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DUAL METALLOCENE CATALYST FOR PRODUCI NG FI LM RESI NS

W TH GOOD MACHI NE DI RECTI ON (MD) ELMENDORF TEAR
WOBRENGEYH Thi s i nvention relates to the field-8tTalSeds5/002100

pol ymeri zation catal ysis, catal yst 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 net hods

of maki ngpang, Mi'I‘AiLQ?éENE%&TALg@‘r PR PRAJIY bﬁze

enhanced catal ytic activities an yneri ¢ material s

tai | or edFHeM Sl\UIHﬁ&}Q@EMAGﬁHNWEﬂTIOMMl on

net al - based cat aI ﬁﬁ"ﬁo&ﬁ’ﬁjrﬁi% al | ocene

conpounds, Wwhi ch ave own promse intailoring

pol ymer properties. Hovvever there remain significant

ch n | Qpi al ys t hat can ovi )

cu?%?n%g Op Fe?éf@s ¥ {?’? h%a%sp}emlfzﬁ% %Oi%m%fzatg‘e’sﬁi@@s“’ catalyst
conrmoebiens, ine%hodFrﬁm ttlrﬁepqumd:rmaﬂoroﬁndl apelyestization deviefied polyolefins, and

stens. .t hat can be

ﬁlng%%l %ﬂﬁrl? ggd g‘@tg?ﬁ%}Ca%&é%?oénqoﬁlgf’“ ‘do not require

rel ati veI y expen3| ve net hyI al um noxane, yet still

pr |de reIatlv rrer|zat|on act|V|t|e
Dhalieh st & oot st oRG by ce® et smentiangatalysts, catalys
actlmidﬁlopiﬁc@ﬁesnﬂ{ﬂl mgthbdseolCakiahy shd QQH@Q&hltybt@ Nt \bﬁﬁ pr ov1de enhanced
nmerization activities, and will allo

Cataggll%ﬁﬁﬂw“ﬁ? %ﬁé’lolylggci’@t%‘élsﬁgdiofﬁdéf’ BesaiTiRicpeh pges he desir ed

SDEIMB‘ ty@éﬂof QBngiAARSal-THE S cdtlYR RN EREAIR AR cene compounds
osi tions, nethods for prgfarl ng cat ?

t co
Whle%ﬁfﬁ Wsiere i m%tlhfa&%ruwlwr Hisbn §loojeesit Here remin slgmﬁcam
chaBéipxd %%v&@ﬁﬁ@%t@lyﬁ@fﬁa@&ﬁ %lrm c%stoﬁlnlga({e Aorgﬁnerg Rith Ia%pemﬁc set of

course of exam ni ng net al 'ocene- base
desises| prrpgrtiosathusiers Htiapfintesest to dewglop me@dlomwdsed fcatalyalc systems that

canduygl qﬁﬁ@ﬁédl C\Q@rpeac?l%t oY Shety SIRM BY O‘{At 9 ué-ilreuS \Eely expensive

conbi nation of polyol & i’ properties, suc
methylglasingxance yetpil! peaide relaivetyHagt pdmnenmlanéleacnamei ai ni ng

S Uf\{/hé:t' é??tneé@h tah & Bév? r&gtta sts ?onll;{]oﬁltl%gs? Iglgd hfétl}%ﬁ% 8ﬁma§wg the catalyst

one as
COlT@ﬁ@l@WMéﬁeﬂéfoaj lmgllrrp@igmtmmnoméctmmds emdodifptibwippnir bidpsities to be

malmﬁfnlgjj L&f?t?lﬁﬂﬁe c?e%npcpspem’f'fa%osecond met al | ocene conpound,

one chemréa P f&8t%d solid oxide, and at
| east one organoal um num conpound. | n anot her aspect

t hi | nventl onenco sses. a cat al ySt coO ositi on,
o i, e BERRARES SRR Strestiohs BrBrindor Rleparing catalyst

compesiia, ﬂfethpﬂftbﬁbbl@@eﬂzﬁ@b@hk@teth@féﬂ@@&'tyﬁqb@rbnd %015@%989 and films.
of using a catal osition

In tie comse of examining n eta locen ased olefin’ polymerization catalysts 1t was discovered
that a dual metallocene catalyst system provided a useful combination of polyolefin properties,
such as melt index, haze, 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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each case enconpassing a first netall ocene conpound, a
second netal | ocene conpound, at | east one
woheosioged7h y-t reat ed solid oxi de, and at | east ~BA&/US2005/002100

encOfm@asaad ¢Hid) ey f?fbl@l@(bﬁxlﬂﬂﬂéi cathlRst QR PIGHGLior pbiﬂlﬁ“neﬁﬁxﬁg ®R¥ins, a method
i nventi on o ri ses, a dual %allocene cat al yst

of RIERAHIGE 5 RIS ESHPS €1 Uit & cPiglefomsRiiomrsad the lke, in

each adke %ﬁéfﬁh{paﬁlgaa Bisﬁﬁlﬁiﬁﬂl&%h@&ﬁﬁ MG sedunb QR Wlln}mund at least
erconlun]CO ; he secon netallocene can conpri se

oneghgip e ldy- %%?6%1 %0% @Pé‘ée )¢ pideaskensi wearpyluminusneh npl ex
Or 18 ofb Mpedt, B &hiOREREE QM@%F 2 M En LI Y caitalyst composition,

substituted than the first ne ocene conpou
whespia i Arst yuetallosane cogpping. e compeisnp dinemonosalrstituse Cycloalkadlenyl)

zwc@ﬁxgﬁan%gﬂ{'& @m&&@&gﬁqocegy cat &prr%@ Qt lng(ﬁlsi%c’spﬁlged ca/cloalkadlenyl)

hi's invention, the secon ocene co
ZIFC@@J‘H@r ¢ogrplex Pfo@)§@hlw inretedigeatie a;nmagmtelt labﬂedug”dﬁ sulwtigneeli than the first

met‘éh@ce&st | t § @ﬁe@rﬂba@ ea{e}f %gla& 89%9%81n§£1%P %gdn %R ganoglummum

a su or unsu S Itute
conmponmpt.i di ﬁgllfandiwﬂaspcnt Eofahmtm@mbms tad Secoad mixadiloddne nipdund can

con’@rlg Qio%s?ggncé%e damoaf m ‘locen In &/élereght df\%ogcyg{]%g%gcg%gﬁgpe ligands are
conmtuterdfb}d a;stmIi&ad d‘r@mtd’mentoteh eFidgiyg lzae Hoaghisiny FrokyP® 5 contiguous
In.still. anot Bﬁﬁg ¢t of the invention,'the

ansq 8%%?118 atmglls élil B %‘H 4R b@%ﬂ% 1o epe of the cyclopentadlenyl -type

ligahdss QibInO HHRS trict @ﬁ\ﬂdc}CM Goadk e tieaitidr LydlafchtadRhAQYROMWAHD. 1n still
[ ructure to the first netallocene compound
o APl | RYSPEP™-aftt 1ET0"d s Pettlocqigecqiupgund can comprise a

bis(MBhaubARABE FalbakyddnyDORERSM coR n%@u?lgt %fgx{n‘fﬁg' ﬁgsetfébg{#'ré' $8 the first
N |

tal | ocene conpound and_any
met?}&chpq peBpingd @ﬁlagm i pr/@}d@ﬁ)@ea,@}qu%ﬁbq: Wxali mptaddeene catalyst
confpBsiort Rap c@fﬁ%n@ al @t %@E@lo&éﬁ@eco%poghcf aftd ea.'ﬂ% éo}{ﬂ)%ﬁtl& of second

second netal [ ocene conpoun s. |In one aspec
metgllgegiiey SIMRATDSNE IHRE By chmbinptinnesk More themne ségha same type or

dlfférbx{t%/peg%F@cb%ﬁ&%l&glm%gunﬁ second netal | ocene

conpound, at |east one c en1ca||y treated solid oxide,
andn ape pepgett theratabirst aeropdsiiion mirthis omgoteTdeormprsesed first ajetallocene

COITI#)BI%‘Idf lf] gé&op%g ?egeg Q?yﬁ?@‘a%vﬁ es? géen(t:h%%i%a lélﬁlo ?%hd cixéde and at
lﬂwtm@epgmdénmhwnaxmunuaub&tmhmted cyclopentgd}Fnyl a
d titut uor en
or AR LA e OGP by B RIBE IR PR anal 0g
t hereof ; wherein each sﬂhsfxxﬁeﬁ%zgnw (Xl) and (X2) is
atic grou

' d d p.near . r bra ched al
Qﬂeresn ?%3 %W?é%&t?@ qyungdB@FF? P@Edoﬂwk%@“Wﬁﬂwl
momesibstitutedtiedbnyia ﬁyncmﬁﬁxb@fﬁtuﬁéﬂ Ifﬁblehﬂy biNg nfoh&fibstituted, partiaily saturated

analog thereof;

wherein each substituent on (X') and (X3 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;

wherein (%), (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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1to 20 carbon atons; wherein (X3) (X4), and any
substituent on the substituted aliphatic group on (X1)
wanaws(x®77 ar e |ndepend@ptly an al i phati c gr ouppPCams2005/002100

grougra%%tehle gﬁquUPear@orpgfsba‘ @ sPiceM Proup, acerhariah igatuppd tin groupa a lead

ati ¢ and cyclic groups,, an axy ou [
crougriobon SN RoFeITNTY B S HIEHO LS Ry U ERtar T Lo gk o @
subs%f%H ReriftiG@IRARE FhPBRe oBwiBth h&E BieURe ) @etonaimse hallde or
oup, a tin group, a lead group, a boron group, an

hymagqnn num group, an |norgan|c group, an organonetallic

%@g&e H th@se% Bét%ﬁ&&{é cgﬁﬁétﬁl@hhéftﬁe thReaRf formiy. one of

avi ng O carbon atons; a haiide; or
hydr ogen; b) mherelﬁiﬂﬁéKXé@%Hﬁ Vet'@il| ocene compound
has thenfoll 9 formul a: (X5)(X6)(X7)(X8)M wherein
1) Mis h? “and (X6) are independently a
substltuted(K%Chmpdﬁfhdﬁemykpﬂdﬁéhbsﬁ|$@ﬁ§ﬂm¢nﬁ@HWFmﬁ¢F“yl a

substi t uéﬁg‘htgﬁk bbd’e?ﬂya su?s'hu%dsﬁ&%dﬂ u&reéj subgﬁtru%e'dabiry %lly iatux ated

sat ur at¥® |'east one’ of
and ( X6naiog tieredf eeisdreinl hisledsorictal 80 andaﬁé’) it kpast disubstituted; and

substi t uent 0 {}]?5%“%‘3 g%? anvd\h()(bﬁg%)%ﬁgl%fn l)y aalil r:jap §2branched

or branched ©&f erern

group i gipuas@shp, twiieedn dre dipbatci groted, unawrtystltpm Q)*fsubstltuted any
whi ch having fr 2) Mis Zr

( X5) an@WG&@T“§3@VWﬁ§€B’H@aﬁﬁpgxgagvgfopentad|enyI an
i ndenyl 7y a fljypzenyl, a partially saturated anal og

thereof, or a, substl ut ed. anal t hereof; and. )..an

(X6) are corifetred Ky 4res ?‘%fléd dr° yﬂﬂ%ﬁ‘j‘ﬁ%{ l?ﬁ & Meny, o

bri dgi ng, gLuR &ﬁmﬂz|s§th1rd&dfaﬁ£l@ Beie6f, bor @Qﬂbtsﬂltgﬂdd)laﬁal@lﬁaeof and
carbon atons in a c

one end of which is bo
(X5) and t he(Xo} Rt (%ﬁ&l%poqnﬁ?tech by & Biosiiagd o thl%g)ftltmgfi Qbrldgmg

3) Mi S ?%)su ﬁo&)ﬁq}) 53Joﬁt1gd6q§9%d:@fﬂoh)étcﬁhs in a cham one end
rmnOSUb ted cyc Ope t adi ené a nonosubstituted
]

i ndenyl pfwhlpdmcb@u@sittp Qét)é@d i qibpiangior whfehas bonded to (X°); or
nnnosubafltu gpartially saturated anal og thereof;

and eac substltubnt on (X5) and (X6) is |ndependently

a linear or O¢nached’)akd plependengy oapnongaibséipigdiayelopentadienyl, a

al i phat im%ngsrugé{ﬁutieé 11%%%91?5; lntngs%gstMtecﬁ m&eh?ll;'to?da nf¥substituted,

partially saturated analog thereof; and
each substituent on (XS) and (XG) is independently a linear or branched
aliphatic group, wherein the aliphatic group is unsubstituted or substituted, any
one of which having from I to 20 carbon atoms; and
wherein (X7), (X®), any substituent on (X?), any substituent on (X®), any substituent on the
substituted aliphatic group on (XS) and (XG), 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

3
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one of which having from 1lto 20 carbon atons; and
wherein (X7), (X8), any substituent on (X5), any
weubwsto7earent on (X6), any substituent on the -PCT/US2005/002100

sulstiiet ¢HeRsbaBY-kBAiad 5&i1a08:QUPcMbrisePa s@MUoidBreat@NWitRAN electron-
. Substituent on the substituted bridging group

withdgHBE RNy (X5) and (X6) are independently an

al ijphabiner GERUP of ks QE%BIH,Cthgr&?&oaﬁnﬁm | SmAE QP carP have the
conbi nation of aliphatic and cyclic groups, an oxygen

foligyyige®rmatlasul fur group, a nitrogen group, a phosphor us

group, an arsenic groupvﬂéégﬂkbgﬂ;group, a silicon

group, a gernmani umgroup, a’'tin_ group, a Ieaq group, a
whefiip (ﬂ% )gis dulydreparbal baiing fogr bup, 2Grarberorigani €X'§r supp almxide or

. [ t] X Lvative )

ooy GBS RATY forh 1o R Rop ey R At 4R 5% bl rom 1 03
inclativirs; a haiide; or hydrogen; andc) the 4 oxi

chem y: . SOl a. oxi.de conpri.ses a soli Xi

Cr S e PN R s ST RS Fiprafad it ove the
follagipgarmeofa: t hi s i nvention, the organoal um num conpound

can have the foIIomﬁngﬁggﬁﬁgkgpgﬁgAj(x9 X1V n; wherein

(X9) is a hydrocar byl 1 to 20 carbon

at ovisrein ¥ and $X%)rarealridep@jnd@1t@r aﬁﬁ&dti@éédﬁ@ch?%ht@@eﬁyﬂp@sdbstituted
SECRON DD S T A S
least dniesti(ma?d Pl(fmis at fé@?ﬂ%ﬁ@s{’diﬂ)té@; gl) I ;)(g)en;?;:?)n(g?;nd can

h th | [ ot 2O, O) LI, L

mﬁévﬁlsseweﬁ(a%giubg%gr? %?ngaég Pﬁé ésp‘@ﬁgf‘d’ MYy & lgaysr ibragelend aliphatic
groupy ShepRRhadlipBd grodb 1§ RS dr LuBSMEN, and oRBBALNh&TAng from

fluorenyl, or a substituted, partially saturated
Lo 70029 @i81eof , wherein at | east one of (X5) and (X6)

i's V@Ereine@? 2,( 6(;§t'8)? lats Eﬂg‘ %b@gﬁuexy{’{l}ﬁxrtﬁé @ulﬁaﬁlﬁdsﬂ#ﬂggrtigt %Jrﬁ% of?'tx%) and

«(X5) and I's independently a linear or n .
(X)aire prarangengly otrpaliphiée griowp, tah @rcabatip lgaavipca gyodiagrdup, a combination of

alipl’%‘a?ig %}ﬂ?tc%/%l}étzggu a{ %12 gggefa %&u‘f}aﬁ es?iglylr rﬁ%;ﬁfm%ﬁ %rcgtﬁé ia%sphorus
groupusarbanifegipup A ceithen giwupi 4 siliccadralpi phamasiugr goyp, anin(@&)p, a lead
o1 5 5 o MSRROSTLY AL ool oo,
subsgititqshderivativanictrenf.cany ongobwhsh having kypgeintog2® tpbordatstb falkalide; or
hydx%l;_;géf]l.J Rn aﬁ‘otmrtaglg)egf Wheh $hidRacofld Hngt%ﬁgcgr?erc%l%pound has this formula, both (X°)
and (X°) may be at least disubstituted.

In yet another aspect, the second metallocene compound can be an ansa-metallocene
having the following formula:

XN,

wherein (XS) and (X6) 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, an arsenic group, a carbon group, a silicon

group, a germaniumgroup, a tin group, a lead group, a
woao@r7gr7oup, an al umi pum group, an inorganic gcmmmmmammnoo

or @aa@mqkaj U\ G, @k @um.ment o therabbtitlitel eddgles groay comectmg (X>) and

her eof h having from1l to. .2
KB oS tIRRD B B Y SRS Rt HEFPIL e Sligiic erou.
an amﬁatﬁceg@m A8t IgRapne epmpatictt ohasphatid and eyl gaoup@ ot oxygen

X6) may be at |east disubstituted. In %
grouanwﬁ@r gwpe%wrog%r@@e%ﬁhose@ra% $'88R 78 26 8IMHE: TERRPPesrouP;

th f hidal :
smc?l 1;0%1 6a %ﬁﬂxgxﬁ%%ﬁ V\]iﬁ]lzﬁr/ gﬂ%ﬁp, aNead szﬁ\éﬂbeﬂ)n a@éﬁu uminum group

an m(prg@p@.gd@m pry oga@g}@q’t@jb@m@@, éh?|sub%lﬁ1t¢ché@n’9’[lve thereof, any one of
whidl ltégfngr}yolm 18 E@Fefrbﬂ dtdms @thlel { 91%}@&%]699 thereof, or a

tuted analog theréof; wheréin (X5) and (X6 are
c ohngitt adthoyasgecs thstepandtnesthllogeng el e kedle Bieifeléivtigg formula:

group conprising from s uous ansa car bon
atonms in a chain, one(é%&gggxﬁﬁg ig|s bonded to (X5)
anevhekein ¢Khennde mﬂ )ofrewnidegendantlp o nal edortosubsii@led weystapentadienyl, a
ent on bstit.uted
mon@almﬁl’étg?eg 6&'6 % )';1 I%ﬁlasu(a%gyteg Y3 reh lbgrt a n%!’éér)]sgg%ﬁ&?(gggﬁﬁg% aatunated

analdfyhefdesti t uent on (X6) are |ndependently an aliphatic

gro p, mati c group, clic oup, .a e
Skt ?aﬁﬁ Lgptltgmtﬁﬂ éﬁ% ng%ﬁglefieipggcgepgb Slme%{nm 8%‘8&’? aliphatic
grodibr QUBreindhs Wighbitic S6OUR unubsiittife@@esubGlitote, ang opdloSPhiok Usving from
group, an arsenic group, a carbon group, a silicon
1“@%Qﬁﬂ?°“é“@@%nanlun1group atin group, a lead group, a

bor@RretH EX, A afll URY BYRHGERUR, the Rubshaitaiedliphatdy @6y oAMX%) and
organonetalllc roup or a substituted derjvative

Xy dve insispendantly amaliRhRUGEICBR 3AFPRYICTH IR 2 cyQJicgsoups f geigbination of
ahpﬁ’a&ﬁ%d clllaéxogﬁs aR oxVBEH RPN 2 shffuxséﬂohﬂ aaiﬂgséb%rgrélﬁao%cﬁhosphorus

second et al | ocene conpound can have the fol
gropo pimgiisenic gr8), (amr,b)W)g(ws; ilicoprgspw, A gel)qglpluahgw(lg(@)tnw@up, a lead

d V. t:
oo ASRERLEPb S PREBRSS, USGEL SREHEN, rovp or
subsituted dmrvaswkmrmma@dqnemémlmcdal Haying fonr htce @0 aprhbwgtoms; a halide; or
hdthereof wherei n each substituent on (X5) and (X6) is
{%&&pendent |y a |inear or branched aliphatic gr oup,
V\,hén ehdnaspéue ofdhisphantien, gltemlnpmwellwtrsalhis&oﬂld okidel comprises a solid oxide
having from1 to 20

Itu
trea@g Et?na éiﬁeﬁ%‘]'w\%%r%l% g AL Whede}kn , and any substituent
on thhessubsstidaut @d alsilghat alomgapupilionral(iine, afdminum phosphate,

heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, mixed oxides thereof, or
mixtures thereof; and

the electron-withdrawing anion is fluoride, chloride, bromide, phosphate, triflate,
bisulfate, sulfate, or any combination thereof. In another aspect, the chemically-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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(X6) are independently an aliphatic group, an aromatic

group, a cyclic group, a conbination of aliphatic and
woyalsiogogr oups, an oxygen group, a sulfur groupCTAS2005/002100
treatbd &61ROSNUIELURLE @J‘LQ&@@@M&S&IQHWI iam thassnie, gickelpyanadium,

a carbon group, a si r ou oup, a

silvef QPR m?H%‘T!a “F‘et’élﬂgséqno‘ﬁ?ﬁlyg%\eg‘ﬂlgr ‘gflr?néj r %’Héma L{Ee]f "B num
9 Qeianofher dsPedt @BNiCin enBbPis a&ﬂtal@ﬁtgaﬂmmtoﬁ ifuriher @hpuiging @1 optional
a substituted derivative ther eﬁ%ast any one .of whi

ch
COCAFRG r?@mPF%‘f'B ot 35T 9T EHPBOHAT Bt SIO{RAIgEIe gmpoind, at least one

orgarﬂc}’dgf RALSRpodnd, 2 NRs@HP &Sz 104iB bSmpdivedriaBcorhBlfation thereof.
cheni cal F -treated solid oxide conprises.a solid oxide

t r Sl é'(’sptwftaﬁpe&ho’éﬂ@cwféﬁowst hERE TgMARNIEH, copfigigieppertially of a
ﬁrsttlf@alﬁgédedcoﬂ ﬁ 'asse%bllmd Gerallleh b dlBpoutil] dtGBasBbaTERMically-treated
um num p ate, heteropol ytungstates, titania,
solidzdxiden pichat leraafgcn@@n@rloaéwmnam coMpRUdxi de, ni xed oxi des
th r; des 3NEoLAAE ¢ rod talyst
8 el A Yt e e » o
conbossid eompiissplvattegtingr i firat enctdbiosaf erenousd  aeeondometallocene

COIHB%LY nd 2L +ars]ta Ilf? Elﬂl%glgp{l%tédn ﬂogﬂ% Q&lpﬁtﬁieastg&e\% organoaluminum

-trea oxi de can be fluori
comabundi na, chI orided alum na, brom ded alum na, sulfated

Ly SRS AL R U S8 Y6 o i
pres8hdel of @@ktd Vs @mpokitior, chﬁlqdrlﬁné ccﬁmczmg dxarwalyst:dfdnmosxﬁexd with at least

silica-zirconia, bromded silica-zirconia, sul .
one dypej ¢iq0 lﬁﬂ' i &ﬂqplger &he% %ocr?%a]lyﬁhf?ra}host wgrcggﬁarlseigdar %'hsg rme’callocene
comPBshdl B sd@hd aleeliBedne 25PB6INd, &th@sﬂb]%l'ﬂh@ﬂﬁdayj?—hezaéceS‘blﬁaﬂlde and at

oXiue can i urncti u rise a or nmnetal |onth? | S
cashonecr2A9p BRI At iy e DT RO o TR TorAgymerizing

olefin¥ Uﬂﬁtt & catﬁEf%ﬁ’c@ﬂ%@H%ns%epaﬁM a6 QdEBiiBRatheRM. t her eOf Yet
anot h er aspéect of this inventionis a Catal

corfpe giesInd nwrzruromw@p CRYRNAFSSS PRy aﬂygﬁférwéﬁ%ne% 88&% al yst
Cowgﬁébsﬁgcta{hﬂ ﬁ@éﬁlog 'f)?ov?de's'@ﬂ'(‘)w &r c8lolyBAIf eBYfne wherein the

organozi nc co ound | east Odne or ganoboron

resig srepoagterized by |aenae§1t m@lﬁdeIbqaﬁ -3 ©n?- gél@n@x@utjféprmmed gp]lyg a2.16
kg ]SQJTP[' 1@@t°bo My alﬂgtrhglogslpecgthé En_gﬁgxt Q?iﬁ AIRE ﬂvel"?{fon i8:Raracterized by a

nventron is sition consistin
hlglelssdambfrt aldey (IBEME) dfi frcmt 1free 80 1z0demie, daterpaneddyither Sleckmipad at 190
°C net al | ocene conpound, at |east one chem cally-treated
‘solid oxide, and at |east one organoal um num conpound.
I'n haamith@rasﬁespebﬂs invtehiien 1bmvidma'\ polypeowi cpslyaepohetbgisne wherein

t o, prqduce .or cat conposi tion
the egindy ‘%ﬁ‘l Aig* ‘E%?n %‘*ﬁ‘gy fao ao (ﬁttg rée% 1a$/?18)(:ene conpound, a
segpndl bkt agree tl@l@ﬁmuﬂ& pRlvideeaspol@n& or copolymer of ethylene

wheggggnﬁggllg%]cﬁ}%%attgg%ﬂ 0| | an%gt(d- gsudapd breadlthel%?gme?er (CY-a) from 0.45

to 0.70.

Another aspect of this invention is a polymer or copolymer of ethylene wherein the resin
is characterized by a polydispersity (Mw/Mn) of from 2to 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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In still another aspect, this invention provides a
process for polynerizing olefins in the presence of a
woabv@loget77 conposi ti on, conprising contacting t RET/US2005/002100
In aroienthdpsi. (@Qimos&..tlb@ra Wli?lheratr cbgagterafetttylape iofroolief herein the

resinl SR REESH AN R B! S aRd R A Gga 5 200 il

C 0S¥ D&l A Hferant aépeasdf e GhesH Bal do¥yrter @dcesblmadt o emwaﬂle ,wherein
and at | east one or%anoalunlnun1co%§ﬁegd Thus, this

the Dast/ @Rt toHe R §reBe tha ¢ggyalie 09 B 29957 GPRSFY epolymer or
copo%x'lé? @f Et'ﬂ? lefR s A3dedCORIRAR kfd HRRcPBRRE Qfknah islesefe BRA or equal
Rerei n present invention al so enconpasses new
K>0§éﬂ@blef|ns and new films. In one aspect, this
| et fBmRF QYledeShid 19@111/1&? Tor&fide§ QP BIYRIBF opfcoﬁdlﬂﬁ&eﬂre ethylene
wherein the resin I s aracterlzed y a nelt i1ndex
wheie the spinfis dhayaotegzaddy2 f@zgpfllgssﬁﬁl%ﬁ 2¥et ermined using a
2. "%]93 kl th@(ﬁldal?& 1]0%9169 q’n al,nBlth@tn ?g@rarﬁﬁﬂégtthatt&ﬁiﬁﬂgésytﬂg polymer
resin o i s 1 hvention 1s characteri zed by a high
prodhaaldvitiethe cataighe o pdisNion obfhisf ingamtid® to 30 g/ 10 min,
d eg r %n ar?cf %hé’yl é%l\l/l‘g% %gpegtsgz?%%ofag‘g%n?sta al}cp z%ivglgl??geg ?)f ?g:g}r?s@ﬁt invention
will bkcatchyprareat whear girevitefries ifollaveng Idaamﬁt descgobnbyf the disclosed
density from0.94 to 0.91 g/cnB. In still another
‘5§bect this invention provides a polyner or copol yner
of ethyl ene mherein the resin is characterized by a
Ca %sau Yasuda "a" breadth ﬁaraneter.§CY-%? fromO. 45 talvst
CoTbf EeRAREeR PRySr Ee b i SRR i logs Ko pisporiig catalys
com@sitANOhMARSs of usihp ythe balvwhiedogipbsitihis toa®iymdrie olefins, and olefin
characterized by a pol ydi of from?2

polypersyeqpolymgrss piast @q,wlngsfﬂglét ?‘b 1refc’{al$1 e (i)tMN %‘Ht’?“}ﬁf“?t% [logene- based olefin

polyR@lYABh cRhlySOPP Iwbéﬁ%fso&fere%tthé‘d L£0R1 WRelstdie thglykesklml fovided a
characterlzed an El nendorf MD tear resistance

of
usefigr eoarbénatio ah p@lvoléﬁpu aropeies 50cy ARl Andgiobarer MBS fsei tandjthe like,
whil@ hal M o sy AR su@hotlk SPOL AR is Qfitable N b%k%ng %lm

provi “wherein the resin is characteri zed y
El Ire%@cﬁspecmtdiq prgsent é@?@toar?@éol@lfasﬁﬁ e xPEpotithno onatgeg Gampr ising a

first. n‘?etzg[g)geng/ %Hg)mu%t : l Aeccﬁlddlln%tfaﬁ(fc@lﬂ{ ccﬂﬁﬂ%‘ﬁﬁ? a‘?fl%a'éfbl%e chemically-treated

on | mer Oor copolyner o
sohd/\/medeuamdtdudedsapue prg@amlulsmwerf@mou@ gheamcélnertaﬂmt dhis invention

| yier
eSSBSl A0SR P PRI Gl o
of ptelp‘ma@ta adtalean gbllnpmﬁthlpf eameeltodtd‘fammgra @tiyat cdropditdb, and the like, in
ect is inventi r ovi

I n r
eachacai)eo@v%pasépg eglbsg Flgfﬁaélloce C%‘PP@H“ haesemléirlg?tﬂ?({c&g ci,ogvgooHnd at least
one kcRergibalyacdati 2R oRyle datta@elett ohesahda@middfocompound. In another

aspect, this invention comprises new polyolefins and films.

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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This invention al so provides, in another aspect, an
article that conprises the polyner produced with the
woabv@loget77 conposi ti on of this invention. TheserPamaS2005/002100
diffeRhh @fctdi R8I &mpodsRetleSused n@x@dl&dﬁe&ts@ iraRdp@gvaiia8ige process to

of the present invention will becone apparent aft
prodyey 7 GRLSHAGE 0| Bl B3O} et @ééE“F$ [ovg ety L DPE) film

apphg%gg osed features. The present invention provides new
catal yst conpositions, nethods for preparing cat aldy st
c oS Rsieain £ exaneiodehen ariirgiansiglocens compannylgs employed in a catalyst
comlgo‘g{ﬁgﬁsvlnmogpﬁ sk nHQhéfHWcétzeec&Ilp%ﬁhJ‘sa pﬁ?&hﬂérﬁf 1|nHy be obtained with
mers, copolynmers, and po .~ I'n the course
msufdiﬁleeb(almenulnlgWﬁ@hhllh@térﬁ@g@aﬁ Ooﬂl@f |prppléle§m®r jusa it HDPE film
y t r Ay Blar weigt
on BRI Sy s 98 L AR LB PRI AR v
polyqubYIyrwI \elﬁanrusg:l' adpnm; tni egjunetirnhwitistherikst metatlesene pezpouniyonay provide

lmprg\{ eﬁ\lﬂ} P]ergo(gm%rﬁg nl}( g%%llmq{aénegéﬁ%p@?ft rs]#l Q‘%ﬂ llé{gt v?n"tﬁgm egPl fnd optical
propefies, asPecinpartdrao pa eathist icomoditicon cempispassks smgle metallocene
osition of matter conprising a first netall ocene
CO‘“Q‘B’E:B%WB””Q@ ‘géeifond met al Ingcene gonpound, at | east one
chembgalbpect beatiednealion] foxied@nplantie afirsi @aalloane is a zirconium
or ganoal um num conpound. | n anaqt her pect, .this .
metsllpgrat (COMPEHKONBAS s e cAHal YR UOHEBEY] pfigands are typically

monsﬁgﬁhﬁﬁéﬁ WotR AR AHatiOBrohPr IlMB%QPffsb@c't 18 Xh@pleNBe s@&ond metallocene
preparing a catal yst conpositionh, a method
may ok dw&amg fanrcéme firstdy fosimp substingian o 1t texclpalkasdieniy hriegse hy being
unbrl cg ey oosF r?‘d(,gg%e&cg %Rgﬁﬁgt‘ﬁeﬁgﬁﬂ‘tﬁmg%{épo%uwthe zirconium first
meta(blbefmbcallﬂ ymtbthﬁah@dots (ahy d:ombind’éon afidnat theashe oeeond metallocene
or\g}gnoal um num corrgp n. O&qe_gm% %Ct this
compayind Y i P FeSaen; WTB’(?W% 5 4R Fi | s,
Catrabiys hspeaTRas iitvieationa Bict ofipapen e natlysh eorvitsaloh owerpeising a first
Compounds I n one a? pect . the gllr%?esent nvent

metghpesye FUPAIat PSPET ERHI9ERIE OOV IS8T g° sifyipapy-reated solid
oxidBBinaki RELBR: GefmReMAthundcsaand wieteal:| ocene compound,

at | east one chenmically-treated solid OXI de, and at
| e@sthe ﬁﬁéméﬁaﬁ%ﬁﬁe&?q}?ﬁoﬁmﬁﬁé%@u pying fipela i n one
aspect, for exanple, @Iﬂ)()@ &Mjzrnetal | ocene

conmpounds e used |nul neous y in a polynerization
pr vberes () prsd (Pé & e piofigpsadatipne r“é@loﬁ‘b\?ﬁ‘tt“ﬁd goGtppentadienyl, a

monggu%ﬁﬂ[nreﬂ %?deﬁﬁf? loR6& st vy ﬁ@&%h}l}’or(é—lln%dg)lbsf‘uhltéﬂ partlally satu1ated

i cations.’ In one aspect, for exanple, first
anal%ﬁl&teb’f}cene conpound is enployed in a cat aI yst

¢ O\Wﬂgéhtei'aal squt tpe%ggn g}gﬁ gz%)gg) V%Q%l(ﬁ;lp!%l%w 2 GRERAY BdnciRd aliphatic

group, Whexem the al1phat1c group is unsubstituted or substituted, any one of which having from
1 to 20 carbon atoms;

wherein (X°), (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

8
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i nsufficient nol ecular weight, nelt strength, and
optical properties, for use in LLDPE film
wappisioges7i ons. Using a second netal | ocene conmpadmas2005/002100
substidte@hielPdeRs uhir@h ey TRt eLuthiah haengfitmpobyes byrb@neomé)@rhalide; or
used alone, in conjunction with the first netallocene
hydré%ﬁ*i‘pound may provide inproved fil m performnce in
RAGIAIB QLR AStaltRbile cSInb@Ji@tth thagsliowidg/foridat ear ,

an optical propertigs, as ed to a catal yst
conposition conpri sﬁ%?j@@hé&%r WBF&Nnet al | ocene

conpoung W tNjQug,;the other. In one aspect of this
i nventi on, for exa Ie the fi rst met al | ocene i s

zi r coni um el e RS atsmyuapradsb e|anSLtbﬁtétu'{e%CydOpemadleﬂyl a
h5-cycl ﬁ@gthﬁ‘tgﬁ Exméh){ll h%ﬁb@kﬁn&f Budr¥iLcal 4 Xubstltuted Fartlally saturated

nmonosubstitute an aliphatic.group. In ano
aspect , anabng teotenfphlesrein Aideastensrid (Foead Péé &b loggydigybstituted; and

different fr g?’f}(g{h@tgﬁé ft Sh. (5{2 ;nﬂrgt}/dqﬁfs 1§c%kﬂ§1lidghtw 'aopne‘a}; or branched

the h5-cyclo ei ng un
| oosel yalmhawhggdup,omhebeyn @@nq:hph@lcngjomm@ lhvaﬁmtltmmdacnaﬂut)ijltuted any

g;yt Egngé{ero ermrHa%/m %rtomnl{s?{gaid QfsGong) anot her aspect,

an one second netall ocene
conmpoung) maymbezysed in the catal yst conpositions of

this inventiQn, | e as IS Invention. .

enconpasses &Eéf‘gﬂ% arc?oﬁ?ﬁ%%e’w‘?ng) c%r%ﬁﬁ?“’%?“ﬁg“e&-‘/¥'aPs{“de“y‘ a

et al | ofgsienysonRaNg sataratke andich thelead, bocanstitaedpeloythereof; and

Teast or °”e@éﬂ2€& R R abe AR RS 4foBhio brgain
east one or

E IXr St( Xg_?&) %) ( 4) Z1gcﬁ9c5m9l%6@ d@ﬂ%%h@aﬁs@'cﬁﬁb% ra@m‘sqr] Mthéin, one end

' r and are

i ndepen ‘ﬁlﬂlPlylsé’Oh‘iﬂ%%QBéf“i‘W? %‘iﬁ‘ercf‘yﬁélogiﬁ’é 1 dhasfisA to (s or

nmonosubsgy i t uigdgkndenyl, a nonosubstituted fluorenyl,

or a nmonosubstit ut ed, partially saturated anal og

thereof ; whefe) AndeaE h aruibderendsaty o manyapstipgd @)@})pqngadlenyl a
i ndepenglg B ¥tt s d MiRhy1O R6ARGARHA! HRBRRAC of 10 HBnosubstituted,

wher ei n atic group is unsubstituted or
subst i tmmdly sahyatmmlabgtm@wnﬁaw ng from1l to 20

carbon ato MBq l\{\@u & éu?m‘t(%r(ls(?ﬁs) glg A %( Z)?Snlgd eﬁHg ﬁé? R} branched

on the substTfUfed
are i ndelﬁqﬁxadcegtoluy, \&hblah itiehaltphetiqggroup js arsubﬂtxanm olcsubstltuted any

G 00D, B CHSS, B Ba EP LR Gy fpely £t € e
wheRdi (RO XYY &@psub@tltphﬂmh@{sy%ng rsabigditucdn oﬁlr(Xén gy gutstifpent on the
subs{%’tq%eac{] ?%}9 {g? qu@aqﬂl (S)H anc? nX(%rz?nlépany su%setlrttrlrgn?l un]]eq SL%SP t’ute% 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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group, a boron group, an al um num group, an inorganic
group, an organonetallic group, or asubstituted
wdenisxwaed7ve rnereoi, ny u e of which having frearastms/002100

20icafdieR ahess: auhabiedtin, ahe hygdnodeninuin) covygnail noah higave the
seco tal | oceneconmpound has the follow ng fornul a:

follwfg%‘jt‘xn(xsm wherein 1) Mis Zr; (X5) and (X6)

are i ndependently a subﬁm@fy@éﬂ3gyclopentadienyI a
substltuted i ndenyl, a substi

ed flu
whetgiibt ) ﬁ@tf@drocwv&haam@;ﬁ%% i 40 &8 %%{Plag (%Ebﬁeseal%oxﬁe or aryloxide

hayilD 8681 1Mo 310 daBRA latdehHde (oKRY drafRdark X6} a hﬁm@ér ftod@sto 3, inclusive.
i substituted; and each substltuent on { and

X6
i sCaﬁqbretp?@ﬁweﬁtwry ceniprigieavargts KPBNEHEES 4 Yhﬁ?‘?’a}%‘?té”‘{ﬂe% gncluding,
but M rﬁfee t(g '}1‘? 13kt o%@%ét%&ﬁl%@&e'c%mﬁ@&id%ﬁ'& léﬁﬁd)n@ rsezcc())nd metallocene

Subst any one of whi having from1
comg@mldoanya:{omlpmat@) ofymprs trn: ong X‘ggt 1r§1t?(ylo%qqe)coxap@md and any combination

of 11}0?@&%6&1%%9501% 1&}3??6%%%&8@&1&9&1 e hiso @}ﬁoﬂnﬂéjs‘é‘w by th invention.

or enyl urated anal og thereof, or a
substltuted anal og thereof; and (X5) and (X6) are

onnected by-.a substituted or unsubstituted bridgin
1h9§#§§§¢%@%%¥¥%¥%%¢£§onw3 to 5 contiguous ansa carbong
at d®né nisigect bithis iovmtiendtheffirwhinefallo@nd endgdurdohgsydip following
nd the other end of which is bonded to (X6); or 3) M
ﬁ”@‘ ‘Hf; (X5) and (X6) are inde endently a
monosubstituted cycl opedyaEdiEhd*)Zra nonosubsti t ut ed

d d fl
DS RoTBBE B! MBS Sl gy,

mon%%sﬁt@féh iSdehst b teptubeufedIuorAd, (X6 mohSsubsilepd nEaiatly yaturated
a linear or branched al i phatic group, wherein the

analgg thereafii ¢ group is unsubstituted or substituted, any
on%vh@xeld/\é%ﬁ; Ehﬂgﬁfﬁbﬁg)nf(ﬁ(w@na XN i2dGRAdaNy alIgRE:; or&feﬁﬁched aliphatic

wherein (X7), (X8), any substituent on (X5), any
groupy b/i:)cr\eml}bmgllghﬁtlc( $eyp 1saw9ub§1ut5§gi iof sHbsitutSH atnpfé)ne of Wwhich having from

d phatic group on (X ) and (X6), and any
Lo ﬂgéﬁk%égﬁ%(ig)the substituted bridging grou

c onwhecin ﬁsg)( aafdny x@gst@p@ mie g@mgmq a}h ptic group on (X" and
(Xz)aare Pn é%n‘c‘iergfyo 11ﬁgﬂ@?%ﬂﬁtdn§r&££ Fg’ro%r oug&liccgr&fpoweomﬁmatlon of

1 on O I C and cyc an oxygen
ahp@d‘tmumd acliugbups, gn @ypgenagroup, 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.

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

(M>-CsHRNaZrX's,

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, I,

OMe, OFEt, O-n-Pr, O-i-Pr, O-n-Bu, O-t-Bu, NMe,, or NEt,.
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nitrogen group, a phosphorus group, an arsenic group,
a carbon group, a silicon group, a germaniumgroup, a
woizoosgreap, a | ead group, a boron group, an al BATWS2005/002100
90N PanofRr 1,QREQBNItkis Gh@hEon a8 0cgalpgnemglokition groowpisingra first
a substituted derivative thereof, Zzg% Fe Of o Wi Gl - iance s
metal lvastiengpnfpownd aving the ferarbio i &5% )2 al 1ae ! % mn
naco DO T g IS AAGEC0b Liod mak e Sokidopbd
elleotet anwhérhakpesti Hy eatdlpy. WIWE‘FI%Pf éE‘ﬁe‘&‘“e“ﬁ‘P“ Gpmprises a first

oeafSFE g AP BB pampee eyl

s a 5
(- dq?{gp@z(z@@ by! (HavHy®uhzenn,1 (10-Q0l Baybisi at(@jln'é:,sH(S iGly (-
oxi de or aryl oxide having from1to 20 carbon atons,

CsHalRal)iZefely, ao¢ theyéei de; and n is a nunber from1 to 3,

[ I the formula
i Fg@f S tnveRMAQSTht ifiesd eelogene somigouna ha ous
cgfnéo:dﬁ%t‘?oa T these netal |l ocenes including, but not
(n’-dsHeBupdrCle, at | east one first netal |l ocene conpound

and at | east one, sego be first
comds Rt iesrsyY tlilﬁs% th H’EF&)@] l? QQW% th@R¥me in the firs

taIIocene
metafl QRO BAHp ARG BRYS, the it neetal lomnefcommtmd chePnHise sbcesipination of
|

two ﬁéﬂ%ﬁ%&%‘?@;&g%o ﬁ%gﬂ%z: g?lgérisgl}?: e %ng%ﬁﬁsgq‘ltp&/ h/bl'oﬁentadlenyl a

monosugﬁﬁﬁtecﬂnﬁigll[yl Sy fn@?(&%déi%ﬂ%d hf@edyil rsta 1ﬁ<ﬁ1foalhﬂst)madepart1ally saturated

analc@(th):l(exﬂ) Thetp(nxaysplly wﬁl@p‘r@g ﬁnaggglr)efeé%@ <le %‘Flé as partially saturated
mdewgg SR @S?lrc]ﬁ)ll%/ irt lu 305&{%& i o, QMﬁdh?cﬁlﬁl’ﬂlﬁa@/ﬂs&Iﬂgﬁahy(ﬂoﬂuorenyls

I t’u ., a nonosubstituted fluore oY substituted
and Gotalgdrainos st Thust e s 1ot 540y CERRURG FRLCORRLPGE MOnosubs

tetra#ﬁ(gg]ﬁgﬂgé\rl]\? F"ir e m%lngﬁﬁiéht&t%’ﬁ ‘ﬂeﬁ&lﬁ/ﬂ?oﬂ@@reﬁﬂl) @nd a( X2jonbsubstituted

I'near or branched ali phatl Cc group,
octabtRbRidfertyhe aI i phatic group is unsubstituted or

i;%;ltéllhetl ,;% g%gc neg%saar%ﬁ@? é?t%( ﬁ)éc)lop%{éa( gn)tl rtﬂj(? gaﬁcﬁ: % Ononosubstituted
with “%’ %%é%l %H ha8P & B®, SHBStwent 8 ﬁﬂ ctypl’fb@éﬂmmegiybtype olnga(ldsljaoth are
© endent | Y ron a %{f&ﬁﬁ% qbé)ﬂ‘l Monosubstituted
mor@kdatuied Ogclopﬁpjltadg@nuly @pljh@l@@@g«bsu 3, e
ﬂuoa|1I Ehaziltlce ?Pd G 1 Ge WHE%X )adth(WQSﬂtlﬁrm@pme’allS@hé wpmpound
gr3up rogen gr OUE 9(5 osphor us %r Qulg hat the
X )@Xé@ﬁb(fx i cuig both  gr@ndsy st@qtt ,gyclgpeﬂapieg n Hg Oﬁ(ﬁ negessary tha
ahp?e?urcngglllpug}bgtltué{% bea’thtelsgmgr Pi Bhis Qspk:&afé)r example, (1 3.CsHy"Bu)2ZrCl, and
(n°-CsHa"Bu)(n 5.CsHuMe)ZrCl, constitute examples of a compound that may be used as a first

metallocene compound.

The Second Metallocene Compound

In one aspect of this invention, the second metallocene compound has the following
formula:
XK HKHM; wherein
1) M is Zr;
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group, a boron group, an al um num group, an inorganic
group, an organonetallic group, or a substituted
wdeoiswaed7ve t hereof, any one of which havi ng T POmUS2G06/002100

20 carham aiPfR;) ae lﬂﬁxla%)éiixﬂentl@r ahydkagen cyd: BpeaB@lNel a substituted
aspect, the first neta

| oce 0 und has the for
indo{uRGs CEFRIBORn b o AU DR L RN A E g S S Wherein o

leastl AEBPEIFSRE (%¥) B al e AKuBtIRKIaREhed allphatlc group
eaStogw ng@?r omdml?)tél 50 cSl; boln at ons, d wherein X11 in

each i reselmbstifugntiond¥peie éﬁt)uwﬁepeaienﬂgr 2 lipear pp/prangheq! aliphatic
grougM %n o 18%%0 Oéhg) iBUnsubdthut&lor SRRuted, any one of which having from

Still another aspect ot this
1 to i2ﬂ\ceubbn@ﬁomss a catal yst conposition conprising a first

rre aI I ﬂ&[%w conpound having the fornul a
?EZrCIZ wherein RL in each instance is

| n d epe nd&n tuhdy (&) larenimdependently am cydebeataidishdt e ingemipa fluorenyl, a
pal’tlg@)b%aé%at];gr %@l%gtaﬁellegf ? aarsplggltlﬁ&f&[mlog t?e %/qﬁt ardnot her

conposi is invention
conpr i s@8) and (X%t arem:bmiebne(t éyea sdispimteddorcompstigiterigbridging group

h5- C5HAEtL ) 271 Cl 2 | f
comgrisig}%%%pglb %% qlg@g aiﬁp)cgfpxba%ms& Eﬂaérf_lfniirgls (%?4 \%}1@ ﬁbonded to
(x*)Ghd Geibr Bu) &Z0HTI2is bhied €bEE); 9Bu) 2Zr O 2, (h5- C5HA
Bu)2zZrd 2, and the like. Yet another aspect of this
i nvknt i ¥iSHS the first metal | ocene compound havi ng the

for mul & - £adS(H% 1dBUIndésdalichtly! t al sn0RSdubSRGES SEhpétidtienyl, a
bot h h5-cycl opent adi eny I-tg pe ligands be the sa
4

n
monpgibstitpied tmdﬁﬁl’laﬁ I‘W@@W@Stébtﬁ?J ?FS“YIWL?S‘“O{“W@W‘“F%% partllally saturated
anal ﬁlgtgpggge compound can corrprl se any conbi nati on of
-cycl opent adi enyl -ty & I'igands conprl si ng
rmnosub@ﬂch sulstiesty| (Speavdd wdepe@dﬁﬁb{og LiBear jof gntaé@hed aliphatic

grou n\gﬁé}&L theaalg)ﬂﬂgssémtg)t IStUH{ suttnlea‘ Of &Y% &ute@ lan@ one f which having from

nosubsti t rtially saturated anal og t ereof.
ltome:atb@nmopmandal |y saturated analog refers to |igands

Isggl argm g@ 5 6 %&{ ?ﬂ%&t&ﬂl?tt SH (X%dggy iu%lg]tﬁpglt 011 ggﬁ F%J Substituent on

the dubktitedy diijgiatic groepysh $x%)and (59t ahlmycsﬁtbsumggtlmr;d fﬁe stistitmifed bridging
orouﬁ:[xgcieﬁ)ag%fbitgl( ta ) Qlee 1%86%8&en9y an alcpchnplc group, an aromatic group, a

cyclic group, a combmatlon 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.

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

COXHKNX)Zr;
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t et rahydr oi ndenyl, a nonosubstituted
tetrahydrof | uorenyl, or a nonosubstituted
wocev@hyeh7of | uorenyl . Further, it is not necessSacy/ush@s/002100

boteshr- ¢y £ Lapent, adi Sxﬂyﬂenﬂeylﬂﬁ hisg}c&ndmedb@/clopentadienyl, a substituted
nonos stltuéed w th atic. grou

mdewz]leﬁ sy gtuﬁasi %?I‘abéﬁtaaﬁll gﬁ%e ’t@ﬁ@ﬁy |S@IHWE? ablaltgﬁ tgq\égor}, wherein at

leasBNRQ$ U bihd °eH a@bégétggﬁmxaﬁédenyl both are
nDnosubstltuted i nden bot.h éﬁ@nono ubsti t ut

f | W@eisyARch et itigre op K%é andrfja s | a linggr %E&ﬂ%b@é)ahpha‘m

grou‘ﬁf wﬁagmftl‘ler Alph R @bl PG RS LSANRO INFbEAuEKAh{ ¥ 65K having from
re nonosubstituted cycl opentadienyl, it is not

1t0ﬂ@d@§§&ﬁ@”ﬁhat the aliphatic group substituents be the

Sa%erslznr %ﬂé‘ (Xsﬁ%ﬁ@cﬂg st@ﬁtu@xﬁfﬁﬁ%&m@ %gﬂ@d%hwc group on (X°) and

(Xém gﬁpmmﬂ@tlgxm”@gtmgrogp,@gmmg SR 2 pmp)hc kgéoulpségoragmatlon of
[ Cc I e
s A8 PR SRR 8 SSGFI M ASGE e

groupearadlrlmmegleum erpdongrduasa sihe@nfanduponeergrafigmngrbep, a tin group, a lead

croug)xs)béloﬁ oéﬁtf?qxéﬁ)a'l\dmlmﬁ g?%t[ﬂ)ééxl ildr aﬁlcé%%ﬂ%ﬁ a)l o?gﬁonlneﬁ[l% group, or a

pliege a su CyC
subssittbest dletrluﬁta@ the‘retffnyﬂy, ona of whihi lauhgtﬂOnt ur é@lydu poroatoms; a halide; or

hydt\%ggr? ¢ :?Hél el aégeé tw&%g lt% fsgc(aog@:r a{gﬁ(gcex?e?éol)mo urtlcp fasl%gla ’fc%rmula both (X°)
mmdx%uﬁzmehukaﬁdmaﬁﬂuaﬂwh substituent on (X5) and (X))
I1'S_I ngepen

denfly a linear or bra ed ali hat|
und 81 BT B IEHAEOG: B 08! G BST R g s TR a mor
hlgﬁyl?.t%hﬁ%eﬁrcoﬂﬁm QBRI endVBbEFbuR@ hanGthE TREN ethifbcdf compound, in
carbon atoms; 2) Mis Zr; (X5) and (X6) are

whl¢lht!@permrelﬁp@vademwwgé@mdacﬁi%ﬁWOSUBﬁIWtﬁHe@PS ify this aspect of the
I f
mven uortp e ﬁ . eycf%a{}r%gtrﬁ lh X el%aHﬁsgéliﬁ&f §g<)aon8 gn&‘t{l&g?a% conﬂorouﬁ'd may be

dlsuﬁﬁﬂﬂe@ttﬁf@uﬁa’ﬁtu&ds ltkbﬁkutismﬁl&d or peisubsititédit dnl abbﬂhdtgas”p)gct the n°-
e Ba Ui STBLL SR O 3,42, %, SR LU 2003, €2L000 e o
trisdB@ufelhe ot her end of which is bonded to (X6); or

In still another aspect, the second metallocene compound can have the formula (n’-
C5H3R12)QZrX”2, wherein R' in each instance is independently a linear or branched aliphatic
group having from 1 to 20 carbon atoms, and X' in each instance is independently F, Cl, Br, I,
OMe, OEt, O-n-Pr, O-i-Pr, O-n-Bu, O-t-Bu, NMe,, or NEt,.

In another aspect, the second metallocene compound can have the formula (n’-
CsHs"BuR?),ZrClp, wherein R? is Me, Et, n-Pr, i-Pr, n-Bu, s-Bu, i-Bu, or t-Bu.

Yet another aspect of this invention is a catalyst composition comprising a second

metallocene compound of the formula (n5 -CsH;"BuMe),ZrCl,.

Type II Second Metallocene Compound
In yet another aspect, the second metallocene compound can be an ansa-metallocene
having the following formula:
EOEKNK) s
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3) Mis Hf; (X5) and (X6) are independently a
nmonosubsti tut ed cycl opent adi enyl, a nonosubstituted
wondsyoy77a nonosubstituted fluorenyl, or a PCT/US2005/002100
moRe&gERShi a4, 43an,taepéddyntgatawyalbpdnaalmaylogn fitien @4 fluorenyl, a
and each substltuent on X6 |s i ndependent | y
partiglly jafsaipd glalag/tagieqtedy aatp ‘F}Lﬁ qadiag’rgg‘lfb Cwherei n t he

al yyphiaihi (X PRRUEKS) SreUdthHisdd bt edbsitut@UbSistbitieted Bildging group
one of ich having from1l to 20, carbon atons

compiraeelrem (3)26/)5 cmet;@yus EHG cages Py dng chsHy e%snd qﬁva‘uc is bonded to

(xs)%H&Jﬁl%lowea{d csmvh@ﬁﬁa bordBY oSSt i t uent on the
substi t ut gl i phatic group on (X5) and (X6), and any

s uwbwwm Con ams éukéswwg@t.ombeewbmtwa@Pw@g R B Connecting (x°) and
(X6 C %ﬁﬁgtllt&gt §:250), 304 aky@hs@i&nt bR ‘éﬁﬁ%@ﬁ@éﬂe)ﬁde@ﬂy an allpheglc group,

'phatic grouF an aromatic group, a cyclic group,
an ammﬁbucrmmmm ok atglth,a@ icembinaticny efl alephgicomisscyclin esxupgetn oxygen

groug{eg%{!gtjur glﬁag'aw{m%h e @pgus@gog o%}og# QHBrsciflc gmﬁ RNOFSE group, a

rseni up, I'T’con
sﬂwg’r PP, asEeqRINIEN gmtrp,gartougroula atleadl gyoupup boran e, Yr Yupinue group,
oron group 0 r
an 112)(}1‘6%1';] 0Py ?n g&al%éru%g%lpyg} ngg% ts@tltuﬂagl %@'&ht\?/vae?{h\gllgef aﬂp one of

whldhhﬁwmgffronaht_sp nertadh ardns b hhlidet mgqyﬁro:gm 1 to 20 carbon

Ve LA e B o - ReBecas SRR B i L e gmeound in

whidhnBe 825 ANE cMRNalieRgeNR IRARTMOH Rt BaBcaye mﬂa@i 504 baadingmoiety.
formul a: (X5¢X6) (X7)(X8)Zr;wnerei < J an

u
UsefyBepeadedit! logengs sBstyelEd “@9@1}@?}@1@5’@, gﬁ?,rpmg athat the two n’-
cyclgalfulba?ée'in%fdﬁlg%héﬂqg Qﬁélcopt"laec’égk% Lol il t’ﬁlg r%f (%L% b theWhofest link of the

arti al sat rat ed er eof ,
bridgihg meviety abt\nlee!asl‘te ﬁmcbﬁlkéé(ﬁ)yl-@md l{gx@ds ib gt tmst|3ea9ms and up to 5

di substi tuted erein each substituen n (X% a .
stonxg] s U rlpEg AHER: MHES o e M0 PP QB0 & THRAEidienyl-pe

r he,@hd: PRabiiGoeGhA¥Bnests ARSMBS P bibafadiEny-
llgalg{ﬁqgﬂ?lpm}gdﬁhtgﬁ%/ g‘rlllgﬂé hmﬁglll(g%? aw%lge Sr om 15‘{ oCty20 acienyitype

llgaltckanmrbeaubm’eltedm@h@llbﬁlt(ltﬁ@) (X8), and any substituent
on . the substi

ar 81 Oy éf)bé;ﬁtd élf;]etj }seecog m arfla %I&% &S O%Bnoo &ag)%%) @E@IEI%(((\SQZ)HCHQ](nj@-

C13P9;52Qbm1’22, q‘umtm)muﬁ 9&:1519@791@@%2 @tncnﬂcalb)ncphﬁmsel -auttk),Zr X',
Cﬁ—i/c | C I‘OUPS an ox gen group,  a sul fur fgrou
(-G GRg&rignaissHe) SpIBIRDY conbjfgionherag @h?remgrr sufom 1 to 3,

and Q'h&@g]?}gﬁ pl? aél'llpbcm redtd, iC AR BhRHRy & MBRARED S AYRati@group, an
alkoxide group, an aryloxide group, an alkylamide group, an arylamide group, a dialkylamide
group, a diarylamide group, an alkyl arylamide group, an alkylthiolate group, an arylthiolate
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 present invention encompasses a catalyst composition comprising a
second metallocene compound comprising [u-CHz(CHg)nCI—Iz](n5-9-C]3Hg)22rX[22, {1~
CHa(CH,)sCH2)(1n’-9-C13H6)ZrX %, [1-CHo(CH2)nCH,](n*-1-CoHg)2ZrX %, [u-

CHz(CHz)nCHz](nS-I-Cngo)ZZerzz, or any combination thereof, wherein n is from 1 to 3, and

14



group, a boron group, an al um num group, an inorganic
group, an organonetallic group, or a substituted
wdepniswaed7ve t hereof, any one of which havi ng fPOmU$2d06/002100
wherdqy XE36 RIYRpeHASHTE FACHTBH, IL0eMeODER Pdi-By €ni-Pi, @-ahot AdrBu, NMe2, or
aspect, en the second netall ocene conpound has this
NEbfornuIa both (X5) and (X6) may be at | east
d's%H%Bth%HEs%@ct difnik hinenaGp dat examptenés a sacend installogdne compound
seécond netal | ocene conmpound conprises a nore highly
compsisipgt i t ut ed zirconi um netal | ocene conpound than the
fi 3t NE.AGHIRAWREonilif dWAicgile;t he
> h5- % mpﬁt hmg%ﬁe%§?-typgm | i gands are nonosubstitut ed.
Tfluﬁbutanredmbns(né@ffmotenmleIItCh@umWélmrldén t he

h5- cyclopen an f..t.he second
el 2P $HRIARY bég g‘ﬁH%”%ﬁV”%"“% i g{%%{ ‘d% ut ed,
t rll $ ﬁ&?hﬁ&mtﬁg’(ﬁ 1 ghdepsipasbhitidtdamioride; pent asubsti t ut ed.

er ‘aspect, the h5- cycl opentadi enyl -type
Ilgwan@iﬁylblh(el éeo@ﬁdl)ﬁ\@?’éﬂpmdb@ﬁ@‘d@onpound may be

di substi t d of . tr still another
10 asb%@?“taqaﬁé’?@gaoﬁdn%%ﬂgzl lfgéé%@hg%ggolrrrlg%und can have the
for ﬁk@agglylb&%ﬂg@%&ay% -RbuttwetreiniunRl i n each

i ns IS independently a |inear or branched
al i pmatmmlgbsﬁp 9|‘1féwfn?gl)ﬂlribh‘mxbtzéfc%"ﬂmﬁ’ar bon atons, and

X11 in each i.nst F, A, Br, |
s e ST SIARERERNE, (iez, o
NE{ 3. r(gﬂan@(nylbig@{ 1&&@@1@71)d1 -t-beoseoomimet al | ocene
conpound can have the fornula (h5- C5H3 nBuR2)ZZrG 2,
15 \/\héﬂé]ut&nF@}'hb§(WE11mE?nyl)H‘ PPUtOXYZBEONIYNE, © 5By, i -Bu, or
?g Ye%eaa B Q h- 1@&& 31 @Eut&@z%dnﬂﬂﬁnt' on is a
r%? nprl sing a second netal |l ocene
CO n@chrltbts@qsf%ﬂmmé@l)@hno@ﬁiﬂsdmm&ﬂ\/b) 2Zrd 2. Type ||

Second Met al | ocene Compound. | n yeil gnot her aspect, the
seddrhjltqf’éﬂlalql%’&e%g”@@ grRr R ATEEYEn 12 a- et al | ocene

hag'rsg%ﬁ hsdjyﬁ-;l ﬁw ﬁl&n&g Bmoamaﬁﬁem (X7) (X8) Zr;

endently a cyclopentadlenyl

20 an 1|mgﬁpahlemyansf(wh%bﬁﬂamll),zwa)npam tinztiy, sat ur at ed anal og
t-hereof, or a subst | E@at ed anal gjgtt Efer eof ; wherein (X5)
and, 4(b(69“¢éb’8”%§6nhé@@ DAggonaid 4Pyt ed or

un Sll,‘gbgetnka{n%ﬁﬁns%ﬁs' d %5}@1)% &AM dimethyl;

or any combination thereof.

25 Type III Second Metallocene Compound
In still another aspect, the second metallocene compound can have the following formula:
KK NKOHE:
wherein (X°) and (X6) are independently ~a monosubstituted cyclopentadienyl, a

monosubstituted indenyl, a monosubstituted fluorenyl, or a monosubstituted, partially saturated

30  analog thereof;
wherein each substituent on (XS) and (X6) is independently a linear or branched aliphatic

group, wherein the aliphatic group is unsubstituted or substituted, any one of which having from

1to 20 carbon atoms; and
15
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conprising from3 to 5 contiguous ansa carbon atons in

a chain, one end of which is bonded to (X5) and the
wobthesro7eatd of which is bonded to (X6); wherei nPCXTS2005/002100

( X@here@n YRSt Ltuent DL%@tattlé]ﬁ o‘ﬁlib@%dbtsﬂﬂlilﬁd aiphadigi g¥gup on (X°) and

roup connectin an X6 substi.tuent on
(Xé)(a%wdepgﬂﬁenﬁﬁya%%ﬁéﬁtﬂct gem @ ﬁ‘ot%i ggﬂ”@ ¢ REUp S8BT Pmijpation of

ahp@lnb @h@tcy&wggfr@&b@; araexﬁg'efs) FPdubCa QIO Browd, € Witkdgen GraUpPa pRosphorus

nmbi nati on of i phatic and cyclic groups, an oxygen
grou@r %:m%ﬁse“b? U a rcaré’% COA 2 # Ktoflzggcé'ﬁ YEOTRNIUR SRS RGP, 2 lead

grougr 2WBron o, S8 RImifER Woup@aif #loRRARic HrEWD an drghbi&@ilic group, or a
a germaniumgroup, a tin group, a |ead group

subsbbmdrﬂegmws theawfaalwmnﬁ@ﬁw{;}wb@wll&ﬁomrﬂo@g%%b@? %ielpis aalr?hde or
hy 1%% ganonetal l[ic group, or a substituted derivative
ereof, any one of which having from1 to 20 carbon

at brthis aspise itikesecond imeéntlogran . compounslely themefnim taalog e rthe first

ers sinply to a netal | ocene
ma%fégn%]g%n%lquﬁﬁmﬂﬁ%ﬁﬁphe two h -cycl oal kadi enyl -type

| i feambhei sspedighersdcendihetaircend ¢onipedndiyas thelfpllaiging dormula:
noi ety. Useful <nr-nmetak e fe typically
"| oosel y-bri dged”, medhi- hgﬁ‘?ﬂ)é{%ﬂ?ﬁe two h5-
gy Wg&@ln@dh eal 1\1;1\};@!11@6 id ingkpeaienay @ lhenite btadhddyalighatic group having
ridging group rejn.the shortes ink.o e )
fro“’bﬂodgp RY bR aBthNe'érH” H"é‘dﬁ‘gg’cg’c 1 gf Eﬁ%‘f‘/]f@ éEt 8, O-i-Pr, O-

n-Bi, lcgagAsNE,, 8t NEgast 3 atoms and up to 5 atons. Thus,
the |'ength of the bridge or the chain between the two

h5S8Y etk atpeeny/f ﬂltSypwéentiogaﬁ@scqt%ysrf rCQWPSS“'t‘%‘ SOrapIEHRE, a second
met{f&'éér@e({om f){l}% PE[VII gt?le tf&% g]n Q;eﬁtfg rem R in each ms’tance is
S-CcycC 0% an % 3

adi enyl -t pe stitute
indeparsiatnst alin¢aedr blanchon eh}a&pegmup hEh’GlgSfEiUlDlth ﬁétcadbbm@teme

F%?%&%ﬁ@% -%{%0@2 thm%%%&&%osg%%%@w mv%ﬂtlzon 2c:bmprlses a
seco[uﬂn ﬁb@ﬂc@k‘?@) I’t@r@ﬂn(nh5 vcmhpns(ﬁ%l-ﬁ)(aZC?ﬂ;Me%Hme QIH2CHB),HICL, (-
h5-1-C 9H o) 2Zr X12 n mbi nat i;on_t.hereof ,
CREIG n (5 FH ORI 3. (A Rl X2 THeBONTC
5 ¢ Aan aliphatic group, an
CSHQ%EE’QE&ER‘Q Cﬁfigtgﬁ al“k%@l géembr oup, an aryl oxi de group,
an Yat kt}dtf&masmctgdsm;s mﬁiﬂ’ltl@f, ybraexagielegisahgp secand metallocene compound

. eg aQup i aryl am de group, an al kyl
ha‘”ﬁg\% z%‘i‘ gT B %éf}?Hg? Ryl thiol ate group, an
?r Y it RbdaleBlsSarP i B@thaﬁ-c?cl%gﬂ%mehﬂtt?& l@g%hﬂs\/ l?et fh¥ 8ame in this type of

hereof, any one of ich having from1l 20 carbon
seccatl @mq;alloaene compound. Thus, this type of second metallocene compound can comprise

any combination of two n >-cyclopentadienyl-type ligands comprising a monosubstituted
tyclopentadienyl, a monosubstituted indenyl, a monosubstituted fluorenyl, or a monosubstituted,
partially saturated analog thereof. The term partially saturated analog refers to ligands such as
partially saturated indenyls and fluorenyls including, but not limited to, tetrahydroindenyls,
tetrahydrofluorenyls, and octahydrofluorenyls. Thus, the first metallocene compound can
comprise a monosubstituted tetrahydroindenyl, a monosubstituted tetrahydrofluorenyl, or a

monosubstituted octahydrofluorenyl.

16



10

15

20

25

30

hal i de; or hydrogen. In another aspect, the present
i nventi on enconpasses a catal yst conposition
woanprored’ng a second netal | ocene conmpound comnmpPCEiUSZN05/002100

[ MGt GHE oGl (5 1Rt Bbtll%m)%e?ﬁaﬂlgnﬁﬂy;{emgands be monosubstituted
CH2( CH2) nCHR] (h5- 92 C, 3HL6) 27r X' . 2

with] theCRECREYIFEHZ PUPs -SVEN VAT REeto Zi )@ygl@pgﬁa({lqwl-type ligands both are
mongglggtgg%h %ﬂgée{nlﬂélekylcb Flag)e) %gﬁgglxgstlaltecpfnd@lﬂy b%@m@r’e NS dobstituted

eitn Nnis rrom whérei n 1S
fluormpjlepedqd‘@rithey Thug) eyBr when ( nd (ﬁ%) of(g:ensqopnd @etallq:rpene compound

(Xﬁ&ﬂ@??’(ﬁ( ar?%ouNM%%o%sth\'ﬁE@ c?/ﬁg;';én ad%ﬂﬂt hefs ﬁ;‘ﬁ%l OCEesséé}fy that the

ntlon sSeco
ahplwn‘[gmu’pdsubnmmhtssbertge sadle; 3 t}brsoqspamedmyéﬂamsp(e (n°-CsH"Bu),HfCl, and

9-fl zirconi um di chl
(- B A BV I G s SyaPlEs1 o o ReriRas it gFfsube used as a
seahdﬁuﬂﬁm&ﬁe@ghwhmﬁs( h5- 9-fl uorenyl ) zi r coni um
di chl oride; 1, 3-propanediylbis( h5-1-indenyl)zirconium

di chl ori de; I , 4- but anedi yl bi s( h5-1-1indenyl)zirconi um

Subgh&g&prlde |, 5- pent anedi yl bi s( h5-1-indenyl)zirconi um
oride; |, 3-propanediyl bis(

h519of¢ g:tpp@rgﬂ thigiinventer @b@,@ﬁaa@:ﬁ:p@ ggmpounds can comprise a variety of
subst %LA%EU @'Hﬁ%h %%85‘1 cal m bmeues bonded either to the metal itself as an (X°), (X*),

uoren ut oxy2|rcon|un1
XM, 06()pemgardedr Wrtgip@ ¢o another pomon of the molecule, such as a substituent on an

aliph a%g nb(?lgt‘ﬁ%ﬂlé(}g?\é)}% BiNst (zyﬂéygq% eaél We) l&ﬁn]l%, %supgltueznt on 8&“8%1]1@ group
lmk}nn‘{wbH%a@?ddépéhﬁtiﬁﬁyihﬁpd lrgaﬂ&j%ﬂﬂie)lﬂié n- but oxyzi rconi um
-1

pent anedi utoxy2|rcon um

1, 3a pal% Banseld if 9)1 @4&51@1%@9 X aof% %yq)§ )y ¢ HPteelt RBths rsubstltuted

allpqat % Q)ﬁd('){)’ t b(g@ﬂ (Bkﬁ)' ganﬁl feeﬂyl Qu%étftﬁéﬂp'o%ln'(‘)@b Ry I'(Xb) ‘and any
anedi 5-9 oreny zi rconi um di net hyl

Sllbdtltl&nprqmpdﬁedulgﬁllmt@( bh5g1I1g| grdem ydonmgcriag riXiim agil n@ﬁéhy lare typlcally
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; as
Jong as these groups do not terminate the activity of the catalyst composition. Further, this
description can include substituted, unsubstituted, branched, linear, or heteroatom-substituted
analogs of these moieties.

Further, this list of possible substituents includes substituents that may be characterized
in more than one of these categories such as benzyl. This list also includes hydrogen, therefore
the notion of a substituted indenyl and substituted fluorenyl includes partially saturated indenyls
and fluorenyls including, but not limited to, tetrahydroindenyls, tetrahydrofluorenyls, and
octahydrofluorenyis.

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;
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|, 4- but anedi yl bi s( h5-1-indenyl ) zirconi um di net hyl ;
|, 5- pent anedi yl bi s( h5-1-indenyl) zirconi um di net hyl ;

\Nonmmnymnmnb|nat|on th@reof Type 111 Second ~ PCT/US2005/002100

any Medsald.acens -Canpound .luuditg bt mnditied t@spedide-, tahekoxide-, or an

omi SR AT (G RSB Lo 2 e GBI

t he foII

S f% dRd

3}?@5@?00&8@01115; or

hydiogete p@nsteint lugedainnbegs gibsisi drtitaad vayobkpRa! Bdh@BdY, or Bnear analogs
0 %Enosubstituted i ndenyl, a nonosubstituted fluorenyl,
thered! 3 nonosubstit ut ed, partlally satur at ed anal og

t hexaaples vharBhim a@ﬂ% FUsh lidsth@td, 1RIMudeXBut a8 Aot (iMiledit8, an alkyl

i ndepen

dently a Ilnear or

branched al i

phatlc group

grouph @r eickrafieyd giguppratalienyt syPi & RakenIl taieud dr alkynyl group, an

alka8ieRat &bl ed ’cy@l&ym‘éﬁ& fd whi gl Qﬁé( '1HQucfe§0cm duts@url, unsubstltuted
L. {L , anu- aug bsti t uent

car bon

branghed; gad élu%?stqnelegw Sarivptvge ﬂ%er@:rfoulpea@h igssemye

at ons, dmpereln

carb@ﬁ GrdnideRandenbia¥ic ok | iRdldde GudhQURt |

a cyclic group, a conbination o
paraghyrs| and gkenyjss, Farexexplge alighatie grougs g9silufadr hegqnoupclud; methyl, ethyl,

propgl,f:g@gglh A ; @3- RNESRAR)

roup,

o a S|I|con

lE)H Sal IOHBam

fdng ke one to 20

te@rtgn'ﬁ}tfdrgcaxba/ Is such as

aliphatic

nonylj decgl dmpylaz—le‘&hakﬂegﬂ,m@ptemd Hmlmxyh agat tiaike.an aI um num

2 EiBurEY ot Bamasy oury Jbbicharudie AR e BF ke & prenst,
napkhﬁyu aghdcenyt) dnd the Alkec it hding asubstButed dbralatiohg; th@eof, in each instance

s

RS S

(%he secopd netall oce
n FIBGI\’S? (6] ﬂgmﬁﬁl(l‘. gqmpoun

AP SILERGE P, ooty

(?s include, but are

not H@ftéd loeBNExyayll @63yl ahd SRNRENEcludifg ARHdResat a1 BEsstitutddNRrivative
second metal | ocene conmpound has t he foll owi ng formnul a:

thm?ﬁé CS5HAR1) 2Hf X 11 2, wherein Rl in each instance is
I ngepgpeded ¥ydic! bx@ﬁé’s)’ ar e@hta%th%ge agu)%a@t b6t AFOYRt limited to,

n atoms, an

cyclppriEfan geeleolstins, cyg]oacegflenep, armsucm pheayln blpychc@rqu.ppand the like,

mcllgf?nc stltg’eﬁ d@llilvatlw@thgreoio in é;%% h ifstanct ‘lgl\JllZlOa'ﬁlgljhhgrtO a5 PEFbon atoms.

havi ng

I'S

from1 to car bo

invention Is a cat

CONposi

Fion conprising

Thuahetegogna- swbttmhtbcbwh@mmpmdn@ fhaiwlmge tnbledécddremainh.a

( h?n anstz}ncezqh%anc an%?cl%l g@od%s ]arel grogp%

ch in

comprlgliﬁg an %hphatlc portion

and a cyclic portion, examples of which include, but are not limited to, groups such as:

(CH2)mCsH¢Rs.g wherein m is an integer from 1 to 10, q is an integer from 1 to 5, inclusive; -

(CH2)mCeHgR 1. wherein m is an integer from 1 to 10, q is an integer from 1 to 11, inclusive;

and ~(CH2)mCsHgRo.q, wherein m is an integer from 1 to

inclusive. In each instance and as defined above, R is independently : an aliphatic group; an.

10, q is an integer from 1 to 9,

aromatic group; a cyclic group; any combination thereof; any substituted derivative thereof,

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

any one of which has from 1 to 20 carbon atoms; or hydrogen.
; -CH,CeHuF; -CH2CsHuCl,

cyclic groups include, but are not limited to: -CHyCeHs

CH2C6H4BI‘; —CH2C5H4I; -CH2C6H4OM6; —CH2C6H4OEt; -CH2C6H4NH2; -CH2C6H4NM62;
—CHzCH2C6H4C1; -CH2CH2C6H4BI';
-CH,CH,CsH,OFEHt;

CH,CsHuNEt,;

CHzCH2C6H4I;

-CHzCH2C6H5; -CHzCH2C6H4F;

-CH,CH,CsHyOMe;

18

-CH2CH2C6H4NH2;

In one aspect, aliphatic and



10

15

20

25

30

i ndependently a |linear or branched aliphatic group
having from1l to 20 carbon atons. In yet another
wazpsareo7f or exanpl e, the catal yst conpositi onPof/uski0s/002100
CHZCWN%“E‘,E‘WHKEHM@@@ megiorednadr lthecedfieind anpepsidtuted derivative
th gn’prlsmg(h HM) 2H C I , (h5- C5H4Et)2HfCI 2,
C'Ph5- C5H4 11Pr)2HA 2, (h5-C3H4 iPr)2H A 2, (h5-C5H4
N BEkgnZdtEs@f h21,1de€)‘m &cﬁ%taﬁhm)ilﬂlﬂ-ﬁc@ﬂuﬁride(, hlﬂori@{i bklm&dg, and iodide.

2Hf Cl
anb e i oBFET b e ey B ep B SFoapd eplegeot which
1nclL§:1@ Clﬂl’ﬂ Giremﬁit dinlied es alloeyrpoanyibxh avéupy (0R9, FT(IR a.OC(O)H -OSiRs, -
A t h
OPRh,5 qﬁ}&’&ﬁ% ﬁ‘f: Ailes émﬂldne%l st’t}ltagﬁﬂévaﬂxze%%i Zg)&,a\ﬁléere?}a R |e§°h instance
is af %’aﬂ@yl OfycsRagN thryTEhialkl D cethe tut@ngERUN eubstTilitdd arflhoSsubytieted aralkyl

second netal |l ocene ¢
oo g e TP S ame TRy e Pl ghasuos nelud

but SO B liikdd%o InEMEQSHBSYL bleb&e, 6¥iekQRaeHRNA! @By uted®phenoxy, and the
nmonosubst i t ut ed |ndenyf a ronosubstituted fluorenyl,

likeor a nonosubstituted, partially saturated anal og

th I & f
i g{é&gg 1]%83212\@6 tgglrﬁm ég?(?{pg'alﬁzyguléfgl?ﬁ%]gh{uggc glgﬁlgbﬁkﬁgnﬂ;% FlwhidiPinclude,

but fafwootehyiltsd|tmc+sm|ﬂg)SOg&,t -AYP20R. miSCAY 2R, and the like, including
roin .

subs&;ﬁ @ iy ady ug]%ge\r%ﬁ%h&%gg?%?%gﬁ%tmg %’]ﬁ}étﬁg ?ggcel%agkyl, aryl, aralkyl,

subsﬁamlmlkbd smasmtmemq[ryl s&uhsthmtnd)&aﬂxst luavulge"mm 1 to 20 carbon atoms.

I nden nosu q
t e I féaﬁ;i]/d? ?nlcfld]r'%%)?? grogPs %{er%hogg 6 }al{l ng grpups, which include, but are
not AEGBNYSr-oft,uaEeRy INR,) -NI@I Nk, aridt the dikaoinclnding sslatiyuted ddrivatives

bot h h5-cycl opent adi enyl -t i gands, be .
thergn GBI I e PEHOY e S aPTOAD coryl SIHH etpgpfitied aliot

subdiREY d-DE ohRbsMGEOREN mpla@wm@yimﬁ mezd) tgesidgohot h are
nonosubstit uted cycl opent adi en both are
mﬁl@g@ggsmﬁtg@peppqsﬂ@éﬁygrougﬁ&r% p]éqsg 1%%1%5@% giptpgy Which include,

but ]:"llel‘h%{ BR¥kd toa[Fq{J el kR, -FIYR,, -BIOR),, dﬁﬁ)ana'ﬁlﬂa 1(1?&6)1101ud1ng

he second et al 'ocene conpound (X5 ( X7cX
subsauttéedodﬁl hyativss @mtwhew@a 163?é¢1b1ﬁétﬁltcﬁd$ @wiky »uovclP%lkHo%ryl aralkyl,

sub&%&g&s zﬁ?}ﬁlyitﬁgﬁ&te(ﬁ 5\2 %?Eﬂg?( gl%g&gpav%%nﬁl_& %Fi 2%33)1@&1 iib&s.

an dln cdvh-iGEdrde, Bw)i‘(uh BroQH MelskiliCiconteio mg teFquis, evfecsbamﬁuéfs but are not
liml?ed 10, -(A%ﬁﬁ?yz{]S% ,t-l}k%{O)ﬁng?(%ﬁjz, Qgs(%%((ﬂ{)z, and the like, including substituted

derivatives thereof, wherein R in each instance is an alkyl, cycloalkyl, aryl, aralkyl, substituted
alkyl, substituted aryl, or substituted aralky] having from 1 to 20 carbon atoms.

In each instance, carbon groups are carbon-containing groups, which include, but are not
limited to, alkyl halide groups that comprise halide-substituted alkyl groups with I to 20 carbon
atoms, aralkyl groups with [ to 20 carbon atoms, -C(O)H, -C(O)R, -C(O)OR, cyano, -C(NR)H, -
C(NR)R, -C(NR)OR, and the like, including substituted derivatives thereof, wherein R in each
instance is an alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted
aralkyl having from 1 to 20 carbon atoms.

In each instance, silicon groups are silicon-containing groups, which include, but are not

limited to, silyl groups such alkylsilyl groups, arylsilyl groups, arylalkylsilyl groups, siloxy
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second netal | ocene conpound. Substituents In one

aspect of this invention, the netall ocene conpounds
woamspaegiri se a variety of substituents, conprPEeTMg2005/002100
groupbedrocal 1RYIHaLEes bendetned hdverfrdnd 1ttbe2me£rabn b8! fFoRSxample,

X7) 8 or bonded to
S‘llcﬁﬁé‘i(oﬁl%%mﬁlﬂij? ‘?”éﬂ? k&’ﬁS'lﬁ'haéldrPg ‘lé%:% ésgly@%feﬁpsas a substituent
onJiaBachl ihfthtk] SerRhighYerbgded géradium-containing groups, which include,
h5- cy clgpentadlen yl -type lI'igand, a substituent on a

but 3¢ gBftngMifedufe |g%whg€1?% %”CHSaE‘V’@FWénE‘é’HP%nWYl&eS@é groups,

aryliill;(ﬂaé}%e/ glrouﬁ %ellnﬁ)}f&(y g%l&pts Nind tRSPRS twhichah egéﬁaiﬂﬁliﬁce have from 1 to
any substituent on the

Zocéiiﬁ’ﬁgﬁﬁotnét ed aI i phat| c group on (X1), (X2), (X5), and

X n
(oL R 0 R Al b e o e

to, gtammecarpuny §uxB) allivigtaingd)groupse atysinaal Igyoupsid w@ﬁ@mmyl groups,
stanﬁ‘&mpggﬁ 1y@0x90)0 sagn@fh%nﬁge' gthEQH Fé’acl?m%%ﬁé Havgrfpoli'x'i) 1 to 20
a cohbi nat1'on” of bha IC and cyclic group an
carbom@em dhepin g@usuinf:lude grnicupnot dinvited mg@moquycgtqmps a
F)fl?' g%ﬁr Mg'tal%’eml}e%d ggz‘gu @Lal eﬁ %ag-rcgﬁt%}ﬂ%g g?oﬁ:)%r 1ch mol ?e’ bdlt are not
1im1@d0mmll(}élehxbgmnpg rar.wllpad gouasl anylafighiegi gopps, alﬁti thﬁqn@,awmeh in each

i C group, or a substituted
msmg'g? :f\%\éetﬁ/’é%ﬁg:& e6f° of gr‘?ﬂ}’sone of which having from1 to
201 %cbdﬁbtaii:é)ﬂﬁ),loraglbﬁqbsl A€ boroh- chllﬁqtﬁilhmg%ﬁoupaswhll?ﬁl ¢hclRle, but are not
. _.Ihese rmpate t eact|V|tyo th
hmlt‘?ﬂt% ng{% cgﬁﬁ %R{}?o‘ﬁhe‘ P? ef ‘n‘?"lﬁ’F%‘O‘b‘és:é?Llpprchrﬁsd“é‘Hde hydride,
alkok 6] dﬂl@,@ tf6IRe! Adduh&fice, BBwRSSih RUh @8bh iREaARe e, allbll N§@loalkyl, aryl,
or heteroat om substituted anal ogs of these noietiés.

aralipshy suRgtituteq plkyl | splgtityged gyl oF @vtétl%ws%ralmebﬁvwgu fixen ddtes 20 carbon

atonfUbstituents that nay be characterized in nore than
one of these categories such as benzyl. This list also
i n&1 epgh dnstapde, GdEmnuIn [geques @treeahtlmeurn@pm@mlr@fgraups which include, but

ﬁ&bmm %edA fRYdeny %ﬁgxh%é’efn g.&g%% mé' ﬂgcg}&ﬁ R halide,

part satUrate uor en
hydrixd gt aﬁs@mdle; niktybdn@l@t,e et rtla:hy]d?r ainddemytis, R in each instance lS alkyl,
fI u

I hydr | s. .
cycl@%‘y n’p%}ild Ié.l%i( 78 aScL:l %tgc% %lggdsu%gt&falt g 4 ra/ L sté :sglg%%ds ellr%l(lﬂllﬁél’ng from 1
to 20wbrba gtomet | i mted to the follow ng groups. In each
ex I resent ed bel ow, un ess ot herw se R
s e ae ot e BT MBhetiic Br UG: e GG B substiuted
cycl@fentaRienls,CyiBhtitGed ﬁxmdﬁ)yls @ﬁb(stlﬁﬁéﬂ)ﬂlﬁtﬁéﬂywl ahd @Lﬁlﬁﬁfute@rbbratabenzenes
SUysi uui ¢cu_ u aun, el uding but not limted t

in eagh pnsfanege Inclugs, %&ltﬁmoaemltecbw V28t YelleubiKe Bt X 050,

-As)@ze[Aé(@}X y ePXb%ﬁ@fP)fe ikBRYheRAEX QS a W&h&ﬁd\ rBﬁpPépclJra§ 1140 hydride,
carbon atonms; or ydrogen Also i ncl ud eugl n these

amidgy allpaidaraliod tioltrs and thet likceand whermissd alled, ¢yokaliayl, aryl, aralkyl,
subsARAIAS 1, substituted aryl, or substituted aralky! group or substituent on these ligands has

from 1 to 20 carbon atoms.
Examples of organometallic groups that may be used fas substituents for substituted
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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t hereof. Exanpl es of aliphatic groups, in each
i nstance, include, but are not limted to, an al kyl
wgnroesm7od7 cycl oal kyl group, an al kenyl group, &CT/US2005/002100
orgdnpSiliOl eus! o@ﬁﬂ%&mm@ﬁmﬁhi@&iﬁé{ |or@1¥16’t&i@groﬂ1§k aldsasle@nyrbups, organo-
cyclic group and i ncl udes al
tranélaa%tnie‘iaﬁ%reaps st ke b %}tl%fm%ﬂé% 89&6‘ OLHAMSi near

anal AePoRIprol@deY 3 bMBaret HEAIRRERe ¢d‘n®@§d& ﬂhEJtséa%nIS‘eeemployed in this

having fromone to 20 carbon atons. alip
invegion pavei heel trertedyulfor gramplet Ui ﬁ@%&“@@o“ 9%%%%%%?5 5,210,352,
5,38M508, 65%9@%'3@”3'4@55 8@710'5@%@10\/ §43d:3U5 49 564@05%'2@ I5C496,781,

gfoups as used herei’n inciude net ‘et g Qy
5 49&353&{ yh34112dPt S13atyP3. 8663.8% yi, 5651 uft 1, Sﬁnﬁo 78, 5,631,203,
5 6%15@@”‘5'654 hexyl 668%@' 05‘%(53’ 79 Qﬁcpk}sm 4L UYLribd QY| methods, each of
cyl,” dodecyl, 2-¢€ héxyl, pentenyl, butenyl, and
whighis upqom:@rat@(lmmfeg@cghmgmomq's |e@tugi]y0 @lpgddltpqﬁl, @gchqllowmg treatises also
desér[ﬁ%tn?eﬁﬁ)%s t ALl agég@ﬁ ﬂ%ﬁtﬂo@ern@ cﬁl%?dnﬁybitt gklregegz: ﬁnggﬂ% 1 Wailes, P. C,;
Coust, b‘&ts PutVédeierH uaargaesmtihlém €bemisirp o&&itamiumstieonaen, and Hafnium,
avin 25.¢ thirt gt
Acalalemar oNaY C%g}l%olb%lo L’In% aan b, 12 1 aléapgtgr?j tMal";’I églﬁhoggﬁté %{ de?g’hemlstry of
Orghuad-Zirconiopt yid, Hlaﬁﬁ;uuﬁ bel,npamdls‘t}ﬁEéstd:adH’eess i MoV Wdikn o8Ny
het eroat om substituted derivative thereof. Exanples of
cyclic groups, in each instance, include, but are not
The@l’l&inﬁc@tﬂy T@ated)gﬁlld)pﬁzﬂaf fins, cyclool efins,
| oacet ar enes such as p |, bicyclic - i
o G0 GitreE HER RGO rar g SRS SPRHSHR Supidg o firs
methItREROEompolin€ ACRcdiShapl® eRawWdnii@uhd, @il est She2hemdali@fieated solid
atons. Thus heteroaton}substltuted cyclic groups such

oxidgg apq, ?talﬁwt oR¢ Qrgapea B OwPRnd. | iy anipdier aﬁptaﬁlteepresent invention
enc@hpRABLhELSNDnp¥&ilibfs BFPHRARg ACReBItANPRakANBlid §4iB8wARA serves as
al 1 phatic portion and a cyclic portion, exanples of
an agifiicastivaiel-waport, I9pe Waich inpPicRibhised i ombingtion yéth ¢ orgagealuminum
(fd12) nC6HgRs-q wherein mis an integer from1 to 10,
I's an integer froml to 5, inclusive;, - (CH)
1CaipRe aspecivoé rthis rinventign, athe |cm11abfgte¢0n1in0@1ﬁm cap comprieg ik least one
s o : i nclusiye; . .
LA SHEL SRS Koo AOLAENE B G sy i g o
elealy ohsviﬁmraiwlinmém fvhominthd !0 oxide carus)impe'se 4y cealelthat is characterized
by aallnglﬁ)%g ace ara ncgthe glreg{] on- W?QC? aw1’n% amon ganncq)e p%ge gnntanYOH thaaE mc1 eases
the a@m‘m tfahe eolidt dxédeenfcpmamyd suuﬁhs tSchthdSmdﬂa ﬁﬂﬁrls \natttlaaezd w1th at least one
1 ? Lncluding but not limted to, a halide-, an
6“3PR8Q‘8@“m“ﬁWK§n ami de-substituted derivative thereof :
ﬁn()jln angthef aspbut G thigsn¥enaon, khd Gat@Pstcarpositial 0oBpries a chemically-
I l'i ph I
el gpoT PR B o0 IS iGEER B SERIeCs iy e s, wherein
- CHZCO KM © oxide s silica, alumina, silica-alumina, aluminum phosphate,

COITI(E)O

heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, mixed oxides thereof, or
mixtures thereof; and

the electron-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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CH2C6H4Br; - CH2C6H41; - CH2C6HAOMWE; - CH2CE6H4CET ;

- CH2C6HANH2; - CH2C6HANME2; - CH2CG6HANEt 2; - CH2CH2CBHSG;
WOChBOAHREBHAF, - CH2CH2C6HAC ; - CH2CH2C6HABr ; - PCH2SR®E002100
oronh'ééa au@hle@H?aGﬁ&'UaQ\éEwumﬁ}HZmbﬂdﬁiF%ﬂEhxalmﬁrbZCbﬁl@ﬁdi%lNHgica-alumina,

ANEt 2° any I somer ther \ .
bromig aﬁ:@a Sl e ddRroRETgE E’sgfsﬂl%ﬁﬁv%s chlprided silica-
zircdhd, betegided ml@amomassm&ae@suwanzimeiﬁ 6d amgrdoﬁl.@maﬁm @Ele8€, Further,

brom de, and iodide. |n eachd tance, n groups
and kg éetogw@éh A&t g]erﬁhﬁl@lcgl yohﬁage gilgrﬁﬁql Scan &kﬁrcﬂqmprlse a metal or
metdl N@hUdeomPHbindr And)OhickdMveeditn®, siNHKOXYpRE, BEMLAXVtin, tungst
" ar oups _T%ngz Lo R OOt Soer R apit, B Rf, ynesten.
mol dm&ﬁ@‘¥ﬁ%¥?9@&¥mnpﬁ eﬁ@fng substituted derivatives
t h?ﬁ@&femné’ﬂ?-rn%ht@d Bl 1drbxmqyp1¢dmgtcam?ﬁses %he%naw{éduct of at least one
cycl oal kyl , ar al kyl stituted al
solidsidg perppud a%r@ At least oge Bl Qnoy Werirawiag layion ﬁawfnglrf prsmaspect, the
solid 8xid0 cERAPORA AhPBes ﬁxﬂ%r%@ o(:;lfdeaI ffqg(}ﬁotoxreqﬁfe)él ﬂétythe solid oxide
gr oups (-CPQ groups i1 nclude, but are not l'imt
compastnd hryealeined pxigr topronsetilg, the atestgn-wishdsasiog anisn tsstmcc ufféd contact
prodgggﬂéx?{ : ﬁa?ag%ct] {lgllexL ?Lﬁgxggolrr %gg@(ﬁg esl))(lgc%)?ﬁé 801?;?%}%5 H‘{jc&{a%{éﬁ%th the
electrome itlirawingtanian eomfcet Thithas a$dct1 tbe sol@Fdee mmnmd may be calcined or
uncal gf%%mo(gﬂ? & eprelctva i \b/tlevglp I' su peortI lﬁa%/\fﬁgln:pg:s:l c?lﬁacé ggqﬁiuct of at least
one wtrﬁiieairmﬂd psidaconadokiyd and@y maﬂ&hkyleg:tlmwithdtamag kipibn source.

tituted al k t or substitu
o AraHEHET A H R 3B BB st aPehgbns entanced
ac1dit>ﬂ$§ anapareditd tRUBAPOAURS udlrEtddl §d116|gﬁil:i'eC@>gip@hﬁH ng”he chemically-
Imted to

tleatg{\"_é%s Ngg a(l:so ngtlolﬂg[e?s b&l:':%a ?s:ﬁ:acﬁ%t&g as; CRMR3E n@ the corlespondmg
untré&atHASo1id uk@sl teiile iad dhemscalipataed sol\‘mﬁ[c@'aBtnFétésriheeﬁ@Jallocene in the
i nstance is an al kyl, cycl oal kyl ar al k

- abseRGRARICPEARIETS 4 Kk P9t Teesstsst Mfi!:%@ﬁt%\?%ﬁma&éﬁs figroiae p@talf/womposmon

The 8&Blakiyd 1RMOMNEF fiE ABAivhtdr QugRriCid leDRBNiEH GRS entafc @B vty of catalyst
i nst ance, Bhosp orus groups are phosphor us- cont ai ni‘ng

com@qsa@psas el @Sn‘%,qﬂlpé tB it casglest gempositiant eogtairdng thergRrresponding
untr a%a'Rsoll PRk r21t is eiR)e 21zhat a@.q)h%%h;-treﬁgﬁj s&lbne oxide can
Tk e, udlng substi tut ed erlvatlves t her eof,

lencmmea%arnachamx @aghin the aleaees qfsanamg@bklyminuoy@jlmukgIa Juminoxanes,
orga@ﬂbég(%nl ?ﬁl gX(gs}‘ glls' %R%EI 2{{5}% ﬁ gmﬁécl(uyl S_[ ﬁug)t ! vatéog(tlj e O@'l rIZatlon can be
perfdrmeé ainh then sbsnge or aﬁmsmmtral gbeunps & euch organoalummum compounds,

aluqulloxalleégorg%% %I}iglﬁﬁr?]é pc%ﬂgs},\,gr fO“KgT@Cdbl}:éQ&llllﬁlg%? ut2 are not
- A e Bggct? Ihead’lﬂmidaﬂy tredeed solRichrided 0 tigsiislentidnt @nprises a solid

ves Mherei.n R in each |ngtance I'S. an

morggmgﬁxndtedv%tpg;l aklwxed 8?'9? matgpglr RU4 cong patiop © f”QEEaQIICWIde materials,
that B b&hichlUt-@ehtalryith anddleckuRstithtialvet Rmpbkant, aR@vpi@afy @8atedd with a
metaii T%Er)s Ctﬁler ?c?hrc]i (%(tu?e of this invention encompasses oxide materials such as alumina,
“mixed oxide” compounds thereof such as silica-alumina , and combinations and mixtures
thereof. The mixed oxide compounds such as silica-alumina can be single or multiple chemical
phases with more than one metal combined with oxygen to form a solid oxide compound, and

are encompassed by this invention.
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In each instance, carbon groups are carbon-contai ni ng
groups, which include, but are not limted to, alkyl

waabisdeogr oups that conprise hal i de-substit ut edcaiusios/002100

IHOURS st forlkR-HenGad, R c}i:HnﬁMly-tﬂ:BﬂH lsylid grideipisthet tomprises a
1t o 20 carbon atons,

metal- c(f;(mmyon CQ)(‘NF?)“F% mnal%e%;yanaéﬁ%n,t tﬁtgmp kéﬁ%{ n Colpﬁ%ri galhum, tin,

tungs%Hb%'l}IbHEﬁgn dgr kjatdn@satfonanhaodt, \Ehﬁﬁp?lbsn oR chﬂnxeaithx eated solid
nstarice is ‘an al’kyl, cycl oalk

r
oxides Ubst R dompiisgl & BiHSel t%?éd%hﬂﬁﬂ?ud% puf s 44 lipige to. 7ine
lmprecng%é(yéh Jlli%lgdi %mﬁfngmtl‘ganfuﬁl ADr&ALRO NFl@)ride® - almingagiic-impregnated

ance, ' con groups are_ silicon- contalnlng ided sil
flu01ged)alplsl,mav\hnchnprpgﬂat@d@h opded Aki-ahyRing, Zycrigpresgat gﬂp?} ed silica-

A b QRSide@EiMé Sluhihatd) FOBIEd zinc aluminate,
Mumg?y?ﬁiK@#é??épgg@%%tshnglonyl?oups uapual c nk.e, w
mﬂkwuzmmamuumnm@sawmmemhavglﬁm@ 1 to 20 carbon atons.

ﬁ[g r;ilyt]))(t?g{p as?éct Sch% LM ngLéQéd kned &g@e b th e hiatisn l:dﬂlpl%&da solid

oct group I'n each instance, gernmani um
ox1d@d$f0ﬂl@8veiy blcrgemrmriy,uvm@m@mltﬁ Lg\glsgip@lbpp@r Bl‘@mtwa%% qu@élor The

solldgﬁ%iﬁgsgc N %ﬁllé éreateﬁ? dith Qn REEIMAL tlgi{rﬁﬂﬁg coih eﬁl K¥lca8y dVdlectron-

gr oups, ary ger groug
wnh@@mglamn gds dbms an annivatdnsulprlde Wmhecﬂvtllnte@h%m tq ke tbapedk by the

follomqguﬁgtfﬂgiranrg tltl K. églﬁi/ %r ﬁ'\a{] trgetltl(rr)lce)u %fl ﬁl\?m?lgl%aﬂngscfxﬁ%c@ith tadnNelectron-
w1th@ﬁ@m@%bm|pb1ﬁ6|nt @&gn’(dﬁts (ﬁteﬁlmnyds thgr m@efkdukﬁqomdﬁyﬂms arqu}q aspect, the
actlvgtpg;fpggx;; e((%p% I:{]vg% H&/g %’}Ig(f é.Cé(? {éy\%l%ch }é tgg ?ﬂlg/yéx ea%rrm%he hewns or

Brgn'stréd eafiNsteRgthams:e tiRavfrehtc@RvId boidetorCie haotivaairenpportThassy greater
tin groups “include, but are .not

namgroped 3f5s ok el Pt o bl R ot AR he acidiy

of thie %ﬁg?lgaw @éa‘ﬂa‘drﬁgd gﬁt@é&l&% soMbde 1|nﬁllﬁhél§i &, byludinparigs e polymerization
' ead groups, yl | ead %rouEs
activafiep |oatwcyx|eateé@|ncgwr§@p@d RS UnF aPﬁdr@éfalym ACORS- each

in t%n C%Spegta\fﬁe cﬁm&lyttga‘%@ ofd Qﬁlmea&ﬁ?rfﬁhsesl A Bh€ hnorgamc oxide
|ns ance oron groups are bor on- cont ai n| ng grou 11, 12, 13. 14,

comphiiindoriyge st lisatongielmeat fivmrFiosd2d % JER:
or 1?1 @( e agé\ld?oe rcietlggle c‘%mg %?&%ﬁélpﬁidcat %a@c%e %M%nﬁ%lﬁ ﬁiellﬁﬁhamde or

oxi d lolate, and the |ike, and
acthEeEleMBntR |($beeathﬁey1sCanmsquClawuaﬂ @Ffloné'@tlléalEl@yIJOh“ Wiley &

Lid t t | vanc
Son§ug45915' m@&ylgl%i B*:/J\?kllliﬁsg\ljl e ?fiugm) 1Cfg/?§ 6'1130;% m@hi¥:! M. Advanced

on at ons.
InorJgBm@@%lesﬁ‘ﬁt dh(Eﬂ., \Hild.}ﬂﬁnﬂ:wmegceod@% arla another aspect, for example, the

morganltlﬁm@ggen%cgl?pﬁsgé %I(y?ggn %\}dxll% Ffeabtl&]nﬁfi:emv%p ﬁoﬁ’{qﬁXB b}_% qu@d I’@)t Cr, Cu,
Fe, GQrL%amnOMoCNQrSBUSh stGh @s Thal W&, Yhgdor de, al kOX| de,

| n§¥g¢é£|e§;gé{§q<y?gg 1c} I?)%dlellhae"cerla sn%r \M&%E)gun s'?hat Nt geh used in the
chemically-treated solid oxide of the present invention include, but are not limited to, AlOs,
B,0s, BeO, Bi;0s, CdO, C0304, Cr203, CuO, FexOs, Gaz0s, Lay03, Mn03, MoO3, NiO, P20s,
Sb,0s, SiOs, SnO,, SrO, ThO,, TiO;, V205, WOs, Y20s, ZnO, ZrO,, and the like, including
mixed oxides thereof, and combinations thereof. Examples of mixed oxides that can be used in

the activator-support of the present invention include, but are not limited to, silica-alumina,
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cycl oal kyl, aryl, aral kyl, substituted al kyl,
substituted aryl, or substituted aral kyl having from1l
woaoB@7eEr bon atons. Exanples of inorganic gropps/ushm@s/002100
silicHR¥%BNRE sUSLdir@sn:S Ubst.L Uﬁdh@/sclﬁ}o niSdikst alﬁlﬂtrﬁditania, alumina-zirconia,
){cl ogent adi enyl s, substifuted i ndenyl S, substituted
zincflyppipgh gidthe Hig substituted boratabenzenes, in each
' nfﬂ ANE RispdcN Gl UAR, inbeHtioA! tenN@lid! bitlid @shtdrRI is %@ﬁﬁcal -treated by
OAl X2, -0Si X3, -OPX2, -SX, - OSC2X, -AsX2, - )2/
Contacmg IEamifht e 19aptc ene \gestren-withdipwing SeRPRIKIG nﬁyewglhom electron-
w1th§f‘émlgaa$ud?135|ohlqg FJ}M{E!F 'tha,eso 1@8?41@@1111&1@1‘11519%%19%%@ éﬁélmcally treated with
hi olate, and the e, wher ei n any
a me&@ldp@) éhq@yqalcnalpg,to fogm g| mg}gl cogi{g@gtgj QrUpey- 151p|@)gpated chemically-treated
soli®Lhad | Andiedivanyh SOlRirO)é&éblﬁgtbltlé‘“aﬁ@ aﬁ"El@&tl@ﬁl wﬂ{a‘PMrl Emon source are

substituent on these ligands has from1l to rbon

contagierhgnd @kfamﬁél igulggneeustyanbirremathpd @y grhirhipige tomlte lwaw@réed with an

electiGE 1tl"1<ﬂ§w§1 k/a 1%99%%%&(?15 e 3}1 bR f an elect on-withdrawing anion,
cycC openta ien substrtut eny

inclglgh i ’tsutoedmfttbdjtu gellihg, co+gﬂllmacmpnqgs¢twn®é one pahpmed obtetanother,

and ﬁl ?II(Q gfn Jne qéapegt fqr %Xanﬁé 9%@80%@5%%}8%%%%& ngcngér"%lgo%ngl%lcgmaaec{n mixture

of ondgamnpmund elﬂcurmmwghdrammg amilog,amdbpmnngﬁyompmetaj ncgan odleaeti

gr S, _organotransition '

Do e PP R P08 SRt sl Ofes S0Ee of Gusisbfigonent s
incrdasesphe€aws dreRrahstaicemttycafr o solidsoxtideadpoa a&aine:nenm meeaispect the
e U b 48 S50 LGS, S G RETBLS . a, on i
or othe3bmpddfd suoh 399 v6i3fle obgaftRlo gZundEhﬁz&y%gﬁ/e ad a%&ﬁc@@ﬁprecursor

5,451, 649, 5, 480, 848, 496 781, 5,498,581, 5,541,272,
for tgatglg@n7§§alngless@t‘3ﬁ ez:@r@n vxgt gr@gnmlong 1@8{1 g%@aresqoggmltg(i]g) sulfate,

blsuﬁatg3 éﬂ%@@e Dohf3itie 33BromuedOtbdtRA . f18er88%ak30 flueroborate, hphosphate

579, and 6, 509, 427 descri be such met hods, eac
fluoggphashhain tmf&,um@?@@tafﬁofrlélﬁ@dﬂwomlépwee Agerot@patp.ririfljigrogaetste, triflate,

and tlkaelBé’ludlll gr'eg 51%6011“?1%‘(1]‘094 h@%inq taﬂ&ﬁ&‘n Sarr %n?@o non ionic
ho i

escrib to prepare the netall ocené conpounds
comgcpunﬂh‘@ab?ee@@msoqlWémthcm elep@in-eghdrpyinCanioGonay slso R ergployed in
AR , H in Oganonetallic Chem stry of
the #les{egt\r?ﬁﬁe%%] ironium and Haf nium Academ c; New YorKk,
19When thﬁmﬂion—wﬂbdrajviug ¢mmu>ecm collgprifes a salmdf Raskeamn-Wthdrawing
n| um and

amo&ot‘he 8OL ﬁ%ﬁr%‘h,&%lc tt10é1 %fgt%r eSSI r S W woyr &atloiéﬁfaﬂ%sﬁg}he salt to revert or

deco@'}mm ek koythd nedtdedngSalldiningx Fateord thaodietata sipesuitabitityi of the particular
| nvention enconpasses. a C | yst conpositi ] I

slt oS GV Re AT G SRt ST DEERET e BB U eab o Rg lmicd to, the

solubiEityabfl e eale i¢ ﬂ{ﬁp@i@ﬁé’d s@bent, &S lacRE 2@ 69 ﬁ)@&tlvﬁytdf&ﬂé @@hon ion-

solid oxide, and at ast one organoal um num conpou
pairing cHprst Rivecnd %E‘%“O“taﬁg ag%sfaﬁf%?%w%%émalﬁ%@é’é%Salt by the

catidh@hrRl S fikeS PRSIl KBNSV a8iond ERafNESd Gatdie L8RS Bdhe salt of
sol id oxi de which servés as
the electron-withdrawing anion include, but are not limited to, ammonium, trialkyl ammonium,
tetraalkyl ammonium, tetraalkyl phosphonium, H', [H(OEt,),]*, and the like.
Further, combinations of one or more different electron-withdrawing anions, in varying
proportions, can be used to tailor the specific acidity of the activator-support to the desired level.

Combinations of electron-withdrawing components may be contacted with the oxide material
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an acidic activator-support, and which is typically
used in conbination with an organoal um num conpound.
wonowrneoaspect of this invention, the catal yst PCT/US2005/002100
slmlﬂﬁﬂmﬁlymrQHaﬁx@GaW hr%eoraér ﬂh@taﬁfm ‘@MBe desired chemically-treated solid
che Ixﬂy treated solid Xl de conpr.i si n[g at | east one
oxide Ac| yO G SxPRlet @8 awpscho gf 13 Dxentiop s employing two or more electron-

witlRlBGhE @fiodisbidE a¥hpdhinaiPBwo Whaloed Bepah §6Htac@tn@>gte9§ Thus, one
can conpri se an%/wom de that i s characterized by a high

g
exargplf PN 4 REgCesapwhink 2 Plsstiradii-tigetcd dpidwide repareddnas follows:
a sefcOlPsbISEANY AR, th asmblﬂat&laﬁ%&lde%m@smﬂstly cOftadi@with a first

solid oxide as conpared to the solid oxide that is not
electrpi=RitBdrapingranian Jorigs copng|te dermom it tHuepniHg fiesh imdture is then
calclnBd 2RO EAIEhe ABREMixtRE if kR cbrﬁé/c@&lt \Wﬁ‘a sbdid %%E@é#@ﬁhdl -awing anion
composi tion conprises a chem callytreated solid oxide
sourgeqIRROsNG &p RI8 6[spapndpideret folawedibydaldiniagsaid second mixture to form a
treat%!i %SEI(F BQldWcB E&ﬁ\‘ﬁ" g s% l‘,\g 10?@956 rtﬁé Brst tanc? sec‘c%M gle&%xﬁ@lthdrftmno
I's silica, alum na, i na, alumn
aniop Frogssh aopotrals eampmioylklw dg’@nmt @smpountdamlmough thepmiay, be the same
esia, boria, zinc oxide, m xed oxides thereof, or
xtures thereof; and the el ectron-w thdraw ng ani on
i sld bmwasb@be of thh Iilmeh‘nﬂm thrsolid chede hiestphaipeort (chehlcaliyireated solid
d L % H% i uor ophosphate, fluorosulfate, or
OXIGEHYAL %mﬂ%ﬁe %aPWSFSéS?mp” "&not her aspect, for
exanpbmactlhg aCsbﬁmo&ﬁﬂdcymipbﬁxﬁi ath w0l1édt oM electEmnwidRirawing anion
fluori deg a ¢hlorided al um na, orom aea ai ui
SOUTHRCOT F%ml’ft}”ﬁo‘ﬂ ded silica-al umi na,

chbprchidmehgshd ﬁl@ﬁn&hiﬂéﬂorf@bm e @Blid@ddssictil ga-abpur. na,
sulfated silica-alumna, fluorided silica-zirconia,

chiibpiodese aghert Rfdbis (GRS, thrsokt quide artivatossypor dpegiically-treated

soliBsHifidtiestodickd 6Ra Blob&9BhRprig: @any comnbi nation thereof.
Further, and in yet another as ect, the

chehiceBpFtpet @a@t@ae §QJidi @41%@06@0@%\’\’%?@1% eleglgerpyvitiedsawing anion
somH@&%po%d LA a'ﬁ%@ wPRR! 43l NG zi nc, nickel, vanadi um
| ver, copper, i I'Tum tin, tungsten, rml ybdenum or
an9) caniingahd ot mh@m@fprodﬁh@a cHengdfalst pixturgat ed sol i d
| eggt%o%%@ingﬂlr %IC%'I%HE‘IELJI ingﬁ%}eﬂslc}lcé) Qetg&%:c{ el? tr%gii %{hdl%wu% anion source
compdnemdtto Goreve stettmdammuu@, ami on source. |n one aspect the
ani c oxid

o h SOl R RS S AR s TS, the sotc

0x1de abmlaftedumj’oﬂdf scmcetlmmte&meld ngsitipy Blaghicd Bolit dxiddrodmipBghd.

ani.on,sour ce. e .cont act d ct al ci ne .
o CRBHEGEPE TR AR CRRoH ebEBoE B B R SUselcHy-treated solid

oxidé ®Rtcashathgvit 1dastidie s@ldesdideontnartibdt aw dP@:tr@ﬁU\A@ﬂHdl’%Q/Wgoa@non source
In thi t he sol I(?HOXI de conpound

compoyjng; zge@rtla ﬁt: lepsti qne golid gxigg, 6?‘??@‘?“”33‘?)@@?“’33/ H@foxe during or after
cont@&ﬁqu;\fﬁé SEctRMPAMNG aWIRY ai T RIute Carld\Rh&G AR tiRed isRr QEM&TaPibsence of

east
aluminoxanes and organoborates.

com

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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one cal cined solid oxide conpound and at | east one
el ectron-w t hdrawi ng ani on source. The
wohersioced7h y-t reat ed sol i d oxi de, al so ternedtReT/US2005/002100

fronRCEdvatOr 3EHHRPRIE-m-&6Hebhbd é)‘écte Bh&énmeds *6hdicle RS temperature from

conpared to the corresponding untreated solid oxide
400UDtpdUTE. IMiyet aphdni a:sawtwhc@atgesj cesiuptgd Grindé hagrge 50 hours, and in

S, [ s e

anotiwélr grl:s !;3’(920%1 in ?gn%ll e b Sglﬁ : %q{g%s dt‘a m?sr ﬂ‘l L& ta@oqher aspect,
calcuhgmmalbd qafmademnt &dmsbtoi t0 bounrscm aa@npweaurefrohhésm_c to 550°C.

ne g%leg,? )e?qu otly;gei It E,I atbbzg gag% Lt a%%?sa ‘il IS omnt ﬁe use%l aciLym% calcining.
Geneﬂﬂnaz‘aicim@ms cdiftciad tir amdxhcbnng ammtsp}mre efchtak@ir. Alternatively, an inert

ato s evi dent h
o iphirk ul aF PEBRBLSl fredi e Vit BoGROROTER R e or carbon
lnmﬁamahyaxmnaam05|tlon contai ni ng the correspondlng
untreated solid Howe er bel i eved t hat
ROt R B o et it U Gl AR T atsddd gepare the

cherﬁ&blilylﬁt&d%d. sofid @tiderat B@oRDSAMELrOdterafarO YRG! WThHdHE: aspect, the
onpound, al um noxanes, ‘élgg %anobor on conpounds,

sohql Shids ICH@pplgﬁqF é‘a%érﬁﬂf’um eatst ﬁl@ln Wor ars/g, and in }932 another aspect,

greaRQ AR 028l AR sGIRM AR PHEEOMBBSid dkid RnRRREN 68 Plurface area from
substanti al” absence of such or ganoal um num conpounds,

100 m ufdnax/gn &sanodteg aspediorobic oxiderpoupodsn;t hos a swofice amgfro@n2a to 800

ngounds | n one aspect, the chemically-treated solid
m /gmll i s6if] appiher asprreonoASCientlligés a sol i d i norganic
OXIH—Egg s{)ch 8{15@ ’ateﬁalnhéege Qé(ité%ﬁwﬁrlmé %&llr@é i)f Mhdﬁ ion or sulfate ion, or a
Ination o I nNorgani ¢ OXi de materi a
coxrxbhem)m af bxylonsr ead edtivatih teated maibt o owtahiierh dlmvwa&@ned to provide the
chelpi,(]:a sozi‘lﬂg)xpd%t %%% n ﬁté ﬁ?ttlglglat\gﬁégd aglggneeaas%ec?:gfge solid oxide
materi @rtr@teﬂ witkl sasrcalofi mlfw:,, térmd(ectukfactlr@elgemoar]smum& chlorlde ion,

f h ' t
i TR TR Bof SOUHCTASOURE B BB o AGURIL. S5t S5g combination
ther6df] atBcatined na pedidebide Sod loide ractivttd:i phﬁalﬁi’ﬂl&m aBpdct, useful acidic

hases with re, than on tal ¢
actifigprar Selt B e RhBBEde: SRre et EEe prumina
fluotiBéBaliiedui feld bmdne bx@&@@@fsﬂfga—hlﬂmﬂrﬁd thlbdided stllw-alumma fluorided
chem cal | y- treat ed solid oxide further conprises

silicmatuitingr shed silispralugiigy | WPmyledi fitica-FijcoRigy ehlpsis; sife-zirconia

ﬂuohﬂ&ﬁrﬁlllrUan%bllnXersulth@deﬁfl@a ARbAUM  fillfted t APSERA, as a pillared
mol ybdenum or any conbi nati on t hereof. Exanpl es of

morgneitilanee) gptionaliyt Beptesomithl Tloiidre shiorige. o wrkaer phosrhgied sdumina, or
| : t ]

othe?i %Elltnﬂn%lpg(gﬁg;tﬁ%% %@g?l!yge gé{gtf wfﬁy suﬂfﬁt@ rfﬁltorllié mhi &flidki e; or any

combinatign therdofipFegheat ed 6f Ueraptd\@wlahm“tﬁanay optionally be treated with a
metfl 1?10 i mpregnated fluorided alum na, zinc-inpregnated
orided silica-alumna, zinc-inpregnated fluorided

Si IIm omhspmtmdthlzuwentlompuheglmﬁieajlysuﬁafedtsekid akidercoraprises a fluorided

uor I ded

solli ¥ g%{ne‘g]d {? ﬁ%o aaw?%f? Sdl‘gr hg%a sou ?’Fb?fl fﬂ or@% 1otnh%?<§c%]tl to the oxide

by treatment with a fluoriding agent. In still another aspect, fluoride ion may be added to the
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
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I n anot her aspect, the chemically-treated solid oxide
of this invention conprises a solid oxide of
woeb@torealy hi gh porosity, which exhibits Lew BCaiSeios/002100

Lim®a @5nﬁ&cﬁ@r;@ﬁicdh&ub%@”zﬁh{monﬁ]ﬁ 8@dridd OXHHS, iafamonium bifluoride
chemcally-treated with an el ec nvvlthdravvln

(NFyBfponesmmanyis calteipiyprobeiait r oV Bhdlk awi ar‘ﬂj“‘%iﬁ‘i"’é n, Slgotluoride
(heiaﬂwoﬁnca@é;t «Nﬁ})f’s’m;} umeﬁmm%k&fﬂmmoépm@ rushmﬁﬁés oanla%gs thereof,

bound | owi ng statement, it is believed

andtqog@tqq;g@ﬁs t@pre@ﬁqu@rn@qag@m amgion gl Wfl@lﬁrlcgenNH4HFz may be used as the
flucPl gta%é}ﬁVMuE e Ry L@QERﬂ@Sd}tavmb%HEW s or enhances the

aci of the oxide. Thus i'n one aspect, the

actli @la-“t“éﬂi agngpipdithe mishbinyentipmihessolie opidn sanse tapafedivith a fluondmg

' thepk

R T e
oxidgcturipathsrealsinpsotier ¢radeaiseh dar @xanml@rb@ ﬁddaiﬁomf@itmoss ifluerdding agents

t it
des%r@gﬁtp'i%w oud el@?.{‘@d‘i g&i c% gluﬁ)ﬂug %n 'Ika?i/ Igte ru(e;g ggs B8 volatile
orgzum ﬂe@‘tcmg agehisdiseful ohethiveesgact af theiisvebiiorc owjde,i lmg atehlmt limited to,
freo%s B/ W?L{ollcﬁaggéll%ggeq tUI%IY) éxlzgnse g]f rté)gaie h%{})eﬁg lﬁﬁ(ljcly,]rg%ﬁa1%gga[51§§c:o$1%inations
ther’edsfe Gdveodsdaldtogeit Iﬂeaﬁc&dorsﬁlliol 1de Gxdiftleancasplid seed vathstht iselid oxide is

ﬂuoﬂéiﬂgc{rgﬁ{i‘ﬁg?Fag@a%g.oﬁgﬁg?é@eﬁ‘l ntgdtlgd ?r‘cggt%‘ét@g s ‘solfq Sxilg with the

fluotiding hdent &to Lapodilze b Qo id Egdhtonﬁoa@a@stl damn Bedir flusdifgthe solid oxide
dur2XY ;i%en and at | east one element fromthe | anthani de or
urigg PARPYE el enents. (See: Hawl ey' s Condensed Cheni cal

Di (S‘il‘nﬂkﬁ@fr Yn addthér ﬁgeot o}'QH@ IWénﬁNn &heS@H&nxcﬂlgfgt%ate@Oio‘ll@rbxxde can
F.A ; WIKkinson, ;o Murillo; ; and Bochmann;

conm&%:h%kggflqeﬁ ég;l&iaqﬁl(é; @I‘h?nfp@i' ?’f;,a paGt[l(hllanSOlld thus a source of chhﬁ)rlde ion is

add¥ do8¥e btEhy GLARER: wiltPD hidridifly ARAL NBle @SR on fngfl be added to the
exanpl e, the inorganic oxide corrprl ses oxygen and at

oxidedgstorming actlene af theraxidedn a Bitalge solgint. &g anadagr agpect gfjthe present

mv%f?xo%’%’e%olhﬂ OX@A’CEU@B? %r%fde§g§( g ﬁhplng(;ﬁﬂ% P&h}) fig-lg'lgot% aaélymngvstep. Any

chlqmtrgrdgamts;apﬂblqmﬁ'qgmmgj@ 4 $vatce ©4 phlbedaumedhomughihe contacting the oxide
chen e of resent ...

durll(ﬁ%\?/h aﬁmlx Ete;? %& ge bS% ng é}!ﬁ%ﬁ vol%{' & d)?%agifc %‘iorgllﬁg agents may be

usecBZ(B&amBkeOof BoR@E, o@d@, cllo8@Mdg a@eOBsefifui@, thise2@B; of the invention

incl%eezyaghtSrL %g 'Fﬁ@ muCItB b %?%Tall\lw\(oﬁecﬁéz(ﬁelc ﬂ@érﬁ%&oz ’clélﬁaamethane,
dicHidremkthkies, clilo@lotah tegbdn tseathivxidelegclilbrestraio], oadtly combination thereof.
i nation er eo es 0 ed oxi d

coO | t X S
Gasg S yarge R AhIoHAE 1 Chloris Ao San Blsame Ged il B colftoxide during

calclldil‘{(ﬁm()r{érbdnﬂ&iléiﬂemetw o EtRAhg ilenbtigd Wi, the chloriding agent is to
S|I|ca alumna,silica-titania, snjica-zirco |a Dcui uc

vapoFizy chjosigingiageitt ita a 233 SRR 4sadite BRidize tha sofid mside dwégisplgination.

Zi B oRd Hﬁ\aétnﬁk%nﬁﬂﬁk $th@yokiuK 8r cﬂl@rl&nl%n deREG heRfre ENiRing the solid
invention, the solid oxide material is

oxncbhémﬂ@aﬂllwmm 8de Wby woshtavheraghe weiglitphrents predgied onghe weight
of tl?ﬁl s%ﬁ& b9 lae lth%rgfg\%w nsgga%ﬂlllml%n %Qfgre cta)(:mil‘r\'gal Ih%n@:ﬂer aspect, the amount of

ect ronwi
fluoride or chloride ion present before calcining the solid oxide is from 3 to 25% by weight, and

in another aspect, from 4 to 20% by weight. Once impregnated with halide, the halided oxide

may be dried by any method known in the art including, but not limited to, suction filtration
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ani on source. Further, the solid oxide material is
optionally chemcally-treated wwth a netal ion, then
woabwsionoarg to form a netal -containing or ~ PCT/US2005/002100

roud%haiy EVapsgaatBdn h@%} oaubiy; bFreptBGheS @hd heOMiedBithough it is also
Alternatively, a solid oxi dfg erial and a

possdhl& Y RBALSG S0 HEp WA zsmtfewtQFYén&:tsﬁtlare;re%teaﬁahd oxide.

calraé RBEa-8uMihd 3RE A Shapare he tiaBEMD @Fﬂlc@)ﬂumac&nt e QXIHE volume
is contacted with an el ectron-w t hdraw ng nEonent

greafey $hasg |0y odig s & Pt BiEirgroTolume @laécqer%?ﬁi Hdratfefg and in
anotR&d &B@c‘c ItAE b S SlumRYhayl 2 J&dterlthdl t RLILD. FIBEL, kiRGsilica-alumina may
co-ge Ilng i mpr egnati on of one conpound onfo anot her,
haves gtirfase afepleasater thagn E00aggecin ofcospeskahpbusiace afep dugragier than 250
m? d 01 ' Lhe u £/,0
/'(%‘%Mrrpounlzm%:(éer %getcggh@\%g tfac dr a\?vlqﬁig}l gﬁ%l%gtemh)% (%%)t ?lo/ﬁ X('I}&%rally, the
silice-lintigg af thiomvension dieg pmelimimheonssng Eomors Wi 19 aw pieg aspect, the
alulﬁﬁm%'%f e ?ﬂcat ﬂuﬁqfn@% tblg% 09?( '54(? 5'384 any m%%{ﬂ?ﬁ %Eéct the alumina
i ncreases Brnsted acid %
contgigloif dle@)dlcaelumpwmay beaﬁwmrﬁ% td ﬁ%m@nasp@cwmghth én yet another aspect,
the %:liggo%!@é%?mp@%g[ an J&%pﬁ%ﬁ%ﬁﬁ rWiyE 89{1‘#%3 na%ng in gmthel aﬁpect the solid
ox1da«:b1dpo@nt @hhempnmmﬂmalmlthsmnamnasa a volatile organic
serve as rce recursor. faor
© nane sfest g Ry EEheRe SRRt BH Aot b G F R R HEN e atumine
or slllﬂﬁ‘rlalmdﬁna tatl theaffolm B ta [iairtmula%jsdlﬂ. Sptidnallye thd kg fatddad@de is further
de, chloride, br i de, fluorosulfate

treatftqi é ]@UBT’%][ ign s%&% fbg c@lcufq%lfaLfgﬁ%%gﬁaql%prlses a metal. In one aspect,

the §ulfafddUIi@ axele adofpribdsi dulfak @und fal RO Z I ©ROALRet of this invention, the
fluorotitanate, trifl uoroacetate triflate, and the

sulfitedduming s fRamehohe Rioassevharsen e Abymingt s Graicd Wik a spifate ppurce, for

exarR8lél HlLORbt 1REiRE Mo, 's@[ﬂlﬁc Qﬁd BPH shl@éﬁ‘é GalCRRR QY B oh AR sulfate. In one
serve as sour CeS for these el ectron-w t hdraw ng ani ons

aspeffp fhis PLo6ess anayrisi Rsyeunadrby faemine @ty ofifbe Aluimdi. invahwifiable solvent
sucht gfheal%h%ﬁ)[ Az LW@NH&%&@&W@&% raiG{'Bf 'th%esﬁfllfgtuéaééenpﬁas been

an el ectron-w’t hdraw ng ani on e counterion
addedatSugable prepiatolyaits inpluge, bet anyotdatiedrio, ttheadnedd Hoewcartva alcohols

beca%?el cgftfle(?r voefatﬁla}; %n%rlmg?ﬁ Q‘Qgﬁ%g{)t?ack to the acid during

ate the suitabi lity of the
pafit bn:eu h&pectsaaﬂ the tiovesiony eheagmaurs afrsoHate don pregent before calcining is

C ron thd awi .ng, ani [ are :
e R R 08P SerinT 1 )PP S e AU e e Hdaariady weieh
solissotientn artdﬂ&l haek, te aatbuar sesulfRRGbH Yickdnt (bﬁl‘b?eh@llcﬁ]&lihd'T @Ngenerally
[ npalrln effggts bet ween t [ and an

ffomlnﬁg%aasbé T it Sherts e ?lﬂﬁé?&%ﬂ%&g g Pay 8 giehsalid oxide, and

in stiPdriotHar aspBel, b\ 3 bdiR.by He e BURhrtSbeREbhtMIRE 16nht€ 100 parts by
ani on. Exanpl es of suitable catjons in the salt of the

weight selid gridGi {Thareanrialt BHPOACI brssdiar thepleishi ef Hstsolid oxide before
calcininy (Bde hﬁ’pre Wlt‘ﬂ%lf&té IR ﬁMEte@UE@@ e % Hﬁédr@%ﬁ}‘l{et hod known

anmoni um raal kyl phosphoni um  H+,
in the et lptplk@ng,plutf fipidiniteddabiuatan Blyatiest foawedpy mpel ation, drying under

vacuqlnt fsﬁxa? rbtrylﬁé,ecﬁﬁ rtf?@m@é,tm&?éﬁ 09 94 %Q?ﬁlblé tb \{ﬂfa}’é e calcining step

immediately.
In addition to being treated with an electron-withdrawing component such as halide or

sulfate ion, the solid inorganic oxide of this invention may optionally be treated with a metal
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proportions, can be used to tailor the specific
acidity of the activator-support to the desired |evel.
wQaodsiones77 ons of electron wi t hdrawi ng conponenPeTNE005/802100

sou&@nﬁla{ﬁ&lﬁg Wi Rak & ﬁ&ﬁﬂ@mfﬁﬁﬂnﬁg’ tahsouAty. tﬂln@ﬁtuzﬁb%t WF tHe invention,
i viaaarrry 1? du- ny order that fforqgls the desire

thesg (ca1RPRY)dp Y %yrlé“a%déiad $0PF HRISENATEY Q8% wohctaaﬂd%mﬁiw@n form, and

sub¥enfis REBlerted intd4he shppRed el ipdn aBinGgl PcddeB il BHe@spect, the
el ectronwi t hdrawi ng ani on source cqnmpounds_in two or

soligiopgagisRaidet @n dwiieR e PIEe S8y COMRTIYNE BiRe LMW Rcksf, vanadium,

silv&UE&dpper, BAIRGASEn, t‘?l)’ng\é\t‘@h %I@Heﬁmmr%%bh%mtaﬁ@raﬁl@l@oﬁQ*dx Qxample zinc
oxide 1S prepare IS as a selected solid
mayold dedde rvﬁwa@ate die selidiokidabP@nsoll PERidse seehpyiuiidsctivity and low
costC OTHeAGi8 DxWetha fbé‘ fbdd @itﬁﬁkfa@@alﬁé"&rm@v@oﬂﬁ' fi’}{é'f c%rhg:)ounds before,
source COfT'pOUI’] forma first m xture this
aftepriog el hesams tinprsthatche wiid eide istesated Math e lgation twithdsemimasanion,
i's P‘hhﬁ&l é:l‘?y' Pﬁéﬁ&)egf 1 rﬁ)ﬁ'ﬁ%ﬂ?ﬂﬂ?%ﬁ@%‘ﬁld%%tl Qxa\f\”\/\}nﬂ%rxﬁ%lqgay be used.
ani on SO ce COﬁ'pOU to orma secon m Xt ur
Thef mtthedver vihyche thiecoxidenly coaacted @dfbrﬂjmﬂaktswree,ttmpléaﬂym salt or metal-
' e I S
conplifh SR dadEE ARGl D, BBl SoREARED Brprddifiion of one
compotlmbhmkdsncﬂﬂnee, andphe bkd. yFtliﬂloMlgraaMtconi@ﬂmgum&iBQd aietdoouag:hd mixture
of oxr%&/ez; ro]%)m oun%t ﬁg:ctsr% —Qgh%g P}gg uarhg I n O glgﬁp Ps typlcally calcined.
Alteehieatly caddlif-ok ide ateadtiag ah Iekéctmﬂ ‘del)dl z{myig baop lsmdc_w;endi 11y n@tal salt or

0cess co rls cont act.i n oxi de
e R BE TrRa AF ot gaB B bR G P e ani on
SOl GitIgd AEHRYI) ﬂqetfﬁstfrﬁHtmoael{e|cb§1¥30tmdxﬂ1@ ls€ondRfdtallbcene compound, or
calcining the first mxture to formthe solid oxide

a combingligp & l?ergquxrgéy £° PreqoHMEthwih 35 ﬁg&n rapnoier @nd an organoaluminum
compBYRINol @ MirsttoBBoF O firfle B21drAE cARAINALIAL MIMBRAN kN the chemlcally treated
chem cally-treated solid oxide) is produced by a
g 08 s sORGNHE i Rsgerptactsd niyrteaed thadirgt mplabeceng Aempainidthe second
metmﬂcglﬁa &9(&%91% (ci»r \Q"cBllﬂbi"f\a’cfidnrtﬁére(ﬁJ Slgf"nﬁ %ng\ﬁi&h g{%ﬂ\ﬂrﬂﬂmﬁlﬂh QQmpound

source C TTEOUH forma II‘St mxture
is cerfptedvith t ﬁ@hefmlr:@lty-tmai@ﬂméd togsidgr theueompasiten cfuuﬁ@d comprising the

chex%lcﬁﬁ}-trggtég s%Lg OXI%E is% ﬁkﬁ‘t"ﬁe ‘?gst&gl@acf‘e b ﬁlll)gl%g fThg ﬁ&s}t‘contacted mixture

m xture wt second el ec draw ng
maysmlkowedmmmndmt fortheyroomtactSeco sedomd mtrwdeyf tlawobrzb) to being charged

al ci nin nd mxture to formthe solid oxide
into h 1r|e§1/c§l ru? g @rgo ylrﬁ{lzatlon Rigeess) 1-11 ecall‘rlgg out:

ac NamamsopSreSdsmS 06 prebare Sﬁ)lrfE(bxmiHEeB:tmﬁf)lempﬁ(ﬁhst thatsdaf bk ¥m@Ryed in this

llqutllh@gh{}%&fqg% Ige%&%&{j 31§q1 ﬁégﬁ;? e,{@ﬁﬁgﬁh 5. 6367550, 8| f165 6% 6,204,494,
6,300020m] 6,314,553 recat 8d4,s0b 764 19X5d01,0)6, BV I6E| 015240987, @AE 6,548,441,

one solid oxide wth at .| east one el ectron-wthdraw n
desczibe gyphdpgiiqds, each of which is incorporated by reterence herein, in its entuetyg

The Organoaluminum Compound
In one aspect, this invention encompasses 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. In this aspect, for example,
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compound, wherein the at |east one solid oxide
conpound is calcined before, during or after
woamisaged7ng t he el ectron-w t hdrawi ng ani on SOUuPC®US2006/002100
organmgi[hg{ugﬂ;%ﬁ?ﬂo i g?nc{ssth@rcl‘iﬁ hstiged inadhisabsarioe irefuda) ot arRergxited to
at es n one aspect of this invention,
compowrslevitthi&e §3mild: oxi de has been treated and dried, it

may be subsequently calagixts @xmg@IC|n|ng of the treated

solid OXIde is |
atwha@ph@? pis q@ygjgoggie){/lgahav%g %I%le &,to ﬁﬁgpaéﬂqn aé?l%n‘g%agw an al xOdeC or
arylo>i1d£ e'ﬁg%@@%g&%cﬁ i mlg%nppﬁ @024 hof Gronan Halfder orah}tdlrlde; amﬁ nisa

ours - gnot her ect ?
numbies fromridadt wdusive. aIntOém@me‘ét G éﬁraaﬁ%kgflﬁ*l*’@ﬁ?% o7 rhﬂgal pn atoms.
anot
e ISLEEY TARRELS (UG!G Spponss o, . e
1sobua)51,d&ﬁ§/1 arclthe likd. g apetherapRgt (3 d) PRLB§ 1j}dfﬁj(§u$eng fgl@ro or chloro. In
ib\N ot aspect cal
yaaWﬁ%ﬂP%” Ex ‘Paﬂfﬁmﬁﬁu SD o s?|F:nlng i's conducted

anot her aspec
Cah&hmfoflgulmfy(ﬁﬁ(x '8r ki reid aowimbey Gem 1 103 NPuUHVy @%d E(plcally, nis 3.
ature fraom
The ¥3|p¢ gépés a%métﬁftecg%%% ahgrltggegtﬁergg)%E{kefoélgﬁ{aﬁgélﬁw ®Rfquihalide
compsh&d dtofl@r orgamtarualihym cmstbmqmpngndss conducted in an

?ﬁ]:iq?én%g{é%ﬁg%go Sgngé%cﬂ ucanoafumeﬂn(m c’ﬁlnb&fnlagttl'la\f%laﬁ( be@Red in this

rogen or argon, or a
invektRRAURIINGE, Bﬁtrﬁ‘f’&ﬂh gihfited WS hrlaisylhiyﬁirrmgewlrmoumbr tigkcylaluminium halide
T ko isna o Rt bkl RS hu T b
Comlpqwéhtdilaélfvlalt"ﬁ@”%‘o‘f ?Qi“%(?od@o%({'f‘pgﬁgﬁfa used hg Y Compounds and

001n61|1"1§téot(1:12?{9re%?| B%edﬂce@(ﬁﬁglﬁ of bl@amhﬂﬁndmmompqamdsatlmbduq mtseful in this

mvequndleclgdﬁnbgh@mn%h ggllltgi Ep:a?rélgé}%r Eﬁﬁ%ﬂ@lp@@[&é@), ttﬂgth}‘?lgfuh'gnum (TEA);

triprg a%m 0g. dﬂ:t luRRALNER0AED @GHuty| i RRUEY, didoutylhlubhinum hydride;
P %ﬂ ﬁ l?&%{another aspect t%e solid OXIdé ’
tmw@ﬂmmMmemnmhashhmbﬂﬂmﬁ@émuﬂﬁamkron1100 to 1000 m/g. In

ther as
&a 0N 2 S%czgg phes% %dfb\%élf?é{ %&?éﬁ;ﬂ%ﬁ%?ﬁﬁc@?ﬁ??a;?ﬁgf@ﬁﬁbcene with at
leasta&{ée&‘rganoﬁ]ltl@m% Gomppuﬁ@@nqlnan glefimHeongglel & @klp&eprﬁa}n&cre& mixture,

o 5y HEELE R SRS, 2 BB 0B St om

acti¥e @@dl}%ﬂl Wlhtarl’ﬂ i@ camhyal cdnguositibin e;rprmre@h indids mentsr.gypigalys Hgugh not
chem ca

neceﬁgﬁrtly &J]pclé‘%( %ﬁ? Fd)rgapﬂalglﬁgluglscgo? o[ﬁu{ Eeadtié)c{ i @t p?econtacted mixture

oxi d

and TRL@E! drtidiS of et ghoxtuininuen sco:nmmued &f adslad ft@th@ pqs@pntg@.ecbmlxture
sul fating agent, a source of

prepakddoy 1e§|tlpfg:>19cg)éﬁgted all’étBl‘Grl%%OH&Cge detg tfje dso 8%X1d5 ?&Wé%r AHowever, all

ermed a
the b g?l%ah ﬁ‘lgn @&ﬁ&;u’nd AHayde G PRpEO It’hetdatai‘}ebrh ‘citbgrdhe precontactmg or

Cl ne provi de the soljd oxide act
posanntacttmg s‘@gpéﬁgrnatu\@é\/f all thg cpiglyst cgg]tppw? d?e{y\é%:)c%g’ﬁagted in a single step.

Cl'*lu:ﬁg%é dll%JrF t"ﬂgl‘? Jﬁ@t otghBafuBfindn® : coipeiidd edlayal demused; in either the

chIo
precontacting or the pos‘tcon‘cactmor step. When an organoaluminum compound is added in

multiple steps, the amounts of organoaluminum compound disclosed herein include the total
amount of organoaluminum compound used in both the precontacted and postcontacted
mixtures, and any additional organoaluminum compound added to the polymerization reactor.

Therefore, total amounts of organoaluminum compounds are disclosed, regardless of whether a
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fluorided alum na; sulfated alum na; brom ded
silica-alumna, chlorided silica-alumna; fluorided
weizbismaedl um na; sul fated silica-al um na; bronPdeas2005/002100
smglébﬂlgﬂa&ﬁrﬁﬁrﬁﬁﬂ %ﬂpmﬂ&' i90sedeer Siotd ©an Bhd 6nglm@1untlhm rcbnhedund In
I ca-zirconia, sulfated SI%% flfCOﬂ a; a(gk qlnmum
anothel aspeaiy etetadalamisuml GEAY SromEseBY IugiiR ar Hipf a?t%a{}oa u
i de, chloride, or sulfate;
COmPEﬁgggﬁg?eggp u%#ﬁg or ot her al um nophosphat es,
optionally treated with sulfate, fluoride, or
The @Jﬁo%l’ﬂﬁmn%an@%cﬁQW' nation thereof. Further, any of
I vator-supports may optionally be treated W t h
alnemahmp@m'mbnmmmema§ﬁ@@FW@$5ﬁhF%MVﬂveﬁwpﬁﬂonFﬁ@pﬂ&nga first

re XESBp AP 1&RE o SHekiall e t d solid
meta@oqen 863} n& ?Etcﬁl% ?géﬁ%&gg b ppa AP Ltll af eoSoI Ied at ate

oxxdes aud (ae 1ea£t ddemngand@ummqm eomzpped {1h apqiker fepsb tb‘i/ present mvent10n
prov1g%sp% &ﬂa y]stI compos ﬁon c&ll%rtsq{%e 0 d%ﬂ&l a Ltlﬂlﬂ%idnlalc_o@dt@%sg% addition to

uor I on may ed to the oxide
thmédﬂdm@@p@wsﬁurry of the oxide in a suitable sol vent

such as al cohol or er, J4.n r d
| i MUPSPEES Aife @ gﬁ?evrv‘taftgrr?% rﬂge%%: a?%ggycg?%‘% ol 2 “E’g‘f‘:”é]bsg’“ ) or
owa&ialt#nf]ﬁcbian%s@ athd iothe lad’athlj/sovwwtpgﬁams arertgpiosily Exaipgstesvith the
0 uoriding a can [
alumineyamt i/ $aﬁg@tg«%§yé@gﬂr€% gorﬁmqngrﬁo eat ttﬂougnlﬁygn o rs]olvenlg which is
subst?ﬁt'téi'lﬁ%é?mﬁ]é rematfrd) aftdrahediat] al)l produetoof thenmdyivhdienostépden be used.
. anmoni um t et r af | uor obor at

Themmsmcgmpeﬁltpqncfewqédv F%@emew@&ﬁ‘ﬂ’ %F%@F%? Elgt“ee}@o?i Kpgavngothose of |

skill )i tﬂ n'thh@(&ftl MR epRasehaketidiNHr Rfe kataBiatagssition may be
R , and conbi nati ons t hereof . Eﬁg exanpl e,
mtroamdmmtg thetriohimesiFatise eackorivithen) bpiBe (foBtFdas ¢ he

fly x{ 'a@l %x@l%efbtmpoqw of Ghib tnﬁleﬁ@eﬁtelsoefn ssRnRAE al@adym compound,
aval R . I'n"anot her aspect of the present
whetent\/lﬁahiummoxalhﬁscoswlouldi @nicdBpHseringar YIS EYRIG QT spge structures, or
uor.i din nt Ymula:
t“”?%ﬁBPFHFﬁgfggﬁﬁ? ggggb e o?”ﬁﬁgﬁgﬂﬁﬂ?v§§gﬁﬁgﬁ@.ng t he
solid oxide during t ca ing step can be used. For
exanple, in addition‘zeAFH§e§‘fluoriding agents
descri bed previously, | ati1{ @ organic fluoriding
agents nmay be used. ExaRpIes of wheleat i | e organi c
fluoriding agents useful in this aspect of the

R is anm%?l 6rod? HcRed Mgﬂ habi'rl% fRRE1 BP10 tarkant #6md, and hrieanmieger from 3 to
FI'uor oh exane,” perfluorobenzene, f | uor one

10 atm: hdompasseed Hpamblls invgRtce o B MR YN gmtleﬁ)é Isléqysfn }16@%§E§8 lj;é)nstltutes the
repeat)(?ghl? o afliInF& 3tuqﬁn(gcrgng l’HﬁlE I ¥@ar Al i@hbxafiéhading ehermisied

OXI I's fluoi ded during calcining.
One conveni ent net hod of c ntaﬂglng the solid oxide
with the fluoridingg :i_Ap vaporize a fluoriding
agent into a gas stream used. ta fluidize the solid

oxi de during calcinatipgn. Siml rkMe eiyn anot her aspect
of this invention, the chemcally- treated solid oxide

R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an integer from 1 to
50, are also encompassed by this invention.
t b
Further, aluminoxanes may also have cage structures of the formula R'sp+aRm-aAlamO3m,

wherein m is 3 or 4 and o is = naie) - Mo T+ Mow; Wherein nay) is the number of three
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conprise a chlorided solid oxide in the formof a
particul ate solid, thus a source of chloride ion is
weadadisi70007t he oxide by treatnent with a chlori 8Cngs2005/002100

coo@gﬁﬁtamﬂﬂﬁmcam)rﬁ§ '1%?) I, She HRMbEEofABELbofdhakd18xyQ%h BRRY now, is the
orn1ng a.slurry the oxide in a suitable solven

numpgf rfotonEtinais B’@’@?“ BPTEHR THHESHR R IRV pHkgherotmend B iapresents a
bnd?)ﬁb dﬂiypg'}ﬂu;pev nbfefak & We&h)r %1a%1{e@ falidh ﬁ‘eg/lr%%&ﬁ 1641 d &gbon atoms.
he cal cining step. Any chloriding agent. capabl e of
sed s @luggnq;;ag@uthzg sapfereasatioel seratalystria dlejh iy ention are generally
repl%ﬂt%@%'i_'f&gmu'ieﬁ%u&?(ésctﬁ Ql%jn ngR-ALOS AR, @h&]&esz@ pwl%‘?é]n % R group

or exanple, volatile organic c¢hlori
is typigglDbelinese dl brexchapLeSs @lkylxﬁgpla@ﬁ methyy ghrli propyil butyldpqmgyl or hexyl
whege@?mty?pléﬁl Hl%leéeﬂtsta 1§te§’t§ RRGE 1 @J StOh e[n'onl\é %%59 Hwhl.n ?Aeuaqghmoxane
ut are n Imte certain freon
compeindp| of otiﬂeﬂn Zigwation hlir@h'dﬁsetﬂhlan@fe diot hllmﬂcﬂ’retOh amethylaluminoxane,
| qr n
ethyganmynqg@f | i P%%%Bﬁﬂnéé(g%ﬁéq@a@% }qgluwhg)?(%%éﬁ bglﬁ{ QﬁlmploXane t-butyl-
alunghdené.ne s¢at-beyiblugamxates o bve-buiydhiminttane,he 1spm|nty¢hlmxmdmle, 2-
' Ckni [ od of con tin
pent?%[éllng%x%gé,Wb{ﬁﬁﬁ?ﬁleu%g x%x? dl?ﬁ Bg g}tél:él% SanE negB%iﬁyé@gmgl%xane’ or
combinhidoris dhengpfagent into a gas strean1used to fluidize

the,solid oxide duri one aspec
amdIHE S Pr GBI GEAE bPEh o RogBit: Beraretpasd by the
pres&ﬁhﬁkkﬂh(ﬂ@ rﬁdﬂ@l shhiigbxand ((M%@)s egengu@tnoyarfel OMkcbutyd abfihoxane are
%% %g gre th ercents are based on the
YPiGR PHP fc"(“ﬁ‘@ V451 V9 R | U, caﬁ St SORRBRIEONS; PY A4S dnYARiA, These
alunBS:QR& eﬁ@b@pﬁl’e@@loml tﬁ‘m@ﬂ@la'll@lﬁlnéﬂﬁ,p@l% fhy lalEn @O isSutylaluminum,
fluoride or chloride |oncgresent be?ore calcining t %
respaciveldh GRT e i somPtBR 3efersed2dupapyPakEmgHYy! aleinim ardDheply(ethy!
alunﬁx?tﬂﬁ@hde) 51%04%/(‘59[}&9%@%11%'09#%) re ﬁvél fte?sgﬂ%t@ﬂ IM(J‘FBIECOPC of
I ded” oxi de may rie met h
the %h@%ﬁn tqquqehaél ARINPXARE uﬁ{:qqx@pmqglgn wilhta t]ruaHny 1tngn such as disclosed
iyl I ryi ur
in U\S/Sg g%thx%mcfs érfg% @9(’? 3{}{11631 ik gé’\glq 11@61 p%}%m 'éfe eg ﬁn 1?§teﬂ|§rsef§/n
al $be posyit iventian jonfetipétes many \adies ohin ng tl@t aypminoxane formulas (R-
' | b h e ol
Al-d&%ﬁ&#ﬁl—b&%l?e gﬂ& ﬁ’:?eY Al ;gn 'ishzg %agtp%r g—i&g}reggrt a%ae?cﬁrjllé%%lpeo& how the
or gascveummlaemnami maparah sﬂoeealeami ped, ehevnalluene ngn@ameev'arlhbﬂammhﬁa single
q g n_Qne as 1 Fﬁre v.ol une[naﬁ ?reate q
samife g s @ SRR » SSRePieR sttt e arinsed in the
methody aldiecogipesitiens dffierprdsefl if@htgon. Fur t her, the
silica- alun1na may have a surface area greater than
1080 M9RGTING e netdhshe@mrosifen Qi flit dnmBan | @gFigiag egn optional
aluntifB@n 30e W4 raBO QG it @lﬂﬁh‘hﬂﬁ{ irPEReAImixbAIR SUILE 36RIREER in the
may be greater than 350 . Generally, the
compgsitioggs Hpuahy Aenbfl:tthics lﬂ%wnlt i Bnoneaanotar aipeqt tha molar ratio of the
alunﬁm et Elﬁmléaﬁ@togﬁlé) métAIRBR ﬁsﬂ@%m Eﬂﬁoﬁalisuﬁgug% from 5:1 to
content of the silica-alumna may Prom
15 og(m iThe anouhiee! epsipedd taluntinexand added gto @mq)i}gmn izgfonhgene is an amount
4 y t % al
w1th§1 1a ?e i 6‘6‘1 ng/Lgtﬁo% grnxglglggqreog{oo lqﬂ%@é{%lalogrﬂ&z]?,ég}ﬁom 1 mg/Lto 50
mgﬂconponent can conprise alumna wthout silica and in

an81 ga%al@ %f%%gan’es Eanebe p?epaled by various 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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oxi de conponent can conprise silica w thout alum na.

The sul fated solid oxide conprises sulfate and a solid
woxb@d@7eonponent such as al um na or silica-al URCTAIS2008/002100
and & mfﬂcé@ raacObTADRIstidtoadi€l 8akfectncipdréinialits yytirbtye One example of

sulfated oxide is further_treat met.a
How SEHPIREEIY RearPITEcE SUP AT 5 HHC LBy Qg nert organe

solvdTB Bl -bel rBacRiew S BE Glumihlie afiyl fz@ﬁlﬁiﬁhné thtkdasolej,eto form the desired
conpiises sulfate and al unin

orgapabBHTORe CrRSIBG) TMIE TGP OIS PO A By A i h (g geteved
that ﬁt’h@tlct 1H@ch@d MK #Rrd 8 i@ o dotWilinbarand Uj/cflxat(R-}S (-IDX] (aﬁl,mmoxane
r exanp , but not Iimted to sulqur C ac
specisl| okt @f @hlrch arp EROTRRASERII N SN ipat AR Re Oé%aﬂ%aé?mmoxa“es
maytblé é}‘?‘%{ﬁfe‘a ﬁ%ac@ﬂé’ aRGIUREAR R Hcdpoad BicRGisaAIRE Withya Bfdrated salt,
a In a suitable solvent such as al cohol or
suc 1wah§e<hate¢i popahi watehia ad dertosgrnicoRtYEMt r at i on of the
sul fating agent has been added. Suitable organic
solvents include, but are not limted to, the one to
]heObmeml@ayhohwawébhmﬂsﬁbecause of their volatility and
ﬁ{ Sur ace %helg] $hy % ion QllC%Hl as@ésogcctataglfst E&]ﬁpdsﬁ}bﬁnddlrﬁﬂsmg a first
o bt resent before ‘cal cinin
mete@l@ﬂ@é&blnponﬁfdomsecoﬁd pnmtatlbcebyt opeipgintd, efol ei@@nﬁéhql@cﬁg'tleated soli
OXid\é\ﬁé"%ﬂ%tlgﬁg%’ Elget grég:% oore]lll{rﬁnum coﬁ)lﬁédznﬁ by W?ﬂhglhgspgﬁl Jg\rgeﬁs%e‘sﬁlqemventlon
providek Qr @ta0ak Gd)rﬂlbdﬁgloh&:ogﬁxnemglah )Opfwrmhmgapdmtomgocmlyghm gdgition to
50 parts by weight sulfate ion to 100 parts by wei ght
th“%@@?dmﬁwpﬂé “and in still another aspect, fromb5 parts
by Iﬁ"’@l‘legﬁ‘stpe@tot13Qr@ﬂbﬁcﬁobVonﬂ\ﬁijughtcomplﬂlsfeameutla(hl’mototn cbOPounds, borate

arts ht solid oxide, The ht
saltqggg@gnk@pptpﬁ%g\ﬁ@pé h}fdx Cpp(alf)gi:]lg @Blofg&%%ﬂ?fodl (’%H@Pgl?&é F3hidfvention can
comgﬂg €4 AL&Wor g%@orbﬁ@&ﬁ&ﬂﬁa ednWdrbdrgsisl fordte cothpeind ubif at@abination
de nmay be dried by any nethod known in t

thereafc| Ami figorodygenonaron PRlHFGOIEHI0 BYRIE| GRIPPTIY Flﬁ’c“i‘bﬁ the art can be

‘utlllaec! ?Y\éagenp%ﬂ %ﬁ@o‘??ﬁ?%o‘? C(gﬁ;yduﬂ& HRAET uKAIC eARing BY &Yer to neutral

al though it is also possible t
comlpnmtds aIfetht Hernc &G niThy temefudrperernicabetly . cofpoBf plsp d’ﬁs its usual

mea%gwgtgln g%{ ttg d Ceit] 1en%r1 ntl%]n@ ai! &4 ¥ QroWgIam 581 ntg)mpound of the form

de or sul ate lon, the solid
[catldﬂ@[@‘ﬁ{]] o/here Iwapmﬁeltma Huarmaedoiganic [B3HPO ﬁpr melynogeﬂuoroorgano

bor%?q%tfﬁ@bqﬂr%nﬂ H%F ! a ohde aie 1yﬁ%5 l ﬁ:gleg% %l}e@ egf by organoboron

oun e aspect o
conBM&@hMQ@enh&eﬁmeaommomndﬂnmmye$e added to or

npr eg nate nto the solid oxi r
LS RaEn Ty REHAR i B EHETS B oRt S8 el df i i th
pre&efl Glvehitgr iREAES in@ley noti AmAaE t@sﬂmtnateﬂ heylsbbnad:s such as, N,N-

I norganic oxi de can furt her cdﬂg %5 a nmeta lcarbenium
dimeianilisivny zi nc, teRkRIGRATRENY DR i um si riphgny

tetrﬁgﬁge%aﬂugﬁnlﬁlnélﬁ/glryorgﬂe t gt en, teﬂ@lhy@gﬂiﬂﬁ&o;fﬂénﬁ)borate N,N-

nati o eo or exanp Zl nc

dlmeﬂwl’aeglmame th(:_tetgad;pq[}jS-@;@(td@qu@lggtbglg)qe@yllpp&ﬁ des El(gg%py?carbemum
tetr&lé 1s[§ 5ybls(tr1 lgllome{%l)ﬁ%yl]%ﬁvate, and the like, including mixtures thereof.

Examples of fluoroorgano boron compounds that can be used as cocatalysts in the present
invention include, but are not limited to, tris(pentafluorophenyl)boron,  tris[3,5-

bis(trifluoromethyl)phenyl]boron, and the like, including mixtures thereof.
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cost. The solid oxide may be treated with netal salts

or netal -containing conpounds before, after, or at the
weanws/ori9Te t hat the solid oxide is treated w t RCTHS2005/002100

e%@fﬁ%ﬁ@iﬂﬁm filnshuaat m@amoomd byuthich ésilowangy theetyh dlespfexamples of

I mpregnati t he sol e de mater

Morcpebane Braierg TBroRAM o O FERPIRES o (e el g Toent

form WhidkyAcdBRdiAdting® Hﬁl&%, wlﬁeﬁmomiﬂey véths@apdnomietal compounds, as disclosed
netalcontalnlng npoun

in U Getegel DIRE. OEGa TG B LB 6 ShE Edtpound.
0 @eﬂe@f‘?%ﬂ? famo@fiCoftdiganbbdéen c&ﬁdemWI cag ba mwl:mﬂ rit algis imgntion. In

thé contacted
one a@lb@ttth@ﬁw\bﬁrtlﬁéjg %\ﬁ?\ﬁ%ﬁg“%ﬂm?%gnr gﬂﬁgquﬁéltd {T 8ﬁ q]e first and second

metal'ic%@n'lecw 1Jrﬁéuf:fd%| ik kR&dmpHiti&r B @by eliyl toal® D| TdpicAiydehe amount of the
an el ectron-w thdrawi ng ani o

ﬂuordzdngnmbpeqn oz Aupropiganpaosate SQIRARAF u@eﬁl@s &6%&%5?05}}@ metallocenes is
ina ranoe oﬁo@r? ?xofé% Cf Onﬁge§bﬂ38r$rﬁ€tﬁ1ﬂié§hd/ perltétalofiOk REFirst and second

irst netall ocene conpound, the second
metanmaé Icomemmdeombqu b ope @eneBh r1he iaB1uEthek dyprooreage heron or

recont act ed r
fluoror g%m u%]corlln }’ﬁué@us@ﬁ Sggg&ggl}gpg E@tméﬂel%cgffé 1% ]1cn z% 1|alr11%e of from 0.8

moleR$ ISQﬁolE@oﬁm)lIﬂrammpngldtml wtahimolagroé fivet @rhi sepand metallocene compound.
chem cal ly-treated solid oxide. Once the precontacted
m xture of the first metall ocene conpound, the second
Ihe%%&%hf@ﬁ@&@L&ﬁﬂgg@mdmdﬁbc@u@ﬂnblnatlon thereof, olefin
nomer, organ
Chlé?nﬁ)r@aPSIP?Ct? Fl%ggﬁagm?g%pﬁg%%a%ng c tglygtoggngpcots%‘gn VMOHBl 1E Hg a first

metailUé'e'hQ %Bmﬁ&m@r h Sédagd iﬂ&llﬁmmcﬁﬁhbbmdt atcladse (dns ohdndcadlyitobgted solid
rned t he " post cont act ed’

0x1dp@g-rt:l@(§ﬁqa@t@@dorﬁwwfn@l%§,018%0%ﬂq ﬁﬁé&o@%r aspect £, the Ipresent invention

dugsfeg{ Litibkod Rflopenhhiodniafhg tibite h @mdteocatalyst
pva I ng c? ar gelgg)l nto ?Ih%&?gggctgf in V\;]I clzlgl pop catalyst In

addifii tprBese DHET cymeReRiE SEXARINGS o éPnizing ORI gpSungar giglosed in US.
PateFthIglﬁ:meg’esfg 3, S8y @B%‘f 7‘°9§ R D P¥f HBiIcARG inVdb&rated PRI HySreference, in

be "enpl oyéd i'n this invention have been
nsmmeagrted For exanple, U S. Patent Nos. 6,107,230,

6, é%m%%%g 1611§g$h§0%§d 1s6a1§803n goénpogncﬁmlcﬁgb’ﬁn f@wﬁ@@ i®8hance the
activity WA Bheddelalyst esmpdshions Ol lermet h(»ldEi byethedty, gt 1s\’}g|q|1@4qd ithat the ionizing
10111&5%8@{@%%% ul%/@irﬂ% ?e{n Cq%ctﬂer %}ltﬂ thle nslI %ﬁ&ﬂh' LEWSth Tallocene

is 1nvention
comS&ﬁﬂE‘Eﬁ@Melﬁngﬁk&hﬁwﬁbcmma tat@mcom‘qjkopgwmgmaoqindﬁ,sqr incipient

tall
ctiote Psifocan G ERB Bal A2t BARCA S BT HT G i, TR o oo it i

belidved$Hat 91%‘%019519%%@‘] dé)mpﬂmm 1ﬁ§5ﬂﬂmbﬁnﬂ1 aslan idrfiisg @speotd bf oympletely
exanp e organ

alum m m JItf]3biiri -cftr
or pagiatly ientrodting an rAREIRLC l@g@nii,nz%ﬂab( a Bt na'fqg ‘fﬁ%’ty gand; %‘81? a5, (X°) or
xh, C ATRAHD merlB&:nEJq q‘IJV\%rVHU RiorfiVi ﬁg%n%]e\ﬂfmpound is an activator regardless of
whether it is ionizes the metallocenes, abstracts an (x*) or (X" ligand in a fashion as to form an
ion pair, weakens the metal-(X3) or metal-(X4) bond in the metallocenes, simply coordinates to
an (X°) or (X4) ligand, or any other mechanisms by which activation may occur.
Further, it is not necessary that the ionizing ionic compound activate the metallocenes

only. The activation function of the ionizing ionic compound is evident in the enhanced activity
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wherein (X9) is a hydrocarbyl having from1l to 20

carbon atons; (X10) is an al koxide or aryl oxi de, any
woneosgfoarhi ch having from1 to 20 carbon at onsPChaiS2@e/002100
JF*dA1 yé‘ﬂ}éﬂlﬁp%mﬁimmh&@?ﬂ douipbed té lamatallyst oalﬁposmnnlcustamexg catalyst

Comé)g}tlggﬁhag <|=15511ot E&l&ﬁ%ﬁeéy g(?mZ?l K mr(T:DC?)}e/ Ingnsaf Irlg (r:n %15 not ng%essary that
the @ﬂilﬁm,@%m& lcth@ﬂldteﬁétlvﬁ th ﬁrmanpyslecond 1b¢1hl}dc¢neseﬁn;twnq,s por is it

neceiSAOY NS ISR GIIRETTS P OB 2B CNFaoPd Mer oygp compounc
toth@ggﬁe@&e]@spect (X10) may be chloro. In the for mJI a

X9) n( X10) 3
an 3{‘%138“?(50% %Oylziqgnlp{y% §%I£H&bd§ ;qlfifj{gf) n*)&wtug g%ﬁ Ié{‘n(itleg to, Vike following

comécﬁlﬁgsr i CtFleijtﬁ)Jﬁﬁn@ﬁmh LR p-tolyDPoRED A (ri-hit§l) dnahéiid tetrakis(m-
ncl udes sesqui h de conpounds or

tolylthotpdhoa |trmwh#1@ﬁ%amlww“r cEHpBtAd: §lm?thylﬂjr?&tﬁ er WD )ammonium
tetr af?é@@él%th@t hehdBRe, um nymseRPeMAdaiukhat Ct@ﬂal@ﬁ3 8@ hrifluoro-

hi s |nvent|on i ncl ude, buf ‘are not limted t

meth}’i)lenk&]b@IatQm n N dYDATREBIG| atek?klaqpﬁﬁvﬂﬂomﬂhwlhba@te N,N-
dlmegW@HPQﬁ eI r%!ﬂ'dlﬂ?bldmt@ uerNadikemnl BRI R Q4AkSm-tolyl)borate, N,N-

um nu i de co ounds, and conbi nati ons

dlmettllrbéz[mlm‘flum Spetcaki a(2;4-émgmlml@§nﬂ}bomtg anoAHimehylen &l@wﬁb ulsdrakis(3,5-
dlmﬁthyqt}{enéﬁ% gtg f lﬂ N 1}'}13‘[?%?111111@[{1%”%&&51 ;3”54;& ﬁﬂ%&#ﬁetﬁ’ylﬁ)h@l%ll]borate

tri'me um num ( al uni num
N,N{TE#hy laitinipmo pydtﬂklﬂfvﬁmalﬂﬂor themmbbmltm i mmm@tqa@znla@ tetrakis(p-

to yééﬁr#éé%@?bﬁl&]c}ﬁ%&nﬁ H%] egq %?lﬁm)&w h%’r%hé gﬁ?albem m etrakis(2 4-

dim&@REplaspigdratet he pr &Spﬁéh’(yldarbeﬁmtﬂ on COImtai\Esé's5 dlmethylpheny )borate,

precontacting th oce I east
A T AR Rt ot SO e T
tetraRisQe R ANSrB IR dBrate, Urtﬁ)py]ﬁll’m Oﬁetﬁaﬁls@ﬁlﬁtyQGbratehl gopylium  tetrakis(m-
recont act ed m xture

tolylhrdtGsat ofroligor t tefréklf(gfﬂfﬁ“f‘ﬂgylélé SEO‘ETS*( al JEpYliv{pen totrakis(3,5-

dlmét@ﬁi)l% BborSt, COSPIRGT | Bthakish3, %%Hﬂﬂ@&ohﬁth&bﬂﬁ:nﬂ%@é,, tropylium
cal 'y, though not necessarily, a partion of

terabisfaneBRIMPFOID RSP OUN TSN addBRIHP Uﬁrpelé%ﬁb‘&&%t&d lithium
tetramsﬁg%nglbﬁ)é)@&% alggfurhe Eet@@i@@p'—t@l@l)%x afe NitHRNH AR HALBY Wborate, lithium

ed to the postcontacted m xture

tetlaﬂim%dm@tlvmmllyIMIam ecdlﬁtlm‘}t e detrpikist 343~ élmeéhy&@ﬁmdg)p@ép lithium
tetraﬁfp&rgﬁ%rg (J SsgldllLll(]j’l ?é}afé%@@lgtgﬂﬁ/o%@%ny jﬂg}éﬁe e{odlu‘m ltetf'an?slgphenyl) borate,

um num c prepare
sodigat altey&tqs(mtoml)bbmte t h@dplmecdmadics(mﬁglybbmgio,st sodivact itgigkis(2,4-

dlmgéylgleﬁﬁl?h@elétga%ﬂ 1§1|ny e};@f gS étde 1Betﬂ)§8§n%/nl){éborgtgp Q0§ Fl‘h teﬂ:gfxuorobmate
pota@di Qi N QékATE e BRI G v plgpisoraray ﬂmmmsnad temaklsépl‘tehydbbot ahe potassmm
NI LY B e TR E T S —
pheﬁ}h‘)%oﬁ@ WotaSsih t&faﬂ@@oﬁblmlﬂm@@mtw gotdéstith @s@fluoroborate, tri(n-
butyl)ilrme]{oglulmnCtletya?qes(g—‘g?yl)aluma}xllate tri(n-butyl)ammonium tetrakis(m-tolyl)aluminate,
tri(n-butyl)ammonium tetrakis(2,4-dimethyl)aluminate, tri(n-butyl)ammonium tetrakis(3,5-
dimethylphenyl)aluminate, tri(n-butyl)ammonium tetrakis(pentafluorophenyl)aluminate, N,N-

dimethylanilinium tetrakis(p-tolyl)aluminate, N,N-dimethylanilinium tetrakis(m-tolyl)aluminate,

N,N-dimethylanilinium tetrakis(2,4-dimethylphenyl)aluminate, N,N-dimethylanilinium
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anount of organoal um num conpound used in both the
precontacted and postcontacted m xtures, and any
waddadistoreatal or ganoal umi num conpound added t o t RET/US2005/002100

tﬁ&ﬁlﬂﬂ@‘y FeEE Ol YA IR0 chelk B0 NTh&lmeﬂqtaa; infumt atetralnmu(liestaﬂﬁorophenyl)

alumi % P{&%ngfgagtpuerr?@%g ?%rgﬁlrs]&épﬁ )glumtpaf ?r&p%lgppy I %nhm .eféc’[rakg m-tolyl)-
alumﬁlrateno 'hﬂah%ﬁ‘}@éhr@enﬁu@ r g&m&tmmmﬁm)mmmm amtphdilslltcarbemum
ect, trlethélalunlnun1(TEA) 0

rotrii l'al um
totralg Stdjpetayphesy ﬁH@ﬁPﬁh]nun1conp8ﬁﬁ8@ﬂﬁﬁ§ﬁLW¥ thig | temakis
(pent'aﬁl\éﬁwhle@}{l alubigatEPt tkyBhm A tét[‘ﬂl(&g%@[}@)aﬁﬁﬁﬁtéﬂ ycﬁipylulﬂn ORgrakis(m-

is |nvent|0n encomnp Se%
(ol OS5y GRS KT BI R M TOeUne. COMfn detrakisC 5

dune @gll%zﬁﬁlﬁ}le{tgc?regylﬁlﬁm&kﬂk@(peﬂﬁaﬂh&@&enﬂ%mmate lithium tetrakis-
treated solid oxide, and at | east one

(pent@ﬂgammnxl lundifateo nplébiven | ftralsssplicay Dekupisaie, ¢ lpBium  tetrakis(p-
tolylﬁﬂﬁrﬁﬁ&é ' ”V%‘ilhlﬂn pr Qé’t%a@%@m Fol G @hivae, Conplﬂﬁiutﬂ on  tetrakis(2,4-

nprising an optional al um noxane cocatal in
d1meﬁd/dhhbn)d}atlttlmnztthese lishiker cdﬁ@aknﬁé}qﬁwélmwﬂmeﬁmaéwwatﬁfe lithium

tetr, a@ti}oroa L&hekred tQ,as,pPol y ( {&{ leﬁgéﬁgmloro%hé{m YRkRiX, des)  sodium

anoa1un1noxanes r catal yst conp onents
tetlalas(@hsnypammlma;e sco:hmxaaertsﬁlsm thb' Jehaninitay m%wxaﬁeakisﬂnaolyl)alumma‘te

soduglglt tgtr aﬁ&ls%aﬁ %ﬁﬂetﬁyqalenolg%lum?lg Qu rs](gdu‘? o ! t\éﬁﬁ{w@ 5 %HQ;H lglﬁ%%l{)a uminate,

all'y iner The rea
sodiwmt e¢trEdb@bminagnd potasdusct Setcdkls(metaaucurpp}amy]()ﬂmgtnelp Caqatassmm

tetrahlﬁ(ﬁﬁ Bﬁlﬁi}rllﬁ%éec 2%%%1%1&1{11639(&;13?%&0#@&1@ orlr;]a(rt)ree\/\g ?tassiuhm Ste’[r'clkfls(m-to yl)-
alumitehd, | pofastib@ afetrakib@@-dighethglpheiy)plomitatem tpethstiom  tetrakis (3 5-

BN K A T T N —

ioniZAE BFic c8Rp& @S hat e ukH A MEXARALGOATD AL NG tb Hiese.
invention is an oligomeric alum num conpound, wherein
t he al um noxane conmpound can conprise |inear

]%egﬁiﬁgkg%gér cyclic, or cage structures, or typically
res of all three. Cyclic alun1noxane conpounds

hain cm@ asprat, ﬂmsamarad rqRofats ahd preciselubin the aplymetzaiior processes with
catag/a( O%I{IOFT 6nd i)l%césgesc(ﬁ{tlkﬁg ﬂivgﬁgﬂﬁ{/%@ﬂ? ikl Atin d'b'i‘rﬁ)gﬁ?ﬁds having

€ enconpasse IS invention.
fron( Al OO0 raroi etoyns gleowmoldeele @nélhs\ong:@iriszwit pug elsfinip élouble bond. This

mveati &ﬁ%éﬁgﬁgegll{ggvp%lémf%zefso Ipf%c?s% W%%&%rhemé@g%gn shc?)ee@rethylene or
prop9lea&l Gl Qﬂ:ll&dsl@}bbolﬂﬁmmgoﬁ reactiohs tvith 10 leastrdpe mlifftron]efiaisdcompound.
In ophAFeh EOH MR R S BEnCS PG B Do A comprie a
majSre@fount bEEhUERS (B0 hble peremland Eltmlﬁﬁﬂi-aﬁlmnt of comonomer <50 mole

percent), though this is not a requirement. The comonomers that can be copolymerized with

ethylene should have from three to 20 carbon atoms in their molecular chain.

Acyclic, cyclic, polycyclic, terminal (o), internal, linear, branched, substituted,
unsubstituted, functionalized, and non-functionalized olefins may be employed in this invention.
For example, typical unsaturated compounds that may be polymerized with the catalysts of this
invention include, but are not limited to, propylene, 1-butene, 2-butene, 3-methyl-1-butene,

isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene,
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maAl4 g 3m wherein mis 3 or 4 and ais = "Al(3) -
"o(2) + o; wherein "Ai (3)is the nunber of
wohows@oaor di nat e al um num at ons, 0(2) i he nunber/ust005/002100

3. i 1 e A, rﬁ&ﬁéﬁtﬁﬁb atlep®ne, /371@@43)1e i the fdve noumdd excteods, the four
coor di nat e ox

nts.a te
normmgy It T IGH BB B g ey P sugrest Chbtc and
b1cyc¥?@e!i gfuﬁ‘s Rgblﬁdlﬂg | H)Lﬁiexﬂﬁ mlhlt&{ adSLC logdophieyd, lﬁml/ohﬂgenkr owrbbrnylene,
0 car bon_ at ons. um noxanes .t hat can serve

norbeggadige; @il lé@clgmlweesmmﬂ%fﬁ?% o GRodier 8RS o

ganebRd | #pdcBPivdsied edpBlymeOrisiudedBeds Ut ﬂ@n@ﬁérAletl"@ene may be

R(IR-A -O nAlR2, and the |ike, wherein the R roup |
copobyysriges With a cpmﬁ@g}ero}n Wﬁ%ctdxa@péqs@ nguer mclude but
are ngpﬁllﬂ}ﬂad toefz)willenao 1 R¥he, Diidle, 3 RRAYI1 butthe, h@@@ﬁtyléﬁae[-@bﬂiene 2-

ypically represents an integer froml to 50.

I n
pent@nbédnﬁbﬁtl -pepisec, af ek BEECROMBESER HheeRs,s3 hexene, PYeihyt1-
hexehéqvleﬁgblceﬁ f;@g Ldndles. h&ﬂ)‘t@% he R tholthdli de®fes @he four normal nonenes, or

xane, et hyl al um noxane,
the fn/epmpyl @cgm:p ndlxaméheuagpﬁcbrtbepyq)raqm@meh@;@aﬁ)@ 1-butene, 1-pentene, -

hexene kf cbcyeng,l U ORX rel{ butyl al um noxane,
| 'al'um hoxane, i so-butyl al um noxane,

1 Imemt:)alsladcu Mmm@mepf Q}mq]emeylnaiodmmech ada@eeactor zone to produce the

conoRaBS I HTHAR T SERCRETANA] MBSOt on g oo

the 1@6@&1’&9aﬂld-lmlmmmﬁeslnvumfhedas‘péc&f thatmbyiges coﬁloﬁm@a‘rompgiuced into a

e IR PSSR R LR et om 0
to 38hHMBHDP%BAE cahndnEPbsRll of ild lenRlveighcsttnd msh@mu&ﬁdi cbmonomer. .

the catal yst coppositions of thi vention
Alterapiiih 92 AREUN S EIC i Kl FPB?%etdlsf’Fﬁ‘r@?‘ﬁ%“éi?rﬁ‘iﬁ‘Pﬂf weigt, in the

copolyrh & produdddtiah BMedOr triisobutylal um num
respectively, and are sonetinmes referred to

poMpileapthiptengingiei WM‘&(IPBG@)S thw ylc glleﬁyent Hhat, hllaﬂcd*ﬁfl substituted, or

funcﬁ&{aﬂ%d’ ol%ﬁlﬁjs B@lﬁééd %9%%%&5 al qmbgllt@%@)ﬂﬁa@%aei ic hmdlance may impede
respectively. Is also within the scope of

and/omsl@mtﬂheonolymelm‘eoxanroaerss;mTh@s( ém@ctlw P iCHEici Rﬂﬁtlw(f’c)wféhe olefin
remodledlggrmg\@%)t m n{c’:ll clalg)ldﬁ %at%&n gb@b% Bg‘lﬁidwbtnd gotsbe 7?)%95@(‘] td\Rinder the

erern 1ncorporated by reference
reactiéh [nt the emdyi trhett e sdhe ofefi ewhﬁltmm\‘semmmeﬁ ngoh perphaie és the carbon-

Ca"bTi Héqp:gea%(% nAllg 1‘(0) n:,?ﬁf tﬁ%)eectglﬁt easr g%(egtgg Trx ?%Mh@éat§ E%A‘Icom?gsmons of

this 3141vé‘@‘6ﬁv B ethRAENTD Nie up@lymbmmlbﬂme e %hﬂalhumbmjxlacrezatlons or
prepared, stor

copq}}é}qe;lg@ glswv\tl’rﬁl &g]eﬁblaéy gnpciyg l%f teépuﬁf n%gé}% ¥1éead branched,

subsﬁﬂ@éﬁi 8r GRIRNALJ &éﬁlﬂﬁﬂ@ﬂ@lﬁb@&h&dﬁﬁtﬂ%a@ﬁﬁosaroﬁs Gbﬂl’fmm%don may
t he met hods and conpositions of the pre

be uqdBREHBRIIZAAN B GBSAT AEMEHEYS éﬂc&ldyhgtb”&6‘ﬁﬂ8%l”¥”it?9nt°o]r’3 -butadiene,

1sop}elﬂiesl A Pé’ﬁﬁén@rhngqm’fe‘x%1% an optional alum noxane, the
atio of the alum numin the alum xoane to the
nmet al |l ocene in the

Preparation of the Catalyst Composition
In one aspect, this invention encompasses a catalyst composition comprising the contact
product of 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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conposition is usually from1:10 to 100,000: 1. In one

anot her aspect, the nolar ratio of the alumnumin the
wabkwsiorewane to the netal l ocene in the conposit POWUS3005/002100
thisUsivattlop Enmpasststiteti@ls 000 :ndakinEh éhearpiaiyst @bmpgiticdnahcompassing

al um noxane ed to a polynerization zone i s an
confiiTine L AT QR PTG, B1HORL EBUEG06 SR gpfesst one
cheﬂiclllﬁ&ézli.ted it QRidepht at ledst bieosrdnodRmlinunOcddibo®d, lin any order. In this
O ganoal um noxanes can.b repared b ari ous .
o5Pi5h QR GURV S AT ERTREOAA TRRGUN S Fhe NG oM Rngipiggontaced in
any Q¢queh@@aleim noxane preparations are disclosed in

U S. Patent Nos. 3, 242,099and ' 808",56T, TaecR ' 3 w
f &ilR i awpher Apgshroft B By entine it disth Byegylpceng reompgund, the second

met8ckALEdnpdNE RXRMPEB PliokY KR MDrédorttl RO XARean ¥ RE monomer, not
prepared is as follows. Water which is dissolved in an

necesaHly therqdefit morasey éhbe prAYM Gzl SAd pB Qrapn A aiAuE | cOFAtHYAor a first

peri@!ﬂ k¥ linfeOFRI U Lottt g ais Ardlomtadit HrittiMet Wgh dRSIhERally treated solid
or ganoal um noxane conpound. Wile not intending to be

oxidsouby om}/ aspigéts thet Ase m;mi’ ofj timg §orb@ana§§, dle pregentadh !tigne, between the
met%%%%%ﬁécioﬁxg&?@t‘%ﬁ_%)%oﬂqs,o rtﬁje 1dHnd %cﬁloﬁfer, bQ@gtﬂ# g)f@'hoaluminum

n al um noxane specl es,
com@hhmhtyaicellyemgmﬁglggm [le ogi & i2ZAvwewtsi and. from 0.1 to 1 hour is typical.

Preé%xﬁa%{ ﬂ%&% fY&% yll’O n?lgugt"élgt%a% (trﬂ}nﬂ%)s( Ai&¥so 1cali).e prepar ed. by
reacting an al um num al kyl "conpound 'such as AAIRwith a
hy dn getesiothat 4specs atthisasventicr, ahexdthe pppeartacsad hiatues of the &rst, second,

i nert. qrgani c sol yent.. The tional Organoboron .
or el el FimBa Sl Mot P Db AR R By gonaced
witl SHeathegdicatlo AR tsolid ofidapthisSédngpoditibn (Bittheretapriomgrike chemically
e PSSO ek A SEE0 TN 2L 5L, 80, e
maPsHRNAR! BHEIRBWEY eORRaMNAl cortatt 8t atsB@hd PERRLAF tintd) he postcontact time,
present i nvention praovides a catal yst conposition

prigg gqﬂ?ﬁilp%iinﬁ'@tigg]th@ [BPWB’ﬁ‘é’Fat‘@? §LReBo Fopiieasiest gpiyg)ptqchtimes between the

precificlel ONxiuR daeRE Ay GOIRPRBALSIde hhy QA1 35 RAE tront 08 hour to
or ganoboron conpound conpri ses neutral "boron

24 hewrsp du prpher aieat Eor seante. pesicaGiehiingt Frams)-t bray éofl hopgire typical.
eX&IHﬂJn%’ as g@, We%%ﬁ%ﬁ%, 9%@8&&9&&& ts‘!%b,s of BMh nﬁlé}p fherease the
f o rgpound, a

can conprise a fluoroorgano boron co - '
productivityo of gz polporate covpapesuiedihe glamg @tttst veimpesition that is prepared
Jthereof . Any f| uor b AOr QO Je
itk oRl o RRRASER. AR LA PIRRARE N nor
posfcbutactmgrsganc boried fadhipoadonhas its usual neaning to

o R s BRLA 8D af LB b LR T
alloWERIBdrBEor, Bnpregkiof, @r tnfi@adiion oapreCubtactes alikiBredind @he chemically treated
il S OSLARR o en soppound, of, L ber m 158l otk . immobiiz,
ads@HOU Rr dePdsite® MeRIdh ENGE exdnh1OItRO HEAAtacted mixture may be heated from
between 0°F to 150°F. Temperatures between 40°F to 95°F are typical if the mixture is heated
at all.

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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boron and fl uoroorgano borate conpounds are typically
referred to collectively by organoboron conpounds, or
woyowsiozéper name as the context requires. ExanpPbPes/ust005/002100
combihdd@b a@rog@m@almammo&@ﬁmmﬁ@sbdm 1chtu> bé,008,edd asanother aspect,
cocatal ysts_in the esen ven cl [
frompbil i hﬁ?%d%ﬁe npql ﬂdﬁﬁ‘?fd?ﬁ%?t Q}eﬁﬁ gcs)tasu s 8§ 88 irsP bt second
metalbdddE 88 ftih@dohibed 13 the total amount of organoalummum compound in both the
tetraki s(pentafl uorop heﬁi borate]6m rlphenylcarbenlum

precqngcied KIS U ARg RsteaMARF P IHET 8R0S ¢ hi um

t e‘W‘E@A‘h SteRERhRME URP Q@ﬁ‘s@ﬂyée}l&l@lﬂﬁtﬂ&, mNar ratio of olefin monomer to total
Ndi et hyl ani | i ni um

moles f firsk #u{ Beguipnasgliceiiel CBwEIRSE FYMYIBFEINY Bi5FYHagted mixture may be
from ['16’%6”&66@@%%%!@ 10:1 to 1,000:1.

tetraki s[3,5-bis trifluorometh hep% Eoratg/ g lid oxid

t hia anptoer aSpm Ioﬁﬁilfhlgv?ﬁtl?tl GP‘*e&’e‘tgﬁTeﬁag%P tygated solid oxide

to thfelolilge{ngﬂ{ugl%% p&ﬁ[zd?mg Wﬂéﬂ&sfrg)lhatl £an 1b@¥)0uﬁeqin @fother aspect, the

ysts 1 n the present invention i ncl ude, but are

welglht)tatllolqﬁth@dhmmpalb/rmgqueqwéfopqglgrtgrgl]rﬁeﬁrﬁpr)qggmgﬁum compound may be
_ \ i f phe yﬁ)poron and t he
ﬁo”\ﬁﬁzg%oﬁélu 5&an&#%%§§5£ﬁéb%o F ' e bound

byIrI haurthed dspwt nfjthishieoenyion, tth@welgbtxram pé%le é‘frst and second metallocene
comgﬁw}gg gcr?r anote @orc tﬂﬁ]l 2 d‘g%alée A g&lj 5%99?18??5 ABmCPRY ulnfj§00 000. In
yet ant@RKlaypecoof mlma{vbmgm ani \&ﬂghtV\ﬂaem o€ olnrbtortpédnwaq pf first and second

or ganonet al as d scl
metaélogq_qg COBPOURLR; nﬁx% @g th ét Bgrrrg%aél eetreg i nH%?Xlrdgﬁiélﬁm may be from
1:101t9 1:109, NdrdrigbiothésRBRER by, 1:2050 arrdemt of organoboron

conpound can be. utilized in this invention

as Q@@taspeph@f g ipvention; is that a%%nwa%ﬂfog%rl(gﬂu%eg ntsofr(}rm tl%e catalyst

com%&%lc}nm L1cREd tagif,| BSteaftiél HACANGwTEhALL qmmeer productlon costs.
onpounds I n the conposition is, fromOo.1:

ACCngUal iny one raspestrothst Pessent h@ventighr &dr 43 dg]B‘@) R 81}ganoalummum
comp?]uen%;%?(ﬁ gac'P]Qngﬁ}a'ﬁ@at&P %Qiu&gdé"ﬁetqe %ﬁseﬁc&@ﬁﬁhﬁﬁrﬁéﬁineﬁ OfWhlle not

| ocenes " is In a rang fromO0.5 nole to
intendihe® t@fbobod by theoryp & ishbeligegd @ttbq orgpoalugfingm pgmp%lﬁas llkely does

not %Cﬁlgf%g ﬂ{c)adpﬁtaaliofcgfelec%%lﬁp MRRUALS ERRRI0 8 orghﬁbaﬁﬂﬁn@&ﬁ@ ct,

uoroorgano poron or f I Uor oor gano
bomaiti&loﬁﬂmpﬁu Bxbeuseejbaste aompomtiapyMeChgre repered to form the catalyst

com@ps%ca} %ﬁt%golﬂ%egdﬂna agtg?uohg%?urilmoialngsmoggraﬁ?ﬂmén c&%&%gﬁ%&%mc ionic
con‘gﬁlﬁid SeL1dEinc 0oMPLUNds, Mgelzgman@nambmmmnzthwgﬁ agnjoptionally be used

ound Cocat al y Ln.on p i nventi
in (n oIS SAEPR LR ol Y "VBNsBs [T c%‘n%}"i PR Siapps sueh as

almﬂﬁB?&JnEso GRABOEREP BsHAshunds, S G ionkt ca)llﬂpomﬁjmongquom redmpounds, or
| east one chenmical | y-treated soljd

any| c@a‘gb[ma@ﬁl@g t]@ﬁl’%rﬂj@{ Q‘?n“ﬁ"?ﬂ'r?sc B?Fﬁ@ stg. Wit t%ﬁfsh é’ipgl ggcr%étmeta locene

cmr&olaﬁnagr &iePin fh@gv%gﬁc@ or B B¢ e of Bk @hyicalbon@esai dolidpxide, and
nprising an optional ionizing ionic conmpound
eitheia atneahwncq an imidhdiabgenee af gher pigasealsmHWm OFHSBRENT s,

LEJXgn ne spgc.ft, thggc{tglﬂ/ﬁgct'iﬁt?'o?th@@ﬁ@@%’t@t}ﬁg Bveicalio§edaliypreater than
or equal to 100 grams polyethylene per gram of chemically treated solid oxide per hour
(abbreviated gP/(gCTSO'hr)). 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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Pat ent Nunbers 5,576,259 and 5, 807, 938, each of which
is incorporated herein by reference, inits entirety.
WAnsmMIwr ng i oni ¢ conmpound IS an ioni c coNMpouRdTASR2ME002100
aspééa%nfddﬂﬁtﬂ @rgréa@eramaacaalbmg 860 gP//LgTOTS@fhr} he, GAL AWRE aspect, the
onposi tion. Wile not bound by eory, IS believe
Catabﬁh@f H5dNYHHPE may be @h@réct@m@bj 1 apwity el gé%@%itﬁfllaél @fequal to 1000 -
IR Mgt | C oL Both alj.ogen
i alnd: bibees PR Wiy i, BBl AP hO5RRF w0 2000
gP/(g@ﬁ”S@rhur)c nigialttodens mempmdndsier turiyn polpineriatiomtdoaditions, using

g T T T R

pressmrlalo(f &mnmg,ma“hmcn‘ou Sigdul D RevaSsubdtantiony Zéd M@liQE0POE AL, BMll scale,
an anionic |igand,

e rtiall xtractin
contiBRioRe oo PR PRATIEAG  BENASEER as (x3) or
(X4 ,Stlf rawthchespgret af ltiic eRestiot oMV edmbihdlieni eMingi f‘l@t metallocene
i onic ﬁgnyound is.an activator regardl ess of whether

comppurdg #ignreoend” npedaliogengy cpRBEY, thb<hPaeeLy-Grrtedcapligr oxide, the
organdAhminugastihgoind® ahasky @leﬁﬁiﬁqoﬁl@m&o Eziﬁ %ﬂlohﬂﬂl Q@blrecontacted In this
weakens the netal -(X 3) or netal - bond in th
aspegtatglen d8% l@ggon’tgqt%ﬂgmgé@fl@, Wa@l@@m@ épogﬁmflxgt) is gyot pm;sary that the
[ t \ [ [
oleﬁﬁalsalg%%ed ?{se(l% B?/tthg eﬁ?&%ntﬁ?ﬁﬂséas@n opts&f] telgesg}gg ra§ %ﬁ%kh}{ ab 1@ bolymerized.
Furthesniiey jong) arset, ovheo nd oasantagsingveiere ambieg prst abllnbmemms of the catalyst
comg&lle%tsun ﬁ}lalgfetéilﬁf elﬁlr?{befrlﬂﬁl E{‘ fuﬂgﬁl%r ﬁlg%l éc%Wath & 1911)5‘[1%@ may be used in
a sub@nuw,tgodtfsomﬁmmalsvstbeiwqen agy Biben ¢omH111altmfs ob najayﬂobom@ox&nts for a

R SATIRSL 80 SODL L, GRS COIRERL A Micne o

be upegl lalassmeqootbctngcs@sfalr g/ﬁt‘sltl ad:nd:dh:é tllnta:nami thig pir @ﬂm@cte@mmm@an then
e P LB O RO T e S8 SRR e, ot
contﬁmécaferACQB@lcbﬁﬂmdUjﬂdm&nﬂrldrhtﬁ 151@1@@@?@%@?{6@@&% reaction. In one
ounds to, the sane, extent es of ionizjing
aSpeFfO g e%dhﬁgqt eredOf g foércémﬁ@)tt the pepdpct dime; hgtween any
combiaki VMg HRIMOENSISHe EshfdindUhy bk ERBLIMEene compound, the olefinic
tetrakis(p-tolyl)borate, tri(n-but yl ) anmoni um
monpiget kg shgigaliytiicatsdrsalid oxide; @pd B 91g}1@nﬁmwnum compound typically
rangt GoPK11Hogr - U Hﬁﬁrﬂﬁha fnabef to tlr}lxo(.lplsqwléql) BIIBRAY Bnes from 10

t et raki s(3, 5-di met hyl phenyl) bor at
minytes t0 n3%lmwte; averatnoi tyrieal el thisi asjpeg, shemosi(corrtacftdcdmmonemay loptionally

be aﬂm&lytlo]r ?Jlﬁiir?cofn arc{ fop al%ggo%}i })E}or a({PtHﬁQ the postcontact time, prior to being

traki s(pent af l uoropheny
lmtlmgldhemm YWftr&ﬁ‘lldnl PrpagRs. tbtcmalalipsétppdistdoyﬂachmmaatbetween the precontacted

mixt g en amm catzﬂ & @on%g(tmregs ma rﬁugg% 1X tl} Ci‘rom eO 1 hour to 24 hours.
nrd PRt i

In arto@ter adpbei( ﬁr é)eampteebdwdopfmeﬂ’tyhéskfmﬁ&ll)ﬁ, hour to 1 hour are typical.
N, N-di net hyl ani | i ni um tetrakis(3, 5-
di met hyl phenyl ) borate, N, N-di net hyl anilini um
Utilityedf thk Catadysb Compoditibd InRIIpHBEANon PREGRYdel DOT at e,

N, N-di met hyl ani | i ni um tetrakis(pentafluor
ph%?{yli"s%%itseus‘llgr% REAYFE &F Hbh il\yﬁattoet%lbp Spisied|opf jn any manner

known in the art. Such polymerization processes include, but are not limited to slurry
polymerizations, gas phase polymerizations, solution polymerizations, and the like, including
multi-reactor combinations thereof. Thus, any polymerization zone known in the art to produce
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borate, triphenyl carbeniumtetrakis(mtolyl)borate,
tri phenyl carbeni um tetrakis(2, 4-
wdizoestongd7phenyl ) borat e, tri phenyl carbeni um PCT/US2005/002100

ethylér{%tJoﬁﬁlrﬁ{g:Jpo?xﬁmmfby|ubhﬁ’dy |F))b€bl‘aa{p€ia, atsmirephemydrccan bewuiilingd for a

tetraki S][hg bi s(trifl uorometh hen %bor at.e, . inacontinuous
batchtprpqspie Ay 1NE A5BEHY C@qu? E3TIg P‘&(’B‘é w RSO HE At &
stirrell TORYdrl UM 4Rt a[s?&lt SfoP ekahpit, )thé)rpatyﬁ)erlfzitt@ﬁyﬂeamﬂn of this invention is

tetraki s(molyl) borate, tropylium

carrlttde?tutak&il@()l?re&ct@r met hyl phenyl ) borate, tropylium

tetf glghﬁfy%, gﬁwgloﬂeﬁl Bath1ph @b desnaik leedttbm@)ﬂopcblmnenze ethylene, or

tetraki s['3,5-bis(trifluoronethyl)pheny]]borate d
copotyrrr@pyd: ﬁtmmlﬁneewrﬂamcgwm%f I}y BRoPRETH BYBG?‘aROéqurIZP%‘?“u'ﬁ?tho is a
slurry gélpn%gﬁzc‘a?lgﬁ Elto@%sls geg%%'a@«mé% HRQJagtlchs fobrh Rickd®), which is well known in

rate hi um
the aﬁ*te:twdanlmcha(cb;s@cbﬁcyﬂ gx@mp@tl@ USi PaipiriNo. 3,248,179, which is incorporated by

refex?lécfe Ihgrlé%ns Englﬁs 4e91 dﬁé Qﬂﬁf}g)%lylﬂe'r&eﬂloﬂ%ethods of the present invention for slurry

henyl )borate, |ithium
pnocéseéerthsée&lﬁp afiimeed lop prractoy b the kxpe disciopadnp (- Patent No. 3,248,179,
roboy at ith llel, binations
and {hépfer 5{& g 750 A G paP aﬁta/rg‘fo él%g}l)e céor‘% e ’er in Jlerder% parallel, or com
therdo§t Wigdein (th)d’lmytlio)l dmndarbes, argod{ffengnt in the different reactors, which is also

tetr t ol bor di um
mco"tpé’fatt%bﬂysr% P F)) or & emrestgdl um t et raki s(2, 4-

di (yesdavdspére, d))nl%i’fzﬁicﬁﬁ, temPélatura for this invention may range from 60°C to

t et r aki s? met hyl phenyl ) borate, sodi um o
280°Cetandfil aorthiipack Poé@teﬂg%t}ogrﬁeactlon témperature may range from 70°C to
110° et raki s(pent af | uor ophenyl ) borate, potassi um

et raki s(phenyl ) borate, potassium
t errakbBhderitalop| atioattepicgiyt asisuim an inert atmosphere, that is, in an

atmc{sglngglétlitg’(ag}haa%ag ﬂ%?%%?%ﬁ%&%%la%g?ta@ 1ally ao grsous ﬁ?ﬂdltlons thus, in the
abseh&d blhf 3 &edbd@ﬁbl’(’l&ségm&enwhe)éf@lread éry, pxattmsosphe;re for example, dry
tetrafl uoroborate, tri

nitrogen Py S(890+ 1§ PpIopy ‘Emli’lé%etdé“ ¥l{erﬂ°$’ﬂ“%‘ﬁ?twl) NI um
t etfﬁ@'f)bﬁ/(lﬁhh@loﬂl SRLiTHRESRs cdn bé Bmybpieydujeathmpdées mot terminate the
tetrakis(2, 4-di nethyl)al um pat tri( nb%g{x)ﬁlmh um
poly(r@rlzqmnsl@gstlgn @ﬁﬂﬁgwaﬁhéﬂwwggmﬁé@@m her than the pretreatment
pxes%Jx % n];(%ﬁ%%g) ?{nglrlmatlon pressures may be from atmospheric pressure to 1000
ra n

orophenyl)al um nat e, |
psth Ihldmuﬂhelmsp@;m folymiegigaticat presRirey pay &E )ﬁlo)naISQ pigde e800 psig. Further,

hydIN’gN_ (Sﬁil}rngb ek ﬁec? n lth@ 'pH %n'éﬁ%art%h 26484 Bk Yhid ahyemidAkS control polymer

ani i

molécﬁlllarra\leii@(Z 4- di rret hyI phenyl )al umi nate,
net h

ani.l i iu ut

N, ﬁ_ogn}ﬁwﬂ%n%mlpg ﬂ]e cr%atlys sr%flktlhfg vaenﬁ a#:é[nul'())a?%dﬁ) enyf in any manner
knoWh U eeniad ESuch btd@&edﬂsythﬂa:ab@nhymmlze monomers into polymers mclude but are
not ﬁlg:n',reg@ glgllﬁ;/ :pgl:y ngaaltlgvrgJ %%t,@ aéé E(I? rﬁglﬂ ea nlg)/l%(r,: g(figtl' oWBo rKmeuzatlons and
mulhErEe{c%?'c%ﬁq%nﬁn(msﬁmw | phenyhy pdiunematien zone known in the art to produce

ri phenyl car beni um

oleﬁre@cﬁ%q‘ngg BOIFmgisFaR ﬁ9 |ubh@f;|y|1:)oglpvéﬁ1ﬁlmedtaestmed reactor can be utilized for a
batcI pdx&!%@ )6} @réﬁgml%ltbgtz&ﬁgdi dut contmuously 1n a loop reactor or in a continuous

(l ent af'| uor ophen aI umnate, trop l
stir métrﬁ?&ml s (T)Lptcgllwtggpglmnﬁg@a@onst @%%efi l!l’ﬁﬁeflb'tule éamfrgfi G PVP% a slurry

al usy Suitable diluents used i m slurry polymerization
pol){lg?r'lzg 18t Elfcéfg gf%gsdtoﬁg%ac ion z nea bun? n%t 1eu ey

tetrakis(3, 5- dlnethylphenylébluninate t ropyl i um

tetraki s(pent af | uorophenyl)al um nate, Iithium
tetrakis- (pentafl uorophenyl)alum nate, |ithium
tetraki s(phenyl)alum nate, lithiumtetrakis(ptolyl)
alumnate, lithiumtetrakis(mtolyl)alumnate, Iithium

tetrakis(2, 4-
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di met hyl phenyl )al um nate, 1ithium
tetraki s(3, 5-di nethyl phenyl)al um nate, |ithium
woebtosaféaaor oal um nate, sodi um PCT/US2005/002100

are el ERKNSH @Wrﬁﬂdtﬁﬂ‘ilﬁiﬂﬁﬂ@lﬁlydc)iﬂ)bnﬂmhﬂh @re l&méH wnder reaction conditions.
tetrakls(phen )al.u ate,

The teat é@qegt ngtuéqdylp)tlals 1% H%l(l[reedoeg 885 rﬁﬁeessarlly mean an inert material, as this

term, l?tl'ljiﬁéhﬂ &( H@:lﬁ@é }de\n;ﬂJquI@ At @mpdeiclonbhat may contribute to polymerization
ki s(2,4-dinmethy t%henl

al u te,
procegt Eaklpgl@gogh)mlq%tbﬁw ﬁtecrﬂ)lb} élp?j’.ﬂ%l rfg]f.lgnts gta&daﬁﬁut are not limited to,

cycl h%%({lr%f hd0haR, %UBL%EemeQfeaﬁfpleMHﬂle isopentane, neopentane and n-hexane.
raki s(pent af | uorophenyl%aluntnate ot ass um, les of thi
Typicdty; akqbg‘(aphgﬁyqsgdap%ﬁhqqg{hgn blbtaaglgqrmﬂol merlzatlon xamples of this

tech ﬁ%éf‘ iSERnd Gl Y 3 b Nadse 4,400 BAESE 50 885; 4,613,484; 4,737,280; and
t i's n}tolyl)- al uni nat e, potaSS|um

5,597,802; alaq:ts((fZNlﬂcldllS irspIpprasdny eipEnemieReiidl tHerEe%i um

te r1ak|u & Fr Hlemeiyantiaheny! }e@tnurﬂoweﬁzat%ﬁt a&giodMncludes any
t et Paf]"iR or oal um nat e, muithe i ke. "However, the

poly@fetizaial rehconi @i pryrh @ PEGOIC AEIOU ﬁ}ditﬁn‘t lsaewin ine thesat fhiat fisycapable of
Polyf\yg:l:]lglll}lgp(\)/l?ﬁltt ! 1}01(311021{6:(1e 0 tprl)dtmztt%% 3381 TRRS8r c-gpﬁylgen%f bf1 the present

unsat ura react ants that are
mveHﬁ@T uSudhnreddias pa g/dmmsz aliry mqutoms; ggs—gl@swqaptotsats@ptygtt1eactors or

ositi cesse th Y n Ll
anylc:ﬁ;éq {padomf fqoﬁ g:t?g-ﬁ) dsa oar% Ic% #l%%tjl Zfﬁ[]&lkf%obécdglrgg(ga of tubular

reac@r© MSIuRS lre ¥R & Eddl c@m@ﬁﬁk ‘l?tﬁt\vdah g)om ol lemgbntalneomsl éolutiog reactors can

doubl e bond. Thi% i nvention enconpasses
COmR FROTIHICY FABKIOF A IPOH SFGEE ses using a single ol efin

Su%lyﬁh%rl%tn)\/xlrgﬂﬁ)@gulﬁbl@ Ay e @res@f imehtionasin comprlse at least one raw
copol'yneri zati on reactions wi.ith at | eas

mateyfiad figedi sdstg@nﬁtolgrﬁ;a onq feed systery Bgcclata sty %@&&P y%}?ongléts A least one
1eac[to%ﬁ§§;ste91n Plet BYd %&?melc %@Léﬁﬁgﬁelﬁfweﬁrﬂyhﬁllﬁe Q)@n‘lbrnaﬂ@t thereof.

or “amount of hyl ene nol e percent) and £
SmuablaUcacmfnttth@plemﬁngw Q@g(fuxﬁliﬂx SOHBHEAN )0 iRy ination of, a

cataiygt&tpvﬁe 5 stten? an. gﬁh m, Ita@olﬁl%r@gteﬂeé gildenBtecgAng REstem, or a

zed W Fené shoul'd have fromthree to
coni6l @etetno rsuall caastoisrvat h@nwrlsmb@gmpmtal@qqgﬁf and digsgrepycling of catalyst,

d‘luﬁgtaﬁl@t’rré)&ymgu epe@l&{ cc)jnqmu N80 de@ks cénngoﬁt%oﬁge the kblﬂﬁq%us introduction

URSUbStitut ed unctional i zed,
of aﬂﬂ@hd’tﬂiﬂ - cLzhﬂﬂ}Vslt anah dilzendinad zef)(plynsenmyom@a@mﬁ@yl@qjcqnﬁnuous removal

this invention. For exa I d
e S e

of ﬁdl‘}lhﬁerlzﬁﬁ@ﬂﬁgh@& dystethsioifethe bmtemmemm dap ntvmlgdsetooe type of reactor

propyl ene, 1-biitene, 2-butene, 3-net
per,sggtggtcyp@ﬁgple Ieaﬁg)ﬁtsgﬁgns %o%gmn@nt 0 g p%rtehwe_s %Ef%@a% ors, opelated in
parf] ﬁ‘llem%tr hMlselllespeMlﬁﬂ%J éela]gtpﬁéﬁt@nszé’?gﬁi(?’me 1eacLo,rs connéé‘ted% together to
perfqnmrpob@mqmathmplew@cgmstl}@éalpé\@t, C%]B?Cﬁ‘?fﬂ nﬁg é%eﬁ) C?lhgé ?elwgerlzed in
ong 'I‘?a(%o?lga%&%pf Set o‘?regncgt} i0ts USRBthe] tRMIFNG @ baBfafsferred to a second

IC an cyclic olefins, including but
reatxot fok polytedzation undee h dfEraneses of eopéitishexene,

norpor ny| %e(ﬁ of I 19\%1{@9 él%;goévga‘ijzatlaﬁ rehéthCsysi¥RYcadl thpbige at least

pol ¥ escr | . .
one loop slurly reactor. Such reactors are known in the art and can comprise vertical or

horizontal loops. Such loops can comprise a single loop or a series of loops. Multiple loop

reactors can comprise both vertical and horizontal loops. The slurry polymerization can be
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In one aspect, when a copolyner is desired, the
nmononer et hyl ene may be copol ynerized with a
woansraemer. | n anot her aspect, exanples of thePCT/US2005/002100
paﬁﬁﬂnﬂnﬁmemgmnckm&ﬁﬁhmﬁhnamaﬂnﬂmebﬁﬂyﬁedip@ympwdpymehepfmﬂmbk

501ve£1tsp é‘?f?%% eb Zcilqtéugqgg{ﬁgh cycn%exéll e OFguet eann lSﬁBc’u?ane yII\’I:"on%mer solvent,

pent
catalgstl”ﬁﬂﬂ hyY edmpenkene poﬁtmhﬁ)sqnﬁed to?a h)epx eqaetor hdreypelymerization occurs.
| -1 hexene, e 2- hept ene he

-eth 3-
PolymstifatiB AP0 ¢ B S RV 0 HERHET RONA G IER) ot Tashed to

remdve & o0l M@in. decenes. | n anot her aspect, the cononomer

T Vot e Bt L o0 G QPG AR PR ALY tmprse f leasi

one %%@%Tﬁﬁctd)rntgu@lﬁj sh&@ehsichit emplol %%ht@fuoﬁ@f&@ycﬂ@st%ﬁhdﬂd)ﬁﬁlnmg one or
he copolyner is generally from0.01 to

morg B108HErS CORGHEHEY Chaetryigh thiallyigiead begerngﬁ%ﬁ Paerse'wﬁé)f the catalyst

und%&%mé’tﬂﬂ SRHBBLTEhe réc?clé‘@@éeh?Ea@@@ﬁﬁdla\bﬁﬁoﬁmﬂ@ Fluidized bed
conmononer introduced 1nto a reactor zone is fro

and oecmled backOntpdhegistctyed WuHEncOBHB oREICr PEAJHCticAn S¢ W“]hdl awn from the
reac@)? %J‘ﬁéw @Fﬁ@&ltmorfofr@mﬁ bk a'ii@ed?’t% r&ﬁé&nﬁe ]Rﬁ%lﬁ&%fed monomer. Such gas

nononer ased on the total wel g e nononer and
phaswﬁmu@man complliseed n@wsvéplymuhhstmmha%wlmﬁr@aﬂom of olefins, in

t he abqv GJ,1 C (Wo]r!
Whl%lh [eelglgspo{e 0 }/l%elgl% ué et e %as%g eSIBatSsEe 31'i p e%stke)%\h \é\?{dglgetndeﬂtngas phase
polyinfttieatbnngoiiaa b\éulbofﬂedhng)yat batalydtiveatripingi polyler efoemed in a first

t hat branche unctionalized ol efins

5@F@Zﬁ§@&oﬂ%mf5§%PgﬁPg”mV?gOnZ%er|eved that stei c
hi ﬂditﬂnﬁﬂtlﬁﬂyspbﬁmédﬁ imrdiiat, tisl ;ﬁwmehaatmml 1‘5i2[m1’rlcmat:d>m)1mse a tubular

roce Thus, branched and/ ort
BEILE e R e
cata@@ﬂd%ﬁczﬂ Gsevofd} dodighathtd potpasiAdod. o Thbilgereattb® can have several

reaction in the way that the same fip substituents
o B e eSSt S i an

merp%&gody Ghtm 4dd AREIRSPECHne Anel At rQRRr! GARRAR ch@lysts, and/or
e cat al yst CoerOS| tions of this invention is

catab@mnmq)gentg eant heeenpaingchiarg Se42que NEeat gndeintrpriiced at another zone of the
reacg)? n?ﬂg Xﬁfeblﬁ?%ﬂe%@mﬁﬁﬁd‘:@p% %H@t‘iiaﬁ@tjf 'I—fé%n\ﬂ" ptr@:SLﬁ'e can be employed

Ent acyclic, cyc termnal, internal, linear,
apmbpaneme@pMsmb@UmaMKEmuwwmmmwﬁ®UbsUN@mmeﬁ olefin. In

adgll élgo eaglra]eect %f?‘ t(g)l]e | venn&Q”EHé’ ﬁb%b%ﬂ?agﬁé fréalajro? c%upgﬁﬂ 1s%rh solution

neri zdti o n conpoun
polylmdzatdjnn@a&lbht ﬁ)luenglGdiluﬂlorrrpd)lgldeiﬁzatiod tBe hrmnanielemeqontacted with the

catakyls‘b %g)l%‘tlaﬂ bé/fsl?tt:ﬂai %5512&? ?tﬂ%olﬁ%%{ P )%%1216[ com%rlsugsan lnfrt organic
dilubti 6 deé‘s@l’hﬁdlﬂl’heEB&ﬂmJaﬁﬁleﬁeda HCdﬁs&écy She goNNoSi d;ahdre brouorht in the
conprising the contactgProduct of rst metal

vap@d}lpﬁ%lﬁ@ cogtaglwith the saelybe Freetin pag%b ulh‘a‘le PLGSCIC] é’é?bSSﬂcee of liquid

material. The polymerization zone is maintained at temperatures and pressures that will result in
the formation of a solution of the polymer in a reaction medium. Agitation can be employed
during polymerization to obtain better temperature control and to maintain uniform
polymerization mixtures throughout the polymerization zone. Adequate means are utilized for

dissipating the exothermic heat of polymerization. The polymerization can be effected in a batch
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chemcally-treated solid oxide, and at |east one
or ganoal um num corrpound. I n anot her aspect,this
wOonasrreon enconpasses "nmetho |s of naki ng t hePcatakopsno2100
manfeR P ASA LoRMuSRCARES STH&e&‘dﬁd}toaﬁbd)lﬂglﬁ of defi&d of at least one separator
net al | ocene conmpound, a second ta 4 ocen conpound
that egiplqys figh RiFsauTE ﬁ&@ﬁoc‘f’a?r?%?m? fsepaate iR Geairghad 3% ®and at

| gaStuARS SpIABORE WlhBUR BRIHDkeization léd&y’orcs&ﬂﬁﬁ cail Bomprise the
this aspect, an active catalyst CE,H{%OSA tio

combgh¥an AN FOTHeaert aPSHoHSB RS GRBHIES 1B B retciogtycamnclude
severd] Wage§ HUE Hat (Rb s%a%é pol lﬂér%%lhl@ﬁct@§ RegGtodbctbdbpa transfer device
I nvention, the first al | ocene conpound, the second
makingitaiossele ﬁ@ tr@@ﬁ@dbﬁ @oly@prsg@stuﬁugafpp% B"tel fé)rﬁtapqungézatlon reactor into
the sa{?ﬁg QE{AE@F%Q dWdifel Ip@[}lrf%l i8ft1oR icEndTRINS W bne dQhe REGEZ AN bd ifferent
I N nonone be polynerlzed and an
fromdhgamaﬁlwmqndﬁmmo@%thaloy@f rgagiorsa ‘f*lt‘?’rg‘%“‘/s’é(r pelmgizatippgn multiple
reactgxrs cgnq ine & ot Iﬁgxmapgantsré gf g&lﬁﬁ%%%ﬁgre%t&t {4 Eibdibidht ta8tors for
\y treated so . I'n one aspect, the
contmuevds;io an@@bmfstnch nactoreag distude ny edmebiption ornvﬂteiimg, bitrpet limited
to, nbﬁtél:fvieﬁn ! %gtﬁrgr%%%lullt c(ee Q?ﬁq%%g?‘gg% gzg Ehn]ﬁﬁ% 81;'0 ! antdhgas reactors, a
comlinyapioﬁ adfl yutascﬂm@en ehetomm dm mtﬁnhems with 24s ho dlcvoep re@ﬂdls multiple
| ﬁ E]ﬁ)a ?1 t| 1csal Precontact tinmes from
Somﬂ?‘?ﬁcfﬂﬂ é’émt” IPFAUR ad?é e also typical. In yet
angfifiahe psip@eis oo pl’bhlllc‘éd lthMe@hlberforlmdonatotviaﬂous articles, including but
precontacted m xture of ‘the.f

not Hé’ﬂtﬁ‘#|t@céWéseéBWpﬁ?m%lgersvoPt@F%‘lﬁ r@ﬂo%ﬁ”cq%\ @1””“3 B ranks, - pipes.
geonnBRLRE! a1 MR C‘@&ﬂi@'pbb‘ééssés&aﬁ%ﬁxﬂﬂfe&daﬂwkh Ub&lly, additives and
chemcally treated solid oxide, this OSI
mod et o o4dCB il BAEET IR EXCEh BB §eTFE AL, sBY Feing the invention
descﬁlﬁédql%)enll Suthc BB i kdIP bPAS L RRALECH REr JHS’?(WMl@maTNeﬁlhlﬁgHoyt or all of
ost’cont act ed m xture may optional g, be allowed to
the Lmemapmpsrmlemfmoémer$ produced with metaherdne qaialsiei ne, the
postcontact tine, prior to being initiating the
pol yneri zati on process. In one aspect, postcontact
Eth3tl¢msﬂ§)lyhe¢m1@eeparh®Apccedingtt@dti%ﬂlvmﬁamr e and the
ch duced
0. TGCH oIS Bl e Bk ERUREp QIR i Broduce
usm@(ﬂ&t @@n\j’zw&bmbd)smmS fof alns @véntiomy rnd ﬁ)r]pommylaap eesutysmrg@lced using

one aspect recontacti t he t con
stanéalr%ﬁl C(S)Impﬁlalpﬁe ﬁg{}?ysﬁ SPIRRASHIONS, engdrbé ! C?I V| % 1halr{/]gof catalyst
pretiR&EAEI wiife TR pREidea tifthgdaem saicats yisdd momaq!macbnmamg step in
. that is prepared w thout precontacting or
the pieson@efAt-act i ng. However, neither a precontacting step

NOK Bl 9@&&98& a6h | R9 ST ERst ah&QallRend (RUCEOPBEHILEL, (A) alone was
|nve t postcontacted m xture may be heated at

condactee rhspmuaa uffﬁshlm“cﬂs uj.8rCla isdisedin§ ofirss ufeallofanatin mgnyof Big Examples

o L R
whidh%b dempeieie dhhllaﬁetalq@afetdatalysm‘ontpbﬁtlmmn'ponent s of the

Pr gcgorl])tllggtlzigonm L)l(stml:lgrt%e Iﬂ?stlnmf())cene 81 2CsH4"Bu),ZrCly (A) combined with
the tightly-bridged second metallocene, methyl-3-butenylmethylidene(n -cyCIOpentadlenyl)(n -
9-fluorenyl)zirconium dichlorideh (B) was also conducted. Tables 4A and 4B provide the resin

and film properties for polyethylene prepared using this dual metallocene catalyst. Thus, when
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adsor bed, or deposited thereon. For exanple, the

post contacted m xture may be heated from bet ween QOF
WORUEHO®F? Tenper at ures between 400F to 950F aPeT/US2005/002100
(3Rl 88),24d1, WREIMNtdANEitH S mbRAbRHe fht @ltlghtl)l Brn‘}g%@ by a smgle carbon

aspect, the nolar ratio of the total noles of
atovan dhes exsuliiag resial Wasc ehmadoippdlyds lovrbiMeds t@)ntpla,e:d to using (n’-

RASADSE, UhOUN SOTRANIM DY RS LGB L Lo 1: 10,000

not her dspec ar ra the total nol es
Of A pcrlsmerwadms&mmnﬂgmfeﬂa’sﬂ 1ﬁﬂﬂhﬁelﬁoﬁ‘fﬁ{ﬂgﬁd’m§&m19@d) dothbined with
t.he .or.ganoal um num conpound nma
a - R Ty e R R B G Rdungl e of BB Shen Ty eples 54 and s,

wasTi@es@ntmital TaldsTA hief $Betovidaahd fbtsianm@fﬁlﬁlhﬁoﬁe@ﬁ@'for polyethylene
and second net al | ocene gonpoun

s.of first
Pre%%?SH@o‘hP&[ueh@eianpe gpiie 1ops o¥hgadDal o %Mer was combined
witle® ﬂ'?lc QstdeBd Betaoddie, sBEé?ﬁc%rlE/ 3:?&1@[‘311696%4 chgeé%g a sl'hegle sdhcon atom,

ontacted mxture conbi hed. When a precont act
the sqselpng sesinswep c@e&q@na«td w a fdveer Bl a?rconmared tofusiog &f1- ﬁsH4"Bu)2ZrClz

Mmgvggggg &B{nLgh”%P flrst and second netal |l ocene

npounds co Lease:fihe p?econtacted m xture may be

f r @[Tpolylﬁﬂlzbﬁoﬂl@lﬁ LS00 thk, firimdidlRBREOME-AH,"BuBBRC 1L (A) dmbined with
the weight ratio of

anot he ct of this invention,
a sechEi @ﬁ glgf 69 mgtallocens, eifher 60!%1,!%]3‘ K tflh% as shown in Tables 6A and
6B WEGARABh UL MaBIREPR URE 6 BBV (R MG ik BY ﬂli@p&ﬁerﬁesq@p otyethylene
I n anot her aspect, the weight ratio of_the chem cal ?

I”qﬁﬁﬁdﬁéﬂtBEHW@IQ%P@émﬂ%Cﬂﬂﬁﬁoﬂb&hdﬁwaﬁﬂnGﬁh@&ﬁﬁb@hdwwHwnmuwd
w1tl€£1]c_)g%e%n%%qg%d TR eahR0: sp@‘gﬁce{l ¥t or%n&%lﬂn%ratcﬁﬁ %ﬁgtge’d mete(t)lfncene the

I'n a further aspect i nventi
resuithng resi gbﬂ chagiciedzaf byt hiewki ¥ bs ampasdco ngngret’ @sm@ﬁlmﬂrC » alone,

ned t t he mcally treated solid
‘Mﬂgﬂﬂgﬁm %@pbw ﬂVHW‘ ?ﬁmfﬁﬁgﬁﬁﬁmﬁé 4281 n yet anot her
as pﬁﬁﬂylﬁ)& izb#itrSruh DVIBE tHeGMst mdRBlo¥Ee ARE- CQHI“BQ)QZFC 5 18 combined with
total noles of first and second netallocene conpounds

a seepnpre drighdy-subetitaied me@éllowlexqomo@w (ﬂoﬁslds"BdebZr@u 6H), as shown

1n1gﬁ%59%.%89?% Y%%6&§(%Eé%9aspec So? ? |E8&H§S@ﬁl?%ﬁa“df“m

propehiet fal potyaibyateepieparedusing qius ded lhetalﬂ@élﬁﬁ thglygat hosstvhen (n°-
5&223|t|0n di scl osed herein, a feature that all ows
CsHy Gt (o Wase FOpRIBRIUcYTNoA Berst Bighixsubigiienynyetaliogengnauch as (n’-

CsHIFBRBRS,Z ¢ NepRUi 26t dmélcé(l%&{e% ?&ch@%?clﬁ}eﬁladfe){ﬂetg%e ligand is more

organoalun1nun1conpoun s and a chem ta
highbyo$uibefitated.dbe fepultingresip en charoterabdiby m@mnbﬁ as Whnpaediotusing (n°-

n bel dth
CSHI% ﬁ{lfﬂl‘&l Qo oWRﬁOLR%H&gaHPXI %cwfl%kge@ tla% e senlote VZ ot It Vg: e

noa um num conp

t ha msgtnairizmrren Oﬁh@hys"ﬁst infetalIb&ens é(ﬁéCE[&ﬁBﬁ)EZ@ @) combined with
or ganoal um noxane. Addit]i naIIY no expensi ve borate
2

the seehd diain sretaligesne g eCrbdttEdLHB W%rﬂiﬁptch'édl@@daﬂy@ﬁs 8A and 8B

provides the resin and film properties for polyethylene prepared using this dual metallocene
catalyst. Thus, when (1’-CsH,"Bu),ZrCl, was combined with a hafnium metallocene (n°-
CsHy"Bu);HfCl,, the resulting resin was characterized by a lower MI as compared to using (n’-
CsH4"Bu),ZrCl; alone, without substantially decreasing MD tear.
In one aspect, for example, the data disclosed herein indicate that, among other things,
under the practical conditions of a loop reactor, a catalyst in which (n’-CsH,"Bu),ZrCla (A) is
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conmposition of this invention, although al um noxanes,
or ganobor on conpounds, ionizing ionic conpounds,
wonrgsnade7nc conpounds, MgC 2, or any comnbi nat POT/US2005/002100

the bRAGIROL G @ﬁﬁlbﬁ!ﬂlaid&dsbﬁ‘olﬁﬁﬁdwhlﬂh tlsl"'gerfé?h'l@ltbf@qn h in MI to afford
ition of IS I nventl on Further, in one aSpeCt

ade%@d{léf yehgthderctiowige dimnigkianly; grd?fgfélﬁ Bighr\dhand narrow molecular
Welé}fi’ AREIHESH of QB ZdiMders QNP3 08B ?Z{er eo Fogﬂ{égg 'p@lgmgr with too much

ompounds, or any conbi nati on
hazq;f@e aragy %Dé’Evﬁltnrﬁpph@tlbnSr stlovegvr, Sle@bwllmabdcomtnetal ocene which
c&@&ﬂ@ 5 sence, of
o GESPBE o gD 5 B PR Sl RS AR Bl v
lOW?fr ]éféaeﬁl@fb heircej meteagedaipslentengdli forh elomrgaﬁbral wrdmm rmcrlﬁcmg useful
e cat a t act
pmyg%?.g% H;b? ot Ee? ngh asnvenﬁn'o nltnlhtg 'S¢ y%ec ec&‘? t&%/lo%eﬂgﬁompounds
wheorexreqqmﬂ in cihél_@ﬁalgﬂammppmhwt \hylhcﬂalne fixetr mgtadooedd compound, possess

y I|d ox] e our revi ate
SUﬁggﬁghﬁﬁékhﬂ%fsglﬂngno ﬁogmasd%@F {Vﬁén%h@§ﬁ§§ﬁm8§w?HP§hed””
1nﬁﬂhm@wmamh@nnymbenmhafaﬁimwmamd by an activity of

ater th or equal to. 250 SChr and in
Erasholf T it (i B Blns TS iion e prehractorized by
polyﬁﬁ@p@ﬁ’érﬁ@ﬁﬁ&@ﬁ Yall ih thesd llalﬂresalﬁéﬁ heex RSRERS 1o b0RIe/min; den51ty from
cat thls i nventi may be characterlzeg

a
0. 94&%&%) %@moﬁ 7 BRBFICR e (b t8qiAd; prlydispmgty index (Mw/Ma from 2 t0

6; Hgmlmmﬁ@ma kol 5, 3L f
- lgr cater than or qua el Zﬁgfg%f I‘g@g%tresn ?Qﬁ:hﬁé} fidn 50 g for a 1

evp filmiEimgndps S hriend resintraee is|cigatey ttpuﬂ 3/eg for atlinoi blown film; film
hazeccqlrlgdsttl'\é?ln%%l’f@l‘ D9 1liPOBYHL NS, ?é%%ﬂ@a&ggt eHgtgtgxena@qugél\q %BO g foral

ymsrlzatlonte erature o
mil tﬁ%@ﬁm,eanéfsp@@@x ipway stratgth gregterttban Qﬁdlﬂ)tda hmMé)lown ﬁlm
2 Eﬁg:aﬁ&hélah%p\éctn%?} régéu @E' %&pg%mﬁg ndw?'I 1](1% 3 {hls u%:v%gtxon %my be
charapterizad dprentysier pn)psdtleé. tha‘amm fakrin aﬁpﬁemhoasf niehlusdex from 0.5to 1.5

dg/tﬂlﬁlvc%pglﬁgpdn% A sec?;%l% n,tééngjlj IC Caeh%gxe%ﬁfbﬁm (I‘]Beg(fl %L&%?;npeolydispersity
index mmmag from t Qeait])ed(?d]tﬂj,kzﬁ/wl deo id h@mOVUbeoaiélulrE}hﬂbhgﬁorf MD tear
. conmpound,  an 0 i.n non can i ona e
rsis LT 808t 200 8 Torf £ miCHBRE IBHeRiyT P oA gestr than
380 @Cf@ﬂH $ i blbwamii@l ff Rd6 d@'@&@ﬂﬁﬁ 15% fbeSa D@Ll NBGRIIA! Vart impact
t he ol efi n nononer used t he precontacting step

hat

S’ffe“s@ grepeerdbane SUke fone 1dmébhowntftbmb@d&ppmmp@é@tremh gheater than 0.9
I forlaN PMBloRGABGL, When a precontacting step anong any

conbi nation of the catal yst conponents is enployed for

a i y&tanether gepest fpi mranpé.othe redinss agk dbonpadhiednvention may be
h meﬁzw By PBYmBEpS&Hcd LrandRQS t
el By G RIS B A RO RSP 0310 13
dg/ m@m @p’éﬂh@rﬁ@ f0d9r25a0 S Srpenpe £ erdpandmetérrfeam IOnSmeeO axpetidispersity

N $ 0 and
mied Q0 EPAEL o 8 kol HEV GRS OPRODS %%%gnwdpéw@zw o
greatorf than @80 gdiora: 1t inil i qsmet‘doﬂﬁaﬁﬁnddl f m])qte@rrramsmne gRemrr han 450 g fora
ted.solid oxide to

1 mil?l%?{aﬁn gﬁ‘eg@m:%%? Lﬁféf 31811 Wgﬂ: Hi?ownsﬂlm Dart impact strength greater

than 1200 g for a 1 mil blown film; and Spencen impact strength greater than 1.00 J for a 1 mil

blown film.
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contacted for a second period of time prior to
initiating the polynerization reaction. In one aspect,
woaoosareatpl e, the first period of tinme for conpPaTiusS2608002100

Pr &£ @it aldeBEor RELWERILNAME foBimk: RRLHIO thyveftichNe chdrictdrized by a
netalloc?ne conpound, the second netal |l ocene conpound,

melt; ifde XM TR OgiA ot Ae/mime Inanathetapeg)- the Mitinfomofdo 1.5 dg/min,
and %tﬂ%o@&dasb&@ 1 AR Mgy M ceyReund typically range
fromO.1 hour to 24 hours, and fromO0.1 to 1 hour is
t y B YA Rnothera@epset alchis ivepiEons the mplymeppithisdrventior3d characterized by a
dendiy £ S0. 84 & §1°g/t:1¥p'lﬁ ity allld'ihérl'&'sl%cﬁﬁl&g&éns t){ Eefrcan 0.935 to 0.915

gostcontacte m Xt ure may p i onal
g/cm engli in apgther apeat thefdorsity isken riP25de |(b9jl Saferti me, t he
I t.
ol s PG acpdibof L L REni . BEPOGnLLY bR IATE shyracerized by
CY-@ iprragictse frvee .46 e 0pi0e dostilhetoditr aiprttuthe Chd pamyeter is from 0.50 to

0.651 S AADRLSRLAL YBICEQURANERL § Y 13005 &N time from

our ours. n anot her aspect, for exanpl e,
poist mbnmikﬁtr aspacest this grvedtiob, the lpollymexioihhm fimangort i pharadterized by a

al yst ion.in Pol rization, .
pOlyg'ts 4& mgg)bgpl%;? tfr? %1%/ ?otr?so,% us |nnsgtﬁlt frgthe 5?%e§fy% %’ﬁyc{]ﬁﬁ’?@‘ty index
(MWAM\)esrﬁom)rE zan Slﬁeanclan ancelebr @sfect, the Ly dRPISIBI inddXQWN,/A1Y) is from 2.6

Rpe art. Such polynerization processes include, but
are not limted to slurry polynerizations, gas phase

polnyyee Elhcitﬁdrla@maﬁt ofSkik u{vbmn)nDKRE YO® fieZ @it thid MSwen@dhidis ‘éﬁ@actenzed by a

| udj n [t)-r r conblnatlons t here
HLMM@E ratigy {Pol %rﬁ@%a&nlsa S0hE RPGhnS HLAN igo ts&rom 1710 24,
and RreWeesbaY, RNELFOMIFhIY B%oROY YRS 93can Be utilized.
For exanple a stirred reactor can be utilized for a

balfcyft Brefbasspechpl thitanyestien ilempaynerd thiaimesigbngg characterized by
an ERAEHdoUQESIeY: 1e§‘isl§née%‘?&t&qg&t quO Aol B lamﬁ%n&v{/lpf‘ﬁ]ysln still another

stirred reactor. In one aspect, “for exanple
aspegothpridimiencari W reanististonceds gtehis thamv2t § 6m ai smilahowedim, and in

| {
anot}gégl;a ﬁeg‘c the E?x%@ncfo%bqgal réos‘]‘stazlée 1:’5\%1;6%%%%%% F%%h‘lg\r/f?rz a{e PIQ’I’I] b?own film.

conposition Is
et hnyyee peqtharasgspof tjmenvezneorettliwﬁcéﬁeervdfttlhs aventivpne Miracterized by

an Eglﬂ%n% & ﬁQea?trems@an:cg %regtael th%gl ¥ (é:fé g§ I o ogvgoglﬁé In still another

n process
aspeq:tatl*klEihlendcmf TDpeocessgnee whireder thanvedsh gkféb@\cm inf Hdvén A, and in

and is disclosed or exa Iean.S.PtetNo.,
anorSsps s R EHT T8 RGN &t iy N3 e e | Rk o fim

| NIni fle8 arfilielr L&yt of@nb ﬁnﬂ/elﬂ@hytﬂ”@bbl?@teﬂ SMhiBBiveRst i9thdreerized by a
ﬁhng resent invention for slurr processes are t hose

P51 BYsa e £06 0! Blovet filah hthelnesyifl @nethercsersi dhg fmrage) is less
than Pﬁi/@ fdr NOmildhid$ ﬁﬂﬂ?%’nd shktPEHett Ik ifFRhaldlisdess than 10% for a 1

urallty of stirred reactors either in series,
mil qéwxaﬁ "¢l , or comnbinations thereof, wherein the

r eﬂ%{ HdHE? QQJe t'(ﬂ” Rs K/gltgl] e B&?Itnel t@lé]?nvg onqg S’l%‘aoterlzed by a

reactors, which 1s a SO | ncor
Dart frgpast siyength greaserdhan 664 g forlanl wAe!@ephiot. Inpsd:lllyzmﬁha:xzaapaco rthe Dart

impa‘é@%ﬁ&ﬁt iy rg eate? rtha'ﬁhlfiéo Er%greg]tl |2 o [T il %ﬁd fmr 0 1e?%s%etct 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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2800C, and in another aspect, polynerization reaction
tenperature may range from 700C to 1100C. The
weoabosreed7zat i on reaction typically occurs in aRCTUSRI05/002100

SpedesRREb R lNaLi k) widl B9 T &riDB RNEISwS BRS L AR Bhothdr @Spect, the
under substantial |y anhydrous

Speish BT G i AT b (A S GNP AR a5 ¢ he
reacti on begins. Therefore a dry, inert atnosphere,
for exanple, dry nitrogen or dry argon, is typically

D‘%W%Pﬁyed in the polynerization reactor. The

poliy reedek 28th&Q8 JI@AGdefRe Fﬂ{eeﬁﬁﬁ'i Sscdaferg, f’h@yfo%\?r?rg WeBnitions are
that does not term nate he po yrrerl Zatl on react

provi¢rg- | 5o thepisteat KRpt @n éefmﬁem Qtusageppreided by lany Idewmdnamcorporated
herdi1By RFGEIEENMAL with 8SS4RRRion bpuéa??pr%WQg&; Bererﬁ trhle gef inition or usage

pol yneri zation pressures may rom at nosphe
Pro‘b¢eé’§7§{ﬁlecql1@0§000 psig. In another aspect,

DOWQQ&QHZ lﬂﬂerprlg%%ﬂr Feill 8y npe%n l{ogl%}aglgrng g)mprrsmg ethylene and

psig. Furt hydrogen can be use
copgphgnyef milatwe nanaltm@s slefifiictchingnanmer e Poiyorer tialeomdet dkrein to mean

R L B S T

mafihe rteklm dtcdtalysrhes ageheralBualedheres sesrefdiato RN organoalummum
[ include,  put are

comg{)) h%c/i?g}% 51%}/ g?%ﬁﬁse %glc)%tn?g? f%gg{(f’g %atalbségorﬂp]%g@n but also refers to the

optl@mll yomporeatsi ke caalyittdompod@dny Melutidal b@Nst 1i@1Hd to, aluminoxanes,
i -reactor conbi nati ons tgereof Thus,.  any

oref iyt FDRT 6 T RN GAHPRROL 1S R EInEg o GatReaunds, as disclosed

here. e lhd\teﬁm@ Bb@kasO ghap Ok VBRI 1S gL dMBssRE thH édtt'ra@ @shetibiPbf the com ound or
exanp stirred reactor can be utilized for a ﬁ

any p?PBE@%‘sme nishie bY eltieh d1e eamponed eaayr PReEgRtoUtIn one aspect the term
cocabH ey 36 }Alshﬁblfi’shl tﬁé’cpcofn%@girp bf Bk ¢ Fﬁ]@r f&g&osi@iglq Y3m the first and

stirred reactor, Typically, the poly tions
secofl grefadecede pempdmdar e carried out u5|ng a slurry

po‘TM@'EE{rlézg)l %cBﬁ‘taBE@%r;%u | n d ed Cf]%Peu{ ? a esc grrsgﬁmxtule P%cata yst

Sui t uents us urry po msr Z
comwmehts Kimed\wre ¢amtacted far 4 fiesh derloleanerﬁneym‘romthadhsc mixtied behe used to

form A ﬂo%stg%l%acqg > o %‘é“chc'% 3’1[11 o Ogg C%%‘ésé cwa{oqﬁg% gliag] gr,e:jcpg,tgﬁg%fel a second
perlcain of niaret I‘Mﬁ)e:lallﬁl the ap?re<td1ta3tetl ahiXurs dEBaRibks t0miiGlke USKE metallocene

ons t hat contribute to
com D PHB S AP BO S st cnl Bleaf b bomecidatetore this
mixtQ@n ideontseael a&tlﬂlthdJQﬂélﬁrcalBUtrléé’ted PUH SNige NAH bitBhiIB additional
cl ohexane, i.sobutane, n-butane

Olgaﬁoaﬁ%ﬁ%‘é\lﬂecompé’aﬁ nt She, “HESEREdndescahe %812@@5% that are used to
contacy BhdhdtheY,, buit §ﬂ&%%Bﬁtaétﬁlé)lfﬁ@(%rrﬁ)%n&ﬁ@n%e YR, Eﬂst@ontacted mixture.

slurry polynerlzatlon T? es of this technology are
Accqrgll}gld this inveytiopatay pccagipgallydigtinguisly petwaers @ toigpHent used to prepare

the pﬁ‘ec@ﬁt%cté@ﬂuxt 7a§3 th%fgom gnt%ﬂé%e %%&me%%? Qeeﬂ tpre\lfxg{e&. For example,

|ncorporate by re hereirn, 1Tnits en
according to this description, it is possrble for the precontacted organoalummum compound,

once it is contacted with the metallocene and the olefin monomer, to have reacted to 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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For purposes of the invention, the term pol ynerization
reactor includes any polynerization reactor or
weoabosreed7zat i on reactor system known in the ar PCThER005602100
Orgeﬁ’l@@aﬂhﬁﬂotu‘ﬂmu‘{nﬂﬁﬁ [ Zduﬁ'}ﬁ)nah efsi dbs¢bRe MBI SontRise 08 ©&anoaluminum
ners or copolyners of the present invention.
ComBBWHﬂ&§§“ 8%?t%aﬁp@BHﬁM¥§@”§gﬁ?WV“WEactors gas- phase

r e&ghiodB, theabm] ¥HBtch QAP Fixtudd isABY KRER D 8LdeAPe a second mixture
t hereof . Gas phase reactors can conprise fluidized bed

of cHalyet BripogFITY HBUMEICORBEES st sSSPl PO diess gné ahe constituent of

whi@PRHe ‘PRcYREIEP R fik P RRGURIF l':‘z%l%/ﬁ QbhAdnehQARS wex%QJonath@ for a first
reactors can Conprlse St|rre or autocl ave

perip g€ ttites . TiRIpafhre Hhez§EM oRosieatacish’s wewteaﬁl used derefrhgo describe the
mixREESENEirsk "MEATI LA CRM SR fike 1ﬁétal|o%éh°et 0919 anﬂW oleﬁn monomer,
material feed system at |east one
orgapalamipgm epmpoandl andt chemingbn digetsd S@\ltd p@é@tfom@ frelacctomactmg the
YT 5k 08 BRI 5B BEEFLrP s
make g the posteantagted, eintiron Geagrallyu thehasiditivoatprinpencanyddsreq make up the
a ! - S 0 s n :
ros A0S 1y RSN AL IS AT gl my e n
mgam&&iymhmmgco&mtu&hﬁhe camaocdifitreot ﬁ@‘yslteem‘gaxﬁumhlimﬁﬁﬁcdlﬁ);s(ﬁmd used to
of f and direct rec

B T N T O TR e N

occaBPAkllNdiStiRuBh MRBESL S GRPoRHITREIIS® FriRird MRt d8deMEcted mixture and
i ntroduction of a qgnoner a catalyst and a dil uent
that cofppongntafiier ihe mixtuge; hbsea&taraicdand t he conti nuous

r empy abrd HMibHNRS, 5@%&@%@& Qie&lﬂfbé’seﬁsédﬂ{boﬁf?m%lnﬁhﬂgg two 1°-
pol ymer partlcles and the difuent. Polymerizatio

Cydﬁéﬁﬁhmwlgy%ﬂﬁwﬁbdﬁ1hh@Mﬂﬁé?en?mmnﬁénmﬁahmmaw chHyy irgention are
bls(@agtcgoﬁéﬁ ”'5[ S@g tlgé 19)6 or%}.lyg&n%@ t%rhex }I%eo s E/(?lgglg(ad’lenyl portions
incltakeea‘}atoewtadmergaﬂlghﬂde,l mdenyl ﬂlgsmfsl éltaoreMdl ligapli® ahéahd Oike, mcludmg

B R TRl 7L 28GR 05t s o

thes€ Dg&heﬁneﬁhde TRogeal ﬂﬁ%for@ﬂlﬁ d@@rlpﬁél‘y‘rﬁﬁﬁsﬁlﬁﬁéﬁ doRiva\Rs thereof” in this
reactor under .one set of conditions, and then the

"W%%%?Pélepr@wwlm HTed lgands sueh aeleiydiodgenydy totraydrofluorenyl,
octaPRInyfRkdng BhhiGRIH AR ifdbhyf S0ty S8R RORALT b MGutel Martially

one aspect of the invention, the polynerization
saturra*éeadwfmyb9@hSémeéaw%lmaﬁu@éedaﬂuqr@abtan@bﬁ@ lilso pinstomeropntexts, the

metarl BAGE X referidf B sruﬁ?&tag i ‘%t?l K %‘f‘ﬂ:lubmthg 2 u A %Ty fi\(@) geﬁ @a‘rg%cr?talyst” is

onpri se vertica ori z nta oops.
usedcbmml eredersiongleeotizgamp uoringm sempesidof Unbespsathevivist i peefied, the

follolvf'?l astﬁgxﬁ%t 13 a‘?é‘rjl usé]:aﬁnrﬁsq ¥& g’% Fntgc{lény?andaﬁ])r mdenyl and Flu for

hori zont a Ion ca
ﬂumbmﬂlsrfmﬁetl |rfatf Crganfcs ve fkﬂﬁcan dlsperse t he

ca st a s of sujt ol vent
PR CPBP R Gien C TRR B eRinEe 3 L4 oGt Sepend upon
the ac&rabplbaltte resMoing i@, the ﬁbl\tafﬂfox re@éioal ofstie @ﬂfboﬁﬂ}ts of th\equn ixtures, the
I t ere
natu q‘D ‘tr A g[:lont | nu%%,leslla}/e of tﬂe alummumogcﬁzatraley%tc tl?er first metallocene
‘ﬁo‘P VB AF Y ECPBR S SErE

compound, the second metallocene compound, any olefin monomer used to prepare a

precontacted mixture, or the chemically treated solid oxide after combining these components.
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Pol ymeri zation can occur at |ow tenperatures and
pressures. Reactor effluent can be flashed to renove
woOheos®a0d7d resin. In yet another aspect of thi BCT/US2005/002100
Therd B¢ € el RANT RGN ROEIMPBEitidat dadilyst @@Ll a8aNhE ORPmiBLinalude both

| east one gas phase reactor. Such systenms can enploy a
heter%%?ﬁ?‘?%%ﬁgo%“é@?é‘l‘cbh%liqg@é%sEﬂﬁ?%ﬂtlﬂnﬁg one or nore

o N Fr ‘%951%&29155@’“% VsedYgdr&f tb Wb@digfha th'?@rof:iutjd)lﬂ rZdedd] peghp that
in the presence of the catalyst under nerization

inclugegndpt ISGHS. inpied tp eaé;X}cP lvls cydeatndat gl vﬁYf&%al.ks% piclpikadienyl,

(ynzhearzili(}'*ﬂ glla%ﬁjyl bﬁglk?im 4RCGYE |111%€i aGkelhdet QItdBsti@es @ubstituted,
i mul t'aneousl pr od uct can be withdrawn from

branchpd lme%tcle%@roﬁm S\#@?W”@fid dﬁﬂ‘é@l’@%ﬁb%%r can be added to
r il stdAEmRANY HERd Z8Hd TRIFONBIid oRide Qct%ﬁ)r-@tﬂﬁ)%ﬁ acidic activator-
reactors can conprise a process for multi-step
Supp‘g’ésﬂb?ﬁé@esupmw rspicd é‘? lidopridsf cammounghsor simplyifcivaias) afd the like are
l. |
used ﬁgl 1é1prg rlll cfg%{té é %gldp 8 el'ﬁclc:) g%ﬁﬁg?l&éaglp?lgﬁnézhgbﬁg%lt& e\?ﬁ&h LWRvits Lewis
a01d1¢ @e &rmgted waliabshevios and afﬂm hnlpspsky irested writhesst ¢leptrgn-withdrawing
first ti,0
B BT A58 0, LA (A ALNORELA) ocron
typlcpw ymelebtzcat-wmmx aveiag hoipn csanca:m’rmmus@ dhulthd chemiedg tigated solid
o 0 5% By S BRI OBl compouns
with LaSEtdasf Ohe @Oteh- Wﬂlﬁdrmll@oinmemumt c'tcx]xrpoudeJleHya'rcaM)eatht @hamically
ave several jnes wher e. f

reat G A e oo ATYRPE EPETSARaS NENORE CRRROY The tems

supp&Dtdrakdieskot- ﬂlpﬁ&"[ | @bt Go&eeSmBlyr Sase a&ﬂpdrﬁhﬂﬁ ogtelCig€lt, adind this
one zone of the reactor. Initiators cataj sésts nd/or
Y

compogent|shald BeirhsEPRSHHE 28R N5 RPPRSTHELENS ot seBpRyaion

Stﬁlmlgﬁ'aﬁiy RiHoad %@i@esa'éndiﬁﬁ{ehﬁg SHRME oPleqliRedt@8GRRE described

The gas streans are Interm xed for polyrrerlzatlon
hereipigan bamdﬂdplﬂéhﬁsnrﬁ@lcé@ﬁt%téﬂ%ﬁﬁlhéy@@ma%wtﬁ’ﬁb’i’la%léﬁ%ﬁhqdé devices and
mateHQE Qﬁ%&% idiBtheRo! yneri zation reaction conditions. In

er aspect of the invention, the polynerization
r e@ld:uooblm@awswdmates@ rgengiohagt heorin pest inprporaige iheggin by reference for
I p r

the puré)ogeo(()r:f{daes%f) g @ na%fi %i%tclrl%&g hg'}?l {JJ éjglﬁgglgs?rplctg hﬁkﬁ?g@g?&%?s that are
descistiedrinitheg purlicattdng rwiigtaméght Ae cuaerdr inezongastipr iwsth rilge anqsqntig rdescribed

. organic diluent or exc .
vl paG PO R ABHEToCATR BTGP BUURE T THOC DIARE: S for tei
disclbdukOpe@nd aetfiling tite bhehe @%saitytbplmaﬂi(ﬁﬁdﬁdtlﬁlng bdireﬁiLis:to, bei donstrued as
t he presence or absence of qui d mater
an agypisgiR: Fiay S BN are; ot SRR it Sr h%é%w%w.wa of prior
inveRlcgssures that wll result in the formation of a
solution of the polynmer in a reaction nedi um
Agiar aQWYOPﬁl“@%MaYb@IW‘PCb)d% Ogdr RGN p Ay BEICTY aXiugire, presented also

enco%??%%{‘%p&}ntf&ﬁaﬁmEBlﬂ&‘s’,ﬂ%gl%@&BE@J e rdXofREsnh &y arise from a

particular set of substituents. The general structure also encompasses all enantiomers,
diastereomers, and other optical isomers whether in enantiomeric or racemic forms, as well as
mixtures of stereoisomers, as the context requires.

The present invention 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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pol ymeri zati on m xtures throughout the polynerization
zone. Adequate neans are utilized for dissipating the
wexaisheeari c heat of pol ynmeri zati on. The pol ynmePCTAS2@®E/002100

clearl§ FMaEESES TigCleSH #iy 8 hat 16 aman @ither @fpetty, dntodinidnmy ﬁllUSlﬁcathns

fmanner. "The reactor can c%rr_;ar se.a series of at h t1 ;
and e@n@alglébé}m%wlvq@aﬁﬂ@ﬁﬁﬁ G BT R ‘3%5‘1%9\7” Eielves o
one dPordirdty @kﬁl% SIRPA! AltBouk H@paﬁﬁ@ fE @l tHROIpHHTRIF thd Pre@nf Kértien or the

aspect” of the invention, the polynerization reactor
SCOp%qféhfe&hP@%d@bnml se the conbination of two or nore

reactors. Production of pol ymer s in multiple reactors

can include several stages in at |east two separate

pol ymeri zati on react or sEXdtMFldohnect ed by a transfer

Geneg&\?‘e%ﬁl #e@ig;est possible to transfer the pol yners
Ig romthe first polynerization reactor_into

t Rdels @d@n@dh g4 6toin) waistegaiRd BRCHUTItE Mt 1o D1238 condition F
at19§°@1\91t1{+19n50 gllamo\pgalgf the reactors can be different

operating conditions of the other reactors.
Al Hiigh ned meltyndqaoqaum igZlét inom Was detdrminsH én rasedance vilinASTM

f ol ynmer from one
Dlz?é’&&‘?g?“ {:‘8?]5%%;] gg%“o‘?églﬁor conti nued
P aboyyTRdTi deadityontas cStBElhmEQBEgmms pe:tambicrr.@hﬂildetelaqvggcc) on a compression
conbi at i on

moldpg)é%ng, %é:ei)lsgl Igp Cl#iﬁj Pe[rg'ﬂél %cgcolngltlgfneg(?ritsor 46(1) l}:o(L)u a rocin? te%qpe%ature in

accoldafe vaﬂldAm 51888 hed ASTM Bm@rmu pi’l@detlmﬁ COf aut ocI ave
reactors SO|UtI8G react

r deleey Wfﬁg,l]ltf pl @ W tﬁgg&ugg) we6? %%ﬁ%’ BTilég a Waters 150

Y %%Pb&ﬁlleét\/&l dheSedirdph Wittt @ichloh®em@hy (HEIB) aAllee sml\&duwﬁd a flow rate
can formed into various_art.i

of lbn,tﬂll ﬁ@*{mmptﬁ] 3t égtefperafigg, SEAN’H: C%’ﬁ’[Ddltﬁ’é‘Fyi 4- 1mt@ﬁ§1e|nglg(BHT) at a

conc&{t} ﬂ})r? 6P pH(‘gFa?n A 1HEBwasT & ast AIMETlizePIRES TCBeQﬂEijcﬁdﬂﬁ% ume of
(51 i ners. PI ous processes can formthese articles.

220nUsllIaIs lyas aehdi twutves npmdnakorfilfmesr eongerdrafinied Q-4 grpw/liter at room
tempgrﬁb,%e blSSnluP L glr thb %algélg\ﬁ#] denilesi Tesl vok etk ou?ﬂ eéa.'hﬂ% gt 160-

nven 1 on escri ereln, artlcles can
170°Qrfoel Q0 aguat wah Ioomrona:logmtlevdgntht@nrm"rm a®lnmngwmts\t0 ters HT-6E

all of the r rtles of [
cooit Y obbeot L 18 SRRt RS ORI bR
stana%ﬁpqmllrbg bRriEhRSM. NBEBt 5003) bl aisicll thehnﬂ@l@i'mlaB weightt hed been

Exanpl es provide data for the polyethylene resins
detelmlmﬁuced using the catalyst conpositions of this

| Ny me' H18wn B0 sdnlesPRlrY BbdydeNEbdrastyARale bREHICEIEh [URiuB@g typical
~ standard or arative catal yst conpositi ev\;iabl 1l
lineap riew 1d@l@5$tYa(L§Dﬂ?%g|C9“Cbﬁ‘0”éé*§§P%’fs préh r%ﬁ‘hé'mq ppgter, 1.5 mm
(0. OéBaBL@ncfl %tﬁ?v?)?dseﬁﬂ@d k %e‘h?glaﬁ’lfetep 91@@%@@%6%%@& fit@d Winea barrier

step I'n the precontactor. A
scre\mohshnaeMazlawkomxmlgrseu@mmgtl@ ehil (DRt APl seamessiphBLigs Hid> RPM

screw spgec%% (;Ikg/h((% lbz?h) ‘tepum?e] 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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conduct ed because (h5-CoH4 Bu)2ZrC 2 is used as a
first netall ocene in many of the Exanples provided
woeominoes7These dat a appear in Tabl es 3A and 3BramaS2005/002100

PTIDY iHeEs” e Paselea@raarin Gotdrdmte bfﬂh\/’mé pfbcmr@ogpss@ﬁai toh&STM D

dual netallocene catalyst conpositi
1003981 ysing p2daze Srardiding  teumppts@Vanst éﬁ%d‘é% by( Hs- BEKCGardner®
Co @ﬁyl)ZZer (A) conmbined with the tightly-bridged

second netal | ocene, nethyl -3-butenyl met hyl i dene(

h s EIPes hRnat s noagted m@wqr%@@mxh YSIIPE Bl 73P(method A).

) s eTalUY Jabl 4

Do e (B sy TSR, (AR Bl 30 et R ves

measiyed peaceedanse itV @:%ZOnéiowemyc%mméla(nw qlwererbmlulum head,
| e t I

Whlcmgyﬁqi%\ufactur'éﬁ 11Uﬁ%ur%e d\gaes yﬁ)g s aﬁM%sa{q H%{ @d n%f ﬁanlewm the
standalés)amctUdngus1%uhm magsnwwhpendelumrieigd. by a | ower M as

Subsf}igllg {ME laliillcﬂ ge}%}/éé ges(;l“ D():%g %{%H)Eh%%\go?f téaar%{r]eﬂ%al{ werea 1|rn§e(1r:sured on
a Testiisg Mgcltuh'fe liid. tegt testert (M ddectSakl - -0Q) fin @sb’rdilicBu&ltl%W [2 19m)

TR A AL A i

oscillw@asy alhao m:@ﬁlﬂuﬁér&d wefaljegsrnzA and RBecpﬂ@Md:stcféhtﬁicE €8t.NARES

and fjlm perties for hyl ene repared using
theonyqigr §‘5'dl“a’é’|apah%’fpj I §EUREYe a‘?‘glr%{"g%ﬁhtﬁgs fiverrionBedc X0 °C. The
compl’é@’ws%g&lgl A W@%umbﬂ!ﬁq&\ﬂé’t@ wer etthMull\)é ft&fe'dqgi‘?ld the modlﬁed three

| oCcene ecifically, a metallocene bridged by a

paranmtqng(]:a;legu-lYa@@n @S@m;mplhealrlegdg:ﬂ ttd rdptaire glien zwasshear viscosity — 7,

charact.er i ze red to using N
chara AR GRS S8 orfe. e YR PP SHB S o simplified
Carregie¥aaas edy Mgieadl mofelNohyfoRGwzat i on run using the

first metallocene, (h5-C5H4 nBU)2Zrd 2 (A) conbi ned

with a second, |oosely-bridged netallocene, either

compound E, F, or G as shown in Tables 6A and 6B was

al so conducteg ;Jgab E _6A and 6é7%rOV|de the resin and

film properti % :ﬁ Tﬁh% ene ﬁ%ﬁpﬁ%ﬁﬂ ,using this

dual netal | ocene cat al yst ﬁ n (h5- C5H4

nBu) 2Zrd 2 was conbined with a Ioosely-bridged

net al | ocene, specifically, a 3- or 4-carbon atom

1 dge al esi n was

Whmé% aracp7g5£ Jlg&ﬁﬂgogagﬁﬂ%ﬁﬁggRggﬁ% ted to using

(h5 C5 = nddu sRReAr Wsébsay one,

7, = viscous relaxation time

a = “breadth” parameter

n = fixes the final power law slope, fixed at 2/11; and

@ = angular frequency of oscillatory shearing deformation.
Details of the significance and interpretation of the CY model and derived parameters may be
found in: C. A. Hieber and H. H. Chiang, Rheol Acta, 28, 321 (1989); C.A. Hieber and H.H.
Chiang, Polym. Eng. Sci., 32, 931 (1992); and R. B. Bird, R. C. Armstrong and O. Hasseger,
Dynamics of Polymeric Liquids, Volume 1, Fluid Mechanics, 2nd Edition, John Wiley & Sons
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wi t hout decreasing MD tear, and with generally
decreasi ng haze. A polynerization run using the first
worb@loreoene, (h CsH4 11Bu)2Zrd (A) conbi ned RCTS2005/002100
(P98 gl st & intigpbritedibsin Hyutfeno@inalsl eadene, TIROMP OuNhrameter
5: s shown in Tables 7A and
Srqégfdcﬁﬁem%%o%ggﬁéﬁ%F%%mk%%%Fﬁyl7A and 7B provide the
r s i' Quamitedt 1lfonﬂenm|l’tbmﬂeﬁ INiesgeh Morg Slzy Stidiybigioe [t@PRAE dvas used to

deter%aglg %E% 16c’ %?r ce \fea @%&ﬁggza e{nﬁl%e%? ggrlésvolumee IE]"pgre volume"
This Mistglthant Sbsdquiret Bsh MRI@ahelet8e £46dration, ($0sse Rl .

11BuMe) 2zrd 2, specifically, a nmetall ocene wherein

the cycl opentadi enyl -type ligand is nore

hi ghl y-substituted, thegxesmitsng resin was

characterize wer M as conpared to using (hb5-
P”W@gFWﬁ@%Ug??W%ﬂé¥§ﬁé%%”m%ﬂ€%%ﬂ¥‘%@BgfantlalIy
dege 8ARh-BEIMUR fs€dfo-prédaROhy MBIrideakiliefallibhaidRGactilor-support in
first netallocene h CoH4 11BU) 2Zrd 2 Sﬁo combi ned
this Example yas gkiaiged) er W-RinCrase & |CadenMIS{ 311 Gsqqntaining 13% alumina,
having BB} ezbglgng of 12 M@gsarﬁll aSQu ﬁ@@QHQBF doo 1AR! &%iBhadid v3B fluorided
provi des the resin and OE)ropertles for ' .
by mﬁwwétl%yrcemélpmnéwﬁ@@ﬁ wgh ﬁgS utiog cdutainingeamainprgmnkfluoride in an

: A 22101852, CORRL &
amoufiEk Bl 1o QR 1008 Yo (A St B AR WP O] fiffeanated
mateniad Sels tthemgdried Sn a waagint bemafot @ hiomedit HYO°L. | "ﬂmﬁudﬂdedisilica- lumina
onmpared.t .usin h5- CsH4.11Bu rc 2 al one,
semp B0 BBRUEY L R S e IS ERES T oo ok aBE R e afjiha were
place@X TPl S-inch i@artative fittedGhitsLdntBRE §liditzl divki o Ble®ofthal While the silica
anong ot her th|n s, under the practical conditions

f
was sgpp{%igg op dhisdiske dryaf'urc\éqsalﬂ?,\gq up leguglhélpfs ({1 pisattim{anear rate of l.6to 1.8

standﬂ@lé)l@ig%gt e, | A Be @ ﬂuﬁﬁ%é QroHﬁ(Pﬂ@ q@ﬂﬁ't%’e@v‘as%sw Qsincrease the
ich i s general 6¥ t 00 in M to af
p

temp@ﬁ@t@@ﬁﬂ'@ﬁ Wee pt t8e rashet H09° eb|h@w tﬁg ﬁnal fempAdHirg % ﬁé(DﬂCy At this
tempé?bt‘t’l%nth%@ﬁlcg 'aﬁl?mM w%%ﬂo@ {OQWICHBJ i%P Lﬂl lﬁy\%ﬁg tEl%e rrbag é&Serward

di stribution such pol ymners,

the siligacaligng veas p@_leyiﬁé ﬁnd/\stvlhd tiodsr mohtl cm:zenﬁ ovas mldyzvthDMposm e to
" [ plications. However, upon adding the second
hemﬁm&ﬂqﬁgcene whi ch produces hi gher nol ecul ar wei ght

pol ynmer to the catal yst conposition provides a pol yner

with a | ower , and he eased nmelt strength

for bl ow ng flln] mnthoﬁgggggﬁfilcing usef ul
General and Specific Preparations of the Metallocenes

General Methods

General preparative methods for forming the first metallocene compounds and the second
metallocene compounds can be found in a various references, including: U.S. Patent Nos.
4,939,217, 5,191,132; 5,210,352; 5,347,026; 5,399,636; 5,401,817, 5,420,320; 5,436,305;
5,451,649; 5,496,781; 5,498,581, 5,541,272; 5,554,795; 5,563,284; 5,565,592; 5,571,880;
5,594,078; 5,631,203; 5,631,335; 5,654,454; 5,668,230; 5,705,579; 6,509,427, 5,705,579; and
6,509,427; and in Koppl, A. Alt, H. G. J. Mol. Catal A. 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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pol ymer filmproperties such as MDtear. In this
aspect, the second netall ocene conpounds, when
wenpisoyed7i n the catal yst conpositions wi t hout PaTfiSe@®s/002100
@rgmmr@‘ BoeTRIoEH ThdZ; rosse st OrgufibineBintClhanisiryj 1996, 123239-54;
s L BOP, LR SeR P ok MDA 586 Hmisey o Tianiu,
Z1ronﬂmnmnd|}ﬁafm1nsl Bfcadeltiis New &ioth, dA74;1amdalediaspecyt Lafpeft, M F and

ins gnd filns t.his.inve n
Rastofa e CEPHOGHORG 0T Ze 5t BT T ooy Pl e s New
Yorktlwgse ranges: nelt index from0.3 to 2.0 dg/ m n;

density from0.94 to 0.91 g/cm 3; CY-a paraneter from

0.45 to 0.70; polydispersity index (MIMh) from2 to 6

Spauﬁc?hﬁmkhhmratio is from 16. 5 to 25; El nendorf ND tear
stance grea r. than 15 %?for alml blow fi

EAERABPH st V‘P%é‘iréfncil’i% agenss and é}atqrﬁﬁnW%S(Eeréorflﬁﬁ under
mtrog@n ]bymlEngbBQYlﬂll‘f lihdTbr iyl PaxhaghiQles! EBSF tha ke frem got%ssmm
film Dart inpact strength greater than 600g
Anhymﬂs éleih%erhebuwwlwm Ghjoridpapesiian @ad tolpgnacvers opiingd hrom Fisher
Scnengﬁ@@%ﬁlﬁaaﬁﬂ'@ﬂi Qoréd E]vefr%ﬁtlﬁteli ARrhink! %W‘soﬁdeh@we}h@dﬁg{%%@%ﬁd stored
aspect, for exanple, the resins and fil
underj pitegen. orirgayiupd Vo héili%i@? dP?-2%d dng 1pbityhighiupreperturedgsed from

Aldrléﬁlghd CL? fa?'r!& e;]\)sgld: hlel ?Léc?nsaggges gnz{@ {i) Béqg%)n%o?o% C}%tho CDCls,

referepeadamtret tlﬁrmk ®f Eﬁlctuel OHE%; atpb?4 dpsper élCt WMR@&xMHz, CDCl3,

referey e BB e s P e G et er than 200 ¢

for a1l ml blown film El nendorf TD tear resistance

reater t 8 or,,al ml blowm film film haze
Prepiiafipn gl "FTI@EI ég&&g‘b‘ilz ®71 1il blown fil m Dart inpact
str engSihtﬂéﬁ@Toﬁfl 3-bis@3- lﬁ@ﬁlygpfd}fana 1T#6hhichl gade findeR@ (92% GC
ncer i nmpact s ren eater than 0.9 J for a1l
pu“tyi??roowpﬁmﬂ MixRd Wit yi&era gorEn Fé%‘ifed’fﬂogﬁ%r Ths o, was cooled
with JIEQCJ A% ABuBN@40 W11 501 ih %%&M%ﬁﬁqbgﬂmwd@@ over a period of 45
characterized by polymer properties that can I n
minutgy eEle q-rap@et@th VeS| rempypdesow ingihomtyrg to warnylgyhitg ﬁrrrmg for 2 hours
k
GBI O GEDeL) SR LS I S prorme 0
mL, 02746mplgs)ain000 pIivpf dy Tt #td 1C¢ ovar EpeBiod of 23 miiEltese atbthe resulting
- ear 15t r n i |
mlxtumé\sm S%HCF qri?ci 1% h%gtgn%%g g)foaggpeelétpl%r e'[i‘n?g' gl nlgée{{ tm% s%{uﬁ]Pn s, %ooled to
below4f5f£3 gncf hﬂ’ld aelmwrﬁ 1C whibanwmldfnigl 600 nfli b3 MaEHE! hqas:eust Joarniod O Yafter the
ice battlh was ieéwed tfqo Iy\e/“]ow mlxmuekwas \RIHH?CF ?Oﬁ’]l liotﬁlr&e tgnggfu?ea h/gsralg)ftracted
with Z0rebgtf hllayf)éatlﬁf ahdére rasultthglorfamiic Rydr Wlas| wﬁhmltlﬁ BIx300NmL of
I raspect nvention, the r of _this
water s I 7 O B b QU o0 el et e As the
solver) wais kén el ud@dr %cﬁmm' AWRARALNE be At RE L m. tIh@lthuHeSV\/ag E&IRd to —15

0.5to 1.5 dg/m
°C in a freezer overnight. The SOlld 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, CDCl3) & 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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and in still another aspect, the M is from0.8 to 1.3
dg/mn. In yet another aspect of this invention, the
weoabosroeeo7of this invention is characterized byPaTnmmmymnum

4y Aot &Qg@j“ﬁmﬂéﬁé HEXTHO,. A1), 9/12 if@uin,| =t He, ZDotIAeENMR (75 MHz,

cocFRRERE AP BB a2 BRI HRany e a2 HP, 816

g/icnB. Symthyss oametdzﬁz(lﬂsmﬂlz dfhetliglaﬂ;d 1 Babemmm pﬁob:ﬁ]e (10.88 g,

10 mBRD AR Ll iagh ARl Ty o OUE b 78 AR e A poron

of n-Bhii (@Yﬁanlpal amﬁlﬁhexa&s]‘ 843mITQ).1)5\QaSt Aalded Gﬁ),pwﬁad)vblnfio mmutes to the
anot her aspec the CY-a paraneter is from0.53 t
solutfa e [op PBE MeHUEHGS RaEReh o (oiRTaLHTG &M B Fo@ edditional 3

hour sogiv]ﬂgﬁ[se @c’f a tdal b$0\lv1|9 k’cﬂmldno rBntb g s@ﬂh@dt@ﬂﬁﬁrdoéﬁﬂi tdy7 Sa’C and containing
spersity ind m2 to 6. In sti

2rCL SR TR S TG 2BM y i AeBS Y R AER SR Gt 410 mL of

THF fgiﬂﬁg Asetot OwRitDsusgddioh. nA@t@P&/Qﬁﬁncaﬁ)ﬂﬁ&ﬁ ateﬁllkl#ature and sturmo for an
| ydi spersity index (M is from 2. 4.0. In
addlt@ﬁ@h%@@masﬁécsysnsﬂwh ifglyi W@W@# & yielha Cﬁ%ﬁr,y%@rlem sq hﬁl@ Both
Solutlbﬂé/ﬁa{e sl 'ﬂa?feo%l?ra@@deﬁh %ﬁﬁuﬁ}’o@r LA fh?rtd'f%s { &Qﬁgmmo 50 mL
.5 to 25. In Still another aspect, the rat1o
of ramélnytmd THF bropm temneraiure. At e addiion otas cplheleHQM¢ Mlution was
stlrre{i ﬁ%r&rgf'ﬁt\slaé E}(%O?Ig%%zfeﬁfﬂh‘g &%ﬁ% idd t%{ & R%ﬂg& %@L@[h ?S %ﬁ}ovﬁ of the solvent
gave ahamagst sefid teedudrypraducﬁl Amodbmg‘tolﬂl[& 'FENMRr s@sct&tlmnﬁhe crude product,
ter than

the reffSF ki I8het Wl iBimel il ot il (doThiol asiisqcdso the cruce

produ@t eagied ai bﬁ"ryeﬂ@ﬁ sgllcf afd @ d:aﬁgelyebd)\(b\sblluﬁd)d. NThegdidiwas removed by
centrg?gga%{e %%E&% VQFLIII 161 }r{;tF %?I“%S@HH’ %Sﬁ%ﬂ%}%@%g@édss owly until
the sc@nijest sﬁt&@@ﬁituﬂf ClbLﬁHyS Trhe\ﬁﬁm]feqmas stdied @oligver ok yt:mbvs racemic

|nvent|oE gara terized an El nrendorf TD tea
isomgr 5 YA @efg?lé g th ﬁaﬁwg%-é ForThs Comptined Brsop FoRsave 5.8 ¢

(33.544yigh) bl th@M@ldRsduas PectMRrt By ﬁHEEGEb@IJ} 5?@4%@61} 8 4 Hz, 2H), 7.58

resi stance i s greater t han 380 m

(4, T 7 Bz 2R 702 Mme%magé@d 30 o JHES (ahidoy & e .04, 6.08 (d, /=
42 }?G?E?twg 16~°(m9 t?ﬁ% E@@Qm“%ﬂ) %. f(ﬁﬁ 48 (ih, §H§ B¢ Wﬁ (75 MHz,

er aspect iI's i'nvent’i on

CDClpd W?e& 136. 8,t1IQ|6§ ﬂlﬁ/britzﬁ éa,nl22é? b?rM ac4.8rlit28d3®y, 224 i | m
haze of less than 25%for a 1 m | blown film In still
anot her aspect, the filmhaze) is less than 15%for a
Prepdratibh oblaav@yHs(Thd),Ze@l (Gh anot her aspect, the film haze

o eSSBS e DS o s
(54.4imw)emsi Blxed svith20ael ef ti@e'ﬂﬂbyncm Dﬂfotgeﬂ nplﬁ?@hl@ttoﬁmtoboled with
dry ic%nag e L‘éggg%'ﬂlgogi%é&%g 1?xa%esm0 46 mo?WS1 was acri]aedldn ops\’;lée The dry ice
bath was removed allowing the mixture to warm while stirring for 4 hours at room temperature.
The resulting red solution was added dropwise to 1,4-dibromobutane (43.2g, 0.2 moles) in 80
mL of dry THF at 0 °C. The resulting mixture was stirred overnight at room temperature. The
final resulting solution was quenched with 5 wt% HCI in ice bath. The mixture from above was
extracted with diethyl ether. The resulting organic layer was washed with water and then dried

over anhydrous sodium sulfate and filtered. Removal of the solvent gave a pale yellow solid.
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i npact strength is greater than 800 g for a 1 m |
blomn film and in another aspect, the Dart inpact
@rged17is greater than 1200 g for a 1 m | bPOWMUS2005/002100
ThemhdmfaslW#ﬁb@t‘wﬂﬁtﬁéﬂfﬁwpé@‘prddhe pleflectiapy eale yelinw sdiid (45 g, 78.7%
ok t cler
Vel B T L 3 rer ™ Rt 7550 P P4 i ) 729
J="hB rbimﬂﬂ) r7rh9 (HnJst7.} Hzahé)ﬁzezH)a§aéqqulnthellmefmz;QiH)m m (.q J=19

bz, W35 2t et (el Soehd Bpefler MBI (P lEngndnss s 5, 104,

144 grieayer2stham 4,. 100. 7,1 1180y, 326,279, b7 lal(mmpéwtladfpeak Listing).
€|n|é§8F In order_to pore clearly define the terns

S‘St‘)ﬁ é““r e kgr et ine lindisl P ECpindyivbleeane (6.66 g,

23.2Tﬁ)mbl|)1€iva@>tﬁﬁﬁltved habs@mY @iiecﬁﬂl}]'nlrl-‘ﬂr and @601&@@9@@”@\6&5’&%1@&@@1
document i ncarporated herein by ref erence

any
portigpy f RULE (14 mle Re Meipihsxaney 8t mpighgiaspdded drepwise to the ligand

solutitl €FHe, redulghoda st Wa@@aﬁﬁed%%‘?g&n @én%’e'lc 464 NELELLY for an additional
controls. The term "poly mer " is used hereln to nea

3.5 howtvo geioyniepaaie Slpk P%ql‘?‘ilgtoeﬂﬁyq: éne cerrieinipe FoCl (b7 <, &4 5 mmol) was
addegtlmﬁllLegﬁ e FNRIRE Ty Al & %&I&HOMQ’E%E of ?ﬁi:i%[@m [i3e to a white
al so used herein to nean honopol ynmers and co mers
suspespiognyABerheprnpeg yameqoiny égiviperain one rstlmngdbosedtdmemm 3. hours, the
t l.ys | er herel
nd ! 7 BRNEL I 8 BRI ALIGLSSADP" Sl Qoo v
simugnesesly addsdponie ocamlmbaa roeert 4 bburs Inreacthutcaﬂyssct con@ifhs #0 indNof rapidly
st bR LB ed e P PR SR i wos s
overragiumt noomnesperang:anmam\ah of dimm%gav@r@a&@lége% ow solid (crude

nds, n|2| c nds, .as scl osed
Pmd‘ﬁ% ol ”e“?r(é&{ @i Wé&& ﬂ}e “ﬁ‘ﬁi} euGs Oaeive b P 1vedaw splid and a
velloWseluieh. UBthe §dlidGids @an&fed bp erft @uﬂge&EdLﬁnﬁé tﬁ@%ﬂllﬁ@l)fthe filtrate
nechani sm by whjch the conp un operate. In one

o 230gpkcRentapg @/ag added slowhy tzmtwe sp@tlalswt &tmed itg firhgjaidyh The mixture
was 36184 aCORENENC Ofhd NBloGaAL&IMS tsoﬁem%éryétﬁ EszrleF?rgntﬁethe mixture.

first and second netal |l ocene conpounds:.
The cogibied frdéve aropmeaedrld & @1 %sedd)md s tiled (orqciie@tc r HBGMAR (300 MHz,

cocl) 5%%9'(11({‘“%%@gﬁ?tﬁz%ﬁhﬁg%ﬁ—ffﬁﬁ@ 288 Ha aH), 721 (1, J =

contacted for a erl o
7.3 Hzj 218), 61594, uI=e3BeHI2n@HDJ§ef(5 (tlpJ £ 6rnkla 2}9(1533:@[30 att ge'160r Hz, 10.5

Hz, 30 0RCoTn i 2 ekl b O G b o 2P 7 et e

NMRQ176 G0, THES) snll2>st4um HescRines, g Abuse 1@ 0, 103. 3 27 6, 26 7.
net al | ocene conpound (flrst second, or bot h), efi

nononer, and organoalun1nun1conpound bef ore thls

g [ el4S eated solid
R L MR MR RO D e
mesof,(b;ﬂihdudhlr% LE). (ﬂsplf Dbphb-BuGeHs), de@g@)bes conponent s

ﬁa'tBu)az CF (% and (n°-CsH{"Bu),H{Cl, (I) were purchased from Boulder Scientific

and used as received. .
Methyl-3-butenylmethylidene(n s-cyclopentadienyl)("n5—9-ﬂuorenyl)zirc0nium dichloride
(B) was prepared as described in US 5,498,581.

EXAMPLE 4

Preparation of Metallocene Solutions and Precontactor Feeds:
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contact each other, but prior to contacting the

conponents in the second, postcontacted m xture.
W(Aatmmdosngl Yy, this invention may occasionally PCT/US2005/002100

dit Lthﬁifg@ﬁ@mfﬂm/eéﬁ béeconnpaniads weepreporegraapis@itet delow using

one (%: ﬁ%tﬁp(is %t Ed nﬁ p‘IE’ @52?%&6%1 E%sc;ﬁi@%eg)tunt%fo &e&?lﬁéer{egf solvents,

orgardalusmitles compduinds) and ti He&elﬁ((%erbhm)rémrateb he ipdiestediraCitdéd 1, along
it is contacted with the
with e gle AP R R o bt 68 have  eact ed <o
qumhaﬂ Aed’tie appeopiibtel @At of heniloddne cerpissdled in dry, degassed

solvea} brgélbgﬁrb%n%ﬁ%@%&%%ﬁ%ﬂlgsEl{gag{sn%lhtgfne%%sfttéa{n{s]%ged to a steel vessel and
dilutd¥ BeoiRbatdne &b Fivkh thia of hMpddids THSSlutioh8vas fed to the precontactor.
or ganoal um ul onent | S

precont act npuy u u u f
ebélﬁﬁ(f'ioégﬁ g[glecaé’ﬁfﬂpf%‘ier@n%ﬂt 8195’5??@8‘?68%% nqo iSBWB%d‘hd‘r% degassed
solvehN@fdeM@&ottn@€lrdoth empelafuft. tTh o @SNt kb RTwAH afdodBed as indicated
Simlarly, the term"postcontacted" m xture i S used
in Table &i WWhils Hisdeg phwor SaweHIreifR tWire (15at) dugthylglgminum (amount as
indicSiQARPTAN Whakid@f erieaBh@sh §4s £t9red%msﬁpt%@ RifleOGhdhen diluted
me, and one constituent of which i1s
with a@h@n@h&%\@ﬂe dPhegplufipi was wansferred toof st@eéwwsglgpd diutpdwéhisbutane
: a tinme.
to el Aol D AL ThBtohin Rad bl BB AR, 'S s
heYlethnd t@& dfbﬁs ewprmelatmanmnm ol rectalfoctinas szterené_tsailwdcm nigy, degassed
solvenp urﬁ%igru 1511 bgi;nn umscsnﬁﬁlgn wgcf“ran%léfl r%)% o sgeaei'l vess allélgfilg%gg gzl‘ﬁ[] asobutane
to gl\@xa tdel oﬁém)rptmntlsf I‘Rhmsohmbxawhs fag td the pm@mmract ed m xture

IR S e T -

ammﬁﬁﬂﬁ medtd| Weereh ©l@AEd b addliorcamMEX @nRéthAsld@chub) aR@KSekkhe at room
the postcontacted mixture is the chem call %/h treat ed
()

tempgngqu;ed 655 @@(turgﬁﬁasosﬁtrpq) #2114 K;r ﬁfa@orp denpgyauignthen charged into a steel
vessc®l ORIVG& !0 P M E/G OTRRR Wit d bA®hE 8hMRe RS welk fdfl@t%@ Qhth fidoB A8 a total
or ganoal um num conpound used to prepare the
of 40movrdsnilatselytion wavfied to e peddacidied her ei n.
A ' \ . I
PRI ool £ KRERADITE B 3% RERASLERA hiene, TEA was
addeqb@sthc mpmtoedolmwmy@démdn phsomedenipon@af-580 gpat rogre temperature.
The Iums@&g {\{%IS ggeﬁedb %252)05%" %p@l}e?%ch Ial%n c§£ 18 FE)EI oan tgl%sgg‘fureh Solution B:
(n- BL(@g)ﬂZm@lz Kaailveim)dlssblyvp@ ui hgﬂmﬂs(ca rﬁOLOhQ ihﬁd)\e@hbye addihiors pf TEA, the
{ cen nvent i .
letLBe gv(aﬁé tiig fj bﬁ%vre{aégpélﬁyl LVB%s ,ﬁlaé]g:bdyver(e o%%%‘ﬁ%: then charged into a
steel wlsseélebmbdzdaeayi‘dadmgch@alsﬂta‘dxeemw Madllyl tesomtah wde diluted to a total
cyclléfﬁ ent [ en l'i gands, indenyl |igands, fluorenyl
of 40| foyagsrath isghytap e li ke, including partially saturated
or substituted derivatives or anal ogs of any of these.
Possi bl e substituents on these |igands include

hyRieespéastonFeedef Biecatahist andsercpiglypiored ainsse thepresgntactor are shown in

Tabi&erivatives thereof in this invention conprises
partially saturated |igands such as tetrahydroi ndenyl,
t et rahydrof | uorenyl,
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oct ahydrof l uorenyl, partially saturated indenyl,

partially saturated fluorenyl, substituted partially
weabwsriaesed i ndenyl, substituted partially satupParag2005/002100
Bﬁiumﬂy@fmgsh%ﬁéahﬁemd n some contexts, the

et al e is ref o-rmu he—eat I%*"

I l I e locen #E{g\? J ;}q-hl,e&&‘e Rent: | Solvent
ol ks, shbuk i | g
hefer tqreren—to the or gdﬂoal gm nym qonpeund. ok €lS Ses4.2
ot Hert-se-—specified—tt -owhg - abbrieviatiagn
Used: *tp f o cylcl ofe i el ndYor indgn‘yl ﬁeg% 1;:;:
Fl y feor fll udrenyl. “The t er AE° " cat al g/qr CoNposi ;0“;':; =
4 cdt abyst| mixture, " and t h& i ke dasqot| depend LheR | 2195
tn actugt—wroduct A esul tingef rgm t he clont act |[oreptane S
ctian lof & hd componehts Af the pf&t 2.0 eij%é%:u o2
, ) > 10 254 0 Tdl 2790
t hetacltiVie clatalitic|sites or| the fate of tlheouene | 8339

«)f
?i Umi gum [cocat IystC the fitst net &bt ocene) corﬂp@‘g{ﬁg 2790

sec oachna 1,07 4 697.6

vvvvv uuD,nc .,unpltbbulu, dltyo UI EI I U MOITOdE e 2792
used €& prepare a precohtactoed ni xture,| or 0t hel Toluene | 697.6

ghem gal Iyt eaf ed Fol i oXifle af t &&° copbi i ng| ke oy

conpenentis—Her |U|(§, tretgsmT S| cat al ysfisy Toluene | 30496
Cof npdditiom chatalast mxtuee aAndOthel ||l \Joluene | 544.7

- 2999.2
bnc| ude bpt P hef er dgenepus Bnpoki tEans| ang: hoademolisss: 2

conpositipnsg The term [ hydrsecar pyli25i s| us@d hpffejere { 03092

i i 584.2
Speli 'Y al hyilr orar bbn b1 gr bup Ot hat—-fgh-u ey s 5942
bs hotosl i hited Lo afyl, |al Ky}, cycl aal k!, oal kprlepe | 5610

cyclogl,kenylp cycl oal kadgli enyd’, a ky#%-)‘fl, _ar‘%P Ky ;g'lﬂggg ggf%

ara knnvl at-al-kynyb —and—tFie—tHke; gnd gl udes Al o

subbt i°7ut bd, £ unkub<A t ut ed "°8¥anthed’ | {neaf

het br oat o sebsl i t ted deri%dt ves tRer pof © The "eRephy 22530

ghemcal Ty teeated sol i d oxvake, s$olisd oxi dess heptane | 3001.9
activator+support, Aaci dijC acdi vat or upport Heptane | 2278

| 10 . 4() Hept 2137
gCt Vgt [ Qllhlnn'f , Fr_eal ed 1&3\7! i-d Ox%%ac :U"f‘{)sund!Hzgt;ﬂ: 635

si npl y1acti vat or, aﬁd t he I1i,dEﬁ are w3ed|hesosi n|tHeptane | 2137

trdicgrg @ sel i g, 1 Aorgani ¢ 16xi de of0 srelat el y agp | 520
Snr m%r%e/ whBchlexhibita el a Ugeel Y 08D | oo

A gy S a¢ I UI(}; O1 Dldlbl © LHeptane 635
aci di @1behaV|30r, and whi|ch hﬂs been2star eat eth.3wi 1 Hiepiane 2137

grectron- W thdrawi ng corpongfl, dypigal ly gh ani ke | S

__and{whichisSealteired—The gt ertiron- yw tiidrapi ng
i oG : g 13y (}M Heptane 262
do ] ordéht |is t vl call y

n—electron w.thL.AM%TU ||| U|| o
Jour ceozonpolind. Ths, tlhe®EHahki dal 1y tdeat'sd s

oxi de 1eonpound ¢onpit seq t W %@l ¢i nell cant att .rr‘i’f’mri%t 1009

o,T at beast ene|sol id oxi descompaoundo wi tth at | gaksenpne 1163

=7| egtrop- W tiIdraw ngani ONy 06 C& CofTpoy nd. o Typiabky|, 262
the

chem-gaty—treated—Sot T gspxide COMPIi Ses at| teaast| 320
one |i oif' zilnga adi dio sollid 8%kde lconpound ﬂrha + Heptape 929

= " Heptane 320
SUPROT 201 a<§t|\/atorA SUPPOT {58l e not S usgd t9 i Mplions | 929

a Hhe teanpenend. shoul d
TlH?)i’esﬁ)eéwc?%nz {gdu'tlggmiogndsr\%%h%ég%rlrtpl)%ne;t of the catal yst

conmposition. Although any nethods, devices, and
materials simlar or equivalent to those described
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herein can be used in the practice or testing of the
i nvention, the typical nethods, devices and materials
waneaosheesin descri bed. All publications and paPemts2005/002100
TabldBNPicOs1RAtdIeLEisn are incorporated herein by reference
for—tihe purpose of dedcri bi ng [and di scl osi ng, flor
exanp P&epoﬁthﬁo«mmhtaumt RreeampctasPreo o heiefi Fsecoptagior|ar e
Reherscril\@@fdl9i=€rnet Metal cdteF“%{{?s, TRl gRbuIzee ySEFS, otor
v 15 SR /E“fpf eslihhy degghlped BTkt ijon bkt

catHoHs—{ pove and t nroughout t g T ext
Tagled ovi-ded d nI nl v F r $lai . .
oo y 1 L

[a]

ot

$.iling datt of fNﬁ\nepr
628 tol helédnstrudeneas | o
eBe not @A5itledNpee ant eddt e shch®
Tabfe 40r| or i nvention. For any particular p d
dihscl psed.sher @i n,0.2any jgenefal strldbure nr1(33@pnf ddl%0
epaconpasses al|l aomforjmati®nal | i s@@ers, re1973ms mer®d
Ta%ﬂeds Sfereoi soners that| may arise froma particular set
gf, supstiggent(s. olfe gener@l structare |al sor2 0.5
tglé(,unJaS%%; atft MANTT pNEr§, di asbgpeorrer ss.7eand| ot hes
tHewm 'Q%&o)nel S WIETel TNy enanti @griq orpgsacem c o5

3
e
5
D

Tqb,‘l’ﬁqus as—wetH—as i xtuores of St er eoi SQmers, as the
..... ext—regutres—Thepresent—inventio rtper
o1 us 4 byt .\,43.‘ e g %'J/[] Szégu 9.5

} H-oewhe—exarmlies; VVIII are no
£8 he| coRRr uad L B3%any L way ' 60 Jomim ||&§7clll DTS 0.5
ggon _t he 0d6apel t hetleof| Onlthe comt Pyt 29
Iveic] ear | W.83n3er stOH( Ti |l al 91regn| Ofdy B hefad+to
war i olis @tder laspetd s, | enbBdi nent O.52ppd) } | ohs—ahRd
equi val emtas t hier eofo which, 0aft er r0fadi t 1,68 0.5
dae;scrl ptigan herein? may suggest theassel ves1 9o one of.5
%rsol nary skl [TTn the art w thaut gepartingzfromthes
Spirrtof  Lie resent imvegtion ory dhe scopgs of {thegs
bended—clatAp—EAMPEE T O\xlltrdl LESTI NgPE OCEUUr €g 5
REPt ilnddil m g?'iu A —es—geter mrnmegd Ty AcCor dagge
Mﬂh /\QT'\Q ﬁ']?q Pgﬁg‘li tilon !Q at—+1 90 C—n : -
|

weRght|. H.3h | hadOd®l t nggx_@ﬁ,wo_@% 19 gho O
deser mi new37 n accbitance wilt'h STM- 1288 cHndith “O’é

§

COoOTTT

31141900C et h a 201600 |gr afh weilght 1 Pal yner2dengi

TMee7daterm ned|in grans per cubic centipeter (glicc) on

goGongressgipn hol ded sanpl @, cool edomt 150C5per houw.5
19‘ T ndlé.hé)_nej for 40 |hourgs at| rog@ge tenpenadture in 2

‘o
CLU

A Feance. Wt ASTM DIS05 and ASTH, DI9P8, 4Rk oce durep
10.4 0.32 a 0 0.51 4.95 2
10.5 0.27 ? 0 0.98 1.59 0.5
Table 8
11.1 0.2 0.48 0 0.69 1.43 0.5
11.2 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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Mol ecul ar wei ghts and nol ecul ar wei ght distributions

wer e obtained using a Waters 150 CV gel perneation
woho@maetwogr aph with trichl orobenzene (TCB) as PO®US2005/002100

solvent, with a flowrate of 1 mlliliter/mnute at a

tenperature of 1400C. 2, 6XAMPUE Hut yl - 4- met hyl phenol

BI—[F t C cntratlon of 1.0 gram per l'iter was
Desé@é’ﬂ”é’z f@f‘g% opyegFatiof ke TCB.  An i nj ection vol une
of Eﬂ@,@ﬁbbb}icﬁﬁﬁerﬂ%regﬁ@@né@ ih B cantMABAsAkticROfoYBFocess (also known as

concentratlon of 0 ramliter at roomtenperature
a shEnsRIBPSEE); BrFostactigeths aﬁfﬁlyg fphesRratsny inyengor eghyeslylene and 1-hexene

com@Adhdredhe F&lymﬂ i@k hldiuf andi §B8tymEALRGn fté?ﬁpe?ff@urg QL tﬁus%tebted such

occasi ona entle agitation. The col um was
that\fag RO 6E p&&uwﬁn@ e forhek sUn pasyclesTie @dﬁ%ﬂ‘rﬁ@d\ﬂér‘téﬂt form.

Gen@@l bcm{lﬁér?zqtlw ltchtfa)n%ﬁfiQark h§#AbwRol yet hyl ene standard
i ps Marlex. RTM BHB 5003) for which the
nolEémﬂnsﬂhW@gﬁmedr@er péapcdalpaing e gsedms|the endsieswisobutane that
had ﬁo%:e%nrﬂe?%g@il U e atiOR ey ﬂféd %v!naakaﬂa%doarl WAiRg Wa% L%Eg%ﬂe diluent.

ine using typical [inear |owdensity
corltit polgmer @@Otﬂ tlabtiowwas a BQidrinli(14.7 e Hipmdiee pige dovptheving a volume

of %3 27"‘11&@@8 (916 'cgl‘ﬂms g/ ex?@%&e?¥?l ttec’iée% ?Héa glgxlqma the 0.1 wt%

met er ’si ng eb scre
trietbylpleminint $platiovHo dobktang, Xhenget&lmctnem@ltmrbn oheoletitchs prepared as above

and %L/ 1(1%39%%@( é%glligo%%{lgaﬁ%eﬁp wrFlgt aé oi)ed éol é15 re%cltcgv\ﬁ é\‘f gt%?eggntacting
vesse BUB) or 2.0 Ditpe); keikre thel Hbd:eelngﬂeﬂlbnta cofftaicﬁ@izsaclh bther Jitefb@htté'mperature
(FL bet ween 20-28 cm 1 inch 190 0C (375 .0 )
for (30 19 RERESAPO e B BT P T PREPIRSY Coreithgf  stirred
Autddtve Enkinkds MagRddrive rade®: Aak @WBlulnshedins bl R 2%&61 ddsAndicated in
ri Nng usi anbi ent, (I abor atoréé air at 25
'S

ai r
the ks BEOUR hIoTHEG 8 s e heioop Eeisks, G BomERibi Bésd solid oxide
(CT%; af Q%@ Ro SheNSrecdntrck 'tllr!ﬂéﬂrzp@gf kb %§CL§2911 g%ﬁ'cﬂ&% REder using a

pi cal representative of those obtained from
Smallaiogétﬁne rlltdl@ltedsac?avee @quwllbwn@h)@bmmwa@ weded T Hig reactor
t Bfe t A t & Fo‘?i 5 4
o oceé\ur es sglem lﬁﬁj A{SPL'I'M&BD gf‘ﬁngé% Pltegls & VI%S Mpa ( 580

psi) GAhd reRbtosiebupyr aml’fSWﬂSUVHEﬂati o(/dVEtdelllffeAﬁ‘@‘ﬁ) 6576de HW(E hes indicated. The

P TR BT ST LT SASHRITEE TR0 ChpbHos Ay steady-state

cond?86E thd ot rrmmtan@teree REE vak N0F BreGQREIBBEFY tHérb@WDenﬂSfeed rate was 30
Spencer inpact) strength was neasured | n accordance

ibs/Ry p MeTivhseRy 5759 ‘P‘EMEWI ied; tQ ﬁ@‘gqoérche( demsisy g’é@lﬂ@r@lymel product.

Ethyd&REWhdeMrtRAdn thedieBniWes FRNUL 3C banede p&ecdipu @Qtaly\é\@e%noentl ations
used for these sanples since they did not fail with

in thergaciaraurisicdl thas eru- LR xsteny comentrigbicaliipneeh omudd01 to 1 weight
per c@ﬁc' l:ﬂglitd onMﬂQ We%t QW): ré‘eﬁg)r tc&ﬁarcté’ eps nérT\st 1@&5@&# fr&ﬂ the reactor at

| mendorf tear st rengt S were neasured
the rate of 25 lbs 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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a Testing Machines Inc. tear tester (Mddel 83-1 1-00)
i n accordance with ASTM D-1922. Melt rheol ogi cal
wohersaceseri zati ons were perforned as foll ows. PCT/US2005/002100

- Smal | -strain (10% oscil lExtaviyLsbear nmeasurenents were
I nc. ARES

rmed._on a Rheonetrics Scientific,
Eth?]e ’é%lg‘éli"@?”zﬂg?’hg“ﬁ%f%‘r@gfl-Bﬂf’g’f@ geometry. All
r thJ PerEAfiont BB SL!SQP‘E rt{?e R feofng%ﬁoc%ﬁe 182 Bgy'frClzméA)é fluorided

conplex viscosity Fsus frequency
siliqarpdyin iy and Ufl¢th3tleldmusumgerb lsendvoiddl fusiagl the hm@lmdp as dewetilrd herein and

in Tgﬁfeg ?z@lémg 38 u@ﬁ Q‘fﬁ@ﬁﬂ&ﬂ@héb %9(# TERQA%re ﬁsgd 81%(%' %xglrﬁgles €4& Table 1

shear vI scosi aracteristic viscou
for mefalgcent @criumanmepal ation, Tabt 2 foecdbales diels mahan'etc&ntactor,eand Table 3A

d Carreau-Yasuda (CY) enpirical nodel is
for;regaf’fsﬁmnom 710 h*{vv)u[\ (;thv) éfY?n) 5 wher ei n: |

| h*Radte) 3B praagdsistthiel ecsof ambfiph exorghiearfon pslgalyitne prépddd using the

. Zero ear Vi scaosit |ont ne a =

s So R ST AN, Eorter ey {5 ST Pl Hoersh i Because the

metall@RRe cdrhpRdd 4°- @{I—ﬂa"ﬁigzﬁﬂg (Wt) Fs ﬁ&guelsaar ﬁtfsf %gféﬁg&)‘le & many of the
oscillatory shearin ef ormati on. Detail

Exagipdgsiprevidedderein @eﬁ%‘g%% peeida besslies ortchetr qu rv@déﬂl o appare the dual

tgﬁe(gd ;.(éagdt | iRl RRRndmy be found in: C A Hieber and
TR al?%sng Rheo). Acta, 28, 321 (1989): CA. Hi eber

and H H. Chiang, Polym Eng. SCI 32, 931 (1992); and
R B. Bird, R C Armstr% E Hasseger, Dynami cs
of Pol ymeric Liquids umeé 1, Fluid Mechanics, 2nd

El‘hﬁebvdﬂ’cﬁy)nw ot Wikes & 55(6’[38[2278?/ 3 araz’ d‘ T zghtfyLEﬁdgEH Melthébéne
rein by reference in "a"

par ’\%@?%ﬁzaﬁ% rhRspedlr fiist pRe lqcama é& %44 Btﬁ@r%@ﬁmd the tightly-
bridde$C! éc‘agd he(n%{aﬂgcdb‘e ) QJI? ?@Btﬂgﬁhﬁ‘é{hﬁﬁ%éga %)Nl p%)?tgg’lgnyl)(n -9-

or e |ze Di stributi’on runen
fluogamtyBrimdonmuch diploiidd B)s sirofraicie Tabkea 4(4"aaldrﬁfBacfEloﬂd@hsd)lcaaﬂdnma, and
nstr

C pore VO ne
sie QRGN PR PR 2SR NE alditines e Sorai.  S5E Haote 1 for
metﬂyc&smfeiolutlbh WrepieXdviRinkt mbllé’rz&bl&fa&ﬂysof&edhfto ﬂle"ﬂﬂdzo@hﬂad@ﬂ
u naActlvtor ort (§C1e silica-alumn

s b o b DR TR GUPPHATS] P ARG GE] i gpolyethylene

prepReddi L\éangtrd'u%lJlﬂ&@ﬂdcehd'lcaftehW§ cErs R g opSurRIgtaat et shéWM while Table
R. ace . as C%:ade M513-1 10, containing 13% al um na,

4B prov1des the resin and film propertles for polyethylene prepared using the dual metallocene
catalyst comprising compounds A + B. Thus, when (q -C5H4‘Bu)2ZrClg is combined with a
metallocene that is tightly-bridged by a single carbon atom, the resulting resin is characterized by
a lower MI as compared to using (n°-CsHs"Bu),ZrCl, alone, but also substantially decreases MD

tear.

EXAMPLE 8
Ethylene Polymerization Using (17°-CsH/'Bu)>ZrCly and a Metallocene Tightly-Bridged with a
SiMe; Group
Polymerization runs using the first metallocene, (nS-C5H4"BL1)221'C12 (A), the second

metallocene, either compound C or D as shown in Tables 5A and 5B, fluorided silica-alumina,
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having a pore volune of 1.2 cc/g and a surface area of
400 n2/g. This material was fluorided by inpregnation
woaoismoegrent wetness with a sol ution contai ni RGT/US2005/002100
Ahd-REID RN Maroedndectbausiy hemetiods af flesciiemnlt heron.e §erallable 1 for

10 wt % of the weigh e silica-a i na. Thi
metaflogspogaisicediizrn S Lok 4 e EFo Tl U Dty en

f Ofabl& mlillilbL?tr;&Es ﬁg@@@.ymﬁhﬁtfbh und rededr inditioas o poiyathylene prepared

_ sanpl es obtained in this man h i .

vind ST S 1o ChL s, e e 1 hep 5l LG, B e
5B prov{®s IHRC R siE WA tlm tordyRrtlel Fdra@lyatitylena pripaee isidg gieathibizmetallocene

disk at the bottom Wile the silica was supported o ,
catalydtecodipsking doypaindswhs™ 61 oA tif t HyEgHhEmE ook Bégzzf Ha (@) is
comlltg]ﬂaelnja? %t}&{}aﬁ@%@ﬁnﬂig& ERtalioBnst s%@gﬁéaqilﬁf:&'bﬂe@alfo@tﬁk WRlged by a single

. furnace around the quartz tube was
silicats @@t ahd rsnkiag eedihés tlemstariaedipe aofoweh Mt aheongpargdh using (m’-

r.ate 00 er _hour . final erature of 450
CSH‘O%’”&%& Eﬁ?‘%"“’ glg _8?3%5 e ,tlgl yh%ms?la Iﬂé\g‘bg Un na was
allowed to fluidize for three hours in the dry air.

Afterward, the silica-al ' s coll ected and stored
under dry nitrogen, and]#géaﬁgg% wi t hout exposure to

Ethyiehe Pl RSP & si 7 Ng?’éit (ROBIAY o« 106k HPBGAdet Qetallocene

reparations of al [ ocenes General Methods
Genelymkriptiopanat ising thet firodmedecenyrm ~ﬁ:g[‘1zf1ﬁ@2Zqu’135£A), the second,
nmet al | ocene conpounds an Sgc 0
loos.ﬁl%ﬁﬁ's%ﬁdgqe@gﬂc%g gl élﬁrn 8(?1}1%0U§Q?%r1|$,0(8r2&r %?%f?)gﬁcgf?ﬁ)les 6A and 6B,
fuotidl dildiangim tda, Sind Reéteyltluosim 4ei@39ndted WBingglle methods as described

ey 2 28801 2o Si0R e ST 3 o e
oechuE 195, 5,563,284 5565, 592 5571880 S, 504, 07

o’ o 4prilusiaReiamSae! S6LH T ORI IR RAS prepared
usin®al dualmef@ilodkne Mchl-yst%‘@_l‘isiﬁgr c88Pdundd B5+ E23 BF, or A + G, as shown,

aj i gaeshi, S.; Kadowaki, T.; Nishida, A ; Fujisaki,

whilg, Tableeb BCheoyides fhe Sedn él@d),ﬁlm PLPRRIEES fog_g%g?thyslgr’le ?par%r lfs’mg the dual
s 8 8 o 3 S5POCRE o6 G123, g
CsHEBuYZICL Jayinabmitih€@ githaneowly-bridesherdaiopsne, Igoiicallp, 3- or 4-

39-54; and Wailes, P, C: .Coutts . P ' .
carbgn ajqq @%ﬂ&}?&“ﬁfﬁ“ﬁ th@%tmlré% lre)s/m s cl%atctgﬁlzégirﬁy a?lﬁ{r)vgﬂ}/lg?ﬁ compared
to u?i'ﬂg (o B ), ACRABEHC withii d¥eoedsing DB Asar pard VGl ghinarallpdecreasing

., Lappert,” M F.; and Raston, C. L.; Chenmistry of
haz€r gano- Zi r coni um and - Haf ni um Conpounds; Hal st ead

Pr agss E)M‘ﬁWIGY ﬁ’é'l}g(s dehRB&rateoRR6hd bierRhRRA ek kRIS the practical conditions
of a loop reactor, (nS—C5H4"Bu)QZrC12 (A) by itself affords polymer which is too high in MI to
give adequate melt strength for blowing film. Additionally, given its high Ml and narrow
molecular weight distribution, (n°-CsHy"Bu),ZrCl, (A) provides a polymer with 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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Al'l mani pul ati ons involving air-sensitive reagents and
materials were perforned under nitrogen by using

weehisabo7r i ne or dry box techniques. THF was dperiusk@d002100
from potassi um Anhydr oggaAdireithyd et her, net hyl ene

chloride, pentane and tql uene we . N
Ethylenes Relymeizagan iYsig @gnﬁv’pﬁﬂ§ll)aﬁ§lzs{‘*6’re %32?6% éﬁg’g&tﬁ’lgﬁf“@%’ Zircomium
A re degassed and stored under
Mot ¢ UE:C A m AR08 Q%?’i’/;'wchl oride (99.5% and
n- Ihﬂjnyén |zbtidyi KA WRng thel it ased | coersm(iR-G 5t 2@l udedthassecond,

o545 OS] ST 205 YAl 11 B, (300, Mok i e

7A 284 78; @L?Orlfaﬁ’mm@ef—alﬂu%fﬁa% t(l&ﬁyl&ﬁﬂiunuﬁimk‘re 3onduetee n€ng ed methods as
agai nst central |ine

descrveaaredt |98 TOPTOBOUSHB(ITAT S RPER e PEy T S0 Tapfrfas st feeds

to th glegmgacg;ls(s i ndenyl ) propane. Techni cal grade indene
purity) (200 nL) was mixed with 1 Ilte[ ?f dr\b/‘ ed
TH”ﬁahma@rlllLﬁ,pgm@@@ wolyrreaization 3h§ §aciRpeondiions Prierst 1@”69(3 repare

usm%va%ugigﬂ %IY %‘é&tél@s%gom:msn?é &mﬂ\ﬂohﬁﬁsh&ﬂaﬂeﬁ/hlléj—T@blm?BSﬁrowdes the

over peri od m nutes. The dry ic
resubatl(h films proamwecfoalﬂowhm@mt weemfefét WREE the R mimgkalipesne catalyst

Lrring fo ur. t
com gt gl < DR T, LRI PG T i it  mor
hlghgv 3ngithiedopeanadiac, ( Fompbund.(F2 D B} IrCLOOHL gkcifically, a
THF at 0 OC over a peri og( of, 45 m L#‘ S, atnd i&nhrF esulti
metwegqynptwlwgeumbetw@pmdlwi Dediers nehORG b sy e resuting

A r Lo, YRS, 7500 | afshe, with
it SRERELLS I SRS, O scpla. o

subscaﬁmtnalyl\debl(e‘,hsnwg]Majw solution. After the ice bath was
renmoved, the yellow m xture was stirred for 1 hour.
This m xture was extracted with 200 niL of diethyl
et her, and the resulti ng?ﬂ@ﬁhEtiH ayer was vvashed vvlth

x300rTLof brine and th
indpse oG0S R LD ar o Pl Gy R QP Bt
D sol vent was renoved under vacuum a white solid began
to form The m xture was cooled to - (15 QC

fr @elmenlwen Abgghesingrithe Bist metalaeengr Gk By zﬂr@e dfggthe second

hafné‘H’&l h’[‘ﬂ%@g%w% nhge%d\t#{a’ner aﬁﬁ &:ﬂﬂﬁﬁ 3 bﬁétﬁl H"%gpegfa?dg’ﬂ?' li/gands as

showi€Inl TMessN ard E(B‘L@l?lorifdeg 511&3-%LM1116§2| did twathy e btrdnume dereldandiigRd using
(300 MHz

the met-)ao@ qqchesezmyd %91‘6%67%6?%&@@’_1 fél: get%ﬁ(’)clélzﬁﬁo’%ﬁ%né%ép%?a’tigg ’agd] Table 2
for (Zitazysﬁ?eedszc'c?')che ecohtabF. Oad S 2H) 3.39 (d, J =1.8 Hz,6
HLHLI KHz, 4H), qui n,

NI\/ERFa@? §A|\;|l.]zst1 a@g@e\ggolﬂnql zggtlgl anii Zmacgor Cflﬂ_fiél’s %régo%@tﬁylgh%%repared

usméia‘sd%’le g}]eﬁaﬁgéenre ;cgt% 8Zt com-&ts%)g %%rpéﬂnzdgﬁ_rﬁel l%ffula .Table 8B provides the

resm e@dbﬁkn( |m@]m1'r§,qs) fﬂiopféy@h}(lq@ glgqued AOINEMiS g%énetallocene catalyst
conufhlalgg c%mpt)oungs ﬁqokr%hu?fw%MnTHﬁ-ha@@zﬁ@% (gsi 1stc‘2>mb1r76% W& a hafnium

rogen
metallocene (n -C5H4”BL1)2ZIC12 (I), the resulting resin is characterized by a lower MI as

compared to using (n°-CsH,"Bu),ZrCl; alone, without substantially decreasing MD tear.
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over anhydrous sodium sulfate and filtered. Renoval of
the solvent gave a pale yellowsolid.1 e oi a: e --w

wohkbdsto7097t p M e to afford the product as a pabkeryskdoswo2100

solid (45 g, 78.7%yield). 1H NVR (300 M4, cbd 3) d

Tab};:é}}g I%egfn agd EIII;I Eg}ogtgt’ies %(%Poly;th%gn% gﬁep‘allﬁg ylsi-?ggl_slzpagle@etﬁlllocene
Catal'}l_Eb Cﬁtgrisirgg @ehmfdill B as$hewd.. 9 Hz, 2H), 3.31 (q, J 1.9

66-2.56 (m 4H), 1.85-1.78 (m 4H); 13C NMR
(75 MHz, CDCl 3) d 145.5, 144.5, 144.4, 127.7, 125.9,
124. 4, 123.7, 118.9, 37.¢; 27.9, 27.6 (Interpolated
Peak Listing). b. Synthesds of /YiCCHs(In(l) 2zZrd 2.
The ligand |, 4-bis(3-inde butane (6.66 g, 23.2
mol ) was di ssolved in 2 n,.of dry THF and cooled to

- 78 0OC under nitrogen. f\&n of 72-BuLi (19.5 ni,
2.5 Min hexanes, 48.7 wasS added dropw se to the
i gand sol ution. The resyl g mxture was warmed to

roomtenperature and sti«red faor an additional 3.5
hours. Into a separate flask cooled to - 78 0C and

Ex.

No.

ondamber NOMIZIOILM B FRiG] D@y 5 Amp| |) Srvees |adfded 18" mtazgf| CY-a
pent ane f & avid™ hy ¥4 51 Gv ad8Tijod™Sr |2585 L %of | TAF

6.1

ViRQ Tl 9es tjosa Whidbe| IuBpensio AFt er 2varn n#onqgl t'v2 | 0763

6.2

6.3

T ~J
upE ankogt (0916 1346 087 adanb7; L 4p T h 273 0.776
roomiten gl'.élt 26.4 “*:“-ms Io.p1,‘73I ? ,1400’” afbg abeh it Ohes P 193 0.727

Hotr8—the™s spensioir tufty dissotved to yield a
clear, colorless solution. Both solutions were
si mul t aneously added, via cannula, over 4 hours to a
third flask containing 40 nL of rapidly stirred THF at
roomtenperature. After the addition was conpl eted,
the solution was stirred overni ght at room
tenperature. Renoval of the solvent gave an
orange-yell ow solid (crude product). Toluene (700 nli)
was added to the crude product to give an off yell ow
solid and a yellow solution. The solid was renoved by
centrifuge. After reducing the volume of the filtrate
to 250 nL, pentane was added slowy until the solution
just started to turn cloudy. The m xture was stored at
- 10 to -15 0C. The yellow racem c isoner was
crystallized out fromthe m xture. The conbined first
two crops gave 2.18 g (21%yield) of the titled
product. 1H NWR (300 MHz, CDCl 3) d 7.69 (d, J = 8.6

Hz, 2H), 7.52 (d, J = 8.6 Hz, 2H), 7.31 (t, J = 7.3
Hz, 2H), 7.21 (t, J = 7.3 Hz, 2H), 6.59 (d, J = 3.3
Hz, 2H), 5.55 (d, J = 3.3 Hz, 2H), 3.35-3.20 (dd, J =
16.1 Hz, 10.5 Hz, 2H), 3.17-3.05 (dd, J = 16.4 Hz, 5.6

13-1.97 (m 2H); 13C NM\R

3.17- 3.

Hz, 2H). 2.33-2.18 (m 2H), 2.
4. 126.7, 125.8, 125.3 122.7,

6.

)

z

(75 Mz, DA 3) d 128.
121.3, 118.0, 103.3, 27.6,
2Si (2- Me- 4-Phind) 2Zrd 2 (D

12
2
27rd 2 (O, /M-C3H6(InCI)(2
2
(

7. i?"c-Me

, rac-Me 2Si (2- Mel nd)
rcd 2 (F),
(H, (h5-C5H4"Bu)2zrd 2
) were purchased from

(h5-3-Me, | -n-BuC sH3) 2Zr C
(A) and (h5-C5H4"Bu) 2H O 2
Boul der Scientific
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and used as received. Methyl-3-butenyl nethylidene(
h5- cycl opent adi enyl ) ( h5-9-fl uorenyl ) zirconi um
wdizeisloged7de (B) was prepared as described i n UBCT/US2005/002100
T4able 4%9 8’6%1%%3%%&@&&%@@6%&“ fonPafdiktlalel Fegareel Using a Dual
ol utions and Precont act or Siar IMKIT 12
Metafpgang SgialVst CpmprighperRmaRauBes ‘ggg%s %8&'8 prepared as
descri bed bel ow usi ng one of Methods A, B, C, Dor E
as detailed herein. The anounts of mst gcenes,
sol vents, organdal um num conpounds, af hexene (when
appropriate) arezngicated in Table
Exanpl e nunber Ciafed with edeniaf t
Met hod A. The appropmrate ano f De was
di ssolved in dr\& ~ trogen at
room t enper at urg. rred to a
steel vessel a diluted with i sobutang to give a
total of 40 pounds. This solution was fed to the
precontactor. Method B. The appraopriate _ampunt of
met al | ocerfameigNdi ssol ved in dr¥ degassed sol yent

und en at roomtenperat u}p In $ome cabes

],ESEW%W“%WH as i nar B4 ed—i-al-Fabret3 Al vai e
et e Metaliogene, - T AT O T LT AT

st "ididticerte B/A Y REaE {bPrd) L UT 195 Wt 70 (TTEAl ) 12+021

t rTehaydiak REiRBA TNt _[asS | ndiicat ed 1 h Tabl eo.®) was

added. Thecstahuifyren was sStirred®or 30 1o 60 riEAut es

arjd_t hen SQF4aksE@EPM t h additionaflSolvent—Fhe 5Bl ution
o tr r\n:--FFQ(rT-em (OE)A Aot ~al V‘l7§l (| 1 + ! 17’5\&_._ 1

St ull%thyfehec ot )y A& STEGT VESSKE dalfu Ul uteu ywyl Tl

| Sobutans defend[WoBsa total] of 402pounds. | Thi S _sokutl on
was Tiedxdnelethfiene gMacatid)actor . Mee.ltod C. The appt@pri ate
amount s_of _netal | ocenes-vere di %cn! ved iln drv

v-oo 1 ot

. I Y2922
dugassgﬁgigg,lii?&ﬁﬁg R itr oger Fhi-s—sOHttOMgas

t rransT a3 & FloR RateSibBGT  vesSSel amd dilurted W hs72

i sobuf aneolidoceticvwa. %a t ot al| of 4027ounds. |This s¥Bution
s f elbvmer Priaductigndibbnt actlor  Me¥Pod D 150 mi 26§
LuenePUaly (BRYERHIRS, ¢ he (i askepntatring thelo‘%m
apPT Rk EahEce LR (Bib) MEL al ToCgres f ol fowed by
addi T ORsh®roaliEity (fbrs) €T hyT[al um nue) and 1- hexerpgoat

rdom t enpermbhiwt®) The m Xture vid2stirred for hr at
ro —t-hen chargedinto—asteel—vessel
Th ene—was—then—added—and—the contents

T rddbiabid BecdiclidooRIBIN aNe T Qooaodood al  §f  400.(poiigds .
This solutcormis fed tolthe precontactor. Method E
Solution A- TGC H ( d) ZrCdl (E) was suspended in

1- hexene, TEA was added to the suspension foll owed by
addi ti on of sone heptane (250-500 g) at room
tenperature. The m xture was heated at 50-55 0C
overni ght, then cooled to roomtenperature. Sol ution
B:

t

1
—or

«

—
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(n-BuCp) 2zZrd 2 (A) was dissolved in heptane (ca. 500
g) followed by addition of TEA, the m xture was
weroosreeh7f or several hours. Solutions A and B RerTmss2005/002100
- prem xed, then charged into a steel vessel followed by
TabladBi R@sih Bed Fi&s Prepertlee Bdr@oBethilenaPreyared Using @ Mugintistalieese
diluted to a total of 40 pounds with isobutane.
Cmabﬁé&ﬁﬁ?ﬁ@ﬁ&?”ﬁ@éﬁ§f‘Tﬁ%”ég?% f'yst and co-catal yst feed
ratios to the precontactor are shown in Table 2.f ae
"' SrSy st? ments This vessel ! Iuted to 40
pounds usi ng hexéne- 1 rather than
Pr econt act or Fee %@nples wher €
nel al | ocene feet™ S, 'St ed t he net
in a prenmixed salupi O, EXAMPLE o
Typi cal Pol yner on R m Et hyl ene ﬁaigggners wer e
prepared in a ntThuous particle formssfocess (al so
known as a slurry précess) by contactithg the catal yst
of the present invention with ethylene and 1-hexene
Ex CORWIERET v T EnpoT VREN Z@kstyQN DhEd| iakealdMD | T | Haze | Cva
NOponneriZﬂ@hon@@énpeMbtuﬂ@>aﬂégﬁhu§m§éle§?ed§SJcﬁﬁt1at
s thercopotymer—iss progucedon T the fosgr of 7sataid o5 | 0w
72 pardte] aso@nd 2% r écover ewd4 iln 2i8hat $6rm 1éamey ] 80 | 0312
pol yneri zation reaction details are as foll ows.
Et hyl ene that was dried over activated al um na was
used as the nononer. |sobutane that had been degassed
by fractionation and dried over activated alum na was
used as the diluent. The polynerization reactor was a
liquid-full 15.2 cm di ameter pipe |oop having a vol une
of 23 (87 liters) or 27 gallons (102 liters). The
fluorided silica-alumna, the 0.1 wt% triethylal um num
solution in isobutane, the netall ocene sol ution or
sol utions prepared as above and a portion of the total
i sobut ane 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
tenperature for 10 to 30 m 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 Liters as indicated in the tables
bel ow, which fed directly into the | oop reactor. The
chemcally treated solid oxide (CTSO was added to the
precontactor through a 0.35 cc circul ating ball-check
feeder using a small isobutane flow, as indicated
above. Qccasionally sonme hydrogen was added to the
reactor to regulate the nol ecul ar wei ght of the
pol ynmer product. The reactor pressure was 4 Ma ( 580
psi). The reactor tenperature was varied over a range,
from65C to 11Q0C, as indicated. The
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pol yneri zation reactor was operated to have a
residence tine of 1.25 hours. At steady-state
woandioroons the total isobutane feed rate was Z6TIUSR@®E802100
Tﬁ‘fif'@six h@tymer&mn%wle@ﬁﬁ (foﬁ@ldoﬁs&bﬁPM@ﬁh}B&eleédal‘Hd Usaipch Dual
he hexene feed rate vva%S vard ed t ltlrol t he
Meta&@?@?@tagﬁt HBPHHIS AP PGt © E‘i‘ﬁ;h ¥6hcentration

in the diluent was from o 20 nol e percet.

Cat al yst concentrations j reactor are sy

t he SO _system copfgnt Jl |y ran S

1 wei ercent base wedl ght  of

cont F’bci ymer re g om t heH;céa

rat e of bs per hour covered in a f

cha \)ul can dryer sed to dry th

undef, nI™T ogen from 600 300C. To prevent

buildup it the reactor, a sfall anpount (<5 ppm Ph

relative to diluent) of a commercial antistatic agent

I typically added. EXAMPLE 6
u‘slel\’)’rm’)83

S

X lg tzat-i-on Lic 8 oy /In
B ica Lrgatgla Solid 5dete .r . F-SiAY \ WF'Sx/AlL'”’ =0 7 FSIAL
(Fle—%!ﬁééu PReiloeie | O11S _ UstNg e singte g at tocene, . p
t

Tondan b d BRI a2 BF Kicor ( A, 0Bl L6 | ded spi+ca- alfumonay oand
ri et hyl akFiwpmium wer e [conduct ed t hods as
edute¢idye RedidepeeTimedWH) jl n Ia%fes 3A-and’8B. 10.05

A TEA
l viar i rﬁprqatm]:ype\n TE A ?U d.ll}JI F?@S

LB ZAYA! ocat 1N b.lnﬂllu rJn\ Vv 2 : !
(]S Id&;ﬁ%?&) metattfocengg sof Ut[i on pdgoepar gt 1 onygo.2
or,

abl e ZEwiyiefe eat@)l ySt fleedsixi20 t he pregdont act
ahl 9 3mekane (mo¥ect or  gondi #-7lons. |Tabl 2%3RB prlovi
hylen .%’%‘ﬂ‘@rt : f

ST Em I Fedd gk FoEt &
BuU1-HdxEne[FAdd Ra® (I5HRYWN.
Omgmﬁé@g‘:ﬁwﬁzﬂmhm
o1 | Selids, Gone. w v of
nets “Polymer Production. (ib/hr)

hesepddinApdib O Iy @ |

Ml v

Ay
| iy

N ="

nal

SASA
oceng catg

yCl. IIyIﬁSCIIC [.
Fystsgonpri
Becatrse the netat | oce

(A) 297 ysed_as Bfirst

th\,szé(aﬁp. €S P%;é’é‘fv' ded—her

aselgobkg Or [COMtho; DY (W CID 1850
par € &1 (Rl net al[l ocene cat gl yst 1ieonpos
XRpdsiBelante Etodydtiatydib/Py |y mer $82at i on Usi #87 (Jf -|CsHf Rﬂg

21 CLAE AR |y B i dghidl Mot oel
e Agh (W) e+

o 7o'
TS 1T Ul

c = 4

(@]

@]

Qo3 T 7 I\JmO""

H ~0.066
Uy T Tz at M}}II arrsS u,lllg c 111
—TrBuTzira,,z (A, an ybrlwgﬁd S@con7,200
but enyl net hyl i depse( 372
5-FU§/CeN ﬁteddle@ Pre(
||| ICUJI (o) I—\ allu '—|-D IIUUIIUUU
silica-alum na and triethyl al um num were conduct ed

st B! et Ubblle,bgbgb
the tightl
et al T ocemsymnret hyl - 3-
h5Q0955/01°q5§Jor en%°§5@10‘?5éon | UPR035/0.0055
usi ng the nethods as descri bed herein. See Table 1 for
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net al | ocene sol ution preparation and Table 2 for
catal yst feeds to the precontactor. Table 4A
woRkbousgedatr es typi cal pol yneri zati on and react oPCT/US2005/002100
'pﬁm@mdkési}nowﬁxQﬁJmPéx%emyP@mﬂhﬂmaﬁér&@hdmim Buad Mstallocene
nmet al | ocene catal yst conprj si ng,,conpounds A + B as
Catalyh GRAPIIRE CoMpaIde ALl ﬁ?gvT @e%sgqhﬂg“r esin and film
properties for polyethylene prepared using the dual
net al | ocene catal yst conpri si ng conpounds A + B. Thus,
when (h5-C5H4 11Bu) 2Zr C conmbi ned with
net al4 ocene that is tig -byidged by a si

atom resul ting“r.ggi har act erszgc ower
M a atced to ysino H\““ﬂBU) 2Zr G~ ot

al so sub i%:;lti ally Jecr ey S ct ear. EXAMPh ¢

Et hy Potlyneri zat i on (h5- C5Hf Bn) ¢ 2 and a
Met %‘\e Ti ghtIy-Bri'th a Si Me2 G\

Pol ygreri zgtion runs using s

(h5-C5H4 nBu)2zrcd 2 (A), the second netall ocene,
ei ther conmpound C or D as shown in Tables 5A and 5B,
Exf. I %ﬂi}léj ed MI HLMI | HLMI/ | Density Dart Spencer MD TD Haze | CY-a
Nsil | i ca- aldgmi negraTi dFr ij gty | areecani ektr nt'sai 1 esur|t xb
rHretea—tsinel therethadspas destrided Tharei i 1See o
sAabkecl [fon pebal | oeenedssol utkon preparst | o2 dnél Tlatibe
82 [ 8rDcat APy 5t 2f ded®’ t?%he K ecolthet ol TobHeZ5A 2%
illustrates the polynerization and reactor conditions
for polyethyl ene prepared using a dual netall ocene
catal yst conprising conpounds A + Cor A+ D5 as
shown, while Table 5B provides the resin and film
properties for polyethyl ene prepared using the dua

net al | ocene catal yst conprising conpounds A + Cor A+
D. Thus, when (h5-C5H4 nBu)2zZrcd 2 (A) is conbined with
a tightly-bridged netall ocene, specifically, a

net al | ocene bridged by a single silicon atom the
resulting resin is characterized by a |lower M as
conpared to using (h5- CsH 11Bu)?2zZrd 2 al one, but also
a substantially decreased MD tear. EXAMPLE 9 Et hyl ene
Pol yrmeri zation Using (h5-C5H 1Bu)2ZrCh and a

Loosel y-Bri dged Metal | ocene Pol yneri zation runs using
the first nmetall ocene, (h5-CoH4 nBu)2zZrd 2 (A), the
second,
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to the precontactor. Table 7A illustrates the
pol yneri zati on and reactor conditions for polyethylene

wonrepared7usi ng a dual netal |l ocene cat al yst PCT/US2005/002100

v abl? ﬁﬂp Kbsih Elgﬂﬁgﬂ'})f%‘;&%&“ r Pol Fl;zthylﬂiel Taeaddl @sind PLAWIEifocene

resin an 'm properties for polyethylene

Catalpstéjpampeiging Siomgouride AdtiBl Arrelf.8f PoeEne® TRIMAI yst

conpri sing compounds A + H Thus, when (h CsH4
11Bu)2zrd 2 (A) is conbined with a nore highly
substituted netall gee

nBuMe) 2Zr d 2 (H), /&P

t he opent ad

subs te\g tk

| owe Jas conpanet
al o \dnout sib

EXA 11 Et hyl ere '
1Bu)2ZrC2 and its; I%Tnl um Anal ogF(h5 C5HJ1BuU)¢ Hf Cb
(1) Pol yrrerlzatlon runs using the first netal | ocene,

5 (h5-CsH4 nBu)2zrd 2 (A), the second hafni um
5 T Eendret alit oCenE ( NSLGEHA] BEY, 2 ChiZ [ IS)en@ONPMDSIT M | Haze | CV-a
No. S Ubgmirt Ute@eh ¢ycliMpent adkeny Illnwattgarid§ﬂ°ta< | Showni Tabl e

i i le la'a
9.1 A+(§fi 222\, 3,’4,9}: "”5,;'5,‘%? Sé;énll E&mﬁ&o e “:':209”H398 Jb76 S 0.672
90 | A+l 083 ploddg | 174 T o2 SR HoTY &7 sTELHPUSS 451 0.66
03 | AtE P ol P oisde e B 7 SeeJ ARt ¢ Shado0l  TEY aijegenassol §§ 1 00576
o1 AT PTERRIatTRR snd @bl £ ¢ok0n aadal ysbif eed® fa7ihers [ 0.509
o5 | A+ PTEGURt ACOT | Tahl € BAoSIBI Usiie@t s 1bhe [podoynewi zae4 op0.566
o6 | A+ENd oreactnr ¢ondidi onsofier |poByet hykene pBepaBed 1% ney>66
97 | A+R duab [retal locehe cat &d¥yst dbimti Sithg |catfpquiitis Nt P.549
98 | A+E wmhille| Tdbl e 8B%Hra .m%uig rhfﬁ)—‘p-. ig%lm EZQ : 4;2 7;1 0.618
99 | A+Briodéftjedsfor gb} hoPidn P8 nar AP EN
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conpared to using (h5-CsH4 nBu)2Zrd 2 al one, w thout
substantially decreasing MD tear. Tabl e 3A
weabosmeed7zat i on and Reactor Conditions for Pol yerhghkmseo2100
Prepared Using a Single Metall ocene Catal yst
Tabﬁm‘mr P(ﬂymgrlﬁﬂﬁlp%%a&oﬁ@om f(;'f@k%ly%th?ﬁne R%Eér@d @Qiqg a Dual

erties for Polyethylene Prepared
Metg:loﬁﬁli‘e é%@?’%ﬂqo&%ﬁéo s Eaparyrgs ACoHpis Tiowg: Corrpound A as
Shown. Tabl e4Ai Plyttierri at ir iid-R6ScJ It- r
Condi tions for Polyethylene Prepared Using a Dual

Met al | ocene tal yst Conpri sing ounds A + B as
Shown. Tabl e esin and FilmP rt s for
P

Pol yet hyl en aried Using a ‘t‘\al lsg%pe
Catal yst Compri $i\gg Compounds é& wh. Tabf e
51 k;"" Piy noi r and-r eeat ' |t|ons for
Pol yet hyl en pared Using a a al | ocene

Cat al yst Conpri sihng Conpounds + Clor A+ D, as
Shown. Table ti: Jt s-i "an i f Qe -ror Polyethyl_ene

Prepakgibiddsd. "y a Dyat et attoggne—Gat a.uyfl 6 n’r}g@s: A 3
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cEthyshokead Rate jiponer $Tablse 7B. Resi n jancski I Proper ti S 1o

- ﬁ@)fgn?fygrﬁﬁ%u{mﬁ] )Dr p‘;‘gﬁid lhif\-%ﬁ a_Dualllp#et al | oclere 11.84
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et n|qT£3 t) _(‘at'bsllll yst %}sm' Lsi % Conpounels A + | 57 as 2
ugtiv, L 28%nd D 4g5c 2405 2854

> Foducivity (1071) % 2703 . ' 3840 O ?Lffz'zgzsm tm 2564 3030
(0] YEAIRWE@HNC FIrepaleq ;ysT g dO@yar VET L7 0C AE 0.033

Cat al ysfiwConpri si ng_Conpolind$ssfe+ 1, &% 64010 oSV T 101110

W\ Claim 1A catalyst conpdstion cenpei s nqsaxsﬁl r 3t 35,600

| Mplin e copmouhd.—a secondiinet dl | odéne Conpmnd, | 284
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P Fé . . )
reionfamr,s,,te&sl@mta\"o??ﬁe cabpogs t f eatoed2solli dooozs de, anabsat 0.0088

MeeAisdenOMRedFegrd®al IMm npm F‘Oﬂ'pOlTlnG whererma)the
first WeBetsl | ocene conpiound has’t he |f ol Fowi ng f ofthul a] 3!

R AR hA 1 72)2r | whereln (X&) and (%) afe o 027

Al ANyl Y

ITIaepertaentry o 1o Tostubsti-tuted bY\,I Upcul. atenRy ———=a
nonosubstituted i ndenyl, a nonosubstituted fluorenyl,
or a nonosubstituted, partially saturated anal og

t hereof; wherein each substituent on (X1) and (X2) is
i ndependently a linear or branched aliphatic group,
wherein the aliphatic group is unsubstituted or
substituted, any one of which having from1 to 20

car bon at oms;
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wherein (X3), (X4), and any substituent on the
substituted aliphatic group on (X1) and (X2) are

wondspeodent | y an al i phatic group, an aronati cPgTWSPI05802100

cyclic group, a conbination of aliphatic and cyclic

Tabl87BY ﬁ%sm and pi)l(xM @?dbeﬂfe@?ﬂﬁ PoBethulehidPregiraliPsin@a Dusindeteliocene

Catalgstdlﬂ@lpr‘é”@qu%?@w‘{j ot

group phosphor us 9roup an arseni c group, a carbon
5[3% & ani um group, a tin
group, a lead group, a boron group, an al um num group,
an inorgani c group, an organo allic group, or a
substituted derivative thereof, one of which

having from 20 carbon ato halide; or
hydr ogen; b reen the secon zaf1oqqggm§onpound
has the fol | owi f§, formla: (X5 (%) (X8) M wher ei n
1) Mis Zr; ahd (X6) are | endently a

subst it ut ed{¢ opent adi enyl , siBstituted indenyl, a
substituted<fluorenyl, or a substitdted, partially

saturated anal og thereof, wherein at |east one of (X5)
and (X6) is at | east disubstituted; and each

Ex.
No.

Subistend lueyit |ofM! X5 HLMAd] CX8Y L\ﬁﬂﬂnj@*pggdew y'Pa | Fiehedr'

mknm&%ﬂﬁwmaﬁ%gmﬁf i8°e| n"the| al i|phati

10.1

U'N¥% 'bowybuqél'tukﬁu To.RYDSTi4Hd eaizanmscmeyonL4 0.585

10.2

W”A!H haviong f7lzem 1i7.00 2@.ocar pameat ons; 2243 Md4is | 46.4 | 0.629

10.3

(XoXmand1GXg6)23ake | ndependent | yv2& cyeboperPadieny?.s | 84014

10.4

i ndenyl | 1asf|laceenyl76 al PpaiTi allPY satddr af 294 |zl @gyd | 0.623

10.5

thereof |, 088 lalssatist 169Ut bA93al A0 hel-&ofk 21AAfaR 133 1 0655

re connected by a substituted or unsubstituted
bridging group conprising from3 to 5 conti guous ansa
carbon atons in a chain, one end of which is bonded to
(X5) and the other end of which i s bonded to (X6); or
3) Mis Hf; (X5) and (X6) are independently a

monosubst i t ut ed cycl opent adi enyl, a nonosubstituted

i ndenyl, a nonosubstituted quorenyI, or a
nonosubstituted, partially saturated anal og thereof;

and each substituent on (X5) and (X6) is independently

a linear or branched aliphatic group, wherein the

ali phatic group is unsubstituted or substituted, any

one of which having from1l to 20 carbon atons; and
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wherein (X7), (X8), any substituent on (X5), any
substituent on (X6), any substituent on the
weubsstareaat ed al i phatic group on (X5) and (X6), panaSa00§/002100

rape YRS LhEHRNL. R aLu Rc&k@@oh&MtnﬁcfobePdlﬁ@“lﬁ@eQ’fr@ﬂ&d Using a Dual
connect’i ng ( X5) (X6) are |nd endently an

Metadip¢enh &etakys @HIEISIW%?MQSI% %B‘ W& cyclic group, a
conbi nation of aliphatic and cycllc groups, an oxygen
group, a sulfur group, a nitrogen group, a phosphorus
group, an arsenjc group, a carbon<group, a silicon
group, a germanpumgroup, a tin gr a |l ead group, a

boron group, an m num gr oup, &oi c group, an
organonetal lic ps “br a substi t tedif%rl vative
t hereof, any one o \hl ch havi ng ap 20 carbon

atons; a halid hyldr ogen; c)
chem cal | y-tregt solid oxide copprises a solid oxide
treated with aR el eatronw t hdrawing anibn; and d) the

or ganoal um num conpound has the foll ovv| ng fornmul a:

Al erein—(X9) 1S a hyyrocarbyk havi ng
f r oMBndmi ateued’dnaax.@et ans; (XS)ALI S an| al kox#-geL or

4ng arb at i
aryloxi demham from1 to 20Athrbon atons *%lgé_d%or

hydr Meteliocepa ¢p Rea¢ter (Rpmiuher Mkw.’é to-3- ...8.‘11'““"' 5

Th %Q?'é‘?gﬁiﬁy@”ﬁ@&‘!‘“ " d—of d'h:gg I, Wherer Tiehne

sepond gl ahPepeRE conpound hass the T ol ow ngiif or mul
( XBY (T X6C X TeXBYEY . wherlei n (X833 and (X6) ar 8762

[ ndeDend;élmehQ/ (mepl %)thf iLtiuted P\§l¢3 nr\nnf :ldi eny! 1418”2(1
supstitulhegere vaut stbstt Lcd fHyorenyltj7s0r a
- M 'le‘!R t b7 Y176

sups *."ixa’%e’&"‘,V{ijpe rerar ey e saturated_anal gg ther eof
WNET EiEthyidfe He@tBiGte (DB Of (X5) a9ed (X6) lis at 19(3391‘
di subsHexend Feeld Ratd (b/h€) | Sy f hq1|9\671q=r. ( 52 '
mifgtiehwfng{' MH’BH or—bratjghed—akphatcgroup;

r TP 'Iymer'?roﬂuc'tlb’ﬂ'(fb'lh'r)" oup 155 SuUbSti T Ut echsor

substi sque@{gy(g;ag)e of T whi chodmavi ng flrom 1 o120
carbon atomsq Reberein (X7), (X)), andlany suBtity
on tmeswmmﬂrquﬁtﬂﬂﬂgﬂb)n Iﬂfi c %—?\.m on \XS) 2«-242 AVZad

ar e—i nAEh-\PA'RdIJRU\VJtV (b/lg) .~ _+ r agi I\QU
-.uuPuAuﬁ\(wlt/l)y atfi—ai plld.l.l foz@rOup, |amn a OfRasd

gr oup,—a CyCiy C group, A conhbxzai i on df al i pi3ati ¢ _and
CyC¢l'IC group®s an oxyge aroujesa sul flur gr ol a

[fa)
<y
AY

)

ni trogen gr¥uMn_a phosphorus rim%up, ar—arsenrits §rotp;
a_car bﬂpr{afggteqiej M:%N | | cbn gFreepY-0028 ger|manifit gFBiip, a
tin {aw&ynem(eumqmmmew a boo@s group, an_ab.umi num
gr QUPRrecaRtadtstMe@Bater® Agr olp, an ©r ganonet al | i c %gr oup, ar
a Feed (Ibs/hr)

Metallocene Feed (lbs/hr) 0.48 0.68
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substituted derivative thereof, any one of which
having from1l to 20 carbon atons; a halide; or

woydsageatz 3. The catal yst conposition of C ai RCRUS2005/002100

wherein both (X5) and (X6) are at |east disubstituted.

Talfe 8B.hReGRAmI BBt POPEROSo! P@yet@jlerg el Usire! Bidl Méllocene

Cate(lyl% Cognpupn

the first, métallocene conpound has the fornul a
oFpgungs 2+ LARPRIWI-R1L in each instance is

|ndependently a linear or branched aliphatic group

having from1 to 20 carbon atons, and vvherel n X11 in

each instance | |ndependently F, , , Owe, OEt,
OoOn-Pr, Oi- -Bu, Ot-Bu, OrNEt 2; b) t he
second netal | oc on(pound has t

(h5-CsH3R 2) 2zr ,Zr wherein RL in & ChHi nst ance is

i ndependent |y li L or branche IIC gr oup
having from1 t car bon at ons, 11 in each
instance is indep ently F, 4, Oowe, OCEt,
On-Pr, Gi-Pr O n-ABu, Ot-Bu, 2 ér NEt 2; c) t he

chemcally-treated solid oxide is fl uori ded al um na,
chlorided alum na, bronided alum na, sul fat ed al uni na,

Ex.
No.

Yigpgesnel e gMél j“/é\ﬁ alltMy n aDene‘hI oPtdedreiel | ¢&- al M| iz | CY-a
br oni ded “&€1" | €441 luniha, | sHif at'By” gi MEa &fupi'ta *

11.1

FTUorT 0ed 51 | bea-|ZT 1oGoN| &91L gl e%?' '2&*20l Zi T ¢OEd5534

11.2

bromded o3l | Gaz Zi T oaNi A,005uUl[T ad7ed Skl | CaoeZ | AEOM 1@ | Qo9

any conbi nation thereof; and d) the organoal um num
compound is trinmethylalumnum triethylal um num
tri-npropyl al um num diethyl al um num et hoxi de,
tri-n-butylal um.num disobutylal um num hydri de,
triisobutylal um num diethylalum num chloride, or any
conbi nation thereof. 5. The catal yst conposition of
Claim2, wherein: a) the first netall ocene conpound
has the fornmula (h5-C5H4 nBu)2zZrd 2; b) the second
net al | ocene conpound has the formula (h5-C5H3

nBuR2) 2Zrcd 2, wherein R2 js Me, Et, n-Pr, i-Pr, n-Bu,
s-Bu, i-Bu, or t-Bu;c)"the" cpem cay-tfefttett~stna
oxide is fluorided alumna, .chlorided al um na,

sul fated alumna, - fluorided silica-alumna, or any
conbi nation thereof; and d) the organoal um num
conpound is trinmethylal um num triethylal um num
tri-npropyl al um num
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di et hyl al um num et hoxi de, tri-n-butyl al um num
di sobutyl al um num hydride, triisobutylal um num
wdietsiogoal umi num chl ori de, or any conbi nati on POEUSEG05/002100
6. The catal yst conpogipiMgs of Caim2, wherein: a)
the first nmetall ocene conpound has the fornmul a
(h5-C5H4 nBu)2Zrd 2; b) the second netall ocene
We cRipound has the formula 5 H 11BuMe) ZrCh; c) the
chemcally-treated solid oxide is fluorided al um na,
chl orided alum na, sulfated alum na, fluorided

1. Si Al &@d@h vt pabitiodlcomPMsied AR et MR cdRRORBIINIARde@hd hid®allocene
or ganoal um num conpound 1s trjethyl al um num or

CO‘“P‘P‘I“ids éb d?%ﬂ Qhsisheinigsllyrireaiedesqligy arigat andopfpsastt 9rsn orghnoaluminum
comfdidldMvilsreipher ei n the second netal | ocene conpound is an
ansanet al | ocene having the foll ow ng fornul a:
( XB) Byt Xeip{ls@neeomponed B3sihq ’fi@éywaagorm@ are
i ndependently a cyclop@@kﬁﬁpe yzran i ndenyl, a
fluorenyl, a partjally satura d anal og thereof or a
subbeietuf¥a amalsg an eméwndqmﬂbr ed rinqnxE)bstitktgd ( %@)opamtedlenyl a
monS QRG22 HASLLHEES @5 MISHOSlbhd B RLd, BRORy saturared
group conprising contlguous ansa ca
amﬂ@i@WEOfn a chain, one end of which is bonded to (X5)
gq&laﬁigyhﬁfbstﬁu&t )W?' ang]n XZ 1sq?%gg%eét§{ gl %ar é)ng an&eg aliphatic
group;wh@cln gheg&lmbgnccgn@upes ungugst{tie]d oraﬂmﬁst(tx)@(),,anﬁnye of which having from
1t0§%b | fuent. on (X5), and any substituent on (X6) are
Sﬁaen Iy an aliphatic group, an aromatic group, a
cywheremg@dy X )a acdabi nubiitoeht Q)lﬁftﬁé bubsefuied aipBatieYGbipCon (X') and
rou an ox rou a sul fur grou nltrogen
OF) Grotcrea B HHE LS <G bRy in 3FTE SUE. GF Y5l BT caFdination of
aliplafiOURd cfclR érb\ﬁﬁnalgb}@gﬁm ﬂ)ugeﬁ BRI WG, QURtrog@n tekdlip, a phosphorus
group, a lead group, goron group, an al um num group,
SIOURyAI HRsNiaHPY: §Ceilipn gr@Hp Gr Y470 BETRI 3 g@fm@wwwom agin group, a lead

group U bioh W&, 4R Galumaldny %ncﬁlbe&?%“orgaﬁﬁygr&fbe aﬁ’ orgibiitallic group, or a
aving from1l to 20 carbon atons; de;” or

subsHitpd sigEMative themé aos1o8f 9EWhish hpdag frpr@nl TQf 2@paaban qoms; a halide; or
hwk$ﬁﬁfe'n a) the first metallocene conpound has the
mula (h -CR ZrC, wherein Rl in each instance is
| n@)ef;zimteﬁw Isgeoid tmtmlévaqme@pmbmmddmdleéd)liq@mlm foomgroup

Cori Trpound 15 [ m O BLCLD) RO PREYH. & 1are) 227 w12
1) M is Zr;

(X°) and (X% are independently 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 (XS) and (X6) 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;

2) Mis Zr;
(X% and (X% are independently a cyclopentadienyl, an indenyl, a

fluorenyl, a partially saturated analog thereof, or a substituted analog thereof; and
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2, [m CH2(CH2)nCH2] (h5-9-C | 3H16) 2Zr X12 2,

[ m CH2(CH2) nCH2] (h5-1-C 9H6) 2Zr X12 2, [m
WEROA®TNCH2] (h5-1 - C 9Hi 0) 2Zr X12 2, or any CORDTM&AR06/02100

t her eof vvhgrsgiaﬂdf& )@)salé rcomettetl by3s sn&nﬁdtuvddememmubsmmtedl priaging

each occur
an ar o,gmuuip:p%gy%gﬂﬁ!g %rghngi%ki%ngguo g%f)a (%lét:;] n a ctnl sg 1){1%&(91%91 one end

group, afhhkybRatae (g J%H@theaiﬂleablyd aitdeh 1g|bomqad t@a(X®); or
di al kyl am de group, iaryl am de group, an al kyl
aryl amdde gMbBpif; an aI kyl t hi ol ate group, an

aryl thi ol at exgrAHRX®\O4re dndepddbitlyutaedotBubsviafisdv€yclopentadienyl, a

t hereof , any one of V\,hl ch havi
at ons; ng)lﬁwyhs@t@tedomdwar%gwos@?tltpﬁqanglu]bretm?/l 2(9r C%rqgn%substltuted

chem CEJ gmf/gﬁé&%@ a§£bg@la@5ﬂ dei i s fluorided alunina,

chlori um na, bro |
f1uorided sichahcabglituant ﬁm’a (g&rﬂ?%k?%dég “éqség?‘%g'gtg’ld&ﬂflﬁﬁr & branched

brom deg gidci & R 18 WhibRtie Gréiip s GRs@stiicn tuted,
fluori ga § SICH’ C %Hrf:conlla 1Ehl lo%lldgldlsm FLI ga Zel ?)éosglljsg e any

br om de:d1e$>ﬂzvih®hhzvmgﬁnlmd tOleIOFUé)P@GtOQSI da- zi rconi a, or
whes aatnl oSrl]lett eh 8 X% an LutshGe Rl SANEG! A H¥Mtuent on the
5 i

triethyla ufm num
subsflfutedrmfpﬁﬂjd Qbupmom( ) ﬂhde(t)ﬁylaaﬂ Ny substitehioss dhe, substituted bridging

tri-n-hut obu | 4, d
group (ONRESHIS ﬁ(ﬁlaﬁm (mre dn etpﬁncfeXI{l)ﬁm numﬁ%{%gﬁg o grplngﬂgl group, a
cyclRAFBIpP) @tcloﬁllbuiaﬁ@f e0dliph&ic aﬂde:ycla:t gby;gt am: oXy2e8 iorduona gtplfun group, a
Clai m 8, vvher in X12 is inde endent
nitrogRe grcgEt RhosRheFus. @5opR. ppn aiggtic roupOt Ejon%\lﬁ)épg a s1 icon group, a
gerl%ﬁetfqé gépr, al h? ﬁgﬁﬁt ak Y&t ceape dbioh gnoupf alChmntinum group, an inorganic
In: a
e S BB S50 S TR S8 G g
fron{eflﬁ)h%b @%Eﬁ‘ﬂzﬁ@mé %Han@eeﬁﬁl%%g%hy a li near Or br anched

atic having from1 to 20 carbon ;
secbthd alrem gkl ly-ewerb sABR¥FPMPgisss 31503 p% %M@? ar lectron-
fluor |') zi rconi um di chl d
. ny chl ori de;
Wi hlt&ralv Putane gl vyl bi s( h5-9-f1 uor en?/l ) Zi r coni um
di dhthenigieoaluminum compound has the following formula

ALY (X 303
wherein (X9) is a hydrocarbyl having from 1 to 20 carbon atoms; (X'O) is an alkoxide or
aryloxide having from 1to 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 second metallocene compound has the
following formula:
YEOENXZr;
wherein (X°) and (XG) are independently a substituted cyclopentadienyl, a substituted
indenyl, a substituted fluorenyl, or a substituted, partially saturated analog thereof, wherein at

least one of (XS) and (XG) is at least disubstituted;
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|, 5- pentanedi yl bi s( h5-9-fl uorenyl ) zirconium
di chloride; I, 3-pi Opanediyl bis( h5-1-indenyl)zirconium
wdizalslogedrde; |, 4- but anedi yl bi s( h5-1-i ndenyl ) zPCT@S20081002100
di i e substbienest @pdidyixb) is (ndbfentieritlydeliyday zi bremhediatiphatic
di chl oride; |, 3-propanedi yl bi . . .
groupySIgrin H’@ragﬂl')‘ﬁltlf STOYR IHSH ﬂt‘T‘C@%ﬁPWUted’ any one of which having from
1 to lﬁg‘%%%‘@?"f apgdi y! bij_s( )
-9-fl uoren - n- ' [
| ,ghg@m(gﬁpeg%{)} %ﬂlds%y s%%gcégeznlt E)l(l: %’I;]el suur&tituted aliphatic group on (X°) and
X% AR i%déﬂeh‘&ﬁlﬁg‘}/zin.)éﬂiiphd'ii'c@#&%}ih.i hio&@né pislip, adeyclic @rofip,neconbination of
rotJdletiyl-)i o it-it utoxy2|rcoq'un1 | , 4- but anedi yl bi
aliphaBic land AXFEIAYEFURR- 0. BUEHK §RHPc it LB 9UPs2 HETRBEH SR %ipﬁésphoms

grouﬁgeinlga:r%eﬁf%%@wp), QSbérBélpg%Qﬁi)ézsiilic%Qt@Ld;F]. a ;:garlaalﬂﬁlﬁrg@(b’l@d b ¥ih i, a lead

uor enyl ) zi rconi um di ne . |, 4-but anedi yl bi s
group5a Qorfoh igppuen g REIARGH SLIP-0F ERCHEPRIC §Oup. %ﬁf%ﬂ@ﬁ%@lﬁﬁiggctup’ ora
subsE@’cﬁ%'creh dﬁ{vg Q%/elre)o%,' dn§ QHE WA RIcABENYE froh, 130 PZORRRSMHYhEiaSalide; or
-1-1ndenyl’) zi r'coni um di met hyl ;| , 4- but anedi yl bi s(
hydrhgenl. - i ndenyl ) zi rconi um di net hyl ; |, 5-pent anedi yl bi s(
h5-1-indenyl ) zi rconi um di net hyl ; or any conbi nati on
thereof; c) the chem cally-treated solid oxide is
3. f1 Ube datkiydt auinpnsitian, of €idim i weateimbothi(ha and (X atead least disubstituted.
al um na, fluorided silica-alumna, or any conbi nation
thereof; and d) the organoal um num conpound is
4. trires bydat eomiposinorosfildinQobikgihal um num 11, The

ot BeLHER RS SHRERA S e RS O g or A & arin R in cach
instdni{ ?ﬁ@%‘@eeﬁ@n@;sh Hfnear\bleB@idhed Xbphadd @rduitavidgefrom 1 to 20 carbon

I ndepen tly a nonosubstituted cycl opent adi [, _a
atommnmtwb@tﬁntﬁ%/éueachaéwpe, isdngepeisisubs i Egt%dﬂﬂﬁﬁ%r%pf“'m O-i-
H;?ﬂv@uQ?E§§HQ§££BPNEQ" partially saturated anal og

ther€of; wherein each substituent on (X5) apd _(X6) is

i ndemeneent imetadiotenm eempaind hasghrcioeaulaln ghdbR )66 ugp Wherein R'in

L T
atmﬁs’alrab@ﬁl 'afy@A® instance is independently F, Cl, Br, I, OMe, OEt, O-n-Pr, 0-i-Pr, O-n-
Bu, O-t-Bu, NMe, or NEt3;

¢) the chemically-treated solid oxide is fluorided alumina, chlorided alumina, bromided
alumina, sulfated alumina, fluorided silica-alumina, chlorided silica-alumina, bromided silica-
alumina, sulfated silica-alumina, fluorided silica-zirconia, chlorided silica-zirconia, bromided
silica-zirconia, sulfated silica-zirconia, or any combination thereof; and

d) the organoaluminum compound is trimethylaluminum, triethylaluminum, tri-n-
propylaluminum, diethylaluminum ethoxide, tri-n-butylaluminum, disobutylaluminum hydride,

triisobutylaluminum, diethylaluminum chloride, or any combination thereof.

5. The catalyst composition of Claim 2, wherein:
a) the first metallocene compound has the formula (n°-CsHa"Bu),ZrCly;
b) the second metallocene compound has the formula (nS—C5H3"BuR2)ZZrC12, wherein R?

is Me, Et, n-Pr, i-Pr, n-Bu, s-Bu, i-Bu, or t-Bu;
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wherein (X7), (X8), and any substituent on the

substituted aliphatic group on (X5) and (X6) are
wonadspeodent | y an al i phatic group, an aronmati cPQTASp05/402100

C%?kﬁ@crﬁh%&ﬂy—n@m@@é@ia@ide&@ afioraded Qhﬁtrhhzi; chngidey eluintna, sulfated

roups an _oxygen gro sul f a nitrogen
alumigp.dijgrid %j%H@§ﬁﬁ@ﬂﬂ§l@ﬁﬂﬁﬁﬁmgﬁoﬁﬁ§¥%% roup a carbon
grdy Ue (ﬂg&iolalgﬁﬂﬁmg rc@MB@ugﬂ ger ffﬁlﬁHtMﬁl@lh@lUFl, telethylBluminum, tri-n-
roup,' group, oron an_al u
props AU S AFUD N DR AhP g SHBMETAIT UG, Bp: g g mui hydride,

trusoﬁﬁ’@lﬁtu'lﬁlhﬁrﬁ Qiléjl%rlé VidhhMehlRE &Rbny edtybigdtion eerdsii ch
ving from1lto 20 carbon atons; a halide; or

hydrogen. 12. The catal yst conposition of Caim 11,

\Ah,lq{ TEtaklefcene conpound ‘has the
6. fo eg\%&gr}{g%%lg?%logbfélt&” ee) 2ZrX 2, wherein Rl in

ea theifirstaatd beérs cpmieynd rlild%aﬂil? ifigrmailay Qﬂrr@alfhn%\f‘h%‘%c hed
al | %pea%é&]d%égé%Sgnae\rgzlfygqgo%d%% &1%%01%1 } @M'"&ﬁ%ﬁj@j’b,

O-d)th¥ che@icuilBureated tsolBLioxiddVis2 ﬂuomddtll:‘etlmnmb,) chidriled @tmmma, 'sulfated

rretalloc pund has the fol ng .formul a
um(‘ﬁs sidg ‘%if‘%—lﬁ% pipacor iy, EQRIRatQy tl?eﬁeoé’a%ﬁ i nstance is
?ﬁﬁbiu}huﬂuﬂ tongRuNdIs thiednkhednah bpthisobatylghatipim.
haV| ng from1 to 20 carbon atons, and X11 is

i ndependently F, d, Br, I, Ow, O, On-Pr, Oi-Pr,

7. O’ﬂqe@dﬁalﬁ} ctomgébltlowl\&@lanﬂﬂ Whekeli th@)secbﬁtemetallocene compound is an ansa-
chem cal'ly-treated solid oxide is fluorided al um na,
metaipteos hetde Gf Grforing eiMHat ed al unina, fluorided

silica-alumna, chloriggdsiti&dyzal um na, sulfated
silica-alum na, or any conbl nation thereof; and d) the

Orghmelal(ﬁiﬁ) mdr@(c)onp@@ngendgntb/r @@@lﬁpqnéqdwln glmmdenyl a ﬂuorenyl a
part%li}hs&%&l L&l ar ﬁTlgl’%H oft Jr a sPlBlstuﬂRé/d Ak l(‘?g]tl{klﬂé@f d\k/l?etl ay! BEUERURS) are

um num Obuty al um num
connByteld bdle, subﬂtntut&b&nuﬂmhl&tmumdnbrlﬁglldl godpy¢ampuisingfram 3 to 5 contiguous

ansa?pglFP%glsa? 1? onal (%1%%8{1%? E»v 2f 1§ Qoeﬁdgé); (eﬁ)gal}dﬁpi?t%@xt&ld%§’twhlch is

wher'e
bondE&&@dXépcene conmpound has the formula (h5-C5H4

2 h 5
fB IO{N ()%é Iqtrq_ %g%eliglo et sq lst{ &0 %%E§FWc&ﬂ§ctlhg?( ) and
(X% Séﬂy' s%s@i’&heﬁiﬁori SGRECT éh)dﬁ@st&humoha}( )Calnd mde[ﬁtediandy uami adighatic group,

an a&%gfégm;glﬁu&qg(? ég{ulp,ugrﬁlaggpnagoln 0 g]lp%atlc anda byc?lc gro%s 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.

8. The catalyst composition of Claim 7, wherein
a) the first metallocene compound has the formula (nS-C5H4R')ZZrClz, wherein R' in
each instance is independently a linear or branched aliphatic group having from 1 to 20 carbon

atoms;
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d) the organoal umi num conpound is trimethylal um num
triethylalum num tri-npropylalum num diethylal um num
wethsxiree; tri-n-butyl al um num dlsobutylalunlnammSﬂmymnum
hﬁf&ﬂedﬁecoﬁd l cooB sty s3lipBi AU ) [dtcelﬂzloaH@L@ma]@ﬁmclng)Zer 2 [p-
oride, or any cqubination_ thereof The catal yst

cm(@dﬁ;f&éﬂ(mu BrCigficRras m 1, Vm[é‘r%‘flﬁcﬁppeCIéﬂgmlcqusgzzf)F ARG
CHZ((;IQ (ﬁ_l i(l')l%IIS W%E%%P({}gwkﬁe%r Qll}ﬁccz)ln’ibg{\ﬁg&ll ﬁll%retf)f eated with an

ani‘on erein the solid oxide is
sivdhblcemn alftom hey 3,and i ca- al um na, al um num phosphat e,

b 8V grrg%)gllz%ltgueg S 251‘??3{.1'06‘:1%}1’1 Q& gcéesn%l% L@oﬁgﬁancﬁ&&?% ﬁomatlc group,
an allloRRle @efup, @ndylokide gloapit ahcarﬂey\mmhdgraup g a@rhaunmde g®up, a dlalkylamlde
flu

groupy ad grygtnédecgrbpé g%%:élkﬂ arg‘mydb u%sg % k lt [ak %@BS A arylthiolate

group] BEa 6dbialigs Ued@mAPO ticicof) anybdneEf a\lhmh]h,avm/g érrom htot B@carbon atoms; a
chemically-treated solid oxide is fluorided al um na,

halide; OF BY4"#€8> al umi a, broni ded al umina, sul fated al unina,

floy el fedicaiy- ireadl o RRide GNIMRBHekRICh [whiink, Catadidedri nmina, bromided
brom ded silica-alum na, sul l.ica-a

alumipp, i fpge @dunipa, Afyor 1g§da§1hca gl plplfn|a1 or; lCleFltSéllca allumma Fromided silica-

alumfngcgdlfifeﬁ dileba-nnRih, OchrRbd isgita-ZirdoaRNicRlorigdd biBtLfrconia, bromided
|1 ca-zirconia, or any combi natidn thereof. 16. The

s1110aezatcm1§/ stilfaseshy s alicomia.c agy gaminatiopfherofing he
I?j?“%]@ adré&ﬁo&l{l ke 8RboHIOK dBinf i iIGhinGARFibHP8lufinum, tri-n-

neta I'on conprising zinc, nickel, vanadium
pxop)ézulhmemn diztpdalymigam| ¢thaxidet r[rnn-bp‘ml»?élgn@wn ﬁﬁp@;@d@ﬁ]@munbpydrlde

truso@x?ty%ﬁj%mpu@%émﬁn [uilaﬁm Jhim%jz ar g%ei;c{/ﬁ%u"f‘a{tﬁﬂﬁthe%@pos' tion

e€m ¢ reated solid oxide
further conprises a netal or netal ion and is

zinc regnat ed. chl I a,.

fl’lﬂ)&rciaglglat qnmﬁsﬁlgn ogl(q’l]% Féjﬁﬁv?'g}génrﬂa dlS ‘-leégeddgﬁ Qn@i qgir 1, OMe,
OEt, §-h-PE D-RPY W-1Bu, @itrBr, Nivies,egiNied 1 uori ded

silicaalum na, zinc-inpregnated sulfated alum na, or

any conbination thereof. 18. The catal yst conposition

10. OfThgcﬁ’tblp'ktlaommmoﬁ oNClalie7 Watieghit: ratio of the
or ganoal um um conpound to the chem cal |l y-treated §O|I
0xa) dee first metaiiaceime compgurnd lq_as thsgfollowging fqﬁ@uéam apﬁllél‘tR )2ZrCla, wherein

R' in e%glpf?l%faééaq Péﬁld@llhtg) 3 1in0P&F BlafcHeh &lipKg8ReRhg FbAUMo 20 carbon
conpou

' al um num triethylal um num
atomt;rangr opyl al umi num di et hyl al um num et hoxi de,

: H)Ql&o !&(f}lldl“llrrlntg\%%nedéo ggﬁdf&lyg al um num hydri de,

um num i et hyl al um num chl ori de. 20.

1 3-pT$]ﬁn£cﬂ)ﬂBﬂsM€t9 tarpedrirdoniunodicidbddenn 1, furt her

conprising an optional cocatalyst conprising at
1,4-butanediylbis(n’-9-fluorenyl)zirconium dichloride;
l,S-pentanedlylbls(n -9-fluorenyl)zirconium dichloride;
1,3-propanediylbis(n5-1—indenyl)zirconium dichloride;
1,4-butanediylbis(n’-1-indenyl)zirconium dichloride;
1,5—pentanediylbis(n5-1—indenyl)zirconium dichloride;
1,3-propanediylbis(n5-9—ﬂuorenyl)di-n-butoxyzirconium;
1 ,4-butanediylbis(n5-9-ﬂuorenyl)di-n—butoxyzirconium;

1,5-pentanediylbis(n5-9-ﬂtlol‘él1yl)di-n-butoxyzirconium;
80
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| east one al um noxane, at |east one organozinc
conpound, at | east one organoboron conpound, at |east
wOoneosioaed7zi ng i oni ¢ conmpound, or any conbi nati 8aT/US2005/002100

3.k R QR oL - iR y S &t rRb)tSEyz6@mposi tion of daiml,

further cqnprising an optional cocatal yst conprising
14-batangEeSis(morieinddnyhilinbREA® B8N d, wherein the

al um n ne .conpri ses ' | um noxane having the
1’5“3@8tra'ﬁe1ﬁillyg&g(? ‘\}\ﬁ‘é&g' Ihﬁ'%"?@oé%l%ldﬁlg]g? or branched al kyl
1,3-gaépanstiiy1bis@holfldopenifziemnondiatbss, and n is an integer

from3 to. 10, a l|inear aluym pnoxane having the
14-tugsngdiy RisEn 1 sfluprenyliaisgonigym E‘P‘ﬁﬂ%{ﬁed al kyl having from 1

) : 013 iaddium dige@d; i nteger from1 to 50;
L5 %Rtgg%éﬁg%m@nfgﬁfgggg})ﬂ?&?m t he ?or mula R smra V aAU
1,3-fPepanediylhiser di-indenyl)gir@niim dimgihdl;a i s = ?Ai (3)- "o(2)+

"0(4).5 wherein "A (3)is the number of three coordinate
1’4'%‘It35} ¥BRhES ,e“y©5§r§§1llf%dlfrﬁéhygunber of two coordinate
1,S—Mﬁégﬁﬂyl&%@\ﬁﬂrina&hglﬂiirdoﬁiutrhﬂmeﬂhp‘lber_ of 4 coordinate

oxygen atoms, R represents a term nal alkyl group, and
or apFopbpabeEiesot bri dgi ng al kyl group; wherein Ris a

i g)etﬂé RmibHRORARM Blik¥kidbay i MerifieomMubitaOcirideardamina, sulfated
atons; or any conbination thereof. 22. The catal yst
alungePowidei] shicopluming pi gy compiaréniheerd; #dl ar ratio of

tng?)atﬁ% g%gl%%mlﬂiﬁ]urh Q&gﬁ(ﬁad#giisn Q?feﬂﬁgalﬁlﬁnﬁlh &r GRIBLHBMA AT

ne conpoun seco net al | ocene Conpound
in the catalyst conposition is from1:10 to 100, 000: 1.

23, The catal yst. co St ] ' e D&Y has th
1. 7 o AR E AR et Ay G ge OB okl pas the
follRtify foahutai noxane, n-propyl al uni noxane,

i so- propyl al uni noxane, &)é%vzd}@ﬁfnoxane,

t - but yl al um noxane, secC-Hut um hoxane,

iSQd}@r‘éﬁ? kiﬁfl)umdnox%)nﬁe ihdgendeptlal uarinmowsubstituted cyclopentadienyl, a

2- pentyl al um noxane,  3-pentyl al ym noxane, . . - .
o g SIS FORGHES G IUNE P U ABRARRg pytily seurated
e P ther —compr 151 ng & ont L onal. casat al yat .

o s el SR 2L 1020 ORLLONEL COEaL Al Bh e sipha

h | At undspasuiher fudbdioi nay foae BLvEch having from
gro%ﬁ?&%%ﬁspﬁ&l SOHPHNRAsy uted Sr Su E;

wherein (X13) is a hydrocarbyl having
1 tof 20ommbbntaton®0 car bon atons; (X14) is a hydrocarbyl, an

wherein (X)), (X%, and any substituent on the substituted aliphatic group on (X°) and
(X6) 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.

12.  The catalyst composition of Claim 11, wherein:
a) the first metallocene compound has the following formula (’ns-CSI—L;Rl)zZrX”z,

wherein R in each instance is independently a linear or branched aliphatic group having from 1
81
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al koxi de or an aryloxide having from1l to 20 carbon
atons, halide, or hydride; 25. The catal yst
woanpasidrron of Claim 1, further conprising anPOpiSmai02100
15 26 @edbAkiEs; SRFPHiSifgierdenti @ &5 (CLOBE 1,0DgandRt, fen-Pr, O-i-Pr, O-n-Bu,
conpound, wherein the organozinc conpound is
-ty ﬁY{WyPYZ|FﬂT€ di et hyl zi nc, dipropyl zi nc, dibutyl zinc,

di pegp es@&dhhzlhaguocdﬂe( &crm;mah@yﬁb§ ltHeyfonext/hgl fpahune (nsocsfaﬁy)zl—lm L,
conbl nation thereof. 26. The cataly osition

whergingR rin Bachf ipstarise fis isgapsndesting LFargp oy %ﬁ%ﬁd Bkt g %’thavmg from 1
to 26%’%!1 StoR8, Ald ﬂ('@%ﬁqd%ﬁdéﬁﬂgaﬂﬂ@%pm OORPOBN G-n-PhET-£PR O-n-Buy,
he or ganoboron compound st n afl’ "hi |)"bdro! il
O-t- IBU,S‘rIMeiaPIST(‘IETQJ f1 uoi Onet hyl ) phenyl ] boron, N
N' (%' tﬁgtﬁn? 411@51? ﬂré&'teﬂ@oh@%&i%g' s (merual Lluﬂ{lﬁpaﬂ&)’dehmmrﬁﬁl& sulfated

yl carbeni um tetraki s( pent af | uor ophenyl I) bor at e,
alun11met, rtﬁlummdt:cétsrl@magl@pm]tcérﬂqugigd (ﬁﬁimwn)l%r%lﬂféted silica-alumina, or any

¢ }/é%m l'i ni um
com "e‘%@kﬁ%@, bis(trifluoronethyl) phenyl] borate,
t r il)phien plgeacdheninum compound is  trimethylaluminum, triethylaluminum, tri-n-

prOpg%M?lH%?£ % ét%{’lﬁleu}né% rri.l feg@.gi%%hn@t-lgg% gllﬁhﬁﬂydnl Q%o@ﬁ Jal Lﬁ)ﬁmg\n hydride,

yst cdnposition o
triis€BuailatudGunwhiethglaiuntien pinbade, padnysombingtien thergafnobor on
conpound to the conbined first netall ocene conpound
and second netal | ocene conpound in the catal yst
13. COTIB@&&teIl}sOchlﬂp‘ésﬁcﬁlﬂjﬂCﬂ)auin 11, wierél@: 1. 28. The cat al yst
osition of Claimi1l,

CometrLon g G, iniher conp )i on ool ona
p‘?ﬁlg QQCOP?’R 8faRbddnd aﬁnﬂo‘aﬂﬁ Eésrige foQﬂulE (T?SWQ'th%Hf@lz,

uty ammnlurntetrals ?/ bor at e,
t r ic)f thelhtmlchidyrrentddusolitl exxidgkis sﬂwﬂgd wluyriiess ghl@rlded alumina, sulfated

s R TR g o o
tthwlopgmwllx)lmomab@npdmd(n buwitmethysdompinirumtriethylaluminum, - tri-n-
progy, Eitllglﬁllfllbl%t 3165?15%%}1{]%9&%9(%% ri-n- %l t)anl?nr}Xunll bé-’}so% t%l’laluminum hydride,

trusblﬁitl\fl@llﬁhﬁ{uﬂﬁ Ategdylahoniaph enyptiih or atyecombination thereof.

di methylaniliniumtetraki s(ptolyl) borate,
N, N-di met hyl ani | i nium tetraki s(mtolyl)borate,

14. N, Mg bRy ydmstisibnbOmiqet, hakiet(tBe dremically-treated solid oxide comprises
di net hyl phenyl ) borate, N, N-di net hyl ani ] i ni um

a sotlépxlgk tr g{tgﬂ gulaalhgfqﬁrypﬂﬁglﬁwwylwqéqlbw erein

NS e fay | @p%é | Qi UMgilica,  al umma silica-alumina, aluminum phosphate,
tetrakls |s(tr|fluororreth3é phenyl ] bor at e
oria,

hetelkbpjtj-l;duu@tatq:ﬂ @iniik,j zircgma, magnesia, zinc ox1de mixed oxides thereof, or

nt af | uor ophenyl ) borate, tri phenyl carbeni um
m'xt“é?sr ?%e(if%%n%t ol yl )borate, triphenyl carbeni um

tettlnealelee(nmwah@rh\)/hgr'caucm it r ifjpbedey | dbipridenbigmide, phosphate, triflate,
(2,.4- t.h yl ) bor at e,
blsuﬁﬁe‘ifepﬂg Slaaf%(gﬂlpgﬁwat éétt?%g&s( 3, 5- di net hyl phenyl ) bor at e,

tri phenyl car beni um

tetrak|335b|str|f n bor

5.t rqu&“ﬁe‘ﬁ;ﬂ[‘%%r“B@H‘?ﬁﬂﬂ“t o Lok o edF ﬂﬁ%?% BB Satsdpolid oxide s
flucﬁ'lﬁ@cp)éhhﬂlﬁa tedtoriakd aupribgl brbohided atienind, raafiyted wiomina, fluorided silica-

t et r aki séntol yl) borate,

alumimpy gldpidged llC@ra,l]Lé‘{nﬁ% l?jﬂ]él B?sﬁéagﬁgunet rsag%aql §itica- -alumina, fluorided
t et raki s(3, 5-
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di met hyl phenyl ) borate, tropylium
tetrakis[3,5-bis(trifluoronethyl)phenyl]borate,
wonroeEy7oaam t et r aki s( pent af | uor ophenyl ) bor at e, PCThIS2095/002100

stiicat Aleb &K SRRy SikHaroRpR L) s ice zirddntah suifated silica-zirconia, or “any
tetraki s(phenyl )borate, [ithium

combiratiPRRICEOh- t ol yl ) borate, |ithium
tetrakis(mtolyl)borate, lithium

tetraki s(2, 4-di met hyl phenyl ) bor a | ithjum e
16. t cheasaisbisBemasisien kY CHHEry %ﬁf&fna%s ngrp]leffeed sold oxide further
coml{r%re{ QE{e‘rﬁ‘PBPQ{B{a fo?l ccﬁx%j(lsi—}@ zinc, nickel, vanadium, silver, copper, gallium, tin,
etraki s(pentaf | uor ophe )borate sodi um
tunggtest, mekibd Eptie ey Ry c@mbataéon %}&Pﬁ m
tetraki s(p-tolyl)borate, sodium
tetrakis(mtolyl)borate, sodiumtetraki sf2 4-
17. di Titeet ¢ajalysh eprppIsison &lal@oblwelll the chemically-treated solid oxide further
com?r‘ies:e% gﬁeﬁ% fbé g%érilégqgﬁ Q%Aogggg?éhﬁrf@@ﬁét&i cHi&§Hed Mumina, zinc-impregnated
ﬂuorﬁc&ﬁraakmsz( ;zemlarlbl eguateshtieeridey bearakmiperiasinpgnated fluorided silica-
um[n&, F%E‘I‘@% %Qfag d s%?%[r c%l?muﬁo%t%gg géﬂﬁ%matlon thereof.
tetrakis(mtolyl)borate, pot assi um
tetrakis(2,4-dine br.ai | i lumi
18, SRl RyORETGeber Gt Tpatalyl IR MakRLpidsf ugygprgatumivm
com%&dn@rﬂ@tlh%)éhamlaﬁllmawmsbﬁd oadd is fipat o0:y k9 dllidiOnat e,
ri (n-butyl)amoniumtetrakis(mtolyl)al um nate,
tri(n-butyl)amoniumtetrakis(2, 4-dinethyl)al um nate,
19. fj”l"ﬁ@ -t LbapRtiodNoft eldiaki,s (¢8edin the organoaluminum compound is

trnngtk;?lﬁén%%éﬁlggﬂ%lrlgft}g{pg\g]&gﬁ]t@ﬁy|t%lral%oégllaﬁ .ﬁ'&,anﬂn&y}é uminum  ethoxide,
trlbLWk‘_ 5, a'?lﬁéobﬁ?l‘dﬁﬂﬂuﬁﬁﬁ aky®ide telspbyrplbumimat, e or  diethylaluminum

rre hylaniTiniumtetraki s(mtolyl)al um nate,
chloNB&- di et hyl ani |'i ni um

tetrakis(2, 4-di met hyl phenyl) al um nat e,
N, N- di met hyl ani | i ni um
20. t ef[hakataifﬁccﬁnpﬂ)mm bﬁﬂlph}elnfqﬁjlm Q@PiPigiEgan optlonal cocatalyst comprising at
I, Ni um d, at
leasY %ﬁ?ﬁ?lf}% %Fﬁlﬁ st 051 %Tr]l%%{a}?%blﬁ]%OLmd haé rl]e)a/lftcogfr: Blégﬁlllol?ror{on compoun
least @lerialikia g ponicodoytppadd) ot :natoembmatlcphtdmybfb ar beni um
tetrakis(mtolyl)alumnate, triphenylcarbenium
tetrakis(2,4- dinmethyl phenyl)al um nat e,
21. trimpbeayl ¢ ashgRitianf Claim 1, further compusmg an optional cocatalyst comprising at

leas% qﬁ{e[@ﬁg\\;y}gﬁ? E)(g]%lﬂrgﬁlﬂ;r ¥vh£J Iguelrt]IYe LﬁmHgQane COlTlpl ises

tet r@Kl‘l@&lﬂﬁﬂBQﬁfﬂE%Wl@@fh@lﬂmhﬁlw um nate, tropylium
tetrakis(p-tolyl)alum nate tropyl ium

tetrakis(mtolyl)al um t\r opyl i um
tetrakis(2,4-dinethylp qu | um nate, tropylium
tetraki s(3, 5-di msthylp yI) IMini nate, tropylium

t et r aki s( pent af | uor ophenyl ) al unviragie, l'i thi um
R i§ %HJ%E :oi &,%egf?aﬁ?bﬁ%’ ga?vpnho.epé/l}q ha{l}ﬁpltcﬁﬁ%hl?n atol'n's,t AHa4ims an integer’ from 3 to
10tetrak|s(ptonI)aIumnate [ithium

tetrakls(mto ﬁ)@{ﬁlumn I|th|um

tetd &1@?’3?12‘“&“’ H)$ B]ﬁ 91 %l uni nate, 1ithium

t et raki s(3, 5-di net hyl phenyl )al um nate, |ithium
tetrafl uoroal um nate, sodium

tetraki s(pentafl uorophenyl)akym nate, sodi um
tetraki s(phenyl)al um nate, sodi um

tetraki s(p-tolyl)alum nate, sodium
tetrakis(mtolyl)alum nate, sodium

tetraki s(2, 4-di net hyl phenyl ) al um nate, sodi um
tetraki s(3, 5-di net hyl phenyl ) al um nate, sodi um
tetrafl uoroal um nate, potassi um

t et raki s(pent af |l uor ophenyl ) al uni nat e, potassi um
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t et raki s(phenyl)al um nate, potassium
tetrakis(p-tolyl)alum nate, potassium
woetrsakig(mtol yl )- alum nate, potassium PCT/US2005/002100
tetrakis(2, 4- dlnethyhéhenyl)alanlnate pot assi um
tetrakis (3, 5- d| /al umi nate, potassi um
tetrafl uoroal um na —gxﬁ onbi nati on thereof. 29.
A catal yst conpositi con | g essentially of a
first metallocene co und a sedd¥tfihet al | ocene
R is & HRR WA Erandhed! aﬁ%haﬁﬁ?fr&hqnﬂ)qwdabboh LeRlsethdiPlsi 4 iRsbdeiom 1 to
and at | east one organoalun1nun1conpound wherein: a)
50; the first netall ocene conpound has the follow ng
fof %%xudlh%)éa(le(ga\ﬁe@aqé M)nara, : ,,,+gxbgl m,(@g;,) ARein %2 ls P61&4 and o
i ndependent|y a nonosubstituted cyclopentadienyl, a
is = mann 0 Barb St iot 1 VTG ihtkemyd the aU'ﬁ‘?Fﬁ o5 tibestcopiginate AyuEPBMEAMS, moe) is
[
the @hlgr@re%m%m%&gﬁjﬁﬂggﬁ)?ga @éﬁg A oy | ¥ tl§331¥LMﬂ)YtﬁF 664 @6@!)119&6: oxygen atoms,
rapredmsemd@mnay aliyl graemrand R Upﬁﬂ@n@dﬂ Mdgp*rgaalm g pherein R is a
r stituted or
lmea\ph'glgr? Mﬂeé lg?,l al\lﬂ@?r?ze og 1\%{% |cht:) Eﬁ a51|§ ﬁ(g from1l to 20
cambannmh@ﬁ@1ﬂmhefeln (X3), (X4), and any substituent
on the substituted aliphatic group on (X1) and (X2)
are independently an aliphatic group, an aromatic
22. gr Ohepcatflys YompesitipnoeffiClaian 2hridiensn itlenmolbr editib piatd dumimgm in the

BTN AT TG TN AR A TN —rs

the cBtafaf ddRfpodikien B, frot 3i10it6 A00,go@UP, a ger mani um group, a
tin group, a |lead group, a boron group, an al um num
group, an inorganic group, an organonetallic group, or

23. @ pbhialydt e@netitinatdfVvelaihes BolvheRiy NI indMAhE Ncompound s
having from1l to 20 carbon atons; a halide; or

metiyjpdpigerene) ceBingxtite SPEMHIRINSIANG c SRePOBHBYIRpXane, -
butyré)ﬂﬁ‘mhé}l%né ol BL( l)ﬂﬁ’llﬂco%rfgu L&: bu@@l)l1(1?&@){2(%7}5())@3/y|}4hum§£a%b N1-pentyl-

are i ndependent |
alumggixend, t ut debesiydalopiepneadi enyd-penayldwpsoxangs ed iseriteiHylplumgnoxane,

neopégt?f'aﬁdé Hsdgdgrfé]i H%BEEMLHOHQECI‘%SUIOS': ituted, partially

ura 0og thereof erein at |east one of ( X5)
and (X6) Is at Ieast di substituted; and each

t on. ( @ %
%?g\ﬁg d)n%ﬂo? ?{1 c%fl Canarlofj S[?ler mﬁm{;&ﬂ%@ﬁ% %‘1%! o%ﬁag%l 4 Q&%Erlsmg at
leastg)h@bl’@aﬂoambl Bshifsihd, twheeth thy organosine tarhgaind &iumsythe followmg formula:
Zn(x)(x"):
wherein (X") is a hydrocarbyl having from 1 to 20 carbon atoms; (X' is a hydrocarbyl, an

alkoxide or an aryloxide having from 1 to 20 carbon atoms, halide, or hydride;

25.  The catalyst composition of Claim 1, further comprising an optional cocatalyst comprising at
least one organozinc compound, wherein the organozinc compound is dimethylzinc, diethylzinc,

dipropylzinc, dibutylzinc, dineopentylzine, di(trimethylsilylmethyl)zinc, or any combination thereof.

26.  The catalyst composition of Claim 1, further comprising an optional cocatalyst comprising

at least one organoboron compound, wherein the organoboron compound is
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one of which having from1l to 20 carbon atons; 2) Mis
Zr; (X5) and (X6) are independently a
woyalsgpeatt adi enyl, an i ndenyl, a fluorenyl, a parmiSai05402100

tf‘ls(ﬁéﬁtalﬂlﬁ@l%ﬁlﬁ%ﬁ?ﬁ%rgg ﬁ*ﬁ%@@i@(ﬁlfﬂfmcﬁlne?eh»ykl’ﬁ)héﬁyllr]b&@n aN’f?N’ @Bhethylanilinium

hereof: and are connect ed

tetr%%w?ﬂl&&r@wewbhspr@% 5%@1169¥l€9é%e“6’r“? &a?wapa}twr%ﬁ@fl beraffy lithium

tetrakis@Rht3fli RophehPAfHoFHLUOUS  FNFAH G PORNTALRTE | Ne@alb8isbis(trifluoro-
elongménd @hhgg% is bonded to and the gtﬁeg enclls(rl ore

metlml)pwghmpfg Br&méﬂcqrbewx@)tetra&s{%§ Mtpguqqpmettly@)heaﬁﬁaorate or a

Comg%gmn@ﬁge&ndependently a nongsubstituted
cycl opent adi enyl, a nonosubst i t ut ed i ndenyl, a

nonosubsti t ut ed quorenyI or a nDnosubstltuted

27. Pairhd @l ¥sSas ftﬁ? c?afnr@llaﬂg bhenesh: th@rlﬁiol%a%lo of the organoboron

substituént on i s |ndwfendent a |linear
compeungrte hlecheatn tarddpfivat m@ta@qac-‘@umcownéﬁ sd¢endairiepiagene compound in

the c\%a%ﬁ d@;ok’nﬂ%ﬁ‘ Sdh Wi EfOfo.pubstituted, any one of

ving from 1to 20 carbon atons; and wherein
(X7), (X8), any substituent on (X5), any substituent

onTFlg(@taly S’c%ptﬁl i 1o I%Qecoﬁl s?ﬁ nUpfl 1a‘?£<ic Eti gomprising
PR Hits e Drrhg

any S
at lsdstbsme tlumladg btom;tgnmggﬁmdl,p\adnemhedlei mgiz{rg Jondpaompound is  tri(n-

butygtpltgﬁlaglgjgnpg{} (?F |SQ) té}y@ﬁgr,aat h ntnllE)u 3(]1 rnﬁllgl) ﬁliud antg r%l%{{gqt—t:ofé/l)g%late, tri(n-
butyy@iogiugr ou psiralds(2 @)cylgethylgfomﬂep a tis@tfug)agmaupum a  tetrakis(3,5-
._hjtroge r ou hor.us ro enic gr

dinghuaR G bun o BT R o Bl S e o B pP sy tborace

tri(ntHuly DEAm@Riund {eaalds(gélﬁammr@ham)earagr OMN- daﬁbtt@hmmum tetrakls(p—
an |nor% 0 group, ganonetal i c group
8

tol ylgboww Nedimgtpy wgt 'iev%ﬂ%(WetPlefBPmafgnv Notanegp 4 inigm tefrakis(2.4-

dlmaﬁﬂblﬂﬂy f)lfo?am: 1 W%@n&ﬁf Qﬁﬂnﬁhon&tralas@ %Ldlgl@thyﬁf%eny Dborate, N,N-
Ogen C) he chem cal y't reated solid

dlm@ rliug@xg a euilig 3.0 deiflupiemetyDpicn k] bosate, NN -dimethylanilinium

tetra%lgﬁg%ﬁtﬁﬂ%l&qilw EFQ ani on;,, 1?1%9#8%12&1?%}1 organo %t%swmlyl)borate

oun ol | owi ng X9 X1V n
triphahgeabaniynX9) i deteekipgmirtolyBpdsste, havi m@h@wdjmt@nw 20 tetrakis(2,4-

diln%:t?}g@‘]%ﬁy%&%; C( Xlo}rldhglgﬁialfb%ﬁfu e Or arté{ﬁggpdsedl%mﬁ)gﬂenyl)bm ate,

ar bon "at
tripHesermbﬂlﬂbEr f tgrakis[3, i}bB(tnﬂmmd)m@hyd}phe@@lbﬂ&t@(; at altlypﬂteny carbenium

tetra%g{%llﬁa %Oéﬁggleggﬁ%g%%hqgagynﬁnc tltaf%l { tgry%gmae Ilopyllfu}n tetlakls(m-
tolyl)borate,  tropylium tetrakis(2,4-dimethylphenyl)borate, tropylium  tetrakis(3,5-
dimethylphenyl)borate, tropylium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tropylium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate, lithium
tetrakis(phenyl)borate, lithium tetrakis(p-tolyl)borate, lithium tetrakis(m-tolyl)borate, lithium
tetrakis(2,4-dimethylphenyl)borate,  lithium  tetrakis(3,5-dimethylphenyl)borate,  lithium
tetrafluoroborate, sodium tetrakis(pentafluorophenyl)borate, sodium tetrakis(phenyl) borate,
sodium tetrakis(p-tolyl)borate,  sodium tetrakis(m-tolyl)borate, sodium tetrakis(2,4-
dimethylphenyl)borate, sodium tetrakis(3,5-dimethylphenyl)borate, sodium tetrafluoroborate,
potassium tetrakis(pentafluorophenyl)borate, potassium tetrakis(phenyl)borate, potassium

tetrakis(p-tolyl)borate, potassium tetrakis(m-tolyl)borate, potassium tetrakis(2,4-dimethyl-
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second netal | ocene conpound, at |east one
chem cal ly-treated solid oxide, and at |east one
wonrganadged7am num conpound, wherein: a) the firsPCT/US2005/002100

phergﬁb&lafeg %mﬁ%&!&lf@ﬁ%&e&ﬂ@hd‘n@l)ﬁ&% NgptdseiMtletafluoroborate, tri(n-
X4) Zr ;- wher ei

X2
buty ﬁ&@ﬁ@ﬁ@é?ﬁﬂ%ﬁ@l%*ﬁbh%@ﬁ% tilite tﬁ%}%@fﬁ@ﬁ% taﬁrazwm—togbalummate

trl(nmaf}@)%hmﬁ)lhhﬁrw a4 ak@@elndfilneth@l)ﬂﬁlﬂ RSteb S tri(h WuBWahdeaneny tetrakis(3,s-
or ‘a nonosubsti tuted )gartl ally sat ur at gd anal o

dimalhydphsoy halvgrie: ek BOBS L ERENSPLRE) Rk higymingte, NN-

dimdtBASRENGRNLL ans?p {o'lﬁﬁﬁﬁm%te b, AngiRedyahilipin Al lefalds(RUBIy)aluminate,
erein the aliphdatic grou i's unsubstituted or

N,Ngliggethy ligjtisigm anyte@ﬁ@s@) %c;t@ﬁplwgyl,)%gmp@t@m 1 NN-dpnethylanilinium
tetraﬁg@bﬁ[ﬂ]u&?l en%ﬁﬁﬁﬁh:ﬂe (X3), (X4 N-ARGthRYilBHASE | g(gent tetrakis

e substituted aliphatic group on (X1) andé ? )
(pengafleoiontrepybridmineiey an al ifthanylearansiip, an afdighisiclolylaluminate,

trlph%BﬂFBben%lﬁym | Cr QiQMPolyBafiRinat i Otﬂf)ﬁgny@!iﬂb&lﬂ@ﬁﬂ C aRgrakis(2,4-

I c groups, an oxygerd group, a sulfuf group,
dlmﬂhylplmgeh)algmmap, a phrbspherhesivgr ouptetralﬁs(éﬁs@nﬂle&l}@h@w@alummate

trlpl}ep}ilc%ig 619 rtgtr 1S ép%méé'}]g%r%?&gggﬁwgﬁaé Q%Ey%mn ‘H{glansEM% r‘%l)% uminate,
trop@iuIpP, teddkis@etofd)aienigataup, tro@mlu(mn gatmmbﬁ(@l‘“—dlmegw@d]myl)@hlmmate

trop}a./]]&fp;lj ﬁ;t Ift$ 2 e% fi_gr | i@\é% h@g géh,% %ﬁyﬂam()f \A@{rackls(pentaﬂuoro-
phelﬂg}gﬁ@ﬁ?ﬁ? olbl) gﬂxmﬁf e:c gertfaﬂl&([&ﬁt@ﬂﬁtdomhﬁbalhmaﬁte Commmmd tetrakis-
sl G

tetreﬂ‘(Ys?i @-Qﬁl’iﬂtl@@}bfﬁﬁ})ﬂb&lmﬁnﬁﬁ b $ithidn! t e@akiignsd E—rdyﬁeth}&plfelﬂbﬁetlmhhhhed lithium
| uor enyl , substi tut ed, art| sat r at ed
tetraéhﬁl"é’g“’”t“??éﬁr eof Sifi]ﬁili“lﬁl’:‘l n attetraggg;(ema ;éor e(lb}%gﬁlu%ﬁate( X6) sodium

tetr%k%éﬁ%nyl%ﬂﬁﬁmgé Séé@ﬁﬂ &HSIQQF t(ﬂ?l‘}’alﬁﬁi‘ﬁﬁ‘te S4baRi iebf@lﬂﬁ(npfd) W ¥luminate,

I's ind epen dent | i near or branc

sodiafi' geitrakis@, 4gd1@1@i}jy1p\hp;yﬂ)giumlmq€% sg;igum«, gttra[glS@F%@@eﬂglphenyl)alummate
SOdl#lrillS ugﬁgﬂl}ol@ag\.q%l%t Supoﬁslsqult eg:tral@&%elﬂﬁﬁlom(phml)gnmhﬁa\fé NGotassium

on atons;
tetrﬂl{sephemyihiﬂxmdan,t Ipytaasumyctetrﬁgﬂpa@yl@aiyhmatgn porrdEwiy | fetrakis(m-tolyl)-

alulgla%tg,t %ﬁtﬁ%s&mé na rt¥aklastjh¥ d%&%ﬂﬂﬁ%gﬁ)aﬂmll 9 th?tEﬁRﬂ;n QhiraBis (3,5-

ereo
dimethylphenyl)aluminate, potassium tetrafluoroaluminate, or any combination thereof.

29. A catalyst composition consisting essentially of a first metallocene compound, a second
metallocene compound, at least one chemically-treated solid oxide, and at least one
organoaluminum compound, wherein:
a) the first metallocene compound has the following formula:
COEHENKDZr;
wherein (Xl) and (X?) are independently a monosubstituted cyclopentadienyl, a
monosubstituted indenyl, a monosubstituted fluorenyl, or a monosubstituted, partially saturated

analog thereof;
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(X5) and (X6) are connected by a substituted or
unsubstituted bridging group conprising from3 to 5
woamisiogeoas ansa carbon atons in a chain, one ea@ust005/002100

W@?ﬁh@&@%ﬁgmﬁlﬁm{ g@) arﬁll'(wﬁ i6 &hd@peﬁheént@nd liedar whlbrallfbhled; aliphatic
bonded toﬁs ; Eﬁ % )§X6)
group.ryehsgrim Eheridiphatis erroGS SR SEYRL %‘ifgﬁ'f e itierchaving from
1 to PBRASHPSbIt.Ut ed indenyl, a nonosubstituted quorenyI
or a nDno§ubs}|tuted artlally sat ur at ed

t hwheeih; (Xah dXeashl abyPsitiirshen dhe Wst)wf&ﬁ&h%y ‘Hawp on (X') and
xh mﬁeﬁﬁﬁﬂag&m i aa[naallﬁhﬁﬁag’roﬁ aP hidRGENE Brodh,| ARLE Ero@p,0iEbmbination of

rein the atic group is unsubsti tuted or
aliphgtibend eyal léchOLHmyalbWé’g@? SHPChSHEN iSFRYPf R G¥H OB} 87> @ phosphorus

roufs Mn@n ) a L8 iailke8d broub XBerm@MYm { bl
8 g b&% g%ﬂ} @ S(t)ll ﬁe‘ﬁtarbon g §> a%]y subst%llﬂ?%ent gnmulg’ 2 lead
group.he bgnqbglqnmutaleglumlm@h atque, gy @giga@lﬁ g(rg@) alaﬁﬁga(ng(@tal ig g#pup, or a
subs{at dsdép%tlvg ?l%g%of oﬂatopigprl%ﬁ 'hEL\H ko tgg?m&ir&fnoé’!&ns a halide; or
connecti n are in ependent y an
hymagmmhatlc group, an aromatic group, a cyclic group, a
5[)' l’rlle?éllll %@ Isc?cfonaallnétglqb%gﬂe%oﬂpgl11(51341% i f&[o%&sforxﬂﬂaoxygen
en group, a phosphorus
group, an arsenlc g@@Mﬁ;KX)@éMHowhgpmup, a silicon
gr oup, ﬁ ge ﬁkun1group atin group, a lead group, a
bor on gtioup alun1nun1group, an inorgani c group, an
?rhgano][ret a| |(Ké) gﬁcDL(IX) afe andspdagtnttyut edsubbetitingdt ¢yepentadienyl, a
ereof , any

at ons: syb ﬂgptpgéndewl ﬁﬁagsgl&g%vhléc?re{y{lfoor a substlt%%d %glrﬂy saturated

chem Caéda)bgttme@&ife\dh&@h hde@KbrCRIANE §EF istut Se@!;tlddsubsﬂtlded and
treated with an el ectronw thdr aw,ng .ani on; F%: €, ranched
ar or oranchne

or ganoal uni e BORFBENENHAS) I bISI‘B‘i'/ﬁPﬁ‘gdeF

A (X9 Xljiohatthhh, XS tHeSalPhaneds oA Tsbilsullianitdador sueitded,
to 20 caf%%n %?g%s % Hb%éT? al k%%ﬁgg ofuarylo%?dg ec any
&

havi ng éregiwhichdiagig 2t RN APAIS de, or hydri de;
and n |% a nynb 2f. from1l to 3, inclusive. ppt cess
~i . u pruuuuc a rafyst conposition conpr|3|ng
cont acti ng &) med (X afel O@Wd@@wpo@r?dd%e”é@é‘é%ﬁ@ an indenyl, a

et al | Oﬁf&g&y 0%%@9 Fatﬁlta ed %f?*fi& ‘91@1%018 Bf&mu%?tlit 1063 Eﬁa@@gt t‘ﬁgreof and

sol i d oXi gandal um num conp
wherei n: a) (tXH)Salid 5% arﬁetxamleaodahye acowpsutad OhaISSLtbh@tuted "bridging

Fol T ow gI%upf) gcgmprlsmg f{'om)B(t %)c%?&sg <D Znsa '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 a monosubstituted cyclopentadienyl, a
monosubstituted indenyl, a monosubstituted fluorenyl, or a monosubstituted,
partially saturated analog thereof; and

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

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
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wherein (X1) and (X2) are independently a
nmonosubsti tut ed cycl opent adi enyl, a nonosubstituted
wondsyoy77a nonosubstituted fluorenyl, or a PCT/US2005/002100

g Olﬁ'{D BaFeaST LY &l R é‘ﬂdkﬁez1§§ﬁl¥r al e%pl?ﬁxg) é?gug} h&r £9%atic group, a

wherei n each substituent on
cyclic BoHB BT piyation | of splratip andy ?)@ﬁé [geadipal anghaigéncergnm wpsulfur group, a

nitrd¥@r G, t@%h@ph&h?%ﬁ&lpgﬁﬁ%%ehé &8@%%&[}&* %poug 5051110(')“ group, a

substituted, any whi ch havin rom
SCTTRAH B 1 QHPe Ain &\.ﬁ@ﬁ él 1ﬁad(9(39p» a(bragn, granm aarpunsinlistardupeat inorganic

gro®) ah NBgameRStalilc %rglgp 2k 'apJﬂ Hifted HGURLOD tefSh) a%?raotngx% which having

are i ndependent an al i phatic group, an &
ﬁm@ﬂébﬁOC@b@?éWH@,@W@d@cﬂbwtmﬁblnatlon of aliphatic and

CYQB kife CHeRUdAH t@ﬁec@ﬁospﬁ(or < risés % szo Oxi eﬁFegédg}Ngﬁﬁn electron-

ni trogen grou roup, an ar
withglravdpgaHogjreedp, a silicon group, a gernmani um group, a

ti '31) g{e%y@nlogulhﬁ%% Sh H&d h%s %rfgl?ow% O%@gl?n al um num

group, an 1 norganic 1ic group, or
a substituted derlvatlve\CﬁE{E Em;any one of which

eSS st O M BT AR
havllng§rotrhbtof 20 tavbanregorh hatlde for hydBel 66) d X @nukBE Mo €8 SiiRclusive.
1) Mis Zr; (X5) and (X6) are independently a
substi t ut ed cycl opent adi enyl, a substituted indenyl, a

30. substatdlyst ecnpdsitivn Biyiprisir@r th@coﬁtﬁbﬁﬁrb&fé{ &h i r@@’ﬁéthl@dcg% compound, a
ed analo hereof wherein at |east one of (X5
Secogﬁd“?t%ce“% cqePq ‘B st lgask GB%PW“EI‘P%B"’W&F?Q ghgtpxide, and at least one

orgafibdishinubeddinpaiind| ¥hdrednd (X6) is independently a |inear
or branched aliphatic group, wherein the aliphatic

gréUﬁe‘§tHﬁ?d@§??P%?%H“%F%§b%%ﬂmww@é@ﬂHWhy one of
whi ch having from1l to,2 géggiﬁgﬁ Atons; 2) Mis Zr;
(X5) and:§X6) are, i ndep€ a ctycl opent adi enyl, an
i nYagrgin, (8)f Mﬁo 5 nydre adgpandendy | ya mlwstdjsmﬂtedn@lcﬁ@entadleny a
thereof
mm%% t‘?tgﬂ;eg ug%ﬁ ect eag%@?&g&gﬁij@p?e?ut ed EIP]]?JSH%%‘BLEW( PG‘%‘@@Y saturated

aﬂd@ﬂﬂﬂgpﬁg group conprising fron13 to 5 contiguous ansa
whi ch is bo

rg ergm t?lﬂgs lbstq éélllE[ 812 d?a?cp @ﬁ an}ege%igﬁt&/ea llﬂlaar(oxgr)aﬁg Btf;lgliphatic
group, wherem the a 1phat1c group is unsubstituted or substituted, any one of which having from
1 to 20 carbon atoms;

wherein (X°), (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
substituted derivative thereof, any one of which having from 1 to 20 carbon atoms; a halide; or
hydrogen,;

b) wherein the second metallocene compound has the following formula:

OEOXN (XM wherein
9] M is Zr;
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3) Mis Hf;0 S a)L v independently a nonosubstituted
cycl opentadi enyl., a nonosubstituted indenyl, a
wononBaaisti t uted fluorenyl, or a nonosubsti t ut edT/US2005/002100

partially Sat{)ﬁ!r aﬁnﬁ.d ﬂf}ah@gmﬁ@&ﬁ@&lﬁly apds,gafited cyf;loRentadlenyl a
substi t uent I s independently a

or br anc?HQsé %’ﬁ’q BWS‘WLC @‘fbé ed\fitorayh ar esubbtitptledt pactially saturated

group i Sinalag Rk, tHeReh Qﬂeaﬁlth@bf (Xf? &ich (Xapbé gp V\Est gfsubstltuted and

whi ch having from 1 to 20 car bon

(X7), (X8), & whui¢ent oept)gnd @((9)18 nraingendembrt |atlunemtor branched

on (X6) ,allﬁlﬁb)flcsglﬂ@.g)t @t th@'&llﬁlﬁﬁc % tlk tuH§u%?[1talleﬁ %E%bsﬁtuted any

group on

substit lﬁ’f’%ﬂfBW’@iQ@W@ﬁ ”éuéo agﬁﬁé@t fltnng(XS) and (X6)

are independgpily. an aliphatic group, an aromatic

group, a cyclic grou a conbi nation of aliphatic and

cyclic group§f )aﬁldoQE@eﬂﬁe drisopndeeths ulaf eyclggeodienyd, an indenyl, a

ni t r ogemuefAiAPa p%l@ﬂ%ﬂméd%alg MePeor aol?a%ubs?{alted ag%log reof; and

a carbon group, a si'licon grou a der man Bt

tin group, a(XeaddgKdupe Cam‘@oilembyga s\uhstltumd c&l mmln;umted bridging
roup, Janonet 1

2 cubst 2P SR ARMhE L8R BRI AR GRS enforf kel one end

havi ng Pfehich it wnadi togkband At ottet eral dTathidhes béHded to (X%); or

hydr oge C)Nf he, .chem cally-treated solid oxide

corrprlse a <ol ?ﬁ oxi de treated with an

el ect ronw t hOfsaMmgXﬁé)m@mde;ﬁ:ﬂden@% hhﬁor@it%ﬁ?(t‘%%'d%l@b’éﬂtadlenyl a
n

conpound has.the fornu
V\:th ein %‘“‘bftgutﬁg H?Aﬂ gflczi'r B’?I‘Osl‘lgi}'itﬁﬁd fﬂrué'f?\“ll 109 @ @nonosubstituted,

carbon pircamy; salud) adafoghdipti g or aryl oxi de having
from1l to 20 carbon atons halld or hydride; and n

is a nunber $aFBbEtugntzn %bﬁ‘lﬂsﬁ&%ls iggepepdantlp ce dseak o branched
pol ymer hlzﬂh@gc otoRb, Weertin tlﬁé"ﬁlp@ﬁt‘?csgﬂaﬁgt? 1@6nsﬂ%s@1ﬂ&9& grs§ubst1ttlted any

conmposi tion, comprising contacting
co %os i ?“eo(?f whighthaxing [fiegst toofecaryqpertars; edef i n nD noner ,

Whe\‘hhle r(3?7) n (f{fﬁ ealﬁ/agtﬁalstﬁﬁ%t %9”(12@)5 'akg %Gbs‘?ﬁ[@ﬁ{ Ioﬁc' gﬁ%t 8’% (s_)lﬂ)ﬁtdtuent on the

"'ocene conmpoun netall oce
subsgfutqdeﬁgﬁlam] erogh emi 3 byt €’ angchng clubgitaet de theanbsatited bridging

a0 (OSBIRY DU SOV EL T sl S o«
cyclieXerdypX)doX®)rads) Zf aliphiwy :Eidrbyél}(ﬂ.groa{bw af XZ))geﬂrgeoup a Sulfur group, a
nltrogglgeg?&l%denlgl{%phaolLII’EDQICC))LSI}%{basnt giltséjntxce %xo%%,c laoc%(reb%tnagrl)fpr] ei SIhCon 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;

¢) the chemically-treated solid oxide comprises a solid oxide treated with an electron-
withdrawing anion; and

d) the organoaluminum compound has the following formula:

AKX 303

wherein (X°) is a hydrocarbyl having from 1 to 20 carbon atoms; (X'®) is alkoxide or aryloxide

having from 1to 20 carbon atoms, halide, or hydride; and n is a number from 1 to 3, inclusive.
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nmonosubstituted indenyl, a nonosubstituted fluorenyl,
or a nonosubstituted, partially saturated anal og
woOhers@aég77wher ei n each substituent on (X1) andp(X2)B2005/002100

, ndependent | va.l J DEaYs: 0bmpisanmhRethpabinpRakth@ingr08R: metall
1 herers E{ai)raulg atldgﬁér olﬂgésl S Unubet Ltuted or e metafocens

compaipdi 4 SQSP@@Hme@HS}C@é% éowo%.aé#aﬁaﬂﬁmaemwm-tiew spkjd oxide, and at

least o%E %%&n@aﬁ@%mﬁrco dndfw%lﬁ aiida a' hyl siibstituent
stltute hati c rgroup on (X1) and (X2)
ar e) th@ﬂepmn@émﬁh%@ifpoam s follgy e iormae: ar omat i ¢

group, a cyclic group, < 7-0n of aliphati c and
cyclic groups, an oxyg(ﬂ(g?gg%%}alsulfur group,

ni Whelgwn (§houp, (¥)ptresiprercdengy oup, mtﬁWSl&Sg‘@WﬂCC)@}QQe@adlenyl a
monPfL%atltut%cri] uq{e%?'lpa nfbnglubktfiRed 91(18%19}71 & agf%()ﬂ@s‘ﬂbé%imt&f PHRiallR saturated

fead group, a boron group, an al um num
analggﬂmmpfan i norgani ¢ group, an organonetal lic group, or

a Slflxgr%B]Ife,tragﬁ gl%sgt%&&éﬁgk?%g% bg ?s%dep@ﬂ%n N 19&&%&9 ipfddched aliphatic

havi
grod?)ydrh@eﬁnhe ) phafiregrenmistuheibstg oo dr Wé)tsfamed»c@elm @ng erwbleh Having from

s the followi ng formula: (XS)(X6)(X7XX8) M wherein
“01%%9%[1% Lﬁms (X5) and (X6) are independently a

Sug@&teﬁlﬂ(}e”gt (?@)‘;Iaﬁﬁ)any auhisgtoyht, onaths whisstiitesdt @phativdgmayp on 4X") and
,substitute u or a substituted, I

00 S apU R rb A THE Eore WA iy gl p¥ompipeton of
alipfE dnd®)clics g@lipd, @A Dkydth SubLgy latsutfadgmamch giaogen group, a phosph01us

substituent on (X5) and (X 2 i ndependent |
groypy alb PERIIH SQUR 4 ﬁ?ﬁb&elugéOL@r %Efg 0%%‘1‘%?&%‘%‘% P H%ital tB“ G0, a lead

S
glo%gqﬂ (#1 GE %r%%ﬁfi%?ggrgﬁ %g?ﬁ%&g %ﬁgp,&ﬁ)/or@z{iﬁnﬁfalhc group, or a

subgtiByd é@rd/a‘(l\)@&ergp@am)h@@ﬁﬁﬂ@ﬁntl}aymg fw}: &fbg)ﬁtcé‘iﬁ’f)’éﬁwns g palide; or
hyclh%denyl a fluorenyl, a partially saturated anal og
ereof, or a substituted anal og thereof: and X5) and
( X&) v»aelemcthﬂme@ﬂwtdﬂyceae enpund gaséhﬁ BHoytg lﬁ%ﬁusat ut ed

bridgi ng group con‘p p@gg{v)’(gw WiRre CONti guous ansa

carbon atons in a c end of which is bonded to
(X5) and)t heMoislZer end of which is bonded to (X6) ; or

3) Mis Hf; )ﬁ)%}%n 6é ﬁﬁ%eh%qﬁgenéj%ﬂwtl}t’ut@d cyclopentadienyl, a

nmonosubstitu
substituted indenyl, a substltuted ﬂuorenyl or a substituted, partially saturated

analog thereof, wherein at least one of (X®) and (X®) is at least disubstituted; and
each substituent on (X°) and (X6) 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;

2) M is Zr; ’
(X°) and (X% are independently a cyclopentadienyl, an indenyl, a

fluorenyl, a partially saturated analog thereof, or a substituted analog thereof; and
(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%; or

3) M is Hf;
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nonosubstituted indenyl, a nonosubstituted fluorenyl,
or a nonosubstituted, partially saturated anal og
wohers@aé977and each substituent on (X5) and ( X6PCiTAIS2005/002100

i ndependent g hhadigiéhlreanddpeiaraieda alohiaitised EQYdbentadienyl, a
wherein the al.iphatic rou i s unsubstituted or
subst i tTPEFuOsHfedsfnde AHIUOSHRsiureg fvaseryl eio aomonosubstituted,

car bon @hwmgsatafmd\&hﬁbgthereémhd (X8) any substituent
on (X5), any su any substituent on

uent on (X6
the substit &F@US‘%FW%‘W&PP éxgr%‘ﬂ ;ﬁg(o\nls (ixisperggetly Xeljneamprgbranched

any suhbsiphitieegtbu) W’vliefé% ﬁl@ Rsibhd:id dgﬁ&lgﬁirs éﬂ%l%ﬁg&ﬁ W Rubstituted, any

connect i n% §VX5 and are in
al i phatq"€ °§ 81923 hayipg ?‘Bﬁé?l@cé'ibéﬂlﬁtoméa Wcl ic group, a
where @My atx® Prhn?fsu&ltﬂt&htablh ‘%Xangn)pMﬂJsﬂllﬁergrd?lu@@) %g ﬁé{g&é}lt on the
H ' group, pitrogen group, a’p
Substgtmﬁ Fliphaiicagraumpi (4 g, <Xa) @ad Ban S@?S@tylpnt @n Shelautmmuted bridging

groulg "C@M@Ctl@()eﬁ) ralyl (Xf’)nare HdeYer@Bitry M My hiic 9p argmatlc L group: a

bor on rouE an al’um num gr oup, an | Phor gani ¢
cycligy gipiRofrEeEPinationgf @liphatie rand cxalisroupat adoxyeer gramp \msulful group,
p, a

mtroég‘legl%% ra %Msp@ﬂﬁs Qrfro%?h gﬁ I'hrg%ﬁ\é' ué rom dok %rozup, 4 51P icon group, a

ns; a halide;
gelmélﬁélﬁ-] L. y- ity graved lga;l glﬁum)@ ldEOYCQINSpp | Seguraingol gldupmh dﬁox ‘ganic

grouﬁ a%a&@ omefahlcaao(ﬁ o"}t r IIB tu ?dgr\{ma?l ?@W:mﬁ) afxgrqq[]ﬁlgj Whlch having

or gandal um nunt corpoun
fromAth)@CleVnatomearhalude(oXderogna hydr ocar byl havi ng from

t X10 al koxi. r aryl oxi
L) AN AR TR (HOLot S8l RRARAL 20 S o
withdaawding anisn;amndunber from 1l to 3, inclusive. 33. The
of Cla e catal yst conposition

r
|psd9ggr?tr%a@%lamvﬂ“{Thcogtpﬁwdgﬁéﬂﬁnfa Qing E%‘é?t‘laone ot her
oI efin conprising 1-butgpe),R°hytene, 3-nethyl -
h Eg)ene [ sogw{ ene, 1- ent ene, 2- pent ene,
wheregn FFyaf hydioc6 é){@g fﬁpll’héf(h?@ CE}Ib?jbéﬁQl@:ﬁéX ]_LSthlk@\n@ or aryloxide
having fFREXERE20 SarBE R Es, h§11dee(§rh%linae hEXeRe: nu;lnbgleip%ﬁ N%s 3 S;Ecluswe

2- heptene, or 3-heptene he process of
wherein the catal yst conposition is contacted MAth

32. eWyb%a?f&fb@l}%wh% RRfinShr thér PL%SGQ‘[ OGE» g‘at qf Q%Igp%lt{oir]l comprising

wherein the Cata t conp lon IS Con
Conta@tr‘quhérp@ta 36 COIAPCIWIOjlr‘Mﬁh @t‘ le@@tp@ieytypc O(ﬁfolefftnl']ylbecnﬁer whelem the

catal‘é\n%r Bitib e JB Qochohi®
) ensTl‘raﬂtO “?r om 0. 92 migs‘?éj t@oge}]g TbQlng: acif’c?;\“ gthh@le'éer cqrgpound,
at least ong G:hqxglcakby-t)ea'lﬂi s¢lhie opidé, y&hdspteﬂ@stt ynd og@xoalMIiMin) cdnfpound,
wherei:0m 2 to 6; the HHLM/M ratio is from16.5 to 25; the

a) the first metallocene compound has the following formula;

FK)EACAXYZr;

wherein (X') and (X3 are independently a monosubstituted cyclopentadienyl, a
monosubstituted indenyl, a monosubstituted fluorenyl, or a monosubstituted, partially saturated
analog thereof

wherein each substituent on (X') and X3 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;
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El mrendorf MD tear resistance is greater than 150 g for
1 ml blown film the El nendorfTD tear resistance is
wanre@togeo7t han 350 g for a 1 m | blown film thecriusee5002100

hawhenéJm'ﬂﬁ@ﬁs(Xt%ém ABHbstituént bnrthé SMSMdfdlllpmtht J?@u;p@l{ X"y and

str gth i reater than 600 g for a m |
O DR R Tt Rt it p SiLE BB iR st ealeation of
lp}taharand) cYch]: gr&l‘ps,aarﬂ.omgbn Btcapna Eulfdﬂor&% a'%tﬂ? W 1%dupOh phosphorus
et hyl ene, wherein the melt ex 15 3T

of
grO”B % atré/ “f EOUPy A HRIROT BIREP, FSHLOP $rque: 3 g%ma'@m@:%owpoa@m%wp, a lead
grougy/ @b&'onté’ﬂ@p@(na ulﬂﬁ:li o ehrﬁmfof A Qral, bR o
b ﬁL}\‘% Cﬁ.eer sity i ndex I\/Ulf\)/l n?l gq rggm (Zb pgaﬁémt&hﬁégmw’ ora
subs{ii deRVATg igfeol 3y oy 2 Eﬂ“m& fiemg tﬁeﬁblwlﬁommmsarhahde or
hydrogst st ance is greater than 200 g for a 1 mi| blown
film, the Elnendorf TD tear resistance is greater than
389 “éhef%‘?t § sepopd mety|oging cpmperndhawthe follewingdermdal ess

than 15% for arnr bf @k &atiyiif p ; t ngth is
greater__than 800 g(fmyr( ) )m?mb own film and the

Spencelr1 | rrpz%ts@trength is greater than 0.9 J for a 1

ml bl own fic | op
et hyl ene, V\hgpefuﬁast%é % MH@Je g%r?“ ?r om [5“’%‘5 {yclppeptadienyl, a

dg/ mi n; Sub%@‘t@bh@ﬁ‘tw 4 sUbehf@’WdCﬂL@)?.ﬁlyt or Q. GibStitgied,nirtidllyesaturated
Cy-a p m, 510

ool ydi ga[hgi?g?ht%reof %éxetre% a'v%%%one of % g?ﬁldz(t)%) is gt l&as@dlsknkﬁgtuted and
HLM /M rat m}:hlsslbsftmmm &V (5 )taﬁd 236 it hele&naam;toaﬁmw or branched

‘ :
o own PP ERGPENHERAART 5T o P LT AFGEH ST substied, any

gr eat eront héwhidbBavingf fasm atol 20ichrbbd @vmsf il m the film
haze| | es %an 10% for a 1 ml| blown film the Dart
I npact treﬁ/b is greater than 1200 g for a 1 m/l

bl own fi | m (CandintheCBRenceicpbmPRAGE St ERRGE f eat
than 1.00 3 for na E;Zu N g\l?w: FMSI fﬂ% H’cadlénﬂ %@1§Je11y a

pr oduc §YOB)YIa2 sdedarion @”@r qoﬁ Oaﬁyuhijflm@daiml@g Breof; and
to 35. 40. &> ?%héi 63)taré3 QH'B{%@(!eH 'b?/na Qﬁ@%&gd%g}ﬁa tltuted bridging

process as def i ne Claim3 .
cat al y8fOUB GRHBETIpY fsﬁm éstoéechnh@wus prgnprton a@ins ins Q’hatno one end

30 o APwnRh [RnRAYHES dadhe Bl GERSSURS RS 1000 68 oy

Caim3l or 32, in a |npoyrrer|za|on
3) M is Hf;

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

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

wherein (X'), (X®), any substituent on (X°), any substituent on (X4, 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
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germantumn ‘grodp;*atify gfvtp;*a*fead 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;

¢) the chemically-treated solid oxide comprises a solid oxide treated with an electron-
withdrawing anion; and

d) the organoaluminum compound has the following formula:

AL (X Ysn;

wherein (X°) is a hydrocarbyl having from 1 to 20 carbon atoms; (X'O) is alkoxide or aryloxide

having from 1 to 20 carbon atoms, halide, or hydride; and n is 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 comprising 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.

36. A polymer or copolymer of ethylene, wherein the melt index is from 0.3 to 2.0 dg/min;
the density from 0.94 to 0.91 g/em?®; the CY-a parameter is from 0.45 to 0.70; the
polydispersity index (M,/M,) is from 2 to 6; the HLMI/MI ratio is from 16.5 to 25; the
Elmendorf MD tear resistance is greater than 150 g for 1 mil blown film; the Elmendorf TD tear
resistance is greater than 350 g for a 1 mil blown film; the film haze is less than 25% for a 1 mil
blown film; the Dart impact strength is greater than 600 g for a 1 mil blown film; and the

Spencer impact strength is greater than 0.7 J for a 1 mil blown film.

37. A polymer or copolymer of ethylene, wherein the melt index is from 0.5 to 1.5 dg/min;
the density is from 0.935 to 0.915 g/cm?®; the CY-a parameter is from 0.50 to 0.65; the
polydispersity index (M./M,) is from 2.2 to 5.0; the HLMI/MI ratio is from 17 to 24; the
Elmendorf MD tear resistance is greater than 200 g for a 1 mil blown film; the Elmendorf TD

tear resistance is greater than 380 g for a 1 mil blown film; the film haze is less than 15% for a
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Lmirblotvn i e Paft’ifipict-$tréngth is greater than 800 g for a 1 mil blown film; and the

Spencer impact strength is greater than 0.9 J for a 1 mil blown film.

38. A polymer or copolymer of ethylene, wherein the melt index is from 0.8 to 1.3 dg/min;
the density is from 0.925 to 0.915 g/cm3; the CY-a parameter is from 0.55 to 0.62; the
polydispersity index (Myw/My) is from 2.6 to 4.0; the HLMI/MI ratio is from 17.5 to 23; the
Elmendorf MD tear resistance is greater than 250 g for a 1 mil blown film; the Elmendorf TD
tear resistance is greater than 450 g for a 1 mil blown film; the film haze is less than 10% for a
1 mil blown film; the Dart impact strength is greater than 1200 g fora 1 mil blown film; and the

Spencer impact strength is greater than 1.00J for a 1 mil blown film.
39. A polymer produced by a process as defined in any of Claims 32 to 35.
40. A catalyst composition produced by a process as defined in Claim 31 or 32.

41.  Use of a catalyst composition as defined in any of Claims 1 to 30 or 40, or as produced

by a process as defined in Claim 31 or 32, in an olefin polymerization reaction.
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