TR o 5POR FROLGFLS i B B et oxice
rdivaton-suppart nnd cthe fpecdtactat anrtird eypiosllyo katgenBomt ke about 1

CL Atine, pri ta bei initiati .t he .
RIRUE T MESE 21 ¥R, Bhla o 0.0 Mk ot Bl Rpprcontact tmes
fromebobet vedmitedie sbohi 80 onmees argaldovgpieak support and

the precontacted m rre.typically range fromtine
about 15 SORRLESPTD Spdin BURiBhr e RHOR GAIADIL Pgponents (for
aboutle,1 drsaHmdtaildoype,C alctivalos suppoHaChrgahSBEmid® Mcdh@Myst, and

10. m putes to about 30 nytes_are alsq typical. 10 In
iRy a0 UBY o oo bR SR B copfggteq 4p Fhsrolymerzaion reactor
SIDMPAN@ILS Whié the¥oRRALizaAOS dcdtBbR S PESRBding. Alternatively, any
acti vat or-fsﬁﬁzport , . organoal um num cocat al yst, and

Bt POHRFT §F HisSe SRt SORROPRYT 63k PHORYCCRRfACsd” in a vessel or tube

B0k 8 ah&fl ehiBrihP eh PRIYAR kAR | 'Pils HEROhAkting step can be a continuous
si mul t aneously while the polynerization reaction is '
prseee wych Aiq Rierentrcted groduntis fedorsinuspply tofthe frecter, or it can
6Ah PR CADARSS prtsPh whIBCP Bat@ﬁtoef‘ Iicéo%a%tc\ﬁe@%ﬁhct can bc
or tube 15 prior to'their entering the reaction zone.

adied tomske acatedyshgompeptiennThis racwotrcting step capbecesisd out over
4 B YefBa e B BRRIRGh SFRs B 1b §s Frfedh GO ULV HOMSL X

t omtyt?g react or , or it caﬁe‘gbbg a égéé%?/\ninglghggg \??%hd\i;\{?ls’é)r longer.
Jor Baegspdch thisi edntimubag Ehecohtagting erapact dasprigplicelly deom about 1
he e Ltion, This .
SEon@ii Ritul © a0t AR R Kaleof MEEHL B, prb2bdupting stcp can tas
fyercaly fiohmebad A Orsaogyeisfte ebowt 4Seninstespadotnoatast hmtihut@so about
$SENEL AL days, or longer. 20 In this aspect, the

conti nuous precontacting step can last typically from

about Alternstiedpdhe¢ pradvatictiig fpoadess Bhis beivartidd suBkPRQLtiple steps,

e_cont | npuous. precont.act | step, can | ast typicall .
S A B IR RE R 58 e BReoased o porhorising o
diffotent detrofiatadydt@oadpoutnts. For example, at least two catalyst components

can be contacted forming a first mixture, followed by contacting the first mixture with

at least one other catalyst component forming a second mixture, and so forth.

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
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30 mnutes. Alternatively the precontacting process
can be carried out in nultiple steps, 25 rather than

w@2@7/0gd763 st ep, in which nmultiple mxtures arePCT/US2007/061519

prepared, each conprising & different set of catalyst
conponents. For exanple, at |east two catal yst
conponents can be contacted formng a first m xture,
foll owed by contacting the first mxture with at

| east one ot her catal yst conponent form ng a second

m xture, and so forth. Miltiple precontacting steps
can be carried out in a single vessel or in nultiple

30 vessels. Further, nultiple precontacting steps ﬁ an
tbe fralr mibgreopiv's jome sdditinnal Catelyisk AOMAPRSRF Oan (Pepigraefdp the first

seei o? AL Ef{&%f‘i& QBssbNSTRA is tgﬁfcawgﬂ@é@doﬁn&fe%ﬁlt of th& ikt & essel.

st Cd onent can formed in a first
vesseIn, arwth@casnelctrmnc wr enetsnpf thei 4RépLYND POWPREYE 733 be split and

Cg et %Atgg% %1]1? Ctlgg tledfndidts. SFOI%)%&Wﬁ@ rp%hl{?f ao&'&alﬁst component

onmponent’ can in t
éanrbé fed\/ﬁscself” rsirpnemraa@e'cg)mswﬁeﬁ-‘)s @recoptacting iwgth at least one other

%:cgolnﬁ)é)gg% 1ﬁe e remgl%gtl:r %»f t%xElesafnlx alﬁ%éb%ll onehflcan be fed

t components
Bad abecapl pﬁecaﬂdctu@,edessei ﬂnn*fpfrmoat&ctlpg e‘ﬂdn@’abtaiitr@le other catalyst

treatmenpts art of ataly n
oTRRONeRL Cfre‘iﬁ'nq?ﬁ ge)&aggﬁ,%?t i é%% Is aggot% Ir)llalav%g%e ﬁ?ﬂx fidfeof. The
preesmattapt daf bedaiiedbu mamty silll’tebletek[emmwatsab]y @ tanks, stirred mix

conmponent, whijle. the emai nd sane

@Sggo\‘?éﬁ’fls c%?ﬁ‘cb'émf‘ﬁ% THES 3%%]%60311 pr’eac on Sac? £t %w%’p S Or any
&&gﬁﬁhmﬁmewoecont acting wwth at | east one ot her

cat al conponent , oi can be fed di. ect11: en onlsprepared

react On"o?SPS te IFSPFARPID R P SéS?mp‘ﬁ’i OnB t'actlng
S&toRRcERS NLIRK R triisbbamylalstifan| & ’@ﬂtﬂ-lbnfgﬂﬂhrmﬂurﬂh amd an ansa-
tanks, stirred m x 10 tanks, ous  static m xi tacted
aetaliosgne foriafdeast 40putadk mlﬁﬂ%%@fws‘f‘ é(n‘iP“? 8 HRgtacte
AR Rhth ANl EAlmidDa QRRIERBHéTE fEr04t 183 ﬁbblﬁ, 1Bminutes up to

catal yst conposition of this invention is prepared by
QOﬁhamtprf@}Tllth‘?eﬂ%Eﬁ%cafﬂYs? sobut yl al uni num or

tri- ’[kﬁgg%&g%égiﬁ %m%ﬂFf"’Iﬂ&@ascmﬁtl@H&ﬁSﬂﬁt}f er tlﬁ:t polymcr as

| east owed by contacting thi

poepart de thedsat® qnt@ays}m@nmosﬁma that|ip prepared) W‘Wé s precontacting
agli Val o L Ly @J@t%ﬂ £ 0ni N €SN Wan tHe used for
eg thi{lJeg 5 ?%fr)ﬁw&tl\agr g%tllylbve ca al ysto Tle e e

mbﬁmalmm@orsb‘é@ uwleﬁmhtoponm sedisessethiene or copolymerization of

productivity of the ne red to t
égt C GSF?IPB?I&Pﬁ%t ﬁgwﬁ}’eerpal}r%ge{/vidt ROt uct()ﬁl%hi?ﬁ’;‘lg‘abtep nor &
econhagld A& asrequireiner eiharestoract i vity catal yst
conmposition of this invention can

honopditiprasicortactss Bi<ode SO e b HEPP SR gt for a duration

eLivdiénso Qﬂloﬁzo@&go}{lﬁﬁfﬂ Zﬂl%)l:égﬁhaﬁif)n Ginterdtin of predodacted mixture
conononer. However, neither a Brecontactln
and the solid oxide activator-support, suc

that a portion ?1t eéjomponents of the
precontacted mixture is immobilized, adsorbed, or deposited thereon. For example,
the postcontacted mixture can be heated from between about 0°F to about 150°F.
Temperatures between about 40°F to about 95°F are typical if the mixture is heated at
all.

In one aspect, the molar tatio of the unsa-metallocene compound to the
organoaluminum compound can be from about 1:1 to about 1:10,000. In another

aspect, the molar ratio of the ansa-metallocene compound 10 the organoaluminum
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postcontacting step are required for this invention.
The postcontacted m xture can be heated at a

wo eowpesasure and for a duration sufficient toPel/UsW07/061519

adsorption, inpregnation, ot interaction of
precontacted m xture 25 and the solid oxide
activator-support, such that a portion of the
conmponents of the precontacted m xture is inmobilized,
adsor bed, or deposited thereon. For exanple, the
postcontacted m xture can be heated from between about
OF to about 150F. Tenperatures between about 40F to

about 95F are typical if the mxture is heated at
epimpound cpp bgfeora sbett]:1 thabemrs| 1at.0PR4nd ipfanpther aspect, from about

BRSgy %B@J I1 OGgne [P Bﬁr L O %E ereﬂg 9GO0 Tgﬁleg' g Ogjlsal-rrr]letallocene

conpound can be from a out 1:1 to a out
comenayard to m@ﬂ amphyet qﬁﬂrganqammmuuf caneound in both the precontacted

- : . or ganoal um num WO
I%%%@f%@%3@%&%%#$ﬁ§%@%g¥%%fé%gﬂﬁg%Lconpound can be
f r om Wiwut a Iprécdandactingustep : 1%, 994, gendraily, amotridar Tatlo of olefin
e fron1ab t o about .1:100.

AREELe LR book o R0l o APon DB SRR e rom
atbout hﬂOttoahoutdlﬁﬁ,l(Dﬁt) 1obr Hogeatoak l]lmlr‘tu abearip@dnt i n both
the p eco t act ed xture and t t eont.act ed. . :
i xt UPEEE B o BB EntY AR BRTIRG e Sl qpiggactivator

tgeuhe rcaghmaludﬂeumo&caﬁpmatdl eanofan@k efdri abnnﬂomefo dlsout 1,000:1. In

a-netal | ocene co econt act e m xt ur e
PR E et el Ao e a?BL‘HtO’%fO S9067E © b Ao uminum
c&impdﬁmﬂl%ail Eeo frehoubot, ﬁ@&olabohﬂ 1804t ea 11&%&@&110@1%1‘ tabpet, from
nve i.on |ght rati o of the solid oxide

410
%ﬂ%¢ ﬁﬁBP mF he organoal umi num conmpound can range

f r om Bb# ilirther a8pdc oA BAY inventlBR); the WdlghthBtid BPRELnsa-metallocene
t he weight ratio of the solid oxide activator

Oilﬁeo’b‘lﬂ@ RO TUPRRT R BRI AP 2hove 1 r 9ntbamd Jr 1,996,000, Yet
J@ﬂ%%ﬁe&%@ tﬂ-lb 1§ﬂéi’1t1'oﬁ i¥ Ghe ARAMNSLHADP R an.sfar ﬁ@tall@@&f&t to solid

to about 50:1. In a further aspect of

qxh% AETGHROT-FUREOTeV sk qaat b figm eheutahid 8- tﬁequ Jekpe000, and in

it abisb DA 28GR QapdUPPAhbo can be from about 1:1
to about 1:1,000,000. Yet 15 another aspect of this

i nvenOnomspast ok éhlmmwlon as itatluminexams - metrafhiogkfre form the
I a

é’d@dliﬁ c'fglf%é{tlgﬁa OB({%@B%%&? Bﬁp%g{utre gﬂt gpovg% g)t & Ipog?gﬂér &roducﬁon

dostsm abeeardingB0 imo cmboaspett, 10G0 prédeat dsymtion ofart russ Ale—type

i m noxa r t

c%rgéér?&‘iﬁffiﬂ:luh? b @gg t I%gt diagclaéue;tg&.tuﬁoggﬁ, g ftgg t Holtnce  of

etltmaimadah@/vs Wlolmenotpmltqndmg fr bdUstundrby #@orost $s believed that the

%g%%}r&?l l%[u}éi cclnplpguql%s elﬁg:?y do rgoqeac%vateetﬂe nller‘ggl?onctexllg r(]:ata?ystb in the

same manner as an organoaluminoxane.

Additionally, no expensive borate compounds or MgCl, are required to form
the catalyst composition of this invention, although aluminoxane, borate compounds,
MgCl1>, or any combination thereof can be used optionally 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 the ansa-metallocene, either in the presence or absence of
the activator support. Further, cocatalysts such as aluminoxanes, organoboron

compounds, ionizing ionic compounds, or any combination thereof can be used as
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or ganoal um num conpounds and an activator-support in

t he absence of al um noxanes. Wile not intending to
wheooboer1ds by theory, it is believed that the PCT/US2007/061519

or ganoal um num conpounds | i6kely do not activate the

net al | ocene catal ysts in the sanme manner as an

or ganoal um noxane. 25 Additionally, no expensive

borat e conpounds or MyCl2 are required to form the

catal yst conposition of this invention, although

al um noxane, borate conmpounds, MC 12, or any

conbi nation thereof can be used optionally in the

catal yst conposition of this invention. Further, in ¢
wathe ths peose-metdcansy s e¥her cHdadna i HEsGHIEs O absence of an
o%a%%gl(& LA GRURRURES asl QPLEHBE herit COTR@NAE & least one

y conbi nati on thereof can 30 be used as cocat al st? .

ovganbalunenamsempeuad ioetisaal whenay lepst ongiegpeen ﬁltﬁ‘e%ﬁ?a locene is

apsSence e gc ar t tt activator comprises an
S R N R e e P
cegmpalundsoxane niompugnd;oen botboipwuernslitiocs agpypresent. However, the
combi nation .therepf tamtial absence of
RS TaIT R 50 S5 RS, B2 AR PP TR daskial abscnce o
etithBstsandichi nst hbumpineserese organbixwat e compgpnds, ionizing 10mIC
or gano Iuninun1cgﬂgﬁ&yng g specified herein. Thus,

CHEPOYPY 8L81Y § dr'ganoal um num conpound is optiona

when "Biius, @@%he aspged: ianthventieth eravedesl 4 pomess fosprogluce a catalyst
hydroparbgl .noug, H, or BH4; when the at | east one
CQEIROFLO8r @Bﬁ%?? 'es an 5 organoal um noxane conpound;

or both t hesagipditt leastsorgr enspr@saiibcendpwe st onpi@lefin, and at
cat al yst conpositions of e esent. in [

Iget oot orarepnpranb DR S LREEBGod B BbR Bl & proontacted
BScheURLAPKBASS at Ole@dnoheor prrcomaged nassa-ietallacang, i @nileast one

compounds, or any. conbi nati o(ﬂ t(li]e{ eof
85 &

. Thus, i .
prspredtcied RRESnOHSHITS OHPOY p onggreegniadisd Hefiny and

catal yst  1GnGQMROSE thr@ontLeiphixdinegvitlc anicast tonk giedtator-support
| east one ansa-netal |l ocene, at | east PPe ol ef i

s oty SR ORBERSARATHITE SHPBORR R 3oPPg PO of time to
Rek aoﬁos(?éonttz;&@d IS thiR P BrRIRCANAE besiposidontdétd ansa-mctallocenc,

conprising at | east one precontacted ansa-netall OCene, i cted
ait lehsfaste ppetconipeled i BRNOHTRREEN 63Dt A J835h ST gPosteontacte

AN And 384t BRE pRLEHRRE AL LA aRr&lbPort. afflodeuspect, the at least one
contac I ng the pPeco_nt acted mxture with at | east one
ans-matatlocengmpo compzisea 6pmipewad navingtietruaak:

or ganoal um num conpo KORXSATORGeRgs | 0d of time to

form a postcont act ed&n&}f& eﬁcoﬁgr‘i sieng at | east one

post cont acMbisaitsziume ria¢dndeener; hafaiunieast one

Post cont act8d’ B ey et AL BFERRY 4 abeRtu e AL BORadiony, o
agistivatdndstplpor 4 subistitwereflaseeyl, the at | east one

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

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

unsubstituted alkenyl group having up to 12 carbon atoms;
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20 ansa-netal | ocene can conprise a conpound having the
formula: (XI)(X2)(X3)(X4)M, wherein ML is titanium

wapoocopa7asn or hafnium (X) and (X2) are i ndepremestly061519

a substituted cycl opentadi ®dyl, a substituted

i ndenyl, or a substituted fluorenyl; 25 one
substituent on (X ) and (X2) is a bridging group
having the formula ERLR2, wherein E is a carbon atom
a silicon atom a germaniumatom or a tin atom and
E is bonded to both (X) and (X2), and wherein Rl and
R2 are independently an alkyl group or an aryl group,
ei ther of whjch having up to 12 carbon atoms, or

hydr ogen, ®Reraadn (& at@e@é@p@ﬁentbf ) Fakd, Re drsl; 2) agiyydrocarbyl
Sty t 0
{ﬂla}/ ug %;5 (’Sé %g)f]EarB&? afd'hti)b, IJI Bf @I_f“kgﬂ(%%é&rocg%ﬁ oxlide Broup, a

unsubst Tt ut ed roup havi ng
Imdrqogr@amgmkgmum wrestrihydyozadylsiigbg®sp, any of which havmg up to 20

.7 39 SN0E
c%ﬁ{g%é@lg @Q@éﬁ 3 Pr §§31£ 3{%' e%rlg cléf%)afl%ﬁgrl TS %ne%rl L%roup, any
dafoviich bavibgopado dﬁmarbldn ammdskidqi 3) a hydr ocar byl oxi de
group, a dro Ian1n rou
tri hydr oca? | Sclfcf {1 al bubs?ltlgi‘ @ g%l % Cﬁu]:ﬁtltuted %cl?pentadlenyl
sﬁBstltu@db Cmdati}drrs sub@hﬂﬂBRAﬂuonenﬁ%lﬁA waﬁrte’led I%&kersfl agroup is

|ch havi n

e85 S e dntir. By ™ iare) Sret et & dolfinasion of

ecbiphﬁﬂl‘ne asd bstlit Lgreﬁbscml ofyesit abow) sulfisuf®iup) dtdtfogen group, a
|nd substituted fluorenyl, or substltyted alken¥l bo
PO SF O EHE YO P EIG: PG, Ut ecineroud: oF a boron

gbﬁmahngﬂﬁctphaxang yrohi T tcgzmwbo@ammb hhalid®r G dro gen

aliphatic and cycli roups, n gr.o

grou %PerﬁSPP‘Ggﬁ’ﬁ a&(&t? °§1V1% E %%%Wﬁfs"fdﬁ’gdﬁ"e“gﬁn 18 Wplcaﬂy

%&ﬁ@mﬂh@n @F @HRal t8 a@aﬁtbnm Ehay @omﬂguéﬂeq% 234197 chOfidlly treated
oron_  group, any of which haV|ngﬁfron1 to 20 carbon

salig pxideaperaiquad ablyevinipdrabdes TIhDhe In gpetber axpres, the catalyst of
iRGA HtHoh c%ﬁtﬂevahtayac%z&{q %ﬁ‘taé‘ﬁx\’iﬁi ?p%regéa Frah'd ggﬁa% about 250

I's typically greater t or eq out grans
POty henenden agother @$pecheami adiviity off gabted thagiodd ehjual to about

2 S5/ BEEB, oBPRALE R S S R BPERSH can ve
hBAastz-ed itkesh HMu\ﬁ{y 8f e\ﬁetr)fhﬁf ofE§@dIab dHBaN1060 gpwgtho hr),
to about 250 gP/ (gCTS %; and i n anot her aspect,

1

gt iiWyi Wether gseeet-ernt RehY qfqgmatqro $ gl to about 2000
SPEHETRN T bl Shbdd, AROLRRYIPIPGbica g%sgsmédv%kder surry

his invention ca charac an activit
mﬂyrgmemtwm tortitions esngl 1st>1m1taﬂm) @s theomh@m (g@ﬁsa}pc)Iymenzatlon

tgr%gera re "y LEOPt %Ogc had 80 e e!n\élg ssure St gb rSSE)qvaslpg °f another

aspect, th1s activity is measured under slurry polymerization conditions using

isobutane as the diluent, with a polymerization temperature from about 80 °C to about
105 °C, and an ethylene pressure from about 450 psig to about 550 psig. The reactor
should have substantially no indication of any wall scale, coating or other forms of

fouling upon making these measurements.

Utility of the Catalyst Composition in Polymerization Processes
The catalysts of the present invention are intended for any olefin

polymerization method known in the art, using various types of polymerization
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20 gP/ (gCTSOhr). In one aspect, this activity is
typically nmeasured under slurry polynerization

W@ eoudiopi7es usi ng i sobutane as the diluent, w POT/ES2007/061519

pol yneri zation tenperature4of about 90 C, and an

et hyl ene pressure of about 550 psig. In another

aspect, this activity is neasured under slurry

pol ynmeri zation conditions using isobutane as the

diluent, with a polynerization tenperature from about

80 C to about 25 105 C, and an ethylene pressure from

about 450 psig to about 550 psig. The reactor should

have substantially ng indication of any,gﬁkl scal e, o

wadPTng Y USeheiorFiBr nBOSTCTIFHAN ARPCIRBonHRIE oY Hegymerization

FBaSH RPBRE Sof Wolyrhdrizifd Jidien GadRinikdé t60pRABLE | dpdlymers or

Pol ynmeri zati on Processes 30 The catal ysts of the )

panebenersi nPask i brmepelymaise Ak FOPOR ISRy 3¢ grfged to as resis or

?& RES | Z9L I ARicB DAL §NRMBok idciRicBhbse WSdtNHay ki RESred to as
ypes of polynerizati on WO 2007/ 092753

BT, UB20D 72 B6IBSS, sobutiqne éshoptessuae, tybelar I9E eEfaglave reactors. Gas

"lpa%leyljg%tbtzsaltnlg? NedrfRedcOHuidi ! BideRatidys BP! YaPRAI BRHdoRkl reactors.

Peact'or capabf e of" polynerizing olefin mononmers to

Bhogueectbsmopotymprise varticad op bpyrantal losiie Highasprsiiprigraors may

[ ’ : |35 iR28ud POIYITBF Sonti

SRR TR o Bl P L BLLR, RAGRE 3! AR B pOLUTE! Sontinuous

peceater r €dntiovas praxasseh, calldirusy, ingamipertiser continuous product

olution,, high pressure, tubular. or 0g. _react

A350uT o PESNeDREICHAS tad bBiaPlor MAREIAY Fecycle of un-reacted

hedomenamarcsctod cetmageniehend/podilantr eact ors.  Slurry

reactqQrs ma onprise vertic r_horiz . .

i g P aSPERerafs Wi Bh i pidbas Hfhion B comprise one

tphubAedceC i as sydRaacéromiliyyie seaaorsi of Ithel satnat ah dofferent type.

onfi nuou rocesses, . Conti nuous processes ¢oul d us
Pt b pe DB S B apPEutey T Rl SHess H5% least two
BRefs Sesly it zatisi0 redtdr didtepedtinedded Oby fallttandfareddvice making it
recycle of upn-reacted nononer cted,conp

Br,. un-re noJTer , .
BT FFPDEIRT BP ST PRYIBR T dhe, P ARG o factor into
BHEREHEd AR TRR dWBY¥cd PeTPicH Satibhecontditiiis @A oh€ d€ tHY rehdtors may
a systemor nultiple reactors of the same or different .

Py pifierept JeRrBt {hsn OB {iEg yHBREORT AfuiFer PIPeT ARy s AlPatively.
BRAMEEA86Y B AluliBii898stdd nitly ihe18at tHoaddul 3LRAMALE polymer from
ol'ymeri zation reactors intérconnected by a transfer

@avireacterala PRPSeEuUenhgEaGiers loF GORtRFS RALYFREZ{TY miflgltiple reactor

Osisht g, I Md By chbinBinaBoh YARNLAAB! b@NnbLARERE toNkfultiple loop
the second reactor. The desired polynerization

eeavtiivs, onkiplq gerreactors, lieoparatiopfiegp apd £as FeRefoghmultiple high
kﬁ%@“m’eh;%a%ﬁ;@% b%lnglﬁﬂgio'h' @Eqﬁiﬁﬁfpljegb%r@mlﬁf 1dope&td®iSgas reactors.

ernative polynmerization i'n multiple reactors

MRing viwitibledreadtons manbapparatad &f sarics or poParAkel- f rom 20 one

|rog|a;:/ trrgécic%gc%llﬁg 28 %?}Ele{g?%{t :"%ﬁfég Ert?vg%ﬁgn,%@tﬂo%gﬁzaﬁon reactor system
may comprise at least one loop slurry reactor. Such reactors are known in the art and
may comprise vertical or horizontal loops. Monomer, diluent, catalyst and optionally
any comonomer may be continuously fed to a loop reactor where polymerization
occurs. Generally, continuous processes may comprise the continuous introduction of
a monomer, a catalyst, and a diluent into a polymerization reactor and the continuous

removal from this reactor of a suspension comprising polymer particles and the

diluent. Reactor effluent may be flashed to remove the solid polymer from the liquids
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systens may include any conbi nation including, but not
limted to, nmultiple loop reactors, nultiple gas

WO e@a927s3 a conbi nati on of | oop and gas react BEEUS2007/061519

multiple high pressure reagtors or a conbination of
hi gh pressure with [ oop and/or gas reactors. The
multiple reactors nay be operated in series or in
parallel. 25 According to one aspect of the invention,
the pol ynerization reactor system nmay conprise at

| east one loop slurry reactor. Such reactors are known
in the art and nmay conprise vertical or horizontal

| oops. Mononer, diluent, catalyst and oe}lonally

heheraprise %9llﬁ@tc@ﬁﬂﬁ>meb%r§1/<§l doagpnoges: | @@puas éf@bp@lpgl)gs may be
YRErS: AL ¥ réﬁ@'ﬂ Lt@P inQaFRESut (B.%P ?i'hﬁ‘{eldyto Q 1 gqgé{‘c‘m?y include

processes conprlse the contl nuous intro 1 oNn
BY gombierer ofah@ateaidsytmn apth@ressdiel tesuctipmt separation by cyclonic

%Qﬂomﬁ %itﬁ&t ' %%9;?87&0%891059 or%%ﬂirhﬁ&? #i ceﬂtﬁﬁ?ﬁaﬁon

omthis re tor 0 spensi on conpr
parti &l epichdluine podyrheeaation Rmc@ssr(atsbf knm&m ersa;hebpamc]e form

B0 TP B D0 BTGl R L e o

BRHRETe,, 4;5011,(886; Sefod, 1615, Soafidriivera,238g239us,262,191 and 6,833,415,

oIo es._nmay b used for aration step
RS Sip e e b BT A S BRI ey
|ncIuﬂenﬂﬂmyﬂumﬁbmmainoﬂwnﬁpbeﬁﬁmaﬂdbﬁmﬁﬂmandamWﬁsmwmeaﬂand

@I%Sh% ﬂ@@}%@% ﬁ}geymg%,{ q%e‘u}ﬁ P%l%h}%?lzclag ar% B}b ocarbons that

azerliqm(fsugﬁi‘er ednctibn th&ll&'bﬁ@ Eshmprey of @’uaydilﬂé IleﬁEmt@ Anclude, but are
&ﬂoce als%hknomn as article fg essg,
AP Sechiis ppateg cuploBPHuEGisopERas n-butane, -
&optitahs, Deopaiteny, al@s-hexdne4B8ohé%o0 9]4p5%6%&5’a10n reactions
5, 565, 175 5 3&979 6, 239, 235, 6,262,191 and
ging 95cur) yhdero bufk Gonditioan Wherpnaer Gt e B§ed of ArefEample is
bolyhbfizRnl §8h¥opynei MonsHéd @bbhﬁ,cxasédl anttesupent Nos. 5,455,314,
slurry, polynerization are well known in the art and
‘i’blcﬁﬁ%}nt‘}ﬂ’é’or%ﬁ‘i by referree hergin iBdtSte@tirgtie nononer bei ng
pol yMRubgah ¥AbAERRBRRE | Gy
reaction co%ﬁ?f*%nsaﬁésgﬁgﬁegtgﬁgga??gg+éﬂgﬁgﬁgﬂ§%ﬁ&onlcadnr
linﬁﬁ |69@@nseb git leagteconergss pbase regetor-o Suely systeras Besnisnoyucin ths art and
?}0 CYCLONEARDE rdeFARULALY &n@i{ﬁlggeon%‘ oxp‘%ﬁ‘ér@”ﬁfonomem
|so en Pe neopent ane, ~ and n- hexane
mnemsbz avtled fherargﬁn orilnidigeh bod du rth@ rpdesen g IOIE the catalyst under

%&pl%hkafbi URESAR0 Al Jep;g slrSarf 38, b .sc% g&d;;ﬁg ﬁ-&é fluidized

nmerization o propy ne nonone
bedSandPagcynledNessk iBtol B, Bbdtor. viiimpitanepushs qoppmert pobdoyt may be

&/ﬁfl?h%cﬁozg%ﬁg %}clt e{x}dsne%vr]%} t‘ﬁ/m &or o gxgbe ad%%%, t8nreplace the

anot her aspec THi’s Thven t'Re pol'yneri z
pcdambnzed myomrrp%ucshegm plhasaseacnme s cpinasies aq&otasﬂ for multi-
are k

R GBS PR Rre MRl ok et B e sies B o preshofzed in he

mn@m&pbase in at least two independent gas-phase polymerization zones while
feeding a catalyst-containing polymer formed in a first polymerization zone to a
second polymerization zone. One type of gas phase reactor is disclosed in U.S. Patent
Nos. 5,352,749, 4588,790 and 5,436,304, each of which is incorporated by reference
in its entirety herein.

According to still another aspect of the invention, a high pressure

polymerization reactor may comprise a tubular reactor or an autoclave reactor, both of



10

15

20

25

30

20 continuously cycled through a fluidized bed in the
presence of the catal yst under polynerization

wa@oeoudiopizens. A recycle stream may be w t hdr awnPET/oR2001@61519

fluidized bed and. recycl 6. back into the reactor.

Si mul t aneousl y, polymer product may be w thdrawn from

the reactor and new or fresh nononer may be added to

repl ace the polynerized nononer. Such gas phase

reactors nmay conprise a process for nmulti 25 step

gas- phase pol ynerization of olefins, in which ol efins

are polynerized in the gaseous phase in at |east two

i ndependent gas-phase pol ynerizati on zones while

iseld iaggy knowa ta|the ertc obgkulan vegciont ywmrhave rsueral pores where fresh

rﬁaﬁo%ﬁer%g}hmsfsg SRLhANSEONE kRcd MGERRG AR YERAEAHCHAA an inert

zone ype of gas phase reactor I'scl osed

gas@uspieamtand Nogodised 30 072 gonGBBe th@m dnBiags, @@adysts, and/or

c%@a t Qb \ﬂﬁh&ﬁs hiay 'H?: e‘r‘(‘ltﬁda gé/se ?{ﬁgnd ’I)hQr&dﬂ é& ?t another
rety herern. Acco Ing to anot her aspecf

zphe of ﬂmtwtoln Tl grsgirepme sisayr e m}mﬂn)omdrfpzmlmnzm OHeat and

r eacltco t?fﬁgﬁoy % g*é’f?%’f%%&’%%o Ezjrl‘?ﬂ% 15’65; %fg%zaﬁg% reaction

omhdnimnare knovvn |n the art. Tubul ar reactors may have

h
g Z ;/ er Isg Z (%rﬁe S[ oY otfh%}g ﬁ%’ﬁﬁmﬂgﬁf %gelgﬂclin:, Ig;ﬁetn gélsy;nhergﬁtmn reactor

rhae comptj&s acsumtmh rpgﬂymnaﬁ Ehﬂdiht feaduﬁ &cheadin Ghe nididenedfis contacted

eact Initia st and/ or, catal yst .
bR e BRSO St a0 AN JrieBots MbFedivaiq A cerrier
doﬁt;fr@dthMnatt ol giludnt 20 BRCARE rﬂdﬁenfee aglyte entploy @R SIf desired,

treams ma erm xed. for polynerjzation. Heat and .

55 g8 Vs BietieB, 5 e, SeoBe pHe) (e isopmes b the atalytio
rOfdtionBpro@@dty ethe ZRtdcabe bEaB4dned of ¢RNH iﬂa%l AmeGIolyhbrization
to yet anather aspect of the invention,

18f W}%ﬁ?  FRRETAGHeS AR PEsRpEY et wild 6?%?#1 ig the formation of a

sBaltomESfl tﬁ@bbgﬁheﬂr SR G IrehicHMASH8HL NRARIRLY Ib2 employed to obtain
contacted 10 with the catal yst conposition by
betipt atshwerityter copfre)r agdhde FBERYD ADHBIR @PIY@éﬁﬁaﬁaﬂ%ﬁl ngixtures
tﬁfbulgﬁgﬁttthé’ PQ%&ZQH)&' g&tlc OAdE @cc‘ﬁlcgﬁ’@&%q{tﬂ%éf dlSmpatmg the
oyed desired the no br ought
exRthepmisdieabpbplynatization t Erese wamr& fm:s k@awal iptheart.
reactmpmeﬁgﬂw redofork NEPILES 4BF B! pARSAN Gy kioh | AR further
mat eri a l'ymerization zone i i ntal ned a
qoamptse AN rcembam@op@@é lgagt onchraw wiakdrial deagl gystem,tal éeast one feed
0 h
sy Rl i CulyeCor Sk EbBofiend Mt MWl Pud qspmey recovery
syetctrer Sugaplermacoe sgsams dor dina pt@emamweaﬁm umayf Gunther comprise
ou ut t nerizatio
HO o LR Pk AR, of 5 P03 b BBy R reactor
erbtpe lpmiymdsre a¢cayeryp o fipnionatiah) cmcycThesE)ramc Iaadeutar Bboratory

anaﬂrsw o] pr%ces%rc%ntrol

Conditions that are controlled for polymerization efficiency and to provide
resin properties include temperature, pressure and the concentrations of various
reactants. Polymerization temperature can affect catalyst productivity, polymer
molecular weight and molecular weight distribution. Suitable polymerization
temperature may be any temperature below the de-polymerization temperature

according to the Gibbs Free energy equation. Typically this includes from about 60°C
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Pol ymeri zation reactors suitable for the present
invention may further 20 conprise any conbi nati on of

w@toozegess3 one raw materi al feed system at | eaBCT/OR®07/061519

feed systemfor catalyst of catal yst conponents,

and/ or at |east one polymer recovery system Suitable

reactor systens for the present invention may further

conprise systens for feedstock purification, catalyst

storage and preparation, extrusion, reactor cooling,

pol yner recovery, fractionation, recycle, storage,

| oadout, |aboratory 25 analysis, and process control.

Conditions that are controlled for polynerization

tefabiont dRQ3C. dat cxasnpe.oariddony #hwiuh 7pH6 pe rbpwts] 08¢ defrending upon

nd the concentrations of

1%2Eﬁ%ﬁgﬁﬂgggg?%ﬁﬁég&%%ﬁynerization t enperature can

af f ecbuitattlapyessurps vullletsowwary acpmiingeto thaweatar aud polymerization
i g I | ar | ght, di stribut.ion. Suitabl.e .

W e G BE ol B IR T s W op AR i papioaty tess

theh AM00 Ipsigd eRrpiuyaTforigaatphase peymeriaitiomels wW@eglbyr ghi abgut 200 — 500

és?él ﬁl ggl;regsg%?g% g/rﬁr{elg%%t% u.attigg{‘;l.% g%%érgla\lzé/ reteur:]tio?s is generally run at
480Ut UBANO71063500 pstel tRvlpdotitatidBOfcactosy caxalgel Be opBfhted in a

fromabout 70C to about 110C, dependi ng upon. the type
BPORER Ror P EaD: D Posk 7 EoSTPIRn T e deihraery . Pressures.
@psativalpoac ey diidghl tppidther & gaedsofe/@ithep@dintndibg@al {@Percritical

t . The_pressure for |iquid phase polynerizations in
Ig&g%UBQYBng Va@geY i cal Iy less 5 than 1000 psig.

Pr es sTh& cbenga@torraseiop® FeadRintZatini Rtoh &ols ) pr¥d@de resins with
about 200 - 580 eglg. Hi gh pressure polynerization in i

B BRYY52 20t SRIHPE FIRICPHITES | 8 hgeepeserlPrfue groduct that will
PRuied By AR rdsth il 180 hdid Dot RPMYIEIHLZ Ald0R Jf@eli®dsShe desired

can al so be operated in a_  supercritical region

SRR IEPPHYCat Myshwren! pyonsrigiinchidapensieufiegiranimpact, creep, stress
RIK8A 88d hafdA8SsAE4ON PRDQYA Jrhferbibs tdchle &glﬁbﬁ%orﬁélﬁgtélgs weight,

pressure/tenperature diagram (supercritica )
walrcelpt eveighl diftadion. Theltisgnicemeratticorgless tramsibes temperature,

tE&%QEaﬁﬂ%%ﬁQ@Qf stQﬁ’iQEtri&le%gsi %Eébq}-:‘ a1{i zkﬁ%gotvpch, long chain

ceftain physical and nechani ar propert

rpepdee andrhgolpgicapmedisementat will be formed by the

resin d d of . 09 roduct

det'er%ﬁ% eggﬁgg%g%?r eog r%@%%&pr (E)%%Iﬁ | énseg’ ﬁ@ﬁdﬁ%%elnc aff0-catalyst,
pedifiers, iad ¢lactiaddot@nsirk eémpolrext imlprodunas these rregip, properties.

. rel axati and, har.dness t.ests. Physi.cal
LIS LB DRSS G5 N B comio procuc
moleeclat srcighti Gotcathilyity cdubd osed toallitylag, Scanperaioivods and control

I transitign tenperature,, tenperature nelt of
BoGEaf Bk aMCaERERRbS L ool Rt Ploefes end clectron
dymovd hffcttostgreohugutarityar ainciddigomnther febagitdal of poisons must be

Miamise .rg?rﬂ;teschey impact the reactions and product properties.

The polymer or resin may be formed into various articles, including, but not
limited to, bottles, drums, toys, household containers, utensils, film products, drums,
fuel tanks, pipes, geomembranes, and liners. Various processes may be used to form
these articles, including, but not limited to, blow molding, extrusion molding,
rotational molding, thermoforming, cast molding and the like. After polymerization,

additives and modifiers can be added to the polymer to provide better processing

during manufacturing and for desired properties in the end product. Additives include
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The concentrations of nononer, co-nononer, hydrogen,
co-catalyst, 20 nodifiers, and el ectron donors are

WO a@andEs: i n produci ng these resin properti esSPCT/US2007/061519

Conononer is used to contre8 product density. Hydrogen

Is used to control product nolecular weight.

Co-catal ysts can be used to al kyl ate, scavenge poi sons

and control nol ecular weight. Mdifiers can be used

to control product properties and electron donors

affect stereoregularity. In addition, the

concentration of poisons nust be 25 mnimzed. since

they inpact the reactions and product properties. The

syefegerarodificsesich #aylin@gPsnartiblacks, \tagkifers; aptioxdfags such as

PrifAy dinB Gec b Htioxidatist ﬁ%nﬁéi’rts;?;%éésﬁﬁ aftls WlIBh ad ¥Ses/oils and

houséhol d contdiners, utensils, |In1pr%ducts, runs,

Aupspelpgpmosts; pnp specigletsiditines ek as ird refandants, avkstatsuscavengers,
se articles,

a?’%@%%%fﬁg" uta&%(gétj’%ﬁ?%&@g 8%&(? ag%?gsw mol di ng, extrusion

nmol di ng, 30 rotational nolding, thernoformng, cast

R AP ek Broplffn ASkhB0mBR} WIERATOMAA", | D0V 0o

bet t en greoewpsst, i cttiplene golyamarf motdwradngirenthef @kalyst composition

g coperties,dn.the end. product. Additjves. . .
B, BB FOB Py d B R B IR 196 6 ot enginy branching
(o B)f then sars ugpicalty sbsqvaerites, usamg iabligltlyshridgedkiAszenstaliocene
ant i oxi,dant s .such, a . mary an econdar .
RS a3 BiebecoRlai e Bt SERGRL B Hrevstopeatadienyt-type
ligaxds éwdn svhandhe fconpaeeivasherBossncadtin@pes iaflleast one aryl group

bg)glgéi Iﬁ% gfesgrlij gg%%a %tro%ia{)ﬁ’fhre ¢ 9@ h%ﬂfﬁ:ﬁ{ e? ﬁ.ﬁ%ﬁci‘ aspect, the ethylene

btghadproditecagMS thd datdlydt eeamMitydeloF MRieR@FeBbon is typically
Accordlng to.this Invention |n one aspect, the .
etayrasired By %Ef‘rf prlseilRercEbtniaptes fatigllsebserved when using

tf%l:@l@%idge_@ Rins@imeiliot ehd WMb bR wihdwt Rt &kt ohe aryl group bonded to
aracterized by I ower levels of |ong chain branching

the CBretrafiont f thpPEdsing ligsadr guen wiER theicagparative metallocene
doheHsby -dar b@ﬁﬁ%oﬁﬁ%%ﬁ@%@ilcjyo %@ﬁ@cdl Qcts gaogp&b‘ﬁ@ltéﬂi&g@—%pc ligand.

an ol efi n-contai ni ng noi et onded

Rigrees pb ribendigbn§ | Ulpsipade  varigam despeste rrfnplefint hemopolymer produced
PR Al R ifRIAbhocene conprises at |east one aryl

group _ bonded to the bridging atom of the bridging

| i ganBhe camPirfagipn hadr sizge paclusionhehrentaydmsepy (BEGnend multiangle
1R NGRS '(Nﬂﬂd%ébe d?ﬁ@%@dry %ascﬂgggi? b tdg?%}t/ %&Id:} ﬁ&ea?acterize polymer

Imvention 1s typica characterize

breshahing. ar Aveillybtrated HanFiguesst $1, cdiabsanobsbtaired fiken SEC-MALS
i 5 1 hahtly-brd <nmetal l ocene conmpaund .

avllé/?1 it)ﬁ%u?l Ogt?l %t l[eh%s{ad}(;ur? e&*ag%%gar g?}g)’ bonded g%ugemf: H ecermO1eculaur S1Z€,

versud Ving o fittenethflend dotopdiyintey prodared, incBempibe d-7 el Examples

lg)lggﬁ ?d;]e_ Eogl\éﬁzétlgﬁ ()Itnangsocczl gf ;cpegg&glrétédc’r{e % uﬁﬂty in reducing LCB. Deviation
ofthd exoitust aftisyemydn (RLP &roln §&AGkwn linear control (in this instance, HiD9640)
indicates branching. Thus, the data from Figures 3-5 demonstrate that the polymers
prepared using the catalyst compositions according to this invention are only very
slightly deviated from the linear standard, HiD9640, at high molecular weight end in
the plot of Rg vs. Mw.

Figures 6 and 7 illustrate plots of log(7o) versus log (M) for polymers

prepared according to inventive Examples 1-11 and comparative Examples 14-16,
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Figures 3 through 8 illustrate various aspects of
ol efi n honopol yner produced according to this

wo paefvi7an. 20 The conbi nati on of size excl usiPET/US2007/061519

chr omat ography (SEC) and mébtiangle 1ight scattering
(MALS) detection was used to detect and characterize
pol ynmer branching. As illustrated. in Figures 3-5,

di agranms obtai ned. from SEC-MALS analysis plotting
the radius of gyration (Rg), one neasurenent of

nol ecul ar size, versus M of the ethyl ene honopol yner
produced in Exanples 1-7 and Exanples 25 10-11,
denonstrate one aspect of the invention's utility in

Teappstively. paB fupthey glusgpte th@qeddLGB bsvelgyarat ipanifested (see:
ro n r I n

F 6l TRt PR Clb R p AP rd dBstiled (BNTIRRES: power law

rlélaglundsp 3b@:w¢enothstrr atro tsher triseoqmyl, ya®r gnd pmelpawerght average

tgl Y3ty Goupesi Lions 0
WA R AR TPl SIPRE L e JS 300 LR A Pl showm b
dtiatieta rlirset aﬁﬁhaa Gslogd BPBAD wk&h ﬁhbglbgﬁmﬂhﬁﬁ Wifah, Weipiitededtsus the

in .30t pl Qt of Rg.vs. and 7
boBrife %f anm giatieny’ %@@7%) m7aF ga&mesgmemx& gppsrally accepted as
Rohy RREed BF SRADEEeAECOf HnRdcHath MMH%V%CE%PWDE&%n and Colby
1 11 and co arative Exanples 14-16 /092753

dgbthat predests thesppeated deyjatiom fromtheflimear plot of log(70)
‘H |1H§([ abt ?01h gWeﬁeﬁ*H@%QCﬂeg%f{ 29:) %9 af GuARioh @tﬁttl‘f‘éj whe} average

Li near ethyl ene polyners are observe
melep@w awggwa rof] éw pqalerrnmu olfstii b IDiegnesing tlh%—phmrbranchmg in
oS t a [ h
I?g? %ié?sc’ Wéj J%ftol Phce HﬁS t4§§ oé’\g%\@g&/ﬂ@?gsgﬁ?ch és Ancorporated
ﬁlgbbfeb&mrm@shll@fp@rghom by a5 straight line with a

sl ope e Io arit hm of
ver suggltlﬁ’l glgﬁr%sggra F?I} 9 1% o 1wl\/%lrﬁtol o’??sv‘;frls‘gsn%%f’h(i’%amhm of M, for
polne@ers px@bgm@&radcbﬁ’én@tce tige ﬁﬁfﬁi’tﬂoy, dogeptieg ths depgidegee of zero

aused, by the presence of ng-chai n by n hi ng . )
SRS B teior SOy By L el ZIHH YR heds erd Ehanstrating
tﬂiX@tﬁSieelﬁbljiﬁWsadrb oRly vashfialy ddeaed Poat thefwdiRBhdW 9)4 power law
.for given frequencies of LCB as a funct

(”
d%mﬁﬁil h s erd gran Bdirstien of alingas jymss (% Rays. Chem 1980,

o0l saopr . CSﬁﬁsteﬁt R¥ifhg BRS iobGerk ST, Chith fB@CMMUS”Snd Bheology data
pol et hyl enes,” J. M. Struct. 485-486, 569-5

1@%@9@)? atyiiec HnV%titWﬁc aﬁ%losﬁw PFRAUSE n VBRY ﬂ@Wel&%em ethylene

dlyﬁlEﬁzﬁfUn' %@tﬂ)luqtr-glfkld%n FGHJ & ?oﬁEQﬁqplée Fll Pf thli‘ %ontrast polymers
arithm of I O versus Ogarlt m of

Iaég%@pgdlpg & theeepraparaivh Ryamples Al haﬂeﬁwb rhower M, relative to
hdilmsksr ?Ify chBat Q&Oiﬂeaﬂg ng etﬂ%elrﬁffenﬁ@r{ oExérﬁv\glép elai]( nBJf);plcally, these

VI SCOSI on wel g aver age nol ecul ar

mmmé@mbmhad@mdgr th@ehghtlh gghep tﬂvybmfi(éﬁl,easoﬂugtrav@m Figure 7.

sli ghﬁigﬁr@@ﬁbﬁ%ﬁ&raftés%&nﬁar%h lof @ngﬁ%rﬁlcéﬁg@%rorﬂa%graphy (GPO)
runs for the polymers produced according to Examples 1-11 and Examples 14-16, of
this invention. These GPC results (Table 1 and Figure 8) indicate that the

polyethylenes (PE) produced according to this invention generally have high
molecular weights. While the polymers made according to comparative Examples 14-
16 were characterized by low levels of LCB (Figure 8), these comparative polymers
had relatively lower M, as compared to the polymers prepared according to this
invention. Comparative Examples 12 and 13 also demonstrate that the catalyst

prepared using comparative metallocene C-1 exhibited poor activity (Table 1).
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"Arnett line" which is used as an indication of a
linear polynmer Q Phys. Chem 1980, 84, 649).

w@engiost7ent with this observati on, both SEC MRS/asmho7/061519

rheol ogy data indicate thda® the inventive

net al | ocenes produce very low LCB in ethylene 20

pol yneri zation, as illustrated in Figure 6 for
Exanpl es 1-11. In contrast, polynmers made according
to the conparative Exanples 14-16 had nmuch [ower M, ,
relative to polyners prepared according to this

i nvention, Exanples 1-11. Typically, these polyners
also had simlar or slightly higher |evels of LCB, as

Frutipst 3 a@@édqrﬂalﬁiagmu@t 7l isplpblerdyaerfoibevtalkwt%) were observed
ﬁloméaﬁdlﬂgnp Fiesp&E PFRAY 1.000: {Hggcor i E%‘Eﬂée (I'-_E;(fg les2 P2 and 13

runs for the po yners produced
during tha @resessrpf peepaving the GPC and %‘E(EMéhSl S@mplésr@stbe@?ﬁ}ltemals

55 OB L Oy P 12 v

I hvznmigda ?@@mgrmﬂ ﬂq}yrtnawwah ingjked rmlzéa:mn af 1yikf-ghictdorobenzene, and

di
I A e ——
th@Baﬁaﬁlcgsuﬁleco&):a,mﬁerB@sﬁﬁpm @E@akdd&ts%lsc}ﬁﬁi‘fd&c@&l&tﬁﬂlat a prccipitate

elalve | owe as .conpared to the paq
foPBt b st BF 415 +Erm e | ThreARIeBHBARAF et fhp the polymers
ﬁ)egﬁfﬁﬂ ascdrding® Hlaraples 1dennss, eing mhbatlotde Cat aleyshon-linear

are u3|n atlverreallo ene C-1 exhi bited

5 1501 ] 9|“9§P Y g@oZyrﬁrs WRES gypalymers prepared according to
ﬂ@Té&J&Z@&?ﬁ@@lSﬂ 70 Furt her, a consi der abl e anmount

of insoluble polyners (about 50 wt % were observed.

in the polyneric sanples prepared according to
Deffhiioati ve Exanples 12 and 13 during the process of
prepari ng the GPC and SEC- MALS sanpl es of these

mat er [oapréer toymoks cleasishdetins %ﬁrm@ usedrpered, phecfollowdng definitions
ﬁfécﬁ?ﬁ@ﬂ@(ﬂ tI‘B R R AR th M SRR t‘f‘(ﬁl &Zunf_s@g 1p50\;1§ed 89 oY document

to 28 ny pol ymer was ni xed

meorpgrated élnrem dbe siterrace amlﬂl%glmﬁt ¢t fdgfinBiomoor Sisage provided
e [ L Vi sual

%@ggﬂrnn tnhgﬁeg%ﬁio d}?]hégesgmq}déa\% gﬁl@g%r#?oglgm ng the sanple

prepaifbel tagn damdyiobed i$ ased | ledeinhat naeapr @omppolarn@rs comprising

SRS w0 SRS SRR RRBifssofinis Mabopager. “Polymer

acebodivagl tlperBoartpl escah? hannbpiblsanan& agl n@tpally}m:crenef any other

%;1%[».1@}4’9{1)%&%110 ingar, 10. polyners. No insoluble

rs were served 1 n p ynmers prepared accordi ng
to a’lh‘kze arineffcoBatalypteis gBEéraHlj/ ubahisereihrto @efdefo the orRi@aluminum
clearl used herei.n, the foll ow

e the.terns
Gharrmts 0t M ot B HEBPoRG o dbe saed eBPosiige. but als
1iédrk b t tho nopiontls agﬁlpbh&hté, @ECthb yeatdlystdesahipadition including, but not
'.ncto(51 orat ed. herein f erence con licts with the
hlgﬂa iP5 & I@PO{S%I}JFGE %gad\?ga@al compoun , organoborate compounds, or

ionizing lonic compounds, as disclosed herein. In one aspect, cocatalysts can be

organoaluminum compounds of the formula Al(X*)y(X%)s., wherein (X is a
hydrocarbyl having from 1 to about 20 carbon atoms; (X°) is alkoxide or aryloxide,
any of which having from 1 to about 20 carbon atoms, halide, or hydride; and n is a
number from 1 to 3, inclusive. The term cocatalyst can be used regardless of the
actual function of the compound or any chemical mechanism by which the compound

might operate.
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herein, the definition or usage provided herein
controls. The term"polyner"” is used herein to nean

wheovsped7gsrer s conpri sing ethyl ene and/ or copoP@TERRODH61519

et hyl ene and anot her ol efiniic conononer. "Polyner"” 20

Is al so used herein to nean honopol yners and

copol ynmers of any other polynerizabl e nononer

di scl osed herein. The term "cocatal yst" is generally

used herein to refer to the organoal um num conpounds

that can constitute one conponent of the catal yst
conposition, but also refers to the optiona

components of the catalyst conposition including, but

not 2bh¢ tewnt ‘eeqoptackidimnidwgris sisebhefaindigotesaribe a first mixture of
SRPRUSonBhE AR erea&?ntgcgé@qypgsﬁrsp Eendcp g 4111@@ pkBPHS the first
conpounds, as di scl osed herein. e aspect

BodEea bylslgsumin g eforigy @ah‘p@m@nntmw” onpienud wixtttve of catalyst

A B B b i

m‘pmm@i anixnry | doscdless aanyxtofe i mhtaﬂawmg dlefom rhopemer, and

F dr.
G0 S OGRS v 5, B el D08 e s
astinatoe-sugmdt r egar obmwaby tdwe omgpodbminmet | cmmp:funtihe Thus,
g)(%g@ gxt%%dq rdeéa e% Iler %%lentg\%\ag %8(%7}51%% §\§@1Jca%p eettcrl]leother, but prior to
d%ﬁi’fdcﬂﬁ@@ﬂ@b%j:mts Vrilt%mcbﬁdimbd'spioammdamﬁ)&di’e MAxtardéngly, this

SeitRPe et ecamienily” FRGhbarh bebrict s BeMopheuhredsto prepare the
pecomattaf nﬁxm md Hat tcondpoBerti 4ffd théimiktur€ hhebseh ptpared. For
tO f rm a gDSt %actﬁ d" .or. second m Xt.ur e of

‘ilstaccocf on@ntds ¢ Asterigtign.c dht o PaFPls, far sthgomgecontacted

&@ﬁmdwlrﬁﬁlufﬂ sempolitd] eatd it.is tbfabted Miﬂpﬁlﬂe&ﬁé’cﬁﬂodﬂnﬂaﬂﬂ&he olefin
descri bes g%lm xture, of t al I ocene, ol efin nmononer
n

IARCTS, fnBAEYUAFARA ¢ gt lepst gine dfreny ghepisal wompound,

femtREHE b W bukdh B oRCihE idgstindC sl BEmHMBP& thp R used to prepare
o tional | {efian or ganoal um num conpound. Thus,

th 5@@%@%&% SHIxtEs AR thisscaso B REssPataptsd o apnoalgaigupcompound

SOBSARIncRASH d@gcpi%f:d a@uéonﬁﬁrﬁs@ﬁ bR orEMYafithinlfh E&Gpound that was

conponents in the second, postcontacted m xture.

yse & arengieythe prgcentagted MY&REE.on may occasi onal |y

di sti &gﬁm -

prec o%%g%:dtﬂ dﬁ%ttﬁ%\?lﬁ ?%&t hat c é‘ Hﬁg gse{ﬁb%da e?égzl? &?ﬁéblgﬁbe  second
misteigrod chtalysheanpyrreaiathatire Fsontacted&mﬂ gecond periel a@tlmo and one

Ak BRSEREL Whe n%réc%g&&%ﬁ" BF fird: ik oPEAERNE AihSihents that

or ganoal um nurn conpound, once It is contacted w

weére aretagteddoen &rgpdrict of dloef. | Typicadlyothertermh O‘phﬂm’tacted” mixture
e d Qr.m ash 0 i ff ere

(E:o%‘%%)f nlaérg% t?) c?etsi;ljﬂsl oﬁle 3§1xg ure o u?lléet pocenff‘ e olefin monomer,

algsndahohinomyemgziund auhrdditpetingdousggbotty fipreddit@n contacting the

precontacted mixture of a portion of these components with the any additional

r—()

components added to make up the postcontacted mixture. Generally, the additional
component added to make up the postcontacted mixture is the solid oxide activator,
and optionally can include an organoaluminum compound the same or different from
the organoaluminum compound used to prepare the precontacted mixture, as
described herein. Accordingly, this invention may also occasionally distinguish
between a component used to prepare the postcontacted mixture and that component

after the mixture has been prepared.
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the precontacted m xture. In this case, the
precont act ed organoal um num conpound or conponent is

walemapizexl as conpri sing an organoal um num conmpOLN&2007/061519

that was used, to prepare7the precontacted. m xture.
Simlarly, the term"postcontacted" mxture is used

herein to describe a second 20 m xture of catalyst
conmponents that are contacted for a second period of

time, and one constituent of which is the

"precontacted” or first mxture of catal yst conponents

that were contacted for a first period of tine.

Typically, the term"postcontacted" mxture is used

her ei Ahe sergetighthblridand ansgtmetallofenadesaribse amestalifosh gompound

PPRRREY the RIPRP %?augmaa%gaggggqg%g (RE hﬁqécuk% are linked by a

act| vat or - suppor I Ng
ridgiog tnamt:eyd whiexdinitles slioréespinki mnw&fn thhase Gbopdomkidienyl-type

he an add tio on added to _nmake. u
i sEPeBts BRSO x v SCERERLRS 92 CHE® SRS S petween the
myﬂepént&ddlﬁ}d -tyee Mghedsuid 4 BRgho stoal et el thik Xrldetng atom is
ig the olda}OX| e activator, and optionally can
?‘ﬁﬁé | ERRtARReRS R THiS: HBvapsioe Gfe bridged bis(n’-

&b Ak £REnIY- B do?&po%ﬁggnalﬁ!eﬂéfﬂ rtﬁémne ggagﬁﬂgdﬁﬁ}ad%dr‘ﬁons include

prepare t he precont acted m xt ure, escri
el enemtadignyd l‘hﬁﬁlﬁtﬂ yndqnbri ﬂ;lgalmlse ﬂupmmymgalglss end the like, including

Qﬁ)%ﬁﬁité:ﬂq t@xhallé(% dc'uﬁf %Hﬂ h @@Sﬂo%ﬂ%%?%?n qﬂ)tssﬂd? Qubggtuents on

prepare ost C nt ac nponen
tesedigands mickeder éydfh@gelb,e mrqump Hree deSCVi@clﬁﬁ) 0] %ilﬁﬁﬁﬁﬁﬂ derivatives

ﬁgéolflsz 919 71 9@ 1 5;136 t?o% E‘lcluc{%[% rl?elﬂ A ﬁeprurag%ﬁ o Hﬁadndsl nsuch as

ansa- netallocene escri bes a
tehibydrioheetylo 1dtehyyioifbmirkad) enytehydepBudreggnd §3arﬂmllyh e saturated

BRLRLLGTE WOSEEY o aeRl Rl Sl o

hibgatnudsl ganifys estuened afwrenylhusd ttee likengtih @6mkh&nu@¢& the

br e or.the chain.between the t,
RtEEth s Brgt ook Gares STy AgPechyisyame way the torm
‘“ochaugt’ i ksl hdréidgob Refeatooiie Ioﬁganﬁulhﬁ{mﬁrbltcﬁﬂr _OIMS t he

metal [ ocenes qf this inventio re bridged b
cycl oiﬁﬁéﬂ’i‘%sny?*)ta %%O@Bﬂ%%%gs%améf? SR Y Re aﬂd %e like do not

déﬁénﬂ)ﬁ@b@ aild doaehl @F(yducpﬂf iﬂe%&ﬁoﬁfdfliﬁ@components of the mixtures, the
cl op ntad|enyl ands, inden | uor enyl

lP THn ek ! eaﬁat“f%éaqal i€, SlF%cqrumenéte 9@8@@ @waarraﬁa%glgst ansa-

@@ﬁl@@éﬂe‘ ahy YleERlHbRiesd Lﬁi@@'t@ﬂfe Lhel ont5>8§§ hmd%re or the solid
substltuents on 10 these ands i nc

PHEP erhr@or REcH EeRPiERg dhesesmmrteatSed ’lalérqfvrm .tkwe derms catalyst

sp&Mon, 'cQtaIﬁ{ ﬁnktﬁh’@ Nl Qfe 1RE iMdES PR e@ér{)é'eneous compositions
saturated |igands suéh as tetrahydr0|n eny

sk hompgraners espeasitionsoct ahydr of  uorenyl , partially
sat ur g e, nﬁjﬁﬂb{é @ righakd ¥o &liéaa Gﬁ?dlfocﬁll%ogr}yl ical group that

substitute part| saturate subst
pahudesl byt sat wetatiseitdd dor ey aﬂa/rh,d Obfhbalklyk,e alldeny’ ongcloalkenyl,

&Qﬂa%id?enyﬁ,hﬁkynyl, aralkyl, aralkenyl, aralkynyl, and the like, and includes all
substituted, unsubstituted, branched, linear, heteroatom substituted derivatives
thereof. Unless otherwise specified, the hydrocarbyl groups of this invention
typically comprise up to about 20 carbon atoms. In one aspect, hydrocarbyl groups
can have up to 12 carbon atoms, up to 8 carbon atoms, or up to 6 carbon atoms.

The term “hydrocarbyloxide” group is used generically to refer collectively to

both alkoxide and aryloxide groups. Unless otherwise specified, the hydrocarbyl
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15 netallocene is referred to sinply as the
"catalyst”, in much the sane way the term

wO cwcadabyst” is used herein to refer to the PCT/US2007/061519

or ganoal um num conpound. THh& terns "catal yst

conposition,"” "catalyst mxture,” and the |like do not

depend upon the actual product of the reaction of the
conmponents of the mixtures, the nature of the active
catalytic site, or the fate of the al um num

cocat al yst, ansa 20 netal | ocene, any ol efin nononer

used to prepare a precontacted m xture, or the solid

oxi de activator. after canbining these col

Phifariiet SEhE il SRR b ko oh 2 LGPy goms. Tn one

Rbpdctil By dracdibybRidel dBupdcaritievd aphohEl @dganaems, up to 8 carbon
co ositions d honogenous conpositions. The term
GEHPBQpca 0,#4¥PS-t 0 specify a hydrocarbon radical
gr oup THwerm2h d@@érﬁ?ﬁﬁnn@uérohﬁ ifgded! geﬁbﬂi@sﬂwtt@ réfeY bollectively to
alk¥ cycloali %_ cloalken
&Yl %aﬂaln@a@ﬂ-é%wfy‘amww Aa%;a*\r{ ama%ﬁﬂ%ﬁy pnd diarylamino (NA™)
r@lgsy "Whics@BthehiRe |sbé‘<§‘ﬁecﬂriﬁ’e hp@rlo'égﬁﬁl &lno groups of this invention

substltuted unsubstituted, branched. Iinear
fanie3lln COMPESH YDt bet 4 CRIPen| afeims. {TReMSotspetin hydrpcarbylamino

ARSI W SehBRER) ftd q@ carifh BOAOGRrBYS aFRUPSoRE, bh 'uﬁ to 6 carbon
invention typically conprise up to about 20 carbon

&Pvns. In one aspect, hydrocarbyl groups 30 can have

up to @ WB; t
20 L0 3 SRLORGLATS e QhabatO O ahe P By o i

geBwTigenan pkene womy;@g@ndlets@ |otf éh,et parém}&ax regidebempistry of the alkene

ShSE%) 5, O i BB 38, BRI s, et

mmaﬁmnommgcmaa agK Cd?@ﬁxmﬂstmﬁed ¢ri GHFOWMmtsubstituted alkyl
%(gdé)g ?%:é%dl%gwfr \Ivgng e § %Stall%%gg o%c(:)ur ar ChRTE at cf_?%l gflﬁlrllp.oﬁlgrms such

ydrocar oXli groups ¢HR have up
caar blefinatonimning phydroaarbﬁlr lgmsup atronk;ﬁnecrontmnmg percdmnb ogroup are

TR R, B Ao R SRR e s s

(aNk-R)t inghylbd o lsmbcﬁh&dﬂ@ thc il ckiyer adBamion ONRL) C=a@rddublc bond within
gib a#%;ndﬂnlﬁg%%%pa% éda#? | glig?ﬁt hgﬂ%msr gfte this;invention typically

icOMPRilsE AP to LayppiriCZ) bc}fb@l@ﬁﬁ)htsselnltﬁlet Bpédpulkerdfl pBRIPRIUAN have up to
ﬁ%ﬁ@ In one aspectb drocarb Ianln roups can
giementor e oo BoERPHBRMSL ons, or

up to "ﬁheﬁ adrhBNsolidt SXiBe al:ﬁvéEBﬁsﬁﬁfom a@idf@ ﬁ}éﬁvatbtssdi)‘bﬁﬁ activator-

broadly to specify_ a hydrocar 6¥| %% p that co ri ses
SHPRPkefiertabiselq oxidsy dfadfels olusf or m@qu@g; apd the like are used

HREHiR ¢H @RAiSHE Y. Bdatdd) 0Bl KRBRan b 8HY o @Qaﬁﬂﬁ? "IP%@ pbfdGity, which
al | stereochen1cal i somers. Thus, for exa

eghibits Licrpds, gidiccori Brepsted gcidis bqh@}’]@a,eanéwhlc has been treated with an
CréckoR-withshivinl 86mPondat{P¥RANS WS bhdoh! 8Hd 3bki¥h is calcined. The

electron-withdrawing component is typically an electron-withdrawing anion source
compound. Thus, the treated solid oxide compound comprises the calcined contact
product of at least one solid oxide compound with at least one electron-withdrawing
anion source compound. Typically, the activator-support or “treated solid oxide
compound” comprises at least one ionizing, acidic solid oxide compound. The terms
support or activator-support are not used to imply these components are inert, and this

component should not be construed as an inert component of the catalyst composition.
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group, regardl ess of where the substitution occurs
within the al kyl group. Terns such 15 as

W@ b@fiope76ont ai ni ng hydr ocar byl group or PCT/US2007/061519

ol ef i n-cont ai ni ng pendant g#oup are typically used

I nterchangeably wi th al kenyl group, again illustrating
that these terns are not intended to be bound by the
particul ar | ocation of the C=C double bond within the
group. Unl ess otherw se specified, the al kenyl groups
of this invention typically conprise up to about 20
carbon atons. In one aspect, al kenyl groups can have

up to 20 12 carbon _atonms, up to 8 carbon atonms, up
to 6 Thertsom Zackivator.Tre qsgql fgrein| seders gegerally to a substance that is

AFIHIY JERnvBRE the cBfhd Gro&dti oFat %ra HERRREL e compogent and 2) a

activator- support, treated. soli oxl de, treat

cgmpp@e% sthat wrevdpiormentivatabld ligend sudhies 2y elkulserchydride fighmd to the
i
T%dtelgf\l/éé %&If‘eﬂ?ﬂé% hgeg%llgg?ne%gﬂ\ﬁam% '&%&ﬁtﬁ Bl?rteg&yl_ew I@-Ise sucgfx a ligand;
mtp aBpadt st eblatagzin diotyrhertraolafing. Alhds teiinclh ubetsregardhess of whether an
t t 4]
HEEALE Rt efnERIB A Rtabls UERNRE LERERI %k an fon pai
vedakets @rmvﬁat-ligmai/\bmgi oo Hpometiiorend, )spfnplal ¢toprdinates to an anionic
1 agcg{: Je d;fhgrmq)&lh d%n% L 2%853(}]1%;3056%@ 2 ﬁc&%&acggyosﬁigat comprises
at (bafdsa (Dhe qatmaibt:t whfch atan| Easdle@ad 1Sd)5pleddtmﬂydﬁfomo npoarn dctivator-
i %ast one]§iectro§ qﬁ%hdramﬁn En on.source
TREPEIE Sartiy OHe REATLAVES gssRon SRR e sppion, 2
lasmlrd:d:l nﬁmtxdE a&&oncnxphmtgéable aonfiviteesupport, @Ashy @bmbination thereof;
Jon|2|n acidic solid e comp End The ter

i) 3 B O BT OO Ui DA AR B O SE 4R PRSP Tgte compound,

ok 9By COMPRAGGH 6 B dofipbhent@nd this conponent shoul d
not construed as an gnert coqgsnen of the cat ﬁ%
conpokit fBH Y 200 P! BrTrsstodiroeaBReneny pi1iie catalyst

coffpdkitida! & GabRintial Portish A WIBEE Ousti@EEh T1.8008eRlllof alixture of
a substance that is capable of converting the contact

CHYOHB’&?ra]éf thaf yiage ﬂ?@%ﬂ)@@éﬁé o ep8fFe Archaggiggogatigns, pillaring or
@ﬁlﬁlgt 'flth o%oo\el 195%8 A a&&xba\f@tﬁ%sﬁl mgme %a%‘sfe SBhposition
an al ky ﬁgrl ligand to the netall ocene,

dFFFé“lh‘?ét }éﬁfP@ce &eclempbiondmgsé soppouad ra@édcyrgemmmh eocatalyst are

ré&b@& it QE? dold)5 dcmfﬁoﬂs@t)ﬂl Yo tfmtnl? Ahe CARIR 0&%5’1?@ Z8¥hile not

ol efi ns. termis us regardl ess of whet
infendipgtte ibei owind &y the éolireriag Ismn@t Higgtlayaeamspenent of the catalyst

c@ngitpgﬁf_tll%nl b8 3&% efxt‘? rerx'ggglfpﬁ’ét{ons X? %k Q{]cf’va@or-support for the

al -1 gan in t e ocene,
teositighmaties compaumchmﬁomlb as hi ganadlyso tfroarmyheosﬂaedpoint that it is in

1%91%'}; gg.‘caf?fl ?Al&ﬁlcgﬁt%gt \Dl ]!ti ﬁ{e anbﬁl% Crggtﬁtﬁcom %nenth

conpri's ast one I vVa
sel ecAgdséhbepindentéliective barmi ‘)‘clajn ngg¢nal atsarsed Gerein to describe

u S|n olid, o reated w an .
tfz gagg grou n;{i)% gtazlrl] eo r§hee lﬁi('e ctlagrr m&n%alﬁ t}%;agl are gchund in nature
in dmeepteihad geameatsaeéd1maﬁtﬁfy ﬁia;pp,omd, thenikanyClap Wﬁhératsl #8 a class

g:}@’glﬁ%?l%o%ﬁa% ra%g rﬁq‘bfgﬂlgﬁlgﬁu maqqlgl)éE ghngge%p ﬂke s rugtures and very

high surface areas. This term is also used to descrlbe hydrous magnesium silicates

with a phyllosilicate structure. Many common clay minerals belong to the kaolinite,
montmorillonite, or illite groups of clays. Thus, the term “clay mineral” is not used
herein to refer to the fine-grained soil consisting of mineral particles, not necessarily

clay minerals, that are less than about 0.002 mm in size.
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or iv) any conbination of these conponents. The term
“clay" is used herein to refer to that conponent of

wo b@7oga783 yst 15 conposition, a substantial ppeT/USIWODH61519

whi ch constitutes a clay m7feral or a mxture of «clay

m neral s that have been pretreated by either

exchanging cations, pillaring or sinply wetting, that

can be used as a activator-support in the catalyst
conposition described herein. The transition netal
conmpound. and organonetal cocatalyst are reacted wth

the clay activator-support to formthe active

catal ys VWiile not 20 intending to be bound by the

fol | o%“htfr@t ‘Fdaret clayl Hpuradiereinip sefento afompenent of the catalyst
&R Rsin co?r?dﬂ%@:% 81bP BiRlrals hﬂy&daﬁy %ﬁﬂeo(ﬁf +RE QRRBY group and other

functions as activator- suppor transit
m@tl%ﬂﬂl@é%p@mn@ﬂdlh@l viel Isepielitgs c@miatmﬂmsmw@mthﬁe have been ion

é&ﬂ&%ﬁ' With tlﬂ?h,efyﬁndaﬁ I&lyﬂd&fa‘amlghlgnp ar m%%g %ﬁ‘% dpx cations.

contact wth ] ran on net
Freareglps of Rechcsinsduelinda udrane hel Bgniteil ey Kbggmsnous gdhich can have

c f

GBEEMTL8 95018 R IpATAS, T s sy, Ty o e

pitiemng refensdo ursemplme)fqha%egtread:trmadmswhhctrﬁm sxchangeable canons ofa
| r ngd t I .ner als,are ..

A Snlsﬁat%é %re dl%%il}%e%i 1?% 611%%6, hgg%l 8@: i %uch as Kaggm ions.

’ﬁlhtme rp@b&mcmd.‘ tatgme atre khdoeinghehitzad Wsthaﬂﬂ\e\nateﬂaybﬂsgﬁ the clay and

areas. This.termis alsQ.ysed,t lescribe .
Rl SR SRS el a P el S0 TS RrP] pParios the clay
laydfracak u:DhJ.mlNhhy strootupss. diaynplenef ﬁillﬁnhglaﬁdgnﬂ@reﬂ Rays are found

K790 P20 RIS S 01 40 LRSS et

Oksrdistry | (8. Wlﬁlﬁﬁngt@n thé Al labesicasy CaoB| pposshSt Abdietfic Press,

ProdiehaP P e naoh s BB 8 hent ML A, 0 1. Pt
1380470619@(5 280 WaRHAY 165t Sed Korelh® iteduliretpl | | ar ed

clay" is used herein to refer to a conponent of the

cat al {rEbougtoro BIothas. deiens: andhgaeials FmdHgrsequivalent to those

ddé@hlgc'ﬁ hcyrcﬁ’lf cdBe @fcd ﬂ?t&%&ﬁé@oﬂfs@ﬂﬁ’g %?Qh@tn{\féhtlon the typical
losilicates in addition to sepiolites and

rﬁa odo dskicerand materialsaye hersndgsenbedex changed wit h

| ar gea it yiiifatibys raehy&%hbe%enuhhwﬂmér&ﬂ g eﬂce;ﬁgbfﬂitebd herein by

conplex cat1 ons. np es such 1ons 1 nclu
gFgeRrstior thmumpsp@f dﬂ@g@m ar@r@swl@& fonexdraple, the constructs and

&%6&&% RN C RS d SX%édO#g tﬁglg{ﬂ;ﬁegﬁﬁl | AR ?ﬁglg be used in

ot her arge I ons. term pillafing re
@ngﬁfmﬂnevvéh élirﬁan@eetrtb’a@etsp@bﬁd mveticoh ThepeXohingedistwsed above

E};rﬁ'it thfm%hﬁ ut e &Plt e tv?c{ "igk?or tﬁ@llr %?s%gosurer%noratr e filing date

arge i ons, suc
Qfdhy neasﬁmi apgplicaim. aNethntmlmermmmm be zeustyictl s rantddmlssmn that the

1'1105&51%%? B(?t e%ﬁtl%:ﬁ %o gnt%%atg suchl (ﬁsc}fh sure e? :y?erlu? ?df ripr invention.

S upngc;nea?lg' Italn’emﬂhmomlbcmyudrcﬁscamm (hlstemm -dniykeg@nstal Biglhdhiepresented
a%xo rE‘:chompasses lll con{‘orglagl onal 1sor|ne?rrse1degc1:clnggr§1erasr %tefremsomers and the
like, that can arise from a particular set of substituents. The general structure also
encompasses all enantiomers, diastereomers, and other optical isomers whether in
enantiomeric or racemic forms, as well as mixtures of stereoisomers, as the context

requires.
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in: T.J. Pinnavaia, Science 220 (4595), 365-371
(1983); J.M Thomas, Intercalation Chemstry, (S

woBiorpa1§8 on and A. Jacobson, eds.) Ch. 3, pp.P&BUSHN7/061519

Academic Press, Inc., (1972); U S. Patent No.
4,452,910; U. S. Patent No. 5,376,611; and U. S. Patent
15 No. 4,060, 480; each of which is incorporated herein
inits entirety. Al though any nethods, devices, and
materials simlar 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. Al publications and

pat entlée pEeaet dresntina dgifvrthar dllpseate by e thlivevieg wxpypples, which

a%Q nﬁﬁt@ LERGA tﬁ%ﬁ hng AP QE %n@f)blﬁig S0y %Hﬁi the scope thereof.
di scl osi ng, Yor exarrg onstructs an

(h@_tthﬂ)wt@@r dbist tiedte dﬁ@rlsdes@mtbe@l that resost grmbbe baxd tcovarious other

0 r .
HRET Fltm B8 1SA LM BN Al LIS BLESA, agin the
dencriptimohegbioumay hegg®kthemselvps tw bdedf saliedry skdl int ﬂnelart without
dat of t he resent

(%E?uiq n%sf%gxﬁ il %qoﬁ%gﬁhé Eléerséﬂt r#ll c%t]ton OE éhecgocn £ ¢ 6 glg aé')gended claims.

adm sk tre fdihxmng eexaﬁﬁ)lesm\mlrhetss r sthervase mpecaﬁbdt thed symsheses and

ant edat e uch cI osure by vi rt 0 prl [ nventi1 n.
ol?aratlons erem % r% 38111 g%c%: g}eﬁt amh%;p ere such as

| C U alr C 0
rgﬁrngerrahncﬁmr zugbmr Sobreemwbmjpuralh #6d €t ﬂﬁm& aB$durces and were

conf ti.onal 0i SO I e0i SOMEer.s

GREPh Gl R 3 SRREaHERR @FPF O Wepa  TIE0) GHoSHEe gpecified,

Iﬁf]%ﬁlts W%Mam&hﬁ(é@&fdﬂﬁﬁércﬁﬂ Bcbuﬁ:wg al so encorrplasses

al |l epantioners, diastereo and oth i C

s oneP CRiHolRERE | IO S5 e ta MRS ZEOS oL SHCHoRocdures are

1#6videl hesn. NBiiHERSMEFfholl & BRHERMBE Snet@lfockhds, GRALEXblid oxides,

requjr WO 2007/.092753 PCT/ US2007/061519 76 The
é)gféwre%%w@rﬁ it reenfigp efred!se Prayideddiesdn: by t he

foI | owi ng exanples, which are not to be construed in

any way as inmposing limitations upon the scope

Gy @ofestingRreqegurnt rary, it is to be clearly

Undefﬁfcﬁq{%d&“&m fg?ﬁ%hn}?\%@s BG AR % YBLIr@HR QLB ASTM D1238

aspects, enbodi nen fications, and equivalents
qonditienft aioorC mﬂm? 16@3@@?@%% 5 description herein,

may SH eRhd HhgMReky Qf'{Lfl\QIo %‘ﬁhe SPWL af, %'dl ih c{c@oxtdlgﬁce with

art wthout departin irrt o e prese
ARTHDI BFR mndmm E@bp%0°@fW1ﬂhe 2&@)@@@& vcelghltns In the

fol | opg gﬁrsq{'yZ%as Ul Lot tﬂeéﬁgg‘% dp%p&%ﬁg c@rgﬂmétgre (g/cc) on a

synthes par ations descri erein Wwere
qmmprﬁmbmmoldnddwnﬂn, coaled aatabosphét@ psudiougsand conditioned for

Sk QIR Ron 19900 B0l HPOEEBLE P SRR ETng AsTM
lawzwat@ddmielﬂn na prior to use. Unless otherw se

:gﬁ?lclgg?ecular "Wl tngﬁc’d moﬁecu?a?tvg&gﬁ dlfs{n%ql]tl%rqmvfe&e o) Jtauned using a
PL-GPC 220 (Polymer Labs, UK) system equipped with a differential refractive index
detector and three 7.5 mm x 300 mm 20 um Mixed A-LS columns (Polymer Labs)
running at 145 °C. The flow rate of the mobile phase, 1,2,4-trichlorobenzene (TCB)

containing 0.5 g/L 2,6-di-t-butyl-4-methylphenol (BHT), was set at 1 mL/min and the

concentration of polymer solutions was generally kept in the range of 1.0-1.5 mg/mlL,
depending on the molecular weights. Sample preparation was conducted at 150 °C

for 4 h with occasional and gentle agitation before the solutions being transferred to
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General testing procedures, characterization, and
synthetic procedures are provided herein. Synthetic

woreiohooksss o prepare the netal |l ocenes, treated BOI/US2007/061519

oxi des, and other reagentgd7of this invention are also
provi ded herein. 15 Ceneral Testing Procedures Mlt
index (M, g/10 mn) was determ ned in accordance wth
ASTM D1238 condition F at 190C with a 2,160 gram

wei ght High | oad nelt index (HLM, g/10 mn) was
determ ned in accordance with 20 ASTM D1238 condition
E at 190C with a 21,600 gram wei ght. Pol yner density

was determ ned in grans per cubjc centinet c

SApE R 831 BiFHOrd08 SR FHpB S g sl 9 e gl sotvent

Wl fthe 3RHe cORPbEtIOASY. the %0})1%)911553 4Radhassdsfoatsolididim preparation.

tenperature in accordance with ASTM D 505 anglﬁ ‘3@ bt q

Tiko Pgeergh selikbratien anetbad Nse ERPLAY SheiPgPRAUSH JIPSPBIRY MgFights an

r?ﬁieg@ltar We%h'i 'dk%ﬂjiﬁlﬁﬁ‘)%s WBing PbhaiBs d’lﬁ‘lﬁbﬁ‘ Chemiddls ComparPs broad
ol ynmer stem equi vmthadlfferentlall bie of

Tiresfar @otyleﬂé'lqmdé’i@r et H&Sep%wghﬁrhf@@ standay xIheptytegrp! table o

DQHARERE-MALS.
5 AN Y R MR SR SO BAGS
1,2,4-trichl orobenzene (TCB) containing 0.5 g/L

)fﬁ?t vzscogzﬂ%%%%sju e%»bélz% W hhennk s/ﬁe@ﬂ?sco%sch%%ct@ﬁzsn]ss

concentration of po yner sol utions
was gSmalatdain b&ptlatpry tshearr mg@r@fwe‘@s queaoqfﬁq‘rmd on an ARES

ndi ng,_on the nple ) h "y q{lgp@ﬁgdtgoqr 1
%c@?at%%’d gh?omdﬁ e %%La?%} \B%t% %me%%eﬁg]n‘qg& onal and ormery
gﬁmrhemag ca i Dmtabeéra rgpichldy sblaitedarvst peiapgular frequency range of

r t.o WO 2007/0 3~PCT/ US2007/ 061519 77
ég Eséfaéﬁssatatﬁmpﬁj gucr |°g§l6§| ﬁ order to mnimze
unbal &mfe@iampkeh wedtt qmﬂkzedswhthe@m wifh tBHT hlispsased in acetone and

conpositio he |Ie 38 vas us r [ o
OIS L OB A5 e TR PHER VS ARSIl Al PPsa oC for
gnBlYoTtiht dedites I"[E'ﬂdi‘GclthﬂEb weirg hilovaddio melteguh aelatively low

wei ght dlstrlbutlon i ng ron Phil i

PYCSPHTE 5ll08 @Gnﬁ‘éli‘ﬂf ggb( C?r}g% to p%llv%?’ hy& § pressure for an

h@dﬁlsﬁal %%%tcsas"l‘h@ endlieddarspRB dadrd .thobhgudnehed) Inala cold (room
able of the broad st.andard %ﬁ re'ggeéterm nedt " d

Wﬁ%@ exper ikt hovips teEE 7R 't TP SR ?"ywefe staape

Hﬁ%@ HRNES bmsctei ﬁ{eﬁldg@c& hﬁﬁaceéhmm ty
racteristics Small-strain oscilla

or
meas urkvetests chigrler gy thsr FEQUSTFTalAAR %’@gtfa WSE}tT"IgS?dP order to
Hlﬁﬂﬁ@é e l's}ﬁﬂep %&?&cﬁa&bﬁ' - PTRS erHaeRBRE I M’aﬁ T}ﬁ‘eheated to the initial

strurre formerly Rheonetrics Inc,

ugzpp@aﬂurq/obmasmd e samplgrgudiag and éﬁ%‘?ﬁ@? tﬁslﬁl@aé egpilibration,

the specimens were squeezed between the plates to a 1.6 mm thickness and the excess

was trimmed.

Strains were generally maintained at a single value throughout a frequency
sweep but larger strain values were used for low viscosity samples to maintain a
measurable torque. Smaller strain values were used for high viscosity samples to
avoid overloading the torque transducer and to keep within the linear viscoelastic
limits of the sample. The instrument automatically reduces the strain at high
frequencies if necessary to keep from overloading the torque transducer.

Viscosity data were fit with a modified Carreau-Yasuda model [R. Byron

Bird, Robert C. Armstrong, and Ole Hassager, Dynamics of Polymeric Liquids,
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0.03 to 100 radls at a tenperature of 190 C. Fl uff
sanples were stabilized with 0.1 wt% BHT di spersed in

wae@wrovasand then vacuum dri ed before nol di ngPCBEAMOBE61519
wer e conpression nolded at 7884 C for 15 a total of
three mnutes. The sanples were allowed to nelt at a
relatively | ow pressure for one mnute and then
subjected to a high nolding pressure for an
additional two mnutes. The nol ded sanples were then
gquenched in a cold (room tenperature) press. D sks
having the size 2 nmx 25.4 mm di aneter were stanped.
out of the nol ded slabs for Theol ogi ca

Totarach diividatieckanion (Toie Moley &haaberNew Yok ARBDwax &71-172],
W’lﬁéh kb %Bﬁ’g&%’tédﬂbp'ﬂef‘&&% h&ef 48 obkdn éﬁlﬁia@szgf the zero shear

pol ynmer radation. The rheoneter was preheated
vigeesityviscaps relaxapen Himes andp brésditsparaypetetyne indjeatpd below
| oadi ng and after oven thermal equilibration, the
speci mens were squeezed between the plates to a 1.6 mm
t hi cKnilss 7aliid+((lve,)EkCeYY, was trimed. 25 Strains were
general ly maintained at a single val ue throughout a
frequency sweep but larger strain values were used
WideihOW Vi |2 ps hiagniaiidfahie tOmPRIxAtigdositRin P@asur abl e
torque. Smaller strain values were used for high

vi scosi ty @anpieslar figquensyiig ref/er | oadi ng the torque
transducer an e |inear viscoelastic
[imts of ?hegm%%h%ﬁsﬂ%%%&$3£¥%Enent automatically
reduces thepstammramxhﬁ@mnnﬁ@nﬁrequenC|es i f
necessary to. ke fromoverl oadi ng the torque
transducer? —¢F§%§§P? 8dta were fit with a nodified
Car r eau- Yas egaweptied p‘h’&ne&ﬂﬁi\ed BioB18Robert C.
Arnmstrong, and O e Hassager, Dynam cs of Polyneric

Li qui ds, WD 2007/092753 PCT/ US2007/ 061519 78 Vol une
Absolthtd Mble MesBELRSas IR b9 Y.idh: Iehserildew Yor K,
1987), 171-172],. which is |ncorporated by reference
her e.MOF%U%mlgh’fé%aﬁ Wit detgrmingd wroSEhddALS, which combines

tNé ORIk f stk $GAUSioh eh%@ettbgfapﬁy (@a 7)9~£lﬁh ?m@ﬁ-%ﬁ%ferhght scattering
(garaneter as i ndi cated bel ow.

S) dgtectign )/ ANWRIHWEPS hS—apglq* bglﬁ SPaEeiing) @éowrmqtm (Wyatt
’lﬁ'e%HH(l)lgé?f VE S0 Hal¥arh NCRI-Fas Q@ac‘heantgui @i fere gE@n@étérﬁ‘ (Polymer

0 = zero shear "vi scosHy In

Tibs T3 o & Mikatsi 16R GY éus syssm Wﬂfwﬂeﬁhﬂ)ﬁhmgbﬁéloeﬁamfer line,
tHerBQa\ﬁ?rchnﬁ\Mlp@E@ﬁ@tsgﬁle t&nﬁ@z‘%ﬁ& a9-H83BC columns and its differential

refractive index (DRI) detector (145 °C). At a flow rate setting of 0.7 mL/min, the
mobile phase, 1,2,4-trichlorobenzene (TCB), was eluted through three, 7.5 mm x 300
mm, 20 pm Mixed A-LS columns (Polymer Labs). Polyethylene (PE) solutions with
concentrations of ~1.2 mg/mlL, depending on samples, were prepared at 150 °C for 4
h before being transferred to the SEC injection vials sitting in a carousel heated at 145
°C. For polymers of higher molecular weight, longer heating times were necessary in
order to obtain true homogeneous solutions. In addition to acquiring a concentration
chromatogram, seventeen light-scattering chromatograms at different angles were also
acquired for each injection using Wyatt’s Astra® software. At each chromatographic
slice, both the absolute molecular weight (M) and root mean square (RMS) radius,

also known as radius of gyration (R;) were obtained from a Debye plot’s intercept and
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Absol ute Mol ecul ar Wei ght as Determ ned by Light
Scattering 15 Ml ecul ar wei ght data were determ ned

WaQISin@IBEC- MALS, whi ch conbines the nethods oPCHUSE07/061519

excl usi on chronmat ography ($EC) with nulti-angle |ight
scattering (MALS) detection. A DAWN ECS 18- angl e

Iight scattering photoneter (Watt Technol ogy, Santa

Bar bara, CA) was attached to a PL-210 SEC system

(Polynmer Labs, UK) or a Waters 150 CV Pl us system
(MIford, MA) through a hot transfer |ine, 20

thermally controlled at the sane tenperature as the

SEC colums_and its differential refractive index

Sty yespettivehor Methpsis &9t thag prgcessone daeded &t Wyt Br.odrpl. Chim.
/mf!z r@?@ lt(|3993 TR isPRss, 1m1:01§x>flat$ci h&%h{?w p&@?eﬁ@@ in 1’% entirety.

was elUted t hrough t

Mé@é d’EACQISIQlmeﬁXeCt P65 yrkincarabigh- depsﬂtyy étqwll whlscular weight

AEEbuaal (005 Mt ey eRRSERRIAHLANRoR piirlf Rbal, Cpg. The

wei pltf @\reeageemmgecallaa nedightr @dwX mutrﬂ:@r SE@aTgnjmde@dar wemhs (M), z-
4
a%#:lta%le nl%gieguﬂ 0\9& ht %‘él\/[é* gﬁ«% ’qg?l%gulgrr %eléi%l ng b%%ox S/M n) were

ecu onger
qmemssﬁaﬁr«ymu theseglatte and ereqiytsintedtin veribonbgdeso u s

sol ut oncentration

chr orbReaPyhSEUhR SRt Rl B LR BT B cm in
eail’hyldief foetyendrs an§ires ﬁECeM&»JESJ mesaek I Bl ahdrReatlkeach slice of a

j ection u5| of tware. ach
SRPERGka SniEng0ob R ORhOTRE inBSim R o BsTRRAr 4f covtd be
ergiMed(Meahchlme@hrenﬂﬁbyaiqﬂtE&ﬁﬁm@BNEé rdit‘c‘tdbﬂﬂxe mahis 8quare R, of

Kn ocgﬁgd gﬁ’o&‘%ggeﬁ tﬁttg?t @g#g%lﬁg{é@él? %ogvendmferq%g’glc?n 1:
PCT/ US2 O7§:D61519 79 sl ope, respect | veI y. Methods for
this prqotegs are detailed in Watt, al. Chirp.

Act@M 2 (1993), which is hereby mcoﬁ or at ed
herein }Zg,fer ence in its entirety. The |linear PE

control enpl oyed was a linear, high-density broad
e ghe %lbswt@ A andjiis rooresgnt ran¢hedpnddsicgrdlymersercspetively.

sanpl g Q t!ﬁ@'\ifé@l@tsaﬁ%zﬁ Crﬂﬁn‘tgp oFLCH %eﬁ RGN (B3w) was

aver age nD EC ar wel , nber aver
qeBtnsted asinge ZgRem- @Wmazer Sa\ff@mgv@ rﬁ@pev@unareqmcghtz where the

‘t(rM@he? rdYsGadl & b fgﬂétmql'a?to'f 'kaﬁ gg (M/M,) were

fromt ese ta, and are esent ed in various

Tabl e Zi ,St oc ma en 0 s used to
t:e#—ior é % pol y@prs.
Sl nc@SvG @, Psv asur(éskBA a h slice of a
10 chromat ogram si nul taneousl Y, the branchi ng i ndi ces,
Igoi fespuandsufowhoh thé nvmbeu bl 1iGB get ¢ration@dofitheedfciiice was then
slice directly by determning the ratio of the nean
conrate staigittforypedhc Heing sgrationl s to that of Ilnear

on%tht:fBgO%%qu‘Was shown in equation 1: 6)

where M; is the MW of the i™ slice. The LCB distribution (LCBD) across the
molecular weight distribution (MWD) was thus established for a full polymer.

A Quantachrome Autosorb-6 Nitrogen Pore Size Distribution Instrument was
used to determine specific surface area (“surface area™) and specific pore volume
(“pore volume”). This instrument was acquired from the Quantachrome Corporation,
Syosset, N.Y.
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gM =1\ 9)br (1) CRS )Zi n where the subscripts br and
lin represent branched and |inear polyners,

wo empoelrsyel y. 15 At a given gm the wei ght - areT/agmd7/061519

nunber of LCB per nol ecul e89B3N.) was conputed using
Zi mm St ocknmayer' s equation, shown in equation 2, where
the branches were assuned to be trifunctional, or
Y-shaped. i 612 +.B,, )/2 (2 + B3BW ~ B3w) 2 (2)
gMB3w 2 B3w (2 + Baw" | ) "2 - ((B3w))2 LCB
frequency (LCBj Vf, ), the nunber of LCB per 1 000 C,
of the ia" slice was then 20 conputed

strai ghtforwardly using equation 3: LCBM =1
RyeprrufioBghp pﬁ/uf(fsc)’ea(/ﬁréf@flp(ﬂmwg ActEarirSePretie it slice.

The LR digdardifiid0 rhs@&C%D)pr@&erS&et tﬂ%orﬂ@él eﬁHl:a?‘ﬁlumma acidic

wei ght distribution (MAD) was thus established for a
aetivatohepperrin thisdrempie maéﬁmolmlbfo@@vlborﬁmmwb@@na Pbtained from

V@'I%eGlgcétaé lﬁﬂ?&é ?ﬁsiﬁid %ﬁﬁl n1 513%2§1,u§iﬁ Jfaglx%e ?51[9 Wlume of

speci ace area sur ar ea
abovniel Galcigrend ¢ 'spdree avr@h aﬁeb()ut 4D|6|rs /gns’ﬂmm@tﬁtnams fluorided by

REPR b 935 B AL 55 3 B UE AR Biuoride in

apf arpoHEitusificiedt 8 kiqead W wii faofAthei weigbt OSlﬂDEp(sﬂtca'ﬁh&mna This
na, use are the fluor o
EoreERicd AR $8F dpe o Y Ak Ry tof § horg at 100°C. The
t?xsaﬂﬁd)r&le&?sﬂgaf@lluﬁﬁhi yarh¥iys ﬁ/@fbltgbﬂi Ii@lamaﬂ lamf@l&b\@ebt Abd@tdl0 grams
W.R in
o T s Bl ST AT SRt 1D S o gar disk

a tBeIbbReR . avadicothealiftd wheQupBdrisd dhitke mmkemmlalmss blown up
n to_1nNncl pl ent _wetness wt

g et At i TG BrD e e Puoh FBIHTH ol ERGou. An

ehdifid EBRbe hduad Ltﬁé q%@rtﬂ\ﬁtubéo ®hs LHR Weinghdas®the téﬁlperature of the
silica-al um_na. is inpregnated material was

t he
tHbs @dhe rate of abnt ﬁhOev% Rex pur o A dipaktegiperaiane, ofﬁh@ut S00°C. At this
t&IﬁP&a{ﬂrH Ofhbs %@ﬁcé&lhhﬁ& ahyl gh@@e& B BB IBE LAt e lﬂhree hours in the

cined as fol |l ows. About grans 10 of the alum na
g rag'- pﬁﬁ@@ﬁarﬂn the siligsalupuna q\@ﬁrqo,&le@tg@ @nfljstqred| vpflemndey nitrogen,

N8I 4R g{uze}gy E{fre& ete{}glr glmerrgm While the silica

was supported on't alr was bl owmn up
through the disk at the linear rate of about 1.6 to

b A S B A B Mo %1 5 nor ease

t he t%ﬂfﬁeﬂhahﬂmnmfwas Hermed by a process wherein alumina was chemically-
treated with a sulfate or bisulfate source, typically selected from, but not limited to,
sulfuric acid, ammonium sulfate, or ammonium bisulfate. One example follows.

A commercial alumina sold as W.R. Grace Alumina A was sulfated by
imprcgnation with an aqucous solution containing about 15-20% (NHa).SO; or
H;S0,. This sulfated alumina was calcined at 550 °C in air (240 °C/h ramp rate), with
a 3 h hold period at this temperature. Afterward, the alumina was collected and stored

under dry nitrogen, and was used without exposure to the atmosphere.

Metallocene Preparations
Unless specified otherwise, reagents were obtained from Aldrich Chemical
Company and were used as received. 2,7-Di-tert-butylfluorene was purchased from

Degussa. The Grignard reagent CpMgCl (1M in THF) was purchased from Boulder
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tube at the rate of about 400C per hour to a final
tenperature of about 500C. At this 15 tenperature, the

wa@Rdo7oe783 um na was allowed to fluidize for abpot/Uustwwes1519

hours in the dry air. Aftétward, the silica-alumna
was col l ected and stored under dry nitrogen, and was
used wi thout exposure to the atnosphere. Preparation
of a Sulfated Al um na Activator-Support 20 Sul fated
alum na was formed by a process wherein alum na was
chemcally- treated with a sulfate or bisulfate
source, typically selected from but not limted to,
sul furic acid, ammoniumsul fate, or anmmoni um

Ssiendifcatempane Hriprd Wothlasids, was psahsed ifeim Steri. nghe solvent
'15]91? %a@%l.lb\élﬂgd f&ﬁﬁg‘caﬂﬂfm QRitla r§|&§ i gfj etﬁ%r .methy ene chlonde

I npregnation wth an aqueous sol ution contal iing a
PeBtapgoardNplicpserere purchgsadXBmn Fishigt Scisutifiea Cothnahy mind atored over
Mgat%&“aﬁ g %Il gé@eﬁ:tslq@esr@'tc% &%é% aﬁ:é Qto&&??n&&tlﬁgog%t ﬂeac’uon
Ebdudts azvamsm@b'IZb@ diye HaNYIR t &peemSCupw eéBOQj N Haj (Ggkmeferenced

her
%]%S}N%o Cegﬁcgéj e&u}? §%ot8§g>%§% 6%{28 spec ot TMS at 0 ppm) or
"O€ PSR é7é M&ﬁagﬁ)ﬁlb veferencadl agaist cérrtammbohf @NCl; at 77.00 ppm).
Ig:&)?wﬁg o aOQ an A aﬂgto {n%zgged as received.
PrAe bu 1 U0 Bne \ias pur chased from Degussa.

The & hlegﬁﬂfodvmgéglezﬁtles(;ﬂwg @hrogMHE-8, \'w"H'_c) prepsred iscdiadedtd herein
from uI der %)ﬁ 0{%%9 7 @/%JSZOO 3{51519 81
@gluéﬁ c’fﬁ’rgpac’fg % %‘H“E RISHI4 LB pur chased
from St reem 2 i stillgd

pot assi

chl ori de,

Fi sher Scie

al um na.\ Al p—¢ _

ni trogen.—Reaction 5 produygts were anal yZeg by 1H NMR
spectroscopy (300 Mz, CDC13 referenced adar nst

ei t her #her«egichial proter:peaks-at 7. 241, ppReadypen-ChiGEl 3

or TNG Grengreppilyor  13EhpRnpABI\Hz | SCEXEHeRyipentatfulvene

r ef erencedegagai nst central ki ne of CDCl13 ate¥7.00

ppm) . Reported preparations were not optimzed. The

follow ng ful venes, F-i through were prepared as

di scl osed her ei 3

L-1 t hrough L-5YNpoui-degs herein.

2- (pent -4-enyl ) -6, 6-] 2- (but - 3- enyl)

2-(1, 1-di net hyl pen

di phenyl pent af ul vene 6, 6- di phenyl t af ul vene

6,6-diphenylpentafulvene 2-(pent-4-enyl)-6,6-
dibutylpentafulvene
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FAFF=2 F.3 | \ 1 \ 3 6, 6-diphenyl pentaful vene
2-(pent-4-enyl)-6,6- dibutylpentafiilvene F=4 F-5 WD

wQoB70092¥53 PCT/ US2007/ 061519 82 The f ol | ow POT/US2007/061519

ligands L-1 through L-5 wem2 prepared as discl osed,
herein. t-B Th*" -Bu t-6u -B" t-B/ \ -6u Ph P Ph

Ph-' M xture of isomers Mxture of isonmers M xture of
isomers L 1 L-22L 3 t-B\ / \ t-BUt-B/ \ i' -au

Ph a C4Hgro,,,." PhIC CGOH9I M xture of isomers

M xture of isomers L=4 L-5 Synthesis of

2- (pent-4-enyl) -6, 6-di phenyl pent aful vene (F-1). 5 To

5- brono-1 - pentene (100 % of 95 wt% 0.637 not) was ]
addedThetptloyiembisands dyl thinyele - 3imcenpispaigd af dpgloged berein.
1 Msolutigpn in THF, 0.7 nmpt) at 0 Cin a

After stj @@@ ! 30 m e'S
the m xtuhe ¥@s warnmed t@.rB0m tenperat urcAfter
stirringPovesQi ght, the r®achion was quencﬁevvith a
m xture of iee and water. Th L.xture was ext
with pentane. Th& 10 organic |ayer was washed,

wat er and” A £t "over anh{APBHE™EBdi um sul P oriomes
Renoval of the solvent under vacuumat room =
tenperature gave a yell brown |iguid.(98 g, crude
pent - 4-enyl cycl qpe : 3 @ pent - 4-

enyl cycl opent adi ene.. (B >0 E (500 rnL)
was added n- BulLi (Pﬁf)é\;jzeof 10 MSH Apxanes, 0.6 not)
at -78 C. The m xtur s warnmed up te<{f gom 15
tenperature and sgirred overnight. The ani'on solution
was added to benz%p _g_gone (110 g,Mﬁ.@ﬂ not )
di ssolved in THE (500 nL) at O Cin 25 mnutes. The
m xture

Synthesis of 2-(pent-4-enyl)-6,6-diphenylpentafulvene (F-1).
To 5-bromo-l-pentene (100 g of 95 wt%, 0.637 mol) was added

cyclopentadienyl magnesium chloride (700 mL of 1 M solution in THF, 0.7 mol) at 0
°C in an hour. After stirring for an additional 30 minutes at 0 °C, the mixture was
warmed to room temperature. After stirring overnight, the reaction was quenched
with a mixture of ice and water. The mixture was extracted with pentane. The
organic layer was washed with water and dried over anhydrous sodium sulfate.
Removal of the solvent under vacuum at room temperature gave a yellow-brown
liquid (98 g, crude pent-4-enylcyclopentadiene). To the crude pent-4-
enylcyclopentadiene (89 g) dissolved in THF (500 mL) was added n-BuLi (60 mL of
10 M in hexanes, 0.6 mol) at —78 °C. The mixture was warmed up to room
temperature and stirred overnight. The anion solution was added to benzophenone
(110 g, 0.604 mol) dissolved in THF (500 mL) at 0 °C in 25 minutes. The mixture
was warmed to room temperature and stirred overnight. The reaction was quenched
with a mixture of ice and 10% HCI aqueous solution. The mixture was extracted with
pentanc. The organic laycr was washed with water and dricd over anhydrous sodium
sulfate. Removal of the solvent under vacuum at 40 °C gave a dark red viscous oil.
The oil was dissolved in heptane and filtered through silica gel. The product was

collected by washing the silica gel with 5-10% CH,CL, in heptane. Remowval of the
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was warmed to roomtenperature and stirred overnight.
The reaction was quenched wth a mxture of ice and

wa sy ed7sagueous sol ution. The m xture was extPEmUSIO7/061519
with pentane. The organi c8Bayer was washed with water
and dried over anhydrous sodium 20 sul fate. Renoval of
t he sol vent under vacuum at 40 C gave a dark red
viscous oil. The oil was dissolved in heptane and
filtered through silica gel. The product was
coll ected by washing the silica gel with 5-10% CH2d 2
i n heptane. Renoval of the V\D 2007/ 092753

PCT/ US2007/ 061519 83 sol ve he des
seveutiEve thadogIaoRust o 4D BAYSH S BB Gt PRI GHEene) o @
B %%‘%ﬁé&grcﬁp 13%%@1%(5 3‘§)b|6M(I3-122H dﬁb&f 30;04 5 @me), .59-6.62

(8, £H.] Hz, 404 Blz4 2H),de140-5.42 gidljﬁzs 11H4 H’g Hz_L,|_})H) 6 12-6.15 (m,

1%1?; - ép2 gn%dH%H;)» 08 Apuf; ’9_@ (énsl_g B ¢t b (579 JQ87 3 1%9 iPil) 222230

@RE2ED] 1765-1.88& qliayi/m 72 Elz7 2PDHPC NMR (73@4@@(117@13) 5 148.28,

5o 508, B g, 8,005, 7 40,850 169,76 07,

1227.31327 b8 710874, 1284.2441 142483345, 3043228, 433 95 '30. 13,
28. 46. Synthe3|s of
1- (3-(pent-4-enyl)cycl opentadi enyl )-1-(2,7-di-tart-but
Jthé@& epy! X- (33(9ellt—ti—'eﬂyl)bﬁﬂ@dﬂihﬂﬁﬂﬂ){ﬂ:{lﬂ—dﬁ@ert—butylﬂuorenyl)—
di-tert-butylfluorene (125.1 g, 0.45 nol)
Jdlsisbhwdmewaaez@ 2%¥00 nL) was added n-BuLi (47 nL of
10 M vy resanesputdifibrdmRl (12811 £ €45 the) dissbliee m@zo (700 mL)

warned to room tenperature and stirred ernigh
wed addedol- BtllLb (flx,@gn}) %ﬁj]dégfl trbhexangs IO 47 mo?)vat 0 Lg I;I'he rmxture was

gadRent, | (16145/ g added

BT A O s i

Z—Opﬂmmftreé)-é 6kcbphﬂnytp¢n@fwlasna/\ﬂfﬂé 61450g,r % ﬁé}%éﬁ%&lﬁ% in Et,O
t

Al T Moo e REGE 3 ARG HFRERR St drbune and

FHrrddUbeeriht. e Mtheaeh@ibnwivhd qitRbied Thiegh ergaire dfaiperandak)?% HCI

washed W|th er and dried qve S [
aqnePys sOluBRRpy Le SHXULR WaAS) v& 2led? ﬂ:gdﬁ écué‘rﬁng ogggmc layer was
RALHR DK AN 28R | ainfl dritl @ veDhiltdvass msm dumte h Rtmvaahef the solvent

e 20 DS VAU AL 40 00 Ty e g i

éédéi‘ dé@ﬁdrﬁ 30t dure QMRS For@he desired product (191.7 g, 74% yield) was
2-(but - 3-enyl ) -6, 6-di phenyl pent af ul vene (F-2) To
abtlgmﬁrwa_\*dutecﬁ?@ (100 g of 97 wt% 0.719 nol) was

added 25 cycl opent adi enyl nagnesi um chI oride (800 nL
of 1 Msolution in THF, 0.8 nol) at i.h 50
Hyntresis. Ofﬂfﬁbélﬁ-F’sQﬂYﬂ)r@ﬁgd‘PBP“ﬁéﬁe‘é‘&é‘l“f"?%%ﬁ‘zl5 m nut es

al 0 Go Lhg:JHhaliUhfoitB 100aIgTES (97 1 o7, { OTROT Fhol e was  added
After Stirri ng over ni t he reaction was quenclg
cyclopentadienyl magnesium ¢ lond (800 mL of 1 M solution in THF, 0.8 mol) at 0

°C in 50 minutes. After stirring for an additional 15 minutes at 0 °C, the mixture was
warmed to room temperature. After stirring overnight, the reaction was quenched
with a mixture of ice and water. The mixture was extracted with pentane. The
organic layer was washed with water and dried over anhydrous sodium sulfate.
Removal of the solvent under vacuum at room temperature gave a brown liquid (94.2

g, crudc but-3-cnylcyclopentadicnce). To the crude but-3-cnylcyclopentadiene (94.2 g)
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with a mxture of ice and water. The m xture was
extracted with pentane. The organic |ayer was washed

wowvdao/oveEser and dried over anhydrous sodi um suP¢BUS20083061519

Renmoval of the solvent undé# vacuum at room
tenperature gave a brown liquid (94.2 g, crude

but - 3- enyl cycl opcnt adi ene). To the crude

but - 3- enyl cycl opent adi cnc (94.2 g) WO 2007/ 092753
PCT/ US2007/ 061519 84 di ssolved in THE (500 nL) was
added. n-BuLi (70 nL of 10 Min hexanes, 0.7 nol at
-78 C. The mxture was warmed up to roomterrperature

st rred over ni_ght . THe ani_.on_sol ution was
e TR QA0 a8 0ebn 08 1af lps SOM exfgna.7 mol a
(A&, m}“}le AixRirEwal wirmbBd 0p k€ foon] E@n%@erﬁ#% %W%éﬁmlght The

to roomtenperature and 5 stirred o
Fraee tspbwomasq addedrtedbanzepheaons K134.8 2f0.7emmb)ddis@dved in THF

(50 mERHEQE: ROl MR ML Cu 0588 (BT tidture and

he "organi C ayer was
sirrreekjommrghan ITytérxcemmomoﬁam qusndhéatvaih Ramw\ade affick had 10% HC1

vent nder..vacuum at 40 C gave.a dark r Vi scou
AR PR T s o RAT ARt Tihe g aver was
Whﬂkﬁtdgvhlﬂs intatet ang elried Bhrer phyditsis sodiint ehlfaet Bénddyal of the solvent

hi the Ilca t.h 5-10% CH2C12 in
‘Hg%f unﬁ@ ap B F#@&%{ﬂ\g‘v ROV Qveojfhf?emb”é@? fisgolved in heptane
Eﬂfdoﬁlil&%d t 8, silich- gbYo Wh%'rﬁ‘o@lﬁ& evda%%lfébﬁﬂ%i”w‘ae%% eeditica gel

as . a dark red vjscous oil NVR (300 Mz

vyltégs J]O%]_C(—}gplzl@-bleptgl%oRemggal(gfathe golverd @Vﬂzthe ﬁesnred product
%11’73 4% ﬁeﬁ?be@e@ lan(ldgnom]o—l %u?en'é? Eﬁ 3 (ﬁ!irlgﬁzd J‘ﬂ'&ous (011 'H NMR

@99 Mtiz&sg:l:zcam 6(7@9—2;4)1 (rm gad)z s @nsia @) J = 3&2 mm(%z 1H),

ey e A X e

326 .(82,2H)22.5882.60. 2, 2B)), 123274 (vh18HFS’CINKIR 975 RBIZECDCL) &

: hesj
O O B TS0 8 e OB o1 95113295 33138 {36y 12785,
1X7.8mrienyils) 117.13, iaptsenys BBt hiam®, GB:33) 3880 To
2,7-di-test-butylfluorene (91.7 g, 0.33 nol) dissolved
in Et20 (500 n.) was added n-BuLi (35 nL of 10 Min

$ANBBES of Q—@S(Hmlslerg‘l)c?cﬁpeﬂ—ﬁﬁléﬁylﬁ1”(2 TV@Ster 6% G rRnyl)-1,1-

room -t errper ature_an irred overnight. The ani on

diphgrylgethare daded t o

2- (buto 3 ?JBNJte)rt-ﬁu nﬂio%%nigdlgg%f %fsg )é%ﬁﬁ%%%&%c)?‘ﬁg%t @00 mL)

(104 366 nol di sso
Q@?Qﬁ’fl mBuds (3nmleef 59 M i h@xafng:ﬁ, Qﬁﬁ adx!l} 1111 ®Mal 3@ Akture was
xgllr@ﬁlatdet% 1%‘6m te (:Pe}a?w? r X egts%ﬁr%d ‘9{@% e amon §omut10n was added to

mper at ure over ni reacti on was
hasnfawwlwﬁtdqdmhmmwa@kyhm cécoanmbuhﬂ%lH@) éideoys 0.366  mol)

SRR BT, R A7, BHEFSE a2 Mlonas 2
ARyl QUB°CoUe Uikt hak QvarfRBARY 8o ftethiBErafiRé YRDLiNEH 8Vernipht.
'f/l?ecr%ggt]lgnax\v/vgs guenched with a mixture of ice and 10% HCI aqueous solution. The
mixture was extracted with CH,Cl,. The organic layer was washed with water and
dried over anhydrous sodium sulfate. Removal of the solvent under vacuum gave a
pale brown solid. The solid was washed with heptane and dried under vacuum. A

mixture of isomers for the desired product (142 g, 76.5% yield) was obtained as a

whitc solid.
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pal e brown solid. The solid was washed wi th heptane
and dried under vacuum A 30 m xture of isonmers for

W0 b@70es53 ed product (142 g, 76.5%yield) was pOI/ARI06T061519

as a white solid. WO 20078892753 PCT/ US2007/ 061519
85 Synt hesi s of

2-(1, 1-di et hyl pent - 4-enyl ) - 6, 6- di phenyl pent af ul vene
(F-3) To a solution of 6-butenyl-6-nethyl pentaful vene
(17.8 g, 122 mmol) (prepared by the nmethod of K. J.
Stone and R D. Little, J. Org. Chem, 1984, 49(11),
5 1849-1853) in dry THE (50 nL) was added a sol ution
of methyllithium (75 nL of 1.6 Min ether, 120 nmol)
while cooling in dry ice. After stirring for 20 hours

SYifincst O 30111 ol PRI ERIREI 81 € aig iyl M A Y

was gradually ad 0 a sol ution benzophenone

(21. 8%oga iczlgﬂmmpij G-hutepp-G- Q@thﬁ_pewﬁul\eenéom $ggi 22 mmol)
(gﬁg)are% b, rﬁ&h&{ of & ﬁeﬁohgﬁ}gcﬂkﬁﬁf RN Bfd ¥neth. hﬂshs 49(11),

I'ysi's of ‘an a I quot” sho he Tor%ac e on
HeQr18p3% omhtye THF (30 ndy) veas added & |sohlalon hvcﬁmethxlh@mnﬁimi of 1.6

Yo, SRR Sthaihdhy oyB U@l Uy SR0° SREEALEling fox 20 hours and

mniog\ntm goad déthpentued, the melkove s¢ILBON M gs, eradhenlior giaei ¢o a solution

fq% ?1& ég%%?ﬁ@ wal 'ﬁl Q

d i3 e so% ghilﬂ\)/vas (r?1 rlrtgve #dgﬁ‘)v\glgaeu‘%ogng% ige: Ared

qobat for “"“ddm”“mﬂe‘@m‘@daﬂ@ 4 hagrsGnalysindfhn aha[im s}mdfed that the
st al li r odu tha

'r%a ém rwaés dnearl com EI n’%sf er an aggﬂ on Ht}ro(ﬁl?,l( %E ngx §JE§/cooled while
@/Scﬂh’dn)n of benéﬁﬁmydMﬂhlorﬁDﬁl&XZ(Snﬂ,)Zﬂ-ﬂatéﬂ (2(001 mLYMas added.

Jolﬁ)vsgng_ &&1 iog ong)%ﬁtgnelﬂ?ﬁ ’n%lg)é %eggrg%r%%%éyej was fvagg%wgﬂq water and

dridd, over Z&hﬁm&ﬁﬂi{a’fﬁ THd) s sog‘bn&éwa% &&@Ve{dﬂ&n&i‘ﬂzi%%nﬁ&'xcﬂth@ Qed liquid
m )

Vool 3)55%6]“1 Seerkighe 17 561 Satslling Piocigees Wavkedsvith cold

hEBafs, anl3riilundksd Yudidun 1634 rdPso1Z0(3DAY g834%]3331d77 'H NMR (300

127.24, 127.14, 124.88, 116.30, 113.45, 41.96, 35,86

Hizp 6Dy 9622 S (he iH, 6:56-6.58 (dd, /= 5.1 Hz, 1.8 Hz, 1H),'6.24-6.26
(3=4; [ v, e [ I 2 )

(11:1d| é’at esl:L 1 ini 1@%&%??“5 9f15@3 ('i)ﬁ 1h§n @f?hggg s)sslgl 1H), 4.84

560 (mi aD.df S&Zpﬂc(m, Q&)I l 52&136(} Gnm&Hahé 1723, @y, QUMR (75 MHz,

EBEADA 1551014290 T gl SROE it k2 0, 1319,

mydlg 187 9y Z224, TG 19, 124.§8,vid$.30a1 hkd 5] 41 9@0313186 29 90, 27.90.
tenperature and stirred for 24 hours. The dark
solution was cooled in dry ice and a sol ution of

Syr(thesis di roFt hyl-ge(t,1-dmethyiperfi-H ey Iphie N epentiat y)-1qRF-di-tert-
ound g In Et20 (100 nl)
mm"}?é'ﬁ“%gﬂ d élﬁ“éﬂ'geth‘fﬂ‘é%%ggour e was warned to room
t enpeAaolitiynasd2 3%&éﬂubutyﬂﬂﬁ&éne2 Q2 h9Er 900 Ahh61) i6 EUO RZ00 ml.)
inice, a soluytion concentr at ed hxgrochlorlc aci d
was cooled i dry ice and n-BuL1 868 mL of 1.6 in hexanes, 0109 mmol) was
added dropwise. The slurry was warmed to room temperature and stirred for 24
hours. The dark solution was cooled in dry icc and a solution of 2-(1,1-dimcthylpent-
4-enyl)-6,6-diphenylpentafulvene (compound F-3) (32.8 g, 54.3 mmol) in Et,O (100
mL) was then added rapidly. The mixture was warmed to room temperature and
stirred for 20 hours. After cooling in ice, a solution of concentrated hydrochloric acid
(20 mL) in water (200 mL) was added. Following addition of pentane (100 mL), the

organic layer was separated and washed with water. After drying over sodium sulfate
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(20 mL) in water (200 nL) was added. Foll ow ng
addi tion of pentane (100 nL), the organic |ayer was
waepangt7exl. and washed with water. After dryi nBCDUS2007/061519

sodi um sul fate WD 2007/ 092863 PCT/ US2007/ 061519 86

and. filtering, the solvent was renoved under vacuum

| eaving a glassy solid.. The solid. was heated with

nmet hanol (100 nlL) and the hot methanol sol ution was

poured off. This process was repeated four tines. The
solid was then dissolved in hot pentane, which was

then renoved under vacuum while heating. The solid was
broken up, 5 dried under vacuum and then heated with

agd rﬁéﬁ@ang(tlze SQVEIt VIS SOy LRGRY, Varruem deaviRg 2 glagsy solid. The solid

s SRt AR A1 o FE MLttt SONBAI [ BlutfoiCuyas poured off:
desired product (1 g, 30% vyield) was obtained as a

Tis peocsss] Was repypated égvrstlmﬁs 6 Ibe dipbﬁ avapl them dimsoivedn n@ hot pentane,

4 ( g ) RS
‘*?I{;C%)‘Ywajsgh%sgéﬁm gé e ﬁ‘%@r& F’g %%% (Tlﬁ%osoﬁrfi_ ﬁﬁﬁ{eﬂ s
dviedrlmgemvaqunrra apddhéri heated Wabketh@mb (HumIpotsBe mlmg, the solid

A | : I I
DS . RIBATIE ;05805 M Al M0 s s0%
yieldr weslootyimled peatvddiessodid( 35 nl, 430 nmol) were added.
After 30 m nutes, the solution of benzophenone was
added over 15 15 minutes. The flask was stirred in a
Syafthésipeofad,ediplomyhentafuteene(@-4)hen, while cooling in

' dde
G Tt RHORE NS BT oot e SFIvER s phydrous 1.2-
dimgehiok gethanee (DNES) Q\Eﬂs)hed)mﬁﬁ&ervmﬁeger( 2 ¥ 20éhentiter dhadk, ground
e, R BSR EA VASHBRIY DT (3 e s
whissesdlaeth &M 1&%&41:16 (r)aggg@@h@naaemocy&ap@mh%ﬁ?m IZLL 430 mmol)
concentrate I n - or
WgGraddgdy eAger 30 raigpfes. rpég (go *Son 8 b§%‘3ﬂ pefje wapy aﬂr{]ﬁf‘ over 15
rﬁﬁl@ﬂ:b M‘I'lle fﬁ@@lﬁ% st@rrzd ﬁﬂa 176ﬁ3§er(1tf& fdr g@‘ﬁour@ aﬁtﬁt&n%hﬂé’fboohng in

N 6
1?55 131%4{011(4@0 @@L) wa@ Qsied 13he mlxtl&fé I"’a§5dﬂ“132’8w1"é Pentane (500 mL)

alaa7sc§9batcd12’i3h<§8r a%ﬁ: 1t QRS iwasBld with water (2 X 200 mL) and dricd
1-cycl opentadlen 7-di-tert-butylfluorenyl)-1] 1-

Qyieh ediym. sukgtd aﬁge ce 1Pn1VéaSaﬁ]§?§P‘ﬂJtaPé falgp to dryness under vacuum.
ﬁle bo(ifd -svsg albpaw& fnh %enﬁ{gcp&@&e%@o rﬁﬂi Héir%én b&hc‘éﬁéfdted to 400

m.), cool In dry iIce,

n(lhs Gyoins 6 b3 CPT A0 hewsrasye ared sgid (ot P, “ierhio vk 'HNMR
f 13
M G T, SR KL T B 30t B o

SRIRI(TOMEBE, GDE61Yid hengd peist 20, uW4osite 131 JMBLsSd, ﬂ:28l)6, 127.20,
ﬁ%g“p g, 113 mmol) in THE (100 nlL), while cooling in
.”*The

Synthesis of  1l-cyclopentadienyl-1-(2,7-di-tert-butylfluorenyl)-1,1-diphenyl-
methane (1-4)

To a solution of 2,7-di-tert-butylfluorcne (29.8 g, 107 mmol) in dry THF (100
mL), cooled in dry ice, was added n-BuLi (43.0 mL of 2.5 M in hexanes, 107.5
mmol). The bath was removed and the dark solution was stirred for 2 hours. This
solution was then added dropwise to a solution of 6,6-diphenylpentafulvene
(compound F-4) (26.0 g, 113 mmol) in THF (100 mL), while cooling in ice. The

reaction mixture was stirred at room temperature for 86 hours and then cooled in ice.
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reaction mxture was stirred at roomtenperature for
86 hours and, then cooled. in ice. WD 2007/092753

woewe2897/ 061519 87 1M HC1 sol ution, (100 nkQTNBE07/061519

added. The m xture was dil 87Ted wth chloroform (100
m.) and separated. The chloroformlayer was washed
wth water (3 X 100 nL) and dried over sodi um
sul fate. The solution was filtered and evaporated to a
i ght orange solid. The solid was dissolved in
boiling chloroform (150 nmL) and nethanol 5 (150 nlL)
was sl owy added. After cooling for two days to -15 C
%Qﬁ SOl i gemas f||tered of f, ground, and dried under
Hﬁ% g Wasopfisles. f Bhe pHetugRegiap dilutadr withcghloroform

(190 IﬂLQanddf@eré’cé@ efﬁ@ cHIBR Ok #yae @a@%va@i%mfth‘w‘&t&eﬁ X 100 mL)

sol i Synt hesi s of

g énecb ewer spdipy |splviel obbaisalgitionyyas Bligrad andjevaperataduto a light
Uﬂar%gél Qoifd. uPhE Ebﬂd) Q’Q@ ﬁf&?ol('l:cz ) b@ihfng%i%r ?mc(ggg %%?)1% Prethanol

di -teft-butyl flourene
SP mEpsrasclewly-aRled untier CNﬂﬂm’]ﬂJ"mOr dayd tas-1%- Bulihe solid was

ﬁﬂcr%d erf %r%&% Mﬁi Mﬁ%@? va&l?ﬁm Wh)lxt S?fagggl%rs for the desired

syring e feaction m xture was

ml’@ﬁlrpetr(aﬁ rie 46 304 yickD voasarbitidiged as auooff e\dmtecsohds C, and
2-(pent-4-enyl)-6,6 15 di butyl pent aful vene (conpound

F-5) (13 g, 50 nmol) (prepared by the nmethod of K J.
Symthesiand R @ Li t t3-6-(pknt@-enylidyelopenaisy))-5427diltert-butyl-

u y added. The reaction m xture was
ﬁﬁéﬁb§§?§g?%elJ enperature and stirred overnight. The

r eact Adﬂlask/amsqzhengeh edth W7tdi-satbutyfledrendiHICE, FOuidl) E,O (150

S R G St o MR B n R st oRE TR hopncs. 4

andlﬂ ewaH0 :adéﬂ;]ﬂ medemngalcuurmg aysctidny aliktays Okds ﬁﬁrﬁfetiofb room
(0] t oi t hrou | cCar- usi ng pt ane

tgfnfpgfag"éra 2SSt ‘?Veer%‘mgﬁjf séhele f Br O)ﬁe mg?esﬁflg 2;3&’686@16113’1) 6,6~
(ﬂﬂbﬁtﬁ'ﬁp@tdﬁﬂﬁéﬂé &bﬁip@)miﬁﬂ-@glg id, 50 ayrﬁbi) Q}I&ﬂeﬁdl@lﬁ by the mg,thod of K.J.
SloROSRY RIB! e, S8 ok, 2 (i RE ot Y a4 5 iy miied. The
rwhmtaﬁ edikfufé sm(szwanﬂbd ttSrfootﬂUtt}HnE!:féﬁﬁg rhn% Wirdenfhigle.  The

di chl de (I-
frf“"l%rgnm( Iﬁ%’ﬁt glgénéﬁ%ﬂ )%191: Isé'fb’éﬁﬁ‘édNEm(}l polutiop. 7 Tdie- exgapichlayer was
éﬁitlfalc’eé@r\ﬁﬂ'th/ E),0l whsh&l RAERYIERINABGd G@éﬁ%l)%fi‘ﬂo{xs i«?dzf\gl? P Removal

6 mmol ) dissolved in Et20 (
%fotbe GO e i} S BEUGhEavsfa zelswwmln Eietm@fsthe p?lltheoum Jilica-gel

(ﬁ)tlutgn(ﬁmny}?epta!ﬁ'e)&tfﬂﬁ'@ed"@ isohdr® ? thg ﬁ@ﬁf%ﬂt oﬁuct (12.8 g,

stirred overnight, and t e V|a cannu

GG Criecl{rs @ . 83.6 nmol) suspended in a m xture of
pentane (450 nmL) and Et20 (30 nL) at 0 Cin 30

m nutes. The m xture was warnmed to room tenperature

Swighesis r r edoff or tdiphagmetiiizienk {11 °F[3-(pest-¢ @ngHoyclapattadien-1-
aln(ijeneﬁr[]ﬁg &2 ’/u gl -tert-butylfluoren-9-ylidene)lhatnium dichloride (I-1)

To 1-(3-(pent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-1,1-
diphenylmcthanc (compound L-1) (45.3 g, 78.6 mmol) dissolved in EtzO (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.
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WD 2007/ 092753 PCT/ US2007/ 061519 88 The liquid. was

decanted off. The remaining solid. was washed. a
wa@ewanek753 me with pentane (100 nL), then extrBCT/@82007/061519

with nethyl ene chloride and@d8centrifuged. The solution

was taken to dryness under vacuumto give a yellow

solid (46.4 g, 71.7%. 1H NMR (300 MHz, CDC13) S

7.88-7.98 (m 3H), 7.78-7.88 (m 3H), 7.40-7.50 (m 5

2H), 7.29-7.38 (broad t, J = 7.2 Hz, 2H), 7.11-7.28

(m 4H), 6.28 (broad s, 1H), 6.24 (broad s, 1H),

5.87-5.93 (t, J:27Hz 1H) 561578(m 1H)

5.44-5.50 (t, 9525 5 ﬁ% h
THz liquif wag c@gaﬁe@gf‘f( rﬁr he p:&ma@l%scél wa maslz% S§C time wi
%ﬂ}%ﬁf _/(gb?\@), tﬂleﬁl@xﬂ'aégd (Wikh 2hdthy@nd®@nlcvide 1) cerktdfuged. The

8 149 41 149,21 144 47 144,20
saIB7i0T ByasliaRer6®, dlzmgssoalde& yaowmn tq giyessyeliory S%’éd% 6.4 g, 71.7%).

BEVIE CADNEE g1t 5% 487 HEhn 13, 12R.9 %8 ARBF07.40-7.50 (m,

21187 26,7.19 8or8&d 1, V18 753Hz13H), 751 1-1 @g (gg 4@)1@ 28 {broad s, 1H), 6.24

GPAE 155 08755 G ST $1 1), e B B, 480 (v =27
}m pmﬁm,yft neiss jtdened Tz, [185)( mstz -Bo® () $BY.A. 2P ritSan.eH), 1.94-

305605y T 5P (o 2E 095,67 SRER: TR R RO § 14941,

diochl 0f44dszz (1J¢4224 Ti®7.71, 132.69, 129 08, 128.83, 128.45, 128 39, 128.22,

Vet i o ehe et DA A Sl s | o,

1919 @, 11878 ilgisfaqt;\s@dllmﬁt 2@ {850 1M1}, Y8592, 3100169y 76.88, 57.88,

ded n-Buli (5. M i n hexanes, 13 nmol) at
3529 3ﬁlr?e7 ﬁﬁiﬁu3]e04\f§éso%/&9r’r’§d t8lroom tenperature,

stirred overnight, and then added via cannul a to 20
HCl4 (2.1 g 6.5 - nnol) suspended in a m Xxtur
$)5mtheme (30 ofil) adiplEmybnethyhidenefy™-[3-(but-3- %l)ﬁYﬂBP%‘gadle“‘l'

vigfene) i i o ol oo SO IR R it osehbe ke (125

centr Trﬁuged 1| ngebut-sqamnyu)cympmmm;ew 4R f7-di-Ftiutylfluorenyl)-1,1-
Gigbemiihann PP a O At g Ao R dp RERS EFmr) was
%g@hr hidged-Bdiq 530! 600 5 WaSn th@i(ﬁ{bsl IJB eirystpas0 rad er he mixture

acuumto give a yellow solid (3. 7. 4%
Whb NNRMER (10 wgm temm%@afessﬂf?e%?"@f“%‘t #d t% ad%gé St Lanmuta to

uspe /; r nta tEt,O (5 mL
I?Ifélg éz]_llzg 4 31'1'11:&(}:135 s%) éc:i)bd7 n;l_aég‘rm%fﬂéggc%'ﬁme f: ﬁ)%QS(Ynﬁ? dpd Etz (5 mL)
4t °C in 10, 1Binkges. m m@(ﬂg@ v@asﬂal(%ed tp reop Tgmpp}iaturf ﬁ}ld stirred for

Ls‘réa}gs glgh (%lurrg Was% %ceﬁﬁate&%d c%m@ﬁﬁgef 7T1(e!thq1ﬁh")wa§ d;:canted off.
Tﬂhe re’lrhbmmg %W%W{lﬁqed@l—&)cco@ gglezwglgpgpﬁanez@ ml), then extracted

2 d
&ﬁ%}l%lfﬂ@ hé%lde %%1 g%m??%%gts 1ﬁ@igoiu%%pw%7l&§sol\di¥ness under
@b to QBJQ alPellol? 8olB8P(3.128 634 % y28du5'H N2GRIGOO ‘MHz, CDCls) &

535,285 oo SR 175786 T, Y0, PRI RP (R %m), 730738 (at, 7= 7.5 1z,
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 (&, J = 2.7 Hz,
1H), 5.18-5.23 (t, J = 2.7 Hz, 1H), 4.854.98 (m, 2H), 2.35-2.55 (m, 2H), 2.13-2.22
(m, 2H1), 0.96 (s, 18H); °C NMR (75 MHz, CDCl;) § 149.52, 14933, 144.51, 144.30,
137.33, 132.16, 129.13, 128.89, 12851, 128.45, 128.30, 128.26, 126.58, 126.53,
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89 126.24, 126.06, 123.77, 123.54, 123.42, 123. 36,
119. 97, 119.75, 119.08, 118.90, 118.58, 114. 94,

wdaleh78%753111. 14, 101. 01, 100.68, 76.93, 57.94, PGBHUSHN7/061519

35.35, 34.11, 31.08, 31.089 29.42. 5 Synthesis of
di phenyl net hyl i dene{r| 5-[ 3- (but - 3- enyl ) cycl opent adi en-
| -
ylidenel }[r15-(2,7-di-tert-butylfluoren-9-ylidene)]zir
coniumdichloride (1-3) To 1-(3 -(but-3
-enyl ) cycl opentadi enyl )-1-(2,7-di-tert-butyl fluorenyl)
-1,1- diphenyl net hane (conpound L-2) (40.5 g, 72 1
mol ) suspended in Et20 &400 né% was s| owl
186 8d 112009, 224779123 $M 2R - RexZaeS, 111§z97m116 75at11<9Q§ 118.90,

1T§%81@1ﬁﬂ9&t Yi£g9as1 WL MRS .60 T0RXR, LRI HIY &5 '3f5f3953| 34.11,
OVEr ni and then added vi'a cannula’to zrCi4 (18

34, 087&%5%143 suspended in a mixture of pentane (400

m.) and Et20 (30 nL) at 0 Cin 15 mnutes. The

m xture was warned to roomtenperature stirred for
So'neheaay andf evacdighedymettiylides{n -[h¢utedenyeydopentadien-1-

00nmL t.ri fuged,. Th
PR LS L R RS TR )
washerb a Se(IC(E %ﬁ%%&n}’ﬂ)dﬁlﬁ%ﬁhﬂ[@yolﬂ@z T]ﬂcﬂ-i‘cert-Pﬁﬂ?lﬂuorenyl)—l ,1-
tract me e orli centrJltu
5 1611 ¥ C\RH?OP% rﬂ @Ot gnégi we S“\?%"é‘ﬁ‘ﬁi’n“? %bé? {#00 mL)
v@asrﬁgwﬁghd%&gzgﬁ BB (1(35 ﬂﬁ}FDMM &4 6h hexaﬂél? N2 ﬁé&lﬁ) W¥HG.°C. The

upixige 7W3594 wapned Hy rogmg !Lmrpeéwu{qa rbiaRsd OVGJ&lgIFt ;)nldz thepgdded via
can]'lﬂa Zo %?Cl(; s. g'é') 9 4@1‘11%61)(; }_@pﬁl‘lh&d iPa gngxt(n% oﬂﬂ&tane (400 mL) and

u nres O
IBz(B @3(5n§5 20O Ty la%mlmetas t Thg pyixtuge 2@8 svasme@ meQSE@ terapprature,

Syt B b A5 T el g n e

(BEhB) afd t@gnﬁ&edlzﬂglewpemmt 2B distarded, Tl@?:eﬁm}mng solid was

v%a%gecgé seéb%%g%é%w%t%%%ﬁ%e J(ﬁ%g’%% t%%g &x ‘g'ictg'%gﬁt%dﬂethylene chloride
ahd DeBitifudR3. Bl sal@BomdBas feken 08 dryii2s 8@der v&@ﬁnﬁic; give a red solid
(463 873 S48 76k by L0865 57 S8 0dm. p0pg.77-7.58
(Bl 38D, 73A6-D34 (RI2A6, 7.8y MA@ rsadt, J = 7.5 Hz, 2H), 7.14-7.32 (m, 4H),
PRI TR 45Se 9d TSI ST L YL RPEN AT S 5,55
(hnRSo16Ed ¢, ﬂH) tfizi:stylt Winkdsabreans 91 udeoed] &, 2EONbWB-2 53 (m,

di chl ori de

2H) 316 AT (@, éﬁm o7 €5 A BEN G MR (75- MHzp CRGH5)- § £49.85,149.65,

I ey | Prrlyl- di
1‘4&31 ol %914%:310 1)237 b7 3%%1 S%@f}% % 2%32%8( oo m“agsd 1-281§3 128.30,
1@5(5\& leécﬁﬂecﬂ%BuL]QG((HZ ., 2358IM 121’5 e xBEideds, mg 120.89,

178%1) 186,08, 9. 4&“%(%3?429%7699121158% P@Mﬁ%ﬁ%@ 96%%976 88, 53.10,

m Xt are was warre room’t'enpera
30V, BD 6t 33. QBB 10w 310029461 a

Synthesis of diphenylmethylidene{n’-[3-(pent-4-enyl)cyclopentadien-1-
ylidene]}[1°-(2,7-di-tert-butylfluoren-9-ylidene)]zirconium dichloride (I-4)

To 1-(3-(pent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-1,1-
diphenylmethane (compound L-1) (34.7 g, 60.2 mmol) dissolved in Et;0 (300 mL)
was slowly added n-BuLi (52 mL of 2.5 M in hexanes, 130 mmol) at 0 °C. The
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cannula to ZrCl4 (14.7 g, 63.1 mvl ) suspended in a
m xture of pentane (250 nL) and Et20 (20 nL) at 0 Cin

w@0omomrses. The mixture was warned to room  PCT/US2007/061519

tenperature, stirred for @me day, and evacuated to
dryness. The residue was stirred in pentane 5 (200niL)

and centrifuged. The supernatant was di scarded. The

remai ni ng solid was washed a second tinme with pentane

(50 m), then extracted with nethylene chloride and
centrifuged. The solution was taken to dryness under
vacuumto give a red solid (33.5 g, 75.6%. 'H NWR

(300 MHz, CDC13) 6 7.94-7.99 (m 2H)], 7.89-7.94 (m

miure 7wasy warged (4, T09p) tempegatite, SHired) Ovqpishy, gul ﬁleggadded via
&gﬁula 40 Z1Cl a%lfhﬁ ﬁ_blsa 4 Iﬁglol)%mpenligd fn é—ﬁuZtuggofﬁentﬁ{@(ZSO mL) and

br oa broad
’@ZQ (%0 mlyat 0 4Gyn 38 n@zuES 76" he mlxm Was vwn@d 5@ rqqm tgrﬁperature

sarréd "f%r oﬁgl)da atd e@a&%técf o axiyngs_f Z'I%e r%{ﬂiue s Sfirda 98 pentane

2243 (m 2H)
@OQle a@d c mm Theosu matanmm)s discaaiedVRIl e7fsm1w1zmg solid was

RGP P8R v Pefine ] i ieed %thzlgethylene chloride

@eﬁﬁlfugezﬁ Bh sdlaBon 9as 12k6n 08 dryir4s Guder MBcU@B 17 gjve a red solid

853 s 43 RS MRD B0y 03890 Oy 7100154

1H)3 7297.38.(60, 3E53 71%-7.35 (892H§5732 7.38(38.J 31.D8lz, 1.2 Hz, 2H),

’?ﬂ%ﬁéﬁ)’q %}ﬁf’-ﬁ %iﬁ%?’?ﬁl ‘E‘yﬂ%p (fiigiﬂm)%lshWb&?d' L 9§nq1 ‘{cy2 -7 Hz,

1cH)os 6205.pe i diEnns 15034, 541@3}:}2 7 Hz, 1H), 5. 24-5 29 (t, J= 2.7 Hz, 1H),
ingrqnaequpltze”ﬁg' ' fg'{;} o 51-29053/% ORI LALT SO Tk, 0.97 s,

118ﬁ)3“thM1@I meJz Repts SelrllXé' s)scmb @nem@’y eyl 03; 13¢297134.18,

-dittert- | f1 uor en kﬁ rret ane

e o At i st P e e 16,03, 124.04,

1‘%57900@36311 'fhﬂi’)’ ;flg%@”ﬂzd‘gﬁui- C?2212?0_.6& H&.%ﬁéfliié.m 115.61,

hexahcs, was ad e opw se.
Hgu4, lt(]fﬁeSlbaI(h? Waslqiieitﬁgv%ﬁ%%nﬁk% the3mBRt GF8WSS. B i ¥lr@d 31.03,
JoP§ %§3 ours at roomtenperature. The m xture was
dlé to'zrCl4 (4.37 g, 18.8 mol) suspended in
pentane (50 mL) while cooling in ice. The sl urry was

SERBET, c @ ac ot THERrRbsth BRI EER T e B ipd e iy eyeto-
;%ikdﬁﬁen- ﬁme&iemﬁ?-émﬁwﬂ 1TRMFERIOTNED Sl zire Bfium

:g.lgigl d vvas decant e of f he solid was washed a
Kigefd92 wi t h pent ane and then extracted with

met hyAe YRirryC hdsoryi. @e(laﬂ%ﬁ&%lbbﬁtwéﬁyl)@% \%ﬁ{aﬁl ?g ""67957 -di-tert-
taken to dryness under vacuumto give 2007
eyt fluseogly 6 diptpny nethang @@mpeu(lg 1-8% (50 885. 188 mmol) in Et,O

(B;b%hﬂ)w slb&d}M%{ W%Ng%d I %%g%g%z 8 HZL %?g% 191}2_.&1(1{&%'3')@5 5 mmol)

w3 addgd 313)15]&7\/1467 @rier 2 iour, thobath was removed and the mixture was stirred
for 48 hours at room temperature. The mixture was added to ZrCl, (4.37 g, 18.8

mmol) suspended in pentane (50 mL) while cooling in ice. The slurry was stirred for
65 hours at room temperature. The slurry was concentrated until thick and pentane
(70 mL) was added. The slurry was stirred overnight and the liquid was decanted off.
The solid was washed a second time with pentane and then extracted with methylene

chloride and centrifuged. The solution was taken to dryness under vacuum to give a
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7.35 (m 4H), 6.27 (broad s, 2H), 6.14-6.18 (t, J =
3.0 Hz, 1H), 5.67-5.83 (m 1H), 5.61-5.64 (t, J = 3.0

woi2007098753 5. 48-5.52 (t, J = 3.0 Hz, 1H), 4.88-BCDUSL0T/061519

2H), 1.76 5 2.10 (m 2H), 2144-1.53 (m 2H), 1.26 (s,

3H), 1.07 (s, 3H), 1.02 (s, 18H); 13C NVR (75 Mz,

CDC13) 6 149.67, 149.60, 144.31, 144.13, 143. 46,

138.49, 129.15, 128.89, 128.51, 128.48, 128. 39,

128.33, 126.58, 126.52, 126.11, 125.97, 124.18,

124.10, 123.73, 123.36, 121.09, 120.78, 120. 20,

119.75, 118.88, 114.16, 113.84, 108.10, 104. 30,

100. 60, 77.19, 57.65, 46.43, 36,32, 35.38, 35 36,

red soléd (H16D8, 838%vields. ‘FHNMR (360 Mz, @9@113&)6557 838602 (m, 3HD),

AP derey g5 o) merte s s depel o 720

T3 & oA Hoe6 . 2T(hoad @HDNn bl Aeigbth (t, 7 = 3.0 Hz, lH) 5.67-5. 83 (m, 1H),

BRI e R oS T 3 %15“9%3?%&% ), 1.76-

M(mum)a ridetH1i53 (@n,y2HEY, 206 (6258), .97 (wiﬂ)em@qu 1§D, °C NMR

(ebatcanbicibhed 62 Pelfn. She i i PR B s S P T 1289,

1PRE1YriegwRs 118139, et .38, 2% 58)0106552, TIns. Bl 125.971 y@s18, 124.10,
%éadual |y added to zirconiumtet rach| orj de (7.

AU S OB O LA e (7 28 ey s 1,

10230, T06.60r #NYS, 57.65 X6 ¥R6534, 35858, 38 3608198, BOYBS2099, 26.99,
al lowed to warmto roomtenperature. The resul ti ng

‘ry was centrifuged and the solid was mxed with
dry nmethyl ene chloride (120 nmL). The m xture was
centrifuged and the solution was renoved. and taken to
Simyhesiss ofi Riphenylmsathydidenetn deytlopentadinntlidonepin-(2,7-di-tert-

RS R B E AT ST S0 oy

7.91-Und&5 ( mni2éfen, 7. 83-(‘37510153819d1(eny1—2-|@,,7 dX—tétﬁ-bﬁt}&ﬂuorenyl) 1,1-
(&glgénﬂémeth%%k%doypffn% éf K\QS %ﬁ?ﬁgs §%63¥6§€ ai #fl\lspzﬁee% in dry Et,O
B56415. BVh{i¢ codling . dtylitzg, n2ABYL.1 (24@&nL$f 2.3 BHji1 hd@Ged\R mmol)
498 % e Probelpares s e d 3R g glscNs simed for 24
Hb?a@s 3T he 1sbButibh, whi GrtallFGAdI82 to HdoARkm fetratBlorki8. (3@8 g, 31.7
rggpm %élé]?%ldg% in ggntgi\ll% é%oﬂggrgd?cso%le%%/iges. 2”?1(1)67 é)l('zlgég %I%n’y was stirred

1|dr @olt hﬂéﬁ@bﬁwaﬂld%@{tid waihs td REvh -tdmpetirey CliapeRtddliceturry was
- | dene

‘ieBtf{ng‘?d and tt%ef %é%t"%sfmif&ﬁe‘ﬁit@ by merthdppe shlogiglsi (AP mL). The

Iﬂi;&ﬂlsoﬁf/ésdé‘exﬁngﬁ%):dﬁanfd' B8 lso WD GhEY ﬂs%i)v\é'ﬂtihd taken to dryness under
5- (3-(pent - 4-enyl)cycl opent adi eny di-tert-

wayms | Thsr desjrerisndied @ O3 aidiel y&ell%?) wes zb@Hgfd gsargorange solid.
ARMR (R UNZEDE) 6 $58K.AXY, J = 9 Hz, 2H), 7.91-7.96 (m, 2H), 7.83-
7.89 (m, 2H), 7.55-7.60 (dd, J =9 Hz, 1.8 Hz, 2H), 7.38-7.45 (dt, J= 7.5 Hz, 1.8 Hz,
2H), 7.21-7.36(m, 4H), 6.30-6.34 (m, 4H), 5.64-5.67 (t, J = 2.7 Hz, 2H), 1.03 (s,
18H); ®C NMR (75 MHz, CDCls) & 149.98, 144.00, 128.93, 128.50, 128.41, 126.64,
126.08, 124.16, 123.56, 121.12, 120.30, 119.41, 117.92, 109.92, 102.40, 77.72, 58.36,
35.40, 31.01.
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5 and cooled to -78 C as n-BuLi (5.3 nL of 10 Min
hexanes, 53 mmol) was slowly added. The m xture was

woReoTeek78D room tenperature, stirred overni ght PCEOS2007/061519

then added via cannula to9ZrCl4 (5.5 g, 23.6 mmol)
stirring in pentane at 0 C The mxture was warned to
roomtenperature, stirred for 7 days, and evacuated to
dryness. The residue was extracted w th pentane,
filtered, and the filtrate discarded. 10 The remai ni ng
solid was extracted with CH2C12, filtered and the
filtrate evacuated to dryness affording a red solid

7.8 g, 47%yield). % . 1H NVR (3Q0 Miz, CDCl13) S

/ghests 94 (mf oH) ,dibutyimeshdistens n 1@y (pent-4enybepelapentadien-1-

el 5078 4 s S S oppfatyacte

5. 23- 5. 24k(twas carg2d vite 5-(BHpentdd-80ylicy@Bbpentad®iy))-5-(2,7-di-tert-

%@%u‘%reg}gl)% %4}(_?,5 & Zod%fgggl(fgs g,2 {%W%BO%&Z@ 22)? n(iq stir bar

#ndOcddied ©BH)78 U a7 nGBuLﬂ(S‘—S ﬁﬂ.90f tHa M Sidhexdues, SViRhd) was slowly

B S 500 SR S i S5 bt
ddded Sha chiBuld 3o A8, 65 §,183.63mmollirddg 1h112@115£1e at 0 °C. The
102. 07, 101.93, 76.73, 48.76, 35.79, 35.76, 34.

Bt was wagmedstp jepth Sempgraturg, §ared don 4 days, 396“1 evacuated to

&Gnds3. Bk Bidud daddbxtrhbted Ivithl fenfdhe, @@tel%dmaﬁ@%&ﬁﬁf‘ate d1scarded

I butyl met hy| i dene{rl s ent - 4- ).cycl opent adi
'E he rcmamlng sohd was c{xtractc nghpCI‘hClz, %ltcrcd a)rlld thg filtratc cvacuatcd to

¥hheg ra%ﬁo}&lhg% e E,Zﬁ&i (7. E%’ Y7ouKi¥ldh] uoy err Rk 966 fIBIRAEDCLS) 5

ni um di | ofid

5883- %@m 21). e7n§/3 ﬂtryed épéﬁf atlp e Ayoyd 8. {H).77.47-7t 8 (mpRi), 5.87-

ylbéso?\r;gﬁdyﬁzngﬁggﬁg 2@; %\?ﬁsbﬂ%gvéééaddey%g rg %?’ 27

{ 2. Hzofl H), 68044192 (rexhp2.55%65.7 o, )4Ha:c 2.00€.40fe, 2H), 1.90-2.00
t

Gy APPSO ST ENRER s SN iy o 7= 69

B8, FH);n1Tal NMRISES ek, i CDE L X 1 50.92 oﬁs@emt m78,15@4 o) 123.74,

PRt o vl 2 B 208 Fire. of 1570 HGEE 11613,

B2, eviacsmt B .09 tiyesse6.73,hes. ves B8lge, Va6 1IAGILMB4.68) 33.75,
%:nt ane (150 rrngr%and centrif ugm 30 The super nat ant

P.dil<tBarded [ msalzﬁrlﬁg i 2t Uhd 4 tddBed with

met hyl ene chloride and centrifuged. The sol ution was
taken to dryness under vacuumto give a WD 2007/092753
Ponthess® 007/ ®61519 dibgtyleetinilidene {r-[Bepent4-cpyiiryslepeptadien-1-

%‘E&r A f’PPL';XW t-gs@?%ﬁ?uoﬁe -9%%%9&% %’@fgm(mde%‘b-z)

5. 80- Do 8453+ (peht-'4 éayl)ciglopedtiflien{d ) 5825 dBte(’mbuti]fDu,orenyl)nondne
(z?r?ﬁ%igﬂcf' i éz? C_}é g,gi% % ﬁﬂ’mﬁpbd_gs?l‘%gjig 155(; g}éé H}l‘)“s was slowly added
2-BALi 26k 6 2.BM)1,in heldred, 8 mihBl) 2t °CL. PHE mixture was warmed to
room temperature, stirred overnight, and then added via cannula to HfCl4 (9.2 g, 28.7
mmol) suspended in a mixture of pentane (150 mL) and Et,O (20 mL) at -78 °C in 15
minutcs. The mixturc was warmed to room tcmperature, stirred for two days and
evacuated to dryness. The residue was stirred in pentane (150 mL) and centrifuged.
The supernatant was discarded. The remaining solid was extracted with methylene

chloride and centrifuged. The solution was taken to dryness under vacuum to give a
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51.80 (m 1 OH), 1.27 (s, 18H), 0.99 (t, J = 6.9 Hz,
3H), 0.97 (t, J = 6.9 Hz, 3H): 13C NMR (75 Mz,

w@DH018Y2753 150. 63, 150. 32, 137.78, 133.55, 123.HCT/US2007/061519

123. 40, 123.36, 123.15, 123.99, 121.30, 119.48,
119. 02, 118.30, 117.97, 115.26, 115.07, 114. 30,
99.44, 99.39, 76.79, 48.73, 35.74, 35.72, 35.01,
34.89, 33.78, 31.52, 31.49, 29.53, 29.30, 26.46,
26. 30, 24.09, 24.05, 14.83, 14.79. 10 EXAMPLES 1-16
Catalytic Runs Varying the Metall ocene,
Activator-Support, and Conditions Exanples 1-16 in
Table | illustrate ethylene ol ymeri zation runs

Y6B?Wo%°#€c(6r%ga H%ilghi BHANE (788 MPgzeP Wy AI88sE91 (m, 2H)],
% géroéd“sofﬂif}"ﬁsé 2&85&’5 fify), VAU G}Uﬁ;e@?rﬁﬁ)’ & 4624 4 (117 155 2.7 Hz,

ers |sobutane di [ uent” ‘and "an al
1&1)[(915865)&%11(% yED, 23%-5sGaliehge?.7 o 1Wd6d§eﬁw2b(’t J=2. 7 Hz, 1H),

LRI 28 e s O At SR Ik A3 TR i 2, 1.do-

1080 Gh) b¢iEne.2h(s138H). P9 (olire6e) Ha, 3Hypo @’aKt J = 6.9 Hz, 3H); *C

e P M6 ) BESHAE AR5 e Basd SR a A, 12336,
18t14l, | g ave mlaﬂu; i1ae. 4&er1a9amde1d8t31r ougn7 nlﬁa{)@el P, 114.30,
o A ks T oo, R £ Dt o 54, 29.53,

219531?9@6@416@2@\.@0@46@9;1@6 0sTheggont gt s of the reactor were
stirred and heated to the desired run tenperature
(Table 1). Ethylene was fed on demand to nmintain the

BEYAsPLeS pigssure for the specified | ength of the
(ggl nmerization run. The reactor was nmintained at the

fie Rupg Kapingdedd errocareoteiv A M eSUnpR o ynd frongmions
aut oneteehibeph bRy Tabl CARLIAY eﬁﬁﬁén%rﬁo ﬁq&ﬁiatfolﬂ%uns performed in

allotted polg/rrerlzatlontlrre t he eth | ow was
aspRppeldon §hddt hiter) stedrlewr stselogytyclaep r@@mmtzwoalﬁ cfemperatures,

L@Qf‘g’}% fitRrs' SGMRHarR FFRAVLA al AN REm ahﬁzl %%J:at&l?éteﬁvd scavenger.

the reactor was clean wth no indicatio any wa
N diydrogspa®l pgmonorpetharast asided. oMetdlngeng golutioas p@mgmmE) were

B S Gty SR R R @%n%qﬁvi@ Bl gholene. A
typitalCpolguebvation YrathiddteMsZds f@ld@ys. Oher aldnifum alt{ylj kbmpound,
’n%)ateu é)oQid'\&Ndé\,' a'Nd the metallocene solution were added through a charge port,
typically in that order, while venting isobutane vapor. The charge port was closed and
two liters of isobutane were added. The contents of the reactor were stirred and
heated to the desired run temperature (Table 1). Ethylene was fed on demand to
maintain the specified pressure for the specified length of the polymerization run.
The reactor was maintained at the desired run temperature through the run by an
automated heating and cooling system.

After the allotted polymerization time, the ethylene flow was stopped, and the
rcactor slowly depressurized and opened to recover a granular polymer. In all cascs,
the reactor was clean with no indication of any wall scale, coating or other forms of

fouling. The polymer was then removed and weighed (Table 1).
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CLAIM5 W Caim 1. A catal yst conposition conprising
the contact product of. 1) at |east one
ansa-netal |l ocene; 2) optionally, at |east one
or ganoal um num conpound; and 3) at | east one
activator, wherein: a) the at |east one
ansa- net al | ocene conpri ses a conpound having the
formul a: (Xl YX2) (X3XX4) M , erein ML is titanium
zirconium or hafnium (Xl f: ?XZ) are i ndependently
a substituted cycl opentadi enyl, a

We Claim:
1. A catalyst composition comprising the contact product of: 1) at least one
ansa-metallocene; 2) optionally, at least one organoaluminum compound; and 3) at
least one activator, wherein:
a) the at least one ansa-metallocene comprises a compound having the
formula:
EHXHEEXHM, 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 atomi, 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, whercin at Icast onc 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 BHy; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; 4) OBR™; or SOsR*, wherein R* is an alkyl group or an aryl group, any
of which having up to 12 carbon atoms; and

any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
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 organoaluminum compound comprises a compound

having the formula:



substituted indenyl, or a substituted fluorenyl; one
substituent on (X) and (X) is a bridging group having
wo b@7he7asil a ERLR2, wherein E is a carbon at or¢T/ES2007/061519
silicon atom a germanium &om or a tin atom and E
is bonded to both (X) 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
hydrogen, wherein at |least one of RL and R2 is an aryl
group; at |east one substituent on (X1) or (X) is a
substituted. or an unsubstituted al kenyl group having
up to 12 carbon atorms; (%g& X4) are
i ndependently: 1) F, a 32,2) a hydrocar byl

group havi Q@leb'fﬁnt(xs)zﬁ aﬁﬂ;‘cﬁ@&r 1%111@'%01@(1 B0 cddbod atoms, x5
hydr gcar. byl oxi de_group, a rocar & am no_ group

5 91 4 kO APV AIIe- 25V @ﬁﬁ/hlwvafg lhtor?éwﬁbomyom halide,

SPhydi Pt At Bumber FRRA%0Y, &%J% apgerein RA is an
al kyl group or an aryl group, any of which having up

to 12¢tar bl %tﬂ@m‘%on%mﬁiw igsRlpetedinderendestly fioant on

the substi tyt ed gy&liRRRALAGLENY s}

i ndenyl , su}t;st [ taut ed fl uoragét Bmlp st F{ﬂﬁ g ldeI tﬁeatedl with an
gr oup elestron-wdidesvdastaniona g qurghaumralg O eqm—ezsnhangeable activator-
ar omaliy e, %, 8H Ry @Tﬁ‘bflﬁlah&n Hpigp, a conbination of

al i phatic and cyclic groups, an oxygen group, a sul fur
group, a nmﬁrog@nogﬁmuwunanmpmggphwnwxigroup, an

arseni c greup, Ke:

boron gr o% a%i}%g%&wﬁm%ﬁ%ﬁ&\?mﬁldsé om Q nt%gr%% rpgund ot
atons; a h@DideanEDOH&dmngmﬁmmbf the at | east one

or gangal, es _a conmpound havi
Cha. f oRer B g e R R e BB HE Lo B el When: 1) ae
k:aeb(ﬁl)ert(ﬁ(ﬁfﬁaﬂd (>g\)/hrea biydrocathyl group hhyﬁlngotpabl ’ tmdcaam #tgms, H, or
rbon. .at ons oxi de or
BT ok tscec18S 25F SiPRRT Famb s v e s origie Ghmbouads o 3
hd)thrcsndmatuldmdzmpmsdﬂm de; and n is a nunmber from1l
to 3, inclusive; and c) the at |east one activator is
sel ected i ndependently from i) an activator-support
2onpr THt BgaBrssEhfbsdkder Claatiedheidih an
el ectron-w t hdr ng ani on, a Ia ered m neral, an
i on- e¥than{¥abl Ea%tc?ri‘-% ﬁ’t’%’rme?ﬁﬁﬁ‘?ﬂf’t corgprisgfyp compound having the

esriAati on thereof; ii) an organoal um noxane
compound; iii) an organoboron compound or an
or ganobor at e conmpound; ©
RAA R4B
RY
ity Aot X
/
R3A R3B n

(I), wherein

M! is zirconium or hafnium;

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

Eis C or Si;

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

an aryl group;



iv) any conbination thereof; wherein the at | east one

or ganoal um num conpound i s optional when: 1) at | east
woe@709276X) and (X4) is a hydrocarbyl group harCTgS2007/061519

to 20 carbon atonms, H, or 98BH4; 2) the at |east one

activator conprises an organoal um noxane conpound; or

3) both conditions 1 and 2 are present. 2. The

catal yst conposition of Caim1l, wherein: a) the at

| east one ansa-netal |l ocene conprises a conmpound havi ng

the fornmula: RAA RAB R2+~E M X R3AWBn (I), wherein

ML is zirconiumor hafnium X is, independently, F,

a, Br, or_l; Eis or §; R a R2 ar

i ndependerm]Ay 2 aRf(B;/:I ar o '%?ndﬁlir’}‘?yar g1 %éfglbolfﬁfbyéi ey o @
n%ydr\e&rgﬂs BAVrBp, YRy 0f WIS BN uR tOP® carbon Bpeisoge hydrogen;

erein at 1east one of RL or R?2 i.s an aryl group; WO

2007/ 092758ispaTneee0Fordbiesty ndusives Aldnd Ric are

i ndependengday, &y RYELACHIARYEn QYR Bfdrdcarbyl group having up to 12
tri hydrocar by?sHyI group, any of which having up to
@tbaaatvop, cathydmgeor hydrogen; n is an integer fromoO

to 10,y i nc,{hga Ve %QQ R%eanq,rggﬂﬁa@hgnmﬁde%ﬁ%uhﬂy domprises
hydr ocar byl "group having up to 12 carbon atons, _or )
thiyettipdalomitnimy hetristhyllawminume oFigeryial UG ¢ JRBBYHRummum,
conprises .trime i LAY M trioctylaluminum,
ERTRP LI R nokPe PO, | MO IR ioctylatum
diethiyedboinphedthoridendiisobitybtyiniafugmiydiide, diethylaluminum chloride, or
triis hextgl %urgi pun trioctylalumnum di ethyl

AU &P hoKide 2 di i sobut yI al uni num hydri de, - ,
di et hy) al uthenatnicalt! ond detivator isasy ac@yAPIRSIOPOYE ¢AFeRiEpRs 2 solid

and c) the.at | east on t- [ )
%?83? gﬁi‘%&%@p"ﬂoﬁ@%’ ,?Biﬁ}“zr%ﬁ’é %B@é?,i\ghé?%)r(l i de treated
with an el et 5ol vkidedisasilicry ztmmnon, siliveradimingh elumginpphosphate,

;ll)\(l%gg\ﬁ%;w I lﬁhn%?eé azlirycm a%inir?elttle,l Ct?e_t&grlogmy&%gstates, titania, zirconia,

magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and
the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphatc, triflatc, bisulfatc, sulfate, fluoroborate, fluorosulfatc, trifluoroacctate,
phosphate,  fluorophosphate,  fluorozirconate, fluorosilicate,  fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or
unsubstituted arenesulfonate, substituted or unsubstituted alkylsulfate, or any

combination thereof.

3. The catalyst composition of Claim 1, wherein the at least one activator is an
activator-support further comprising a metal or metal ion such as zinc, nickel,

vanadium, tungsten, molybdenum, silver, tin, or any combination thereof.

4, The catalyst composition of Claim 1, wherein the at least one activator is an
activator-support selected from a clay mineral, a pillared clay, an exfoliated clay, an
exfoliated clay gelled into another oxide matrix, a layered silicate mineral, a non-
layered silicate mineral, a layered aluminosilicate mineral, a mnon-layered

aluninosilicate mineral, or any combination thereof.



al um num phosphat e, zinc al um nate,

het er opol ytungstates, titania, zirconia, nagnesia,
whoma/pszsnc oxi de, m xed oxi des thereof, or anpCT/US2007/061519

conbi nation thereof; and tle el ectron-w thdraw ng

anion is fluoride, chloride, bromde, iodide,

phosphate, triflatc, bisulfate, sulfate, fluoroboratc,

fluorosul fate, trifluoroacetate, phosphate,

fl uor ophosphate, fluorozirconate, fluorosilicate,

fluorotitanate, permanganate, substituted or

unsubsti tuted al kanesul fonate, substituted or

unsubstituted arenesul fonat e, Substituted or

Sunsublte ailzd compastions oft elaing 4, aerein dhe ckytpiseral comprises an
alIBFRARS -a 3medie, GABhYASHICHMROS hRPorie, @ Bidbdte, a laponite, a
wherein the at |east one acti vator is an

haleysitg: dr vauppeite: ruRider SbpioRIstny Alofie.apr Bixefdtr clay, a
ﬂb@ﬂ)u%l'tﬁgy aasseﬁ(ﬂﬁe el &I:‘a‘ﬁhlgltevgﬁﬁg)gld@kﬂ% ungsheRtine cla }fl an illite, a
mol ybderium ~ Silveér, tin, or any conbination thereo
SAPOTTWeOY:m}mWBbm@tmmbSITGPfon of Caim1, wherein the at

| east one activator is an activator-support selected
froma clay mneral, a pillared clay, an exfoliated

6l ay, Then catakfso| ¢eammagitinnapfgeldied 1 nwvberginottheratoldaste one ansa-
BLhidctn e%o&gxgéseadcomauamvmgq&g ey NON- | ayer ed

red alumnosilicate mneral, a

non-| ayered al um nGSi\ica ineral, or any
conmbi nati on thergaf n’(';e DR #53 PCT/ US2007/ 061519
99 5. The catal yst qonptl on of Caim4, wherein the

clay mneral conpriygeslan matXophone, a smectite, a
montnori |l onite, aRnontpedi L% a hectorite, a

| aponite, a halloysit vermculite, a mca, a
fluoromca, a chlorite, d- Layer clay, a

fi berous clay, a sepioli ndttapulgite, a

pal ygorskite, a serpentine 8 ay, atiI),mheren a
saponite, . aﬂ)éo%ﬂﬂﬁ Pﬁ%}i‘%ni hereof. 6. The catal yst
conposi tion o erein the at | east one ansa-
met al | ocenKls:En@lr i&re&’la corrpound having the formula: 4
A - R4BR118EC X R3n A R3B (Il), wherein
ML is Z|rcon|umc§ hafnlum Xis F, d, Br, or I; E
is C or SiR!and R? are independently an alkyl group or an aryl group, either of

which having up to 10 carbon atoms, or hydrogen, wherein at least one of R' or R* is
an aryl group;

R>** and R?® are independently H, methyl, allyl, benzyl, butyl, pentyl,
hexyl, or trimethylsilyl;

n is an integer from 1 to 6, inclusive; and

R* and R*® are independently a hydrocarbyl group having up to 6

carbon atoms, or hydrogen.



Rl and R2 are independently an al kyl group or an aryl

group, either of which having up to 10 carbon atons,
w@eoohipeh7esyen, wherein at | east one of RL or RZPCBHUSEN7/061519

aryl group; R3A and R3B ar &0i ndependently H, nethyl,

allyl, benzyl, butyl, pentyl, hexyl, or

trinmethylsilyl; nis an integer from1l to 6,

i nclusive; and R4A and R4B are independently a

hydr ocar byl group having up to 6 carbon atons, or

hydr ogen. WO 2007/ 092753 PCT/ US2007/ 061519 100 7. The

catal yst conposition of Claim1, wherein the at |east

one ansa- netall ocene_conprises a conpound having the

% or mihe camlyshqeompositpen pof |\/F_la_11"n’ J’, uwheneon themtcleast one ansa-

rhdthiidoen¥R6fBtiBes MorhSormliaPRLUR R .nium X is d,

Br, or I; is Cor Si; R_and R2 are independently

nmet hyl or phenyl, i | east one of Rl or R2 is

phenyl; R3A and 38 £

is | or 2; and R4A_and P

t-butyl. 8. The cat kst

wherein the at |eaSt on

revghent |y H or nethyl; n
are independently H or

) sition of Caimi1l,

nsa t-Bu t-Bu t-Bu t-Bu

PhnOl cl Ph,,,,,,. CZr ,mCl Ph SCI Phi ~'C
nmet al | ocene i s sel ected ut-Bu t-Bu t- Bu
t-Bu t-Bu PhPhi SCl RAL N )

R (I11), wherein

M! is zirconium or hafnium;

X is Cl, Br,orI;

Eis Cor Si;

R and R? are independently methyl or phenyl, wherein at least one of
R! or R? is phenyl;

R34 and R*® are independently H or methyl;

nis 1 or2; and

R* and R™® are independently H or t-butyl.

8. The catalyst composition of Claim 1, wherein the at least one ansa-




CKH ".,ontl PhCTf...,,,,,I1Cl Ph~C Zr Ph-*" "*(
Ph"'~ SCI WD 2007/ 092753 PCT/ US2007/ 061519 101 t-Bu
w0 28a/0927831 t-au t-Bu t-Bu Phn,,,.,.. Phm,...PCT/US2007/061519
ey s,,,nd o o.,,,,,C 5~ MDO zr -C Ph-*' Hf " C
Ph-O H ~CI or any conbination thereof. 9. The
catal yst conposition of daiml1, wherein (X) is
fluoride, chloride, brom de, nethoxide, ethoxide, or
hydri de. 10. The catal yst conposition of Caim1l,
wherein A (X5)n(X6)3_n is trinmethyl alum num

triethylalum num tri-n-propylalumnum tri-i -propyl
alum num tri-n- butylalumnum tri-sec-butylal um num
trii hm num  tri alumnum

e T Sohexy)-alAimitsum . g, B Hu Bu
et hagxl de"\ d dizsobut yl aIPHm \ h)‘{“grl de, di gyl arym
chigerte, ARany conbi paH® of . <

catal ys nposi ti on of C ai# vvhereln the a

one acti or is an activatd s pport sel ect et

chl ori ded Mia, fluorided a a\ fluorided

al um nophosphat e, sulfated al 4nt na, fluorided

é‘klc“j(’ﬁﬂ’—@‘it%g‘itﬂ@"e"? pillared clay, or any conbination
thereof. 12,

The catal yst conposition of Caiml,
wherei n t he organoal um noxane conpound corrprl ses a

ycl i Vi n qr

Cher oo UL AR BRNEPOL el R o) 40 e cttorie
tromid®, vwtivondatetmegdeaandhydrides an i nt eger from 3to

about 10; a linear alum noxane having the formula: WO

2007/ 092753 PCT/ US2007/ 061519 102 R RAI-QAl
10. The catalyst composition of Claim 1, wherein ALX)(X%)sn s

trimethylaluminum, triethylaluminum, tri-n-propylaluminum, tri-i-propylaluminum,
tri-n-butylaluminum, tri-sec-butylaluminum, triisobutylaluminum, tri-n-
hexylaluminum, triisohexylaluminum, trioctylaluminum, diethylaluminum ethoxide,

diisobutylaluminum hydride, diethylaluminum chloride, or any combination thereof.

11.  The catalyst composition of Claim 1, wherein the at least one activator is an
activator-support selected from chlorided alumina, fluorided alumina, fluorided
aluminophosphate, sulfated alumina, fluorided silica-alumina, a pillared clay, or any

combination thercof.

12. The catalyst composition of Claim 1, wherein the organoaluminoxane compound
comprises

a cyclic aluminoxane having the formula:

o,

; whercin.
R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an integer
from 3 to about 10;

a linear aluminoxane having the formula:



n RR; wherein Ris a linear or branched al kyl having
froml1l to 10 carbon atons, and nis an integer froml
WO eooalogars3 50; a cage al um noxane havi ng the forPOTIUS2007/061519
Rt s, ntaRbom aAl 4i,,03,n, wh#&ein inis 3 or 4 and a is
= nA (3) - no(2) + no(4); wherein nAl(3) is the nunber
of three coordinate alum num atons, no(2) is the
nunber of two coordi nate oxygen atons, no(4) is the
nunber of 4 coordi nate oxygen atons, Rt represents a
term nal al kyl group, and Rb represents a bridging
al kyl group; wherein Ris a linear or branched al kyl
having from 1 to 10 carbon atong; or any conbi nation
thereof. 13. The catal,yst c np;?‘ ion of Claiml,
wherei n the organobgr pqg%fu or the organoborate
conpound is selected
trls(pentafluorophenyl) or on, trF%h%ﬁ§mn
bis(trifluoronethyl)phenyl] boron
R 1£Nad]nﬁ@t orybrapehedry }ta@mgat]‘@@-l to 10 carbon atoms, and n is an integer
rﬁ&ﬁﬁt g{gphenyl)borate tri phenyl carbeni um
tetra gpentafluorophenyl)borate I|th|um
tetr ak Pgeﬁéﬂﬂlﬂ&qu@m b@\heg\me)fbgnal@é{ 5m+ctR m-0B14O03,n, Wherein mis 3 or
thyl ani Liniu

%li s(tr {ESI u%‘fﬂ Shef A RS/ é“?iy I()‘?%{(r)eﬁl[é?l é“” tlbr t[hr? h%‘h‘i% Tar tehﬁeeuﬁ?ordmdte
alemoimioh QE@NS -72dl) s(SttihB friundheo wfttivg | Joohdingte] et @toros, zow) is the
%}Xﬁigﬂfﬁi ??(gljfig{rl{% Ig)%%e%f ator}tg' tTh F]esg%t%lag tset%”]réﬁ:r}oao 2 ltglrgtﬂ), and R®
mprqscntmd bsidgact a;ékiylfgrou]p twhe@ﬂn kRJtsyd memonbtamched alkyl having from
{e{@ % J&Iwgbmate tri(n-butyl)- amoni um

St IWyP borate, tri(n-butyl)amoni um
tetra&ns¢ﬁmﬁnmmnnemhmwphenyl)borate,
tri(n-butyl)ammoni um
tetraki s(3, 5-di met hyl phenyl) borat e,
13.i ( nTheltathlystaoRmidsition of Claim 1, wherein the organoboron compound or the

tetr bis(trifl oronethyl eny| borate
oty %Pfi’ﬁ%'m‘i’ﬂ[%ﬁﬂ“tl ttsakﬁegﬁ?élntﬁéﬂl u%ﬂ‘s Prfteay {)Ofon tris[3,5-

lﬁik{ndﬂh&ﬁhﬁﬂtﬂﬁb’hbﬁﬁﬂmnt et r aki %N—dl@ﬂeﬂ‘lylaﬁﬁﬁﬁhﬁn tetrakis-
G%ﬁ@gtneth Ian|I|n|un1tetrak|s(n}tolyl)borate
RORAEILINOEHE e tiRIEEICOTD: @namettﬁwlﬁﬁ@ﬁmaﬂsemh@yl)borate

INp Dl nﬁhﬁhﬁs@ﬂ%hta‘fﬁhb%ﬁhenyl)borate, N,N-dimethylanilinium tetrakis[3,5-
tetrakls(3 5-di met hyl'phenyl ) bor at e,

PWYé}thtlﬂﬂtmwaet r aki s[tep@nm@(hqmwmuor 0- tetrakis[3,5-
Wﬁ&@ﬂﬁﬂ%}ﬂpﬂ@ﬁ Aftforal &&g%&db\lﬁ%‘ thElelfM
t et r aki s( pent‘af | uor ophehyl )borate, WO 2007/ 092753
PCT/USZOO7/061519 103 tri phenyl car beni um
lf"t raghs (chah%lt cho @ﬁfoﬁ of Cid en'ﬁ?x‘a‘gr behﬂ)@smg an ionizing ionic

tetrakis(m tolyl)borate, trip ni-um
Q@@y@mdsﬁezecmcbﬁm hy(]npm;mlyztr;umonm Jtetrakis(p-tolyl)borate, tri(n-butyl)-
3 | car :
c1 ot JEDHY 503 ggﬁgﬂlé{'ﬁ% F‘IOIY%IF‘IOerﬁt)?I ) bor a{n -butyl)ammonium tetrakis(2,4-
dlmeﬂtyépi}dnyabbl@tﬂ urntri(n-butyl)ammonium tetrakls(3 5-dimethylphenyl)borate,

tri(n-butyDammonium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tri(n-

butyl)ammonium tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium
tetrakis(p-tolyl)borate, =~ N,N-dimethylanilinium  tetrakis(m-tolyl)borate, = N,N-
dimethylanilinium tetrakis(2,4-dimethylphenyl)borate, = N,N-dimethylanilinium
tetrakis(3,5-dimethylphenyl)borate, N,N-dimethylanilinium tetrakis{3,5-bis(trifluoro-
methyl)phenyljborate, N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate,



tetrakis[3,5-bis(trifluoronethyl)phenyl]borate,
tri phenyl carbeni um tetrakis(pentafl uorophenyl)borate,

wo e@pphi7esn t et raki s(p-tol yl)borate, tropylium PCT/US2007/061519
tetrakis(mtolyl)borate, tr@pylium
tetraki s(2, 4-di net hyl phenyl )borate, tropylium
tetraki s(3, 5-di net hyl phenyl ) borate, tropylium
tetrakis[3,5-bis(trifluoro- nethyl)phenyl]borate,

tropyliumtetraki s(pentafl uorophenyl)borate, lithium

t et raki s(pent afl uorophenyl )borate, |ithium

tetraki s(phenyl)borate, lithiumtetrakis(p-
tolyl)borate, lithiumtetrakis(mtolyl)borate, lithium

trighemileasbonium dj iRitASARRN)PYBES at etriPbPRAPaeniun tetrakis(m-
hBifRkKts ( 3, 5- dipBhaRieREaM DO at €, tedrhitifoWimethylphenyl)borate,

tétrafl uoroborate, sodi um

trighenpdeasberdvimaf | utstesirhy tdimsihairbengeirate triphenylcarbenium
tefehiti 55%@&%?&%1?0 e??%%lﬁny@@&’afém triphenylcarbenium

tetrakis(p-tolyl) . _
tﬁﬂkla@m(aﬂuompbﬂ)y&moaﬁa gmjxybmn tetrakis(p-tolyl)borate,  tropylium

tleﬁ‘ c%lgk)é rg{eﬁettﬁig)brﬁﬁeny g duig g}ﬂﬂenyl)borate tropylium

uearakla@! udinodsloylabenybotassi um tropyhum tetrakis(3,5-bis(trifluoro-
hELSBhSLRERKAL ) UOLSRIRRY|) DAl cRBNASREN Ry Dborete, it

kﬁhkia@piem(aﬁubm[pyéﬁ}bﬁmaﬁe lifiotrasstrakis(pbenehiartay lithium tetrakis(p-

PRS2, PR Ry 1 PR e asdithipm  terakis2-
dmtetl@kpl&@@l)ﬁerath nmet Illtjalmii] en yﬂe)rb)las(al;fedlmﬂhﬁl@hemybborate lithjum

tleﬁ‘ﬁé}%grlg g%{;@ un{ ﬁ%%?%ﬁ%ré&ﬁ mact)r%%er %lédfcﬁgrp tetrakis(phenyl)
Barhieak bedinint aletrhRialpLusiyifogate t riq@hﬁﬁyltemhqm-wm)borate, sodium

t et § én@[g é@ﬁﬁ%ﬂ%@?ﬁqgﬂy lS%O? Ign atteterékis(B 5-dimethylphenyl)borate,

sdidmih hiduphiasbbadkd] Mpbakdum! reRkepétankadbdhyl)borate, potassium
tetrakis( pent af | uor ophenyl ) al um nat e tro

ttegﬁlflé@ihg?ﬁ ‘ttogpt?i )Q(Pt&?ﬁllﬁgt etetr@lglé(fquo Hhorate, pl))/(l)tagsrﬂlm tetrakis(m-
Joghmlfat@( gbtagéluﬂxl) aétfmga@hecimfcf@mﬂ gm)oratc potassmm totrakis(3,5-

t etraki s( di met hyl phenyl ) al uni na tropylium

@1&%@[@@@3 JBorag, rmtf’ﬁﬁﬂﬁ‘h etﬁgrﬁﬂwreh@rﬁm emphmﬁwbqﬁvm tetrakis(p-
L8 AhBLRE N RhiHAE2BHE M }é}dmﬁ%%ll allﬁﬂqudjcém triphenylcarbenium

tetrakls entafluoro henyl )alumnate,  lith
tetpkisld 45 q;mm@te lithi ’m:phenylcarbemum tetrakis(3,5-

I
éthg%e?%ie%ﬁr ¥%}1§{1§t@ ﬂ%fl%arblgill%u ﬁatkg’t enktaﬂuoro%henyl)alunnnate,
Wepraiviny ﬁmrsﬂp-)dyl)ﬁhmnmtg, trd)mﬂimm mqtrakls(m—tolyl)alunnnate tropylium

BELLRlS PGS IEN YRR ) 3l U Nty LN UM a5

tef uor oa
dlmettlas#tplg(ngénltuaﬁhugr Gpoipsiyin) &tk stedoeslwoephemyaluminate, lithium

! h " ium . . o
{e?rafcﬁé)eﬁ‘%ﬁ ? C(#)h yl rql‘rlnlgﬁla?e S@% : umt treatk%sék?esn(yrl])}alummate, lithium
teﬁhknk()paﬂolyﬁamlﬂhm,ates obihtinm tetrakls(m—toly])alummate lithium  tetrakis(2,4-

(%121%6{&1&5}) 21)%1 %{%P ﬁé}?ﬂheny r)a%qs{gé~I %thyﬁ)gl [uminate, lithium
ﬁeﬁ’aﬂﬂ&’phﬂ@hﬁﬂdtam naddumpot ???fdikib@entaﬂuorophenyl)aluminate sodium
tetrakls entaf |l uorophen al u fassi u

ek eI U ADUST, Bk BeoR AN 36y Gobyss tetrakis(m-
BET) R, QBADAD tetddds(h eftchﬁiétkgzﬁrﬁ‘reh?béﬂ'u}rﬁhétm Bedi€m tetrakis(3,5-

ot assi umtetraki s(mtolyl)alumnate, potassium

istetpplgnyDaligninge hy | phé«?fiwlylm uni W&iﬂﬂuorﬁ@ ugaigpigm  potassium
k%ﬁl@%ﬁeﬁtaﬁgoﬁphenyl)alummate potassium tetrakis(phenyl)aluminate, potassium




di met hyl phenyl ) al um nat e, potassium
tetrafl uoroal um nate, triphenyl carbeni um
WO 2003022723 , 2" - nonaf | uor obi phenyl ) f | uor oal um naP@T/US2007/061519

silver tetrakis(1,1,1, 3,3, 84

hexaf | uor oi sopropanol ato)alum n ate, or silver

tetraki s(perfluoro-t-butoxy)alumnate, or any

conmbi nation thereof. 15. The catal yst conposition of
Caim1l, wherein: a) the at | east one ansa-netal |l ocene
conprises t-Bu\ t-But -BUC7 - _-)Xl t-Bu Ph,, t

-But -B Ph,CZ,,,,,,,,d Ph--' 'CI Ph---C Zr‘CI

Ph'-' 1 t-B t-Bu t-Bu t-Bu Bu t-Bu_ Ph

tgprpkistpzelyDpfumgpalpn  pptastiumc ey gLy vl potassium
tétr&%(ﬁ 4Eﬂl'imeﬁﬂnlpheny})?1unmf1ate’ ,» MO F@taggu!ﬁlﬁ N atetrﬁ%ls he @3,5-

any combi nation t her eof
dgpeﬂhyhélenﬂhféu@rr@émoam}msm ctstreBupieabBHpiies eéﬂphenylcarbemum

qQCZt’ Byl In@héfg}cﬁé%hé{y'l)ﬂ%omﬁdﬂ]ﬁlawn num- sitver tetrakls(l é,1,3 ,3,3-

I sobut'yl uny’ ‘or any conbination thereof
hc)t afluproispproparytlatoyuburpmiatey anrosilveo gl e@ed] ®m-¢év@6y)alum1nate

?_%hg,goﬁ%frgﬁ n W07/ 092753 PCT/ US2007/ 061519 105 16.

e cata ys conposition of Claiml, wherein: a) the
at | east one ansa-netall ocene conprises t-Bu t-Bu t-Bu

157 BU 'fﬁeBcatteil%f composition of Claim 1, wherein:

a) the at least one ansa-metallocene comprises

t-But‘B” t-Bu t-Bu
P hllay ,,,,, ¢ n\\Cl Phl// wnCl

~C Zr.
C gl /

N
=Bu  tBy CO t-Bu
thm el
HfZ
&
, Or any combination thereof;
b) the at least one organoaluminum compound comprises

tricthylaluminum, tri-n-butylaluminum, triisobutylaluminum, or any combination
thereof; and

c) the at least one activator comprises a sulfated solid oxide.



,,,Cl PhnC ZrCG Fhn HC Zr Ph~ Phi ~ CI t-Bu t-Bu t

-Bu t-Bu Phi,,,,,... ,Cl Phin,,,,,.CPhi Zr..,- Ph~
wEa0780750r any conbi nation thereof; b) the atPtPHS1007/061519

one organoal um num conpountl}S conpri ses

triethylalumnum tri-n-butylal um num

triisobutylalum num or any conbination thereof; and

c) the at |east one activator conprises sulfated

alumna. 17. A catalyst conposition conprising the

contact product of: 1) at |east one ansa-netall ocene;

and 2) at |east one activator, wherein: a) the at

| east_one ansa-netallocene conprises a conpound having
6he Thsraptalsst comppeisoy e&@jaelms Whergierein M is

titanhum @ELERBLWRE dibe-NRidlidéBhe Efmprild (X2) are
|ndependently a substltuted cyclopentadlenyl a

Si |phed R, a ger mani \Qfla tin at@n?’ =
i s bondes oth (X) and ( antd wherein R R2
are indg-- ntly an al kyl up or an aryl gro
ei t her of [ \aving up to 1 n,atons, or

hydrogen wherei n at | east ong of RL and R2 is an aryl
gr oug 907/ 092753 @ /061519 106 at | east
‘ Stausubstituted. or an

D'e-@dently 1) F, d, Br,
p having up to 20 car bon

50 (X3 eid (X4) arg R
or AT 2) \yﬂrocarbyl g

at ons, BH4; 3) a hydrosarhyl oxi de group, a
hydr ocar by group, or a | iydrogar .
group, any of whiéh having up to 20 %af@x%ég%yhmmiﬂyeoﬂ

G3RA2b)or SBB8RAat whiensti N oRA | srganoalukythurgr ogpmepuwah  comprises
t¥1y1a9u rRthl,a -n-butylaluminum, triisobutylaluminum, or any combination
thereof;, and

c) the at least one activator comprises sulfated alumina.

17. A catalyst composition comprising the contact product of: 1) at least one
ansa-metallocene; and 2) at least one activator, wherein:
a) the at least one amsa-metallocene comprises a compound having the
formula:
CHEAHCEEHXHM!, wherein

M is titanium, zirconium, or hafnjum;

(X" and (X® are independently a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorcnyl;

one substituent on (X*) and (X?) is a bridging group having the formula
ER'R?, wherein E is a carbon atom, a silicon atorn, a2 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;



of which having up to 12 carbon atons; wherein at

| east one (X3) and (X4) is a hydrocarbyl group having
WQIpoor 09283 car bon atons, H, or BH4; and any addPCT/08EN07/061519

substituent on the substitueed cycl opent adi enyl,

substituted indenyl, substituted fluorenyl, or

substituted al kenyl group is independently an

al i phatic group, an aromatic group, a cyclic group, a

conbi nation 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 ich having from1
to 20 car Wénleastonse %ﬁﬁ%WP@eono€K @Fd@%ﬁ maﬁdﬁﬁ¥“wﬁﬁ or an

uﬂ%uﬂbﬁﬁﬁéd AREN AT YA Ringd % &1 26456k a@qﬁpendent ly from

an actlvat or - SUFJpOI‘t I‘I Si ng a Sso i d oxide

treated wi@h apd XDewre rlﬁfiﬁnmlﬂmllyav\ih@ Ghil or & Phy dyégpcarbyl
' : j | 1
ggan\.@eg%!’ln%% ﬁ%t P80 Qﬁ%}ﬁﬁ%@ﬁﬁ §1, et Bm, 9% MB@JrﬁyloQirde group, a

at 1 on thereo an or ganoa um noxane
hydrogetbytiming igrowm oo agiahwbmanhyl@d)ﬁmumd apy canvhich having up to 20

DO, ; a
?%b%% r&?& é%ﬁ%gzp%atq@ﬁR ()vhg%x%gsﬁ Iarg %ﬁzgi QI%KAB ¥ an alarl group, any
oﬁvahunh Tiayinghep ¢b nt2 aarbtnh atams;| whekimpae least one (X } and (X*) is a
ne c (S t he
SRR Bk PranGEogpn B ()
wher ei n  Mhyi sadditiceehi mhsbmeh‘afm uthe V@b@lﬁlﬁﬁdogz?ﬂrm@entadienyl,
sﬁg&éﬁggogﬁéo 519&%%? n%%cgg degg nd tt1|tt¥tt*:d ’alke% group is
ifidaperddmylly Sinl aliphetid gfqup&b?ﬁkfﬂ%ﬂb grﬁihj)?,ﬁl dvieB®ltroup, a combination of
a%gagweg{ag or CH2Si Me2CH2Ph:; %Cor Si ; ?F and
120 GEFEN FERPFy 2R ¥ EPRY Emd‘lpoﬁps fUr HTOuR 4 THFRYR, Broup. &
[’u@&ro\;xxb iag NarBénié REow) d Garben@b’@p Na &llﬁfﬁﬁ gr@ﬁp, or a boron
gg?l&rj En}(? r(lf w 1(:%r e gattrorlnela’c%)tzOoc:rgl(xe'bocl)nf atoms; a heﬁz de; or hy rogely Iand

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

havin

i) an activator-support comprising a solid oxide treated with an
clectron-withdrawing anion, a laycred mincral, an ion-cxchangceable activator-

support, or any combination thereof;

ii) an organoaluminoxane compound;
iii) an organoboron compound or an organoborate compound; or
iv) any combination thereof.
18. The catalyst composition according to Claim 17, wherein:
a) the at least one ansa-metallocene comprises a compound having the

formula:

n
R38 @V), wherein

R3A

M! is zirconium or hafnium;



R3A and R313 are independently a hydrocarbyl group or
a trihydrocarbylsilyl group, any of which having up
WO 2002092783 bon at ons; or hydrogen; n is an int ePer/ufr00me1519
0 to 10, inclusive; and R4N7and R4R are i ndependently
a hydrocarbyl group having up to 12 carbon atons, or
hydrogen; and b) the at | east one activator conprises
an activator-support conprising a solid oxide treated
with an el ectron-w t hdrawi ng ani on, wherein the solid
oxide is silica, alumna, silica-alum na,
al um nophosphate, al um num phosphate, zi nc al um nat e,
het eropol ytungstates, titania, zirconia nesi a
boria, zin& ki HECPFRIEaHYoH. o8 rasthys P}Eﬁny ni?enzy1 neopentyl,
&Ry IeRtHMer e dfH, e, Hibe etﬁgsMé;Pw t hdfﬁmmzcmph or
anion is fluoride, chlorideé, bromde, iodid
fE:Phyiflate, bisulfate, sulfate, fl uoroborate,
fl uorosul f gtigc §+4if | uoroacetate, phosphate,
f 1 uorophos tpat e, 2f [uorozirconate, fluorosilicate,
fl uorotit aRated R pae indrpardandy anmkyli groeredr ep aryl group, either of
wafcﬂ%wgq%peg, A 8865 UldnRBt & dl%gbétwﬂe%lg% ast one of R! or R? is
unsubstituted arenesul fonate, stituted or
gnawbetouput ed al kyl sul fate, or any conbi nati on
thereof. 1Q3a4 A ppogess r t
cat al yst c&rpos?% gﬁ co&{rr%rlngﬂ{eﬁ tactHgﬁéﬁlg%li%&ﬁ1 él%ﬂp or 8
tribydrocerieisalrs arompt et otehich haymg pm to @alcla;honaattome;asthydmgen

activator, | ?zqere B IUEPRAO S, gty | oust one

ansa- met al Rtené RS rmcus@ead@mllyp@ hydiroha\byh grdupehaving up to 12

éaqggwggms(@ﬁa%&xgg&m M, wherein M is titanium

zi rconrum um WO 2007/ 092753
PCT/ lﬁﬂOO?ﬂ&GéltHﬂ:&t ohe&c(ﬁ(e)toan@knpﬁ%z)anaﬁcewianﬂe;npﬂﬁe Bbinyrising a

cl o ent adi [, . subst.i t ut ed
SRS St B B R e i ot atetb et ¢ uent
on (X) an dtl(eXQoH(B oﬁ1dbr isdglicy Qurelip, BAlchnguhhe, Eﬁfnﬂﬂbﬁhosphate,
rein Eis a carbon atom a silicon at

V\A'] . .
58% 3%%6’ o’ t ?IHmé’i‘%?n heéﬁap‘éYF‘glngaWae dtl‘{aala zirconia,
Bapics(aXbodd) Gikoeide, ARk corI®Rb hdRofadithoiZodination thercof: and

|ndependently an al k% group or an aryl group, either
of whi ch hi FgetRR-Péfhdmvwing BBienas dheridgs chlppde.obyemide, iodide,

pRitE AlfldeAYisuefe:, Ofulfdle, aNHorl3Botute, aﬂué‘zro)éﬁlfcgémt'ﬁﬂuﬁ{)dcetdte,
east one substituent on (X) or (X2) is a substituted
phosghate,  fluorophosphate,  fluorozirconate,” fluorosilicate,  fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or
unsubstituted arenesulfonate, substituted or unsubstituted alkylsulfate, or any

combination thereof.

19. A process for producing a polymerization catalyst composition comprising
contacting: 1) at least one amsa-metallocene; 2) optionally, at least one
organoaluminum compound; and 3) at least one activator, wherein:
a) the at least one amsa-metallocene comprises a compound having the
formula:
D) (XHM, wherein

M is titanium, zirconium, or hafnium;



unsubstituted al kenyl group having up to 12 carbon

atons; (X3) and (X4) are independently: 1) F, d, Br
W@eoo/092%3 a hydrocarbyl group having up to 20PCEHUBZIN7/061519
atons, H or BH4; 3) a hydtescar byl oxi de group, a

hydr ocar byl am no group, or a trihydrocarbylsilyl

group, any of which having up to 20 carbon atons; 4)
OBRA2 or SOBRA, wherein RA is an al kyl group or an

aryl group, any of which having up to 12 carbon

atons; and any additional substituent on the

substituted cycl opentadi enyl, substituted indenyl,
substltuted fluorenyl, or substi t ut ed al kenyl group is

i ndepender® Y ad €XVpiat mdepewsiently ah subwiaed coxplerptadienyl, a

s Githied HWRYUD: ofa OPRIRRY iHBrf; al i phatic and, cyclic
groups, an oxygen group, a sulfur group, a nitrogen

group, a QKoYpHBRER ogr @ pand X Aise hiigsine GLpip hevers Wheformula
% uﬂwh&eﬁﬂ E €203 Whom OF sificBR R, & é?HﬁmuanFXt 9{ or a tin atom,

aving from1 to 20 carbon at’ons;
ah9d$ trgemded Yo bhth &%) land b rred ovpasio umdw&mammepmmienﬂy an

BT S o Wb RTR WO, O %ﬁf’ch b B, G b, or
derdgnn, whemiy at (@) ong ef I&nataiR wwci@ryirgramp,ar yI oxi de,

any of V\h'eﬁhlela ving [hemk { xfgxﬁaft@og(@t% ﬁ@slnluﬂgd or an

or hydri de; nrs a nu i ncl usi ve,
msubsd:i)rutechaelkamyl IM haoneg ap m W&bnnbon stoges; ect ed

| ndependen di {1& ggg) %f)e il %%Eiler\llt?t Oﬁ I%UEKP%E o n’\%g ashyrgigocarbyl

a solid ox rbn’w
RO |hav1agl @y&r et curer ato;msarHl mnBéiqg: Baraghﬁdrbearbylomde group, a

SRR R SR8 ARSI bl o2

o@.ﬂjﬁn@ﬂtﬁds CBIR@’ SO0, atteren Rids ag alkgt gMQp or an aryl group, any
(%H8;/O 2753 PCT/ US2 07/061519 109 iv) any conbination
gbRavigrup & 12 69ROR A8 one or ganoal uni num

comoound | SnyO Piddeistal Weesktituleht abn @R SiubeiRtf &yx&)penmdlenyl,
and_(X4) is a hydrocah¥% gr oup haV|ngbup to 20 ca{b )
subefteted b ingsnyl. grppbsttpitqd e flgprenigls s 01 o FBOSIEREG aaffeny!  group s
1ﬁ@éﬂ%ﬁﬂ§rﬁ§f eﬁ‘lnalﬂ)hgﬁ@ SR upThA Qﬁﬁ'&ﬁl&%ﬁ@ﬁ’ ) WNeicli®lerdtip, aké@hfbmaﬁon of
conditions 1 and 2 aré present The process for

akipbefic g caclivo BYaHPSi 'zuatharﬁe% &FHTy St SUBHPPSIP Brpitrogen group, a
AOGHANGr I, o #LdRid rodhef @ufbon 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 organoaluminum compound comprises a compound
having the formula:

ALK )30
wherein (X°) is a hydrocarbyl having from 1 to 20 carbon atoms; (X°)

is an alkoxide or an aryloxide, any of which having from 1 to 20 carbon atoms, halide,
or hydride; and n is a number from 1 to 3, inclusive; and

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

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

i1) an organoaluminoxane compound;

iy an. organoboron compound or an organoborate compound; or



a) the at |east one ansa-rnetall ocene conprises a
conpound having the fornula: RAA Ra RAB .mmx R2~E
wORooRBSR7TRAS n (1), wherein ML is zirconi um or PeEURI0OM61519
X is, independently, F, C109Br, or I; Eis Cor Si;

Rl and R2 are independently an al kyl group or an aryl
group, either of which having up to 10 carbon atons,

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

aryl group; R3A and R3B are independently a

hydrocar byl group or a trihydrocarbylsilyl group, any

of which having up to 20 carbon atons; or hydrogen; n

is an integer fromO to 10, inclusive; and R4A and R4B
are i ndepeident ¥y @URFAOESRESE gr oup having up to 12

car boph&atRnBe aflealdl MOSRANOMdiKIEn *brdp8asd i08fonal when: 1) at
1é}){;sganoal unj num conmpound conprises trimethyl al um num

ern9f X 0mPAER) i 2ihydasrsprl @aewuia ving v ta 39 srban stams, H, or
BH; 1 8R4 LY IabusA O BB vatdr &g @b YRRk baluminoxane compound; or 3)
triisohexylalum num trioutylal um num
beiteednditiong friandi hata presentle, di i sobut yl al um num hydri de,
di et hyl al um num chl ori de, or any conbi nation thereof;
and WD 2007/ 092753 PCT/ US2007/ 061519 110 c) the at
20e ast Thaerogessiforprodutiog arpdymney gation-ostalyst composipien siceayding to
Aabhbd g%l de treated with an el ectron-w thdraw ng
ani on,’ V\,ﬂerel'n the solid oxide is silica, alum na,
si | i ca- al uliierm,leask wne nophosghlkicene cahpnisesuancohgephdthaying the
f%}nq&aal um nate, heteropol ytungstates, titania,
zI'rconia, magnesia, bona, zinc oxide, m xed oxides
t hereof, or any conpfnati or ereof; and the
el ect ron-w t hdr awi/ : ‘ F%.J,Qride, chl ori de,

triflate, bisulfate,

@g‘ul fate,
t e, > | uor ophosphat e,
cate, fluorotitanate,

~

brom de, iodide, " phoSphs
sul fate, fluorobor dt e

trifluoroacetate, W%E
fluorozirconate, fluoro

3A n
R™ Ros (X), wherein

M is zirconium or hafnium;

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

Eis Cor Si;

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

R* and R are independently 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 organoaluminum compound comprises
trimethylaluminum, triethylaluminum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trihexylaluminum, triisohexylaluminum, trioctylaluminum,
diethylaluminum ethoxide, diisobutylaluminum hydride, diethylaluminum chloride, or

any combination thereof; and



per manganate, substituted or unsubstituted

al kanesul fonate, substituted or wunsubstituted
w@e@nesatbs onat e, substituted or unsubstituted PCT/US2007/061519

al kyl sul fate, or any conbimation thereof. 21. A

process for producing a polynerization catal yst

conposition conprising contacting: 1) at |east one

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

wherein: a) the at | east one ansa-netall ocene

conprises a conpound having the fornula:

(XI)Y(X)(X) (XYM, wherein ML is titanium zirconium

or hafnium (X) and (X2) are .independently a

substt ut e ) drsh ORE AHIBRIPT | is g0 agipyatorisyprayt |cﬁa@ﬁ§1ng a solid
OQ{deqréa%&ﬁMtﬁ %%f&&bﬁt%&ﬂyiwmgaﬁmiu Bakidivent on (X) and

(X2) 1s a I ng oup. awngtﬁeforrmla ER R2,

wherein E f|h§ ® 1éa¢>@gm ignpidiep. alugting,celicarplyming aluminophosphate,

Eﬁﬁ]ﬁﬁ?’lx @s%ﬁ?ﬂ)e() 05151%‘ dta i tgtlf%nm heépc%g%ﬁgﬁﬁgsde%t&ﬁa zirconia,

niagiepenteid, lzylcanmdqahkwd qtidesghercofor any cogbapon dierendt and
of V\'hl ch Ien&tr%ﬁ \I/i?h(%;\ﬁ%l%r gg% AUBria chi cfy %gc?rﬂlde iodide,

wherei n at east one I's an’aryl group;
phespttatey nwriftsdy s bistilfetat solfat(SX)ﬂmol(orzge i fucgoslifassy, i trlﬁu@doacetate

[ un I, ha

pgo?@l%ﬁe at Sfﬁlg)%]%}ygéhaq ?ﬁ%&%%ggt%ﬂepélﬁgl%nﬁﬁﬁk’ 1) orotitanate,
pEtmarBanater  Ispbitutad hycdr ocsubytitutegr oalratresui fogatep Bubsﬂﬁlted or

car.b atons, H hydr oc 0 r , ,
SR hEL PR priteRb ey pts? B RRTRINE SRS o am
cgmbirmtioartgeredf. whi ch having up to 20 carbon atons; 4)

OBRA2 or SCBRA, wherein RA is an alkyl group or an

aryl group, any WO 2007/092753 PCT/ US2007/ 061519 111

20f WhA glrobasi fog pi@ductngl 2 myrheﬁzaaioﬁﬂﬁatalyﬁeécﬁhpbq&ion comprising

| east. one_(X3) and (X4 carb roup havi

e EnS0 L aioh o8t G- falsengi #id S S oAt e herein:
substdyt uentheon 1£h€ ot Qﬁzﬁh-&ﬁ&ﬁ%d&ﬁ@ lcopprikadh %M{pound having the
substituted i ndenyl, substituted fluorenyl, or

foupalei t ut ed al kenyl group is independent | y an

al i phatic group, an®heBtt5oehMiRvh@cyclic group, a
conbi nation of aliphatic and cyclic groups, an oxygen

group, a sM ﬂﬂﬁtag’ﬂ%rilrcamﬁ%%ééﬁﬂgﬁoup a phosphor us

group, an ét’% ERL (FHOUR, uﬂieﬁéﬁ&% 94 %Bmtﬁtea' l:gfch%bnmdlenyl a
group, or boron " group, any vvh having Trom 1

Spbstzgtedan@ﬁml,@tr @rﬁﬁbs‘fﬁuﬂﬁfélﬂuééen%r hyd r ogen and b) the
at | east ogg apklivehQn d)@) 864 @QI) 6¢a bﬁﬁgﬁ%%’@&ﬁ llle%ngé ¥ formula

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

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

(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; 4) OBR™; or SOsR*, wherein R” is an alkyl group or an aryl group, any



i) an activator-support conprising a solid oxide

treated with an electron-w thdrawi ng anion, a | ayered

worR0ve/024753 an i on- exchangeabl e acti vat or- suppoPCT/USZ007/061519

any conbi nation thereof; i1l an organoal um noxane

conmpound; iii) an organoboron conpound or an

or ganoborat e conpound; or iv) any conbi nation

thereof. 22. The process for producing a

pol ynmeri zation catal yst conmposition according to

Claim 21, wherein: a) the at |east one

ansa- net al | ocene conpri ses a conpound having the

formula: RAARAMBEM X R2,,: RBABn R3 (1V),, .

ofvereh havige PR t9] 12 stbamamtiavheigiy ailgast one (X°) and (XY is a

hiyBRRRERM Eﬂid&havh‘;g B 20@:&% atoﬂﬁb qqcﬁzp Bﬁ%rlﬁ])dl

neopenty trinmethyl silyl nmethyl

CH2Si Me2PhanyCHEIG i@ bstitrent Cpp Sflve 2xObstimiedE gyslopentedienyl,
i oot 2 27, U 61519 :

i e opandant | 5 Sk ATyl o o SRR A group i

Tedephrdentiy amﬁm&rhhh gudupgan gronatic@roway., oty chie gmsip, arcombination of

DHBROTRL RVERG Bl o SR B el B ebca gy o =

p@ps:phomﬁr geoupt ranhyrderac arday, A kyrboy rgrupp, arsjliceh gmnp,hor a boron
Pt Bty B R B B, P Rearin JNASCRRNIAS of Fypen: end

i nde@@ndenthkwnt &aktyme@cavd:tw is geleoipd addapagdantlyt foorth2

carbon at Of®. Of %{1 AL ortd ob rEsuF gtsohgaosxtldeo réated with an
activator san%c \Fa s|rp§uppcorp ri'srng-a so ofid

oxi d&léd’rmt-‘edhmabvm@mmm e{:]‘ayemd\mmhﬁn aani ing-eanhaigeable activator-

wh t h I
ST chPaptry bt

11) an organoaluminoxane compound;
111) an organoboron compound or an organoborate compound; or
iv) any combination thereof.
22. The proccess for producing a polymecrization catalyst composition according to

Claim 21, wherein:
a) the at least one ansa-metallocene comprises a compound having the

formula:

R®A Ros 1 (1V), wherein

M is zirconium or hafnium;

X is, independently, H, BH,, methyl, phenyl, benzyl, neopentyl,
trimethylsilylmethyl, CH,CMe-,Ph; CH,SiMe,Ph; CH,CMe,CH,Ph; or
CH,SiMe,CH,Ph;

Eis Cor Si;



al um num phosphat e, zinc al um nate,

het er opol ytungstates, titania, zirconia, nagnesia,
whoro7a92723 nc oxi de, m xed oxi des thereof, or aPgT/US2007/061519

conbi nation thereof; and the el ectron-w thdraw ng

anion is fluoride, chloride, bromde, iodide,

phosphate, triflate, bisulfate, sulfate, fluoroborate,

fluorosul fate, trifluoroacetate, phosphate,

fl uor ophosphate, fluorozirconate, fluorosilicate,

fluorotitanate, permanganate, substituted or

unsubsti tutcd al kanesul fonatc, substituted or

unsubstituted, arenesu. lfonate, substituted or )

unsubst i t uURed@2@ KA indeperdently an iyl szl Pha pBR group, either of

Whieh @8¥ing 23 toA 08k HSH at%ﬁnsﬁ&l NYEBbES, Rehepdiffak DSist one of R! or R is

conprising: contacting ethylene and an opti onal

B BYegoHPcomononer with a catal yst conposition under

pol ymer i zakgeon NGH3BI pal y

copol yner; K vvhgﬁ(gi git hgpia%gegg{ﬁggﬁp%si%ﬂ%g%r%rgg% or @

trihpdrogmbatsilybgrogncanyodf wiiph hevipg aptto dAearbon atoms; or hydrogen;

ansa- et al § CaNEned st b AR et fast one

or ganoal um num corfpound; and. 3 2t Teast one

acti vat or , RithenéR"* aay indepemdentipashydmoearbyl group having up to 12

- I 0 i ses a conpound having the
‘f%?)?%u{{g{ng’( g{l ;35 ?&%‘”’?’xgﬁq{m M, wherein M is titanium
zi r com) um ther athiehsti amg atiatan {nXagtieater-supgertechepriding a solid
a.substituted cyclopentadi enyl. .a ubstituted
?Xﬁé%ﬁgéﬁt?& Wit anelger |“t"’d’ft§‘gfawf}llﬁﬁné%‘§i|Wi‘%“2oo7/ 092753
PCT/ US200 7126481t oxitit 3is aailécas uhshink | eifica-aburfiddp, ahehinophosphate,

SREhuit, Bobipnd Do R, "ol o hfgniey Mante, zirconia
19egiERial, bonid20m oxide,anixed ofidesheradldorianySodhtitketibnlthereof; and

both (X') and ,_and wherein RL gnd | re. cq e

P dependeniiyClaton R R AaR I Lr CHBtide Wpmids iodide,

sHosphite,h e N Bidiprats) h2fa€Ar HOGToBERNS , fldroshlYLte O@eMuoroacetate,
erein at_least one of R1 and R2 is afglaryl,(i?group' at

phosehatyne Lisephaspanie. onflpRpzisroneses) fomostligds.i ¢ (luogotitanate,

Rirm@Rgandfs Usibkiitat@d 8l keRylbsarAsP REMNBELIRRat® Ldbstituted or

carbon atons; (X3) and (X4) are independently: 1)

. y F!
yysubstituted, apenesyliopaty, d peRshipsd  ofgrespbiEvied g 2lipylyulfateg or any

SahheRiat @8RorcH or BH4; 3) a hydrocar byl oxi de group,
a hydrocarbyl ami no group, or a trihydrocarbylsilyl

group, any of which having up to 20 carbon atons; 4)
SPRAZ A RSB ho1HEriSh S olBhnd, BoAPrighky! 9roup or an
aryl group, an
contacting ethylene and an optional a-olefin comonomer with a catalyst
composition under polymerization conditions to form a polymer or copolymer;
wherein the catalyst composition compriscs the contact product of: 1) at lcast
one ansa-metallocene; 2) optionally, at least one organcaluminum compound; and 3)
at least one activator, wherein:
a) the at least one ansa-metallocene comprises a compound having the
formula:
KHEAHKP(XHMY, wherein
M! is titanium, zirconium, or hafnium;
XY and (X% are independently a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorenyl;



of which having up to 12 carbon atons; and any

addi tional substituent on the substituted
weyohopost adi enyl, substituted indenyl, substPCTUSZNNT/061519

fluorenyl, or substituted &ai3kenyl group is

i ndependently an aliphatic group, an aromatic group, a

cyclic group, a conbination of aliphatic and cyclic

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

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

group, a silicon group, or a boron group, any of

whi ch having froml| to 20 carbon atons; a halide; or

hydrogen; b) the at |east one rganoalun1nun1conpound
conpri ses esBhyBuem on{&) sy ©he 15 ppridgiag group baving the formula

ENIRXSVRER) Bidla caﬁﬁ@ﬁ REIA, 4 gﬁlcdn? afdrd) %dée‘?ﬁl@ﬁm atlaﬁi/ l02Q tin atom,

froml to 20 car bon atons (X6) is an al koxi de or an

agd i handed smpoth (Xihiand (K3 iang wWhegein R t @dzﬁ ery gppendently an
aﬁ%@ ?ou %}IUSI l%o? §1ﬁgﬁ’ofa&}gloﬂ lllagvn?g RPRe 2 fdafBnlatoms, or

e af | east ohe activator is
hyé’rmtl,e‘dhfpfn@eﬂgbéfm‘emd 9f Rrané R is anrardarpweit or - suppor t

conpri si ng, ?]ﬁ%&l lofle OXtdBrbhE %tnengr té)g ﬁ?ﬁ% elb a bubnbtltuted or an

el ectron-w aw ng ani on,
unwbsamtrhaigsabl%mamawm up to kiupgbom atogss; any

conbi nat ' |3§ ?ﬁ&a Eﬁ(}r aIJe 1)1%%{%8%&&?1 ?ungbﬁ]oéta%? I; 2) a hydrocarbyl

compound; ano

goowahaviog atpetec @ﬁpmubtdt atoms, iH/)oraByh;: Girai Impdrooarbyloxide group, a
kpzﬂroca?byila \Mél)f) Zgggu;p! go?g.gﬁ cﬁgc]_me{rﬁqégglwr&g%faé% of ]Wllﬁcl\%l\ﬁavm¥ up to 20
catten: atdr)as a?t) OBR&SIr S.‘[hgé{AQfWh(ebéh) Rérld af Xyl poud or an aryl group, any

sl et BY AR e ot or “conpri ces ah

or ganoal uradyowaﬁlcﬁﬁnpmdtueﬁf ) tltwtchhbﬁﬁﬂilfﬂdt i@lﬂ:ﬁ)plmtadienyl,

and. 2 ent qmﬂ .
SBF%W‘?? 48 %‘W n%‘bﬁ%m@ OZSHY 8t ef bs%‘j group 18
ih@@ehd N ANgphaed g%du@cemero@mrgrsﬁfs, dacy@ﬁagwﬂgi dh)@ﬁfbﬂgttlon of

t he fornula 4a B R1,,,,,... "M X 821' 1--ft

phgtigrangd gyclic groups, an oxygen group, a sulﬁ;r group, a nitrogen group, a
phosphorus group, an arscnic 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 organoaluminum compound comprises a compound
having the formula:
ALCE)a(X 50y
wherein (X°) is a hydrocarbyl having from 1 to 20 carbon atoms; (X°)
is an alkoxide or an aryloxide, any of which having from 1 to 20 carbon atoms, halide,
or hydride; and n is a number from 1 to 3, inclusive; and
c) the at least one activator is selected independently from:

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

1i) an organoaluminoxane compound;

1il) an organoboron compound or an organoborate compound; or

iv) any combination thereof;



(1), wherein M is zirconiumor hafnium X is,
i ndependently, F, d, Br, or I; Eis Cor Si; Rl and
w®R2o0ane7sndependent |y an al kyl group or an ar yPCTUS207/061519
either of which having upi®o 10 carbon atons, or
hydrogen, wherein at |least one of RL or R is an aryl
group; R3A and R3a are independently a hydrocar byl
group or a trihydrocarbylsilyl group, any of which
having up to 20 carbon atons; or hydrogen; n is an
integer fromO to 10, inclusive; and R4AA and R4B are
i ndependently a hydrocarbyl group having up to 12
carbon atons, or hydrogen; b) the at |east_ one,
or garibkareiii the st KespRfereepealimimen coppRrhiy aptiprehiden: 1) at
1&dst BAEYF ?F? Bha Ry ik E'h?ﬁf&)ﬂt%)l \Wrd HRvidd i ¥ 8hubh BidRs, H, or
triisobutylalum num frihexylal um num )
BH4: i23 ghe ol legptuprontavator cosnyisas aniopgapaluminoxane compound; or 3)
b{H%$Qmﬂ%ymgﬂ@§hﬁﬁ#g%hge, di i sobutyl al um num hydri de
I et hyl al um num chl oride, or any conbination thereof;
and c) the at |east one activator is an
cti = LS| - [ t ed
T e e T e
2007/20927 38 RCT¢as5200 706 1518 ocens comprises & gompodrd ihgving the
%ﬁ&ﬁa, al um na, silica-alum na, alum nophosphate,
al um nhum phosphat e, zinc al um nate,
het er opol yt ungst at eg [tarr&)\ zirconia, magnesia,
boria, zinc oxidﬁ,4A \ % fereof, or any
conbi nation thereof;, (he el ectron-w t hdraw ng
anion is fluoride, wf | dgi¥ oni de, i odide,
phosphate, triflat& bi3 ngé, sul fate, fluoroborate,
fluorosulfate, trifluor tate, phosphate,
fl uorophosphate, fl uorozi fluorosilicate,
fluorotitanate, pernmang 5N bstituted or
unsubstituted al kanesul fonat®e, sub<$bi wheesth or
unsubsti t , I . Substituted or
unsubstitﬂ?ggﬂgﬁﬁgﬁgﬁp¥gqg$ﬁ%? any conbi nation
t her eof . 2XK.is,AngepkydmrtlypFoQUdedotly t he net hod of C aim
21. 26. AEEar i clke conprising a polyner produced by
the method 6f & &Pm 21. 27. "A nmethod of pol yneri zi ng
ol efins, cRimid R ag: independently an alkyl group or an aryl group, either of

which having up to 10 carbon atoms, or hydrogen, wherein at least one of R' or R? is
an aryl group; |

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

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

R* and R*® are independently a hydrocarbyl group having up to 12
carbon atoms, or hydrogen;

b) the at least one organoaluminum compound comprises
trimethylaluminum, triethylaluminum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trihexylaluminum, triisobexylaluminum, trioctylaluminum,
diethylaluminum ethoxide, diisobutylaluminum hydride, diethylaluminum chloride, or
any combination thereof; and

c) the at least one activator is an activator-support comprising a solid

oxide treated with an electron-withdrawing anion, wherein



contacting ethylene and an optional a-olefin conononer
Wi th a catal yst conposition under polynerization
wa@oeoudiopizens to form a pol yner or copol yner; WleT/@52007/061519
the catal yst conposition coifpri ses the contact product
of: 1) at |east one ansa-netall ocene; and 2) at | east
one activator, wherein: a) the at |east one
ansa-net al | ocene conprises a conpound having the
formula: ()OO (X2)(X3)(X)ML, wherein M is titanium
zirconium or hafnium (X) and (X2) are independently
a substituted cyclopcntadicnyl, a substituted.
i ndenyl, or a substituted. quoren | ;. one substituent
on (X) andhbgelidjexide gy P’é‘@?n@m@?l@%rpmh%ﬁlﬁﬁu’%ealﬁlélrfkﬁﬁ’fflasphate
aftfniBem WossphiteE Lisic @ aGRRiAGHR., atll%(gﬁ) Ey%'uhés@aﬁ@s attﬁéfﬁlaa zirconia,
germani um atom’ or a tin atom an to
Wﬁ&e »horig ginerajde, aeedgrddes thegef, m@npgogb@atmn thereof; and
' ”depe”de”&ll%lé%ﬂon%ﬁi/dra&{n%“%ué?ﬁ @ﬁuéﬁXé c@ﬁ , bRbhidR! iodide,

of which having up t on atons, g rogen
phhenhetey wiflateabisulfate, ofilf|e, dhereborpts, aﬁ*uoeimylﬂ atgy omuomacetate

plhgﬁﬁlta & nesfﬁ}épﬁﬂto%#ﬁgg alokrhelfo%g?glrc%lha{exz) ﬂlllgro@llﬁ%St ! glﬂ&%%tanate

or "an group’ havi ng up
peambaganateo nspbdted 0 Gr0 9@1?@3stﬁx@re/duszmaﬂ¢s@e?maxe, gultituted or

sti &Xﬁ oﬁat'ends%g tli]tq?el?it lc% gu tu%d zﬁ[cyls E‘at'la or any
R oESTE § P

rocar group aV|n car bon’a
chbﬁanthmﬁofa hydrocarbyIOX|de group, a
hydr ocar byl am no group, or a trihydrocarbylsilyl
group, any of which having up to 20 carbon atons; 4)
20BRA2A polyS(8 pAyduvdidhyathaniéthodofdhaial Xyl group or an
aryl group, any of which having up to 12 carbon
atons; wherein at |east one (X3) and (X4) is a

Jay dr og@bhigle @hputiginbaohigndtpréducedbe echnahéd fElaint21.0r
BH4; and any additional substituent on the substituted
cycl opent adi enyl, substituted indenyl, substituted

vigll UOF&@H&tho&pr‘él&bﬁetﬂzhi@cﬁ@ﬁx@ s@fplisigh:oup i s

i ndependently an aliphatic group an_aromati c groug
cycl iongeting cthyletsnpndan enrtieral grolphatGomoneme ywith ca catalyst

?%%Qﬁmn%d@?é% eI IR coRdtith W FHRCHEo Ly e bl édi%?ﬁner

orus group, an arsenic group, a car bon
g r oupvhegeis ﬂhp @@ﬁab@t ORIppOSHOIRCAYAPTENGS thyr empact argdugf of: 1) at least

il %%1[&85{5;&@ b) L0120 oG1L0RYLAE it hal | de; or

rogen east one activator is )
sel ected i thdepdeateont yure-omtallgcean cavpirvey arcosypopod thaving the
iﬁﬁﬂ&gising a solid oxide treated with an

EHEDHE)XHM, wherein

M is titanium, zirconium, or hafnium;

(X" and (X® arc indcpendently a substituted cyclopecntadicnyl, a
substituted indenyl, or a substituted fluorenyl;

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

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

unsubstituted alkenyl group having up to 12 carbon atoms;



el ectron-wi t hdrawi ng anion, a |ayered mneral, an
i on- exchangeabl e activator- support, or any
W@ eovlioperss on t hereof; ii) an organoal um noxancPCT/US2007/061519
conmpound; iii) an organobot®n conpound or an
or ganoborate conpound; or iv) any conbi nation
thereof. 28. The nethod of polynerizing ol efins
according to Caim 27, wherein: a) the at | east one
ansa- net al | ocene conprises a conpound. having the
formula: 4A RAB R UuE ML..,nax R2'P X R3A R3B rl
(I'V), wherein M. is zirconiumor hafnium WO
2007/ 092753 ,PCT/ US2007/ 061519 117 X is
i ndepender(®y angy(XBrare indansydentiyheh) F; Cheizr I 2) a hydrocarbyl

Wﬁmﬂ{gup id Qﬁeéaw&ls hﬂoiﬂbmﬁ hé’lj B gMEg Pci}ocarbylomde Jroup, a

hsdfocmbymnazgrawe o ﬁd@bﬁ&fq@aﬁbylyllﬂrgramwnygaf o‘dpclbha‘ang up to 20
cg{b\glrr}s a%rﬁ&' R R‘N Cdr ﬁv\i}RAV‘,Wh%&ntﬂ WiiBgn Hﬁ%ﬁ/ﬁ 01119 F\q‘ll:% QBH Rfroup, any

r ogen ereln at east ? 4
off svhigh }atvyig gpdapt2 ReAcarorRy18herce ihdkasentedXly 2ed (X7) is a

b I :
T e e A
is an integeor dddimml t eubbfuenhcoms ihee; SUémtdeA anbbpragdienyl,
Césr% otﬁg gfg@r%e‘i‘t ! %f?gtétﬂe%r oﬁl%rg%yl 95 u@ult%@%}xtgcgsté&gn 1éroup is

rogen;
iﬂd)d_plew@&rmlly dnsalgphatic provgt ar a@mmnmrgronmmpaychc gg)lqo, g@bimbination of

%qu ttrn?at elg W ih . an %xecé [ on uWI th lﬁ,lWI N8N Yrogen grou
PE AT RE SO U PSP YEVETS P Ea,® A U Fa P gel group. @
phobploaudptstipian adsetit rg@@tp)&p katben gralipma rsumophmpjm,abe,a boron
zinc alu het tates, t
ottt oy 4T ERr e B ZRo DR & b By dragens end
t her aof , omeameagtmmlalaatratmstebaﬁeefmd@eﬂdenﬂy from:
1) an activator-support comprising a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-

support, or any combination thereof;

i1) an organoaluminoxanc compound;
1i1) an organoboron compound or an organoborate compound; or
iv) any combination thereof.

28. The method of polymerizing olefins according to Claim 27, wherein:
a) the at least one ansa-metallocene comprises a compound having the

formula:

3A n
R™ Roe (IV), wherein

M! is zirconium or hafnium;



the el ectron-withdrawing anion is fluoride, chloride,
brom de, iodide, phosphate, triflate, bisulfate,

wa@ do7abxs3 f | uor oborate, fluorosulfate, PCT/US2007/061519
trifluoroacetate, phosphat®, fluorophosphate,
fluorozirconate, fluorosilicate, fluorotitanate,
per manganat e, substituted or unsubstituted
al kanesul fonate, substituted or wunsubstituted
arenesul fonate, substituted. or unsubstituted
al kylsu.l fate, or any conbination thereof. 29. A
pol ymer produced by the nethod of Caim27. 30. An

article caonprising a polyner ﬁépduced by the net hod of
d ai m 27. WOIS200¢Fes7sY. BT/ BH20 07084 Phenyly 1lpnzgly negpentyl,

EHBAIRAmBAYL NG CIsCMEPH! & dHiMeBY  PUB,SMe,CHPh;  or
HiNocien” 7 O F

E is C or Si;

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

R** and R*® are independently 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; and

b) 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,
magncsia, boria, zinc oxide, mixcd oxides thercof, or any combination thercof;, and

the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfute, trifluoroacetate,
phosphate,  fluorophosphate,  fluorozirconate, fluorosilicate, fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or
unsubstituted arenesulfonate, substituted or unsubstituted alkylsulfate, or any

combination thereof.
29. A polymer produced by the method of Claim 27.

30. An article comprising a polymer produced by the method of Claim 27.
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31. A compound having the formula:

Pha,,,
PH™

2.:\\\\\\C I

6 ~~ci

& , Wherein M? is Zr or HF.
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