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WD 2009/ 085124 PCT/ US2008/ 013641 1 NANO- LI NKED
VMETALLOCENE CATALYST COWPCOSI TIONS AND THEI R POLYMER

WOERODOESTSE 5 BACKGROUND OF THE | NVENTI ON The prBGENS$2008/013641

invention relates generallylto the field of olefin
pol ynmeri zation catalysis, catalyst conpositions,

et hodga O INREIPMETTRTIGAENE & AANL YSIPCOMIRIIZTRINGN

of ol efins, andaR®) ¥AERS POSYMER ERODECITIS cal |y, this
i nvention relates to nano-Iinked dinucl ear

net al | ocene conpounds and catal yst conpositions

enpl oyi ng such 10 conpounds A di nucl ear netal |l ocene
conmpound can b ﬁkﬁ%ﬁ% tat hesi s
reaction, for 3%&?% Rﬁ gﬁ&%ﬁsln eﬁ?EEur -

2003, Tig, prpgent aﬁgﬁacgﬁmﬁatescgeeémklw tmﬂleaieﬂrésf sleffig pzolymerization

gzﬁtl?sllél Fcétglelgtec%gntpt)sq bet \é?legs f% 991385%;%1'%% a{q&) c?pﬁ)ll enzatlon
of dlefinseapd pyledlefins. aMooé afemﬁcmim, altik @siestisreselitésoto nai|15-1mked

i.hclude nmetal s such as  rutheniu tun st.en,

FRBHS Bt e ASH1OB77° n FURR Uk O PP FERlorife such
pomgsRAds. i nvention general ly relates to neM/cataIyst
conposi tions thods for re rln% taly

conmpoSiHms ér maetlAgsaE coppo t RPE a‘f‘%’i‘ Olefin metathesis

£RORAS Kdrl RBBipleDas HOWROInYORIM. zmlr o} ef00359, pS6RGI3BIET Olefin
resins produced u5|nF such catal yst conpositions, and

metthesieds gr el Tepstion betresn CB‘BP?}WQF R Gopiain pfgtinic (e.g.

PREde) Gldhdties. CHRIRIsGRAAMTe bAUEHhPIONRd ih@hali&h hbtathesis reaction
nano-| i nked di nucl ear netall ocene conpounds and

wglude {pstalseypipesiutheping, tagyen yobhddemn of aigkelunds.
Cat al yst conposi tions containi ng nano-|inked di nucl ear

met al | ocene conpggNﬁﬁARQTQh@HEqﬁ@@ﬁhjbpwent|on can be

used to produce, for exanple 25 et hyl ene- based

honmo ppleyrekst @bshtieR %@ﬁe\fﬁ@r@atemenm Bt coMPERtidRMmethods
di scl oses novel dinuclear netall ocene conpounds

Frarengring\eatalystadompogiienspaiethiode £or| ysigethie Isgtakypt emesigions to
§19MBrizeAQERE 'tﬁwp&s?m&nfes% Fﬁ?cfdhcedoﬁsﬂg“&cﬂf SRR comﬁuslmons

I nvention, these dinuclear conpounds” have the f
WO 06y PBGKRd UFeT thesppUgheniRens. Inzpaxioviax, the prexant Myviition

Yeldt&2t0 hnEHIRYG HREEar Ketallocene compounds and catalyst compositions

employing such compounds. Catalyst compositions containing nano-linked dinuclear
metallocene compounds of the present invention can be used to produce, for example,
ethylene-based homopolymers and copolymers. |

The present invention discloses novel dinuclear metallocene compounds
having two metallocene moieties linked by an alkenyl group. According to one aspect

of the present invention, these dinuclear compounds have the formula:
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(CH2) n_CRZ=CRZ- (CH2)n / (I). wherein: X and X2
i ndependently are a halide or a substituted or

wa@e®obsties uted aliphatic, aronatlc or cycl i cP@r/us3®08/013641

or a conbination thereof; 52X3 and X4 independentl|y
are a substituted cycl opent adi enyl , indenyl, or
?Luoren group, any substituents on X3 angsX4 ot

| ng group independently aré ! dr,@'gen
ato a, bstltuted or unsubstltuted k\yl

eny 4gro is a substituted b dgi gro
Zca)krrprl si ng '@g@ﬁza silicon bridgi lﬁ-‘ngaR om &g 10
ger mani um bri dgid,)at-CRZ=ECRE A ( @Hk)dﬁf Ing atom a car@pn

bridging atom or a bridging chaln of 2 to 5 carbon’
ah@®im; any substituents on A2 other than an al kenyl

I'i nkipg rgup Jj nd dently are a hy en atom or
substglgt G’t‘(gag an P@ﬁg‘g{]l Vi figt & gfi‘? fhat |Sgb3t %ﬂ?cbl?ﬁt‘fné“bsall‘ted
SYPhhii &G a@hﬁu@,, or@fycl@ gi&gbbﬁ@&dn‘ﬂd?ndnbﬁ fRefofr; Mis Zr, Hf,

or Tlh RZ i ndependently are_ a hydro en

at om o.an%t F§>§°’u idepandently age 2 Lﬁbtétt'&gtd tcy¢lereniadisht tﬂéenyl or
ﬁﬁ&%ﬁ | Goul arfyy Ghbshin@hQUbh >0 afd OENBILBALhAD at BRAERS +group
nis an integer in a range fromO0 to 12,
tnd@teaéqr% arqCa hydrogen Hemen i subsityed onunsibitinted allsgleor alkenyl
I i nked di nucl ear netall ocene conpounds are al so
%gﬂelded by the present invention. In one aspect, a
cat al 4’sis a SQ@stttlﬁnqabtsdgnggrourscqmmingsﬁetbetvmslh@ndmdgmgsa@@n a

I 0
PP AR, £l Bl BV o o it
swirecf 2do rotarhoatatcbresasany owisstitughts winndxather th@urrpm @whainylalinking

| east one ;orpganozi ound, —at on
rou% ernger:]nt [area é/gro La axtneofceb %)Sl!btﬁﬁé or unTubstltPted ahphanc

ammam fog cyodin |gmupoasrpmmndunaobn thaseof,onbi nati on ther eof

In tqhs s gﬁ. the di nucl ear conpound is as defined
above i'h“P B (1). 25 In another aspect, a catal yst
conpogt, tRﬁnarmot{ﬁrmsépa@deatlycmé achydpéged Ua&t)mpfor at subseasdd or
one djnﬁf“&ﬁ met al |.ocene conpound an Ieastfon
ARt PPt et 2l ATOMAEC, RSP Fi © a&Pp&tereo an
CONPOSistah AtegeR th 4 i REMOATNL | if@uste. | €St One WO
2009/ 085124 PCT/ US2008/ 013641 3 or anoaluntnum
conmpotRlystacompositions; captpiaing: theteapapoylitksd dinpcless Jpetalipgene
S3hsunds PRClISH rotvm%d%?r th@q;sésemavéttueﬂclIﬁactnerrfsbédtl PCRAR st
conmpound i s se ected rom
composition is disclosed which comprises a contact product of at least one dinuclear
metallocene compound and at least one compound selected from at least one
aluminoxane compound, at least one organozinc compound, at least one organoboron or
organoborate compound, at least one ionizing ionic compound, or any combination
thereof. In this aspect, the dinuclear compound is as defined above in formula (T).

In another aspect, a catalyst composition comprising a contact product of at

least one dinuclear metallocene compound and at least one activator-support is

provided. This catalyst composition can further comprise at least one
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XXM XA2 A2~X /X1 [ \ [ \ [ \ /\ X2 X4 CRXRY CRXRY X4
X2 \ (CH2) n- CRZ=CRZ- (CH2)n 5 wherein: X and X2

WO pidefgnigent |y are a halide or a substituted OPCT/US2008/013641

unsubstituted aliphatic, afomatic, or cyclic group,
or a conbination thereof; X3 and X4 independently are

§§1¥6Qﬁﬁﬂ1ﬁd‘}ﬁ @gmﬁal&ldo&e\%l%' o@lﬂ‘i‘ ko- cé@%ﬁgy?l th9§e anﬁlo%F EeLts,

oup, any substituents on
Whp ridgishgnagdioeglear ngtallachap emiEfmnrlyS sglected fltwd r og e n at om
or a substituted or unsubstituted al kyl or al kenyl
group; A2 is a substituted bridging group conprising
X't her x3silicon bridging atom a gernmani Xfn bri g¢fi ng
at Om,~a tl\mzbri dgi ng atom a carbon bri&h;ﬁng 6m or
a bridging “¢chain of 2 to 5 carbon at ons\ any
sxﬁbstlto(éntg yA2 ot her than an alegﬁs I ' XhKki ng x®5

group i ndep tly are a hydrogen or a
substituted or (BHapstGRIRCR*a(CHpatic, aromatic, &
ci‘/cl_i c group, or a conbination thereof, Mis Zr, Hf,
wrerq:  RX, RY, and RZ i ndependently are a hydrogen

at omx b, >eu ﬁﬁl%‘;énﬁérﬁﬂ/ e a URRUDSE 4 YhRHnAld I%P alIn's&bsntuted

aromatic, or cyclic group, or a conbination thereof
alipiatig aspriagic o8 cyelicegeup, pra @mbawglen themaofi0 to 12,

| ncl uga \Aﬁor)?"h%d%glr &{Z%fynhl‘évzi? %Pbs‘&ﬂné‘d %9c1ﬁ&%a% gﬁtlﬁée 1, or

process nce o
ﬂmraiyysgromnnpo'swubsomemsh@l pEoamk K¢ otirpr |tmnng bridging group

ﬁ g&enltln %r y&r%éealo%ém or %os?ps?ﬁ{téq easl}sulgsgtu%edl algﬁsotr aﬂ{e]:gyl

Aoner- an
gmnmnorrer under pol ymerization conditi ons to produce a

pol y I .25 The cat al A si,tion c
Cormr s s Eafiied Prfsingetor St e e CHEg tyerearm o
g@h&hthdﬁmlgn@mmmmm Bfidigst atd)rﬁ,aastarmﬂmdgmg atom or a bridging

ﬂ@%or su ort herb catal y b hﬁg” i
I‘b?ncﬁ @6%%&%@“ Seglﬁmfbé’né%tp‘l’ta?fet an ﬂnla i nKng
Qﬁ@;@ @RispendéAtR0NOA @@51‘1;@6&1 6| &80 t0k3 6f hnsubstitoley ARpIStic,
produced fromthe rlzaé’l on_of olefins, resulting

?rﬁméﬁ“i ﬁé?yd’ﬁgﬁﬂﬁo‘?rﬁﬁ? HonesPlimers, can be used to
pr odugegs ¥amHrossriarti cl es of manufacture.

RX, RY, and R” independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and

n is an integer in a range from 0 to 12, inclusive.

The present invention also contemplates a process for polymerizing olefins in
the presence of a catalyst composition, the process comprising contacting the catalyst
composition with at least one olefin monomer and optionally at least one olefin
comonomer under polymerization conditions to produce a polymer or copolymer.
The catalyst composition can comprise a contact product of at least one dinuclear
metallocene compound and at least one activator-support. Other co-catalysts,

including organoaluminum compounds, can be employed in this process.
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BRI EF DESCRI PTION OF THE FIGURES 5 FIG 1 presents a
mass spectrum pl ot of Exanple 2. FIG 2 presents an

wexpangiaed nass spectrum pl ot of Exanple 2. FIET/BS2008/013641

presents an NMR plot of Exafiple 3. FIG 4 presents an
NMR pl ot of the reactant netall ocene of Exanple 3.

FI G JoC M [ e D ei
Fr oqL ot o ST B pnr Mg OF M T ing i cither
Inshopeiymersodr cerelmErscag b usqd| tepragluen wsions artigleped manufacture.
versus conpl ex nodulus plot, neasured at 190 C, for

the polyners of Exanples 4-7. FIG 7 presents the

nol ecul ar wei @RIERDRSORIBTIOMOE IMHEEIGWHRES he pol yners

of les 7 and 11. 15 Fl r nts the
nol ecul a p\f\%FrétF]fl U J?Pl ﬁbfc]%x vé’%sfor t he pol yners
of BX@Ehplpesefts amekphfdedrhdss siEcpiraphnbSExdngpled] ecul ar

wei g i,stributi urves.for the pol yners of
Exa I£3§r?ﬁﬂ5§9&&%°{°{6%8§’&$5 t he” ol ecul ar

wei ghtIG]ukrdskits bh DIV plov efthé feacthiitendiaioperer o BahmpRQ.
Exa 4 and 8. DEFINITIONS . To defjane nore cl earl gd
the t ISR FeP@pmic MAL VEEISIHWFSY® deEFICATH plgh megsused at

RSO, B9Ghe polyrhde oKk MRlestdrat any definition or usage
provi ded by any docunment 25 incorporated herein by

r ef erl8fs € regafits a dlelta wirsks qomwlatahodulusipdet, measuredge 190 °C, for -
r QVi [ ej the definition or usage provided
e e srasiu 4

e n-con he term "polynmer"” is used herein to
mean HehOpotsensrise ooigoulas vaight disthyhtemecuaved fowothe lpplyeress of

ﬁf etl%yJ er&ﬁéand a conononer. "Polyner" is also used
SH'R 1B mean honopol ymers and copol yners of any

ol ef i FIGIBNEBERAtsCGhs dloteseldr waighhdisteibitidnecuiives fpir hppoBfe}s of

i:[he %er6m ) G -catalyst" is used generally herein to
xamples; fang, ganoal um num conpounds that can constitute

one CRI ONsBientif th@ ik alay &tighOdipEisutionadurvedor the polymers of
2009/ 085124 PCT/ US2008/ 013641 5 Additionally,
ExgnrlesAndst " refers to other conponents of a catal yst

CoNPOosid.i19Mpresents the molecular weight distribution curves for the polymers of
Examples 4 and 8.

DEFINITIONS

To define more clearly the terms used herein, the following definitions are
provided. To the extent that any definition or usage provided by any document
incorporated herein by reference conflicts with the definition or usage provided
herein, the definition or usage provided herein controls.

The term “polymer” is used herein to mean homopolymers comprising
ethylene and copolymers of ethylene and a comonomer. “Polymer” is also used
herein to mean homopolymers and copolymers of any olefin monomer disclosed
herein (e.g., propylene).

The term “co-catalyst” is used generally herein to refer to organoaluminum

compounds that can constitute one component of a catalyst composition.
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including, but not [imted to, alum noxanes,
or ganozi nc conpounds, organoboron or organoborate

W@epossies, ionizing ionic conpounds, as di sclPGEUS2008/013641

herein. The term "co-catalyst" is used regardl ess of
the actual function of the conmpound or any 5 chenmica
RB&RERS M cathll & (LR KOBReY @&n&ﬁﬁén@&ﬁf AlBral)sh cBfFosition
asgept of this “invention, the term"co-catalyst"” Is
wskedingobwiinet limgfed ih ajuminoxanesp ergerezingf conpeunds; afgpaeboron or
GRERBSIlo Ahmol O, il I ol FRABRAIRIRE Mo form
Wiotdatallyst’ or uied aregardlepsnf e adugl efuaetionoofiéhet cahpound or any
o] f [ Y3..  Th rm " fluoroqrgana
R NS 85 LRLTUE el b Bpciale P 8hE R o i
ingerttioe, the omriicowrwhtalysdlis ssedfto disfihguishabatgampoilxmr ofithe catalyst

nd of the. f ' BY4]-, where Y
appaang g Fit S Bl SR GARPY: oup. et or al s of

t heseTHeypas “@AluerogRians dbioy @hpoamd”l & aised @brg¢in wath dtsr @dinary
to as "organoboron or organqborate mpqounds. " The
PEHTIE (oo dp THEIemPopEl W dbe fmeBNo d hadet | fiwroorgano
BAHB RombbiidS adeHa81ifd usdd) nidafing AoTpTECidtthe AoRosRHiASIIRDS a
together in any order, in any manner. and for _any
Plesrgerganogborpp remppend 8t irploan [eafiont RBenetitese daremsesents a
Attt efgdiYc Boapdi MateRfls 16k ¥hddd type§dfd B&HerallgOMHda&hettfbely
of any conponent can occur in the presence or absence
Esferegd o A {ORRANORASAR BTAINOBPTatefEMPBIfYS<i ti ons descri bed
her ei fhe EROLEHARY pRAREE iONRN hePBRT &) 1&ESHelEorfRRBAE Whsrein
can be done by any suitable nethod. Further, the term
the compeneals rrqronthgted together Uidey orfex tinprssanyiearads for any length
. | , ufr.ri . L ke
SPUHE oL Rl RS corhRREh A RERGHELS 13 lendlif of bifing.
Earther, mohtading efaartyi aympopemchas tosquriit thespresence egabseeck Hhany
r ectiv nent.s to r towith e .anot her.. .
S FERRTERL 58 SFF BRGNS b el REFuffiRf Raivona
oiewdals e campbnesits mamxbeldencoby agntsaitapdt methop o nBinther, tthatterm

t Ld f [ [ . of tin ' to,t
SRS Dol e B b
tie lkeconebnitiindtione theteof atAdithysih ‘conpangodigt’t &t indlin@e reaction

contacted for a cond perjod of time. Typically, the
PP (e DU B9t dn e REr D YFsomgoningy (g reatbyith ond dnother.
met al Tiecene “presqmtdtid” (RiktutORNedESdin to Atsefibdla i GiRfure of
an

or ganoal um _num conpound. (or_ conpounds), before
faﬁ'ﬁgst PRFE et gtsnioREetEd ol erﬁrgnpegeﬁiqc}é%? PEEfohe first
ainchure Phdifn alse@ddi for@Nal «pdSkc SHtAAI0 abUREIVAE HIAWRUSL catalyst
Thus, precontacted descri bes conmponents that are used
PImRBARE Chatle 4En coRtARPd TpLR propRd regod ottt deei nglyprrally, the
pREPRREA Rixtlle HORriB&CLRAEkture BP RcHABLAE E&Qpélﬁ}n;c;lt(w Sompounds),

Accordingly, this invention nay occasi ona
elieSe | mgrAmds, and organoaluminum compound (or compounds), before this

mixture is contacted with an activator-support and optional additional
organoaluminum compound. Thus, precontacted describes components that are used
to contact each other, but prior to contacting the components in the second,

postcontacted mixture. Accordingly, this invention may occasionally distinguish
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WO bab/ogapponent

WD 2009/ 085124 PCT/ US2008/ 013641 6 between a
conponent used to prepare the precontacted m xture and

For exanple, according to tRAis description, it is

possi bl e for the precontacted organoal unm num conpound,

B Eenl 4 cdnipdnet Red e@pa@bara thd ftﬂecdﬁ?;ca:hhﬂ&ﬁﬂ@ afdthat B&nponent
e

ol efin nononer, to have reacted to format | east one
afier therapure heseaen PaIPardmbeuA@mple peagrding torthisglescription, it is
g&sglu&t fdf %efﬂr%&a'afed%ga%bﬁﬁﬁunﬁﬁg H&n S &‘%RQ&Q&’ with
used to prepare the precontacte Xt ur e.
bametallpprne gne thsrelefox mepomysr ga havel mmtmmf@mwdmdor@rdlfferent
GRERPAD %BIn blﬁldd q%&l'{dlp(%q 3P s &?&Hﬁ%‘ £od1 gtggr}listinct organoalyminum
or ganoal uﬁ1nun1co ound 't was used to prepéﬁez}%e
cpmam@nd assded pnwpateuthe pr®omia¢tad Iny)stuteh elntthismase, the precontacted
8%% %ﬁtacted &LﬁtQﬁec'% &%e pereln t£ desq{l 0 an
LEURAT TG FPRPEA 00T ¢ SPEPYER BmISHERYS Phato e g
agaioalurdolrh Odimﬁmmé clean dzapeﬂre'd d‘xdprelﬁari tlﬁ’@)recaﬁtdctémﬂuxture
const ent of whij.c recont act ed” first
o TSR 4%k i o b Rt RS ARslheran krstiedtpecond
mtura of catalyst b@rﬁp@{in@fthdt arfRontdyted forklsycond b@ddd&fffﬁme and one
d" mxture ed herein to describe

post con IS u
SR HIR OLNBIBH et BieFURsHd OB b EREre f 64(F bt FgrpRAnLS that

WE19 2BAAE EATTOR W Fr& QRASH BCkim@ Moy pAdallh MBS Rfm SPoRQntacle®” thixture
chem cal ] y-treated solid 15 oxi de) formed from

e ek Beretgtor descriheethe iz el mitellogene gpmpoysdr pledn ragnomer,

$RERRIunG AR A¥apoSndM da a&}r('at%g-gﬂlﬂpbﬂnél ceﬁememﬁytt%a?eqdﬁﬁld
to make up the postcontacted n1xture CGeneral'ly, the

addi): fomall Eonprontasting dife drecenteritde migturehef a portion of these
PATIRONE AnCthy AP cbifipefiOSANERI Yiakd A LR pBObdrhcted
oxide, and, opt| onal I'y, can I ncl e an ano um nu
waipou rﬁbnmllmhthﬁ dditienad anmpersnb add@d fté ewadntupf the mmtmmaze:d

oaly d pare 1 . ‘
B0 R GRS SO, BREPRSorllf. can include an
sﬁg&rmatj:irmghy comptamldnwémh ap ey sane o aocaasdifferahd yfrom the
Sl BRIAR saPRYTEL e AR APRATTC Bl HRae BFFRF faived
]iﬂrmhurAcdmaBnglg,eﬂnspnﬁfpﬂroﬁadmaﬂ' hiot @casiondily Widtidguish between a
net al | gce

d bes.a c ound . 2
EHRP I RE I Bt 3 BOGGERH BURGE 10 e Oypogen afet the
mmmemélﬁgngfe«pmd The connecting group can be an

al ke I roup.res ulting fromthe netathesis reaction
or th r Shingle a’(/é“reéaf%aﬁe“rees"cﬂ Pﬁeﬂélef?% GRS o PP

wmﬁ@mgw%lrmmo@ane mhbides [idked B) AL6hRBfing gohR! TRE efRScting
of this invention contajn four rl13 to

greue e3ncheopetikenyl eioyp resylsias fomethe gsetath% dsastipn prde satgrated
{lé?sﬂ—ﬂ- ieﬁﬂﬁﬁf "ﬁd?@dh}%%’éenmne%f ERrivAlfAHSE  Thus, the dinuclear

cycl opent adi enyl i gands,
metallocenes of this 1nvent10n contain four n to n -cyclopentadienyl-type moieties,

wherein the 1’ to n’-cycloalkadienyl moieties include cyclopentadienyl ligands,
indenyl ligands, fluorenyl ligands, and the like, including partially saturated or
substituted derivatives or analogs of any of these. Possible substituents on these

ligands include hydrogen, therefore the description “substituted derivatives thereof” in

after the m xture has been prEEEUSIN08/013641
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wa@lewpestize/es or anal ogs of any of these.

30 indenyl |igands, fluorenyl |igands, and the I|ike,
including partially saturated or substituted

substituents on these Ilgaﬂds i ncl ude hydrogen,
therefore the descriptlon substltuted derivatives

ef | 0 ?2&1984&3&3@54% trafry&fBindenyl
|Ebéﬁ?§%ﬁlgoﬁﬁb%%e éfry saturated || a%égysuc L

gahyétquhgndylo pﬁdetdydﬂuoremeh partiglt seturafed idgnyl, partially saturated
B&&r?xﬂr \)Szlgs itdRq€ §¥J11gll§) f awrﬂxl ylpée%gpr Qltbgtgtufeﬁ dSJ}MLuy S'ruiurated

par sat ur uorenyl, stbstituted part
ﬂuxtrenyat@d the) dhdmylln semb sSontexits cilie pianmleat mgtadlacane as ee:ferred to

h
Sdmﬁlodcﬁsqxe ca%?ysf L memhl%h fhie sI i) Songhaacﬁgo 5 Sg'atalﬁ'a’e 1S use% herein

ear 'l oce I's e
tocraieatcy&tr examplemmhrghﬂmhmaman weryipdund. t[hﬂms otherwwe specified,

L3l Y to refer tq, f.or .
%lﬁg?}gﬂ%égg glﬁnr%vrulbt%ngeeuﬁeﬁ ‘gipg% 0, gntg{ljml@sgldgt%’ﬁ w}géand
Blpéei fluogshyl. the follow ng abbr eV| ations are used: Cp

for cycl opentadienyl; Ind for den
£ | uor Bitymer atahish Hepesiion y§f‘ta€' e ﬁaml@%%taws%nd

ik Xkl @, not d§pRha st t}ﬁ)ﬁ@h@lrpmd@nﬁésum@g 8@ the Kéntadi@r R@Etion
depend upon the actual product resultin fromth

efdhe ernpagents ebtheingikturess the RaureiRsrAcHY S caglytihte, or “the fate of

i Xolh@fyst, e aRtiemehusdete e&hh AR C AkyabFih néohRr u84d to
the faté of the co-catal yst e di nucl ear

PFEPA} | 20 DEASENIRGFP SRR EIre, aety the| edtivRionsmeefs afigredombining these
&fnﬁﬁﬂérﬁs a Fffl@r‘éﬁ)% aﬁlteeg:n% X4 S/st QBm?%ﬁlon “catalyst mixture,”

act'l vat or - support, after co I"ni ng conponents.
“Tatabyst eystem,t led tth dike,” cat inflydst beth hstesogenenys 'compasitipyssand

ﬁgrﬁ((f Sits co ?o ‘G&kal yst system™ and the like, can

I nc %‘é bot hohet er ogeneous conpositions and

homogBraersn Clmdmsrbb'l”an sisedTheecin &r specifyyahytraganydn'radisal group
rei.n h r I r

{ﬁa {nCFlnC Iub t is nép ?gntex r%ld aﬂ%‘rfe‘, by%poafg %ﬁ?ené/g kc§/fu,l’%alkenyl,

oyctdatkaliewyl, alayﬂgé,ngthmybymlllaaylkmaydynyl anybiheaikkadidemylhdes all

al kyvnyl,, ar r r

S sadsibtes, raunbeh vinedu Pefety  ARGGLHS dorlfatives

therofhed, |inear, het er oat om subst i t ut ed derivati ves

ther f. Theterrrs "chem. c dSQ|Id oxi de
" sol i Heo%IHe LMy steatd, 68164 %;’“de E’a?’@ﬁe §?ﬂ"aH’r(§S’<l?Pd’é‘

CcRARAWd "oxadededniiRduhd, K @nd Ak ik Qe h@rdemdaelhqonﬂdibaataesoﬂd
solid, inor ganl C om%e of . rel at [ veI%/ hi gh por osi t}%/
{RRTEaRc axtefirelativly Siehqogsity-orhigh eribissdlgs aeifigi ¢ Bronsted

hehavémwior, amd mﬁums Bash RARA WithoRlehd trbh-WithdRwing component,
el ect ron- wi t hdr awi n nponent, typically an anion,

tAtsalhpe ANies, 2 \’fhlﬁgds cafpipeds| Bbq ?ls‘ﬁrqw AIme gomponent is
6PRRANERteldcfon-withdrawing anion source compound. Thus, the chemically-

treated solid oxide compound comprises a calcined contact product of at least one
solid oxide compound with at least one electron-withdrawing anion source compound.
Typically, the chemically-treated solid oxide comprises at least one ionizing, acidic
solid oxide compound. The terms “support” and “activator-support” are not used to

imply these components are inert, and such components should not be construed as an

Possi PCEUS2008/013641
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typically an el ectron-w thdraw ng ani on source
conpound. Thus, the chemcally- treated solid oxide

we omplosiie conpri ses a cal cined contact productPOF/US2008/013641

| east one solid oxide conpéund with at | east one
el ectron-w t hdrawi ng ani on source conpound. 30

ih¥Ricembbnent bh eheCEHRAT)E @binpoditiiat he §@ttdag)r-@fﬁbﬁil>?t of the present
conprises at |east one ionizin aC| dic solid oxi OF

BHIRYON AER Dephehemmigaliy-treaigd selidkoxidend " act i vat or - support "

are nokhodgiednt thetlod®! dvicbe 384 %mgﬁ%ﬁar%reeqh%feht to?6se
such conmponents shoul d not be construed as an WO

Jrgerdhed gtery cochy ussAoioghe pRetice orgestingraf the inyertéan thsf typical

&Qmo&saaahae%tanmmemtafe%reJ 5@%@&&' vator-support of the

present invention can be a chemcally-treated solid

oxi deMll Aubligatighs and/ patents guientionksly herels, aranidearperetefl diesein by

S

RircBorihe Gt Blbribg bR o Bl RO anc

mhgodojpgicsalthat Bueralebutbed idethe qedblicatidnsyawbich ahigharbe used

her atj.on nt .

MRS chHeschly BUBLLEMRRS, oM Bt Forp o gigsusesd

thorughde tl[[ﬂJEpUHe pufv1®d$ohlybfon gle&rdisodbsaﬁsl prﬁnlr g theffding date of
xanmpl e, the. .constr.uct thod | es t

G b e s BePon S BLAPER AT bt bRyl By e

moemeas hicart wititled thantglaesact diyclabaschyi ek éfipridninvemtionThe

bl t di d hout the t
SlrJOV : P&’Z &Ing ggl‘gfli}gr? cg?ﬁc’pgwéql &seﬁlj?sg §181lr'l glypgq%sﬁaFftglc?{ﬁ%presented

dlbd eM@nipaises afl cohfoemiforsieRbmadPlegoabne, allDRIdBomers that
herein is to be construed as an adm ssion th t t he

MAY efitser B0y & PRSHCUMH: P4t %%s‘c‘llftlﬂ‘ﬁ’ﬂtédat €5 &RNFTadi YRChEy ralso

BitottbadsetealD enghitiofiers) ﬂié@t@febﬁh@rs bR ofhBY opiddal |1sfé>kﬂe?sf whether in
conpound di scl osed herein y general structure

BRBUURRTEOT TAFLRHC é%&nﬁ%\svg%gs HixtOien of SierrRISPBRE as the context

}eS QPRI SFor leRthPb SRIMBESred AN h§ArBERRHed FFRESofl i lgenclal stBYture
arise froma particular set of substituents. The

Blapteated mi?rm}’éat @} weglsgsoniprmplaisdsses al | enantioners,
di ast & SRIRE Aisc BRI sQLfiE &yp@pt)f Ebed RORE otesbtehikioh.N These

enantioneric or racemc fornms, as well "as m xtures of
glp@dedq_uéerﬁen@ lirgigedt heacme»ftnumbemf atems, Foange wampgbeers, a
{aﬁgg%g | ZeSdht thxraﬂ egfihl%?ar 124 ?(f sb r}gngen\%a{ Applicants
stfuct ur ustrat din fornmula are al so

diecﬂmnqad daxad a 120gcApp iy &rpes Agpkens entsré\ﬂertaldlmxpeyroﬂalm
1n%rl/9tﬁ1§ %aé ? sglrbfsglm;lbér r{MaetrgixEl?Q rat-lll_%(:“cc‘o(?l1c1t }cggénldgﬁ/ erggrtnpass

A a range
mahngmg@hd pnmesgrfmsq raage asan@bascn‘ny\mb Ginges md| oombnatwmrg‘esub-

£
ng eélg%m%assedlo rr% rtogexaérg l]tp whe}/\htge A@%H%‘fﬁ agcﬁoste ar claim a

theneci]l naety hading l mtema’(untﬂeabf‘marbon atoms, Applicants’ intent is to

disclose or claim individually every possible number that such a range could
encompass, consistent with the disclosure herein. For example, the disclosure that a
moiety is a C; to Cy¢ linear or branched alkyl group, or in alternative language having
from 1 to 10 carbon atoms, as used herein, refers to a moiety that can be selected

independently from an alkyl group having 1,2, 3,4, 5, 6, 7, 8, 9, or 10 carbon atoms,
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w0 b@onstige as wel |

i ndi vidual |y each possi ble nunber that such a range
coul d reasonably enconpass, 25 including end points of

of sub- ranges enconpassed Pherein. For exanple, when
the Applicants disclose or claima chem cal noiety

glsa%l:lﬁ] Qs &nf %ﬁg%' BhtW ﬁ'lgseo{woc AR Ao @ﬁampqp P} icGaBtS; alkyl

Intent 1s di scl ose or clai mindividuall y every
pospi mdealwunﬁedmg hayt casnlgintian pbnggesdsbitedn these brpagebers (for

e herein. For exanple,
%’%Qﬁ) B%ngosu Jnt&tc%ﬁ? g@%{)w&ty isaCltoCl o
li nea&1mdar1jormdt¢ede1a‘c$eyltatlg¢ @umplorfollwwslfctremnawigbt ratio of

?]ré?rg)a ﬁl%lll?tg]fl \ér gcgltvgt%ggl}ragoxétmo a {;ag%{/s%%grﬁn bv1? ed i dm one aspect
ot perdednt. | By 4 d3oloaiie &iakl}hb wgightiatih aflofggnoh,lurﬁhnuﬁi cothpound

B toBiostisdna onge Zemappr 0 BRI 1AL pBbligel iiend o

RS that VR WtiEEIasio (chd be @XROPA EromAaticht 10:1CAba yl, about 8:1,

roup), .and al so including any conbinatjon. of es, .
BRoPhEd P HPHEGD, Rt MarbarEe L Giout Ehgies: Deptene [ pue 115,
Akt 00,1808 : 28, kivdut 3150 Ushout ﬁvsnab&ftllybooadb@hhp[so about 1:200,
representatlve exanpl e follows for the wej ght ratio of

zayt 2n0 AbovH RIP @@%dfﬁ%ww bﬁ%al??ut T8, gl lpgp, about

?@g@%b&tl 196boPA 8Vt 8890 | aiso@tmems Rt 1:798, dbBitS1: 831 vt 1850,
a disclosure that the weight ratio of

ehoglari §aP.urkont M9sBnprotheyt 1t180G c Addronrllys (Hpwicteht gationcag be
Fv%?%n a& LANTL "rl}llegg{lj%bgllg) héltl tt(?ﬂ%lap 1 0(%1) (@%??naﬁiggdrlllé %ﬁgh‘f‘ ratio is in
sedrge tf@(lh bt 3abtuabalo 1100Rm bofll.l 1th19 algo inghures agy @ombmbtmt of

L.

fobs QRS ik 1300 i 5P, My Sy B
adreintshduldbBe ingpyprated In iﬁw,amaﬁn ointila totB&e t\a@ examples1 50,

about , 1:.200 abo 0, about 1:3 abou 50
bout AT rsfRR e gEs el pF e vl dpember
abaiytsudh §O0p, imddhidihg dryGnB-rargeoort coilnbﬁﬁﬁonﬂif&ub—r&g85®1thm the

bout 0 bout 1:900,
o Rbthicon D BB ChEP L4 28 e \RaY G SHBe Hrfopny
Ydabdd Apslitynts aﬂ@@eftb @mlmhesstthem{)thl 10 naasute of tHeO@l@cléélmer for

exanpl e, the ratl n 15 a range fro

ST g on o) Bereiisdhat plichn sy Hitgere phit et of
q&armmga;fl R aflicatich) JREHRE LAWRE an@DR b vel e Irigh® tPdMso out or
1:100 Li kewi se, all other ranges dlsclosed herein

s¥rdifledanye indiyidyal - supsfifusnts. Analops, sfompopndsy lisppdsy (fEUGULEG,Or

SRPPhRReof A&péﬂyclaeﬁ@er& T Mﬁmfeh‘ egradpg it fotr Qnp rr@é‘s’oﬁ QA fibants
or exclude any individual menmbers ¥ such group
%

chroisei i Hejmaleys Sam thegfil ancagre eethsudfﬁatq%rﬁs ﬁxme,rtar@g@m
Wit N pRerbRE th0A 1f39ﬂ?cs n&agaﬁe &ﬁulageofcz#tat?m%gﬁ(gctﬁé #1ag drQhe

a range or 1 n a y simlar manner
application.

While compositions and methods are described in terms of “comprising”
various components or steps, the compositions and methods can also “consist

essentially of” or “consist of”’ the various components or steps.

as any sub-ranges and conbi PEL/iS2088/013641
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reason Applicants choose to claimless than the full
nmeasure of the disclosure, for exanple, to account

wo envmsyief er ence that Applicants nmay be unawar BCDUSHDS/013641

the time of the filing of ¥he application. Further,
Applicants reserve the right to proviso out or

excl ude anybi i HFBRSCRIFISONIIERER, IN*WNIQ

conpounds, |igands, structures, or 25 groups t her eof

or aﬁlihennfﬁ%@r anvghtion ¢ dirgpted gfmmqﬂy tof nefvowatakyyt eempasitions,
e f

.@?zﬂﬁg ?ﬂrif ?cﬁ Qhﬁgsc%ta?ﬁt Cloftl F@Ess hiR%st B %‘ﬂpg HE%ar?eHEﬁst

e or ex to account
qopfpesigpesetot fedmoapp loldfmnt the ndymbleresnnavxmdechfusmg stuhle catalyst
ti of t f|I| % I|ca|on
%ogn%glgo sI %ﬁ% artic dcsg%? uc%ctl1 usm lees ol Blea r<|ashnst len rr%artlc];ular the
presen nm\&:nngi relafés vtar nmshrrkedmbmtws mtalidcenEs compe@unds and

C gs itio can also "consi st

‘@gﬁ% f‘?“éli"isg‘%? emglloymg(%‘hcz’lcgfnpfi‘lm St he various conponents

or step®-linkéd %&ﬂb&ﬁ&&ﬂth?%séﬁﬁ%%ﬁﬁ&ﬂé’rﬁ@huc&@r molecules in
| LED DESCRI.PTI ON OF THE .| NVE The present

‘Tg')ﬁ\‘;@ CqNE TRNIPRSE taéedcoglg?féqgal?yl 3p glienyblipking groym,or nano-link.

Nmﬁlﬁdeﬂ in@f3locer¥B tAPBES ddsihed WRth 3pd ek &@s@w Histances between
nposi tions, nethods for usi n t he cat al

@6 mswef%l B7IETE. VR (hewistange tﬂdé frpigied Pﬂ@clp%imféhe FAYEFHIS
RPQELIGEthKiE H8ups UBR 16848 k¥ RbcRnE /AP AR fid:x M1 Rey &%gldlty of the

artrcles produced using these olyner resins.
bﬂﬁmg grovmean bepysed tordesiam catalyisie ryhich arereithar @apahle of or incapable

ln'lcﬁgc%gar %eﬁﬂ' % fRfal s t109§: ST 11%%99 Lﬁﬂge? tl?t’nxgstramt of the

cat alayst conposi tions enploying such conpounds.
Nandinki (alge innalkerlyl dinking sgroyp).t ieodinkedk dinutlnaremeteberengsecan

gfifg}tﬁglqtgg\g _gg}glggt%t%sgcﬁ vv_hi ch netal |l ocene noieties are

connec “linking group, or nano-Iink.
10 Nano-1i nked net al | ocenes can be designed with

DR L T AL PR e R R or i medt pr i pal 1y

by t HEheCprese€ tinvegtiod disklage mivel émxk;idngdsghmmg tWd enetallocene

| engt h,. .stereoc and fI [ or rigidit
BORHHTIE R R AT Aot AP rethofd of kbl e b sPpbduds.
ThYs€ Rombeurdk tafee Eorfiimpab | refertd t®ks timGapabdotnpodids, or binuclear

intra-nol ecular nmetal-to-netal interaction .For
FOTROA RS beRHERAICY FRMPIELIP ARG COICToh cACPSrYaER. i oR sspect of

& ifventiah thd Hfiddar LorAgdunds Bive W) fornaio- | i nked
di nucl ear netal |l ocenes can offer unique co-catal yst

i nteractions. DI NUCLEAR METALLOCENE COVPOUNDS The
esent iknvention di scl oses novel corrpoundg(shaw R@ two
ne\t\al Lo eﬂ\e 27\ S

M
\ / \ / \ i
Xt CR'R” crRXRY X
(CHz)n—CRZ=CRZ—(CH2)n / @,

b

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

aliphatic, aromatic, or cyclic group, or a combination thereof;
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weowsosiigs referred to as dinucl ear conpounds,

20 noieties |inked by an al kenyl group, and nethods of
meki ng these new conpounds. These conpounds are

bi nucl ear conpounds, becaude they contain two netal

centers. Accordingly, in one aspect of this

i nventd gid X*hmddhdndédtBakeC SpdnbRicn9T, MHbdhyl

VARt g AZAZ%J t@'areé)@'ﬁ%m&la?&g( 1%}50( yl, or

ey yerov amys S‘ét(SEPIZWﬁ TRZIECRAL @émt)hﬁr fthany p bndgmg group

H‘B&feﬁ&éﬁﬂ%’ %re ARGdrSgen NGGRE Q@ﬁ@stth\fe@&eurﬁulgkﬁkdtgﬁalﬂl ot alkenyl

substituted or  unsubstituted aliphatic, aronmatic,

gipenii ¢ group, or a conbination thereof; WO 2009/ 085124

PCT/

P R A ideh oot A EKSR R 3pom.

grroapumamidgmgasan taembrdane AH@namerben Widgerg atdranora bridging
id

%ﬁ) I?gc%g Q%nudﬁcgg%%ﬁ? ﬁr{l{lg%mﬁ‘l?ﬁlﬁ S B6e tE ? k%ﬁ@lq{nkﬂ]g

grofy irdspeadsnilysare & ity dmdgdr itomi orp gxbstupted @rrpns@strtgteé |ahi)h§lltlc

%mmaLc %ngc r| d({q;1 aactomlpi iaon en::rrpnl um bridging atom a

Ing &4 2 °CarB ding atom or a
bri dgMrigZr, Hfaorr‘irlpf 2to 5 car bon at ons, any
subst i+ ts 0nzA2 .ot her .than Iken i nki
gr oupﬁl e pdid tflf}epgp engly ﬁ\}edlaa‘gyé‘ﬁ gﬁ?o MofT & | Sibstituted or

ensobdtitited ﬁ@h@uic arodialis tdricydle Ctr(ﬁipl @twedontbinatiah ciegdoif;cand or
cycllc% or acogbxﬁ%a g hereof 10 Mis Zr,

Hf, of 'SThmt “Wan&% ' hGePd¥iEnt 1y are a hydrogen
at omF&@huR ggltwbbré u# eﬂt Qlémgﬂtﬂswbﬁtdrvr&tb lslte&d)cli?éml@ﬂi’lﬁtdr Cisomeric
aromati c, clic group, or C inatio

BeHOR NS 4 Gitffsgamoirtes bk RisdOrr ol B“epgé Fdighay s o

sl Uimees, HOTRUbA { | diasth@di®dnies) N th6\Rhi G0&H dothpdliily are
st er eochemi st ry or isoneric 15 positioning of the
gontraaipd andgingempassqddbyghis forpula. £ or nul a is not i nt ended

to di ;pbaYulE(B, Rlided MRRYe ﬂﬁ&'ﬁﬁr Shlo@Me, BrdMin and iodine atoms.
di ast er eoi som&*rs?l%t al t hough such conpounds are

Assethpersine @n 4@ m&rﬁﬁ&s@éldiewm@% o hrapghge glkyl and alkenyl

groups. Generally, the aliphatic group contains from 1 to 20 carbon atoms. Unless
otherwise specified, alkyl and alkenyl groups described herein are intended to include
all structural isomers, linear or branched, of a given moiety; for example, all
enantiomers and all diastereomers are included within this definition. As an example,
unless otherwise specified, the term propyl is meant to include n-propyl and iso-
propyl, while the term butyl is meant to include n-butyl, iso-butyl, t-butyl, sec-butyl,
and so forth. For instance, non-limiting examples of octyl isomers include 2-ethyl
hexyl and neooctyl. Suitable examples of alkyl groups which can be employed in the
present invention include, but are not limited to, methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, or decyl, and the like. Examples of alkenyl groups within
the scope of the present invention include, but are not limited to, ethenyl, propenyl,

butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, and the like.

PCT/US2008/013641
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In formula (1), halides include fluorine, chlorine,
brom ne, and iodine atons. As used herein, an

wa@bdiophstize group includes |inear or br anched aPKYUSHNG013641

al kenyl 20 groups. Generall?y, the aliphatic group
contains from1 to 20 carbon atons. Unl ess ot herw se

speciAdofdtic a%kdﬁpls a8 CoRlbiRfiyhs @itR Lun§h41fésgreh&eﬂwhﬁé Qiryl and

are intended to include all structural isoners

vkl 26EPH Raf Ak incdide abyjiage Rotinitadyto, Phgnyb eliubstituted
ﬁ}leh ? {ONREA-sahdinddd n%}ﬁﬁ}l%ﬁa{wfs&bsﬁﬁﬁe& Qﬁ(lyp dRfhhthyl-

his definition. As an exanple, unless

@ltbﬁfévw slkybpadithy like. Orrerallys gyqhr @pyis and qepwinatiors of groups
%d?lgulr' %@s thah rzgp&ékboﬂrh%rhsc' OHg&eEﬁapM%mngyxhﬁPfeF of tsff%:‘ilrﬂlowtles

utyl 1's meant to include n-butyl, utyl,
thelc-dant P¢ , usedndn sthef prasent Fyentiars tinglude, m@nyll |tniytl,| rbgnzyl

SRR S oA ot AR ) R REL pheliiy, A >

penglathlyb pedithe tike hEyclisrgeema include eyeloalkyliand Fyrdes]lkenyk meictes
I py!

exyl*ch rﬂﬁélgt%s c?m 1%&%1%/ b’rlllg g{;rly(lt Tinkik gc%l t:yckfﬁatﬁ{yh &%R&Xrlltenyl

mhrp*)é,scwfoha*dneh yehd gireoligps Omet &mamp&Ooit heombmpmnoﬂhcm&mg a

%{cﬁggr&ltup 1snz¥ c(e}'r(];iohg%]ylf)h%%i\jlu%o% lﬂ‘lnless oﬁlepvi%ge ﬂ)emﬁeg any substltuted

penten
freph iy cydu:t etoydty useh deryin, 1sdmezﬁ1uytb mandie tahereguoisemex\épfor

2009 5124 P /.US2008/ 01 641 12
Rten e, s LR PeprL AT e gy des b Ie ar el R an et s,

aﬂ)d aiekaybrlgxmups and these include, but are not

limted. to, en substi t.ut ed henyl , .

n aphtlﬂﬁ lélF.k( éu%lg rﬁ{ﬂg SRR, alkc?ny? g¥oup that links or
9IGIENE: tsUREd hietmlaelenal ediktiesn aphtilystrated Ul Sthé tabéed fankii| the
and the like. Generally, such groups, and caonbi pations A2

ghkenyl brigas group it %Haﬁhqdetg dhe; RepllosenempisHss al@dmklemeERue; A

Refesértdiht bAGeiX 2FoRb &8 fRfuR YN ATRhE hhRSoneldd #or€ albstiGents in
used in the present invention include phenyl, tolyl,

prishitiapy to thed’i“f?ﬁYHW“Hﬂe&W‘Fp tri met hyl phenyl, phenyl et hyl,

phenyihpsRPYipecPBENNS Dids¥t, inREMRIBY] 52- anahﬁhmhaépeydentlﬁrhqe a
the like. Cyclic groups include cycloal kyl and

@Wﬂxts@ril@énlyﬁubﬁmu i adiphatigngrown bavingp fremj 4o @ saibae [afpges; In
é&PtX‘ hx{ﬂ tx@qn&éfsend%}{@ q&emebﬁb,l i Oﬁﬂ%ﬁﬂt %le pe]-lg/l

cyclr cycl ohexenyl, |

bexyb rhgptwgtoptvh riongl defiyhepr arlmetytllsulsdmgihmh pIm ¥t another aspect X
| p

RUONS IRRPLRORDY D50, WBRASE LAIEY HeEnaPRELEME depiomy)

pgenybanonenyl, i orc Idmteylal IX'r engl of° sdeW®demM areegasypbétuted or

é%@s{ﬁ{tgﬂ Iir%ln)ﬁ 1c gei%pg)hagrﬁ)lé %&Lﬁ{gﬁ? ﬁ@!o Q’S’?éﬂ Qtlo%s 1n another

uent
a@e¢trq>fﬂmmmlelat1(we)momn al kenyl linking group is an

al ken%l agciiﬁlejrgntt gsaptect I)Ehk nd®X? are both chlorine atoms. X' and X
independently can be selected from phenyl, naphthyl, tolyl, benzyl, dimethylphenyl,
trimethylphenyl, phenylethyl, phenylpropyl, phenylbutyl, propyl-2-phenylethyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, or cyclohexylphenyl in other

aspects of this invention. Yet, in another aspect, X' and X? independently are methyl,
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connects the two netall ocene noieties. As illustrated
in the above fornula, the alkenyl linking group is

wa@edaogosaek t o the netal |l ocene noieties at a briPQIi/ngR008/013641

group. A2 represents the bHdging group in fornula
(1). A2 can have one or nore substituents in addition

pienyNBerzl K 8y haliden KiuABerd XObR X2Adéfen@Rly 28R 86 ey, tghenyl,
resent 1 nvention, X _and X2 independently are a

¢ Tia AhdRTingatqrm B Ansthet appeqd ofihe ,Brf‘afnt dnvgp havi ng
fromp hand® (paxBeRd f?)&“oi'ilﬁepehcﬁ:ntl%1 RRY D@ﬁbsﬁﬁﬁ%céyclo)ﬁentﬁﬁlgnyl
X2 independently are methyl, )
péeryfsior flupgenyl growre geg pre ns‘éqswnly wgﬁwted a/e%m bnderng group, A’,
Ssr in@RAby trSihk ¥oRAWove ! Eh M&t asﬁ&%hﬁl’é p?é@ﬁ%ven%ion anghd x*
X2 1 ndependent|y are ethen propenyl, butenyl,
mémeemly Arex either | a supstien cyczgp@tqdmyl ZT¥oNn emﬂl substituted
1l ysea

SREERL ol oA PLRERAERR el el L
zmum@leaﬁmhmlmwsubSiimtedﬁbpmﬂ greuppect of the pr esent

'C m’ g pful. tkr[i‘elﬁs %l &3 ﬁ{éﬁg otﬁ&%gggenﬁxdﬂ%gréﬁ; ﬂg@;e%’énﬁy are
ﬁ_bj'(httzgeadtfﬁm omll pﬂDetm%tetd on a@ubshylhwd albj/lydr ,a}}]cbey‘l quﬁ IHydrogen is
i Y, n r n y.

1F51ﬁ éln?# ptbgrfcﬁ ré’/ t% él%ﬂ?nout yI su ntli’!éﬁ X%dngﬁ A58 su? )t/l%/t,ed fluorenyl
mymldesppm’uylly snyxatedpmdmyiwhnd ﬁym’emhequludmg( duo mex éimifed to,

roBRR B U PRl BreReh e B BRTE R g Fremplary ks

thﬁdeﬁnelb’ﬂj arbistiterits en Tt dnd X* WOl0 GRIIB 5atB, propyl butyl pentyl,

B MEPOT e o P aBRL AR RE A b, BpRg) crcludin te

PG groufeRay bubstued onlTk Daridre® @&Qﬁhddmﬂgn@a h?drog‘&pﬁ&h or
of the present Lé\{"a\ty ion. In formul a ﬁnd X4

?’hﬁéﬁeﬁ’f&%ﬂt‘l‘ YUty @b BEXY{ GHOBR Eyep@ﬁreﬁbgc& swhgfituents on X’

hdR vk seledted iﬂd@ﬁe@nﬂéﬂtly@ff&ﬁlﬂ,hy&ﬁgelﬁit&nném&@$ q:l%ﬂe)iyl butenyl,

substituted with a bridging group 5 as indicate

pentenyh hexgrvd hepispyly actenyl, RRensey e@eeraﬁ PRESYE Of &y bridging

prygntion, X3 and X4 i ndependent ly are either a

Substituted ciscl opent adi enylba%r oup or a substituted

f 1 uor@rfprmyp §UpA” In2 atbstityed badpimgtgrous qomyrising eithen sifigon

%&éﬁﬁ’gﬂt‘o&%%nﬁé[rﬁﬁrﬁ Qﬁi&%f%@'a%lﬁ{' a tilfoHHfing \MHnﬁ & EJ?S‘orPBxlik?gﬁng

I's a substituted fluorenyl group. Any Subst’i tuent

XYMz A2 Kedging ehain pb ta hearben ggmpgvigelbegnneets Xpendi&nt |Ily one
ket &%191@)51%&19 @an 13‘5‘4 Qm:fhf brid ﬁlléba%rh té"ﬁe%‘iinar(ﬁ[lm brldgmg atom, a
substituted al kyl or gr oup. dr ogen

tln bridglegiatomher @fayben bm&lmtmn Yof, naarslﬁtmamegtt éé ls a bridging

u I
SR éﬁfjarﬁm kb . HOBERKle, & nOFHASTREEM Bl tho
tommetted &

Other than the alkenyl linking group, any substituents on A? are selected‘
independently from a hydrogen atom, or a substituted or unsubstituted aliphatic,
aromatic, or cyclic group, or a combination thereof. In one aspect, for example, a
substituent on A” can be a methyl, ethyl, propyl, butyl, pentyl, hexyl, ethenyl,
propenyl, butenyl, pentenyl, hexenyl, phenyl, naphthyl, tolyl, benzyl, cyclopentyl,
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waamghstieent s on X3 and X4 i ncl ude et hyl,

tetrahydroi ndenyl s, tetrahydrofluorenyls, and
oct ahydr of | uorenyl s. Exenplary alkyls that can be

propyl, butyl, pentyl, 15 h¥xyl, heptyl, octyl, nonyl,
or decyl and the like. In one aspect, excluding t he

@)’cldﬂlﬁk)ﬂgo y@%ﬂexﬁ;ﬁféhyl?ﬂ&ﬁi ot HePdrofdh :Qfgmanpetm another aspect,

i ndependently is rogen ato or. an et

#AcB pyPstitieng piny the ktnd@mgygroulbroth%x pn gheoa&enylnyraweﬁ lgeup, is
m%tmde%HﬁBﬂ% Wt aﬁhﬁﬁ‘ dgég até¥h neftly1 3k & I}])S phé&st Bdup, naphthyl

|ndependently rom a gen atom et henyl, Ppropenyl,
BotR Ry Fyclohsgpiph ﬁ?ﬂ@“ﬁ%xenyl heptenyl, octenyl

nonemy!l forfuld n | 0 bij d
PEnEI o RAESSE B WS, L6 SOLTE s,

Wmt@eﬁﬁﬁmfnge alise d as s\ie!llu asambstigrtedigiknb omalisenyl agroups.
r
ARG G ) 4Rkl Y Rl Safh o

atb@tnmtlonmtcﬂmyamaﬂectcm ﬁ(gseagrdupwhat ¢qnf<ometo #speutabfules of
El{ynﬁcall Oé’lg ?éoug? s@osﬁtlu e&%ﬂ{ﬁ Lal br | I{Jegthgﬁ 815@ su%stltuent are

gernanlun1 glng
qambmﬂmbildglng atom th i n anot her aspect, A2 |s a

bri d u@g sugitl%.lentsm;vhgn %%sesn cH ?n%@%earEdQn hsefe c?eta 1‘?% cﬂlsoxyéen

exanp arbon con
gmdp )@45ulﬁ]r heggrout, hamubgsm gdokmnay bhd»sphdamm @raypp b arsafiy group, a

a%$¥|ty sﬁwon \2 are s%n%c ed nggendeqtzﬁ%/ fromb

Ky A" og e 461" §F°1R L 8BV ‘t“’t%‘&“pora s £ A &P, @ doron
@bumhat Iam,mmﬁiﬁ gb@pmin @norgfmocgfdupCa@rdigtmonﬁtall& group, or a

t.ion t her eof one ect
SRR Yoot T 5 SEhIARGE Frogt hin BT BD 4o atoms;
blhﬁlyde,, of)ﬁmryihen hEXMighasemE&rgtbupﬁ dﬁfmaﬁ)&%mﬁt@ ltﬁbeez[b)‘ilvll,ty of the
ent en e n t toly enz

B S BGOSR 10 e SUb s E50as molie, but are
@yqﬁﬁﬁgmym“q@noﬁmgggmggylphenyl group, or a hydrogen
atom _Yet, in another aspect, each substituent on the
br i dgFFRgPise halidsesHbstityeRisniniepch ooewasigs. inglpde Hiprige.glijoride,

bomi®kehRCibade! Ndependently from a hydrogen atom
nethyl group, phenyl group, naphthyl group, or
cycl ORERSH PRBHGICC XY EEN SISURSRIT SHYEEN-eOTtaNng STvps iekamiles of

@rhicﬂhﬁélﬁdé b 208t fmitdd td ¥ikok§ 09 LIRS gralm (IORA) -OSiR™;, -
|nat|ons t hereof, are discl oséd,

Qassz, rOAHRd. addpe lise, inglRéing Fubgti@%&eﬂ\'&)'@h tl@r@@pshereln RA
91%391{ bREHMNE sk Be Ak & ﬁo% B Qrd RG] $9GHERBS YL, Eﬁtfsqtuted

anal ogs wth subst t1ons  at” ‘any position on’t
yybapsubstitated eord rhnvmgu fromel toc2|0r¢atbon @toes dixamplee ot elitbxy or

Xrﬁ%ﬁp Cgﬁoup-gﬂ(géRA? L%Plﬁ $ 1§cli'1pd%t Ibhygl%dncw ﬁrglteqp ‘t%o or{xetﬂoxy, ethoxy,

St
propoxy, butoxy, phenoxy, substltuted phenoxy, and the like.

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

carbon atoms.

et hRCT/US2008/013641
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w@e@apssia4 ni t rogen group,

10 contenpl ated. Such substituents, when present, are
i ndependently sel ected from an oxygen group, a sulfur

arsenic group, a carbon grldup, a silicon group, a
germani um group, a tin group, a |lead group, a boron

gr OUfn eabh @k@tﬂ‘ieﬂéﬁnrﬂﬁ@éﬁ gré\.%s'd?@'hﬁﬂﬁbﬁ-c&{tﬂﬁﬁg @bBups, which
organqgmetal | i c group, substituted derivative

inflafle dut arg it élfmmt?;hNﬁav pndytherliks, meludingsybstituted derp@snes
m&x@ms,whaelﬂaﬂw d8;call dAVEHRBERAn 3% J.mylg c?&loilhﬁs Grf! QMBS

do not termnatethe activity of th cat al
woriped plkyh substifined eyl of sehsbhitads arelhiélsleavmgkﬁfﬂm tluf@r?cO carbon
geasps include, but are not limted to, the follow ng
groups. Exanpl es of halide substituents, in each
occurlpeatel ocPyTEangeygPhosRorsdgrouRsh g phgephoraeroptaningl groups,
[ e. rre e e:

@fﬁS}é elgg{é%ntbgll %Ircﬁgih }1?)13%%‘ tb, rﬁﬁa (P@SQ i, \/\ﬁ&) Utﬁes' ]iﬁg m&ludmg
pbstitaied drotvativesi thergof owherbinoRY or eacrlyloecwregcmq@s lée @yl

%lgg {kﬂ?lut eg ’ac?e riv g%{hgt\}tgtse%@?’é O?b,%ﬁé\lql}]etg:]%yiﬁ (%Asubistn%c e ac rarlgy]

lwomgriramt ¢ 2>Qa¢arlh1m adthy |, cycloal kyl, aryl, aral kyI
substy ket ol SUERL SRS S5, ol Bl
iatlludex putare narlyahmeqnog{muﬁﬁ As(GRA)z, gmcbthp&ke nﬁd:lukﬂﬁg Slbistltuted

met ho et hoxy y X
BEA%) s SRt PLB" 0 R oo RS sre 1 BT ¥uergifkol Yn,
aoelkyﬂc BL&j’SﬁmtedSﬂt}ﬂ wubgmekpSryaroe sebstifuted- falRY lehavingdfrom 1 to 20
%oupg exanpl es of which include, but are not
By 0, -SR A and the like, including substituted

30 dani eeahl osesrréeer estbon vgiﬁarpei dte R%rﬁoﬁ (ﬁﬁﬁmnigi GriupeNGAich

b | Kk bst.i t ut ed
Ry, ooCact e o 9 oo e o et ey ot

1k rprdupk Qvidi0l toCAY &%bnadt&ﬂ’ﬁ ari§1 28096 KhL2G 20 carbon atoms -
PCT/US2008/ Q13641 15 |l n each occurrence, nitro
GRIPE £ ORYR roGENR 0Bkt af 1§ Iike oiiplydingsplsiitut éwa@ves

fRteoalveheah RA T tedbh tolourrelR Agn d8datkf1e c&él&ﬁkyl' rdﬁjl ugfan&l

substituted derivatives thereof, wherein I n

YoEifp e Akl cubptigedarkly lor sebsttutsd) aealkyl havipg, frcan al tny‘=’40 carbon
Suhstituted al kyl, substituted aryl, or substituted

ar al kyI havi ng from1l to 20 carbon 5 atoms. In each
occurlpefrek, eccwﬁ@g:p,h@,hg@n @Q}\ppsargr%hcon-contalmng groups, which

ROOSH BA 48 nGAh Rt "Gly PEBHRSsuch as alkylsilyl groups, arylsilyl groups,
arylalkylsilyl groups, siloxy groups, and the like, which in each occurrence have from
1 to 20 carbon atoms. For example, silicon group substituents include trimethylsilyl
and phenyloctylsilyl groups.

In each occurrence, germanium groups are germanium-containing groups,
which include, but are not limited to, germyl groups such as alkylgermyl groups,
arylgermyl groups, arylalkylgermyl groups, germyloxy groups, and the like, which in

each occurrence have from 1 to 20 carbon atoms.

a phosphorus group, BET/US2008/013641
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wWQl200pe8tip4/es t her eof ,

whi ch include, but are not limted to, -PR A2,
-P(ORA) 2, and the like, including substituted

be al kyl, cycloalkyl, aryll®aralkyl, substituted
al kyl, substituted aryl, or substituted aral kyl 10

havi ng e‘amomclmteﬁc@@mcg%[ﬁ@rar@h&er&mlhmgeéas&sowﬁiéhnﬁa&@e but
ar senic groups are arseni c- containin groups, whi ch

AR IO daniteg) e stannyh groups sicheas alleylstangyRapups. sayleimyy} groups,
@rﬁﬁll@yﬁ@anlnylkgroulb@ %taﬂ%)@g(o? ug%dyidﬁ’e)dgroﬁiﬁsr 'aH@ttﬁeVﬁﬁ’e Wthh in

er eof wherein RA | each occurrence can be al y
B¢ [oseHTieppe hayeyfrom larr) &pkcyrbowm i Thyscldn gtokps include, but are

§&b§,{l¢egl&; QAnAdY! grofys. substituted aral kyl having from1
15 carbon atons. I n each occurrence, carbon

gr ouplg casheocsureNsh- leasharainsiarajees-eanining aioghs, Whinhl inelede, but

t ten | t
bt sinopty UDISH g S0, AT ol s
bl bbiehan eash ocenrreinks haygr foampd tanp@ ¢tir110nta®012$) car bon

47 L O i AN A0 e

WA arennag diotited 6w uBRen eBX g5 aBRDE, aat ity hkecy'héreml Xyd 3 manoahjonic
t
%LE% th N hSiéjlar ar E(O?ﬂ%% aa\?ﬂl(yﬁéhl%) i t(ggzrna“'fltt;h Hl& gr"é’ﬁﬁem gt Jngach
bmtuarencla cmwalkﬁnq&loaﬁ«yl Iacbd,rargkﬂUMSmﬁted alkyl, substituted aryl, or
sili.co |n|n rrQURS, i nclude, but are not
fubﬁﬁ“}’tgg a{ag(ysg 04 %’ﬁ&ﬁﬁg%éﬁf@% eS| kyl silyl groups,
ar yl sinleg¢h gfc@tﬁﬁﬁ:lﬁ, ﬂ%mamyér&iﬂé)ﬁké«alhminugf EUhPSning gﬂrc])ﬁifs)( which
and the .|ike Gh ogcurrence have
PPHE. Pot 3renet dighitsg fo ,a«\\@ﬁs Rﬁ&r gﬁsﬁfp eredn wnm@?%awmc
@ﬁb@ Eu}dhuae m1§/6r_1dld,1 ?lkldﬁﬁetdlk)fmﬁlhlyﬂ@ i;]ﬂd}/ﬂhe 1iR8thnd wherein R” in each
enyl oct y| si 0 occurrence, germani um
ot St b iR ek iR, PUpes slkil etcruted ryl o
wb@ﬂltuteearamgu haVigy e 11th QDE&QOII fomger nyl groups such as
groups,. 30 ar gr oups,

al ky er ny|

ar yI m&‘é ?Fy}nogaaawpgroug%¥h%§|Wybegwﬁﬁ&ip§s S‘dﬁ&m@ﬁ‘é in each
bdclkBenceitictl¥e] But aRAI 1iRGEY I, REB,N@)ex] Ok %&xz, X,
carbon atons. WD 2009/ 085124 PC‘f‘/ US2008/ 01 641 16

dulcthe dikeuvhapiaeX 1§ pinepoauipaic greupt uph @ hydide, aapidgs @Uﬁpslde
M&l%‘ola[&c L\Hﬁtﬁe ht?é'tand HhEreMChny bk, Eﬁﬁloatll%y,l a%laﬁg 1, HRHRRed

such as al | st anng groups, ary Sta

aliyl Wbﬁt&“‘@t‘ &Wﬂ!wf sybsbiped ars]ﬂ%kmouwor(sgbstmmnaane@exgyga)lds has
gg,gq%,z()@;}goﬁgt m%l ke, which in each occurrence have
r

from1l to 20 carbon atons. Thus, tin groups include,
but dfxamples of organometallic groups that may be used as substituents, in each

occurrence, include, but are not limited to, organoboron groups, organoaluminum
groups, organogallium groups, organosilicon groups, organogermanium groups,
organotin groups, organolead groups, organo-transition metal groups, and the like,
having from 1 to 20 carbon atoms.

Formula (I), depicted above, illustrates that the dinuclear compounds of the

present invention are homonuclear, because each metallocene moiety linked by the

wherein RA in each occurPEnUR00$03641
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5 not limted to, stannoxy groups. |In each occurrence,
| ead groups are | ead-containing groups, which include,
wheio/osied not |imted to, alkyllead groups, arBCT/E81908/013641
groups, aryl al kyl | ead group§¥ and the Ilike, which in
each occurrence, have from1l to 20 carbon atons. In

ARER1 Qﬁlﬁ% ERGS B the QAR afH E3HASINAhE RS ARtal Bt VI RYselected
ich include, 10 but are not limted to, -BR

ou
f;g&‘?“zpéﬁzorT‘BRﬁb?Pr%ﬁ‘fﬂ“ﬂ‘FémPP ke, wherein Xis a

nonoa, @iYi gnd ¥ QMBe m&tm ﬁﬁklh ouf %degéAdsefmydﬁe s@bdtdd from a
thlolate and t he erein i n "'each

yzager @iy oearﬁub?émawyli unse%%%d qliphatica pramatisy ef qyglic group,
MP%&&&H&% t"ﬁlﬂl&ff I Hpeskpt:é{t&qh@g)@sent CIﬁvenﬁUlpSItx tRM &fa rZ

ara avi ng roml carbon atons. I'n

mémv%le@ﬁ& ére abuhsiifitad rospstitaied adiphatic rﬁmpchmrm ﬁwmg to 20
@A@%R%or_niml')@? efﬁ%ﬁk,\lﬂﬁ 'ar}auﬁz dfpl géle&témﬁd%ﬁentdgntly from

, erein X1s nonoani
geovlp ethelh propyly deitde, peatykodiexid, hebwll octyl.ohemyd, demy, or

A L A
glsik&zt lmtlmee@bndy e, a ebstiwted o :unambsuutad atoknpkic igenipnpr Example,
lél% ﬁao E@Egﬁgne Iglgslrsl Jgggnﬁﬁr:a%{)ecft of tﬂg %ganlt cl:rﬁlgntl LII]pS

0 c cu rR’% rRB{ eandiRd mdependnlﬁly areea methyl, enhyl; ebpy butyoﬁhafgl,, hexyl,
d the

SRR TPROT L Rdn DB Rptyr B HoMeRE oL kR e rour

@m tgdropdrk ansinglén ottek laypects mfahatleyenaml tHuethbd, B, RAndnd R*

| kyl , I
e AT R G gaa%fpgeno%iorgaa@mﬂeqsmct of
he plekatlt ipemtita. or substituent on these Ilgands has

from] to 20 carbon a ons. 25

or ganoifeRigeTringn 5?%1&3 { fRLermingy € %3%%&1" '35 alkenyl linking group
sdlashdet tﬁaﬂi osto 12) iBGlve. 06 6hY 4spEE Of tHidhabetdRdn, Ditteqdilfo 0, 1,
not limte r ganobor on gr oups, organoalun1num

Brotps & Gr gam ag‘af? o1 ASRSFIRT SRE PreseRiAWEPR.dbs 1 gf Gupst-

Or JanQ@efdiE Holdt 8h&thg SaspecO bOMB PrdsBntdh RS, HIIRNSIERY are
groups, organo-transition netal groups, and.the ]ike,

Rathy ngomsoRheryt grovws. enfiierineatens | Ingbispspesh | either X or X' is a
%Rit&&@@yagﬁéﬁ%dlénlyi Bhup 4riStht Rfler 18 Qb&&t@3Muorenyl group.
(0]

corrpoun S resent i nvention are honpnucl ear,
H@oﬁh@éuté@\éwlwmmemd@@m@) pebstjtufed miththp pridging gwoup A%, and

%QQ%I%%%% finkheh H%%leﬁ,ldo g% @ﬁél-aspéc? it SR utdl ﬂwéﬁ 1 %roup is

he same and contal ns the sane net al
ubstguted vatht g butylombstituentsf forgamplej fva ieet- tpmé§shstltuents In

t'hgééea[ﬂﬁ ioﬁ{ér aspects, M is Zr or Hf; RX, RY, and R? are hydrogen atoms; nis 0, 1,
2, 3, or 4; and A’ is a carbon atom having either methyl or phenyl as an optional
substituent.

In accordance with another aspect of the present invention, both X' and X? in

formula (I) are chlorine atoms. In this aspect, n is in range from 1 to 10, inclusive.
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waameostiet ed or unsubstituted aliphatic,

Rx, RY, and RZ in the al kenyl Iinking group
i ndependently are selected froma hydrogen atom or a

cyclic group, 5 or a conbil¥ation thereof. In one
aspect of the present invention, Rx, RY, and RZ

I ndepend@nipleyofar EnileabBshpoutd fhcBsrdahts Wathithé pre€&ht invention
al i phatic group haV|Qa&gron11 to 2 carbon atons. Fo

0 r
18 xBRpiodoWiRg, compoundy Wiiche i, abfreviaed ¢ iRIMETh e phrogehaut ythis
discdgbureret hyl , ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, or trinethylsilylnethyl.
I n anot her aspect, Rx, RY, and RZ are hydrogen atons.
Rx, RY, 10 gnd RZ independently are a substituted or
unsubstitutgd-aromatic group, for exanple, having up
to 20 carbgn™atons, in yet another aspect of the

presenys i \ention. Rx, RY, and Rz independently are a
mathyl, propyl, butyl, pentyh\hexyl, pbenyl,

napht ol yl, benzyl, cyclopen y§ngexy , or
cycl ohex¥i phen group, or a hydroggn a&©om _L& ot her
aspe %’) thig invention. Further, Rx, RY, 7 15
I ndepend&nt an beumet Ryl , phenyl , Jbenz g
hydr oggn at omiji n anot her aSpect "® t he Hr§ P

I nverET on.y Thelinteger n in fornulac(l) dsteym nes the

Ienothuﬂrgt fia!‘ﬂnﬂ i nki ng group ang ges fromO
N2, isBtlushe/ In one aspect of this )Iion, n
is/equal to 0,71, 2, 3, 4, 5, 6, or 7. a4 di fferent
aspect of the present invention, nis 2, 3, or 4.
20 According to yet another aspect oOf Ahe present
invention, both X and X2 are nethyl gvroups, phenyl
groups, or chlorine atons. In this aspect, either X3
or X4 is a substituted cycl opentadi enyl group, and

t he atherilligrative ks hot-Uin@thef dxRPRE VK dHuGR: conlptinds of the
substltuted,cEﬁlopentadlenyl group is substituted with

REERrYRgPmgelis s fBowiagd” optional Iy can be further
substituted. In one aspect, the substituted fluorenyl
group is 25 substituted with two butyl substituents,
for exanple, two tert-butyl substituents. In these
and ot her agQects, Mis Zr or H, Rx, RY, and RZ are
hydr ogep_afons; nis 0, 1, 2, 3, or 4, and A2 is a

car bo N havi ng either nethyl ar=p eny& as an
opt i ONn bstituent. In accorda @ ¥ t IF anot h¢

aspect »af /t he present invention, botr X ant in 30
fornu \) are"chlorine atoms. In this aspee S
in e e L -+0~10, iQcl usive. WJ 2009X 08

PQ D08/ 013641 18 An exanple of-a—din v“\
conpawnd N\n acicordance with the pregent 46&9, I on

—///I/

01/5Zr
c

ar onePCTUSI08/013641



is the follow ng compound, which is abbreviated "DMET

1" throughout this disclosure: C wZr / H3 C
w@heoZoss12Cl 5 OQther illustrative and non-1im tPELUS2008/013641

exanpl es of dinucl ear conpoltthds of the present

invention include the followng: / ~cl ~ci Ph Zr Ph

Zr d AP—Cl 10 WO 2009/ 085124 PCT/ US2008/ 013641 19 /

~ cl A\\Cl ¢gHf "4Cl Ph /

Fif 5
z'}/Cl

()

CH3 Zr Zr H3C Cl C
T,

CHg3

o

, or

Cl

Cl \\\\\\\\\I\n-. Z
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Cl or cl® cow", I11%, ...... Zr Zr....... ~uuua 5
WO 2009/ 085124 PCT/ US2008/ 013641 20 and the like.

w@\ppbigaed s have used the abbreviati on Ph for péEnyi008/013641

Met hods of making a di nucl et conpound of the present
invention are also provided. One such nethod for

SNhOBI. ZApficantsihdWd Ghahe MBHrA)idiRA PRGorGRRAUNd i S
illustrated |n the general reaction schene provided

bel oviIeBofkeamrliae Aclinstear corppmad bith pisesrianvention are also
fratiaby SonbRhal hieaRlFof syntheiBingld AREMGT Rl ¥ ste thﬁﬁeﬂoﬂﬂd is

an al kenyl substituent is linked to itself via
Begrated indhegeneal wagtion seliens provideddelpmesence of a
suitable catalyst. Cenerally, the al kenyl 10
substituent can be of any |length, and can be, for

g&éﬁbke substituent on a bridgi group. In the
feact i oP{'egﬂ"%ed‘& , the nmetall oc%%%lo%em etallocene
connected by an al ken I i nki ng group. EthylenM 8%8

I
. ta . .
Is al so+produced in t%l%ﬂ[eactlon. Various netal -based
catal ysts can be enployed in an olefin netathesis

%ga%tLpn. The metal s often used include g utgeni um
ungst eMetalteespBdenum and 15 ni ckel . t he exanpl es
that follow, a G ubbs 1st Ceneration Metathesis
Cat al yst based on rutheni umwas enpl oyed, but this

invention, s not |imted to.an rticular t at hesi

cat al ‘%/g{egla“%‘:fngtcﬁ%lgis@arvggcalni ala lcé)i'ﬁs%‘éeng bﬁb‘ﬁ‘@{@ﬂ 5 Y e

gefasmpathesi$ reactsdl i @Rtprasdnide of S suitdble caeXBAPGEnerally, the alkenyl
C saturated ester solvents.

i.phatic,, aronat i or L
it s A derth P SoPE. 55 SxpEblpy o abEtHEN ogfa bridging
goup) Cinethe roxeticl pro@iet) ehCRBRNOURAS molREbd/HE comitttedb§ afl Alkenyl
Limted tq%Hﬁenzene, t ol uen hept ane, i sobut ane,

e,.
DRk grete [hylgs &8 1S alipcProdhiseq inghis reagiiqnant

Various metal-based catalysts can be employed in an olefin metathesis
reaction. The metals often used include ruthenium, tungsten, molybdenum, and
nickel. In the examples that follow, a Grubbs Ist Generation Metathesis Catalyst
based on ruthenium was employed, but this invention is not limited to any particular
metathesis catalyst. '

Metathesis reactions can be conducted in the presence of a solvent such as, for
example, aliphatic, aromatic, or saturated ester solvents. Suitable solvents useful in
the production of dinuclear metallocene compounds include, but are not limited to,
benzene, toluene, heptane, isobutane, methylene chloride, and the like. Solvent
selection can depend upon many factors, for instance, the desired reaction temperature
and solubility of either the metallocene reactant or the dinuclear metallocene in the
particular solvent.

Suitable olefin metathesis reaction temperatures to produce dinuclear
metallocene compounds of the present invention are generally in a range from about -

50 °C to about 150 °C. For example, the reaction temperature can be in the range
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sel ecti on can depend upon many factors, for instance,
the desired reaction tenperature and solubility of

wepaobessiehe netal | ocene reactant or the di nucl REF/US2008/013641

metal l ocene in the particudlar solvent. 25 Suitable
olefin netathesis reaction tenperatures to produce

o ubberno °Cnit #dudqeneCc OTRO wadforOtenipRfinitE @8RBed is often a
inventjon are generally in a range fromabout - 50 C

THNPEOBISE BESween, meBY wkighistesuchngs theacPivert eBRloyeht thagtion
HuRE rdabtidBmE 2NARHNQAnd A0S OBS 1Akt Rirbaldp3QBLAL 3

%? ?roﬁfaéouﬁnoa%g gggiou 100 T ﬁnﬁggreagggoﬁ éé&w“%

Imisenes e Yedestedd Fughest thenmgtathegimnseastips equilibrignarpan be

ARRY iheHrdPRE BRcISH G tAR RS SR VE QtthyféHP gé%,vl? PemJVQ@SI Y&ed
ressure, reaction tinme, quantity ahd

g@nﬂwygmﬂwpﬁnﬁm@t yield and select|V|ty and i soner

ratl ot r [

ot (O SRLE o BTy BLRLIRLELEE S AR O oun

theltcah jbe geadeto ;f@rodﬁhe tdmufcleelt d@Wpemeis @ thei pgeseatipventionyrother than

f e h

tYlg rbtru%gnce Jfozm Llﬁ&ﬁ Eg&srél ?ﬁe %ﬂjdg(%;&roﬁt) og](i:eeﬁ{a%pless of

m@tntbmm comntamds: ahfat lven lbse\d;ed (DO fpordoee Hmudlﬂﬂumramunds of the

I%rggeggg ﬁg%ﬁlgg fviaa:]tﬁg PE ?fert]z}th Isﬁ\{%culegn hemg ﬁcgvetnl?c ude, %ut are not

Igmedato: Sone exanpl es of 10 netallocene conpounds that

can be used to produce dinuclear conpounds of the

present invention via the olefin netathesis reaction

schexg & i nclude, but are not d to: Zr Hf

“Cl - »Cl Ph ..~~Cl er)
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22 Zr,,,\\Cl H-"\\C "C "'Cl ; or and the like.
Appl i cants have used the abbreviation Ph for phenyl. 5

wQ\ppsaeal exanpl es of netal | ocene conpounds BOEUSHN013641

suitable for use to produc# dinuclear conpounds of
the present invention are contenpl ated. These
i nclude, but are not limted to: 1\ Zr.,,\\CH3

Hf .o,\CHz 'CH3 CHz\ 1 ~~I ; 10 Zr.,,\CHz

Hf ., \\ CH3 [ f ~1 CH3 \ | ~J WO

2009/ 085124 2008/ 013641 23 Zr/ ™™ \ %\ CH3
CH3 " CH3 Cl Ph Zr

; or

and the like. Applicants have used the abbreviation Ph for phenyl.
Additional examples of metallocene compounds that are suitable for use to
produce dinuclear compounds of the present invention are contemplated. These

include, but are not limited to:




d M Zr-d PhzZr I OOdC d ~d e, ¢l M, Zr M
\W\~\/Si 5 0~ O 10 WD 2009/085124 PCT/ US2008/ 013641

wQ2000085122 C1 Me Hf-Cl Ph HF-CI O O ~C, C MePEK/US1008M13641

10

H-Cl 0/ OC OC" M H-8 PhH-CI OO 50
SHwe, S1 1 d M HCC] 5040 ; or 10 and the Iike.
Appl i cants have used the abbreviation Ph for phenyl,
Bri dged netal | ocene conpounds

, two-carbon Qhridging chains also




15 limted to: WO 2009/085124 PCT/ US2008/ 013641 25 \
Q/ vo0o/ , M n Zrcdl no /M CO ,oCHPh n Zr n'
wQeoe@eRRM Cl 5\ Q/ - -\ [ n" Zr.,,,, ~~MePEI/US2008/013641
\Zr.O,,,ICH2Ph no CH2Ph \2%Q/ \ Qn Hn Hf SC SCl
t-Bu\ Q/ t-Bu\ Q/ n" Zr~-C n" Zr O t-Bu t-Bu 10
WD 2009/ 0854247PCT/ US2008/ 013641 26 t-E
t-Bu \ Q/Ztuffy, \ \OHSi M3 n zr=Cl
u/ t-Buor no zZr>""
M Cl Ph

10
and the like. Applicants have used the abbreviation Ph for phenyl, and Me for methyl.

Bridged metallocene compounds having, for example, two-carbon bridging
chains also can be used to produce dinuclear compounds of the present invention.
Representative two-carbon bridged metallocene compounds include, but are not

15 limited to:



10

and the like. Applicants have used the abbreviations
Ph for phenyl, Me for nethyl, and t-Bu for tert-butyl.

wab@ojostieger n' in 5 these met al | ocene CoNPouPEBUS2008/013641

general ly ranges fromO to %&bout 10, inclusive. For
exanple, n' can be 1, 2, 3, 4, 5 6, 7, or 8.

I Opad Fged netallocene conp an be used
ear conpounds of
€fore, the scope of t
oLmblnlted to the—st

speC|e§‘pr i g&f~alqve. 10 CATAL \ The
present em{iQn also relates to ca aI' ; €
conposi ¢ oying dinuclear mg

conpounds ing to one aspect gsent

i nvention, a catalyst conposition is provided which’
conprises a contact product of at |east one 15
dlnuclear net al | ocene conpound and a

activa ppart. This catal yst ar can
furthe ge at | east one organoa ot 'conpound.
The a\ySt cQ 05|t|ons e i RQCI
pr od ,ef“l% bot h honopol Y ri®
copol yner H&h ety of end-use app caf‘uns The
at uclear netall ocene co n these
cat al pagitions has the formula:
2009/085124 PCT/ US2008/ 013641 X\ X M A2 A2X\ XL M/ "\
[\ 1\ 4 CRXRY CRXRY X4 X2
(CH2) n- 2)n / (1). S d X2
[ e a halide or a sub ‘
al ighatic, aro ' a cI|c oup,
m{ & eof, 5 X3 and 4 |ndeeﬂGghPhy
9a! Nuyclopentadlenyl ' &i,Ph
fluorenyl Y any substituents on X4 ot her
[ group i.ndependently are ydr ogen

atom or a substituted or’ unsubstituted a|£§i or
al kenyl
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group; A2 is a substituted bridging group conprising
either a silicon bridging atom a 10 germani um

whetodgssiegt atom a tin bridging atom a carbon BCT/U§I008013641

atom or a bridging chain 2 to 5 carbon atons, any
substituents on A2 other than an al kenyl Iinking
e 1t |y are a hydrogen_atom .or a

e i tuted alip
@i/ &

i natl driBu

omatic, or
s EBU Hf ,

R \RY, wO1d Rz i ndepd e a grmgen
ed or d Zek @
| ic group, S F3

Yert-Bn a rangBd
I ncl usi W&, aecordance. wi th thi S<ar _hdr aspects . o
of the present invention, it is contenplated that the
catal yst conpositions disclosed herein can contain

nore tha 20 one di nucl ear netal | ocene conmpound

and/ or QN one activator-support. Additionally,
nore tha ENOr ganoal um num conpound is al so

cap . n anot her aspect of the present

invent/gp Al-ystClonposition is provided which
conprises a ct\ogioduct of at |east one dinucl ear
net al | ocene peyN | east one activator-support,
and at | east N ganoal um num conpound, wherein this

25 catal yst conpesition | spgumst gt i ahbylidah@Eh&fe used the
al um noxanes, organozi nc conpounds, organoboron or

ehbgerinstons Bl &r pbamduMe dor meihyli =m4u tzBlh@r tesinbutyle divg dtpges n” in

!h@set Bbéllod%ﬁ@%&&x ound€ &?ctr:ﬁi yl%h &%@@ fo! a%uth%; 1ﬁ@l£§lrey S¥or
act |V|ty d| scussed beI ow in the absence of

eXeapie, ad @mthedna,B dod.dalairpst s. WO 2009/ 085124
PCT/ U§&9§(§{apﬂ)§(§ AHi m&élm% zﬁoulllcﬂ Sk I%@ rug&?BSfr&icgfd CPuclear

this inventi on, these co-cat yst S can nmpi oye
Fompogrdngf] the pasmurafleytgm clheederet the scope 0P Hhegirgsgntanvention is

hEaicRRC 0BG S BAALL SRS, EQRRYN] and at | east

one activator s&pp can er conprise at | east
one optional co-catalyst. Suitable co-catalysts in

g?ﬁLﬁe&t)MP?)@IJr'ﬁﬁw but are not 5 limted to,

um noxane compounds, organozi nc conmpounds,
or ganﬁ’(wmoa?.emr inventianalor aflaesc mcnmatnrlbd;s cdnqmsmbmg em;mo'yﬁ':ng

ound e,, or
§}8 Pecd A dl‘(?ﬁ"é‘e CS”i?SP‘é‘rsyé"tc"%rSWgB% pt %538 t"f%h6 Qrﬁseen{ fiS%ition,
ﬁlaﬁtallyyt&iomeﬂﬁﬁls istprovided Whigh doihiprevee Bicomaggrbductof at least one
nposi tion is provi ded which does not
ﬁ ﬂ?%éneta llocene compound and at least one activator-support. This catalyst
composition can further comprise at least one organoaluminum compound. These
catalyst compositions can be utilized to produce polyolefins, both homopolymers and
copolymers, for a variety of end-use applications. The at least one dinuclear

metallocene compound in these catalyst compositions has the formula:
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an activator-support. Such a catal yst conposition
conprises the contact product of at 10 |east one

walzevaossaas netal | ocene conpound and at | east OPET/US2008/013641

conpound sel ected from at |€ast one al uni noxane
conpound at | east one organozi nc conpound, at | east
org(anoboron or organoborate conpound, yat |e

on}\ I Z | oni ¢ conpound, or conbi néi(on\& ter eof .
M\s the at | east one dinuc ﬁ* | ocene
c;gzrpoun 4 | cted from 15 M A2 )9 ¥ X\R2\ /

RYCRXRYX4X2( rRCRZCRZ( )n
/ (I) V\/nerel N(CPh), &TCR*CRACEOHEKIENt | y are a hal idke

or a substituted or unsubstituted aliphatic,
whammt i c, or cyclic group, or a conbination thereof

20 X3yan y subst te
cycl o&pen? ?ébe r{/&?ﬁ&?%@ﬂ%{e agga%d‘?loﬁoa:)esﬁff/tt#ud? olfp ““éu‘i/sm“ted
slythatid, breentis, @y B mowp, ¥da ainiténativh dhrerenfbr i dgi ng group

in d e pﬁsﬂ 5] tﬂ(ly 1n%]e n?enm?‘gld ra]i%gae nSll Sttl[f)ug]? 0 &ﬁao Sdtéentgflt lngeny or

unsubst i*futed"8 keny
Audosiyil t growg  lryi dgbsn@egtsomrp xfomm i B@eﬁlthahxeh Briddihd Gesup

br.i dgi.ng_at o rmanl r n tQ tin
B B oy doady iR B UL oot R e

gxba;bn of 2 to 5 carbon atons, any substituents on A2

ot her  { han n. al l'inkin roup i ndependent|y are

a hyd‘?o’dé‘r?“g ) g?‘}/gé“gs%}%ﬁ? Besttherfs il friggiyg atom, a

gdrimahiainl Khdgm%ra@cmitd 6 biddginpyAbthCa EHrBMbri tom, or a bridging
conbi nati gn thereof; WO 2009/ 085124, PCT U 2008/ 01364

olgin g 7 do prcarhgn atesps, py sybgiitugis oaff eshen B pe alienl) lpking

gofp %d@ﬂ&ﬂ%ﬁ%r@ﬁ% roBén RoRUGSE dulbbitBld QF unsubstituted aliphatic,
unsubstituted aliphatic, aromatic, or cyclic group, or

FHopgHhiopaxd! ‘éﬂfquﬁe?ré’d%omb&}ﬁéomthie@"%n integer in a range
fromg}if 9, 38, odMCI USiVE. 5

R*, RY, and R? independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and

n is an integer in a range from 0 to 12, inclusive.

In accordance with this and other aspects of the present invention, it is
contemplated that the catalyst compositions disclosed herein can contain more than
one dinuclear metallocene compound and/or more than one activator-support.
Additionally, more than one organoaluminum compound is also contemplated.

In another aspect of the present invention, a catalyst composition is provided
which comprises a contact product of at least one dinuclear metallocene compound, at
least one activator-support, and at least one organoaluminum compound, wherein this
catalyst composition is substantially free of aluminoxanes, organozinc compounds,
organoboron or organoborate compounds, and ionizing ionic compounds. In this
aspect, the catalyst composition has catalyst activity, to be discussed below, in the

absence of these additional co-catalysts.
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ACTI VATOR- SUPPORT The present invention enconpasses
various catal yst conpositions which can include an

W@ea00estiaf - support. I n one aspect, the PCT/US2008/013641

activat or-support conprises? chem cal l y-treated
solid oxide. Alternatively, the activator-support can

CONPri&Levadr, Lih GHRY ¥p&ey @ thd RivbatRnE dhdsk ado-cAdlysts can be
exfoliated clay, an exfoliated clay gelled into

SRRIPYRSr  FRsxeamPlfate salalysh cpapesiinn sqmprisingeatirinboge dingclear
ReRbRYEESGHpctnl af@hCedt BRS Rlivatd-duBY&it 84 further comprise at least
alum nosilicate mneral, a non-layered alum nosilicate

peneptional en-caplystc obiahlet ooratalystieietifis aspget include, but are not
thes cs! |a¥drﬁi§18§}n€dc§1ﬂi)&ﬁd9x.b néf Qbﬁlgoﬁ{a@,a% oboron or
acidity as conpared to 15 the corresponding untreated

QgrIaoEIa mpobngso ienizingTiheic chrapiunds [apd thedike et anp(cpmibination

; Y vt '

R R S L
Wi | dntardefferbetraispest, laycatatystadosgpositibn © poxviided valuch dees mst tehare

. Sene in e . CO- . i i 0
SELAULEESRBH bt 5B ISl GBI ekl g0
b@ﬂﬁ‘_posditlil@mr nitedloaertei coappond dnd atieasd anofompvend selected from at
A58 YEL OO A0, 1, o NGO st on
agapasmenl of @rgenobdratk }epond POkt @R Doiingi Pinitgcdrygound, or

cor.r.espondi n tyeated solj xi de. However. it is
SRAETRE PP TS Aunrt e el ool 5 SR o it piound
fsyeledtedfioras an activator, even in the absence of an
or ganoal um num conpound, al um noxanes, organoboron
compounds, ionizing ionic conmpounds, and the |ike. 25
e chegscal ly-treated solid oxide can congsise g1
['east oné~sglid oxide treated with at \gést\one
el egtkon- hdrawi ng ani on. Wile not | t\(bendi to be
nd "Ry the following statement, it/is Dghievegeot hat
tTeatment of R solid oxide with R
el ectron-vvithdrqyﬁq{)g—mﬁmmgﬁ{—(eug)qa/nts or enhanced(I).
the acidity of the oxide. Thus, either the ’
wheremat or - support exhibits Lewis or Bronsted acidity

t hat ¢S jacal .greater..than th W s or )

Br ons eaﬁ%g d%sd{3 geéjﬁ‘g?tﬁg of ?ﬁjea i oF eaatsgl%f%?é?qs §F hstituted
dmhhﬁwaromtié,mmwlkwm@ooﬁa mimtigi_i datedf; nunber of acid
?r;ﬁ i ?%P %ﬂ%d??{gﬁ?ﬁfgegrgfglsbgsu )%cla(f %Xclglgenta*?iloetngL i%e%yl, or
fiieerdyt adrbup, t argatedtiaraks st nEatet X'obiher \WRAn2 Q08 @B 24oup
P /ng 08/ 013641 30 oxide materjals is by capparing
TRE°P ﬁ“gﬁéﬁ 3 BYJrggrn Ao oF @ suistigiieq efainsplstifules alky or alkenyl

goilig;eat ed oxi des under acid catal yzed reactions.

A’ is a substituted bridging group comprising either a silicon bridging atom, a
germanium bridging atom, a tin bridging atom, a carbon bridging atom, or a bridging
chain of 2 to 5 carbon atoms, any substituents on A® other than an alkenyl linking
group independently are a hydrogen atom, or a substituted or unsubstituted aliphatic,

aromatic, or cyclic group, or a combination thereof;
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W bab/ogbd bits Lewis acidic or

The chem cally-treated solid oxide of this invention
is formed generally from an inorganic solid oxide

and 5 has a relatively hidfl porosity. The solid oxide
is chemcally-treated wth an el ectron w thdraw ng
conmpoieytr, HEMRTgal | y an el ectron-w thdrawi ng anion, to
formagn activajor-sup Joort According to one as%ect of
the gt edentannkeirdeasndepthe atop | hydmerp@iqmepr @osubstituted or
&%ﬁﬂﬁﬁﬁedtaﬁiﬁhﬁﬁeﬂb&ahé 36r Eicﬁé‘%ﬁﬁip S&'a' ImBitatén R of aRPT €
-vol unme greater than about O. 0 cc/g. According to
anot Wdp anEReet m@fra’ﬂ&?eﬁ%‘i* @é‘éh?( lqcllﬂfé’ﬁtl on, the solid

oxi de has a pore vol une greater than about 0.5 cc/qg.

Accordi ng to yet another aspect of the present
AQVBATOR-SURR®ORI| i d oxi de has a pore vol une greater
t han R Uisert véiftlol ent iR R0 RRERS: cdifosfidnl
OXi dg%% ?g slu‘r’%gge “ar ea& from aboﬁ{S i tsol%a wh e
indode nf/ agtivatar-guppormnolthene asprstt thet#rélvstot-slmpglxl @mﬁmse a
rf : 0 t
I}% l?%@at?& ?@1&5%}8?% ml%g%g%ﬁlg Be agﬁva{og E‘@a%?t ca O mprise a
qlarywemeradzra, pltlired slay i 2 exfuilded nhy, arae)delratt@daéameélad orfto Anagher
oxl‘i) Ut %5 0.t a ere s1llcat90m1rlrlgr/a9 & Tgnqlacprggn sl 1cateym}nrere te“iiayered
X §e 24N conpri se ol P'a 76 gani c rde
aﬂmnmbslhctam@ nmideygen mnda)atedl aévasmos)h@teehmtmu oIS mi)eoctmldnatlon
g}ronf]Group23456789 10, 11, 12, 13,
or 15 of the periodic table, or conprising oxygen
and athelchasicahnaecatfd edl@nmide exhites teebhnbedmidibeas compared to
ant hani de or acti icie el.ement s.

fosroantep e Btk PUiargTsty B Chorbvpes sgld

SedtSalsolfAfkhionSad 4 @iﬁalysE adivator W ddfipasedie tlﬁcorr&épbhdllh@untﬁated
and Bochnmann; Advanced. | ngrgani ¢ Chem stry

ot it QKR BTG diea 68 9910 s AcB ARG Mepetene i the

dbAHc8 3N L& caXIEIE, i€ f%rho@ Qéﬂéﬁda%eto eﬁﬁﬁ%c@%al%ts Fi6ASthe O4flyst
el enent selected from Al Bi Co, Cu,

EEPOEIHON. 2’§hq_act1v[gﬂon l%nctlmx of gbe agpva{t(grﬁui)g}rt 1q-|qV1dq1pt m\/the
Mhakded \&cn%a, 8f th‘é}ystS%rﬁﬁmti%n%aJrWh%§ <a£ c%%m@d qzslad@atalyst

materials or conpounds that can be used formthe
eomnesitian [opniaining gy ewreseprding dunticpted (sgld %uie aHew/wr, it is

ll)cé’h Oe%i,etq&t%? c@%ga?l}y Rk soliP65de @é@%stl&pg an%ﬁ@:ﬁor even in

&203, La203, M2
1h2 0BhseBF208, agi @:ggan@d@@mu@r @Of@h@n}i,, ’ﬂu@gnoxms omboron

Y n 0] i ncl udi ng m xed
oxi g“elgéf ﬁg}zé{&lgmc%éﬂg&@gl na |h8nl§§ thereof. For exanpl e,
t he Bwel ¢lenmocallyareg®d dobd soxiidec gan adm;msmait least one solid oxide

silica-al hosphate

Bhate Rt ARG et VRN AR AR 20004382188 bound

by the following statement, it is believed that treatment of the solid oxide with an
electron-withdrawing component augments or enhances the acidity of the oxide.
Thus, either the activator-support exhibits Lewis or Brensted acidity that is typically
greater than the Lewis or Bronsted acid strength of the untreated solid oxide, or the
activator-support has a greater number of acid sites than the untreated solid oxide, or

both. One method to quantify the acidity of the chemically-treated and untreated solid

Brenst ed aci di cP@BEOS20089013641
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het er opol ytungstates, titania, zirconia, nagnesia,
boria, zinc oxide, m xed oxides thereof, or any

w@eovbiossie4 on t hereof The solid oxi de of thl S IPE/B’USZOO$I013641

enconpasses oxi de materi al s%uch as alumina, "nixed
oxi de" conpounds thereof such as silica-alumna, and

@@asoma:hmnﬁ byP caiphrifgXiht NRIymidMRARR actibites Bx@d 4tedeand
onpounds such as_ silica-alunm na can be single or

‘fﬂB‘le?tF‘f)P’é‘disdé’ﬁ‘FrcaéF etdesd 16EtisSnpr e t han one net al

conbiTHeEh¥hfchIR¥AEN sol{dbxh ! JP tRis $flehforPi 'fgx%le‘aq%&%&‘dﬁd from
Exanpl es of mXxed oxides that can be used in t

HcPiearie soidi ppide thas exkikiss beveis epidic orBignste agidic| heeyior and
lpa'éta 18a8velPhigh bBlokBE T sobibl bk s QJeHﬁ@aﬂ?utreated with an electron-
lica-titania, silica-zirconia, zeolli vari ous
1tbgvavrwa esQmpenen) (hpinallyt jap aglpesron-withdsawing nanion. r teorfpran an
&ltlogopgugp&pat e, and the like. The el ectron-w thdraw ng
one used to treat the solid oxide can be any
conpoﬁr?@mdntghm o aspsels efs the raeseaininyegfonBihensaliddoxids geadyto
e
et e et R ohACRhF, MR ERG Sl RohV6
@f g cAgoordingiotdndthamnispect af ﬂ@rp)esemonmndomghet sphdrmmslpeetpore
f t \Y n, I 1
R el B b ER LB A VB GE Ahared sl B B Plhen
mvonos, tbasdlid caidedas wlporewoluoterwatardm]ncabmd,l.(sm as a

vol at| | e un t hat erves a_so 0
prec UP gla?tg?r%ﬁpt}cﬁ g%e n‘ﬁg ﬁl%é Bgawrfé area otat‘lc"om ag'oult“i&(? to arbout
B106 ai’r g rn weet Mr}amspgctame o1&l dxtidzl Hasl @ sudfict assaef foat about 200

B a0 Pt BT bR RSUReT B refPE G oid ide has

@h@ﬁamﬁezeofﬁdm @b@m Iz@(sa;lw:)a 600 m’fg. uor oacet at e,

trifl,ﬁ flu ozirﬁoqoﬁx Ofluorotltanam,. . .
tri f IS grueallydreat iy xide; i £PMAPYiSeK R SOfi cPfErMG oxide
éﬂrﬁgrwngs)xﬁgeﬁ and AMRh ALt eRMehtCIeERE froGRRIF 2L B.1).5, 61N el 9,

ni c or _non-ioni¢c conmpounds that serve as sources
lr%rll{ Hedd ]é‘l 8EL? sﬁthmeﬂa(#lawbh’g OL PRI ING QXyeehNdy least one

QERENYRIEctdd FoR ML IS ManideN¥E LRl cldihts. ogegxamkﬁeys
t he chem cal lai treat ed soI id oxide used in t

Geitdanspd (Chepuirat Bigioanri bhs Eds JalmeWier deSenss 4R9% Cotton, F.A ;
Mﬂ&%w%ﬂ IﬁhHﬁ% f@ A.CAHdB AR B N A RBnceB TR AR Chemistry, 6™

alum na, sul fated alumina, fluorided silica-alum na,

B! d¥ileydatesscienes- 90X fer ‘expmplpi hedingiganic aoxida Qi &omprise
ildca- ' [ I

ety St G Rlkh Secdd G 336 B, B0 K RO E e, G,

ka Mra Med Naj 34, Sa-Sni B dhi B, VawdPt Yheld ¢k, or

conbi g?x?tg it %§ar¥1§lg§ i Johd ogtrc{\éw}t?ﬁergallqseoreé %} to{u%qs t\l% g 5 usecgto
conpone es a sa an el ec = R

fanmh gl cltehacatlgurmtemso}md oxide atciudn, oft atchadt lmtetd toaﬁlzﬁe, B203,
885,88569 ddRBEBY, Cr,05, CuO, Fes03, Gas03, LazOs, MnyOs, MoOs, NiO,
P205, szOs, SlOz, Sn02, SI’O, ThOZ, TlOz, V205, WO3, Y203, ZnO, ZI‘Oz, and the
like, including mixed oxides thereof, and combinations thereof. For example, the

solid oxide can be silica, alumina, silica-alumina, aluminum phosphate,
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cation that allows the salt to revert or deconpose
back to the acid during calcining. WO 2009/ 085124

weEAmLSAO8/ 013641 32 Factors that dictate thRCT/US2008/013641

suitability of the particulr salt to serve as a
source for the electron-w thdraw ng ani on incl ude,

}kbltkiroliti‘l)&urigstatds] Bikdn@ Zirdenid, hﬁa%ﬁblhl Dbbrid, Yoif okide mdlell diides
esired oI venthFIi the | ack of adverse reacti vi ty of

?féo 9t 4o Bﬁ“ﬁ‘é ®Af effects between the cation

and arhic 08b1idN Y GO SETOMIC irRERARRN Eﬂc%ﬁlphéws%&ﬁ@ Qe e tas
y the 5 cation, and the |like, and thermal stability

%‘Fm’t“h’e ‘mixederid Wé@dsdher@fls?ﬁtﬂsesll@ataﬂwga,l and cpmbinations
@l thix@ires MhBre6t € atht A= bR AYLHGINED 'sm AsNG it amY tcan be

are not |limted to, ampnium tri al anmoni um
rgly ammRIpleghevigal Rhasesew it aioks tham h@ﬂspn@hpmmenth oxygen

th 6 QR 231 dxide %}gp(;uhﬁ Ig F(L(xﬁ?lef b &B(%E gxﬁlgyp{apégn W xed ﬁrigne

one or nore different ron-w t hdraw ng ani ons,

qcﬁvq}gn—sypn@ mf db@ PEgsertsinverdian bacludee dbut @re apt dmitedhgo, silica-
b fdiffeadfthiflh ! f

S8 4 ep L AL 2280 SUTEb s,

aimmemnsa,@mq ahbmnctg,rﬂnddteddcew th the oxide materi al

si mul Vi d n r that

ot for 18 YRHSi% Ryl i Yoo M SeatdnE B EORF ein 2 3ny

@mpdnetny thffancreasasthe Lewrseor B&psﬂted acildity hifSthe rsekdtoixida ipdn

Y 585810 TS5 S MBS, B e cos.

\mﬂmrmhg agjos) eAlScordﬁhglﬁQ oRNBp&X 3fTHe Oré¥kntSitiGéntidn,the 6RSEon-
whi.ch an chenmically-treated solid oxide is
%¥1@§%¥l%09@p%§n%16 FF o QU TB PGy eB g sal, an acid,

@ QTR WBElpodid, &Qiﬁtﬁsrba\tdlﬁme 6fgani® X bilfourAMRA BGSes dsS source or
cont actfed wth a first el ectron-w thdraw ng ani on

RIYHFCE IordBHFBiNTY Brmrlis Al laeirpistvithirapingeaniqnsi igclpdes Spt are

8t Hintfe® tb S sulfike IR BN HubiRN cRIBAEA Yr&did Oiotideh fRorosulfate,
second el ectron-w t hdr aw ng ani on source conmpound to

Rusrehoztes erhwmrhateri fuetapbosphate, Geliermacetstas triftatd, sflyoregirconate,
HRkGHNRE, t QiffuBfdltdat §AHRL 304 | fle oﬁkcde ifcPIERRM Nixturdd and

such a process, the first and second
combERH oS- thPTERf r viddisionrthar e preorcionjscempoundsrtbat serve as

BhilcBefor th&e B wﬂa,fa&ﬁ{ eionS QTBOURGR ré}gﬁ%%qge bRsent

anot her aspect o e pr Esent - invention
inteatibwal | y-treated 25 solid oxide conprises a solid

i nor r mat er i al
o anﬁg Cfgg )gé%ﬁ?lggﬁhgadﬁ‘%‘% El%zﬁgdj (2;8' g ide uts?]c{ - tHe the catalyst
cotmpnsitals| of-the e can b flaoriddedimina- chMrtded ram/mmg bromlded

SAREDSEr oA, P R ot 2RSS
ehidkd eibini-aluniimg selfarpd siticksalumyma; Flidrided iglicaadphis Schifrided
s‘iln:g-zirconia, bromided silica-zirconia, sulfated silica-zirconia, and the like, or
combinations thereof.

When the electron-withdrawing component comprises a salt of an electron-
withdrawing anion, the counterion or cation of that salt can be selected from any

cation that allows the salt to revert or decompose back to the acid during calcining.
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woreloglogiapum and the Ii ke,

metal or metal ion include zinc, nickel, vanadi um
titanium silver, copper, gallium 30 tin, tungsten,

Exanpl es of chem cally- trel ed solid oxides that

contain a netal or netal ion include, but are not

Fdciord @ft URtatd 'tH%Csu'itﬂlHﬁ?chmggar@nBﬁler iagted RhMsnNAsource for the

titaniuminpregnated fluorided WO 2009/ 085124

gestronsotosong suien inghidg,) kytpreanot imjfed fopfiesghikilisy of the salt in

fnk URtiteded bt thd ek 2 REvdriPfEARAL &F (RO bAldnd fgh-Siidind L Sfects

alum na, zinc-inpregnated fluorided silica-alum na,

betyeen; thereatjmatand asignf Aygescopic Lprppeatiesciiperted éy the sadt by the

r eg
SR R 1, MY RR) i M BR S B bR Gt in
e Alyyofinthe hlgeltr@f-wnhfimwglgammgnqlm buwlarednas timd e d e tagmicrlium,
T

ol BBk, 18R it ihupy MU0 FHpHH, OF, KRBT

@gl the Bke. et al - cont ai ni ng conpound can i ncI ude, but | s

ggte L%u%grﬁ% Itn %c? aslrfg? e or mor {fherenlg EECU gc"fl wmg qamons

mh@rymgtpabpocmnm,acan by SECdmOOMﬂd the spetulfial ad‘,ldlty) fof the activator-
L n solution 10 fo

SRS D 06 i Svlo GoBPiafiort it S-S b o B can

bpeontacakdovith the ox1dé\®1me’rdl siglujtancblity Sﬂinddnduﬁby’ g@adiit any order

e o o AR GRS -HELIT, o 08010 g Fample, one

gpbdtiofiMis tniventidhUg gﬁabbymg Wb pbheriklctropvdttidisvihg Keion Sdurce
conbi nations of these netals. For exanple, zinc is
BRI GWP 8T MPHFRYHE CORNBESEPY-d oxi de because it

can Prigyi 6 bR 8 skt Abbséss afyt wivith Y¥in &hemicaRytreadt&d solid
cost. The solid oxide can be treated with metal salts

e¥ideristRaPRagesnE a5 FLlogysc Srigbseid solidefidsy eomneupdror cgmbigation of
bhee Sc%mﬁoﬁﬁcﬂe 1§ hahtatB® wigl iad ﬁ%’é' éj&tﬂoﬁ with@ahAfs Wnldd tdifce

el ectron- w t hdraw ng ani on | owi ng any contacti ng
mwmad tQ freme e A aRiE B ey this firet mﬂﬂ@&n%@lclwnw@uﬁhan contacted

ﬁCJ I %Q)nw di oﬂ%lﬂ'glrfm MmidAN gou'i'a:e c&ﬁﬁdﬂnd' QN fdrd a second
typlca y cal ci ned ternatively, a solid oxide

maxttenei e sec@nd alisoterio mhem calethedin fvgmalrtmatﬁd%hd exide gprgpound.
rp&ch gt%E ess Ieéﬁar anH@{e;f%hd 6R (91' ?\’QHEH@HH do@dte compounds

contac ci ned si mu aneous arious
m@ab@smsamewrdsféderltoorﬁmmds he chemi cal ly-treated

sol i d Ox'gn% : Sefolt'hCFr cggg B8R &Rkt 1nOen%n£ t%g cP%tE%ally-treated

cheni ¢&if eat e can
saidt axdde cqﬁrpmﬂesca safd mbrglam'asmude rmatarmll |admo<>ed dne;idtemmmah,dor a

S B g SRR I B R o s
cahpawig ddmpondit) anﬁcbppbnabny ttedted with a metal source, including metal
salts, metal ions, or other metal-containing compounds. Non-limiting examples of the
metal or metal ion include zinc, nickel, vanadium, titanium, silver, copper, gallium,
tin, tungsten, molybdenum, and the like, or combinations thereof. Examples of
chemically-treated solid oxides that contain a metal or metal ion include, but are not

limited to, zinc-impregnated chlorided alumina, titanium-impregnated fluorided

or conbi nati ons t heP@DiS2008/013641
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contacting the electron-w thdraw ng ani on source. The
contact product typically is calcined either during

w@eooafsae4 t he sol i d oxi de conmpound i s contact eRICTMIS1008/013641

the el ectron-w thdraw ng &% on source. The solid

oxi de conpound can be cal ci ned or wuncal cined. Various
BLAGRAS SHR- 1&&%5&9@%10%@& ‘Zhﬁ’ﬁﬁhéj ezxﬁ&idaﬁ(x@ﬁ&'ieds %HIBHH&S silica-
that can be empl oyed in th is invention have been
Hepirt ednc-mpregnatedp fboridadc (pilive tahiseina, azinc-igwseenpied d sylfpted
MurRina PaliGfted YR al@nih@, ’

6. 300 271 6, 316 5b3. %‘ﬁg%@%’%’g%mg%%@%d 3 aluminate,
g1d3kslike; or ang combingtien theredds 666, 6, 524, 987, 6, 548, 441,

WO 20 R 4

6. 576 8%%&%8@0{3@%?%@%%%%@8& %x1g§g%a? r%i%v ﬁl g dnetal can be
wed5ThgorthadHey whisk Itssenidsis contagihd efithar meiah sorgotytiedy a

rei t |
A & e Qe e B6phihg; R oL 8 poRERES 10 SchiBe, o
gedlingy impregmatiog hod wine abipetrdeatte dndsiyerc amt tetlikeg lftdewretdh the
By AL S BLER) FR b8 AR G3RARER Y s n sl
feumj head sutblsequsnﬂly toaxéretd irmd ethe akupppﬂted)nﬂéthly up8dn calcining.
treated with on, and then, cal ci ped

RESRFR. e SOEF gt Prife, B0 Rrong ot AL GRG Secied fom
nmemtanahﬂ]:,méhlfee:aﬁamﬁlml dillerQ xopper, gémﬁﬁf ‘ﬁhﬂ’@g@s@en atvdbdesium,
aspect. of the sent _i.nvent | the so oxXi

REPEF I on PP RBRORE i Mete By By SATBl. Sank @hgp sed to
m@eﬁe akk sulid aleWebe fican ptoaiieamployed dMal¥iiaiciBbad low

@/ whi ch the oxide is contacted with the
Skct ron-wi t hdr aw ng conponent, typically a salt or

an acind sofid axidetRertRatewinti fRGHANsHIg: cﬁrhhe@ﬁ,coﬁ@ﬁuﬁgwn%@nds
but is not limted to, n%ellln Co-g

el |
beloreedfivat Pof BF SyRe el sebid sx it Ffé?ted wthqthe eectron-
Witk®awihp dsionf PJ)I'lcQth%1 Qn)ad'b)ﬁtagﬁﬁg RAhbd Qhé%&@féd hiR&ire of oxide

contacted m xture o solid oxid
engropnd nelwttondfrlawirmnar@mmﬂ; aphdho meitai nigh ietaically salcingd.

gﬁérﬁam@ a 581 d Bgias %a't%ap)%'nqe?e a6k kv\ﬁﬂa%l%uaﬁsﬁ Eoutde, snd the

chem cal’fy-treated d ‘oxi d e) thus ca e produced
bytabsajiop v tad-comaping @pmgounﬂ)arwntaacﬂ endcacisal diguitaicdely.
conp e A :
oty ceHRubbitele ok SRRl PRAp BSFELRNY HehE A MR AT
halpedsentngvenhien.f iThe chemigallyreated sobd wrideeas gbingrigexihe eontact

?réadc\( aker fe?slf RRE rs& d g)gdéo‘ Cng;;oqll F gg& 2 Bl Qtolplg 13705 thithgrawmg

e presen | nven oxl de activa
anllqilpmurce( dhesmcuabduyreﬂ rthmtth}idscﬂldldx(ﬂe(nomiae)md be paloﬂeld: edor to

R BRI i SRR Ll Rl SRy
calcined either during or after the solid oxide compound is contacted with the
electron-withdrawing anion source. The solid oxide compound can be calcined or
uncalcined. Various processes to prepare solid oxide activator-supports that can be
employed in this invention have been reported. For example, such methods are
described in U.S. Patent Nos. 6,107,230, 6,165,929, 6,294,494, 6,300,271, 6,316,553,
6,355,594, 6,376,415, 6,388,017, 6,391,816, 6,395,666, 6,524,987, 6,548,441,



10

15

20

25

30

wi t hdrawi ng ani on source conpound to forma first
m xture; 2) calcining the first mxture to produce a

w@adoefosraek first m xture; 25 3) contacting the PeI/U520081013641

first mixture with a second3%l ectron- w t hdrawi ng

ani on source conmpound to forma second m xture; and 4)

634&ham, 8376 583, %8018742 .18, 6@2@9@ 66767f23/ﬁ%ﬁdf@7§)050'2dth@>81s91%sures

act i vat or - support. Accéording t o’yet another aspect
ehehiph wg demomiecherein bytrﬁere@q@enﬂ@alepytetyt reated sol i d

oxi deadrdiLRHGRA H‘EE& t I

oxi de w {h %)g,u Oasgléceté)? ?on egxhglggaﬁvhﬁﬁg{hg%f) %%g)s(gigrﬁé%eml ®

ehsmcslipidreaiamh by eontagting ol With aleageorseigsomavithdrawdeg eoimmedent,

[

QPCEnS an it 6P AL S Bgroydenidy maceri
AP0 ®8¢r0m81634nreatfc8wahd métarien,tang thenj lcinedtb Sorame ingital-
f S n an
%ﬁ%ﬁﬁg (_{9 mg%lg %&8?%%% clllegl:;]lga?@ggeg{eg sogfd o%a? %&%rﬂ n% to
arother raspace dbf stk | presnt dlevegecne rth¢ Isyllcil xadsn dutetnebl amh eémtron-

by a_dr i ent
ARl he AT IREEEE ol Pl SpBin Bl 5 ¢ 1
about TieO@etpd &p lefldt the dxideeisafontatteditwith thie mllEtcﬁfoh-(witabmwﬁng

100 ho L. | cining can, be c ucted .at .a tenperatu
Erhondil sty S50t iRl SO OR iy SRR e,
Mtllsandtenfmfeﬂm ,WeRingf coﬁ%@mngagﬁ;;régxﬁﬂ&a &F ére (ﬁb@dﬁnd?&ﬁ% anther

i ning e conducte or t. 1 hour to. about
55 G e 150 oS BB B0 Somgtng ot bt cH g pgits of the
Jotid Sxide oale@mmmhﬁravﬁag &libH, Bfd 6@idnMEn&aAlibn, eﬁcawﬁedf or

~about_ 1 to abqut 10 hours 10 at a, tenperature of

about THSSOIESTge asHator SEpots -y hedisalit Brascd sanide) s can

B FrO&RBE bR a prRefRQofipRbiAyed during cal cining.
Cenerally, calcining is conducted in an oxidizing

at nosipher €ON@efHE &s Sidr oxidet eqmpoupd evifh anlepstepne electron-

ALAMSPRE afion 36Re @tﬁnpdﬁh& tPBfH a Bist ﬁflﬂgﬂzf aRf a reducing
atnnzghere such as 'hydrogen or carbon nonoxide, can

be used. FSlcmErhelfiFy Miguehe fm ke tolidfoxideactvatassnpport.
' nvenAécngmé B%n&@ilef gp&)f 'oFlgla?;Pefs&{t 'irﬁzlenﬂi(ﬁ), tl{ersnﬁ{l ggid%étn/a I-

source of halide i1on, lon, Oor a co nation o
suppberh échemwailbtraaltt@/soltdroeiaipb@ pvddubedabyreegradess cymprisirg: t hen

cal ci rjed t nt%tﬁlﬁl Ht]%ng %H& %?’Jd%yco ﬁf’ijﬁdje 91’1;@1 A Ifgst el ctron-

OXIde int a particulate’s or exanple
witkedrgwing dniox |sqltarcwmrmquadi to form b fiesitmexhugi t h a sour ce of

iﬁ: ];r I Se( fcglﬁ% ?f: ﬁrslfI lrrféxq“ure Ig ﬁoglr?crét c)alcmeéi%o%{ n}lxture
sour c® of cbhﬁactmgdehe ocaldiedr rfmi anixthiteu ovitldi ngseagrentelgeiron-
withdrawing anion source compound to form a second mixture; and
4) calcining the second mixture to form the solid oxide activator-support.
According to yet another aspect of the present invention, the chemically-
treated solid oxide is produced or formed by contacting the solid oxide with the
electron-withdrawing anion source compound, where the solid oxide compound is

calcined before, during, or after contacting the electron-withdrawing anion source,
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or a conbination thereof, and calcined to provide the
solid oxide activator. Useful acidic

W@epHetios - supports include, but are not |im tRCI/US3008/013641

bronm ded al um na, chlori ded5 al um na, fluorided

al umi na, sulfated alum na, brom ded silica-al um na,

sfdl ovHeetedher8i Isi @as@tstitifla abdehdéOlof dRAAmSrokhied; rgiiobston or
sul%ﬁted silica-alum na, brom ded silica 25 zirconia,

CRAAPP R COmTRORRds: 314 iopizing lonq GomoHRd- si | i ca- zi rconi a,

sul f atgéindi| dfCe 2tdate@Mofid oRidePidnb:@l1$ds Qbﬁ}ﬁcteaul‘ﬁha@%%ent
pillared nmontnorillonite, optionally treated wt

%tma?heere typicaHy on p gy alablegﬁﬂma%péerepﬁ@ssﬁﬁm@augfrem Fhauip00

4t kol o0 RORRAIANALRE oPRIuEN Hihite 1d KA T80 WAL calcining
fate, fluoride, or chloride; or any conbinatio of

wmebeilgon@cteﬁmt haemperatmyg off fromnea®ua 0 vat or abelp met &, or

tionally can be treated wt Jaetal i .30 The
SRenedn I Poaray S oo ahidof 1 ghngt B0 G Chleing can
bd csnduéted f&ralbott DRbeetol dboliths hdudd, Br Fbr #boRES ol t8taBout 20
solid. Thg)fluorlded solid oxide can be fornmed

by

LBt abitisntyr §xamep)py lednraeanderprigdront friabewd tag«émt 107heyrs
dtl 4 edohskRathi@ NofCABM LA oaHdsH °¢ Qo tdbBuoKIcdeC. byAr\Sosultable ambient
2009/ 085124 PCT/ US2008/ 013641 36 formng a slurry of
ttFesRigredean; by eanrleyed yriae syripivat Ganen!lascalgimpag i coggucted in
WBbGRiARCA S Ere, B adBit. A8k, oan H@ﬁ H26s @ret QLIIC%
carbon al cohol s because of their volatility a

Bi{TPEACYE LIS PbA redugmgpiraaspbgre.surh af’ohléir@g@ummdlfbng monox1de
a98RtSed ncl ude, but are not limted to, hydrofluoric
acid (HF), ammonium fluoride (NH4F), anmoni um

bi f u‘bcrqodbnétO( MeAspRy of dherpesieutmnyerttionf the splihoxide enaterial is

%%Jg‘(dg?@l % rs JH Dclﬂ*c}{gtﬂg lo ﬁ?{% g%{ 'ggg comblnatlon of anions, optionally

el Wilh aopétak pllnaamzd (lNhI&Elléﬁ)ed to artarlicteg&e tchermea)lﬂy trwmdi solid

ti her eof . For Xa blfluo
QRS B A3 o koo 3R B Pl dBendl™ e paergCie
eause with bseurandf afaiel (&bméd 4 ysulfaflngjmm‘ Bh, soutte of@hlofide ion
de ated with a fl |n ent . duyri ng..t he
e E NP B A A g e A Dy Seent),
¢MEm@h£t§bnOtBﬁ’e6\i§)hhdlgalhhai ﬁ)qbrbdd@)ﬂied@hddiﬂde%tl{/ah@r Useful

C|n|n can,be used. For le,.in addition
6 B R rE AR R rench DEviEd B raspided gy, chlorided
M@ﬂnﬁial flRoQddaiufida, WQITAted AEINARES NBromfRR Mcalbd@flina, chlorided

Ies of volatlle or gani c fluorldlng agents usef ul

%lhcarqw@mas puendess slipgsaluppngnspifsted idlicaglimigy brogyidedn sifica-

itc@hia e&l&ﬁhedfsilﬁ:gfiﬁcorﬂa? rffuloH@Jd@ﬁc)éaznx%omQ esruiflaﬂé@ rsﬁi*é?—aﬁf&ﬂl@a a
quoronethane 15 trifl uoroet hanol, an l'i ke

Ribamd ek o @mrréléafred @psEesloniRy rquemalm it rihoride,

Shatgtel ne duige! | hééepﬁ fiaa{‘ulﬁﬁa Us€Ghnif taianh&ﬁ)lhé s Ocﬁ'ggﬁany

I f quorlded cining. One conve
iafatedoitia sulfatey flupedes of rhlonde; deami ¢ombiiagion of @hel abowg Further,

ﬁng%@ttheisec‘ acttlQ/ator-supports optionally can be treated with a metal ion.
The chemically-treated solid oxide can comprise a fluorided solid oxide in the
form of a particulate solid. The fluorided solid oxide can be formed by contacting a

solid oxide with a fluoriding agent. The fluoride ion can be added to the oxide by
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vaporize a fluoriding agent into a gas streamused to
fluidize the solid oxide during calcination. 20

in another aspect of this inventi oPCT/UR®08/013641
chemically-treated solid o3 de conprises a chlorided
solid oxide in the formof a particulate solid. The

foRthdigiaRensel thel ogide dea bifitablelsBREntR}cHE A @shbl &gwaexs@&malmg,
OXI de Wltc{]tga chloriding agent. The chlaoride ion

naiated 18- thheneiq ewrbpa.am@s seegv%mfﬁh%tqulﬁ@%%ddlew
éuﬁ‘faéie tefdior. Aaghpilof Slltable MR ridk b gbn®XihS18d& B0t RE ndt1RAkR o,
Wi th a chloriding agent during the 25 calcining step

Wydyottrrier pett ndHEY e dtmonjum| Buggides dNbikg %man@auﬂaﬂu@vde
?ﬂ-hm&)de aﬁlﬂg)nnﬁlhofé?ﬂdﬁmrﬁb&gt@t Sﬂt—l‘ 1B6)),t hﬁm%ﬁlﬂlﬁ %f&oﬁgorlde

or exanpl e, vol ati |

e calcining step can be use
@P@éﬁp@s@ﬁmé}u mg)zag@m gmamaniuse  hexadluomphesphate dNH4PF6)
Mlc)tgék{h@reé&o'aﬂg'éoﬁlbg{agéﬁg fherddf ofdrdé)ﬁgmg?eg%lﬁoﬂlﬁ‘rﬁl WHGoride

but "are nof ted to, certain freon
NH:lE can bb emleﬂﬁ ghe fluondmeeaet. e &o itehashpOrse ped ivadlebility.

chl OVIEL&éFiIFq? GRYL RBfd to%cfe?r;‘éh&é?ﬁédd%uhti 'tﬁﬁ{g&’%%aagéﬁﬁﬁﬂnng

and t or any conbi hation the
tRjainiog) step.c Ahp fluoiding agsint capable of thomluhly abstectirerthé eolidgmitle

B EnaRig Syl e iE TP Bl B ol G3B8E fEHaineg
aonts dcstcnh@l ]brheowsl{j dﬁlaﬂddggztnhteﬂmmidmgia@émg ;??Sntsed zE)temples
SRS Gefhi€ Budidite B BISH TR afbertiting i SR 5cHAGs, Bot

ot fdtutimide o, frédmy ipdeliottheganes epatﬂlhedbemne alfmbfurrrbgnane

5o Be i S B ik AR fatitrtone eGPyl oshn Thbrgs.0r

ﬂ\ﬁjr@Bﬁtsﬂf alkd€arsSted usdd Gxthdis soli@ lox i anlRided whlle calcining. One
silica-alu ci.ni ng According .to anot her

bef ore cal
cpnyergnt cwatFlnwi1 R Cﬂvtémqgoﬁl PHe oxiflsupith ghe flugrding gt 1s to

edpbsd £Bubiing BERS A 2 Al HrRANCRLE it hil@iZANRe SOld cki@xidhg
is fromabout 3 to about 25% by weight, and according

tdringiigther aspect of this invention, from about 4 to

abOUtSu%ﬁa@}innV\ﬁiogﬁl; aspell 6? iSRRG ek Whddic 1R/ ﬂr&?ed sohd
t he hal |de oxi de can be dried by any suitablé met

a0dg pempreh @, clberided gpolif joridecia the fomm of jaoparti¢ylate aphd)n The
A@&rld@&‘@ghcpgxﬁ%?soﬁﬁaéd Q}D £c¥ﬁ1 g sUﬁ&jgi‘ud muéjgﬂloxgﬁﬁg}{%ent

rying, ough it is @ sSo possi
The ¢hilenide rph@acé)lecﬂdd¢d1§) thstcegﬂel ynfedinaged ylumy tdfohe oxide in a

&lﬁﬁﬁgé‘ Jolv L}, 'ﬁ}%rs%ﬁﬁ el R lbé qres"])éh Uen T&ﬁoﬁéﬁh% %génélldﬁﬁ%g the
used to prepare the treate I ca-al um na Typica
¢adsning stpp)r émy@lhumdlrgr@antelapwhanf geioong aa Sowrcd gf chloride and

PRERRL Dovtof R, 58Sl REGIRRESER “on B°utehl ToL kit
adaride oigagic cbloaiding I'agdfnts can be used. Examples of suitable volatlle organic
chloriding agents include, but are not limited to, certain freons, perchlorobenzene,
chloromethane, dichloromethane, chloroform, carbon tetrachloride, trichloroethanol,
and the like, or any combination thereof. Gaseous hydrogen chloride or chlorine itself

also can be used with the solid oxide during calcining. One convenient method of
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aspect of the present invention, greater than about
1.0 cc/g. Further, the silica- alumna generally has a

w@obaga2ar ea gr eater than about 100 2/ g. ACCRCTUSIYO3/@I3641

anot her aspect of this invehtion, the surface area is
greater than about 250 n2/g. Yet, in another aspect,

tdmgactibg fiRGRIRVEih (he cBloAAME hgdnh &t dRMHze ARAIIHHE agéf into a
The sili cgﬁal um.na utilized in the present i nventl on

g5 5ireaan pspdfia Quidize dhe ioifl gxide while pRlCindtiom about 5 to
abOUtTl&@%o@Mt Sem@hile oPQﬁ&[&'l%&&npﬁﬁo@%Qﬁﬁﬁng&% e §lidoxide

i nvention, the alum na content of the silica-alum na

peplly s Her 00w 2 1§ abBRLA0YSbygveisht, WhetsnveiBliner@es isdased on
MBOWEIgROYr Ak ULdI1aa oRiie Wedd Qiamp‘w C Qi[lgd 2dm E}% ylf‘etfor‘él nc?alaf? he.

aspect of this i nvention, the solid oxi
B‘i?ﬁ‘ihp% tosangtheriaspgcipfithis ulavegmq, dhe, amagvept QEﬂmrtsbroai |Chlg>r1t10 ion

ﬁ@%h@éfo@%gfc%né)fhe tsQl'ufo)h@é/ & rHo!npﬂ)ou[ ¢ §t§&u't QSQTHngelght, and

onponent conprises silica wt _
%CGPIﬂHtgéa agefhprdaspsdt @é tM%mcn@esf@nlaba‘tté f&rvdboat 28h byl weight.

Q?féeq &;@HBQ&‘ haRYEC |a1e h% de%I ePQH %r @fcé o)harll)[ SUIt%lﬁ nmethod

n the form o apar’tlcu te so
weludingchirt ori ldmwitedstot sustioe ﬂltfaumt frdlowed b eaapmit@h drging under

\?Thlg?\%lq,t Jﬁ%&/cdg{kg% a%d%er]lﬁ(e aslﬁnloB%t 1? 1S sxolt;ﬁ)e&%lg é%cg% até t?lg%algining

ng to one as
stepvigmoadotgly Nmbomldrflag&ﬂ 1m§1<agmwlemhdiex1darrpr| ses sulfate

and uni..na. SOIE, nst ances,. th qu ted al umn

is ?llg'F e alu’gmf)ru CeSsPTRRLY ge fr H’g 31 F HAnR M‘?@Xﬂ@ﬂa

mir¢ volaneudréatiethanubee, 0.5 ﬁé/gewmfcﬁng Wl)l?&@é})fe?%ﬂ-ﬁé plreisent
PCT/.US2008/ 013641 .38 sul urlca r a.sulfate sa

TR0 TS i FEGE (i G0 Doy a8 SGRATaaI gnother

$pect @ nRel p%éeﬁt%ﬂéﬂﬂ@nag&htﬁf tan Qlbolith €0 NRirthéy, dhe silica-
U|Iabl e s]gyglent such as al cohol or water, in which

wama Nty Oaheettirss 116k eeseter Heansghopt d Pohgn” é&;erﬂccm@g to

HetRr &Pea df thiSkiveRInethe stk Gred Y g@ﬁ@ﬁthhrp%dﬁg QSO RoL. vet,
are not limted to, the one to three ca

in ARQAg a8Past dhe ruiafagst areais igreatppihan pbqut §5(hrﬁd gJ ow s urface

t ensiTeR.-silke GAihR Utili dAR fhAsR &Nt 1anr3nt§o? 1'051 HiISI 4 alumina
t he anobunt of sulfate ion present 0 CI ning Is

PonisH ApButbagt 5 feartioyt BSow yhight oA&b@dmgltOOorpaarspsctby this
M@én@ibﬁ tﬁé’l«l:lltlgl'i co'n%ﬂt 5ﬂh9%ﬂ&g alm%aqéﬁ h all:l]))XutV\? tf’ ﬁM or

oxi de.” Accor to anot her aspect Inven
frdve a'am’; §ht tO@bOIStLﬂOP/«atahlmlmwbspwsgbtn tAdyelfdmgeto oat aiothien gsplest of

t [t h t 50
GEOTARBY: oL B0 MG 8P 20 PR i o
e@mrdmg tapdothercaspelit g tllns; irsentidn, &reodohé roxﬂhmbﬁ‘tpoﬁénttcbmﬁrises
vention. fromabout 5 parts by weight to about 30
gllg%t%sf{hﬁ& d\}\lémlél%'t sulfate ion to about 100 parts by
wei gfthe sulifdtedl solid oxide comprises sulfate and a solid oxide component, such

as alumina or silica-alumina, in the form of a particulate solid. Optionally, the
sulfated oxide is treated further with a metal ion such that the calcined sulfated oxide
comprises a metal. According to one aspect of the present invention, the sulfated
solid oxide comprises sulfate and alumina. In some instances, the sulfated alumina is

formed by a process wherein the alumina is treated with a sulfate source, for example,
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wawrab/oguk4f at e,

oxi de. These weight ratios are based on the weight of
the solid oxide before calcining. Once inpregnated

15 suitable method includimf, but not linited to,
suction filtration followed by evaporation, drying

SUMREE a¥idCodEBulBRr A% sUEW b SmmBAHm fiffatel KEhis ptdcBRUEI Bendrally
is al so ossible to initiate the calcining step

perfesp b fymingacymy Althe alugne narsuiapesalv Stlﬂbas alcohol or

95@8 emtwmay%t 1&ted IBRceAFAti0%h38 Ofhe SURRMH! ape® BEs blen added.
'e?garl ng the catal yst conpositions of this invention

lei erganiqsolvens mxudsy G Arg e lenitedt toy Hieopnes i@pihienet carbon
él@(ﬁJoﬁdde@eglsp BE thEiP K/olLihl[{@ytaﬁ&j lotwpsuﬁa!:é tgf'?stuﬁl and
alum nosi |1 cate conpounds mnerals, either with
| ay erdetosingtonoreagspecs @f shis m}’ﬁmfms the anrint ofriyilfaget ioprpgesent
{ t {
b S mirels RARLAGH GEBAS bvay G R0 i s
phitb abedt 190 appsts éwewmgl@osoaé oaidei Vercordingutopanother aw;ehof this
[ | - ri
0636, Bk Snihq ot bt SAPRRLCh BATRIca R frogy about 1 part by
wpightoteadboyt B penteby edight swlfz¢ idne@stboon&0 parts by weight solid
%xu?eCtagl afﬁ,ﬁ)rél%E Vﬁlpgn ?lrer %?q?%tugtg trl']llaSZiQ% hg‘ﬂ?je% zlgcl)uqssegarts by
welghtvmt ahbuisﬁlbpami by Svelght sulfate &netd ablotih1 @nparts by weight solid
ctr nW|th wing_ani on ord t.0, anot.her
SRS o T3 pied ) SR b0l ot RS e e SRl i, tore
eficinihfli Oricempidghited &ﬁﬂirsiuﬁ‘aﬁ ﬂlbas)dlfﬁbdlekﬁb Sall@¢i difgd by any
exc bl, e. c tlon and |l ayers 30 ca e .of
SRB0RTER0a CpERike Tul ot FARES o trSRRRIEGHRR ofoflgwed by
e\rapbzud@ doyihg Qllhﬂernﬂicuﬁlh Mg diyang, 1208 tBX GRENI@BBEIL it is also
| ayered. al um nosj | i cates such as pillared clays.

melhwgww%thﬁé?lﬁﬁmmdme j¢hysed, it is not meant

t 0 bea&BRfhd HEGndARerHipddh %TttheV\Qeg&lQ%\QgééﬂZ“he ac’avator -support
PCT/ US2008/ 013641 39 conponent of the catal yst
esApasereRasing thetcajabishepmpasitians (Rl bisniverdiosdcarPrises py don-
B@Bﬁng@éble t Q&w@%& @&M}%}t CQERB&' Ui nBECAHR&I Ofo | diffcate and
intimate association with the di nucl ear netall ocene
domposidipate copawnds egmineratin eithee withdpisead asmontiayemdatuetures,
5%"@&%519&?1*0& I?}?ergdfaylnnﬁ{oﬂ{ek %lspsecphf ‘ﬂ{}é ?nvegtlé \{gxpgic(ﬂgn eable,
enconpass materials either in their natura saeogr
tahered hlavendsdisates sle:ata@@ﬂlamdt Haysard wigd ap @ctyaby swprtartisn Y hen
c

{hQ{lglﬁl’%a{L%O%z{ su%g?or Sgﬁgeg gatn 1I]¥ Qk%%ééex?]ls geiny va%ras%pport it can
o:mmpalil}she; tﬁ:bag}swﬁlhat ldaatvmebeleaftrqnem}ekmmglgmnbnvmtch as those

BBk SR ARy ol SRR o
aeatedv\ammxnaemﬁrwxﬂ)dﬂfwmgmﬁon.nvent| on al so enconpass
clay SAccording to another aspect of the present invention, the activator-support of
this invention comprises clay minerals having exchangeable cations and layers
capable of expanding. Typical clay mineral activator-supports include, but are not

limited to, ion-exchangeable, layered aluminosilicates such as pillared clays.

Although the term “support” is used, it is not meant to be construed as an inert

the sul fated oxi de can be dri edP@HUS2998/013641
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10 that have been ion exchanged wth sinple salts,
i ncluding, but not limted to, salts of A (IIl),

wao-eqobh3sizde(l11) and zZn(l1) with [igands such B&T/US2008/013641

halide, acetate, sulfate, nitfrate, or nitrite.
According to another aspect of the present invention,

&ﬁﬁpdﬁaﬁtwf 15eLRRDY st corBFI¥RIONSIRS rahddiid fode@En§ildddyd anl R&ive BAMbS
pill cla%lt is used to . refer to clay materials_ 15
1p

f}’ﬁa‘fatﬁ%ﬁ‘/ &OHwe ’bnbeé&ﬁsﬁaﬁfg a3 ’Wmﬁelaéf‘@émofly‘ﬁ!ﬂé dhg ylinuclear
Reta)bdeht eadhporhghl y charged netal conplex cations.

Exanpl es of such _ions include, but are not limted to,
Keggi ACSOEHRE togiiothet aspactiohths regsantdwesnten fthexay7materials of this
Mﬁéﬂtﬁ)ﬂsenﬁ’&h]ye@é( ‘ﬁ{'ﬁ?etrﬁisl ath€Sin tﬂag @8 EtaleB8rIRat INNS been treated
Thus, the termpillaring refers to a sinple exchange
PERYPTQN 1915 ByhveHng Hen exshenigangeniliringc Aypsaly, ke elay aterial
Eﬁﬁ%fﬂlppéﬁ of flﬁ?in@&ﬁgn\%ﬁlﬁnée@éﬁ% e 190L ¥e N8k gg&aﬁ%ﬁ%ﬂlth
20 such as Keggi n 1 ons ese yneric catlons

targen CP‘Pﬁmbllmlzgdg \APQIIVWlwle@hehlghb{t @hdlrasds rmetaf cohmplex| @ytions.
ﬁ@g GHe Qﬂ& (ﬁ#e{t@ﬁl %tﬁ/a&ﬁ) rS]lY oh? gf {h?s 1?%;&1 P%i(so%ncompass clays

ars, ectivel
61@1 lmm bedriien skehaogad ‘esh sﬁﬁplcsqalt@ mmoéuchilg bot ot hnsteddcs iselis of

gRﬁ)) ?&@fér@eﬁl{) %nk A C\gltﬁ Pga}n?i%‘ ?lp rtl gcll,leglfalfj e sgﬁ‘ete mgate

he éxpanded

- omiinitai ned and t he por05|ty i's enhanced The resul ting

or es, can, 25 . vary.n size as a function of
f he priPEFhd° ‘%68}6 *}Sp%fﬁa"faﬁg B%?Feé‘ﬁtmﬁff“é’;‘?“ AL RIqrghpport
csgdisesEx ﬁﬂipfeﬁ&:l@f Thid teant i‘pitlarad dlapt 1s| Laé@?):g:geg;t@ cgg glaée:?nfls
Pi n Sci ence 220

{hié%%? lbe"d“ iRp e*fﬂtﬁ‘ﬁ%. Walhﬁ‘é%ﬁc GPiceite Rolrmictreg thighly gkarged metal
Whinigléd augibad) Btwinples om&bﬁ)ﬁﬁmcﬁld§ but &8-nod hm‘i)@d t) KeBBin ions
Aﬁ gem c Press, Inc., (1972); U. S. Patent

whigh samhgye qharges picheas (7 +\gariogs pelgoxpmetaligics, @dgthqvéftrémons
Nihs 4hé3€t@mfl§91;1am%0 408 & %C Ligpuwr %ﬁc}ﬁhﬁel b4&dBioRT & which the

i ncorporated herein by reference in t r entirety.
q?ﬁéa%mhlea?thgs of ee@wmuaﬂ preaepleqed yvith latgeahighlyphptged ions,

a6 NANEERN GorSat TRRS RNFnerdcA%AbS HRPAR ffmpiobﬁépéwhﬂg the

Any pillared clay that ‘can enhance the pol ynerization
iRrlaproe o 8521 olay POT/ WSP008YiRAi384 Iconvitedf toohethi psidé ipillaes,”

n
EAL SR L LT P
frred apd ealciped tospredusetthel suppdrtia pithars aétlwphelmyeklyers the expanded

%%? tsfgé]c e i@ hedheC %qﬁedécﬁ‘%mwk gedt r’i‘ el P ﬁl%%orfzs can

derivatives ther as rmn nor |
{dy}srhm olmpe em)l, sizeoast 4 (fmdnes of hl&cpldiamﬂ@matewl hiap 0l fadeit clay

%ﬁenzﬁy se& eEXam Iééseé aplﬁ rlncgI agy g;l@(eﬁeﬁ#ysgfeoﬁ)ém ma)a,liJ Pinnavaia,
Sdﬂ@dcél(ﬂZﬂgMB%) 366- 3f7|l ni19&3y; 7.0/. S'El}ihnfﬂisl I@ercalatibrd [DHeBist®S (S.

%qtlggat%t}/ %)({ 3k I.Igc%géon e(?se)rgh r})t bop PDp- 55 99, Academic Press, Inc., (1972);
U.S. Patent No. 4,452,910, U.S. Patent No. 5,376,611; and U.S. Patent No. 4,060,480;
the disclosures of which are incorporated herein by reference in their entirety.

The pillaring process utilizes clay minerals having exchangeable cations and

layers capable of expanding. Any pillared clay that can enhance the polymerization



10

15

20

25

30

W@eupwstiof - support conpri ses bentonite or

clay; illite; laponite; saponite; and any conbi nation
thereof. In one aspect, the pillared clay

montnorillonite. The princif¥al conmponent of bentonite

is montnorillonite. 10 The pillared clay can be

SR 8d chihlydenR6itiol 8f the 83Nt Shveftidhl dah € @gkd. Therefore,

bentonite is pretreated by drying at about 300 C under

witablpedlay insalshior 1llaripgi @a!urisﬁ b gre it ligesd t9sogllophanes;

QP&HES S0P HibStahddef] QAS aRE WGC@%@%@’ V@) df¥derivatives thereof such

pol ynmeri zation reactor. Alt ough an exenpl ar

¥ Bopawrienites denlenitss), roatrprifesi Recteritess Rsulapomigs; halloysites;

Wﬁﬁi‘%ﬁ{eﬁoﬁléa@atﬁ]u&oﬁﬁca@r e AL, ngnﬁ%rla)té‘? G&8fs! 'tﬁ‘é:i f@.&%usa&lays

many other tenperatures and times, inclu in

wokriding dtui ont bmltecbﬁmeqpaﬂuﬁSe amlgltpwnémbgors ltfts efserpentme

Xygf{ Clﬁl? Ep@rﬂfeo ﬁ@dé‘@/ axtJ”cémblantY {He%f Tlneone aspect, the

i vat’or = supb used to “prepare t e cataly

pitapd siay adnatafsupiivet qmpsisestbenionieont mgmtmoaﬂmme clhetpirmeigal
th ot [ t materials, including, but
nfponf‘mlg?g’ edégrﬁ{qu&o(ﬁ?é?l Iﬂgﬁ){l nor gani ¢ oxi des,

phos PHet pﬂiaredoc:lgamam bexpreeaatedaifdddsived.| | ka. eﬂampZEO @ pdlared

?‘ﬂ'@em éS p%tg?a?%,tgs#g@g |rat ?Hr‘r’?tgdb "? EndtgP ?I% ngxrt %tnlilospgere typically

%ﬂy| ﬂlﬁ@geﬂLEUﬂ dbdut RIhdilsBefotei Bealpl /lded it EEHElymBRGIAES iréactor.
orla, thorl

al um nophosphat al um hos hat e
&]ihoueh 2 ieRSTHPATY RIEHFRRTM 1Y FbRPed hpioto ol pg undersiood that
{He&é}héﬁﬁxgtcﬁﬁB@@zfmedJBut%ﬂMlaﬂ)OG?ﬂéﬂ@th&BtuH@Qﬁ@ﬂfnes including any
According to yet another aspect of the present

fFovkration Pl temBerairegRdetine b 2l HPisicire gpcompassed by this
Etalohocene conpounds can be precontacted with an

ol efin nmonomer and an organoal um num conpound for a

fi r st Theeactivaionofupperrisedrtp preppts thoorrtalrst cagPesiians offheRipsent

Mﬁhom@n ps L-h eﬁfnga wﬁp RBRE EnorgQﬁfe%ubﬁh% maéﬁsaetlﬁab&:qg, but not

m xture o met al | ocene “conpound(s),
hoftedrtsr, zediteh, drogemisadudrsnehespiatadonerganis omm axl:ld dlee like: hin

€aspBG! LpRLP LY %X%n 14 B6e GRIEShdieR, b {@%‘%{ t limited t
BJ{E asrpgc h’é ﬁ u@ {EI Varer: support i s ter heg tohelmle ©
glpcast cdivh-abinsds, mlmnmae tifthie, posctomcant adgeebiayi xbomae thwmia,

f urt. ont f. Fg
glgmmoggospg%te alum}nu(r)nr %te nSgl 1C tét%lélg, d@ pr?cq? ahe% §1ﬁg§ nia,
mfixtunek itheteof, hmmoéoprmmatmﬂthemofpr ocess Wil I be car r| ed
out Uﬁ/]c‘)g/ 085124 PCT/ U 29@]?/ 9136t41 ki .

NBE®T §" 615 8EPe 8P’g%‘}?o%{| i

Gmﬁﬂ@dmﬁlaalld&aﬂie @c&xﬂpdﬂﬁdmﬁd)evméd’bntabﬁd prigsanbdlefin Mw@bineOAnd
i ncl ude, but are not fJ fe compo ounds havi ng t he

]axbpm?p%a uminum compound for a first perlod of time prior to contacting this
mixture with the activator-support. Once the precontacted mixture of the metallocene
compound(s), olefin monomer, and organoaluminum compound is contacted with the
activator-support, the composition further comprising the 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.

PCT/US2008/013641
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5 (R2)3A1; where R2 is an aliphatic group having from
2 to 6 carbon atons. For exanple, R2 can be ethyl,

w@e@ppssizbut yl , hexyl, or isobutyl. O her PCT/US2008/013641

or ganoal um num conpounds whtlch can be used in
accordance with the present invention include, but
are not limted to, conpounds having the forrmula: 10

Al ( X5) n X6) 3- where X5 is a hydrocarbyl; X6 is an
QR&&&%@&@%FQWH@P% halide, or a hydride; and
in i Sppfon@Bypkct, rgdnodlindRl dbsrpolilisQRA B8 BEGbed with R fResent
hydrocar byl having from 1 to about 20 carbon.atons. In

mnentiea Anchids cut agsrnot Heited s eqpepoupdsdipying the fremplg: an

al kyl having from1 to 10gegnpon 15 atons. For

exan‘&t e, X5 can be ethyl, propyl, n-butyl, sec-butyl R
wherb i ya an abiphajiegrpup haymg frdme2 tq R earbomatgms. Berotxample, R” can

t t ] ntion. According to one
Bedtf prgéyl,t lﬂfgyl,glﬁe‘ggﬁr& isbBlMf&A! g

aspect 25ént I nvention, X6 is an al koxi de or

an  dptheonpawaluamyure wempdundhivbich lvas bé negrhin acqordace with the
hal.i : ' - :

LA R By s i By 18 B

i ndependent |y from fl uckl(¥@n@);m20 chlorine. Yet, in

ano r. 6. 6S. chlorine. 1n the forpul.a, o
XF?%Q@? m %Zl?%%%ﬁlrb%hxr zs g ?1180 S AN N aSg;f'idﬁ’c?rLPs]i’XFélfie’
amidn is fygn ¢ ad Byinclusive.s 3. The value of in is not
restricted to .an_inteqer, therefore, thi ormnul a
ol Un%ed Skt Re i PSS et Dot b carbSH AW 1n
afoyan aqjleum}muhmmésamt iarrentieﬁ,rmbisﬁﬁSallfcﬁﬁlaEmgrmhﬁs 0f10 carbon
or gangal um nym_go unds . suit or use in

SR e e TR P e B 5re ek thabuvl g hexyl
aldehd ke, bd ¥t hesthdrQspect dfahdqybahtini hgigh.compounds,

di al kyl al ym num hal i de conpounds, di al kék al um num
al koxMFardiRgiso QR aspectypiathg \AreseRimnKENtORy dr iitjan alkoxide or an

59 RAENGS 0on2 BE whRK MO BbInANS 20REMHSR htomePLRAI{de Cor¥OYdride, In
|Tmting exanpl es of suitable organoal um num conpounds

aneghen awedefithg prssany inyprtipnnYmis(svivrtpd indepeadpntlyafiremifhygrine or

EnlEe, Yol iR E:RANErakstel, RN chiddingt hy! al um num et hoxi de,
tributylal umnum djisgbutylalum num hydride,

trii sodhe yoraulay AR bivhy &l umimben Gemolr kald, inghdivehand
Lok B AR IESE L MU OSDLGTRAES, o, i
foomtle npichitdes  pesqeibatidec tcomgownds | ensttheneorginealomemm  cluster
compounds.

Examples of organoaluminum compounds suitable for use in accordance with
the present invention include, but are not limited to, trialkylaluminum compounds,
dialkylaluminum halide compounds, dialkylaluminum alkoxide compounds,
dialkylaluminum hydride compounds, and combinations thereof. Specific non-
limiting  examples of suitable organoaluminum compounds include
trimethylaluminum  (TMA), triethylaluminum (TEA), tripropylaluminum,
diethylaluminum  ethoxide, tributylaluminum, diisobutylaluminum hydride,

triisobutylaluminum, diethylaluminum chloride, and the like, or combinations thereof.
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WOrR00908d24 prior to contactin

nmet al | ocene conpound with at |east one organoal um num
conpound and an olefin nononer to forma precontacted

m xture with the activator-%upport to forma catal yst
conposition. Wien the catalyst 5 conposition is

pr eparted pieserit hinertn n@ihtentpmésc ﬁielcuntaanh? UghieB&t one dinuclear
nec ssari | portio t he or ganoal um num conpound

tallorac cpgbeiRd ‘ﬁ%ebﬁe%&%@r&ws&lwwwr@n%ﬁ @pd an olefin

ﬂ@ﬁctdl&ntooforﬁlhE ESRARGRH URIxAHE) HRSFPRY BshthRing dHRpleBoriftted
post contacted. m xture prepared when the pr econ{)act ed

HHyre pthi the iYRIQESWRPOite Formrecadadyst gomRresifiona W herathe catalyst

W&E&m 1s"ﬂ§¥‘@a‘f&f in thil ‘?na%ﬂér icAlyY %9@1‘1 HOR REES S AP n of
can be used prepare the 10 catal yst conposition in

[ tqli&arnoiﬂh@"b‘ﬂéé@lﬁp%l@ﬂl indded t9othe queroatapted gnistusp and another
F &l B?ttﬁevgigﬁnoallﬁhﬂnuﬁlh&n%hﬁd Ysh cférgntgoﬂﬂgg;o%%@ﬁtgcted mixture

contacted inm a si ng e ste Furt e an one
peppaetbwhemiheuneconirpisd n@lstmls sentated wiith thé selisk oxideactivator-

g&? nh@&’%%ﬂ Oth rénttu]a r é;l&rgmﬁgl Cft gﬂ)gur?& & V\*&@&] toa‘@'egare the

anoal um num conpou
wteéysa aonpsgionfin githra rﬁhﬁabrgmnmmg:wengmdamng (steps e\dtematwely,

NEGELNLR LRGLIIR Sbeokplal, fURURL, B! organoal uni num

conpoun use € preco T3¢ and
post domthers trexle thartone @sganeahcmiamy cachghotndocenl be used in either the

d add t
S R R e R N N
malmb ﬁumdﬁlpleadtq)sdlhs ahoastd of maﬁdillﬁﬁﬁurﬁfcombedd’alahso@osed herein

B S L G B o P G Poye AR RORARESTecontacted

@@l\ﬂaadbm&t&iwmlmleg and ahﬁy@rﬁdn@nor@wotalwfmm e¥mfemdadded to
cat al yst. conpositign which can nprise an

B BRYABRZANON CEATHEu d derelege, Stk orgafigalymajiyn compounds

ard diBlo BB dlesseireV B thet £ sififld BARKANARNGATGRHPOISI or more than
conpaosi tions, mxtures, or discrete Specl es,

PrSgAsAROFY I comnoynd Hueed- al uni noxanes are prepared,
formed or otherw se provided. For exanple, a catalyst
osition conprising an al unm noxane conpound can be

co
HEEPHNOKANE (INMROUB noxane is provided as the
IOOI y (ped 4 ) W

ﬂ)é g%geql? EX perngér;ljgslugﬁéms %«L@e% a Al r?}asl? Ic%bcgégtlon hich can

al um nox e conbi on
eimpmisp enelamiydxagoeqependd.aAs used horar, dke ©fm deluiminoxane” refers

{3 oa?Jn? H%%y %{;ﬁ?ﬁmg@tc% qulm HORRAC 3, élgﬁetglsgé%:iersejeggrﬁﬁgs of

roca al um num oxXi
hnvgawhaﬂmmnov@nwas pre"phedoﬁohmd Qraitla’drys'e ptmmqmdn diot sxample a

zﬁ s(t:c mRPs lo3 cCont ai(r:nt grgalummoxa X co cpc L1 ared 1n which
hya SERFBoR * L dRPOLA atnh&féfﬁ’ ﬁr‘w
ﬂ(mh\tﬁmnet Raprovided labsthal’pblyﬂi}ld;bcarbyl alummum oxide), or in which
aluminoxane is provided as the combination of an aluminum alkyl compound and a
source of active protons such as water. Aluminoxanes are also referred to as
poly(hydrocarbyl aluminum oxides) or organoaluminoxanes.
The other catalyst components typically are contacted with the aluminoxane in

a saturated hydrocarbon compound solvent, though any solvent that is substantially

t hi s precont act eRICT/US2008/013641
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W@eanestiepn step can be used.

WD 2009/ 085124 PCT/ US2008/ 013641 43 inert to the
reactants, internedi ates, and products of the

formed in this manner is cdPlected by any suitable
met hod, for exanple, by filtration. Alternatively,

1h$}ﬁtd?mta aéa\éﬁahtscﬁﬂeii@éﬂﬁaieé? fhnli %rddilt:t‘-’s Qd m‘eeéitlkrmo@ stdﬂ'lﬁm be used.
ol yneri zation reactor, without being isolated. The

emah/ék%’ép%tsw?ﬁ domnredgn this manpesjesalieptrd &% 3nh éméi’ﬁle method,
8 EOHPR, bg AN UlerkAVBRURE GRIRY {othgBitioh B8 Rfiroduced into
structures, cyclic structures, or cage structures, or
the Relynerzagen gdaftor Witkaut beipg ispleted] uni noxane conpounds

havi Rge bRg,ih Y l:ér'}npdun? of tlﬁ’s in$BhR i B A of Jrﬁe@l%%u Bum
branched al kyl having from1 to 10 carbon a an
qompapnd] gompisseg: dinfaro s tures, 2gclicassuatyres nWaS@d stbyetttrtﬂ, sor

1
KR Al b rCARC R S St Ina: e M Rrmule:
al um noxane. Thus, |inear § m noxanes having the
| r

formula: / R R~A\ R R Ris a linear or
branched al kyl having fr @ 10 carbon atons, and q
is an 15 integer from1l'to 50 are al so enconpassed

WherdiRiRSis b Myi84tdr Bfnciddl A188 Bav1? H&h rlQ?S a0QarbedA Qtoﬁﬁvﬁldcﬁg%n
structures of the fornul'a Rt5r+

ipgesreliom Retoi29, areteaeompagped anfébirmYﬁntlB'il afé é’dRQI mayuety shown
}%Feo YRo h@)\ﬁktﬂgteg FQ&N (]:% Qnglgmt Clﬁr?m?le?xt Qﬂﬁnncﬁgné S ’f’hus hilear

1 dging 1 near or branched al kyl group haV|ng from
glgnmoxanesnhdyog the fmmulay is 3 or 4; and a is equal to
nAl (3) - no(2) + no(4), wherein I (3) is the 20
nunber of three coordinpate alum num atons, no(2) is
t he nunber of two coRrgiAl lygen atons, and no(4)
is the nunber of 4 coohdj nat %gen atons. Thus,
al um noxanes whi ch can IR enpl oy in the catal yst
conp05|t|?ns of the i nvention are repr esent ed

YRR & IF § B§AT1O6 PP a%lﬁviﬁa\g%g {rem Ay to & garbpp ploms, and q is an
ifep DM Réo 50:1&1% anda%nkéxk&ssehmytﬂheﬁﬁeﬁt%wl as, the R

group i s typical l inear or 25 branched Cl -
al ky|Furt§facﬁ nW@PPﬁ/ can dayey Fagepyistires ofthpl for@elm Rlsr+aR"
9\14,636 G&ﬂlerelg)f{am &8min®f luﬁelaf"'g? HAHEREE 16 ﬁaillﬂgh@(;m Gab 10

e used in accordance with the present | nventl on
carbon atoms; R’ is a bridging linear or branched alkyl group having from 1 to 10

carbon atoms; r is 3 or 4; and o is equal to nai3) - no@) + now), Wherein naja) is the
number of three coordinate aluminum atoms, no() is the number of two coordinate
oxygen atoms, and no) is the number of 4 coordinate oxygen atoms.

Thus, aluminoxanes which can be employed in the catalyst compositions of
the present invention are represented generally by formulas such as (R-Al-O),, R(R-
Al-O)AlR;, and the like. In these formulas, the R group is typically a linear or
branched C;-Cs alkyl, such as methyl, ethyl, propyl, butyl, pentyl, or hexyl. Examples
of aluminoxane compounds that can be used in accordance with the present invention
include, but are not limited to, methylaluminoxane, ethylaluminoxane, n-

propylaluminoxane, iso-propylaluminoxane, n-butylaluminoxane, t-butyl-

The cat al yst coP@DEB1008013641
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i nclude, but are not limted to, nethylal um noxane,
et hyl al um noxane, n- propyl al um noxane,

WO 2@908apy| al um noxane, n-butyl al um noxane, t -BPCE/YE200€013641

2009/ 085124 PCT/ US2008/ 0136#1 44 al uni noxane,
sec- butyl al um noxane, i so-butyl al um noxane,

alu@&ai&ke Aled BuBRN@Mhox e, REMullAhHAbLRA%A N Pentylaluminoxane, 2-
ent yl al um noxane,_ i sopentyl al um noxane,

I??é E?é‘HP‘;?P’éﬁnﬁm noxane PRRRINABOXARe  or arPredfslumEEYGRE.
1BpERAflumRKEN, al WAL NERANG: By NXbmBInHIdNOMERSE aMethy!
i sobutyl al um noxane are prepared fromb5

alymipexang) gthyhi qﬂwmnomeetan& igphhil ngjppingane are prepared  from

t‘hHeHﬁ&%Mbﬂl L{metﬂ%’lmunﬁﬁﬁﬁ’e%¥ ' tYlfsloMutyﬁﬁ%mlﬁQ neid 9@%61?" €nd
referred to as al um num oxi d hyl

saszﬁnﬂm e mfmﬁéi) to %\%1@!01;25@11%71(}11 sdibinym @11@9&1 ngnlryr(eml dtéammum
i S
SRR 2 DY dobubl o Bt Mol S BPRscRlith B spone of
1111: inrkityongb wed aualpmanesneas combigttian with o smadkylaiuigingm, such as
t I r. .
:?t (ﬁ{l:tloswbn %7 glfag%?/ %OTF‘{:;@% Pgé; e@({oﬂl%rr]%}g& ?E%ﬁmbl)fy Fe%rgr{c% r}ﬁ qts
@mrﬁtsenpl at es many val ues of p and q in the
al um ox an I O .
f esped ? 1nngntlo% (:onterg%lf@eg manya r\{é uq arfel)g Pncf% qa Jp the
a?.umidomre é'@nmﬂk&sr(ﬁﬂzﬁll @g auqbﬁ(R—M@)&Aiaz,ae@amlw s Banauspects,

iS repa t used, the value of and )

e B0 3 ' oot SR wobt ok e Gttna R oxdhegs

Seffed efsbidnaihd osd, ok \xahgaﬂcpadridrq mv(vaiﬂpmmrrea single sample of
ont enpl at d er ein. arjing a ca st )

S ise L sr ki iatigh o e B O ek e prtebpismplatadercin

of thg pteghmg Bt AGst 0 mPdsUiBn¥YMainth gl AR LikhiHBRaRO XBO B 0la Fatio
al um noxanes) to the total mol es of d| nucl ear

‘Pfe‘th%llt‘l’%lc’@ﬁlés 6 RPBRIAYM (1B rthe: BlpEereRe) (o Rlymiaorsrpdeiths el
héles B MHRlhY nReNESR RRPelindl (&Oco%ﬂﬂuﬁd%‘)" Uh t1OBeRRitlon is

I n anot her aspect, the nolar ratio 20 isS in a range
genenilnbeweersabput b 10 Bediebors Y01l ImgnetheraAspsgt, the molar ratio

RlidMNPXAOG 65 sbfftoaa%@tqs do@ 1a c%%ﬁ(&ﬂ?f 4160 neZ AR 8e hilded
ranges from about 0.0 bout ng/L, from

tavopalyr@erizatigy gonegn aztnggs frmoabmg/@l oe/Lf moahoabmsp@ mg/hyfrom
S d
{P%u?(?i) %/L 0 a’ESEAtLl e@ﬁ%a%@@gﬁ@& t%%BmPc%ou n%ggar e

y vari gus proce or ganoal noxane
pr epdbrganoahmllmwn@h @0 bo gegdared bivaiouPatogedurddo gixamples of
or azn%gl’ugqgr?ox% re § t1dn§ 91% s%ildse 1%% g' ﬁa?én?ﬁld %?249?095\@1& h
AFe fer
I ncor ora erence err
£B08,5641 the dEolosnﬁxsaasfpizlach mur&brporatﬂrherameby raﬁergammthelr

%’lglfﬁ% Bl%{a exgragl er 1}5@51 g}git orgaglc 58[}8{‘&%8 %(a éeac reé &nth an

ﬂﬁl@ﬁlﬂﬂﬁilkﬂbbﬁﬁi&(&ﬂﬁ such as (R%);Al, to form the desired organoaluminoxane
compound. While not intending to be bound by this statement, it is believed that this

synthetic method can afford a mixture of both linear and cyclic R-Al-O aluminoxane
species, both of which are encompassed by this invention. Alternatively,

organoaluminoxanes are prepared by reacting an aluminum alkyl compound, such as
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conpound. While not intending to be bound by this
statenent, it is believed that this synthetic nethod

waamomfiord a mxture of both |inear and cycl i BCRUSL00€D13641

al uni noxane 30 species, bdth of which are enconpassed
by this invention. Aternatively, organoal um noxanes

@CRAPVERAMOGkaRY shIRRGEH G aﬁtealcU ST, YAn ROABRMRE.
such as WD 2009/ 085124 PCT/ US2008/ 013641 45 (RZ) 3A1

YRt a hydrated salt, such as hydrated copper sulfate,
in an inert organic solvent. ORGANOBORON ORGANOBORATE
COVPOUNDS 5 Accordi ng to anot her aspect of the present
PRESNGRPRON/QREANHORARE SMPGHNDSonpr i si ng

or gangReril QF arfdfHIR Q & G tfie ?%@Q‘E YRSt apcra@h\ﬂéfg €Bmposition

Such conpounds i nclude neut oron conpounds
tnmpnaisimg apaneborgn @r preandlioae conpebisTRIDYided Sty epfpounds

:g:l rud@?%&?m Foro lcblxﬁ{)&f?x'ag,%f)at@ tgmclnﬁcfﬁg)ﬂwg§ c@'ﬂ agloni 81ereof.

uor oorgano borate conmpounds are conte
Poryexamplor orepaganoorarcompotidsand tﬂngamgamlpta‘a@ comppudndre

&"%&f’fﬁ aifilized with the present invention. Exanples
uor oorgano borate conpounds that can be wused in

t he pires ﬁnd)romrgvmmbomn ornfihcucherganouttorate ecompbund part bel utibzed

flLuagrinat ed bar a ch as
t %& presteﬁt 1r1am Pnl% Sl €s ots Huoroorgano borate compounds that can be

tsed nraﬁiegz(rqssemtt iabdntion Gpdhedey bytbe adtdimitedi tphehmyHnaced beylibortes

M N —

@ iratad(pattaiokdpheniMborate, lithium tetrakls(pentaﬂuorophenyl)borate N,N-

élﬁ{er aglﬁﬁ{ngléqs Begrlms(ﬁﬂr% L]sytgﬁgoqgrtngt%{yl%p%eny ﬁ)o akt)g rtrlphenylcarbemum

ﬁeﬁﬁmqk JsHiirrbiosdditiyilfphetn06mich yanli PihenYikd, b@i ahiRturéN thereof.
the like, or mxturesthereof Exanp | es of

FAARASSR JHIEP B0 PR ERRRAYETS: Wik c2p1e Used ds gercafalysts in the

F0senBliNNBSS ihéludd)Cbut PAE SR 1ih RVERS,I %@e%hu&%phé;m)boron
are not limted to, tris(pentafluorophenyl)boron,

risf3sT- @s@m@}}%qm@thylvn}@nﬁmW andothe Hiye, Jop SriehTes Aieseath although

4l 1,5, 68 e ol WRBAE0 BBl i

lﬁqr@ﬁe ravd flyarrorgaporbaran emepouhdso pod rfga.mb coopamds,carp dhaught, to
Jik% ggor %{ﬁwns ¥nén E%g&t wi® rg{ﬁ(ﬂ'ﬂgtal i metallocene

KI'y- coorglnat ani ons when co
@m@wnmdsetaal dlscrlowétml Ud% ePrgent coAIABIdShe alisctiisare| ofs edhidhnis

Hco%ora {‘l%n}e CPSP?Z %er%?c% mtltlgengre Cl/Qppllllr e ];lso Iﬁe gllate the use

rate reference m it s*ent
dﬁmlborma ot bisadosan, wmp@mnh at mhérhnefuua@nﬂ&oﬁfpodndmroﬁfammg two

L A T W
Sdc[,lml()ﬂI 627, Pipc h47265- K768, the @dntet of. wifih il Biporated herein by
reference in its entirety.

Generally, any amount of organoboron compound can be used. According to
one aspect of this invention, the molar ratio of the total moles of organoboron or
organoborate compound (or compounds) to the total moles of dinuclear metallocene

compound (or compounds) in the catalyst composition is in a range from about 0.1:1
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Soc., 2005, 127, pp. 14756-14768, the content of which
is incorporated herein by reference inits entirety.

w@evensdiky, any amount of organoboron conpoundPCHIS1968/013641

used. According to 30 one"aspect of this invention,
the nolar ratio of the total noles of organoboron or

81 HAMO D[ At By piANPOthE Chrfdint 60 mwﬂm&rgm b&en toRtfRloroorgano
mol es of di nucl ear metal | ocene

hosip erimRpnd ppediase coxppiaf%psior %ﬁiﬁb‘gleﬁﬁ ra?falilgcenwsafr%?@@t 0.5
Jlaslemoaalgea{tlo%&eéom&%%@&%%ﬁn&’g/nk&@9@&69&&@%m116@ene

to about 15:1. Typically, the anount of
qompewsh raggatlingote BROHET FPesbpiohis drteation waeﬂlpueb@fﬁbwrgano

B&&fjo%o?o&%mg %?Até/ §(§m]§cﬁ’1§1d tiéﬂ'ﬁorﬁi 'aﬂ&{ﬁ lO%aﬁoﬂFE@Lﬂogp § %lésst)f

from about 0. nol es to about
ipserdbptaie eempousd pEoMAE Oéémuﬁmr@lqﬁlloafmwemaund-

net al | ocene conpound. Accordi ng to another aspect of
this invention, the anmount of fluoroorgano 5 boron or

HOINISINo QKO COMBRENBSnpound is from about 0.8 nol es
. e of
to ahqy ;pre%eﬁg}ln ShtBh fuldRt %Uv?&%E %tcﬁggﬁgpw&%ﬁgo%%ng an

di nucl netal ocene cormnpound
IOUMAOINIDS oTiupd.€ 4 8 NeniZing ®nicicompbundtih en iqpiconompesndithat can

f%récr%)nya%é IR fslt 1Vto Qﬁlaggena a§t1v1t% o%r{he 8aQal¥8nc|0%nlpggtlor9 mV&ﬁule

100 Ipanditg td Ibabommrby themy,t 1t B |belafszedi t}ramhe adirailyg tontoocompound is
enqﬁmcfe the activity,of the cat % Qrf
0 rﬁ%cttm‘g ml rfloifl?] llcECSnebceonEPgH O{IY_‘]C %/t e n{e 3 I§>cene into
diel breveet thtwinid hestdllobéngi Sxingotidse o@QHﬂpidﬁld chtfonicC afetilotene
met al | ocene co onvertin

w%ﬁ%‘q%;h”g%@? #@HF Aplintepding &bermuagg&?beam dt ‘ﬁ%?léq"% E’éhg‘

@@@iﬁgu&% ,cofipoitiC é4H RIREticHAEY ANidaizNR! drhuad &ylém letely or
nmpounds.  Again, while_ not _intending to be bounclD

Raﬁf&é‘Wmf“t““ﬁ &naionieligand. 1pegsikly @ nop aHﬁaéaemd liggpd guch as

walﬂ@ mefnbdeast II‘QRNGQ’&I AR | RYicCRRMAG iP¥n actlvator
npl etely or gartla |y extracting an anionic IKX%Q W2
or

rsgfgélnem o vehathsyiTniskigawesipe dinugleprametatiereps akstrasis a

ﬁga%“i& DeshBh 2k LLREAGN iPPEY Heakdn D hel ARAZX NG h&BI-&? bond in
ound is an activator regardless of whether it Is

th@ dinzelsartrhesalificanss Iserply nerdinitor ran XaprsXt Hgand, amackivatey the
lﬁ&eﬁé%%e'&h%n&éﬁms% as to forman ion pair,
wea

ns t'he metal - X2 bond in the
di nudiugher, metsamtomcﬁearysuhuipthy 10m@1mg|1nmt: e®ntpourzh ajivatgr the

tha C%:?C cdo‘m nlly a]t'l} a,ca\ha%o %a? 2o G l%tng S?}{}]Tg cgrtnlaoeund

an| sm FSYNOt "necessar
aan nbez eviderit on [ the oanhmam Gictrdtyi vﬁtﬁal@yktecommismloh asemeavhole, as

(i%gﬁ]lggelg E(gg’ F%gl!ygt'cgglﬁgs&@%hatadtoesonnot conqg'i% ar? r11on(i)zf1ngt 1]2)%10 compound.

Examples of ionizing ionic compounds include, but are not limited to, the
following compounds: tri(n-butyl)Jammonium tetrakis(p-tolyl)borate, tri(n-butyl)
ammonium tetrakis(m-tolyl)borate, tri(n-butyl)ammonium tetrakis(2,4-
dimethylphenyl)borate, tri(n-butyl)ammonium tetrakis(3,5-dimethylphenyl)borate,
tri(n-butyl)ammonium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tri(n-

butyl)ammonium tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium



10

15

20

25

30

25 can be evident in the enhanced activity of catalyst
conposition as a whole, as conpared to a catal yst

W@ o09posited on t hat does not contain an ionizi ngpE¢DOEIH08/013641

compound. Exanpl es of ioni%ing ionic conpounds
include, but are not Iimted to, the followng

@@m@mﬂ)b&m ( n Ibmt-aInI mm\ml tetrakls(m -tolyl)borate, ~ N,N-

ra{é tol yl) bor ate ammoni um
digei P@lcwm ol WsaIs&E?a‘I élmettwhzhﬁnmh%s anmBA¥-difpethylanilinium
te@4KiRK b Hirketfly13Rend) BERRY NOK QNS hARKi BLi8m tetrakis[3,5-bis(trifluoro-

tri(n-butyl)ammoni um

m%twlmbw(lﬁwm. nﬁtwrw@ﬂwwwm tetrakis(pentafluorophenylborate,
b hdn)rcRUE ik MR R -toly )b h ] -
tlgt r glgl s[31 bi s(tarl I Sgr)o(r)rrﬁe gﬁ?lcTrB%nr“éme te}rlalzls(m

tebri)yma@nnom urﬁlpléftnwmbs(np@nt af | utﬂtl@blﬁ@rﬂyﬂlmwdwm}enyl)borate
| | /
Mgl’l\é;ngitc?xg)%ﬁglnam eﬂ' #E@gﬁlég&%pw&a Cl-ra%(ggglg}r%e@mum

teteakishk p-disttri Dlyhyeﬂxyi)ah@yllborme di net hyl ani | itmiphenylcarbenium
t%\ﬁ%ﬁ%ﬁg&' of&g rﬂﬁb&x phetp(}f)gl i 18 r a{e?rakis(p -tolyl)borate, tropylium

tﬁ@@h%@r@]@@b@a@l nvbmﬂi\phetqtﬂa)ds@r‘tad1methylpheny1)borate tropylium

B I A T

mﬁhylhihbw]bemtcﬂf | umpgbﬁmnyl t)aﬂﬁﬂdiﬁ;b@tafﬁorophenyl)borate, lithium
arb tetrakis(p-tol I orate,. . .
BRI TR REM R & - BEE0 R Collgl Biafat o rais-
tbllyi)bdsreuayl cafiggmhum t etrildisORil hodtaret hy]{tmh@lnyl ) baRrkE@,4-
c{:rpp@?lgﬂ% ﬁ)g{)rgéz: 3 ﬁlsrtnr aktetsrzgkls(?S dlmetL}rlll);;Lengle)lr)]grL bor ?1tthe1um

teedfluatobsiat, 5- bi sddiurh f | UotcaaEkBM A MIdESPREARPOALE sodium
tﬁiFad)Shen yl carbeni um tetrakis(pentafl uorop enyl ) bor at e,

SRR P SPARTS (HTakS(Br o) BYPEtce, sadispy efralp(aptolyDborate,

so@lumaki s ( RetaRlsyd 1 BARAtAphehIRYAts, UM & .
tetrakis(2 A? oﬂﬁrreth I }Eht%ﬁy bor at e, trs%f,‘i,rfll um tetrakis(3,5-

digethyRhayhbeag; netmluﬁhen)ﬁpt}%blpﬁ)ﬂ?erat% r opmtaaamn tetrakis-
( &itszﬁ}&o%hg’ny'i_’)bgfa%(t Jofads R0~ te c{??g t?s?;fuﬁ 'tetrakls(p

gyl i um t'etraki s(pentafl uor
t@‘é’t) ARl s (pssassinm J@de(@ﬁyly))b@nm epot#ssmm uimrakIS(?- 4- dlmethyl-

e t
PR bt Bt 81 B
bbBateli lthiuky |tq§takp§pepbﬁpgpmenyi)almnmme lithium tetraphenylaluminate,
1&}%@@2? eﬁrél%%(@-t?lgpgltﬁt}%{%gﬁh3%%Li)ur%or A Skistrt- I Bminate,  lithium
tetaicrsaw-g(qm&mlpﬁelnw)almphmteyl ) bor at e litldagi um tetrakis(3,5-

B RS LS SRR SR 2035t

pﬂ‘teﬂiyl)alﬁnﬁﬁaﬁe 4sdﬂlluﬁﬁttb&dﬁhb@]adhﬂlh@feats@dluﬁotéhblﬂk(p tolyl)alummate
bor at e, sodi

Kk
80 SO B S CBLAL S S50 ey et

s(nﬂi&ﬁht af tktedki PP ML th{APhedlyBaluP@a@S S| WBium  tetrafluoroaluminate,
t et raphenyl pborate, potassiumtetrakis(p- tolyl)borate,

POBEswE; makéﬁpﬁaﬁﬂgwﬁp‘feaﬂnlmma@t ePOtHSIES sfetipghenylaluminate,
polkdidk itstfakisf- iy TRldMihate, potassium tetrakis(m-tolyl)aluminate, potassium

tetrakis(2,4-dimethylphenyl)aluminate, potassium tetrakis (3,5-
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phenyl ) borate, potassium
tetraki s(3, 5-di net hyl phenyl ) borate, potassium

WO edopasdiepr o- borate, lithium PCT/US2008/013641
t et raki s(pent af | uor opheny!l Y| uni nate, |ithium
tetraphenyl al um nate, lithium :
digkthalph aﬂ’)atuﬂhﬁdté 2l podsEiame, tefrdfludidaMminate, and the like, or
tetrakis t ol al um nate, lithium 25

oathingipay Qlezs‘oaﬁ. ﬁewﬁylgﬁﬁ@ﬁwompws rigefl in jthipjigygntion are not
NiBfddedsl hés3; StheLIRIS! d?h@ﬁmlné it AbSndb blNdistRsed in US.

tetrafl uoroal um nate, sodiumtetrakis(pentafl uoro-

Pt Ploy a1, 294 mad 5S84 Bmtheetisclgsen g1 whighrereaneorpaseied berein
Byefoadncs (rPth&Plaﬁ’tlré@' um nate, sodium

tetrakis(mtolyl)alumnate, sodium
tetraki s(2, 4-di net hyl phenyl )al um nate, sodium

OEEET @}(M%ﬁﬁﬁgnet hyl phenyl ) al um nate, sodi um

tetrafl uoroalum nate, 30 potassium
t et r dikisafpseast eehétes élpah@mly b}y @mphiyrdvath gdlps somppsitions and

éoﬁé%&?ﬁ%@% ;E)glttlﬁsfﬁnr\{gr? oft o%ﬂrﬁg mclude olefin compounds having

fren Iah(klit Q(thf) ohljvbl) aﬂonmpnlamd,emp@tralsh}wmgl at least one oleﬁmc double

tetr 2 4-.di met he al.um na ot assi

o 28 ehisS FRe RO Mo B Y B P GRS ¥y ep single

déﬁreklhtqushﬂr}yén)zairlpnmdﬂne asp@élhss tepolymerization reactions with at
nat e '

te nb ' :
ik PR T BRP T 2 Binp B S el soBT e Fep Rty Somain o
hijveahban drethyldie (>b0 Mdlegercent) HLSE mifdhehoeX dMRbMSndher

dﬁggl zZi ng rBSC compaunds are disclosed in U S. Patent
TESTIB U TS B0 §IBIVIEHIEM i kA CuuATeRept thaiiag be

@b&]ymﬁﬁiﬁdmlﬁﬁétﬁﬁeﬂ%ﬁnﬂmavéfrBM 318701ceMeR atotsti@dir molecular

entirety. OLEFI N MONOMVERS Unsat urated reactants that

da- pe enpl oyed with catal yst conpositions and

poly be@E?Q{& POIPSRES RSl )] 1§tehﬁYQfﬁEér09raBMf3H cs@bétuuted
i ncl udé ol efin conpounds havi ng f rom about

warsEtiteds Sinstipnatiz P@tmrefuampnhlwﬂ mgbefaxs cpphg @mgmed in thls
19%&159' ForldURbR, BRG: unméted%&psﬁxﬁg tlﬁ@gﬁ'{w?nzed with

honopol yneri zati on processes usfing a single
theichialyst aomipphidipes of thisrippaptiem éncluds, bwslare agt limited to, ethylene,

SARJLKIEShER PR GRESHANT e AR | BB 2 e

ety kI pyntewsn t4amathzl- 1 -perjtere, arlmmnte @fheetﬂwlkmme?si}ethyl-l-
<50

*;r% Rﬁ{eﬁéﬂ% )2 ﬁ%hgen%gﬁ"}@ﬁ nearﬁ? m?aq pe%es th ?ou%,ﬁlé)rmal

areq JUIT HENT
rmu)mms,oﬁhe fee trhanalahnerbe ang mlpnolnlgpner nweuirewlof bwe bhinoenef these

c(r)?B]tpg““$ a @ycLF] glqgi %w gllCC(iQCF l%[ (P}l; 1ngobng 8?{2189%?4 %) cyclopentene,
dyelohtxeat, Hoa)arnyleree hmabmadhbmeand therlidee beadalse bd pblyinetind, as
% l}l)ba {,t ut gg, functio gal [ and non-functionalized
PR abin SHeeni A o e PRTpHdes 3 mahomer
When a copolymer is desired, the monomer can be, for example, ethylene or
propylene, which is copolymerized with a comonomer. Examples of olefin
comonomers include, but are not limited to, 1-butene, 2-butene, 3-methyl-1-butene,

isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-
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w@oposited ons of this invention include,

20 invention. For exanple, typical unsaturated
conpounds that can be polynerized with the catal yst

limted to, ethylene, prog¥lene, 1-butene, 2-butene,

3-nmet hyl -1 -butene, isobutylene, 1-pentene, 2-pentene,
RexB®d, PYHexéneD 81¥IENE sheder®R Ul Mebtehe, RERYHRRS,, 3 illeﬂ'i&iée M&ctene, and
2-hexene, 3-hexene, 3- ethyI-I- hexene, 1-heptene,

e fikpyt ArRording [peaneaspect ofAE PrssRNt HYPTHHON, e comaromrigselected
frOH " -MRmBBI-pedRerBONBOR e, 1L&Gent] MEecBRY, BRitydgEENEs, and
the like, or mxtures of two or nore of these
conpcﬁﬁﬁla@ lycthel paow dofh Feryenomer gnisgduged intaca ueHcky tame to
8lucki Mk t&PolyRer Clé/ P %B@cnﬁol tS yzﬁJth %25 e\Qﬁght ercent ofb the
nor bor nyl ene, norbornadi ene, and the Iike, R f
ssoropamei baserl ersthe detaloyigh of disananomsy anamela! Agsotsling to
e .
IO Lot . FRRORS ey e MG O lrk AR o
lfgaqj@ryaoeﬂes fr«amlabwnOsmc@@bmytr@rwczgm paiceht c@nmnmnlolmgcd on the

PRETR PG P EbhEr o PIRRPREE hafhR0R itbgd BedRlountor

¢0$®h)gmyd emedu@dplem anesctaR- zpemefrem zgooueﬁhyto abbout 35 weight

R et AR on g L ER o S ERER 3R Hgpnamer. v

mhmxmmeasp&c-th&ptaemnt & dvapmemer, inBodepd éne a rdach@tne is from
d ' di t of th
R8s GEHRT S Lo SRF B HRGS o  5L BE GRS v

fhoer anécondorfoaxene, 1-octene, 1-decene, or styrene.
Cenerglly, the m)un oner introduced into
react llléz/’&ﬂémf Bling topf’%g‘?}lf‘@obtyﬁ is (heopy: Yyhere brang q\e@rﬁugﬂ&‘ﬁd
& fOdctibRa 1R8O Ul fiRdDard@iddk rddiabl) Tt is®klidve@ that @ 8RAO AMHrance can
based on the total weight, of the nmonomer and

BWEh GREPT sl dhed pﬂ‘gnleazaﬁgﬁomrﬁ@ss aspuEt bsmehede apers gyglic

PIWENE)T SMthet 16GiRNTHEed Honfe MARNRHRT thé ThFRH G AMn i cﬂ)‘h@]eabond
reactor zone is fromabout 0.01 to about 40 wei ght

werld vt beoprpseiad rto Huadss the redslon fiptths WA Bt thst same olefin
IBAANELs RGO NRROBRbximh2 &Y kilel ABM-Eb0AIBAAL - b Cmight.
amount of 10 conpnoner introduced 1nto a reactor zone
A@cOfdﬂegrthmup@ctlofttbe atgeant B8N, ghleastpmecpertomer/reactant is
oner, . an
e L L M
@by’rmowercomwm@twcent mith ca dlffeefalctagychzomlucs tefrmomal, internal,
t 20 rc
fi"n%%? err%c%f: su%?t?tﬁ%td SF lfnhlgosatrlrlgeﬁon%r ang Cag?‘fl'[glﬁ%ﬁg}e c%%lyst
Wn;iosatmmst of rthxs ndnvetglmocéme bb owsad 1bythé hpalymhbréatiyn ofhaiofin
br an c .onal i zed qlef

FEBHORE poaRIPRRPL g U P BTN pPER 0 fpiptitiche and
hb-headizae can

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

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

but aPET/HH1008/013641
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i npede and/or sl ow the pol ynerization process. Thus,
branched and/or cyclic portion(s) of the olefin

wo eovoMsd26sonewhat from t he car bon-carbon doubl BCHUSIH08/013641

woul d not be expected to hifder the reaction in the
way that the sane olefin 20 substituents situated nore

RAAKIHABY BhisQataiBt E6HiRRIM0A BRI ARthSOL M RisE @NRasti BB bptional co-
Accordlng to one_aspect of the present invention, at

qagdyst: WirdeiATh® #E f9eptedticr erftonglseo- ‘@PAXFF dhat leagy qrigealuminoxane
RRAUPSIRY, Ztatléa‘é’p%n@r Srg@hdAIR" cAmPARBP AL VIER% | @l ioPfhinoboron or
i nvol ving only t hyl ene, or copolynerizations with a
@gzrrfoé?rémcoawenql cat lwbmeclomtzwgn?%lcompm@r ARRNY combination
i SHoRRE G, SUABYS! Uiihoicdh i i} h
iﬂ@ﬁa g O% dlﬁgfton t h}}ég calf%sifgt ' E%Pﬁﬁoslfi%}?g%rgprg]g s the
¢omlast prrwlrmt ¢fo¢t leasrpnp elinpsiear mtaﬂlh@enpcﬂomemdz and e legst one
Q)'rr% Elfld %&ec@%gﬁ‘lrﬁ‘ﬁeakt%le lﬁﬂfnﬁl%xaﬁéué gﬂ)%[md 'amegﬁ%né grganozmc
ut adi ene, | soprene, 4- pent adi ene
donfpoimsiy atlicast one PREMRWNO@‘QY@FOW GATRLNG Pt GAVPES Phigivg
I%QC Cpmgélﬁldaglpa tcomgnlgtl&{tﬁér@&t I nvention encon”passes a
conposition conprising a contact product of
a d| rﬁhmsl eavennen afurtbere wacongrpres ndethods afi meking athexe- catalyst

SRR S B SRR S50 Hoblte ATRE! s v
££ﬂ%&$26§ﬁbﬂt3641 50 Addltionally, this cat al yst
conp n can further c one i,onal
co-” ot Har R ElA pREREE S S Maaly R an
&Qﬁlﬁahﬁinyﬁlbr Ifsdesited, ﬁaﬁﬁecw@ﬁlﬁlthﬂmaﬁm( afvaomenReUpdymatzed,
| east one o%g

anozi nc ou east one . :
BrGErSBIBlmEpum SPERRBdPad 8% o %ﬁ@*}m%im?retss%on%ﬁt&g this
¢@wnﬁcfé@ rhiQflir& wetl R QU htorGuppoy THNisNGdrioarvf nidRF etact,
n anot her aspect, a catalyst conposition is prowdg%niC

(R iPESTORBFHIINS dtyfaqa thec@ﬁtagaqe% FeoraRRund oF cgmppls, theQ

AbRdtedreatd tH@B%Iah&@tﬁﬁ‘lﬁuﬁQ ?b{ﬂ'ﬂ tA516hIBtrah 28 HonPH Bme period of
conpound sel ected from at | east one al um noxane

donpOunkpurde gbenis?4 dawrsofoyexamplac fromothoytiAd, toagbquedshour.
ARG DRREOREANLOL 19 SARMEORBbR 36 TR Yl aRb einﬁf%%d one

lonizing 1onic conmpound, or any conbination thefeof
10 ThAkernativelyt fherpréogntepling reereems a8sied oyeinpHglgfsteps, rather

fRkin nélgea Clﬁt@llll)fﬁtrﬁulﬁ@m&hﬁéso&% prophGll, asich fceﬁlgnsmg a

exanpl e; tacting t espective cata al yst conponent s
duﬁfereamet of d@alymcmum eForEremple, 4tdeast twmneataliystigonpanents

zrarrgtec?}nthgch H)%n %E'Q’t?n‘é?& ?&Q tggovperdel%o&ﬁlﬁgﬁ Sggth%mf{rﬁ nﬂQture with at

I'NicC Nono esire neces
khebhotirerantyst tenfpaepdbymeg & gednd mixture, and so forth.

Multiple precontacting steps can be carried out in a single vessel or in multiple
vessels.  Further, multiple precontacting steps can be carried out in series
(sequentially), in parallel, or a combination thereof. For example, a first mixture of
two catalyst components can be formed in a first vessel, a second mixture comprising
the first mixture plus one additional catalyst component can be formed in the first

vessel or in a second vessel, which is typically placed downstream of the first vessel.
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WoRaok/08t124ct | vat or - support .

~ PrRgenfactedpr

15 and an organoal um num conpound for a first period
of time prior to contacting this precontacted mxture

for contact, the precont ac‘t ti me, between the
net al | ocene conpound or conpounds, the olefinic

NONONR@IanofBHadpd&, BhyaNAdtLISE fhe %&W%ﬂﬁbn%ﬂt@'cﬁﬁ'bk)épht and
ranges, froma tinme period of about 0.1 hour to about

ysgd Hb@hffgrenf RIECoasHpE Beatmenis %oﬂaameleapqrbofa@wwysv%mnem
B Qe n@CPsAGkc dnkd¥BRg @Js@épf@}l?)%é‘bnt%gur@ WatH zﬁsleatsporﬁ% calyst
m nutes are also e 0 ternatively,
tnosertathiledge p%%@‘é ¥§1at:@me| C@@lb@mommnm}llﬁ fqﬁll igto a second
ﬁ%%ctﬁ@@é@?él foxtd?@é%nﬁctﬂ lt}{sat%a@tpone oﬂle\“@itglg Qynﬁabrﬁln? oris
m xtures” are prepared ach conprisin
fdtdiftly attaltlyestea@t@npumemrsbmamn tbe@aqrfpl &he atechriagiingtean be
to t
ERE A n GTRARER BB, SRMLSTHER SHAETLR i aBbus g
mixingdevicen stflashe vcsshbwf aoab@bwtcombmpmm tHesr mmgma
2?28@(:%}8%9 g%ec?%g dtﬁ(g an%lglé, {;ﬁgl n%u% ézgtgls/%to Q(gnq‘%nlelqt% (for
eralrplep dnuclegsmetaBocefie) ractieator-soppdri, pk@nmlmnmutram-cangyst and

0 atlroaslfyc?nn ur?s?atu%?t%& llr%?rﬂ%#l? ﬁgf%gcgnéag?ed 11(3 tﬁq h%?iéellt}/og reactor

§imuBdneousty whéle olie pdlywertAation yehttmoﬁnﬁmemﬁg C&P(lteh&_tlvc_ely, any

ormsdin f|r ssel, a sec m xt ur risin
45 Phborl pEinets Gl SHadeRings J0 RS RARCE 8 &1 GFateT POE (0
EIRNBE teaCtdh BRief cmseﬁectdﬁtabh@ §tb}f &dn bev@smtighou8] inl Whidh the
second vessel, which i.s typically placed downstream, of
ok &y Tedygant %/1@)881 Teppiel. |95 2D 6 Ba SeepWiss or

balctRAQE PREes8SROGRich @NatdH of BieBor¥ictddNPro@ddtak Yaditled to make a
conponents can be split and wused in djifferent

ftadish SPEBRSIHRY- t PinPreepRtacting §lep €21 hp carried gut oy agime period
hat @Jn)’ﬁhgecﬁgﬂﬁod"w secdofids ©hs| rﬂﬁ& & feivbat dﬁfse&oﬂ)tn@&t | BOthis
vessel for precontacting wth at |east one ot her
TR e eontisbersamensniactiig step generaklelesis figey aboht | prepndigrabout
E3LA! YHl a &ﬁm%g&tt 1h§ C%%HIOGJ re@orﬁﬁ:@ﬁg%te% ]ﬁsts frﬁm about 10
precontacting vessel for precontactin
geaends tihahrout 43 miinpéets, ardrgpoatent | nmuw o abbeBOdninetes.| y | nt o)
the r
or eco(ﬁl?c ?({ %ragc{élga%t g?ﬂ?éggkf&rﬁug ?&%ﬁé Céon B}n)%nd olqb}n monomer,
mqlumpgmmtlumsmuh cascatabysk 9 mntameédwnthxtltealakm'atqranpmmts this
ice I es an
Sioatian Tuith BRECE R e el @5 Sionlort T Rims s Phiiree
mixtirh” s T}mvpmtclomacted mextueer bpxumamatreihaysi ic oasmam efbi @ second
cl ear net.al.l ocepe, .
AP gt e SB Bomiontosf o iannt Bt i snelsyaizagggyprocess
B(}Sl;tdoﬁmaﬂ |t1‘jneanb¢tWSéﬁ lﬂ]ie’itpeéﬂ:oﬁt)ldécbﬂﬁikbxlﬁﬁ)anar theC @éﬁvaﬁ)ltr-@dpport
int y at i reacto t aneous
B raﬂw Q‘Bt‘i G éa‘l"t“? & a{’%“tpér“nﬁ‘é‘éﬂu ng.2 fL‘“"her aspect, the
ﬁéstc%ﬁﬁ&ttln\{eeis)h a @hge from about 0.1 hour to about 1 hour. The precontacting

step, the postcontacting step, or both, can increase the productivity of the polymer as

compared to the same catalyst composition that is prepared without precontacting or

The first period oOPCT/U808/013641
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WO 2aensaed zone.

two or nore of these catal yst conponents can be
precontacted in a vessel prior to entering the

continuous, in which the 15%recontacted product is

fed continuously to the reactor, or it can be a
SdsRPBHREM O HoWées iMiher P HRESREHE sl afpdaRofifictilg step is
precont act ed product i s added to make a catalyst
©8WFdsi tion. This precontacting step can be carried

out OMRI pRtcbhidBe® Shixfite ci8E HeAEH LAAABMbERMMA ahE Wor a tlme
seconds_to as nuch as several days, or longer. In thi
prsiod e fficieng 1 GHEY rassemtion SEBMERRIONN g SHTRIACtEnel atewltacted
InB&IS dnlfi O Q@%orlsuﬁﬁ&t)nsqcﬁ Qha@*%oﬂ&ngﬁ of th@léﬁm biknts of the
anot her aspect, the continuous precontacting step
praganéacted amix o isimmbilized sdensbado ondspasitedsharpany t Waeredieating
f @4h Wcfed! RixRRO Binenly T Bli&Bto 4T f fi
Sreg?l act%éogr%({(ht urél of tﬁg ‘et glr{% ocenetocaonpﬁ% e o1 om
bﬂt'eédnrabnmr@d’ﬂl?etp abowi @0 &, @a froml aboutd0TF coalmat 9 §E5t i s
contacted.with the activator-s ort, this.

conp d’g‘i f’f‘%‘}% 176, 25PRet %lfdtgrst Hngeﬁxlégg, é’lﬁ énolar ratio of the moles of
diatidlesd tnddtalDd@ROEIMpauad tte tieetholeh @f ‘oppabAdominaat esmpdund in a

ure." The postcont act ed tur r ns
RN P oty BRRLIg R & & JarEe ol pbpfing | o ot 180"
HRBce @f}b@ﬁpthetnhd'rﬁ‘ rafé isOif atr@ngerﬁdnh altdulﬂg 1tb&bout 1:1 ,000. Yet, in

rizati on_proces stcontact tines betweenthe
%w@%ampaet% lagtrﬁtf%oéh"dmf’ g‘g 'R?“ét&tﬂtaélﬁﬁeé‘ﬁff’mp““d to the
ﬂemeroabtgénéaam&uﬁt &fﬁqﬂmms 91 a rdh@el frohD aBdu@Ut1 RAtatdRLIN 500,
In a further aspect, postcontact tine is in a

Fhgsgeofar eAtosBotaet the Iatmfrtot@bmglsmt dinuqlgsy; metafiggene compound

&r &%ﬂ)@ﬁ@cﬁttb Mk Sl %ﬁl%gnt df Q@gaﬁ@aﬁﬁrﬁ&ﬁﬁ%ﬁﬂ&gn(? t&Qom‘BBunds) in
can increase the pro uctivity o PO ymer as

hqthpﬁlﬁeﬁr%nt@qt%d STaHure a@réﬁ yiBe It,%t?ﬁ@téttﬁct oW’tt‘Ffat corgbined, if
%@&%@JCS%MJ} Etc&r(t&‘&x‘ﬂ Mr@gmf?l'b S0 2009/ 085124

CT/ US2008/ 01 641 52 cont act| ng. However, neither
a pr eWben aprecorjaciingstepas u@dptbsm@tmtr@t@t ofrthe totad pnqkss of olefin
{h‘é%ﬁ&e&l fotal ‘%mg%f 183 %EHu@féLre thefHligdeHE Sn Ctﬁéfﬂ ppe%om‘?a%c? Gy reals

enperature and for a tine period su
tydsally in tantangmﬂrosgrahctutohlo oo abmttellﬂacﬂt()[)dn dbtal moles of each
gor gtft])(r)l?rthtaa%et t?sed 6n tthl% F]attlgfto aﬁco(tjmtt flgr as%éct:tlf e h?sr %n%grgf%n wHere more
maﬁaamltaeﬁremmﬂomu ragd/fos rmdmnhnrﬂ dineclecaranisatiéuede i®remployed.

S|ted hereon. ‘Wiere hetln 1.S..emlo t.he
DOBEE GHE el 4o P o ey BPryopw Tepaoqq-igot 1R another
ﬁgpw@fﬂkuﬁ@n@én from between about 0 OF to about 150
O, or fr bout 40 OF to about. 95 OF. Accordi ng

one d4{E Ve pyied Fato & eregpoalymBuTR sPIpoyng: tp ety kesappor
§0h %Sraﬂée frdf HoBUEH: €36 abRi: al 1000.2N1E meRITHAN REe bfahBBuminum
nol es -of organoal um num_conpound in a

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

to about 1:100, or from about 1:1 to about 1:50.

This precontacting step can bePCT/US2008/013641
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catal yst conposition generally is in a range from
about 1:1 to about 1:10,000. In another aspect, the

woreiansyiad i o is in a range fromabout 1:1 to aROUUS2008/013641

1:1,000. Yet, in another a@Spect, the nolar ratio of
the noles of dinuclear netallocene conpound to the

ol e9n eémOLGBEO B thi MUEHLGATROWBEKI ftib Bf BinhABAEndAIRIEne to
ahout 1:1 to about 1 100. 15 These nolar ratios

Y YCSUPPATLIS A A Tepes fTamybout fid|te abayt 1i09000Raff more than one

diRichlat BEANBCHO ARYBPForeOthar® Qﬁ@%@%p;@pgﬁ & érﬁﬁl@%eda Eﬂ?yﬁ'ﬁo
.of organoal um num conpound (or conpounds)

ipPaed nae éf&aln’fV%gtafr@ WAl respectiye sowppReatt étdamﬁﬂxqrmseect thls
ﬁ@éﬂ?'rﬁ‘ﬁdls ihfa raﬁéeeﬁ&ﬂtaﬁﬁﬁt' Ny tdr’lg'(gyupﬁ 196, 66& W LR Llﬁglt 1 lg to

steps are enpl oyed. \When a precontacting step i s use
abpg 1iHL.910. ¥eti i aéilpth?h@sp?%t fhf: wigighbratio fof teedinysleap Metallocene

JERIPOHTERS to iR Jcmfﬁbr-@{)@ﬁ is%h a gAr@H @oﬁ%omelt 3 9860 fOrdOt he
precontacted mxture is n a range fro

aboutActerdmette seibe aspedts Of GIDEOmIentfﬁo,t edummkam cofnpemds are not

r
QIR WPl AR oS This” s hoRigion Boggeds e
ayevesref alamdoxpnaso raccoianglyditirupressat invettainl ctanelse, fos example
I F th| nmol ar. rati o can.be .in rang

PR | B MGRo LIS P08 BRRr iy B stsbRRehr
ad)fmmh:anamvée‘ﬂtﬂeomt 1®enrhngltd ye bbilnd byet}@bty litadsi keliofed that the

anoal un num co u to actlv ort is
PEASRRRIE SRR et sty B me RSl e cupiainthe

samemahgfﬁmaﬂl U@Mmlﬁmmemdp@ﬁdt/ or nore than one
activ ort is enploye this ratio i s based on
Fhe. POERongP Bh ot SoRh FRtay 3 GrgisREHA Corppunds are
mhabfifed afPEsin ol REaMSl @bhpdsaton0oPfthiB0ink&Rion.  Nonetheless,

anoal um num conpound to the activator-support is in
afiﬂ%ﬁ?f&&ﬁ% rBANBHE COFIPPUNGS OFgaBRRoTan P (PrEaEbeTAlSFQmRAYNS,
idniding Qorad @unpdurdl; oMEOROARAS IMe2éorRGh/ WQ@%O&ﬁméatalyst

53 In sone aspects of this invention, the weight ratio
cmPesifiRns centemplated by 9p¢ esompassad withiatthy prespybisiventios. Henee,

cBﬂ:@ﬁfysfsr Q{B}@bﬁmahﬂfmi‘xoﬁagesabgfétan(;mrgc %g-?)gglgis lér Mo6ron or

t han 'one di nucl ear netall ocene and/ nor e t an one
OCEZANPRAIRIS CORDYPPIEH;tioNiging pgsliogaenounds, or eaambivations thepeo&damhe

ehfb?oyte@t\ﬁﬂh the nglﬂEle fm@t@l‘f eﬁee(ao[ﬂﬁ)‘ﬁhﬁa/ %nﬁé}”fﬁ QHeeB}eSCnLQ 01]; in the

anot’her aspect, wei ght I'S'Tn arang
ag$voer ofi ap a@tofam@unpon, 210D B30 in the freenmveatoint tha : a]:ﬁbnt:@ of an

@% g;luglpq]ghccg,ggmun i n anot her aspect, the wei ght

10 O nucl ear nmet al | ocene conpound to the
act i Vatabyst sumpommonssof theapreseng énviention gbxudllyl ha¥E  Ocatalyst

agt?\g t r%aé%rotgo ﬁ?’Aﬁ% g()(g gﬁ&%ﬁ%ﬁ%@? zxte:% gr@ronf oII atzzltiﬁator-support
per hour (abbreviated gP/(gAS-hr)). In another aspect, the catalyst activity is greater
than about 150, greater than about 200, or greater than about 250 gP/(gAS-hr). In still
another aspect, catalyst compositions of this invention are characterized by having a
catalyst activity greater than about 500, greater than about 1000, or greater than about
1500 gP/(gAS-hr). Yet, in another aspect, the catalyst activity is greater than about
2000 gP/(gAS-hr). This activity is measured under slurry polymerization conditions
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required to formthe catal yst conposition. Thus, the
pol yneri zati on proceeds in the 10 absence of

w@bwestazanes. Accordingly, the present inventPORNUSENS/013641

use, for exanple, organoal ufi num conpounds and an
activator-support in the absence of al um noxanes.
Yiid Soti@ine iaB iRNA RS, h0a PSyREHAHP¥nlpRRAIY of hbouk 90°C and an
bel i eved that the__organoal um num conpound |ikely does
sibylencgiressure Of ebRut AR B ocene catalyst in the sane
MBNNEMheS aspBetd 09 IO Bl TN 80O Wire 1M activator-support.
Addi tionall'y, in some aspects, organoboron and
Bbegaﬁetekyﬁra@@nmma ISEPE§eea Cﬁm@ctrmq@cr @8 af deaplopng dinuclear
&@&ﬁ&c}éﬁé cggimﬁf tah®Mt Ofeask Nir a @ﬂha ogalec!élanﬁmehe felst one
al um noxanes, organozi nc conp or ganobor on or
Jrgaaene rcqmouelé,mp draptcme orgamzmzlcngtpmmm & leashqrs omghnobagen or
[ e G
SRR IR AR LAThERu AR (BHETEhil BoRbalRl, SAL ¥hbinarion
thhgofor Bush reiataiysy e0111p<1§lt10n$-leﬁd1e pr3entduventivn kgretallyshagh catalyst
Ui 0 0 r oboron or
B BB SRR Mo T B Do 9 B8 B ot he
ceprbii veatlwroinexané eqsmmfupd @agandne o@mpbxoydeotgmobhroh be organoborate
(gdrl{]%lcl:n OI'l]Zrl'rI‘l:)t %mcogoeneu (ﬁl%oun 1 tel ! n tépe resenC
ROlndy jamzing 1oa1e compound, of cpnpingtion ﬁrﬁﬁ r 1 SNQHET 87RCH
¢arraljzsln ecpvies éngreaer than bt A6 L 0L greater ahan about 500 grams of

aI um pum co oun 25 Cat al yst 0Si ti o(ps of
Rty R AEh EFGh O R SraryC AL, Srganoine
aﬁrtpotmd; Yor@iheedre of hitganabuaatt &&Qo@ﬂaﬁ&lﬁﬁg RORiY dofipoBRE or

ram of ct i vat or - support per. hour. (abbreviated
%@bc% HSH lﬂ)e}e 1 K S ibTeter 5%?5%‘0?‘6 Ci’th]é(St@éf‘ ’§tgreé‘€‘ir|ﬂ%“ta>b°m

1®096radatdr that;maut@looelgraﬁégfp&p@t 168 pePBSurabout 200, or
greater than about 25 AShr I'n still another

aspechs digcapsed \Beves appeERain ﬂ% obthe dijjusleprmpeialiocse ggrapound,
aa@ a&%&&rshgp%sit e H8MARnAnR? c&ﬂﬁ(ﬁms;nda&te YA fnYm & Ean

han about 500, gréater than about 1000, or greater
behﬁmcwmw in pgWE agircisgHShis)invevtion. Whearroy eecoatspléng occurs

&/Rf ('n(f %ﬁ%ﬂ%@sﬁo érV ﬁtt ¥ n'otS n&:‘é& et'hatt t'ﬂ@ Qﬁoﬂgno%&%ed in the

I'sS activit asure under
potoptasting step e thonatne |a®m1@ V@Q@@@ﬁ @ehhetized. Further when a

?Un8§g'ﬁ%§§je$ gix%gﬁé‘ 815}5 éoxgﬁlhﬂ%n o%qgé'l fgﬁgle i g%nql | ueemnnplbyed

I'za tenperature o
bt hyfuen perprdesfS ime, tiis pisowrttackEOmpsirgy. Caﬁlﬂeellsedlswetchﬁ)sﬂfuent
esent | vent| Qn d?her

%OS C|m\[1/)t"?1a FEe. ek orteen K ESE chfné}ngg?n 88&5%?’?& FYpRonents for a
oo pamdaoﬁnﬂkacl?oxplemhmé e aﬁucldaﬁsﬁetﬂnﬁerw ootfipcad, the
| I.ocene corgﬁound gnd at | east .one co

grgzlungt&]?xganw SHPRGU e%{]sd[ 1 gxgne can be used in a precngggt?n(jg step for a

first period of time, and this precontacted mixture then can be contacted with the
activator-support to form a postcontacted mixture that is contacted for a second period
of time prior to initiating the polymerization reaction. For example, the first period of
time for contact, the precontact time, between any combination of the metallocene
compound, the olefinic monomer, the activator-support, and the organoaluminum

compound can be from about 0.1 hour to about 24 hours, from about 0.1 to about 1
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al um noxane conpound, at |east one organozinc
compound, at |east one organoboron or organoborate

conbi nati on thereof. Such ¥atal yst conpositions of

the present invention generally have catal yst

Réur] M fromsSatduedd efintBafo abi 30 ku@E aMheYostcontacted mixture
polye hyl ene hour, per gram of the 10 respective
RUTHRIROR &ﬁ%‘”%fgt?ﬂsmwa n s?fg%% riarecand msperhef time.ghmprstroatict
e PrdR RO RAKAING the ?Wﬁb'ﬂ"ﬂtloh Fc&ds N doGrairf @%%&B@qt oPthis
conbj nation thereo I n anot her aspect, the catalyst
HEENtPRL HOSICOnEck ey betAN Alisoprecaziedomixgire And rany Hamaining
SR cHPorBRATS 8 abbR! I/ LLY kERRUPES hRY or RS HofD. Phour
the respective al um noxane conpound, ordanozi nc
©ahpyUMPIr-or ganobor on or or ganobor ate conpound,

i oni zing ionic conmpound, or 15 conbination thereof.

Yet, in another aspect, the catalyst activity is

QQEXBEHUZAEHJHﬁ@mII%EDOO or greater than about 2000
gra 0 r uss apo

oy AR GHERBULANEE BEL oG inRid 2R B B By
¢lpiensatot foum thomopolymerst qr <t0belym|egar©nd suThuioneso fq)th_sdnerlzmg
@g%nesgi?gchg *)r%%&%}nrae %?nvcgﬁiylsto % mwl 1on any%o nrtgséaeglfq{nvgret Oﬁl gcomprtses
ontagtisg GO catalybt ca:mpoheén Witk atieasooner glefirt mosontsatand optionally at
Pai a”é t hat fig/ nn%msr u(ﬁed in toﬁe

precBnt §Ct %”g“’%‘t“éeﬁ “B‘éertpﬂ MELFAHOR SORGYROnS) t Prauee,? plymer or
polyfree,i ietiein Fuer ¢atedyst codpdbition oLt BEdntaty pidag oa?mo t@st

i nati.on of the cataglyst conponents is enplo
iSRS tBg doBpouI A o) it oBF BUDARS SHRR e st
SRNiNRdEBekailftcde SHPSREY @NelecBOELMARE AULWRG f5inRRa:
bet ween any ot her conbi nati on of catal yst conponents
for a 25 second period of tine. For exanple, the

1nuclege net al | ocene conpound, the organggl um
COMpOLH1 \\a d 1-hexene can be used in a pfeCQnLa' |ng
stgpwkgr \{lrst period of tinme, and Qmﬁ \\
pg£con &gted xture t hen can be cont mAth
activat or - sGﬁb t to forma postco Yed i xt ur that
i s contacted fOo[cK,)SeCRAE=ORF+-{OH,)Rf tinme prior to @),
initiating the polynerlzatlon reacti on. For exanple,
wheeihi rst period of 30 tinme for contact, the

prec a 2 en _an nblnatlon of

et a K ofth el UERSORID fos JFOTT AF ¢ ARG of psubstinted
ﬂl}ihht\/o’glm@hraﬁbl,ﬂﬂ@?dhc gifh, bieconitgaifion thdrdoum corrpound

can rom About 0.1 hour to about 24 hours,

about oa 0 eRfndanthyierrs ob srbssis ol CP-"IIFIWB@Q%B‘A Gndsmuh or
AR grow, {dyoRuRRRLAL 16h NENEME XAt Sthab @i §Obﬂfﬂ(§'iﬂgt &Foup

The postcontacted m xture optionally is allowe
inderendently aronh hydrpgengiton o5 @ subrtyst prathsefstifytadealkyl jos alkenyl
g cont act

A’ is a substituted bridging group comprising either a silicon bridging atom, a
germanium bridging atom, a tin bridging atom, a carbon bridging atom, or a bridging

chain of 2 to 5 carbon atoms, any substituents on A” other than an alkenyl linking

| east one ionizing ionic conpouneCT/UB20881§13641
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time, prior to initiating the polynerization process.
According to one aspect of this invention,

w@ombogiieact times between the precontacted nm RET/DS20881013641

any remaining 5 catal yst cotfponents is from about 0.1
hour to about 24 hours, or fromabout 0.1 hour to

£ Inddpen@tity POk KVEBL G b ENPRdERRR &Rt 8hsiBktituted aliphatic,

conpositions of the present invention can be used to
PoMyife Pl oelic goup) e cembingtiontgserbnopol yers or

copolyrersur@perisuch process for polynerizing olefins
in the pr sence of a catal yst conposition of the

presdht R nvandt Rorindspepsentpgre @okidsrgen rjomher @asuistjmted or
&lﬁm&tgd aﬁ’lrﬂhéMct Froﬂl'atl!: %@%;rclggfouﬁl &' d niFRRA0R Ehg%@' and

opt i onal ast ‘one ol cononomer
pol yrrelﬁazamg@nlmdgﬁr@n@tw&pn@mh@e a pol yner or

P o pual A S B bREo Pl Blekéth FARATL LR TR dr BFetin
praymérizetemn enettodpasimg) van@saypdseqfspolmg‘lz.anon reactors. As used
ﬁe?%lhva%o%mgrﬁgg&q treacIl;’e 19élu+e§a%§1g dp(]ﬁ?ng;n aﬂgg rg%t(gwcaﬁable of

1 1'0cene corrpoun is se e fo
podymerizing Xlefi8 tonoméds AQ produce XdivpXgmaks br ‘cé@bljxlherﬂ Such

1 wherein:

R MR A L RIS AP TRATY G TP 0" S rE (108 Vafious
typsudifsiehdtors éficludd thpkeathat magibe rrefeired th s batch, |s111rgr, @dPphase,

i nati on thereo and X4 den are .
Fuline PR PEtr B BT L APERDTE SRy A phast i gray
%fnqm@. e ﬂﬁmjzealﬁkﬂtfeidg@@tos SQ@ecP(Bor@d’cbdtaKﬂeﬁeﬁoher Shif@redctors may

ri dgi ng ou nde y are a en atom or

%‘E‘B’:{g? 14 ‘iﬁ‘%’& %% gmﬂﬁ%ﬁg&oﬁ u{tf‘éli PERSRYS re&?ty’éil‘ﬂag'rﬁﬂmp“ﬁ%a“mda"e
& QUMlar Adactoss. @ REASbT trpfle® EaRrihélGdeN Batbl X PeomBRTYub r&ﬁasses
either a silicon bridging atom a germanium bri

QPUIRIOUS PrATeTses Fgrhg Uk dRtprmittensy %roﬁo’éﬁl}“érb? rRoditch rﬁqscbi‘fge

BrobdstedGhdYdalss Biule ‘%rtlgl 50D dEREResYcRE S TRr-re@1¥d monomer, un-
substituéents on A2 her than an al kenyl |inking WO

@%gimmgmep@w/msﬂb@sv 013641 56 group independently

2{ ?D?M&g@& a0 sPterfls SHRRLrLdhe v ANRHP EhinbiileCbhe

type of reactor in a system or multiple reactors of the same or different type.
Production of polymers in multiple reactors may include several stages in at least two
separate polymerization reactors interconnected by a transfer device making it
possible to transfer the polymers resulting from the first polymerization reactor into
the second reactor. The desired polymerization conditions in one of the reactors may
be different from the operating conditions of the other reactors. Altematively,
polymerization in multiple reactors may include the manual transfer of polymer from
one reactor to subsequent reactors for continued polymerization. Multiple reactor
systems may include any combination including, but not limited to, multiple loop
reactors, multiple gas reactors, a combination of loop and gas reactors, multiple high
pressure reactors or a combination of high pressure with loop and/or gas reactors.

The multiple reactors may be operated in series or in parallel.
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W(hy(dm/@@m atom or a substituted or

aromatic, or cyclic group, or a conbination thereof; M
is Zr, H, or Ti; RX, RY, and Rz independently are a

aliphatic, aromatic, or cyd’ic group, or a conbination
t her eof ; and n is an integer in a range fromO to 12,

i ncl U@dc\#ﬁmgTﬁeorféaeIsﬁécY o tHeOHRGSbA,| BO Pognetibfion rr@é"c‘?cﬁrtsystem
invention are intended for any ol efin” polynerization
Y FRIBPTIFS Rhigasi gt ines stuppyasacT compyisiag Vortieal on hpuznsiablapps.
KRndtR&dqinat, %hﬁlyst pele) égﬁ%ﬁdll%fa}n Q:%mroﬁ@rﬁélorﬁay b& G&Mﬁiﬁ&sﬂn%d

poI meri zati on reactor capabl pol yneri zi ng

P 19#BIRD HBPS nobvrmr@@mveocnmn@meya%br SOTHINUQUSTIPSLRIES gnay

ise 'EH%”&%HQ Y€ rlt%trcﬁlﬂ 10910&% %gﬁcfn‘?erag Cathl %te Enticf“‘g d‘lﬁ’er@%nto a
re I'ns or polyners. e various types reactors
palphertratiothrgaetor mthmynttmlowselfempwé d‘rqm)tlasreb@tpthf a suspension

I Li hi e

Sl (PR R es 8R! U o ! 1B ERRUACmay 80 Hahed 1o
cowpe iseolid polgingefiorh dlk lncslatsttkmtsompnstthg diduelt monomienand/or
ro(er)l}aoﬁltgr%hs aSrlolillrs rté/chn(ﬁlo%%s m?yé g?%sreé E}?rgtgg.{g o(&araﬁl %[e% 1ﬁc€fud119%but
wait looitay o, ﬂ‘ashlhg kthdtamay emtuckzr any BRemloihationt V@h&t Gﬂldltlon and
i ncl ude b tch or conti nul?) ?rocesstg qurj 1
BF%?E‘§§§%‘§° Qi TPRATHLOR B E\PRIC PRI P SIS B% 8% Yroaaers
6l ssphatiogeby celtrifpagses may al so i ncl ude part| al or full
direct recycle of g,n react ed non

un
oo e hre polMierEEn etten (Y kR o5 iRy anicls, form

ms@és@rrﬁs Qﬁscld%@d PR S&@mpleN i NY iSO rpamy N&rrmrmel 79Nn@, 501 885,
reactor in a syst em or f#%ée reactors of

SR et ST 6o, A0 Sr Bt R 151 BN yHelichnis

Rebibhiled 1y 2GRS kG vl several stages in at
| east two separ ate poI yner | zation reactors

i nt er%@tﬁﬂé@tlé@ltﬁbysed i plypg pelymga74tien 1rpﬁég.'gen@1t|age not limited to,
?19 SRéfRnfer tb@m? rth&lzed ARa m%%%ﬁ&srtﬁﬁu&g I1Rgids rlﬂlmatt R&ction

I rst 0 I'zatlon reactor Into t he second
mémom T:hemabs i ofe dumlw rélentat lundndec oheli fafeomst j kmigete to,

jdr%&z]ﬁ)o'flg as%tc?r §% ?%er (:Sltzlof)&’aﬁ@t 1%&%4 hﬁ bg&?lé atd ;Sbgtane

I'ons o eactors ternative
;solbeylmae ireapengame amdm:hebcarml éomdm@ynmszailme@MQns ran occur

g!llktcroagl]l 1E§sr gere hY! Akl { 3y, AR fixar%ngﬁ: g y(i)nerlzatlon of
uen reac ors or con i nued ri Z

Mobjzlerpﬂ reoroadt hodiscleyed tie IVES. Patgnt Msl ﬁléés Ay whmhtbs nmbxrpomted
#ncludln but .not.limted to, nmultiple | oop 30

TS rr‘?{ﬂlfllltﬁlegmﬁ%’s reactors, a conbination of |oop

and gascotBRE to0yes andititrt dspdct oh tt@shmvartmsthe @oly@atizaddh @ictor
a conbination of hig ressur %u\é\flt h | ogg and/.or

as.
% E0TBPIES at lep ope ges R et BRI Sppimuous
£87d1€ $tr&¥m icBntAMErd bR or more monomers continuously cycled through a

fluidized bed in the presence of the catalyst under polymerization conditions. A
recycle stream may be withdrawn from the fluidized bed and recycled back into the
reactor. Simultaneously, polymer product may be withdrawn from the reactor and
new or fresh monomer may be added to replace the polymerized monomer. Such gas

phase reactors may comprise a process for multi-step gas-phase polymerization of

5 unsubstPETIURIH08/013641
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WG ywbess124ay conpri se at

WD 2009/ 085124 PCT/ US2008/ 013641 57 According to one
aspect of the invention, the polynerization reactor

conprising vertical or hori¥ontal |oops. Mononer,

di l uent, catalyst and optionally any conononer may be
slefihd, HHQU}EI:W dths 4@ pRInRRed SRALO a8 Ghase in at least two
pol ynrerl zation occurs. Generally, continuous processes
frdspenden ng3spheset PRlVmEHtiaN Foues Miileodeeding 3 edtalyst-containing
ﬁmf/‘rﬂgﬁbmcﬁi inal @y silyméidiich Hink WS tecbid PolPmerization zone. One

g,ﬁ merization r eact or and the continuous renoval from

¢ of gesaphase regpton isdisgesediimh.S.caignt Mm@ﬁ@%ﬁ%éﬁ% 790 and
I f

pagi%%dg%g%@?’gﬁrégsség{ch g})edlbg(?%gﬁggérﬁe}rﬁ t%r om élh}ma%{l qui ds

t hat Aeephng ot el danatient aspaesn ofrethe aimigwion, conoglo npressure

o)

gctﬂ{érgé}?rjzﬁgfxf m%rb%%iyeitggﬁ}ﬁs@ Fil fr[é]ﬁltﬁgr dfr cto§ Hr arﬁ%&f’agﬂﬁé cEQa,ctor

ﬁdyllar m@ﬂcw@emam haweonprirrlazonswiete fn@hnncavmet,umnatarsdor catalysts
r t r | oni.c_acti

e| { (Zérﬂ g\dérs gllllleg r{}éa%);?e rﬁ)gg Eﬂ ? olﬁlgx ggye%u eaaFna nd 1ng%&uced at

centanefafghe ireactorA ]nycputaral ca&llystsr yncpoxi yatziystzmnpnonents may be

dltr(z)ilq%g zne é%zlisfséousksr%r%\alx\ﬂ al%‘a 1ntro%u%% tt axﬂpt]? r zgltneir\n%f gggag fg _1[17@ gas

dreai nB§De mt&ﬂml&ecﬁﬁﬁ,p])%erﬁatﬁ)ﬁS }Ezgand&)ré’s'ﬂgneaﬁzﬁj be employed

262, 4 of

isESriskPap S ont vl paRing R0 et PP Ster oi

Sui t adcerding teeydt sinbithetaspect Sif i yivEdloy he Ipb@frrle@lﬂatlon reactor

i ncl ude, but are nqt lim.ted to, _.the nononer

PaY yARPTisset SUREP Ry BE e S2p b tvhed he guoneger riggntacted

WRRChé Qataly&e N@idpbsiisn UsX ATRLRS stifing Wrt 8k nthahd!€NAS carrier
i nclude, but are not |limted to, 20 hydrocarbons such

SEMISISBIS AR ANCTLYFERR AlugHE OT X675 (HORAWET M2y eiRBloyed. If desired,

fhe msmome,may BORENIAN G HREPRHBNHRAE in@BNEbrich %ﬁﬁare c‘%@armlc
| oop pO nerization reactli ons can occur under bul

reasvntAredist, v dicepragene pdsence of ligeid. ma\waéxéﬁhsm@lwnzatwn

mleym%afnza%u%tegipera@ﬁrg@aﬂd?s&smmmﬂﬂ%sm RGhORS %gaﬁ ofa
Pat ent Nos , which 1s incorporate

$oélfti@meaﬁ ¢he pedyre¢rrinjarreqation arediumet AgitaRion Ay decinmgoxed ty ebtam
BRI NelpARRES LooRfrol hd t ‘{Sa”ﬁthﬁnum dn AR A 'é?&tures

reactor’ may conprise at |east one gas ‘phiase react
Suwighay sheepdymenyzatopkene. Adsqurte meamssare neliazd Ifer @ssamng the

% g}eg{,ﬁlh@g( ?Eglyg{engﬁfoglermnorrers conti nuously cycl ed

rou Ize d in the presence of the
cat al Wmmrxdmm pedcyore r sutaile ofor ctha dpresean Sinvehtion emyg | farther

?géripggs?] 81ng cgléelnz:i%r?:ngoqtraﬁygstforng rrgwst/ g%teyaf'lfegé gyesgerr?, eag le%Qtdone feed
system for catalyst or catalyst components, and/or at least one polymer recovery
system. Suitable reactor systems for the present invention may further comprise
systems for feedstock purification, catalyst storage and preparation, extrusion, reactor
cooling, polymer recovery, fractionation, recycle, storage, loadout, laboratory

analysis, and process control.

| east one | oop sl urryPCEHS1008/013641
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woregpdgsiadlded to replace th

30 reactor. Sinultaneously, polynmer product may be
withdrawn fromthe reactor and new or fresh nononer

e
gas phase reactors may con%fi se a process for

mul ti-step gas-phase polynerization of WO 2009/ 085124
PCT/ USZ{9¥h9 kB 4le céletrcﬂlle@ffbﬁﬁ olythBrizbt Ry R8d @b §rovide

pol ynmeri zed in the gaseous phase in at |east two
fehidepreneitien inglepisrParapns. yRressHEa i thez epnsentigtione of various

BOHR0 PRl SRt i RRLY eamyétow&&nw{ Bpolymer
first poI ymerl zation zone to a second meri zatl on

meleeulaoieeight yinsd axfolesalar pryeight distriugen.i s Smt@%fr dpoBangrigation
S ; 84,49 4

Bl Sl WD am 2 cipiedhs, oo ik B fllmertafod domiiure
eqspidingt tp theeibe Fr@ﬂa’cmr&h qgaticn. skypidallntos he}udasﬁemtabgﬁt 60
b, Liventd 5&“;fo§al )Ea l%h??r% a‘%outp‘iﬂ chr?o bouf '1?6‘ & CRGEHing
may conprise’a ar “reactor or
nmchotype oflpddytherizatiazhans my have sever aI zones
where fresh nonomer.. initiators ata
Rdded SUHEHIE BRI D SN rar R eRE o AF TeAei: g peDitsization
8/pe.eqNR prasbutdfor Liguid Ptasatpolbhepitationd ita Mop kR tor @ Hklly less

I ni t tors, catalysts, and/qr catal yst c onent

fhan 1000 psig- nRrgssupe é%t%@l‘}éf’sp‘gi’r?%l 1§ 9P {er 528193‘}/ 500
pdigt H@h pz&&ﬁe Qﬁlyhﬁﬁzaftﬁ)ﬂ(iﬁ fibulad GugRTave Sdat AT g&ﬁayan@emn at
I nter gol ynerization. Heat and pressure may .

fhouk HB,PB@ éfa 75&8 P8l i lyyerzatiofh feariRrsoffni #e e operated in a
Rk MRBEL ZRLIAN of&Rkld QN £ABEIY | BPSer ARPRFAIred ah@ YRlsures.

anot her aspect of the_invention, the polynerization
Pegetigy aboys th%yﬂe%m% of @ @re#sulterteﬁpegwmpg@et {spereritical

PSRy JRE L&A ?gge nmonomer is contacted wth the
cat al yst conposi tion by suitable stirring or other

means.Tha eagqnitration eﬁmrrqus ireRgtaats dancietcopirgidadi © rfpduserresins

Qhth &4 Dh ﬁ;agé?%? EIEJ gﬁ@% nﬁ:?lln S{Sﬁérﬂé(se e pfrwg%% Ef3ise @%ﬂﬁct that

nmononer e vapor se into

wilt he fdrmed z!wahtytqsm arrdefa@ unedwdpnf (fdtmmtlg than ptdnlectpdeMmm the
nce of qu z

86811'6(? resmngroll?{e%tlte%ed I\g%cﬂ’a 1ca1 é)r%ﬁertles Sln(glﬁ(gé/ g?lselises q{exura hmpact

WIeéIi gtiessu kdlaxatior haed fh}ardmtsl astsof Physicablpudpedies lelcltldlhe density,

Bl b ueien’ mhfRaA SeltaiPhispopsie el i papsiton
teaipeiadire) td:ﬁipfeﬁhm: pakly nefr cryaﬁlhﬁumm Mensitgs stekdoia@uiifioyt crack
b5l S e S L e e edpay o e 0o

pol ynetd Z@m@lﬁan&’é Rel wvabineéat b@moh&ﬂsﬁ 0[1§dr§g8nt akd-Eatalyst,
for. the ent invention rl); urt her nprise any
ee%‘seﬁata%ﬁ egron [doneys e Hppe aWImafoéP?las theéedesgwr%nﬁﬂes

abmbRedr i9N€ed BLEbntrol product density. Hydrogen can be used to control
product molecular weight. Co-catalysts can be used to alkylate, scavenge poisons and
control molecular weight. Modifiers can be used to control product properties and
electron donors affect stereoregularity. In addition, the concentration of poisons is

minimized because poisons impact the reactions and product properties.

ol ymeri zed nononkCT/USW0$1013641
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waywbess24 or the present

system for catal yst or catal yst conponents, and/or at
| east one pol ymer recovery system Suitable reactor

systens for feedstock purif9tation, catalyst storage
and preparation, extrusion, reactor 30 cooling,

pol YMBe Jod@RdeSrresih g tHeFBAhddORto \Va?l‘éh(é?ln@icleﬂlﬁ&l@&lﬁ% but not
| oadout, | aboratory analysis, and process contro

bode) tygbatsias, Srami s obuseiplhqontaieereoyiaasils, Sika pmﬂa*etSa#I@ms

fRDMahY, hbBHs, f RS mARbMAR! hfPlideR) Bfrfol§ bRIREKesANEY bOused to form
prOV|de resin properties include tenperaturte,

heees aiicles.a g luding, dowh cwhtlatadotes Wew vaapldings exfragien gnelding,
E)Qaltbéﬂﬁ%&%g Offe tnfd TGRS ﬁ’é %Eﬁ n‘ftﬁ(ﬂn@“@ﬁk 1&at alaes 'bolymelnzatlon

productivity, pol ecul afr wei ght and nol écul ar
odslitepies apd snadifirrs icam | be Sdiladatel e polyynee to Pravidmbgter processing

g@ﬁ%ﬁ%ﬂﬁﬂ%ﬁl Xn&’ for %@Q{retd @fti@g i the ]9'\%&0'9 eA dltnéasblgcic’lude

yneri zafion tenp re according to
furface envdiftpys euphatd @hp awps caliblpckshitackifiges; uxnegxlﬂzrrmnsuch as

0. r :
KR ke R LR i
fodryetestorzet;i o speaa:lt agiditivBu buch lak eﬁrp M&duﬂeanvia’;thﬂs, Fhgangers,
varI\eg accordi ng to th g ‘f tor a a d pol ymeri zation 10
?1378 oy orﬁ?léa ] ?é‘n? fEr é og p Yase pol yneri zations in
a | oopomeatymdrs asd tgmil;m@dré yfétleﬂsne prodaueed GO cpslagee with this

ATIENE N R NENET T

EXnipld) W bt ifdexah tRGhpédrdne & 00.$ td aaogemeg/ad) Inin, fod fro@t about
about 20,000 tq 75,000 psig,. Polyneri zaftl on reactors

g-arto ahoub2he/ 10 Fir, aff’e%mtwpéate%@ﬁeme AsPerts af thisdgyeaon.
OCCUrTHe Wndity SrRSieHe bYsddi faliderd ﬁﬁ&ﬁ:@:@h!ﬁﬁ@ Snéétdnore dlnuclear

pressures. 15 Qperation above t critical tEm nt of

prielesne Ferapay@dn el ihe PEse Amisntia tyrically fajls wi nfhaswge from

04t 08E €5 atRply 80 3ULS In Eﬂeeas‘ﬁ@d'ﬂ Qe tHid @R/érﬁﬁnoﬂhe Y)@fyhféyaensny is
reaCt ants can be control pro uce reS| ns wt

teq taagmfrgmwbpeta@ 9%ﬁmalmt:ﬂaﬁ|g@m Yist: op énetherqaspephethe densm/ is
én%&ﬂ? &fla % ﬁ%g%%glt tlptagah 0. 9th(1<:|§ be formed by the

eS| n"and t or m ng t product . o
d et e rIrhtlwsssulﬂaet Rlyrdegirodged @sacnorpmwp evithi the prevat iaveniae is,
ert cl ude ra a en,.
sotrr é(grgpfeé? aﬂx ) noraén ﬁ’"lreg R (gse gh eés’t 1st Cahr{{/%sfo%gfd T Various
attiolpe rdf | resnufsetdreid e Sakédn siticles mmndlee dlulk aare wei dintited to, molded

nol.ecul.ar ght . distribu e rature

PSS Pl et it A FsbptirodsilP fBfbe Fer e
pibysS tsadhémbriahadn linfleNaidt the like.e F\Gﬁib&:g pfoaéssésycarcbae:hployed to
?Pré% h | on% Chlal)r?-hgarltm%cg)l(agr%les o trhgs%mpro %esses include injection
molding, blow molding, film extrusion, sheet extrusion, profile extrusion, and the

like. Additionally, additives and modifiers are often added to these polymers in order

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

invention may furtherPCDIPI0SE13641
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WQ@e@9fosgies t ant

25 The concentrati ons of nononer, co-nononer,
hydr ogen, co-catalyst, nodifiers, and el ectron donors

Conononer is used to contrdll product density. Hydrogen
can be used to control product nol ecul ar weight.
Co-catal ysts can be usegxiagvpiky! ate, scavenge poi sons
and control nol ecul ar weight. Mdifiers can be used
to cdeiwientioroiddethepiyparted Bstha fellosoneaxemplesnviighee £ot to
& EGftuct B 88 KAY! AT nfpbsing NinBBAbAd R thel &8pe of this invention.
concentration of gm.sons I's mnimzed because poi sons
Y arjrais totheh @spestic einbeimants, medificationy rapg egnivalgnts \figgreof which,
A6 RARR (L3 6f 0GB lMEBF or@inatyeskiil
%&%%gﬁgéfer%g&%ltuo vair%l{ ogg %%%Sltgrfgrens, _ ?nc! udi n%, "Bt "
thotart withoiit depatting fixon theespiritchf Whespreseny mvertipnswiiag spope of the
cont ai.nee utensils, filmproducts, drums, fuel
PER nglrclgﬂ”%sés, geonenbranes, and liners. Various .
pr oc eddemr dygnotic IReschance {IMR) fphetse waret bblamed on a Varian
(ncl uding, of limted to. Dbl j RQ,1 |
BRalRE e aof SRt chrkung s dRA R HeRMI REBE:
sobtedi, Refer@netdtdgainkt the peakf dfeesiguel GHEL at t24qpm) aad db tNIkle for

a iLfiers can bhe added.to the pol t rQV]
LR PE R LR e e corltt B o EHG 1 A R D Bl
desi riaddgicioner NMES aitiierinhledessrfitiqar aabs Gpectrdaheiry proesdure (direct
jncl.ude _surface nodifier h as slip .agents o
WIS BiokE MeratErFORIE! OrIENES); raiteed L ehTsiErizg and ideptify
B diheReNadf)odnt icomboladt i theiegamples,; ThE GRES fjeb@orAdtelshad
such as waxes/ojls_ _and 10 fl.uoroel astoners; and
dsdelloying gepabilies Wyuethelgdron; ippactdpnizaiions wassFapgss frgms3s to

SRAUENY BirSot prodb HREABH ScceSdy wiRR RARBRMS tenfp@fhture to at least 650
degradati on agents. Honopolyners and copol yners of

¥ handessdivysroatrably ofingeeingdriend Rfekh tmgad of iniekentyngn The
&ggﬁ& @Ja%)}ie&?af)‘éd ﬁsiHEEtFidng‘ﬁm T5QM0aeOUhLstRmEkht, tsearARR of 35
1 g/10 m e, a nel

n. For ~exanple elt index in the range,
for 0 ecord. stan dimgh nenvetiong! Xinvire (with faoprat 4ipd prode 1ps,
t 25c Qled 0ol B, L Af§6C I I NG OPBinigan™

s gt 8 (IEBC-ET 2 xS RANEAR, ] AndOPRnigan
Exdajibeie stfasad fpajepkintegrgtioncnd destrumeniccontiel. dpthprpingtruments
i nucl ear I ] n . Of . nt
PR R B a8 rGEAL) FEBRAIMRRleobBBERRR  about
0. 88 InahaBIRMS Qr&Zdgkcthe sdimplemeplasg@otthoprobhitip using a micro

I nventjon, th ol r.density,is..in ran f

BB 58t n a9 gretetieviyon ohn B SARTiarediE legrobe
ufiellgensd ihy best reilis.garfier platiyg the samplargehé pobe,abisulilowed to
0.91 to _about 0.94 @EC If the result I r

BABh e ot s L EEP e T HeRoRoB R dnpo o i P e sven
E Mtaifth @ MRl BmpBuRDd fiffefestO TAIOREY tieBilucdf/sodny toesv@porhte before
can be forned into, various, .

inserting the probe into the instrument will, among other things, lessen the chance that
the drop will fall off of the tip during the insertion process. After inserting the probe,
the temperature program and data acquisition cycles begin. The temperature program

used was 50 °C (hold 1 min), 30 °C/min temperature ramp, 650 °C final temperature

(hold 5 min). This program takes 26 minutes to complete. The filament was turned

i n produci ng these resin properPCEES2008/013641
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articles of manufacture. Such articles include, but
are not limted to, nolded products, household

w@omwvasyed s, utensils, filmor sheet products, PCr/USM08/013641

fuel tanks, 25 pipes, geonebbranes, liners, and the

i ke. Various processes can be enployed to formthese
&t 0.5 Ghif Into N ruhiafll kb MG nama ke mpletibNES e EASLAER program.
i ncl ude knoecuon nol di ng, . bl.ow nol dj film

fiera upls of anawes @)&”l"t}’sth‘c')ﬁr"bbflﬁft‘? feol, éﬁ? Priobs 3as remayed frem

tht kR trumelgtiahd @Rahhlysis 86t fhy/@ nodi fiers are often
added to these RO yners |n or er .to provide

benef Thei Eipniga™y iastugiest bads V@rle émdvaleraes thsge gere changed

Aldtdidahet Ser 30y Wb 20R9% %M ﬁﬁ&d&ﬁ%@&&!&&ﬁﬁé iens gljfd other
EXAMPLES The invention is further illustrated by th

fyre sampgnananphe sesulth pentypieelbnettpetied aseplets nsbpwupedtotah ion

AMent\RYsu@SinleNPOSi ng limtations to the scope of this
i nvention. Various other aspects, enbodi nents,

nmodi f¥elaindexn ML i) equuwpaldemm@mr@eﬁrd@meowth BSEM Bii238
e(t%é“’(f‘%gmlﬂ %g%ggrhmeiﬁ(ﬁpl herein, may suggest themsel ves

to one o ary s in the art without departing
f r om Hilgk leadi melt inglex { HEMir g/d@mtin) waedrtéronneglr intdoeordawpavith

wlzﬁl?l f‘ébdo%dwﬁﬂ] Q%gg?on%rgg]lvg 1%lhtl\/ag_neti ¢ Resonance

spectra were o Varian Mercury Pl us
300 I\lwansqmtehsityme detopeinat imngrams p8HOubtidzeditonetérH ghvRon a

o] vent re nst.the ak of
sogiai ey, SRS IT BB noudr AR glpenca for
a(tﬁ[iOlCB hewk vefdom tefipiane a6 aagadansé wiRNASTEM Dis0s @fd ASTM
Igggzs at 77 O ppm. In addition to NVR, a thernal

'ss spectrometry procedure (direct

i nserl‘t/[élo fheprogbel CRES teFRANE QRRL deyerMineDIUY I tabl@ feth®@8] For
to crar acterize aond identify the dinuclear
selistreBripein &éﬂllﬁOWh%*eexeﬁﬁue@enfﬁh@emfomed on a

metewaresceernuhadnﬂeS AR Hboheitt RGing aRadiel-blatee eon?e@ryev All

el ectron inpact ionization, nmass range from 3
hoglogisthicstsaysre perfgsmsp at 19s&rtion accessory wit h

maxi NiiBlet @EPREIBhE R ididhlak SRt ﬁé&buf;@nsw&e %Bfame@ "King a

capabl e of integrating broad peaks typi cal

Flu30 SkKe highetempgraigs @mt@@ywlmg’mrnha@mwsrwh
ggglg%%ﬁégéé r(?'@@ Lag el Jeﬁﬂ gﬁlttpf ﬁ§ Ia? 1)?010 n(L]/ %ﬁ.&é) %g a
scan tinme), con entlona in vmre\f'vvl% ar
tompiraturd @fsl4570 . sBIJT ¢& 6tdetarebuiylti-methyph&®1CH a?_boncellﬁaﬁon of

ﬂwgﬁ,sx@&yma g ﬁh@nﬂ@nﬂ}ﬂ 4%&89%1% o%@?HLW Gsed

nte |on an nstru nt contr O|
wnbam(mmml $>olymer concentration of 1.5 mg/mL. Dissolution of the sample in

stabilized TCB was carried out by heating at 150 °C for 5 hours with occasional,
gentle agitation. The columns used were three PLgel Mixed A LS columns
(7.8x300mm) and were calibrated with a broad linear polyethylene standard (Phillips
Marlex® BHB 5003) for which the molecular weight had been determined.

Molecular weight distributions and branch profiles were obtained through size
exclusion chromatography (SEC) using an FTIR detector. Chromatographic

conditions are those described above. However, the sample injection volume was 500
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w0 gooplosstaed on the probe tip using a mcro

havi ng conparabl e mass range and probe capabilities
could be utilized. In the DI PMS procedure, the sanple

practice, the smallest drof3of sanple which can be
transferred to the probe 25 usually gives the best

p]@s YhrhSles WErk Gitrdiud 18 9hd FERSRIBIOR vidrh HeBRd RaRde: liretand Flow
Il owed to stand for about 5-10 min to allow for

@Mﬁ&r Atindorysot mopepticg] patlhfand pre 78iMLiceHtvolisIa).e e temperatures
GORL BhFR Gint B SRVBANRE qu:-;t)tl am@;ﬁbc LT el r@pecuvely

di l uent/sol vent to evapora fore inserfing t

Prisplen Elmer FRER ispeetrophasernetoy GHE 2009) sguippasewith 1 m@w band
Jngt%ﬁ aalfﬂﬁm?ﬁﬂﬁﬁ@e (th}f@f detedfor %Qﬁ’se}ﬁ”n# {heéeaénldl ff of the

tip during the |nsert|on process. Arter inserting the
pr obeAll 3gpechia wrppearcawmde ysingg rRenkimn &lmext aTla@bR§ﬁ3|SQﬁt\®¢re

Bialind i oy SR rp fRIBT prte EE sHRepA, {1 10
$pentoe veerel meeasyrbd | ad 85 cm n)csoliihms (pﬁ GgIrdM t@\krema@@rams were
t The f

G0t G SR ChBpont s shoroE off Tyt BOAPEA0 ' apegrea
regionginel, KE[R seoves s kicbndeheatmardeteetor)o I’MOlﬁecdlheNelght calculatlons
t t ft f

SFRBT B b B R pef L « AefEBlGus Wi HRB ke o
§thiard [she Jci_)l_rﬁsﬁslrzlﬂﬁﬂﬁmeﬁmd tlhﬁ?laﬂlal{(ylﬂﬁﬁg Dﬂ];lWelmgfllB Polymer

i nni gan rune vabl e ion

SODTHELTSY neebi e AR 5o Shees| SaE Ry R EPERYOPy e

SubRequbitsy ArdlyZed ifdl cbehoRbbObanchf levedsSt clwmdrﬁqu f®BBniques.
and ot her source corrponents The results ar

{\ymabgqapgp W%megedta & ﬂsarlng eﬁqawnﬁgthnétvg}lcl} @ﬁ exceeded that

ﬁé&i@@fbtr Y& 4l o e (M]3 0.08HRY MMt theQleiktbtofl N) Was
determ ned i n accordance with ASTM D1238 at 190 C

wi t h Brapchigg) ceptenh wes getermingg 2§ fHlomsadNaBPY melgelar weight

g%lpavafa BleB1a RS 11Q% ﬁﬁrﬂbé?%derhgk ﬁe@wlm%t%ﬁdw IM,)
STM D1238 at 190 Cwth a 21,600 gram wei ' yme

dlenlbrut yi - Inégs 1t ealvenhepdiont draetiags e etlityiec!] eﬁi@ refdene 1-

| : .
L0 526 IRESSSE NG AT Pl o v
badibragioatand mrrﬁclaewpsuat:u rBreitotalbmetbyldanteet ofi thése ASTES ranged

Béglg?gg? %2%%5%?%5 ]188(;3 %otaﬁrc%ﬁ)%dy r %/[deq?yl M%Hent ofbsamples was

cal Cerizatlons
salcdlarbd @omevhodseasked usig AP NMRB Bpidctrescbp)al ﬁ I(AJN)MR spectra

03 AL S PR RA SIS 5L SRy v
Bpdcibmeler pinpdtel 28 €Qratyraviondl described [see Randall JC, Hsieh ET, NMR
and Macromolecules; Sequence, Dynamic, and Domain Structure, ACS Symposium
Series 247, J. C. Randall, Ed., American Chemical Society, Washington DC, 1984.].
Methyl content per 1000 carbons by NMR was obtained by multiplying (times 1000)
the ratio of total methyl signals to total signal intensity.

A partial least squares (PLS) calibration curve was generated using Pirouette
chemometric software (Infometrix) to correlate changes in the FTIR absorption

spectra with calculated or NMR measured values for methyls/1000 total carbons for

Sy rPCIES20081013641
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rheol ogi cal tests were perfornmed at 190 C. 20
Mol ecul ar wei ghts and nol ecul ar wei ght distributions

chr omat ogr aphy unit (Pol yne?* Laboratories) with
trichl orobenzene (TCB) as the solvent, with a flow
Iiiﬁa%lﬂ’és 1Tmmnéﬁs§1;fﬁbn §IF1 echr® TRA A Lkt @al@tatl%ﬂ%&lel Bt made
é -tert-butyl li|ghenol ) at a concentration
pm QY- @d@} EPaREs celerdechacrasssthephiolez gvmple (Ondy pamprtion, of the
{RERG Q5N Yﬁd%%doissgocqn'a w@ssus‘é§ Gl i cMukdlio n@x]d r to
pol ynmer concentrati on of /nL. Dissolutio ﬁ
yanpize thgeffeptspf residoel sv@snmomapm SEposessing h%meptm@ data
ﬂtlu&ép axga §11£9 ﬁstaﬂ ghthg(}ﬁﬁsﬁe?f@aﬁve ogmt% Mra and mean
agi tation. eco umms tsed were three PLge d A
gestegxggg}lrﬁgta (7.8x300mm and were cali brat ed wth a

var | ox (o} BBt S ot BATEALRY bhd Bitimioeg usipe, e
preesss détaaesyi Tvédatldﬁo(m%m%a(SEMght Thes tahbbajtqnomsdeindas
P%n??g;&m si > apﬁ&ﬁ({léﬁ&%arﬁ@%ng@g pﬁ%}{ %9@ f%ﬁstz Ceruf X R 8D the
@hdmmdugw siphved excadiaaki dorrelaaotafKSQWé) aimisemlﬁ)&d aabotvm@ean

5088, St eSSt D 000 *EaY DB BSasnrall s ccarbon

mpkecwdeluced to the FTIR det ector via a heated transfer

line and flo KBr wi n , mm opt.ical path, ., .
o R e bk fine e st YRR a by arrbfing Sut ey chain
¢rdassnitsiutivhge Tae carhdudW of GhdthyMedheinkeidk vadre ]céﬁ;ul’ateﬂ Gsid ehe
140 + 1 C, éesp tivel%. A Perkin El nmer

SPREYT Wpirct Gk iVs:(BEErO M6 )s e avragféd)f \meﬂwl ah%%ﬁ?%wer 1000
e darben WRIGULeY, €8l demtiklchbllitela4dddCl)., dehe ahfiber\8Svinyl
used in these studies. Al spectra were g}%g\’ll red usin
PEpRptEd chaiipendri(ereb b chrming rcetalyzeaiar@klg$)o sisdlq malegylar

HEient GRBupRlavEN pm&l@argh&@m@mae&mr v&e@grﬁaﬁt}lﬂu%n All
I R Zg;)ectra were neasured at cm-1 resolution
cs-@@tcally

scansdulfated ahiming gea dermgd by a xgewé? wheigin alpmimatwas
H&@Ja @gyar QIBRSH Ran?a@e QA{E& t@&h@%fa@ B8P b&Mifatd source may

spectral 10 region (i.e R serves as a

wolhda derexeinpls, shdfusic roid) ammlemuuléate,we agironp bighlfté.olmsan
r

SERBIET B ArE £ YL BHHEICla SRR BRL HWRE Gl Hilhnina A was

hifiattd nby I/simpwgnkteml (‘Bthh Jtanzqunou]s sorotidrf |cngtaﬁi®;g \Abbwrh 1580%

717 ectra fr,om eual
QY160 or PR onid s 0GR b CAOR AN C iR e g
faoip @e)pWEher 3 tiradd peBaE b thiss tenperheeo iftarivard, the sulfated
ectra were,t

h Al i br ati or
iRk Al el BRI O SReCLLR ML LAKEN cBhonur

to the atmosphere.

PL 220 SEC hi gh t enperB€T/U82008/013641



10

wo 200008824 Nar r ow nol ecul ar wei ght

needed for good signal to noise (i.e., > 0.08 ng /nL
at the detector). Branching content was determ ned as

mol ecul ar wei ght to nunber-®erage nol ecul ar wei ght
ratio (MM) of about 1.1 to 1.3), solvent gradient
fractions of ethylene 1- Qxhgnqﬂgpthylene 1 20 hexene,

gﬂw% 2¥Iene honnpoﬁy and | ow nol ecul ar wei g
St b @ b (el il dercbgpentadieq e 1. éa{iﬁ@h
atyfreren-1paetigna pireasiury ficklontednt o B2t £bs@MInp) using olefin

VgAY from 1.4 to 82.7 methyls per 1000 tot al
carbons. Methyl content of sanples was cal cul ated

f r om RMEJy 1 iwearanpdikeds idinyclearicomunmd plcthe presendeslinventing. It
&“\ﬁo%@@t % é"@fngleolmeﬁll&%ge 9&0&5&% gahtﬂlé?% Et homonuclear

sarrp eS|n |nga rran Unit
Sepound mdhe reactant metallog@ne usesl tprrevcih@gsDMEEfdr 1sb1edm{thsd)31 -G3-

T —

@ehlprde, 22:7H3321CIC. (abaerdated | “MEL 1”Aﬁefhmmc®19mlmaie for thls

ﬁgﬁhﬁg¥mg§ﬁgﬁhﬂ&ﬁﬁ%d%9bwl984 . Methyl content per

car was obtained by multiplying (tines
1000) the ratio of total nethyl signals to total

signal (intensity. 30 A partial Ieast squares (PLS)
cal i braki on e was generated rouette
chenonetric I nfonetri e changes
in the FTI R spectra wt o) NVR

nmeasur ed val ue ¢ net yl s/ 1000 t ot al ; or WO
2009/ 085124 PC] ) ) ;

absorption K he cal i pati on Iy er e
made deled” Syectra ¢ ET0Ss ZWhe whol e
sanpl & ti on®of the 3

and 2836 cm) Wag used in the cal i brati step in

order to mnimze the effects of residual solvent
absorption. Preprocessing of spectral data 5 included
area normalization, taking the first derivative of the
spectra and nmean centering |alM"*#EEMA f our conponent
calibration nodel was cal cullated and opti m zed using
the process of cross validation (RSQ=0.999, SEV=0.7).
The cal i bration nodel was erified using 23
addi ti onal sanplie The predicted versus actual val ues
for the 10 vali d&f{ion data showed excell ent

correl ati oQ:O. 987) and=exhibited a root ne
y \
0

n
square err predi ction equal tor#
groups per Y total

car bon* nol ect

(wei ght - avePGEyES2008/013641
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Short chain branching |l evels were cal cul ated by
subtracting out nethyl chain end contributions. The

15 equation Mece C(2-VCe)/M® where McCe is the nunber
of methyl chain ends per 1000 total carbon nol ecul es,
Cis a const ant equal to 14000, VCe is the nunber of

Vi nyI % nateqd chain ends (e.g., 1 for chrom um
cat aI E]elsi“ﬁ? OCCHR gamglné,at?q?écar%t?eelt‘ﬁ?aé? lwaéwﬁfnce with

ﬁﬂﬂaﬂ@'rﬁétﬁ‘&isf OOné@ stich febl@rﬁ?@r isSdebG@e@fin S, PREQCUOG,225, the
wei ght distribution. Sulfated al um na was f or ned by a
irdewesoliriers ANCRFRYFAtSARNSRRE bY: FREGTFROSIN §fS eIeWs eat ed

W th gosiehlidte® Qr niy §F’|b§s@&@yc‘i&f&ﬁﬁhos@ﬁﬁ@b@n@“h&@trﬁth@ﬁlum

bi sul fate source _nay e, furic
d¥ dichlerifie (uhbsfirst aétnératlen n@mﬁmﬁls @mamsté waﬁ abaégedl t agigactor

&a&%m REX nRIRER ItidRpheie. CRR g&gqlls g&pgtwmﬁ%&e Qﬁ%eWtBthe
Grace Alumna A was sul regnation wt

watieh arPres matel o rrt,{o‘vftt&nmnngw maddids viaGysingeNhy R8CGHonowas
% SRS AIE MR AR BuSi0 il e

@thylt‘:lhﬂ was eqlprsechfiome theAfeadionamigfurd. he\ssthk fradotidn pabagedada the

. . n n n. and wa
%/Jggc;tgﬁ\?\%n%(ﬁxg% ?e%gl)%ﬁ gsﬂ&}t}’g‘f or?r(l)g% c%f“or 8ft¥r a o‘ilg g %8% approxima Siely 2
2008) DB8BaR4IPEEUSRIBI 86 Q1S ﬁeﬁdnonG&:@fAl\/PAEerH Sapd, hasorange

Sl HEA .19 Sy @ g e rsfin ol suspension
\Xfeldirerhe\retl “frouthg Irédctoor &his Teagtigmprbhasn &ag dissodvdduD-chloroform

h |9 Ldé dé sbanéj %Ealnz Wcﬁv%?szsgﬁseﬂ %ﬁ%ﬂ%l&éﬁ‘gi’sllﬁyg %ﬁ-ﬁ}lgﬁ iapAlthough the

@amwmd wety tditetep NMIRNERGimh e @it pRFence tof hs desidEldRflclear
using a single netall ocene reactant and is, therefore,

compofBhdYEL!- conpound. The reactant netal | ocene used
to produce DMET 1 is 1-(nethyl)-I-(3-
but enyl ) - 1- (cyclopentadlenyl -1-(2,7-di-tert-butylfluo

ren-1-yl)nethane zirconik L Zhi or | de, C32H38Zr C12
£pnbl ey LAbREET ﬁV@IgljygerClIhg RRE LA BERSTE, for this
|nvent|ve exanple i's ill'ustrated bel ow "~ \ " cl

Qpro%ﬁé§w§§h§g 5B88!s¥8d DMET 1 reaction product of Example 1

were placed in a vial and hydrolyzed using about 10 microliters of water in about 0.5
mL of toluene. As shown in the following reaction scheme, the metal was hydrolyzed

to the free ligand (Ce2H76) and the ligand was subsequently characterized.

chain ends were cal cul ated uBCHGS2008013641



/'\vdad + Gl a CH3/ H3C a~u~ C \ / W 2009/085124

PCT/ US2008/ 013641 66 The MET 1 netal |l ocene starting
wWOoreaoensdk4s can be prepared in accordance with BCIi/USIIDE013641

met hods. One such techni qué7is described in U S.

Patent 7,064,225, the disclosure of which is

incorporated heriein by reference in its entirety. 5

Approxi mately 1 Jpg of

bi s(tricycl ohexyl phosphi ne) benzyl i di ne ruthenium (I1V)

di chl ori de bbs first generation ne sthegis
catal yst) Wwa arged to a reactor [n-» afl i ner
ni trogen apmagphere, After about 118 g Of BT 1lwer e

added to r eacyor approximately 2|n o

benzen? T e adeed 2SN nges_The jreacty
al | oweq pr qceed| at anbi ent” t enperat pre. ’
an orange sol i o esul ted and 10 eﬁﬁylene Vafs

rel easeg ffbnﬁth"’"!ctlon m xture. As the &t i on
proceedpey, tlfe Nea€ti on mi xture becane a \urb¥d
orange ‘col or. After about 5 hours, approxismately 2 nL
of benzene-d6 were added to the reactio i Xture.

After 4 days, an orange suspension restlded. After 14
days, a fewmlligranms of the resulting solid
suspension were nenoved fr¢mthe reactor. This
reaction product weS dissol yedoin D-chloroform15 to
forma dilute_safpl® and wag subsequently anal yzed by
I HNVR At the sanpl & was very dilute, NWR
confirmed t ' '

compound, DNET={
C62H72Zr 2 4*»
<10

Iy f” -
4HEEEG in a V|aI ( s )
of watercein about 0.5 niL &F tol

1 were and hydrol yzed 10
mcrolite As
shown in _fhe follow ng reacti ofugchene, the was
hydr ol yz 25 to the free I|i q@?g H76) e

l'i gand was subseguentidMudhar act eish é3 WO 20 085124

PCT/ US2008/ 013641

The free ligand (Ce;H76) sample was analyzed using the thermal desorption
mass spectrometry procedure, DIPMS, outlined above. As illustrated in FIGS. 1-2,
the prominent molecular ion observed was consistent with the expected molecular

mass of 820 Daltons of the free ligand (Cg:H7s).
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wWGe2@y9083apent adi enyl

67 / \ ci ~cl CH3 Zr Zr H3C Cl100, C° H2O CH3 cp
Cp H3C (C2H76 Exact Mass: 820.59 Mdl. W.: 821.27 Cp

(C62H76) sanpl e was anal yze®® using the thernal
desorption mass spectronetry procedure, DI PN5,
outlined above. As illusgxamgdpn FIGS. 1-2, the

rom nent nol ecuyl ar _ion_ observed was consistent with
f%éeréfﬂééx%sm EMEL Cofinér Gk wing Hehimmesi@hets t he
free |ligand (C62H76). WD 2009/ 085124 PCT/ US2008/ 013641
68 EXAPPIElin meipthesis wagtion wodtthresame wetlgopng MET 1 reactant

ERABYA 4R chthpleU BT DGpRIxGhADy B4 Bt BERbSmARYS 5 GRSl Bf MET 1

met at hesi s reacti on used tRe sanme metal | ocene NET 1

verachaaed o3 reagieoinder amingst ampisphere. Abpit d29 mt ef tplugne;wgre
i . . : r

T G R e T

mpiturenevagemeepataddeint to viak bpaanizing crpeximageln o emng of

' i on. .Ut haisu aly
I L e s e e
@nemgtigf mebsitleesisr ¢atatysitlo ek ghquih s phiofi édloemez y [Theli raslting  purple
ryt heni u ichlori first 10 _generation
SECATRL QL e A 1 L MET 1 cllop g fRREE R o Sha
peesatistaveg apaut gl dourr uAlften abmt Qat Abdbwrst the akdstib® Miwaise became

N T A ERT e ST
e 8aoh ntiktufd, ¥hivhesubsqaditly became very turbid. After 44 hours at ambient
temperature, an insoluble red complex was observed sticking to the reactor walls and
the solution became thicker. Another 8 mg of the ruthenium catalyst were added to
the reaction mixture. After stirring for 5 more days (a total of 8 days at ambient
temperature), the resulting red-orange mixture was capped and allowed to settle.
Following a settling period of 11 days, the supernatant liquid was decanted from the
solid phase. After 3 more days, the residual liquid was removed via filtration through
a course frit over about 8 hours. The remaining solids were washed with four 15-mL
portions of pentane under a mild vacuum. Drying under vacuum resulted in about 2.4
grams of a red-orange powder.

A portion of this reaction product was dissolved in D-chloroform and
subsequently analyzed by 1H-NMR (see FIG. 3). NMR analysis confirmed that MET
1 was converted into isomeric dinuclear metallocene compound DMET 1. Isomers
are derived from both the stereochemistry of the alkenyl double bond, cis or trans, as
well as R or S chirality of the bridging carbon atom of the metallocene moiety.

FIG. 4 shows the NMR spectra for the MET 1 reactant in D-chloroform.
Terminal vinyl protons are located between about 5.0 to 5.5 ppm. The disappearance
of these proton resonances in FIG. 3 also demonstrates the conversion and metathesis
of MET | to DMET 1.

C, 90.67; H 9.33 5 The freer/Ubmyasil3c41
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cloudy. After 24 hours, another 10 ng of the ruthenium
catal yst were added to the reaction m xture, which

wGaaivgesfuent | y becane very turbid. After 44 houPGI/EHS2008/013641

anbi ent 15 tenperature, an %nsoluble red conpl ex was
observed sticking to the reactor walls and the

sol ution becane thicker. Another 8 ng of the ruthenium
catal yst were added to_ the reaction mxture. After
stirring for 5 nore ddyS\MELESfIl of 8 days at anbi ent
LEYRBIALM Rins ubNg chRBM 5085 b&Sd OF INELIN HeHI?ZQcéNQ?)ME T1

sArResiend mErowed to settle. Following a settling
period of 11 days, the supernatant |iquid was decanted

fr Omljlﬁ'lﬁ:lgap n%@cllfoger@%ﬁl‘fxoutﬁg ¢ 'ihe3;% Q%Bfemgé%ﬁ%n e useﬁl as part

residual |iquid was renoved via tration rou
f Guratadyst sBrStenbtpepolﬂnmne deflisudl pdtmerrzemswq:rg cgmdumste ina

dﬂ@fgﬁll&@§ﬁﬁﬁes¥\" stedp f sg‘Hf ba:lfél MactoP Ot @ 18er®o tf R%{H\]{%ﬂg a%g Tyl

vacuum Dryi ng under vacuum resul
aiurmnu@r emeatayst averechsed amgd  poywieizatign eeperingntsof Thb]ltg;plcal

Qr of or m,and 5
HofRc AbrPp Skl WS oHGAR) 1P RN B PR ngh vtr-
suprdrygidghe owfailpernd weiradddhE ordervitrougloa vkarpeport while venting
di nycl net al | ocene ¢ 0 . T.1.
%O%g{r%g% |§ gpoér (relfh ec(lr?]lgr P OB %o%eﬁ atnﬁe% 8‘#2? ggg/%gﬁﬂsg?‘ftveo‘f'ere
ddted. aI”IRengdnteuitsubf dlebmadpr Giege Sfirrddr amﬁ;,hezasd tovehd dasire® run
of the,bri.dgi.n rbon f. the
tem?%i“r* céﬂ‘i {2 yasihen i %%SH%%Q?%W Sirdamgyat of
Hekeéne VEEthYlene acis afisll dnnddmhanb| t6 rrﬂélﬂtﬁm the @eéﬁﬂé&bfb@éuré/ ity the

ro are l.ocated between about 0 to 5.5 ppm . The
B2 debin o6 o PRSP E O 1 B RIS TRy RRing] and

BhE6lledestOms t dedir@B rih CensRRM@E SthRA gltfud tﬂ@gﬁt iz8tionOf Upon
MET 1 to DVET 1. WD 2009/ 085124 PCT/US2008/ 013641 6

EBlgbprdhacthlensofigiias stapredand thegeassr meeseure sloydt vented off.
TSt 8T8y W%E/E&H AHINYE | BB BIreu P 688 ol dnd aﬂgd under

met al | ocene Di nucl ear netal | ocene conpounds of
qaﬁynp@t@@gwlmamlgﬁ@.@fprwé}egst@g@hogg part of a catal yst

Syst Qb0 R@hIRLds Zfe Q!aﬁ JsP'$ Sté% erRRbXAEL A Rkl %b 5’%%

conducted in a one-gallon s al nl e s 'steel sem
nr@mctte@ |of Examapled 4-é t.s IoExanmpdesft Bln éheatimhcldak pietallad¢enerprodngt of

S8 PSS o TR B MEE SEIA0, (g e
oma@alcdm dihe tspetifas pélgmkiaasipn abidjtionalemployadiwerdie 30 minute run
tf‘Jrlrcl:et Ire\zlagt'ion temperature of 80 °C, 450 psig ethylene feed, and 45 grams of 1-hexene
with 0.5 mmol of triisobutylaluminum (TIBA) per 100 mg of sulfated alumina. The
loading of the metallocene or dinuclear metallocene (MET 1 or DMET 1) was varied
from about 5 micromoles Zr per gram of sulfated alumina to about 40 micromoles Zr
per gram of sulfated alumina.

The dinuclear metallocene compound, DMET 1, was supplied from a solution

containing 10 mg of DMET 1 in 20 mL of toluene. Thus, for instance, Example 4
was conducted using a 2.5 mg loading of DMET 1 on 100 mg of sulfated alumina (5

mL of DMET 1 in toluene solution), plus 0.5 mL of 1.0 M TIBA in hexanes.
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support and the netal |l ocene were added in order
t hrough a charge port while venting isobutane vapor.

wabh@ossege port was cl osed and about 2 |iter sSPOF/US2008/013641

i sobut ane were added. The7ontents of the reactor

were stirred and heated to the desired run

t enpahatetnfs i MebIeINybRAS t%?ol)l%ﬁﬁnl dUpbRHiE %ﬁbd@l:@cﬂggg PE
with the desired amount of 15 hexene. Ethyl ene was
revugediams Silambatyesmeattest speems pane BPRsOMES { gnd(MET %

BRRGES hRAed 8BRS woFr 10RGnPOIYTREAt DNEPN HabQupefiBE productivity
react or was nmai ntai ned. and controlled at the desired

te that efdv¥E&rlat ur e t hr oughout the pol ymeri zation. Upon
complagtsh Qb v§ iR S%B{E¥i\}\fﬂ %rafnm%r}e@ft ﬁ’fﬁﬂ&?%l@ﬁ@ 1t Héorporated

react or pressure s vent e react or was
highen tsiclarnd 1 themensghymeid ME@du@touxgh@t st VBt aeneaad e ondem

{fm?g% PAREYACHW Han ARRKOSDSTRASH 8 RO &P&Wme‘?tas 2884 ding is
WO Thours. sumTar es the catalyst system
deomphsey, exdhlhduETééudtaaﬂatlwm flareesporpe tpér loadingsof Exanpl es

grg(ljuc f] fpro cegskfé ei I?‘B%?EJ% q&gg&d&?ﬁlﬁeac ﬁcﬁ(ﬁ]%MET L

wiettel lcompared (lIEsmE)d‘debleMln (nVEdbIA ). was &r lo@ﬂn@r dgreafdue Mw

RPRteR RS Ay o B B bRpBRSRRAMET 1501 Spdtrec

1@(Sjr1g)rﬁtdﬁy loé e f BMET anddiddbiony afrmppefarsl brdhenres clwut hrdhsfor.

sy At PREY b SR elers e Rien 163, TRilkurty as 2r

1d¢(mgclheafrea§ed all ocene (MET 1 or DMET 1) was varied

from_about_ 5 cromgl es Zr per gr of . sul :
oGSt &St Bes fupes B aﬁ@p@f’lygmnogeﬁdxamples 47
rrsdukad 8@l BIIPA syRen TRBudhd e lieatlemhahllReR) ®MET 1. The
conpound, DVET 1, was supplied fram a sol ution

highet a‘ili?ioﬁ@’ b lowy yearppatss 1 FIGo G fRlloys ¢ gafiemeof fhrieasing

r%&flo 1&? bhAAEE as BATRLFokne %@m? MHféﬁﬁq lSﬁblUﬂol?m@rsQoﬁ'E be
| oadi ng of DVET 1 on 100 n‘q_@ sul fated alumna (5
e §

wstd DVEIDzatians oA Jit PY) TeSRIINGRs SOCTS agrp qeﬁlerlp@cmsmg

%t%cgﬁg mg@sden%\f;e&@}g R@&glm PCT/ US2008/ 013641 70

e results in Ta cate that polyolefin
copolBImSr Tptodhmt it nfgdecmiar ywrigdudistputioms ofi thie| palymers of

%@A‘g?%% ??L@@&?ﬂt f ?yc% qﬁfolﬁslltngle bsgﬁlg %Idl?‘l q'hF;éEIat; was

resul w Zr Ioalngsm
donvErdted g sszepercilttsronpﬂudm@bgnaphyy in taccardvae (Wflthl\/EE procegure

50 ot iR BRAE ey STRFL PR ok A e

fodhchEdt hight DrrloatgﬁlgsuismtghE\/IMO lage fllastopeedah FAGSC®H0.UM
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| oadi ngs. DMET 1 al so enhanced i ncorporation of the
conononer as Zr loading is decreased, while MET 1 had

w@2eehstizvel y flat response to Zr | oadi ngs. NMEACT/US2008/013641

produced hi gher nol ecul ar ﬁélght copol yners than did
DMET 1, 10 whether conpared using Mv or M1 in Table
. As Zr | oadi ngs decreased, Mv decreased for both
catal ysts, but the response was | ess for DMET 1. The
enhanced incorporation of the DVET 1 dication, it
%%,ggﬁréom RRANGASMETA With MEAST SvariedBNBEAMRNL Y, W th
[ ecul ar wei ght decreases |less significantly
as Zr loading is decreased. 15 FIGS. 5-6 illustrate

B TR Vol | OTg T TESER | WilFTos0 PMwRseaTPT EFDAF 7 MI | HLMI

prodyced ‘usi ngrg cm;alyst system i ncl udi hg the

dpnudtSan "‘a’4b”‘1§ T BT ot i Bl YioreRh Y 06

8L HODRIeAT T3heoes [T F1as | O fR B Y™ om PRTIAIY OTo [ 04a

et i hegtofs tat b padt bt gptal docens o

I s/a:.u IWéP1 JCL,I gcib?’d DITI(S.: I !Jf)l 1!5 S %Wé J %39 USE_Q | n _.
[

¥
aPPT TR QTS lﬁb{uHM TJ cl61 Saasi ? IEdIZSd?DpUi]%e' SH h 0.72
°‘§‘ a cmurq! :ébthA g fﬁﬁ |l§t1§l b)b€§§1$ ] IOWo 0.30

IR S A AR < AT 3 e T A 075 L ICRE

WGt walluu TOR§ | Of F & POLYTeTrs 9] | EXg¥ll €S- —

4=11; p otted—for conpartson at tthe same Zr 1 oadi Ngs.
Thi s w&% ]generated usi ng si ze excl usion

chr o) Oo% gggémw} o@é‘sézqr G s x!fét@iimmqr?;ﬁgure

di st r_%ﬁi_mrﬂrgbﬁg}géﬁp/h ? P ?%? 990‘6 EFO t hi gh Zr
| oadi @S usi 9-10.
WO 20 "ﬂ&‘l"‘/g% 6 ab‘_’(‘é" 1 71 Tabl e l.

Conpar], §ot “at varied Zr |oadings.
5 Exd ﬁi’?%“{tyﬂ’%‘if Mh/ 1000 Ma/ 1000 PDI M
HLM -~ ?@ fy W51 8.4 95.9 241.3 2.52 0.02

0.95 5 DVMET 1 20 82 8.9 107.8 289.7 2.69 0 0.44 6
DMVMET 1 10 47 10.2 103.0 303.0 2.94 0 0.41 7 DMET 1 5
17 10.9 91.2 309.2 3.39 -- 8 MET 1 40 181 6.7 116.4
253.7 2.18 0 0.72 9 MET 1 20 94 6.1 137.0 331.5 2.42
0 0.30
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10 MET 1 10 27 7.6 111.2 413.8 3.72 0 0.12 11 MET 1 5
10 7.1 143.7 471.1 3.28 --- --- Notes on Table I: -

wW@ewb/0&¥12g - micronoles Zr per gram sul fated aPCHUSZ08/013641

- g PE - grans ethyl ene/ heXéne copol ymer produced. 10
- SCB - nunber of short chain branches per 1000 carbon
atonms. - M - nunber-avefaggsnol ecul ar weight. - Mwv -
wei ght - aver age nol ecul ar weight. - PD -
pol ydi spersity index, MVMWi. - M and HLM - units of
wid@ip n. 15 WO 2009/ 085124 PCT/ US2008/ 013641 72
CLAIMS W claim 5 1. A conpound having the fornul a:
XXMX A2 X\ /XL /\ 4\ /<42 X 2 X CRXRY CRXRY X X
CH2) wherein: X and X2
fndeé&nﬁﬁ#@%&e a hr[nhée or a substituted or
unsubstituted 10 aliphatic, aromatic, or cycl iC
g{ oup, a conbi nation thereof; X3 and X

I ndep thIy are a substituted cycl open

m%éﬂ% fI uor enyl group, any subs uen 0
he than a bridging group wnt

hydro en GRERYor a substituted 06R6R¥ubs i tut e

al kyl or al ken b OBRZ=HRZA2(CI,)2 /substi t ut ed _

bri dgi ng group coﬁ‘g}l sing either ) silicon bridgi ng ’

vile@dt: @ germanium bridging atom a tin bridging atom
a carbon br&dgl ng atom or a bridging chaln of 2 t0

car ben #dorfs, NAFRFndRY¥ 1 ate aehelsdeo A Azs‘t?tsiﬁ‘EPe t ﬂraﬁnﬁﬁsﬁtuted
aﬁtﬂﬁﬁi@y&rohhw bP&yclio &RIP, drAdEREREES thireas: € @ hydrogen

om or a §ubst ituted or unsubstituted ali phatic
and X" independently are a substituted cyclopentadienyl, indenyl, or

n X3
,are

fluorenyl group, any substituents on X and X* other than a bridging group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;

A? is a substituted bridging group comprising either a silicon bridging atom, a
germanium bridging atom, a tin bridging atom, a carbon bridging atom, or a bridging
chain of 2 to 5 carbon atoms, any substituents on A’ other than an alkenyl linking
group independently are a hydrogen atom, or a substituted or unsubstituted aliphatic,
aromatic, or cyclic group, or a combination thereof;

M is Zr, Hf, or Ti;

R%, RY, and R? independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and

n is an integer in a range from 0 to 12, inclusive.

2. The compound of claim 1, wherein X' and X° independently are a methyl

group, a phenyl group, or a halide.
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aromatic, or cyclic group, or a conbination thereof;
20 Mis Zr, Hf, or Ti; RX, RY, and RZ independently

w@e@oasiigdr ogen atom or a substituted or PCT/US2008/013641

unsubstituted aliphatic, arbhatic, or cyclic group, or
a combination thereof; and n is an integer in a range

B r om Bhe @mpdund BE 1WA ¥ ewha2Bin 2achTiiBsRR QHNG eﬁ&ﬁ X1 @héP than
mhereln X'. and X2 inde endently are a net

hy

B’F brigsing epweAs felgsicgupdersrdeytin fomgichy dyggen g tyor, @asgmgroup,

14220084 A 3 thutyl bupc! @i m 1,
gﬁ%%eln each gﬁﬁé?ﬁ%uen#“%%ﬁy and X%ngﬁgr than the
bridging group is selected i ndependently from a
hydr OB oflp8iiAd S18INY Whefe AWithe G Qy b sfsQURa ﬂ%@renyl
n- butyl group, a t-butyl group, or a hexyl group
The conpound of claim1l, wherein either X3 or X4 |s a

§UbStTﬂeu£ ofuhé}' Qﬁ‘w}n 1, 5Whe-l;giﬁ &m%ﬂﬁj t hAZI &h?]x than the

wher ei n eac substltuent on A2 ot her
tlkerivi Aigkige ogrpun & sed¢osask independentle nfiemta yydrognm aom a methyl

S ARET T BRR, PR B Ol B RO EEET, § e

conpound of claim1, wherein the conpound is sel ect ed

é’ ﬁ?gagwgﬁ%(?%la%% 41 Hﬁereln he conm'?u% lsv\qe% 9%/ 085124




c _ad sa CH3 zZr zZr H3C C 1' OCd WD 2009/085124

PCT/ US2008/ 013641 /5 cl '.tAcl Ph H f Ph H'
wW@ro09$51Z¢ wunlllCl i "Cl 5 wherein Ph i s anPCT/US2008/013641

abbreviation for phenyl. 7.7% catal yst conposition

conprising a contact product of at |east one dinuclear

net al | ocene gonpound and at | east one

activator-support, wherein the at |east one dinucl ear

net al | ocene/cowpound has the forrmula: 10 WO




X and X2 independently are a halide or a substituted

or unsubstituted aliphatic, aromatic, or cyclic
wQ@e@apss1¢ a conbi nation thereof; 5 X3 and X4 PCT/US2008/013641

i ndependently are a substi ti? ed cycl opent adi enyl ,

i ndenyl, or fluorenyl group, any substituents on X3

and X4 other than a bridging group independently are

a hydrogen afem or a substituted or unsubstituted

al kyl or alKenyl group; A2 is a substituted bridging

group go ising either a silicon bridging atomqy a 10

gerna»/ P i dging atom a tin br FEGINNG agkom a\gar bon
bridgi Rg a¥om or a bridging chail 2;‘9@5 car bon

atoms, subs#i t uents on A2 ot her thantan alkenyl

| i nki-Rg_\group /i --oendently are a hydrogen aton] or a
sup pt\ed orfunsub t (ked-aklN_phati 3 or
C grQup, br a comnbination ther gof, ® HE
or Y 15 RX, and RZ i ndependerttly arle_a hydrogen
ato @F’é su ’.~’ uted or unsubstituted phat i c,
aronat i ccor c group, or a conbina er eof ;
and nis an |n eger in a range fromO to

inclusive. 8. The catal yst conposition gf claim?7,
wherein Xl and X2 i ndependently are a 20 net hyl

group, a phenyl group, or a halide. 9. VThe catalyst .o
conposition of claim?7, wherein each substituent on X3
and X4 other than the bridging group is selected

I ndeperident|ly from a hydrogen atom an ethyl group, a

prop opy an n-butyl group, a t-butyl group, or a
hexy f‘tS 10. The catal yst conp05|t|on of claim

Ta1 mherel or X4 is a substit fluorenyl. WO
2069&98 124 RCT/ US2008/ 013641 7 [7& cat al yst
89@p0$2¢|on 0 cIain17 wherein g sy | tuent on A2
ot her than ] I i nki ng group bs8\sel ect ed

|ndepend-? J onla h gFogen—at om g net Kyl grLyp, a
Q)

phenyl cl ohexyl phenyl groygp, or Haphthyl
group. 5
0

at al yst conposition~NQf £I ai
wherein the a cast one di nucl ear et 3 -nec
conpound i s: ‘Q

5  wherein Ph is an abbreviation for phenyl.

7. A catalyst composition comprising a contact product of at least one dinuclear
metallocene compound and at least one activator-support,

wherein the at least one dinuclear metallocene compound has the formula:
10
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1 3 3 1
X\M/X\A2 : AZ/X\M/X
2/ N 4/ \ / N 4/ N\ 2
X X' cRRY cR*RY X X
(CHy),—CRZ=CR?—(CH,), / M.
wherein:

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

X? and X* independently are a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substituents on X and X* other than a bridging group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;

A is a substituted bridging group comprising either a silicon bridging atom, a
germanium bridging atom, a tin bridging atom, a carbon bridging atom, or a bridging
chain of 2 to 5 carbon atoms, any substituents on A? other than an alkenyl linking
group independently are a hydrogen atom, or a substituted or unsubstituted aliphatic,
aromatic, or cyclic group, or a combination thereof;

M is Zr, Hf, or Ti;

R*, RY, and R” independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and

n is an integer in a range from 0 to 12, inclusive.

8. The catalyst composition of claim 7, wherein X' and X? independently are a

methyl group, a phenyl group, or a halide.

9. The catalyst composition of claim 7, wherein each substituent on X3 and X*
other than the bridging group is selected independently from a hydrogen atom, an

ethyl group, a propyl group, an n-butyl group, a t-butyl group, or a hexyl group

10.  The catalyst composition of claim 7, wherein X> or X* is a substituted

fluorenyl.



79 or a conbination thereof; wherein Ph is an
abbreviation for phenyl. 13. The catal yst conposition
w@Rooglsiiea 7, wherein the at | east one acti vat oPEHURO$/013641
is fluorided alumna, chlori’ded al um na, bronided
alum na, sulfated alumna, 5 fluorided
Bi. | 1 ChreRhtd s @mpobitioh bAQ&nST, WeRifd AR iehUH AeSher than
silica-alumna, sulfated silica-alumna, fluorided
e plkenyl dinkigrareup sHelseEd ddlerindently- from adideogen atom, degethyl
[ Car r any

R S v Y R T
claim7, wherein the at | east one activator-support

c r : 1rea -
 ect Tanca i ationfoR o ik, 22 WBErcht bk B it ong, ipuclear
metad¢deneepmminndrisna, silica-al uni na, al um num
phosphat e, heteropol ytungstates, titania, zirconia,
magnesi a, boria, zinc oxide, any m xed oxides
thereof, or |any m xture thereof, and the
el ectron-w trdrawi ng anion is fluoride, chloride,
brom de, phosphate, 15 triflate, bisulfate, sulfate,

or any Wi nati on thereof. 15. The _eat al yst
conmpos of claim7, wherein t % | eflst ong
acti vayQ upport further conpri 88s/a ‘_t,abl_ or/ net al

16 cqtal yst conposition of clai/m?7, fhe¥ein t he

at Ieast_omne astivator-support cof¥pri sesa<Ll ay
m nerafy & p 'ld clay, an exfoliated an
ext/ol i at €éd cl\ay—Gel  ed into another oxNd gt ri X, a

| ayered silicate mneral, a non-layered 5 Jcat e

i on, G’ ereig the netal or netal |on W\s zkr
ni gke vanadi yim-—si | ve copper, galliu
t @ .\ hol ypdenu or Ay 2Q conpinat L / eof .

mneral, a 25 layered alum nosilicate mineral, a
~non-layered alumnosilicate mneral, gr\ any

conbi nation thereof. 17. The catal yst conposition of

claim?7, further conprising at |east one

or ganoal um num conpound havi ng the fornula: 30

Al (XS)m(X6) 3-m  wherein: WO 2009/ 085124

PCT/ US2008/ 03641 80 X5 is a hydrocar byl ;




X6 is an al koxi de or an aryl oxide, a halide, or a
hydride; and mis from1l to 3, inclusive. 5 18. The

W@ 2009408924 conposi tion of claim 17, wherein thePCI/US®a%013641
one organoal um num conpoun® is trinethylal uni num
triet hyI alum num tri-n-propylal um num

dleth m num et hoxi de, tri-n-butylal um num

di i sgb al um num hydride, trij tyI &l um num

di et m' num chl ori de, or any @u nat i,gn thereof.
10 19 e catal yst conposition of—C aranm /7, _fu(ther

co n\@ g at |'east one opti onal cp-cat\al , erein
t east—fenie optiofMyl co-catal yst is\g aft one
& ox@ne [conpound, at™T1 east™Noheg os@n -
cogpeund,), at | east one organoboromcor dkgsfoborate
corrpoun‘d' 2 east one i onizing ionic gonpound, or any
conbi natf on * eof. 15 20. A catal ysf )OSi ti on
conpri sing a-contact product of at |ea A di nucl ear
net al | ocene conpound and at |east one conpound

sel ected fromat | east one al um noxane conpound, at

| east one organozi nc conmpound, at |east one

or ganoboron pr_- organoborate conpound, at |east one
ionizing io conpound, or any conbination 20

thereof Mierein the at | east one dinucl ear
nmet aII &\ conmpound has the for X\ X A2\ AZ~X\
/ X1 / \ X2 X4 CRXRY CRXR 25

(CH2) SR (c2)yn / (1) . ~25*Kl and x2
|ndep tIy 3 e a hallde or a subs |tut ed 6T

b , a1 phat Lexaropmatic, or cydli Qup,
o) nat| on thereof and x4 S AN y are
| ed ycI opent adi enyl, indgnyl, «w uor enyl
gro p uents on X3 and X4 oth —lan a
bridigi ng gr uwj 2009/ 085124 PCT/ USZOOl 81

|neendently 3 a hydrogen atom or a s\ tuted or
unsubstituted al kyl or al kenyl group;

Cl

..m--Zr

crwe

b d ..n\l\\\\\\\\cl
I,

.
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A2 is a substituted bridging group conprising either a
silicon bridging atom a gernmanium bridging atom a

W@ 20vojsilegi ng atom a carbon_bridgi ng atom orP@EI/US2008/013641

bridging 5 chain of 2 to 5/%arbon atons, any
substituents on A2 other than an al kenyl |inking group

biflenenaeiah berevtewRerbiy Bh QO bBIOM o for h&iypst i tut ed or
unsubstituted aliphatic, aromatic, or cyclic group,

or a conbination thereof; Mis Zr, Hf, or Ti; Rx, RY,
ad Réhd QdeRebsapsitondr Sladn hYJEL8E Qhﬁ PdEt e aBtivator-support

substituted or 10 unsubstituted aliphatic, aromatic,

sr flegradadc alyming, chderidedc alimimattiromidef erlowina, snifated | Jumina,
hﬂ&?&ﬁfsilicQ-aﬂm'iiﬁg‘,%1JA£§1s9ic£-91u a, bREhiUE ¥ific -gﬂlmir;glbes‘ulfated
catal yst conposition of claim20, wherein the at Teast
oHea-alhmirian deanded sibppoimediac shipridsiesilica sirqoala, drayided silica-
: 1.N | . AL - P R wherein:
A S PR Aot o SRS rom 1 to 10
carbon atons; and p is an integer from3 to 20; 20

) i L: hayi the f la: R. Al
B). 6 AL BB Ml g PTG g e
edrigyrisehasalidgxidedreattd woth b eandowitadrewy aaiod, wheréis: an

integer frqml.to 50;. 25 (c) a _cage al.um noxane havi
the PBF A ROGE Papiies APeapTCe AHBPER Al PP
heempoiglungstneatitadia, bircnahedgrdsiaybortl @inp okide) iy rhixedrodides
0 19 car bon agons' 2009/ 085124 PCT/ US2008/ 013641
gﬁreo , or any mixture thereof;, an
the electron-withdrawing anion is fluoride, chloride, bromide, phosphate,

triflate, bisulfate, sulfate, or any combination thereof.

15. The catalyst composition of claim 7, wherein the at least one activator-support
further comprises a metal or metal ion, and wherein the metal or metal ion is zinc,
nickel, vanadium, silver, copper, gallium, tin, tungsten, molybdenum, or any

combination thereof.

16. The catalyst composition of claim 7, wherein the at least one activator-support
comprises a clay mineral, a pillared clay, an exfoliated clay, an exfoliated clay gelled
into another oxide matrix, a layered silicate mineral, a non-layered silicate mineral, a
layered aluminosilicate mineral, a non-layered aluminosilicate mineral, or any

combination thereof.

17. The catalyst composition of claim 7, further comprising at least one

organoaluminum compound having the formula:

Al (X 3m;

wherein:
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Rb is a bridging Iinear or branched al kyl group having
from1l to 10 carbon atons; r is 3 or 4; and a is

we@owalsiad nAl (3) - no(2) + no(4), wherei n nAL(BJT/US20081€13641

nunber of three coordinate 85 al um num atons, no(2) is
t he nunber of two coordi nate oxygen atons, and no(4)

is t@ﬂsﬁl}hﬂ&@&ar@] 4 coordi nate oxygen atons; or any
tion_ thereof. 22. The cat al yst conposition of

conbi
ol ai X2 B 2n gierids Ar anvaylaxide.edielide 062 BYgdiotikh on or 10
or ganghofah e ts 9MpeM&de.i S N, N-di et hyl ani | i ni um

‘tetraki s(pent afl uor ophenyl )borate, |ithium

t et raki s(pent af |l uorophenyl ) borate, triphenyl carbeni um
tetr aﬁ‘le%ﬁﬂﬁr@tt &ﬁdﬁé%eﬂ BPBX:'n‘) POGAERin the at least one organoaluminum
NN- di met hyl"ani | i ni um tetrak |s[3 5-bis(trifluoro-
¢RNOYNd phisny rr}rmhfel@l@mmmphm;hyéad%@nmum tri-n-propylaluminum,
bigfh AltnSihidn S-chiox Lifibho;  RNSDUMAAGHALE:  hydrid
tri g( ent af | uoroo((% ftr}l H%Bﬁm {y]l yande
Fva@ytxlaslnbmst(uciwthylabmm hlglbl)tde emanyisempinaten thareobr any
conbi nation thereof. 23. The catal yst conposition of
claim 20, wherein the at | east one ionizing ionic
tBnpolhectaiadyst ednippsisionydf XAamohifumther comprising at least one optional
%oe%artaqgt,s\%ﬁ)er 19|t1¥<1 %tblgas§ Se oétlon%l cogégia\f %%”H‘HQASP ghe aluminoxane
etraki’s borate, mroni um
d:oem}roakd séQ lébsdlomet bigandmixicatcempdunid( mt 2Rassudyd )aaganoboram or

{)r%tir{o O'Buet g(fnjspé)ﬂﬁgeqt H%qsp Qr?en%n zpn?g lgnlc compound, or any combination

thetebfaki s[ 3, 5-bi s(trifluoronet hyl ) phenyl ] bor at e,
tri(n-butyl)ammoni um
t et raki s( pent af | uor ophenyl ) bor at e,
. N- dA @etbiyy dfipbbifibhl Bdhgrisiakd ednrct plodligt@haalelst one dinuclear
N, N-di met hyl ani ] i ni umtetraki s(mtolyl }borate
Newl%qeﬁ%t%mpgyﬂq 2RY At least rope; g({nzpo&nd selected from at least one
difRbiyk E&ﬁg&iﬁh&l b kione NrdthSHiddRbAYSARI Ati18stéRe organoboron or
tetraki s(3, 5- di met hyl phenyl ) borate, 25
Ngzmpgq)rﬁ@tqqymaqﬂd; ptn]egﬁ] one 1on121ng ionic compound or any combination
tthglte{)iakl s[3,5-bis(trifluoronethyl)phenyl]borate, N, N
di met hyl ani I i nium tetraki s(pentafl uorophenyl ) bor at e,
t r i pheheydin helselensirone dinvelkiraiqiallocerieydompovnst ks the formula:
tri phenyl carbeniumtetraki s(mtolyl)borate,
tri phenyl car beni um
rak| %82, 4-di net hyl phenyl )borate, tri phe | car beni um
ﬂ K('s(3,3- di et hyl phenyl)borate, -
tr| aqylea noeni um tetraki s[ 3, 5-bi s(tr fT\gorﬂ

et hyl ) piien d ate, triphenylcar l}g/m X2
tetrakis(pe t;ﬁlor ophené/l ) bor at e, %3‘( pyl i um

t et r aki s( p-t ol y(OHsat@R*TEBD VKG:UM
tetrakis(mtolyl)borate, tropylium

vVBe'#i8ki s( 2, 4- di net hyl phenyl )borate, tropylium

Let 1 aki 588 g ilRNERYh JRAAlse o WARRS BPUHRthstiuted

PCT/ US2008/ 013641
aliphatic, aromatic, or cyclic group, or a combination thereof;

@.

b

3 and X* independently are a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substituents on X’ and X* other than a bridging group
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83 tropylium
tetrakis[3,5-bis(trifluoronethyl)phenyl]borate,

t et raki s(pent af | uor ophenyl )8orate, 1ithium

tetraphenyl borate, lithiumtetrakis(p-tolyl)borate,

Inégeh sy atd 2kl eopent Abtt! ok RQLBdtRuted bif dridlibbituted alkyl or alkenyl

tetrakis(2, 4-di net hyl phenyl )borate, lithium

geth-aki s(3,5 5 di met hyl phenyl )borate, 1ithium

tetrafd ngsgmé@br_i@g@ﬁ% S8 Sdnhfsing (MR AdilidRAMRidging atom, a

phenyl ) borate, sodi umteéetraphenyl borate, sodium o

gEmpRRind(risleing] ajam fyolim brdgingoapmng carbon bridging atom, or a bridging

Ll 8K $¢ TrLaloh! AARE 3he susifthiel@on A? other th Ikenyl linki

tet rgtlts(Z, 4- é%{rret hyl pgeSlrllyI ) bor é)tne,' Sodi u?ﬁlfrétar grl?l/sln lflg

gRup Hddpendenily gst1edyfiioBer aipm, osbslibgitutedor ansubstituisd abiphafic,
[ . i S- g henyl ) bor at e,

grg gg@iogﬁcﬁlg roglgh(zrnay or ggélfl%g{)etggssi um tetrakis(p 10

t ol yl MbeZattH, orglot assi um t et r aki s(mtol yl ) bor at e,

pot asgx upyt et r aki.s 4-di I y orate :
pot azlgi’uﬂrqnv’t e gki lgﬁéfegqeglhgga:raél %ﬁ@%ﬁ) %%@atog,a Substituted or
poubsisi tedhalipbbtic htonaitio or bpel&tgequpl oit dn¢omrhination thereof; and

tetraki s(pentat!| uorophenyl um,nate, |ithium
t ot r dblTERTEAERM PR Homdye o iRl
tetrakis(p-tolyl)alumnate, |ithium

etraki s(mtolyl)al um e, lithium .
6+ ¢ aieS it bmbSpRAangin 2RI dhe 1l g alminoxane
t@hpoakd &dndpriBest5 di et hyl phenyl ) al um nate, |ithium
tetraf| ugroal um nate, sadi umtetrakis(pentafl uoro-

(& syeicalumnersng hawdpgihe A& aphenyl al umi nate, sodi um
tetrakis(p-tolyl)alumnate, _spdium
tetrakis(mtolyl)al uni n{%:lj |,_@(T;Tum

tetraki s(2, 4-di net hyl phenyl ) al‘upi nate, sodi um

t et raki s(3, 5-di net hyl phenyl ) al um pate, sodi um

tet raf{luo.r oal um nate, potassium

t et r aki'€¢Pent af | uor ophenyl ) al umi nat e, pot assi um

t et r apheniheat oiBrivahed alkP) Haviha&BmUNo 10 carbon atoms; and

tetrakis(p-tolyl)alunm nate, potassium

tetr alklssa(]r’r‘r‘tf’%ﬂr%‘l%? Bi%at e, potassi um

S nRkirstenifotnEBREVIYE BBEMHul2l UM nat e, potassi um
tetrakis (3,5- dinethyl phenyl)al um nate, potassium
tetrafl uoroal um nate, or any co nation thereof. 25
24. A process for poﬁ/ A jZHb-@jefins in the presence
of a catal yst conpositi\on, ~cpapnising contacting the
catal yst conposition witg at | HasR one ol efin nonomer
and optionally at |east one ol efin’conononer under
pol yn®ehérgiat i on conditions to produce a polyner or
copol yner.. wherein.t catal yst co Sition conprijses
P ontact findif GufTeehe sy ek Hopo 0 fatieE diors B

met al § acangegR MdauUne s09d at | east one activator- 30
support, wherein the at |east, ong di ngcl ear

(R REPELWRBORIRHBYIAG thefermYeR srofmadeOsn

wherein: _
R' is a terminal linear or branched alkyl group having from 1 to 10 carbon

atoms;

t et raki s(pent af | uor ophenyl ) bor at e, PCT/UK10081013641
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WD 2009/ 085124 PCT/ US2008/ 013641 84 XMX A2 A2 M
XX~/ NV [V [V [\ X2 X4 CRXRY CRXRY X4 X2

W@ SHaPssIBRZ=CRZ- (CH2) n / (1), wherein: X andPXRUS2008/013641

i ndependently are a halide % a substituted or
unsubstituted aliphatic, aromatic, or cyclic group,

or a rPophi tirlgingNidede Blegxfanch'éd Xy @ﬂ)u%‘ha{ll’ﬂg erpndeantioycarbon

are a substituted cycl opentadi enyl, indenyl, or

$PUBr enyl group, any substituents on X3 and X4 ot her

t han ,35 Bt #aindg group i ndependently are a hydrogen
atomor a substituted or unsubstituted al kyl or )

al kerfyis €q¢fl BUpve AZodd 7aes st invweld termuaiieh of resgpordinate

Qmmt&gs ezl ghg Fhehufibkt GtOtQ/oQBbﬂQ{afégox%éHQtoﬂs hd g s the
germanl umb atom atin gl ng atom a car

mmlzfgph@cm@mteexy@n@tqmgpmg chal nof 2to5 car bon

?,{yqlgﬁ,bmqun&g}ggfltuents on A2 other than an al kenyl
nking group mdependently are a hydrogen atom or a

substituted or unsubstituted aliphatic, aromatic, or

cli s . ' f; i
1 Al B GRURLAR NENGE AR5 bk fptsn o
@rgmwibonate @ngwbsd iist N\edingthylaniimiios tdtlhkliS@dntaﬂilcphld‘tehEI,)borate

omatic, or rou conbi nat i on_.t.her
Pti‘l m < an tle,:]t%( i engaﬂ%gt%;;)hen lgg‘?r'fltg,m 0to 1 henylecarbbmum

ﬁenmlhs(ﬁetmaa‘luoﬁﬁ)heﬂyrh)%om@cﬁ’%dmfet}gzﬂmllmlﬁﬂ tﬂvhhs[é;ﬁnbltdtxeﬂlaﬁo-

es one..activat or ort is flu 0 unm n
N I s e R e e o Ry e e
Iﬁl{eugblﬂbofﬂz&d si | |tﬁ@(peraiﬂuasrdpaenﬁjbbmm ded tsis[3] Chis@diflutrrethyl)-
brom ded silica-al unmn lfjlfated silica-al um na,
Pheg ‘?%%%?f}yw%ﬂaﬂe’aﬂ]eaﬁo chl orided silica-zirconia,

brom ded silica-zirconia, sulfated silica-zirconia,

rﬁ{ conbi nation_ thereof. 25 26. The process. of
%4 ai mesatalysh FAMPPSition of £lain 20 WE?Tﬁ’BdQ‘F P‘i ls?ﬁt 8 {eging ionic

&Qﬁﬂbﬁhé &8 ﬁ(n-bh@@%m@ﬂﬁn@ RARRRE- 1S Y)BHALS ORI ammonium

sel ected fromtrimethylal um num trletﬁlalumnum

teprpkig{mpiobpippetes mitt@ruhdlasetopiua uteitakip - dHarthybborate; - ti(n-

butyl)ammonium tetrakis(3,5-dimethylphenyl)borate, tri(n-butyl)ammonium
tetrakis[3,5-bis(trifluoromethyl)phenyljborate, 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(trifluoromethyl)phenyl]borate, N,N-
dimethylanilinium tetrakis(pentafluorophenyl)borate, triphenylcarbenium tetrakis(p-
tolyl)borate,  triphenylcarbenium  tetrakis(m-tolyl)borate, triphenylcarbenium
tetrakis(2,4-dimethylphenyl)borate, triphenylcarbenium tetrakis(3,5-
dimethylphenyl)borate, triphenylcarbenium tetrakis[3,5-bis(trifluoro-
methyl)phenyl]borate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,
tropylium tetrakis(p-tolyl)borate, tropylium tetrakis(m-tolyl)borate, tropylium
tetrakis(2,4-dimethylphenyl)borate, tropylium tetrakis(3,5-dimethylphenyl)borate,
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waele@vigdizd umi num chl ori de,

WD 2009/ 085124 PCT/ US2008/ 013641 85 butyl al um num
di i sobutyl al um num hydride, triisobutylal um num

27. The process of claim 243 wherein the catal yst
conposition and the at |east one 5 olefin nononer and

tdpgli@At i onal t@%akis?ﬁ%lsﬁﬁﬁu&bﬁi%ih?l)mmé are tropyllum
contacted in a hase reactor, react or,

tﬁ“%l‘t‘ﬁ(l“i“é@“?&ﬁkef?y@é%‘la litlpgm t‘rwlﬁﬁméaék@wherml)apwezdlthlum

ﬁé‘@fﬂh@ﬁﬁbcﬁﬁtel qA/ihmO Q&rz& s@ﬁ H‘yl}ﬂafh@ém 'Ilt}ff&}‘ﬂp ’f:e'tﬁﬁ‘i%(m -tolyl)borate,
hyl ene; propyl ene, yrene. . The process of

lethlarrm 28, t%rsé? ﬁdtfh@hﬁdphelné]é@qfa%ne ol élfﬂillﬁhmcom)n(tjﬂ’flii}kls(?‘s5
d%meﬁﬁ%{pﬁé}gﬂl b%rat%m &fium 3 tgﬁ'gfm&o‘bb{a@"t %G&um‘ SQQMEI%’(&)S’H%UOI‘O-

1-pe pent ene, 3-
mmméilmqtel sqskiym eteraphenylbsiatee sogmne%elm@GS(si@ylmqrate, lyedium

tgt?e)ﬁ/crlsér}]létgﬁlgg&g{%, sgdlurqet@{rQHQZA;Jﬂ' H&H&lﬁﬂ&yl)ﬁor‘a&f &0&um Yetrakis-
(3,5-dimethylphenyl)borate,  sodium  tetrafluoroborate, potassium tetrakis-
(pentafluorophenyl)borate, potassium tetraphenylborate, potassium tetrakis(p-
tolyl)borate, potassium tetrakis(m-tolyl)borate, potassium tetrakis(2,4-dimethyl-
phenyl)borate, potassium tetrakis(3,5-dimethylphenyl)borate, potassium tetrafluoro-
borate, lithium tetrakis(pentafluorophenyl)aluminate, lithium tetraphenylaluminate,
lithium tetrakis(p-tolyl)aluminate, lithium tetrakis(m-tolyl)aluminate, lithium
tetrakis(2,4-dimethylphenyl)aluminate, lithium tetrakis(3,5-
dimethylphenyl)aluminate, lithium tetrafluoroaluminate, sodium tetrakis(pentafluoro-
phenyl)aluminate, sodium tetraphenylaluminate, sodium tetrakis(p-tolyl)aluminate,
sodium tetrakis(m-tolyl)aluminate, sodium tetrakis(2,4-dimethylphenyl)aluminate,
sodium tetrakis(3,5-dimethylphenyl)aluminate, sodium tetrafluoroaluminate,
potassium tetrakis(pentafluorophenyl)aluminate, potassium tetraphenylaluminate,
potassium tetrakis(p-tolyl)aluminate, potassium tetrakis(m-tolyl)aluminate, potassium
tetrakis(2,4-dimethylphenyl)aluminate, potassium tetrakis (3,5-
dimethylphenyl)aluminate, potassium tetrafluoroaluminate, or any combination

thereof.

24. A process for polymerizing olefins in the presence of a catalyst composition,
comprising contacting the catalyst composition with at least one olefin monomer and
optionally at least one olefin comonomer under polymerization conditions to produce
a polymer or copolymer, wherein the catalyst composition comprises a contact
product of at least one dinuclear metallocene compound and at least one activator-
support,

wherein the at least one dinuclear metallocene compound has the formula:
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wherein:

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

X* and X* independently are a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substituents on X and X' other than a bridging group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;

A’ is a substituted bridging group comprising either a silicon bridging atom, a
germanium bridging atom, a tin bridging atom, a carbon bridging atom, or a bridging
chain of 2 to 5 carbon atoms, any substituents on A” other than an alkenyl linking
group independently are a hydrogen atom, or a substituted or unsubstituted aliphatic,
aromatic, or cyclic group, or a combination thereof;

M is Zr, Hf, or Ti;

R*, RY, and R? independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and

n is an integer in a range from 0 to 12, inclusive.

25.  The process of claim 24, wherein the at least one activator-support is fluorided
alumina, chlorided alumina, bromided alumina, sulfated alumina, fluorided silica-
alumina, chlorided silica-alumina, bromided silica-alumina, sulfated silica-alumina,
fluorided silica-zirconia, chlorided silica-zirconia, bromided silica-zirconia, sulfated

silica-zirconia, or any combination thereof.

26.  The process of claim 24, wherein the catalyst composition further comprises at
least one organoaluminum compound selected from trimethylaluminum,

triethylaluminum,  tri-n-propylaluminum,  diethylaluminum ethoxide, tri-n-
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butylaluminum, diisobutylaluminum hydride, triisobutylaluminum, diethylaluminum

chloride, or any combination thereof.

27.  The process of claim 24, wherein the catalyst composition and the at least one
olefin monomer and the optional at least one olefin comonomer are contacted in a gas

phase reactor, a loop reactor, or a stirred tank reactor.

28.  The process of claim 24, wherein at least one olefin monomer comprises

ethylene, propylene, or styrene.

29, The process of claim 28, wherein the at least one olefin comonomer is 1-
butene, 2-butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-pentene, 3-methyl-1-
pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-ethyl-1-hexene, 1-heptene, 2-

heptene, 3-heptene, 1-octene, or styrene.
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