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5 DUAL METALLOCENE CATALYST FOR PRODUCI NG FI LM RESI NS
W TH GOOD MACHI NE DI RECTI ON (MD) ELMENDORF TEAR

~ STRENGTH This invention relates to the field of olefin
pol ymeri zation catal ysis, catalyst 10 conpositions,
met hods for the polynerization and copol yneri zati on of
ol efins, polyolefins, and filmresins, particularly
usi ng a supported catal yst conposition. There exists a
constant search to devel op new ol efin polynerization
catal ysts, catalyst activation processes, and nethods
of maki ng and using catalysts, that will provide

enhancegUAILMET ALYJOCERE! CXTAISS BFORPROBUCING
materials tailored to %§30|f|c end uses. One e of

Ly
t r ansi FlloH RESHYS NREl GQROD YMACHINE IMRISBIONLNID)
net al | ocene co i prom se in
tailoring pol y%%&?@eﬁﬁ%@r, ere remain
significant challenges in devel oping catal ysts that
can provi de custom made polyners with speci.fic set .
s Dissrtian JPBiser (7 o0e BOKL i oldhin (heluRoalich cefdlygs, catalyst
Aot ; £ ahak¥pdigmenskis s blidtns %lyolefins, and
Compogglﬁﬁ%gﬁ%tgﬁsvat g%%‘ﬁaz%g iovati ng15 ag[gnt S 1t hat do rsé?)yo cHns, an
film resipgpartéculazlyaisings suppsppeheatalgst comiphsitiat.uni noxane, yet
still provide relatively high polynerization
activities. Wiat are needed are new catal yst
CPHER® SkistsON SorsRiht RBAEW €S defeldpliew Bléfie polginatiy@ion catalysts, catalyst
~ conpositions that afford high polynerization )
activatipay prgicessess andraethpds ofymakingpuidywing satalysis: that wilh psavide enhanced
202 ' it hi ' I o [ ranges. 25
catalyEAN S B B el bl BSblGa 3P SRl 1 219
nead oge dforanditiopantabaai ahwbyist sysem esiiprisessmetatibéamd compounds,
. for polynerizing olefins, ethylene, polyners anpd ... ‘
which é’@kﬁ‘b PW Bromysgyiry fajlpging PPlyMER BrQstHES e %‘fweé’f‘énfﬂ?ﬂe Agman significant
i ' LipA-n9fe FAYRKNSR alspecific set of
Chaﬂe%é%?@%%é;?ﬁ?ﬁgpﬁ gbé}lug'{%irgg?gl | ocene ga?al yst a. secific set o
desired psipertiepr Fuithenitds 0§ éftedestdo eivelap nmtalwiceppobased eftalytic systems that

roperties, .30 such.as nel i pdex,, haze, M tear,.. and )
can W oheiivisd T oSTEPIHRE PSR SUBFT 1 89 oA mishPIrS, PURGR expensive
methy RfurhiR8xarkepdt Btill provide RRkiQeTly MigpsInBAzdtioh At tivile?ne
aspect, t he present invention enconpasses a

cWipbaict hesdedfarernewesatal pripromyiosijions apgd maethedst of mekingethe catalyst

C oun nd,.netal )l oc . .
comp SRR P ERER PRI SRS,RTRAHD i bORs peric o v
maintaficdanitiah Wie dusired yepidication fangesnot her aspect, this

invention 10 enconpasses a catal yst conposition, a
catal yst conposition for polynerizing olefins, a

n?ﬁi@ O veftfonP Eﬁ(%fa@&s aceﬁﬁé&' ¥ShpGRHRRS i thétRBds ForMpdMaflng catalyst
0 st i N

usi ng a cat al conmposition, and the I|iKke,

compoaiivins casthodnfoo pohmsdrizingaolefins tethydane! fobyonere avd wppelpaiersaand films.
second netal]ocenglco

und, | east . one . .
In the SFiaay SPIPIEIGATaa Can-GPas olin RARPRT AR Sptaygls it was discovered
that a QHAAAGANATHhE BRI provided PARAATBEMinatioh DFPoBBEIHN properties,
i nvention conprises a dual netallocene catalyst

such as orgltdadex, bage, MD tear, and the like, while maintaining sufficient melt strength so the
resin is suitable for blowing film.

In one aspect, the present invention encompasses a composition of matter comprising a
first metallocene compound, a second metallocene compound, at least one chemically-treated

solid oxide, and at least one organoaluminum compound. In another aspect, this invention
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wherein the first nmetall ocene conpound can conprise a
bi s(nonosubstituted cycl oal kadi enyl) zirconi um
conpl ex; the second netal | ocene can conprise a

encom}%{séc’ daé?zﬁq ?%Ircto?pté)fe)%ng%g alggtdl grﬁ%)a tlr?B?flgr e grlﬁlgg]zi%g rg?éfen)é a method
of prepaﬂﬁgtal datHlRd cbRPBsitiBie of methbd d!&isﬁ@ OERAPstCRRAPRMTON, dhd the like, in
m cal I'y-treated solid oxide conponent; and an
each ca@qa gmwmamriw@@lm@nm@mmmdt 2 bacopdh Brefrblocenerempoynd, at least
an

one YRR b 3P0 IR ARSI BRI

Hﬁl ©né \&SheCl] %@p&@én@ dm&myibn bymprikeswmm n@dtdllocemncaalysictomposition,

a substituted or unsubstituted b gglng gr.ou
whereleélr@pﬁrsg.mrgaliqc&m omBOUNdcGi FPUFES 2 BIEAONOFHBRT tég gpaloalkadieny)
f

sron, g ool Sy on G i @8l st
zircommini aimplex oo n@:@iﬁhmniehﬂoo&rhewonmwhépmrbddgﬁmshb&tywed than the first

TR R N T A MM T A ——

compotii ( 'TR AR URRHEL Wit ©f thRahkafioanyie sé%@fldl‘ I ERIERERO Ubpound can
simlar in structure to the first netall ocene

Comprlsaaarbﬂaﬂal -bwidged ausermetatlodene, yiherein dhenievo exslnpentadiene-tapaligands are
t al i .
connecig B p SRERTES Pt BRBlelle BrofiB RoBRAGPE 3fonf aifo" bontiguous

ansa cifBbRbioRGENG €1 VnB @ad of Wﬂ‘ilﬂd isnigbndsy t« onboNtiei d@/ﬂlopéntadlenyl-type

nore than f th t 20 diff
ligandsopnds e crkEr,pBe A MBESi s HOBRRsbAGHAE othen cyh @L%%g&i typhdigand. In still
ano’chelfC a&s@%&s%{ ﬁfép?ﬂehh{?lﬁ‘ Qe té%génd nyeahb &Fll[)bliﬁis @n comprise a
i T met al | ocene mpound, a secon retal focene

bis(monesupstitorkd egtcldaeé]miﬁenyl)e haﬂnann caimgmmd,eahmmhrsni isttuctuieddq the first

e o S3Eb OO S ganGR U1 B PN YT oy
compofiAbAWaf: con%ﬁ-l&)gl (A& Gﬁ@ﬁlfo?ééﬁpzrco tp%%f Qhd Ml}:oﬁﬁﬂlaﬁag—)of second

are independently a nonosubstituted cycl opentadi enyl,
metalla@eno compbwtidst incbuling @ehwombmmi@no@‘umrq thaneene of the same type or
fl uoren: nosubstltﬁted partially saturated

different {¥pes %ﬁdé’f‘lgél?e%a PET N REERR  subst i tuent on (X) and

(IX%he i a8pddhdiBp @RHBAL L:Mm@oélhdﬁﬁaf 119 ikveafi6h edmptisgdhatiist metallocene
30 group, wherein the au@é)hat iC group i,s unsubstitute
compownd, & issend metadocanscosmeund, afsashonsasheryeal botrsated %(&ldwlde and at

(X4), and any substituent
least Olgeﬁ(gr?%@ g%"ggﬁlint %&ﬁ*‘?. lﬁ?’% I'c group on (X) and (X2)
aJ) ehe firdieetallestht yoxapmaidl lpk dta foligwingdforraulaar omat i ¢
group, a cyclic group, on of aliphatic and
cyclic groups, an oxy§§§0§ﬁ§EB392i5u|fur group, a
UG8 egx'graiap X3 RROSRRBEMENtE Oa FnBidubstiuRE SRI¢pentadienyl, a

group, car bon droup, a silicon group, a gernanium
monosgvsdlumd andenyl, gﬂmmsuhstlt@abﬂug\enﬂp or a nbmogmbsgﬂmq; patially saturated
) | um num group, an inorganic group, an organonetallic
3na°g3? > or a substituted derivative thereof, any one

Q)frhéﬁ'ﬁh %&H@%bﬁtﬁeﬁtr&m) iRl @0) aaihBERn&nOINEa lifedtak beiched aliphatic
group, wherem the ?1phat1c group is unsubstituted or substituted, any one of which having from
1 to 20 carbon atoms;

wherein (3), (X*), and any substituent on the substituted aliphatic group on (X" and
(X?) are independently an aliphatic group, an aromatic group, a cyclic group, a combination of

aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a phosphorus
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5 b) wherein the second netal |l ocene conpound has the
followng formula: (X5)(X6)(X )(X8)M wherein 1) Mis
Zr; (X5) and (X6) are independently a substituted

cycl opent adi enyl., a substituted indenyl. a .
group, & AL IE QP AIHBIR AU 8 AFOR PP, £ PRIV ey pgin eroups @ lead
roup, 3bdtbReshp, 4R ARANAE $08p.e8f inovhRiceEBupt arl 8AShoM&Ellic group, or a
& ITofé)XS)_ a_ng (X6) is atglg%s_t di gﬁst%tu?ed; and each & p
substitutag deiivajion theseel( 25) ongref whieh hpwing hgap & il it ayban atpmae halide; or
hvdroe2h: branched aliphatic group, wherein the aliphatic
Y ggr’oup is unsubstituted or substituted, any one of

W) imtlerdivathe gohd figtallodene 20mpauridias sicofoHowitlg vimeaZr ; 15

(X5) and (X6) are independentdy a_ cycl opentadi enyl, an

i ndenyl, a fl uorefi) a(gSGXD%/ﬁ;We% urat ed anal og

there;}é, onas gpbstituted anal og thereof; and (X5)

and (X6) are cofinected by a substituted or

unsubst i t ut@®d) nil dgEgargr odppacently singubstiowed ¢ysldpentadienyl, a

conti gupous ansa,caybon .at.ons, |,h a chain, one d f

whi ch WP AR deecrsl. By floGerlapr araPafigl patiply saturated

bondedinhRg (HBof, Vherdlh atleaM drie dHf(X N a)(XENE af P4A3t dauBstituted; and

i ndependent|y a nmonosubst it ut ed cﬁ%gl opent adi enyl , a
monosubst i teaeledubstithentpn (X randoSiibét independently g brgar or branched

or a 158%#35%)'3% uévﬁéjr in @ rat]iiqﬁilt%&/n gl?)%) lf% ﬁéﬁ%ﬁ&;ﬂ%{d&g‘ substituted, any

t her eof: hsubstitue

i ndepedefiwhychéehavingegasm ario leaaehachtords; al i phati c
group, wherein_the aliphatic group is unsubstituted or
subst iPut edi®4%  one of which having from1 to 20

car bon at or@(;ﬁ)s %ggtqggﬁraqg qnggg%l(ggl{tﬁ) a %@Hﬁ%&h&rl‘}ﬁeﬁ% indenyl, a

on (X5), an ent on ( , any I tuen
the dhiosdnyt,wt padiadlyi sphadted auplogithemof, (0X3 substitut¢ Kanalogthdreof; and

any substit yent the substituted bridgin royp.. A
connecti ng ¢ X%?“‘g:a% X %g)cogp‘éa?‘mi&f’eﬁ‘bbéﬁﬁﬁtvp gh UnstitBiituted bridging
al i phalkbg S5RMding o PIRS lcbnEiRUP andr SRb&Y Sbir§ i8'aQHRiN, one end
a conbi nation of aliphatic and cyclic groups, an p

oxy gerefgrhichpis banded b (X )andube other endiafotaeh rhouged tg (X°); or
phosp rus&ﬁr.oij[g;, an arsenic group, a carbon group, a

silicod grolp germani um group, a tin group, a | ead

group, a bqudpagt ¥, arainddpuidetlin @rodbsubdlitited cgelopentadienyl, a
group, an organonetallic group, or a_substituted )
der i vanonpsubsiigytedfindenyl, & faongsubiiteted Hinarenyl, of @ninpnpgpbstituted,

20 RS Ayatalal fesopialy ogem, anc 9, 0.5) ne

treated w tdaclasulstiaeht on (X aﬂuﬁ@é\)\dimgldapémiantly 1 _linear or branched

22%2%&%&?&%&3&&( qquglsﬁ tlhgva?lrf)hilt?cn grotug elS %gl%rs]gt%lte%r%rnsuu@sﬁmted, any

one of which having from 1 to 20 carbon atoms; and

wherein (X), (X%, any substituent on (X°), any substituent on (X%), any substituent on the
substituted aliphatic group on (X°) and (X%), and any substituent on the substituted bridging
group connecting (X°) and (X®) are independently an aliphatic group, an aromatic group, a
cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a
nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon group, a
germanium group, a tin group, a lead group, a boron group, an aluminum group, an inorganic

group, an organometallic group, or a substituted derivative thereof, any one of which having

from 1 to 20 carbon atoms; a halide; or hydrogen; and
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following formula: 5 Al (X9)n(X10)3-n; wherein (X9) is
a hydrocarbyl having from1l to 20 carbon atons; (X10)
is an al koxide or aryloxide having from1l to 20

carpon at.o hal i d or..hydride; and.pn i n er
£ ah? St eall-pfed G854, Bior FobuaBiiset ST axie I i an clectron-
withdriwin@Rhicgn, the second netal | ocene conpound can have
the™ 10 follow ng fornula: (X5)(X6)(X7)(X8)Zl; wherein
(Ixsynoghey ¢sreyt af dhis nasprdivae rthe yorganpalistingmt empound can have the
tadi enyl, a substituted indenyl, a
fonow@é?%%ﬁ?%t ed fluorenyl, or a substituted, partially
saturated anal og ther ecAl(Xthet'®:p at | east one of
_(% and (X6) is at |east disubstituted; 15 whgrein )
whereig{eh) U8 dWArdsaryl avingdiom gty 3 carbon iapw eent isy ag alkoxide or
aryioxild}e Tﬁﬁhg Honp'| 38 CHPEhB ﬁEﬁ‘lts,' alidd! i8Sl Mista amber from 1 to 3,
al i phatic group Is unsubstituted or substituted, any
inclusisie of which having from 1 to 20 carbon atons;
erein (X7), ), .and.any. substituent on the
?‘ﬁb@ﬁtheataéag%m(fﬁ% Ve roqoRd) MERHoceps spmppind can have the
followingdeRgngent |y an al i phatic group, an aromatic group, a
cyclic group, a conbi nagi 0 oj 20 al i phatic and
cyclic groups, an oxy&n@nNeXipXaZsul fur group, a
nitro sgr oupe6a _phosphor us. group....an,ar ' p .
VAESREPRLEX R RRBRRIRs B Wy B 5 R SRRy sbstn
indenyl, i dsubsitifed Budremd, o) QuUisstinded)Qradital BT @tirated Mnalog theredfl, wherein at
ar oflSJ(S;6 an_inorgani cvgr Qup, an organonetallic group, or
least ope of(¥pxand (3¢ b Al dgast/Aisybsltuiadar eof , any one of which
e
group, vifeadih deartiphatbmproup ds inssbdtitated bosuhstimted) anofexdl) whigh having from
@nd é‘fXGt) may be at |east disubstituted. In yet another
1o 2Q,eben aOM8e” second met al | ocene conpound can be an
Afiedei ! APWuB&ithdif onOhk Qubuk@PhAic group on (X°) and
. ( X5) (lg(g?c(aj)’(ﬁ;%ﬁczlr;?v\herei n (X5) and (X6) g_]rde sroup .( _)
(X°%) arerindgpendtatly | gn aliphatic gpem: avliaemydtic group, masieli group, a combination of
tioh tfI urg{ e{%.l ,.a 30 partial l‘% sat Uffgt ed anal t her eof , hosoh
aliphalyy 208 SYYStEPIR% 4" AP TY StHBy BSH, M WAEHE § T &b%e“a%“pc%l)’ OSphotus
group, ah QrsefR6GS, @ttatonarsw) Stsilidohggowy, aleatifstint d4b@s] a tin group, a lead
bridging group conprising from3 to 5 contiguous ansa
group, cab®on L5QURNEN| AIRINERREIPUP b INOAEANET SINDc AR PEZapemEialic group, or a

g R B Sy o S Bl o
hydrogeni figamgheraspgzt,onironehé saegnd Kbiallacete cénipiundamg this formula, both (X°)

gubstjtuent qn (X5),. and any substituent on (X6) are
and(&m%éﬁﬂjf‘ﬁﬁ 15 éﬁ"&'%t%h_ati c group, an aromatic group,

An CYet | dnGthF Asibct, &h€ WBRInAahEGIbcRhe BbiPHRHd EarPBE a8Y&hskbnetallocene

gr oups, an oxygen .
having the following formula:

0910.910.90.gV~¢

wherein (X°) and (X°) are independently a cyclopentadienyl, an indenyl, a fluorenyl, a
partially saturated analog thereof, or a substituted analog thereof; wherein (X% and (X% are
connected by a substituted or unsubstituted bridging group comprising from 3 to 5 contiguous

ansa carbon atoms in a chain, one end of which is bonded to (X°) and the other end of which is
bonded to (X°);
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group, a sulfur group, a nitrogen group, a phosphorus
group, an arsenic group, a carbon group, a 5 silicon
group, a germani umgroup, a tin group, a lead group, a

ron an_al
AP T anBr o o ol Tof R R @t AR PoitGiine o' and
(X5, ahﬂﬂ @ﬁ&ﬂtuenﬁ&y (0N Earl anyWabsthudiad\on (XS 46 ihdeptdedfly Cat ﬂﬁfha’uc group,
a halide; or hydrogen. In _still another, aspect,
an arom*@c LEQ @ %é‘ilﬁlgfé%r?ec%gﬂﬁéﬂﬁmo ta Pl??é‘\‘iean@h"ey"ilélgr%"&ﬂsn@n oxygen

o, STH g A S ey BB ) 4 8hn o,

silicongrép) agehndnitimtgesup, adirpgrbyp,a lemhgroufst bdrom grbup, an aluminum group,
. fluorenyl, or a nonosubstituted, artlaki. saturateg
an inOEEIBICOZ PRt SrEANGINEREIcHEOYEN O AISYPT e deh At Wesietgafy any one of

which id%h frﬁ{}% NP easah hﬁlﬁnﬁ 4 hARRY ofydibgached al iphati c
gro% erein the aliphatic group is unsubstituted or
dulstitl iahotherhspamythe necond matailodenh avmpepnidraamhatésthe followiog formula:
car bon at ons; mherein:%%é%)gégéé Pnd any substituent

on the substltut ed aI| ’on (X5) and (X6)

a\ill?erélﬁd% NgeNtKY) ake thld%ﬁddnﬁygr 8 URonGsib&itoidat éelopentadienyl, a
group, a cyclic group, conbi nation of aliphatic and

monosglystgﬁmtgd érdsnyls 2 W%ngﬁggﬁecb ﬂg@r,gnylaog a |mcmos@s§gﬁed Fartially saturated
analo ;le ofgen group, a phosphorus group, an arsenic group,
83" C& bon group, a silicon group, a gernmani um group, a
tyitergih@agh substitast 00 mbX % isiaderendemiypa liasaralr branobed aliphatic

group, an |norgan|c gr ou an _ or nQnEt [1ic
group, yvhezqip 1 2l phelic gropp jaynsybstitied opfu ubstifijeco ey P o 1Rich having from
1&)2? D92 ﬁgn11 to 20 carbon atoms; a halide; or
rogen. In _one aspect of this invention, the
C\hlamtlnaﬂX Y-8 aind chny clubstitoerit e ihcrspbaitmd aihpbaucdgmup de (X°) and

X% GO PR G o S AL O 4 BRI KER & CofmBinaton of

aliphat®d B ByERcPHBSRN %%xyg&?hﬁu@PQ'sﬁIﬂmgﬁhﬁt 2%itrd ehag‘}b@p a phosphorus
zirconla, nmagnesia, borra, zinc oxide, mxed oxid
group, taherssoic, growp, amaxhqmrgqsun,m@m grayy atgegmanium group, a tln group, a lead

ctron-w t hdraw n uor i I
srour, i b aoh SO GHAR BRbBpd Tl pSp, S5 ffdolpgtac, rou, or a
substitaRd deflvdiiveahérost, ke beObf whithdaeingdronddrece( cirben atoms; a halide; or

chemcally-treated solid 30 oxide can be fluorided
hydroggnymi na, chlorided alum na, bronm ded al um na, sulfated

%%% c{ bHRls i éhti%hl {h€ @héjrfémlyn \feated SAd &Sée com%rlses a solid oxide

|ca un1na, ron1 ded I ca-al um na,
treated&lvith maeleatkmn‘imthdrawlmgmmiedv}terdm ca-zirconi a chl ori ded
i ca- |rco|a bro ded |'i ca-zjrconia, sulfated
She! SBid | R e i SierRbidnn, ulRiRip  phosphate

heteroﬁﬁ?tuh@sté‘t% tﬁ&lﬂhhﬁﬁ‘cﬁﬁé)e}ﬁﬁgneﬁlﬁe b6hE Bikeldkide, PMixéd %ﬁf(@ﬁi thereof, or
oxi de can furthér conprise a netal or netal ion

mixturtcmherwﬁ,@dnc ni ckel , vanadl um silver, copper,

I|u tun sten u
?tﬁgreég n\?@]t dgﬁ\g{ o AR plgc t ﬁg?l%? ncl,hlorhc%/eén o&?cpeb sﬂ-@sb}%@e triflate,
bisulfa@é:}tsalﬁtél of BIRP 86hbinatior Hicrdvdr Iaom@thesm@@oqrthe nilemfbally-treated solid

oxide can be 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. Further, and in yet another aspect, the chemically-
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cocatal yst conprising at | east one al um noxane, at

| east one organozi nc conpound, at |east one 5

or ganoboron conpound, at |east one ionizing ionic

conpound, or.a conbi.nation .thereof. Stjll. anothe .
neated SRH G o P GEET e et iy op” a2t Qipkel, vanadium,
silver, 66Jpet, Shiliieh, EhsRNLital, |nYol?$deﬁumf, b¥ Siy dRibahation eeeof.

conpound, a second netal | ocene conpound, at |east one .

cYrssnethey aspeqt o4 thislinverfiands aeptdlyst capyposgition Bgher orwprising an optional

g W pu . thj

cocatal i BRI, R 208 i Rnolfle PAEAE b SAlring Mpound, at least one
organob@ba kyrapound (at teaspas ibhiaingdomip compaghds ondryadonttdnaiohithatof.

net al | ocene conpound, a_.second netal |l ocene conpound, .
AW} anedher Greect RE it Hveplien s edalyy) Gonositiga co Heing essentially of a
first meBASten? %gﬂfogﬂﬂl%ké&h@ %@tal?&gﬂé) Uopoudd, 8f tdabt SROELRSRically-treated
I's I nventio B

aspect, t n provi des a process for
solid opidl yamérat kasigpnelogganosluimnitheompowskence of a cat al yst

onposition, c rising contacting the catalyst
B ROt 15REch 7 Sy oRiths POV g BROEGCloGRTORY G Py prepare a catalyst
compoSTRBR NESmpri¥ifY Qohtabiify GAURY BletARERRS cbmPHurk) "I Je6&R anetallocene
first netall ocene conpound, a second netall ocene

compoyndypaiutrdst ane |chamicallyrdrestednsadidl pyider end &l lgest| epeogfggaoaluminum
compolh at | east one organoal um num conpound. Thus, this
PO ent i on conpri ses nethods for polymnerizing olefins
Usiskill dnbehe€ aéprly shis Gowantion prdidesy ppa¢ss dovpolgartivingadefins in the
herein. The present invention al so enconpasses new .
presenggoply PRRLYHCORRPSIHOR, FAMPRSINSePNIIrting dhexegialyst copyposition with at least
one 0 R RO T (SO o Y R Sl
compo(ihd,)a secofid owtabloBerteccotnpdugd, 10 lershonadetearimillyeeais sudidaoxide, and at

et ok St b AT ISP 58Sy bl B Bhmering
oleﬁns!jt@fi% tﬁsbétaly&%ﬁap%&gm]%plggar}%d RTHBribed 1RQeif/ 10 nin,

e ern1neg with'a oad at 190 C 25 1In
afe fresentigpergion aldei ancompanses eaw pelpolefasand psov files: or

opol yner of. et hylene wherein .the resin is .
RGP ARt i Ry B L b Dol oy pBlghiy of etiylene, yherein the
resin iSéHatdctedzed b b nadpmdéx (NI of fidhy @3 1000.00#/ 0V hide,Sletermined using a 2.16
mer or copol yner of ethylene  wherein the resjn i

.

ke load b GRFGs 113 @aoig? acpesis fhscpal yaetisainaf thisrigugaion 1s characicrized by a
high 1%@&@%?&8& €1¥LY VB of G b 65393‘1 09nifOdet iﬁ@c%l'gtflfa ASORS Yoad at 190

is Tnvention1s a poly or ¢opol yner
°C. ethylene wherein the resin is characterized by a

ol ydi.spersity (Mv M1) of from2 to 6. Yet a dif t )
S betie] fererh S o b aro O Bolyer ob FoRsufiag pFiiglehe wherein

the resff B¥h&AGeMRA \ddnbBy fOBS04IS EhRgRREEri zed by an
El mendorf MD tear resistance of greater than or equal

tlo &lﬁb aggthed aspe@tolthis iamcx;thmr P@;Jbb@ta_ pﬁlyme_qrn@éf@ﬁtﬁm_, of ethylene
wherFyBERSTSH RS RR AT Rl DYERCe TR AR ES  hom 0as

to 0.70.esi stance of greater than or equal to 300 g/ml.
Still a different aspect of this invention is a . )
phngtherraspict @6 i3 ipyertias is atnejyrasreorgapplymsr of ethylene wherein the resin

is characterized by a polydispersity (Mw/Mn) of from 2 to 6.

Yet a different aspect of this invention is a polymer or copolymer of ethylene wherein the

resin is characterized by an Elmendorf MD tear resistance of greater than or equal to 150 g/mil.
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the Dart inpact strength is greater than or equal to
600 g/ml. In another aspect, a polynmer or 5
copol ymer of ethylene is provided wherein the Spencer

In anot&,mnlﬁfliﬁpectsqfr t@eé tvgﬂtg(?ih rpo ee[érccﬁrhc%gnaﬂgzgle? %{u/ g{w’ etgg I%P%)\‘/I dgg wherein the
resin ischAflcHAREd BY af BRASHAGENTID tealf tdijstmiae of %da@téﬁthﬁn bhequaéfi BOO g/mil.
is characterized by a haze of less than 25% This
il difbiend lageech pbthis dnvention drbpelymenapeerclymer of ¢thylpee wherein
&9 d
the Da}tq?@fi SS?IE%%tﬁqSQ' Ife{ﬂ?es %f %lltfgn\e}gﬁ;ghlﬁ“? I ﬁ&hérha@%ect a polymer or
copolymichef eﬂh@&hel Iiﬁpr,ovﬂl%ﬂ @ﬂte&;m dnbSpincaningactesictngidhvia praatpe shan or equal
of the present invention wll| becone apparent after a
to 023 ¥piw of the fol | owi ng detail ed description of the
Gh Sfdt Ot Bfher fa%@éc't'r fifs ifventibf PROARENG PR bP RoBbI9MIeH&T ethylene

new cata yst conpositions, s for” preparing
wherein #licaleyistis claoavparized bgaélazmeﬁlhmhari @5%usi ng the catal yst

03|t ons, to nerize. ol efins, ol.gfin .
S AL 350 ARG TR ARo15EN gens o el ot anneis g potymer
produced w@mm Eﬁtﬂgst%h@bélﬁﬁﬁ BEthAmOchtRnef i . pol yneri zati on
catalysts, it was discovered that a dual netall ocene

clheag gt otbsﬁsieeﬁntrqsr aspeelacerabodiments, and adaagas o tf present invention
. o ef f | t X
will b cglé&ré %)r?%a&tt paﬂ%fJ ieak}ee',v‘rae%é 6)?\/\/&%]'@1?0% t%\élt‘ﬂi%ﬁ desgﬁf&m NPthe disclosed
featureg®l t Strength so the resin is suitable for bl owi ng
film In one aspect, the present invention enconpasses
a conposition of rmtter conprising a first

nﬁ{eeﬂrés% hEiFerdtid s R ERAYY 6 1105 AR R Eharing catalyst
d and at

I*east one c mca y-treate Id oxide,

,compolslaaﬁs oetbods ﬁnnwaingencmaIgsinqanmpmitiohm tarwiymnzascpieﬁms and olefin

poiym%g{%plggrvpl%g% Iﬁﬁ@ gp@nco assgbﬁ?rﬁ%ﬁsgl gﬁt(%}%@g{)g?@{atta S&tneBased olefin
poEyrnélif‘zta’fi@ﬁj cdalyds, RIveRadikdderdGRAted Ydl BEANGEhE icABlysBsystem provided a
hod of "using a catal yst conposition, and the liKke,

useful wnbmabm obpelyelefionpraperiiny such jas snelivindax. pzenMD tear, and the like,

while Igﬂgl%lrg ?“fﬁﬂ%g A gstr%%ﬂ%.l)oot?(llsggs’m %RM{!QF r%tl?\lv?lg%tlm

dh g8 Qai)dd:t'['l thel Freedtriavdition loRcANPASSES a c@ﬁp@s@ﬁom bhmatter comprising a
i nvention conprises new pol yolefins and fil

first megllagapstcomnopngdi & sesend iactalinsbh sampountd, @t rlr@ﬁfap% emcally-treated
solid og?cgg\; I%gﬂda? ibdde Q)BF gﬂﬁﬁﬁmzhﬁ‘lﬁ ARl 'ﬁvﬁ{&ﬁ&rhspgctt, this invention

es a catalyst conposi tion conprising a

encompasted 4 catelyst cxmppsitiod, a @atshsboenpesitain ﬁncepnlammzprgmidﬁns a method
X de,

o g S B T SRl sate ol Ly el 80 Sl e i, in

each cae RE&SmpdsSihg 8 R5Rh&alléRe cdmBohd E%é&ﬁﬁ ﬂi@ﬁlﬁic’eﬁ’@@d’iﬁpound at least
compounds are used sinmultaneously in a pol ymeri zation

one cheminadlydreatsd soliddudds, 2ndoityleashpine resganesiuminimeogipoynd.  In another

aspect, g{slsﬁlilvretg 1$%ﬁ(£nqlr)rlslels rﬁg\%rpoiyo\f\é n%%fci' tﬁ)fmg LLDPE) film

Catalyst Composition and Components
The Metallocene Compounds

In one aspect, the present invention provides a catalyst composition comprising a first
metallocene compound, a second metallocene compound, at least one chemically-treated solid

oxide, and at least one organoaluminum compound. Thus, in one aspect, for example, two

7
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In one aspect, for exanmple, when a first netall ocene

conpound is enployed in a catalyst 5 conposition

wi t hout a second netal | ocene conpound, a polyethylene
) may be obtai ned wi i nsyff.icient | ecul ar, wei.ght
differe%erynetailppwgswnp%@s o1 Bs maliEondy, iy g Pely@iization process to
produck Lprrg)%i)fe'tﬂﬂnea% d Gaty %H@d PeShetes? fe ﬁﬁ@ﬂ 139‘5»t Jehf§CELDPE) film

und “wh makes Ni gher nol ecul ar wei ght

mnﬂumpohyethylene when used alone, in conjunction with the

61% :0?1% Fl%%% g gcl)r?e%gglﬁgi % EIE gﬁgf.t el?n’%xg(g&rgm ?r%g?unrg% %ﬁq%poyeﬁ id"h catalyst

compod@fibh Without ¥RetORT medilidc&iet édhapouh@, Rrivdwiiyles, masg be obtamed with
conpared to a catalﬁst composi tign conpr|5|ﬁ% eith

insuffigjenigmelegulan Meighbnelt cdiepstiin andi apHedlt PIOREiss,HEF UsE fn 1 JrfeDPE film
apphca‘?i%?? Us?t%qﬁmeéoﬂdnfzﬁl%ﬁilggélﬁg rgo%r%)%ﬁﬁlmgllgglﬁ éﬁ{kgs fh'l%h%[‘ molecular weight

polyethgﬁl‘@feewlibntdsed hlofe, il Donjyuadtival wdtldihe rfirkt rhetgmml:ﬁe asrapound, may provzde

pi.cal nDnosubstltuted Wt h n ali phatic
mprovi s e ek et o et b b e optcal

Y € cOhbdred eit af bRy ombbsitioRYedit ith le metall
pmpeﬂg%bstltcutf)on of the fmy5 cgc:p all?(adcngn&H; Sn%r r%ser S‘J‘ge metatiosene

compotuad wighoutrihe ottiged or Ioosely bridged, or by conprising

the haf ni um 2| rco . . .
T8ty oRhere of MRS oS PHiSr dh EePisn e fi msteligsensy is @ zirconium

metalldPRhE BAPoRRE SRR R ak%@cﬂfecycﬁﬁﬂﬁﬁiéﬁ?l Mh¥ai Us€d typically
in the catalyst conpositions of this invention. In one

monosualsytieded withiag aliphatistgroup. dnoonibas sﬂ@sctafcmmnybt the second metallocene

B SRRk et I S
unbrld%éﬂea} Q@ésle - brigalie & 38 b&npﬁ’éih@ &he %gﬂmﬁh dRfY oPMR zirconium first

anoal u num conpound, Wwhereéin: first
metallarcencal | br enethcompmeh daasomhbination | Qf\/\m@ge ftharmeng: second metallocene

compofilrg Th Uk 1 1 e SBERRElokePrefRinisdibng cnyi | a 25

MRNGRURspett Whis dnidifRRYéncompaRRe aUBRAlY§tuEREbdsitoar &ﬁﬂﬂ)nsmg a first
or a nonosubstit uted, aglartl ally sat urat ed analo
metallqdsas eompowtide Bescronshmgtad gessie] cogern Gt (lsgst ghe ctlmcalilktreated solid

oxide, :z/i\ﬁcg %@?%gﬁlﬂée (l.)réfn?og?]a ! i égﬁﬁ@%‘?e J ' _phatl c group,

C group 1S unsubstituted or
) ot fiidstained]logeny compowmid hulsitidhfollawinpgfofmoln 1 to 20

carbon atomns; 30 wherejn, (X ), and any
substituent on the suﬁ§9§% é%ﬁogﬁf hati c group on (X)
%r&ﬁ?@k arg (REeRRN AR LNyl hpﬁﬁhbéﬁb%tﬁféﬁ cy’fBl‘opentadlenyl a

ar omat roup, a cyclic group, a conbination of
monosabstipkted inddeayld a oyaiosebstituserh pormnylory g emonpsuhstifuted, pattially saturated

. a nitrogen group, a phosphorus group, an
anak’gg]i;?fé(gq’c group, a carbon group, a silicon group, a

%ﬁé?@iﬁieuéﬁ SibetiRenttont (1) SEPCT) 1ﬁnﬂﬁ@ﬂderﬁ¥y0uﬂ>ineﬂ d@@mfahed aliphatic
group, al um num roup an inorgani c group

group, ovhgsm@ﬂ@taamhmc gﬁosngﬁ unsubgitutgd gr suhstitutedpay Oﬂ%f’f vhichhaving from
eof any one of which having from1 to 20 carbon
Lo 26?‘“ Onatbnﬁal i de; or hydrogen;

wherein (X3), (X%, and any substituent on the substituted aliphatic group on (X" and
(X?) are independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a phosphorus
group, an arsenic group, a carbon group, a silicon group, a germanium group, a tin group, a lead
group, a boron group, an aluminum group, an inorganic group, an organometallic group, or a
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b) wherein the second netall ocene conpound has the

followng formula: (X5)(X6)(X )(Xs)M wherein 5 1) M

is Zr; (X5) and (X6) are independently a substituted
ent adi

i G ER RS Egr S B KRR 2 g e o

hydro

gsgturated analog thereof, wherein at |east one of

(X5) and (X6) is at |east disubstituted; and each
i pdicieintba second nEB)locenel cgnpyuniddhap ﬂ@efgkiwmtfpymém i near
or branched 10 ali é erein the aliphatic
group i s unsubstit &?@@8&‘@@@@?‘. w Frecfl, any one of
whi ch jhavi ngi§zem 1 to 20 carbon atons; 2) Mis Zr;

(X5) and (X6) are independently a cyclopentadlenyl an
i ndeny! , (ﬁ) @ad eﬁgl%g arg dependently s ghbstiseied reyclopentadienyl, a
t her e It H¥h e f 1

%Es)stlgt?tee@ érgdhéﬁg% " e%#bgf;tua Sugcgﬁrl)p bf g subStitted ] Bartidf® saturated
unsubsmalbgtleededﬂwﬂgm@t gsamemmx?)umd@ fls ameasttdesussumted and

conti guous sa carbon at i,n chaln gne end

which is b&ﬁ&é&'ﬂisﬂt‘{e%?n éﬁgsat“ﬂeogi Sqtlwﬁ lélﬁeaf gr branched
bonde%hgﬁatfc)@bup,%hg&m'\'ﬂhh Silibhatic gfen @é‘%sﬁuﬁ@ﬂtu&ﬁeor substituted, any
i ndependent|y a nonosubstituted cyc?opentadlenyl, a

20 rrommsuﬁwhlcmtaemglfmﬂyb 20zcaphomaderst i t ut ed

fluor Il\g 2 nonosubstituted, partially saturated

anal o the 81%%and each substituent on (X5) and (X6)

i s indepenqgfyf lad a(xﬁ? ngarin@épehdanighed cyldpehatietyl, an indenyl, a
group, wherein the aliphatic group iis unsubstituted or

subst ifluerasnyl, aawytlallarﬁétwema&g thexeph r asubstifuted anaog thereof; and
carbon ato €

subst it ue n{&o)n Qi?ﬁé%% %@y&gﬁ %;e . %&fﬁ)ltu %Xr unsu>l/)st1tuted bridging
subst igroignéomyriditefrosub gt b ﬁ:uht%iloab anhad:arborgatoms imm chain, one end

br 1 gy ROV 8 BpREHARED) 1 scoicrnd Ry ronaed ' Gy or

|ndepqﬁdenqw¥sﬁ@ al i phatic group, an aronatlc group, a
cyclic’g group, a ‘conbi nation of aliphatic and cyclic
groups, an (&Xyegeh(¥Houe mdaepsnddntly grmmp)substltmtpd p@@gpcntadxenyl a

0r 0U0. o RHRTRUEY ShodhE R RS AP, B SR

gr oup, pagtidl§astusdted fhalck; efed) agdoup, an al umi num grOUp,
an |norgan|c group, an organo metal 1'ic group

subst it ut ectagle sulstifuenkon KX | Cahys teepesdeniily Cahhnear or branched
havi ngah AR n%l‘% g) \{vﬁ a{hgoaﬂgﬁ t?cngrou i ghétﬁﬁtlt ®dd or substituted, any

hydroge en1c d oxIde
conpr l@ﬁ%fa;hsdhl ha¥in@xikain 1tto 2t @@Ibcm dtbmsrand| ect r on-

ng anion. 90 |In_another aspect o

wheremr{\)ght@%\@h anyhRibsHgsRioan (I ndRY CYRY %&( A% pypstituent on the

substituted aliphatic group on (X°) and (X%), and any substltuent on the substituted bridging

group connecting (X°) and (X%) are independently an aliphatic group, an aromatic group, a

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

nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon group, a

germanium group, a tin group, a lead group, a boron group, an aluminum group, an inorganic

group, an organometallic group, or a substituted derivative thereof, any one of which having

from 1 to 20 carbon atoms; a halide; or hydrogen; and

¢) the chemically-treated solid oxide comprises a solid oxide treated with an electron-

withdrawing anion.
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following formula: Al (X9)n(X )3-n; wherein (X9) is a

hydr ocar byl having from1l to 20 carbon atons; (X10) is

al koxi de or aryl oxi de 5 having from1l to 20 carbon

tons hal i de, hydr| i s .a nunber from1 t

h ahaer et olCain) Dl TS P BREOBGHEY cqpund ‘cahhave the
fouow,ylg%maconbl nations of these netallocenes including,
not limted to, at Iea; peflrst net al | ocene
conpound and at | east §d§%Hanetallocene

whereuﬁ@ 1 gglgﬁrgjg%rgﬁﬁg%ﬁn&aﬁl Igriatg); 2@%& | ngtt%&so '°$ s ﬁkoxxfi% or aryloxide

having @gn § & Q0@aitbh atdnes; Bilede; ONPRIHIE; ardl eisal iimnben ﬁOﬁpHﬁﬁE dnciuswe
%thl s invention. 10 The First I\/let al | ocene Comp F
tadyie ca@p@atwr@fcomnr@ngnww; gembinpiaons; af dhesgapely] %&@%éncludmg,

but not %ﬁ%ﬁ%&c %h%%ttolﬁg gf %egglﬁ&(l%cgawpgasy ¥ne second metallocene

compout] apg ﬁdmbi‘nbuoraoﬁmnmsnhb]s bi¢ fitse chetallobeperngoiuad whd agy combination

nosubstit ut ed i nden ubstituted,tl yorenyl ..
of morg hag o RSN ST CoRORIIAFS S pasoipagsed by 4 gention.
t hereof ; wherein each substltuent on (X) and (X2) is
i ndependently a |inear or branched aliphatic group,

The FishMegilloceredCompaqundt i ¢ group i s unsubstituted or
SR e Ay L S 12 8 i

formulgubst i tuent on the substituted aliphatic group on (X)
and (X2) are mdependeptlg an gl iphatic group, an
aronatic gr oup a cyclXKeCgreuyX ¥reonbi nati on of

Q?lrﬂe%iﬁlt g{:ll)~I IBEP} s S eﬁl 'atce %&Bgﬁeﬁﬁg " O Vifl&hbsUb&ithred %ﬁ%}ﬂpfeﬁfadlenyl a

oup, group, horus group
monosﬂﬁsslam:d: irgleaylpa neonoaubsttutel ﬂucprf:njd et & nmmns@stmmd gartially saturated
er iumgroup, a tin group, a lead 25 group, a boron
analoggl? ; an al um num group, an inorganic group, an

19200 TR ALt QMF(leén ’$ EQﬁHéﬁeHﬂéi‘ﬂydf llhé’@tok Y)%nched aliphatic

t hereof, any one of aving from1l'to 20 carbon
group, atherey the dliphititegroup is ltrysdbsm@nd ot subatiwtede anyaepeef which baving from
t netal |l gcene conmpound has the fornul a:
lto 2(2?3{ TP 7r X 112, 30 wherein R in each instance

I vherélfl G(lxéﬁ qgf‘gt |aMd &n[{slsﬁs@fm@ﬁ Jar e eheditakd phiphdtie @oasien (X') and
having from1l carbon atons, and wherein X" in

(X?) arg dndependentyi cen alil:phaﬁél epfémj am@rgnatic gpup, Breyelic grayppa combination of
o B30 T B ¢ 5P e . o
group, @A addeli®tgrowpyaeatton@rowy apsilicknpgouwp, higeshanium group, a tin group, a lead
group, a boron group, an aluminum group, an inorganic group, an organometallic group, or a
substituted derivative thereof, any one of which having from 1 to 20 carbon atoms; a halide; or
hydrogen.

In another aspect, the first metallocene compound has the formula:

(*-CsHRRZiX ',

wherein R! in each instance is independently a linear or branched aliphatic group having
from 1 to 20 carbon atoms, and wherein X'! in each instance is independently F, Cl, Br, L,
OMe, OEt, O-n-Pr, 0-i-Pr, O-n-Bu, O-t-Bu, NMe,, or NEt,.
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nmet al | ocene conpound having the fornul a
(i1 15-C5HgR ) 2Zr C12, wherein Rl in each instance is
independently a linear or branched al i phatic group

gg.ng roml to 5£{carbo ons. Ip %et anoﬁher . first
L &fothé Bnest B 16is” SRRt o o co ot camPRUGAR fegpperising a firs
6 u liigica6h i i
metali&:‘léﬁg Hé% §u|v1g lfédvﬁ%lthezsfoﬁ%ﬁ C@ &Et ) 2%%%’, RecheFeimi instance is
mdepe(ldshﬂy%linem nPbx)aﬁaredBBphat(ch’rsumﬁngDﬁ@er@l 2( carbon atoms.
(,115- C5 27r Cl12 C51-14:.Bu)
(R 135 I A S % (DAL SCRBET LY S (i Ron shgmprises a firs
metalldcbtlﬁzecony @”&ﬁﬁtﬁfsn@ Hé-@sHﬂt/Ieb]Zi'@lz,' @h@}}hBﬂ)zZrél (§°-CsH,"P1),ZrCly,
first tal |l ocene conpound havi ng formul a 5
(n -CsHlRﬂzmﬂn B ZZHEBR), 7101 t (ni‘rGaHt Bnpéedlsar (n’t G BopFrClh, (-
115- C}/c?ﬁé{)tg agdl enyl -type |igands be the sane in the
CsHy BihZetha, f1&Cene conpound. Thus, the first
”@&%&ﬁ&%@éb GOTRAY I efich i%%@ﬁl‘s?ﬁeémfcéh@ BmpatinPRavMg the formula
-cy opentadlenyl-type I gands conprising a
(n°-CsHy'BadiMe€hi t ut ed cycl opentadi enyl, a nonosubstituted
i ndenyl, a nmongsubstituted f1 uoren

, QI a .
b kb 80ibBcessgtethat Sath 1 apwoge&ﬁaére&véafpe arandybs fs gagpe in the first

r f [ ot
T e
two np%%luﬂdnﬂﬂherﬁﬂlﬂtyﬂeoﬂlghndﬁl t @dmpfising e rlahiy@hubﬁnﬁiedlyd:y&:lopentadlenyl a

tetra drofluorenyls and octahydrofluoren¥ Thu
monosubaitetpd dadepel almenoswstissiesh BuprenilaAr 8 saqrosalstifpted, partizlly saturated

b I .t
analog?&%l?gﬁy'g%% ﬁ]ﬁqgﬁg}%}ﬁ sragfr}%(tgﬁ %rg‘ﬂgg '?%t{glisl 18 l@g@sséiﬂﬁ ds pltﬂ'tf%l‘ﬁy saturated
indenytxcirah ﬁddireﬁjzlsl (mlicﬂmjahg, I:Em rrioh dimiteidt to] tetiabydromdesds rt?fral’f)’droﬂuorenyls

BT R TR ———

tetrahy%}’(ﬁﬁdéggﬁ n the n;lélrﬁ)sﬁ%ﬁlnﬁ&ﬁ nt t’%@i’hﬁﬁﬂ)ﬂﬁdﬁ&?yl i g@n dsa bahbnosubstituted
are Rosubstituted cycl opentadi enyl, both are

octahydmilwstdngt.i t ut ed i ndenyl , both are nmonosubstit ut ed

AT b ST s
with 16 SalRt Bii yﬁfﬁﬂ gi%ﬁ% E\%Itnlep Hel CthRPRTERAb SR dieny - R’tpg lg%{nds both are

necessar atic group substituae
monoshhﬂltmamyclbp‘eﬂtetmmyasmmlm tire monosmbstitpled  indenyl, both are monosubstituted

rCl2 d
fuorel S1C BB | 1005 SR AT B A0 o e Textampieligespp compound
(X)(Xaj(ng'}?ﬁZf‘ Ged %ﬁh ﬁﬁﬂlogﬂ)stiﬁﬁ‘@i dpcldpdntddidnyl, "B 8| ARICKRGssary that the

npound. The Second Met al | ocene Corrpoun In ope
ahphatas gmup sobstitings bethentainen, Int thés wc@n ﬂ)rr:ecamlpleo(én r€sHs"Bu),ZrCl, and
d.has the follqw n
@l -Cspx’%) )&E)Q%M@é consitus %(m%qes,\ﬁ) %ccz‘ppoqlil thilt){gsiy be, ysed as a first
metall&?éﬁl: C%?Oddadependent Iy a substituted cycl opent adi enyl,
substftuted indenyl, a substituted fluorenyl, or a
substltuted partially saturated anal og thereof,

The Sevc\:llggcli g)[ert]alﬁ‘)%ene Compound

In one aspect of this invention, the second metallocene compound has the following
formula:
HXOEN(XBM; wherein
[} Mis Zr;
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| east one of (X5) and (X6) is at |east disubstituted,
and each substituent on (X5) and (X6) is independently
a linear or branched aliphatic 5 group, wherein the

al i phatkc I S .upsubstituted.or. substitut any .
o PT84 SR PR OB subtaa

indenyMaSdibstitutéa) fl@éhyl X a ShitibAEE RRRLEIF datirdted analog thereof, wherein at
cycl opent adi_enyl”,” an indenyl, a fluorenyl, a

least ongegfi(X3) angd (3) isrableast diswbs@igtedhandeof . or a substitut ed
anal o herpepnf: and 6 I
20 oy R shd oA PR CRIAPE Bl sphase
group, @ERin BHeniphatgrdup & tnsolesnitutediotisubatitaieds amybone @ftveliish having from
a chain, one end of which is bonded to (X5) and the
1to 2Qx¢a5on #A@SOf which is bonded to (X6); or 3) Mis Hf;
KX5) ags £X6) are independently a nonosubstituted
cycl open% adi enyl, a 15 nonosubstituted indenyl, a
nmonos W&S) additeY dr¢ dmfependentlpr a aycloposabetyilt ait exdenyl, a fluorenyl, a

. tial t ted l. h ; d h
partial par e UK e o AR5 FETEIIBSORABR Ly a 11 near
or brarehegy akhPARL idane@EP B, a WARKiRAItEd b inddtsBRALI Bridging group

group is unsubstituted or substituted, any one of
compriging dtonh 3\tp Agofitignus Imsocbore atosrin atchais; oamendef which is bonded to

5 rejn 7 .X5) .. a Jdtuent on (X5), any
X a"?&ﬁ%?%hf’hérﬁ gfo“?ﬁ]“%iké)’?ong%‘%/%slt%i;t"irt uent on the
sybst ivMuyé Bg al i phatic group on (X5) and (X6), and any
substituent on fhe substituted bridging ro%P )
conned® hgndxeX )adee (lmpeﬁﬁl@ﬂiyndé‘pmk‘?%“& cyclopentadienyl, a

monoshduited %rﬁieﬂﬁg ,lf!f ngqrﬁ)gﬁtﬁﬁﬁﬁgé hgorg{}gu Br a fnorfo¥@stifutél, %}%ﬁiall? saturated

conbl nat1 on atic an [I'c groups, an oxygen
analog@hicaeqf; arad sul fur group, a nitrogen group, a phosphorus

g ; g 3 B ea A ﬁsﬁﬁﬁh@q& rgg;j g\pg 3% aira ?1? eﬁgrgc&gﬁ% , aa grslqlzalg Ié?g %panched aliphatic

group, WHRHAN (R AHPhAL SOAH B uiRlbatiied BH BRI, afy ohd6f WRRh having from
group, an organonetal lic group, or a substituted

1 to 2@earbematoms; atder eof , any one of which having from1 to

; 633{132{2}1 2&%(28% gﬁlg;?'l | glf ﬁn 8%;)? ég% glgqesgg*egt/ EI? é(s),Sgl%p Qlﬂ)stituent on
the subisMBEH Aliphatié BROupeHONT) Bl 8X9)oarnaycRiad onahe bebstituted bridging

the fol l'ow ng ornul a: (X5) (X6) (X7)(X8)zZr; 12 )
group wpineating (KXB) andndX') sy independeatly e Al ahPhaticagoyBs i ALAMAIC group, a

. l.o ' I nstigt '
e ST B o PS8 S e g st g,
nitrogedagtonp) adplsptiorgs ighaupe e, arsdiee groupta chibastgrome afsilicon group, a
(X5) and (X6) is at |east di %ubst ituted; wherein each . .
germaBLgTPRRch it GFOYPXE) o2 B ReY PPIOR HABRCHLUHIIGHT EFquRe dp inorganic

group, ¥ HeAUHGAR! rBlRldrG substituted derivative thereof, any one of which having

from 1 to 20 carbon atoms; a halide; or hydrogen.

Type I Second Metallocene Compound
In one aspect of this invention, the second metallocene compound can have the following

formula:

0.90:90:00.97/+
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5 group, wherein the aliphatic group is unsubstituted
or substituted, any one of which having from 1 to 20
carbon atons; wherein (X7), (X8), and any substituent

t he suybst g¢ed aliphatic group on (X5), and ..(X .
PR b Dy ndebrieafy 0o G Bufie Yo Btiagi gt e substituted
mdenyﬂ r@%tiﬁt&yﬁﬁd@n}gr &Uﬁ? substifRED| fagid 9 safirated |anPBAtthéted Gherein at
gen group, a Sulfur group, a

least ong Qﬁ(é@bmcgﬁngQ at #ap sﬂﬂa@w@ 10 group, an arsenic
h efel ?otn ro% }iﬁ ?s 1n &LII tlya ggéaﬂ%? 'bf'a%hed aliphatic
lbelﬁ A0 RS orof

group, &lfhéf’@lﬂ tHY Giphaki: % [i hsﬂﬁl{sg&ﬂitﬁte@ bf)slmstlﬂlt‘edo ag;aaﬁmreﬁ \alubh taving from
&roup, or a stituted derivative thereof, any one
lto 2 thﬁn%mnﬁaV|ng from1 to 20 carbon atons; a halide;

%}%er%]?{ggigg &B)(’) r?g% 3&%8 Sgtltt@ﬁﬁ 3)‘17# %1? \ﬁgﬁﬁlt‘&%& aﬁﬁ%%&dgro%p on (X°) and

(X% aeXfiJependenkie an alitmsit gdoupybs bidmetiedzrodrs al eyctit |gsoupspeombmatlon of

e invention, the second netal | ocene co
ahphatacomff PYQLS gOVRSy @ FYgE) §r°§eb§ts}1{fwt 55+ § SR Eroup. a phosphorus
t & idod drbista Ly ti , a lead
o B LU0 SUFRA IR 5k R SAOG 3 (o s e
group,|a gra’nd grame ancmhosisugt groupeah mmww grouphis oe@pemstaﬂfc group, or a
the r

substttgtpgtdﬁ}éga\égfgghe{e%a% P%ecg%\gﬁ %glsglgtﬁgld 3%8 i(y Qarbé)ﬂ gt%ﬂlqs a halide; or

hydrogéhs Wb shdthattagpect,twhenths bdcbid Rtallb®@hé a&uﬁ&dﬂdthats elds famula, both (X°)
ntasubstituted. In_ another aspect ri5 20
and (Xg)/@ﬂbb%ﬁttla@lt disybstityted | i gands of the second

) 0 A IO AR o, copis  mor

highlymabﬁlthtad efireonionpoetuiiocar ¢wvgount ethéro theufiest (ietaltocene compound, in
I—Bls?l 2)27Zr X112, wherein Rl in each inst an
which ﬂhﬁj ap@ml@pﬁmaﬂlawhtmakgaaﬁs BFeafmonesbstituitat ﬁus g dhig aspect of the

mvent OHS thggif SC¥C opeﬂggglengl d@ﬁ tf%a?_c?st @&Eg%@%gﬁ%lgﬁc&&ound may be

disubs@nufsdPrtrisuBstinub¥d, t@rd@u@ﬂltut@d t oﬁ?entmgutu&ﬁ NE{ Znothér aspect, the n’-
anot her aspect, the secon al | ocene conpound can

cycchphrau@enﬁeylo@ ﬂlgancb ¢fTthe- secomB n&m?a)agzxrecmnpw@r siay trpdiswbstituted or
trisubs n-Pr, 1-Pr, n-Bu, s-Bu, 1-Bu, or t-Bu. Yet
¥ er aspect of th| s inventi on is a catal yst

CRMROB bidtRE £PBRY iR B&kofd S{ﬁ&@l’l‘di:ené“%bﬁﬂgbﬁﬁ‘cﬁ Rén Gav@eenfbrmula (n’-
CHRE@Za?formJla{ls C5H3" BuMe) 2Zr d 2 eII Second
53 1

X' acwhereioRp dunech msiaage ancdmndaﬁbe@t cqeh er beansghgyl aliphatic

o B GSFSER SRR PR AT p S B L 6y 1.1,

OMe, OEWMEhePNOXE) OandBu( X&) BaneMies) de pdident | y a
cl opent adi enyl, an indenyl, a fluoreny
|d§r ancahq:ry amur@se@pcan@ mgtaklw@néwommund e%éw% Jhe formula (n’-

n eof ) Jpak& C ted by
CsHs @@3’%? 2t %rgl or 1ﬁnsub i%t eglng L{'%(g %Lg %u SPPES
Yet another aspect of this invention is a catalyst composmon comprising a second

metallocene compound of the formula (m°-CsHs"BuMe),ZrCl,.

Type II Second Metallocene Compound
In yet another aspect, the second metallocene compound can be an ansa-metallocene
having the following formula:

COXHENXY)Zr;
13 0



10

15

20

25

30

conprising from3 to 5 contiguous ansa carbon atons in
a chain, one end of which is bonded to 5 (X5) and the
ot her end of which is bonded to (X6); wherein (X7),

dﬁggﬁ 2|ﬁﬂ§%@% t uent ondéﬂ %;g%g%%n @%gﬁrldgﬁgggnaﬂumfnﬂ.a

part1allg>§ ﬁ&ﬁmﬁmg tﬁ%@f ok i §lﬁ’c§st1ﬁﬁec( dflogah&ebfidependent |y an

hat i ¢ group, “an aromatic group, a cyclic grou
o)drcbmnz{N oamd X3 arp Wanmaf;tednbbr @;ﬂ@bﬁ&u@d o prsublshituied gléﬂgmg group

comprlglpgtfgdm gﬁo §rc§)8 Ia%ﬂ:bcarg ét?%lgn g g%i; % offe %@OMEH% bonded to

(X°) aridltRé Bihe Per IS IRIIER T phaetdio (X);i n group, a | ead gr oup a

bor on an al um num gr oup an inorganic grou

avheseig ZROMEC 4ﬁchu§$tBH?m oB hebsited ulaine PR sgting (C°) and

C
X5, a};l{;] §ﬁl%9¥uenﬁ&¥ )gsg W@P%Q&%}R\éﬁs@u};i}g %&Péﬁe%ay & Qgﬂiatlc group,
an aroﬂﬂﬁa-gﬁiﬁtpabl octo Egrmqf er sombinplign vH ahphmt:adddoc,)&he groups, an oxygen
ound in which the tégngS cycl oal kadi en YPE 4
group. i YHEISORH, A HEORE BEUPc: BREPRTHKGUByAA B GBfoHE § carbon group, a
I a

sﬂlcon'EIrl)of)Lg)t | gyrré'.gu lglﬁgréﬂp, qulﬁglrggﬂ ?ﬁg?ﬁ%ﬁﬁﬁ aal'icﬁoﬁ gﬂiu‘f) 44 ¥uminum group,
an inorgaolcoglokpdare nyganolyxptalliq g@npsorn esubsiﬁmdt@deveathereof any one of

wich Spviog ey Dl 20 524B ot ¢ APy 8t RG9S Kadi eny! - ype

| A9 hekdin the a5 binsa-RbRNGceab iR difply toad MEtllodéhéScompound in
the | en gth ‘of the bridge or the chain between the two
which tliestwoyigl-amldedididienyl-typg gxganda igahrimolesulerasenligkedbpa bndgmg moiety.

s s o B el Bt o o
cycloaﬁfc'z’lgﬁhjdt [?ré Q{ds YRS thslebied "b?cﬁ brid'gbﬁgn Erofp Rfekoin kMEshortest link of the

second | ocene COfT'pOUI’]

brldgu{g- ﬁHE(tﬁbﬂ))u'eéiHZl]le( nf-byQeallidi¢is) pre)djmds is at least 3 atoms and up to 5

CH2 15-9- C13H16) 27r X122,
atoms. | Ll'd;qg ) X ng rgr@g@gﬁél}ezz}g%@ tween 'the two 0 -cycloalkadlenyl type
) - -
SNCEC LRI S e ———

ligandyvhay 8k @uﬁéﬂ;&tedcﬁhﬁ@@&ktlaﬁwr rence, is independently an
al i phatic group, an aronmatic group, an 25 al koxi de
gnoons, asnectarthe ogeand gellpcengncamnaynd ae bgr oﬁutpCHaﬁﬁle)nCHzl(n -9-

e e S LR

an ! 81 ﬁo1§'tm§édft Whekdi from 1 to 3,
[u- CHggHi iCH g;(g tlh%gﬁl_fe“())) B8, o8 LR RomSBina in n is from 1 to

any one” of which having from1 to
and wifeio 3'hdn eattoomprrencenis md@en(hntllyyah algghatic groupn an h@matlc group, an

o BERESS: ot ASABTE SR, Y SRS B RO BE O H itmic

rou ,CeP Aslide Sandlkyl ar lamlde roup, an aikyitluolate group, an arylthiolate
group, 1 QYA O@Zﬁ’(ns 3H8)2fx 2, [-

group,mg(sgbﬂgtﬁ@ﬂ-ﬂp@mﬁge gle@gm-praf)cg@ yghgch havmg from 1 to 20 carbon atoms; a
halideLar )nCH2] (rl s-1- COHB) 2Zr X122, |-
d—é{y%fﬁd—ﬂ](rl 5-1- COHl O) 2Zr X122, or any conbi nati on

tIRemetier aspoar the rprdf‘sehﬁmﬁrérﬁmnlent:@nﬁassﬁﬂdcatélﬁst\ﬁbﬂlpesmoﬂ(d:&npnsmg a
i s independentl|y Br,

second)- metpﬁoce@encmpowd ‘BHHPTFWE& - Cfil:é@Ez)n@Hp](nP%ﬁM@ﬂer 2 [k

e FERE AR %ﬁgtbl Compr e R LG A EHFHS

CHz(CHz)nCHz](T] -1 CgH]o)zzI'X 3, OF any combination thereof, wherein n is from 1 to 3, and

14 o
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5 1, 3- propanedi yl bi s(r15-9-fl uorenyl)zirconi um
di chl ori de;
1 4- but anedi yl bi s(r15-9-fl uorenyl ) zirconi um

hl ari de;

whetein Yo AP GRRBLATY F <P B lo O Sy B QR B O-4-Bu, NMes, or

NEt,. d| chl ori de;

1, 3- propanedi yl bi s(rl 5-1-indenyl ) zi rconi um di chl ori de;
EtﬂL inotlaan edpack Iof sliis iventipndfonyexymplec én gesoad ghetallocgae compound
1, 5- pent anedi yl bi s(r15- 1-i ndenyl ) zi rconi um

Comp“a]lnghl oride; 1, 3-propanediyl bis(1)

I, fpidp H\Qéd‘?ﬂuis?rgL9—ﬂu&€hﬁﬁh?doﬁﬁ1ﬁﬂdluﬂlbnde
1, 4- but anedi yl bi s(r15-9-fl uorenyl ) di - n- but oxyzi r coni um

1 4—butaned1ylbls(n -9-fluorenyl)zirconium dichloride;

pent anedi ylsbi s(r15. | uor - n- but oxyzi r coni
L},ﬁ-pentanedlylbls n°-9- ﬂt(lorenyl)zucomum (ﬁc%ozlge y

1 pRIpARARNAB!HI ! -RidehyyArcb R HiEABHag) Put oxyzi T cont um

h, 4bﬁtéhétﬁﬁﬁisw|901-ﬁ{deh?%ﬁrdoﬁﬂﬁﬂ&"bhldhdﬂ but oxyzi r coni um
5- pent anedi yl _bi s(r [ nden{gl ) di - n-but oxyzi rconi um

ﬂ,,ﬁ-pplt@mﬂmdbﬁsm Hi-sdeng)zrcohivoy d}lbl)ltiﬂ rconi um di met hyl ;
1,4-buta I ri15-9- r en di met hyl
e A e ileeriiesﬂ@&m SR oni U d et by :
0)

by RiABROT) bl ha bt Qﬁéf%*‘?‘%ﬂdéﬁm 21t coni um

di mbrﬁwﬂmdlyl&sﬁsF%ﬂﬁ@@ﬁﬁibculrbbﬁ()ﬂ)ﬂzﬁcbmumdenyI ) zi rconi um
di net hy i/r conbi nation thereof. 25 Type |11
Se%@mamlﬂblsﬁte @d@oyiﬁ;bahbutpﬁyzsncpwnhnot her aspect,

th d have the fol |
TR RG] (KBNS S RGR B n (X5) and (xB)

r gﬁ%%n SIIyrf'a SRS At cl opent adi enyl ,
3 ﬁgnosu st tg‘[ ed1 [ ﬁ e?}Hjl a m)nosubﬁ’l¥| t ut ed

f1| Ypr@aptdiylbis(ig - grfinomubBirdontuad dinganylj al | y sat ur at ed
30 anal og thergof . wherein each substituent on (X5)

alnfrbptesydiybis(hidepaateanbrijcoaym disagthyi  br anched

wh h . .
e BEReninEEOED- ClRER bR RIRE o YWt th havi ng
fr ?@oﬂm&&yl%g(ﬁ%IMn%Q%mlﬁpﬁuﬂeﬁlﬁ wherein (X7),

any substituent on the substituted aliphatic

g]r,%ptaned@%ﬁsxnsahm%@ymu@mmm dobeppleyident | y an al i phatic
group, an aromatic group, a cyelic group, a

cbﬁ‘@?ﬁ&@qd&ib@fﬂ -Lindsmdygiconive Setye groups, an oxygen

oranyg&(ﬁﬂﬂran&ﬁll&efow group, a nitrogen group, a phosphorus
p, an arseni c group, a carbon group, a silicon

group, a gernmani umgroup, a tin group, a lead 5 group,

%%gp&%m&ﬁtpa&%kwﬁ%%gr oup, an inorganic group,
In still another aspect, the second metallocene compound can have the following formula:
X)XIXNXOHE

wherein (X*) and (X% are independently a monosubstituted cyclopentadienyl, a
monosubstituted indenyl, a monosubstituted fluorenyl, or a monosubstituted, partially saturated
analog thereof;

wherein each substituent on (X°) and (X%) is independently a linear or branched aliphatic
group, wherein the aliphatic group is unsubstituted or substituted, any one of which having from
1 to 20 carbon atoms; and

15 o
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substituted derivative thereof, any one of which
having from1l to 20 carbon atons; a halide; or
hydrogen. In this aspect, the second netall ocene

C Qu [ he haf ni um.anal o f the first .
SR S DX Fadant shTah AR B4 stfnsd Fhaptis g on ¢ and
6 0 i 8 chelid @Oupch combination of
0K o PRy 1 AL ROUIAILAT 1A ke BN combinaon
aliphaticrendagysbic igsoupsdep exygsnt grpup, 3 Fwldurerowp, by RitkeBer group, a phosphorus

woun, 3 1RRGS B AR L g8 R BT g Mour, o e
group, @ Bordii grddp, Bn Blhmibhin- goup, MeRor@hicNEodp, dboigandrhetallic group, or a
_anot her aspect of this jnvention is a catal yst .
substiteedrderivative thesenfpamysonepfaviyele Bavng fiomal (o Ff@rRasAiINmR halide; or

Iewgvi ng the formula (rl5-C5H4R1) 2Hf C12, wherein Rl in
edach instance is independently a |linear or branched
dh i thiRadspectg fleu gecbad imgalldcene tompofl ¢sathzohafatuomanalbg of the first

yet anot her aspect, for exanple, the catal yst
metallqeeng,gESonIUWsH CYRPYWIds | nvent i on conprises a ~second
Ll h4sahé Mot totmula:
g e
(115- C5HA' Pr) 2Hf C12, (fHGHER MR, 2HF C12,

(115-C5H4' Bu) 2H C12,, (rls- C5HAsBuU) 2Hf C12 S .
S B a1 1s HGDETKSTRY i Hcpber EANeg Al aroup having

from 196 2d"k‘ia§bdd'ﬁf§rﬁ§,'a§iﬂ’xm A in8¥RABMRl FSCL, MR, §€MEWDEL, O-n-Pr, O-i-Pr, O-
netal | ocene conpound having the formuia

n-Bu, Q-1-5, SO, BUlNBHf C12. It is not necessary that both

- t adi | =t [ i. ds_.b ' i
ST b BER AN Rl s S5 SRR i o sccon
metalldc¥RE _c%?&ﬁfaqwirfgeﬂﬁl foRE&18 g EOTHMRNMCN) vaRegH IR en cadly instance is
conbi nation of two 115-cycl opentadi enyl -tyg@le I i gands

independemply | & lincgr ar biandedisdiphatietgrgup bapngfem: lalgi 2hgarborpatoms.

bst i i ndeny! i 1. 1 o
TSRO BT 4 RO SRR g compss
secondlt AekAREene TREMbSUHN R@Mpkidihy Y ?ﬁi-@EHIM@)sz@E,OlQ{nF-@cs%EE)szCh, (-

I gands such as. partially saturated | ndenyss an s
CsH,"Fr)H6EBNY | 61 FOG LI, HECLbut (etsHal B)sldtCla,0, (°-CsHyBu)HfClL,  (1-

hydrog

Lletrahydroindenyls, 30 tetrahydrofluorenyls, and
CsHa Bypa iyl Fo  Ceibn gl CL, ngh ghe lﬁﬁe first metal | ocene

f&g i aﬁglgf glﬂiﬁgtew fg%&ngﬁ'gggwi}%%éégé‘ﬁﬁdsecond metallocene compound

havingttlé formyth @f IQBl By HfChy. a nonosubstituted
oct ahydr of | uor eni)l .16 o Further, it is not necessary .
this nds seeessars thay optpe nexsnnrenipdionylipe ligaptsdefhe same 1n this type of
no bsi i ' ' j .
scondRRRTKREE b AR, U R0 LA 96 L fen compri
any coTRFiIRREGS ft tHe e Lycloparadiasiiamd lightdsh @bmprising a monosubstituted
monosubstituted indenyl, both are npnosubstituted )
cyclopgntadierylys moapsnbstitated; ipdenyl i sonqsybsiitvipd fupresyl, gha mogeyubstituted,

5 S50 0 S0 SRR Ny i s o s s

partial 5y sdr@adt iadedny land i fluorenyivo indheiiss skt yndt Hamitédeo, tetrahydroindenyls,
i phatic group substituents bflat he. s

I o hi
tetrahyg enylsg rangxngf%m@’rofe%gn_y(lgl_ us; Eth? %nﬁgtfzeq%lfpgler?e compound can

comprise a monosubstituted tetrahydroindenyl, a monosubstituted tetrahydrofluorenyl, or a

monosubstituted octahydrofluorenyl.

16 o



10

15

20

25

30

(11 5- CSH4" Bu) (r | 5- C5HAMe) Hf C12 constitute exanpl es of
a conpound that nmay be used as a second netall ocene
compound. 10 Substituents In one aspect of this

Farfigh oot tfggﬁ’o%n%gﬁaé??@nﬁ% RuAEnEARRs DERds B afmogbstituted
with tl?&[}?ﬁg zﬁip?x% gltrgugpténﬁleﬁe%ﬁ [aéﬁ{ g@ﬁ)ﬁ%@ﬁél?%&%?ﬁ%m&?s both are

monosiise tuiad eﬁtﬂbpentaﬂmm ast%amsumesthe© imdanyl, hbﬁhpdnaﬁnanosubstituted

fluorengh o b, ORE. IRV Bieh GRA) Bt CLpe b orgpsidbcehe Sompound
(X )(ngﬁg?ﬁhf Red R 'osdaéﬁﬁatéd g?d'lgbenﬂidlén?ﬁ ﬂt'_lk enot |r{écé51§m§ that the

or exanp
ahphatﬁ:tgrstlp tsmhmtuents Hehiae salzlnsl |In mlne aspeat,ifoh aXamplg,r (afmﬂsbh Bu),HfCl, and
any substituent

(1*-CoRRB kg M D S01sttibh XU IR st STPP WL 1% et P gised as a
(X5) and (X6); are typically
Smmnd%%%ég@%%%ﬁ?ﬁéhgﬁ al i phatic group, an aromatic group, a
cyclic group, a conbination of aliphatic 20 and cyclic
groups, an oxygen group, a sulfur group, a nitrogen
—Hbﬂﬂgﬂﬁﬁp a phosphorus group, an arsenic group, a carbon

Gh UnB: asgec% o G0 M EHnBHR, the HQAITGRhS! BbAbOMRIs @nldothprise a variety of
group, |'ead group, a boron group, an al um num

substitgants, gomenising whganitiat nyrietigs, boaded eigberonehe (métal @ﬂeﬁhf;s anp(X°), (X,

XN, oﬁ ég%ngt | ﬁg{)ﬁ on(dd g réé)\ég(%ch%romg S%ﬁghe Z?ﬂ.l ggsuoc% as'a su%stltuent on an
ahphatfl;yrﬁf)fé%%bnd@é to hQﬁ&y@l%pEﬁiScﬁ&l)gft%boﬁgﬂﬂ A Qhibstitieit Hh Bridging group
he activity of thé catal yst conposition. Further,

lmk:ngtthnosa 1Pcydipentagiehylrtypatigande buthe likebst i t ut ed,
unsEbstltut
t

BoAPefh gg’ A Ch )'a(%?'eég );O&st);h@yes%pg{ep%gn the substituted
ahphati:c %’H% on (RS aft()gs RRP KO %n?%gﬂlﬁl&ﬁnbﬁ (IXAF |aﬂ<‘li E{XG) and any

tuents "t be characteri zed *% nmor e
substltuﬂne o ﬁlheSIdDSU‘alt@gdmdgmgs gronpascobrectipl. (Xhi end | @i ),alasfb typically
the noti on

d hyd h
indepet LY, TR 4G AR A o BRPBrg Poriopippuef alihati

and cyBl¢ Ff@bk VanS@lydemiofship, Bt Srodp, amitrdded Qréwy, laSphosphorus group, an
i nc udlng, but' not [imted to, tetrahydroindenyls,
arsenic; IOV BFOHRA SIECOTEIPUD ot ERTFIARIER BIRNPe AinsZroup, a lead group, a

boron gﬁéﬁﬂpineﬁu&i | %H)tu ﬁa.li gﬁ%ﬁaﬁfé&g@%tﬁe aftinidtiic! g?(ﬁl g{aa subst1tuted

are no 1'ow fTg gr oups
derivatahgkef, pnesensfoshible h@WIMg fioheb® 20 batboh awnspe halide dr hfdrogen as
i's independent | an aromat i

| phati c
long ap flgp 2reline, 49 et (raingte ayActuiin o by GhabRGFEBPosition, Burther, this
descnq'ﬁlgm : egﬁ{:l'gﬁé'tasﬁﬂsgﬁﬁédl V@Es’uﬂﬁfcﬁt@@r 6i@hecheldNGihetd BE hBttkoafth-substituted

dé-, an al koxi de-, or an
analogsiof dhesesrubisties, ut ed derivative thereof any one of which

f . 20 t
B8t 519055 SRRkl ANLIARE DS bo charaieried
in mor® HRACHR DS tRése IchitBadiesanich @9 benAyn e TR, list ﬁls&ﬂlﬁﬂe@?nyﬂfogen therefore
al i phatic groups, in each instance, include, but are

the notimt ofi 4 smbs@t@tqddndg}yl andk Wbstlgqtqguﬂ,uor@)d y@qlggs Wrtlaélyég%lrated indenyls
and ﬂlgé]rgfré)lglé eiggludgl%P Wi Bt Cl¥rﬁ{t9c?l lée?éf}ah%rgﬂﬂenﬁg ?ét@ﬂ?é’ljoﬂuorenyls and

octahydrofluorenyls.
Examples of each of these substituent groups include, but are not limited to, the
following groups. In each example presented below, unless otherwise specified, R is

independently : an aliphatic group; an aromatic group; a cyclic group; any combination thereof;
17 ¢
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al kadi enyl group, a cyclic group, and the Iike, and
i ncludes all substituted, unsubstituted, branched,
and |inear analogs or derivatives thereof, in each

i nst ance _hayvin m agn 20 ar.bon Thus
any subgtityrcdPEvaive arephanen ing i ngt B tp{ 3pBde-¢ g alkoxide-, or an
am1de-m{1f?ﬂ%i‘f @éfrvsatﬁy Ghersr; Ly RAkaH wWhRhand f%lﬁ enyd s20 k@fbon atoms; or
i phatic grou%s as used herein include
hydrogemt hyllso imdlinddd, in thespygioups-abuayy unsubstitubags ranched, or linear analogs
Sec- butyl, isobutyl, anyl, isoanyl, hexyl, cyclohexyl,
thereothont vi “oct yl nonyl decyl dodecyl 2- et hyl hexyl ,

lof éﬁﬁhﬁfh\/ $rou Qn fehéh hllsﬂéﬁce lﬁX(ﬂlﬁﬂﬂ ®at ak rdt ditedGo, an alkyl
groups, in each Tnstance, include, but are not |imted

group, t cyghelkyl groupa;ant alyenyl grovmcewyrloatkeaylt group; ra alkynyl group, an

a1kad1e|nﬁf5: tgg%dug)g (l‘%c fc]:t 'grtolﬂé fdn;ug %ﬁ%\{?{%' é@& égérlgé(i)e%ggﬂ glugstftél‘é Iasubsututed

branchéhiran\dalﬁﬁédﬁanalﬁ%sﬁlbﬂﬂﬁﬁm@we@w dis ¢aehlivstencebhtvimgy fomodne to 20
limted to xylyl, nmesityl, and.the

carboni aﬁemaduﬂgiSaﬁyph?élse%rawofﬁCB{%sPP alieelaotdlé‘?’}t%ﬁ‘?b@’dmcarbyls such as
parafﬁflég g{lcg %éenﬁﬁ?n?;‘%r:&aﬁ pl(fyﬁfphgt d@%ﬁ}éﬁ? as ldde® fl‘lﬁfélﬁ ARURRCRethyl, ethyl,

cycl oparaftins,
propylcy-bliyd) 1eftibm$yl sacehugc estojvukyhmylarsemsl shal&ﬁ ayclphﬁamylheptyl octyl,

nonyl, 5@9@!44 rou lh\%{’jl b%ger{ym]w? %ﬂ?&} I|ngst ance

a4k f(ffod}bfﬁaﬁ@g?{ﬁ 6,50RQBh #seliRe, indidds, but are not limited to, phenyl,
heteroaton}substltuped cyclic groups such as furanyl

naphthgk enthacenylieandnthedile, induding isubsiisutet detivativep Hagreef, ihgach instance
havmg (?r!{l:égwg 5§§§1%o%%eg%{)§{ﬂgt%d Cdgﬂp:{t \%E g afo@na@ic' c%&ﬂ:} Iuﬁds include, but are

ortron, exa
not lllﬂlféﬂlt@ delyl, Bytylgmesifyotandithé tike] 1in£ludlgg aup heteroafonasubstituted derivative
HgR5_q wherein inis an integer from1l to 10,
thereo |s an integer froml to 5, inclusive;, 25

t 0
q I's ‘an |n5<15?JC 4 gllqltllo&f Slﬂ%E}M’IICQ %ﬁdgr% hrd ot Olimited to,

I NCl USI ve,

cycloparafiid) aﬁd@éﬁhsqcyd%a%@lems Rranss a[chmﬂmhge,srl Hicyntic groups and the like,
. 10, g.is integer, from1 t cl usi each
including sy B d Aeri s e e Hoovh nience henBegENReALp y20 Cghon stoms.

Thus htlet@GhisEbAhALP cy @ gréif RSN £ ﬁfa‘?l?Pare EndNdEddi Herdh OUP;
any conbi nati on thereof any subsfituted derivative

tIhee:aelminstarmmcaimhatngaltdmyqligtgrwpm are graups campeibing an alighatic portion

ubstitu d deri,v f:
and o Sy 56 Gt SrerilrCAt R PRbd D 9 o BhlEpd b, such as: -
(CHg),JU/&IqR9§WheI{=:ﬁ1 aNe aﬂﬁﬁt@%ér fr@hl 1pda>at100q agh 1rﬁ®|r ifiong 1 a0l 3S inclusive; -
I ncl'ude, but are not imted to: -CH2C6H5

C6HAF;
(CHz)mQai[:QEﬁmgherem THY @B pfeger c@m@gmq -q Lseﬂg_ig@gg 1 to 11, inclusive;

o GGG e BTN o IR0 o R o 1 00

inclusivEH2 Ao hibBihce andChiR def2detl-Hove EHQG}HR@SMB@\V&;: an aliphatic group; an
- CH2CH2C6HAQEt ; - CH2CH2C6HAN 180 CH2 Me2: .
aromatiCEERRR CoRVANE S OURS APY %@P‘gjﬁétgl%z%*elﬁhef%g o S“Cfgﬁal gy‘*ﬂ"a‘“’e thereof,

1nclud|§1% Bt h&pflﬁﬁe&jﬁf I MRHYE antMERERL or%ﬁﬁfﬁid@%uﬁitltﬂt@ﬂ'd@ﬁﬁatlve thereof:

each i nstande, include fluoride, chloride, brom de,
any orenf whidhdes filom ézoh 20 wathencéomeyrdardregepupke enrecaspect, aliphatic and

._oxygen-cqnt ai ni_ ng_groups,. exanpl e i ( . .
cyclic g%ﬁﬂsd é‘}‘gﬁéﬁ’ Q‘fteg‘ﬁ’otmfJ ﬁ}ﬁ“lteéjg %?‘o, '§ﬁ%§!¥jom@%§(’y CHyCeHACl;
CH,CELBHPSCIERLT; HEMOMOCD,HHiCE); REH,CeHNH,; -CH;CeHyNMey;
CH2C5H4NEt2; -CHzCH2C6H5; -CH2CH2C6H4F; -CHzCH2C6H4C1; -CH;CH2C6H4B1';
CHzCH2C6H41; -CH2CH2C6H40Me; -CHzCHzCGHz;OEt; -CH2CH2C5H4NH2; -
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limited £ QX?HR

OPR2, -OQAIR2, and the like, including substituted
derivatives thereof, wherein Rin each instance is an
al kyl , cycloalkyl aryl, aral kyl, substituted al kyl ,

subst.i t ut ed arifl or substltuted ar | K aEﬁ[ltawn frorg
CH,CH,CGoRatses af Bort ot & e E ERRm praieisenerfisyly ae amy itapied derivative
thereofdf OUPS (-OR) groups include, but are not limted to,
net hoxy, ethoxy, propoxy, butoxy, phenoxy, substituted
Ahampies,of halides e eadifinsiakes, inaudedbivridasthimisls, bronlidesand iodide.
roupﬁ are sul fur-containing rouE)0 exan‘%ges of

in gas etnsta%t OXyget, groups rﬁr? & Igfﬁm BBR examplles of which
include, YaC&ESot 1iRfildd to, AWMy e@fuiﬁtols@ Qrdnif:@ (-ORY%;|-00(OWR, -OC(O)H -OSiR3, -

Substituted derivativ ereof, wherein R in each
OPR,, Q1R awed the like, intlaging suhstitead dgqlvatlagstheregf afheygin R in each instance

is an 8ﬁ‘§ft | tff)ﬁ%g} ﬁlgkly lafalky?t b%’&bséﬁﬁt élgerllg{él l%s?lltute?dJ %é’tl’l &Ugu%gtﬁtuted aralkyl

havingifithh 206 €0 cattohQsis. JF CikislesHd fal kuxtyrop g@mo)qogrbﬁps( ©B) groups include,
groups, which include, but are not limte

but are_ rnﬂhmltemm meth@yy, ethosy. RIABPXYR BUIOKKePPenerEYh § Sﬁaﬂed | phéfioxy, and the
like substituted derivatives thereof, wherein R in each
" instance is an al kyl, cycloal kyl, aryl, aral kyl, o
sIu h:adah tnstaech alilfyd groussudre tsirtfur-euhtaning graupssedastplesuiferhich include,

o S il St T, S GTRONATE TSP R. s, ncluin

substltﬁt'é@ ‘d@ﬁvat%é ferdo C\lvh’éif@m R 2Pt ingthifeeOt arl AR @ﬁ:}éa‘}kyl aryl, aralkyl,
PR CPOR2, CP(OR2 PO (B2, anid
substlttlﬂaé alklyk @ubstlmtedmnyh @r sehshittted apkkal ving/emide 2hearbest atoms.

n n _each instance
Q’Eflagh gaﬁgpﬁ?lmtm%eﬁﬁ?ugsuatr 81ti;‘qg§ﬁ] cgllltjéf’ﬁggg( ?ﬁ%ﬁ{)@ Sv}hcyﬂ include, but are
not lindfedStéDSNHS, UII‘ﬂQRaENREYJNG@VNQ,gaIfdr e likef thItQilﬁ@rsbemmted derivatives
atons. I n each instance, arsenic CIg:ltrou

thercofy veliengin -t o easth insiange deipan alkylc By %aékt}déryhb%ﬁallﬁt,esw‘?étﬂtuted alkyl,
Subsmllﬁ](a%ﬁ ’?Déig?tlt@?g%a}tkﬁ %ng | ncR di ng suﬁst It ut ed 25

dardaviatinsemse,t fiospladrus whapeiare phospherashontamirngeups walrich include,

al ky| ,. cycl Ky, r k ubst it d LKyl . .
but aregaai dimifedt g %itz_y ILH%T ot fDe s %@(ﬁ%\% agd 5k, including
substithfdd %191‘19&[\}39 theBdd2M®herkih I 3¢ BadibBAGSs Qﬁélﬁ?ln %fl@éll@ﬁ aryl, aralkyl,

are carbon-containi ng groups, which includ ut are

substitniet alkyl,siilbstiguted aryialdxyubsmltccﬂ era@qybhmng fram h@n%@ faybon atoms.
stituted al kyl

2‘?&&& #’ﬁ?‘?{ )?f SCUF S PSS %frs%llig &0 Bméné, %‘él?]psz %h?c%rlptglﬁde but are not

RAS((%{(%(OW? 108s(O)YURYR) dtd thd ﬂlké;(lhﬂ)lﬂing substituted
and i ncl udi ng_substituted

denva@*@sﬂbqwfv eéleten‘eReafeacmwe%ISRan ﬁlkébé’bfc loplkxt, apd earplkyh gubstituted
alkyl, &tbké{t'tuted Q:Jru)'%{thuteﬁ%hlﬁyl%@t pﬂ B a%ﬁ)' %}Hoﬁ%ﬂhé‘y'

or substitu havi ng from
linteack Ehstaacé) @arbah @Gups|ane mbbn-bmmamgqrospsL whaooh igelodg$ut are not

limiteq?{gbe a?cyl ﬁqﬁ{%gcg?c?lg‘}s% zmcg)%pgﬁﬁgggdes%@h%gteb% |g9qupglril)tg rt% 20 carbon
atoms aa!’rétk% grxtgan ﬂiﬁpr% 2@69&%@41 Koy l(ydO)Hf QURPR, SCIIOR, c}a%oo CONR)H, -

whi ch I n each i nstance have from
C(NR)R, tﬁa\ZE)Q&rdndrthaﬂkasmclﬁdmgescmtnh@d degivativee rthegmﬁ,t p@lerem R in each

1nstanc|ézgtglhg}?d ?}Q‘EY r{:érgfoagggﬁ b amﬂarll,gﬂ%ggtg? gt a}ﬂ(}?ll &Bsu%'teocP gryl or'Substituted

aralkyﬂ%m&ml(tgniﬂé‘lbdiﬂat%gum whi ch include, but are
not Imted to, gernyl groups such al kyl gernyl groups,
dmydagle insiance rsdgqgg groups are silicon-containing groups, which include, "but are not

limited to, silyl groups such alkylsilyl groups, arylsilyl groups, arylalkylsilyl groups, siloxy
19 o
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5 aryl al kyl gernyl groups, gernyloxy groups, and the

i ke, which in each instance have from1l to 20 carbon

atons. In each instance, tin groups are tin containing
groups,. . which include, but are not |im

groupsqpgh i iy aﬁw i3y eagh dhsisgics (g fTony L dgp 2! C&f‘&?ﬂs%t%lﬂﬁyfor example,
oxy (or
Sﬂlcon%; nnyhg))d;?i/i h%%%ﬁ 15 hgﬂ%rl%%i&rl gltov\gg] ch in each o
|Insaaein Crestanag,egermemuin gmuﬁs)arelﬁrmanbluncmtmmg groups, which include,

S;; I ncl ude, but ar e not st annox
but iy ghbalimiiA oidohesrivel aoup™ | sush  glkSfhstiy, SO dyigermyl groups,
arylalk}y%@ﬂnﬂ?ﬁb@sn b&tehy36:8URBupsMahé fthd Kikd, wifch Pildachligstahet have from 1 to
imted to, al kyllead groups, aryllead groups,
200aﬁwmymahkyllead groups and the like, which in each
IIﬁ%%%lggfan% Orm ouﬂy a}e tiR- c%g aﬁﬁﬁﬁg{buﬁ% Qiffich R 1RRCHt are not limited

orP groups are al nirng groups

to, stah‘iﬁj/IC %rdﬁ@' 4GB, alkylstaai@l BRtps, 15r3dlstmntyecgrbaps aBﬁﬂlky}sBDﬁﬁyl groups,
Jherein X is a m)noanj oni Cg‘r uch as hal Iafd
stanmﬁsmr créanny i Ol 819ups, A ythe dikeo P hyifajedave dfgmh 1 to 20
[ I I
S T 5 FRBLEOBE NSy Syt B
dn aaubshstanﬂse@badr gibld adealendrgoritriningl groops 0whigh boelude, but are not

i TR 56 T A5 B ST 2 8 e 13, s
instanc@Chavei ffnt 4o 120 .cartdnBoms. A1X2, - ALRX, wherein X is a

monoani oni ¢ group such as hallde hydri de, al koxi de,
dnlepth msmlcatlmroragmwn ere bcnen—cantwmmegr@uns rvhigh gisdydle, but are not

i B 452 o8] S paflonsBabithn g g, s,

alkoxidd, alkyy thidlate] £ thé ORe, Jand twthe2din (EBihtBaﬁh atstanse isExaitipl asychifalkyl, aryl,

i norgani ¢ ousthat may be used tituents for
aralkyls GilbRten iy AOPE RS FErl, SESEhded SOt Perngdrom 1 © 20 carbon
i ndenyl s, substituted fluorenyls, and substituted
bor at abenzenes, in each instance, include, but are
Nateath idstadde, tabyminSELEoupOiE XitymindBi-XStainiBRXRoupsSKhich include, but
nd the li.ke, wherei

are no T onbike) oM GA SHERTLY et PRORH{Ge: 5D Such as halide,
hydndém'hﬁt@md@l kyl %ola?é kéﬂd tHa Rkt fnd MLl R lih k&Qch aRstance is  alkyl,

wherein any-al kyl, ~cycloal kyl’, aryl, aralkyl,
cchoquyhsarylt ataticy] adubogtituted e, substémitedrayyl, onﬁubs?ubgftd arglkghhaving from 1
to 20 @ % group or substituent on these |ligands has 30
0 <V ¢HBM A3 20 carbon at ons. Exanpl es of organometal | ic

O Qisied At irf@gémtbe gasigd aft Smbptbd ussd Sasf Gubstituents for substituted
substi tuted cl opent adi enyl s, substjtuted inden

cyclopgrigdignyst stlbstlte dfln%wéﬁwwl%stlmtﬁd élalewnwhs@%é'@suﬂﬁd l]%ré’fabenzenes
in eaclPiHstané‘é Cndide, bt lrt 66k ERite {928 hoga%éf’ LRSS QURGX, -QPXs, -SX, - 0SOX,

odl'um num gr oups, orga i um gfoups,
-Ast,O-rAg;Q(D)}St,I PEarand nleuiiiss, whegamXgie mmasrioaniogicogrpsy such as halide, hydride,

anot| or |.ead or gang-
R T T T
substlt{r%%tdéﬁﬁ ahBQufell AR, orNBRItAE aRAlA %?&ﬁ)soﬂs(ﬁbﬁftﬁé}ﬁ loft these ligands has

ocene conpounds that can be enployed in this
from litovEh¢arbon dtams. been reported. For exanple, U.S. Patent

I\Examlﬁesgg o%glame%ta 19c1 g%oeﬁ%s tﬁétzl:{"lg.y %eZUSed as substituents for substituted

atoms.

cyclopentadienyls, substituted indenyls, and substituted fluorenyls, in each instance, include, but

are not limited to, organoboron groups, organoaluminum groups, organogallium groups,
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5 5,347,026, 5,399,636, 5,401,817, 5,420, 320,
5, 436, 305, 5,451, 649, 5, 480, 848, 5,496, 781, 5, 498, 581,
5,541,272, 5,554,795, 5,563,284, 5,565,592, 5,571, 880,
5,594,078, 5,631,203, 5,631,335, 5,654,454
organosgligaReiroups, orsasontsEIagie, Bl OIS OWEs CF§apalead, gfpups, organo-
transiti bad Ero_uﬁ@, GRd te 1iR0hH/Ind BoinCIRr PREAD&SatbIns! €f erence
ereln, its entirety. In addition, the follow ng o
Nugmriseyoadsse todprepare baetaliedsoel sompoptdspiliplecarhbe employed in this

invenﬁq”}@fq%'eegb%%g?ee@’ od?) %%g%g?ﬁéle} Q% ot ﬂfo%{%%fl%i??ﬁ,l%l 132, 5210352,

5,347,096 93w9ed38l | 5,60 CRENT 100,324, F[438308M5,4515649 LSMBMIMB, 5,496,781,
Haf nium  Acadenmic; New York, 1974, ; Cardin, D. J.:

5,498,58hpPet41,270 $334.20% R363.884. 6:560.5920e 1380y 394,078, 5,631,203,

o e nd : :
56515958 85 SSTABETS 78D Y OO G S8 eots,cac o
which i©khddepctited by dsfereaspletin, inhitseniiratynin aditéon; drepfalsemgareatises also
- catal yst conposjtion _conprisin first netalloce . i
describe gighisida do DIPEB BmBCHUPSIIR GeRe Dbl b presal ifveton oaies, P. C:
Coutts,q!%.c,a\’lvki old’ ﬁ@ﬁrﬁﬁ{)g%%ﬂélgta}l%%ﬁs@f‘ 8 Bdtarli®ASYir&M6m, and Hafnium,

or ganoal um num conpound. I n anot her aspect, the )
Academice dew YarkeHi7don Caatie,dbphs eppertaivhl s and Bagior,i €. ba£hemistry of

Organcg fatin 8% RERF Bmplond iRl Pisto LGOS | o
typically used in conbination with an organoal um num

20 conpound. In one aspect of this invention, the
The Chemicaily dteateshdisd @¥ida can conprise at | east one

SIS, LR e OIS i St o o
metallogb@C tdrmapounid] hdecondngetalib@ne coinpoend) at feassohd chemically-treated solid

.. can conprise any (1)xi,de that is characterized \e/ a . .
oxide, pR¢yRt Legptr enceorgreplumiRIM: FRmpauRd: r Branphes cﬁsa%t@ ARFS5At mvention

- A | t b

cocom S0 SR} N30 SRR | QARSI AR iy srvs s
an acidicsaatiobtot-segapoets and whichtis typasily osal inglopdtinatienwiitthalr enganepluminum

anjon. In another aspect of this invention, the
compolé%d‘al yst conposition conprises a chemcally- treated

3R dnd P& Coft 8P ihvenfi8n,athe Oddtdly I XddhgposTtRAl &6 Ybthprinat least one

el ectron-w t hdrawi ng ani on, wherein: the solid oxide
chemically-treated solid | axidean gomptising at dgaginrppa solid @widsytrpated with at least one

hosphat.e h [ ti N Lt ani .Zi i .

ctcrofSTRRPYES i SRR IR Tork o Pt 16PN e
by a high Xirfice Srda)@ide@E eleditoh-Withdmeng tion vart dubn@iengy anioanhat increases

Is fluoride, chloride, bromde g{}xgjphate, trifl

T e, | . te
the acigsfysf rselid 9510846 COmPRSH o BheoREPade Rt i5,198 ERtad @it least one

| ' 4 0n thereof In another aspect, for
elecuo@)%émng@hgﬁgmghem cally-treated solid oxide can be _
fTh umoihde dspecti of lss invdntipn,die ltalyst rampogition dongmiseked chemically-
al umng, sulfated alum.na, fluorided silica;al umna,. .
tested SR PR UL S TR EReIeF A ation, wherein:
hd F bl DixldeCasal urgiina, falusihhdesliea-bivedngi r4@mirem phosphate,
chlorided silica- zirconia, bromded siljca-zirconia,
heterormiythsgstdess ititania - Ziaovian inzagnesia,absrizs @it puideomixadepxides thereof, or
ctu Fq{gt heg, and in yet another aspect, the
mixtureS IR PPt r eat ed sol i d oxide can further conprise a

AR Qlec%n-withdrawing anion is fluoride, chloride, bromide, phosphate, triflate,
bisulfate, sulfate, fluorophosphate, fluorosulfate, or any combination thereof. In another aspect,

for example, the chemically-treated solid oxide can be fluorided alumina, chlorided alumina,
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5 metal ion conprising zinc, nickel, vanadium silver,
copper, gallium tin, tungsten, nolybdenum or any
conmbi nation thereof. The chemically-treated solid

oxi de typically, conprisesg the contac du
bromided 5 3huns S ﬂ&‘%‘ﬁ %‘g}%&@ c H?)‘é‘ffﬂd g %‘f‘g{“gascﬁ’tl%‘f&d silica-alumina,
bromld@h eﬁ%{f eal rgﬁﬁah%%eﬁgmﬁﬂd -ARnIRHT fforidell SNI8a-2SRRE, » c}ﬂ&‘i’ded silica-

e Corrpoun COlTpr| SeS an i nor ganl c oxi de
zirconia Sbrnmidedesdwafmonﬂaawlfahﬂ sbcba-fdrc@mad er any @Dﬂﬁ?}@%ﬁm t]bgreof Further,

cal ci to.contacting L ronsy th
and in G5}, GpHEc AR e BB A GBI Oy B PieE cglit'a metal or
metal §bd NeEoHpiding Ahc,anidkel, tbﬁlaﬂﬁinh d sm(dsrg ecd}‘;@éfpogilﬁmm tin, tungsten,
contacted with the el éctron-wthdraw ng ani on source.

mOlybdmumhmsara’sl]@mﬂathnéh@Wﬂ d oxi de conpound may be
ned
bg Ically HS%%? t%!)l?r%?/)? g% Pl&lca‘ﬁg%%ﬁ\g)hg 5 npg g{)nt%%t%g%%uct of% at least one
solid oﬂtde| dbﬁﬁfoun@ﬁﬁd atlcbtnat eedtrdl-wi»thdiewmgnmmm sovaed] h‘t one aspect, the
| east one eI ectron-w t hdraw ng, da n, source., eﬁ %
solid oxjentemapqupd tGoBHIiSes aBINQTEANs giriden) Kols ol TRt that e solid oxide

compoﬁl?& by @ngfneé %ﬁp k4 cmﬁMin% gé Rl Q\F?fﬂdra%ﬁhg 'aﬁ%n &Burce. The contact
e correspondi ng untreated solid oxide
producc ﬁﬂiychstrtdﬂmﬂ'dﬂeeldfee dunag oy after dhatselid saaideobompocted & emtacted with the

o SRR e e oS SR o SORRPE B b e calind o

uncalcfBg ”lrpﬁioklye‘r LiRat, @lﬁ’e SUVadr- ARt BEY b %@ﬁ: thé €ontact product of at least
netall ocene in the absence of cocatalysts, it is not
one calpined selid gxitle cemponndzand at lsgtone VEFEYOIF-N PN ARIGN ?%che
MPOSi t | v
BRGS0 A TR AT b, s e
acidityOds €cthitryBto tHOERESodME Abtréatsdh sl ogisle companndi t’I&aeachemlcaHy-

'y
treated, ol et e A1 FERCHSRI8S 3 SRV SCUvglor 85 EamIBTEL Y Fi comesponding
untreat%@?ol?&? TC akdnyrd t'hg%h Ic§ klafefs ?l 1 65de a&t‘l’\?h@és' R n%alRCene in the

even sence of an organoal um num
absence @ﬁ'pmamlyst:a Ilumnnbnemry too&iglanatb epcatalygafroonths catalyst composition.

i oni, zi i,oni ounds. In othe
The agigRyL RIEET o Sz upRsPt B tatee) 1 ERcenlaesdbastiyft of catalys
compo§1lﬁ9ﬁ tR0f hbleahs %Hﬁnﬁax@fi t8 %&tﬂ&ﬁ%ﬂidﬂﬁieﬁ%@&ﬂﬁ@ Rl Sorresponding
um noxanes, organoboron conpounds, or ionizing ionic
untreated mpdldrmsde | d{mn@feasﬁeletbelnevg) e rthe ahppicalpdteated slif qoxide can
functiogxz?soagl :ﬁ’éltvtgﬁ,zqveﬂ‘éﬁ ﬁklg(%gfelgg?e ansg én?oaz\?&inﬁm &J}Hﬁcﬂﬂlﬁ' fluminoxanes,
organobBfiAl ddvaipoRAdy for liziGARbEC Q& Gur[tﬁt dhiodhe, wordf giolyBerization can be
chemcallytreated wth an ectron-w t hdr awi
performedmpion et absgnge o@‘t isybgantial t?@ﬁ‘?"@d ofyi $u§ aof%n?ﬁrikngln“m compounds,
il G EBHRRAE s ik PRIy facoresses
cdanpeungsct;, hkes ebéms:ald:htma;tedlsbhd axadeuof tds imamtion comprises a solid

s LR o AT o i e
that i 1s fcRR -trEﬁWyaa RS SwitddrdwinR rcSmbBﬁ’éht Qihg opEbAdlly treated with a

i ned ento forma solid oxide conmpoun
metal. affﬁus ghe selit omdasnfdhlswvcmmg emvmpassgmox@@onatmaiﬁ such as alumina,

“mixeg gt Smupds S uelh o' BfeEAREHAE. ' SGAYRRIGS Y mixtures
thereof OTRY inPtddbxidd Comptualie lsuch\é@%ﬂﬁia%midatoaﬁ Ibd Iﬁingﬂid bl\/mﬁltiple chemical

copper, gallium tin, tungsten, nolybdenum_ or an
phasescothinmse itlzn erisanete} combingd é‘éthofI’XYtgﬁ%ﬁ@ &am g selid gxidy Xcompound, and

solid
are encompassed by this invention.
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oxi des that further conprise a netal or netal ion
include, but are not limted to, zinc 5 inpregnated
chl ori ded al um na titaniuminpregnated fluorided

3}1 ge Pq%@qcé@ﬁ _'i 1g$,|t @gcphfgwq% g%%%@ﬁ.l sHEd oxide further comprises a

metal & RiStal T e&ﬂﬁgrﬁ‘ﬂlé Liner hidRd, Shiddfan, @haidhd)&ilver, copper, gallium, tin,
zi nc-1 npregnat ed sul fated al um na, chlorided zinc

tungsteal wmlnladeaumf lon caniydeeimbinaigon Itlum:Qfat ExamBl@S fodt dhgmi¢ally-treated solid

or any co i nat i n, anot her
oxides SRACARTNT e PinrRy o ANGL OF dng o B RA sy o P e it to. aine-
impreghft¢@ néﬂl@ﬂiﬂeﬂo BRIBES tidnfiPh-lifipregfateXi e rided r 'ﬁhﬁﬁna\/ ei:ijc—lmpregnated
hi gh porosity, whi ‘ch exhibits Lewis acidic or Bronsted
fluorided plgming; gngviinpregnated chlpsided sidiepgbiniaa, zmc-lmpregnated ﬂuor;ded silica-
alumma hzelﬁr& ﬁg%ljfzgna{tédeﬁﬁﬁpﬁdvﬂlﬁﬁm%nclﬁ{)ﬁ&écf ﬁﬁc t@vﬂd?)gided zinc aluminate,
an el ectron- F aw ’ng ani on,
sulfateﬂ me:@[ﬂimaﬁte,aﬁ'tanyabmbrrﬁdﬁlpfl’ret‘eofW‘I| | e not i nt endi ng to

tblg @ggéggﬁgégggh%ﬁfe%?lyﬁgﬁ% ) %ilg cij:eoﬂ/&ﬁu{sh%ggpet{oln compnses a solid
oxide (ﬁlhrgﬁgg? -hl%ﬁ %#}leﬁﬂ\ﬁ“g% Fe ﬁ%@%ﬁ%ﬁ%@ﬁ)@%ﬁt@d‘?ﬂg&%havwr The
solid oaﬂbns/eitenneffllyﬁlpﬂzm&d mtln aimelestrdnewﬁésldmm@ mpmntammadly an electron-

i.s typ ater t
withdrifing Rior B o AP RECPPRST oV B0F {0 diptiine dp WhhSihd by the
follow@;%t étﬂt@fn@ﬁt Siﬂﬁ’@%éﬁe‘}éasthét gesaledt of MHENRGreetic a®dide Siithean electron-

an the untreated solid oxi de, or both. One nethod to
withdrapiagtcofpondns augments pr egffaneesethe peidity: af the exidat Bausinpne aspect the

actlvatgrnit;u;})ﬁéltt %Qh%ﬂg 'ngf) r%r Ec? Eélﬁ"itf th? hkﬂ g@#%ﬂi’lg r%@ageli tﬂ&n the Lewis or

r-zation es o

Brﬂnstbt[lfabﬁaétﬁﬂgﬁlxﬂﬁﬁsth@ ﬁﬂ&éaté@ isalid ahbcaieybedhds actiiat@rsspp&0 ham a greater
one aspect, the chem a (lél:lfr treat z)d solid o
e e °

umbeg 6 866 thas Bie untIcHs ga £Xides QIPOUb OB AN 8,aygRHY the acidity
of the ’ gg@&llf%t?&iéld é?l'ldgun%]fgtg& biid 69 ﬁ[a%‘%ls%s by ’cofhpaféng e pblymerization

or 15 0o periodit
activitieabf the treated angnntsiatsgl m@eg emdamstxchd:atzllg@tremﬁmnel enent

i, petto i ACUECRET BhEL PO AP Bgld ipgfggnic oxide
compn*é‘!dg%(lyéeneﬁfma%leals{?&?e elé}%ﬁp&onFGfqu M ki swssom, 8.8,:10, 11, 12, 13, 14,

and Bochmann; dvanced Inorgan|c
or 15 Gﬁl’ﬁbﬂmquyc tablphoram)mprwngeycygm andsafileast ene qlg;gignt) fromy the lanthanide or

t her aspect r,e [ th .
sctinidf b ila ST o i Bk PR, el DR, TR Jghn Wiley &
Sons; Be95:BCottésl, FQ0; \@ﬂkm@\h GFeMtﬁﬂo, @&, Al\ihand\/tBocNtnanﬁibM Advanced

Si, Sn, Sr, Th Ti Y, Zn_ or Zr._ Suitabl
Inorgagicafrhenaistrips 6 sgidr,dwblfé}"a@eﬁﬁ‘@@?q, 49999 In: gRyBEmEPeEth Jor example, the

1norga1t%%%x h eséﬁﬁilsésno 8{%@1‘1 aﬁ@ﬁmeﬁﬁ dtJn\é “dlidnfdtk $ons Al 18| @é('BieCQf Co, Cr, Cu,

I'nVERt i on inc but are not’ Tim'ted
Fe, GaAIl@(Mn, MBONB363Si, BaGir, Bh2ZDi3V, 84@, YO @304, ZrCr 203, CuO

?%%Ie Ga20 ’ 5 2oﬁ@20|\)/g%ogl’?ter %’é)r NLO P%n%s)éh §b205be used in the

chemzc%'ll?%reaﬁ:ﬁdsohaeox|1dek§f tHer‘[ﬁJeMt S/enfib %E&i&' ®a6 afehlﬂftQHﬁlted to, ALO;,
conbi nati ons thereof Exanples of m xed oxi des t hat

B>03, Baﬁ B&Qus€dOj Go;Qh €144 Cuk, die2Qui §jpoP1. LebOt,nyie (s, NlO P05,

szo*s?’l%ﬁcg @F Lﬁﬁ?ﬁ ﬁqi?é‘(b @t Sﬁ(ftgﬁ {)? tgﬁ%%d& 14702 974 E:hgnllﬂée including

mixed 2R Riek HRSeof "BIWcomhtANat{ond tHeddoT, FXabiplddafivhikad bRides that can be used in
alum na-zirconia, zinc-alumnate and the |jke. In aone

the activgierssuppert ti] the jpessAt inyigntier nclysle; &ubgredotntimied dp, ilica-alumina,
chem cal | y-treated by
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contacting it with at | east one el ectron-w thdraw ng
conponent, typically an electron- 5 w thdraw ng ani on
source. Further, the solid oxide material is
optionally. chemcallytreat d wiith a netal i.on, the
silica-titaf)ipi ﬁllﬁng{Qﬁ)ﬂfq—z, 9P AR MaNY gpﬂcprﬁlé 8 Ina-titania, alurmna—znfcoma
_ ted chem cally-treated solid oxide.
zinc-al E@ken%{mﬁ PE@ a solid oxide material and an
éh emter aspem tolﬁcthav\nmgnmn othe ssmlidc exide ematcriait & chemigaldy-treated by
| ci ned]& Itaneous g The a;at hod b h t he oxi de lect
contactiag Jb¥i (R I FPEn GBS BN 0 Onan o JYpISHH @ clectron-
withdrdwiRb %ﬁﬂokﬂéo@rcé aFﬁrtlSH’r B8 sSlfd ki mareria] ROtk My &Bﬁ[@%fiﬁa‘ted with
anion, 10 includes, but is not limted to, gelling,
a metabmngéienloa@mmgrm graa mtalﬁﬁnt@n@g:m@@hﬂnmﬁg@t%dﬁ@!em¢aily-treated

i . Ay, o085 BRRL o SO o b B o e

contacte@ A Wakkined SMbiltaizously hdraWns@od byoRhicRike opide anabhticted with an
the netal ion is calcined. The el ectron-w raw.n
electroeﬁvrﬁ@ﬁ@wng geuonaty weiselly Resaliqraw acdd ghen @iﬁ‘fﬁ%‘@ﬂ’th rawing anion,
e
il RELEASER, el g S0035 o0 hd gt ot
and theallxleic‘tlh @ne m;;tebd favdxampleo fifiloméng anyscaatacting method, the contacted mixture
el ectron thdravvl ani on deriyved fr

a salt, .an .
of oxids G EIPORL. SR EPN-BERBBIVEE Stiet 2ad optigallyhe wefiy inf gateined.
eﬂ{épae&iﬂont&ﬁhda%gs @6%?0&& AsS&P Y GRaCthePbHAi§ Gy doRiponent that
that ani on. I"es of el ectron-w thdraw ng ani ons
increases ﬁlmﬂ@mSkmthnﬁeCh @cxdity wif ttei salisl oxide fupew treatpienty| fmpee aspect, the

electrop]%g}c%%vgpg 8mp8ﬂ%§ &131{1 8 tr?l?-w(gtﬁgr 6%%111 ?19 rdgﬁ%cf b a salt, an acid,

or other lcbinpbdaBtadheoldild bigahie cohlpdand@ial fRNAEE e as a source or precursor
fluorotitanate, trifluoroacetate, triflate, 20 and

t
for that mKen. Exenples abelestiarapithdrawipgaionsiaeipdndut prermobimif o, sulfate,
ddl 0 0 A oni un
sl o CHGHAA B, ALY er ARG ik b, prosphac
ﬂuoropmyplaaltes ori fheoreavetaty edflate, fludsezipoaste fludrotitendte,driflutibecetate, triflate,

the el ectron-w thdraw n ent c ses sal t, of
and th%Hk%II%@Pﬁslaﬁ KRR SOF l%lggﬁt ef40& 2%”%1@?9 ggrionic or non-ionic
compoﬁﬁ(?é R0 RfvelRAbudd fbr 'ﬁ?e)ée BRcAMY.-widkiaWind Qﬂbn@:’nhﬂﬂﬁo bRemployed in

sa to revert or deconpose back to the acid
thepredtmtan@nuai ci ni ng. Fact ors that dictate the SUI tabl li ty

et o AR RN B B IS itaraning

anion, thdTtdu@gkriod, ortdafion 99 thHRishit yayObe tdh§ cadbh thad allbws diessdled revert or
solvent, the |ack of adverse reactivity of the cation,

decompefs-bagl i thegeid dusinesalsining e Radiors teat dics#ie isosuitabilhy of the particular
salt to gé §CO§) d:ep%)f) ‘ﬂf %(IEceﬁson- r&&rﬁgﬁt 2911%1{1@1 P@eyb{i}%/ar& %‘St limited to, the

solubil@Ri (ﬁTthe Exlarmltﬁs dediredudotvadnt, ethe dhdkoob adverdehmastidlity of thgOcation, ion-
the el ectron-wt hdravm ng ani on i nclude, but, ar

t
pairing fsclcleteen insahpm A7 AR IEROSSANG AFORAFUC imERsied g fhe salt by the
cation, adﬁﬂ%\:l EIE@ a'E:@IHe él@dbllﬁg%%ﬂ{bodﬂl&m Eddtnpléd Ui ElaBI batiorR Rl the salt of

urt i nations of one or nore
the eledirbi-edthdtaveng ation iackidd) hntavemyt diniited 4o, dmmoaiuyi, tigalkyl ammonium,

etral L aRRSPIGR: e B ROREL D Ao H I R HBEEF IS | ovel

Ganen %hfb‘il?at@fls ﬁf Bl bPRN HiTftrahiM NG tr6ARAMALIViRg WBI6onBSin varying
contadted with the oxide material 24 o si nultaneously

proportlons, aali bé dsed|th yailoathe: spagifioadidity wof she astivaiorisunpee to the desired level.
treated solid _oxi of..: .
combiggii et i@l b ety dne? B ol i tbyide materal

or nore el ectron- 2% o
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‘Wi t hdr awi ng ani on source conmpounds in two or nore
separate contacting steps. Thus, one exanple of such
a process by which an chenically-treated solid oxide

simultangpBARDCBUD FHERD AT et T Bop lontes Sheghiealf-treated solid
oxide &UMACESI Wi Skl %sgéct FHB& ik ioh D drpyg: ﬁ?d 8f more electron-

source conpound to forma first mxture, this first
withdrawing wnéon sourdee pompainds riedwot dremoed sépagade fcontgeting steps: e Thus, one

cxample ot SHEH & BER BOMBD P e SIIoRL LpEpited s as follows:

a selec{ealsbﬁ%siidaxeoﬁ@loﬁh | R osdifhtioR ©FBdidel oohipoands) is @nicted with a first

dl
reated solid oxi de conmpound. In such a process, the i
electrop-withdraying soiovriuse comporndua Famaailing migtusp Bis fgsimpgure is then
. coppounds e typi Ly dif . t . .
ctinef TR R BHOLEAL e LR AR SR Bing anion
source cOMPMINAD forh & s&dhil ehieuire] €olbwiddat @ilcisingpaidtsecond mixture to form a

chemically-treated solid oxide b roduced by a .
treatedéﬁoaé égfsdec@ﬁ/mm@ﬁn gin yehed REoLELS ﬁ%e s anﬁcﬁgs%%d%‘ectmrzwﬂhdrawmg

) o ; o ; .
wion SERRENIO 8, RS0, AMEE E5hR0LS LANIBHIRE SR de some
compoad.ci ning the first mixture to formthe solid oxide

TSt e SR b B S SR o2y chemicaly-reted soi
oxide) 2l BRIpERIucYd by § ptRdss odpringxi de) is produced by a

process conprising. 1) contacting at |east one solid | )

dii dentectimgoa rselidi axides compenndewith tat dpashions clesfionyvidkirgming anion

20 sourgce o und .t arma first mxture; and 2)
SOWCGS%‘PB?‘]‘H“%& f?rﬁ%ngﬁirq&m%rét%ﬁ‘?qe to produce a cal ci ned

) r @lcifth the st Bixtereé A the sdlitboxiad adtivatbrisupsirt.

mxture with a second el ectropn-w thdrawi ng ani o )
dagnetber apRgioifihistigvendiom thesebid yids; activater-suprart themlcauy‘“eated
. Lcd.ni J&'liﬂ:fé .to formthe solid oxide
solid Og@{sﬂ\?g) %%%‘ﬁg’b%?f&g%hus, t{@ solid 25 oxide
dgt tonsdcting au fEastrdnei sslid orkleicorponied sithedfitsbelsétrl-yithdrawing anion
treated solid |(i;_xi de corrpognd. Anot her aspect of this
source cAmpAYNdSA fpun g HEH MIXHEE:Pdt or i ng t he

Cizeéﬂlcﬁﬁhgméﬁ@%ﬁ&m%% 'Ffi)dq& §8a1bved ARk afikiuRg at | east
0 | h at |

e soli1d oxide wt l'east _one el ectron-w thdraw ng
ani amtatiog te cabongulofinstimixthervetina s¢eond eleciearwibdemvwieg fgion source

oxi de. compound is. cal ci.;ned before, during or after
compo%(#wg’a@frpﬁﬁe? mxWEe- 9. \wi t hdr awi ng ani on source, and

W) edafdiming QY Reorid Mixasetd otid b selikbexidea@ivatodBupport. Thus, the solid
al um noxanes and organoborates. In one aspect of this

oxide 3cHyatat-punportdnsametineesysicrigd éxsiawlnassa eater jolidaxige compound.
IR o S RONSR g L Eh Nt s i
oxide mntomeatting at feastpinerselid oxpleosith 3t least ane elecaobiwdthtirawing anion source

compolefoGRash e 1t 0k Ko O30 a0t arin or st
conoBREOE 50 SR, RIFUEIE3 VACKATORES Q0nRG s o
aluminormeds ahd drgabolaratesiper at ure from

In one aspect of this invention, once the solid oxide has been treated and dried, it may be
subsequently calcined. Calcining of the treated solid oxide is generally conducted in an ambient
atmosphere, typically in a dry ambient atmosphere, at a temperature from 200°C to 900°C, and

for a time of 1 minute to 100 hours. In another aspect, calcining is conducted at a temperature
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400C to 700C. In yet another aspect, calcining is
conducted from 1 hour to 50 hours, and in another
aspect calcining is conducted, from3 hours to 20
hours. In still another aspect, . calcining

from 3899G &y $ANCt ar@mnlan%hqcﬁsn%%a giping lﬁéﬁ’ﬁé‘l‘%ﬁ% Pfeaft?faﬁffra*ure from
400°C iq %gp(g ﬁggeggﬁo%fy arls s Fe &(ﬁﬁ% by B(%lél?l%teﬁ lfiloﬁl‘?gel?ou?[ﬂzf'ﬁrﬁours and in

anothef akpele cAlBiniry Ksoétdidﬁbted fromars Gsudi toi P hdures phedtid] another aspect,
such as air. Alternati veI , an inert atpospher

calcining may be saaied out Hegohto 4P hawf’a“@a A ESTARFTETFIEY A" é&%ﬁ5§§
eLhO v Ralpo n u |

R0 B g oF BT bR Gy BH b BoGLMARE caleining
Generdllyechléiningrie pardacteti én ai Oxidining amiohphetaf satless Aol Alderoativady, an inert

has a pore vol une greater than,QO. c/g. In ano&y{gr b
atmosphgfse SHCh a5Bitroge) O 2EHNGRr 84 i miogeiege Sutheas By dipgen or carbon
monoxide€ #Hab be 0.5 cc/g, and in yet another aspect,

gréat r than 1.0 cc/g. In still another aspect, the

dol ambtiexi apeat ovfptheeinvention, dhe wolidowide camponsmt uped, 4o prepare the

s S e T AT AP, B0 5. R
solid oXidd torBpGichehaia }REd voluieiréB@r titanb QS recky g.na in k&t Fhether aspect,

solid oxide material may be treated with a source of
greaterrthin del pefg. &t stillipnather aspast, the selid ederemponsat bas a surface area from

I ]
00 5 et Rl SR R 5720 o

i.de e formof a ulate solid. In one
/g, aé’éﬁ’éétﬁi an erﬁqcﬂffﬁiﬁlg’éﬁ ?nflt()@ 2$ is treated with a
SEHY SfidYxi®UnhREi8l mhfbeREEafedSKith alsolifte aFMalide PnSEUufAte ion, or a
of chloride ion, ternmed a chloriding agent, a source
combigftioh| Qfo‘rImeES, ianth optienatiydtreated withi alimegalaganthen gelcined to provide the
.C t,l her 0 an |
chemlcggg}gc % isg gg{qt (ﬁ; %dqnn f;% @%{%@ﬁlﬁ% 563561% Fﬂl%\(l 1% u}'l)écnqhe solid oxide
materi@Cis dfe@ted&ﬁ"th ‘dasbﬁfce?df RS termed ddelfating a@erne, aflsriurce of chloride ion,
limted to: brom ded alum. na; chlorided al um na;
termed ¢ ololeridisg agentnt saurce of flaerde ionyisrmsd aRigRMERgeNt, or a combination
i]isC
e M 8 0 S0 S SR TR PR o i
act1vat$t-huppart§ i incladé,abutc Aleonétd Hohiteil | foc a-twomiiedi @pmira; whidriled alumina;

a-zi rconi sul fate i l.i ca:zzi.rconia; illared .
fluoridgy ébm;%ﬁuggteéabwp%i BB R FBER P ided sfier-guping; fluorided
mhca-élgl%ﬁ{aedmﬂ‘fawa fshitqlahdRina Mr&hidéﬁ siPica-Sitdra, echlorided silica-zirconia;

(O] ﬁate al um na, or ot her al um nOﬁPOS hat es,
ﬂuoncbpt |sdma+ziryoma,eamﬁdtedn tsHicseicanie; 4| pblarede, ci@y such as a pillared

R P L s PR 8, BB, o AL gaPl o, o

other %lmﬁiﬁbﬁiospﬂdies |6ptﬁﬂ1@ll?sﬁ&cﬁéd okvith hidfaitd) v Aobiide), ot hehloride; or any
chenical | y-treated solid oxide conprises a fluaqrided

Comblwlogloﬁhﬁﬁogx iFgether, apy of ftht aetiatey- SﬁaPQIFScma&tOém%*}l{dee treated with a

0gus a source of fluoride ion is added to the oxide

y treatnment with a fluoriding agent. In still another

aﬁm&t aspédt wothisl énvieationetlie bikensidaliydtreated belid oxiileleotprises a fluorided

solid (gq(}i‘qr:l]nng gqrg{)ql;;{)a; %@]%Ewtg{égsp?é %S;; Iagp%ﬁg %If %gll'l e 150(1)1I i% G0ded to the oxide

by treatment with a fluoriding agent. In still another aspect, fluoride ion may be added to the

metal

oxide by forming a slurry of the oxide in a suitable solvent such as alcohol or water, including,
but are not limited to, the one to three carbon alcohols because of their volatility and low surface

tension. Examples of fluoriding agents that can be used in this invention include, but are not
26 °
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but are not Iimted to, the one to three carbon
al cohol s because of their volatility and | ow surface
tensi on. Exanpl es of fluoriding agents that can be

used in this inventiaon include, r 26 . .
limited) jiqyi fgdroflgoriayasibt (i | ammenny »%ondsrrﬁ%ﬂol{)m PmgRivge bifluoride

H4F) iu argRg . .
(NH“H?%DIt rafl uoro @r atm(teaf(aﬂw%bgé% Mm Si licof Ibtiglrnl de silicofluoride
(hexafl(drexiitate)p (OB LISt .edmbhphikid) E&a@@prophnsnlmﬁeﬁH&F@ analogs thereof,

T A T R e S

ﬂuorldm bErd, ARVio IR eRest 138 ahdiRadyp a‘f'dddBﬂllt)dl ng agent, due to
s ease of use and ready availability. In another

als pecaiherm‘smdh of theawesent inwension; the solihexiglgcarbe ipaied with a fluoriding

agent c@gflg the Wgcqg%mg% epZ rz]{r{y? %o@ﬁl%gz}%aggg%tawgﬁ Ft,lg%?{éélﬁ}f contacting the solid
oxide d@ﬁ@@h@fﬂléﬁnﬁ'@m@ﬁia&lﬂﬁ Usb& Bod exdmpbxiinl additibm ttgt}i)hfﬂuorldmg agents
cal cining step _can be used. For exanple, |t|q
described) prenigesly,| %@tllﬂmga“é@ dhpydingeagepishpgy e\lﬁeéus yamples of volatile
f e t
o SLAHAE BERETAT L 508 9803 SISt e i
freons, Useeflubrohexahéli perfls@ebénzefie, t theoromethand, drifluomktdeol, bod combinations
imted_to, ons, uor.ohexan

t
thereoffSpieaut BEERBENELSHd of BRBTIRIRET G 50,5 DRl he sofg oxide is

ﬂuond?d) 'Hﬁhﬂé‘tdaﬁzﬁﬁn% t heheebnicaraP lﬂﬁetﬁ':ydj 0P @B hRtabintO iied SolRY 0x1de with the
[uorihe 1tself can al so be used with the solid oxid

ﬂuor1d1r@ ag&mtu@tq pdridein fnoridiag egent injo a@ae steesmyesed do ﬂumeﬁbg solid oxide
d {Jtactlngthe solid oxide with the fluoriding
unngﬁ@ﬁ to vaporize a fluoriding agent into a gas
gurnﬂﬁﬂjf Uﬁaeﬁhdtl(ibrfdsrlbdl afethid évedlion] theiclemichBy-Gteated Golid oxide can
calcination. Simlarly, in another aspect of this

comprisgg ehlorided solideoxidedithsaionp of oeartisulatopalid, B asows of chloride ion is
opmr n f

st SETEATE 1, LA T o rASRAE B o it

oxide Bgd&ﬁﬂnﬁg)atsh&r}mif the dxydd ireatuitaifle volvénta lotdnothiediasyget of the present

gent. The chl or de ion y ded to
inventipgy 4 ﬁ@h%"%lldﬁ oty b et G w0 e 9198 SepttabiBe 4B GAlipint sep. Any
chlond'i]gg 9%9 bﬁsd}%%fvnqg ad BSoRES 5?91{103&% bR 8RFduRly &dd@acting the oxide
oxXI e can be treated with a chloriding agent
during dh caigintrigestepatari b n@dstl“ﬂqm examyple, yblatile thafgc ablomding agents may be

used. abh e {/ {')::.18 0 c?xh 6I§(é: %gggtﬁﬁge%“ Ehl? ag]i)ect of the invention

1nclude°-'t Hut C%Pe bﬁoﬂisﬁﬁhtefo fto,EXcifalre, frénsat Ipbﬁhlﬂ%@iﬂmzene chioromethane
chloridin % ents nay ‘be  used. Exanpl es of volatile
10

dichlorgmgthaine, v, paybery tatachloeda, drichlproethipaol geianst coggbingtion thereof.

Gaseo?snﬁgcﬂgé&n chlo ﬁé e dile AL %98{ alshd Gbkd! gmhct‘ﬁ%t il oxide during
erchlorobenzene, or onet hane,

calcinifig.c hDad @Uﬁ\tdﬁwme melhd)cb rotﬁfoonmptlmlﬂkm pxidet witle the chibeiding agent is to

trichl or.oet hanol , a 1 on t her.epf .. seous . ..
vaporig ishigading ARG infe agas SRt w70 15 Dudes the SOIET Qide S rgciitcination.
Vﬂ’lt(El tcfﬂg?c? Othk A6 6f AHEARDor Elﬁbﬁ&@idﬁgpre%? b@fb?é/ ealt@itg the solid
‘contacting the oxide with the chloriding
oxide ngemralnhs fibm 2va piﬂ% bg veeight) wherd itregweighiperéantoarg bgsed on the weight
[id, oxide durin

of the EEIRE R PRI ot bORt SIGTRE” BT a8 Arpgg gpe amount of

fluoride 3} Qﬁllogﬁe io%rbr@d'eﬁﬁl?erfbrekb%fcﬁ’ﬁﬁg f2lselid bﬁﬁieﬁi‘ﬁ‘oﬁloﬁ itsl 253@by weight, and
oxi de is general égé rom2 to 50% by V\Ele% where t

in anothef gmectp&pme Htte tyaweighto OR¢eeimpsegaied with halides &heu falhded oxide
may b? )Iﬁllngﬁ &y{lzg{y %é@ngltk%o?vlﬁll 1|nCt untLLch],ElaingP %toﬁ& l‘flﬂltgd [H NWetion filtration
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fluoride or chloride ion present before calcining the
solid oxide is from3 to 25% by weight, and in
anot her aspect, from4 to 20% by wei ght. Once

ngregnated with halide, the halided OXIS g % -
followed esvwraaw HEHANIER AU, SRR PG, ar by HEe. Aifboueh it is also
pos&bl«[,J % 1n1ﬁﬂ% {h%%tfcgt ﬁé’t g‘g in‘ﬁ?le(ﬁthtey RHthSN dridg ﬂte iﬂlbi'ég‘ﬁ@t@d Bid oxide.

der vdcuum spray drying,
l’Iﬂne dlhtdaealutairiahmag fto i pirepiase diestyeattprbsﬂﬂcb{abmtloa ica thﬂ‘m é pore volume

t |.cining ste di atel y wi thout, dryin the
areater; (i Cn el SopPGRERPOE® T WPE A tPaChLlal” 0 colg and in
anothePAspE&! ﬁletﬂ'ﬂ)?e Lo1efleaHayp bé Efé@te@'tl%’i‘ D &g Fﬂt‘ﬂ@er&h@@[lﬁ:a—aiununa may
votunme  greater than O. In one aspect t he pore

have a\sutfanveamagreber ghaeatl@@ ny rganlnoore aspedy, thasurfage area rseales than 250
o2 aspect, .t he ne na a 2/
o BRI R0 AT TR, AL A2 ey,
silica-0irih & thRARvHIn Has Gn AlBmOTaCcohtde diom Bteo SGﬁ%acht ameempect the

Is greater than 250 nﬂlg and in anoth ect
aluming tha%@f éh%%ll%ﬁluﬁ@lagm@% @ from § 1o 3%1%3@@ h%raép‘t% ‘the alumina
b/S: | a
o TR o 6 AP N ot s

the soiﬁbﬁﬁt&@to@ﬁoﬁeh&czm timpmisel almnlma withoubeilita end 5 et %spect, the solid

and i n another .aspect,. the alumna 10 content of the
oxide compoggnt £AN RPMBriFE I GV IUE AR 309 al uni na by

VO fatell Ro M@ bxiAR QBHl‘fnhsé%Ss%ﬁﬁfe andtd @I Vxid DhifdRent such as alumina

conmponent can conprise alumna wthout silica and
or sﬂlcmmimhma, irs frecformt dfea paiticulateosdlide Optipralienthecsifated oxide is further

treated o r‘igr | S ?.}.3{)]}1 glécgl tﬁ%ﬁ t?no %élcg‘]ﬁg g‘gﬂ’%gﬁl Eg%escﬂblgﬁtsgsda ﬁl% Il d In one aspect,

the sulBMEd s8id dkide dddpries Shlkit€ andlalihina, Ilnnoﬁdﬁﬁpéarcb'ﬁ thﬁs mvention, the
particul ate solid. Optionally, the sulfated ox

sulfatefl ghunpian is fogned by P duOKPY wh@teme'tls alyneipa e%‘éttﬁ%‘éﬁdl Pﬁéifate source, for
Al Ging Ifate. In

exampg g noq hﬁrgjceélat ; g.tlﬁ% cda% d: OXI lgagté gglrt'rp @?(}}f;‘!éssaréﬁ [t sulfate. In one

aspect &'hw@rﬁéess kﬁhyd:ﬁb?pﬁﬁﬁﬁteﬂ bgffohhlng d sluaptof dig altména in a suitable solvent

sulfated alum pa is_f a process ere
such 25 AlfPAROT SelSre i Bhich R GSEH oo Rt oSPI‘P‘é%ﬁ%‘T“é has been

added.’ S&htgbl@&gallub Thivefts tn‘iblu&“ bﬁtuf{rb foflihfe®lo, ﬂlesdﬁeftétﬂ%e§ @drbon alcohols

moni um sul fate. in one aspeét, this process
becausewy theér ydatilioy amtilolwsukfacetension. sl urry of the alumna in

swtable sol,vent ch as al coh [o]4
I SRe e eTea s 2PPu OF e don Plibhigbelyg geeining is
generah?%'rtﬁ)ﬁe@S pRAS 8¢ weBblitttabl G0 parBety weipht ytﬁﬂité ionne! WO parts by weight
are not limted to, the one to three carbon

solid camdao hb1 @oﬂm@ap.@é the amesnt of gultatg jan; Rregsidl PP Salfinipgels generally
n.o i
rom G794 R Bl AT oy S
in stlllfahﬁﬂibﬂa@eaafrbﬁl 5yparie by h!trelghl td (3D atsthy vegightesuifate ion to 100 parts by
sul fate |onto 10Q part.s [ 25 so

ht i d i de., |
weighta pelich e¥idas pBrese o i o bosed | Gmaite VR bPE?t)é%tﬁld oxide before
calcmtggf @ng? ftﬁ}é ﬂvﬂ\é&gwitﬁ sﬁiﬁi@ Rl étﬁfafté'mlée Ray be BdedBy S mbMod known

t sulfate 1on to 100 parts by wei'ght
in the aﬂlmciudmg,oﬂw mah dinnied ts,t sdctloxaﬁtttat@n falslqwc:t by evapordgion, drymg under

arts b hi to | fate,.i.0
e g, AL kRS A B S s B L Tt v st
immeddiStEly, ased on the wei ght of the solid oxi de before

cal cining. Once inpregnated with sulfate, the sulfated

obui atidlitiraytobleeingg ireafedywitngn aletthon withdumwim compensat gych as halide or

sulfatef lgl(l:l:. g}%;%%g)}gtg{ggﬁtgﬁogﬁ o?]tt ﬁtd mVﬁlét%OLll‘lClE&l ?%p‘lblllélfyaﬁé #Bated with a metal
28 o
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vacuum spray drying, and the |ike, although it is
al so possible to initiate the calcining step
i mrediately. In addition to being treated with an
el ectron-w t hdrawi ng conpgonent such %: g;?ﬂ i de or f the i .
Sources_sll}Fhlémé mefal Sﬂt“ﬁé’r_sféﬁﬁ]dcqnl%?‘&&rﬁo@l’ﬁp X opg,aspect of the nvention,
these cb&égﬁﬁds%ﬁnﬁX gﬁﬁéd a1 lrﬂpx@?nzfté@@ﬁt@CtthBfi‘d dxifetiA!solufi8n Gorm, and
soarce, including metal "salts or netal-containin
subsequantiy @ondstedlintodhe suppeed mefal then ¢alsiningi drecordinglyan one aspect, the
...conpounds may_.be added.to or regnat ed onto the. .
solid ingggdip Gxfesean Fpre EATRSiPeroPfal PG, g, Ml Hickel, vanadium,
silver, &gﬁ‘)\éﬁr B, HnOtinB e URPIPhde@lm)BE alcorBRiAti6R iHetdd NPor example, zinc
Accordingly, in one aspect, the solid inorganic oxide
may be asedf torintpeegnetsntbe isolid axidet because rip proyideg gop@ gatalyst activity and low
I tanium..ni ckel . vanadi hlver 0 s '
cos. 110 Rl YR P S5 RO Bbbptcs octor,
after, oF 8 the ¥anPlife tidt fige soliYoxhie isitrested withniy denainewithdrawiigiation.

oxi de because it provides good catal yst activity aaid d
IFowthers g8y method of mpereasinshewplid exidednsterial fyitha fsfal may be used.

I 0 t.al - tainj , L )

mhe mEfbl Ry TR AL GO SPGB e, ypfEl o o mowl
contairlitye cehpaindo nchidekdinvik mgt &niited. to Fgeltingro-gatyngyemprsgnation of one

s A o SV b Bt T s i
of oxiﬁé’[goﬁ%ﬁgd,%lk&rﬁ-‘wﬁﬁﬁjawﬁ@ hfRn, Y@ el m¥taR i6@lik t9pically calcined.
met al -

contai ning conpound, includes, but is not
Alterndtivelyt, edolid pxige materip], ancelegdioniwighdrawing agiestsourse cindghe metal salt or

conpound ont o anot her nd, the |iJ | i ng any
metal-GRRSEE FREPHEE e EBR et vl ", 7oL

qARSMBHaspettEti TRE-éthlebeay e arEipaundpthe setshd hetali®deat compound, or

ion is typically calcined.. Alternatively, a solid .

a combjmitife thereof.impy bapresoataeied i oh @i MGNaHFOM G Y Prggnoaluminum
and .t he . o] A - 0 - . i
L e
solid @&@eCtOnct e fprecohtantet] ahixawe nof the nfrsu nettalioheneseanoprind, the second

O ES TN R D T AN T p—

is conREQE"0RA YHE BHdRicRIRTREMBS sHId oRidel TR c&ﬁgd'aéi’t‘i’orpfurﬂi'efﬂ%omprising the
prior to contacting this mxture with the )
chemicligrtrenteid|sylid peide évterrsa thd “postetmtac@el enixtuge. pi et postepptasted mixture

m xture of the.first netall.ocene c Q .
may bgallenied 1o BEEHb L BRHBLA A O SHAT RBTORT e taf 10 Bétng charged
into thek&ikioR ifRARARKe pcﬂ?ﬁ&‘i@@ﬂoﬁ Bréues WNROeRted k. cont act ed

wth the chemcally-treated solid oxide, the . g

CYanpisi procgsses (i@ PrRpArecigraxidaRstivaer-seprons daaticpn be gapleyed in this
. sol.id oxide | e '1Pes t ‘o7t Jr
imeni§5 s Bl PGl S R ARRL R Stloning s sThsoneon
6,300,071, td1ere6, 3330 16835, 59d1 637644 6N6,3pEBI 6,d6,095,6661e6,524,987, tand 6,548,441,

_being charged into the reactor, jn ich.the . . .
deSCfﬂpﬁﬁuygﬁﬁt@&‘ﬁai%ﬁh BF whicads {fcpipofnted by F—‘?‘%anfﬁdte?e%n\‘}a?mﬁ?-
processes to prepare solid oxide activator-supports
that can be enployed in this invention have been
The Orgponluethun-Compuanpl e, U S. Patent Nos. 6,107, 230,
6, 165, 929, 6,294,494, 6,300,271, 6,316, 553, .. . .
einages gapEct, ghis7iiivantion gnoogpagses 8?‘%@%% sEposition, gorgprjsing a first

metallBQ4e Q‘o%ﬁ)guﬁtﬂ L secHf® HeidIRcSHCEAFSUREIEs 18R CIhe Whetifidatip-treated solid

I's incorporated by reference herein, in its entirety,
oxide,3@ndhet Jeashnond ueigaeeal@oimpourggmpound.  In this aspect, for example,
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In one aspect, this invention enconpasses a catal yst
conposition conprising a first netall ocene conpound,

a second netal | ocene conpound, at | east one
chemically-treated solid xi de, .and at .| east one .
organoévglawwcempﬂmsagﬁtp‘mnlaﬁ uge lpﬁﬁgs la‘é%’élefl,mﬁaﬁ?c’ &L Afsy wot limited to
conmo%%pwﬂﬁgﬂﬂﬂﬁh i num conpounds that can be used in this

I'nvention 1 nclude, but are not0I|n1ted to conpound
with the fornula: Al (XAKKPEDms wherein (X) is a

hydr ac yl haying . from1l to 20 carbon atons; 10). . .
S5 1 e By gy s B S B AR Ch oy koxide or
aryloxiﬁé,ogﬂy' or{kqngg‘éfr?lﬁglﬁlgl%ﬂflig :ﬁ:)dﬁgﬁ,tpﬂadl) cgi®on @tioldiﬁ{ thalidks or Elhls}tdridi‘e; and n is a
I'S u _ , usive. In_one aspec
numbey fxoin § 1 Jinchusixe. InonE Bgpect m%ﬂs amalkyl havingiontldgs 10 carbon atoms.
a of. (. X9 Letjes inclt t e [ 6]
Exampfeé , (%gt Irfler%Spiﬂcﬁ%ﬁ’- %utt Vi, 1[ﬂ(’gelc&:{'9 E‘?ﬂ 3?‘#1 etﬂﬁ;lé 8 E&?}if I ll,l_%&ﬁdsec-butyl’
isobutylgexyl, aadhetiike. ITh keothéraspernt (et) mepiecinderfeXd&)jtlymiiviotoeor chloro. In
i ndependently fluoro or chloro. In yet another
yet anoglgs @snect, (X10napdg BOreh| oro. 10 In the fornul a

0 10y, S A f t L0l A i
T ORBOTS Y5 it ATy Bt iy, 3.

The valwes df hads et restrigecdaro betiedategert terebor this fargutainghidas sesquihalide

i ncl udes sesquihali de . compounds ,or ot her

compos?%a‘ﬂ&g*ream H?IW%F%%%EWH@.“S'I n anot her aspect,
9% aFBIHRS aSbect! SARPASUSH HisAh SRR SothPAindS aRatb@anUbedsed in this
in this i'nvention include, but are not limted to,

inventipn iiadlidel bituare molimitad s tdalkylgluminym somporndsaislyylagminium halide

15. ¢ ounds. dial;kyl al uni I j
BT ——
combindfi®he tHereoBP 8pdific evxaplps 68 oghncl@ainwal cothpuumds diap ateneksful in this

that are useful in this invention includ u e,
inventign tinglpgg, bat ateqrot timigaek 1oy [[rgpgmy]ﬁhﬁﬂ{wpm)"l‘ng, tlpietﬁlylaé[ummum (TEA),

. i . al | A ) . i R | .U 1 . hvdride:
s AT po 4 R B aaminm by
triisobatiybimibying bndhdiethyldbydinushechloridel i sobut yl al um num and

di et hyl al umi num ch|] ori de. 20 Jn one as(fg.ect

th :
IROSEATPELH NERTPTAT IS AMHANGOBISEREHLG R tl@%@sg-metallocene with at

least of& dzABAAMiIRGSE @Sm}%ﬁﬂﬂ ad ad BREh MBFREdBNBAK WihRbdhtacted mixture,

conpound and an ofefin nmonomer to form a precontacted
prior trricontacethis précontatied coixture twithhithe gnlisc oxitle acbvatet-suppe to form the

. with t sol.id i de acti.vat or-su 1,10

sctve St WS st eiah SnP Bt L RSP bl iy, though not

necessMI9PapREidnNof thie Sorp@ivARImindid Rogdouid i$ Addeghtorthé precontacted mixture
necessarily, a portion of the organoal unji num conpound i

and anoghen et of thecorprnaabiminemPmRoMnd it adde i lths rRoF@Riacted mixture

; t

pepsrBEG e SR URAR BTN PR 0 Morer,

the orgahodluhimunscanpiund ey b dshd tdpreparkitlie etalge imeither alicoprecontacting or

However , aIL t he orga oalahinunlco ound nag be ¥sed. 1

postcopigetifessien A ligraattiehinlalldhe FaialRsRBIPORFLS BRE L6 FPUATHFh R single step.
RARIHEPNEREL 1tRgh SnEPorgdhdRiMauln @bhpodhds hhy &8t &edStin either the
conporients may be contacted in a single stép. Further, )

precontaztieg tdnahe ostcomtgetingastapi nWher anpogadslumipupecespaind; iy added in

e, S35 s RSO S GBS It e o

amount of organoaluminum compound used in both the precontacted and postcontacted

mixtures, and any additional organoaluminum compound added to the polymerization reactor.

Therefore, total amounts of organoaluminum compounds are disclosed, regardless of whether a
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mul tiple steps, the anounts of organoal um num conpound

di scl osed herein include the total anount of

or ganoal um num conpound used in both the precontacted

and postcontacted m xtures, and, any additi qnal d T
single gregapRIBINIMTH B?HIE@WSdédfée%o‘HéBO‘ieothﬁfh ane, SF8AREF DUy ompound. - [n

pr (T fean oaluminum

anothel SHELE et BEIARALE (LY 3 AR BLAALAENT 048
compoahd’sglsedm@a'nnmnmnnum compound i s used, or nore than

one organoal um num conpound. In anot her aspect,

triethylal um num (TEA) or triisobutylalumnum are
The OB RLERhnPhARROBLYIHHM conpounds used in this

I nvention. 5 The Qptional Al um noxane Cocataly In

dneones prpeet, thihiigventipanericompassed gpepidps @na&smoys%ompnsmg a first
metall G238 S5O i 4RI PR Rt Bngl T i JBREBfe CAMRRUMYArcated solid

oxide, GRe Mk Gédst ¥nd bRAheHuSalunt codpbulal. Bndndtherl aspsdt theepresent invention
or ganoal um num_ conpound., I n angth r as ect

providpy a<aialyst AOEReSd CoMBYTiRGan HPHARA| ne&%ﬁ?o%wﬁalyﬁt in addition to
n opti onal al um noxane cocat alyst in
these&lgég%fngb&?%é 10 these ot her conponents. Al um noxanes
aﬁmnah@mneefaer ah%ot @efase@otw(twmoéyihycbybarhylu rdlymipum  oxides) or
oxi des) or anes. ot her ¢

organEBBAIES arlDR SHFE AT RO R HBEE Ayt WREATY otlacted with the

alum1rfi’alxh'l@ ﬁ?)ﬁa@ﬁufafbdah§%65rﬁbﬁd:ohiﬁéﬁﬁ& ajobeft, ARG Rdly solvent which is
sol vent, though any solvent which is subst anti al |

substaptirdlytinerbto the rwmtSamt@qumqsr aristipradeats obthe aplivsgign ﬁ{ep&fm be used.

The ce{sagﬁsﬁ géﬁtnlp¥% g g Ra ﬁ-na{] nggne#a naSr beléolﬂ;t'%d %gttﬁt}tﬂ&i l(élOWIl to those of

skill iTBhOQES ikdlading thut tﬂb@SBnﬁéd tcs KildrdtionD of ke @atalyst moinpds;mgn may be
but not limted to filtration Qr the catal yst
introdusserigithe Ry merjZabien reaciar 3t thoutbging ’é‘olaFFél pol yneri zati on

FBRAC LR M\ﬁ){aH? n-fﬁs{lﬁ'cg of $8s 8h€rion N§ 2! MPRRFRMuminum compound,

conpoun I'stinvention I's an 0F| gorrerl c al um num
where'ﬁm’ﬂa aluptnoxant ebmpnuﬂdmna:lomprme) Yiacee stroctpesneycbarpr cage structures, or

nprise |inear s ctures, cyclic, cage ]
typically PGPS @§aln I gyree. Y%Lf T‘Hﬁ%“loii pads favig the fympla:
Cyclic al um noxane compounds haV| ng the formnul a:
-&1-O0n n R; FAIRO i near or branched
al kyl having from1 t 0 cap natorrs and n is an
integer from3 to 10 a enconpa%sied by this
i nvention. The (ALRO)" nhbiety sh8¥i®fere al so

constitutes the repeatl ng unit in a |linear
Ris aaungan ardaebed Tikb having &em AtteidD sasban slomagnd g ie g integer from 3 to

10 are encnﬁlp%:;seﬁZ by%hﬁs {iveStn. "The ARG, mbfRES SdWn here also constitutes the

repeating unit in a linear aluminoxane. Thus, linear aluminoxanes having the formula:
R
/
R{—Al—oa—Al
| n R
R

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

; wherein

50, are also encompassed by this invention.
Further, aluminoxanes may also have cage structures of the formula RS+ aR Al O3

wherein m is 3 or 4 and o is = naig) - Aoe) + Nowy; Wherein nais) is the number of three
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Ris a linear or branched al kyl having from1 to 10
carbon atons, and nis an integer from1l to 50, are
al so enconpassed by this invention. Further,

al um noxanes may al so have cage. structures of the

coordinage AN SHERGTeea A ARD BPDE Hve fpagdinate pxygen atopy, Bow is the
por ' (4 Coin. i :

et 308 B8R 06 b X S EMIE fodod ¢ grrsrs s

bridgirigsalk i eroupgrivierenf R iswlinao odbrnatledeliyd daviag Gos) 1 rolMgarben atoms.

the unber of 4 coordinate axygen ato . .

Ui AR dhah A se PRy P A Foedla R i Pygtipnrg senerally
represditddigy flﬂmﬁia@éhclﬂésoﬂﬁiﬁl-‘@)%"IQRDABOFAIR%' Arid&RéE 1iRE, wherein the R group

branched al kyl having from1 to 10 carbon atonms. Thus,

is typicallyri linsseerdwandhad Codfs aller wuchnas mpthyb g8yl doerst vy Benty], or hexyl

wherey} i 5 B FASEoh1 o8 SEPEREL iy by, g ginonan
compouhde, ofh@iisei ilvéMPnR ig¢lody) bus bpimal Himited itopamethylaluminoxane,
branched Cl-C6 al kyl such as nethyl, ethyl Pr Qpyl ,
cthylalboiyaxang gpypylebrminexane, isshipYlAlumipgsmE.apbytylaluminoxane, t-butyl-
. represeqts i nt. from. i ne |¢ | 1R Ho 2-
atomirb P e @aluRiifBEhe) T OBy teincldh 15 1 HRRGH (i Hoxane.
pentyldiuinirfixeng) 08-pentylaledinbraneneisdrpbitllatinmioseane, neopentylaluminoxane, or
et hyl q%um noxane, n-propylal um noxane,
combm%@_n?,; Eﬁ?ﬁal um noxane, n-butyl al um noxane, t-butyl 10
Tk NRXAREuNI RSB Wikl HFeRAX¥Rs of R groups are encompassed by the
i so-butyl al um noxane, 1-pentyl al'um noxane, 2- )
presenpinventic, orethyd ehmenogngdMADhiethyll alwainexane, or isobutyl aluminoxane are

. J1so-pentyla ] noxane €0 tylal um n . .
opel, SREPRE. ERUEHCRAEE T B PO SOAPIRARL 85 frpgion.  These
alumirxhARI 8O prepiR8Trddh tiineth9laREnian, efthymHiagtfm by tibwbutylaluminum,
present invention, methyl alum noxane (MAQ),. ethyl,
respectivelys ok saie , soppetinges brefgrredalteirasn plxfacthyk aluminum, pxide), poly(ethyl
oDt | I : _ L
i 8] CEAY AATOTABIA NS 1ELONAL KATES LY cop of
the inehtioh to iggeinylliminoxamnsin cdnibindtionl with aitralkylabminum, such as disclosed
) triisaobutylalum num . respectively, and.are saneti.nes
in U.Sy Retentyey 4794096 phich isshetsih TagoapAraliihbB s igence Hofy ey
' ' (d ' I@hifdhne formulas (R-
ﬁ@%@%ﬁe )7' qﬁ%lg CI S aP%ltJéévmﬂl %ﬁ?ﬁmyﬁseéi%(%% i;h)ﬁt he ¢ formulas (
Al-0)j mdeR(R-ah-Q)pAIRs camshrpraferatiln ovinatleast Tohowssier depeniding wpon how the

v o, SN B RASE R gER b b i 6l il
samplé 8f QL@NRckaB, idSsiRAtd EGhbinatidieoPbRaAGlumNoRAdsQlle comprised in the
contenpl ates many values of n in the al um noxane
methofdpand doapogitionppt itgp preget I(eRtign- O) " Al R2, and
ef er abl i e . ver., i .
Pl ritraRng, e Suftlyst XBhipesioh U Bls iGRRERE. AEnbRRE an optional
aluminéxage, th@enolal brioodf themalymiduri dn i thb labumixbimentcatisi mgtallocene in the
sanmpl e of al um noxane, an S.h‘Ch a conbj nation ol{? 1 .
compasiigaris Ay ieaands Oaip e 1EOARYT s dbt omR apper aspefe flifomglar ratio of the
alumirfthe i P QRindikOR B the NReBiGRAPin! HY %Bhitpgﬁtioﬂl Ns usually from 5:1 to
preparing the catal yst conposition of this invention
15,000 bnyihie sinmopna of optiorah alumiabxamecrmoided &y atpodymeyization Zomepis an amount

it AT DL R T5ud 1 DO AP BRR mor o 5
mg/L.| N one another aspect, the nolar ratio of the

alum numin the alum xoane to the netal | ocene in the .
cOrgansaltingoxasesiesn &€ Ipyeparadrhysvatious procedures which are well known in the

art. Examples of organoaluminoxane preparations are disclosed in U.S. Patent Nos. 3,242,099
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30 15,000:1. The anmpunt of optional alum noxane added
to a polynerization zone is an anount Wwthin a range
of 0.01 ng/L to 1000 ng/L, fromO.1 ng/L to 100 ng/L,

or froml1l ng/l to, 50 / Or.ganoal um noxanes can.be
and 4,808 S 160 5 WHEH S EOBIOGREHIDY BEOaRe IR e Bie o grample of
i i Uy [RRBFAY PRSI i
o a5 HEEP 301 LOI0AL 0 G311 BRI HREer o
solventm@PSes@dsted adth af alhiiim iatkyil rovmoundisech sy AlRS tor fimethe desired

rein, inits entirety. .One. .ex le of, . how .\ .
organogfiipesps iy h oV e for R B2 LB Byt ) Wlafemepy i betioved
that this SyAthSiFOm¥@Ed ichn affordehlixtAfedHboth 1iGak ¥ed tydlRyRLA1-0), aluminoxane

reacted with an al um num al kyl conpound such_as AlR3

species, bofhophwhish age sheomepasssadunibia WNeHioRanalterarslnPreangpiuminoxanes

not i nt.endi ng. t o ' ta1pl. Lol
may b BepalfcleRir "y RuBEHRY st O BoRkENRTER AR, wiliSa hydrated salt
such astydrate@ cafpebailtatd, imgmneggaycidlent.R- Al - O) "

al um noxane species, both of which are enconpassed by

this invention. Alternatively, organoal um noxanes may

ipg an al um num al kyl conpound

The O@%gﬁrggg@g@%q(%ﬂ?}ﬁgdrat ed salt, such as hydrated

dopprer aspett, ahie, inventmn ¢ngempassegantatalyss| sopmpositiod Kheprising a first

el g B0 3951 2 ok by e P B ey et s
oxide, GRAMI i1&dsh Bné ofdabSdlumirRind bR SIRI. CHTREIAE aspe@etRNstesent invention
met al | ocene conpound, at |east one chemcally-treated |
provideoh icatalyisk corapositien gemprsieg ap mptiong) orsenobaionusacatalyst in addition to

these oo gundﬂe L anot her aspect, the present invention
&PS Va8 Y ¢ at al yst conposition conprising an optional
AhgROBpE@Nthe i gardbyfon dompuddd tconmprikes ncfiral bewa whipounds, borate

conponents. I n gne aspect, he or gﬁmobor on grgrp(gugd ) ]
salts, ¢ spbingtiennBgtechl Fobrimrleipe REREObYBR spmPowR sty thiganvention can
n " .
%J@E&%‘g%ﬁ) P(ﬂ?fl %BB]\?E%H, %ﬂ%ﬁa}k&gg%@ BoRfJERRRMANor a combination

%gnpoun s in nmprise a
thereof. | Amy ofuayasrgarzo baron oot gamo bbratr congraumd Komart i@ the art can be

... _conpound, or a conbjnation thereof.Any fluoroorgan
utilizegh o Fi (57 95055 REOB GPRROUEGH R e MRS o el to neutral
compobfidls BE tRO fotir IHZed ThENRrrh SflkBrbdrd > Bb&%d) QoABEEY also has its usual

conpounds has its usual neani n% to refer to neutral

meaning hpaefedto dlie nmotmipnicB¥Wds ofte Tueraprgangobason gampound of the form

o 5848 AR RISl YUl s o Eh8! nuroramo

boron &RIMAG6HIErgaho bbfatd emipoundahieaypichiBY Afferrathr @ll¥ctively by organoboron
represents a fluorinated organic group. For

compoydy €hby: idher namg ap BISregRIS IHBI®R and f | uor oor gano
S%fa?‘[‘eig%ﬁc gﬁ@ﬂ%?%ﬁlﬁeb&%@' &ﬂlllﬁ%lgﬁytﬁeﬁr&q bO used as cocatalysts in the

r ganobor on conpounds, or by
preseneiibVeation aineluds, bhie aco mbeXimiteelq tn, r Bsoritatalmalyld sbahtes such as, N,N-

. fluorqorgano borate ¢ oypds that..can be used as. .
dlmeﬂlé’é?é‘é‘i%"?st s in tﬁ%ﬁa‘]ﬁz% uof ‘?R%‘@ﬂ}'l?l??ﬁatfencl ude, %&Ph%ﬂyécarbemum
tetrakigpﬁem%%ﬁraﬁﬁnyﬁborﬁieuOr' i8R ar VienhRk@eBRa8ePhas)bdlalt, N M-

ani | i nium t etraki s(pentaf | uor ophenyl ) borat e,

dimethylangivéwnl car betrakisi3,Sthas(irfkiosqmeshy thenpllophieny | ) Hoiphenylcarbenium

tetrakilsf?:fgjl!')ig(t?iﬁ%r&%@h%f)gﬁeqltyﬁghr% er, O%gg n¥llle) bﬂe?t Fi‘i’lckll\ldiné\l mixtures thereof.

Examples of fluoroorgano boron compounds that can be used as cocatalysts in the present

compr

invention include, but are not limited to, tris(pentafluorophenyl)boron, tris[3,5-

bis(trifluoromethyl)phenyl]boron, and the like, including mixtures thereof.

330
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30 di net hyl anilinium
tetrakis[3,5-bis(trifluoronethyl)phenyl]borate,
tri phenyl car beni um

tetrakis[3,5-bis(trifluoronmethyl)ph I.] borate, .and
o i ip e BT b B S 1B examples of
ﬂuoroo%%%l%{%?&t@ ?H&) ﬂlasfo%fe]gaglg TR Gingdinls, 478 rélgtelg %gﬂpét%ndts, are éhought to

al ysts Int resent I'nvent'i on I ncl ude, u .
form “wedtklyicovrtdadting’ aniphs vhemtafibined withcrrgindsmtalrcompounds, as disclosed

MRAEEERTE TR e
iRy NSyt SmBEntRsUigardbotdhecdniiouaicad behgdizyd i thes Bivention. In

exanpl és of fluoroorgano borate and fl uoroorc%ano
one aspest,othe qortporatiosof thadreasohersn conmpevnd de theyfotaligidhe irstyand second

form "weakl,y:= coordi nat.i.ng" | ORS. When,.¢orDi |
metalosPahoBiiAeY BT RROREL A s Pl LU T S/ TRRE, A Smountof the
fluorodRgdhbSo8&Ber MMbiredtghso botaecpapatmbiuded e b Bodutaly e fartha artallocenes is
inits entirety. 5 Generally, any anount of
in a rangegRfiyBr O A Tepnio Ufdmelsh op korgnicpImpeEnd Rer!pfak mole of first and second

metallddBYE Q:to.g%gunclsn corﬁﬁﬁe%sr’ﬁ?to e L B0y afrﬁhhto oPffidoiSorgano boron or
or'ganoboron conpound to the total of the first and
fluoro gamrisbrateedmpbmeiused ag apocatagstifor thh enatallnpes isiiwa ringe of from 0.8

fromO0.1:1 to 10:1. Typically, t mount of th

mole ¢ |378p155 PEEAER BB PeF F%%%%‘Fﬁaﬁ@%waﬁﬁ@f&%ﬁs%ﬁ%&m compound.
used as a cocatal yst for the netallocenes is in a
range of fromO0.5 nole to 10 nol es of boron conpound

The Oponat onizingnlohis @impdundCosaiglisécond 10 net al | ocene

onmpounds c i.ned...ln _one aspect . Of ‘o
AR B FobFaEn ap o grisn eRPBRRET Sasmshs, QFBMRNAK comprisine o first
metalloteBél compaurkl) Gadeddntd efallocdnecoffgionhd,0st a8t ioge icherficaldyrgeated solid
of fromO0.8 nole to 5 noles of boron conpound per

. . p . .
oxide, tapd t lenst eae ereanpaluminim cowpend niit arqtBeresiecio soRrRRent nvention
el SRR 8 ), B, SRR Bl g Gt
additionaoplest bihen ceapmiens rfxamplésraftionining ddrio cempowningre disdlosed in U.S.

a_second o ound, at .least one . .
patn: Srameen s T o b S U et § Woried e by rerence, i
its enﬁpgtg_anoal um num conpound. | n another aspect, the

present invention provides a catalyst conposition

campenizing gorin comppumbis dwivinkd pempamdcwiichisenddnction to enhance the

s S3ET b oy, S A SR g
jonic H%n%a whd Ay ehd chbHBdeTof Ralifify 266 aied fibstSQdcondB or it metallocene
0

O
which is incorporated herein by reference, in its
compognds anskspnverting dhel metahosenns ite a pptismikimetaligeenesqmpounds, or incipient

. 0] f i ] 3 act i \i . s

o OMBRUA L iR | M5 o ARBEEnL 28 0Bt b ey, i

believéddor the idrdizihg idiid canpslindhady funetioroas ani iogizingowingpound by completely
conpound may be capabl e of reacting with the Pirst, 3

or partidllsopiractng 9ptanioni¢ digaeb dwesibly & sppdURdadiy! ligand such as (X7) or

(X4), ) ”‘ﬁ}%{rﬁétgﬁoéeﬁ&. rﬁé\%‘}e&),ctﬁg foniziflg fonfe &ﬁﬁcﬂdﬁﬂﬂ% an activator regardless of
met al 1'ocene” caripounds,” or I nci pl ent ationic

whethért Bl ibsieetbe ammieats, abdgaits an (K1)l @ (X0} ligantlan difaghidmas to form an

. be bound by theory, it is lieved that. the ionizin .
fon paltgHPEKeaD APUHRAL AR PR Gr) Bondi themaieeetesn sy Cigrdinates to

\ . . ! g U gand.
o 0TS TGl PR AL b SHESAR:B0 B 6 00
(Béher fit dmmotheecassary that éreeioniziigionar compmimdostivitaghe metallocenes

ni c, cq und is.gn.activatar regard|ess. of. . . .
only. ITIQIC activatio ?unctlon of the ionizing 1onic compound 1S evident in the enhanced activity
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30 whether it is ionizes the netall ocenes, abstracts

an (X3) or (X4) ligand in a fashion as to forman ion

pair, weakens the netal -(X3) or netal - (X4) bond in the

netallocenes sinply coordi nates tqg . an Lor (X4) .
of catajys SPAPOHOMRY 2 d’fl}?é? aﬁé’&ﬂ‘é’ﬁ#@n‘ﬁ AR 1‘\95t‘ﬁ(°8ﬁzmng catalyst
compoSiBYn BRE Ubes it doltfphrise bhy ichiZlRE idHEE EGRAEAd! NRis 4188 not necessary that

lonrzing ronic c rrpound activate the netal | ocenes
the ionfwihg iorit eompommhaatrmtef ootb tfirsinarsk seached instdllocenry cempamds, nor is it
nesss TR S 5 ot R BAE Gt g componncs
to the sapledk¥ept. conposition containing catalyst conp03|t|on

t hat does not conprise any ionizing ionic compound.

iBxagipies efotonivénge innig pompenndstipelugle fhutjasgy npb Himited to, the following

compo RO SR AT AU AGE Mo TS0y i

tolyl)bfn*afe? t trlﬂiﬁbﬁ!ﬂyl)@@lﬁﬁﬁlm nie ekt s(2 Andintckleylsieaghisbrae; ah(rsbmylleammomum
nmpounds to the sanme extent. Exanples of | éﬁpg a
tetfaklﬁ(éﬁr@mémﬁﬂgbqfﬁﬁsl ude, THIOURSHNR, t o defrgasppabis(irifluoro-

methyl:)ﬁ{ehgliﬂlxg%p f 8 :ﬁgﬁblgﬂflgmﬁﬁ‘lbﬁlﬂnp ut Yl [E)@Erh'téﬂﬁbr r%henyl)borate N,N-

tri(n-butyl)ammoniu
dimethiybinilakirs (tetraltigpytdlyhbomteg N NFdl(rm}bdmlylln)lamntgtrakmﬁm-tolyl)borate N,N-

dlmeﬂlyﬁlnglﬁllf%{sig il t(ﬁﬁﬁeﬁlgfp%n))d?bora " N,N-dimethylanilinium tetrakis(3,5-

dimeth?ﬁihﬁzﬁ‘glﬂ b%@é’te 5 MNEB R PSR D Qét?dl&s[?: 5- bls(trlﬂuoromethyl)phenyl]borate
utylﬁannnnlun1tetrak|s[3 bls(trlfluoro 10

NN-dmmlmlbmgnw teteakéa(pentafiuogephsnyYaoratgmorririphanylcarbenium  tetrakis(p-

tolyl)bag i ﬁ lgeﬁﬁyp f lmlr%?rtﬁ g e ae*ﬁ(&'slg%qg yg%g{a)t%l I\Lli*lphc-':nylcau'be:mum tetrakis(2,4-

dlmethMﬂHeﬂjrlb‘&fréiw ani | i ntipienytiafteiivdg m t ol yiejrblis@t B dinidthydphenyl)borate,
di methyl aniliniumtetrakis(2,4-di thy henyl ) borah
triphenylqqrieniast hy | éﬁﬁrqlﬁ{ﬁérﬁlﬁ(gﬂﬂtm@e@ygg eaylborate, ) ° Hipheiylcarbenium

tetraklﬁggﬁ!iﬁ%rf’@ﬁgy ?‘Pﬁﬂ}%hrrglt %en%}q l?(ght*ém tropylium  tetrakis(m-

tolyl)bbkake, di nmﬂwlluﬁnl I Itertrakm(Z 4- d1methylpheny1)borate tropyhum tetrakis(3,5-

dimety S B b s B DS AE  RUBRIGRRE wopytum
tetralu§§éﬂt§i*ﬁho%g‘feh9f)%rmor ati@hivnt | PheBLiS@EREMIdBPhenyl)borate,  lithium
traki s( t hyl phenyl ) bor at e,

tetrapenylpbiatey | d;mmm lamltls(pfta]yll)bo@t% dithismhytepldpgn-japhbarete, lithium

tetrakif(g4PdIDT ﬁtg&gb Fe, ¢ | lid8e ekt dimgtylghenyDborate,  lithium

tetraﬂﬁdrbliﬂ?@t@y b&ﬁtﬁlﬁ&@h&lﬂk(p&l&hﬂﬁkb%ﬁdﬁ?nb@ﬁ{eu eodipheryrhplizaytoeate, sodium
trop |umtetrak|s(ptol rate, tropylium
tetrakls(pttpéi()bgl(aﬁﬁ, t ol §q BB at e etrpkjé qiM orate sodium tetrakis(2,4-

R b —

potassiv@d te&lﬁkﬁ(p%nﬁﬂbbﬁ)@henyﬂ]bumt@ petdsyiuinptearaphenplboete, potassium tetrakls(p—
tolyl)b:)g{?q,g{g(;)tgsglﬂ_@%te ttgtgr KL o &i@ fr!’ g,g 'rpgglgse%l iﬁ?ﬁ%&ﬁ& 4- dgnl'iétﬂylll'allqényl)borate,
potassfuﬁ{ hi appeINLBSL (ﬁhﬁthyllﬂﬂeﬁ%fl?ﬁﬂrﬁt%t r alﬁio?a(s@nﬂr?' ylphahRkéborate,  tri(n-

umtetrakls (m'tol ylyborat [ithium
butyl)&rmhoml;nms (t%rakisgp-[xﬁyll)@lumh@ty | y'iﬁmbawé)arﬂmm'ﬂum ntetrakis(m-tolyl)aluminate,
tri(n- b{l@b{a&xpl} S >- di E%taﬂgst?gg ElH%{ t%lbl%fleny alurr'n‘ﬁat'eum tri{n-butyl)ammonium

bor a

tetrakib@!9-diklet h%éluﬁﬁmenyl )borate, sodium tri(n-butyl)ammonium
t et raphenyl bor at e, so|um25tetrakls(ptolyl)borate

tetrakls(odmta Qrepheakl)@l@mlmm,yN)iﬁrﬂilaﬁ@yla@dmﬂum terakig@ertopyd)aluminate, N,N-
dlmetl}yé @?gent}%% q?%lpleﬁ&%h%g N,N- dlglebhl%ianllln1um tetrakis(2,4-

por at €,

tetrafl uor oborate, potassi

t et raki s(pent af |l uorophenyl ) borate, potassi um

t etraphenyl borate, potassiumtetrakis(p- tolyl)borate,
pot assium tetraki s(mtolyl)borate, potassium

t et raki s(2, 4-di net hyl phenyl ) bor at e,
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pot assi um t etraki s(3, 5-di net hyl phenyl ) bor at e,
pot assi um tetrafl uoroborate, tri(n 30 butyl)amoni um
tetrakis(p-tolyl)alumnate, tri(n-butyl)anmoni um

dlmeth;rlgilélgﬁ)lail%%}n;tgljﬁ&al ugbg]g%@m)ugfl [t]elréaggf?éS dlrzlgthylphenyl)alummate N,N-

dlmeth%%#l{rligh L0 %tg%zﬁﬂg{mn@]’t)ﬁfﬂ% ﬁgrorPhlel)'xyl adlrlrrlnﬁlgtee triphenylcarbenium  tetrakis(p-

tolyl)alimirate, hnplydn)y&mhenumntetrakls(m tolyl)aiumlnate triphenylcarbenium tetrakis(2,4-
ent af |

dimetr(DheaBtRGREni || HRIFRYGUPARHEY p. ¢ SUAG Simethyphigseluminate,
triphen! chﬁJeﬁMhﬁﬁ’étfa‘k #@H&f&bf@ﬁbﬁyﬁi&lﬁrﬁﬁﬁie Qiog_muﬁ}ﬁt Ritrakis(p-tolyl)aluminate,

di met hyl ani ium tetrakis(2,4
tr0py11@tnrretthbyakpﬂeﬁtpllsolhﬂhummntat e, trpylivan e taispkistd, #dimethylphenylaluminate,

tropyln‘éjrfel:r;ta Et;? %ﬁ?@ fiﬁ?ﬁtﬂ?)é]e eélyﬂx}uznma%n hat g‘bpyl\llium tetrakis(pentafluoro-

phenleaﬂlﬁﬁh@fe' Uit @ %ﬁﬁlﬂk@ieﬂﬁﬁﬁ@xb@heﬂyﬂ)aﬁiﬁﬁﬁ&tb c #tthan téffaphenylalummate
raki s(p- tolyl)alunminate, tri henyl carbeniu

hthlumt é@ir%lw(g(tﬂky{)@llumn}aam thizme tetf@klﬁ(ﬁbw}y SBiRAfoynfithium tetrakis(2,4-
dlmeth%&’lhéﬁgjnﬂr@aétb’e g: Hﬁ}iﬂl&ipher}yﬁﬁg(’é@ &ﬁkﬁlylphenyl)alummate, lithium

tetraﬂubﬁ:tahﬁmmks 5- di sodiumy | phentetrhlisipentafite@opbenyl)aluminate, sodium
tetraphtgg{lglh o e; Zrﬁgﬁﬂnﬂ G?tfﬁgllﬁéﬂ le]aqﬁamn}%q, e socp].nap )}?tra[hlﬁ(m—tolyl)alummate

sochun{ %tfaﬂ‘s‘(?ﬁ-‘?ﬁ&@t'hﬁp}xé{ﬂjﬂd?ﬁhﬁte sBéhﬁﬂ]y kdt+HRis(3,5-dimethylphenyl)aluminate,
trakis(mtol yI')al’um nate, tropylium

sodlunt etetlalﬂugl(oalumlmtqet mtmhmyngztaah;sﬁnm@omnheopmlummate potassium

tetraph%ng}%lélgﬁl A eﬁt g#tfin%t | pheﬁ%%}%(?) gpgate’{ Io?ﬁl {?Fﬁlum tetrakis(m-
tolyl)alufifiz| %6’@%1&@‘ |teteakaph @ ik ey LjKe i aduminatei pothssium  tetrakis (3,5-
tetraphenyl alumnate, Ilithium

dimethylphenyllalymingts) mtywwtqi@ﬁ@orqalwp@;ﬁ,‘ and the like. However, the optional
10mzmg %r[l (')rflé)(aﬁntdg }gélt %l%m 4 apﬁlt tﬁfs 1Hrgntﬁloﬂ T ﬁlﬁh{eﬁ (tg th%se} 0

tetrakl s( 3, 5-di net hyl phenyl )alum nate, |ithium
trafl uoroal um nate, sodi um
The Olt’ MEPEehent af | uor ophenyl ) al uni nate, sodi um
T lohe ¥ Ak HaPA RactHRS tHAfare useful in the polymerization processes with
tetrakis(p-tolyl)alum nate, sodi um
catalyst ectrnp(o&itﬂ(nmatlé ipydcpssesinf thas m,ventgmdypmally include olefin compounds having

from é g E)Z é"tog}lsn?réc:lrI %lg@%é@ E%Lﬁﬂ]g , eélét Gc’rg:g(&?aﬁg}hc double bond. This

1nventlb§"eﬁ@5ﬂ115b§§e@éliokﬂl‘['ﬂpﬁﬂhﬁ:-rlzﬁﬁﬁrﬂ flcées using a single olefin such as ethylene or
t etraki s(pentaf[uorophenyl ) al um nate, potassium 15

propylenst papkl @y icapelmngrzasiongeaciions wth at least one different olefinic compound.
In oneEagf:éq?;B;ﬁag@opﬁgr%%&zg%@gg%%gﬁl of %h%'fesh' y%ﬂoﬁrﬁ% o%(e%yiene comprise a
major ﬁtﬁbﬁl&kkdfsc(t?yléndi (:éw imXbLepFﬁﬁMit) Iai)mdu:m miioe anpohaes comonomer <50 mole
trakis (3,5- dinmethyl phenyl)al um nate, potassiu
percentcthoagh i Shieint FeAiremshi 1§ i CPMRBOMERS ihiesan %%Opnﬁymeﬂzed with

ethyler@Rhb @A dhve frOR thieB% 'ZWI:'a o‘ﬁ YR Eﬁﬁﬂecﬁfa? cHzﬁﬁ.f ul in

thi's invention are not | e to these. 20 The Aefin
I&’cuychar cheliog npolgsmnel tetmisial Ulodyt edtenmda,ctimams biaathedr esubstituted,
useful in the i zatjon pro ses at al yst . )
unsubstgiish Snctighalizathd rr@eéfeg@sonshzqdm % MSFBhPS srﬁpffvaq? eﬂ\ﬁwnvenﬂon
For exéf IE u@glcgi &is aﬂlr& &%{d@ Rl Hay &eﬁ?ed:*ﬁ'u? HPGalysts of this
ecu e an avi ng at s one o inic
inventldm ubd:ladd'.)dmli ard hhiog llmll‘ede’rdl, iopdency ripbutm 2-butene, 3-methy1 1-butene,
isobutygegj&h? tggqt.‘%zg%llée%gr %g%ngqsplgng ggetﬁgpl'gpeggel eﬁ -hexene, 2-hexene,
copolynerlzatlon reactlons Lth at |east one different
ol efinic conpound. In one aspect of a
copol yneri zation reaction of ethylene, copol yners of
et hyl ene conprise a major anmount of ethylene (>50
nol e percent) and a mnor anmount of conmononer <50 nol e
percent), thpugh this IS not a rgqu[rengpt. The
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et hyl ene should have fromthree to 20 carbon atons in
their nol ecular chain. 30 Acyclic, cyclic, polycyclic,
termnal (a), internal, l|inear, branched, substituted,

-hexelgqusuq?t \tél %xeegg 151%5;): Lion %p%qer%, ?ﬁeg’q;g%?tp% nu%tri@%?lgll (I)czteendes the four
normal% gl?ﬁ!sethetfég rﬁﬁltr]xapgh%@ﬁ r A EALAARR Y ALY thd 8 m@?é/thgl%of Cyclic and
Wt

ynerlze talysts of this 1nvention
blcychc neleGoks, mblmldlrw duhotot| limitee dtof ogycpnpentghe neyclahdyemas nagrbornylene,

norbors e e HRE ek 1) S s R KR o e,

In hexeNpedt; REANS, coﬁ@lyﬁaeﬁ flegedifd, 3het ivhomehesieflene may be

1- hept ene, 2-hept ene, 3-hept ene, the four norna
COPOIYmthefrde‘éﬂth @reenfongmer. n By ansithes eapsvb examples of he epsmenpgmer include, but
are not m1 ed‘3 o R%%%be@g;t I%{I%E%’I e ﬁﬁésfe t3:/\fglg 31-![‘%&8& hi%lﬁ?;lene 1-pentene, 2-

pentend,| mrﬁ@hiyltlopelﬁéf&l, opmen@ne,peamb ohdxgeas, mhé)&ﬁé ngHerene, 3-ethyl-1-
nor bor nadi ene, and the |ike, may also be %FEYIZ

hexeneg d-heplsne,i Beptenss veheptene ithg fauraerer OCR%% Yp BPYRAE onenes, or

the fivk Soflfifll dekbhes! NG AR %&L Mgt %Bﬁ'xoﬁgﬁﬁelbﬁl pql B‘ngﬂe' 3€skntene, 1-
Wi th a conmononer. In another aspect, exa 0

hexeneg biootenedr-décend, wastyrdamet are not | imted to propylene

1 %g%tagﬁ:é: % eb la{%lgﬂgte con%onﬁé}eﬁwt dt e(écﬁ nééé%gactgr Zo0e 'to produce the
copolyﬂlef'ﬁ;téé}iéra ly ﬁ%ﬁ{ Lilizt to%@ﬁ?é@ﬁ@per@eﬁi%&%ﬁom@r BRXEBE the total weight of
-I- hexene, 1-heptene, 2-heptene, 3-heptene,
the monhmelf mdr comoenemterodn @nether mecit dher amemingl cpwaveraer, ingpduced into a

reactorgzgf}% 1 ?F%’l’ V(ﬁ%f] 90[3 lfvegéi}? ggx%ént p&tep %fq ﬂ?ﬁﬁfﬁmtﬁe‘? %Spect from 0.1

to 35 weightpé&cent -cdﬁﬁ)ﬁ&ﬁer IBdsed by ﬁlﬁl@tal weig e f dgp@ohomérnd comonomer .
anmount of conononer introduced into.a reactor zone

Alternadivgty, @@ ameunt wisheipatie givesthy sheyeaflgsgribadyangereations By weight, in the
copdy$ﬁ£gﬂku&%&%ﬁ@£a&&fvnoner based on the total weight of

nononer an conononer. | n another aspect t he
Ahilé hotdihtending o be bournt b)otdiwcthebry;mdhaeﬁsﬁt thet btaochedo mebstituted, or

oot b T b B Euae P SLTE R b ey v
and/or SRIWP ﬁﬁrﬁﬁﬂylﬁ@ﬁ%oﬁ HroédiSs.t Thad, BMeABBY aRd/of Bﬁlﬁ%&ff&i(sﬁﬁﬂthe olefin

conmononer. . ternatlvely an anount su Icilent to
removcgi sandvlat fivov ehedesbori-basbore doedatbond ivedd bgt beeexpectedita hinder the

reactlop AR etpiia()po' %%Fglgpr od ugle §9 ﬁetguft-rﬁ g?uatéw mo?fh gp tleattC to the carbon-

carbontd%blemo%ﬂ(iﬂ@ﬂt EUbied dshedteat leddt on Geaktait Forahebatdigst compositions of
ol efins are used as react ants, it is believed that
this inveation i sthwlgsee senyhe rplpaerizationyr arg| 6ifhern domopolymerizations or

copoly%%%% n% Z Wlﬂh? %t @gﬁ%ﬁﬁf aC)TJf m;mel@ NGASHnAN di/n%'?neﬁ Y9 rie&r branched,

lon(s) O d so me
substit@tﬁd,hﬁnmﬂfshanecﬂoﬁﬂﬁh e Iip adlrﬂnm; uthel catalystomnepoptions df thus invention may

i nd r t he in the wa at . the sa
be used iRy pEEAVIENSF HIALR LR b el bus Rel Rafebie: T3-butadiene,
isoprerfe| Q%n@aﬁ%&%%‘l@h&&@nc In one aspect, at |east one

réactant for the catal yst conpositions of 25 this
invention is ethylene so the polynerizations are

ei f her, ho ri zations or copolynerization with a
Prepaxaqnp&féﬂe Egg\jﬁ){@mﬁ $9% " terminal, internal, Iinear,

bk A6 AGshet, t§1'd BScntibh %ﬂeon%aséh@%l&%ﬂyit hghositieh kzﬂmphﬁng the contact

addi tion, the catal yst conpositions of this invention
productegf a first metallocene compound, a second metallocene compound, at least one

chemically-treated solid oxide, and at least one organoaluminum compound. In another aspect,
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be used in polynerization of diolefin conpounds,
i ncluding but are not limted to, 1,3-butadiene
i soprene, 1, 4-pentadiene, and 1, 5- hexadi ene.

Preparati on of the Catal yst Cbnp I n one ct, .
tis. inppGon FAEREPOCb BB pe SbamaKOR, y§?taB'8W8§}pf’Fg‘ R icompassing
contacTRY 'ﬁ?étnﬁaeﬁah%céifé%é}ﬁ{murﬂr Quedon@l nRtdllobdle BBMAMINAC @R Eleast one

compound, a second al | ocene conpound, at | east one
cheleaHEmeetﬁd Isghd pride.cd sbleast opg organoaliatinim Feraeeungni@ any order. In this
aspect, ﬁ?r? |8?1 nfggtuég ac>2§16c)§ nemmgé'%? ﬁl; kc?ﬁa@%ﬁ:}()m%§ enﬁ a‘i%I bantacted in
any sequRAVOS dril@h enconpassing contacting a first

net al | ocene conpound, a second netal |l ogcene conpound

dn arogaer aspect o ethisc Aryoption.e Hice dirgomeipllggsnge compepngy the second

r I
a9 o 508 8708, 4L DO e A Bl mnamer, o
necesss)ﬂy aheneldﬁmﬁdnotﬂme tcbd pdlysierizaiypod em bezaaodueomniacdoathlysh for a first
y sequence or, or I n_anot her aspect, of. thi

period 0§ PO 14 ﬁ@t?qtangttﬁmrswn&?e&ﬁiemeﬁﬂrﬁ i, s, ey yeated solid

oxide. THi 3ht ASHRE ®O rmewa&mcpaf RRfenfor 2nfRt, [ ROPrdbntBt time, between the
precontacted with an ol efi nic nonomer, not

metalloveve seamidupd t bie colgoindsrotherrelefints beonovieymand zébe, Omadoalummum

compeBy BHRETS A RYRGRE B B0 s D0, Bhour s it

Precontdct ime§ o qfﬂhﬁﬁt'ltbé’tot seatimdesat allo tgpiea de. | n O n e
aspect, the flrst period of tine for contact,

riner@bmogw agpagbof @a%@ﬁmh@weﬁb@ BicPacted @@ﬁﬂ@lﬂfdh%ﬁrst second,

o b MO LA TR o Pkl oy b o

with tie0 U]IienﬁloalEAtrhﬂHdl Sohdim;dlder dm; @othpbsitidn h{fmnher somppsioglthe chemically
cont act, tlmeafromlom utes to es ar

Pr
treatedzgol Y45 GnfeTmiEN (YPOUDITIE HOREL DIPIEHYS terRralfoRgied mixiure
may oﬁﬂ)‘fﬁllﬁ be aﬁ&v@%tl‘@ﬁltaﬁlqn%ﬁfaw Br RkedoRg pkiib® bi tiRECBE Postcontact time,
both netal | ocene conpounds, olefln nmonomner , - and
prior t® bga,gl un11a1mgrthcrpelgmnaatmproeﬁss: olnt mtasplect,\memomh@t times between the

precongqcﬁag]t cal l aﬂsi) (i?lg @hg%ﬁ%h]%ggﬁi F)gfd%tn':l: o%o& & rrpeafrom 0.1 hour to

24 hou@X| Iﬁ%oﬂhér @é&eﬂn feia@nﬂ@ Spozfohfact @fedfirdhU0.¢ hohyi €ablyare typical.
t he postcontacted m xture may optionally be all owed

tlo enenashect rihe amecntacting, despastnentasting Giepeofort hatl mashéncrease the

produc? Qrﬁ% o?rﬁlg }&&eas c@rﬁézﬂ&i‘l 40 REIAGe! &%zﬁﬁs@tdo ogllﬁgn that is prepared
n oneé aspect,- pos

without i piESm’ﬁl&itiﬁgeﬁr tﬂiﬁtcﬂﬂtaaﬁ@onmﬁteed' nietther ea qmebohhietmg step nor a

chem cal ly treatag SthId oxi de may range in tinme from
postcoptagtingoyigp 416 reqpuref &oft81s INYENEABt her ~ aspect, for exanpl e,

Oﬁogﬂ)ﬁt%tea 'nﬁﬁﬁlré AP HE hdatBPAY a feh tpsl.ra'ﬂﬁlz’ bn@F& o HRAFA sufficient to

ne aspect e precontacting, the postcontacting
allow zzise@non,rmwgmamy or neracidm dfiprequnbatedtmixiurg and thBWbemically treated

solid c{g(ﬁl sxllcgl tggteég .ar eq%lt eg S(E}pgci}fegtge ?.Fftgtgpf%sg%lgt% ix ure % 1mm0blhzed

adsorbB@SSCPbGtdd! tABreohioVIRY &kamPRY, kit postcdtREANBEG lileNBay bE Meated from
nor a 25 postcontacting step are required for this

betwednn0@htoi b50°FTHempestwenbeterend 407K tau P& harg tyydcal ebthe enisture is heated
at all a tenperature and for a duration sufficient to

In one aspect, the molar ratio of the total moles of first and second metallocene
compounds combined to the organoaluminum compound may be from 1:1 to 1:10,000. In

another aspect, the molar ratio of the total moles of first and second metallocene compounds
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al | ow adsorption, inpregnation, or interaction of
precontacted mxture and the chemcally treated solid
oxi de, such that a porti on of the conponents of the

precaontacted mxture is bili.zed ad
combirled g 1o GETORITIBHA cPEIPOBRLREY be FPRE 1 Jgl B3 DGingffh anoter aspect,

from M%Buﬁ%ﬁﬁyrh'@?e sk eatids RMAGnhd elteesnh® fothPmbRBMPf first and second
Tenper at ures between 40F to 95F are typical if the

metalloveng comepduads eembided st the It¢tal amplmh ef ergpeaaiyminim ¢ampound in both the

preconf?g{eg H“ég‘é‘% i ilOt a%tﬁ?riggé?%d tﬁrg § %pg %}eﬁe > g(r: ggﬁ oal um num

OWHBOH @%cmcth% $tEP18 vked, %eﬁer]allﬂt Oth© @blard matio af @ldf@r monomer to total
aspect, the nolar ratio of the total nples of first

moles aidrssanbsrsontmatalloecns coppaperisrembingd ip thcoprseoSEEtecmpyiwre may be
Q n e from1l:1 to 1:1, 000,

from 1{(9% ?%ai%q E’%Pf{;oglqg@?fqg @g(r)nql 1 to 1:100. These nol ar
rIﬁtahﬁtfhelr &pkaaif thisénveation thé welpht tarioadf the bmnmﬁlljf treated solid oxide

and second nmet al | ocene co unds [ to.th
to the QRARPAIRENE COFPBHYLAEA BRED FOPE ok R Gnd - bodh Aaper aspe, the

welghtWaﬁg Q}rfttgg Eﬁélnvﬁhw WeBte@ AN I’b@(lcﬁot%t 60 Wr Sdto8RiniThth Wohpound may be
en a precontacting step is used,
from kgEtterlaOHyandlhqenmkaherraatacbfmﬁn diefo A0dononmer to tot al

| e f fir nd.sec ta c

dBiacirBer oReqting T caGAnae B I TR Sl B 4 gsopd tallocene
compobiRdslQPIRY t thOEhdntiSdllylisaled: 91id oS hay beframotl hetb 1:1,000,000. In

aspect of this invention, the weight ratio of th
yet anethemnsnsrt 9f thiednventien| thy wg%ratlpooft the ot apelss eﬁqfﬁﬁé}nand second

npQ oM t

metal GHEIHAR R GBRfrd F Tt RalBy: REeqenlCofe it sy be from
1:10toS(Dillod Oomﬂeintaﬁoﬂhbleaspé@aﬂaal 120 e OOpound rray be

from1l:3 to 100:1, .and i.n yet another aspect

rom1:
tQnes@spect phthis Aepten i die u‘%‘P"’Eﬁ%ﬁes‘Sﬂ}%éﬁ‘i‘PE‘fﬁ {opn the catalyst
h he, f d1 al e ducti ts.
oo ANEERLE e iRl A SRRt ppivcion s
Accordmglgl;a imayndeaspeaymthie Ipresent : ihy@0®n00an W PngB t}t‘:moptgmoalummum

compopigfnfchg icbemisly TSRl it 48 Hhate Jllpp!dancs. Wil not

mtendﬁl@'w‘%' dand By RS if B veligveansm e blganbile@iRen $8hbsunds likely does
oXi de which may beé from 1:10 to 1:100,00, and in

not actiwatst the mesallosene, catalpsiin thegame manpeUs an@agangeabnoXsNC.

R RSTA) S B L ARARISDE 08 O B e s

compokRidh WTehis adentibh Oalthoughvaluniinbyaies, dpgaboionaongshds, 1omzmg ionic
Accordingly, in one as ect the present i nv tion ca
compoyads, AISRBOTIH EOBPYHNIS Len 3y cg Arrhess] can optionally be used

l; depiythdrN6h YR8 SRBECtOkocatalysts such

in the ?ﬁ%ﬁls‘rﬁggéxdg)( e%ﬁﬁ)&h?{jgﬁ%ol{lpenﬁﬁitlend% to be bog d’ b())/c'r:1aySS Such as

alum1rt0h&m:rsy orglanobosoxb ebmpwenst imatzmgmnm ganmmmdm erganozinc compounds, or
not acti cene

iy oSSR B Sl S2%R g SSRGS LhPSE08A mtaocen

compoffigy, telltﬁé}ai{nl tHhe tp%%eﬁéép(ﬁ'ni‘ﬁ' tHE abehad 8f fRNIMRHTIEHyOireaMiCotid oxide, and
are required formthe catal yst conposition of this

either inrthe ptesenve oalint theabsenat aftha oxganesluminuya cobpeEds.

ounds, .ioni c i
g@%ﬁ t t éysqglf{lxgﬁyof tg%?tﬁlg?if)ogﬁﬁ??}%\Feglégﬁgsgﬁblgglly greater than
or equaPlb Oﬂ@tﬂ gfalb@ pbiRdhylene per gram of chemically treated solid oxide per hour

(abbreviated gP/(gCTSOhr)). In another aspect, the catalyst of this invention may be

characterized by an activity of greater than or equal to 250 gP/(gCTSO:-hr), and in another
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in the catal yst conposition of this invention.
Further, in one aspect, cocatal ysts such as

al um noxanes, organoboron conpounds, ionizing ionic
conmpounds, organozi nc conpounds, or nbi.nat i

aspect{ARCHBOHY M aET ORI Wt AR GRS nn il cnoti aspet, the
catalys§ 5F A€ RS BEGBE cHEQRRRUIESY afabliify d0pichler B TR 2G6l o 1000

gP/(gCTRC0K), and in3@néthéhegpdch tieaduivity €of redteri thanher equal to 2000

absence of the organoal um num conpounds, In one .. )
gP/(gCASeeld., iThis eetivilyy st measyred tyndsf sty ealymeyizatie copgdigions, using

b Py G LG8 B s 2 18 . ctn
pressue0dfi G50Xisihe WRE réWtdr sho@ldieavisabshtali (@GhHAgY of kfly wall scale,

_anot her ‘aspect, the catalyst of this invention may be
coatingpranthestfermyelfopngwpananaking thess mgRpEasnts han or equal

t r)e, I.A::AN0 ,

15, 0P B STRE BB b B g e
compoliiid,s tthd | seedalt hﬁdstalilbﬁq&ﬁet comﬂnmn(cjip gthal g/hﬁmicafllyt-ﬂm:askedf solid oxide, the

i pvention may be characteri ze an activyity o .
organcg RgiRER ORBRIBS, WGURE e OB Eg EPERRRllY. epiognjocted. In this
aspect,?@ﬁttétg g.ﬁoy ﬂgé%/@ﬁtﬁe:tir%no&%é WithYanObleShig dhSfonid?aRt i9mo€Abissary that the

(gCTSOnr) . This activity is measured under ]
olefin stamomer peddy itethezprecantactiogditen bhighe samegs the elgbnttarke pelymerized.

t he dil uent dwth a_ pol rization tenpe (e of
Frthetfcohe ditch it g1 eechTiob ot “Brondsyb RO RHET of he catalys
compoh&@§ ismSibidl fr h @y peibis bfhe ptiby tHi preosiita@td mixtafe ramybe used in

wal | scale, coating or other forns of fouling upon

a subserienh Postaeriactingzsten betvgen any pthet combingtiem et catalysicqonygonents for a
hi s ,i ti ' [ i -
ccond B DGR g B EOELAREA A s - o
be use@ i Pusrdntating: sthye foreafidsy périceld faing cinid dhispratentatied miktire can then
or ganoal um num coppound, an th oIFfin nononer,(gan .
be congasiechithi the IskerBicalip fteaict c@lid  qxidafos foxm Spsicqpfasted, fyxture, that is
{ @bt i b ihPith tratidd rdaStion. 1
o1 SEORTSRGE Sl i BB 6 BT etion. n o
aspectp farceaingld,i thg fasepetial olidigafer eontadieths] piecontad tige, between any

.paly jzed., Fyrther, in one,aspect,, n a .
combi b o o5 P e SBE TR pampoune, the oltnic
monorfid! 3he ShemicAMRABABA So0li8 XM, Atk Obrg@ndalubinuRetoBpodld typically

time prior, this precontacted mi xture may be used In

range frma 0d Uissie tpu @dthourse sed Gama 8t ieg 1 Spepisherisle Arepeptast iwes from 10
. .cqonbjnation of catalyst ] ts f .
i SRR LT AT KEATERIEH, BellaS6 A mey oponaly
be alldvaddab tehaindipomact for arecchd hrxed of dar, tHeeposteentactntirae, prior to being
. .. precontacting step for a first period of_ting#gand
initiatingitke pRlWBSTARER PGSt e AaREh HRARIcoBCldiREsRarwerT fhe Rrecontacted
i | ' ) U610k %n liMHEm 0.1 hour to, 24 hours.
mlxm%g‘gfi %gg%@fﬁg@én‘%a iat?%strt ggm? ﬁ%én?sl 1g%rcorgtE acted for a se?él ond o
In another aspdctofortekampley pastcontact tines froimng. 1thoer ol ynowr arg dypical.
reaction. In one 20 aspect, for exanple, the first
period of time for contact, the precontact tinme,
UtiliyP5K (He €2t AP CHRPRIAGH iPPolynerD&tibh PrbeedBisal | ocene
conpound, "t he second netall ocene conmpound, the .
oPdfyineiizations meingrthe chtalystsenfi thisl inyentioazgaadbesenriierd ot Meany manner

and t he organoal um num conmpound. t yvpi.cal | n .
knowry 5 6 et S8 FARPE AR PR AERy the, pETAR HERRY 1o stury
polymbNRIteRs, - gk a8 balinekizRshs| k610N polyhitiizgiforisp add the like, including
mnutes are also typical. In this aspect, the
multi-regetor g@mbj@@@ulsﬁhggpw‘f eThﬁya@bpqlmp:pa}zon zone known in the art to produce
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25 be allowed to remain in contact for a second period
of tinme, the postcontact tinme, prior to being
initiating the polymerization process. In one aspect,
ostcontact tinmes hetween the precontacte m xture ..
ethylengr@niayng sﬂlamﬁrﬁq@ngn&%%%@- £ 8 St feafigecan,Pe utilized for a
batch frbd8s, ook AP RackionUdh bk Rartidd RBHESHinub kSRR R8P r&SRB G in a continuous
or exanpl e, postcontact times from0.1 hour to 1 hour =
stirred aeaxtdry plrc ahe aggect)tfor iekgmple, theep@amatigationQsagitoni eff s inyention is

. Polymeri zation Processes Polynerizations using the

carried oy %/QJPB r‘if’fc%trhi s invention can be carried out in any

PR Qatal Yo Q¥ atiBn,t D @ataliykt. compobitiof iy Bidl tddonWpolymerize ethylene, or

processes include, but are not limted to slurry | ,
copolypistigerethiyleae voilsa ceraenqurers dn o aRac ZayPisakpolyppiveatign method is a
sty T HT 5 U5 & B W Blhcoy, whih s vell known in
the artP@ldyiRRIisclarkil Ofor Zaa@plkeniavtd.S. Patdne Na. 13,248, 1¥0p e is4BEorporated by

et hyl ene-cont ai ni ng polyners can b tilized. Far .
referengg Asime in U Qi e TP RelBRerZafiob@etioR PL Pespnizvention for shurry

t 5 Dying" BRE bF B R6106AhiTEY. Piént No. 3,248,179,

pmces%gr??"lh%h%éagﬂéﬁ?’w%g]lbglg{)éar eact or tgﬁgldn 3 colnti nuousn ° o
and thedd utilikdriaaec phmrality rofostiered spadors dither éx aengpdse pataHel, or combinations
ol.ynmerization react.i.on of this inventi i carried. .
thereofy yHepein ¢ gegop B goEaions s e Fenh . (ks iy, Sich is also
incorp&iated by SErefEP Asleld, ANitd Sntkigtgd t o honopol yneri ze

ethyl éne, or copolynerize ethylene with a conononer.

IIn owrespepepelymerizapiohdeainperatuyenéer thist ingentiast mayl rangegfrom 60°C to
o~Slurry polynerization process (also kno as the o
280°Cpad fit oot ??r%?Pﬁ?toE%'é’gseﬁ%ﬂncWaét?Wpe R fangf drom  70°C to

110°cart and is disclosed, for exanple in U S. Patent No.
3,248,179, which is incorporated by reference herein,
iThe pslyaitizatiiny realidre tygicdllymeciuratin am iretthedmspliere,hthat is, in an

present invention for slurry 1 rocesses are those .
atmosqiys SPFBI Tescp orasry B ity HSBYEPGROS us qorigpssthus in the
absencgﬁtff\g e\ the: R4Gioh Tegins@ MPhdrIBREa W, | né® QirhspBere, for example, dry

Ity of stirred reactors either I n series,
nitroggnaoralry etgongis typicebiyreatplayed in thegpradpherization edagtorhe
reaction conditions are different in the different .
rﬁ&g?‘b‘?@:@“ﬁ%o@ﬁ% foéll Qrgssure can ES ARy é)d'eﬁ%}rer{ £ %Ei,? Créot.termmate the
polym&8ZafibR reddBioh,! SndeRltypRANy cbithieR@ APBREsurd AlghBE Haaahé PFetreatment
tenperature for this invention may range from 60C to
pressutks. 28O asnset, pplyatesizpiéon prepraees, maoby frep 2fpespheric pressure to 1000
. eacti on tepper ce.. .
pie. ST bR PR IR b S00E LA, 50 pik s runtr
hydrogehnesp benged tifiathe | golyrhérization airovsp hdT this irbehto ital control polymer
free of oxygen and under substantially anhydrous
mOIGC%l%WP%hbns, thus, in the absence of water as the
rlecﬁ%ﬂslqiht{ﬂﬁg 'ugiﬁ td gﬁtﬁlfygt’é Fahid! Mverlt dan HeRSROEH® in any manner
for” exanpl e, rg 20 nrtrogen or dry argon, is )
knowrt inpthe att] Suelrptayesds that tdrepglpingries imoaomers integwlmers Timdude, but are
. p.(ﬁ)elél%/rrer i zation r.eaction pressur.e can tbe any .br esgiur & izati d
not lirgifegy O RIWEY RefymeBFaIRE: BstRaSe PAVIRHFIULEE: SR oAy Tgfizations, an
multi-RA&o Sorh¥iRhiEcHs therE AN ALk S£hy3bol imBYi £HiDHZBnd k@AM it TheMrt to produce
the pretreatment pressures. In one aspect, .
olefin-poitymirg pelyiors gan dssuitiesd. nligr peanmplens stiressishetpr ean be utilized for a
ressure, to 1000 rig..ln another . .
s GRS Rt S BRI B8 hagngeptongin  contnuons

stirredPh&or. FIYpid@lly, the polymerizations disclosed herein are carried out using a slurry

polymerization process in a loop reaction zone. Suitable diluents used in slurry polymerization
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25 hydrogen can be used in the polynerization process
of this invention to control polyner nolecul ar
wei ght. Pol ynmerizations using the catal ysts of this

are wel gg%lltlg C o b$ alci‘gie %{(ﬁ:ﬁ%bogg Hv%b%} gl;ﬁgfqlgéde Qreachon conditions.

The telln'i‘t'tﬂhféﬁ{“ydi‘%fséd i igiSclod dGdshot R8destarily hiln be 1r$drwhabér1al as this
pol ymeri zati ons, gas phase pol yneri zations, solution

term 1spoieymten0| ineluilo nempaviis Fmdnesmnositions that reBhBAEbYIS POIYmeflzaUOﬂ
[
pocess B 501 b o BV RORTBRIE iR e ARSLPONG ot v
cyclohbidnk] #6Butali rn-B%t@ﬁﬁﬂ;ﬁop@eSh*p’ehﬁde r Bagdntene acopeatane, and n-hexane.
utilized for a batch rocess the reaction c?g: 1 thi
Typicablr isobtangtis ceed i a5y s ipen, 1 4 s rB%léffn&PZ%Pnr n yamples of this
technoFogE}t A “f&Hﬁ R %%teﬁl?%g% 428y cald0¥,885h9 613,484; 4,737,280; and
nerlza i'ons"di scl osed hérein aré& carried out u3|ng
5,597,8923 batrhrgfwkﬁdi jsrin¢drpatied by peforase hémingin m)ﬁpltfmmct i on

e s o L e Lo R B LA s
polym&¥4 8ﬁ %Q:@(ﬁsoﬂ"ﬁbl?ﬁeﬁEﬁldn' Reéer Ypdah 1R idthe art that is capable of

con |t|ons term luent"  as used in this
polymeinzang odefiire rdomsnemtton @e:ukslsarhqnyombaneranoru gepelymers of the present

vendh St 53 SomBT M TR BB BRTRIHAE actrs, o
any cdhBIARh thEXedf PGS %fas@k‘éiicﬁﬁﬁﬁ:h&@ I&Smbﬁ% ﬂaal‘zddebaais&dctass or tubular
di l uents include, but are not limted to
reactorsy Ylme xepaters pasoeareRIise, verioaliloghe or ?fé%?é lofi'Psp Siotufjpm, reactors can
and n-hexane. Typically,
compr Sggﬁggéﬁgﬁ%gﬁggg%aégﬁﬁe diluent in a slurry
PRy ietizatidhi reactorsaitgile forahe pi‘ﬁssnt inveayition lcoy gompese atulagbt one raw
in U S. Patent
matenlalnfpgc} szsggral, %ﬁaas’?%%gé‘qedgégfegg H:a )9 ?ggta]lygt’ golrgponeﬁfs at least one
reactot @f&érﬂoﬁﬁﬁ&gt B¥e ol &%@0‘;@% Qyftemi Br lahy sBRAHIE Rothbirke@ibn thereof.
oses of the |n tion e term polynerization
Smtabteeaaattors fon cthmplmeninyvenll@n panmlnarmmme By ENey orggombination of, a
catyBARRE.35 SFES i SR Bt e S, ora
control YRRR| $G&B{ ﬁea@tbrs%&ﬁ%ﬁﬁﬁ%@ caiftinubes pkesehind dirvertyding of catalyst
Stich reactors can conprise slurry reactors, gas-phase
dlluent, @ad polyser.s Gieneraly, qoatiyQys Procgpses aﬁy‘:%mﬁeﬁh? PRyRInuous 1ntroduct10n
reof r [ | 1
o 5hEE oG5 RSO ER h0 p APRE AR 52l G o
from tBi3FEdctE ‘a%ﬁipeﬁﬁbn conpsising pdﬂlgmez partiales hobis. dllseﬂltut | on
reactors can 15 co orl e stirred tank or autocla

- Belomsrisationgpasie /2SS o tRoRreresl Smvepiien fin Qrgrse B type of reactor
d ORHes dW react ted i
por LG A AETEE, SRECSREERACh B O s sl i
parallel adrainy sdriesr mttmlqseacuurqyewmt@p eamprisgsteagiars corageted fogether to
tem .at., | east aqne mer. recoy S
perforg pRISBPUASRG e (HGFBT. Corath B PUSBeE bl Fpolymerized in
one rdaB®r Rh8SESte e \GERbh@fofa Anll Uhdh e SAIVMET S B Yrafdferred o a second
conbi nation of, a 20 catal yst storage system an

reactoeﬁqrmgmrmnzaycsn emﬂeradd&mtﬁgt eficonditions di | uent

cI I ng s t
B0 PR AL b 0 i o
one l&fp §lﬁ¥r§| Madtor. Huch @Bicto ndte aloyiein tieeaerald! gan comprise vertical or
cont i nuous pr ocesses can conpri

e the contj nu%
horizanial loenset Pegh logps garenTBpise, @ ingla lgPp ¥ & 855195 &1 dPPRsentuliple loop
reactorrégh%v g?lﬂglllélen%thzéetrﬁ&n D dnfafi2bn@Dthdpi® PRNEHRYOBblymerization can be
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fromthis reactor of a suspension conprising polymer
particles and the diluent. 25 Pol ynerization reactor
systens of the present invention can conprise one type

react or r i pl e reacto ns .
pertors g BN GFATIs oveot b Domsee ‘e BeByEiEH oo st aples of sutable
solventR@h8lubi&! buinel hegfel &Sclolbitank Pl8tah&agdd lisobi&h& M Muvkbmer, solvent,

conpri se reactors connected toget her to perform

catalysbfmdmafrqomnpmnr ar@rconfelawdwied tra logp aeastr vesHhpelymgrization occurs.
ner c r i n I
ptyn G 0T RARE-IRG ST G e e o

removd thasslierekiad to a second 30 reactor for polynerization
under a different set of .conditions. In one as

ect of
fmeeq snppihiariaspect ohéhip ewmn, 2%& p@ﬁmeaetoarreést%& qoupprise at least

t
one gaérzglggé% '(r)e:aée.tog.r gluglﬁ§ steq?%@atnhe ar C@ﬁ@g%cgplﬁsgg&ﬁ containing one or
more mi@iohiets torinuotily icycind ahrobgio fie. ﬂlﬁdm’ad Ibecb ps tb&aprescm:p rof she catalyst

a.single Ioo or a_series,of |oops

| e
under Gol3BERAG0B SANG Y 106 BORIE et B3 DERTHERR, ffPRRe fuidized bed
and reég@ﬁ?%acgﬂﬁo SHeUehdto @hxﬂﬁ%’e&%‘h& Y1yt PR8duct darPbe withdrawn from the

ormed in an organic sol vent that can di sperse the
reactorcat alewsir feashl npwiopres can bx addsidde rejflacsithe aplymeriged monemer. Such gas

phase {egcétB{f? %ﬁlgggxﬁgt%gn%%)r(oacggﬁ' @éﬁfﬂlﬂ%hsgxan%gl%a%é %Q?Ymeq{%gtlon of olefins, in

which ©RITRE QGFE podyrBeriR At inNthe Ug‘ds%lfsephat-s@ il dt degst rtwacﬁldépe\nﬁa’(tegas-phase
pol ymeri zat'i on occurs Pol yneri zat | on can occﬁ%

polymérigafiers nganest whils geding e safalyst-cralgiing  RAYPEe “B%Fh in a first

gl d resin. In yet

poiym%fr:zg{ #@?&ggoég?w%fi p ol sﬁfzheg?gon t he pol ynerization
neagh anotharaspacmmf Itlmmaéntioaaﬂt pol}nﬁergm'somi’easter camodngprise a tubular
Such systens can enpl oy a co uous. recycl e str

reactorg o MR TG0 8HCC By AR PLIYFSHG RE < CARIERh GEGRIRY: 8 BF dapployin the

catalysish[)fgf’cgh tLﬂ@df P'c%rﬁﬁﬁh@ﬁ Golyindri381iH. € SRibur Gkadth® can have several

{ er polymerization conditions. The recycle

zones where aﬁesh amnbmew initidtosspror catelystshee addeiddiMenpniyan (e gnttained in an
recycl ed bac e . reactor

et ghPY RS GOt PRI e HIRE AT T IR PUYBEo ceghgs, andor

catalysD8¥mPénchisamhl HERnaERed G628 gﬁ&o@g gechnt and Bittoda&edt d@nother zone of the
pol yneri zed nononer. Such phase react ors can

reactorg &h@rgas streamyy e drfermiged ﬁnml)&rwe@hglaﬁ% pressure can be employed

fins are

o B8 ol Lo KcaLRAIUL o o

Iiﬁ%b&ﬁﬂ aspecy ab thehimsentiano khenpslymatizaionzeadsr vdi b@nprise a solution

polymerizaon fasiqsol DHERE SaRHGR DAMRC PGtghetbe dRapomer 15 contacted with the

catalys’P %Qﬁﬁ@g ﬂlgrf"f)*' gﬂltﬁﬂf Stirring ot ldthdr AERE hgrcaﬁ%&%&nﬁ?fs;ﬂghﬁl inert organic
I nvehti on, the polymerization reactor can conprise

diluentt etbertcass mosamencan belemphryed eHedesired, dhe mmlomepwlay r’ﬂ@r@ought in the

vapor géts% frgtg f:én é}‘é)?ilelﬁl}%;ptat?i)tgiﬂzorg%qm&l&g&mcggp ?l%enplgsence or absence of liquid

materiflO'THEDblyaRiriz8fon 20HRUb AlaidtAA6d AtEmpaatREVAJITRYBNRE that will result in
zones wWhere fresh nononmer, initiators, or catalysts

the foramation dd @osolwtfmno@fetﬂle calyngs inr reagtinsdmedivan  Agitatiay gan be employed
dunnggigslou?'lz%ch}eaﬁ ?a n %r egu?e??%e§§uét%gfcgﬁﬁgp z{?ﬂh ttg(:“mau'rtaln uniform

polym&BAHER ﬂﬂkﬁn&&ﬁrdﬁ@h@tﬂ&h@ pﬁ@dldrﬂiat&)rgmo uAdamaemm chre utilized for
i ntroduced at anot her zone of the reactor

dissipating eheraxothesmicriieat o pabymerizatigny \he Ppimerléﬁlonpr@a?)e *hiacted in a batch

pressure can be enpl oyed
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appropriately to obtain optinmal polynerization
reaction conditions. In another aspect of the

i nvention, the poI ymerization reactor can conprise a
sol ution nerl tlon reactor.. Durin [

spl ution
manne, F fid FPHBR GRAFIOF GAMSRIISE Aot R gtlgest one separator
that en'frir)e #yR3 Iy &é&ﬂﬁoﬁdtlbﬂ'})r&\éu@% bt fikidesitdapotymat her
ans.c A carrier conprising an inert organic diluent
dn adughgsaspent eidc mamntbm dreppdymerizakipn deasiar systemran comprise the
r._can_be bro the has
combirg B BE P i ekt breouti el PERmsRIRNRyBlfeggiors can include
severalM86 A 16t BRSRPaRteolYthétidation RIS Mtercoitected by a transfer device
pol'ymerization zone i s maintained at tenperatures an
makingit ostible Jo ttraasfenthe polpmenstresuiting fromethe dirstapqlymeagatign reactor into
|
v s R 5B RGOS on v i
from tlﬁ&bﬁérmﬂge-tdxﬂitlmﬂ npehabthee rewtirs.olAlendtivelympolytr@rination in multiple
uni f or o) merizat i 1 Xxtures throughout th
reactorp, G, ks s noay ﬁ@nsf%agg YR Ao 8acp] 1o SBeF G reactors for
contmlﬁz'd%% r?gﬁé ri88or. h§uc§?‘1@% 6fsTaf ig@le £ cBﬁJbYr{Eﬁbh ¥1ﬁ,‘lﬁcﬁﬁ‘g bhPfot limited
I zat1on can be effected in"a batch
to, mul‘tmlm dogp omactors, andtipkei gasoresctarsy mecombih@thneaﬁtlmp angh gas reactors, a

e a.series of a ast _one separat or ,that
combig iR /e SRR rERits o RYTRBW PR INE B L pbiHEfeciay mutdple
sozunoﬂe@dcfo@si oP 8luYtiIE autbBlade fedétbRer aspect of the invention,

he pol'ynerization reactor system can conprise the
e’b&ﬁilth%@@l@ﬁle@f arg peodcedrihey pandea formed pite Yadeysontigles, including but

r t [ ev, I
not lngﬁél&/ g‘é Sho'u%h%}ﬁe é:'gﬁ a V(\%seggtregélgt gﬂﬂl Iﬂ&!l duc Za?ém%’ fakP'tanks, pipes,
geomemBatitqramdiliifety. cVaneet p:dcdfsyesacetnr ﬁ)hﬁfthéSedamclesa tkalhyg additives and

possible to transfer the pol yner esuj tin om t he
modifigr e agslod ypnthg PAFTIGh 1t @5t 9 ProNtds Je?‘ﬁ%d < dﬁy &g jhe invention
describlll iefES laftfiesR@h i t?e%b&lﬂ:e? apg! Il(;\){fé? R8stl Whidd frafiftaihih@ most or all of
reactors can be different romthe operating
the uniquapliopértins ool yiers prdvhiced withtrogtallocshe Gﬂtaiasts vely,
pol ymeri zation in nultiple reactors can include the
manual transfer of polynmer fromone reactor to

EthyleiH %ﬁ%@@%éﬁﬁ%ﬁqx&omﬁg 1919 Mvenwed pol ymeri zation.
reactors can include any conbi nation including

bEablqsdt throught&and the Empﬁsmrevnﬁe olptarfen teapalyethyleng msaﬂs produced
using %@ cg[aﬁ)%‘ftng 8%?% Cso(g?3 nsaf.ng\gléltu%}; aacl:l gf?rs %gls'e&gfeu% %@s‘iltlso f)ﬁyduced using

standafde € tcofrparikit & cg%ysmrcdnqmmtioaaCt Oalle Mprbvigee a sﬂhmmtyo of catalyst
reactors, or nultiple autoclave reactors. After
pretreaopharld ADIE GERIE, o BHHGY 4 LamPEnTST HEd 1 PSROPGEnE sep in
thepre@éﬁtb@t&es including but 15 not I[imted to, household
contarners, utensils, filmproducts, druns, fuel

t[&lrlkﬂymmzaﬁen ruf) egfirggriar firse anetalhetehe, nersCsHEBWGUE], (A) alone was
cesses can formthese articles. Usually, .additives

condudigstibeospist (1 BT Z el Wesl £ha fel rpﬁ*é}loqeﬂe & éany o the Examples
prov1ng ﬁﬁ\:/ﬂe%g e@' Erclgg a%pgﬁohgab@é ﬂé'aﬁt? éb%db@“%g' %ﬂmaet oracontrol by

Rerern PErtl cles can ely produce
which toRipagOthe duﬂlhkt@ll(ﬁ&hﬂbﬁhl@btr@mmﬁitloﬁﬁ aII of t he
un| que properties of Ip Ierrers pr oduged
Is

rthg mmcﬁ rcamsamgzﬁtes meﬁtl}ww&q én P@b%ﬂbzﬂle 4y sqmbined with
the ighE et Il Sr e B ARy oS eny e’
9-fluoRhffH&8Hium dichloride (B) was also conducted Tables 4A and 4B provide the resin

and film properties for polyethylene prepared using this dual metallocene catalyst. Thus, when
44 o
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using the catal yst conpositions of this invention, and

for pol yethylene resins produced using standard or

conparat|ve catalyst conp03|t|ons Table 1 prOV|des a
ynmmary of catal yst 25 pretreatne

(n*-CoR P BURALSD avep pambigd ofitd mstaoRers uah GEBY- -rded 5 & single carbon
atom, rec?%‘rét 1an%;|{ P%ln ra%ﬁclbe@acﬁér&%dpf)f Ce? %\%? l‘i\fﬁo (?ﬁénceompared to using (n’-

CsH, ijz&cf;@lr&heBuatwoGthtélﬁial@IdeaeastD«,@aduct ed because
(r15-CoHAnBu) 2ZrC12 is used as a first tallocene in_, .
manoylymﬁnzai@nam nging the fifﬁbmpt@Hacméf@ ﬂsmnfﬂé%@r@&t(é) combined with

3A an [

o 3R B ARy IR REOD. P BFAI 175088 50 ana 0,

was al$oadchidiétbd.C TADIRS IS A1ESSB Argxadey fRr esiatand rﬁluﬁpmgeﬂzhe for polyethylene
first netall ocene, (rl5-C5H4"Bu)2ZrCl 2 %ﬁéﬂcon‘o
preparag wsing thie dualgmtal;oqm G@@(YS% eEhwsd whendni @u)zZrCIz was combined

with a ﬁ'ﬁ%h{l@@| 151% (!):cgﬁ% e(a QSé;r:ngetgl{(%l)egg Bﬁﬁ%ﬁ' l%né/ E;Lélrel S‘T’llcon atom,

the resGIRIRE UEdif Gvas CARFaBRridA BT]@ 16RePMIVisdnigaged ©Sising @11¢CsH,"Bu),ZrCl,
film properties for pol yethyl ene prepared using this
alone, blutalsormeubsthutndlyalecrgasedyMD tearhus, when 44 0

tqlg?lyp@rxtz?tgﬁrﬁg Elgl:}lé g\é\c@@r ggpngllllg?%a%mb ?B"El})z r%lgzrﬁﬁ %ﬁmbmed with
a secox{cfe %UsEl'ynéhd'g€§ infbtaiRRertd) %ftﬁé%tc%fﬂgbﬁﬂd Y Faof oY shilwndig Tables 6A and

dnparéd to using (115- 27Zr C12 al one, but als
6B wamlsxsctmdlupfadl ;Faues:ﬁ agééBmowéaﬂw TSP 8Ng AERIPFRRCrtERs f%vplyethylene

LNV Y T e —

with aﬁids&?fbrﬁ‘ggﬂpﬁiémoge&r T;Qc aﬁgod/\ﬁl- brY- Eﬁbb@&toﬁﬁbx@dgédflﬁetallocene the
was al so conduct ed. bl les SA and 5B provide ,the resin

resultmgltd:smlwam chaperizédly & brwas ML as dophanest top}smga(n sHs BigpZrCl, alone,

without Qaeeh MB35 pe S S LD TR A
tA ?Q{yk’)én%ﬁ&ﬂ%ﬁ u g@]llé RSERRalIDBGHR! f @, IBu)ZrCl, %&) combined with

cene bridged by a single silli con at om
a secortd@iirl.dré highly-adistiturasmethliocant, e:lorrqmdncbfm aCj}h{}Bme/]zZrﬁiz (H), as shown

ared to usin 115- C5H4 12 al one,
in Tablﬁss AndyhR+ #AB i OI( SP”@@EtF@as'E %D geﬂ}d J’g Fro%HE: 8 Tesin and film

o WSROI 1y AP AR LLccEngy, T i -

CsH,"BO9&ELy Waisi 8gabins®twith Of anere ﬁighheiub@ﬁxmimdu ncbtdHocéne such as (n’-
G as shown in Tables 6A and 6B was al so conduct ed.
CsHs;"BuiMeedr@a saﬂaﬁ@ym pigtallocesavicaein therislaneptadispgipape ligand is more

s

CsH4 E‘ﬁzm;hk’mé Qﬁﬁl@htfmbéthﬁi%@' (TéEfeai;thMiD&:arSpeCI fically, a
- or 4-carbon atom bri dged netal | ocene, the
r@@glymemgatncersnun using thonfirshmetaliogen, Gy -GsHORBRZ1G1l> () combined with

the sec&g g%gd £0 %&lﬁﬁ%ﬂﬁg&é gﬁ%ﬁz ? éggl?%ugge\ﬁl ’lha%ijes 8A and 8B

idBaaR- rebi péﬂdy ﬁﬁﬁ dr@ey forl tidderdeNprephred tusin tlns dual metallocene
provi net al rocrzlene fié&s Co5H4™ Bu;bzo%fécl%ge(A egorrblur?:e

catalyss.e cDing, \Wmne(rﬁl-@slﬂeSIBls)wbﬁh tveats ecbrmts ned mdlendlafmgmpmlocene m’-
115- C5H3nBuMe) 2Zr C12 own 20 in Table
CsH. By, thesesulting resh ehireSegrtEsy s ey 5%% to using (-
n S Lyet hyl ene
ot BRI BnE Mol SRR Rl NS YL er Thus.
Vilaeome(dspéet, for exampie the data disclosed herein indicate that, among other things,

under the practical conditions of a loop reactor, a catalyst in which (1°-CsHy"Bu)Z1Cl, (A) is
45 o
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C5H4" Bu) 2ZrCl 2 was conbined with a nore

hi ghl y-substituted netall ocene such as (05-

Co5H3" BuMe) 2Zr C12, specifically, a netall ocene wherein
IS nore

e LSRR Sl B A0y Bl o i o M1 st
adequa%&ﬁ%fr gﬂ% e Bhwing! We rAditiGall ?Ogiﬂéﬁ et High NEi 8 nlarrB®-molecular

u) 2Zr C12 aI one, wi t houf Substantially
welghtcﬂmmhammﬁ sivEh pcdamerSA(deMu)z@ﬂlzfpﬁn) UeVidesi artg)lyrh@r with too much

haze f({;\‘,:r{l%y ﬁﬁ[él‘}é éﬁ%ﬁﬂ}%ﬁgﬁ %%}1?[ gf:rl, %}%{é‘hg cg né ﬁ?e secgl;% metallocene which
producéé' %@h%e&ﬂl&b@l@@p&i&eﬂ%%@éﬁ@yﬁ Qbfhp6Liash prbdfiees p8hmer with a

provides the Tesin and fi1l mproperties for
lower MIL wadﬁwnenelrprm owltugtrangtht forsblowing fdma withoah sacrificing useful

N R N .

when éfplabdd ﬂgtﬁeeﬁétﬁlymaéorﬁ}b‘tﬁiitﬁﬁlh awitlioud a0firsa rhewsiocend caapound possess
conpared to using C5H4" Bu) ZZr 2 alon

sufficient tsetivity. | the myld@earcefalwdﬁggemw v@aliro M wax ngt gvsdtecesrsw in the dual
metalloc)éﬁgpitgl?ﬁ c%ﬁmgahemdmﬁisggfe%ﬁﬁr ein indicate that,

e practical conditions of
&nloﬂe Iaslieeatﬁbmx,an@lec tieakying andnfilnnd afithis invention may be characterized by
(115- CRH4" Bu) 2

12 (A h | .
A TR NN RIS X s T
0.94 to' ﬁ ol g/éng*d I@IYT Qﬁgrm@&m ). 4%t 0 %{ﬁﬂ@dﬁp&ﬁ@ iRl iMgM,) from 2 to

y, given the hi narr ow
6; HLMﬂl\/ﬁcran@rs frowi {h$ taliZdt Eﬂmmdoo‘iM& tegumsmcq/a@a@r than 150 g fora 1

o R BF  Ee L B)hgn  n

haze of R@E‘ tiaddD 5w foba Isﬁﬂ%l@wﬂlﬂl@ Dagdnpatistehgth gaéawfuhas 600 g fora 1
gher nol ecul ar wei ght polyner to the cataly

mil blm@ml and Sipepses Unpres staeq@th grivater then )4 ) fq’rcmlemﬂlxhlowgﬁ&n
" %12?}%1&” %%;?e%f ef'orng(atm %: Qﬁllflé) fanfl! AYthE Gff Eﬂ1§n invention may be

i Cl ng mer filmproperties
characfediebd b$ pM?Iﬁéi’Q)"ropdrﬁesi fhaScaﬁsfaﬁqh thedeeraf;@somélt index from 0.5to 1.5

de/mirg G TSRO0 L S/ GV optaian O it st Bolydispersit
index @9155\925&0 u‘;\%i b €RBlo; FFL MM ratfohR ARG L1708 0d4; hEl?ﬁéi’ﬁSﬁ MD tear

tro may not be necessary in the dual
resistaneet grehtecthiae 200 @Forst | cohplowntfilon Slwenddyf €D tnaremmstgn\ce greater than

120 05ROl 55 B 10 Bl Dt e

strengilﬁrgi‘&ﬁéﬂthﬁf' SUU%tfo{r?é‘m rhifblown fill}@5€ Shange ﬁnpefw lstteﬂgﬂ'd@éater than 0.9
fromO0.3 t .0 dg/ m n; denS|tyfrom 0.94 to 0.91
Jforad/mmblovm{ﬁlm .parameter from 0. 45 to 0. 70;

Pl%t yg{l irpo% e%" é?}f’i%tn g@{ e&%MeEﬂ{er or ¢ %f fims F3tMHiMinvention may be

0TS tear resistance
charac@r2ad 8y ﬁol}&ﬁbr]}ﬁ@pfgﬁésoﬁm‘acah b8 inithesblrangesf irhelt index from 0.8 to 1.3

El nrendorf TD tear re ta [ ret
dgiming i o219 4 S oy e o2 800G yaispersic

I t r I
i P T AT 5t 7 08 o i

greatesthae Iﬂﬂ)ig for adtrﬂﬂ bldvanﬁﬁn sElthehdorf ADitea ﬂembﬂam*grf:atbnﬁh@ 50 g for a

it B354 e SRk S s TR RSPy Sengts

than 1200 o} hqsmfll‘ﬁﬂ’éwr?ﬁﬁnféld' Sﬂeﬁcérhﬁ@ﬁctrs&@ﬂg.ﬁ ‘gréWRdrtthdnnd e J for a 1 mil
fro . . /mn; density from0.935 to

blown(’ﬁlmls g/erTB CY a par arreter fromO0.50 to 0.65;
pol ydi spersity index (MWM') from2.2 to 5.0;, HLM/M
ratio is from1l7 to 24; El nendorf MD tear
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resi stance greater than 200 g for a 1 ml blown film
El mrendorf TD tear resistance greater than 380 g for a
1 mI blown film filmhaze of |less than 15% for a 1

Th g B T B R b A M o Bt o o
melt ind&E ?rfr&fp@ 3Q0 92.042/rdinf Qﬁ afilotiifn”zlslpectiI QeMI islffom | M5 Y&t1.5 dg/min,
ano r aspect, for exa e, the resins and filns of

and in $tH] mqthwesnelct;ithaM)I'ISJféom &luadﬁedg/m by pol ymer

ﬁ Eﬁer t 'g%? aép'%%‘éoﬁgg; /1a)?%#t10&e Hé P?@S}E{ gﬁ] 91855 w%ﬁlo‘h Eglga?écterized by a

densﬁygfr@lﬁBO 94 Yioa 0BAr FEEE Sl s‘tﬂloz[ﬁoﬂleE Jspert,dh® Aensity is from 0.935 to 0.915
, pol ydi spersity index (MM) from2.6 to 4,0, HLM/M
g/em’, pad inpanphshRsPRCts theglengty IE|fW@h&o?2f5 ter- Y Eng/cresi st ance 30
%?r?%%t{oﬂ{reg g%bs ?g%fctgls dﬁgea"i’iogf tﬂzgof%@g@f {I‘PAO frﬂvglﬁidﬁqg g?e!}fictenzed by a
CY-a ;hka@imfaﬁ frdri1 0.85 lken 012 elnl gdlsanbtien asdpaet, ﬁwrCH-alpammabt Bviirom 0.50 to
fil Dar t ct strength greater _.tha 200 g for a
0.65, and #3 @Oﬁ%ﬁﬁpeﬁn?ﬂ?ﬁ iﬁcPaS%%ﬁEre‘F O I tQt(FQ%gt h greater
t I
Iﬁggct g‘% 'Ai:#egf (I;)iﬁt\}/ﬂes r{g}f%nﬁmgttﬂ%(ﬁfy&ﬂegg{ ﬁgs Hivlsl:ﬁgﬂl ik URdrB&Erized by a
polydispexsitytindex (Mw/dharfanm eﬁltged bip shill amdtheri asgect, (hmgolyddwmty index
3.to not her. aspe t he M
(/Mg 8 S5 2508 Pt i i et PR R Ty s s rom 26
to 40M is fromO0.8 to 1.3 dg/mn. In yet another aspect of
this invention, the polymer of this |nvent|on IS
dhaebanodier aenpchyf this igversioni thy ppharer of Hus trwe@tl@lls Ghaagerized by a
il I @S t
HLMI)SEIg‘fE;‘ ﬂé))l‘gg%tgl% q: ﬁﬁ g%lé ta $e’t§etga§ i‘l’é’[ t¥1e ensrgttlg #rbR 17 to 24,

and in bi@RrQsPth th@HQMﬂHI gdtion8 frohn 19 Stto a:hbt h er aspect of

this invention, the polyner of this ipvention,
dRaieheRcgher Ameds pf Ahis Evhiio B aelmer pBifoimgRiayts chsacterized by
i 0
an Eln&eﬁggltf b %Qlofag’gﬁan e gerr] 51:1 erl@gsﬁgdg?ef ?Qﬁi %[odmc'ﬁfrﬁ 'Th still another
aspect pthe dheeedorf MD rtemmrémﬁ&ceos Qre@lr tham IZﬁO@for anbnhlelpiown film, and in

aspect of_ t hi ntion, the.
anothey st 61 ngn ok S e FSistn sEereai BTt 2shAdPs o ! il film.
(M Y& Lnétﬁ&rﬁsﬁeét Qf @his irventibn, |th@f]@ﬁyﬁﬁf of8he ﬁivenﬁid}f-‘ls characterlzed by
pol’ydi spersity index (MvV M) is from2. 2t .
an ElmendarfofiPdearasgistance grgatepiapd B8P er forayl innly bi@m/ﬁm )1n|8§11 another
aspect; tﬁvgdmegq?r% “}P te%x es%&rﬁg% Q%LQF Ehﬁa\?}z ﬁ?@g R at il blown film, and in
anothef Rspea R 1#RAdMNY TH teéﬁehlhtMldeM; gfeater ehafar em gﬁor&'a It mil2Bown film.
In still another aspect, the HL ratio is fro
tlg yzmanoﬂ@msm@t ahidisiaventiopethe p merﬁf Whip fAveption s %ﬂctenzed by a
film ha(ie%'f‘i%sg ‘;'Sfor Ilclrl ﬁﬁﬂtblq?\mgi}ﬁf 1RSREGhotRlr dsPit, the film haze) is less
I'nventi on e pol ymer I's invention is
than ISHafact Bmﬂzhkiwhyﬁlnaran&llmma{dbﬂfasj!@tttharfllmdﬁzst!dnssethan 10% for a 1

r than 150 g for a 1 ml| blow film In still
mllbi‘g’f%?f\% aspect, the El nmendorf MD tear resistance is

%%E Shothd?aBpe2b Bf thid fﬁﬁreﬁlo% fHe' pol b eithik Mvedtiéh isthédficterized by a
anot her aSpeCt t he El mendor f tear resistance is

Dart 1rgpa;:a5@¢ngﬂhgma’@5chag 6@1} g§011a hintil blogworfiim. | n stﬂ]mry&er aspect, the Dart
1n1pacti %\'F@ﬁﬁ{ ercﬁlil a§§ﬂe reaelnt Illofr)]bW{lt}ﬁnp %né{q}?ran&&lelt ggp%ct the Dart

impact strength is greater than 1200 g for a 1 mil blown film.

In yet another aspect of this invention, the polymer of this invention is characterized by a

Spencer impact strength greater than 0.7 J for a 1 mil blown film. In still another aspect, the
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an El nendorf TD tear resistance greater than 350 g for
alml blown film In still another aspect, the
El mendorf TD tear resistance is greater than 380 g for
a, 1 ml blom film and_i anat her, .as t, the
SpenceliBARi SPSHo N B U0 cBr P GLPRR Tt pngtheppspect, the
Spence? ilﬁgé’@t ktrEH M3 grédidP thap 1100 VBE 2 2761 BRWnAARECt of this
i nvention, the polymer of this invention is
characterized by a filmhaze of less than 25%for a 1
Defi .ﬁ‘il blown film In still another aspect, the film
elM%) is less than 15%for a 1 m!| blown film and in
FATBET tARREE cleatlpeddiink thb agens Gsddeb&einhaie IkeWing defiditions are
..ml _blown film In yet another aspect of this .
providedhy datthe sxtephthap any dakinifpn (op jusagenpremided byj any document incorporated

. i . d i - ar .
rin SRR R 1) o, OFRRGE BRS04 icon o e
mnwdas?gah@omma&FaLr inpaft strgngth IS %reater t han 800
or al ml plown film and in another aspect,. the
. tennwwag@mgt g rﬁ‘é?‘L he:ging foiean BRI §OPBHisigs ethylene and
copolyflels & Qiledd %r(ﬂ andthef e O LRREnARRE Folhet Biako used herein to mean
I nvention, the polymer of this invention is
homopolyarcas sret ¢apelynizys of angméer grolyingrizeble snanengr Hisglosest herein.

than 0.7 .J for a,L ml| blown film .In stidl .angther .
a’@}fe&n,n t ﬁ%ca?alh’?%o lgpﬁ?{]c%qlg’i Hﬁ%fictheget“il eﬁﬁ’gf‘?ﬁeﬁ do gﬁlgaf’ tganoaluminum
compotifid@th®k Hay cdrRfitvde dndRdmpunendbifthd Batalgsicohibosifioh, Wit also refers to the

_ aspect, the Spencer inpact strength is greater than
optional @anppnergs of the gptplyst eqmpesition inobKding, tbubAet limited, tor glminoxanes,

I I fine ' .
organc gl 30, HEBRHR b GBE TS AP Vb, o ciclose
hereint Tt tany cetafalyst mayrbeoiised segerdlpssoof ttle dctoyl funyticoofitherdompound or

i ncorporated herejn b%@referen e conflicts with the
r

: { h
any cheaicali mpeignism ¥ ayRIch B6; QEPNEY aPRY PRI erlNnPls Bipesl the term
' . ' T F 0 R Gik m |
comtaf S o AAEELELE, Do 0P TSy BT e e
secondanetalld®@ne opopoumds.s of et hyl ene and anot her ol efinic
nononey . Pol r i.s, al so used hereipn tq nean, .
o BERy REsceafiadc SHE iy WBiessly ‘Biasbot e mixkpp of catalyst
compofBtO MR aftl SphR¥RCfoR %rfﬁisﬂperi-gdeoﬂtﬁﬁéf?fiﬁf)%@'ﬂfﬁ mixitfre being used to
generally used herein to refer to the organoal um num

form ac‘pagoenaited tratsconayl raistise of catelygimempenpss iiet atsfcoptgeted for a second
period gagft n‘gllg}r%ztn t'liy%%%ﬂ?f% téﬁeg %{ﬁ%ﬁ%ﬁé@i&iﬁﬁ&e [8scFiBed *Ae Hlli%cg}’e' %g tarhetallocene

npositiron 1nclu

compofd (first)iséced} 6 both) Blefi@xadtRener,lindwrganahetiatm compound, before this
compounds, ~organozi nc comrpounds, or_ionL ing . ionjc

mixturg oifp Somfacied Witk Y| shcseicale tisated t@idp ABdappiigrefly additional
organodmiRGEmUSSHEdREar §ihGs S« %c&x'ntf'zﬁ:téféle_t &&Eﬂl@é&\?\ﬁ(}%ﬁ&}eﬁ% {HA€ are used to

conpound of any cheri cal mechani sm by .
contactexvhathreal, bee\priop & edrdacting theeormpmrents, in thwesecendnpostcontacted mixture.

ocatalyst is used to distinguish.that component of
Accorfiige B nyencudio e B BATEAR FEpSoR FompRtag, sed to prepare
the pre@Bhtaétb® GRRArLCAPRM Gmpoalnt HiRr HRIMixtRE RGO BEHHrEshred. For example,
m xture is used herein to describe a first mxture of

accordirgt i thit desctiptiomeintis possiile dowtheopreeantanted orgagoglmgum compound,
once it?lg E:(I)Iﬁgctgci w‘fth rﬁ% ﬁéfaﬁ(gcetng altlctl1 ﬁlefolléﬁc’r} mE)nng)(ﬁl rr, o l?a%le r}gacltjesdetg form at least
one different chemical compound, formulation, or structure from the distinct organoaluminum

compound used to prepare the precontacted mixture. In this case, the precontacted
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forma "postcontacted" or second m xture of catalyst
conponents that are contacted for a second period of
time. Typicall y, t he precont acted m xture descrl bes a

xture of net ocene und |rst

organoeg] mum &pg}ppﬂncﬁ&ﬁ Oci?ér}pong?]td gsgﬁgé{{ %poun éanoalummum
compo@ﬁftﬁﬁtewatsms& #oprapaté er%récﬁm@a@féﬁaﬁkﬁﬂe Wi t h t he

chemcally treated solid oxide and optl onal | y

Situilariy e termr“gasteententrhiunideridurrd. bereindo describe a second mixture
of cat %2(?00 C?gn:e%{g,ﬁtgegt% 85{)9%8 f&o %B%'at rr]fiogﬁfl tﬁfégt%ﬁe&let Qnstituent of
which i§ ST @Redhtcied” bihfirss adanrt, oﬂws}l)(soMrnpdrxedtsrthattwarecontacted for a first

Accordingly, this invention naéfocca5|ona

period @f dihag mwaﬁu (RS ROMBONBRI S teo Pt dpeacin tfdescribe the

mlxturé”(ﬁc Qﬂgtaﬁﬁ otk Wohpd0fk ! il ‘P&%fb@@r{g BfpBnd,NBlefin  monomer,
ture een prepared. For exanple, 30 according

organoztlomﬁihlns campoundytandrgheiically tocasad bdlad dxidet foamed from contacting the

ont act ed or ganoal.umi num co d cel
preconfiE FUFGE 94 % FOTAG Ot PUBRTETRAL: e SlRafmil sisfegngpis added t
make u%)Qh@ ﬁyﬁcd'x@&@é&%)&@ref eré?ibfh'i | gRldditions dbnfgoat@ridded to make up the
hem cal conpound, fornmula |on or structure fromthe
postcordacied muktues geaﬁ@aclunmlmilﬁ treetaghsahd axddsd ang qﬁ@pébé mayeinclude an

recont act ed ture,
organo S5} BEERTH R Shite oDttt AR e GNP RGO Ahund used o
preparéitheC ntfkdiOmattuR] a8 iesdribed Mersin. Comwrdmgly,h’éﬁs lmsntlon may also

used to prepare the precontacted m xtur Siml y
occasionAly WistIRERige PEHD ACEPOTF tsdeto] BreBATe dht, Bppanigcied mixture and
cat al yst conponents t hat
that 008?8&%%?? {lég‘%?g% I{agkéé%:l% %&?. od of tinme, and one
apeasierth Ugdtallofened ashised ]IleS'elhh eleSqpibes cmtcampeuhd @ompnslsg two n°-
m xture of catalyst conponents thaf1 cont ac ?1?
CYCIOaléiatilPIF)élttYIi!?e figgisoin therpolesylgi chhsy the e tgllochAes o this invention are
d 0.6l . )
bis(n’ ﬁ)(c ue}%{e%lﬁ ggﬁ %gs ‘ H%ﬁé}dil OI%é r}f{éﬁag’o v&h%tén?fa nth%: @?&52\1?&11&{]@ portions

includd ey AbpeneRtsyC Gigpeds) dadepl e liigandsp Iﬂmﬁ&myl llgalghn aad uhe rhkm including

ound, and _chemcally treated soli i de
partlallnfrsg&mm@rawﬁwqdr@nvw@é oFEREP BTl RSt Pg%@r‘«‘ﬁ%ﬁ%ﬂu@m on

be s s h
these 1%%%;{ gﬁéﬁdﬁwggﬁpup ! t&ggg%fs(: O%ﬁglg ¢ gigéﬂrwl%?%gﬁ}ame% thereof” in this
inventiGe wemplibes, petrhdl;asb:tuﬂatednbgand-rspc:}nemetlahykkdmdonyiat@érahpdroﬂuorenyl

cted mxtyre.is

ot e ST RSy, e SRR By 5856 ity

saturat®] SRIRAAI SHBsAHAREC PR gatﬁﬁﬁedsﬁﬁ@eﬂsﬂ gid fieraert Inrid Eshtexts, the
or ganoal um num conpound used to prepare the

metallgpene xsnt&meétb simpisuascthe SeatalpsSrin paehiby same way the term “cocatalyst” is
Accor di n |y his_iny |
used hgrelp; tﬂg t%ilfwg%angglé%l rlrlgone Pﬁ’lé‘ glg t gﬁger%g p(gfrgéeiwl% specified, the
followR@SAKRALAINE JarB1 el € Cantor dyxldpeatadiaplydndnfor ahtierylt bed Flu for
mxture has been prepared. The term netal |l ocene, as
fluorenybed herein, describes a conpound conprising two rls-
%l tgﬁ'{lg(a% L A0 o ﬁtihh gags spnﬁﬁﬁre'mlﬁﬁi:fﬂe%ke-réw flot depend upon
nes I’s inv ntlon are
the actbaiq(rbdilﬁ:t @ewltmgémiﬂdhtemﬂtadty)peedctlgmnﬂ)hecmmmnnis of the mixtures, the

T NN SR T S P ——
compohh(gaﬂ%s'se&rﬁg taallob&® b gbh‘&ﬂ NEhy? GIER trhéddmer used to prepare a

saturated or substituted derivatives or anal ogs of any
precontdctetdhaieture Pos the ihemally tticated rrobid exxidet #ftes ¢ombipungi these components.

i ncl ude hydrogen, therefore the description

"substituted derivatives thereof' in this
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I nvention conprises partially saturated |igands such
as tetrahydroi ndenyl, tetrahydrofl uorenyl,
oct ahydrof l uorenyl, partially saturated indenyl,

Therer ) ke S S o By R S P Yot b

heterodeh&Ris@B¥iposiBbik 4ridghohideBnodstofiPBEitieMNt €Xt S, the 25
netall ocene is referred to sinply as the "catal yst”

Tihenteth thydrosaibs ity vsedehereinnio’ spreify a3 yydrocatbon fadigal group that

. herein tq ftefer.t h ' 0 U .
et RS B A8 SELE] ) B BhEE SUBTT DAL ARy LRl B cadiens,
alkynyl seslkylCarall@nyl; vwedlopsit 4di eeyike, bndl idodudes mtlesupbtitu@ddunsubstituted,
Flu for fluorenyl. The terms "catglyst conposition,”
brancheq dingaty betereptem yupstitufgddlerivaiives fherepd- not depend upon
%%ettbﬁ]sa&te#ﬁ% ugrrti’é?ﬁé‘at solidide B9d H:AA: bR a6 RLBE, Akidic activator-
resction of th conponents of the m xtures, the _
support)akctivatofupbbe, aedtéd solzhoxilly tbmpsund or simplyercfivater, ahd the like are
t he al.um num cocatal yst, the first tall ocene .. " .
used hesBRgRURRICAIE ASOUL BTGNS X 4° Al il BT RgroSiNly whickyexfibits Lewis
acidic Hﬁ@? fedUnBdc HRhINIEN AL whiclPhes BBdra&EREd Witht A1 Elect®n-withdrawing
the chemcally treated solid oxide after conbining )
compoténgsiypretipenanton, andihishiin erleinsde Thetrdectrepryithdsavang spmponent is

. onposi tion at al yst. m x ' . :
a5 bR LY SR e SonBlthd Ikt Picaly et s
oxide EANEMAVpeiodPMS i calcaiRd. cohtiet peydont’ sy strleastohy lsolid sxide compound

_used herein to specify a hydrocarbon radi caf gr up .
with af fepst one cllesdren; withdrawiag rasion seirce omposnd, Ty ‘F@E‘Vz the chemically
cvels0al. . | kenyl . i
ened U LogFhS W s YL SPHER i 4pl0 R g, e s
suppor@ng hdishtedespmirl asuinst ivsed @d, impig uthstel tompeohents are inert, and this

br an heg, | i near, heterqatom subst{étg&led dleri vat i vies
compopepd;SERild nehle gapsiruedATamect FYpGnsht UdhE B SSRTHE O
SRl dh ﬁ)%{ng%&ﬁ&odls\,’ ALGibesS YRP MdteriAS shhifar A tdguRRAt to those described
support, activator-support, treated solid oxide .
herein cempe wset] inothe giragticy oadestingtofthe mvantidne the typical methgdglevices and
.Qerei n t.o.i ndi c(?t e a solid, inorganic oxide of
materigls pre hegell Jesgrbed nor osity, which exhibits Lewis 10
3kl PubliGitioRs ans paen®Ghélitionb® MarirDhre iABSplatedhhdieia Hyerfierence for
treated with an el ectron-w thdraw ng corrPonent, )
the purppps efddsgribing and disclosing, fan pxampls, thg Censiagts apd gnethodologies that are
<el.ectyon- . t ' Is k:cal l: :
aeseriGICHRERAIGFEE SAPRERAGE cohMRLER ok, B0 sty s
inventiofie mhe glblycativeadiechssal dbdve axd theouphopiothe tbxt errowdsd sdiey for their

G R b Lot SouL 505, RRRTL o gt
an adnzl‘gfi?lg ?haﬁ_qg@ ARHtorsl ¥R ! dnitled /S affR84E Gt Hiséfésﬁr_é?éﬁ@tue of prior

oxi de conprises at |east one ionizing, aci
invental i d oxi de conmpound. The ternms support or

i %’}?yte%%@lscg %li)ﬁ‘l@?){lgd glﬁqtglq%%? %e}egl&i,'%%ylnéﬁ{mqglﬁ gtlljtllcéurﬁ o}'t)resented also
encompEssEORF E&MBEn Ao naNisbiers! regiRANE S landfstdrbsisdhadralhes inay arise from a

_ conposition. At hou&h any met hods, devices, and .
particulart eeti af ssubtiti¢nds. orlheggdngeal esituctuse t Hee cengemprsspe@ll enantiomers,

. h [ b . ' ' 3
dlasterleﬁl\g}glhtn f“?c; fr)]th{:ﬁ 8&?{;‘% ilSI('?a e‘f!rlgithgt:i}glg ¥r{ %ga\l}lﬁéréltgﬁg trtz])%j %ngflc H}ﬁls, as well as
mixtureRbestérabiSomeR, aheconteasequifesed. Al | publications and

patents nmentioned herein are incorP? ated herein ?,}’
r Bhacpregeat inpvgption is further illustrated by the following examples, which are not to be

construed in any way as imposing limitations upon the scope thereof. On the contrary, it is to be
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t he purpose of describing and disclosing, for exanple,
the constructs and nethodol ogies that are described
in the publications, which night be used in connection

with the presentl i bed, ention e .. . .
clearly TRy (4 o B BB bt9ckFEioM TP B o adfgepte,podifications,
and eqﬁﬁgleffﬂrsQHérg@Fjwﬁféhe!lﬂerfr@aidlﬁQ el dedexitionCheRSH! ﬁlaﬁgh est Blemselves to

't ng date of the present appllcatlon t hi ng
one of leedisdry skl incthb artcwitlaut departing fram terspirti frihe pegsent figvention or the
vent or ane not entitled to antedate such disclosure
Scc’pe":ﬁh docfI B¥ior invention. For any particul ar

conpound di scl osed herein, any general structure

presented al so enconpasses all conformati onal

i soners, regioisoners, &RNMPEED soners that may
Generaé}festmgllsr%?} 530 particul ar set of substituents. The

FUCture al so enconpasses all enantioners,
dd’[éls e QVIEr $10 ﬁﬁhﬁl) wishizterniixicddalacécrdanee svithh&S e D1288 condition F

K antioneric or cemic fornms, as well as m xtures of
at 1909%@6?5!@9&%““@%3 ‘he context requires. The present

éﬁ%é&) ?nejltsmﬁ e |é/HﬁH1§)t 6ds Ritebiifhel Ol &0 Ence with ASTM

are not” to be construed in any way as
D1238|crmahaom§dtﬂﬁﬁ)“Ca\t\ntbaéuﬁpalgranhefe@the thereof. On the
[ | ear|y. under st

?P(?&i)%{a%r%{gy%g}aﬁ gtate{rgm%l I11} glﬁlgiscﬁe}q éﬁ}lglg Slétélingteg ?g%c) rl)% a compression

molde&gmsle N&aled at MPSHCT peg AbingRAd comtiitlomd ol ad(eiiiss dthebeokmperature in
whi after reading the descri ption herein, may

accordsfu»‘gg’elﬂt AS'ﬁM‘fBéﬁQﬁe@dtbeTMrﬁlQﬂs Brogedie - skil | in the
Ekgolgc&ﬂglh \%glg e%lﬁ%(!ﬁ@&llérr #Ikl{lthrkﬁstﬁgﬁﬁéng vgére togﬁlrféﬁ%%ﬁlﬁta Waters 150

1on clalns
Ccv gemhiﬁnﬂ-chrﬁﬁaﬁﬁgﬂph'ﬁﬁﬂi tria:gloli"dilﬁmedw (EECB\)Edstthe mlewt,(\Mth a flow rate

det d h A
of 1 rBpmiphiera. AdDEEE £ 19051 Gg DR GRERY BB (AT at a

n
B

220m 2i1¢r60®asg naed weithy bt nofdmal npolyien sionsemvationl etfe P 3 gtmﬂhh:r at room

cubl ent i ter /c a_conpr.essio .
tempergicio W SAHHPB. o i FBP in HBTZE TGk Pes SATAU Ay AR ot 160
170°C f18F 26 Gy h%tha&ccbﬁeﬁalt 8&{1@ é‘gltéhﬁnl NTheAGSlaftawae twb tWaters HT-6E
ASTM D1505 and ASTM D1928, procedure C. 15 Mol ecul ar

colummee( 8 msma3D nmﬂl)ecill‘halcolmu‘ghwerdltahbratﬁqit withs bwoad linear POIYethylene

sonco B L P8 P, Y, PP SRy, voeht . v

determa@igvent, with a flowrate of 1mII|I|ter/mnute at a
tenperature of 140C. 2,6-D -t-butyl -4-net h){l phenol
(@Hﬂ)e belowa filmonmeles vere adoen 2 lacbvogqt@mqgélﬁ blewr filmdige using typical
. I L zer I
linear ng- aqL c\:/\%ls 1tﬂ)§1g &E'}S I%\gg n@@] frl?g'f %4; 941&129&{9 diifeter, 1.5 mm

(0.060GaEK)EdIE reap) 3’715 QhmO(1> Gichytiantessr @xﬁg}e-@a‘eWZﬁtruder fitted w1th a barrier
tenperature Di,ssol uti on of the angle in stabi]li

screw i aniiaddesky medng sgetigy a, et ‘?"(‘i’g( 2:1 compressmn rat10), 115 RPM
screw speed [ 27 kg/h (60 1b/h) output rate], 2.5:1 blow up ratio (BUR), “in-pocket” bubble with

a “freeze line height” (FLH) between 20-28 cm (8-11 inch), 190 °C (375 °F) barrel and die set
temperatures and 1 mil (25 micron) thick film. Cooling was accomplished with a Dual Lip air

ring using ambient (laboratory) air at 25 °C (75-80 °F). These particular processing conditions

- were chosen since the film properties so obtained are typically representative of those obtained

from larger, commercial scale film blowing conditions.
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170C for 20 hours with occasional, gentle agitation.
The colum was two Waters HT-6E colums (7.8 mmx300
m The col ums vvere calibrated with a broad |inear

i £ o Iﬁ%qasﬁ B e Wi T BRSPS, T ASTM D

1003-9?5 é\hg at B8P\ A M iSARRES (WRYIB! BPES) RRdAby the BYK-Gardner®
B tory-sca eranI I'mline using typica i near

Compalnpw- density (LLDPE) cond| tions as follows: 100 mm (4

nch) deda ter 0, 060 [ a
R sl g Do seeBiRd e bR eeren B ARG | AR paghfon

b | a6 sétngth
ISR o S Ly s g g gt v

measursd nrewcgpbeeb fvltlz A&Tgwm 3620.| pryvqm mﬁla} @p severe). pendulum head,

which 3 w1a§ Efalcﬁlﬁeecf) Hmell'llgoéjﬁ% wi\spﬁgﬁ(}‘é#?]ese Ffmé‘t Lig%é ﬂ?g%iq not fail with the

standaﬁdlijéﬁduluﬂa%l tﬁ@ﬁﬁxﬁﬂuxﬁ@&tﬁcﬁﬂmﬁwﬁgﬂte set tenper atures
1 (25 mcron) thick film

%@N‘}ﬂ Gl\élﬁ)e@d/\ﬁf ansversp(HP) dirgstign Elm?IMle tggr sft,rétngﬁ% wepg measured on
a Testléé %ﬁ\%ﬁﬁgﬁrﬁ) tefl {e?t@%@ééde@ﬁ ﬁgfc(ﬁ)g ifAccordARSEWRR nA‘IS"I(M ii922.

si'ng cond Wer e en since the fil
Mﬂp&héol&gcﬂodmacaérlmdom @vdrty iecfatrhgd raepﬁoﬁewnt aSnmlsl -stpin (10%)
t hose obt ai ned fromlar ormer%h ale f.i

oscillafouey BRSNS Wers BRReHaDb 4 Jy COBE kB G UFue ne. ARES
&C&g'i )CaYUARS105RELIckts Bkré BeASTIMADAt 190 °C. The
rheom& ‘%ﬁﬁ%m gljﬁgtggl-gggﬁ%ard Plus%M | nstrurregt ( Model
complek?@&)osmaﬁﬂ bgrsmshﬁecﬁl‘él(emp)cdm weie th@ontp‘aﬁ fittedusing thepaedified three
strength was nmeasured (n ccod' anc ASTM D- 1709
paramqtefe CRBEAUAY asusla Pl CERITIGh Zeqel 1P i'lﬂ FofE® SOFfttoRFSPSIy — 7o
p t) st ed jn
charscHEN0 o B R TR ) 5 o R (BSR4 o simpivid
Carreaf &M8 @) ((PEahitloal heaid] is aMfd)idmvszvas manuf act ur ed
i n-house, was used for these sanples since they did
not fail with the standard pendul um usi ng the maxi num
pendul um wei ght. Machine (MD) and transverse (TD)

di rection El ar strengt H§Owere measured on
10 a Testi| ngnﬁ&%(f ;e] rTesf {:ll deI
83-11-00) in accordance Wl[lh'i‘z B}j

rheol ogi cal characterizations were perfor msd as
follows. Snmall-strain (109 oscillatory shear
measur enent s vvere erformed on a Rheonetrics

whereigti entliff(ed] = copis¥ned ViseoPiRy paral | el - pl at e
geonetry. AII rheolo cal tests were perfornmed at 190
C. Theo cﬁ’?fﬁlsg%’r\ﬂ%gg ity 1g*1 versus frequency (w)
dat a re ed using the nodified three
15 par evrre‘{lg&%gaéf%%ﬁm\}h%%da (CY) enpirical nodel to
obt ai n, LR 280 pafARRiervi Scosity - rlo, characteristic
vi scous r el axatlon time - r,7, and the breadth
par amet eifixes the fi f‘mbp@miawslapa fixgdrat 244: 3= uda ( CY)

enpi ri & al anré‘ol P |fre'qﬁ’ency o% oscﬂ?a\.l%s ory Szlearmg c%formatlon

Details of the significance and interpretation of the CY model and derived parameters may be
found in: C. A. Hieber and H. H. Chiang, Rheol. Acta, 28, 321 (1989); C.A. Hieber and H.H.
Chiang, Polym. Eng. Sci., 32, 931 (1992); and R. B. Bird, R. C. Armstrong and O. Hasseger,
Dynamics of Polymeric Liquids, Volume 1, Fluid Mechanics, 2nd Edition, John Wiley & Sons
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J 1 ~I + (,Cr7CO a)l(1-n)la 20 wherein: 1 gq(wl =

magni t ude of conpl ex shear viscosity; rlo = zero

shear viscosity r7 = VISCOUS rel axation tine

"brea par, anet e es the.fin 0 »
(1987):067 81 WhichaR RO P oIS BRsRAlS PREEGD ﬁ% Cb? & parameter
is repoﬁécpin,lt?@{agfe\é f&nﬁé‘fésﬁﬂ dRRIREIRLLRN. Details of the

significance and interpretation of the CY nodel and

d’er"QuadaquraeréftumsgrbwﬁWItregerf BeneSize DisgribysionHngtpanerihwvas used to

determigied e g oGS g aif ik oilys) b SEE yotume)

This inSruRent Bvas Aequifred FronMNHERDURRGhAsHE Oorpbasion ffosseBN.Y.
Dynam cs of Pol ynmeric Liquids, Volunme 1, Fluid

I\/bchanl cs, 2nd Edition, John Wley & Sons 52 o

(1987); each of which | ated herein by

reference inits entlrety |% @% a" paranmeter is
Preparbﬂﬁﬁ’bf@ﬁlﬂoﬁd&@ﬁtl&*ﬂbﬁlﬁﬁmﬁlofctib&ver-ﬁ’eﬁmmrs di scl osed

h h
ﬁ%ﬁ;lf%@q@%ﬁ%aq%&;%{%e ot %g‘rgg(am{lgg-tar oqenq’ﬁli’ rggctwator -support in

this Eﬁﬂﬁﬁé 5"3? %@Cﬁoﬂf @\ﬁ fé&@rﬁeeﬁis)mﬁrid 8RR&infeC13% alumina,

pore VO his i qst r umant was
havmgacpp:e wehhnfercﬁml tzrr@/@mha amiﬁaoormea@afr 60 ax !ga nThIS}mé@‘@ll was fluorided
ar at a Fl uor i

by impSFiiaSGh AP URREMARETORt S SHEHEn FROALY TS ARmeniy. pivoride in an

amount' $6@icl<dt B @RadIC10 B %! sOMhedReighi bf @ silibihRming Ct'h(i‘»s impregnated
activator-support in 10 this Exanpl e was obtain

materidl rvoan WeRdriGh it e vasuutn aven (B18hourg at deﬁftféu Ahe élumsdfed silica-alumina

av vol.ue . of and
sampled i in B3 g OWBRRPY CHEd o floRy g8 €RPR B thalpmina were
placed BY a il MBLIGENGhdr@MubOfittdiCivRh @Rint¥ved Ge&T kK &t tHe Bettash.i While the silica
cont ai ni ng ammoni um bi fluoride in an _anoun

was suppdriddconethe disks, deyar wapblawnogrothreush thefigk et 8\F lingar rate of 1.6 to 1.8

sonfd G5 YRR, T PP Bl B R B s

temperatud®bf hedulsd it théraat o 4EIB°G§)eﬁ howl tes folni]l adrygdlature ¢fh |4§0°C At this
manner were then cal CI ne f ol

|
temperafugerithiasiiga-duminaawasel jove ta Ml oR thod 2 Ppdiss iy pifochferward
the 5111‘6\5 fdfﬁnﬁneﬂvgs ES1Reted'4d Stordl lﬁge?‘g[ytrﬁﬁo%&y b vad ek %v;fﬂéﬁt exposure to

was supported on alr was bl own
theatmmphehe.ough the disk at the linear rate of 1.6 to 1.8
standard cubic feet per hour. An electric furnace
around the quartz tube was used to increase the
tenperature of the tube mtaMm Eate of 400C per hour
to a final tenperature of 450C. At this 20
GenerdglemgSipetific Ereponetiosisiof the-Metalveesesvas al | owed to

GenerfiI;z g ie for three hours in the dry air. Afterward,

ca-alum na was coll ected and stored under dry

NGére@d Prepaiitive WaShdds €6k fotrhinguhe firgp amtaideé cobippunds and the second
metallggeggsc%pnﬂ)gnds can be found in a various references, including: U.S. Patent Nos.
4,939217; 5,191,132; 5,210,352; 5,347,026; 5,399,636, 5,401,817; 5,420,320; 5,436,305;
5,451,649; 5,496,781; 5,498,581; 5,541,272; 5,554,795; 5,563,284; 5,565,592; 5,571,880;
5,594,078; 5,631,203; 5,631,335; 5,654,454; 5,668,230; 5,705,579; 6,509,427; 5,705,579; and
6,509,427; and in Képpl, A. Alt, H. G. J Mol. Catal 4. 2001, 165, 23-32; Kajigaeshi, S.;
Kadowaki, T.; Nishida, A.; Fujisaki, S. The Chemical Society of Japan, 1986, 59, 97; Alt, H. G;
Jung, M.; Kehr, G. J. Organomet. Chem. 1998, 562, 153-181; Alt, H. G.; Jung, M. J
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EXAMPLE 3 25 CGeneral and Specific Preparations of the
Met al | ocenes General Methods General preparative
net hods for formng the first metal |l ocene conpounds

and e s n tall Qcene c ound an,.be fo '
gt o e S8 S TELTE! T o WA B TR 1996, 52, 30-4
and Wilee3D: €L/ Corusl K- 438 Weigdld, 3b2n @ﬁ%ﬂ&ﬂ@tﬁﬁic Eh@R8rP I Titanium,
5, 401, 817; 5, 420, 320; 5, 436, 305; 30 5,451, 649;
Zironiuf, 496, H&hiung, AeRledds NSy 51k 27974; sndXardiosD. 4. dgpagM. F.; and

Rastongc,lglgg (ggéistrgog ﬁ“g%%%ltrgg%gg%g gﬁagg’u)-g ?)g%%%h(és, g{%s’t%g_}?ress; New
York, 198605, 579; and 6, 509, 427; and in Koppl, A Alt, H G
J. Mbl. Catal A. 2001, 165, 23-32; Kajigaeshi, S.;
Kadowaki, T.; Nishida, A ; Fujisaki, S. The Chem cal
. ' A Japan, 1986, 59, 97; Alt, H G; Jung, M;
SpecifigBre ,%} oft . Organonet. Chem 1998, 562, 153-181; Alt,
KAl @aniplilstigns Mvolving 2id-sensBigarapaits afh emterb®O&ere5pBformed under
87-112; Journal_ of Organonetallic 1St . 1996 .
sivose -8 SRR AL BOTEA i PP S s o potassu
. | Offd e nentehe The t6iMerdf wiie! GH1AiHEA from Fisher
Anhyd%%?g%t%#]&%eﬁa I—ela)%m&m Acad n%ﬂc; New Yo?k,wlg74; 1and
ScientifiaiGhimpan.and storéchpyeeractivaied Flumismd AllRsdvents, were degassed and stored

under RS s RS o B LBLB P TRRY HiRiased o
AldriciPa8@a1s38 | &N Feclivbd MaPioAUSat WeB Sarlalyrel Vibyn gHaNMIE 6360 tM¥E, CDCl,
reagents and naterials were perforned under nitrogen

referenpgd agling e pranif Iesiduab CHFly 450524 eemhiogues NMBE(IpaMHz, CDCL,
referengr!%cf %#As?genﬁnﬁpﬂ@%ééﬁé%%%lﬁg»H@Hhydr ous diethyl ether,

ene chl ori de, pent ane t ol uene were obt ai ned
from Fisher Scientific Conpany and stored over
activated alumna. Al _solvents were degassed and

Prepargtiopad raqrfads(IndefBglett) zi r coni un(1V) chloride (99.5%
gnd n'SSr'lﬁﬁ/Jsis! BPH%%%&%E&WQJ I QB hyfad rgriS_IJéN?rN%ﬂne (92% GC

used as receive anal yzed by .
purity ) (300 ni¥BizyasGixEd, with &fldererfoby HEfaunddr rtitreggue akhepgolution was cooled

) resi dual 13 at 7.24 or 1 N 75 CDC13, .
with Afy55F GPE g oA A e B PEIFS reb BIOROnIeded 9goperiod of 45
minutePPThe dRf R0 BhAI WA YeRlovERGHSWARE (hd shbddieGb Avdrin) wiile stirring for 2 hours
Synthesis of 1, 3-bis(3-indenyl)propane. Techni cal

at roong tela_qtméatmge r'félf (rmillﬂ,(jrmed pql.utigly yag 2oguplly added tmi yoedibygmapropane (75
| . r_. ni . 1 .
o, 0.5 5 1950t T PR 01 S8, o s e i

mixtur@ W48 865ed for 84 MBhs)at Wesn sshaletlatoree T e resditing séMtion was cooled to
m nutes. The dry ice bath was rem)\tzed allow n

he .
below FieiaicicldbbaeA (h WhEe SEqing R Moot 3 M dii aduggus HBjion. Afer the
ice batgg!gﬁe%?e?ntg%lc? S}h%_ Pglrlc%ﬁo ‘Tllgé(%frr)@a %Jélg ?grgé@ﬁ)_&t 1 gﬂuff"a?hlg NAGHAE Whs extracted

.74 noles) In
with 20 hIvbf diethyt wthetiAnd tthd reSulbing rorgame tayeri was waShaed with 8sx 300 mL of

st S0 Shr S 8 508 Sy S S i . s
solvenCR Rfhoved under vacuum a white solid began to form. The mixture was cooled to —15
°C in a freezer overnight. The solid was broken up, filtered off, and washed with cold methanol.
After air drying and breaking up further and drying further, a slightly yellow solid (167.3 g, 83%
yield) was obtained. "H NMR (300 MHz, CDCls) 8 7.53 (d, J="7.2 Hz, 2H), 7.43 (d, /= 7.2 Hz,
2H), 7.36 (t, J = 7.2 Hz, 2H), 7.26 (t, J = 7.2 Hz, 2H), 6.31 (broad s, 2H), 3.39 (d, /= 1.8 Hz,
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25 below 5 C and held below 6 C while adding 600 nL of
3 M HO aqueous solution. After the ice bath was
renmoved, the yellow m xture was stirred for 1 hour.

IS R R S O e A e
CDClg)d%r 145389 45 ?&11.2,\/\13}7@)", 1866, #2405 b3t 1 9.9, 3 And 6t heD.

| ed’over “anhydrous sodium<Suifate and filtered. As

thhe Syhthesis ofizec-CeHued):Zrder Thabigand h3-hir(ndenydiprepane (10.88 g,

o S5508 581 ) B TRSSTIE ok o
of n-B&fif (33 LY@ SheItinheiknes0 B4l niRé 1) ava8laddedio@ivisei dvefl B inligutes to the

_and breaking up further and drying further, a sli ghtlg__
solutioyy.e The yesubing dnikaay was grarmpgbio 5ppa) (gMPHERLITe Bad ptifees for ap additional 3

hours, %’\f'e\ﬂ?lg\(]rgs% 30 gl}%% b&%ﬁﬂu@m; b]ﬁt%)te{ %atét:%ﬁafﬁ ﬁzggkeg Eﬁf‘h% Z% éﬁd containing
ZrCly (018, g, H27nrfioB) Wi, addbll 20 Gnl3df phﬁﬁwfoﬂo\féd-lby a3l30 additiod 0£410 mL of
THF, gglppgg I;llge p7a5 4@@0 i;p4 r;l)usgplzls_agg %ﬁsqg ’vﬂadg;aén’g\]t? gggrﬁzmnl_%éfgt}lm%anézétirring for an

it iyl dfsoAved &/ yreld 22Ged; cdiéfles?: solution. Both
N LR
solutionsawer€3Ho¢lkandd @ty alided, Tiheahriujmmaer 4 hours to a third flask containing 50 mL

.1, 3-.bi s(Cindenyl ) propane (10.88,40, 0 _muol .
of rapidly SUGFS AU 3 Ao THEDGACER-y AREE S ISR PEEh fhe solution was
stirred BOGRIghDA o8 BmpéralRé, tdivAg 1i%e &f allo@HEd sdidford Rémoval bf Me solvent
in hexanes, 84 mmwol) was added drqpw se over 30

gave amprangesoliddachulepoodicoAccordiag te thel H Ny Rspectipm ofdle crude product,
war.ned to.r t r. St

oo R By TS 08 458 A0t et

producs & vk @A.off Péllova sslpaddire ofahgs keltmolseldtiom ThS sGlidimas removed by

YOG e TN W Wi e
the sol@ioH nﬂ?t dihrb&l b ufh é"l@ﬁc}fﬁ BieSH Qs sffrb@ht VB 4 .NFhi Gellow racemic
room tenperature an 2

stirring for an 10 additional
isomertversrcsystdl liveedsons fremsthe miktukd at -di5 $€0| Thedombinaddirst two crops gave 5.8 g

cl.ear, .colorl ess. solufi t S [ _
(3 5y pafhestien prmaca T VMR it Chen el 4 <50 e 20,758
(, J =38 Bd, Jipgkocond éhmpmiﬁlq- o (8f, 2H56.20 W, St 4048k, DHG, 6.08 (d, J =
at roomTtfenperature. After the addition was conpl et ed,
4.2 Hz, RE)s3106t3. tn(magH),s2.86280 awe?ld), ghi6-atSr@oraHt);, “C NMR (75 MHz,

i g ; .
cock g ROE I nRE s e R 1O R T B 680 28 e
product). According to the IH NVR spectrum of the

crude product, 15 the ratio of racem c isomer to neso
Preparationenf ree CyHs@adpZr€h) @One (800 nl) was added to the

GJ ude sﬁ&ﬁ{i&é‘?&f i, {lb%!(:%’-&&ﬁiﬁgﬁs%a%éi%{j Ul bfhde RekieRP (92% GC purity)

orange “yel T ow sol utron. was remnoved by
(54.4 mEntvas inigel wiht720 mEddf clirn @Hendeohitmeenf Theesohition rveasecooled with

. to 250 m enta s ,added sl owl ntil .t . .
dry ioesidrr Py [k ity A BxEton0 4 SRAIG i Bipperisga s The dry ice
bath wad Pé'nﬁg/e?,tallb\%&the Hgyeld Wil #Ra8ksGrring SRR hoW@St room temperature.

crystallized out fromthe mxture at -15 C. The

The reswitiing nestdsdliticnt wasveddadodrepyise do 3.8 dipraroolanesthlyige O moles) in 80

mL of (glgy Il“g& atéi_Oa‘J dTl?erZ%‘;jsﬁjl%txfg g%ﬁu?%ﬂ a% gti&gfﬁ%ﬁg&l%é‘;‘%m% thngérature. The
final re}u%i%ﬁ%oﬁrﬁoﬁ Ritas %ﬁ%nchgd Wth Ywd HOb indtd bath. TBe piixtude from above was

_2%, 6.08 (d, J = 4.2 Hz, 2H), 3.06-3.16 (m ,
extractpdwithodigibybethar. (The mpylting ogniz layer(was waghed With WRr adsthen dried

ove s sS04 P 0 B 5 B sl i

of rac-CAHB(Ind)2ZrC2 (G 45 0°
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a. Synthesis of 1,4-bis(3-indenyl)butane. Technical
grade i ndene (92% GC purity) (54.4 nL) was m xed with
720 nmL of dry THE under nitrogen. The sol ution was

oled with d i ce and 84 nL, Min.. 0

The sofgpanagshed wieh hohRsSngas ot i it Pa%%e”&mﬁoh&‘é“ g 78.7%
b t he usg), t r

i SRR B4 T 0 1,0 79

J="7.3r1¢g BH)| ?lg9r(éld.]s-07 BtH- 1 .4\Hs, 2id)y)é20dqow/sel.pdlz, 2H), 3.31 (g, /= 1.9

He, 4TLECR2 S 0, THo LB Gy Tkt T SBT3 Mo hDCE) 8155, 1445

|
144.4, T gkt 134 4 f@gnméggg@mg .2 /ol'&ﬁgxtfeﬂpeﬁaltedrlfeiﬁ Ltlétfﬁ% .

ol'uti on’was inice
rn xt urSynthesin cdboa-&lh(slnd)azrﬁhctTéﬁ ligatdh Iﬂrlﬂﬁ(ﬁylhd@yﬁbutane (6.66 g,

232 o S 8 St B0 1B R LD AR Shadhrogen.

portlon (')1] }5 %ruﬁfj glﬁ?@m’aﬂ 5 @ it Mexaes, v nﬂﬁd’lﬁv@s RAIR] ¥RPWAY to the ligand

hé solid was washed w th hot pent ane to
SOluthH,f fl"(bue desultingomirduret wasswarnsall te rpem| towpstaiurel and Stirged g apogdditional

3.5 hoazlr's_b III(I:% assgpﬁré{\ﬁ}a(s -/cogivlé‘lﬁb gg;%s%lds 71(3?n%né ?rrCI] ;5 é %_%'JJZS mmol) was

added 123'|)nL at;_g&taﬁﬁtfolldwcd By 4 skt addidoiriaf 223-4nl. 6 PHF( Quiﬂg ris¢ to a white
3.31(q, J = 1.9 Hz, 4H), 2.66-2.5
suspen§1ml - aber wals@ng tpgropp temperaturg andVAtirging faggn ﬂééj@fsal ?5 hours, the

s g g o e, R Bl B s v

simulte{meo@]ﬁh&mll, Fizotannhala; 64¢1|84 hodjs2@rOthrd flask dommmdg 40 mL of rapidly
bi s( 3- |ndenyl)bu (6.
stirred JELE 3} (Aot {omEESRtt HF‘V i e Boalfiey ey glgtion was stired

OVlewd% ro&htt%ﬁ’@@ﬁtur@ Ppé?ﬁ(wap 3f Qﬁe @olséﬂt' galvé Sndordh e-?eifvasohd (crude

exanes, nol ) was ad dropwi se to
produch)i gEsivenes@Dd mlo)rwasTarkledee et cxmge produgt @ gie amﬁmfdlomsohd and a

stton 3l TS5 A5 3 o 2n A0 e & e e

to ZS(PIHEt R Gvak 4dddd §15w7y Gntil2ke SolAHdH justviditedad @adl cldndgl The mixture
pent ane f ol I owed a slow addition of 255 niL of

was stqrsm: at gl G/tOrrg 5rCs eTheoy ap@mcg&yp@rn‘gawswlm oylrem e mixture.

The cng)bt}egcﬁg rgp&{)}% L& Zal%d% @Itll’/r {flgpig FH:? etgﬁdg)gyl et O@Nl\/ﬁ{ (300 MHz,

nSI on

CDCL:¥ b 299, (dCP=®.6 BEs2HRI A8 @nJ —an IFzS 2HY 7. 3ING, Jer7es Hz 2H) 721(t,J=
si mul taneousl y added, via cannula over 4 hours

7.3 Hzt k1), 659 s <htks AHMG. a@(cw—os r%.zai)y-% 15300 @ed— el Hz, 105
ey atur c | 13
Ha, 2if, 319800 R % 28Uy 0¥ 08, 22 L B 3R TR, 210,
NMR (78 MEE2CDCE) 5 Resmy 826.Df126518¢ 1398 VEIN7,dav 8, br8.0, 103.3, 27.6, 26.7.
orange-yel I ow solid (crude product). Toluene (700 L)
was added to the crude product to give an off yell ow

. | d b
Rac- MEGHEMETIAMIEZL A BE M ARSI A e BTCLETPV S O
meso-CgJM){zrc:p@); @e3-Meé 1 adBadHy)eMGL (),i | the sol ution

just started to turn cloudy. The m xture 20 was stored
(n -Cs&h“Bu)@ZtGiz {(A¥ aod (‘nFré?sﬁ;TB@aHbe €hiveere purehaseddtom Boulder Scientific
d stallFlgized out fromthe m xture. The conbined first
an “3? EF9pe  gave 2.18 g (21%vyield) of the titled
Meth qu}f@ﬁl th E@P t@%&b 59 -flubfen z:rJomﬁnﬁ dichloride
cthyh3iltenylmethylitent J:”%‘?‘Ee‘ié‘, 2 i%7 31 tw .
(B) waR Idyepaied2d describddin USS,498,582H) , 6.59 (d, J— 3. 3 Hz
2H), 5.55 (d, J= 3.3 Hz 5-3.20 (dd, J—161
Hz, 10.5 Hz, 2H), 317]?%5%4131%3 = 16.4 Hz, 5.6 Hz,
Preparttilon of Mea1locdie SoMtiotkland ?ré'c%nﬂac%? }(emis 2H); 13C
56 o



10

15

20

25

30

25 NVR (75 MHz, CDC13) S 128.4, 126.7, 125.8, 125.3,
122.7, 121.3, 118.0, 103.3, 27.6, 26.7.
Rac- Me2Si (2- Me- 4- Phl nd) 2zrd 2 (D),

Ehg%:ta I\QEC.%%% Sé u%lllsgg g{?%ét?\)zreépge v%egﬁ prepa d as) gescr%ezd below using
one of (Métﬁo&SNA’%u)@ﬁﬁ GrE ﬁﬂie@ﬂgd hdibpr Colé aﬁkﬁlgﬁf dfl Igetﬁﬂlacenes solvents,

were purchaséd from Boul der Scientific and used as
organoalgpanue d:ompounds and 1-hexene (when appropriate) are 1ndlcated in Table 1, along

t enyl et den 5-cyc nt adi enyl ) (115-
with thg%f‘fl%‘l? Lt) 8%1ﬁ'i“'5§{ ﬁg’fﬂh&é“‘){ S@?e’\%as pr epgr)et(j as
dMemolbgd THe YSpropAas, dniunt BXAMREocdne FVas pdssdlvednin dry, degassed
of Met al | ocene Sol ut| ons and Precontactor Feeds: 56 0
solvenu\md&r nigtogAR a5 KI0M [CHMSTAHWE- &f@ow&ﬂt@@t wis transfesregldp @ steel vessel and
R C
BT AP Ry G AR
MEghodOBENERe apmopeatt Samount gﬁrmahllnnenm wasodipsolvedsin dnyd degassed

1- hexene (when appropriate) are indicated in Tab
solven g mIRRE A AR ARG JHseme S35 Bivehe it Hopatlrd g indicated
in Tabfe:hfE rWHﬁe %ﬁﬂﬁ% atJodBL {éﬂlgagt%turzh% @RW QR4 QFl@th?ﬁﬁHﬂﬁhuﬁf (amount as

ocene S dl SSO ry, egasse Sol vent
mdlcatem sheTahie 1y egenaddet. (Ihersotutiopevaststirred fath¥) wdilumingteswead then diluted

with s R0 SRS B SRS b FARRL o 50 i obutane
to giveWatdtal 8£40 Pounlds. Phid GORtiBR Wak fed\BtthOskeEontddier. appr opr i at e
anount of netal |l ocene was dissolved in dry, dglgas

Methedt Cy ﬁ!av@rammnr@geeﬁnamm? ebmetallogencatwire digsplved g dry, degassed

solvenﬁlgb(ﬁr m%rog?efﬁ e %mgl!l $as ﬁ &P 0I Dl @E:s%gl artid déiu@ed )Nlth isobutane

|rr|ng room t enper at ure,
to give(@ ol pf 40 p(ﬁinldw 'a?hism‘blﬂltiﬁh&&mﬁ&dﬂb theSpne&ﬂtmﬁ:bled in Table

r#}I\/\/as added, The solution was stirred f r 30 t0 (hpn
athosDandl ithaH. of eibers Wi (NI (hoAaFk SoRgisie ey appropriate
amounty (%f{‘Hléth cShes {toﬁ@\?%&g B&ﬁtxf)ﬁ’ o?TFhe(?llleﬂéﬁﬁﬁlﬁhmﬁﬁﬁaﬂH |- 4tede at room

ut ane ve a tota pounds hi s
temperaturelt IThe miagtiré sidtststm‘edll é‘oxpz dc Gih treah dempdvetube dhed, chinged into a steel

vessel. g’ﬁzger Pegéclgtgtg‘lglggen\%%gt B [a aﬁ%fggoenﬁnefe WeTs eﬁiﬂ%%%svgitﬁ/ %obutane to a total
0f40p%9h&’§ I'His YWASidd WSS id 86 pr&oftatiope! vessel and dil uted
i sobutane to give a total of 40 pounds. This

éﬂlethﬂddﬁ- Sakutiped:t et GdlsfindéritladEbwas mspprstedin 14wgerq, TEA was

e GRS B0 A BRSO BB A rom e

The madthetwameaafed HA0(35 ?(Ethn%hU,nﬂhBlu @doladh to iedmemn@rahre Solution B:

room tenperature. The xture was stirred for
(n-BuGRIghCle e Pas dissolveddn h@ntan@ éep- i ¥0o8)atodlower b.?’oaqu’é Gppl TEA, the

mlxturywas sc‘:r\ilf‘xlted Ghr Ee% RGudeSSdHEShsW qﬂﬁg ﬁ‘%ré gﬁmﬁﬁ’ ‘i‘ﬁgnscharged into a

uted vv| I'Sobutane to a pounds.
steel v&'sl?.bleod;IOWEitﬁ bpndiiag thekst of hdpganpr dhnnityadteocrontemm worg diluted to a total
Sol A1 rac- C3H6(I nd) 2Zr C12 (E) was suspended in
°f40PP“H iso added to the suspension followed by

addltl on of soms hept ane (250-500 g) at room
tenperature. The m xture was heated at 50-55 C

Rrecontgbtor Febds TBeolatallyst and conatekysileediratios to thepracoatactor are shown in

Table ?
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25 (n-BuCp)2zrc 2 (A) was dissolved in heptane (ca.
500 g) followed by addition of TEA, the mxture was
sti rred for several hours. Solutions A and B were

m xed, then charged into a steel vessel followed
Table ysmawﬁ%awgsﬁre%@tm@ﬁf ane. Finally, the contents

Tabld G ERarkiid [Bdfon PMBalideErd | MeflidtEnd 3%) [(TtHdxemOLUBaReNht | Solvent
No 30 Ruecommassd| Fepss. [Themoosti@l Yahouatd)| emoastigy] Yhipe (q)
3 18edgfatfiosato theAprecont agtor gre shown in TRhb@n.| s842

5710 *a'ar-ej;l——. C Fvs tTgatrment s
= anr%. e—Sotut-pa—hetad c;g'g@."v’%lct - %5?5 Tr':rﬁ (f""‘h’ﬁé“@'alnée e
a LIL|

3 1 /Hé@nd Sot vent Sl ven RI§55N0 Methaod [Type Am L JRlgene | 3840
A ) eptane 561

4 é[rDUﬂi /—“ﬂDL@Jt( 3),. ;'BIXEe 3 84? A A 132‘.'0 010 -Egb uené:epiane 2195
L 2442, 62 BrAITR009 5 Gl Heptrang 119674 3| Gleptnéd 561
AlA 06?256 B Toluen® 384,0 4 7. 1|A M® 5169000 Héemerng 2108
28 n 2790

s 561 Bi1B 4. 023410 9% 0 Heptgh® 2195 *4 7.2 AjA 0 296 | 2%
PCA A tane O@J. 8Bed—34 0 9¢s 0 T 419505 8| rown& | 2790
1.0 23. 4 0 Aol LeneA2790] A 1#®71.026 © 0 Tol uéne Rddue | 6075
Bn b 0 29 2792

5 §r§ gs B'_Cnla\oh._g flRE)ATg uenlﬁg 379) AR } 07 @ 0 Tdﬁ,t‘,ﬁﬁ@e 6976
5 OgY7 0 O 0. DD LTguUU ZP. UgUo7TOIUIETIG2 52792 v A [L.Tddend) 3049.6
Tdl uhe 169746 6 9. 2 D d 0. 497 125 187 Tol uéne ROAGnE | 5447
0.4 12 13 [ Tolugpe | 30496

s A|A 3214 0D Tol uerfe 544. 7% g 2 Dg 0.]497302. 5 13Pe | Uit
5 i ugllc UGy OTA ALl L4 U l{)gSUI ue 7 €39 5 Teludhe 2999.2
0.[25%32.5 143 Toluene 2P99.21 A A 1.4 0 Tal ue 1d'oiuene 584.2
D = 12 en 3082

6 ?Ef' §_46 0. 4D E ojz 12 5F10§$FI0|E e 3g92 N A LoD | saas
Otortere 5842635 Edk707 2 7 5—1-3]@3‘;\ 3002

5 AJA 351 p OaTolluene 56110 619.6|D F0Q. 57 12 5 {Xauene | 561.0
E 0.57 12.5 123 Toluene 3092

s 10l uese 309? A 1.1 0 0 Toluene | 561.0
6 9.7 E E/A 1.0/0.937 21.3 112 heptane 2222
6 9.8 E E/A 1.0/0.936 21.3 193.5 heptane | 2883.6
6 9.9 E E/A 2.0/0.93 38.1 366 heptane | 3001.9
6 9.10 A A 1.00 ¢ Heptane 2278
’ B F 1.017 26.3 40.3 Heptane 2137

6 9.11 A A 1.0 0 0 Heptane 635
. B F 1.017 26.3 40.3 Heptane 2137

6 9.12 A A 1.0 0 0 Heptane 635
: B F 1.017 26.3 40.3 Heptane 2137

6 0.13 A A 1.0 0 0 Heptane 635
: B F 1.017 26.3 403 Heptane 2137

6 9.14 A A 1.0 0 0 Heptane 635
) B F 1.017 26.3 40.3 Heptane 2137

7 10.1 c AMH 0.40, 1.20 0 0 Heptane 262
7 10.2 c AH 0.25, 0.50 0 0 Hexene 1419
7 10.3 C AH 0.25, 0.50 0 0 Hexene 1009
7 10.4 c AH 0.50, 1.0 0 0 Hexene 1163
7 10.5 c AH 0.40, 1.20 0 0 Heptane 262
8 11.4 A A 0.50 0 0 Heptane 320
i A | 0.505 0 0 Heptane Q29

8 1.2 A A 0.50 0 0 Heptane 320
: A | 0.505 0 0 Heptane 929

2 This vessel was diluted to 40 pounds using hexene-1 rather than isobutane.
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AA1.100 Toluene 561.0 6 9.7 E EIA 1.0/0.937 21.3

112 heptane 2222 6 9.8 E E/A 1.0/0.936 21.3 193.5

gept ane 2883.6 6 9.9 E E/A 2.0/0.93 38.1 366 heptane

001.9 6 9.10 AA1.00 0 Heptane 2278 B F 1.017 26.3
Table %4 oPraconiapiondicedsi37 6 9 11 A A 1.0 00 5 BFE

1.0137 26.3 4 3Hetar!I:P621376 12A 1.0

Hept nfacjor(Rregonfagig °A‘U e frae °g’é 9.3

Res A %ﬁ “66?5"*}%% eng35 4 . ‘gge e tactor

i B T be R
- Heptane

F
A0 tafe 12137 7 1 J.L, U4U T pO 00
Tablodr | 2 10 0 ¢ arii g 28 o 50 0 enelH4+9—7H0—3—€
6.9a1 H 10, 28210 g0 NoB® Leyene 91009 R A T P 4
6.0 0 |Hex@rd® 1163 Nope10l5 cONVH O 4(0711 2h 0232 0.5

6.262 | 8 4451 A ANbnBO O O Heptape I8 A [l 02585 0/ 0 05
Tablisgptlane 929 |8 11.2 A|A 0.50 0|0 Heptang 320 A |
7 P. 505 0g@ Heft ang2£29| a This yessets wap ditlggt ed| to 46
7 P0UNds gg) ng [Nexgpe- 1T at I&gr than ggobufang.7398 P g5

Tables |- 2. " ',f“,;','t act oT [FEeUS PreTont act of Precont peror
e T SR e e o

8.Pr eclont 8@t or | Nubhbr $ol ut® aon sd 59“ oh 23 ﬁeed FeeBb

8.Feed Vobade |(1b8#hr) [(Ibs¥hr) |1 bP&lr) |bsl2f | bs/hr05
Tabié i tlers) Table 3 6.1(0.21 Non¢ 0 0.71 2.58 0.5 6 2

o.P. 26 Nope,0 (. 7104332 [0. 5 0 6. 3|0. ShrNong 0 26e61 P. 7305

92 2 0.22 0.35 0 0.69 26 0.5
9.3 0.76 0.18 0 0.63 2.67 0.5
9.4 0.82 0.16 0 0.62 2.72 0.5
9.5 0.39 0.10 0 0.62 2.68 0.5
9.6 0.39 0.10 0 0.62 2.68 0.5
9.7 0.41 ? 0 0.68 1.94 0.5
9.8 0.32 # 0 0.62 2 0.5
9.9 0.45 2 0 0.67 1.96 0.5
9.10 0.21 0.19 0 1.01 2 0.5
9.11 0.17 0.39 0 1 2.02 0.5
9.12 0.33 0.10 0 0.99 1.99 0.5
9.13 0.37 0.11 0 1.01 2 0.5
9.14 0.29 0.10 0 1 2 0.5
Table 7

10.1 0.48 ? 0 0.95 1.59 0.5
10.2 0.48 ? 0 0.49 4.94 2

10.3 0.86 2 0 0.48 4.63 2

10.4 0.32 2 0 0.51 4.95 2

10.5 0.27 2 0 0.98 1.59 0.5

Table 8

1.1 0.2 0.48 0 0.69 1.43 0.5
112 0.21 0.68 0 0.75 1.37 0.5

? In examples where only one metallocene feed is listed the metallocenes were fed in a premixed solution.
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Table 4 7.1 0.32 0.24 0 0.75 1.86 0.5 7.2 0.31 0.43 0
0.85 1.73 0.5 Table 58.1 0.2 0.53 0 0.79 3.72 0.5
8.2 0.21 0.41 0 0.59 3.79 0.5 8.3 0.33 0.41 0 0.61
2.61 0.5 Table 6 9.1 0.22 o 43 0 0.71 2.59 0.5 9.2
0.22 0.35 0 0.69 2.6 0.5 3 0.76 0.18 0 0.63 2.67
0.5 9.4 0.82 0.16 0 O. E%U%MEEEé 5 9.5 0.39 0.10 0

. .10 0 0.62 2.68 0.5 9.7 0.41
fkwaﬂ%mﬁ%%aé@gfgﬁﬁﬂﬁagﬁﬂg?ég%gsz a 0062205 9.90.45 a
Oti1dneé chpSI§mRrSwer ptépatedin aCcohdn@us padick form procesd (also known as
a siurrygprglygesg) %?C%lti(‘fln@ the 8@21275%5%& 8re%§nt8n%eglt18n%6 et%ylgr?%gfg? 1-hexene
cmonl ) iyt f 8 ol ity oy s o
that th® coolymesis2prodaeed . &7 farm of. 8d pagiicles. snd Fatsicaveged in that form.

con o P AR s 100 0.0 P T,

FisiaR thhsvaRirRl veentivated bRinkias wab usedisahié #@domer. Isobutane that

sol'ution. 59 0 EXAWPLE 5
had been degassed by fractionation and dried over activated alumina was used as the diluent.

The polymerization reactor was a liquid-full 15.2 cm diameter pipe loop having a volume
of 23 (87 liters) or 27 gallons (102 liters). The fluorided silica-alumina, the 0.1 wt%
triethylaluminum solution in isobutane, the metallocene solution or solutions prepared as above
and a portion of the total isobutane diluent were all fed to the reactor through a precontacting
vessel (0.5 or 2.0 Liters), where the three ingredients contacted each other at room temperature
for 10 to 30 minutes, before entering the reaction zone. The precontactor consisted of a stirred
Autoclave Engineers Magnadrive reactor with a volume of either 0.5 or 2.0 Liters as indicated in
the tables below, which fed directly into the loop reactor. The chemically treated solid oxide
(CTSO) was added to the precontactor through a 0.35 cc circulating ball-check feeder using a
small isobutane flow, as indicated above. Occasionally some hydrogen was added to the reactor
to regulate the molecular weight of the polymer product. The reactor pressure was 4 Mpa ( 580
psi). The reactor temperature was varied over a range, from 65°C to 110°C, as indicated. The
polymerization reactor was operated to have a residence time of 1.25 hours. At steady-state
conditions the total isobutane feed rate was 46 liters per hour, the ethylene feed rate was 30
Ibs/hr, and the 1-hexene feed rate was varied to control the density of the polymer product.
Ethylene concentration in the diluent was from 14 to 20 mole percent. Catalyst concentrations
in the reactor are such that the CTSO system content typically ranges from 0.001 to 1 weight
percent based on the weight of the reactor contents. Polymer was removed from the reactor at
the rate of 25 Ibs per hour and recovered in a flash chamber. A Vulcan dryer was used to dry
the polymer under nitrogen from 60°C to 80°C.

To prevent static buildup in the reactor, a small amount (<5 ppm relative to diluent) of a

commercial antistatic agent sold as Stadis 450 was typically added.
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Description of a Typical Polynerization Run Ethyl ene
copol ynmers were prepared in a continuous particle form
process (also known as 5 a slurry process) by

contacting the catalystégéﬂhgﬁgg{esent i nvention with
et hyl ene and 1-hexene r~. The pol ynmeri zation

' . 5 { erature are thus
s PRI VR S

& copolymer is produced in the
fPotym@ization irtnspasihg che singhd nictaliveary ¢nddsHABuRZtCEH () fluorided
General polynerization reaction details are, as . .

silica-afusmina@nd tHE My BB RaY e SenAHARSAEe Faathoss a3 described herein and
i | 2R hat . See Table 1
i 130 T8 OO Tt CPSRARTED LA Bk Sl s Tl
for metalibéenatkealdtion prepmatiomsTabke2i fasatatyst ftedumrthe pfehentactor, and Table 3A
pol ynerj zation reactor was a liquid-full 15.2 cm
for readipr¢AOARIONS; pe | cop having a volume of 23 (87 liters)
bie/ 388hb0iass HDfestn bfd Flm Jlogertiby @6r ethylene prepared using the
??Iica-gkuniﬁz, thg 0.1 mﬁ%%akﬁ?ethylaﬁﬁginﬁn1sgl&}ion &
single imetaléaond analyst heonmwisarig GqAsHABuUpZICn @) 98l shorons Because the
prepared as, akQove  and a_ portjon gf th

t ot al .
metallqesh GOmARM (TE&&HW@)@IQH (Al ys8d e ﬁ@é&e&ﬂ%ﬁfieoﬁ’gﬁlaﬂy of the
: ) t ;

Exempft BGOSR e U ERDEldelhadefRle icHroL 5" Blich W Ripare the dul
metalldocenpedtaystroempbsitiodd to 30 mi nutes, before entering the

reacti on zone. The precontactor consisted of a stirred

Aut ocl ave Engi neers Magnadrive reactor with a vol une

of either 0.5 or 2.0 Litpxsvag Endicated in the

tabl es bel ow, which fed directly into the | oo
EthylenecBalymerizdtioe Wisivegit «1sHy"Bw saCodindal TightbeddgecE)I@’mg@cene

ot R i R BUARLIOCEE 8 BB RAIGIE (4). and the tightly-
bridge%)s/ 8 buiane f Ilngéyl(}%@éegle In dh%ﬁ‘fy?—@ -lﬁm&:ﬁ/ﬁnetﬁ?ﬁ@%& ?:gk]%bﬁgﬁg@lenyl)(n 5.9-

rogen was a to e’réactor to regu
fluorerfyD)zB€otlian dighighde (), shewp ot Tables grosiuc4B, Theridedasiti@ralumina, and
ressure was 580 Si % The

. 4 Ma ( p eactor, .
triethy pa weee grislugied i usingother mg hOQﬁ@é,Jeﬁ?r&Fﬁs%@% Pgpdable 1 for
i ' ) : oy

e i ALASH i RONAIEY 3y 536 e o

SFabhal WA tilhiserates otyplictli polynienizatiot ahd i readtort aonadifiensd forapelyethylene
s.46 liters per hour, the ethylene feed,rate was 30 ,.

prepargiEuyngp Al talesees Sl LTt RRefREA B asa oyt while Table

4B prov Rl R rdsharfiefimi %)ﬁbp@f’ti_eg l76x ?&&&H}ﬁéné)fn% el usintthy dedlemetallocene
concentration in the diluent was from1l4 to 20 nole )

catalysp epmerising Catrgioysds AohdbntThas, when (i’ iCtHheBwledilpis gerabined with a

such .t hat. t he CISO system content typical ranges .
metall GGt B3 idged Bs Sl ai Mty e Shvlche Gl R shapyecrized by
i - " Bo khigyariRBRy decreases MD
2 IOW% lggcz{s%r@&ggf ed? ﬁg&rﬁgmﬁ SWZ%HF%ISG%EIP hﬁ’?ﬁgand r ecove)r(ed
tear. in a flash chanber. A Vulcan dryer was used to dry 30
the pol yner under nitrogen from60C to 80C. To prevent
static buildup in the reactor, a small amount (<5 ppm
relative to diluent) of ExAsMpTEgci al antistatic agent
sold as Stadis 450 was typically added. 60 EXAMPLE 6
Ethylefit Rolymeiziniiny No 2@t 4GB/ o 576C dnd-Cfasclingyne fitoly-Bridged with a
. Pol ynmeri zation runs using the single netall ocene,
SiMe; ??Pé’ C5H4" Bu) 2Zr C12 (A), fluori ded

Polymerization runs uvsing the first metallocene, (m°-CsHy"Bu),Z1Cly (A), the second

metallocene, either compound C or D as shown in Tables 5A and 5B, fluorided silica-alumina,
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silica-alum na, and triethylal um num were conduct ed
usi ng the nethods as descri bed herein and 5 in Tables
3A and 3B. Only fluorided CTSO and TEA were used in

o R B AP AR e
metall#érgﬁcé%n@%% ﬁ%%ar% %ﬁ@aﬁle%or y”sﬂ%@&s‘% {ROREE St RRST

ereS|na I'm properties for
ﬁlableeim yiheiretep theppel pdenisitiog and eeacmr reghditipms for [polystwlene prepared

using a%gqtgg @Elp%%éfbfy%?@éré%g?%ﬁ%@%ﬁéﬁédCb (Aoq_ Das gﬁo‘%}v’w ‘while Table
5B prolides ﬁ@ﬂsﬂln%%ﬂﬁpﬂ@ érfiks oy Jﬂéqeaprﬁpa{réd uﬁﬁg ﬂhd dlthﬂ?ﬁl&tallocene

in many of the Exanples provi ded herein hese
catalysp comipriging doagpelindse Aot eocmt Aot By Whis twhes %r@s&heBu)k@Clz (A) is

combiryith Fot B HAEe T AR g E Mgt e BlIp O stegh by o sinele

g t 0 t 4sOEorhibHIEd -
sﬂlconﬁ'cgcl-{ll}?g %ﬁi}ées ggl%%gtl\{g &gtagﬁ:gﬁ@% rb$ égﬁﬁiér'v\%g) 150¢ Cll%?ﬁ( A)tO using (n’

CsH4 "Bl riChealdieg btd also dsubsigetaledarmsedeVidl leacene,
nmet hyl - 3- but enyl net hyl i dene(i | 5-cycl opent adi enyl ) (il 5-
9- fluorenyl)zirconiumdichloride (B), shown in Tables
4A and 4B, fluorided silgxAva#[IE® na, and
triethyl aI um num wer e conduct ed usi ng the nethods as
EthylenteBelyinbezht tverlésing (154&Hy b)) rClfand a bepselptBaidged dfpsallocene

ol ution preparat.ion a Tabl 2 for « t,f
SurrEain e png s EorreebRodet ol IR, B sscona
loosel)p&ll%%‘aefééﬁhb%eag dre@mRund WAFL bPRE akWhoRAl METHBIELBA and 6B,

usi ng a dual tal [ ocene cat al yst conpri sing
fluorided sjliasatianiAaard twisthytedwminunhivers caldbeted 28ng ths mgehods g described

eri 2R i RIS G BB YL B BIGPEA s o

precon%gmounds A + B. Thus, when (rl5- CBH4 Bu) 2Zr C12 i's
conbi ned with a 25 metal | ocene that is tig htIy-brldq
blatde 6ArYussratesrthe nolatrwmzattqmeande@eﬁttni mdrt@@ﬁ Ao Rolyethylene prepared

using § aG6BIOGEF s oatilind bofaFREPELCE, A0HIE PR + G, as shown.

while ¥S61E SBSHOVIMES tHet@Ein aﬁMﬂﬁLﬁoﬁexﬁes Eirpollytieylene prepared using the dual
Pol yneri zation Using (i/-C5H4"Bu)2ZrC 2 and a
metallptena | datadysh s:ompgﬁmgyccmvca@éa Ak . 2A SEver & 6§ Thus, when (n’-

»Pal ri,zation n e .
CsHy lg% %'@Slgéf%):ﬁ v%i% q?éeﬁfs{é’l&%%g ﬁ{@fafﬂ)% ?19 %H?:mﬁcally, al3-or4
carbo@dtbﬁ%nd’é@d"ﬁﬁtﬁﬁl@c@e@ﬁw@eﬁﬁn@mm i phaFadiérezed B4 sdodebBI as compared

flugrlded silica-al um na, 6loandtr|ethélalumnéﬂi
to usinge(rs-Cbh D&l alphgy withouhdesierpingaMDyteap g o thhgenerally decreasing
h See Table 1 for netallocene solution preparation and

"Table 2 for catalyst feeds to the precontactor. Table

Sthiks [Hxdsipleaticss dd’mﬁ)rﬁﬁhtynam)ﬂgibﬂlemﬂ"mrgd thetaaider the practical conditions

condi tions, for et hyl ene _prepared sing a
of a lopptreadtets éneCodd ﬁ é{Clg@iﬁ)byg seld a{fgyﬁg er/_\wlpc%l%}oo igh in MI to

give qafzﬁ;lm%eb Inbegt\ggﬁn\ggi og'r 3R rgge fﬁliy 5 1§xd8ﬁ8¥51§? Z%\tféhe ith ‘?ﬁ ]{1 M‘in gnd narrow

| ene prep u3|ng
molecBlda el AlshAaRBA, (1) -C5H4“Bu)22r012 (A) provides a polymer w1th too much haze

for many LLDPE film applications. Adding the second metallocene which produces higher
molecular weight polymer provides a polymer with lower MI, and hence, increased melt strength

for blowing film, without sacrificing useful polymer film properties such as MD tear.
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catal yst conprising conmpounds A + C or A + D. Thus,
when (rl5-C5H4"Bu)2zrd 2 (A is conbined with a
tightly-bridged netall ocene, specifically, a

net al | ocene bridged by a_singl silicon atom the
resulting resinis charw]%ié&oby a lower M as

R s e L

Metall§Zehy | §0€; FROB YW Z08 iFgn Usi ng (1| s- C5HA" Bu) 2Zr C12 and
a Loosel y-Bridged Metal | ocene Polynerization runs
Polymeerizatior irwnst usieg shd G nactaligdene, (B s 1By ZeCh (A the second,

he secqnd,., |ogQsely-bri i .
move Wb e eSS A B BGERA GE RS s in Tales
7A and TR/ FilofREd Siliba-GRnAhA! Fhd fietBHlublim@h REr@t sHIUBAWYRE Ehe methods as
conducted using the nethods as descri bed herein. See
describtdbbreinl SeerTablet hidr oostaicend solution prepasationtdnd Takled? fpglsptalyst feeds
2 for catalyst feeds to the precontactor. Table 6A
to the RreqORLACIOt 5™ t he pol ymeri zati on and reactor conditions

FIablePPA YiRishtes iR pilpRadiffion 4al Réhctorddaditiond frlpobettglene prepared
catal yst conprising conpounds A + E,

A+ F o A+ G .
using sadual rosim]ocen catlly blecomasisingsEo i QIArE ds + thhewhile iTablg 78 provides the
. fid r rtjesefo I r N
esin. {0, FURCBREFHLS S5 DRLVEROHHERRP1SRE, S U Glgene cay
comprifing dompdtndy A GH. TiThiss, whiaefin{-CsH;"BCHACBUNI Ts Cirdbifé] with a more
is conbined with a | oosely-bridged netallocene )
highly s pelsstifutedi| mgtallac@e, ogompousdr HanirCatlo BubigEde (H), specifically, a

net al . ocen the resulti [esSln iS . erd y .
metallqEgE T e e by et Rt SmBRTREN U AE0Y i resulting
resin i@ ERRSoteedNRUE 1GGET RSk REmiRcH a8 fusind G’ Wi H BRI % CB dlyne, without

decreasing 25 haze. This anpl e hel ps denonstrate,
substatralygleaehmng M) tegs, t hat under the practi cal

conditions of a loop reactor, (rl5-C5H4"Bu)2ZrC12 (A

by itself affords polymer which is too highin M to

gi ve adequate nelt strepxAMPDE 1hl ow ng film

Addi tionally, qgi vern its high M and narrow nolecul ar
EthyleneePefnerization Ysing On;C it By 236k ag)isAdainium Ayalpg 64 -delds Bu)2HfCL

a polymer with too nmuch haze 30 for many LLDPE film
@ appl i cations. Adding the second netal |l ocene which

B AAUESABh FDBE usitB! 186 Utrdy m@wmbénepqhita@wsmm?@q@, the second

polymer with |ower "M, and hence, increased nel ) )
hafniusi metaljodene {9 CHLABIRYTEL (coniprisiogtsubsiiduted cx¢loppntasiisnyl ligands as

v g B b RET St A Bl P DBt i

the me?ﬂﬁis%s MRLcibEl BBlckr, SSRSTABINN B FefallOBnéNBoluvidhGIrteARRR and Table 2
g5- CGGH3" BulMe) 2Zr C12 (H) Pol ymeri zati on runs using the

for cathlystfeedseo tiel peemiactqr1 15- C5HA" Bu) 2Zr C12 (A), the

ng, ..o re, highly-.substjt
e T A g o
using 4 Au@nghetdBocdnk Uatalygbe dombtisiag cahipoinds, Aand, while Table 8B provides the

triethylal um numwere conducted using the n&etpods gs
resin and film properties for polyethylene prepared using the dual metallocene catalyst

comprising compounds A + I. Thus, when (n*-CsHs"Bu),ZrCl; (A) is combined with a hafnium
metallocene (n°-CsHy"BupZrCly (I), the resulting resin is characterized by a lower MI as
compared to using (M 5.CsH,"Bu),ZrCl, alone, without substantially decreasing MD tear.
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descri bed herein.
precont act or.
usi ng a dual

proper I'és

See Table 1 for

met al | ocene sol ution
preparation and Table 2 for catal yst feeds

to the

Table 7A illustrates the polynerization
and reactor conditions for polyethylene prepared

10

net al | ocene catal yst conpri si ng conpounds
Table $4. I%l WidGiod 3k q{e7a of r(ﬁ)\ﬁﬁﬁﬁﬁs tthepolyasiRnd Weﬁai‘édnUsmg a Single
or pol yethyl-ene prepared using the d

MetallorenaChtalysn€omptisihy SompoumpAiasiShgwoonpounds A + H

Thus, when (115-C5H4"Bu)2ZrCl12 (A) is conbined with a
nore highly substitute tal |l ocene, conpound
(115- C5H3" BulMe) 2Zr C12 ( ecifically, a

met al | ocene wherein t
is nore highly substi

characterized by a | owen
(115- C5H4" Bu) 2Zr C12 al o
EXA
Using (rl5-C5H4" Bu) 2Zr

decreasing MD tear.

he
t ut ed,

it hout
L

subst ant

peit adi enyl -type |igand
ﬁlhe resulting 15 resin is
s ¥gonpared to using

ially

1 Ethyl ene Pol ynmerization
andAi ts Haf ni um Anal og

(n5-C5H4"Bu)2HFCl 2 20 (1) Pol ynerization runs using

tfhe TiretampetNal | ocene¢, (11%4CoHA"Bu) 2420 2 (A), eshe
SCReHGally 78kl SaNdOxdal | OCepeyA L 15~ CSFE M) ZH T Rsifdl)
uupn i belHu&%ébl | tuted L,yL,IAJp(:‘IIl adh enyA I T O8RS 1 R%ne
TRy 1S tor 3 gl SB; Hueri-ded—sti+eca—altum na;,
an 'ge{? rolcee“(e °Fealc °an1 ln wer e eznduct ed udizdg {he Gt hods
aﬁ—@m(mn) See—Tabte—1flor netattocene
Jorat | on preparation|and T8Pe 2 |25 1B cafal y&t’
feeos c&a{arya-@pecont actor. gabl e A 1T HENSTT at estdahe
ol y"“ﬁdcétﬁ‘i’yét‘tﬂbnff”u rgactoryLpnditiions 59T polryeygytene
repat chTetlﬁ,ltdw aduat—netgl L oceng C_aﬁ?%i.]ySF CONpEasSing
OMPE§{RlRe (C2)mb W11 {[€ TabiyBs 8B Prjovi gl The Tggin
rd f1'He B {@PRES f[OoT Pob yet iyl &ene grgpar 2d USidg
t'NieSdéﬁé EtHyleh&MoRGRHg [Cat al y§d— CoOT r3i7§g conpogpds
t—TFhus; HYVTET \J.J.O- o gy ) Z4rd 2 (Ap s orm!mea
hientPe 13- Coiflo7BU) 2Zr Gy (1),
tl*q*el,(&kl«;d}‘:é& Ra{-év“byp,r)l s chag gd,,[ ETTZ€0 fgd | OWeT 1 [y} ag
COMPGAT b phand Bew iRt T15-C5+4" Bu)y 2ZrC12_gaj one, V\Aéor%out
sljubst ant i gbhry decr eagi ng ear. |63 &%abl ¢ 3/°
Rol ymSplids@enemt.-dnd React or28@dndi t ijons 2B4r Pol y&689| ene
Rr ePolynesdl Ptgditgtign fb/B) ndl e M88t0al | ocgne @hi%al ygt 208
ConpPensitnpeistalfeinehd A as Si9d%en. p\|Cl 018" ' |" CPIO17R 5
Bxanpl eCReR(RBHL 6.2 6.3 CH@mi cal lly- Tr &t ed | Sol i%d
Qxi ﬁ@sﬁa@i&z‘;@Fm@ﬁtﬂ Al F- Si Ak 2986 2240
Ash Productivity (Ib/ib) 2381 2725 1538
Ash (wt%) 0.042 0.0367 0.065
Mw 78,910 87,630 86,180
Mn 35,900 38,100 34,400
Mw/Mn 2.2 2.3 2.51
Precontactor Feed Metailocene
Conc (Wt%) 0.0055 0.0056 0.0014
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10

Metal l ocene A A Ain 1-hexene Metallocene to Reactor
(ppm 0.23 0.26 0.13 Autoclave Residence Tinme (Mn)

10.19 10.89 9.17 Cocatal yst Type TEA TEA TEA -
Cocatal yst (ppm 13.5 13.2 10 Rx Tenp (F) 181.7 178.1
172.8 Ethylene (C2) (nmol % 14.38 14.02 14.05

L

CatalysR@loenptisinglGom2Bm8 A &BSpwm4. 5 1- Hexene (C6) Feed Rate

(I'b/hr) 8.89 12.62 11.44 Total |sobutane Flow Rate
51.05 53.84 60.6 |Ib/hr Solids Conc. wt. % 28.80 28.4
26. 69 Pol ymer Productiog (Ib/hr) 26.00 24.75 20.8
Density (pellets) (glcc) AD.1196 0.1166 0.1173 CTSO

(RPH) 10 16 22 WMass Bal Productivity 2774 2286

2240 Ib/I'b Ash Producti Zg_.l\\tﬁll b) 2381 2725 1538

Ash (wt% 0.042 0.0367 0.065,\w 78,910 87, 630 86, 180

Mh 35, 900 38, 100 34, 400 2¢p 2.3 2.51

Precont act or Feed Metal | 0. 0055 0. 0056 0.0014

Conc(W % 64 Tabl e 3B. sin %gd Fil mProperties for

Pol yet hyl ene Prepared Ustng a’Single Metall ocene
Ex. gl;zll?clen%{Ct qur ' PE{JMTI 9 Mg rgmé;‘;]lt;n éértas ‘?[25?\::%"}“ r}}ﬂﬁzr TD tear ql—IazcE CY-a
No. dg/min | dg/min MI glcc Impact Iml}ﬂ‘it tear g %
6.1 A 248 | 371 149 | 0918 % 0.63 % 3% 172_| 0763
6.2 A 1.93 30.8 16.0 0.916 1316 0.87 317 412 213 0.776
6.3 A 1.45 264 18.2 09173 >1400 1.29 269 353 19.3 0.727
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Ex. Metall ocene M HLM HLM/ Density Dart Spencer ND
TD tear Haze CY-a No dg/mn dg/mn M g/cc |Inpact
Irrpacttearg% 6.1 A 2.48 37.1 14.9 0.918 762
0.63 252 396 17.2 0.76
Table 4A.o Polymgrigatiopgnd élegctpéoqcﬁ gnsetlog Pg\lyit‘hxé ég’eiglfg:ligng?’% f)ual
Metall$erle 5&6‘@ Hg e8hpdartis R +3B Bs IKolvn. 10 65 0 Table
cta 0%2\ éétla rrer?rgéniﬁo% 8 Reéq;ctor Condi tions for
Pol yet hyl ene Prepared Using a Dual Metall ocene

Cat al yst Conpri si ng Conpounds A + B as od M
Zi A zZr' O A B 5 Exanple No. 7,

Chenical ly-Trea olid Oxide F-Si/A

Met al | ocene A +8 Met al | océffert REhct or

(ppm 1.24+0.11 1.

.21 Aut ocl cw ‘:)irre M n
11.5 10.96 Co ystl Type TEA Lotatal yst (ppmM
13.16 14.73 Rx (F) 175.1 175.4
14.61 15.34 1r7hexene nmol% 2.27 2.92 1- exene/ eth

| ene (Mbl e Rat o) 046 0.19 H2 Et hyl e Feed Rate
(Ib/hr 28.57 29.22 1-Hexene Feed Rate | b/hr 4.16 4.62

fFetat—i u—Exh—hﬁngamtc o571 572 Sotjds Conc. W .
o 27. 2 27. 71 72
Chemically-Treated Solid Oxide F-SifAL F-SifAL
Metallocene A+B A+B
Metallocene B/A to Reactor (ppm) 1.24 + 0.11 1.2 +0.21
Autoclave Residence Time {Min) 11.5 10.96
Cocatalyst Type TEA TEA
Cocatalyst (ppm) 13.16 14.73
Rx Temp (°F} 175.1 175.4
Ethylene (mol %) 14.61 15.34
1-hexene {mo!%)} 227 2.92
1-hexenelethylene (Mole Ratio) 0.16 0.19
2
Ethylene Feed Rate (ib/hr) 28.57 29.22
1-Hexene Feed Rate {Ib/hr) 4.16 4.62
Total iC4 Flow Rate {ib/hr) 57.1 57.2
Solids Conc. wt. % 27.2 27.3
Polymer Production {ib/hr) 24.92 25.33
Density (pellets) (g/cc} 0.9193 0.9240
CTSO (RPH) 34 24
Mass Balance Productivity (Ib/ib) 2373 2373
Ash Productivity (Ibilb) 2381 2703
Ash {wt%) 0.042 0.037
Mw
Mn
Mw/Mn
Precontactor Feed Metallocene B/A 0.022/0.0028 0.022/0.0028
Conc (Wt%)
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Pol ymer Production Ib/hr 24.92 25.33 Density
(pellets) /cc) 0.9193 0.9240 CTSO RPH 34 24 Mass

Bal ance Productivity (lIb/lb) 2373 2373 Ash Producti vi
Ib/I'b 2381 2703 Ash (wt% 0.042 0.037 Mwv Mh  MwW Mh
Precont actor Feed Metal |l ocene Bl A 0.022/0.0028

Table 4B.0BRgyin andbdmdsaperignios Bolysthylese Prepargddjsingis Pugh Mgtallocene

Catalyszéttgﬁ Vi

e

e et repared Using a Dual
%%IEE%JIR@F%))/‘QH&%F?@l ng Conpounds A + B as
Showmn. C a,\d nme Zr-C "Cl 5 AB Ex. Mtallocene

M HM HM/ nsity Dart Spencer MD

tear J % No. mn,dg/mn M g/cc | lgtpact tea9
9 7.1 A+B 0. 46 25,1 0.919 754 0 10. 3
0.189 7.2 A+B<e#9%,2974 30.6 0.924/2 12 540
8.0 0.312 67 o _TabJeNpA. Pol y=x | act or
Condi tions for et I‘Fyl ene Prepared Dual

Met al | ocene a Conpri si ng Conp A+ Cor A+

D, as Shown. H3E~., | H3Ci, Si "\gcl si \ HCc

Zr" r'" Lr'... SCI HCSCl "C A CD Ph Exanple No.

8.1 8.2 8.3
Ex. Metallocene MI HLMI HLMI/ | Density Dart Spencer MD ™D Haze CY-a
No. Dg/min dg/min Mi glce Impact Impact tear | tear %

g J g g

7.1 A+B 0.46 11.5 25.1 0.919 754 0.56 78 419 10.3 0.18%
72 A+B 0.96 294 30.6 0.924 278 0.34 112 540 8.0 0.312
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Chemically-Treated Solid Oxide F-Si/AL F-Si/AL F-Si /AL
Met al | ocene A+C A+C A+D Metall ocene to Reactor A+C or
0. 21+0.55 0. 22+40. 43 0.39+0 48 A+D (ppm Autocl ave
Resi dence Ti ne n 7.5 77 1 at e
Table ﬁfeAPqizmem@im@@gﬂé%egFtyg Owﬁﬁ?s 1ok D3tyeipyfis Propiisd (e a Dual
Metail&gﬂép({‘étg%sﬁé %néﬁ%gl)%gogndsg By 8Pﬁ + DD4s @ﬁovjrﬁ 2 13.62
14.6 -hexene (Mol % 5.71 7.48 7.03 1-hexene/eth
| ene (Mble Ratio) 0.43 ONG&0. 48 H2 Et hyl eng Espd 4,

Ratesl b/ hr 25 25 25 1- Feed Rate | b/h
10. 9, p6 Total Hepb ow Rate L/ hr A
53.1 14 _Sol i ds Cgi % 6. 32 26. 1526 <l
Pol Z)Pr\vbductl onujch/ S8 .4 21. 8uc O
(pel | et | cc 0.9238 0. l’z.\ 9985 CTSO RPH ¢

w1 b 3827 3827 2
Prou |ty I b/1b) 2174 ), 2128 Ash (wt -/
0.066 0.7 Mw 112,900 138,380 M 37,200 37,200
MV WMn 3.03 3.72 Precontactor Feed Metall ocene

0. 0055/ 0. 0055 0. 0055/ 0. 0055 0.0055/0.0055 A/Cor AID

rCont M @hpions8 O Tab| e 5BgResin and &3 m Prioper{ses
OFenfi@liy B styd Solia Oidepar edrBkaing al Dual-Sifet al [joceesiVAL

an Pr oducti vi

Cat al yshetdlongnei si ng Conpountl€ A + C AL + D} a5 A+D
Smece;?]g:(RpE\c?grfﬂc PrH G %2140 | b1 Q,Zlcf B gj ~p (439 +048
+D (ppm
Autoclave Residence Time {Min) 7.57 7.77 10.05
Cocatalyst Type TEA TEA TEA
Cocatalyst {ppm) 15.21 11.02 12.95
Rx Temp {°F) 180.1 180 180.2
Ethylene (mol %) 13.2 13.62 14.61
1-hexene (mol%) 5.71 7.48 7.03
1-hexenel/ethylene {Mole Ratio} 0.43 0.55 0.48
H.
Ethylene Feed Rate (lb/hr) 25 25 25
1-Hexene Feed Rate (Ib/hr) 7.52 10.17 9.56
Total Isobutane Flow Rate (Ib/hr) 52.07 53.11 47.14
Solids Conc. wt. % 25.32 26.15 26.20
Polymer Production (Ib/hr} 21.8 234 21.8
Density (pellets} (g/cc} 0.9238 0.9167 0.9185

CTSO (RPH) 14 13 20
Mass Balance Productivity (1b/lb) 3827 3827 2422

Ash Productivity (tb/lb) 2174 1515 2128
Ash (wt%) 0.046 0.066 0.047
Mw 112,900 138,380
Mn 37,200 37,200
Mw/Mn 3.03 31,72
Precontactor Feed Metallocene 0.0055/0.0055 0.0055/0.0055 0.0055/0.0055
AIC or AID Conc (Wt%)
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\-r sJd H3C ZzZr' HaC41 z< "**Cd "CIl "C \ ACDPh
5 Ex. Exanple M HLM HLM/ Density Dart Spencer NMD TD
Haze CY-a

Table I@é.eggspgggr Ef/%l %ge/_l\'tﬁgstl@ kg&etilyhe@e fge%gﬁeé%ﬁ’%gga gl54 Igfgéﬁocene
Catalys?gg)ﬂg}—rglé% n?t%ﬁm s QQBC c§ 1§+"ﬁ'@s Sh@@nzz 6 20.5 0.918

No. dg/mn dg/mn M g/cc |Inpact |npact

9 25. Np 0 HQWOIS.
NquyI\IJ.-. vIbNOdI\r NOvrlQ_vr ,F T VI
e MOF N. .fVK.-N~.VMNONMNQONMOV
LLO OO }JO .M Q pQX~Q, "o~w Sri :
o~. @ GCs +o[|j = g pr01l GV Mo ~n

-~ N.-" IWM ~ O LL pu@,
S
~r mWVr e Q 00 W7 +
Mp > & p PN RMMOQ ™R w Q .BC F
M N N PMM ON
A C
Ex. Example MI HLMI | HLML/ | Density Dart Spencer MD D Haze | CY-a
No. dg/min | dg/min Mi glcc Impact Impact tear tear %
g ] g g
8.1 A+C 1.04 24.3 234 0.923 154 0.36 68 347 21.1 0.07%
8.2 A+C 1.10 253 23.0 0916 456 0.44 104 372 9.4 0.098
8.3 A+D 1.10 226 20.5 0.918 168 0.36 80 409 25.1 0.06
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Ta le 68. Resin afid Film Properti ds for Pol yet hyl ene
5 Prepared Using a Dual Metall ocene
Ex. | Example MI HLMI HLMV/ Density Dart Spencer MD D Haze CY-a
No. dg/min | dg/min MI glee Impact Impact tear tear %

g J g g

91 | A+G | 085 14.9 17.5 0918 | >1400 1.34 209 [ 398 | 7.6 | 0.672
92 | A+G | 0383 14.5 174 0.920 823 1.11 275 | 470 | 84 | 0.66
93 | A+E | 081 18.4 22.7 0.918 | >1400 1.07 241 1451 ]| 69 | 0.576
94 | A+E | 0.84 16.8 20.0 0.918 | >1400 0.91 229 | 477 | 7.9 | 0.509
95 | A+E | 0.77 15.7 20.4 0918 | >1400 1.00 309 | 471 [ 64 | 0.566
96 | A+E | 077 15.7 20.4 0.918 1039 1.21 273 | 436 | 7.0 | 0.566
97| A+E | 0.76 15 20.1 0.923 191 0.42 264 | 4541 64 | 0.549
98 | A+E | 1.01 22 20.3 0.920 391 0.62 274 | 428 | 74 | 0.618
99 | A+E | 1.00 25 213 0.918 1400 1.02 246 | 383 | 83
9.10] A+F | 0.58 13.5 23.3 0917 | >1400 1.72 194 | 467 | 10.1 | 0.345
9.11 | A+F 0.6 15.1 252 0.922 437 0.36 274 | 747 ] 74 | 0.569
912 A+F 1.03 18.6 18.1 0916 | >1400 1.11 215.5 | 414 | 17.3 | 0.646
9.13 | A+F 1.11 19.1 17.2 0916 | >1400 1.23 271 | 441 | 9.7 { 0.648
9.14| A+F | 095 16.9 17.8 0.917 | >1400 1.68 209 | 339 | 144 | 0.652
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Table 7A.3Polymerizgmnang RyagepConglions for Rolyetyylen

Cat al yst Conprising Conmpounds A+ E, A+ F or A+ G

as Shown. a zr~c zr'' aci "Cl dg so AR4CF G 5

Ex. Exanple M HLM HLM/ Density Dart Spencer MD TD

Haze CY-a No. dg/mn dg/mn M g/cc |Inpact I|npact

tear tear %7 9 9 9.1 A+G 0.85 14.9 17.5 8.918 >1400
aPrepyred PsipggpBual

o B ol Sy e R RS 150,22

16.8 20.0 0.918 > 1400 0.91 229 477 7.9 0.509 9.5 A+E
0.77 15.7 20.4 0.918 >1400 1.0Q/309 471 6.4 0.566 9.6

A+E 0.77 157 20.4 0.918 1039 1 73 436 7.0 0.566
K9.7 A + E 15 20.1 0.923 1949442 264 454 6.4
0.549 9.8 End. 01 22 20.3 620,387 0,652,274 428
7.4 0.618 9974 + E 1.00 25 2173 ©. N8 1400 1.02 246
383 8.3 9. +F®. 58 13.5 23. 17 51400 1.72 194
467 10.1 0 9.11 A + F 0.6{1 .2 0.922 437

0.36 274 747 7.4 0.569 9.12 F 1Q3 18.6 18.1 0.916
>1400 1.11 215.5 414 17.3 0.646 9.13 A+ F 1.11 19.1
17.2 0.916 > 1400 1.23 271 441 9. 7 648 9 14 A + E

0. 9Bxamgledio17 8 0 _d17 181400 1. &2 2001 33d034 4 o g4 10.5
Chemj Solif OXtg98] | E-SIAL . | . F-SUAL o | F-SiAl~ |, F-SIAL F-Si/AL
. Metallocene, | AR L T ATH P A T P A A+H
Metalldterle toV b Tf SR U UST g a Dhdl o dvet af T 0Cghe 0.46
AutodiaVe RedadncAMP (Mig) MJ COAPOLNAS2286 + H assdhown. 2450 13.3
ZrCocataly&ypy S CI | ChiEAA H STiXanple Nga 10. 1 1TEA2 TEA

101.0335?.'&%3}:)!’[@. o) emeHl |- Tr¥# ed Sol i Oxilde F28i/ A 19.68

E- RYTERMPIEFR; / AL E-1Si 1783 FLsi/RE8  not gl ' 8denel A+ 798 1 179.2
A E't_%g!gnl g, (mgl %) 1423 | 1335 ] aZig [ i34y 15.66
1-hexene {mol%) 12.55 2.44 2.55 2.59 15.52
1-Hexene/Ethylene (Mole Ratio) 0.88 0.18 0.2 0.19 0.99
Hz (mole %} 0.003
Ethylene Feed Rate (ib/hr) 19.8 25.87 25.88 259 29.8
1-Hexene Feed Rate (Ib/hr) 11.2 9.55 11.22 12.49 11.84
Total Isobutane Flow Rate (Ib/hr) 54.2 48.89 48.34 52.38 54
Solids Conc. wt. % 28.1 25.3 24.6 21.7 29.5
Polymer Production (Ib/hr) 26.17 21.67 21.44 20 27.67
Density (pellets) {g/cc) 0.9189 0.9183 0.9179 0.9177 0.916
CTSO (RPH) 28 60 56 57 22
Mass Balance Productivity (Ib/lb) 2825 1966 2405 2405 2854
Ash Productivity {Ib/ib) 2703 3846 2222 2564 3030
Ash (wt%) 0.037 0.026 0.045 (.039 0.033
Mw 134,760 124,640 124,060 101,110
Mn 55,950 49,760 51.130 35,600
Mw/Mn 2.41 2.5 2.43 2.84
Precontactor Feed Metallocene
Conc (Wt%) 0.0088 0.0042 0.0034 0.0083 0.0088
Metallocene Mixed Feed A/H
Wt. Ratio 3:1 2:1 2:1 2:1 3:1
Precontactor Metallocene Feed 0.48 0.48 0.86 0.32 027

(Ibsthr)
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Met al | ocene to Reactor (ppn) 0.84 0.41 0.6 0.5 0. 46
Aut ocl ave Residence Tinme (Mn) 12.43 24.96 24.09 24.97
13.3 Cocatal yst Type TEA TEA TEA TEA TEA Cocat al yst
(ppm 19.07 10.03 9.7 9.69 19.68 Rx Tenp F 179.3 174.8

174.8 174.8 179.2 Ethylene (mol | 9% 14.23 13,35 12, 79
Table 78, Resingnd BilmPrpseior Roboshyione Beeopredd/5ngs Dyabyfctallocene

A= I ¥ Ratio) 0.88 0.18 0.2
Cataly%%fg?p&%w&n@gxofﬁg%%@é Et hyl ene Feed Rate |b/hr
19.8 25.87 25.88 25.9 29.8 1-Hexene Feed Rate (Ib/hr)
11.2 9.55 11.22 12.49 11.84 Totdl |sobutane Fl ow Rate

(I'b/hr) 54.& 48.89 48.34 52.38 84 __golids Conc. wt. %
28.1 25.3 2 1.7 29.5 Poly odg[:tion (1 b/hr)
26.17 21. 62 4420 27.67 Densy pdll ats) fcc
0.9189 0.9183 (#9179 0.9177 0.916 (RPH 28 60 56
57 22 Mas ande Productive 2825 1966 2405
2405 2854 oductivity Ib/Kb 3846 2222 2564

3030 Ash W % ,0.037 0.026 0.€45 0.£139 0.033 Mw
134, 760 124,640 124,060 101, 110 M1 55,950 49, 760
51.130 35,600 MV Mh 2.41 2.5 2.43 2.84 Precontactor

O D00 —O—ONA

sttt osane tmfas s PalRiA R Ba0 3% alder (0@ [0T ]8R2 | Cv-a
No. éoncnegﬁ@ngﬁewm ocene M xgek Fe@sbadV|Hinpacl |2ial |2Aeal {224
3:1 ti 0 Frecontact oMet al locene JFead 80|48 () 48

01| 086 0 8890 2 |cril68/ hr)0.919 h>F9hile 078 |6 r36Aq 14 | 0.585

102 | Bt Hr el 1746 | od7.00l Ly AOKRI £nl@9%%rlepndr ed A8 442; ;Q,é 0.629

H oot

103 | et B [ loddhel 2338tk V&7 do®3t P91 n3o%dmddnd<27A , 0.614
104 | At | 133 ) 2389 | 2176 e 0017751 w10p] | 0.7 | 297 | 472°| 299 | 0.623

10.5 A+H 098 | 1633 16.9 09160 | 1400 1.66 | 217 | 402 | 13.3 | 0.655

73




A H5 Ex. Metallocene M HLM HLM 1 Density Dart
Spencer MD TD Haze CY-a No. dg/mn dg/mn M g/cc
| npact | npact tear tear % 10.1 A+H 0.89 15 16.9 0.918

4 216 0.585 .10, H .03 =46
Table §4. §olymis{aoryss Headiys Conditions fpr §ofsthyieps Phentred fidd'a pual
Metail&%né@atjagis? Cngﬂigiﬁg Eohhoin@PA I WD addkowd?. 6 0. 614 10.4 A
+ H 1.33 23.3 0.9177 1007 0.7 297 472 29.9 0.623
10.5 A+ H0.98 16.53 16.9 0.9160 1400 1.66 217 402
13.3 0.655 0 73 Table 8A. Pol yneri,zati on and React or
Condi ti ons forsPol yet hyl ene Prepar Usi ng a Dual

Met al | ocene Caral yst CorrprisingCo s A+1, as
Shown. °~ SCI 7 a "ad \\a:lExaane No.
11.1 11.2 Ch Ly I'I'reated Sol i ()( F-Si/ AL
F-SI/AL Metall oc AA + | A+ Met 1t o Reactor
(ppm 0. 11+0. 1154. 38  Aut ocl si dence Tine
Mn 13.57 12. catal st Type Cocat al yst (

m 13. 73 14. 11<{Rx Tegp F 176.3 176¢ Et Hyl ene (nol %
15.14 14.82 1-hexene (rmol% 11.79 11.3

1- Hexene/ Et hyl ene (Mol Ratio) 0 .78 Q0 76 H2 Ethylene
Feed RatExamplBNer) 29 3129 3 Albiovano Ibaad RAAA 7 L bl hy
¢_EYemicaliy-Treated Solid Oxide 4 S OFSiALL . | ESHALY ST
1 TMetalloceng’ | > oooponc TRy RAt © NoTTT 94qf IUY- 94
POt s siobd B o ReBktor (ﬁﬁrﬁ)ﬁ Z7. 611+0.26 0.11 +0.38
Autoclave Residence Time (Min) 13.57 12.76
Cocatalyst Type TEA TEA
Cocatalyst {ppm) 13.73 i4.11
Rx Temp (°F) 176.3 176.2
Ethylene (mol %) 15.14 14.82
1-hexene (mol%) 11.79 11.3
1-Hexene/Ethylene (Mole Ratio) 0.78 0.76
2
Ethylene Feed Rate (Ib/hr) 29.3 29.3
1-Hexene Feed Rate (Ib/hr) 9.61 9.75
Total Isobutane Flow Rate (Ib/hr) 50.27 50.52
Solids Conc. wt. % 28.1 27.7
Polymer Production (Ib/hr) 25.5 25.27
Density {pellets) (g/cc) 0.9185 0.9181
CTSO (RPH) 29 35
Mass Balance Productivity (Ib/lb) 2222 2222
Ash Productivity (Ib/ib) 2941 2941
Ash (wt%) 0.034 0.049
Mw 102,610 118,520
Mn 36,800 39,200
Mw/Mn 2.79 3.02
Precontactor Feed Afi
Metallocene Conc (Wt%) 0.0028 / 0.0028 0.0028 / 0.0028
Metallocene Mixed Feed Wt. Ratio 0.423 0.289
Precontactor Metallocene A/ 0.2 0.21
Feed (lbs/hr)
Metallocene Feed (tbs/hr) 0.48 0.68




Pol ymer Production (Ib/hr) 25.5 25.27 Density
(pellets) /cc) 0.9185 0.9181 CTSO RPH 29 35 Mass

Bal ance Productivity (Ib/lb 2222 2222 Ash
Productivity Ib/Ib) 2941 2941 Ash wt % 0. 034 0.049 Mw

102, 610 118, 520 9, 20 279 3
Table §55.oRerit 204 BimAgeeerass (o Poeviens Prysms ) gis Dis [Vigghgeene
Catalysﬁ%lg&g%n%ﬁdé X"M%@Bh@ﬁﬁ ne M xed Feed W. Ratio

89 ‘Precontacdtor Metallocene A/1 0.2 0.21
Feed | bs/hr Metall ocene Feed Ibs/hr) 0.48 0.68 74 0

Table 8B. Resin and Fil m Properti for Pol yet hyl ene
Prepared Usingsra Dual Metall ocene %t al yst Corrprl si ng
H

Conpounds A + P, Shown. \/ \ ~pd  Zr

"C A 5 A Ex aIIoceneM HL mn3|ty Dart
Spencer MD TD O-a No. dg/m dg M g/cc

I npact | npact tea war % J 11. (133 09 20.8
19.1 0.917 68 5§h2413206 112A+I
0.84 16.2 19. 7 727 0.85 19644 .6 0.499 C 75

CLAIMS W Cdim 51. A catal yst{conpogition
conprising the contact product of at |east one a first
met aI I ocene conpound, at |east one a second

Ex.
No.

Mefa‘fl c%‘fg OGN HRTROHR T ‘“DehsEf"lDé&”t SHENTGab Y THT FaEET Cya

@ind&gmANd &k | gagtcc ON@ngad g alﬁ@ai UngaUMmear | %
corrpound, ereiln: g g g

11.1

A+l 1.09 | 208 19.1 0.917 688 0. 65 242 | 413 | 20.6 | 0.534

11.2

A+] 0.84 16.2 19.3 0.917 727 0.85 196 | 447 | 11.6 | 0.499
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a) the at least one first netall ocene conmpound has the
followng fornmula: (X )(X2)(X3)(X4)Zr; 10 wherein
(X1) and (X2) are independently selected froma
nonosubsti t ut ed cyc%ﬁﬁﬁgkgdienyl, a nonosubstituted
i ndenyl, a nonosubsti fluorenyl, or a
nmonosubstituted, partially saturated anal og thereof;
wherei n each substituent on (X) and (X2) is

We Cldimdependent |y selected froma linear or branched
al i phatic group, wherein the aliphatic group is
unsubstituted or substituted, any one of 15 which

1. bﬁ\éhtﬁ@stf Edipokition dBPHsingGhe asrhaw paddaesaf avfeasiedne € it metallocene
(X4), and any substituent on the substituted al

compogmcbm@ lepst png aaaepnd(notallageac icrrwaRh teast oBe bl srated solid
oxide, 85 SRR GraBBuip R SRIBALGREARY. © Chbs. o T
AR o o Oup, BN SURrTl Sl @ Car bon gf oup, @
silicon group, a ger ﬁ%@&ﬁ{)@{ g@g%a tin 20 group, a
"%%%%g B %Pob@ %@9@)§eaéhd%hw§n QLB O, ?%nosubsututed

cyclopentadiBid, a mioeomibstititedsndenlyk @tmmqsnwmtndi ﬁnoneyylf po#monosubstituted,

or SR, wherein Ris a
part1a1&f3%g3c} B@ﬂk’g}_%’f’reg >substituted derivative thereof, any

O\;Vl?er&fl Mok Ghbstiast v (X'9rnd (0) abhidbpetdestiy bﬂébt@d @ioRi a linear or
a halide; or hydrogen; 25 b) wherein the at |east. on

branche gliplentinrarels, Sherrin SrAlphAEr erasp ihensubrtiteige 0g Slstiptieds any one of
whlché%,ﬁ),é gg)n(fq oa(bx?f%ca gﬂr%blgl ) Mis zr; (X5) and (X6)

ependently Selec from a substitut ed
cykdreipe® R dixéy) yand @yssubﬂituémt(ﬁﬂthe tibstithted aliphdiit group e (X') and
fluorenyl, or asug_s ituted, . artially.saturated i
O axarieRpRRIsCHHCCIGh B 40 BP0 B an Gromis Bl t Regtic Eroup, a
| SUbt a Bftrogen group,
cmnm §g§(ﬁ §E%§%EQH%99§ ’5Hﬁ§gﬂfﬁgg% E?ed frggggm |neag grotp. 2
phospimrmgmnp,rmﬂarad:m@ lgedtuipe 2 garbop grovpe Reilicontggouy, iapgeamprium group, a tin

i S unsubstituted or . substit
group IFEh 0 T EPTPR SFRSP: S AR 0 Par BOHCAD BRSPS b 29PXe: SX. -
0so X! JA&X%f ABTX,, RAPKXONhaER X Nsleslenee Mdeyelﬁ@hﬁptfm falide, H, NH,,
a cycl opentadlenyl an indenyl, a fluorenyl

OR, op&Rt ivdictojn §at5ufr ardmc@chﬂl, oy atsubstepted d@rweii@uuh@tepf (g pne of which

havmggfn%raggcpa%%l?cg csn‘b unsu S iﬁ@@@g)‘iih&gi%ll?fge ;?23;“ ed by

conprising from3 to 5 contiguous ansa carbon atons in
gb)%g&rgﬁ @h%gl(ﬂ? lq%{gﬁd(mqgggo\ghg %qurg%g%gpggpésﬁg fo%(\jviltlgh formula:
XXM wherein
1) Mis Zr;

(X’) and (X% are independently selected from a substituted
cyclopentadienyl, a substituted indenyl, a substituted fluorenyl, or a substituted,
partially saturated analog thereof, wherein at least one of (X%) and (X%) is at least
disubstituted; and

each substituent on (3°) and (X°) is independently selected from a linear
or branched aliphatic group, wherein the aliphatic group is unsubstituted or

substituted, any one of which having from 1 to about 20 carbon atoms;
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3) Mis Hf; (X5) and (X6) are independently sel ected

froma nonosubstituted 10 cycl opentadienyl, a
nonosubstituted i ndenyl, a nonosubstituted fl uorenyl,

or a _gono bs ituted, partially saturated anal og

thered?; a 2h substituent on (X5) and (X6) is

' ndependengj(y) sl eRPe el fng%e%déﬂtﬁ)e 8lect&d f@h@@cbﬁﬁbpentadlenyl an
al i phatic dgroup, wherein the aliphatic oup is

unsubsitdenyt, edlwrenyd b paitially eaturaggsyansies gﬂﬁrmﬁu 't sbstitwgpd analog
fron1%%toia%%§t 20 carbon atons; and 15 wherein (X7),

(X8), tltuent on (X5), any substituent on

(X6), any ?{ @ehHt are eohRteds bP St substitkdabi phsbbtituted bridging
group on ( X5) and §X6) and any substituent on the

subst igreupeePnEITisig M ol SORENABE FRLarIeD) atamg 1y %Swm one end
are | NYCRRAAS Abhdedts )g?ﬁ)ta‘ﬁﬁ thd QR ARYr i i DoflALB (X B or

ar omat ¢ group, a cycl roup, a co nati on

al i phayi c ands 1gclic groups, an oxygen group, a sulfur

group, “a nittogen up, ro p

arsenic gr 65?9 agdc g}(ﬁoﬁreg r‘BE‘iP I |S ff%’ p Rosubstituted
ger mani Ly, t Iaa %&o@ﬁ&ﬂ&te@lﬂd@@ erﬁb'lﬁbsuﬁstﬁ@cé@ Hluorenyl, or a
group, “an: a un1group, - i X

- OPX2 mer@(ubsum)paﬂlaﬂs Xﬁpratddsa(tﬂo)gzherg@f ami(z vvher ei n

X is selecte depen f.r hal i, de
or SR V\hereégh ‘g’ E‘eﬁ{j g*ﬁ@é‘flm lsolpdeépegﬁ%%l?l H%F teg%'om a linear
der i vajyi M@ndHea" Aphatic aMYu Neh&Einhic CAlighané @oﬁﬂ @ynudsibstituted or
about 20 carbon atons; a halide; or hydroge c) the
at | esubstiswied.cmsene af Whichhaxingdras |l jte) ala%ta bR Atogyss and
wherelgn(ﬁgﬁ1 (g(asg)éz{ng;e s%tbﬁgﬁg d?HV'Q(kb sﬁ?sé[g%eglglto& n?(f’é}," El?dé‘u nt on the
subst1tﬁlt@§ aﬂlbﬁatfw%ioaw gt ramdl X5, a%ld( ) subXlidpd- on thdﬁa[bstltmted bridging
IS a drocar by| having from 4gro abouyt . 20 car bon
group ganseting (EDING CX3 SroIUGRRFI SIESkera Hra oS0 ah aromatie

group, Elaéc’?'cﬁg é&@%%oh&:%%ﬁtog%ggﬁﬁfcbﬁ#& %&Hg’%{%@gl érﬂSX){géh group, a sulfur

i nclusive.

group, 2. mt“fdsgn@mqj, yphosphopegiroum lan afseicaronpl a catben @rwpt, heiligpn group, a
|.east one second cﬁgrl oce ound 1has th SO,X, -OAIX

germanim ihG HSRIP2 ISAOETP NG o9 BupzAn aluing group S0z 2

-0Six4, Xepxgndx, X@S@Re AQX’? RREESNG ] o P, eahedid KaRsélected 1ndependently

Substituted cycl opentadi enyl, a substituted indeny

from halidey 55 (INH ORI ot ISFo rvéwwln Rois azhydeasertiy, mr@osubﬁi&ﬂtenalmlyatlve thereof,

d an theye r t
any OHEREY’""& AR (]mg e f’eas € ‘Méﬁgg r&l’gthgdgéa\/\z h?&%ﬁ gach
SoIBd bit 183 on BhdriiohllpReatéKedlid oxile demprists mt dojid seidedteated with an

froma linear or 5 branched al i phatic group, wherein
eIeCtrOnH@t@fﬁ‘EWﬁtaP@ng p is unsubstituted or substituted,

ADin2MIeRLond GepthiGh ot by BRI e SRR,
substituted aliphatic gAdm(ﬁ)n()X] BX5) and

wherein (X®) is a hydrocarbyl having from 1 to about 20 carbon atoms; (X'% is selected from
alkoxide or aryloxide having from 1 to about 20 carbon atoms, halide, or hydride; and n is a

number from 1 to 3, inclusive.

2. The catalyst composition of Claim 1, wherein the at least one second metallocene
compound has the following formula:
XXX Zr;

o}
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(X6) are independently selected froman aliphatic

group, an aromatic group, a cyclic group, a

conmbi nation of aliphatic and cyclic groups, an oxygen

group, assul f raQup, a,nitrogen. group, 0 .

St R, eciepeSahy GRE A it BapBrgtiled sasgoregadienst. a
substitstbd ifcRBy19 5 W Bstitted STUTRRYLBrH QtRtitufed! ipBrtially Qeratél hi@Adk thereof,

group, a boran group, an al um num group, -SO2X,

wherein @A one X3 and GEX2s atlext disuteitped; - AsX2, - As(O) X2,

%@%@h@m@%.&&n@h S(O)ffé%ft(gﬁeirsglgn&ﬁﬂggﬂg yeléc%e?lnhom a linear or

branch&Y &ligtGaE Bydup, WheibtheSliphaticegtotie is wtibstieutedor audkstitusmly any one of
. one of which having from1l to about 20 carbon atons;
which havieg frem; 1 t@rabﬁVc?rOd@g?ﬂn oMy The catal yst conposition

i 2, i - At 5
B 0 AR M Py 0SB Sl i n )
(X%) aR,inddpendéntly se)ecteliefr@h dneaiphatin grdupr st amenaicl groepen cyclic group, a
. co,n‘pognd has the formul a ér | 5- C51-14R1) 2ﬁ={1X112 2
combingen &f Aliphatie g SYHIC; HLYRIn &R OK KR IR AFEHET §O8Ry HUFTREen group, 2
i 1 a i M H 1 .lflrh , .
phospph B, OBt gi0LpE PRtlof bl b2l siceh R, MR Abup., & fin
group, iafetdagroep, iashorerd gpepdenalipinuge pwup e @ RXe P A XLHOS B, -QPX), -SX, -

, wOEL, - Pr, i -,Pr .. n- B {-.-B Fy 15
08O ghs Xy A o 1% ot & B eonet A PRk RAB o g, 11
OR, o8R, {WhtrefORNY |adhytdkdEarksBHIRh 2)Bstituidd derivative rtkérdofRlany one of which
i each instance is i ndependently selected froma |inear
havingdronyl 4» ebrat 28 cabrn eiomsy a dakide; o5hyd0gdy from 1 to about
20 carbon atons, and X11 in each instance is
i ndependently selected from F, d, Br, I, Ow, CEt,
3, OThe RtalysPeompdsitio® ol CBiim 2wherBin boMEZ) and (Xfixtads atdyast disubstituted.
at |l east one chemcally-treated solid oxide is
selected fromfluorided alumna, chlorided alum na,
b ] ' ' - at m na, fluorided
4 s?ﬁ%agaﬁgﬁtSé)nry@g?ﬁ’gﬁ?}ﬁﬁ%ggqmgl:eﬁnca- al um na, brom ded | "
)| the aat dkasti ong, fist Infietdllpdersi bornpount] umsntag folmolai BeCsHIR 2 ZeX sy,
siljica-zirconia, 30 chl orf' defl siljca-zirconia, linhati
wherciB Ririffaeh SRIMES IS PRguARenysislorkedipra i rieat 91 bispghied alighatic group
having®¥mC P WP aBdl! AN carbBiE bkils, Rl dyibreih €' Gh 2GR st is independently
or ganoal um num conpound I's sel ected from
selectetframe FHgl, BryliyiOMenOEt OrrePhy0-aPurd-neBy, O-t-Bu, NMe;, or NEt;

tri-n-propylalum num di et hyl al um num et hoxi de,, s I 1

LD, 2 RSt are P et e oG 1 G A B CoR DaZeX
wherein™" LA ﬁ{sfhlnyﬂlsqﬂﬁépeﬂtl&{tt?'yée?écw fotNadted¥ bifSranéiied@Mphatic group

combi nation thereof. 5. The catal yst conposition of
having(rarirh 12 abwt0aiarhonFiterps, tand Xat inl essh tinstamee 15 independently selected from

a C ompound, has e f I .
r, o, FE1200GERRE T3 REBSe L e HIE ol By o5 Btone
'”(?t @k | 2 98RE 060 FROMRE L% ateh soli@rdRidedis selected from fluorided alumina,
(115- C5H3"BuR2) 27r C12, wherein R2 is_sel ected from

chloridgd, algminag -tpemided pplumipag sulfated alumingy flygrided gilicacalupppg, chlorided

- t _Least aon 1,.C -tr I, ( ide 4.5 Tica-zi .

Slhca'ag%]iné% e%mfnrl%r%c %ﬁ h’.@gre} a’lé%/i‘aal ﬁl?hfaﬁeg §ﬂicc I%%)rl gg’d % 0 r%e%afl ica-zireonta,

chlorided! didaetrodhiarbranidéd yidich-cerdomsia, $utfatedl silitarzircoaia, anyany combination
conbi nation thereof; and

thereof; and
d) the at least one organoaluminum compound is selected from trimethylaluminum,

triethylaluminum, tri-n-propylaluminum, diethylaluminum ethoxide, tri-n-butylaluminum,
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10 d) the at |east one organoal um num conpound is
selected fromtrinethylalum num triethylalum num
tri-n-pr opyI al um num di et hyl al um num et hoxi de,

tri-n-butyl al uni num | sobut yl num h
disobuy IS0 BACR B TR S LRI OIS, g agpgombination
thereofcOMDi Nation thereof. 15 6. The catal yst conposition
of Claim2, wherein: a) the at | east one first
net al | ocene conpound has the formula

15 l 14" B th t | t d
5. e s R R ey it o (135 o
gﬁh’% ﬁ%t) A firddmetalodehé cathpbiiHas @RSformula (n’-CsHy"Bu)ZrCly;

emcally-treated solid OXI de is selected from
fbl) ltll&r atdexdt ahaigecomd memoodﬂempnqbednchhaﬂthm forneild (Rt @Al;"BuR’ )2ZrC12,

m na, fluoride any onbi nat i on
Whel‘elfl IBe ﬁ%ﬁecteé]rfaora)tvlq, ﬁ?é g r ne 2’5 8n% ﬁb‘r Igé  ham
?I | Sog%akf eel:ﬁé}ﬁi%gll)gfr@ﬂb& lsbid Wl&' H'Hefb‘éf&loﬁom fluorided alumina,

utyl a um num The cat al yst conposition of
chlorldé]i alumifia, sulfgtee alnntihe faorifleshsiticaaalaminse onanymsnztiinasioatkereof; and

tdg 9%8%21 S?&Ltﬁﬁgag%ﬁgg@é)a%&%ﬁ?@) E?élelg]c%th ?rgm ttzlﬁgtyylalummum,

triethy RREniteid) &E-ﬁ-ﬁ@[ﬁﬂﬂﬁﬂlﬂﬁﬁﬁ' ydis@y Rainsiduhr Qﬂh@(lde tri-n-butylaluminum,
cl opent adi en an indenyl, a fluorenyl

dlSObu’p’iéﬂtlmmmthr wisshuEAnBEUOh sietylalugyinyn X gblggds o5y combination
thereofgmal og thereof, wherein (X5) and (X6) are connected

y a substituted or unsubstituted bridging group

corrprl sing from3 to 5 30 contiguous ansa carbon atons

in a chain, one en ich is bonded to (X5) and the
6. ckhesatalys bcontﬂosmﬂlileﬁc ﬁh‘ﬂlaf‘é%mto (X6); wherein (X7),

( ﬁ%e’patzéd}\éﬁ no;ttét}ﬂ‘ét ﬁl%t%géceﬁg 8&9?9%’5@1%"3 tﬁett%ﬁgtsﬂta@ﬁ g’rs]ftiﬂBu)geriz,

(955)the anfl gy Seest iccomht nedallo¥ée acfc&npdmddpdmiemltd yformula (n’-
sel ected froman aliphatic group, an aromatic group,
CsH3"BuMgeZ1@2gr oup, a conbination of aliphatic and cyclic

s;i:) GHP Sy leasg oge %Hergf%iﬁg %ﬁgtreg UR1id Dxidd fsugel&'téziuﬁ‘omaﬂuonded alumina,
up,

nPtrogen gr ou group, an arsenic gro
chlorided ahimiing I’Suﬁh‘@d alunﬁnalﬂumdad ghoa}al,l.mﬂnzg er amycambigatgmtherof; and

gqlf) 2@% re?c N %@2 ne e@q%?u%@%@nﬁ&@%o us%@x eﬂ al ug‘(‘lleﬂly@lummum or

tﬁg’m” (O)X2 or -PX2, wherein X is selected
triisoby epengently fromhalide, H NH2, OR or SR, wherein

Ris a5 hydrocar byl, or a substitut ed derivative

r eof one. of ch havi n Q about
. R S B oG, TSRO PRV 80 motocen:
compoRIROAI dris@inelIdebAd IEHVYngﬁHB%lﬁivﬂn }‘orhhﬂa at Ieast one
first metallocene conmpound ha; e fornmul a

(r15 C5H4R1) 2Zr C12, ﬁ)ﬂi@)@ Tin each instance is

R GES B A L0Rk s G5B, e,

ﬂuoreﬁ:}ﬂ Ohpdrtially saturated analog thereof ora substttuted analog thereof; wherein  (X°)

and (X®) are connected by a substituted or unsubstituted bridging group comprising from 3 to 5
contiguous ansa carbon atoms in a chain, one end of which is bonded to (X°) and the other end
of which is bonded to (X°);

wherein (X"), (X®), any substituent on the substituted bridging group connecting (X% and
(X%, any substituent on (X°), and any substituent on (X®) are independently selected from an

aliphatic group, an aromatic group, a cyclic group, a combination of aliphatic and cyclic groups,
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b) the at | east one second netal |l ocene conpound is
sel ected from|[-CH2(CH2) nCH2] (715- 9-Cl3H8) 2Zr X122,
[ CH2( CH2) nCH2] (315-9- G 3Hi 6) 2Zr X122,
g- CH2( CH2) nCH2] (r 15 Zr X122, .
an OXYFF} 20 @l—ﬁ‘}fﬁtﬂﬁ]‘tp? PSH‘TOE%’I—IB%)“EZ? é‘??hogfs glqyp. an arsenic group, a
carbon%mrﬂ 'aas'il;g&ﬂ gtr&ﬁ{ & ermdmudfiBOeH, N th gﬁ)uf)r Q[Eaa 611p3a WRRsh group, an

each occurtrence, 1S ind e en

aluminsel gi}bf(lp,d -SQEmn-G Kb, 015aXKs, C-@X;u pSXanS@I ¥ t ggiﬁgbxz, or -PXs,
e A A, 35, O i 5

hydrocgﬂbgf Ydra iRt Gk duisrivativé kieydofahanst and 0L whidUgavig from 1 to about 20
yl thiol ate roup, an arylthiolate group, or a
carbon@tmm,uathahé@oaévgoa@n ve thereof, any one of which

having from1l 20 to about 20 carbon atons; a halide;

or hydrogen; c) the at |east one chem cally-treated

8.  SHheicgtabi dnpositisebRChietl 7fwigsreih | uori ded al umi na,
chlorided alum na, brom ded al um na, sulfated alu ﬁ
fa)) dbmayelaaséuqqecﬁrsmwl#&en% [soBPPYd hag thg é%rn&}lmﬂrfgs RNZICly,

wherelpllflm %ea‘ams 1saﬂléilélpeﬂ§entl§7%efeﬁe§ﬁro§é lﬁ@ iFafkdhed allghatlc group

coni a i ca-zi rconi
havmglffcﬁiﬂd@db(ﬁjﬂm@arbbhhm a, sulfated sil i ca zirconia, or

conmbination 25 th f d d) th t
dw)éhm@ialpaﬁhpmwce@ﬁ@@@ﬂgéqe@ @Q%EE%‘E% Sﬁkgﬁqﬁ? from. ﬁts-ElHo{b%z)nCHz](n -
thyl al
9'C13I'{3$ ?rﬁ 2b¥opyﬂ§f(3[ﬂ‘??§}lﬁi bgle E{]hyl %gs(rrizé?t hoxi [&-CHZ(CHZ)“CHZ](T} 1-
chﬁ)JzEXuy 1 @H%(@wacmq@f 1@&9&9%&»@"9' SHHNR BMBIALbA thereof,

i sobut yl'al um num di et hyl al um num chl ori de, or any
amhﬂnelnaatlsdinmtme}emﬁ 30 9. The cat aI yst conposi tion

Of Qi al)@z in ?acﬁra%lgﬁlrr%%% {sélagp%ﬁ Y R lc%’e:d?f(l)rgctneaqlptnﬁt?mgroup,
aromatQ tgr(ﬁl]b; ah'“&lzom@é gNBé% anl&yloktiR gﬁhﬁﬂ ¥5 alkgtunpids i grongy) aof arylamide

Caim7, wherein the at | east one fjrst
group,rpedmlkmﬂe g:r@mao?u dmrﬁa@ldehgwm Ay aﬂdﬂmﬂeagremsa alkylthiolate

group,, an e)gtl')ugle %]fg“pge ﬁb%xtlﬁled 'dQn QQ tﬁeﬁlé&faﬁ‘éﬁodes f \ACiPwh having from 1

nt roma 'Rear ot~ Branch
to abou&@OpJaﬂidnthtdiﬂsHal‘rghﬂé @nhidtogebout 20 car bon atons; and

h I LS . :
Scé| ttggteaéjet:qu gggtchgr?lﬁ:a )? c’s:roegtceid rrs%i i Iox1 e I3 selecied H‘gg} Riorided alumina,

chIond%fig’%l'afél?r?ag;ﬁgfn}’deg' Slmimi, Sulthié8 f0MinaZ | fifR7Akd Nilica-alumina, chlorided
silica-dlyhirtayt broatided billiaralEmar | swbliatedy Isilizhrabuwinamfluorided  silica-zirconia,

chloride i ifeRbia, Dromided sWiog ArpapipcnYRIcs: Flppipgpia. or any combination

thereofliagdll oOr i de;
3- propanedi yl bi s(r15-1-i ndenyl ) zj rconi um dj chl ari de;

1d)atheataleedt grebprpraauminuAY APYEId éoAFlertedifim JFimgthylaluminum,
triethygq?lgﬂ n P‘JIC,) gg}l-%i&%b%mhﬁﬁﬁnﬁ? &e{}ﬂija%}}ﬁnllﬁi r&ﬂ@hﬁ@? tri-n-butylaluminum,

disobubylAluanane dididy, a{isdiutBatuimrenditthylialumibuhehicride caranyrmombination
thereof.

9. The catalyst composition of Claim 8, wherein X' is independently selected from F, Cl,
Br, I, OMe, OEt, O-n-Pr, O-i-Pr, O-n-Bu, O-t-Bu, NMe;, or NEf,.

10.  The catalyst composition of Claim 7, wherein:

o
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1, 4- but anedi yl bi s(r15-9-fl uorenyl)di-n-butoxyzirconi um
i,5-pentanediy|bis(r15-9-fluorenyl)di-n-butoxyzirconiu

g)], 3h€praéplsﬁ%dpm irsy( metaliocere) cqyppand hasythsx flloving fappula (n°-

: I branched
CAHLR'2Cly whoreay S pcagh tapes fejadspepdenty seletsd from 2 fincar or ranche

a11phat1<1 h@wﬂgﬁbﬁmew abohi X( ¢atbonlatomeeml ) di - n- but oxyzi r coni um

propanedi yl bi s(r 5 9-fl uoren rcqni um di met hyl ;
b) tlpe Bb]leﬁf'f‘}é’a? §9onnd metatlogens; oge %eieeﬁﬁ ‘di met hyl ;

f | di net h | X
13-progygeg BHASH R iedotdhn G ARAERY nyl) Tl reontum
14-butedieﬂi§rlﬁis(h5 -ﬂuo‘iexﬁﬂﬂz&@@dumlcbcﬂﬁénide'é -indenyl ) zi r coni um

di net hyl ; 5-pent anedi yl bi s(r15-1-i ndenyl ) zi rconi um
1,5-pentdinediy Wys(n -9d}u0mw1)@l®¢mlllrmﬂicblpftdﬁer eof; c) the at |east

one .cheni ¢ eat ed sol i ide is selected from
1:3-Pr°1P411961rYﬂa%8 irla Z‘“%“‘Eﬁ’f &?‘?'H%d al umina, sulfated
1,4-but eHB)llﬁ?(n”l g&%@%ﬁcahhﬁl‘%ﬁclﬁ%ﬁﬁg na, or any conbination

e at | east one or ganoal um num
1,5- penc@eﬁgmmn? $-ifdEngDEiecbntumdichtdrigiehy | al uni num or
triisobutylal um num 11. The catalyst conposition of
1 3'Pfomdl’hlms(nvvﬁeﬂlélirWYtl)ﬁ'éndi““?’@égfﬁo%wés second net al | ocene

f I
14*“%5%@?%&“5@?&7*}?%‘}3(&#?“' %W\ﬂ{g é?lﬁ[ En)JQ aan)é (X6) are
- bl . bstituted
L5 pengd&gﬁgpenﬁaglfglr@%ﬁgi ﬁg)ﬁgixg%%ﬁn%?gzul f]dlenyl ° a

1 3—propmeds_ylllhqhi5¢1uhéﬂlyﬂ)dunﬂmtmdyzzrmmwnnonosubst i tuted,
tially saturated anal og thereof, wherein each
14- but%@ﬁgvtﬂiﬂﬁ(u ririndenyl)ds - WYFXB‘BHW@ i ndependent | y sel ect ed
ar , or 1 phatic group, wherein
1’5'penf‘r‘ﬁlggl]§ﬂ? ?'lndeélyc}gbn?)é%uggig% ?‘HP uted or substituted,

1 3-proﬁ£ﬁéd ' f' -9- ﬂ\ﬂiﬂr giﬂ’éblﬂﬁmfdi@leth%l :to about 20 carbon
ere| n (X8), and any substituent on the

14-butmeldb)tlbm(uf&-:iﬂumemﬂ}nncomgnuhpletlwl (X5) and (X6) are
ndependen sel ct ed fro i phatic group, an

1 5'Penéﬁﬂ§ﬁ‘zﬂbli(ng19&ﬁb’ref§’ EVE‘PWE‘“&%E‘SYI@ Iocon‘oi ngt i oﬁ of

13-pro§!?ﬂeﬁﬁlsﬁhq ﬁjldg rgoﬁ{lﬁtﬁfﬁlig@p oxygen group, a sulfur

ﬁhosphorus group, an

1,4- but&ﬁe‘élgnbﬁ(rérlouﬁenﬁ)zﬁ%ﬂaﬂl cﬁfn@ﬂﬁl a silicon group, a
ger mani um,group, a tin grou a |l ead group, a boron
15-pergzm§tdp’lb1$(n Atindenybairgrowp dimeibplx, - 0Al X2, - OSi X3,
ﬂgtg oS2X, -AsX2, -As(O X2, or -PX2, wherein
oranyg@qa@ﬂ%t@ ¢reof ndependently from halide, H NH, OR

Qf tiRRat WASS Gl cIRnhisalB-yHED eI Ykide O selebtelsfrorh Uledided alumina,
derivative thereof, any _ one of which having from1 to

chloridedalymineg selfateshaluminsmBuoridadilicgealuminangipryombination thereof; and

d) the at least one organoaluminum compound is selected from triethylaluminum or

triisobutylaluminum.

11.  The catalyst composition of Claim 1, wherein the at least one second metallocene

compound has the following formula:

XXX NXEHHL;
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15 12. The catal yst conposition of Caim1l, wherein:
a) the at |east one first netall ocene conpound has the
following formula (r15- CSH4R1) 2Zr X112, wherein R in

R e TR U —
cyclopéﬁ%&%&ﬁ&a&t Iﬁ%’ﬁ)suﬁémut& ;nd&ﬁ%rl' A %ﬁfﬁ%ﬁﬂﬁﬁﬁl’téﬂ BRI e(ﬂ' o M8Msubstituted,

On-Pr, Gi-Pr, - Bu,
partiallOsatuiBted dible thaeoffNEt 2; b) the at | east one second

:!gt asl'!li ocene Cg{{}%&ﬁgg é%ﬁ)s E&(P?%‘)Olg 6ﬁ(¥\épﬁ§<tien?lr e%te(dlﬂ'ém a linear or

branchécf‘ﬂ?pﬁ’lﬁﬁéI gf&lb}’wﬁéjeﬁﬁﬁlé @h?lﬁz@i@ gaothp ﬁ%&u&hﬁb&cﬁﬁﬁhﬁdﬁtuted any one of
i phati ¢ group having from1l to about 20 carbon
which mvamfroraddoxhqutﬂ@ qafh@épﬁé‘?%nt |y selected from F, d,

S (005 05y T QBB i )

(X®) ar6 Ghddpetdand$ sinectéﬂHﬁﬁhe\d aﬂiphmcf Eroap) ﬁiedr(mtamm graup, a cyclic group, a
chlorided alum na,. sulfated al um na,

cormbingfipn eEARNGRT AR CHHC P R PRYESR S LB RBdtrogen group, a
phosph%kd ggéusflaﬁ'gr&ﬂlc g%ﬁogrﬁ’ceﬁ%ﬁ’ LA QQihE&? QFleE) a @B&ndhlurh Rfoup, a tin

one or m num cofrpound 1 S sel eCted from
group, b léacegriny, albonemgroup, dr dleminphegonp.nSMLX, -OAIX,, -O8iXs, -OPX;, -8X, -

050, DAL A B A G i, .o,

OR, ort Sk wAGEiyRas lé"ﬁy'@l%ﬂar@l ebhy sabsafited Beehkioe ithigeofd tn@ole of which
onbi nation thereof. 13, The catal yst conposition of

havmg@rom inta abou @ earben atgmst b balide; pelydrogaie f i r st

net al | ocene conpound has the formula

(15-C5H4"Bu) 2Zrd 2; 82 0 b) the at | east one second
12.  MikahtbRsmposimooitaies], Wierdar mul a

(rl15-CSHg" Bu) 2Hf C12; C% the at |east one

@hethiecal llgast r‘i@ﬁt ﬁastsme afjogse deompound) Bay dhe  foljgwing formula (n’-
C5H4R£F#f ide i r| rﬁtaglgé I 19d$eﬂﬁ&ﬁ’?’seﬁ%eﬁ %?%émear or branched

allphaﬂo’@b@;@ﬁawﬂg] crofh) 1 t(hﬁoo?mt 20 eadbn atoensy aghKé‘ajs independently selected from
npound is selected fromtrj rreth @I umﬂI rtn 5
2

F, Cl, Brn J&Myi QELR-AdA Otirlir. Q-pBy oty
h
o St 4, R S idttoberde” SorbbubaR b T Billowing formula (n’

CsH R EEDY, &JHéfBiﬂRI'Tirﬁéﬂcﬁ fihsince O independantlyi sehictedrfrort hdineafar branched
14. The catal yst conposition of d ai rei %
aliphatiy 1PV IBE EoWh L Sha0k 30 cHBAR SiprS AP i Hiengadentt Setcted from

F,Cl, ﬁﬁ? Z‘P(?M%eéEP cﬁg 1p:doQd8._4-BeabadB VN e ABr NEt:

ron-w’ raiv ng anion, wheréin the solid oxide is
&f)lthetaedieafst one shd:mma],ly-ﬁeatﬁd rselid sixidects- selagtidnfrom fluorided alumina,

chlone@ n_ug’ guﬂ%&ﬁ@i ; inabﬂ}?(})rg({e%polﬁéé %&Kgst al SQgeéi %E Ql‘umma sulfated

sﬂlca-atlﬁ}ﬁﬁﬁoép an9'conbingkish @ferédtearof ; and t he
el ectron-w thdrawing anion is selected fromfluoride,

ol e deleastranei ongangshonisar eompawnd; 5 peleated figns drimgthylaluminum,
tnethylsé&]ummum rrl-n-apr}Xpﬁolr&H{lﬁ]@r}l,l O&et[hplea'itﬁ'n? ﬁqum ethoxide, ftri-n-butylaluminum,

disobutylaluminum hydride, triisobutylaluminum, diethylaluminum chloride, or any combination

ngF]ie

thereof.

13.  The catalyst composition of Claim 11, wherein:

a) the at least one first metallocene compound has the formula (n 5-CsH4"Bu),ZrCly;

o
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15. The catal yst conposition of Claim1l, wherein the
at |l east one chemcally-treated solid oxide is
selected fromfluorided alum na, chlorided al um na,
brom ded al um na, sulfated alum_.mnna, fluorid

o JP— ,
b) thecleastunpe second mmapliosere campauad dptthedermiys g}n‘%& Bu) HICL;
%} 8 ALY RAeheiY %13“?%&%)0 S fci bie 3k YlepRd fﬁdrh' GuotBEd alumina,
silica-zirconia, chiorided silica-zirconia, bromded
chlorided hlugvinag suiléaed slymim flhadtida sflidakabaminiay eomy apmbinatiny thereof; and
conbi nation thereof. 16. The catalyst conposition of .
& dhtnaL leagh o eAANER B CmENEd R ieEH) Yoy Bipelly laluminum,
i bdiflym OX¢rffe- MShinGR{P disBaRniBiR| cfloxitRl akri-nWutylaluminum,
tnethylglgfﬂégltlme’d W%ﬁ?d}{y}ﬁrﬁhﬂl cheId,1 Eyzzﬁadi um s? [ IO\)/(er . cr(I)ppert),( aurfnmfm
disobutgEhgainuimhydrite,ririisobwty ki wninump diebydaluminusy chderyde, or any combination
conbi nation thereof. 17. The catal yst conposition of
thereofy i m 1, wherein the at |east one chenically-treated

solid oxide further conprises a netal or netal ion
and is selected from zinc-inpregnated chlorided

14.  dhardatalyst eompositippr efglainad, wheesin dhegatgleasti ong, chemically-treated solid
.. Zinc- 1 npr a | QL. Ll l.Cca- ' . 7]
osde RS SRR B ML S,
shyd Gelid dxidk Upi seRctedr franysilieyaluming,osilicd-hlerdad, . al@8inufB phosphate,
The catal yst conposition of Cdaiml, wherein.the .
heteropgiytypasiaies; tiiania, Aiiceniay MagaStiacRRIIS HNEaRGEPuRPRmexides thereof, or
. qﬂgg o the at | east one chemcally-treated solid
mlxmréc;sm er’Jgn romabout 10:1 to about 1:1,000. 5 19. The
dh eleyison-withfrowing amonfis ledterd fromwfleerisien chlpedetbrpmide; phosphate,

e A BEASTERL ET BTBRAP e, et o Trom

tripropylalum num diethylalum num ethoxide,
tributylal um num disobutylal um num hﬁdri de, ) )
15.  tThiei catebyst womposttionof (daim i wherginathgrat Aeast erg shqrpigallyrtyeated solid

'. 20. The.cat al yst . .11 0 . i m: . .
oxide o sFHEd i vl Rl QRS Ay, pURRHR! alymine, sulfaed
alumind) BObfidvdagifica-aluntiea sdhlcritRd Wiljaglamite, desmidud dilicatalumina, sulfated

| east one organoboron conpound, at. | east , ope iqQnjzing . .
slica-algmine, BNFUH PGy IR ScRHEFA Dipmidry Silck-zirconia,

sulfategg%ig%{gﬁy%;ﬁa'mgﬁ%&g nQfiorh@iddr 1, further conprising a

sel ette romat |east 15 one al umi noxane
compound, wherein the al um noxane conprises a cyclic

| um nQxane hav.i.n formula:.A,-0O : er ej .
6. ?@eacqtﬁﬂé’i"m@fmﬂ?’gﬁgﬁgﬂl%llkwlhe‘i‘?ﬁ\/h’ﬁg“tp?aéﬁloﬁe ?ﬁeﬁ’@aﬂyﬁeated solid
oxide %ghglodl?mﬂ)trﬁ@a mRA oPmiefl f¥h decRAGFonh £20) Bcked, vanbdiuin, dilver, copper,

I near al um noxane having the fornula: R
gallium, tin, tungsten, molybdenum, or any combination thereof.

17.  The catalyst composition of Claim 1, wherein the at least one chemically-treated solid
oxide further comprises a metal or metal ion and is selected from zinc-impregnated chlorided
alumina, zinc-impregnated fluorided alumina, zinc-impregnated chlorided silica-alumina, zinc-
impregnated fluorided silica-alumina, zinc-impregnated sulfated alumina, or any combination

thereof.
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R~-i 1-0 -Al RR wherein Ris a linear or branched
al kyl having from1 to 10 carbon atons, and n is an
integer from1l to about 50; a cage al um noxane havi ng

18. yil]?g ‘];il%lr}ggl q%ggogﬁg (R‘gfn ff?ﬂllﬁloglﬂ)3 hgrehrb el Qe\’éF@ ’P% cﬁﬁtgg) at least one
organobzﬁ{xgﬂ)ﬂﬁn EHH‘?ﬁg&B thd 5186826 ORE Qhé?ﬁ%ﬁlya{réb[{éd]bﬁﬁd&b@dBSw from about 10:1

nunber of two coordi'nate oxygen atons,
to abound(14000. s t he nunber of 4 coordinate oxygen atoms, Rt
represents a term nal al kyl group, and Rb represents a
bri dgi ng al kyl group; wherein Ris a linear or
19. hmRreRBe: @nipokitibRel Qith 19 Whiretnothd @t asthune oagamﬂslurrmum compound
any conbi nation thereof, 30 0 84 22, Th cata
is SGle@derpf.f)%mt trigeetiaylalominum.2 HiletW%@P@lfﬁmﬂ hETAepYAR U @lﬁthylalummum
t he co ;
ethoxide nb 2}315‘1#& i metdalF(?[J nle corrpoun Hll;ﬁed a:m 1Seas¥latcl)lrr1nemum’ o
d1ethy1§l@ﬁﬁmdncmahaél ocene conpound in the catalyst
conposition is fromabout 1:10 to about 100,000:1. 5
23. The catal yst conposition of Caim21, wherein the
20.  Ard, ﬁg}é nﬁo@ﬁBﬁ ‘6@@312}11 F%ﬁﬁé &mpfiifa cocatalyst selected from at least
nmet hy oxane yl al'um noxane,
one alurmpmmpy,l amllemnu oIeXBgNOZIng Gopopyl al lmﬁt Q0% arganoheron compound, at least
gl al.um noxaﬁ t - buf-ny al um nox
one 10%8 E)(H}“f/f’ooﬂllﬁﬂﬂn o Hlaﬂﬁfl)}feé? m noxane, 1-pentyl -
al um noxane, 2-pentyl al um noxane, 3-pentyl al um' noxane

I so- pentyl al um noxane, neopentyl al um noxane,
21, Cldhwiviatadyst eompasisioaof Claim hAfurttsecopwrising §t°064$ﬂlﬁﬁ§re]l°f’t8‘il\ from at least
of. Claim r | yst sel ected
one alumig@xage ¢ l%go d %ﬁ%&gﬁﬁ%ﬁ%@lﬁ{g g&?gcﬁpﬁ%?& wherein the
ar B@aluﬁﬁn@@ﬁaﬁamdgﬁmfohhﬂaf ol I owi ng fornul a:
Zn( X13) (X14), wherein (X13) is a hydrocarbyl having
from1l to about 20 ca b/&'; _?ﬁs; (X14) is selected
froma 15 hydrocar by n-alfkoxi de or an aryl oxide
having from 1 to about* RO caf bon atons, halide, or
hydri de; 25. The cat al th conpqQsiyHergn of Caimi1l,
further conpprisin catal | ected from.at
R is a Hngar i GuebrhBE DAY 1) DR Sl i on IGEeY from 3 to
aboutA[C‘P)n'pound i s sel ect ed fromdi net hyl zinc, 20
I’et hyl zi nc, dipropyl zi nc, dieutyl zinc,
cH Yeeap elnmjihoxane having theifoeoddgd si | yl net hyl ) zi nc, or any
conbi nation thereof 26. The cat Iyst conposi tion of

Caim1, further conpri SI n ocat al yst selected from
at |l east one orga pund wherein the
or ganobor on conpound | seI from

wherem
R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an integer from 1 to
about 50;

a cage aluminoxane having the formula Rt5m+aRbm_uAl4mO3m, wherein m is 3 or 4 and o
is = nai3) - Moy How); wherein ny3)is the number of three coordinate aluminum atoms, no() is
the number of two coordinate oxygen atoms, 1o is the number of 4 coordinate oxygen atoms,
R' represents a terminal alkyl group, and R® represents a bridging alkyl group; wherein R is a
linear or branched alkyl having from 1 to 10 carbon atoms; or

any combination thereof.
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25 tris(pentafl uorophenyl)boron,
tris[3,5-bis(trifluoronethyl)phenyl]boron,
NN- di et hyl ani |i ni um

2. YIS BERbHSRCERERAD SRR o PRI SPRER M i
aluminb©lnkakited beAbiakd dPlaRhRRYisPREeRll8cene compound and at least one second
NN- di met hyl ani i ni um tetrakis[3,5-bis(trifluoro-
metallazenchgdmpsiiad ji {hesatalyst campasHemip &arabeut, hpt O to about 100,000:1.
tetrakis[3,5-bis(trifluoronethyl)phenyl]borate, or a
conbi nation thereof 30 27. The catal yst conposition of
23. GlRidRalft compbdtion bh€lainl 21, widréia thé atuneinoxayparobmoond is selected
compound to the conbined at | east one first .
from methyplugirerane hdalamingianet n‘Pé‘&%’ial‘Bﬁ’é‘%%‘?o Ap-propylaluminoxane, n-
I r . } _ CoL -
butylal T RS AR ARl e AR ARG %%@Bf*r*ﬁ‘é“%ﬁ%“?f?& I-penty
alumin6RaRESi t grentlal@haionards, f urdtpeatylelompndixeineyg a iso-pentylaluminoxane,
cocat al yst sel ected from at J|east one ionizing ionic
neopentyaky ,anmlaé;pﬂl%fq?gop%%fng i oni ¢ compound is
selected fromtri(n- butyl)ammoni um
tetrakis(p-tolyl)borate, tri(n-butyl)anmoni um
24.  tBercatalst compsitiontsdClaie 1,tfurtiiey-copptising arpesaialiishselected from at least

one orgtag%ﬂ[iﬁia]c[( %ﬁé@)ﬁl’% Crﬂ%??fnhh%le ?)Egea:ﬁé%g%lg ?(%géoqgld has the following formula:
di net hyl phenyl ) borate, tZiMpdty! ) anmmoni um

tetrakis[3,5-bis(trifluoranethyl)phenyl]borat .
wherein V(KE% iHy y,tirpgﬁfhﬂghamﬂg from 1 to abgut)f() carg/or! atoms; &14) is selected from a

| | oGt t 20 carbon atoms, halide, or

ek SRS Bl PERREHLBBIAR 1 g s 20 o stoms, bl
hydrid®y, N- di net hyl ani l i niumtetrakis(mtolyl)borate,

N, N-di met hyl ani | i ni um tetrakis(2, 4-

di met hyl phenyl ) borate, N, N-dinethylanilinium
25. trﬁ}er@aﬁl éorﬁ?&ﬁtﬁtMI%? NYfiRG' Rhfprisig M cocatalyst selected from at least

di met ani [T nium ) ) _ _
one orpaiaziki einfoindi whereinf the corgansizingl $orhipeiyid] isoselacted from dimethylzine,

. N, N- dj.net hyl ani J.i ni.um 10,. ) o . .
dithyigty APSPHERC A BOH e BEIERe: (Simehyimetiybrine, or any
combittaBbh 8letdfP-t ol yl ) borate, triphenyl carbeni um

tetraki s(mtolyl)borate, triphenyl carbeni um
tetrakis(2,4- dinmethyl phenyl)borate,

26. i'llf}:lez%gaﬂis}t g:g{ngg%l;ﬁﬁﬁof' Bidi A, Fhrther cShPRYLY A PRERYs) R9EcRldSom at least
one dr8irobbios| Tompousd t rHdreinr ahet bigangtoeny | tdopamnd, is  selected from
B e TR e i N —
tetrakl%@t&?tgﬁm:régﬂek_?g%%%é% g}'lﬁgléﬁ&l@arb5ﬁiﬁﬁytk:!ré&m(pentaﬂuorophenyl)borate, lithium

henyl ) borate, tropylium oo
tetrakit(pemtaftieophehyl)bomte; hy| pHénydisthylangliniomopy| i tatsakis[3,5-bis(trifluoro-
et raki s[ 3, 5-.bj s(trifl uoranethyl,)phe hor a
methyDRRSIPRE: e PN B PV ROt e e Sppheqpfperate. or
combib&iondkégépent af | uor ophenyl ) borate, |ithium
tetraphenyl borate, lithiumtetraki s(p-tolyl)borate,
lithiumtetrakis(mtolyl)borate, |ithium

tetraki 4- di net h [y Lthi .
27, B¢ BReB0E oEm BRI RRERY 1900 3Rk dn ht pbatip of the organoboron
compduﬁﬂrt@{(t_hél ‘(@bﬁbﬁfe}?ltﬁ,lezﬁoﬁhel If}ritbmetaliocene cg_mpound and at least one second
tetraki s(pentafl uorophenyl)borate, sodi )
metallpesne spmeayidiarthe eatalys sonposition i @@59‘3@1%1 1o abat 40:1.
sodiumtetraki s(mtolyl)borate, sodiumtetrakis(2,4-
di met hyl phenyl ) borate, sodi um
t et raki s(3, 5-di net hyl phenyl ) borate, sodi um
tetrafl uoroborate, potassi ‘e
t et raki s(pent af | uor ophenyl ) borate, potassium
t et raphenyl borate, potassiumtetrakis(p- tolyl)borate,
pot assium tetraki s(mtolyl)borate, potassium
t et raki s(2, 4-di net hyl phenyl ) bor at e,
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25 potassiumtetrakis(3,5-dinmethyl phenyl)borate,
pot assi um tetrafl uoroborate, tri(n- butyl)anmoni um
tetrakis(p-tolyl)alumnate, tri(n-butyl)anmoni um
tetrakis(mtolyl)al um nate tri(n-butylgammniu

28.  {ldercatalyst compesitin cpﬁ,ﬂgﬁg ﬂyﬁﬁ@?ﬁ?ﬂ%gﬁg a cocatalyst selotted from at least
one ior%ig{nég{??%t( %&%ﬁ%ﬂ@g{ y epi)lh grlley f%né?iﬁ%ﬁi%rgtc ecompound is selected from ftri(n-
butyl)atmﬁ((nimhuteylja}:is(pmﬂm)hmate, tri(n—butyl)ammoni,um tetrakis(m-tolyl)borate, tri(n-

t etraki s(pent af yaro enyl ) al. um nat . c g
butyDeRgrROR ot FYTRARS RO HPEBPETS ol P aP By fguakis®s.5
dimethﬁlffaﬁ%&rr%%,arﬂﬁkﬁ-ﬁhﬁﬁhﬁﬁ{dnﬂhhs(té&en@[y,s)bi\é(urﬂmfﬁethyl)phenyl]borate,

imethyl ani'liniumtetrakis

2’ 4- - g .
tri(n-buly Detmphivhe n;eltmbilsmrrntaﬂuemphﬁnyl)&i)m hyN-Birdimefyignilinium  tetrakis(p-

tolyi)béqﬁfémﬁgﬁﬁi@%ﬂﬁ{% ARV BIELARE R NNibethylanilinium tetrakis(2.4-

dimeth?ﬂﬁ@ﬁ}q)cﬂo%ié,oloMﬂydihﬁthy[ﬁnﬂﬁﬁ@m t kdtpakiz(B5-dandthyliphenyl)borate, N,N-
etrakis(p- tolyl)alumnate, tri phen?{l car beni

dimethylanaers ( m tebPKH e Dt tR Enero ey DRBeR giRifan| (NN dimethylanilinum

tetrald{(ﬁér{)@ﬂg@é@gr @3}%}%&% hy! phe Ry LAl Maivaatus tetrakis(p-tolyl)borate,
tripheryRiartakilueg 3, 5- dietraitif(y-pitddborite] uni natigheny®arbenium tetrakis(2,4-

i tri phenyl car beni um, . . .
dmeﬂ]b’@?‘éﬂ:i@(%%nt af | uSHBYHEIPTOFAIH nat e, tefrpkisPr-digethylphenylborate,
tripher@%af&éhﬁn( P- t qLiydiigh ¥0Bi @i BuorothbBPYphidt]borate, triphenylcarbenium

etrakis(mtolyl)alum nate, tropylium ) .
tetrakig(pentaftucsphenyiberatehy lrppdin ) d¢trakistertalybarpispy rppum  tetrakis(m-

IR e P —

dimett&ﬂilkﬂfﬂ?}&frﬁ@,nt abpyRin® P A nkis] 35 biE(RElve rorhéthyl)phenyl]borate, tropylium

tetraphenylalumnate, 5 lithium . s
tetrakis(pentaftposophenpDYorpgl uni lifhtus | i lelpkjpgpentafluorophenyl)borate, lithium

t et S . I i it hi et 1524 Ao fis

tetraph&m:[lé?%;q, éhﬁleljg§+1§/ a%ﬁ%ﬂﬂ%ﬂgggfyﬁlbf){a#, U rlnilt‘lﬁhﬁi feﬁ’glh§((r@ to‘i)rl)borate, l}thfum

tetrakif(@{llf-(ﬁﬂeﬂ(yl!plﬁlnsﬂll)lpmhthyl phithiyth ) altetrakisg8 &;ditnethylphenyl)borate,  lithium
et raf | uorgal um

tetraflyqzpbosate s F?Sjé\‘fflatﬁrg%;(g,ﬁéﬁg‘;#g‘w)h%{ﬁ‘?; sedjgm, jstraphenylborate, sodium
tetraki%(g%tg)gr@?gx?%é_,al u;‘]k(;?lg%rﬁ’ S Ofli/dis(m-tolyl)borate, sodium tetrakis(2,4-

tol m nate, sodi um )
dimetiy&theaid)israte; abeiuiraltetrakigd,5-dimebatlphamyl)borate, sodium tetrafluoroborate,

T e

tolyi)bbﬁ{té,aéd)tﬁﬁhﬁﬂ' Aol PPBRSS] Potassium tetrakis(2,4-dimethylphenyl)borate,
tetraki s(pentaf | uorophenyl)al um nate, potassium )

potasstugn r apﬂq@ﬁiyﬁ(élsudmwmyéphepﬁ%‘gggwum potassium  tetrafluoroborate,  tri(n-

butyl)%l‘ﬁl%ﬂ?)@i:‘é:rnz %ﬁt{a@(gﬁl(é-:t%lﬁ)%%%ﬁhegt terﬂﬁ%gfyyésaﬂﬁjo%ium tetrakis(m-tolyl)aluminate,
tri(n-bugladidiun 4- di n@iakis hhainethalphenyimheninpe; assi wifn-butyllammonium
1 etra_ki%a:%, 5- di net hyl phenyl) al um nate, potasgi U .
tetrakis@ - S BRyhAIHEERA.0r any conbi nation t her eBX-PyEylyammonium
i | N, QLIRS laRl it S RBaRE Aol )aAfminate, N,N-
tetrak1§(?)e?t'§g§(?r5@ll}]ééﬁ'§ I rst é’rryt’lgqunglggﬁgﬁgorlrpound, g?i‘l%)astmma © )
dimetloyamilniamc on dtetreltis(n-od g umarapn und N bt dinstyt ardligum tetrakis(2,4-

. chem cal |l y-tre sol.id oxi.de, t. J east _.one .

dimet R LA T o BB e et CyumE pf pyinate, NN-
imetify14rdfinifBL @ ne | | eypheaykabenba  tetrakis(p-
cmed I AR e i | e ot ki
tolyl)alnimpten thgrhehylcarberdumetgtralrs(m-tol yhshemingte; inipheaylcarbenium tetrakis(2,4-

. __cycl opent adi enyl, a. nongsubst.ituted, | Va1 .
ameSHSHISTRAATAEY ¢, GPRRRHREDI ol tpiphenyatuminae,
partially saturated anal og thereof; wherein each
substituent on (X1) and (X2)8 ¢ i ndependently sel ected

froma linear or branched aliphatic group, wherein

the aliphatic group is unsubstituted or substituted,
any one of
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25 which having from 1 to about 20 carbon atons;
wherein (X3), (X4), and any substituent on the
substituted aliphatic group on (X) and (X2) are

R RGO TR T -
tropyluﬂh' P q@ﬁ‘él&srgﬁlng aﬁ)ﬁﬁlﬂn‘fla@r OUHSpy lﬂﬂré OX YGRRis@S, 2 dine BypHdyhaluminate,

gen group, a phorus group, an
tropyluamsenl tetrgkio(3ps- dmathlgrlplnnmy@akuupnata Si I tropjrhug; oup,tetzakis(pentafluoro-

phenyl léﬁn%g‘éeg?ﬂgp{%zfeﬁﬁﬁ @e&@g rg )a % g{}gﬁﬁ)@%a&%n%alummate

lithiun{ B Aeis(prol 1)a1u9§a%e< st tetréaé(@) 262y D) eim k2, Hgﬂﬁlﬁﬁeltdirakls(Z 4-

IS se ed [ ndependent ly from halide, H,
dlmethwlph@m)as&mmneuen R ﬂxﬂu@mhydrt@@dﬂs{w -dimethy!phepxbalumingge,  lithium

tetraﬂugﬁogm/ a't]?étv te: aﬁ Bg:]eg{u&}mny 0 e?rflfgla V\'Hi!aﬁg rogf?e\ﬂ %l;uﬁr[};mé,l 10 sodium
tetraph¥f@418inindtd) € sédiume aéﬁ'al@slﬁ-télﬂ)ﬁmﬂnm a |sbctiﬁﬁn aeteakigimutotylJaluminate,

has the fol f 87 L6 X
sodiumyfie g 42, 4%}mgn\fl\nv£>%zw?{aé%;a@n d*O@I;)(Hy( %% i%(%é-éb‘)é%gmfgﬂ)almmm

e i . .
oo RSB R Bobid h e AL AREL A alghinge,potsiom
tetraphs\ﬂghshmﬁmﬁt@d pothssjua t |1atrhl§as(@atblyﬂ)ahmdnaa,al pgtatdveme ofefrakis(m-tolyl)-
erein at |east o an X6) is at |
alumingfeq ST o S A4S %@P@ﬂ@ﬁ@%ﬁm( BRI xdglrkis (35
{
dzmethgﬁhgﬁsg%?gﬂ%rﬁfgij%(?’tas%ﬁin? ?&ﬁﬁu&foﬁlﬁrﬁnété R ahy chbRhAGE MRS,

wherein the al |phat|c group is
unsubstituted or substituted, any one of which having

29. f gara?e[}(éig c%ﬁggﬁﬁaégﬁﬁéggpvn ag{mog F%%aﬁog%& fistahetalidiRhe compound,
at leas€difd £ BRoha@dictdldeensddbmpoueie il leasbohd tiganeioylly-tréated solid oxide, and at
partially saturated anal og thereof, or a substituted

leastom@gg@oam@p@(ﬁom@ﬁgd (Wsyeiand (X6) are connected by a

kﬁ%et Attiéﬁgfagl}e rs{"rg&?ﬁ&gﬁ% EI)I??OIHH& QRO l1dRidY BHBula;

rrprl Sin con guous ansa carbon atons in

a chain, one end of m)cﬁ)(ﬁ)@omd to (X5) and t he

ot her, end ;of i's bo Hf ;
whersind (x5) ot e R FndeiP ety cobleed ; Gy @ Monosubstiuted
cyciop%g&iél'ﬁlsﬁ hfob&fbstitialif aﬂh@ﬁﬁéhbstﬁ‘ut@@ ﬂﬁ&éﬁ L of HuRfhosubstituted,
a nonosubstitutéd fluorenyl, or 0

partlallymansaibti;hmaimgﬂaldreoﬁartl ally saturated anal og t her eof ;

OB R R B0 (0300 UGt R SEEQRE T a tinar or

branch\‘%@ ﬁhﬁﬁd‘ﬂlctéﬂ&qﬁdvﬂﬁf@ﬁ tife Aiphtic EfoupnS uhksbititutedGr Qubstituted, any one of
substituted, any one of which having from1 to about
which having fieon! @[abm;t 2(yeaybon atoms;

wherein (X°), (X*, and any substituent on the substituted aliphatic group on (X') and
(X?) are independently selected from an aliphatic group, an aromatic group, a cyclic group, a
combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, a germanium group, a tin
group, a lead group, a boron group, an aluminum group, -S0,X, -OAIX;, -O8iX3, -OPX;, -SX, -
0S0,X, -AsX;, -As(0)Xa, or -PX,, wherein X is selected independently from halide, H, NH,,
OR, or SR, wherein R is a hydrocarbyl, or a substituted derivative thereof, any one of which
having from 1 to about 20 carbon atoms; a halide; or hydrogen;

b) wherein the at least one second metallocene compound has the following formula:

87 o
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wherein (X7), (X), any substituent on (X5), any
substituent on (X6), any substituent on the 25
substituted aliphatic group on (X5) and (X6), and any
substituent on the i bri lng group
connecting (X5) an&ﬁ%&%b)g&ég' d&% Yently sel ected
fron1qg al inpk gc group, an aromatic group, a cyclic

group, “a conbi nation of aliphatic and cyclic groups
an oxygen QX?))J panda EXDf Lare gndappndeatlyi tspk@g@d dfi@ap, a asubstituted

hosph
ST concigpatieR. SRnRHRTEFyPbll,E uPREloBhoh ey aybstiores
gr OUP é)aﬁlaIHS? rth‘ilr@écpétﬁll Oﬁ!ﬁe@og )f?llwﬂé%%;!(ﬂﬂ oArrSeSS@ZXS) and (X°) is at least

-As(Cyh&$ﬁﬁﬂmdP¥®» wherein X is sel ected |ndependently

from hal i dg, H Sub%e%t% )g“{)eagﬁa é’é[ﬂqﬁr ﬁ&é\}g éﬁl%l?'%e ected from a linear

hydr ocar byl”,"of @ subs any
one OforV‘lﬁhﬁdheﬂ aaliphgtid reesap) therahouhb diphatic lgmul:ais) mesubstituted or

hal i de;  or drogen e ea

cheni @abstgtut@ RY O§C egw@gse f@é‘h’i 1o abrut 20 carbpR gMSHe

treat Wit i@y el ectron-w t hdrawi ng ani on; and 88 0O

d) the’at Ieast one organoalunlnunlconpound has t he

fol | owi ng f(&)mahd: (X )Ah(exﬁgdnpe@ez)@ seleothe rfedm a( mglopegxtaahenyl an

(10 erbl ofbestyl & anviai Saftited pde ot 5.8 uted analog

from ndeo@hut 20 carbon atoms, halide, or hydrlde
and nis a nunber from1l to I ncl usi ve. A

3,
cat al yst cd¥pbend (3n e rﬁsmgqtefb by He sehstitued op pgwg@m@g bridging
gtecloﬁ?gsf{l}g}o g(feql]grlésé frng‘lt ounggﬂte%uoﬁg %?djélagborﬁgtohﬁ%% &Qﬁl one end

chem calvhicH #s&ahéedl taQKthndom diber @nichfatvhitlemdondeto (X°); or
or ganoal um num corrpound wherein: 10 a) the at |east
one fi¥st MtaHfocene conpound has the fol | owi ng

forml a: (K%f ;911 éﬁe)éé@ ZhdepiBéRi sél&teﬂnﬁofnx%) Aéfosubstituted

I ndependent roma nonosubsti tuted
cycl op@nlopelmtedlyhyl a monussbdtiseted indedyl, ndenydsubstituted fluorenyl, or a

nonosubstit ute | uor a substi t ut ed,
part i afPP%OSEE? tiftg W?ﬁlﬁlsﬁﬁrﬁ ‘l“@g‘?g t%i“:? ﬁlﬁgéel n each
substi t uentgaen s{lﬁg%l}ueﬁﬂgn (XD) ardsCi N eepaesianétly sebdcesslt 86 a linear

froma linear or Dbranched ‘aliphatic group, wherein
t he aldrpbanéhedgalinhetic srows uwbereinuthedaliphatio grevp Js awsubstituted or

any one,of i ch _havin m
at ons: %tétptg\ﬁhan(yﬁn ¥ Jl?Ch Ha®i g;frgnq g%%l.%tuenctﬁfr’orog%%ms and
whereI§U@§7§| Ot eghyakitRhitdehtC of) T(KEI]Q oL s(u)ﬁtltaérﬁl or( %¥29), ame substituent on the
endent I'y selected frqoman aliphatic grou

substltmedmhph@tlcggwp ona()é cAnde( po:mgl any suhgtiigph PR éﬁq gﬂ)sgfuted bridging
group Q(Bﬂnggﬁ‘ﬁéd@(? Ay gXﬁléré; nﬁifaﬁéﬁgi%n ?Qelﬁafé’(gﬁﬂm%oélﬁyhaﬁ‘c 8tdubUdn aromatic

roup, tro gr oup, osp orus group,
group,al Syaihic @reup wconsbinaionart ajppha:pr, aral syiclic @poungy mup;cy@n group, a sulfur

group,@rerggggeln%po&; ?qrﬁ%ﬂﬁf%ot&},sggm 3 %%%Tﬁgg%lcl g(elﬁgg(%r Oli%g %up, “¥icon group, a
EISE,X, -OAIX,,
germa.g% M gro eﬁ) Ftin %folﬁﬁﬁ%aedn g0 borﬁﬁ efu2an Ql[mmﬂfﬁ@ ﬁzdﬂﬁ ) 2

ect e from hal i de,
-08iX3, -OPX,, -SX, -0S0;X, -AsXy, -As(O)Xz, or -PX;, wherem X is selected independently

from halide, H, NHa, OR, or SR, wherein R is a hydrocarbyl, or a substituted derivative thereof,

any one of which having from 1 to about 20 carbon atoms; a halide; or hydrogen;
c) the at least one chemically-treated solid oxide comprises a solid oxide treated with an

electron-withdrawing anion; and

88 ©
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OR, or SR, wherein Ris a hydrocarbyl, or a
substituted derivative thereof, any one of which 25
ha\él ng from1l to about 20 carbon atons; a halide; or
rogen; b) wherein th
ﬁi{ q% ) alhll Epn qngg cgltnpoun tas ?l?eefo ggvlong ormula:
1, 3- propanedl yl bi s(r15 sl [)zirconium
di chI ori de; &ld( RO
whereid (X )bm hy:ﬁdcqrbﬁlk@&xdgéicsn 1l iteiaba 20 atben etemsr(X'°) is selected from

alkoxu% aﬁ’i 13?1@811% gpgl(lr oglbgutf% %a];démt?x?? hahdci:, or hydride; andnis a

numbeffr&A! 1061 W BicldBrel, 3- propanedi yl bi s(r
5-1-i ndenyl) zi rconi um di chl ori de;

1, 4- but anedi yl bi s(rl 5-1-indenyl)zirconium di chl ori de;

anedl l b| ).Z1 chl.o
R TR S PP AR e ARt
compobiid, at,léasb ld»harsesbrwl bie&dibben'é compound, at least one chemically-treated solid

-9-fluorenyl)di-n- butoxyZ|rc 89 0
oxide, andsat Jeast eneeBINOgIuiTYm compry @HVF%”&H - n- but oxyzi r coni u

1) et b g g OB I B Sy 2T S um

1 4- but anedi yl bi s( T15{X)OHNSEWX Wrs n- but oxyzi r coni um

5’\’1&@?1{1 arfEa ym s?ﬁ'i 5. 84€ | m&igﬂwd)eaﬁly S‘E}Eﬁt%(;(ygo% ofki onogubstltuted

cyclopéntgﬂl&iﬂ,p@&%ﬂb%%ghtﬁ{ealﬁd ?rf |attﬁ61ﬁﬁﬁ$s)aiuté&ﬂﬁd)ﬂéﬁﬂdgbmfﬂ@ylbsubsumted
butanedi yl bi s( T15- 'uor enyl ) zi rconi um di net hyl ;

paﬁlailySEMFﬁémmmt%ft@p (T15 9-fl uorenyl ) zirconi um di net hyI

USR5 AR [ BT, B, e o
branchéd 5%[511?1&&%[’(%1# Whléi'eil( theSliphativdgioyp Jzusubstituted dr mﬂish;dte,d any one of
u

Me) 2Zr C12;  (r)5- C5H4" Bu) 2Hf C12;
which flmlsg @Mm)abpﬂtﬁhcar QU AtGMBSHAEL ) 2HF C12: 15

(v;ﬁiegelgzi) ékg‘g E}E’n@a%y su%#%t@eng)ﬂd%lg Ls%a%ﬁh%%% -aliphatic group on (X' and

(X ) al(e'ﬁilﬂe;@ﬁﬂ’éhtﬁuéel?ddfeﬁlﬂom d@Daliphatic group, an aromatic group, a cyclic group, a
(T15- 15- CBH4I\/E Hf C12; any

combiRaR SGRIPIHICHS SHFIIT BRUES GRS HEHORT (T PE B> SBiogen roup.a

phospH¥hLEoGR Y drs&ic 8rouB! A CarBdh Eoup] 8A1IRGn Wrddp, @rpermanium group, a tin

group, a lead group, a boron group, an aluminum group, -SO2X, -0AIX,, -O8iX3, -OPX;, -SX, -

08S0,X, -AsX3, -As(0)X;, or -PX;, wherein X is selected independently from halide, H, NH,,

OR, or SR, wherein R is a hydrocarbyl, or a substituted derivative thereof, any one of which
having from 1 to about 20 carbon atoms; a halide; or hydrogen;
b) wherein the at least one second metallocene compound is:
I,3-propanediylbis("q5 -9-fluorenyl)zirconium dichloride;
1,4-butanediylbis(n’-9-fluorenyl)zirconium dichloride;
1,S-pentanediylbis('q5 -9-fluorenyl)zirconium dichloride;
1,3-propanediylbis(n 3-1-indenyl)zirconium dichloride;
1,4-butanediylbis(ry’-1-indenyl)zirconium dichloride;
1,5—pentanediylbis(n5 -1-indenyl)zirconium dichloride;
1,3 -propanediylbis(n5 -9-fluorenyl)di-n-butoxyzirconium;
1,4-butanediylbis(n’-9-fluorenyl)di-n-butoxyzirconium;
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el ectron-w thdrawi ng anion; and d) the at |east one

or ganoal um num conpound has the followi ng fornmula: 25
Al (X)n( X10) 3-n; wherein (X9) is a hydrocarbyl having
from1l to about 20 carbon atomns; (X10) is selected
flyopsntenefiyibig@ @rﬂwwym-aé)%ﬂﬁgomwam 1 to about 20

bon at,o r nis a nunber
ﬁropﬁogaqegly 15 T'n?l 'lﬁlg'?'{%ﬁ —gg%gﬁxyz c%rﬁglgéss to produce a
qaL&hx&quqsﬁg@Psv tﬂd@ﬁymﬁmut&mgfc@xﬁﬁﬁlactl ng at | east

one a first netallocene conpound, at |east one a
slefepﬂnianedtyﬁlk(aédnﬁdﬁqﬂr}ien{hmmm@mn one chem cal |l y-

treat ed soI i d Qxide, d at |le or ganoal um num
R MR e VA

TS T i e ey [ e

'erjFopmgM$1¥(T§©Lﬂlﬁr@1®lfzhﬁﬂﬁlﬂmmeﬁl§*bSt i tuted

cyc ent adi enyl , a nonosubstituted indenyl, a
it pophsdditlbiser- i indemsd)wtpmum dimethybisubst i t ut ed,

|1 d alo 5 wh h
ﬁiﬂ?@%t?wéﬂﬁﬁ‘%ﬁrl?te nfareoRen $8eibependent |y sl oct ed
rom rfl Q’ﬁﬁé( Grl-mﬁé%ﬁ@&llgllnt&ﬁ% £ group, wherein

t e roup 1I’s”unsubstituted or substituted,

qﬁichngf‘BgMe)z\mcgh having from 1 to about 20 carbon
atons; wherein (X), (X4), and any substituent on the

s(nfa@tsHt BupHifel) phatic group on (X) and (X2) are

ngl selected froman aliphatic group, an
ﬂoﬁgﬁ;}%eﬁ%@& a cyclic group, a 10 conbination of
3{]5@1}?{4 EH@@E cyclic groups, an oxygen group, a sul fur

rou a’nitrogen group, a phosphorus group, an

a(ﬁie)g\Hgf‘P@ﬂqu:lz, a carbon group, a silicon group, a
mani.um group, a tin group, a |ead group, a boron

ge
dﬂo@pH4Blﬁ2 i num group, -S2X, -0A1X2, -OSi X3,

OS2X, -AsX2, -As(O X2, or -PX2, wherein
)(“l ?@@P@H@% ndependent |y fromhalide, H NH2, OR

3 tRED; R is a hydrocarbyl, or a substituted

erlvatlve t hér eof , any one of which 15 havi ng from1l

t(an‘IngIBuBHf(CE;bon atons; a halide; or hydrogen; b)
gr ein the at | east gne second netall ocene conmpound

SCsHe B’ SuwbaMeddiChil a:  (X5) (X6) (X7) (Xs) M wher ei n

and (X6) are independently sel ected
orany]p%lg%naﬁonzg‘lel[‘e%ﬁﬂ ed 20 cyclopentadienyl, a substituted

| o) dienyl leasd ofiel bisdnhitaityettedtédisulzhytide comprisslssblid wkild treated with an
partially saturated anal og thereof, wherein at |east
eleCtTOBrYé‘tl@Fa‘('lXS)amé’ﬁdm{d)( is at |east disubstitut ed; and

‘iﬁb e?tl{%§ &d&[hnﬁl%ﬁ}ﬂ RfholXPhad the FSIRRARY el
l'ecte [T near 0
AI(X )n(X )30
wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms; (X' is selected from
alkoxide or aryloxide having from 1 to about 20 carbon atoms, halide, or hydride; and nis a

number from 1 to 3, inclusive.

31. A process to produce a catalyst composition comprising contacting at least one a first
metallocene compound, at least one a second metallocene compound, at least one chemically-
treated solid oxide, and at least one organoaluminum compound, wherein:

a) the at least one first metallocene compound has the following formula:
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“or branched aliphatic group, wherein the aliphatic
group is unsubstituted or 25 substituted, any one of
whi ch having from1 to about 20 carbon atoms; 2) Mis

Zr; (X5) and (X6) are y selected froma
cycl opent adi enyl , >Fﬁgéﬁ§ﬁg§§ 1 uorenyl, a
%r {e'nial bfﬁsaatnﬁr 3(5@?1 dﬁﬁal i‘ﬂ)@(&éﬁeﬁﬁérﬁﬁff » sefdeted Sﬁ‘@lﬁt id URdosubstituted

er eof ( X6) are connected by
cyciopeﬁntzsinmt latmmmiubﬂtltmtn& uldsoyls mtreniomhsu@tngﬂu@rmp)r a monosubstituted,
| sing from3 to 5 contiguous ansa carbon atons in
part;ailgs%ﬁrgfeﬁl an ll‘?g RSTEPE of which is bonded to (X5) and the

Qvthlaﬁa'in ei¢h ijsﬁﬁieﬁthoh sxbpaste dxt)ds (i@pendentls)seMcied frbm a linear or
91 0 (X5) and (X6) are independently selected from

branchevoaliphats groups wheretythe oliphatigdreryis ungubsited P substifpi 3 any one of

i nde bst|t fluorenyl, or a

whic h}?ﬁyﬁgg%%tlﬁ?ré?%%a%par Lél& §€ ’sat urat ed anal og t hereof;
MR ER)S 1KY hhdiany samuwéa) oAbk (UB)ititad alsteyie et by (X') and
selected froma |inear or . branched aliphatic

(X*) argtindeperdentiy ssleptsh drome a@ra&mbatiws BXOHBL S FTOPAUE EBRP & CYeHic group, a
combm%ﬁgf? b %l%h%g% S%Xy&ﬁ? %SW Sﬂf(é%%é'r&% Brsﬁmérﬁgrbﬁp abfttbgen group, a
phosphstiRrotip) @ntar@nic 2fohp, acarbeupsup;s aeilicon gro(up(ﬁy gempanium group, a tin

substi tuent on the stituted al ti
sroup, eyt S yon BRGP AR BRI Eitbim SHR 10 s B Qe 5%,
OSOz)sl?r iadtl, n%s%(@?ﬁu Br W%{ek&ﬂ X ¥0seldhd indépendély from hahde H, NH,,
Yy

epeénde sel ected from an aIuPhatlc group,
OR, oraS&JmhercmlRt igadusirocartyj.cor @ Sng@GrSe AeTixAWISF HBATFefin Ay one of which

cI| r n group, a sul fur
ha“ng3¥ﬁgg? h%$?&8ﬂéﬂn§ QH&%% ggh g’group, an
¥) S@ietefn E QtRast Bné @d‘cbﬂdlnﬁfaﬂbk&ne eorﬁpéurﬂdms grecfoflowing formula:
ger mani um group, a tin ad group, a boron
gr oup, an aI um num@nes g(X) M W o, - QS X3,
- (]3X2,1 Mi 1(IX, -AsX2, -As(O X2, or -PX2, wherein
Xis glecte ﬁdependently fron1haI|de H NH2, OR
or SR wher@®'n Bd s (E*)hyate odadépghdendly aseigtyst | frql(neda substituted

derivative th 15 an e of in

to abdutl 02@‘“%@?‘58113 é’t‘l?f‘ﬁ‘ﬁ“te&clt 'Hgm’ldé S\"I\fg?tﬁﬁ'ﬁ@i %85%“’ 31' B dubstituted,
the atpal't tsa&?ﬁe&ﬁ&ﬂb fHeloof! Wﬁé&lﬁ% $é21lsﬂ She0dl (RE) and (X°) is at least
conprises solid oxide treated wit

el ect rdnmbmlmted;avd ng ani on; and d) the at | east one

or ganoal um n m_compou

Al (X9) n( X107 BB Rﬂ%‘? E?ﬁ 3('@8()’{?13 : H@%ﬁ%@% tted from a lincar
havi ng,f Blﬁﬂéﬁkdt ﬂlp’hﬁﬁé’ réh, Cahdrom ﬁfeoﬂ@haﬁé(]g}))up §s unsubstituted or
sel ected from alkoxi dge or aryl oxi de havi n% from1l to

about @bst&aﬁeémym o whirhy hayirig Tgem (i abeit 20 cahop afamsy
nunber)fro 0 3, inclusive. 32. A process for

pol yneri zing ofeéfins in the presence of a catal yst )
conposi ti onX’yanpri¥S) meg independently selected from a cyclopentadienyl, an

indenyl, a fluorenyl, a partially saturated analog thereof, or a substituted analog
thereof; and

(X°) and (XG) are connected by a substituted or unsubstituted bridging
group comprising from 3 to 5 contiguous ansa carbon atoms in a chain, one end
of which is bonded to (X°) and the other end of which is bonded to (X%); or
3) M is Hf;
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25 contacting the catal yst conposition with at | east
one type of olefin nononer, wherein the catalyst
conmposition conprises the contact product of at | east

one first netall oce conmpoun at ast. one a secon
netallocenéx%oﬁﬁéuﬁgg 8*’P@¥§Fm3ﬁgycﬁ§ﬁi%kl ?ntPeEFﬁﬂmmm“umd
solid, oal fl 1
conpol] %]b ’ta‘ed?ge}lq’l al D’jdngﬂfbgtlﬁl eglgtgl%gng n;ﬁfﬂrogﬁ%‘tituted uorenyl, or a
met al Inumesxﬁ)snmmbpmﬂahﬁmtuﬂatsdfwhlogmhaﬂg)ﬂ ardwl a: 30

(X)) (X2) (X3) (

i N d (X2 .
i ndependenfps§h g@’ﬁ%@?‘@o‘”’f maﬁﬁ ?%??glg d%é??%‘}f?‘@g selected from a linear
cycl operyadineddli Phﬁlﬁ%ﬁﬁf@“ Ritierditt el dIPHSRY lgroud is unsubstituted or

nonosubstituted fl uoréen or a nopnosubsti t ut ed,
parti aulbsymsad anpoaelobwhich gaving fiest | twzbouy R parben algms; and

sersiR 350 O Rl S bl Sy HBREDATEE) LB on e

substithtB® aﬁbhd@i&aérbg\% %O(l)@) lafid (N8)y st i dnyit ﬁdstttﬁerﬁ whsthiet substituted bridging
any one of, having from 1 to about 20 carbon

group mngmgv@(e} @ndn(){ )(g;e mgmderg]ycﬁegﬁgﬁ dipmanpa g]fnﬁtlcog{ogm @n aromatic
subs Lt (

group, & cgg Igg)tuﬁt ?30%1@@{1{)8 89 faﬁgﬁ%t%nrhn(ail)gyg agfog}ri% r%ﬂﬁaxﬁéﬁ group, a sulfur

group, amﬁreagen @r@ipoH phosphonis lgr@upg aw agsenia grapnd carhon gmup;‘ a silicon group, a

al i phatic and cycl i C group an oxygen ,
germargp gouRs o B A G IRID. & BOEbE RGP e SOBK. -0AD,
-081X33r-69ﬁzc S8 QURO, &, SAHROAGIND, oraPX'Z | \!vHé}BmQX Q4 Qeie@ed independently

mani um'group, a tin group, grou oron
from hglide, bl, Nk, IR wr SBamdemipR is gdimstrocam XPa suﬁﬂt\;(gd derivative thereof,

any on S} $HshaEP o dnehitbab coropp afertear rflle: pf igupdh o'

@RtheP4t 1643t oMb ElichiBally-iréatéd Y @G Bothprises adolid 0x1de treated with an
substituted derivative thereof, any one of which

electronwthdgawlnéﬂmlmtimdabout 20 carbon atons; a halide; or

B30 e ST A8 g PP e TGS e

( X5) ( X6) (X' )(Xs)M \AherAl(Kg)],QXRIJ3J,,§ Zr; 15 (X5) and
are i ndependently selected from a subst| iyt ed
whereityg &b By SEFBRy| TP heel b aat AR AOHS L fhdes Tlfcted from
i aBah hlofs! HalRiR! K134aEe; and
alkOxuﬁaénal 0 o dghgﬁpgﬁ\%ﬁgfg %Bbtél?%gast one So . (X5) a ijﬂ e)gm) nisa
numbeirfroaﬂtoeiﬁsnclusivesubstltut ed; and each substltuent on
(X5) and (X6) is i ndependent ly selected froma |inear
20 or branched aliphatic group, wherein the aliphatic

32. gA%%beéssfoHB&?Hﬁhhﬁl%to%ﬁr@ fin thie\R&dehéd b Ratayt c@ﬂflposifion comprlsmg
whi'ch having"from I to about 20 carbon atormns;

contacfing ﬂ(ex)ataéma c«(rmsnmnewnﬂm aldgest @aabipg of eleéetr@a’%w@rem the
catalysggprlnpgﬁ {1 é}*la(gog)?%nﬁ/sg% thg gﬁ%ﬁnfg@%?{%cet rogg lc&? 5&9%1’5’5 Bﬁ{callocene dcompound at

least oA®@k&@nd metallocene compound, at least one chemlcaliy-treated solid oxide, and at

'

least one organoaluminum compound, wherein:
a) the at least one first metallocene compound has the following formula:
X)X,
wherein (X') and (X% are independently selected from a monosubstituted
cyclopentadienyl, a monosubstituted indenyl, a monosubstituted fluorenyl, or a monosubstituted,

partially saturated analog thereof;
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25 thereof; and (X5) and (X6) are connected by a
substituted or unsubstituted bridging group
conprising from3 to 5 contiguous ansa carbon atonms in

[ f 2 .
%@neeﬁlaﬁ %ﬁbs&ﬁgct% e%g%gd s?%@g?éng?x(tgf lehlf'él?gd ﬁé?n a linear or
branch3ﬂ) alipttatic @molr, Xeredii ehel aliphpio gle»np iy ussabsittited of swbmtituted, any one of
nonosybstjtuted _cyc opent adi enyl , a nonosubstituted

which hayjag from Ltoaheuhearpenatemss | uor enyl, or a
t t t r
WA 93%@)6 a(ﬁfgdgggc? t%lé%t%tﬂfgﬁ%;{h)@ s%gstﬁﬁ‘l@h %ﬁ}oﬁeﬁﬁ &8fp on (X') and
Q) arermlgmdantyl seletddefromcarf aliphatic Iglrcmgaran amrnmcagmhp,da cyclic group, a
er ein the ali

combiftioR 8 elifieai ey IR HBLRS, bt Satedl oG Sk Brauh, anigrogsn roup, a
phosp}{di'@d'fgrlauﬁ OarPdSdHic Q)uﬁaﬁ Q%oﬁi , a&floWea g, A detifianium group, a tin

X8), any substl uent on any substituent on
group, @xe3jd grany, ashrsen graypnan @Jnmsmén eBupUH% HOAKK A FOpREs @PXo, -SX, -
d{, X6
0508 4B, 1 U Bk I BURE g g i, . e,

OR, oﬁSR wheene RAdg hyﬁrseirbﬂt et afsnbmtaﬂd alefipdtb/ei thergof) WAy oaB of which
matic Lgroup a cyclic group a conbi nati on of

havmgefmfbﬁa‘? pBoui A0 cathonatonys: adiglide; on hydspgel group, a sul fur
Qf)%reiﬁ‘tlﬁ'aﬁ fegg{%ﬁe géc%ﬂ@ mefalIBORS E%F)P&cﬂﬁa@tﬂﬁ)e foBwing formula:

sent c group car group I con group, a
ger mani um gr oup, a @f)ﬂX&XK@pX YM; Ivéedeigr oup, a boron
group,1 u num group, -SQ2X, -0A1X2, 10 -CSi X3,
“oPX2, )sx “AsSX2, -As(O) X2, or -PX2, wherein
X is sel ect(@@ I aﬁ&p eRbentky infiépmudaly deleddd Nil8m QR substituted

or SR, wherein R is a hydrocarbyl, or a substituted
deri vactyplmemh@me)df a subﬂwutgqh endshylai sshstiuigid ribloffrf’danI g gnbstituted,

2 AR Wy e sy LSRG p B o

a sol icdswgtlﬁfbdg aghted with an el ectron-w thdraw ng
anion; and 15 d) the at |east one organoal um num

conpound haéch gabstisienbon @ )f%\dn@i s independsnilyxcjested: from a linear
\gge(r::'r ﬂl)ég hedsalﬁ)(hgﬁg g%f@ ﬂlvg{é??%fnlfé rg;%) Sg%gl%ubstltuted or

on at ons Bt
aryl oxsuﬂﬁlthimh any done @ﬁw]nldiﬂwahigtﬁoﬁ(l to abdnur?.Oa:aﬂJm,atoms;
hal i de ]\%Gdgl de; and nis a nunber from1l to 3,
i ncl usbve. 5. The process of Oaim 32, wherein the

catal yst cquPpPshi '(9@? lafe GRIRpaTdRAy Welcbiea! RdiheN@y@BHentadienyl, an
at | east one other olefin selected from 1-butene,

2- but éndgnyB-arBudrghyl alpattiably, satusetbditagdleg éhergof, pemselpﬁél,tuted analog

2- pent ne thyl -1 -pentene, 4-nethyl-I-pentene,
1- hexeﬁ b&%@iene 3-hexene, 3- ethyl-I-hexene,

1- hept ene, & hapd QKé) al cohne®teP by sutdtituted or unsubstituted bridging
group comprising from 3 to 5 contiguous ansa carbon atoms in a chain, one end
of which is bonded to (X°) and the other end of which is bonded to (X%); or
3) M is Hf;

(X and (X% are independently selected from a monosubstituted
cyclopentadienyl, a monosubstituted indenyl, a monosubstituted fluorenyl, or a

monosubstituted, partially saturated analog thereof;, and
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34. The process of O aim32, wherein the catalyst

conposition is contacted with ethyl ene and 1-hexene.

35. The process of O aim 32, wherein the catalyst

compostt] Ogaclhssu%(s)t?ttugr%toend(XVyl) tagd G(‘It\{%ylls ?Sfﬁspengégﬂ)? %elgcted from a linear

or branched aliphatic group, wherein the aliphatic group is unsubstituted or
substituted, any one of which having from 1 to about 20 carbon atoms; and

wherein (X)), (X%, any substituent on (X®), any substituent on (X®), any substituent on the
substituted aliphatic group on (X®) and (X%), and any substituent on the substituted bridging
group connecting (X% and (X°) are independently selected from an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a sulfur
group, a nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon group, a
germanium group, a tin group, a lead group, a boron group, an aluminum group, -S0,X, -OAIX,,
-08SiXs, -OPX,, -SX, -0S0:X, -AsX3, -As(0)X;, or -PX,, wherein X is selected independently
from halide, H, NH;, OR, or SR, wherein R is a hydrocarbyl, or a substituted derivative thereof,
any one of which having from 1 to about 20 carbon atoms; a halide; or hydrogen;

c) the at least one chemically-treated solid oxide comprises a solid oxide treated with an
electron-withdrawing anion; and

d) the at least one organoaluminum compound has the following formula:

AKX Y303

wherein (Xg) is a hydrocarbyl having from 1 to about 20 carbon atoms; (X' is selected from

alkoxide or aryloxide having from 1 to about 20 carbon atoms, halide, or hydride; and nis a

number from 1 to 3, inclusive.

33.  The process of Claim 32, wherein the catalyst composition is contacted with ethylene and
at least one other olefin selected from 1-butene, 2-butene, 3-methyl-1-butene, isobutylene, 1-
pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-

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

34.  The process of Claim 32, wherein the catalyst composition is contacted with ethylene and

1-hexene.

35.  The process of Claim 32, wherein the catalyst composition is contacted with ethylene.
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