CATALYST COVPOSI TI ONS AND PCLYCLEFI NS FOR EXTRUSI ON

COATI NG APPLI CATIONS This invention relates to the
woi2adscheg19 or ganonet al conpositions, olefin PCT/US2005/000278

pol yneri zation catal yst conpositions, methods for the

pol yneri zati on and copol yneri zation of olefins using a

catal yst conposition, and pol yolefins. There exists a

constant search to devel op new ol efin pol yneri zation

cat al yst s, I j ' I t hods
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afford high polynerization activities, and will allow
pol ymer properties to be maintained within the desired
spbetefekiststa constantsepach tohavedon mareolefin nolymevratias satalysts, catalyst
c it far ' . .
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processi.ng and property cﬁar acteristics which are

s §PYCHnaloT BASBXt r usi on coating applications. In one
aspect, the present invention enconpasses a catal yst
conposi tion conprising the contact product of a first
met al | d8EnNEVeHIPP otNsamPasseSeeatHBt rAvMEIOPiE esn ancglndp don @reparing
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otombinatjoraofmil allefsi promems siuth asymelt éndex, density, polydispersity, long
chain branching, rheological properties, and the like. In one aspect, for example, the
catalysts and methods of this invention can provide polyethylene resins using a low-
pressure, loop-slurry manufacturing platform which attain processing and property

characteristics which are suitable for extrusion coating applications.
In one aspect, the present 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



pol ymers and copol yners of ethylene, and the like, in
each case enconpassing a first netall ocene conpound, a
w@e@snasnet al | ocene conpound, a t | east one  PCT/US2005/000278
chem cal lytreated solid oxide, and at |east one
or ganoal um num conpound. In another aspect, this.
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conpri sing the contact product of a_single ne%allocene
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In one aspect, the catalyst composition of the present invention comprises the
contact product of a first metallocene compound, a second metallocene compound, at
25  least one chemically-treated solid oxide, and at least one organoaluminum compound,
wherein:
a) the first metallocene compound is  an amsa-metallocene having the
following formula:
i) E)EAE)EHM,
30 wherein (X') and (X?) are jointly a fluorenyl and a

cyclopentadienyl, a fluorenyl and an indenyl, or two fluorenyls, any



) rac - X XX X X ML, wherein (X1) and (X2) are jointly
two i ndenyls, any one of which can be substituted,

wap®abessie ut ed, partially saturated, or any copdi/Dsi00®000278
t hereof; wherein ML is Ti, Zr, or Hf; wherein (X1) and
(X2) are connected by a substituted or unsubstituted

bri dgi ng gr g CORBY Eal Bi0subbtitutef GinditRMutAl Pé}[iallil saturated, or
silicon, gernmanium or tin, bonded to bot h. (X1) and
(X2); or iijnoegobiehen Gersefsotar bon atons in a chain,

one end of ichis bondegﬂact_( l)()&é&)%@ﬁﬁelﬂqlhe ot her end
of which is bonded to (?(2 ; and erein (X3): (X4);

each substi t uentwismein ¥ )smll@s(?(lg)t ae deintdy c |typardeards.eiy| ove of
the substit | NYhoeis - i foHEB] saturated

> fl uorenyl ; g’hggecgg%%s%{?g?t?@?fe%@%%@ﬁ% I;sau as?ista u%aeed’ or Ay
bri dgi ng gr cupbingtionticeEndent | y a hydr ocar byl group,
an aliphatic, gro an.aromatic group, a cyclic
group, “gleﬁe&h%ﬁgﬁaﬁi‘%’(%ﬁ’ %rjﬁgl i phatic and cyclic groups,
an oxygeregt QUpandaxBré tonnegtalilp; a substithied gemsgbstityed taidging
phosphorus, group, an arsenic group, a carbon group, a
Si FPGIPTYSEE, a germani um group, a tin group, a |lead

10 9roup, a bogon gERem aRkadballEiliteR) @EQAEum Ak i) 06GRA it€ both
group, an orgpnorregal lic group, or a substituted
derivative (herBdX)Waving from1l to 20 carbon atons;

a halide; oy hydf\@ﬂ&ﬁﬁg@;s thY8o1S 8RR dn AeIhain| BFEHRA of which is
conpound is an a-netal Tocene having the foll ow

formula: (Xbyeded g &7) mddhaethengrd phwhich/s hogder;to O%S;, angy
Hf S whepghd, g%ﬁ) ()@Fﬂdeaé s@iént OAARP @lﬂﬂﬁtﬂﬁeldycy@lppentad@enyl, the
cycl opent adi ényl “of" a substituted clycl opent adi enyl ;

15 whesbssitnted XBYenzih cendXxgy swbstituted riluoresyll; bapda caphbgnbptitignéon the
! AR LR BE0LT AOIBEES B e o
bodd #romatic 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 germaninm group, a tin group, a lead group, a boronl
20  group, an aluminum group, an inorganic group, an organometallic group, or a
substituted derivative thereof, having from 1 to 20 carbon atoms; a halide; ox
hydrogen;
b) the second metallocene compound is an ansa-metallocene having the
following formula:

25 E)EHENEOM,

wherein M2 is  Ti, Zr, or Hf;

wherein (X°) and (X°) are independently a cyclopentadienyl or a substituted
cyclopentadienyl,

wherein (X°) and (X® are connected by a substituted or unsubstituted bridging

30  group comprising:

i) one atom carbon, silicon, germanium, or tin, bonded to both
(X%) and (X°); or



(X5) and (X6); orii) two contiguous carbon atons in a
chain, one end of which is bonded to (X5) and the
wo@ehenessmd of which is bonded to (X6); and wheP&I/nSwh&000278
(X5) or (X6) is a substituted cycl opentadi enyl, the
substituted cycl opentadienyl is substituted with up to

four substituen QU Lo dind fiea Bﬁdudgcsﬂagengrdmﬂnch is
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glcotippentadizygllis subgtitated with updorfriun sutbstinents, inadditien to dhebréfiging
cyclic groups, an oxygen group, a sulfur group, a
5 ni¥gen group, a phosphorus group, an arsenic group
a car bwme@ﬁp@d) (acS)s IehdthmbstglIeﬂt,lm tha sglestitreew wnl@ema,@lenﬂ and
tin group, 0r on_gr.ou
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a SMhpstaht eﬂfpﬁﬂlcdglroh?( abh ifontafie rge@fp, ah@mlm grcﬁup)m tombin2ton of
car bon at ons; i de; or hydrogen
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10 gﬁ-@%ﬁgm‘éﬂ drdlip@Bn alBlit lRip\h bR oGE, Afiliesh gionpangémenium
t of th|3|nvent|on the first tal |l ocene
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f oérlu? lgﬁ%r%\ﬁ&m{glﬂc éﬁlﬁf) égggu%mt@c?%;rmavé’\ﬂﬁ%ﬁf ,hadhg ifiom 1 to

are jointly a
fIzoocradmyllatomsdahalci;cd)rdpéwgadla@lyl or two fluorenyls,

any one c) 3}21(.}?435?&11{1 %g’t@ S(ﬁﬁb&ﬁdeté&hgg e% a 08 Wsdd &é‘ﬁﬁd‘”ﬁh an

wher ei If are connect ridging
15 graemroh@mhd&wmg&rﬁbrﬂ or - CRlL CR- v, vvhere| n RLin

each inst ance 1.s | d nden d
subst | qﬂta&? eBraS]ﬁﬁ%gL?g °t Ut nél\éﬂ’yglr ocar E?y aﬁ{é?‘%ﬁg‘% dny oo
ongon@friswin &hahestillgerdertaning tedolRGvingafobowa:at oms;  hal | de;

or hydrogen; wherein any, 3] t on (X1), (X2), or
Rl is independently a h%i%ﬁéigéfrﬁgroup, an oxygen

gr oup, ﬂ»le‘;séjhwﬁs gzmer a nitrogen group, any one of

whi ch havi ng rbon ato

20 and V\he‘?’]%qr‘ﬂné )a“Q %& )(%bouﬁg'e 4 ﬁ@éeﬁlgg%iélnat ?%Cléé?ef%%gleg%l or two
OF f136r¥hydX hkPordfiwhechf da@ B dubstituted or unsubstituted;

wherein (X') and (X?) are connected by a bridging group >CR',, >SiR'y, or —
CRIZCRIZ-, wherein R! in each instance is independently a linear, branched,
substituted, or unsubstituted hydrocarbyl group, any one of which having from 1 to
25 20 carbon atoms; halide; or hydrogen;
wherein any substituent on (XY, (X3, or R is independently a hydrocarbyl
group, an oxygen group, a sulfur group, a nitrogen group, any one of which having
from 1to 20 carbon atoms; or hydrogen; and
wherein (X°) and (X*) are independently alkoxide or aryloxide having from 1
30 to 20 carbon atoms, halide, or hydride.
In yet another aspect of this invention, the first metallocene compound can

comprise an ansa-metallocene having the following formula:

4



W@ IWB06ss can conprise an a a-nmetal |l ocene havi PgI/Ubm05/000278
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to 20 carbon atons, halide, or hydride. In yet another
aspect of this invention, the first netall ocene

followi ng formula:rac-(X ) (X2)(X3)(X4)Zr; wherein' (X1)
and (X2) are jointly two indenyls, any one of which
can be substituted ormuqu’l)(oé)(pd)(xbzr wherein (X1) and

g?<22 oy Con%t ed@%y Jfk))l{l}lﬂgglé}q(g giep}z]g fgglRtg‘Lze of>v§1|11§1 cazn be

IQ%@Q&Q%pﬁﬁsﬁbﬁlt&téd‘lear branched, substituted, or
unsubstituted hydro;arbyl group, any one of \/\mch

havi n gWh‘?’f@mQE red £5) ererdomiecied b bridging giepp 3R RG] or -
, , nd e
g@ﬁy ?Rg N '?nggﬁﬂ} ROMin (K indk$€d vis %deﬁe]n’d&gﬂfs ul f ﬁﬁl@%f %taél?{he 4,

group, an oxygen
aswistifutsgeor subatifuteinlyydomeerbylf groim, ehy bae phyhich davidg flom20Dto

c rogen; and wherein (X3) and (X))
a?gpﬁgﬁ p@ﬁ%é’ﬁ {’drgéﬁkom de or_ aryloxide having from1

to 20 wherbio ranmsnhmtuemajm @8, (%0, cme'rls delepdnﬂelﬁtyl | 4 hydrocarbyl
anot her. as ect o th|1 i nvent | ?r b

Bk B8RS brclb 1 Bt RS PRk cgSur SREPSG pfwbigh having
h&emnigtot be czirbbﬂ aemn@r hpdrogehpand( X5) ( X6) ( X7) ( X8) Zr,
wher ei n, ( X5 a en
cycl op‘@h‘%rga?(gﬁwdw )greéﬂ%g ‘gﬁ yecf‘%w&ie&ﬁéﬁ’tkﬁ%‘?eéﬁyllng from 1
V\ktﬁmlcﬁrb()%@onﬁﬂlﬁhhﬁég@}h}&i’rﬂeconnect ed byWIz;\ bri dgang

erein in

aach W&Rﬁﬁegth?rsawa%fp%ﬁ AR ﬁ*@lﬁ?cﬁ@gmet%lpa% fesgpound can

S UiBbrisk Uh @fsa-REta RS HIRYink wﬁeeﬂdlmﬁﬂg fe@AnRY! group, any
one of which having from carbon atons; or

¢ 9,20
hydr ogen; wherein mhen%)@))@r)()@@) is a substituted
cycl Op\%ﬂéréiﬁ'(ﬁﬁbydnd (kbbearé}ﬁaﬁireh&éﬁwd 2 %glgﬁ‘ﬂ%l eﬁwaﬁglyéub%ﬁuted

substituted w'th subst i
t evalopentedientdi ng group; wherein any substituent on

(X5), &X8din 69 438 (XE) a{e%%%%%{éﬁ%%'b}éd&ngﬁ%ﬁ Cgbﬁ , >SiR?%, or —
CR?%CR?%-, wherein R? in each instance is independently  a linear, branched,
substituted, or unsubstituted hydrocarbyl group, any one of which having from 1 to
20 carbon atoms; or hydrogen;

wherein when (X°) or (X°) is a substituted cyclopentadienyl, the substituted
cyclopentadienyl is substituted with up to four substituents, in addition to the bridging
group;

wherein any substituent on (X°), (X%, or R? is independently a hydrocarbyl
group, an oxygen group, a sulfur group, a nitrogen group, any one of which having
from 1 to 20 carbon atoms; or hydrogen; and

wherein (X) and (X®) are independently an alkoxide or aryloxide having
from 1 to 20 carbon atoms, halide, or hydride.

In yet another aspect of this invention, the catalyst composition comprises an
organoaluminum compound having the following formula:

AKX %305



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

group, any one of which having from1 to 20 carbon
wWa@e@e®essey hydrogen; and wherein (X7) and ( X8)PEr/8S2005/000278

i ndependent|y an al koxi de or aryl oxide having from1l

to 20 carbon atons, halide, or hydride. In yet another

asmpeein of%) tishh%yhﬁ%@rﬁfrl' BRingt fiém Clatoal et camm&hé I(m*f’) is an

conprises an organoa um_num cong(?und havi.ng

f alkpyide porryleride havingafrenyd yin ( 5A 63raoTAigHS el 1# ex@)dﬂfi% agd n is

hyduQeardn 1 Ry iReisfeom 1 to 20 carbon atonms; (X10) is
an al koxi de” or "aryl oxi de having from1 to 20 carbon

at ons, Inhgillj agetheioaspesy @f ik inveriignnthe satalyppempesifiprosaniprises a
5 chénﬂ&{lfgs&e\é{%ﬁ dolld Sotxfdel coﬂ@ﬁglﬂgra QHBCSLdOfredtd Sith an electron-

i nvent| e catal yst Conposition conprises a
cM@ﬂIﬂl@Mﬂg}ﬂntOme‘ah%dnsol id oxide conprising a solid

oxi de fre a I e Wi I
wher ei & {he %L Yq E o)r(]sill 2 Iglgllfns Isggg Igl}q’h&g aq'lﬂ'hlg{l]l’h phosphate,
shbmmpe]gtuumtena;, tﬂdmnn Aigonighmsglesit. eboria, zinc ox1de mixed oxides
ol yt un titania, zirconia, nagnesi a,
e’freé’ Pﬁ gﬁjﬁ ?ﬁP‘;(ed oxi des thereof, or mixtures
10 t her eofhe e’ié&ﬁloﬁ—h@tg&ﬂaezﬁigr OlonMst hﬂﬁ@’ﬁen ghlani® ber(:)rﬁlde phosphate,
U chl o e ate, tri
t%fﬁ’ﬁ S@lfatg’lﬂ atf‘eﬂqu Pg‘fbtﬁo %ﬂeﬁ ate£ 4T 7Y ST, ??%?0@ thegpof.

amy afd¥iER iakitd, Gdt dxhapeOthe cheﬂm@dl@ttfb@fed%ﬁm ekide Eﬁfbe ﬂuonded
examl e, the chem cally-treated solid oxjide can

£ RET sblomer P WERInAe r R e AlUEN i PHEE b RIS e éluonded silica-

a'alﬁmlﬂﬁ ch&ﬁhé@ﬁlﬁga ﬁhl‘ﬂ[ﬂanﬁron{ﬂe‘d%licqea%n%hé | Bkl rﬂh@@-alumma
chlorided silica-alumna, bromded silica-alunina,

15 s diupededcpilisatzeemin| diarded sifiargrioniad benidadasitiqarzitspnia, sulfated
lei% bﬁj&qlas 'o{ h &P FhbifR{3h Fnerf0 "Fu?tﬁg Shd Elf:?etza'nBtﬁ%s ct the

fated SI i ca-zirconia, or any n’bl nation there
Flghqrmgzrlly teagbpdisplid exide pant mgher&g@gﬂqe a mpfal or metal ion comprlsmg

chen] ﬁi@i{élyvaﬁlﬁ ﬁltne dirv)! doﬁ) ﬁ‘urﬁ afly ftHfiéc E:‘ﬁr m%@}gﬁéng\ﬁ]? of! any
metal  or i'on co zi’nc, el anadi um
|0bmbmatlcmdb6peof gal lium ti n t ungst en, nol ybdenum or

any co ion th oth ect.of t
20 80 o PR 8l 58 peogt Y A <E S i b bgprise o
| écust orenehenivally-cadted sdlideadtiédeomaplisidg ax le@la @BNPld skide tehted
treated w

eI G S AR T PAHGTE e CrTR L e G0 PHp g mprise
Cafiy oRidpthas & chatacenzedebyt Naich istriaebareaCaRl the @Rctiyn-@ithirg¥ing
S lélurlfog %e?n c?ormep%se glpydansol?leche?cllr(laccr:éage%r‘lhevgc‘l; tg/ro?\{ﬂensglid oxide as compared

25  to the solid oxide that is not treated with at least one electron-withdrawing anion.
Another aspect of this invention is 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,
and further comprising an optional cocatalyst. While not intending to be bound by
30  theory, it is believed that the cocatalyst functions as, among other things, a scavenger
to remove traces of water and oxygen from the catalyst composition. Several

different cocatalysts may be used in this catalyst composition including, but not



ani on can conprise any anion that increases the
acidity of the solid oxide as conpared to the solid
w@ziodeessiat is not treated with at | east one PCT/US2005/000278
el ectron-w t hdrawi ng ani on. Anot her aspect of this
invention is a catal yst conposition conprising the
Conkitéd Bf Qﬂ%b‘ﬁbal%mﬁmf IcbisiboutBY, ahlAmBEeS OFRMEe  Eompounds,
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C heERoRpPY - eqenouads, s’@PiZElgox‘PTH‘e cogimougds, | dast mafuals, or any
Or gARARLUHI BUELEOTRAY nﬂm%ﬂ&l EdbdoiGkni ﬁﬁnpcrnada%g i28h optional
optional cocatal yst e not |nten bound
by cqepfalystyandcen 'i)eseﬂlhm th@e&ﬂé?@ of fifferentfroncibe aitladsysne organoaluminum
Sfug&ﬁ\}iogﬂéoiatﬁec Bﬁ&ﬁ[ things, a scavenger to
e traces o WAt oxygen fromthe catal yst
conposiRurtber, ailRehee rglecthifitliie mmtioo@s:accaﬂxgositlsn nfaxylathm cumpndsmg
|n t C st co |t|on i el but no
0. %yrs gan gag]%%e nam- I%:gglﬁ%o t nséfgondg R %%ﬁ%fg‘s n&d P8Py a af’fc one
contpoumﬁs-treae@ aolidboxide, adngdedsdsne lofgﬁn@ﬂmnmﬁmoﬁlpound Yet

mat eri al s nation thereof.
RHED ket RS0 MR i rToSHRofip GHaE: & Clbat Composicon
10 optonqma:hg C@mhﬁg y fitst AwEll6RAe BenRiuhdl@rseddA@ BB cAE compound,
rent fr east, one organoal um num

gg%%ﬁﬂdow {lgff%ﬁ%ﬁét ‘g’élnﬁ%} $t #Eh at dsast KB¢  orgaRetlwEinum

aspegdoud. St Sndtﬁ‘éf%@ﬁdc@é‘f thfs iBveRASPRS ﬁlétﬁ&i &f po[%{eh%g olefins
conprising a first nmetall ocene conpound, a second

nef@ITSae rfenidsinsoah deaSbtonP elBe ohelefinerosainey Witleat eatalyst
so&ang) oﬂeund%f]gn B4 emt@(fnga%@ﬂemeu tﬁggp%gn%%smon

Ker aspéec |s I nvention is
15 nakqmglsa thfactoatayismroclwtmmmst mataiarpe tenpuynd endeadtd mealtocene

fi e e net al | ocene

coéroglli g dé & gsgsto gone c H’%ﬁ t??j ?Igatoéﬁe’soﬁn d @bt , ome

anckgatoalumlm omtapmmgario &bchrbmtmsecasmnuﬁdm §td'séﬂt invention, the

er a3 eegt 0of t d§ [ nvenﬁgl on 19 L
po yrrerl UPHES SO Binsracad mgrtdd ﬁ?”ﬁc‘i‘%nﬁ’ﬁuna‘% the, gk deast one
onehemyqaﬂy-ﬁfeat@dl 8dlidnox1y) QA thevttlhsBlokeAdrBdneBlunk@iP 8§thpdula are
e e ation conditions, wherein the catalyst

%ﬁ éirf" g%lﬁ’b"fsrses the contact product of a first

rret al l Q:@ ehe fEanpetillecend coRBOIA et adn ALBNRRIRXRRU ngng the
g):lgeast one chem cally-treated solid oxide, and

PWER LB Ranoal uni num conpound. I n each of these

aspects of fHhe present i nyRHEERR?) X‘f)ﬁllfl rst
met al | ocene conpound, the secon netal ocene conpound,
the at |east onewheisii €4 ¢nd (¥at ex¢ isintlyd oy dlepremyldand a

25the at | easty &%n%g%ﬁﬂoglﬂﬁ'a‘;eﬂ%ﬁnanﬁo ?‘&gé?c);ﬁ 0 ﬂuorenyls any

characteri zed as o ene
conpound i soahof W@tChICIambemebShamdngnmb@ltuted partially saturated, or

any combination thereof; or
i) rac-(X)X*)XHXM,
wherein (X') and (X?) are jointly two indenyls, any one of
30 which can be substituted, unsubstituted, partially saturated, or any
combination thereof}
wherein M' is Ti, Zr, or Hf;



following formula: i) (X)(X 2)(X 3)(X )M wherein (X1)
and (X2) are jointly a fiuorenyl and a

weywbsoesn adi enyl , a fiuorenyl and an i ndenyl , POF/US2005/000278
fluorenyls, any one of which can be substituted,
unsubstituted, partially saturated, or any conbination

. thereofynddin '(X9) ah&@ %&e%ﬁﬁ@%ﬁ%ﬁl@ﬁ%ﬁ%d dﬁﬁﬂﬁ:{u%btﬁut(ea(%l)ldgmg
and (X2) are jOInt two indenyls, any one of
cagoBRCHYBSE ut ed, unsubstituted, partially
sat ur at ed, any,& | Bat Qb ‘? ' :
Ti, Zr, or V\hlesrrle%gf;g% I 3B ngggrggﬂ%%{rﬁﬁ{é&rg‘?ﬁl E§11dgd to
substltutedtmﬂ1®mbmﬁi :kqmed brldglng group
conpri si ng: om 1 hat arbon, .silico

> ger mani um o ﬁ‘g @e%l“s Cgrhkg ﬁontskf) R P?&fﬁd gf which is
ii) two conthogdudtis (x. rabmmeaﬂamduonwmchh@bdmdequénmmf

whi ch i s, ban n nd o

bonded Y erfﬁl?(g%% ?ga W{‘fé rgf’:-l? ﬁtu(a&@n ef gmt%la%’ﬁig@emadlenyl the
SUkblﬁ)ﬁﬂlttllﬂe nﬂgd@ﬂ}j t hrel m&slgbshwteedﬂlgoy@iyg p@rﬁid @?dlhe @lydsmut:ﬁteon the
su u i.ndenyl , and the_su tute uor eny
ntvaio BSEEE EOURES BERMETG] LR o SRR g

101 Sard REMREOGRND. ¥ c1i0 YERS B OMbin&HoR W alipRhtR| anBRHM1cCeroups, an
group, an aronmtic group, a cyclic group, a

C OPPBEFAETOBR AT LTWI $1p¥M R NETOSARISTEYR: RiPBOHROTP STOURANEXSFYIE 1BIOUD,
9r Q¥RborPersiy, b 4ilicH Slelp, aeRhdnfiRIEBud" Qfﬁ%ro ﬁlﬁgﬁ 2%915 UShoron

group, an arsenic group, a carbon group,
gr SOp- 2 GRYNTRIHT LSTPYL oAllp inoggapic NSTGHIH LAY, Omah@a@algwc Qu@Ip, &r a

DOL D tHe® Harivaite Ghitgd ll’l%lﬂé %El . F | BRIy gl%lah l’llphah% e;
organonetal i c group, or stitfuted deriva

15th n; hawngfromlto 20 carbon at ons; ahallde

or_ by Sga8T st BSR4 BORT SpRPRBHASh By o
( XBJloWBi (ERulax8) M2, V\,her ein M is Ti, Zr, or Hf;
E)EHENEIM,
wherein M? is Ti, Zr, or Hf;
20 wherein (X°) and (X°) are independently a cyclopentadienyl or a substituted
cyclopentadienyl,
wherein (X°) and (X®) are connected by a substituted or unsubstituted bridging

group comprising:

1) one atom that is carbon, silicon, germanium, or tin, bonded to
25 both (X%) and (X%); or
ii) two contiguous carbon atoms in a chain, one end of which is

bonded to (X°) and the other end of which is bonded to (X®); and
wherein when (X°) or (X6) is a substituted cyclopentadienyl, the substituted
cyclopentadienyl is substituted with up to four substituents, in addition to the bridging
30  group;
wherein (X"); (Xg); each substituent on the substituted cyclopentadienyl; and
each substituent on the substituted bridging group is independently a hydrocarbyl

8



wherein (X5) and (X6) are independently a
cycl opent adi enyl or a substituted cycl opent adi enyl ;

wob@se6831{ X5) and (X6) are connected by a subse¢T/usm»ds/000278
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or unsubstituted bridging group conprising: i) one
atomthat is carbon, silicon, germanium or tin,
boRdsdart QUEALD dret) adNohatl) groap, 4 |c)yc1§c\/\/@ro@9 Nk i @udiStion of

carbon atons jn a chain, one en which 1's bonded to
( Miphatihand RSt SYPSefY OBFECHUF R, a§ul§%ar@apat%nt%7n BIOHRY 2

V"ﬁﬁfsﬁﬁ NS0, (2PArslc o), al RurtRnSHOY. iatMiRE group, a ermamum
cyclopentadlenyl the substit uted cyclopentadleny

s eH9uP.i & (i @epum £ Headperewp, RAWFOTs geuR, | an ApmEny groamﬁnt m@aamc
S o‘h{} %n%%&%f%&u% fﬂb‘l&!b o @ﬁ‘tﬁhﬂteﬁ)&zfvat{\%( fHere ing from 1 to

ituendt on t stituted cyc openta |eny ;oan
e3¢ barberasors; datide or bideogsutsadi t ut ed bri dgi ng group is

d |
| ndep {}&ﬁé‘%l‘xéfm&lfé%%%ﬁ %51?&’ Lygﬁé)&'o‘%npprfégs E‘sé;rg(f‘ {i{g%ﬁ%&}&kl?ﬂh an

an aro rou
akleptirat withdranwiing yaibn;andr oups, an oxygen group, a sul fur

group, nitro ou h up, .an

O cor: O AR R bl RRSE RAINFicf rfmaﬁ%p, a

germani um group, a tin gu@fpXx48);Lead group, a boron
roup, al umi r.ou or ga rou

bR B0 B O ek WPing M Ao 20 Ger P g™ is am

t brogiaé or digdokideg hﬁ‘flﬁ)gffr&mtmo 200 cab&iDfont, Aakde, dr h}’zliridé €ind 1 is

and .the chem cal |l y- treated solid oxide
c&ﬂﬁ%g é%m%lgb%ﬂ ®de treated with an

el ect rops %hﬂﬁ@éﬂtﬁﬂal@@é&ﬁ 296k v lgmganoal um num
cormpound has the follow ng Fornula ( X9) n( X10) 3-n;

wher ei FurfRo) apether Rspgplochr BiA iRDtiony if r enpalymer 26 ethylene,

C%ﬁeﬁ’%r%@ﬁg,a r(aéiil Bhlied FroMN ?kd‘ 0)30 %ﬁ o%ma%)deﬁgityd@orﬁ‘ 3\0'9'19 to
from1 carbon atons, e,

i §:945 rg(mbea flomorativation egergy ﬁ@ rfr@m ved torh ég ﬂiﬂ/e@é'rﬂ polydlsperSIty
' '?ﬁ’d%ﬁ& /':M Iﬁ%ﬁa e @oonpfrlsasﬁsfr&ﬁwﬁé’ It<y Oll%f)énlft /nﬁ)llj'ref?ﬁ molecular
anot her "aspect o thid invention

etisighefrem cHatoac208rkigimed; dnyd anurebier Of hd@(Chm rBraach@ 1301 000

gé:%rlge | ona(%ﬁgpﬁ)bbé Mo gilr? %8%(?45 Og! Gﬁr@he 19[ o?ecular
gy rom
poileiplii mpgy of 1190 to 1,000 kg/mol.

Yet another aspect of this invention is a polymer of ethylene wherein the
polymer neck-in at 300 ft/min line speed is from 3 to 8 in/side. In another aspect,
the polymer of ethylene of this invention is characterized by a neck-in at 900 ft/min
line speed of from 3 to 8 in/side. For purposes of the invention, “neck-in” is an
artful term that refers to the reduction in width of the extruded polymer film from the
extrusion width to the final or drawn out width.

Still another aspect of this invention is a polymer of ethylene wherein the
extruder head pressure at 200 1b/hr extrusion rate is from 500 to 2000 psi. In
another aspect, the polymer of ethylene of this invention is characterized by an

extruder motor load at 200 Ib/hr extrusion rate of from 40 to 120 amps.



i ndex (MM Mn) from3 to 15; a Mfrom 300 to 1,500

kg/ nol ; a Mwv nol ecul ar weight from 70 to 200 kg/ nol;
wa@nasacssumber of Long Chain Branches per 1, 000PCHUKI®NS/000278

atons (LCB/ 1000 carbon atons) fromO0.02 to 0.3, in the

Mv nol ecul ar wei ght range of 100 to 1,000 kg/ nol. Yet

anot hepnaadesdpedf off HiS ihvauesH i0Q b(ﬁyﬁefp@f )éﬂ@[en@fwhereln the
et hyl ene wherein_the pol yner neck-in at 300 ft/m

| BvaensipefdDitenr resiange {ScErentqr ihagy eequalfo addt g,{]g(reaé%pgﬁnother
t Egaregtg %hé :Fafgn‘gr oFéthérﬁ‘:Qﬁ 1€ 1ntvgﬂt§>n 1@&4&%&6@1@&:& 1 a Spencer i i act

by a neck-in at 900 ft/mn |ine speed o
f .smngsl ehezgatpnihen dge equadto p&r%esgélb/r@afmt 19Ellj angther gspept of this

5 Ktldnnis a pﬁlyﬂ'@r @%étﬁﬁénet\ﬁ{e@ﬂ h@t u. ds?ﬁ@l{e%oﬂ Qtrénlgﬁl 15 ]greater than

reduction in"wd the extru rom
t loeegat touA5n Tedwist adhesine sitength teﬁrdet@rra\ms Bebong sirength of a

Shiastic BRALRTE LRRRE bullrnd e 1 NUEDF WAl 1aSndh-REbK Bk is

yl'ene "Wher el & ext pressure at
IbﬂhmmbmmnnﬁmﬁnmmamE 'S fron1500 to 2000 p3|. In
| ene

anot he S ol yner.. of. eth
hvent Veraioget panped B YRS is f paYER S Abyibl Fhereia ghe ot
10 atacRORitlakibh lter@péta’cmtsl Anwhiet ehoofack rmngm dfoIN/28 mm strength is

C Ry A i B AU g 1P B eGP G BOGHERDGegiene

g g atiemvéra lpéha%tdﬁlzedlsy & Lﬂltllﬁétle Réd1easmgtt mmtb‘b@)rof greater

gwpt the pol yner of ethylene of this invention is
é&@@?@%béfU§ . spencer i npact strgngth of greater

t han ofryRGHA bR afio Bhoridsits &P htastide SonN6t MIETof ARPEHAIyst
of this invention is a polyner of ethylene wherein the

15 bgpmponcatie gnbrpiemeln prefreptiiggiaser e aif wérih%fﬁ cggpaentsowith an
Q%YQﬁnTJa g@lﬂfdsf)n(ﬁ'%‘ ﬁﬁt’ia@iﬁ¥ e p8R e Rz4tRR kedBLLT M NES the

bond st réngt h i C coatlng to a paper
substrabepﬁﬁdmlgvﬂé@ﬁdmﬂmméﬁﬁmnﬁﬁﬂmﬁbwﬁu I pgbyareriging j odefins

a%%ﬁ%ﬁﬁn%@on@acﬂ &Lﬁ‘as %‘iéfﬁl o?n}gﬁltehérf?ﬂﬁggeft 19 Q&ﬁﬁosﬁfon under

this ntlon a pol ynmer wher ein
hqlolmﬂzatmicpmhmrrsrﬁo profyrerta nolanet whi ch hot t ack

20 str engtIlﬂls nv%:rhl‘oglsil%]daéwrx?&% Qoz{% ag%}é 3P ecgmk)ﬁsels et%? ypol pmer

t han or “equa an er aspect
oﬁnmhhyiwmbﬂnkmmhmgmnmvﬂmtnﬁMnsswmhamacter|zed by an

ul ti mate seal th ASTM ﬁ?%@ r. than or
cqual 055 89 Pt RNt R P S arp P present
priggsntibmeill woﬁl@ BPpadent aﬁdr aQévidvnef thatfellopdig @vailed desetiption of
an %gtlon 1¥ pretreating some or all of these
doed ISHEH- an ol efin conpound, prior to
25| n|t|at|ng t he pol ynerizati on reaction.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 provides comparative extruder head pressure data for the resins of the
present invention.
Figure 2 provides comparative extruder motor load data for the resins of the
30  present invention.
Figure 3 illustrates comparative data for neck-in (inches per side) at 300 ft/min

line speed for the resins of the present invention.
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The present invention further conprises nethods for
pol yneri zi ng ol efins conprising contacting at | east

wWor®s0685i9 N nononer and the catal yst conposi tiPCI/usmes000278
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pol ymeri zation conditions to produce the polynmer. This
i nvention al so enconpasses an article that conprises
t he porigier ifusdies ecnpiritive dhie feaicet-insinchesmeosiil¢)iabH0Wft/min

this inyention. These and .ot her features, aspects,
e%%meﬁ%ﬁ&ergwog HESYLBFY he present invention

will beicore pRAKSRbmpihive At Y hekifbet fide 4sal funslon@f line
det ai |l ed descri f the disclos feature

ption d . BRIL.EF
DEOR( B ERP e or e SRR TS o)y SHA-igbilocenc A end B
C QERR (ALdAS afdkdial Rl 11BRAE CREDRI 6B JF thelpldseith®rehtdsi. NS
of the present jnvention. Figure 2_provide

. s .
conpar Bighiged BRViderdermnaintive date iy thmElnendort toa streagthp of gpins

tRe uRy gﬁ?e% ihvANESH 1 QRbd FHD R Baglek Is ! &8 machine (MDZ) and
conparative data for neck-lngélnches Eer side) at 30

f tengverse () dipsetbenst dhe tighteryshaded{seegnd) hars foreegethtesin represents
i jdon.Figure 4 illustrates conparative data for
neck-in (inches per side) at 900 ft/mn |ine speed for,

t he reEignes Dprovides perepnesitve idpip dort the Sperepigimmactsstrength of resins

il ] ' :in per side as a

f GhE PRI ARl YR EpigR aBBts | 1) D |

si ngl eFigetedd provideecongsiative datofvy thechuzst adhssigh bongtheof sesins of
a B resins..(m.ddl.e). | - |l ocene C resins

( Elget Rr%sﬁ'il tslg}lentnﬁ% t%?eéi S,)él m%%ﬁg’ g‘%tr is%%ﬁ’&ﬁﬁi gure 6 provides
conpar aiguee 9d@beidésohott tack Etrerptid enived dar thst reeing tolfi she fpresent

resins of th resent. i nyent.i o t | Kr af
apertt sy 5B PRt R Ry tHIP PG g 2 e
disheet toahdntaibhésuki @iitgr shaded (second) bars for each
resin represents. TD tear. Fiqure, 7 provides .

Compar SERFo RPN PO N SSHcaeth CHSECIEr A gt A Bp present
I §8veiGor N Ol Gngy DB/ ting AMLHGIIS for tHeeER4S 17, WC-0- KirdfDC-C-2 are

pager substrat e. Eigure 8 provides conparative data
f & d

OV K BYPRI UHAEST YR strength of resins of the

presentriuy Nt Fighve 1109 iIRMirMes Rolksadrtweddp @hta FoHE Fe3ing of the
Figure 9 provides hot tack strength curves fo tgg
r 1 ¥ ity the

GETSRR Brentioe dspceem PREeMAoh anly Fiees
dafegred QtMosig fcBbint Bi8ndREESREmbECOLCLEBANG0D6ackb @nedéRbons) as a
function of weight average molecular weight as determined from SEC-MALS.
Figure 12. Figure 12(a) illustrates motor load as a function of the shear
viscosity at 100 1/s shear rate for the resins of the present invention. Figure 12(b)
plots extruder head pressure drop as a function of shear viscosity at 100 1/s shear rate
for the resins of the present invention. In both Figures 12(a) and 12(b), solid lines are
trend lines only.
Figure 13. Figure 13(a) illustrates neck-in per side as a function of zero shear
viscosity for the resins of the present invention. Figure 13(b) illustrates neck-in per

side as a function of the Recoverable Shear Parameter at 0.03 1/s. In both Figures

11



shown to maintain visual clarity. Figure 10 provides
ultimite seal strength curves for the resins of the

wEe@seeis19 nvention. Only |ines connecting dat ap@DUS1085/000278
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for the PE4517, DC-C-1 and DC-C-2 are shown to
mai ntain visual clarity. Figure 11. Figure 11(a)

| | {309t dnatiegn) b aekd Bfic Wei @k 1Bty ahd tRalidBidhagdd symbol
the present |nvention -derjved from SEC- MALS anal ysi s.

Fi ‘GB’P%@“FSI detsy fog the §EH3 L{1esin 10K EOBRAGIEFE of | ong chai n
br anchipighré N4 BGEEnsRhted EBMAxiBRAG RRGKEANS ac’faﬁdﬁaﬂ 8] thad SowAshear

function of mehgst average nmol ecul ar wei ght
detiggopihtid 83 Hirsmesnsifos theesing ef the prasery am@nm aJhe diamond

| iYsdd Sh®s1 Qtsl RRAGoAGe PRI R GdsiPBr MmpaliSorshear
viscosity at 100 1/s shear rate for the resins of the

present invention. Figure 12(b) plots extruder head

Dr esSUr AL 0.2 Sn Al G Ofers I?:gﬁfgs% 038054 ohs AnehBEs for

1/s shear rate for t resi ns of .
| nyremrme ncatalyst b:@tfmoﬁil(glﬁ r g@thggs( gc)r 175110154 1@( bgtalygmdmposmons to

Foqgr{l gggfﬁlggrkdﬂ ?ef&gl M‘l ngl %}é fe %h:l‘ssrnvgltgﬂr co%n?rggs)es a dual-

per Y nction o
shmaﬂallmea@ azatal}yt fsgsterh hthatr epmvnks of uséfial m)mbmahon of polyoleﬁn

i nyent | ure 3 trate
as’a’ r[d nCtsluglh of mteﬁ ‘("a%c oV nFI bl %o Sé’ﬁsc%a :]%f: fé n kframhmg’
0. fh3olbgisal pkapetias, fanEFIﬂgaurkES E&(a)imﬁhmnibaé Bgpecitdfehis tiverlion, new
t he d aped .
o P See B RERH, RO Yl Rimerti P RBE R P suiable for
c oemlaslbﬁ afoatirfg glhp’maticﬁas d e]ﬁDdﬁﬁ)tHeﬁtaeﬁect hler RRXhpieMtHel metallocene
ow Sh e cosity at O

5 3 P P E ey e R e I e PR alopt SRS ey B paring
Thpiaﬂﬂcbrﬁﬂ’@ s fignedn pypadts usefl B exﬁﬁloﬁ@bﬁlﬁg%pﬁdaﬁons.
PE4A517 resin for conparisqQn. The present |nv%gt|on

provi de8 MW PEHalrs PreeghpRErtohy ﬁ%cowé#ﬁ%asc yst composition

Pr epdirisig @Rt abysdt pRABASHE 1a0MFst Hﬁiah@@#ﬁef&fmmhmgat fRond
catalﬁst conpositions to polynerize ol efin,
polgiaHieseps, gommq«mé,naé lepspenet chemjgpldy- F?ﬂi@mqhérpxeche @?F’p%fslé?@é one

a g?%dﬁﬁﬁrﬁﬁd& e&isoumat &l Mr%?helsé‘sﬁéc@ Nhis hl%mﬁ’(frpéﬂchﬁﬁas?es a catalyst

conbi nation of polyolein properties, such as
rrefquOﬁI&est copargng (e golagiipepist of wysinglomytaligdon compound, at

br RRG BhOehenliMR9REH:E %lld%(gﬁez{ntd' B Rast¥AL of ﬁoalldnlﬁﬁum cBfpound.
examnp | e, In one aSpeCt of h| S Inventio

ne%llaquﬂb thepreaspentsa tyis invprsiop @nmr@ms ¢ PEPWS@SJW 1gatier, a catalyst
pr %&@ﬁo%r%lalyﬂfeﬁzﬁ 'oie‘ﬁm 1 nie%od fe%%%fa?ﬁ%t E(gmposmon,

applications. I'n another &spect, rex
mekgihpd @éuﬁen&:aacaéﬂﬂy%tcomﬁosrt@m ¥R polpménsand donedsinmeys ethylene, and

| Olfe Bk & SEUnGthed RPRE, Thill ivhilofi B6hiseFRAV AT EAN Y
In one aspect, the present invention comprises a dual-metallocene catalyst
composition, wherein the first metallocene compound can comprise a
bis(cyclopentadienyl-type ligand) complex of Ti, Zr, or Hf, the second metallocene
compound can comprise a bis(cyclopentadienyl-type ligand) complex of Ti, Zr, or HEf;
at least one chemically-treated solid oxide component; and at least one

organoaluminum compound. In still another aspect of this invention, the first

12



platformto attain the resin properties useful for
extrusion coating applications. In one aspect, the

WEe@sSeeRs19 nvent i on enconpasses a catal yst conpPGI/UBI®N5/000278
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conprising the contact product of a first netall ocene
conmpound, a second netal |l ocene conpound, at |east one
Cc hrmilloadnk y compaingd capl dothpeisd b, cansmatallbeast andethe second

or ganoal um num conmpound. | n anoth aspect, this
| FPEOT5R CERBOHR SCLETRL S A 4P g Qe RIBHHE (1 on

conpr|3|ng the contact product of a single netall ocene
conpoun | east gne chem cally-treated solid oxide,

aﬁ@tfﬁYStI(jé’&gtosmé apd (IMBSRERS num conpound. I n both

th@g@kgﬁggggqbn&bwﬁklnventlon enconpasses a
conposition of matter, a catalyst con 03|t|o f or

pol ymeFt Anfgasres i, Presefe GBI PEYAYsar Pn‘@at ¢ afogIRpsition

c Q&Hﬂ& litd 9 irst @né?ﬁfo@é?l@ RBhnpsifldNg secofid indhBberRUTRPSId] Bileast
new pol ymers and copol yners et hyl ene, and the like. In

anBe h}@mﬁ%bé&atedtsﬁlﬂ oighy @pd plolRast SR PieaRaalymRigpm compound. In
PahyRLehl §t op 8{@@1 l%s Q@St diffe2Bt Hﬁ&ﬁﬁﬁ@ne‘ RYRPLIRS are used
conpri se ual - | ocene cat al yst conposli ti on,

\Maeméhanemlhle ig @plmuwlb@@messd@nw@@m 2 aplyetbyiend Esingwith

f Ti, Z
o PG AR B kR, S BRPERERL O O onpr i 56 @
bi s( cyhi operasmdi ef’]SHIS- tnypmlohj thanfitpt ostabexe gnppyndzgan be a

east treated sol id oxide
GBI eBUF R e, SRRER R s el e
| Ryslbpdntadnokiyps ligmpeat bdgetibys ¢,NTE 0k SQ I’hrldgeh end wherein any
firstnetall ocene conpound ca conp i se

- 78 &1 PR SIoRTP - e iadrex Al eare T BB ba Astiyied or

C QiRIbk$@tedn Ihniﬁfsadsf)&g e unfH tBé YSbtoFPRBRAGbs| @tIRd herein, a
Conponents The Metal I'ocene Conpounds I n one aspect,

t atapyFle semposttitre esednoprtbe i ek metaligeeey §?ma<awﬂo§r tlpash one

C QRBhicSliBeAed d0lid bx B Ak LPRsR 8ns HIFRVNEhindn I6&! ?Md typically
net al | ocene conpound, at | east one chen1ca||y r eat ed

s g vides ihdgh melaenlastweight rsingrith an BEMS Aneasiied #resHpH oS TM
! th%O&hfeEs Heqb%/l(g i, exAR! %1’0 h%i’n\% p?,gt{] fgg{l g prov1des a high

| ocene conpounds are use gl
p ohol exiar MghOmsmmdwéﬂtMI phlegilca 2g0mmt ﬁqﬂhenal ﬂl@saspﬁct

r aper |es ha efu for, extrusio
aﬁfﬁ a’iojlp%lﬁ per}t?él t ﬂgeg Eﬁyrﬁl\fgﬁﬁt tlggd gr?tﬁ&ubsgtuted

f ivrRIinE Bkl (GsiRIRE” )Q@W Wc&ﬁglﬁ)uﬁ bk sYakh¥h atoms in a chain,
zirconium ~or hafnium nmetal | ocene conpound wherein the ,

t 5 LhyBusa siliep pler: ddpeinane o of fiefasgongghaings bapdsd to 9nean -
cyclo%rtaé?gnyﬁcylpe Hée{nqqu tHd %ﬂle\l\’glﬁfcﬁ{ the &{a¥n is bonded to the other n’-

cyclopentadienyl-type ligand of the first metallocene compound. Examples of first

metallocene compounds of this type of the present invention include, but are not
limited to, a fluorenyl-bridge-cyclopentadienyl metallocene compound, a fluorenyl-
bridge-indenyl metallocene compound, or a fluorenyl-bridge-fluorenyl metallocene
compound, wherein any one of the n’-cyclopentadienyl-type ligands or bridging

group may be substituted or unsubstituted.
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one of the h5-cycl opentadi enyl -type |igands or
bri dgi ng group nay be substituted or unsubstituted. In

wo kioos/oesspect , and under the reactor conditi onsPCT/US2005/000278
di scl osed herein, a catal yst conposition based on the
first netall ocene conpound, at |east one
chem' Chl hyothar eapet fssolekednmegi e ﬁrstnnieiaﬂodemas@mmuad can be a

anoal um num co und t cal | rovid a_hi )
B o FROTR <R oiche dopPopi SE Ty Sartell wpe rac-
aﬁﬁﬁﬁﬂtbﬂ@gé mdA@TMleiaZB&)ne abmbess], tvemsin By bilidgabatwesanile two
i nganot her aspect %p i cally, provides a hi.gh nol ecyl ar

Wi enyldigepds saprPeah Cu da obPl| Reidge 1304 Whsgin 6y Ane of the n’-

5 FiddeBANigahdd dr 'Bh@glﬁ? EI%G;S mafr Be sﬁb‘éﬁtuted or unsubstltuted In this aspect,
h5- cycl opent adi en dged b

ands are bri ge Yy
s abd ppdey the deagfor m&}wﬁ id’tsﬁlf’@g hggeing g |cﬁgly§trcewpos(wl%wa§@bmy the
c ?i‘iTsR rrﬁe?eilf&@eré RlnpfurRi0 B T4l BHS cIRATAIG MeRRA s&i@&?ﬁdé an? Bt least
chain, or ansg Si Fi con atom whefein one end
zﬂggpnggmpabmmﬁn pgmmynd{ é@lopgy pioEidpsa high molecular welght resm w1th

¥ ERREN - ly f Qh 1

chal ni s&g%grﬁgﬁ%] to ?ﬁllh ﬁ%gt %@%a %)E |§]en nw%g o

10 | iwgéghtiresin witheanf HENT ofﬂetsahdnodeﬁerth@npdbuﬂ dspeﬁxﬁmpdwea -gfdenyl
f Illrgérifedrs]trarFe:: bﬁ‘l{?l g&f ?32 aﬁ su%gtl te grd 5 sgl%stlareedsbﬁ'lé% qegl gi?rc}c tcampgfm%l or2
f lcotiganyd arba catten a;tymls qmascitaad IOE hyzhsmmc&lnlaamewﬂlerein one end of

co oun fI.u repyl bri dge:- .nI tall ocen :
it Seins PP angre s a1 PRV SRR SHatant o6 hain

C%'@&MQ@’ to 00 SHLH R- E}ﬁﬁénﬁnﬁgla&f oft t‘ﬂ@ first metallocene compound, so as to

h5-cycl opent adi enyl -type 1igands or bridging group may
15 penasnipigthergeanic sretallpcend samnoyndd. | n anot her aspect, for

exanpl t

1 e ant (B tlpkfios B S BGEE SOTMAMAACAD Bpfndcan be

oftitanivan,g giveonaim,t ppehafwen ndetilbcendr ¢adgwundidgnglle general type

n&gahée%?aﬁ%g#c‘?}@g lég&f%pemgglﬁ %ettfﬁlgccg‘lr 'ég%%o&%t %&%Ptt%ebrldge

abeltwele e twcanil- @nbpen‘tachdmgl ligand$ natehyla Cj, gandsSxprbndge and

‘ bri dgi.n roup substi f ut r. uns tituted. In

20 ¢ ISR %@gtqnea_ e ereadapif Settdsnah Pidaing omp may be
disgidtiagalorhBE®istituted. GRthRlayskt, SRIMARISH the 9 cBREGMItRAs 88 0sed
first netall ocene conpoun at | east one

c RETFITE & Ja{plyst é%%ﬁlt%maﬁfdcﬁa the second mptaljogepeicoppgund, at least

Olog@ NP ieANy B S BRRAUBL S, YR Cal it Rine Vdrg%ﬁx%alﬁmlﬁiuﬁh compound
nol ecul ar wei ght resin with an HLM of less than 10,

afePisaly FrHdrs @ lag predecular yigiskiesiy Withowi Mbef gieaigrghan 1, and in
25 "Mh&EE Rpec ﬁ;ﬂ&ﬁly HBsvidds ‘Q"lcgvl? rrf%ibcﬁilasze@fl sir wtltFl%H M of greater

Further, i hi s”aspect, the tvvo h5- eny ands
arfeanb20d Guathdnyin thisaspet; thetvech’ Gwclup@md‘mwt ligaedb ahw bm@ed gy a

RO ke Biodnf BBl SRR £ R uR gpoon
t hﬁ)ni’s- inardhain, ehBbisaisilichn adadbérded fLbdibn’-tyugiaytadibiyg digehds

o t}}ehsgco%% hmeetcall?)cr:]eqle %gm})yu%d chain

30 In one aspect, the catalyst composition of the present invention comprises the

contact product of a first metallocene compound, a second metallocene compound, at
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I's bonded to the other h5- indenyl ligand of the first
nmet al | ocene conpound, so as to nmaintain the racemc

woredoalobsseene conpound. | n anot her aspect of thPGT/US2005/000278

5

10

15

20

25

30

i nvention, the second netall ocene conpound can be a
titanium zirconium or hafnium netall ocene conpound
of ldakieong ehatiahllyt-ty@€ed solid oxide, and at least one organoaluminum compound,
cyclq&entadlenyl-bridge-cyclopentadienyl net al | ocene

, Wherein the bridge between the two h5-
cycl opest a@i any lmdtiipesidscaioul® i@ Can dds-nefallStche having the

I&‘ﬂ%’ ’E’ erel n any one of the h5-cycl opent adi enyl
JangoT iRy gi ng group may be substituted or

unsubstltut . Inthis asp@cy(x?- @(f’?(xﬂ)wer t he reactor
condi tions gllgscl osed here al yst conposition

based on the secmr%t@q) @&én@b@ﬁ%d&‘ﬁﬂy at 2| Bupsenybrpad a
chem cal l'y-t¢ R)E)@ﬂacﬁéﬂyl da ﬁ@fdrgtﬁnl aﬁdmn fldeh O%aért tvfbnﬁuorenyls any

or ganoal uni num conpound typi cal l'y provi des a
mol ecul ar wetshaf wiidh eanvet wbstﬁutm, Subg‘tl@‘@deparll&ibmsamrated or

and in anot hgy, c@ﬁ@ﬁ%om&&@%ﬁ&l I ?\//I provides a | ow

nol ecul ar wei ght resin of greater than 20.
Further, in ihis aspect, the-EMWNE)EEKOMIpent adi enyl

l'igands are bridggd by (ﬁgsaﬁgg%(u)zat%i t%r DS URRH guzitn?done of

bri dgi ng group conprisin I‘guous an
car bon at onswhiph gag fgi sybstimted, wnvsltisidd] pantiaky eamrated, or any

bonded to b°§o%“1§at18>{ﬁle9e89”t adi enyl ligands of the
second netallocene conpound. In one aspect, the

cat al yswhc:romrl‘dbm Toﬂraierhe pr esent i nvention

gconpris r oduc t . met al .o
conpoun rtgﬁge g%ﬁng ogléeec ed % ed %{tqnélébﬁlm%ﬁgmdgmg
chemupabxhuypmn@at ed sol I d oxi de, and at |east one

or ganoal um num co nd wher the fi.rst

net al | ocene ¢onpdiné F%ﬂéﬁli 5 elfc’51 ﬁ@%’@n%erﬂﬁw}l’ﬂgoﬁ%bonded to
fol | owi ng f osou(3e) and )Xoy ( X2) ( X3) (X4) M wherei n (X1)

and ( X2) areg]omtl a.fluorenyl and a

cycl opent adi Enyl ™4 CP?%P%%rb%rﬂﬁo%Wq % By | one gpd pfpyhich is

fluorenyls, waMePREXO aniMticGmes 8l dTevHHAS bbdddd %d(xz) and
unsubstl ut ed Pr( Al aIIy saturated, or any conbi nation

t her eof W ?mel ¢§ J0: paeh)sphesiyentyy M)SPWS“%?@qpemx@ynyl the

an Quﬂs?@ieda[rﬁeﬂl}@,l Bhd ¥hd WRoskiRARIN YL Sreny® N ¥dP régcfpfsulygﬁhﬁﬁt on the
can .be substituted, .unsubstituted, partially
safis Eugs& rigging lggpup is independently a hydrocarbyl group, 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, having from 1 to 20 carbon atoms; a halide; or
hydrogen;

b) the second metallocene compound is an ansa-metallocene having the

following formula:

XYM,

15



conbi nati on thereof; wherein ML is Ti, Zr, or Hf;

wherein (X1) and (X2) are connected by a substituted
W@rooan6ssst i t ut ed bridgi ng group conpri sing: iBPCDOE2005/000278

atomthat is carbon, silicon, germanium or tin,

bonded to both (X1) and (X2); or ii) two contiguous

car bonwgg E‘p ME R &ichadrg one end of which is bonded to

(X1) an ther %nd of which is bo ed[ 3 [1

wher ei wh(exxgy( INZF) (X" ate Andeperdentlyy ehgye ﬁ({%eny or 4 Substiiuted

sugg.l%) ﬁ%‘ pycl opent adi enyl, the substituted indenyl,
Substituted fl uorenyl and_each subst] ndt on.
the suwmexeum@@mmmbarﬁ gongeerhby  sybpiguise ﬁa@mﬂ?i}lﬁﬁe bridging
5 hydguocc%;n%l roup, an aliphatic group, an aromatic
gr% 6’ a cyc ic group, a conbination of aliphatic an%
cyclic groups, ammyrgeﬁiafgﬁ earpon, é111§€2ﬂafg81imaﬁf‘%r?r tig, bonded to
ni trogen gr hgrus group, an arsenic group,
a carbon grgﬁ‘g‘,@ I?ﬁﬁon group, a gernmanjum group ﬁl .
tin group, &)l eadvgcwguoua chibp Btogsgn 3, Cha, APg FRchefvhich is
group. an | RSrEaNt E¢GLoHR oAl QGRRRRR A BIRYPandr

a substitut erivative ereo having from1 to 20
10 car bon vatiegsts ;when ()i ete(X Yois ahs,ubstﬁgt@qh cydiypentadicBd c Big d;ubstltuted

T Ry S ARG AR e

Ti grodp;, or Hf; wherein (X5) and (X6) are independently
a cycl openta

wher ei nW' e;‘@jx (gﬁd ¥)(Z kﬁﬁac‘g F\é)%‘g%%hté)gtg% subbtt tlg%gug&&gén@aﬁ% yl; and

Of e 4R SHBRhicht b€ %ebsfubﬁﬂﬂlt&g bEdgmpIOapTE 1nﬂep’egdent1}' onleydrocarbyl
atom that is carbon, l'icon,

15 hom@en b alphagic (%‘jp, daT@j{gth g%}lp,l ?)cy%no grogpl,t 4 c’ombmatlon of

Caﬁlmgtl@ﬁm 4R @oediaki ox@Re gehid, af sulth gloup,sa bﬂm@exd gtoup, a
(X5)" and the ot her end of whi ch IS bondeld to é )a and.
V\,hé QPRPTI STRUP-XET) ATEFIIY KEYP:{AsCaRpg AR, (i BrOUP: ‘gefianium

CY 6lApeNtadi &Y las ledd Erop! SBdrén kRMp, an aluminum group, an inorganic

group, an organometallic group, or a substituted derivative thereof, having from 1 to

20 20 carbon atoms; a halide; or hydrogen; and
¢) the chemically-treated solid oxide comprises a solid oxide treated with an
electron-withdrawing anion.
In another aspect, the catalyst composition of the present invention comprises
the contact product of a first metallocene compound, a second metallocene
25 compound, at least one chemically-treated solid oxide, and at least one
organoaluminum compound, wherein:
a) the first metallocene compound is  an ansa-metallocene having the
following formula:
i) XXM,
30 wherein (X') and (X?) are jointly a fluorenyl and a

cyclopentadienyl, a fluorenyl and an indenyl, or two fluorenyls, any
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cycl opentadi enyl is substituted with up to four
substituents, in addition to the bridging group;

wohers@ess19 X7) ; (Xs); each substituent on the PCT/US2005/000278

10

15

20

25

30

substituted cycl opent adi enyl; and each substituent on
the substituted bridging group is independently a
hydr ocar byI orgf efihictabarabd pibatitited,gmeulstituged, parGalit sagurated, or

group, cyclic a conbi nation of aliphatic and
cyclic grou‘ﬁg’ 5‘% ﬁé}b@ﬁ &$8’Up, a sul fur group, a
nitrogen grgup, a phosphomLa:S(X@)(}()21)1(]04’.3 @M seni ¢ gr oup,

a carbon group, a silig p, mani y rou

tin group, a Iea‘ﬁhe@‘?l&% %kf%r ﬁeg?lg@b ’gqg one of
group, an 'Qﬁ{fcg%ah%egﬁmte@nu&ﬁ%ﬂﬂwtlﬁhiaﬂw safueiidd, Rlany
a substituted derivative thereof, having from1 to 20

car bon at ongombingiignithgzsof,oy hydrogen and c) the

chem cahbid Meat edosaki d oxi de conprises a solid oxide
treated with an el ec;ron W t hdr awi ng ani on. | n another
ko

aspect Wheg@é €41 @F@/Q( )cEenseRIeeied Y of Drijging, gwyp that is >CR',,
' @‘gﬁ[“%' Gn_ERNBRISE gérgﬁ ROH é‘eﬁ:h REBAUGE iRfepéhdbhtlyBt a linear,

met al Focene c¢onpoun a second netal | ocene conpound,
atbrdnghest, sehstituidde EWb%tlﬂlt@(bedé@aﬁXﬂ EXUDXANYeone f vhigh having

'%%h?&‘%%%ﬂ%h&”b gék{mound wherein. a) the

first metallocene COfT'p und I's _an z_a-netall ocene
havi ng wihwirf @iyl whititepnt on (m‘l )aX’), pr Rk geendesily Xa)hytirocarbyl

W&?‘{ g’bglﬁt(o g%%en%{?"p( éz%“ﬂ en fp L tr gé‘h ﬁﬂo ' eel%/JSpl?d?wgs grlgup, an

f linogany Lg&upamy organ@ﬁeww @bupah’avhl% ﬁrmbslt ta ut2@ctarbon atoms; a

uﬁl ﬁgstlr S eh Epn%rtl ally saturated, or any conbination
areof % X XX XX ML, vvherel n (X1) and (X2)

are j OIW‘}iefeyn { amn @Ay bie, indepyndentdy Ozfn wihoxile oaarybwide having

P b e o, bt e [ 2 o b
wher ei ) (¥ Jsecond hetalocanhe coapaimat ie chnbynsa-héthltbgentghaving the
grfgllllgwitnlgq ?grmiufa: >CRL 2,
X))z,
wherein (X°) and (X°) are independently a cyclopentadienyl or a substituted
cyclopentadienyl;
wherein (X°) and (X°) are connected by a bridging group that is >CR%,
>SiR%, or —CR*%CR?-, wherein R? in each instance is independently a linear,
branched, substituted, or unsubstituted hydrocarbyl group, any one of which having
from 1 to 20 carbon atoms; or hydrogen;
wherein when (X°) or (X% is a substituted cyclopentadienyl, the substituted
cyclopentadienyl is substituted with up to four substituents, in addition to the bridging
group;
wherein any substituent on (X°), (X%, or R? is independently a hydrocarbyl

group, an oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
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>SiR1 2, or - CRCRL 2-, wherein Rl in each instance

is independently a linear, branched, substituted, or
wap®aetsie ut ed hydrocar byl group, any one of wWETS2005/000278

having from 1l to-20 carbon atons; or hydrogen; wherein

any substituent on (X1), (X2), or Rl is independently

a hygdeasashb, S StnoRéalfX s, BidPioR S f W0 GFRHMtoms; a

a nltrogen roup, phosphorus group, an inorganic

grd@b¢3ahmﬁg@ﬁﬁoﬁ@talllc group, having from1 to 20

carbon ahend,: \nak! &8y af rm&@b@ﬁd&ﬂtﬁn’anaﬁgoﬂ@ae ra%nsklée@f amide

and (X4) are |n epen ently an al koxi de or aryloxid
haiamige fiogi o 128 cadon aioblﬁ{haéiﬂ@r%hyfhléﬁ de, or hydr i de
db) t
e ) 1 SR ALIGEBRRTRRLA clposionscomprisg
( X5)ptid@) (oxib)axen s, quib)pmemomR@;nda n@h(m b@tm@t limited to, at least
d
IC; Cq%g Sg T n%lﬁ%.ﬂ&’[egg o%%%@ dl;[{e %’A‘lbl@iﬁ()@ 6 ;thf g ' (E:éghﬁcg Clyetéllocene
by cﬁmipbutdblanﬂrsg mtnﬂiod:dmatcomsomﬂﬁﬁ (‘memShdRQwi’th abrleast @i2second
nce i s independe
2 IroRlee e Roah  LHEPE doy BB s upSPRpgrgo econ with

1¢h y cHt O3t biyd segomll ﬂlstaaﬁbene Bemﬁxfun\M‘Iartdhmh avinbihafisro6f thoteothan one

f)gr%tlr g‘gegal E%gzts |°f“§£’% g%@? (fﬁlgni; rel npvmtf%o(re t)nan one second

suhﬁﬁh&ﬁkﬁdxmn@hmpentadlenyI is substltuted with up to
four su uents, i

wher ei n Bﬁ@ anpilgr |af1%?8'h ﬁ’%gﬁ"tak %‘ﬁotm%(’%‘;n Oft%ls g&'ngtéoq‘r onprises the

I NARRABA/BAY ofla iy hREAOENE c%ﬁ&ﬁd e VISR e RLIGdMpAund, at
sul fur graqup, a nitrogen group, phosphor us  group

Lani et gameiemigadupreatan S‘H}dg‘ﬁ‘ﬂﬁ?n%‘tdeﬂt i og giEgnoakiyinpyg compound,
f r ofhekeih telRofiRhRAMAL &MpouRd has the following formula:

AL 3K )3
wherein (X°) is a hydrocarbyl having from 1 to 20 carbon atoms; (X'%) is alkoxide

or aryloxide having from 1 to 20 carbon atoms, halide, or hydride; and n is a number
20  from 1 to 3, inclusive.

In yet another aspect, the catalyst composition of this invention comprises 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,
wherein the chemically-treated solid oxide comprises a solid oxide treated with an

25  electron-withdrawing anion, wherein:

the solid oxide is  silica, alumina, silica-alumina, aluminum phosphate,
heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, mixed oxides
thereof, or mixtures thereof, and

the electron-withdrawing anion is  fluoride, chloride, bromide, phosphate,

30 triflate, bisulfate, sulfate, or any combination thereof.
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hal i de; or hydrogen; and wherein (X7) and (X8) are
i ndependently an al koxi de, aryl oxide, or am de havi ng

w0 e@s0dssto 20 carbon atons, halide, or hydri depCT82005/000278

5

10

present invention further enconpasses catal yst
conposi tions conprising various conbi nations

of ek FirkiodenBoceadpempeisid | ncl udi ng, but not limted

to, at keast one first nmetall ocen ound i n

conbi nat’t B} e of s &yRRoRethy) ’Ir%é‘éq‘f’g EWBWﬁBundacan comprise
fi raﬁtanmhadah@&ﬁaﬁaﬁm@m\mg fepd: nati on with at

| east one second netall og pund, at |east one

first netall ocene corrpoé?fg )g'ﬁﬂ%atl on with at

| east on@egO@ANd MRlakicocene conpound and any
conbi nat| on of nore tzhan one first netall ocene

conpoun®hgisi @y 2ebRe) AEUPBHY of Theravkamdn eloperadtismg! or two

rretfﬁb}egge NGy ©R8BLWARA cme%hbsldmt@mtuaafbsaﬁ&sct the
catal ys npos; ti on)qg) hi's invention conprises the
PESL

cont act WQ?P@HU@E ) ed A comnecad| e e fwidgivgpmound thapis  >CR',
se @@ﬁglz,”&t atkg@ﬁng, 4 of@%”ﬁd in Qgchl ﬁ%z?ﬁce QF Gnde Pendently a linear,

chemcally-treate oxi de, eas
or (pEavekddy aybstivwtedo npéuﬁubstlwmhmrwath’yé goupaanyadng mf iwhich having

o Al (X9 X10) 3.
BT M R N (D50

from1l to 20
car bon athorwsr anyXubjtitient ah K¥Yj G8), or risyindep'ed@nﬂ@v iarhydrocarbyl

fr n_at. ms hal i ride; and. .
| < Ui, B R e A p BBl R W i fbich aving
aspfeot | to W@caﬂbalaym’(s oohydagei;iaadh of this invention

1500 SRk RISk PR M, 4 kol B T5 b

20

25

30

chédminchid y20tcaﬁ>aheﬂbns;ohalﬂe oxlhgldhdeand at | east one

or ganoal um num. co wherei.n the

chem ca# Tyet anZ’? %%5%1 5%8 fix s, 11869‘?‘51”9@8%“@ @B CPYPIESE; ernsa-
t r exta@ldcamethaviap el folidwiap fovlufaglr awi ng ani on, wherei n:

the solid oxide is silica ' iIica-aIurrina,

al um num phosphat e, het”@‘f@ﬁgkﬁzgﬁﬂ@iét es, titania,

zi r coni a/heﬂaag0€‘$ lafd (RO dre JOlﬂtlwcwmlﬂ@nylgnaaa§d>n9>sf d@%ch can be
t her eaf B“ryi) yres thereof; and the

el é@i’SPB‘ﬁEd\/ﬁrt”H W anion is fluoride, chloride,

br om dewhpls pb'gtaad (t}d' bleadoBnecRidSty b akReing Wrbdf fat & >CR!
any ¢ conbi nat i pn qher eojf The Fi rstswl\/bt al Fogelgﬁel&)tmﬁpo »
SiR',, or ~CR,CR';-, wherein R' in each instance is independently a 11near

branched, substituted, or unsubstituted hydrocarbyl group, any one of which having
from 1 to 20 carbon atoms; or hydrogen;

wherein any substituent on (X'), (X?), or R! is independently a hydrocarbyl
group, an oxygen group, a sulfur group, a nitrogen group, any one of which having
from 1 to 20 carbon atoms; or hydrogen; and

wherein (X°) and (X*) are independently an alkoxide or aryloxide having
from 1 to 20 carbon atoms, halide, or hydride.

In another aspect of this invention, under the reactor conditions disclosed

herein, a catalyst composition based on the first metallocene compound without a
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In one aspect of this invention, the first netall ocene
conpound can conprise an a -netall ocene having the

wo edosoedsny fornmul a: (X XX XX X, wherein ML i sSPE¥/US005/000278
Hf ; wherein (X1) and (X2) are jointly a fluorenyl and
a cycl opentadi enyl or two fluorenyls, any one of which
c aledaﬁd Shgllockns, @€ 1akst uits Uhéiﬁi:bdllyttﬁ;dted%ﬁd eixme( %4 af lIHdst one

connected by a. bridgi gro is.>CR 2
St R BRI P PO Ho & high MR el egn g an
i n@ﬁwgﬁrﬂsé yhag | 10180, in Rhameh8gect Stypishilyt po@fdles @fresin with an
unsubsti t uted hédr ocar byl group, any one of which

ha\ﬂlﬁ\@? Aeshthent @- 20 carbon atoms; halide; or hydrogen;

swher ei npagy §ﬁ8{!§5}£€ g#{%g;ﬂrlﬁﬂ?r((g clépxgtzldle 1~é}§y]e lg%éndspare bridged

ndepen ent y a roup, an o
sulbj ur Cgr Cypr i iritlge gmd wglhieneip ,anp royle @lﬁ&h@ﬁ'} ‘wpdlegentadienyl-type

havy. to 20 carbon gen; and
l‘lg%’%ﬁ t %‘%gl%%m@@ S RATX SuP% g%?f ‘ﬁ E}{mge al koxi de or
aryl oxi ﬁeOﬂeauspegt, ffo0axaingle) (RO fiesd mikadlioadenSompdahd de, aaransa-
hydr | anot her aspect, the first netall ocene
comfs %nfg’ﬁ%'/ H’ﬁr}o@%m&ﬁ?ﬁﬁ’é‘ tal | ocene having the
10fol I owi ng fopmula: ¢ -(X) «W%ﬁ))@@})ﬂ; wherei n (X1)
one of which

and (X2) are joint nden
can ée )subst i Jt ult e‘HL%‘?mmﬁébb i ﬁﬁ%eﬁw ielei n o Kppregylgand a
(X2) are Conéﬁktp@ﬁ’ta@mﬁ D iiuei@hl Gnd r:AURddryBlor 1§ o Hebfendls, any

>SiR a, or - wherein RL in each instance is
i ndependent | wewfwh@aqan bp suhsttyisd or yeybstitttedi@d, or

unsubsti t ut egy hydrocarbyl grQug)x of whi ch
havi ng from{:;L')to 20 carbg)n atgp);g)m}(gﬁggo en; wherein

15any substituent ofhqsm)X )(9(@)@( bﬁl‘eRSkmﬂ$ |‘£W@elpé¢mr¥§n@myone of
a hydrocar by&hgﬁeme&@st%g% EiRHfhrea? sul fur group,

a nit rogen group, one O avi ng

and wherein the possible substltuents on (X') and (X% mcludes hydrogen. Thus, (X)

and (X*) may be partially saturated where chemically feasible, so long as the n°-

cyclopentadienyl-type ligand remains int'flct. Thus, the definitions of (X') and (X?)

20  include partially saturated analogs such as partially saturated indenyls and fluorenyls

including, but mnot limited to, tetrahydroindenyls, tetrahydrofluorenyls, and
octahydroﬂuorenyls.

In yet another aspect of this invention, examples of the first metallocene

compound that are useful in the catalyst composition of this invention include a

25  compound with the following formula:

R3- . RAC . RAC



from1l to 20 carbon atons; or hydrogen; and wherein

(X3) and (X4) are independently an al koxi de or
wa@eybosssde having from1 to 20 carbon atons, heCT/U82008000278

hydri de. In another aspect of this invention, under

the reactor conditions disclosed herein, a catalyst

conposition based on Rhe first netall ocene conpound

wi t hout asecond net alfagene, at | east one

chem cal l y-treated gé!!? oxi de, and at | east one

or ganoal um num ceppopnd typically provides a high

nmol ecul ar wei ght y @l t IRk3an HLM  of | ess than 10,

and in anotﬁg& : Ylpj

an HLM of | esgEtfy

two h5-cycl 8gent Ral

G , C, or Sii br

h5- cycl opent adi Bhy

i1l another aspect, the
yp€ | i gands are bridged by a
dgeyland wherein any one of the
e | i gandsanydontinatigh B@regf,0ups
may be substituted or unsubstituted. In one aspec

t, .
f othegsimfps e, Ct e Gei PE Sundal st e &dnpsliRey incagh mstance, 1s

a ' AbdiRWEBA 171 DbIbBbor dtoms.
(inﬁ)é?xﬁzgd%{("!%q?)%ﬁ? W&%}E?ﬁ"“{“xﬁ (3 T pabor stors. . a
f | uor efybmplegiofthe istt apréplogeniesagppound of|this fryvgytiongpejuden but are
[ ] r . ﬁﬂﬁﬁ .any one of which can be

> s%gﬁﬁitﬁ% %chg\fabd;“}slu 5st It utﬁdesd; or ii)

rac- (X ) a(xm(xﬂ” fein (XL (X2) are

jointl i ndepyl s one of whi n be

sub¥ithuted r unsy$sti eds arfefHe t he posyl
- &\\ o Y

subgf i n (%%1) TeaR) i netudes Fydrogen <
( X1) %2 may be ially satur, wher e “
chem c§ f easi bl e, ong as the

cycl openradi enyl -type |igafd remai ns intact. *Thus, e -
defiqgi tions of (X1) and (X2) 'ma,ude partially

satu od anal ogs such as papt |y saturated in

ang—tTusf enyl s i ncl udi ng, Aoty limted to,

t etrahywrg) siienyl s, tetrghydea#izi eny|s,<§%g"

oct ahgdsof | Bor enyl, s }%9 ano (::>aspect Igj

. 5 fi

mvﬁhn, exanpl es of t
that are useful in the catalys

i nvention include a conpound w the foll ow ng
formul a: J
{ Cl
H3 C///,S Zf“Cl

i

A

HyClng, PE>Te) H,CY

2 2
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ad R3.'.d R3""" ; or any conbination thereof;
wherein Eis C, Si, G, or Sn; and wherein R, R2, and

wWRBosiesseach i nstance, is independently H or aPCT/US2005/000278

10

15

20

hydr ocar byl group having from1l to 20 carbon atons.
Exanpl es of the first netallocene conpound of this

on i ncl ude, #) are not |lim to t he
f ol /oM 3 3¢/,,. S/ d Z CI H ]
X : > fifstmetal | megn ound 0
i Q) ey I | ed to, e

t
f ol Trewud h’gc}gon”poun ﬁl/o 1eny -
h5 o en-9-yl )R ‘- coni ri
Cr2) ( h5- 9- 2 2-

uoren-9-yl ) hex-5-ene

[

(
2|rcon|urr(l\/) di chl ori de _
h 5- CBx#mplesaf @Hﬁ@ﬁﬁ@@@@@@?%ﬂgﬁ @SSIHYG@W also include, but

%’gﬁnggém Jt%e(ila 1?‘“’&%%5‘%@&”@%2%?”%' )ene zi rconi un(lV)

dl chl Oﬂ{mﬁpyclopentadmnyl) 2-(n’-fluoren-9 -yl)hex- -ene zirconium(IV)

S G EREE RS 2 G 0 2

]:j l'u g Ir e .@-’(1?5 ¥ dlopehidal@fiy 2 ng b, 74di- t%%u@lﬂt&%‘-%ﬂlﬁﬂew&ene
I cnlori

[ (znsor@myo:( Bl qriden CHYCHESHS CHS(C3.CHaFH=GH(N -9-C13Hy-2,7-
1%2@%? ; 1-(h 5-cycl opent adi enyl ) -
h {fdr en- 9- yl)- 1- phenyl hex-5-ene zirconiun(lV)
di chl opi(g&cy§lopentadienyl)-2-(n’-fluoren-9-yl)hept-6-ene zirconium(IV)
(h5- CsH4) C( £6 @g gﬁ: Zrd 2,
TG e R B RO T 5-Crtn 2Lk
- but y1 blorGivdsntddlen L R6¥Bu reﬁu'-g— u@fehé/)
di chl orl(ﬂ 9[? e5 %Fﬁﬁw@(ijzl}g ¢ Cigs)wth 9-C,
3H7reomum(IV) dichloride, [(’l’] -C5H4)CCH3(CH2CH2CH2CH—CH2)(T] -9-C13H7-2,7-
tBU.g)]ZI’Clz -
1-(m >-cyclopentadienyl)-1-(n’-fluoren-9-y1)-1-phenylpent-4-ene
zirconium(I'V) dichloride, [(1°-CsH4)C(CsHs)(CH,CH,CH=CH,)(1’-9-C13Hy)]ZrCly;
1-(n>-cyclopentadienyl)-1-(1°-2,7-di-tert-butyl ~fluoren-9-yl)-1-phenylpent-4-
ene zirconium(IV) dichloride, [(1°-CsH4)C(CsHs)(CH,CH,CH=CH,)(n’-9-C13H7-2,7-
"Buy)]ZrCly;
1-(n°-cyclopentadienyl)-1-(1 *-fluoren-9-yl)-1-phenylhex-5-ene zirconium(IV)
dichloride, [(n*-CsHs)C(CoHs)(CH,CH,CH,CH=CHy)(n’-9-C15Hs)] ZrCly;
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2,7-'"Bu2)JZrd 2; or any conbination thereof. In
anot her aspect, exanples of the first netall ocene

W@ 0685 | ncl ude, but are not limted to, 7acPC/US2005/000278
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2HA(r | 5-1nd)2zZrd 2, 7 c-Me2Si (h5-1nd)2zrd 2,

Me(octyl)Si (h5- Flu)2zZrd 2, rac-Me

2Si (h51 2nMey b BRNAYE 0h 22, 7408 EerCbutylfluoren-9-yl)-1-phenylhex-5-
2HA(h5-2- Mel nd) 2Zr 2, Me(Ph Sil(LI hS-Flu)2Zrd 2. or, an

c ereiteRRuEKI tisheride, ff eCaEeedHNNEHIGECeh e o Rplbtingt Cist-
I 57(_)?\@2 ?E‘@%Ct of this invention, the second

met a 8 ene’ conpound can conprise an cutsa-netal |l ocene
havi ngot 4y dogibiireiom ghefeof.-nmul a:  ( X5¢X6) ( X7) ( X8) Zr,

wher ei X ' .

cyclo pfe}ln%rgég%eé %51%05(5 ?@énpgerﬁ E)g %nggﬁ %}glgeq@{/gg%%pcgﬁllp 3‘éllldelﬁ ()J/lfl(;ie’ but are
whet iitedX®) rapd,KX67-Imal),ErCan nechessitoy-lad)iHrCtgiNeoctyl)Si(n’-

group that is >CR2 2 >Si 2. 0r - CR2 2 2
ROVt e MR s b i BN 44t porfdE ey Y e ZeCle
bhaEY S - BB AT, U ehly cQhbidfmlRdbsut ed hydrocar byl

group, any one of whi ¢h havi ng from1l to 20 carbon

atons; or hydrogen; wherein when (X5) or (X6) is a

S i D ienyl, the substituted

chHﬂ Suddil ?tg%é%&%a—é%%gitut ed with up to four

subst i Tuemesaspeet eftidiis ilorentian, tthe dseondgmetpligeanapompound can
Méer Stidb %n% 3—%?tlfo%éﬁ%rllltaviggfh@ﬁgﬁdwigg@nhuﬁ.r R2 is

in e%en en ?y a ahy rocar group, - an ‘oxygen group, a

sul fur group, a nitrogeE FKOG)CEMr, one of which

12! 19,0695 b oS RRNR B AER F es

arcydiepentelidngl i ng from 1l to 20 carbon atons, halide, or
hydride. In t her ect of this ipvention er
Che. r cSHPER EordHHE G A Supeeg b o Pideing Bup B ~or,

>SiR?%, or —~CR%CR?;-, wherein R* in each instance is independently a linear,

branched, substituted, or unsubstituted hydrocarbyl group, any one of which having
from 1 to 20 carbon atoms; or hydrogen;

wherein when (X%) or (X%) is a substituted cyclopentadienyl, the substituted
cyclopentadienyl is substituted with up to four substituents, in addition to the bridging
group;

wherein any substituent on (X°), (X%), or R? is independently ~a hydrocarbyl
group, an oxygen group, a sulfur group, a nitrogen group, any one of which having
from 1 to 20 carbon atoms; or hydrogen; and

wherein (X7) and (X®) are independently an alkoxide or aryloxide having
from 1 to 20 carbon atoms, halide, or hydride.

‘In another aspect of this invention, under the reactor conditions disclosed
herein, a catalyst composition based on the second metallocene compound without a
first metallocene, at least one chemically-treated solid oxide, and at least one

organoaluminum compound typically provides a low molecular weight resin with an
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herein, a catal yst conposition based on the second
net al | ocene conpound without a first netall ocene, at

wo e@sonessme chem cal ly-treated solid oxide, andPEr/US®as000278
one organoal um num conpound typically provides a | ow
nol ecul ar weight resin with anM of greater than 1,
angiy oNgrd3kiet Aed BSREGh andtidH aS@dct, Yy REMY I RG@Sded o esih Rrithiah I of
an M of greater than 20. In yet "anot her aspect of
t hergateri@htion, exanpl es of the second netal | ocene
conpound yehalouk %sﬂé%?foP khid Thvbffons kA& op@leﬁe&rnaln%anocene
of this i'nvention’include a conpound Wth t
f otdnepeindy tiad eraupsgful/ innthe catalicy Commsﬂamy ownbruwanﬁl@nmclude a

th EREIH , or Sn; and wherein
> &%%%Lm%gh J E%qhgn eact |nstance is i ndependent |y
H or a hydrocarbyl group havin Ibnrl to 2 0 carbon R

at ons. k£s of the secon @& | ocene conpoun CH,
this i ion_include, but nonjllnited to, ol
fokMa ; %unds:; ;RIDEF any | 3 ot her aspec ¢%]
th i on, exanpl ex¥of \second net ali26ce
conpound | ude, but are not ted to,

rac- Me2Si (3- iPr Cp) 2zr d 2, Me2Si ( N¥4iCp) 2zr d 2, R4 ;
Me2Si Cp2Zr &2, or any conblnatlon t her eof .

Substi t s In one aspect of this invention, the

net al | e conmpounds can conprise a variety of

subﬁmt uent ‘m “onprising chem cal noieties bonded

ei RIfE) er hetal itself as an (X3), (X4), (X7) , or
(X8) lig bonded to another portion of the

mol ecul e, such o agyepbinatioreereefi vgherein E is C Si, Ge, or Sn; and
hswﬁéf&h%e@aﬁﬁ %ﬂ&lR«’I P gaéh‘ i e, i8i gﬁd‘ }1 o? ) h§drocarbyl

dging group 1inking two a h5-cycl openta eny
I |ggmdhavmg frdme 1 k4 K2Q cdrbort diorss.aspect , for exanpl e,

(X3); S ' t on the sybstituted. .

10 £ bp et AP fhe SR8 b Mccfl cdrironfid 7 it ftop netuce, bur
suztrstnottlunmi t$,| throfoHowing cvaghoemish substituent on the
substituted hridging group may be independently a

hydr ocar b roup, an aliphat Hgroup, an aronati cH
. . . 3
group, lic group, a co 2t|oplof al i phati d o
cyaldib.g AN oxygemCyrg gﬂﬁfur gr oty 21,
ni yreyge p,c% phosphdT us i@Esf, an arsen&€ gr
a carbon , a_silicon grouds=a_germani um u
! -

2 ) s

H;Cuun,, r...\\\\\CI
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group, a tin group, a lead group, a boron group, an
al um num group, an inorganic group, an organonetallic

WwW@e@apes50Y a substituted derivative thereof, hBwi/H§005/000278

10

15 2

20

from1l to 20 carbon atons; a halide; or hydrogen; as
|l ong as these groups do not terminate the activity of
Furt her, i s description
d, branched,

CH;,

i cl ddey,gt¥ist itqend s t hatwcl
e é%ﬁ thége’ ng Cl
Thi s al so i ncl ude

oti on of a bstituted CHs

enyl s including, but not

¢, tetrahydrofl uorenyls,
anphes of each of these

' are not limted to,

ch exanpl e presented bel ow,

unl ess ot i se speC|f| R is i ndependently an

al i phatic grodP; a n aromati ¢ gi BUFEY @mbjration thgreafp:

any co O f e r [
thereogphlnc %%hgzgﬁgn%ét ﬁ?ﬁ??%%h%ﬁ%(ﬁ‘ gf%gg@fﬁgﬁkmmw
alckiopowid- | ingndean Tt dare sutvst ilimitedd Wer invaMersi(3-h®remiZiCl,,
a C nms; or
oGP P EIRIGL AR, Ay, SRR
unsubstituted, branched, or |inear anal ogs thereof.
Eéaguheanf allphatlc groups, in each instance,

i AIcrode, but are not limted to, an al kyl group, a

cycl oalkyte @penﬂpof tai iavekeon;| thg mmblpcaempnipoaﬂldseuaylcompnse a

gro n rou an .al kadi en

By oEihi R op Bt Re i RECRr BonHs 8tferof e Ssert
uras ungii)I ABdXR roar(m?)etgancanﬁi bohdedan ade@bogstian of the molecule,
derivatives. thereof,; in eac Bﬂstance havi from

t GUoh(s 2P pifent Gha N -s¥Riepentapie mechajp&ﬂg%lg?wna alég%ﬂdgmg
b%ouﬁrlﬁkﬁlgttwé) b ﬁk?ﬁoﬁe‘ﬂmdwgl[ @ﬁéb)ﬁhsorsth’é:llikeas paraffins

kenyl's. For” exanpl e I phatic groups as used
her ei nIn thad aspectordohgtampls, I'(W), ({Xr)o pg¢h substituent| gn the substituted

oy &%lg}ﬁeglia}ﬁienyls i) \&{%syljru'tetdl ﬁqﬁé’]‘% nyl?d ﬁ’lg}é 4ubft tﬁtgg gﬁdorﬁngﬁ Xchd 'each

-sebsﬁydehlteoaythg spbai‘titlﬁﬂ(y bridging gwytb maynick mﬁ@ehddmiy a hydrocarbyl
i r%(f | es B{la . og%tulg,f rarool'l a%la ! gupeigz?] gxél%sér%gé,ﬁ? hcornblnatlon of
armhhlame raylﬂ cyeimd gtdups,lankmygem @toug) mg;ulsfmbgtbup ud m:trogen group,

B Sk S S BT LA R i
c (glmlpu adis growd, wdeead kgtttupali ®ofunt grbulm anedurhinpmt goyp,, an inorganic
Xy] (}/up, an organ&ﬁetal‘ac group, or a su%stltu{écci derlvatlgle thereof, having from 1 to

20 carbon atoms; a halide; or hydrogen; as long 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.
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any heteroatom substituted derivative thereof.
Exanpl es of cyclic groups, in each instance, include,

whedsaessinot |imted to, cycloparaffins, cycl optEUS985/000278
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cycl oacetyl enes; arenes such as phenyl, bicyclic
groups and the like, including substituted derivatives
t her eofyrthier) thiadist masda mumtlh@vﬁmtgatfmqnbachamacﬁ@izechhbmme than

at ons, . Thus hetero cycl i c.groups .su

S0 B g g e TR0 BB 7in Do PR B cielithe the
ahbidiabt £ s@@ﬁtuféﬂqhdeﬁylgefnﬂlhﬁﬁstﬁﬁt@d gruBeRs! BOWES ﬁajrﬂi@lyadaturated
alhghatlc ortion_and a_cyclic portj on, exangjes

Pyl nand gRuorenyls pdudiss | el imiicdyr By petiabdtoigdenyls,
&&@K}&Qﬁma@lsqamfaﬁy&omdr&lﬁ@ integer from1l to 10,

gis an integer from1l to i ncl usi ve
(

CH2) mEsrRreoRiceagh et Eiete wbﬁt@%m FHPE glgaluqe, B 2fe pet limited to,

q tﬁesfoﬁ@mhg Eﬁ&ﬁi 1hIe®¢R ekathBle bRaschidd botd vy @ilesd Behefviakt specified, R
2) MC5HQR9 erein mis an integer. from1l to 10, q is

ams ﬂmFteég@pntbf @t aliphatio grquic |ass jayanatic n 24BN 2 AXdligngweup; any
Z:algrgﬁﬁa%fth&@&k Qx%Ylﬁsthed &nlv%%@&l%%ﬁ tullcﬁfudlng?tl‘}ht not limited to, a

tic group; "an aromatic group; a cyclic group

amglideorabiafkgriden ot deaneidé- subawt@tﬂ@@wttwb@e@emww ahich has
t Enei)fo 'ZQCJa%hrhgonpsmor %'O%I o zsg g@lud@d H\adhbs@e our%nare any

oxi de- an am de- s erivative thereof
amyswﬁt@u‘ﬁﬂ, thCbW, hukinepr aalogs theredd car bon atons; or

hyd ' ' [ .
et odERaghts AOBoRER Uit LR End ReHE e 8B RR ed o,
- Ghialk§HAGHY, a-c@dﬂlﬁﬂk?ﬁlégBmp an a0HAGH pbhp, a GealkEdDYequp, an alkynyl
SR o LR IAEE s SRRSO B e
- GhRGHACBHARRAched, Gild Q2464ddla gs - ICHR G Ve l{akdaf, in each instance
- C6HACEL ; - CH2COHANHRZ: - ..CH2CH2C6HAN X
. ERPEE SO AREP ., S SHOTogPER-o i VRO JAC T but see not
s l]hﬁtetltt(hm@dtodz&byly gich uepdrifiine ahd alkxsie | Fos eﬂi‘mﬂ‘l@lahﬁl%lp groups
0 PG T i P KT G ORAEs fseabut, Sobuty,

OX B Mscaant, &ieﬂyln@lcﬂjh@xmsh F@Lamlﬁﬁo@fl WRVIG Hodefdsiﬂ, acghylhexyl,
but are not Ilrgte koxy or aryl oxy groups

fny O)H -OSiR3, -OPR2, -QAIR2, and

t he |i Eﬁanqbl@ﬂ)ﬂ&d)lﬁﬁlcsgd&ﬁk Iih éb@ld 1n6ﬁﬁéeV ﬁfchM@ S’outt Hﬁrrﬁ&@ fimited to,
wher ei n i nstance_i s CyC oal

adpenyl; alllthh anﬂ&qsﬁgfﬂa.apﬁf@dﬂk@ wyhudmg awlmﬂ ‘E@V%WP thegof, in
SU:Q‘% lﬂsédh@edhafﬂr%l ﬁfb(rh davi QQ cﬁf&ﬁb 1 gugstl”-%@te@ AehRived 8MBromatic
| es of or ary rou - groups
| rq:@}n@g@lds wﬂudgflglt plg Mot lpxmtqdég, (ogy yl mes1ty} and the like, including
any heteroatom substituted derivative thereof.

Examples of cyclic groups, in each instance, include, but are not limited to,
cycloparaffins, cycloolefins, cycloacetylenes, arenes such as phenyl, bicyclic groups
and the like, including substituted derivatives thereof, in each instance having from 3
to 20 carbon atoms. Thus heteroatom-substituted cyclic groups such as furanyl are

included herein.
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nmet hoxy, ethoxy, propoxy, butoxy, phenoxy, substituted
phenoxy, and the like. In each instance, sulfur groups

w@e@smelsiur - cont ai ni ng groups, exanpl es of whi P¢I/US2005/000278
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i nclude, but are not limted to, -SR - OSO 2R
-OSROR, -SCN, -S2R, and the like, including

substi ft.gdh Gty tdlipRsaict felr eyuhc gmpelare @mups e@pfprising an

i nstance is al kyl, cycl pal

Kk
s @hBhatie pegign gp@y |cyc11§ lPBg’(ofl’t ea%lgalegrc%}/' |whlcg1, 1ncll1'% S bu{ are ngt limited

angl kylps Rasti RO {CIOMGHIR 2Phebcti hos i mreger fromeaoh 10, q is an
| nSt ance, nit rogen groups ar ni tg en- cont. at n 1to 10,
griviages fromh} tord, inesiyerd CHpnts TR {58 1P sger}ﬁﬁz

' 'Etﬁag %er TN 1o I(N%nch%ﬂ)@ iﬂﬂle(d‘H}i,ﬁGsH Ro.q wherein m is an integer
I N u

bstituted derivatives thereof wherein. R clir}
eiuhn il m@t K oiis s injegemiiam |1 to 9y Bisiviey fin eaghyjpstange apg gy detined

ar a?){,(el ﬁiui% ﬁénﬁgﬁﬂg S‘%gﬁ%ﬂa{lg%‘%qp AhyY droméHic éjdgﬁ;ta' dyUﬁ@ﬁoup, any

carbon atons. I'n eac
i rt&trﬂ)maaon rhlar.esﬁ oy sbstigntedi perivaties Breenop h@ﬂlﬂfbn&blﬁtf@i Hmifgf to, a

9 Bﬁége- @\% cox1ci§( 65% %gﬁtd&?ﬁg g&e% c%?%fd er%xér@(?f Eﬁ)y onepd'flgvhlch has

| i fik@m litac R0 darbgn Swlbstqrﬂludregbnd dniangtasress ahhl@,ng @pd cychc groups
\g?‘ie}%le‘ll en ‘IEQ pSPfaS] ARER Kéﬁlzégllf  sclxehoal Kb o -

DSt t ut & Stituted aryl
S UDHIG Hul; eGCH{CQHk(yMe ha@H&]@sI‘hOEtn -Gt Cad:NI 5 bcﬁﬂzﬁswez, -

gg%rc Emgg ﬁﬁﬁ@%‘? 0 EﬁCﬁg&%ﬁgﬁ FHagsHAb -CgrzCe?Hﬁ%ﬁthr -

"GHECﬁQstHd - ASHIRH,CASRAMe; - A§¢-IQDR226H4OE$,( OR),CH,CHUNHy; -

d eﬁ:}(‘lgf)alf&q%éq Meza an d%lg;ﬁ{ W@% arﬁl fe%&og g}s,'el% 2t etog nb%lg (An% substltuted

al fatvatieyBéres kyI aryl, aral kyl, substituted al kyl,
substituted. ar or sub tituted I from
£0°50 chapstsal bitider inheh tisapers pai drippalonf fr8at, and

ar garRr bon cont ai ni ng groups, which include, but are

not limted to, alkyl halide groups that, conprise

hal i de-kassh istaness ORYSE) ISIQPE AFSs OFECR-CNipigmERETuRsy g¥pmples of

at Widt 13, dikbey 4P R),--OC(O)R, -

C(%;ﬁﬁh 1HJC?AC§36M &Eci%’ ATES & &%@Jx@oﬁaﬂis ) ),--0C(O)
iR, t-FERE:j Al R;,nequu@p n]gkes L}Bgtu}l{lgjtsglasntuted derivatives

deﬁﬂ ?’e%&"xyl% eif F’fﬁl%gé 1n¥i@1§:5 €l Nn Bllkﬁ SRRy HhANSa1d IS substituted

cyc , aryl, aral ky substituted al

cubbyi tsubs@anqir wl op pubstityisdi qr@kﬂdh%ﬂuag kom hAQi g iR gtoms.
tog I %ﬂﬁ A&tAsmited to,
ar e§%}1 | COI’] C ﬁyl&g ?Lgdg ( (5‘1%3 | CES Ilr%%,‘ddsqgﬂ ag,lt ar elte o

nomethony,te@wxv,cpromxy wutogymhp@oxyu@tﬂasmur@ﬂpélpmw Fddhplike.
aryl sil Ml egzﬁqoﬁ@tﬁnce, sulfur groups are sulfur-containing groups, examples of
which include, but are not limited to, -SR, - OSO2R, -OSO,0R, -SCN, -SO2R, and the
like, including substituted derivatives thereof, wherein R in each instance is alkyl,
cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl
having from 1 to 20 carbon atoms.
In each instance, nitrogen groups are nitrogen-containing groups, which

include, but are not limited to, -NH,, -NHR, -NRj, -NO,, -N3, and the like, including
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aryl al kyl silyl groups, siloxy groups, and the like,
which in each instance have from1l to 20 carbon atons.

wao-e00s5es8anpl e, silicon groups include trinethyl BCT/yE20851600278
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phenyl octyl silyl groups. In each instance, germnmani um
groups are germani um contai ni ng groups, which include,

bldﬁbsﬁﬁl?ed%hvéﬂv% ht%ﬁaot Gwhe@$h IR in Sd’cﬁbiﬁﬁarﬁze b al Kigylgeyaiydlkyl,

groups, ary roups, | al k u
Gy, Wbt RGP R R ARt e BN e gE gl ©
haye, hbPMhst © 20 carbon atoms. In each instance, t|n
groups are tin-containing groups, hCh |qﬁlude

are noin ¢achiintstanics; phosgRIATEIPURY Be BROBHIHS-SPHPIEE %WF which
grxr?c%'?d% blﬂr ¥é r?qtr AT togf%QSBH@r-Pkgl Md))%tz am(wk)lzgm@ngk)i% and

stannyl oxy") groups, and
| rtbeahl:n |mc$ldatmb$tmﬁed ﬂ(rrmqmeSt therpof, wdhetsih Rap sAgh m?‘ﬁﬁ%e 1S an

O osélléé/ #}1?' ea’ralpﬂt sﬁsﬁtu@éﬂt alidy 11 duBlithted 23¥12R WaYstituted

gr s nstance, |ead groups are
Ieaaaikyimavlagfmmg tgr%wbommmh i ncl ude, but are not

el o o bt iV BB P Rre FHoAl SARIBAORRpS, which include,

aryl al grdu S whi ch” I n each
| sl arGLt 1nhmdetof —rAtsHRl-Asﬁz,ZQSK@RbnAs@%hBASGQ)(Q%bhand the like,

I nstance, bar ou opt
Mﬁn&lﬂdlpﬁ é}l‘t&&@?er&b t?vgs %betreq ?ref" ?\ 1“?1 é}éﬂgns%n%%ss an alkyl,
Ei?%oamtne ra@y1N arsIkiyR s’ﬁbifﬁﬁtﬁlﬂrailth mbgmtmeﬂ aylc lor asbstialtedl @ralkyl
i de, al koxi de, alk thiolate, and the |ike, and
mh@wgﬁﬁ“ﬁliw QQGW%Pﬁg?éﬁce is an al kyl, cycloal kyl,

ar 3{)' ah %lachhstarlbe hi“atﬂoﬁllgtr(ﬁiﬂys atdydrborsednstinibgizedpampich ipelude,

substitute ar y romJl to 20.c

[ odeh 9 S co. il e G e foafist HaRAshflTRa i
al Lt puuRie O '20 | dafbodl ra@thhﬁg;‘» araliil godps oitldeto bad carbenregms, -

limted to, - A X, -Al in j .
o of g 668 cangs -FANIEE, BTk R g, e 1
al j¥luainbi @b&irfed ABGEALDE thekeRdr, ﬁﬁ&eiﬂth @i éth inftaiwaclh  alkyl,
instance is an al kyl, cycloalkyl

cuBssiolio e SBEEe ABY: B vghog: Fpbiugd el

ar glgy. aénfr(t}ﬁ“f't@gzofcfa%%toﬁ& 20 carbon atons. Exanples of
i norgani c groups that may be used as substituents for

subst i tateach inylenaspaitiecndsrewnpl ¢ sEGeRsEqNAIBY SFP@RAyiich melude,
SUBSt I %Utngpl hfrAléégr&)nygllg% g?(ﬂlgt sSLRAT hli(&'ltsff'ﬁ groups, arylsilyl groups,

bor enzenes, in ea ance, iIncludé, but are not
| i miyladlcyldily] gro@6R{joxy @uis and t@ﬂg@gwhlc@:m(gachlwance have from 1

OSQXH%% oar>t<)42)h 658 OFSt Zxam] E?éz’sﬂﬁ[}? gg&ﬁ)s 1h§19de Wﬁﬁ%ﬁ{«;ﬁﬂ% and

i s'h anronic group Suc ride, anide,
al lpheriythetylsdllykarbugtshi ol at e, and t he

In each instance, germanium groups are germanium-containing groups, which

include, but are not limited to, germyl groups such alkylgermyl groups, arylgermyl
groups, arylalkylgermyl groups, germyloxy groups, and the like, 'Which in each
instance have from 1 to 20 carbon atoms.

In each instance, tin groups are tin-containing groups, which include, but are
not limited to, stannyl groups such alkylstannyl groups, arylstannyl groups,
arylalkylstannyl groups, starmoxy (or “stannyloxy™) groups, and the like, which in
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i ke, and wherein any al kyl, cycloal kyl, aryl,
aral kyl, snbstituted al kyl, substituted aryl, or

wGeaisvessue ed aral kyl group or substituent on tPEBES2005/000278
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ligands has from1l to 20 carbon atons. Exanpl es of
organonetal lic groups that nmay be used as substituents
f @achsnddatce hanteeftbnt § &d Offecatrtadiagmyd. SThus tingtdupistiadude, but are not

i n etn%(to " and substituted fluorenyls, in each
i NOHISH 0 SPR0KY GEPUPS- byt are not linited to, organoboron

gr oupsin &icHanQatd) MeaaUTdws Qud Rad-06i3aMag glolibs) nwaircﬁ Giude, but
or gan031 licon %r oups, or gano%er mani um rou

o aptlimteg rigyslkyliead grovnt A egd STaves 6¥ eadr SALRS: pah the

Meik& w04 Roh iBdMhet, Mavd fréB 1 thaxd &%oﬁi%ﬂﬁ’ﬁsl to 20 carbon
at ons. _ NUner.ous processes to prepare netall ocene

conpouldach fingtangs o FRPRSKATE POTN-CORPEINE RFEHPS. Grbisth jslude,

b&giré 8OIhied- to,FBR. &gplm Wher &tlﬁmhommmc h
4,939, 217, 5191 N ) Bra siorei RS ot Senionic group such as

5 halesle, Bydride llaopislegaibyl thloka% ambibe sikg5pd ghgein R4%%av13mstance

iSRG oG] e iR RSP b1 e

5 25691 PBung o %0 Szm'art@n@tomssog 427 descri be such’
et hOdﬁT ea%ﬂqgst&fce mﬁﬁﬁuhs%[)%oarrg gfu%lﬁﬁin p&ﬁterlﬁ'ﬁ e%%ig}gs, which

herein, inits entiret processes to p
métckiide b rige vonjpoilide, tzhl&z, ¥, bdIRXpWhyyed Knistahingnoanionic

AP AT AL SIEGIETLE0 G
Kajadhgaﬂa’wb is Sn alliyh dpadantky, aFyl; ariksh utatitued a1yl subatitiited aryl,

S 986, 59, 97; Al
or gbsthé ara hav%:lif tn¥ &_1?0 ‘]Zba‘%%ggﬁ Chem 1998t

562 1Ei3arﬂ;ﬂds ofastgaid groh'bs that; ma}rth&gl,sed\ds substitugas isiibstituted
Che 1998, 568 f whi.ch is inhcorporated
oo Ay st fidebRs ) siioriy” Mutrprkly ad” sElied
;’:l(ﬂ)diataibétrtahespfméaleﬁ $igant mnm:‘;aabﬁ aﬂehéﬂ lhlﬁ)lt‘ee]n&) CROPQUIISX,, -
ca e [ ) .
r E%L@li}t’ é@Pgh :'ggg'ugﬁég(’dg éﬁ@ﬁ%ﬁ’a E:E]é @?’r‘gherem Xisa
19parb@idc gd9p Sdch aMﬂa(Dlhe Il‘@/ﬁhdIHf; @ﬂi&[ @Ik@}ddd?)ﬁlkﬁftﬁfowfelg @nd the
LEEE, it Bt S Bl b e S S 5691 3 s
P.atyl, Vi s@Bdtiluted-aralldpl Qbﬁl@ﬁﬂﬁ%%ﬁthéﬂt(bn%mhgéﬂdé ®fs from 1to 20
Ti t ani um Zi roni um and Haf ni um Academ c; New York,

16900 atowgr din, D, J.; Lappert, M F. and Raston, C.

L.; CheRiSIey o brdh SARALZ Qltﬁé’ﬂlﬁ b 'd@é@'émb f
oundslﬁl; Halostgg% Pres1 grr&ﬁb Eyjleé% each 3 Stfltuents or

mﬁP‘tSHtui’f%l qywem%ieévlécﬁubi}lwted @fi@wéee atilesubstipte Alupresyls, in each
entstaned, YinchBE Sheft Gat liikhaeat %ggaﬁalo'r&h Bgu‘iiﬁ, organoaluminum

groups, organogallium groups, organosilicon groups, organogermanium groups,
organotin groups, organolead groups, organo-transition metal groups, and the like,
having from 1 to 20 carbon atoms.
' Numerous processes to prepare metallocene compounds that can be employed
in this invention have been reported. For example, U.S. Patent Nos. 4,939,217,
5,191,132, 5,210,352, 5,347,026, 5,399,636, 5,401,817, 5,420,320, 5,436,305,
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In one aspect, this invention enconpasses a catal yst
conposition conprising a |l first netall ocene conpound,

wW@2®e0683 et al | ocene conmpound, at | east one PCT/US2005/000278
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15

chem cally-treated solid oxide, and at |east one
or ganoal um num conpound. I n anot her aspect, the
pf595$f6ﬂ9i FWEBI780,N 56198 GRNASIE52THt 8J5§4,795 0151563 ,284,0155565,592,

o vasthet s G B ATaY; ERoPSCaashate, ShaRsall crfbpens. and

t 36]5509 abl Yledé§iBEsuch neciids,ath oNwiith b indoriged d)@helhieﬁwnmrem
ound In one aspect of this |annt|on

cab Ay eS0T PEReEn o BT SBet CopgaRmds that can be

c f&%{ﬂda@h kVihisiSRhesh Bk béien%oetSd £QBRfdnSdsRGEH ad: EBBHL, ANRILL, H.
olid oxide treated with at | east one

eIQ}eJt Meh Gl Hop WMk HG» ahiksmigacibie? eXeompkl I Nighidae Ay Fuiisaki,
cay O8I e ép)éj;;\dfpah hsge) $9, @haAﬁCHeG' ZRAe b a0t

surface area, an e el ectron-w t hdraw ng ani on
ca@r@@mqtséh@nylﬂﬁﬁ; 567, t183t1 81 rendedlbel. CHelugi Mty @fganomet.
tflfhefﬂ'lbé’s %508 25 ¢ aﬂp@ﬁmcﬁfa 1& fbd By Qéﬂeﬁ:ﬁcé habinl f its
¥eated with at east one e ron wi t hdraw ng
arengrety. | Furtheo eéditionas pecessesfio pigpage mtaélmqng rpomppends that can be
(0] e -
SoHsRY, GRS Hychlh BAPLIACRoB ISl bl b] APk iomerai
eI (élwtmmy ISWGt e, Anbhgytach is mcombuated by referhacsidrein, ints gatirety.
nmon |I| ]

e e Aoty JLAACHER MR, BB U omg 5.
rm‘@’l@slda H. hnr([)@ancznmlhm)d}ﬂmstrm of eHitapiving e?s‘lrmhmne aﬁd HHfmum

' t t
"R faleii En ik, PR ¢ e 32 ot 1 P REREP ¢ L
bi Ghénfigttye of Qﬂéaha@ncoﬁlh?wmphnﬁmhﬁa&nnﬁohmm d&‘aa]:ttéaalt PresrNew
a i_nat ereof . |n,,anot her aspect
el R Gich Ghebi iy orui B ST SOl T SRR
fI uori ded alum na, chlorided alum na, brom ded

lum na, sulfated alunina, fluorided silica - alum na,
chT’@rqftfé’éc“g}’ITleé’éfdaﬁoG‘ﬁpﬁ‘ge brom ded silica-al um na,

20 sul f at af ogé hdped; @lsUiienfon ddctiBpdsSRA calalybiCmfidsiidn ic@mprising a

chlorided silica-zirconia, brom ded silica-zirconia, ‘

s ufiFhtBeRllcrReG £0DPPEhni &, Seeand o MptadlerAle neQTBRHndh et e ifst one
FUtRRcalldRdatbd sYBd 0246 ARI atBRRE e drfoaluminum compound. In
chem cally-treated solid oxide can further conprise a
neangfhepspagt te PresHt inygRtiongneompassehgadadist CORpRPRAliRNg §pmprising a

Si éh‘éﬁﬁoall? QRRES solfdddxhdeURict defres hURBREBN actRlYR E"t”hnd){vhlch
any combination thereof. The chem cally-treated solid

25 oxis&emcta;lyzs ngedin porbipgsiongth anteecapeniuraisnmspmpeund. o f

30

In one aspect of this invention, the catalyst composition can comprise at least
one chemically-treated solid oxide comprising at least one solid oxide treated with at
least one electron-withdrawing anion, wherein the solid oxide can comprise any oxide

that is characterized by a high surface area, and the electron-withdrawing anion can
I
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at | east one solid oxide conpound and at | east one
el ectron-w t hdrawi ng ani on source. In one aspect, the

W@ 056685%9 de conmpound conpri ses an i norgani ¢ ORCTES200$/000278

10

15

20

25

30

is not required that the solid oxide conpound be
calcined prior to contacting the electron -
Wi drhisHs8 Wi gnaﬁltm ifRdaEdsahe EdiﬁtyCMaecbhqmmdmm ccmmarddeto the
cal ci ned either %w?r after the s d

CaHAUIS T RO T L P RRT PN TR AT S ng

ani on ﬁl%kl{o%r dgﬁbct 3k &hlalsmﬁﬁcan tihe catalystdcamgiodigion mmum a
e cal ci ned or uncal cine anof her

aégqni‘}‘éﬁtudrtf%t?ﬂp%’}‘fl Gy CHwpTS @ soa Bl B ﬁ?’&ﬁ&& éfiron-

aI;NnJhglq@;ng%ﬁmcgh&blged sol i d oxi de conpound and at

| east one el ectron-wt hdr awi ng anj on_soQurc

chemi ctel S}Dllti reddeets sdtlica akmge, sHicealy “?lﬁlém phosphate,,
a%tje%?slgfu %H.BQSO Miftani£XHcBikis, SmERENCBEHAGIR b¥d&Smixed oxides
conpar e correspondlng untreated solid oxide
cmmﬁmmlm@smm@aﬂl y-treated solid oxide also

functigas, égc%roﬁl oAk f l‘g&{ Vatﬂ%mcﬁs cﬁl@ﬁmrb?&nfd@ $id8phate.,

correspondi ng untreat ol 1 d oxi de.

 hufttes; doliduifater mfh‘edﬂmbpmmnﬁedﬁuq;@wifmx @@nv wembmatlon thereof.

ng anotl?ecl:f%rs] eeclc r} rt &% g?sﬁl@% Tl Falgrot?e%eﬁlsXﬁ& amdé t';aﬂ nﬁﬁorlded
gssary ecocal romthe cata ys

cammﬁa tdhdnmded' rahmana, ibyarhided al‘ummm; isolfatest alupnina, fluorided silica-

ofa L{pﬁ?ga loo&icilfﬁg(g ﬁ%lg@-%tumlr d gromléer& stlfc%-amﬂg Cs%?faf%ﬁ dsﬁl}ég taglmlna,

c aIuah&ﬁt s1ri@nzimsma; mhorrdem mmlcmzm@ntah bromudadesb@ﬁzjrcngia sulfated
unt,r eat ed [ ljev

L S R R A R

a&hbmﬁhlw {redtatesolit Pxide eammﬁmmmpﬁsmanmwmum thatis zinc,

| um noxanes nobqr o oun
" GHIZH ST “LtipGORES. B Gnd adpin dardeRlm, or any
Ch;@fﬂbﬁﬁ{ldnyﬂ]taﬂ‘eeﬁt ed solid oxide of th| S i nventi on
con‘prlsesasolidlnr I ¢,oxide materi al

d
oxi de riie &Remaicallygireated sglidhoids BITaIok Compsisgiathe € og?ﬁ)% E’EOduCt of

M @attdns solld idd RmpHidi a6 bi Wast 6@l doMivitid@iving anion source.
el ectron-w t hdrawi ng _conponent, and opt.ionally Irea}t ed

wilnreng aseach| the pplick oxide, gomapaung) camepptes g ipprganis g5idRy jlbK not

e%mﬁstﬁeﬁsth@éﬂhqeoxmétc% :pétlln?l RUGRIRE pRbHHY dhataciing %8 @lectron-
oxi de" conpounds t hereof such as silica-al umina

and
C oidnaating hesom pRAras b penact Fiode may bR éalﬁ’i‘li%‘aﬂ’@&iha’é‘g or after
Oer M E A %%%&n& id Ldndicah Whnﬁe %@tr&%ﬁwﬁhd}%ﬁg Ql'inon source.

hases with nore han one nefal
cornmnﬁ @@pem, the kg @éﬁe compeHnhmayss| qabplr@si.oa EnealyiRssy g another

ana%{)ﬁc[i %h§£b919£€8xa%%§5{1 ﬁgy ﬁhﬁr Egﬁ\éeceﬁﬂa& rodlu@t dt1Af1eqst Bﬁ@&alcmed

iI’'s 1 nventi err%S -tr ated solid oxid
f ugolifl exide oprppivsd sndatiessiaine Glﬁcmwthdr@wnz Rien PAITSS; |

ni ckel ’Th\é%ﬂaq c%i'l@-tréaltetdasgil&' Bide, 'alsg &drme& e ivator-support, exhibits

enhanced acidity as compared to the corresponding untreated solid oxide compound.

The chemically-treated solid oxide also functions as a catalyst activator as compared
to the corresponding untreated solid oxide. While the chemically-treated solid oxide

activates the metallocene in the absence of cocatalysts, it is not necessary to eliminate
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gallium tin, tungsten, nolybdenum or any conbi nation
thereof. Exanples of chem cally-treated solid oxides

W0 bas/068514 her conprise a netal or netal ion inPCT/US2005/000278
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but are not limted to, zinc-inpregnated chlorided
alum na, titaniuminpregnated fluorided al um na,

Zi Bécata g@t’sefgﬁﬁ‘t&dcafah}kéﬂ EbrEgitidh U Nihe ActivakiBe AlidRsE 6NAL @6kivator-
chl orided sjlica-alum na, zinc-inpregnated fl uorided

si PYRPALLAP GHAF In therenliangsd cagHuenl Ay shcamPaTAR Zﬁaa whole, as

Chb&ﬁﬂgé&*&ﬂ 1 b NGtad)st FbMAdsBion édﬁ%ﬁﬂ1§§%¥bd}&sﬁdnﬁfﬁg ted solid
sul fated zinc al'umi nate, or an nbi nation t ere?

| no%ifpt Hewews jeis beliqvad ﬂt@h@ﬁphfﬁmp%}l}’ttl‘%@@ sellid oidedica finpgion as
of of BEtSvaton V&Rt P theCATRIL %?%n %r Mllﬂmlgl 2 ]:)und alumyj noxanes,

relatively high porosity, WIS aci
or OBERoEE @@PWI@S,bﬁmlnﬁmnﬂlfh@mB@mﬁﬂ oxi de is

chem cajy ¥ bEsgeal c‘l%lhﬁa gf‘tr@alteﬂcstoﬁ@ Wﬁ% BERAM R tion com%nses a

conponent, typically an €l ectron rawi ng ani on
f oBoHdainergariy oxide wajspals ¢ mixgdidxislemptteriahtos adiomginatdore inorganic

boynd. %te'ﬁgg tfhﬁtl i %ﬂér&galﬁi eﬁagxtth aﬂ %lﬁétisont{%lthd?\(ﬁl(;g tcg]mlgonent

treat nent I nor gani
el eat ophonaily Hd:a'avln wih caommmhent‘[hw ghersbEd CXmdenhﬁalﬂﬁseSnventmn

th |de s .in .pne ci
ac? I?C\%/‘) a gérséyuﬁ’glor "% SR aﬁ@\kljﬂngn%r nﬁf‘?ﬁiaf”gg a%cfnﬂ?ofl s thereof
whiwh assﬂtcyphmahd y agt eatignationaand’ héxthreyisedor, Brms hﬁﬁled oxide

acid str untreted solid

TR B S 25 ATera PO oI Bie G g with

t henord then ot &altcdhbiRl With@%y €, to @rm0dollid ofdae compiAd, 4nQ are

quanti f t(&wﬁm dlt of the chem cally-treated and
f’?cé’ﬁ’lpé € H“@)‘S?P ‘materials is by conparing the

poI ynerinzétel &Pedcdti tist in@mtioh, thbehbhRalLdeAtdsdHat 6888 Gther
oxi des, under acid catal yzed reactions. |In one aspect,

t hEOTRTLAT 2 aptelormetal ey ﬂ%ls zipogirksb varadn. iksmn, sder ropper,

i nQﬂE@ﬁl ﬁn OﬁnQQGIPQH&SIb&hﬁEQ @i(légﬁrbo%%aﬁ&n ligask. OB&mples of
enent 8, 9, 10, 11, 12, 1

14Ch68}mail¥ %Fteii Fféldﬁ)é‘l‘qeé g}%ﬁlﬁhﬁ] compge waisk oranaiy ioxipglade, but
angkeahol @@gded ORE ﬁﬁ@iﬁ?pﬂ&gnﬁ@@ Hﬁ@ﬁcﬂ:@n hﬂﬁl&r @bl nqxsregnated

el enents. (See: ey's Condensed .
Di @F?f&?é@i}*mln@ztwce&lpregw% fippridegd a&us@mszmcmg@egn@lod tchlorided

F. tica-Mlhieh NSRm }gbg&a]t% Muoti@ed s(;hchaﬁé dmi?lg d,;f0 %B?@g%gted Mifated

Advanced | norganl C emstry,
W ?’annP}é‘P%‘i? Enealunigge, f)uoué@fhmnq/alumheta, sdfagpdrvire aluminate,

OX h06v COR Bk Q¥ygen and at |east one elenent that

is Al B, %et?d;’%}l, o o, Qi Fe. Ga La. M, N,

Ni , Sbh,InSpnotl®n, asgect, Tle, cﬂ'dmicaM,yWeatEd 6lidZoxid¢ ofr this invention

SU'&J;@PAQ% {) terials or L

cormh ns dsS tﬁg}t%)ggeng re%a%vel& hl% porosi wlinc% exh1%1ts Lewis acidic or
Bronsted acidic behavior. The solid oxide is chemically-treated with an electron-
withdrawing component, typically an electron-withdrawing anion, to form a activator-
support. While not intending to be bound by the following statement, it is believed
that treatment of the inorganic oxide with an electron-withdrawing component
augments or enhances the acidity of the oxide. Thus in one aspect, the activator-

support exhibits Lewis or Brensted acidity which is typically greater than the Lewis
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the chem cally-treated solid oxide of the present
i nvention include, but are not limted to, Al 203 B2(8,

wW®ew05/0&i5203, CdO, Co3™4, O 203, CuO, Fe2C3, CGaRCBPS2005/000278
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La203, Mh2G3, M3, N O P205, Sh205, Si 2, Sn®2, SrO
ThG2, TiO2 V205, WOB, Y238, ZnO Zr2, and the |i ke,
i nﬁBmlktacgam‘i Xt&ﬁhg’(h)thajﬂhe mhtmaedfsohchmddec ontb¢ activatonsupport has a
t her eof ed X|dsth C e ed |

| BEER by S R S o R e L By Mae CAoBE. BREheliBa 1o
| Qedntickethe b(tiﬁlt}%i&h@éﬁeniwam&ﬁdted and Wwitdeatedscdid wixide apaterials is by
silica- tltanla silica-zirc ol ites,

nicpEPaAing theqalmerizatiqn aghyitjes %ﬂhwme%ﬁ? i a&?g%xydes btbr acid
ZichiglyadauBichshse and the like. In one aspect of this
i nvention, the solid oxide nmateri

cheni cH prp-aspeshtthe chisicadirtigated ﬁ@hq ?Xl@a qopmngises 3 slid igprganic

e'oﬁﬁ% t&hp ﬂlﬂ%@&@@ﬂﬁﬂ&@%%@%meﬁﬁmcﬁ@ﬂ y,48,6,7,8,9, 10, 11,
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el BaipRR ovintikedr @Mdéghﬁ;rﬁaﬁ be dﬁéd Uethe faf:t@\fﬁt(ﬁ—sﬁ@oh ofaffle present
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Wetﬁl-iﬁlgregﬁat&{%h%ﬁQll}j-ﬁeated solid oxide. Alternatively, a solid oxide

material and an electron-withdrawing anion source are contacted and calcined
simultaneously. The method by which the oxide is contacted with an electron-
withdrawing component, typically a salt or an acid of an electron-withdrawing anion,

includes, but is not limited to, gelling, co-gelling, impregnation of one compound onto
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the present invention. Wen the el ectron-w thdraw ng
conponent conprises a salt of an el ectronw t hdraw ng

w@niosiessthe counterion or cation of that salt PEHUR®05/000278
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any cation that allows the salt to revert or deconpose

back to the acid during calcining. Factors that
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f ItliéSEulteblhtyt éfcthe partivdarasalt ng savd o smtued‘er the rivotiordwithdrawing
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second | ectron-wi t hdr aw ng anj on sour ce conp unds are

t yPeEwipe anipp dicdidle. BHAse GREmites fon FERNERe {H1aYey) apweonium,

t heu SaGEaRATRARNEtradly] PREp ﬁ&ﬁlﬁﬁtH*OtH(Ung]huﬁdlﬂlb ORe. the
solid oxide activator-support (chem callytreated solid

oxi de) Fieherprompinstigesrf 0@9 ogmpye JiEsgant é‘@?ﬁm withggawmg anions, in
Canphacd hidg 01ﬁ01§so Ldrfbelackd fo GASMALIGR A bRaRY of #RILHRARE-support

el ectron-w t hdf aw ng ani on source conpound to form a
f itp ghe diesitedrlevel.arfgpmbinations of electron withdrawing components may be

contacted with the oxide material simultaneously or individually, and any order that
affords the desired chemically-treated solid oxide acidity. For example, one aspect of
this invention is employing two or more electron-withdrawing anion source
compounds in two or more separate contacting steps. Thus, one example of such a

process by which an chemically-treated solid oxide is prepared is as follows: a
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2) calcining the first mxture to formthe solid oxide
activator-support. In another aspect of this

WO pooénsssen, the solid oxide activator-support PCT/US2005/000278
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(chem cally-treated solid oxide) is produced by a
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0xéleted sutidoakide wérhifouad,fdrr @inbéladei ©H owde h:dmawitrrdg, mootacted
sour ce, co orma first mxtu

¢ M A r{?p 8“ﬂ‘?5’§{awm%&ntf’?e§°l“8€ ﬁ?‘B%‘Ih‘E % f"ggl fz‘%ﬁt Jgixture, this
f iffr S tmiktu¥d W Bien ThlchROt e tchlofhed ﬁstcmixmrméﬂtﬁenrmtacted with a
m xture w econd el ectron-w t hd

5 GEHB. S o RS SUBED AAFHNEY P ot sippnd mixtue,

C 3b1fwl By chlbRing Q6 Reconl ¥littie té mnﬁqartfeaﬁen @olﬁﬂlmcd: @xipdend. In
activator-support. Thus, the salid oxid

aéth}\/ad%faqes% Jk?rf&?ttanfi gecgprheleqtiopay lﬂ]é’Faévﬂrfge@“{“ogoHCﬁﬁP%?p‘&?d%\are

t RAd8Y dFfkdnt cpIBIS AIRAEN ey ﬂﬁ%@ﬁx’é séfPeshpohdt hi s
invention is producing or formng

cheni cHi Piprasaest @ thednyeationjthpesobid %&%taﬁ%‘faitq{gqugﬁori (hepically-
ORRaS®LdId RidePRabd Prodicell 678 broRES c&h?‘fs‘iﬁ@ nwi t hdraw ng

ani on source conpound, wherein the at |east_ one solid
oxi de &bepuaciingiassobia ogidn eempnund méth agigpstiage Glectpnwithdrawing
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Al 't er nd¥iosT gspesinof s IvERteRSiS HEPRLcng et fosming thw@@ﬁwally-

Ortre%feﬁ%hd %dé‘ b{r %Qﬁtﬁétﬁg a@ieﬁ&%‘i’i@ Q61 SHEN WS 20 YAEQGR 1R Hron-
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withdrawing anion source compound, wherein the at least one solid oxide compound

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

In one aspect of this invention, once the solid oxide has been treated and dried,
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 from 300°C to 800°C and in
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I n anot her aspect of the invention, the solid oxide
conponent used to prepare the chemcally-treated solid
wW@00406458% a pore volunme greater than 0.1 cc/ gPCT/0S2005/000278
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silica- 21rcon1a sulfated silica-zirconia; a pillared clay such as a pillared
montmorillonite, optionally treated with fluoride, chloride, or sulfate; phosphated
alumina, or other aluminophosphates, optionally treated with sulfate, fluoride, or
30 chloride; or any combination thereof. Further, any of the activator-supports may

optionally be treated with a metal ion.
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solvent. In another aspect of the present invention, the solid oxide can be treated with

30  achloriding agent during the calcining step. Any chloriding agent capable of serving
as a source of chloride and thoroughly contacting the oxide during the calcining step

can be used. For example, volatile organic choriding agents may be used. Examples
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agent is to vaporize a chloriding agent intq a gas
streamused to fluidize the solid oxide during
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anot her aspect, the solid oxide ctgn‘gonenﬁ can cgn‘pri,{seth
si VPmegreArs ihana) QicHE: ITRBS AWFYaTE OR oo EIORRYRe Ereater than
20COMRY LFESardUihf AbMePRed, 8R! ok QXlufie rﬁ@nﬁ@@ﬁﬂfer heeh a9 cclg.
alumna or silica-alumna, in the form of

pariurther de silisarluminacpey Bl 3 rfagsca giepiat @an 0P (g Inone
fur E&@{ dﬁ ?f%@edarw fs%r@ateﬁ@ﬁa%l 250 I?BA 6H {oh@lottleP 8spect, the surface

cal ci ne ated oxid gonprlses a netal. In one
as pesatmayt bregrsatbrf theed 3§bm+ &enerells éli‘ﬂﬁﬂil%“@@ﬁ fofhds invention

q-@L Fﬁrélﬂﬁﬁmal o%n%ﬂ@frﬁﬁp%ctg @fS%t rﬂl né Q%}%&t 18Murkif content of the

I ormed process wherein the

25a| usmcaalumanat mesab@ﬂow tho a5®(q,l aﬁlénreaf@‘dm opectf he alugdnpioatent of
€ mﬂca al umma nqgr B Frali?’lu' é‘y rtl) c 3%% gluﬁfna%}ﬁﬁlalgﬁtt eInSy%Lt Lnother

SUC rum-su In one aspect roces
aspect the sohd oxide component can comprise alumlna without sﬂlca and in another

aspect, the solid oxide component can comprise silica without alumina.
The sulfated solid oxide comprises sulfate and a solid oxide component such
30 as alumina or silica-alumina, in the form of a particulate solid. Optionally, the
sulfated oxide is further treated with a metal ion such that the calcined sulfated oxide

comprises a metal. In one aspect, the sulfated solid oxide comprises sulfate and
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may be performed by formng a slurry of the alumna in
a suitable solvent such as al cohol or water, in which

w0 b@saessiy ed concentration of the sul fating ageet/ukmes/ 000278
been added. Suitable organic solvents include, but are
not limted to, the one to three carbon al cohol s
becausa.oin éfeeispecy of talsi ihventlom itk dulfived alufriieeis femnsi (by . process
I n one ,aspect of .the i,nventi t he amount
| ot Bt e Y TR e o P ot Tiied o,

par fuffuRY ah@ of E‘tsul‘faﬁe 300supi@bd SmByniwaisgifite.s il b@d &pecnthis@rocess
100 parts by weight solid oxide In anot her

{ hemeybe Rerimed By arEng A gy el b alpmingria %%‘Pt%i’lﬁﬁﬂ‘@jﬂfts*uch as
fgen Ediol % \;/5‘[91[“111 wﬁ’l%tthobxes'ﬁ@d %Hceﬂtﬁtl&o opﬁfiéts‘ﬁlf@tﬁl V\ngﬂt'"ﬁas been

ate ron to 100 parts b g ht solid OXIde, and in
st | 4ddedn Sutighle qzgopist solveRty muéuqsa wisarpyoilipiiad te.ghggne to three

p ar éagbogyalcgsﬁblg B& cadbtl Jrdle doféﬁlﬁy@n& Ay RAfLStehMoei ght

OXI ese wel ght ratios are based on the
\/\El ght dh arseasperti of britaveniert dhe amapwi of pyfataOinmepresent before

i mp f i t fate ion t
PLSA BN A B Uy ! 50 5 Rl Bt
1ot 100i parts byl vstemht selit oxade. fIn langtheriaspect, diel apyomadt plysulfate ion present
eva ratlon . ay, ' :
e e A e At
cal wi nllmgpaitseby wanghﬁsoﬂldtoeidy atldninatitlianopther 4spedsefrog 5 parts by

trea ectr ra on

n REGE SRR B Pt B g B GG R ol “rhes

t hi ﬁ'ellglfit\/ﬁﬁbs art bayd optthonalghy obhet Sfohéto&[ﬂeV\bdfdi’re aalvitigd. Once
our ce, udi ng. et al lts .or netal.-.containin .

15 ot o BEckTErd PHEF PR bRATEHCY ARLEEhod known in

COoMeuRdschidyg, Bt @ dighted @, QictibAENREsRfRdWed b etdpBration, drying

solid oxide in solution forn] and subsequently

conWslet &tPuPF 8P aNdigp pRt thedikretiRPugipth i el EP%%}b}tho initiate the

Accgﬂghmgg%puhggmﬁggyd i norgani c oxi de can further
conprise a netal th is zinc, titanium _ nicke
vanadi unip agditipato be@@ eated yith pp gleptrary Fiithdraiigs Peﬁponent such as
260l }{Q%W%lfé’é 1@1 GRORIAAhRhi BLIEESF thif HveRIAMRAE optionally be
zi nc q{ used to I npregnate the solid oxide because
it peaed with 2 et seurea linpbrdingangtalisakis eraetrlnpntaigng comppounds. In
sol bﬂqe 9%5&' ®f rﬁ?eymp&titoﬁ Sale %oﬁ%étfﬁdﬂ%‘fa? be ShddStoWYr 1mFregnated onto
nt ai ni ng COITpOUﬂdS ore, after, or at
s anﬂletsphde OXIﬂth aohélog Gvring anksubiesqhently cemvestad Wite Fhetshpported metal
el 4 0&1 cV\fJuIi iﬁglgntjhg Q?J 1H51%m5 oxﬁ@l‘a %&’Idco?x{pnse a metal
|npr gna in e SO eri al
25e timeds 'Ehle mIMnhmd inykeMvanhdltlme sohward eoppsr cgatliwg,t Bl tungsten,
sour c a salt o .
et DB 67 R RS TR ap e iy ppoed o impreguae
| i miteesdlit chgeiebmg m:progdésl $00@ , cafalyet &givity iaod lof coste The solid
¢ onp)% e ma? rl])g gc)reatgc? wit meta rs]a ts top ?ne‘!ai ic(oentalr[lzlg,lg lcc?r\rll\f)on %dsagc}i’ore after, or
at the same time that the solid oxide is treated with the electron-withdrawing anion.
30 Further, any method of impregnating the solid oxide material with a metal
may be used. The method by which the oxide is contacted with a metal source,

typically a salt or metal-containing compound, includes, but is not limited to, gelling,
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contacting nethod, the contacted m xture of oxide
conpound, el ectron-w thdrawi ng ani on, and the netal

WO ewsi068stypi cal |y cal cined. Alternatively, a spCT/tS2005/000278

10

15

20

25

30

oxi de material, an el ectron-w thdraw ng ani on source,
and the netal salt or netal-containing conpound are

c @otgetiingdinginenaidicofiume lc?rhmﬂnﬂ ane lesﬂn@ra and tht hika nmllgaﬁng any
aspect, the first net ocene conpound, the secon .
PR R0 ARG MR AT IR B LRl ron iiging
PraafaniRiche thew 1o igi)picalBf daltid¥@N ABhataRY;, @Rolid oxide material, an
or ganoal ym num conpound for, a first period of tjne
praGITORE  EARIARS 40T TORICE, aR e petal el tpr ppial-containing compound

c hgatdnddcted-ahd eatigsh salksebiéiyde. Once the precontacted
m xture of the first nmetall ocene conpound, the second

met al | d& eReheorBeRinte 15t molRlarEIh eapRoNY b egfond gpeigljogene
NRRFBEnd, OF 4 38BIHdHdN 6 TRYWhtonmeRl affesh Mtid nlohSmer
chem cally-treated solid oxide, the conposition ) )
f e e orgaaappmaTurycamnewed wiadipt neripd af Bee psior & eorfaging this
| Smik@ESBHh Eﬂé%h&ﬂf?ﬁﬁﬁﬁéh&%ﬁ&i oxifid. XbiteShe I}Qﬁ)n’ca_cted mixture of the
postcontacted mxture may be allowed to remain in

f Upsthaetaiensnacempeimdathsessennd mpefrlilasancopompavedper dcombination
betflé}gof? h&éﬂr? dmbﬁHn?er,t r‘b‘?garnSQ'ﬂ%' ! Q:O}MPB ; tip Ccontacted with the
pol'ynefization process w il be carrfed out. Various
praemssbstitaed saplarads dhd dongpositien dartliev abwprisiog per ¢hemically-

t hat . gan. be.. lLoved . n.this.ipwention ve hee .

- A P R R " bl s PR, 1Y FetSlgred mixtre
6, M550 Bweb tRBMatiOd furtheBCdhtad? for a 6ecdid p&od], ofGinBPhiobBbeing
6, 376, 415, .6,391,816,. 6, 395 666, .6, 524,987, . and,

o AT et Fe e B PRV T RGeS MRS Biigdout

i ncor palraalbed padcesses @b epge;ﬁrdﬁ 861l Pxide rhcititlﬁ:ﬁlegﬁpbéﬁst Yhat TA€ be
Or ganoal,um num Conpound | n one aspect, this Invention
orfUEIDAL Sl BEPHY SV SRELEPPTSh EGhSFFE iy s, fieiegt Nos.
rma,ahl,zzo,er@l@ogmh ppmwb:4l,@4§es;xumdzmptele,ad_1Ig,qa<ss,n§,mmgg,ur5d376,415,
at | east ane _chenmically-treated solid oxide, and at

"t B e CoPaiRoat S R IED AL P ToMe e cach of
C QRN RGScotfbdte Cid reReerndS Bdfeih in B biirbtpvent i on i ncl ude,

but are not limted to conpound with the fornul a:

Al ( X9MX1Vn, wherein (X9) is a hydrocarbyl having from

1 1R BRI COMPourki¥10) 1's an al koxi de or
aryl oxi de, any one of which having from1l to 20 carbon

at o, Imang gpcctohishiygptietesncemppsses iasatalysiusbenositipmpaniprising 2
3, itk Ghet il obne Icgmﬁg&d?sao &&Lond( é%}allbcsengncﬁhllﬁdnd, at least one

chemically-treated solid oxide, and at least one organoaluminum compound.

Organoaluminum compounds that can be used in this invention include, but are not
limited to compound with the formula:
AL WX son,
wherein (X°) is a hydrocarbyl having from 1 to 20 carbon atoms; (X' is an
alkoxide or aryloxide, any one of which having from 1 to 20 carbon atoms, halide, or
hydride; and n is a number from 1 to 3, inclusive. In one aspect, (X9) is an alkyl

having from 1 to 10 carbon atoms. Examples of (X°) moieties include, but are not
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having from1 to 10 carbon atons. Exanpl es of (X9)

noi eties include, but are notlimted to, ethyl,
WEe@PPE851N- but yl , sec-butyl, isobutyl, hexyl, BeMU$1905/000278

i ke. In another aspect, (X10) nay be independently

fluoro or chloro. In yet another aspect, (X10) may be

301 ol Ben 1 Bud At iy Ak O (610 3- “tfylnaridsiha lie nisesmother

ltg 3 |
JRUENCICRH AT, CMERE e

thg{?gpmoﬁ)hl s formul a i ncludes sesqui haI | de conpounds
or o

her organoal umi num gl uster co oungds. r.al
exanpl e@l e @F‘Q‘dﬁdﬁlﬂﬁq(ﬁg "CBn‘ﬁé‘uH %ﬁm 3Gﬁ’ gé“‘d%%%" and
5] nq&;% YEBL i pR e SO .is Bett re@:h@te@% bk iaf 1hﬁ§erl t‘h.erefore this
ri um num conpounds, di al kyl al um ni um
co:ﬁpnmdsncmcﬂw lsgdqaibakiden remarwdsi g ethsFp Sretaee St cluster
di al k I aI m num hydri de conpounds, and conbi nati ons
t h&P'eBT" %pem fic exanples of organoal um num conpounds
that ar Gensaifylexampleshofsorzavpalrmingm ¢omsioners, thaj pen Bp &siiop this
limted to. yl n i MeBMPdunds,
(Té%eml?n mf; 0 Séxrg‘?% maﬁelu ummtdﬁ@lﬁgw urrt1§ lﬁlﬁ%{eﬁﬁgim de; w
10t r Idiullt}ydlahmmmuﬂnahdh s@impoynds) ud«mlkumlmm d@lkoxide ~ compounds,
tril | aI m (o] s
ond S ptert B ST eaphotly S b A A O B Libmpl
|Or %ﬁf@fgaﬁsdlmm@uﬁh@nﬁmmdmhalalra)wﬁé imiltishingientiop drgludgnbut are not

g t?‘eglﬁg gt%lgge yﬁaﬁ@?@ﬁ@d(@pﬂo %ethgrllag%ﬂﬁ{ﬁ Q‘%ﬁrtrlbﬁ’)pglﬁfummum,
pr eRARAAGIHANnT Xdthoxtdey t fhibtkalvschimng d@nbmlalummum hydride;
acti vator-support t.ne e catal yst. Wen

15 heripsafudy! 9@@@%&8@ 8’te¥h(¥’:?mn§‘mﬂp a@?\?éd in this manner,
typi cal Iy, offeh@paby, NRd phRedSmadition, cdmp:bmst lpmnorﬂaictmglethe ansa-
or ganoal um num conpound i s ?dded to the Econ% er 1o
i XneiCRRRIVER Bt IFért OB PIEF BRI MBI GOBPERA GAT AR riShom

congong réc%nt@gtg@ thittBre! Hifor RO SR RCH N ALE dlitture w1th the solid '
prepared when the pr econt act ed m xt ure | s co

Wi t dxiderastisaspi-snppsat gefonmithe astivg catalpiie YEIE qataﬁyﬁé composmon is

' GRFRQUNGLERY, Bo ﬁeﬂotﬁoege [ & tpbion of th
Zdj gé?@?%dj%n%ﬁ her %}hggpplr econt allllgt in ! or psog?contpg Onn:g)j °
st epgantilugriman compgund a¢ addedto theprsp %Ct*@dﬁ‘ﬁ%‘ﬁ%i‘ﬁ "ﬁ%? ortion
be copt %Qén%galh&nﬁm'? Eé}gﬂ)cﬁln§ i€ RadeUb AL postd®Rtabled Hﬁﬁtu%prepared
or ganoal um num conpounds may be used, in either th
pr ewbet the precgnterted mempm 4t enpieted tyivhghe salid oxyl ifl@ftipr. However
of gg)lgﬁ%l of rgngéilln}n?r uh§ nﬁ?nq{)@ qlsé@torﬁféﬂak@{h@ c%?@tsm either the

t he rgan um nu oun di scl ose
2her ﬁﬂeébntactmg or postcontactlng step. Altematlvely, all the catalyst components may

be contacted in a single step.
| Further, more than one organoaluminum compounds may be used, in either
the precontacting or the postcontacting step. When an organoaluminum compound is
added in multiple steps, the amounts of organoaluminum compound disclosed herein
30 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
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i nclude the total anmount of organoal um num conpound
used in both the precontacted and postcontacted
wOorRoosesss9 and any addi ti onal organoal um num cREPUS2VA5/000278
added to the polynerization reactor. Therefore, total
anount s of organoal um num conpoundsar e di scl osed,
r egrardicessd, aégandiedshewiathet ngingle Qﬁ%ﬂﬁz@lﬁrhﬁﬂhfhﬂiﬁpbﬁﬁ@ﬁ%@d, or
i's usegl,al or nore t an_one organoa un1QHnn§qm Q&Q&fhh&ﬁmﬂn
anBHe 8 sPECTEMPIEIRA PTRP HTm T Rgfheg raspect, y
t r (TEYObstt tyilisabutfalimithdh @rd WpicelddrgfioaRbARInY BbBpdlinds used in this
conpounds used in this invention. The Opti onal .
Al BrffHRane Cocatal yst In one aspect, this i nvention
senconpasses a catal yst conposition Fanrising a flgst
net al | ocene conpound, a second netal | ocene conpound,
at T’F%@@‘fonéﬁ‘éluéﬂg{p@f‘%@%ﬁ%lﬂéat ed solid oxide, and at
| east Qnl LR Aid il I CRIRPHAL: a L4157 RbRESsitRRSMbrising a
t he rg@ént gﬁeention provi des a catal@gt cgnpositﬁ%n &
cofiist | Bptalosghe oprmneonad, &l serorbxnstellesorsatc@mpeend, nat least one
adgitd; t g e I
g e P oy, A .
10 or anptlga persct fhapirsene s1veifive wotidas acatadysy sdtmpasitiparvemipssing an
ar i ted.with the.al um noxane in a
o ol A GRTATHTS il o S S e any
sol vent Alshiigdxanss melbb aafirad toyasi pody(hy dracattiye alu@aningbkides) or

in | al a products of the activatign step ca

oo R et R B R B lIohl RSBl e
masimainorene ibe selldteiciydehcbporadnnmusd katenr thangh Ans©ht which
skj ' but.not |im

[l,in.the.art, .includjn ed t .

5 275 DT S, e e semion s
i néanOstused. iThie@atahgt porhpodRioh Z6riedin Iﬂﬁ@ﬁigﬁﬁefr%iyh@éollected by
bei ng i, sol at ed.. The_ al.um hoxane conpound _of this
| rPENOToR 8 ot PRI EE S tel b bR SEHd @ flgpimor the
t heatAy 4 BbMPoie BHNROM RO BDintRP pbI§MetidaliBR Feactor without being

structyres, cyclic, or cage structures, or typically
ni?g%?gs of all three. Cyclic al um noxane conpounds

20 havi ng tieeahintinBhi@ cdmp¥nd bf-this: inWAELETH aR diSoRelid BRMinum
or branched al kyl having from1l to 10 carbon atons,

antPrpauad.aihegine fier alupinpxane gomigpund ecan neasmpiss dindarbgtructures,
t higgik N b R ' er .
o Al MY TARY o I i S
al epneyRdfrvingisiorhilaear al umi noxanes

-ﬁ:—oﬁ

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

; wherein

from 3 to 10 are encompassed by this invention. The (AIRO), moiety shown here
also constitutes the repeating unit in a linear aluminoxane. Thus, linear aluminoxanes

having the formula:
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having the fornula:R4-A\- O- Al ; wherein Ris a
i near or branched al kyl having from21 to 10 carbon

W@t@s®eessand n is an integer from1l to 50, are BEBHUS2005/000278
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enconpassed by this invention. Further, alum noxanes
may al so have cage structures of the fornula Rs + RV
aAl4 g 3n!', wherein mis 3 or 4 @g¢d ais =A(3) -0
(2) + o(4 ; wherein :ﬁm I(_é?_l t%el/ nunber of three
coordi nate al um num , ?T \is t he nunmber of two
coor di nat e oxygen atorrs,Ro(4 N sH he nunmber of 4
coordi nate oxygen atons, ‘Rl represeérfiesein t er mi nal

al kyl group, and Rb represents a bridging al kyl group;

whér Eiarinren & taancherbelkyldiavise Sieehbeh Hl teybontriuns gnd namamlinteger
t 0 fibth C& BONRLRBEncolPASed 9{' Wi A0 ABRS that can serve

as optional "cocatal ysts in this invention are )
gener al Fyrthesplenimarangs mpy floe have gagestoptures of e Aprm@a Rigy+oR m-

R( O : t ke . wherein the R. IS .
tyf'I?'iAx @']é?i")i/ a B%ﬁnegzﬁggrd?%r%géﬁésd '1-(3Ce)?° i IE?ZP(% 8@?01&%% 7A@ is the
memnhpber aftthige coprdopid alubintml atopsmboy) jis e nhmked ofitvercebrdinate
n ' repr t i pte from1 tqo ,50. Jin one

0 AR SRS PASHR Pl 3R s
i nvemitiabalkyhgiouplend Rt repregentsat bridgivigtalig/] Lmup; wherein R is a linear
me ' 5 t hyl al ym_.noxane
PSSRSO DIRR e

n- but y| &husyhlumisoxanest thdiehiy sedvelu¥ioptra €ocatalysts in this invention are

sechut y] al um n ne, <i so-butyl al ym.n n ,
S B e R torm e it AR Ao RGO ATR:, and the ke,
3- pawicil GeURI ghsupaReypicslB- £ HhdaY lod bkt AX@PE, alkyl such as methyl,
neo&&gt HPSA h:)m noxane, or conbi nations_thereof. Wile

or GENOAT WP PYRARE i % fhouH! et DipjrBly represptgpm ger from 1
ar ¢ e8g.oMPp LS &ﬂb&ﬂm&ﬂ?tﬁ@%ﬁﬁxﬁﬁéxah@‘é&ﬁﬁduﬁ&‘s fo@dsmﬂfention include,
, ethyl alum noxane, .or isobutyl

a Em noxangmgiII\/AO% _

al QWi 316 qhEmifed 1. yrstpdtlugmorgasthdaminexgre, a-prepyiplyminoxane,
t hesoGRoFINEhieRIROST t in0RSyIAhmindkael NVERLLORIUMINGSSe, sec-
al um noxanes are prepared fromtrinmethylal um num

t r PRYRHPANOHROGU M olOPRiyialispeXpnal uni rlopentylaluminoxane, 2-

r esRRFhiuiBhdkandnd are % 1hiBSokafer red to¢ :
po?y(rretuh I glnurri num ox?g:g)g, poloy(eef hyl al Ssr%ﬁﬁﬁ%lalummoxane’

ox PERPPNIyHMipe¥apei a5 spubipktions theraetim -oxi de) ,
oDt U bl 3 W IS EPE S,
t r batheypresenninmentionsmethyladundnewne §44.0) rethy] Slunfaixend, oNsobutyl
ﬁnzﬁl@é}&%g!tl? ér(%ittgﬂjlcd.l %p{i]s‘[a%&atiaﬂlgtg ruge%ri%tt}?edca@fysrt ggrrellgoesﬂl%gs of this
invention. These aluminoxanes are prepared from trimethylaluminum,
triethylaluminum, or triisobutylaluminum, respectively, and are sometimes referred to
as poly(methyl aluminum oxide), poly(ethyl aluminum oxide), and poly(isobutyl
aluminum oxide), respectively. It is also within the scope of the invention to use an
aluminoxane in combination with a trialkylaluminum, such as disclosed in U.S. Patent
No. 4,794,096, which is herein incorporated by reference in its entirety.
The present invention contemplates many values of n in the aluminoxane
formulas (R-Al-O), and R(R-Al-0),AIR,, and preferably n is at least 3. However,
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The present invention contenplates many values of n in
the al um noxane fornmulas (RAI-O n and R(R-Al -0
WO 200RA685aNd preferably n is at |east 3. PCT/US2005/000278
However, dependi ng upon how t he or ganoal um noxane is
prepared stored, and used, the value of n may be
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moinEentosat i o of the aluminumin the al unmi noxane to the

smetall %%‘i‘ﬁ)ahﬂ Eﬂé%aﬁr%p@b‘iﬁﬁoblﬂﬁn bSthiSidadnkiyn Edirﬁ)pﬁsilnghﬁ diptional
100, 000: I'n one anot her aspect, the_ nolar rat

t haluminoprimey thei moleiatie of) e PN i the RRITHRXANS 10 5?1 EleraH"Cene
the & ? %R@ﬁ%s%tﬁo%nls ll‘l?lf?drﬁ y 1hoes 204, 0@(91 151 80anbther RPect, the

anmoun I ona um noxane added t
pohyhe ritvatf itherelwoimem in therplupipenene () the me;tagoq,egﬁ gbth%)?omposmon

0. 01 f a iiBi{ake aded to a
gusﬁg%gr?_rgto ag)u?—g_!g%%l r’?lf[@ 'an;lunfrgﬂyptfoﬁ 11niBiak &Hdt

Or ganoal uni noxanes_can
10 pr pﬂgmedzdm_\pn \zame isas ampmnedtbrleasr&m efh GQlemgditp kehipe/ anmm

art reparations
ar ld'fl%/%lt%s Lf?[fsﬁqé’ Fﬁ%tﬂ“ Jl.éloryb 2P099 and
4, 808, 5Gil.gan6ﬂmh1mf<anm{§| icahbé prepaed roporaao@sdprbeede@ﬁ ahighcase well
her ei n, its_entiret g
al m%% & arﬁ,a&x%rgplﬁ Q cggangaelmglxrgs \lfe oqr?garm%\%? éi}sc ed 1n U.
| S Pglefis Moy €3]2420%8NaridN4,B08, mlg aamhcofswhwh ri¢ inrmypotpged by reference
reacted with an al yum num C
15¢ o hergimin He CREEdT neo?’ﬁ‘ﬁ‘r‘?@ea‘? Hléllrgoggﬁje llﬂnfl ﬁe %?%eed 1588
NOteo 1l d¥se NWthiBEwhieh Redikeed ibyh 11hl§l1t 3rg$tuatsellmrrttmayllie réagted with an
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al Yl ReXAN eVRRE R GRtendiRd Béfbo\lhﬁ'd B}hth@éf Sat@NEn PR dskedhat this
this rnvention. Alternativel or ga g{lumn aneﬁ nayAIO
be sprtbptio aepthnyl camcatfong wmiPEm R igqer dn
20S u %'M?ﬁoﬁh? sﬁ%cﬁelg apdily dbAt RHics alnte ehbiipadsed h}‘)si r ﬂh@ dinvention.

er su in an inert organr c solvent.. 1kvl
thAlcmanve)zyg arg@zqahenm@a@eam% be prepaigd Oy Fe3sLing I P}H‘F‘én“m alky

| nve 191{}1 %ﬁ%gﬂ@ﬁ? @Eth% IS@Fa@édysﬁtt SRARS Biiydrhed copper sulfate, in an

conprrsrng a first netal locene conpound, a second
metia¢tt orgeme selyentound, at | east one chemical ly-treated
solid oxide, and at |east one organoal um num conpound.
I n anot her aspect, the present invention provides a
25 at HleyGatiosahPasitdierCaatmpsissi ng an

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
another aspect, the present invention provides a catalyst composition comprising an

30  optional organozinc cocatalyst in addition to these other components.
In one aspect, the catalyst composition further comprises an optional

organozinc cocatalyst, a compound with the following formula:
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opti onal organozinc cocatalyst in addition to these
ot her conponents. |In one aspect, the catal yst
W@ 0vp06sstd on further conprises an optional or geeibES2905/000278
cocatal yst, a conpound with the foll ow ng
formul a: Zn( X11XX12); wherein (X11) is a hydrocar byl
having from1l to 20 car borz@kugr@(;u)( X12) is a
hydrocar byl , an al koxi de or "an”aryl oxi_de H}avi n f_r%ma)l
t OwREretm KB imt dydroctrhyli I@Péf}ngoﬁomyﬁ iq del 92 Oé‘rfé‘?'ﬂse (XIS a
aspect, e_opt i onal 7l - ] 36St20 &rbon atoms, halide,
o Rehprbin et M ERRor S AR B ek e e e
di penpendy/| ki Bmthelidspack, ithe hptjdns] prerRRZINGyOFFRIRRE 1% n rpefiyizine,
l'ike, including.any.coni nat.i . le@Blinc, and
Sor ot et BRI EhRBIABRE Ak 1 iiean
engRNpasHehdiag aat @mpaitiosiige®it i on conprising a first
net al | ocene conpound, a second netal | ocene conpound,
at | east one chemically-treated solid oxide, and at
| eant OMenr gansidier Coardpmpound. | n anot her aspect,
the present invention pr.ovides a cat it o
conpri silRGPaASRIPY thﬁwlﬁl"g“&f’ﬁ SHSEBPES° %g%é?%tllcig/@ I n oftfrising a
129Gt QfethBodeRE S@nYIolRI, €0BFONE Ninstalldcansd engopelt 3t fdaet one
or ganobor on conpound conpri seﬁ neutr al boroninum compound. In
corsboumiedly-tisatedt solid 074ds; 2apd af JASH AAG CERECHEV S O ior

exaiBhy aglgb%t, %69?@%9 (RBntfRRewaEkSa aftalysticempositit Goprprising an
can conprise a flu

or oor gano boron_conpound, a ;
f | upHoorlgenobeioarcac By Afigitiog to the %F AAPpggnes-
thereof .y ef LYREOORGARL AR Ofonidourd Oaingaises henadle boron
compound known 1'n the art can be_ut

can é{l [ éed. Thg tter M. oboron
15 | uonegdn dasse ealtss emsemhmationgstheret. | Eofafxempin iy O1E8
refer 1o Aeuler als GRERAKNES @bmpiR b oMuBdd¥dhno Thod @biipound, a
f | uoroorgano borate conpound also has its us%al b
me affi orgotgane bérate compolnl, piomerhigation thexgof. s ABY . yoroorgano boron or
f 1 ugr9argang bbog%g Nog QWNGoRE el 8 ManC8é i @ilked. The term
+[ , ere Y represents a fluorinated or %gnl C
gr offporobane bonoartoepoeds fhias 85 oenal ARG fogisfes ey neutral compounds
| uor qor ganq_borate ¢ t VD | Mo 165 @5 el o
2 o ToledBer §ary 10y 5P gURahors Lo sbRinaald ded1Rs 8 bl meanine
namg asfet e tizombeoahionouits ef.a fxanpiaw ko copp@ed pirfbe form

borate c nds thagt can be use t $d ;
ChelearisS e iin TS, Srioraer o TugipeS, GORR BokE! ¥ol Borvenience
f | ughbRRk@RoWatdn Rod dluefosgand tasste compounds are typically referred to
N, i V-di net hyl ani li hi um . .

t et pelleesiypliY ArsArBPIBHEHYRY BT A1 B P BRI RATBER T
et raki s(@epbrk biaraphemd Hiaae asepounds thatiem be used as cocatalysts in

t|\|S|t Fqlg(iqssq(sg}% gqlq%{q‘él(lgj}?ﬁrngﬁgee, rJb¥1|t %rg %ro {ir%itefi\l to, fluorinated aryl borates such as,

N, N-dimethylanilinium tetrakis(pentafluorophenyl)borate, triphenylcarbenium

tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate, N,N-
dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, triphenylcarbenium
30  tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, and the like, including mixtures

thereof. Examples of fluoroorgano boron compounds that can be used as cocatalysts
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tetrakis[3,5-bis(trifluoronethyl)phenyl]borate,
tri phenyl carbeni um

W@ edosaksssd 3, 5-bi s(trifluoronethyl) phenyl ] bor at BCT/E82005/000278

5

the like, including mxtures thereof. Exanples of :

fl uoroorgano boron conpounds that can be used as
COigahalpystiftiiivdntien HcREEBut bRV ikRRd itd) HlidtpaitaRbiopRéST)boron,
not, limted to, tris(pentafluorophenyl)boron, .

t 1S5 BisGrGprpme i BP SN I, BRI Kb GRHInER i prcthereot.
like, i Rehdtdh Nt Widtddifess veRuePhy afdl NAAR 1Rty these examples
i ntendi ng to be bound by the fO|YOMAng t heory, 't hese
ex@nraeorgeng beraiedod diarporsra beroa rdmppunsis.omdgalatsd somppunds,
C rz | -

, o}ﬂPQiﬁ(ﬂ%ﬁt t gm _e%%l?go&gw dd%longgxg}gfii Egei‘ggi\%;c% ﬁlﬁh fofgammetal

weakl y-"coor di nati ng” ani ons when ned
or Yaroveis |as civeppseh s U Sadaighis &P bs 888, iwhidb, iS.indozoagied herein by

5n%k@m%§3nﬂ$@hﬁayis i ncorporated herein by reference
inits entirety. Generally, any anount of organoboron
conpoundersaailyb enptanidquat of ionganbhaon wompoundnean| be atibzed in this
as; P r.rati f_th C nd t.o

RG (;c%og[ Iig PH(? %s%e?t f’ﬂg ;n?ola(% aa&o St tfd &%gl?og)?{oggg%lggipn%l{o ghe total of

t he irst and second

10 cobhpdimidsnd secolnk metiipase tcompounss fin dra Gndpoditibm islGorh . 0.1:1 to

15

20

25

30

Typj.cal . t.he amount of .the fl uoroorgano boron or
11 BbF oo YaishE SPE P bt o R ea® 088 o BiGatHermy bore
t hem@iuall hegleescobaalyst fér thamgrllodends i® A Hrabgd'®fl feorh 00.5Gnole to

nmo) es of bar.on conpoun er tqtal no of first and
seco ﬁ]aglﬁ% {41 PSR rfg}%@ 8‘1‘?310 5?&1 §°t§oﬁ‘8}en 8%1 %“ftnarlfln éecaefg dgtallocene

t heon@poamté dmbidedor apr ganaspgaey Ahe Aimduht! AF OPI@SR ano boron or
gg@ate cqﬁggund used as a cocatal¥st for the

UATPYIERRLDGTaMe SemROpnEd 8 2 LPeAlst il Beelloosngrs) g range
of oftFBsAN 0PI YA d5 RiMesto bédon FBMBSurATpef lofad o3 Bt BRE MMikecond
nmet al | ocene conpound. The Optional lonizing lonic

ConpalinerresemPaingst I n one aspect, this invention
enconpasses a catal yst conposition conprising a first
met al | ocene_conpound, a second netal |l ocene conpound,
at TecQetionghlonigngioris| Gogwpwnsaecatadist i d oxi de, and at

| east ORE RGO MY HyBMBnCRERMARSLS alc&aﬁ%ﬂgksiﬂérp@(ﬁﬁ rising a

the present i'nvention provides a catalyst conposition

c oY | BFtafoere opiravad. i2okpoendgmicsHbpesng opprenaad, at least one

Co&l@frﬁ!:a)fﬁft- éaﬂ:da&‘?ﬂdt &84k, tafﬂdtart]qéa%t QL %E$a918§9191ﬂ1%ﬂlt Tompound. In

Exarrpl es or 1 oni zi ng_l oni Cc corrpound are di sc oseofnpl) n

U. sBothrgtagprct, Nogrbresent SveTn2Boviderda 5at89Ft, ©B8Bpsitartongfrising an

which | 5. i ne I n B¥ refarence,. i N |;ts

e fiPpl o R Rl XoR oS! Fictaft BT PA G mesf gf? components

c olftrpanpics i hizien idnim ebimpourtdo are  disclosed in U.S. Patent Numbers
5,576,259 and 5,807,938, each of which is incorporated herein by reference, in its
entirety.

An ionizing ionic compound is an ionic compound which can function to
enhance the activity of the catalyst composition. While not bound by theory, it is
believed that the ionizing ionic compound may be capable of reacting with the first,
second, or both metallocene compounds and converting the metallocenes into a

cationic metallocene compounds. Again, while not intending to be bound by theory,
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enhance the activity of the catal yst conposition.
Wil e not bound by theory, it is believed that the
WO 2005068340 | oni ¢ conpound may be capabl e of reaRCT/NH2005/000278
with the first, second, or both netall ocene conpounds
and converting the netallocenes into a cationic
meét ia beloved ¢hat dwpomnnlg 1onmg@mounmmh3eﬁmo1uon astagrielizige eqnpound

be boun t he bel i eved..that the.ionizihn
 GHiOTBISI ok AR PURERTR: 40an Heot R SRbE R akgeny
CQ@Q&&§LQJh)éS ex* )P I Nr Xy fr&;ﬁtthd’l@e’sano@ﬁd:so M®evdvey &f&domzlng
possi bly a non- h5-al kadi en%]é @Pd such .as ngﬁ%/ I
( Yenic cey@p?undolls a(l)ggslqutqrdrﬁgatr ssnr.gg qﬂ%% étnlééonl glreta ocenes,
5t f&%s&a% i ) exhc g9npo 11g§ncaﬁh aCfééh\Y@I & td egar & @mSpair,
er it is’i,onizes the net ocenes, abstracts

anve(akgl}s thexametal- )., msfal(%8) IF’Pt@]a@%I)sl or amPEERronbopd iy the
Jf%l@&ehi% S1H‘§Jl}r cootBAKENS dnl\&3 Wﬁ(@l %30 ()@fhgan&% any other

met al - (X8) bond in e mat ocenes,
s|mthynlem@bﬂwhwh@smta@ommay RGO (x4) (X7), or (X8)

I'i gand, g Qe 2V 1£B&eﬁ309§% afphS iR 113}{12%@' i%ﬁlca&)trﬁp\bﬁﬁd Q&ivate the

rray occur. urt not necessary t hat
10 | ondtzllongnésomilys Elsrpstivation fenction phthe fienizipg @mlc(f@éwe@nd is evident

0 % Yhe nxgxgn&ﬁtalc: \aéfno?'r%a{awgﬁédn@aﬁlﬂgn 5&? w'hQI'é' gs' 63918?1%@ lt&a catalyst

conpou 'S evi anced activit

c aoalppsition aopesiing catalxs caommlwaheq thes doehrpat e@tnpmﬁeaany ionizing

cat al yst conposi.tion ¢ Al

t ngglc chgagowgq) % OI?T'Blroo %189 réer(]: ssa nnlg%t tﬁé %I’XZ?IS% 90%29%02@%&:?&1??1%&

I Shottl $iost nad smema&ﬂlxbcetnba:bnmbmdsmurzs itqnecasrary thod ipotivade the
i vate _both first ocene co

nd cond t al und
15 sl BB eenynd A U SGord JARUloPRE TR O e same
medx@ddtocene conpound and the second netal | ocene
conmpounds to the same extent. EX |.e f ionizin
Coni o corEGR OREIGASMI omPaFRS BRI, ot B 1, Wifed to, the
f ofolioWkipg c@rﬁﬁ@iﬁﬂ@dsm(ﬁ—bm@na{ﬁﬂbﬁlﬁhﬁ SR RIs@Holyl)borate, tri(n-butyl)-
tetrakis(p-tolyl)borate, tri yi ) - anmon

t e%nFIERP@{“m tﬁmlw(welryabgratet r F{(ﬁ-bw >9m)nam%h. ‘gilas(2.4-dimethy)-

20 t efdrRki S (i I%Lgm%{lﬁu{u)m bRiratis3, st dimbh EH&M))J@MEDW&MH-butyl)
tetraki s(3,5 msthg henyl )borate, tri(n-buty
anqmnpglmn tetrakis[3,5-bis ﬂuoromethyl)phenyl]bora e trl(n-butyl)ammomum

t o ?%b@glﬁaﬁuo@bﬁl@ﬁﬁ}g&éﬂ@r ORBY-Bh B AERN ik O RbBiis(p-tolyl)borate,

t eN%ﬁi@ﬁééﬁgmgo?%g@ﬁ@(ﬁytoj}ﬂbp@ﬁ% N,N-dimethylanilinium tetrakis(2,4-
%ﬂ%&%lﬁﬁ#rl%%té h *N‘N‘ (fﬂﬁ@ﬁl?lléhlﬁ(lﬁﬂ ocla&‘zik)s*?@ Sﬂﬁrﬁethylphenyl)borate

ani [i’'nidmtetrakis(mtolyl)b
25 N Nl‘ﬁ-ldmthxlhlahmllmnl unﬁetrdtlﬂé,lértBS((Qlﬂdlloromethyl)phenyl]borate, N,N-

%gﬁgwa) %@{fﬁe Nfoggg%gglla%mthﬁﬂléhﬂ%rbemum tetrakis(p-

N Nl}d)lmmmyl atnplhelnmlcubenlum tetrakis(m-tolyl)borate,  triphenylcarbenium

}\E{ﬁggﬁlﬁ@%é?%}j?ﬂy? L}{]Jbora?er omet hther%Qr%/ﬁ]ééﬂJeg%n‘? te, tetrakis(3,5-
t eﬂm&lﬂmﬁmmlafmta,or ophetriph}tydeaghieajunt r i phe ngttakasf Hebisifluoro-
t eltnre&lk )pﬁglyﬂ{)grat)e triphenylcarbenium tetrakis(pentafluorophenyl)borate,
tropylium tetrakis(p-tolyl)borate, tropylium tetrakis(m-tolyl)borate, tropylium
tetrakis(2,4-dimethylphenyl)borate, tropylium tetrakis(3,5-dimethylphenyl)borate,
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borate, triphenyl carbeniumtetrakis(mtolyl)borate,
tri phenyl carbeni um tetrakis(2, 4-di net hyl phenyl ) bor at e,

WO eooplessyd car beni um t et raki s( 3, 5- PCT/US2005/000278
di met hyl phenyl ) borate, triphenyl carbeni um
tetrakis[3,5-bis(trifluoronethyl) phenyl]borate,

trirghyeimml car benéﬁ»amst[ﬁtsrb@d(mh%ﬁ{eaiyh ?Hé RPb&a! ) bor at opyiium
tropyllumtetrak|s§$tol bor at e, I'i um
a

tetepralm;(girﬁarf{u@{oyhe)rﬁ yage, It lgtﬁly'{eprglﬁﬁ(penta uorophenyl)borate, lithium
te{eﬁ@lﬁb(ﬁl(e%y]ébdi’étgqmﬂwrﬂ RS gpb@f VbEratel TiRRYh & kis(m-tolyl)borate,
tetrakis di met h henyl ) bo

rate,tr opyl i um
t elithie s[ 3, Betrkis(% 414‘11F1€Fb}’16h‘§b’ﬁ9¢171’fer henyl l}tbléﬂ’ﬂat e, tetrakis(3,5-

5 U1 @by ﬁ@%sﬂreuor i RERmAf k&mm@&%) ts%efuﬂ{ € tetrakik(PkitFuoro-

t et rak| ent af phenyl ) borate It
t eph@kb@(%h@ﬁ@mlpkj@tr@k@phmy )fviotate, sodium tetrakls(p-tolyl)borate sodium

i e{er glég(ﬁl(tg ;@)8{)%* g&éiﬁ’n tetljﬁf(l%gi &H‘n[ethpll ﬁ]ilysl)kﬁr’ahej sodium tetrakis-

dl (’Bef‘t &lweﬂiyhnhyxiy)l}bonam e, sbditini urettafluombbsife3, Spotassium  tetrakis-
| it hi.um,t traf uorobora

bt B LPBAE: Bt T B UPe Boili torai
10t etoﬂyi)bb&(ep hpdityslsmnb Ot@ﬁabl,s(nstlﬂylhhairate potassium tetrakis(2,4-dimethyl-

: :]telgegllﬁ S ,E nglt%ﬁ}%gieg{ Eis( glirqj:mylphenyl)borate, potassium tetrafluoro-
t ebdiraﬂej Sfd{n%ut@}l)ﬁﬁﬁlbyﬁlmhemwakb@ ﬁl}&)ahﬁlﬁﬂatb{m &Qﬁ—bﬂﬂyl)ﬁnmomum

i met | ) bar a odiumtetr
B T YRR, CRb Sy Dbt f A S LR T fiminac,
P Ofﬂﬁﬁhwmﬁﬁbﬁ@hl sirpkie3yd-digR g eny Rl aSiISAtE, Mri(n-butyl)ammonium

15 : :%er (g%'ﬁqff%yoy%rg&agpgnatgg: gg@ﬂ H}Wethylamhmum tetrakis(p-tolyl)-

t ehlimkiaf( R I@dﬂhdﬁﬁ/ﬂﬁﬁhﬂhﬁﬂyﬂr&klmﬁaﬁyﬁaluﬁﬂﬁaﬁ N, NWimethylanilinium
tetrakis enyl ) bor at e, FOt assi um t et r af |

di met h h
uofegalsgg,gtc@netpylp]eeﬁ %}9{) 15125%%}}{ @methy anilinium tetrakis(3,5-dimethyl-
{) Ebaﬁlﬁrﬁmﬁt‘él mg\ﬁéﬁﬁétﬁ}ﬂﬁlﬁhmﬁﬁl' (tBernid y{&ﬁm}bﬂﬁyl)alummaw

is(mtol lum nate, tri(n-butyl)amonium

t etr}paknyg@@eamm el (- tehilisiumsinae, Eiphemyldsthepiva fetrkistmntolyl)-
201 e!ll'hf%lff af( 3n§h§1ﬁ%@z Mlme%ﬂa}d% yﬂhﬁ]l"laettﬁylphenyl)alummate triphenyl-

tri(n-butyl
t ecarboiug péﬁtaéfS(%dvpﬁbﬂyhf)nal)@imnmtee triphenylcarbenium  tetrakis-

N, t

L AT AE SRl PSR PR oo
N, tetrelkipfot -lolpDakwiinatd, um  tropylium tetrakis(2,4- d1methy1pheny1)alummate,
t e{'{é@)ﬁhﬁﬁ( Zteiflla;cggl E{}érgn ?@F&lgb t{@ﬂ nat n? pﬁeérgl; sSpentaﬂuoro—

25 aI plmnmlaahanmm;el\l-ldlhlm hwtdns(benmeMdpheWIMmate lithium tetrakis-

ﬁ)r}]lt Ias}tl)la M ﬁhslr ;é al ug{ gakl%‘:ipw i;egZL? al um tetrakis(m-
t etoﬁ}ﬂ)allm(lmté dithihn- teafaummﬁmemyﬂp}ﬁhﬁwxhrﬁmmbe fithium tetrakis(3,5-

E:Zéiﬁneeﬁ}yﬁ% Qyi)faﬁlgw?aie? )?/}ll ngqn l l%{ﬁnﬂ‘grﬁ{?%eaf({g‘—hf%h getrgx)é{(is(Pentaﬂuoro-

tr bhﬂh@lf)@llhlﬁﬁmbendell’ﬁrhE‘t%Mlﬂphenyl)alumlnate, sodium tetrakis(p-tolyl)-

( S%Bé%a l(,lor engﬁé%%u%qg H%IP%%)S?%&W tetrakis(2,4-dimethylphenyl)-

t ehlumbdate( Msddhd| gt (B3t Emethy PRy EIRMLISHKL, akiodiud  tetrafluoro-
, 4- di et hyl phenyl )al um nate, tropylium

t e lMERAtE( 3pRfassiviet ieTalsEsyiailugrophenyialumingispy Potesium  tetrakis-

t et raki s(pent af | uor ophenyl)
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alum nate, lithium

tetraki s(pent af | uorophenyl)al um nate, Iithium
W edosaksssd (phenyl )al um nate, |ithium PCT/US2005/000278

tetrakis(p-tolyl)alumnate, lithiumtetrakis(ntolyl)

alum nate, lithium

t et ' I

ot {pgé'}y?)%%mgna%d %@%hﬂﬂ%ﬁé@ Jtdiﬁ%%tﬁgte 136t5§sﬂﬁﬂ tetrakis(m-tolyl)-
t et #lamingtsr pethasivion setrakis dmhylphenyl)alummate, potassium tetrakis (3 5-

t et r.aki p [

t ot PR e B ALEP PEta SR B B8 HOeyepy o fonising

al uivhicgbmpowdds nwh Itrmteldatlmrg() i the Ipyes§rdi iventieat e, s od| u m

%etrakis(2,4-dinethylphenyl)- al um nate, sodi um

et raki s( 3, 5-di net hyl phenyl ) al um nate, sodi um

t et Thé OleindMahanmemat e, pot assi um

: :: : gt: é%g?%nt e‘?s%l?ca'ou aﬂle;t@t}éé )rgaoc ag SsS {3 arep seﬁﬁ Sllnut'ﬁ]e polymerization

t et pzakﬂsﬁs prithodajaly)sa cempasitioas ambpras@sasmfthls invention typically include

tetra mt ol -_alum .

t ot P27 SR Re ebing et 1t O RRET R g wclegp and having at
10 et Teadtiomie (clefinic doutaé byh@hemyd jrvbativnnaicempedsabicthofdlymerization

tetrafluoroalun1nat ver, the_ionizing ionic
conffBERiEFsi YSihbt? [Tt etlokh ek i Ry e pPledEppylene, as well as

| NVedpbiyRierizatios rSh@foh® wWHRNANREst lofe ANeer@ft RA&nic compound. In one
unsaturated reactants that are useful in the

pol §AREtio A PRIV PPTEEEY Egctignaf celhudear f@pow@ﬁﬁdﬁ iethiylsng comprise a

andmBoPsRsER 9t Qhylhd 650 W(ﬁ@f)ér%t)ta)‘lﬁ ly Gthbarh St 88&monomer <50
ol efi'n conpounds™ having from 2 30 carbon atoms per

1ho| welsl eeressd). hovishgthist 15| vist rfm@ermréf niTee gomphamdypipt can be
Thi SopbRYRRLLORIE W%ﬁgﬁd hapo ﬁglnytﬁf‘ere tpat %](PF'arbon atoms in their
processes using a single olefin such as et ene
pr ofppleear chaig. mell as copolynerlzatlon reactions MAth
g]E lae?zt &Eﬁc q#’ Zlg:f glﬂ&};cgg C %ﬁalgmﬁimaéhnear,%ranc ﬁ%u%gtltuted
of mtshlyduanei Gowfivhdieed amhpm—f@ﬁﬁ)cﬂﬁhzedfolﬁ’tdﬁyﬂl@ﬂﬁ e(rr?;ﬁ@ed in this

l e rce and n1no unt . of conono r <50, nol .
20, GBTR ek SRR e AR S PaRaR ot gy b Dofmerized
conwiib fRrcatatysiaof ﬁﬁ@lnb&tibﬁﬁﬁﬂl\)ﬁéﬁbut éﬁ’mo‘t\dlfnﬁte@tdﬁ )éfo@t}}%ne, 1-butene,

shoyl d. have f hr ee .t carbon atons in

o DBl “Sral hp e ebuGats [Pty SPERERe: 3pas hlriapentene,
( a) 4-nicfttyd Ghtend,| NB&ene, bI-BAERE B-hexehs; t3-dtif1€0hexene, 1-heptene, 2-
unsubstit ut ed, functlonallzed and non-functionaljze

ol ePiRRRCrishenikne o the )y @arpa) octsnes. the fair mpEpRl npggnes, the five normal

28XaaRkRos, bPnfiAkirdd STy R dr aRMP U tHRlicBY ]8yclic olefins,
polymerized with the catalysts of this invention
i ncingiding byt nok Hignifed fo, (cyelppeaienesyclohexsys: apdormylaygs nogeornadiene,
2- by @Be1ike hﬂ?'émblbe lpoi%ﬂeﬁﬁ&i as'd%&li’iﬂ&y 5&09 1-pent ene,
2- pent ene, 3- hyl - 1-pent ene, 4-nethyl -1 -pent ene,
1- hexeneln szr@é&%%ewh@ #espahemerss desived; thetrasmomer ethylene may be

1- NERYoRMRriz&T with a comonomer. In another aspect, examples of the comonomer

30  include, but are not limited to, propylene, 1-butene, 2-butene, 3-methyl-1-butene,
isobutylene, 1-pentene, 2-pentene, 3-methyl-l-pentene, 4-methyl-1-pentene, 1-

hexene, 2-hexene, 3-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene, 3-heptene, the
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hept ene, 3-heptene, the four normal octenes, the four
normal nonenes, the five normal decenes, and m xtures

wo@Rooanysstawo or nore thereof. Cyclic and bi cycl PCT/US2005/000278
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ol efins, including but not limted to, cycl opentene,
cycl ohexene, norbornyl ene, norbornadi ene, and the
| iféaer nommea} oatesss, the fpwngmms h«z@deasmulmsﬁ:wei oedalaisoenes. manother
one ect when 0 s r e

F’Pf?ts comongxge 18?%?‘5 n%)rq@{el% V\ip? e ic, ?%ﬁ%éﬁlloghe %Elréﬁéml decen§
amomm&heaspect exanpl es of the conDnoner i ncl ude, but

I t ed
o et i o e i R BES fobienore? HiGhe 3 h dftiagyezone to
3-pidtuby the'cop@jﬁn&nﬁ geflerBL fiyth - | ©J0@16 €N, wighth®X@AL comonomer
2- hexene - 3-ethyl-1-hexene, 1-heptene
2 based e t‘§a1h@?}81étrféf the porotR” ARt ﬁcavonaz%ni% angther gspegts the

NQE¥Bht GYRRMoMer BfrodifRed {rtd/ 8 rétBPiond e &RaS- 0101 to 5 weight
anot her aspect, the conmononmer may he 1-hutene,

1 PERRIIAIONM e athdn sl é’é‘tﬂéﬁ‘ﬁé‘SPiQtd fewne 0-lofo sty weight percent

| RoRBRorAEP®8ded bRE tRMSAL WRE lﬁor@n%ermdﬂ%hfei‘)dmdco'rﬂ&&ner
a reactor zone to produce the copol ymer is general

f rAdipr@tigaly.t §h 2o syHiciopk fo gife @ém‘é’ﬁ‘cﬁré?scﬁb%deép@ﬁmf%@ns by
t Qfbnt R b mb R JRALHR be #AEH. COMONONET . I N anot her

aspect, the anbunt” of conononer introduced into a
r eact orVhilsrimt jiferidingnioghepound by thsi parypirtbe gyent that branched,

CQUDNERANES, or ‘:ﬁﬂ{éhbﬁhh%d !)ltaﬁlﬁna% ﬁ td 8s Pé%@t‘éntsf ﬁqgnbghelfe& Qha? steric

wei ght pércent conononer based on the total weight o

t téndmmneo megy nprede andion miow. thal ipelymarizajion yprocgss. anidwsit branched

g%ﬁ/o’?' ﬁ{ﬁc IISo%@ké of fi€ @Q%‘G%r{jo 8@0%%%&%&% e g:ta%b%ﬁ-scarbon
y weight, in copoly uce can be use

Wdohﬁe othd wotldnat b ekp)}:cfeé td)blmﬂdr thp reduition tid ﬂmr\yay that thhesame

ch bst.i t t f
0 S RS SR e oA RARE ki

‘stiafoh€ afpetitl hioleas® of@ yeat it efoetha ndtadyst sbopositiods of this invention is

pol rization progess. Thus, branched and/or cli.c
PS50 of Be oS BTN Moo 78 SoMiEn BoTPpaERons  or
c afob(ﬁmméﬁaﬁm \dﬂubﬂﬁfe&(ﬁﬂﬁymu kelclivpteriaE Xpeahle ﬂnéa@ branched,

hi ng% ?ﬂrél%glf 1Lg; ed Ooqi’.ﬁs{] eI%’?%%Elﬁ%E tgg p;gtaf a’ggorgll)osmons of this
c aﬁmﬂoﬁﬁapwuaa h&bﬂ)(ﬂyﬁﬂ&&dﬁdﬂ @hdiolefifl cOMPomIR 8AdIudiAg but are not
| east one reactant, for the catal yst conpositions of

t it iR dm-PHRlisne, ispnisiice hé- Pe%tadieﬂ% 2B Ly rRSKAGSRS ons are
ei t her honopol yneri zations or copol ynerizations with a
different acyclic, cyclic, term nal internal, |inear,
brParﬁemaongﬁ%@ﬁ#a}m@n&om%%ubst|tut ed olefin. In

addi ti @ ond N@eb2A H9inti6R ERBRIJLRES QfalyshESmposition 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, this invention encompasses methods
of making the catalyst composition encompassing contacting a first metallocene
compound, a second metallocene compound, at least one chemically-treated solid

oxide, and at least one organoaluminum compound, in any order. In this aspect, an
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invention may be used in polynerization of diolefm
conpounds, including but are not limted to,

wQa 2@slessadi ene, isoprene, 1, 4-pentadi ene, and PCT/US2005/000278
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1, 5- hexadi ene. Preparation of the Catal yst Conposition

In one aspect, this invention enconpasses a catal yst
COAqES ichtaly it COOIFPYitici 18 gbtaihed a0t BE tatfly @ dusipodntart cbithcted in
net al | ocene conpound, a second netal | ocene conpound,

at "Pe&8tEhY €hdni cal | y-treated solid oxide, and at

| east OMEnEHEHIRRT HIThS U eRNP EHeTE st 1ﬁéialﬁid@ﬁer&>hlp%ﬁﬂcﬁ @fe second
this invention encorrpasses nmet hods of makin

cabgiailetene cREBeId; Gh bathc Bp SRy dsnpgeqnt da“‘l“ihr%ft olefinic

MefdhéRGE Nt CATBAMMY, R SREANGndRERL | BCare pSB/m%ﬁH&fj’ and an
at | east aone chem cally-treated solid oxide, and

| eERNBHENTBYY a5p68R I nd dBSipBeried of rflrawr@r dier contwtmg this
t h?ﬁc&fk&%’éatmlxﬁﬂéﬂth e cﬁahﬁhlyys&eamw&n Th$n 9%;@5@9% first
h the catal yst conponents are contacted In an

s eBude tipre for epsiact, tha peagouthes tinegs petwieerothe mpitallocene compound or
in I e

VLA, 0SSR L8O SRRy 156 W
pr @ngfmm taewi @.h hawr ©l e24 hoersprembifiom, Mot tonedebsmaris Itypical.
th '
BB BRSO S PSS A o ¢,
prior tlo yebatdksriasmpot dsﬁ thispnentint,agtce (ﬂhmpmd:qnta&te\m mixutrh ef the
ch neat olLid oxide one as ect

ﬁg% %@(leornxoé 5 rﬁgaﬁ Cptic colibo %%Sf ofé{' g ey r‘?flg 8{ga{1?zﬂ1émmum
bet(wataiyst IIBeocvmetc&ldI witle nie c]mrtpcnllydtreerted: @mrb orids, tHidhreomposition

nonamner coO
15 0 Bttt RPN tefimicn e Boted Rl Sk RS gagicontected
f r mirt@re 1 TypicAllyhthe Ipost&)ntay(éti ﬁiﬁktulrd:ih%@pﬂoﬁ@llﬂy bd ﬂﬁﬁveﬁr’c@f&nam in
es to re also t I Ca

o ST & st et St Be friar 10 betSE initating the

pr palgmesaties pricak UMTE o8é aépaer, bostsdntacs ﬁﬁféﬁl (ﬂ)etw%én R Precontacted
ol ef.i n npnoner,

rret al |l ocen ds,
Bag At hﬁf%@ apajd sofid oxislermaat r@agwntmmf ffem 0.1 hour to

Ch,@ﬂh&ﬂi | ¥ ahbtBEtBSkcE MricfaBib, Fostchith& tRATRRR tO Pﬂour to 1 hour
(further conprising the chemically treated solid

ox?8é)Pifad t er ned the postcontacted mixture. Typically,

the posﬁ%@a%&@ﬁle?&é&ﬁfﬁ&mﬂe %9&&(9&%&1{% t@? o?lblcﬁhv\ﬁgy {nBrease

remaln 1 n cont act or a second peri
pothedsrugtityt afitee podymesras compasied do thﬁ iseing catAlyst dpmposition that is

POLXMPRED $AthbRHrREREERS or Qst&ﬂﬁac@i EHowePQS B&ﬁ{& 3 recontacting

ti mes between 't he precontacted ture and
ch&mg %%flalHPS*P?@M@&IS@MI‘P@%X@d}l@rﬁlﬁlylmm@@ intime from

0.1 hOUfhe st%éntgh%'g rﬁlxtdr\g m%g E%E’ce@%ﬁ? ﬁe&rﬁ)eia%re %ﬁ&l% eduratlon

postcontact tines from hour 't
sufficient to allow adsorption, impregnation, or interaction of precontacted mixture

and the chemically treated solid oxide, such that a portion of the components of the
precontacted mixture is immobilized, adsorbed, or deposited thereon. For example,
the postcontacted mixture may be heated from between 0°F to 150°F.
Temperatures between 40°F to 100°F for 15 minutes to 60 minutes are typical if the

mixture is heated at all.

51



are typical. In one aspect, the precontacting, the
post contacting step, or both may increase the

w@e@dnetsivi ty of the pol ynmer as conpared to thECHEA®05/000278

catal yst conposition that is prepared w thout
precontacting or postcontacting. However, neither a

pre C o Nt AC bhd @spb® fthé Qholar mi‘@t 6O NheAGothINGnSELPf afir€t and second
re ed for thls I nven The ostcontacted m xture

o685 CHRPO %C%wﬁiéi 0t STEACAIYBITU CRIFBAIAG Ay bo from

s uﬁfu 11 €nt0,000. ainl MBthaClEPEdR] the MoldrTRiE SN Hel B nfies of first and
|nterqit|on of . precontacted m xture and the

ch&FfPRAmPplleqene ¢IpPORRgS Gombiied do the pEgfneHAmIRITY epEpYRd gay be

5t h@omonpioie |'1't15000f andRE alAIRE SPLACKSH M1XbUN & 0bS These molar ratios

i mmobi |l i zed, adsorbed, or de osited thereon. For

ex Hitlsrlethet atio b sthe defeherokss ofi st and ﬁafgm@emq@ap@e@e fqogpounds
betyeiRed 8 fhd Btal 2Bt of &gﬂﬁ)ﬁﬁhﬂﬁlﬁﬁ cotpoMnfin ﬁgt?_i tflu?preﬁontacted

1000F for 15 mnutes to m nutes are typic
m e apd the pesteantagted apikturaropineds pect, the nol ar
rati o ofyptd pREMacRE §8pOfs &d S8 r}ﬁiolf\r ratio of olefin

58 S gerf'%%qjly
net al | ocene conpounds- conbli ne e’ organoal uni num

10 c o meoenel terdgtaliyeoles efifirgt: andtsecond n@tadiogene Iqonmnwmdsezombmed in the
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I%%ntac‘iég%m%k ay B fefln 116 BE Oﬁo%% E] i & St 000:1.

secon cene conpounds o |ne
or ganoa]nwmmhemaspcnmﬁ thidinmentioh.ethé mrghﬂrailot of tlie EhdMibally treated

and.in a e froml:1.to
ot TRk YRl RR St &g i g tiam g o001 I
f| ami‘theﬁnzd;pﬁﬁ,c cmdwaghalritm eNehe ehRAAYS tﬁe@féalb Ekﬂﬁl LRIdEh® the
In ot t he

unt o noal.u nun1 npQ
5 or RREREIRBL RoRDOE TP o0, o P e B66 i St apher aspect,
cofibimnad. o@D, a precontacting step i s used,
gener al nol ar .ratio of olefin nononmer to tota

mol es © % ng?”ﬁﬂﬁ”§ggﬂ%ﬂwﬂ%Pﬁ1@86@“%“6@Hb8%ﬂ8§h“andSﬂmnd

COﬁiataﬂle@nd: BorkR@ndy @EHMeACS 6 dﬂbﬁﬁfculﬂyetrémé’d 88idf 4848 thaylBe from
éOO ooo(ﬁ 8r from10:1 to 000: 1. In another
b d1:9991090; Jm yeang ef %SH%Ct\% ﬂ@htn"?%ﬁl% ﬂtﬁ Wtﬂﬁbt ratio of the

C h &1 GdldsYoft firfain@ Re &l 'n‘il:tag%bé;ﬁ dofh Bl!ﬂﬁis Qf ognRal rﬂl@ EfPmically
onpound_may range from1:5 8 I n anot her

asB%aé?d sofif oxiglei igHeh gy ibe f@m t ﬂqéodhenh J&ﬂ 90, and dmpeether aspect,
sokbgh a%bde f.eodohe organoal um num conpound may be from
1:3 to 100: 1, and in yet another aspect, from1l:1 to

50: 1. | Qneaaspest o dis ipypetion isfhat Rlusiikoxeemnis nm Jequied to form the

\A’ei:agglgst é@l{'lg(%lt | ne%ﬁ)ts%d }€ ém, atﬁr%(ﬁl%ﬁ QH{()\E/ea VS d%glgfpleldproducnon

conpo em Ca
ox Fei¢s- madcchudifglonin  one aspect the present invention can use AlR;3-type

organoaluminum compounds and a chemically treated solid oxide in the absence of
aluminoxanes. While not intending to be bound by theory, it is believed that the
organoaluminum compounds likely does not activate the metallocene catalyst in the
same manner as an organoaluminoxane,

Additionally, no expensive borate compounds or MgCl, are required to form
the catalyst composition of this invention, although aluminoxanes, organoboron

compounds, ionizing ionic compounds, organozinc compounds, MgCl,, or any
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1:1 to 1:1,000,000. In yet another aspect of this
i nvention, the weight ratio of the total noles of

wo poosoesamd second netal | ocene conpounds conbi NECT/US20051@00278
chemcally treated solid oxide which may be from 1: 10
to 1:100,00, and in another aspect, from1l:20 to
1: 1Q8Minabbe tl@&&ﬁ‘cctanoéptiohﬂ%r iba\uem ir0fhel Satdlipsit composmon of this
aI um noxane, i S not required rm.the catal

BEHPR- o A UER c Fh S5 ATl F?Fata!aYSﬁs S, Po o R fotaips ggeanoboron

| OV@ﬁan@xhdé "RhizRIgOidHie tdofP oS! GgandEif® b&hﬁ@hﬁs, danyN®mbination
aspect, t he present 1 nvention C% use

or ilipveef T brued BhERsaRESTS aYith the teﬁ?ﬁéa?qng} T dBcee compounds,

$0l LgheOH fie g&&eﬁc@eorqtastﬁa Gsefte G RTEIRENANG Sreafl E&ldn&&de and
I ntending t bound gﬁt eory, it is believed that

t heeitherjanlsatrensheeanie Bapbighersof heloagapodlwaBumoeompaundst e

the netgll.ncs {;@ctcf% by g@gt chthﬁea&%l}F@Gf‘ﬁ'is Bvefiibn is typically
or ganoal um noxane tiona no expensi ve borate

co ngreumbarmr eyt tar E00r greros P‘éﬁﬂt}’éﬁnﬁ mrrﬁfiﬂh ef ehemicyly treated solid

Con@)&? per T r%%ulo abBJéb%ﬁd%‘é?(g&*r% &?l flpé}}f)%r Q i n,[}fs?é( @ﬁ?@st of this

gano ni zi ng’'i oni
1(¢Dr gmmmuon ana;obqa@hmdae;nzb@(ﬁy & aczmnvltyarmjtgmmmhmn equal to 250

t here ptional ly be used in.the catal yst
conpERD bRy i Snotlaneethn ebibig So Hab cnepuldo 500
COCAH/AICMSONFUCR a1 3hstibM P8R he AN BIOKME invention may be
conpounds, ionizing ionic conpounds or ganozi nc

co nﬁ@mqtys‘zeddry amaetivityrbf greaterohan tieerend fio O eP/&ekSQrhr), and in

cocat sts with.the firs nd secon I .
corr%nc? undsSpeCTT h acmtﬁ °tf eaperr eMBNeé q%arl Pﬁb @E@Qﬁég )f This
15 heagtifizgyriCabsyredrmdeedusyp bolgmordatien c@ﬂﬁloas,t hﬁﬁg lisobilithee as the

pre in the absence of the or oal
G YiE s eV meranes womeau off 900 oatd 0 f9ibte RiRgsure of

cat 840y pdig. OfTHe NeSotdrn¥R AL me |s§bs€a&iﬁéll§/ahd mdwaﬂ@hecsf dryaRall scale,
or equal to 100 grans_pol yetra%(llene per gram of

cheffang Prypth%%@ Sling uRse "@é’f‘esﬁﬁﬁﬁsuf%ﬁ‘?tévu at ed
gP/ (gCTSChr) ). In another aspect, the catalyst of this
i nvention maé be characterized by an activity of

2Qr eHtility of thtrCatalystGampesitionip Repymieyizatien Prrgessesnd i n

anot her ”Pa%&e%lproﬁ@esa&trﬂevh&lyln@lftmg reﬁ?ﬁﬁ;ﬁés & @Qtagfstseﬁidaﬁreparatlve
to 500 gP/ (g n still another aspect,

cat eangiiongfory ﬁiescarfadmpf the prasenbénventignac @}m@awSang the
act %éfz%%s\fs Of th@ B AnE6n LARR Hrri&HRkn 1 B} known in thefart Such

gP/ SO hr and 1 n another asp ect an activity o
gr epelpmerniation moceaq@sainclvée zb@t)@eglpt ljlg(t,adstgwh)lrrymibsnerlzahons gas

2§‘Ct él}(atsé éolgﬁexg%ﬁ?]ﬁg ?ég%lg&tdp%ﬁ n‘?‘éggg‘c{oﬁ égglli }H&gﬂéﬁ% %ghglﬂ% r{lﬁltlz-ireactor

poI ywte‘tmnai@m dwretoénﬁénatauy @olyfeSfitioC zonealh vam ire tHeydre toeproduce

pr est%ulene contammg polymers can be utilized. For example, a stirred reactor can be

utilized for a batch process, or the reaction can be carried out continuously in a loop
reactor or in a continuous stirred reactor.

30 After catalyst activation, a catalyst composition is used to homopolymerize

ethylene, or copolymerize ethylene with a comonomer, A typical polymerization

method is a slurry polymerization process (also known as the particle form process),
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550 psig. The reactor should have substantially no

i ndi cation of any wall scale, coating or other forns
w@bBoosoessing upon maki ng these measurenents. U PECT/U$200$/000278

the Catal yst Conposition in Polynerization Processes

Table 1 provides sonme non-limting exanples of

catvhicl Siteswall tn e i tha taktvamid e dis é1b R Sfol @kahple i al.8l P&b& No.

of é e _.present .invention, Pol rizations, using the

cat’ *iff%,% s ik HS SIPRUAES JY efFremre BIFI ot gt ShtiEetyny Other

MBI PlhertAOYR thdihdds €ofaiht . prevefth iR SANOAEIok ZHhirP hréleQEs SRE Shose

i nclude, but are not

) limted to slurry

pofYRIBYPE alqoprgaciq a5 thp e displatediin b Brieahio- B8kT0otnd those
5 PohiipRd i At 1@RKy SNGirfelGedotdf® eittlel &h WY pAMIILI of €8%bRktions

conbi nations thereof. Thus, an(% pol ynmerization zone

knBgrsof: whersin the reagtipnserditions apy differeridn therftifferantrgactors, which is

POLYARESp &R RS réttichdedflin, FO ol'e, a stirred

reactor&gan be%ti Iei zeed %néé: gseglgit%gﬁ process, or the

r eact i otelyeerizbtorctemperedireofot thisoinvéntion opically mamgek om  60°C to

reagtar in . a continuous stirred reactor. After,

ot S s vith 8 EeD Terightion e o, Ropre B BEE  WPISHL Qposiog tereen
10 honmwpabymercze et hyl ene, or copol ynerize ethylene with

a conononer. A typical polynerization nethod is a o

sl ur ry Peippherarizaiongeechpneisally efowis ik o ieriatmpdpbere, that is, in

PakitioShtRrel QHIMRIP GRS 57 0B thdtirRer\@ibltadt R hnhParb e liktions,

and are disclosed, for éxanple in U'S Patent” No. .

3, Bug m7te ohserds PE Waite asplbe arediopybeginser diversforer aidny, inert

I NaddoSoret | ' LN : :

pr TSR P el 8 nft A b el S HAIOHR Sho b9 in e
15 enplpyerivgtien feaddpr. r eact or of the type disclosed in U. S

Pat ent . 19, ilLized in a

pl ur al i% %@yég I?Zragléxg r?agggrl %Fegg@f ;é %flérbei ahl%ls Felsseusm,3 that does not

pardyetselly affeet the pblymatiiations repéteneafd, it wpeadiy rohdieted at a pressure

re ' itions .are different in,the. di.fferent
e e Pl SRS, FoBP sttt B are fom
heateloppheti) prdssure id i r1600/ psiahyoeypizadly i fesint efpPesiatiolr e300 psig.
fo his i.nvention typjcally ranges.from 600 o . )

20, Ottt ibEE ot Rl S okt R s, ke ol bibeinHeien to
t y@inaal pofympendédulig werhtveen 70C to H Q0C. The |

pol ymerj zation.reactign typically occurs in_an inert .
at nos pr#é’i%l?eftzﬁ%‘tnsi“é{ng ths 03%3&% (h Eisingeion gan b cagried guipin any

OXgheer &ncwh Nélethe DS 1SaEH ipA)ckyesAtHAY d5:0 Yolyn@dk tthOfbiners into
thus, in the ab%ence of water as the reaction begins.

THRYEPYF gy PU§ 8 (noht ifBdidhde eslurmopolyeraionsdrgas phase
25 Ni pdlpa&Fatdnsd 6B PRlymbizatividl 6ad iiLFRRLRY @Amibthati thereof,
polﬁ/msrl zation reactor. _
Thus, any polymerization zone known in the art to produce olefin-containing
polymers can be utilized. For example, a stirred reactor can be utilized for a batch
process, or the reaction can be carried out continuously in a loop reactor or in a
continuous stirred tank reactor.
30 Typically, the polymerizations disclosed herein are carried out using a slurry
polymerization process in a loop reaction zone. Suitable diluents used in slurry

polymerization are well known in the art and include hydrocarbons which are liquid

54



The pol ynerization reaction pressure can be any
pressure that does not adversely affect the

w@oiogessizati on reaction, and it typically conPUUS0H000278

5

a pressure higher than the pretreatnent pressures.
General ly, polynerization pressures are from
at ﬁmﬁp Featiion gindiiong. e Tho térﬁﬂmllpstit‘g as et dn ttlip idasa]olsgte fdoesmort

.to 800 Furth d
© R B arD ap o BPURsE B P & TFLA Moy gmpounth anc
COéHnlipbhmbﬁH ycrmr map| eqiglittuie Wei gblymeRakiyirepiozas.i OMBxamples of

e ts qQf this i on can.be carri
oub FapeEiys AP RiFO bE B S D aifcint BROeb Qs herane,
tbhﬁt)blﬁaﬁq@ ﬂlodull/d‘ﬂi@ r lpfogaﬁ'ﬂ? I’lﬂilﬁxlta‘ile | Ekblpeﬂﬁﬁhby fespeniafs | diden-hexane.
ut are not. limted to s pol ymeri zati ons, ¢
phiyucally) aktans 4 pisdes tGe filefioh ﬁo% ﬁﬁmfl%asﬂ% Bxgraples of
”U{h‘ié ek BRASY" ar6 O & TONSPdidinenf 4, 4“éht331 ansm 885; 4,613,484
meri zation zone known in the art to ro uce

ol @%?ﬁ Enead APAGSHsIeptherlsWhigh 190’@"%??@?‘3?@@{ refeggpce berein, in its
exgiplie, a stirred reactor can be utilized for a batch
process or the reaction can be carried out

10 cont i nu¥aristuy Pelymerirasion reasist aie oRiemplaiedc by fheriiesgat invention,

20

25

30

St Ertﬁgd th@lﬁhl r“?@i%@ﬁzatlgﬂ %a%%lr’l’ Yncldd@@ aH§’ Weh%ﬁfoh OB&tor or

di scl osed ereln are carrie out usl ng S urry
pobyimerization tsactpr ystemsknown dn the o thas dceapalnie phpadymerizing olefin
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diluent.

Polymerization reactor systems of the present invention can comprise one type
of reactor system or multiple reactor systems comprising two or more types of
reactors operated in parallel or in series. Multiple reactor systems can comprise
reactors connected together to perform polymerization, or reactors that are not

connected. The polymer can be polymerized in one reactor under one set of
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reactors can conprise slurry reactors, gas-phase
reactors, solution reactors, or airy conbination
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Polcytitiong,abnd nhére @t Polymstlichmbee yhasfertedetop ﬁe§6361}id freactéinr for
i nventiogn _.can ¢co se at least. one raw material fee

sy Spemeriztion ngﬁj@r‘?“é &go t%@%’ﬁw or catal yst or

cat al ysin ¢@ W%ﬂtﬁe in®éntibR,aBd pddiferiARGH 1@4cti §éte \carPdomprise
| east one recover% system qr any suitable

coRbEHAPID 0? NiBpry 90108, SEAFAE e Ak D frofhe N eanseomprise
| Vg1 HoRPortMIbAIR! SRAMEIPS LaRRYmARE a Qhel€ WHY Hat Ee@f@s of
of , a catal 3{st storage system an extrusi on system

codoPhgMiiile lnopeasiary et compeiye beth geripal taahhorgzongal loops The
C0@fuﬁ?|po%§h§£ﬂon&éﬁmer&%ﬁﬁé'dsmcﬁnor Qﬁmgdl%t g;&f‘l:ér{‘&ﬁ%é%e the

take-of f "and direct recycling o uent
andatplgsty s polgaser aFkamplesont |sm§aiqlss splmmesscégdec hptane, hexane,
CORPRSarleNSctERN I Tk NMoAGH

caqgg ysta é oﬁ]uent nlb n%@ga %%%@%él?l zat'l ongr e%c?lﬂonomer
ana@ret qwetnwnslv rf@ﬁow logprwsaator fvhenmpohinsriramotoosursf Palymerization
su rt

ai TREARP AL FRFREA S AGeP Oy FtbeobR | RERE By e faped o
i nvemve te S@hdmmmpr [ se one type of reactor system or

mul tipl ga nprl S nor.e

o f rean r Sg%ogféerra sgac %gr é]i“ieg 1ong &1? r?ogg?erlé%tlon Ye%ctor can
Mulctmplise atdeast one gyspm rmmr C(ﬂ‘ﬂiplli Isﬁﬁnﬁﬁ@dﬁt ﬁﬁlﬁioy a continuous

sconnect e et.her to perform o meri zat i

157 oRBYOF S PR OAP S ihe 8 HOE FRS G BEr PHEY ¥R soueh the
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i nvention, the polynerization reactor system can

cofpFPdamopomes 8%41 beo%*éecl 9aprlagedhs Rolyragize® monaperh Such gas phase
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s. The slurry polynerization can per
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pol ymer s, E@rRbES: Alpctt!loh 3Rt GnRBEAE S doMHIRIRUIARS: can
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feqln I | on

Pol lirlf@lf) ?’z a(?r rYr canm d c%r gt C%OI\XI%? eh%’écfl g g?lr coordination

pr @slsnmeﬂzanoﬁee atutolar ebddtare vbn have bsvedfal a&ha@ dwlte@e fresh monomer,
initiators, or catalysts are added. Monomer can be entrained in an inert gaseous
stream and introduced at one zone of the reactor. Initiators, catalysts, and/or catalyst
components can be entrained in a gaseous stream and introduced at another zone of
the reactor. The gas streams are intermixed for polymerization. Heat and pressure can

be employed appropriately to obtain optimal polymerization reaction conditions.
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renmove the solid resin. In yet another aspect of this
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After the polymers are produced, they can be formed into various articles,

including but not limited to, household containers, utensils, film products, drums, fuel

30  tanks, pipes, geomembranes, and liners. Various processes can form these articles.

Usually, additives and modifiers are added to the polymer in order to provide desired

effects. By using the invention described herein, articles can likely be produced at a
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pol yneri zation m xtures throughout the polynerization
zone. Adequate neans are utilized for dissipating the
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higher extruder pressures and motor load as compared to PE4517 at equivalent melt
index values. In contrast, the dual-metallocene catalyst resins exhibited considerably
better shear-thinning behavior than the single metallocene catalyst resins, resulting in
extruder pressures and motor loads comparable to the PE4517 resin. The neck-in and
maximum attainable line speed for processing the resins of this invention showed

varied responses. The single catalyst resins exhibited higher neck-in and poorer

58



pol ynmeri zation conditions, and resulting resin

properties of this invention. Tables 4 through 6,
wo-e@aness1d t hrough 14, and t he Exanpl es provi deCTHHSZ05/000278

for the pol yethyl ene resins produced using the

catal yst conpositions of this invention, and for

polipetdowne Be compirts e RIAGLE chavweiag bsth athel afedk-ﬁf and draw-down

co arative catalys Q0sjti.ons. OVId
YPTmPEYe PortierabBapih %Htlﬂég?tgf reflﬁse Ourgatelyst pair
eVﬁJ paaidutin, BRIC, ReRFARI Reind that A cd@bAIESR oﬂicﬁve@&&ruﬁa%ressures

Exanpl es, foaour separate cat al yst systens

enfiorer t9r loads andsuaek-ithatihofh 300 n%andz%oaft/g}nh gpeespeeds that were
5 mB}u@! {1R88P 8ipha R BbscSr TR 1am, g%ﬁalau a{eerqmaﬂlq 1fn€§ép@§ds for

fromthis catalyst are designated with prefix

t othgEerRArEculnr Sosii§| veere: lomer gappparerlp PE4S5Y7, éi’ﬁblstél laglswough (~1000

' n ﬁyl’ﬁﬁj ® %eﬁéifﬁll}t ﬁlﬁcoﬁﬁﬁére& BifRerc@llf 'Viéﬁfes THE Efmendorf tear, fSpencer
dual - net al | ocene cat al yStS usi ng ferent pairs

meirenarb duiskadbation yusk ssalyig) (b9t takrand et#pmigz gad] gyengibhpriopiriiep for

th t . . i

{ oglé)g'@ e%éér&lﬁxgezl{a‘:l ger?gﬁ g@gneséll@%ds Bsbreos%bgt!ﬁﬁlaﬁf @cﬁﬁ@aﬁenp b1 t¥ter than
10 duﬁiesermt)mme@@éﬂ@ Pﬁﬂétkmnar e designated with the

prefixe ;

b 1) R 0 A T ARGy ot s

sysltammmﬁww(trargenem&y, rselitangialihe lfm&hvmsf an epﬂrqimateeldgh shear

al thereaf t.er ease 0 ntifjcation,
exgl n% s&y ]lg%: of §8 rﬁsms[%'f tﬁ\ fnvelﬁen IhF (2111& bghanoarstaﬁ obs'g‘rved to
codepend pﬁinhi;tlya;mathé adib ehdadPvisédsfty oPE4R Ehastidity0ITh Qikﬁtid;’t@ fthe high

Phi | P, was used as cont r

15 ' ol PR <Fotbigr O o GHTE RS PHGTE Gt SPGREnDe neckin
cabétayivt. Wewe f&hherﬁ@tbﬂdhit@heefﬁhbé@blhg genRical do}mﬂy ﬁh@ﬁnance of
ext.ruder reSfurai and not or gd as conp

PERSTo7™SI @4 GIVAFG TATEeS Gt B oS e gy theology

t heatsl e hnoR e dr A6BMRat6RE, 3h MSteemRi With fxBktPubBdhed observations.
ﬁéf&?ra |y better shear-thinning behavjor than_the

At (GRasHerne bin pRred) Wassessto depensl Weakly 9mthe low shear

20 e X{istERY, AMMOEHUAERaRINE fIFRIO hre ORFEN GRIRRERP | e tPB4% Peresin, it
PE4517 resin. The neck-in and maxi num attai nable |1 ne

s pEagoyservedi el Salhep thasamestsandbnestfon erk-in angeiiay-gewn behavior
showed Vil ﬁébafe%sa@%}ﬁﬁg 0 ﬁagxr%blﬂgh@e 664, aWﬁlE n{)l,eﬁﬁeﬂé\hng to be

exhi bi ted hi gher neck-rn and poorerdraw down
cohpey theprREhis Phseryrbine s atidited tlalifferetces in mﬁldthe degree of

d r ﬁ)‘f’(‘g donn bﬁﬁmﬁé Awell Meq}é%dchﬁﬂl% R n@ %&ac%ﬁ}té{%nhrg of fse resins.

dual -net al | ocene resins e cat a
25part|cular DC-C-2, gener at ed reS|ns t hat had

t rud d
N e
s p eeds Exvaiple\8 lr@oyts: site sdultgbbiajned tﬁ@hﬁfhe tshate mé’tﬂkeermfcatalysts,
nHXI |nes speeds f

e R plePe LT tralFy B WEbhhsi e 30 Bimesisive bijeine for
st thel dihai-gletaib@iig lvafalyt0hd the commercially available HP- LDPE control,

30  labeled as PE4517 (from Chevron Phillips Chemical Co. LP). As seen in Figs. 1-4,
all the single catalyst-produced resins labeled SC-1 through SC-5 generally exhibited

higher extruder pressures, motor loads, and neck-in as compared to the commercially
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i nd>§Pesy rgeIlPﬁet i G- g El)%:@ %% %h‘&%sr e%ﬁ&gl &ewmhy in
M  asnpadsgnate dhet MPHEAEl?coamd PE4517 resin. Resin DC C-1, Wthh is

30 nominally the same MI as PE4517, exhibits very comparable, if not better, extruder

pressure and motor load characteristics and comparable neck-in at 300 ft/min to the

PE4517, as illustrated in Fig. 3. However, the DC-C-1 resin did not have good draw-
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as a result their extruder pressures and notor | oads

were closer to that of PE4517. However, they exhibited
whe@heessmeck-in at 300 fVm n. Further, SC- 4 al BOI/US2005/000278

exhi bited rupture prior to reaching 900 ft/ m n,

whereas SC-5 was able to be drawn down to 900 ft/mn

i n@ovﬁpﬁﬁ%ﬁ%fﬂﬁ%ob ?t/rﬁﬁl T80 £ Resift DAL-1, Wrschhb Af8Er in M1
i ne speed, however, ad nearly three tinmes the

neckd? MBfthanE’z@Si% eXBba?ﬁpPléaﬂa Ipwerqraderprepsis; jowgr motor load,
anals biteOf oy fiabREn&lia! ¥ Hottd 860 Hfmin! %@Wﬁﬁn fRe§Reds as
results indicated that these particul ar single
cat eampsredrip ledP4d1 trepibt provi de the opti mum bal ance of
extrusion and neck-in characteristics that were
conparable to the PE4517 resin as desired. Exanple 9
andEFedsiond oftig Propeitide t he results obtained fromthree
di f1erent,du ?L Eiﬂng e'vﬁ’lﬁﬁ{b‘ﬁs B i %§15s8 éﬁssmv&ﬂgn WRE performed
properties o ting resins, the
r esaridt eonglatedi tngbiose @f tthﬁeHPIFLD_HBD@erh tasml PEﬂéé ¥ nanidEet6 téported in
The tall ocene resins denonstrate, anong ot her
thlﬁgnﬂﬁ?hgebroadenlng of the nol ecul ar wei ght
1@l st ri buds demandated ianiceBRrhdat Tehesishgias AMusirawd iy Fig. 6, the

response S CO are he resjins produced fromthe,

G e T PO AL A oy 1o e BRI eBt Siep lAg4Rly cduivalent
I eSbmbetteiri teems B0 deNgIDS @r[HETﬂltéafr%ﬁﬂ&‘rﬁzé tRIDING HEASM resin. The
mer enerally better in overall perfornance as

& B4 RECTSI G| Fde: iyl shpus Jorely eegppagbleripsrigrmance of
Conmarelxﬁé}nﬁé'ﬁ%l defims Wil tHabef duad 17MetiRl B&Qteoﬂiﬁesﬁ&ﬁinnﬁlg 8 shows
-A- F and. DC-C- 1 with_ that of the
i e iy ok pgein RegPRareRidiond witfreishes ﬁansgw:psmemmdeﬁ
are cl osgfthot Acirdn hQ!élﬁ f@m& &&knmbﬁthl%&ﬁs@*s @hJ\@ﬁ%@‘lg 2 With
di fferences. Genera he dual -netal | ocene cat al

r esthRPOESIRIP IS ec@EOD e@véqsme&@ﬂ ut8ich yeas g rafsthe hishest |(6ﬁé4= g/em’)
Dt QnsiPRESs pzlegé_‘iﬁrf add6QigHd thlﬁﬂgen}t"l@x‘i %otﬂér%%%ta@f&sms show

seen in Figs respectively. erforhmance o
t hehatviskr wisngth behayinr 3hes rppeet, to rbad@E?lYtChmp@@jﬂ@ to thahdf PE4517.

20 FRZa AL AR RSRPRLAL Y OSLBUPEALY 40 GOIBPEL
whi tehing lenblhvmwalr%bkt fvel inHirtorMemasraRFes 5hd sead xingrigits s compared

ver I n LL8L I
o, SRARST M oS bl SIS CSIR 2 e
300d€ﬁlldnﬁirzrte$ that WhildPthé Siltiipata seal lsﬂreu@t}r foi ®E451V ﬁjpgars 3o plateau at

However DC.C| e i d od dr 0

ancE b Br: 33 PYR TBD 7 PR (A7 S ey BiRheY platas
29C ﬁ=eﬁgthmhnouﬁd4—sﬂ.m]|bgh1er in M ( 12 M) than PE4517,

exhibited clearly | ower extruder pressure, |ower/ notor

| oad, and quite conparable neck-in at both 300 ft/mn

andMeRoultit Weight dind¥eheslogRGICHasacteristics
Absolute molecular weight data from SEC-MALS, showing weight average

molecular weight (M), number average molecular weight (M), z-average molecular
30 weight (M) and molecular weight distribution (M,,/M,) are presented in Table 5. The
rheological characteristics of the resins of this invention, expressed in terms of the

Carreau-Yasuda empirical model parameters, are presented in Table 6. All of the
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conpared to the PE4517 resin. Extrusion Coating
Properties Extrusion coating evaluations for the

wo e®snessed this invention were perforned and cPOPESI®AS/000278
to those of the HP-LDPE control resin PE4517, and are
reported in Exanple 10. As denonstrated in the
EI mﬂmeﬁtarrtbmns shovengt Wsbled |,UBtahat3¢dnd MheHP-LILE thiftrol resin

nt al . resins re red accordin 0
oo P R it e G OR i s dosiery of Sps ey orgncBms from
t hﬁhe MEGMATTD daRAr Exaadpls § aneilt i roeuiRE4Right RS ifbological
The Spencer inpact strength in Fig. 7 simlarly shows

I a?lﬁ’éﬁcﬁr‘émlt%ls%nsﬁé e PFePEH dR/eBlion he exper i ment al
5resins xé fifjstdiat in®ig. E’Eﬂﬁilﬁﬁmﬁ t%ge{tes@gg'@&ﬂsﬁé?sﬂyﬁs aggpared

8 shows sone varjability but again no appar ent
wi fonthe i Faror Gerrsing 9f Bis ipption.gesgen hm@ewwnlﬁcank“hump on the

st mgn %Ble@lﬁérawfa%ﬁt LhE enResipiBRALAL fe@ag NSerk Sa1s %%hll'ynmuch '

9. Wth the possible exception resin
mn@f?%sn aplydispertitiebyi @Q@e@t exhihigd 4 lgglm m®)ecdlan sieight “hump”.

r egls nﬁlsﬁgts@ﬁmg AGCRE PR 19315 K»a chiYR M }pﬂghe}%%th%tdlgngée of

E)ﬁrlrrenta sins's ac stren
10 t hlpng ahgie rapchiog kesell aarogsethy rmdqvquhir oight ramg¢ haitongfared to all the

iPI b of dhB grelé%]ﬁt '1Mtﬁ)n |s r&hﬁsewlgs ‘ii?g 81(1' ﬂb%e onstrated that in

ustrate arge the“éxperi nent
exmnm'ansmlm HEﬂSé7 m@ml the nknehatenmmetlamnaﬂlw e)saran:drower in

0.t h PE4
ol BufhieEg. BiadomE RARRE Fat SR o o RARE, o pra i o
demﬂarfstntlameﬂaevbhmu}ml le the ultimate seal strength for
PE4517 ears t at eau at ound 3.2 I bf/in, those
Sfor o RERrbR R ittt of lBRaah Yeiedn B rohmers
st camgtifom thé@ltﬂﬁitedl flod abtivalibd ErdrgiddD EEClcBise WEADKWmANSr select
Rheol o%écal Char aCts%“ st.ics Absol ute nol ecul ar vwei ght

dal*Ref %V%Eéﬂ%ﬁé SHBI nkiolfe f gt hea wEpeatentad  resinp Here also
Wea':}ghictehwﬁ) usinpUNBSdar Mé@ﬁéiﬁ&dﬁ&laﬁ@éJMR?’\@h@ Hesd MRl a%)pear to

%toera “gt;zl ecukﬂar wel %] and nol ecul ar wei g
Yi on R RiAshesr ?I?é*sﬂé tHALPRE taBelievsd torhéve a more

201 hﬁﬁrﬁrﬂ@d CandehahRal-Bahchbd CS Vrarlch@nbB3cRS “@e-fldP Slong  chain
i nvention, expressed in terns of the Carreau-Yasuda

enpERihing afﬁlﬂ&éwrep &b arretdr o, the highgresseat Bep-Tadicrlaplemgization
Al bro&dss.t Wﬁ&éﬁ% RN EaEnde S 8BRe ﬁx@q}éﬂoﬁsqegﬂpv\gl%ﬁuélafilagcoﬂgg to

3, and the HP-LDPE control resin
dethe Presere dovientiens Ardthp repsany iferghelegsered p¢rf¢rmagcechﬁ¢rcnces are

br@é\@%d”@ lger & fa}h%ﬁ/% g‘@t‘eﬁ:egj% Rhe R(V?%He%uﬂi} ng%hfa sSibution

he nol ecul ar wei ol og
25 (MWD), and long cham branching levels, rather than the type of long chain branching

architecture.

Motor Load and Extruder Head Pressure
Example 12 details the motor load and extruder head pressure properties of the
30 resins of this invention. Motor load and extruder head pressure are expected to be
functions of the shear viscosity. The motor load and extruder pressure drop were

examined as a function of the measured shear viscosity at 100 1/s shear rate, the
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characteristics of the resins of the present

invention. As illustrated in Fig. 1lla, PE4517 had the
WQ@er@anessto pol ydi spersity as conpared to the A PE&I/US2008000278

resins of this invention, as seen by the significant

“hunmp” on the high nol ecul ar wei ght end. The

ex pesuitsren tvlichr aslicate zweasaeombly geydesatelatiomuthbottamicdsveload and

o BRUFEP RGO e 5 g sGey At (31 g 00 geipectively.

t heExkinge 17 pf@Sde@a‘d&Slls’dQﬂslyﬁebﬂbés)é dhdagher in the degree

of long_chain branchi vel, cross e nol ecul ar

wei ght  F9HYE eéaéme%ﬂ?ﬁaﬁgg’&e 5*53 i g he “fl&’sﬁe??&"totf’ tﬁ‘hg"“ different
5PT @&Biitatdlyty EYbteRB - inTErBodte Ubdetle@f that GBe sk 2REIydd Resins, at
denonstrated that in conparison to . the PE4517 resin,

t h&TeiXHexi Vb ﬁt‘laplt‘?de@g}r% hyghrsbgag | Vispositigs ag¢ denegighge pofas loads

POlaydindR&hs dlops. 7 cdrtalk, IHRSINELYaitk Wi NehiBed ﬁeveM%gh-shear
and 3) contain only one third to one fourth the

of viscesitigsignd herce dayysp arotortlends red pressyeerdrepsofThe dalg i u@ ﬁtgu h2 thus
?f GG it h&g@ctéaoé:éﬁfﬁ%ﬁ cﬁ%?énﬁfnﬁé) Mal3f ﬁbﬁﬁ' ?tga%dand head

| ow activatl on ener ose to 40
10f opresgyrecmay bp diveind ioputrelling fhe, shasr Sbrowischsity Tesbhdonat the

Th

NS EAREL LR L0, VARS8 SO BELLAEAR HBLRG oro
apeaven Mlpths hower drel expecied metpelodt anddieadpressnresbontld bst |

HP- LDPE i s believed to have a nore conpl ex, random

mul ti-branched or branch-on-branch "tree-1like" |ong

chaYaak-br Babohiong architecture, as a result of the
15h| gh- pr egsure freer LOCESS

, radi Mer.i.zat i
Ther ef of &% 743 §T9ds? & ngéﬁed ) g R &P 8h§ ChERE] pigthe rosins
pr edtide thvativar digd 32 dhtshaem«aaeakt-mlpev idé ko300 feiith, tsh@wn on a

reason r their obs ved rformance difference
o GOBEEANA SN AL G aTGP reaH P ST BHEGE: Proqiid heein.
MNIn Niip.e ey, ahe \Wedlgit pedi Sdo k800 FminMAD}howdNsk b Ofdfiction of the

in br [ | evel s, rather than the type of | on
R M O A ORI A I

2OEXt1ﬁ¢bﬂﬁéﬂ'|%gea?éd3&§ U2l EXRBRIAIy1 dndet ﬁh%l% ORIAD Qlith neck-in
| oad and, extruder head pressure properties of t he

r eSYHEOcally Aecreasing 36 itherzerquahear visepsy disepassd: (Figgdpahenas the

Pr essitdIftsikLine% e (1ag 138). 08 chitfet 10QRiS oBfervel BN RR  the PE4517
viscosity. The notor |oad and extruder pressure drop

rf%“’é?’é%ﬁ]?@d ofisthe trengiiae indwethofaseshe measured shear
Vi scosi fy @Hll&s@t@te;/ﬂﬁ ROEH as’ @Eﬁctl&pﬁf 1ﬁ§1‘9&ls§n§ lﬁf‘e sﬁngé'dcbr higher

i ndi cate a reasonab %OOd correl ation of
23] odHavadeviend d@m@nsmté% airthe pgokHn oheall gfﬂéaﬁmglp §@t91§isttrysms SC-1

as hbfith §B.5FhG%ed didRr 28 JderedsES R&:ﬁ‘ttih Y)gllla¥i0r with increasing line

speed. In contrast, the neck-in of PE4517 and each of the dual-metallocene resins,
with the exception of resin DC-A-3, showed generally lower neck-in as line speed
increased. These data illustrate that the dual-metallocene systems of the present
30 invention generated resin molecular architectures that exhibited strain-hardening

responses similar to that observed with HP-LDPE resins.
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Exanpl e 12 provides a detail ed analysis of these data.
Further exam nation of the data in Fig. 12 with

WO e®peets1e o the four different resin/catal yst BYBUS2085/000278
i nvestigated reveal ed that the single catal yst resins,
at equi valent M, exhibited higher high-shear

Vi scosi (OnetheafGuhiRdacthh Haeresii®lop rthé @ﬂ:@@lt ARGenBbe SHUEibit a
drops In contrast, the dual-cataly resins . exhibjted

| oviebstantighy swular txpe f dGB prebitechiue hSeﬁléﬁéosteva@Fen?r@Pé furthermore

| oagds, AnboRk&3S WEL1edd14)Sonly! BRalf Aheuntd (& Big. 1) ABuld appear
i ndi cated that the expected extrusion characteristics,

narfettyhenditfenenges atitha rerkHe habayics dstopaderily inflwenged by fthechigh M,

oY A6 oﬂtﬂlé"g 1hRESNBR alff thO Wk pslieRs] &Mn@m\ﬂz Qhrydh a narrow
t he preval %éprOCESS|ng condi ti ons.
Y

9 r éa’@@rOfmée aflelgbh¢hqrﬂct¢gstt¢émwa@ﬂy mdhe Muginddé. qipracteristics.
sh oﬁJ %ﬁg‘m}’t ﬁgé ﬁ‘ﬁlewﬁ%elkﬁ}aﬁ[ ah gOlﬁ%gNﬁr fppedts ®o increase

avi or Exahpfe 13 provi des a
detia pt@ebdamﬂrgm ths Smfgletch@lyrab%@ syswnb &hth el casglystHC-A system, to

r est}}@ﬁua(%atglpéﬁ)é’l ﬁV?E}%\‘B tltnf Wl ca]f'ﬁﬁst bld @%ﬁﬁé}ﬂ eéf’hlg Iagservatlon is

I'n per-si oW on” a sem
10pl oeerafurthef bncdnpning thet Me ané dsﬂaemrTakvle §cﬁos rdsins SC 2 DC-A-1,

est cr d h

oo R B DG B MiLesf o 1 DMl e it fagpa 1
of I_Ullm dR&seﬂinepsegmle 1t$pga|rs tRar therpdsarDC-RSE)whidd hadtthelowest neck-
resl ns ar e ac rdain to t Ies i nyventi on

Lo ot Rt i arPD e B SN e to DC-
W t Q- 1n@@KPCIB-3Yy S@eretd, Cat-Cyl @bemgmshmgz fhon tiRkeother fésms of the

153 el YTy LB W Mo asnaliggt b Aol By e g posivt

obs@it\BSIrebiak 8vihe presdnd mvaﬁﬂ)'ik?(hmﬁ $hdobeevedi€Bfehyes @ heck-in not
the trendline _jn both cases. gli.l 5 illustrates the

e Rz RO M AR e e EAERAgG DPP it SHiences the higher

hi gre reradtieiy dRWdntraf ckhe Qiﬂ?@ﬁc{tmgﬁ éb%&rs 3 td @sltow the Weneral
all of the single catalyst resins S t hr ough SC-5
shovieds ef e expepmentak regp s¢rise Magesirhioarch-in mﬁama@pd 13b) may
ON' tﬁb a{tﬁ]ﬂ‘oﬁﬁé% ﬁgfekén&% i %Eﬂée ad Qell %‘ﬁ{eaf%e oft IB§ @lﬁ%bﬂaﬁchmg as
PE4517 and each of the dual -netal |l ocene reS|ns
mnt@ﬁﬂ%@db%@@ptlon of resin DG A-3, showed generally
| ower neck-in as line speed increased. These data
illustrate that the dual -netall ocene systens of the
pr eBemt-Doww dhipon gener ated resin nDIecuIar
archite res.that [ ar S
; esponsgltshlésrl(ﬁ:%n%%r% htng)é?(%’]eg attt %gbé«% ve eac ]ﬁ’gﬁ r&%ﬁ;@ in Fig. 14 as a
25 esﬁn@io@rofﬁhtelowﬁempzhscmtytah 9t03t1VBefr¢qasrl0|ysolﬂifun¢d1ﬁom the dynam1c

Fypa by b p i 7 A R g BRI dechihd B
f ur tileespeed echieved with increasing low shear viscosity. The PE4517 response is
different from that of the resins prepared according to the present invention, as
indicated in Fig. 14.
30
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vary in degree of LCB level by only small anbunts (see
Fig. 1Ib), it would appear that the differences in the
woemko6831Dehavi or is considerably influenced bRCT/H82005/000278
high Mv fraction. Table 3 illustrates that all the
experinmental resins actually vary in a narrow range of

ol egh MRl ght characteristics, primarily in the Mv

and Mz characteristics. Specifically, the z-average

nol ecul a\dwexagpnatiogy of e dables drigurn, andpBeappes disclosed herein
i ncr. [ W : i.ngl ]

A R A A S R U N

cat al yst IDEcprdeyestveith one@spehicof dlia invertionl the polp@ef ethylene of the

st Thi S ' i - r. r arin .
Ehe Ttvent OB S KU ERFE pldt bl SPRP2AY Biomin; o
DC- RlensirfeonDCOO15 to whidéh gamd aflow abtbstion enerfy B froands to 45
t he ' i - .11 i Upon ., cl pser, i aspect.i.on,
1SR, 4 ol Pac B i) mopP Rt P5Eaf BRRCCH0R; 1.500
neckigmanedg. mekceaperighteinml 70esi X0 kgdnelc b h Inyimber of Long
| o i.n ont compared t - | and - B- .
HoweuaiT Bt b Eoho SRARE Rt @ CRI00 <a BB aloime icim,s 002 10
16f  t0k ippthe d&nholecw@veightranghefr abOte,1,000ikkzAndlot
intendi ng to be bound by theor it is.possible that
the resi HASPane anather $pRrLE thisinveRsioth e nolyaner of ethylene of
((j)b??he\/ﬁdsedt fn_ﬁ/ﬁft'lﬁﬁ(b@ﬁ bé Bhdg&gdﬁizém%)hﬂﬂt ?ﬁieﬂ ﬁrogﬁtlb o Oho g/10min; a

i fferences i n [ anchi ng_ type, bu
di { EEPERdED | AR hﬁﬁﬁ%ﬁ’%ﬁ@%ﬁ%@?@ﬁ%‘?ﬂ P9eTEoRt fromt 37 to 43
t he Kiael; 4 petydisPehdd in@RRAQME) Ao 1Htd Ol;awmd RemISMRT@! 1,200

f the experimental resin series with regard to

trend

1r§_ec %gf‘?fﬂ( i gsmorsHanNaehiFm ney e 10 theimaelt awl @ gumber of Long

di f f@aRNBRSCHE I 906E cABoBloins 5{§CBh@O%¥B@mE%tolnﬁp Bro 0.02 to
I aws bown ABI T t y

chai n branchi ng as di scl osed herein.

The Orfexiniedvindecylss wigichi ederfednt el Ofite h1,8eQke/mekin i s
shown i npf 'agcorcilaﬁ%@%iﬁ& INEIdRp agﬁegtia? .tﬂi?‘é"n\?eglﬁéﬁ, tﬁxg polymer of

viscosity at 0.03 1/s frequency, tai ne om’t
dy n&tivieng pEtha errssnt snvselfpndian be eleracgdiz@y Amebiglex thioend’ to 15

2005 %h@ﬁﬁm%cheagig oweggidkg 68%4 gﬁgflﬁ:;'yai_ ﬂb%c%gég)gj‘e%@g%‘ésﬁom 38

W t I NCreasi n \ ear VI SsSC
r esong2 ki/gol s padydispersity index (et/M6) fiome § &si b gobe frameds00 to

SCEASMAR, LIE BRSO BT O, 55 5P UeEES e Bgucr o
Fi gluoag ,Chaimﬂr@chmjlbﬁé,w{) sobas atdmb €LEBMNOQY @rbdesoms) from  0.02
DS SR O R R OREE LSSl

26f this Imyénthenmspedtios o nyemionOthe btk bEetRYledid W characterized

by a polymer neck-in at 300 ft/min line speed from 3 to 8 in/side. In another

aspect, the polymer neck-in at 300 ft/min line speed is from 3 to 6 in/side, and in

still another aspect, the polymer neck-in at 300 ft/min line speed is from 3 to 4.5
in/side.

30 In a further aspect of this invention, the polymer of ethylene is characterized

by a Recoverable Shear Parameter x 1E3 (RSP) at 190 °C and 0.03 rad/s frequency

from 20to 500. In another aspect, the polymer Recoverable Shear Parameter x 1E3
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present invention can be characterized by a nelt index
from3 to 30 g/10m n; a density fromO0.915 to 0. 945
wW@Lr@aB68sa0 f | ow activati on energy Ea from 35 t oP@BUS2005/000278
kJ/ mol ; a pol ydispersity index (MIM) from3 to 15; a
M2 from 300 to 1,500 kg/nol; a Mwv nol ecul ar wei ght
f r QREMCat1100 26Qink @/ 0%0nil/s aﬁraqlueacﬁ Wwiaes 80 t6-0195,GAdiiN still another
Branches per 1,000 carbon atonms (LCB/ 1000 carbon
at @pRsy fheopalpng Recevegatde Shegr PRramviers| EBURSP) el YhiC and 0.03
ra kgkpol . I n accordance wth
anggﬁegéqa %lgﬁo% qgl tso 9ﬁg‘gml on, the polyner of
et hyl enén c»fettetwtl*pr espett ofnitentinoamticmn thee polyareacefeethylede is

5 B O L8 0, S0 i oD 1 L e

37 stilh ad@hdeJdspast, thapqﬂyinyldilesbeﬂ 811 200 fit/ndie king kAl Jis froam Hto 6

e 2 DT O RO B SR o

Chaso 4. Biisighes per 1, OOO carbon atons (LCB/ 1000 car bon

atons) trom.0.02 to |nth r weig
range f F‘b?ﬂoilﬁbastpSthf S()lnfi‘ﬁ}“ﬁ’fylt ﬁ’%‘?é’g Fg‘é(ﬁe%ls\/ﬁhi‘rﬁ"tenzed by
10st |ahlexamar hedd pspatt atafootihhs etthRA tritd Front NS0P@d Y7000 Bfi. In
an be characterized

eth e of t sent _i nvention

mSP?Cﬁ d&“x ’%“g‘?ﬁ hpaq gregsyregt f@?rfhéhr eXtrygipr fafs s fiogyy 600 to
0 9$@0 b8, £hdIBQiIDAMBr adhobt] MW erRGldeY Rdald PresGE bONOOEB/LE ERBsion
38 to.42 kJ/nol; a polydispersity index (MIMi) from5
t 0 TAB IS oy 7408l EWPSt o 1, 100 kg/ ol ; a w ol ecul ar

wei ght {1 89 ﬁlﬁhelﬁ%%g&ﬂ/ SEDIthls QH@nﬁoﬁ] Ufi'f@ C%olﬁﬁerl—gf‘ gzthylene is
Chai n Branches per 00 carbon atons /1000 car bon

154t Ghapotenizshby 2pexipusiepmetor Iqad at PRONP{r ﬁﬁﬂ@w‘l rale figel gt to 120
ranggs f LMk aglﬁctl ﬂ%oeg\trh@r 'H}Htor 1!){]5 f} ZfOE rliﬁ/gfa ExtASRE Cite Y from

this |nvent|on pol yner of
chafdet emozaé@sbyndampssﬂymtheh epreti ﬁue @<trad0 vigtgmioad ki 209 Ib/hr

Sp%ﬁgusflcgnoxme?isfrgmsd)gfog%da?r}p In anot her aspect, the

pol ymer neck-i1nat Min line speed is from3 to
6 in/sideyearnd fmrthestasp¢ct mfothhﬂennvasqmctthetpwymml ymethylene is

ne eed .i.S

207 - ik efied 0o Mibobk RSBRCRsipce’ e by 2wt 0 2
po Igﬂhlmanoflnehdsttléraﬂmct thedlimeaiot EFD pedrekiytanceRegromer thid & equal
Sh% ghg/meter x 1E3 (RSP) at 190 OC and 0.03 rad/s
frequen f$¥8m 20 to 500. In another aspect, the

pol ymer Iﬂ%mdwe nspbdtef Biemventan am?}bceﬁ)ierlJEB(hRﬁHé isathard@frized by
475 and in

gtc i pg’é%ﬁ?’i’sp@?tag[ ’b%%tgre @’C%Sr: ‘%ﬁ%l&g gﬁ étﬁ"lng Shear
25Par anet &1 yet 14ndtheRSiSpecat of 1 ¥s Oibvediitn,0 {83 polymer of ethylene is
characterized by a burst adhesion strength greater than or equal to  95%.
In yet a further aspect of this invention, the polymer of ethylene is
characterized by a hot tack initiation temperature at which hot tack strength of 1N/25
mm strength is developed of less than or equal to 110°C. In another aspect, the hot
30  tack initiation temperature at which hot tack strength of 1N/25 mm strength is
developed is less than or equal to  120°C.
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rad/s frequency is from 175 to 450. In yet another
aspect of this invention, the polyner of ethylene is
W@ hb@saetsey i zed by a pol ymer neck-in at 900 ft/PETUk100£000278
speed from3 to 8 in/side. In still another aspect,
the pol yner neck-in at 900 ft/mn line speed is from3
to 6 infisisd®, a afethirnagpoat b thiaspestion,t e mdyercof ethylene is
neck-in /mn |i eed is from3 to .
S D e epaRen Gt SERp T A sh > i
pol ymer Tﬁéseeéshmls @netrats tiehahmediesf ek With aRtallsédnt d&hlysts that,

2000 bR e e ec 3 B oc RS 3 SRR o BEDPE, can Slosely
5PT @53H e FerfSPhnbd EldiacR¥iktidd SIf @Bnvedtiéhal BIPIITOFE &Rfs i extrusion

1500 psi, and in still another aspect, the extruder
heéﬂatﬁ’fg@@tﬁagoﬁ 200 | b/ hr extrusion rate is from 700
to 1300 psi. In still a further aspect of this

invention, the polynmer of ethylene is characterized by
an Rofinitigdsér notor | oad at 200 | b/ hr extrusion rate
from 40} gr a8 Ig&pé aﬂlﬁde@ﬁ@hﬁ%mﬁ%@&q{erelﬁ h& i%ﬁ&fdﬁg%[aﬁmuons
not or Ioa at 200 /hr extrusion rate i s from 50

1010 rapygsidedindoithe sxtcntlthaé @y Hefinitigrperasaget ievidsd bmltyrdocument
not: | e o) .
o0 Diogechfa Abuct by Bielne S XbalE ARl Lol fideh Brovided
t héheppid, yhasieﬁoftioet)hydagmwfovdecthmnacorémsz ed by an
El mendor. ear i a r I s
> 1 g | B1F ol PRERD: N RIS BRI e oo S odisng
tec’:’d‘thy(ltﬁﬁlaﬁ(ﬂ a;n:mﬂaymers off etlpiene ahdhamﬂm okeﬂmalcorhm@ne@ Thus, the term
g/ b/ r not,her ect of. this nven
ol eBAE obTuiRSh d%ise? BRE e R g b 1]
| npcﬁcéthﬁérreemgi bn gilefiiice bomditajfneﬁr Bodyadr i‘sOal@x Q44d herein to mean
g/lblre X(g other offh|3| ventlon disclosed
t he® °Btﬂp§1%E‘F of t"ﬂ?ﬁ GRES | aP &t ePYIEHZAhF PPgst disclose
adhesii@n strength greater than or equal to 95% In yet
a furth spect of thjis inventi the pol r of .
et hyl enz[thé r@‘h&f’%?éaclléﬁtl ’f@&neﬁ%)ﬁ/dlsﬁ‘g{;er?lﬁ&re?%it‘%/ﬁgﬂr@ﬁoalummum

200 ergaipdtnis@hAtmWhddmbtithietont 36KpsiehicdTahdiclydt Né&%osiﬁen but also
strength i s devel oped of less than or equal to 0C.

| n 15§66t Hefheaaniiontl canponeiss of ke catplytt copipatHtion ﬁﬁ&datgu fbgt not
at Whidah 1 Ohubdfais! @RRhébRdn c[}llngémtﬁn Sigh£d2ch cbrﬁpounds, or

devel oped is less than or equal to 12C0C7Tn still a
f uriprigmng depe comppundsi 25 dipalesd jheiein. ¢ e E?@Flyq?é?ta]d?t may be used

et hr)ééaﬁ"@l@ss' of the actual function of the compound or any chemical mechanism by

eré anc{] copolymers

25  which the compound may operate. In one aspect, the term cocatalyst is used to
distinguish that component of the catalyst composition from the first and second
metallocene compounds.

The term “precontacted” mixture is used herein to describe a first mixture of
catalyst components that are contacted for a first period of time prior to the first

30 mixture being used to form a “postcontacted” or second mixture of catalyst
components that are contacted for a second period of time. Typically, the

precontacted mixture describes a mixture of metallocene compound (first, second, or
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characterized by an ultimate seal strength greater
than or equal to 3.5 Ibf/in. These results illustrate

wao b@spyssthesi s of resins with netal | ocene cat ab@gBUS2005/000278
that, while different in their nolecular architectures
as conpared to HP-LDPE, can closely match the
perfai)yanedin afdasaet, &fnﬂséﬂgmamfrmlﬁlﬁﬂ\éembb@ﬂﬂbeif’d& Rl??&mxture is
resins | Sio ing a ications i.nitions
| ey 3ot &ﬂ@aﬁ@v dEp PR o5t Hle OFIBF nind, BHOHYY opditional
t heorhgtlohimngn @efmipBirdd. OMRusAFFrefn@iticde Qiiescﬁﬁes; B&nortRBtthat are
t hat gé%/gdeﬂ nition or, usage provided by any docunent

i ncbf PRIECtHaF R iofehPut @FiET Enetasting fhecqosppnenss e second,
gef pdicbhiabted® mideage A%QMir%Ed € ifeRsior Ry d&fché"érfallf I’Hls".t’fﬁlgulsh
usage provided herein controls. The term I'S
us PPt FPIRROTER AIFCh EnPISPATY s rsecopapied mlﬁgreeqnﬁyhaé rfemponent
an daffeP BRI M#XRHS he bl Byclp%g F&dex%gfehﬁcoﬂkr%htb i€ descnguon it is
conononer. Thus, the term"a polyner of | ene
us eRPSHbledPh therecontapted graspeumBIND FOMpREds op#reit 1s contacted with
cop@l WERIScet afd loRG ARRY tPhit! 'réﬁ'cf%d Q@M%@Eﬁst one different

Pol yner is also used herein to mean honopol ymers
1 Q: o pdeiral sompoundy fermtdatiop.o by steychuraffom rieen distinct organoalumlnum
he t ene I
.S RSES DS DRy S SOBThALKS! iy s 508w
th aqrgmylumm i t:mmeoumde oc onpupvesit of ﬂd’serﬂor:dt aisysbmprlslng an

co f ers t he opti
conaBtlobdofing? Him AR L ol 8 rctEreIR bRt s
not |i m&mdaﬁl}o theatbtmi* mocanﬁased”mgafedb@sred hetip @gsmﬁiﬁe a second
r zin ound S, ioni zin nic co oun
2 SRS PR R B OB
r eganstitess obihichés et pracl:onfddféd’t bﬁ?sﬁﬁlxﬁiﬁ@ommﬂ&dnﬂihents that

any chem ca conpound nma .

op oV F E0Rf e TE A e agod 180e el SAPFs popGoNased pixure
di siti mg0i Bdeihhad desuimen@Bt mfturt e Giddt Aln¥&tlodeREPRRIPolR]) first
fromt e first an econd netal | ocene conpounds. The

t er AT CERIARROPRGY < leinmepomer, grgag@&nﬁgv@cgqmp@u@e@t@,qhg@wally
208 fikdated sBliX biide, i%ﬁn&ﬁfr&h%@ﬁta&ﬂ?ﬂ%@&ﬁta‘bt&@tmﬁﬁﬁe of a portion of
contacted for a first period of tine prior to the

fi rti?‘fse NCRPRIENe Y (§8% daddiiongl spmponsatst @ddadade emakeprup the
SeGRRLoRthtsd hExtife. CRERENS! the ATRAHRN bompiiht Qxfd%ii )}0 mahe up the

contacted for a second period of tine. Typical
postcontacted mixture is the chemically treated solid ox1de and optionally may

include an organoaluminum compound the same or different from the

25  organoaluminum compound used to prepare the precontacted mixture, as described

herein. Accordingly, this invention may also occasionally distinguish between a

component used to prepare the postcontacted mixture and that component after the
mixture has been prepared.

The term metallocene describes a compound comprising two n’- -

30 cycloalkadienyl-type ligands in the molecule. Thus, the metallocenes of this

invention are bridged bis(n5-cyclopentadienyl-type ligand) compounds, wherein the

n°-cycloalkadienyl portions include cyclopentadienyl ligands, indenyl ligands,
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precontacted m xture describes a m xture of

nmet al | ocene conpound (first, second, orboth), olefin
WOorRwsness19 and or ganoal um num conpound, bef or e PEI/ES2005/000278
m xture is contacted with the chemcally treated solid

oxi de and optionally additional organoal um num

CONPRBRHY 1#faH8s, an®iRARE! ASL&Hs pAESIE BB Sl OTRBBRRHEE derivatives
that are used to contact each other, but prior to

! ! prior .
coneaaralegs afiey o6 fiseneRessiblersuptigneatscsyhese diggrdsontladot hydrogen,
M X bk oroARE AL iEYsubdtued AVATANYCO heflRy ARV dbmprises

di stingui sh between a conponent used to prepare the
pr edaitieRy t saturdtsd ukigandad sidiat a< oteprahydimindehyler tetragydrofluorenyl,

i X e l e r di o]

Sh SUGRAORAGET ARRRAL CSundall) SNRHR PouBEBR S oreny
or ganstituegd partieliyo savoueted  indengle sultstifuged qoriadlgt sethrated Audrérey], and
nmet e ol.efin ner,.t0,have reacted to ., .
for DS P i e bRaTRAR T refoe iy (RS Rly R Hhe Rl i
f or muicht then sampe woy wbé ureen f fooratdlixe” di Stdedcherein to refer to the

org | ym num conpound used to prepare the

pr e%%ﬁ%%‘t‘%lamrrﬁ% ﬁ&é.c{]l n this case, the precontacted

16r ganoal e nemmscaafpbisndompostoAP ORellyst mid@SeT iddethe dike do not

conprisi.ng an or oal um pum conppound that was used to

o ok e kAR to S AR Cbii dommoyons o Biseites, e

" posthipenbBticadtivircahlyie it od IRARRLELIE ABnEdSRCIcRBYA, the first

secongqng; xt ur e of cg{?al st conponents that are

confHREEEP G OTROLKE pfe{?é‘fj Rstpligpeng icpBp O R Riefin monomer used

CONsd igrétafd aObrevtitadied ikth@, ‘oPrB8S UREACLIBH tre@ledf dolidtoxide after
tal yst conponents that were contacted for

gi xture of %g d

13 ¢ Icplgpmﬁgr} o Wﬁqnﬁ%t_s. ﬂbﬁreggp,| e tqrmg qagalyst composfuon, catalyst
" postignt asd ﬁﬁ"likM?Qﬁ&udesooH?ﬁe%rg@ehgdug 0%19 G836iHs 'apc?h&&?genous
m xture of first mefall ocene conpound, fi Pst

met &PPBREF@Sconpound, ol efi n mononer, organoal um num

conpoundspa @é}mC*}ﬁ,H}oQ%%l,]y it L&ALUE cdipe:cnﬂytadhﬁ%%c %aonfrgc;i?a? %ﬁoup that

fromcontacting the precontacte ure p
of #nsdusies.c bpdnart slimitedh targrylacdiot opdbalicdnpiiceyls sycloalkenyl,

dd e 1 xtur ner al.l
2SS, Mhobe RASHSLAH SR UiP g LA s
possdsttuiest ednsubstitwieds  bminglied, dineari datdryatdm eattatingdl Hetivatives
oxi q%reognd optionally may include an organoal um num
conpound the sanme or different fromthe organoal unm num

conpoundThs etimt chepriegdlyrieatel soljk @dden balict exierdcKiatbrsup@isit, acidic

descr.i bed herein. Accordi ngl this .invention may. al so,

occé%tfvc%ﬁ’é‘ﬁ}‘@"’aﬁ’ s?ﬁtwgﬁf'%i’p%‘gt %%tﬁ aSolid nﬁ’&ﬁ% nEOPROYE: ¢ gr simply
2@][ ep&ha;@:}wdrmsﬁmm asddadrein %tinﬂi&tegﬁ %liﬁhﬁbrg@ﬁi&ﬁﬁfd@ of relatively

after the m xture s, heen prepared. The term . i

et MR GOER- ) ?’{i‘é ts ?rez?b‘*rf‘&s‘tﬁfa Beessiasidiecpebdomand which has

been treated with an electron-withdrawing component, typically an anion, and which

is calcined.  The electron-withdrawing component is typically an electron-
withdrawing anion source compound. Thus, the chemically treated solid oxide
30 compound comprises the calcined contact product of at least one solid oxide
compound with at least one electron-withdrawing anion source compound. Typically,

the chemically treated solid oxide comprises at least one ionizing, acidic solid oxide
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cycl oal kadi enyl -type ligands in the nolecule. Thus,

the netall ocenes of this invention are bridged
whe®hssseycl opent adi enyl -type |igand) conpoundBCT/US2005/000278

wherei n the h5-cycl oal kadi enyl portions include

cycl opent adi enyl |igands, indenyl Iigands,fluorenyl

| i geng®undndiisherhs keppoitnel avtivatgr-Qappbit akd YioSadedratigfhly these
or substituted. der|v§% ves or anal ogs of any of these.

PosOBORCY, 35T {1e APS B TOMPORCN; QW snat el tRpistrued as an inert

hy dyagefient bhgleeh@ryet doiposle&er i ption "substituted
derivatives thereof in this invention co

ri ses
par ti al I\redernpofitack intigtipnylemperatiresds é%tiqegﬁyla}rbqsr{bveﬁwp}erature

g etertalwdmrm/iwﬁﬁremength%a@%gécpf lluorenyl, partially
sat urated i ndeny partial |y saturated fluorenyl

subst i t Hueps ﬁa?%lf ed P@e@aﬁeupﬁwﬁﬁs the| GPRJTXE TeqyiFeY Pibpmvds, certain

par dubahlaviosd tiat atee dselil Repdif Mblude it e likitK® 10:! RS 1; Flu,
contexts the netallocene is referred to S|nply as the

" ¢ altugrgny;"Cp,i Gyclopeadionyl; Ghreethudspey 66, t-hevene;ci6daisabuate; FSA,
is ﬁ‘lﬁ)?lqe&]ﬁflﬁdeﬂuﬁlﬂqar efpggt cgllgmgclaﬁy %&9&1&@!{1 ldsaﬂdpu

compound terms Conpos| ‘cat al yst
10hi xt ur e, Althengh pine nefhods, dbvmst agtepetedaly ;smnlat loe e@.ntalmit to those

pr o(ﬁ:gﬂbegfhte{]em?c £E Bée(ar}n?]{;] ]Bxhcet c% é)s%sglto he m\éein? 811 tB? typical

m xtures, e nat ur e of ePACtT Ve ca
t heméthods, @quehenchmaﬁmdamemm@bgtﬂtd the fi | r st

met al | oc, eco al.l ocene conpound,.
any ol ef/jlﬂ rrgolg%arrg}rén g%de 4 s prep I%I?Gge %er%? é¢o ﬁ?cgac’g%edjﬂerém by
m xeferamce Gor thdwr%enfd&sblhliyng e[rﬂahs{eﬂ)sﬁlgj ﬂ’odexa)ﬁpdae thfcb®tructs and

0 t hese. conpone. ere terns
TR SOTRASHE i T GL8 Band  i he ed n
ycolnmhlmi @11hahé1pﬂaedney dgerbaliavamioRoThé plﬂﬂlﬁatﬁﬁiﬁi dlscussed above

hono ou S|t|ons The car

1o a O Eho i B U5 hir P tias e Eo e st P he fling date

[ nodfulﬁiselﬁesehuipphﬁatﬂmt Ndtlith¢ Beeit @ @l conshubd hs an admission that the

cycloalkg a ke % n%gloalkgg% cl oal kadi_eny

a1 RYHPHON &b PRI joPlediy FuchabkiceysR o virki g P Hhickon.
20and i nc |F¢ﬂ &%y ParliciAtdhpbuHdeBkclddaBMRSh] dniilo8ithral READGE Pbsented

I|n? het er oat om subst it ut ed derlvatlves t her eof
ThelPerIsEmERiseR alkIcPyforpatignal dsaesis, degqiseraers, saj erepidogers that

actrymatafike SHRROL tpar@Gladi &t aft bdﬁ@ﬁtﬁéntsc‘l"p’@ﬂ neral structure also
acti vator - Supfort treated solid oxi de conmpoun

si rfPYmRASESs\ At epantigmersy flastereqeergrandyethet dpdicdi i lﬁortms Whether in
| nding@lotheic R rh@mit REMIARI el O3 Iqﬁi £s Sieét&%dlélo%e}ls AL R context

porosity, which exhibits Lew s aci |c or
25acﬂl@%mbehaV|or and whi ch has been treated with an

:ln S c ENL 0 ﬁh@”p‘f&gﬁte}m&goﬁ‘ ARARG Masth bl 'bgz%é %ll%\%magnexgrplples which

are not to be construed in any way as imposing limitations upon the scope thereof.
On the contrary, it is to be clearly understood that resort may be had to various other
aspects, embodiments, modifications, and equivalents thereof which, after reading the
30 description herein, may suggest themselves to one of ordinary skill in the art without

departing from the spirit of the present invention or the scope of the appended claims.
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is calcined. The el ectron-w thdraw ng conponent is
typically an el ectronwi t hdrawi ng ani on source

w@ovpoesst? Thus, the chemically treated sol i d PXI/tig2005/000278
compound conprises the cal ci ned contact product of at
| east one solid oxide conmpound with at |east one
el ect r orinwiht hdnewing Gexatiiples, Sleds Catha®isp Gipbcified] Vipé Gadtheses and
the chem callg/ %r(ga\t@ed solid axjde conprises at |east
onePTPRARF AR gleScROpd) therd o BT ek e o IBeHeAtmarapgre such as

SUPERbEenOindA% tatdod! WohBHRR@E p@AEEasEDfrotd $BthnteReidl EBhes and were
t hese conponents are inert, and this _conponent should

not YPisalbosasd, Riiey toyusen s pthepypsiseified: Grasenfe Weks dbtajaed from
T onpRshdrt@Nsouddde term hot tack initiation tenperatures

is defined herein as the tenperature at which IN 25 mm
strength is devel oped. Unless specified otherw se, or

unl eeRERNAG. POt KHTH®OY res ot herwi se, certain

abbrevi ations that are used herein, include, but not

| i Melédndes and Rensityndenyl ; Flu, fluorenyl; Cp

cycl 0peniai ROy b RUAKLERRordl o ISARKENEYS! Ghitin F (190

i sobut ane; FSA, "fl’uorided silica-alumna; CT ,
1% heta.Zald ket rldensiiyl wae njedswosd dsing ddnsing enghicangolyrensipdscordance

devi GessTRIf.M@5erials simlar or equivalent to those
descrlgbaﬁﬁerein'can be used in the practice or

testing of the invention, the typical methods, devices

and t.eri,al.s e herein described. Al publications
andM%gtRZlﬁ?lgglﬁédﬁf;ﬁaﬁaﬁzeélzﬁg%ei n are incorporated herein

by ref erkullee sirapled Rerp doppeasial mdekdratbigage@rfok a total of three

i scl osin for exanpl e,.the constructs an
1 R oo e AR ks R § e lownpree, for one
wWhi eihu gl thresubgeetdite addgin@eldingpravsird féhd JadRSed tvy minutes.
desxl:ri be]gl [ nveqti on. .The uBI jcati di scussed .above
6% Rt

and RHPBUGH STP et deh o 1B\ cqi{reo8} EMpeRlie) PFRss - 2 mm X

di szd.oshmedipihbef disks tWige fstdnpa@ dlgtof tBé nidd@dPEI@SeRdr theological
appl.ication, Nothing herein is to be construed as an
adnfreBClEZ44% the i nventors are not entitled to

2@nt edat esralChradh SEOBP WeAIIARYryY SHehl greBfurdiidn® weRV 88HrRBd on a
For_any particul ar conpound discl osed herein, any

genBhegmediigs Seigftdicp dias oMRBY Thtosestea siigppaalial-pltq ‘geometry at a

CONfeRiBRNIrO Bl 90 %O MBlStest cREthRr 3O R HReonfRE was blanketed in nitrogen
stereoi somers that nmay arise froma particular set of

sub®t arderdamininyipe pefemer dasrasietion: t Theethaomaerevizsamphesisddo the test
_al | te @ﬁ\%d%@ the ’stuqﬁl.a%gﬁ .@8@5 ?oadi%g ‘an@h?&.rov 1? feGh e%uilibration,
S et her nanti o ornms, as

| Sone / I N e rrc o racem cC
2 5ne| the gpecimstsyress sqykezst betoes haplatss tas 1 6mem dlocknesstand the excess

' e%&&i Bfinmed. A total of 8.0 minutes elapsed between the time the sample was
inserted between the plates and the time the frequency sweep (0.03~100 rad/s) was
started. The complex viscosity (n*) versus frequency (®) data were then curve fitted
using the modified three parameter Carreau-Yasuda (CY) empirical model to obtain

30  the CY parameters viz. zero shear viscosity — 1o, characteristic relaxation time ~ 1,
and breadth parameter a. Details of the significance and interpretation of these three

parameters may be found in C.A. Hieber and H.H. Chiang, Rheol. Acta, 28, 321
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The present invention is further illustrated by the

foll ow ng exanpl es, which are not to be construed in
W@eops0e8s1as i nposing limtations upon the sScopRCT/US2005/000278

thereof. On the contrary, it is to be clearly

understood that resort may be had to various other

as pa9ss), and@ A Hiebet §nd mﬂldmmt P@m Eocifi m €1993), both of

t hereof which, after descrj n_her

mayWBigh @@slferqbafém%% 6 3%%“"8516@%?‘#&&5 “3‘&&‘? Hep- F‘ﬁwﬁ%%"at“’“
ar t enidiftopta) dRpar &dté}ﬁnﬁeﬂoﬂﬂr tdameSiking tbyOperfon@ingr &memftmperature
i nvention or the sco of the g pended ¢la %B&J 28°

f ol SUpIPAgtien afgymamic faquency daieipBamed at 1558e9r e, a7l °C.
syntheses and preparations described therein were

carried out under an inert atnosphere such as nitrogen

andAbsolide Yoteculgo Reiaht as Reteranipad bHagld dcatieig commer ci al
sources pifl Wer ?I g PhdiRWeYe &ié'térﬁgnéards JHC- W@Ls WHi@Ssombines

ot herw se speci reagents were obtal ned from5
c onthemgitladds 96 sire @sclus@rqamtmhy KEEhoDth maltirangledight scattering

CEOAPRIS, ) R Sty e s

1®e n??ecthylolmg}s Srentes Barbdray §i4) gw@eart@lplnsyl tgreaBl-@f sireipan (Rplymer
ac CEr ﬁf(? or Watéol’g-{#q gy 1151% n%ﬁt%' I?&ﬁ%%g lt}ﬁgt!lsg.{ih a hot transfer line,

Charact eri za Sa re co res
rml tlechnaty cb8golldd dtahe antea'ember@nhret $srtheSHG cniunmts esd ity figferential

o ctri pre sy 8 Ma “choateplhit Fob Gy gimin. oo

mol gioBde PRASSIVE e-nﬁaﬂoralsbnaaﬁl(Ecsmaizastemmmmgle&ueem;s mm x 300
nol ded sanpl es were then quenched in a cold

13 enpam.20ure Migee4dlS colprp POBmET bl Bﬂlﬁft@de‘&ﬁ @ oo with
t t o
ooy b2 P o] BRSOt o0 s

sh earbefmabmn@mfme\ﬂm the ;SECfm]emmh wials sittiRp éomedrousekheated at 145
Scientific, Inc. ter ar.al
ocoRt Pt BT ah BRI Ot U e pet Reggessary i
of LbhRr IheNABLRE h‘é@}‘égéﬂeaﬁ’sk@hﬁﬂns NInNidti#tief €Nadghirg GefondeRtration
m nim ze pol yner degr.adati on. e rheonete

2fr e RBRMELPEr.SAENIER ﬂlgleteﬁﬁﬁ&ﬂasa TS oL ity gl vere alo

Sanpbguite@3sH Jash Bhtiiah ifhg WMaR stAMeE@RbIREN] |At Bidhtdhedinatedraphic
5 the speci nens were squeezed between the pl ates
@&S)d’f,dlus of

©. o Rpihoasolirmole s (ASTY Fookieah SHafes
8. 0 J0lBuf €R,) SV @R BAIREIEER DR dR hiktepaM SopiSespectively.

Methods for this process are detailed in Wyatt, P.J., Anal. Chim. Acta, 272, 1 (1993),
25  which is hereby incorporated herein by reference in its entirety. The linear PE control
employed was a linear, high-density broad MWD polyethylene sample (Chevron
Phillips Chemical Co.). The weight average molecular weight (44,,), number a\}erage
molecular weight (M,), z-average molecular weight (M) and molecular weight
distribution (My/M,) were computed from this data, and are presented in various

30 Tables.
The Zimm-Stockmayer approach was used to determine the amount of LCB in

ethylene polymers. Since SEC-MALS measures M and R at each slice of a
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i nserted between the plates and the tine the frequency
sweep (0.03- 100 rad/s) was started. The conpl ex
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1 gh

sevent ee DR (e | HiRfrbuioB nerensr Hivs MWD iqrf e epapolymer,
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25 and equal to 10.9 SCB/1000 carbons
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enpl oyed was a |inear, high-density broad MAD
pol yet hyl ene sanple (Chevron Phillips Chem cal Co.).
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S Ukﬁﬁacé'nltlizg Stubly. 06 ekifide RIRSIBE borls aﬁﬁ&eﬁeeaﬂgcﬂ L RERE were set to

ners, respectively. At a given

\R/eﬁ W 289 éh%lg@autn@ms fisfeda (bl:h/hrrrﬂhe csimve disBy fromslie to nip
CORPIHR0LUST NS ifdHIE ’ﬁﬁeﬁcﬁﬁfrﬁﬁﬁ{rassmﬁgqﬂﬁs’h%ﬂd 8&?%\{%(1 lob5 F. Line

equatl on 2, where the branches were assune

10t r ispagA sk dmesbasedincremshtaie drome30D fUmin @ seozvmm,toﬂpo £B8ih to 900

20

25

30

B3J
£ SUEES, o tiep Snghy 107, Wo BRI ofter o feisfe e pformnoe ata
t heange lof §he cpeadasnd redeterorimpuifedd Sfﬂlealeg%ti 1fealf Wﬁq éﬂcyuntered The
0*14* ere
S PR b & pEE i koo ubRitls, ik MRS percgtted using
t he Pt ecrivina rrewser. ghE’lf“ dsl@tslh?ebfi’lt was la(le)\B):ed k&) the ¥Wa@Sdate and
¥
BTN e ——

th emRMBter eslild Deodlegyy adm@Rd Rehm Was sdtstst f6OE6R C@&Qlt and haze
befope equations 1, 2, 3 were applied for the

det®&M¥ nation of LCB in the copol yner. Wth a known
SCB di stribution across the MAD for the copolymer, (-
across the entire MAD of

. ?&B correction fach?r {
t hg né%zg’af Par a e(ﬁWpact easurements
Elmendorf tear was measured according to ASTM D-1922 using a Thwing-
Albert Elmendorf tear tester. Spencer impact was measured as per ASTM D-3420,
Pendulum Impact Resistance of Plastic Film - Procedure B. Both Elmendorf tear and
Spencer impact testing were done on the entire structure (that is, the polymer coated

onto paper), however the results were reported in grams per pound per ream of

polymer coating only, to account for the variability in thickness of the paper substrate.

Hot Tack and Heat Seal Testing

Hot tack testing was measured in accordance with ASTM F-1921 using a J&B
Hot Tack Tester. Heat seal testing was measured in accordance with ASTM F-88
using a Theller Heat Sealer and an Instron tensiometer. Hot tack testing was carried

out using a 0.5 second dwell time, 0.5 second cooling time, a sealing pressure of 0.5
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ext Td ainéglk 8 B]ir’k&esoee[i‘fe é’é‘ﬁ{g © ?%’ﬁgv‘@dlsfgrf)ar’ﬁrt fhan g, BE‘? Paee°f poor
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25 The test method uses an apparatus (Southwick Perkins Bond Tester)

manufactured by Southwick Perkins that is equipped with a sample holder for

clamping and sealing test speciments. Air pressure is applied from one side of a
coated paper specimen and both burst pressure and visual burst pattern are recorded.

From extrusion coated paper of an approximate width of 30 in., four-inch

30  strips are cut in the transverse direction across the entire web for each test direction.

Test direction refers to coating or paper side facing the pressure source. Five areas

equally spaced across the strip are tested.
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pol ynmer coating only, to account for the variability

in thickness of the paper substrate. Hot Tackand Heat
w®e@b/0d8se i ng Hot tack testing was neasured i nPCT/US2005/000278

accordance with ASTM F-1921 using a J&B Hot Tack

Tester. Heat seal testing was neasured in accordance

W th ASTHiy FedSp bsh&ks arel Belditehediaat73 deal £6° afdl 58N 5% relative

I nstron tensi onreter Hot tack testing was carried out

usi Ivenidityofosne lessohan HRWBOUTS PTigRIO te§tisE. second cool i ng

tinme, a 0. 5N mm2, and a peel speed

of ZOOnﬁlg?t%%rQsea?y{ogg‘?§ ng was carried out using a

0.5 second ldvithelling pressuB@nphs testbr wenddjystadsto pasi emitie deft-hand

élz_ross head speed of 20 in/mn. BurstAdhesion Strength

he Burst Adh&&%n Strength test nethod determ nes the

bond st rengt Teffolbwierdahd on dxaaighngdet wesupaggmege was set to zero.

substrate. Fqr the Sqoses of nve

t
ol Tow ng. t eSRIBILRFBRIERE Hecuuye ey PLand freumgd vith the

pressure r eqmagﬁ@dlcts@nps; Rhéd aarhbkel ﬁslp[ﬂéidelTEQTh‘éll préssii® @utomatically
coating (inpervious) side away

pressuri zat i Gifreagdiriihe %E‘f@?n S’(W‘E?f{ﬁ ﬁhe bysEPIsipisas indicated
1Pressure reqyi aRdGoNAwEr1Ral wabBots@ A recdhidd) t he

i npervi ous side toward the pressurization.

Strength - 3THEVa@ResWaEe dasied it ﬂ@xﬁii‘sé'ésséé’éfa?%a‘ﬁ@’r frapythe high

of ultimte bycghre ?ﬁfa@ﬁ@fa@mg%@%r dhe slwald fheﬂ?ﬁl frbdsiRe (plastic

separates easily fromthe paper, fornms a single

bubbl e, and n@?ﬂnbﬁom‘yaﬂbt rupture. Fair Adhesion -

The film S@rpaf)?tﬁ g? %{egr%ﬁhr}ﬁe és }ﬁt’lnglﬂllélll }Hh&lcgg«l:ltg& §1rfaces up

form ng nmany snal pr essure [ d-up
1yreater than was rpmd@hs%a@fsswﬁmenghhe@ down “@@Morded as ultimate

Adhesi on - ry small bubbles form and

pressure bui r%[ggtgtg&gﬁgm ficantly until rupture. In

this case, tNhasikl dbservanensrs bamd:h:mnglﬂ qmmhtyhxearmpmﬂecht

numer ous. |l.ocati o Ex

obser vatPie SEBaf Bt dn e tparopERET AREatie Surdsing, system

pr e@IMSg ahdlPbident Bond rBtidngthUpdsateulated ihhicsordaist anitheahd Rtlowing
2@dhem ve strength equals the ultimate burst strength.

he®d88¢™ et hod uses an apparatus (Sot hwi ck Perkins

Bond -I;/esét &“;)S . Adhesive Strength, psi X100
ond Strength =
’ Ultimate Burst Strength, psi

25 EXAMPLE 1
General Sources and Properties of the Solid Oxide Materials Used to Prepare the
Chemically-Treated Solid Oxides
Alumina was obtainéd as Ketjen™ grade B from Akzo Nobel, having a pore
volume of 1.78 cc/g and a surface area of 340 m*/g or Ketjen™ L 95-98% alumina

30 and 2-5% silica having a pore volume of 2.00 cc/g and surface area of 380 m?%g.
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manuf act ured by Sout hwi ck Perkins that is equi pped
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wep@siessnt s. Al r pressure i s applied from one BCTESDS/600278
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t 0 6061, Affpalis meleiniessté Serfumded inmpratuss wapiogreddy | 4Q0°C, and

and secured with the. [ K t :
ol b RTOgepFReRy gvsassulgnglagaﬁ%gg}at | Cagﬁlblglﬁﬁ% raztgfs]\é&/gicg%?ﬂ,t (‘é]}”ecarbon

16 ﬁeteﬂfraas}nl@riw phasingektdd iethb nitsigepstemguand evgpiratdd opstegmidyom the
the fo r.hand S ed and. recor,ded. IV :
ar A PET LU B HPECCH A5 CALED O i ad aTg R Facted withthe
: E ealiri]lhﬂﬁ tPEGEIY e (sﬁ)dlfz&‘ét Thisfracdengpropidat thy equidaleavar d@s.5 mmol
e high pressure (plastic facing do r.d 4 .. Dat
ot 2 b 5o AT By g hé%vge%ls)ﬁﬂf’%d%‘g?ue%‘a‘em’ the
SUr {eaa8s MPmhaSyvALaaitEatcslsr. atkieattivatos tsugpugt Wannstddovire same
was recorded as ultinmte burst strength. Visua
1pbsmpangt psghe sftasadem®er engt h qual ity were recor ded.
Data was entered into the Laboratory |nformation

Managenment System (LIMS) and Percent Bond Strength was
cal cul ated in accordance WEEHAMREEDo| | owi ng equati on:

R PP By S A0 o 10
The silica-alumina used to prepare the fluorided silica-alumina acidic
20  activator-support in this Example was obtained from W.R. Grace as Grade MS13-110,
containing 13% alumina, having a pore volume of 1.2 cc/g and a surface area of
400 m*/g. This material was fluorided by impregnation to incipient wetness with a
solution containing ammonium bifluoride in an amount sufficient to equal 10 wt % of
the weight of the silica-alumina. This impregnated material was then dried in a
25  vacuum oven for 8 hours at 100°C. The thus-fluorided silica-alumina samples were
then calcined as follows. 10 grams of the alumina were placed in a 1.75-inch quartz
tube fitted with a sintered quartz disk at the bottom. While the silica was supported
on the disk, dry air was blown up through the disk at the linear rate of 1.6 to 1.8
standard cubic feet per hour. An electric furnace around the quartz tube was used to
30 increase the temperature of the tube at the rate of  400°C per hour to a final

temperature of ~ 950°F. At this temperature, the silica-alumina was allowed to
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Specific Preparations
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tube fitted with a sintered quartz disk at the bottom
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20Ni %hfo@ﬁiogﬁlg)hy oHJsih%zﬂgél 1W1t§ 5- 1-513'? &‘W\e)r@lqﬁilz §%bﬁh¥ Phre product (46

Japan,

O @aﬁbﬁmeld)%mbtam%s a Eﬂ@zw soBg. 1’8&11\’?&\(3&00 MHZGCDCJ:{) r$g7 88 (d,
M J. 1 8.
O BRI 20 AR m PR 4 208 35, 81 23 0 M8k, Y55-0.65

C (ngzﬂt)t@zm 333m EH:) W%Q(@I 3E1);HC lNMQr(garMHa; abldig & 145.10,

ChelTSS()Gr ¥40 79, 140 75 15% 18, 12%nl4urr1]25 55d IIZ_?fSZ 124.34, 124.25, 120.08
25  (2C), 39.70, 33.24, 31.80, 28.90, 28.77, 23.14, 22.63, 14.10, 11.63, -7.12.

Methyloctylsilylbis(n5—ﬂu0ren-9—yl)zirconium(IV) dichloride. Difluoren-9-

yl(methyl)octylsilane (4.25 g, 8.7 mmol) was dissolved in 50 mL of anhydrous Et,O

and cooled to -78°C under nitrogen. n-BuLi (7 mL, 2.5 M in hexanes, 17.5 mmol)

was added dropwise to the ligand solution. The resulting mixture was warmed to

30 room temperature and stirred overnight, giving rise to dark red solution. This solution

was added to ZrCly (2.03 g, 8.7 mmol) suspended in 50 mL of pentane at 0° C over

approximately 20 min. The resulting mixture was warmed to room temperature and
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Academ c; New York, 1974; and Cardin, D. J.; Lappert,
M F.; and Raston, C L.; Chemstry of

w@r@anessr r coni um and - Haf ni um Conpounds; Hal sSPEETS2005/000278

Press; New York, 1986. Specific PreparationsAll
mani pul ations involving air-sensitive reagents and

rmtﬁrrbdiloSermgh@ gpend oisaTeda yugse sﬁépfeﬁﬁ&ﬁn oY suBd Réhs collected by
Otlenk lln%ﬁ‘ﬁi’" g\ﬁ box techni ques. THF V\ﬁé distilled

ey e AR G0L SRR TANGPL RE Rk oRgmoval of the

c hi s@rvleﬂtefror@@l{et@qg:@mra&cgav@ 'élg)uﬁﬁé @alﬁb@fﬁs pegh oy, @Eeld) 'H NMR

Fi sher Scientific stored over activated

al L(ﬁDQ]MHZAIQD@dI&féﬁi-g 9\/0@? §Pﬁebé§§ted =aheiHet B d-Qdrbiél (m, 4H),

115883080 S S AR, PR o
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f r oAl g8 i(@hsEp @. mqedrﬁ64wsmed30 NMR (75 MHz, CDC13) 6 130.59,
N-octyl rret hgl di chl or 05| | ane was purchased from Gel e

and30s¥d 125246281 We d27.B9.0kR1ces W62, dR&Pz BB 1£|5| 3@;\/;1;24 61
3 f K
(500 B,y T2 AraEnga e esie ol 1426, 140,

ref¥lenced at 77.00 ppn).

P hexanlem ORI et prsptiind Vo {oifaide  wes
( 66srépathd 4 SR haftles %@écﬁggd h&efﬁ"ﬁr RO 108151 blS(%S%QOIGH-Q-

The resulting m xture was warned to roomterrpera ur

sl dmzycmn@\% dichiprido.c buii ghing delpregettiyiphenydsing aarskthe silane
red3Qhdthitof, This solution was added dropwi se to

nmet hyl octyl d| chlorosilane (45.4 g, 200 mol) in THF

(50 mi) Rac-etlparh, Z-QWﬁius(af -indendvgjziccopimi(¥) dtkhlorlldewas;)repared

TSR BBt Y 9E 109, 58 LETRRER B S

( 8GBcomporatedeein by saferendeayer s wer e corrbl ned, washed

Removal Kar MRS SRR bR s Heatater N e o | rac-
WaSMleSi[([lfd)ﬂi‘dlby C QlubHVIe, Si(D-MEh @FZPORY  ORrcSMlelSi@-1918/C )2ZrClz,

SR et TSI ASEL S pothSel o o scini

ZO(BQQdM‘&iaSQBQve&) d 7.88 (d, J = 7.8 Hz, 4H), 7.22

25

30

27.48 (m 12H), 4. 14 (s, 2H), 0.84-1.35 (m 13H),
0.55-0.65 (m 2H), 0.22-0.33 (m 2H), -0.36 (s, 3H);
13C NVR (75 MHz, CDO 3) d gédbvbPE ¢145. 06, 140. 79,
140,75, 126.18, 126.14, 125.55,  125.52, 124.34,
1245epgral Dogsripony gc§e PdpnerizatignRoms, in ﬂblg@’ 28. 90,

28. 77, A3 dihymerizafioh rufé h r%
Met hyl oct yI silyl bi s(mf%S W%gucgré}]c m a9 %alrl%rb Sr?(lft%) stainless

di ckebrgagier. [JHY wracton-cgiployed an air-operated stirrer w1th a three bladed
propeller and was set to operate at 900 rpm for the duration of a polymerization run.
The reactor was also encased in a steel jacket with supply lines leading to a heat
exchanger unit that was, in turn, connected to cooling water and a steam line,
allowing for temperature control.

Stock solutions of metallocene compounds were typically prepared in 1 mg

metallocene per 1 mL toluene concentrations. Exceptions are stock solutions for
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yl (met hyl )octyl silane (4.25 g, 8.7 mol) was di ssol ved

in 50 nL of anhydrous Et2q and cooled to -780C under
woprdosoessm ; ?-BuLli (7 nmL, 2.5 Min hexanes, 17pGI/Damb3/000278

was added dropwi se to the |igand solution. The

resulting mxture was warnmed to room tenperature and
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( m achidye tik. @FeR irddicatady in Teple 31.The cl:nqun paretwas ylosedrapl MQ amount

ZH) o ﬂ{sxexe %ledﬁﬂ}ga %éabmgn%%of %‘6%%1% g%k%%y élﬁrogenzlpressure

1C128w214 add&B. T cdrﬁe?ats?«b‘f thd Péact6 6 wekt26irto@ ,andlﬂﬁa@@ to the desired run

é55§gl%erfé§§5¥ sa%g fa‘ly 4 6 x u n ei%% ¥ alﬂ_rg \Ett% t&li dﬁ%reg 6%§Tnt of 1-

g/Et l;]ﬂ?édeﬁ@ gﬂ’hysbﬁl Mh&ss ﬂbwhﬁrtfallm&ﬂhe 9reydu)eZﬂd cpm&itlw piithW}o within 50
iC or| e .Was red [ scr'b d

her B1 71118 SHEFA PR Vg ¥ |%£’§Y€§ et gﬁl fisit of efhylene flow
Y1) gt GRNdpeETtibdpreshufe ind tdrblRratind tevbls Ivd%@a achieved. These temperature

di
ﬁ;? gr:\qoégsr;ﬁl}eq%\ég?se eepfg l;psalpltggqﬁl 31[8 Tg}% Blgrat?g)nl Qﬁe ?’ltmarkt tﬂg completion of

h5- iadER ke He)eflyidn@ ﬂbﬁ'ﬁasvﬁopﬁéd%h HelrélRtordsteRin@ Rk 8ldwly vented
according to Yang, Q; Jensen, MD. nlett 1996, 2,

147 offt ¥éhearthq pretsyTed (HRREEANS WerrwReboloRt dbe Fraster Waggpened and

f P ie er gram
r2|e_|4 Ze Qtﬁﬂa ﬁ%%?défgdﬁctﬁ% Z%?CHIQE%YI gf)gsr gbec@f J Qs g;th grams of

2Si PQlé’M?ll Wﬁu@r ®r gamref-qempglly- Eeiﬁ@} a}yd Z)Z}dei 0r2tran51t10n metal
p/b %%@T % i ﬁe ﬂta{\ﬁ@ éﬁﬁﬂ:ﬁé&@a@ Ml@ylﬁ%&%w%ﬁgﬁhon to

C|ent| and as received
6 GCprepamalpDbysibyiept a@rﬁﬂtyﬂemﬁehemewnmlmm ponpiRyidsd jmIable 3.
Table 3 Al polynerization runs were conducted in a
one-gallon (3.785 liter) stainless
EXAMPLE 7

Resin Synthesis
25 The polyethylene resins of the present invention were prepared using the
metallocene-based catalyst systems disclosed herein, examples of which are included
in Tables 1-3. The resins presented in Tables 1-2 are copolymers of ethylene and 1-
hexene comonomer which were copolymerized in a slurry-loop pilot plant. Ethylene
copolymers were prepared in a continuous particle forim process (also known as a
30  slurry process) by contacting the catalyst of the preserjlt invention with ethylene and 1-

hexene comonomer. The polymerization medium and polymerization temperature are
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steel reactor. This reactor enployed an air-operated
stirrer with a three bl aded propeller and was set to

woep@satssiat 900 rpm for the duration of a PCT/US2005/000278
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steel jacket with supply Iines leading to a heat
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t epppe@t as Eudlcafed amvhydnd @omias of the fothlAEsbathne dtluatt GRE all fed to

t he d d anou of 1- hexene, | sed. A nmass
157 3 AR aRiebeioa PREeis Yy (706t chy LR ety the three
W tipiratlicafs cﬂﬁqtac&ﬁ chdlCotB 9t fobth EmPerPRSHH @038 d 3 kliRNed before
the snooth transition of ethylene flow untjl the

s pEBFT % Peptead i ©nan dHe RIFRNRETAF aVap dy egedyehioclave Bngineers

ac Ma#pvedive TORER Wit PI@hd/bCeiRBA. PLESD L]'h?eré %éhsfe\&@‘ir@ctly into
rral nt ai ned for the duration of the run.

P JRaI- t e chemicdliyetreated solidyoxidre (€’|F%W Wes added o the
0St PRSI ANChEJugh h BB QF cilkhISSRUSA1- MRSk RlaW ysméez?gxﬁgﬂ isobutane

of When t he gr essure and tenperature were
I o@owt mreindisaied bereina sihe perion Pasrye ies g4r dnal (ap8Qpiiy nﬁhe reactor

erzﬁtﬂjelvﬁa%t\%gied AG ' V{ gé/e ¥t S%%Q(lj ftJ) ed1 ﬁ)scelast I1"]nedlca‘ced The

gr ans of mer pro uce gram o
c h@nluymameymn rrefaitcafdwsobpeuhtezdxiodlave ra tesidesdet ihmm ofel.2d hours. At

ch r e atlve experi me | data
Q’{ Qof}ﬂstatg %ﬁn&]ﬂﬁr\[/setrl]lga%gtal 1‘?8‘0 arng a?’d ralg olvvgt hg zﬁeers DSy hour, the
25 et hghlybn@ fetd g @one mdbﬂhrymrthe bhexeps fed datd was vdiedd t6 cdntrol the
Exﬁ‘el\ﬂzglftyE oz thlgepsollymer)f)?(}dﬁgt E%hylene concentration in the diluent was from 14

to 20 mole percent. Catalyst concentrations in the reactor are such that the CTSO

.-q

system content typically ranges from 0.001 to 1 weight percent based on the weight
of the reactor contents. Polymer was removed from the reactor at the rate of 25 Ibs
30 per hour and recovered in a flash chamber. A Vulcan dryer was used to dry the

polymer under nitrogen at a temperature from 60°Cto  80°C.
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The pol yethyl ene resins of the present invention were

prepared using the netall ocene-based catal yst systens
waele@shessed herei n, exanpl es of which are incl uPErUs1005/000278

Tables 1-3. The resins presented in Tables 1-2 are

copol ymers of ethylene and 1- hexene compnomer which

were copl yeRint éest billdap & ukrryact&oapsrﬁm ot f@as ppm. relative to
Et hy| ene copol yners were prepared in_a continu

pardijvent of wﬂmﬁ%@ég@%? %enk FR%MS gladig 4§Pmaﬁy81ﬁ#1}sa@§§9 The
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' Sdhe“pmfﬁeft DgiAe “BCIBt ald “BEg-ghto @énobedlﬁDiﬂedﬂoce}f@ €$Stems and

e GREhRR DRtk Stont gty Rt e en g e grially

I lf qiggxdaﬁdn Ifbr chbe af) 1amtﬂiga$fmm:r efinfife, |S00D JEAY] ]gg_@.l VDIUBE | and
iters 0 ! S. e uori
100 | PoBBY urh SEbTy SroRpls SRR Al EOMyCheRop Philips

I s athengiee? Cot DB, Wit ugddl a0 & @merod &r Wl iienrigls. Sol uti ons
prepareg%gs |nd|cated above, and a portion of th

total isdBubasife deR-TRIORE Metrnsiof mely mdsx; snd ﬁ%‘ﬁ&' ofor all the

t hrxgeiiméntdl’ REBNLRGE ivith e SGBllysl Qyster? rld%tl@iciﬁoheefré)prowded in
where the three i ngredients contacted each ot her at

r oohAMS g g Feereby, thoexpsrimentyl rrtiecgneadan deesits foan i AP18 to
20, heo. 520k 07 e inHIPEBRCIYNDAH A MAT1 Pt | 1T ed.

Aut ocl ave Engi neers Magnadrive reactor a vol une
of either 0.5 or 2.0 Liters, which fed directly into
the | oop reactor. The cheqbegh reated solid oxide
(CTSO was added to the precon?ggﬁor through a 0.35 cc
ci riudlaMerglobatk|CatthatRestreeder using a smal | isobutane

fl OW aS &@hcﬁtlﬁ% HE}{ llntheTﬁg%gpgaa%ﬁgrsfﬁr rdduSS Pers%s \If@elé‘d SC-1

psi) tor e was var
250v dhroaglu Sﬁgﬁegenﬁmbymﬂﬁﬁeﬂ mlghmw:ﬁudasaresmdesg atotu. loaﬂheand neck-in

Pglsz%én%rm é?e:d: t?c%gth% f%gn%}n%‘rgl%ya Lﬁvgl a%kta{{sqdﬂﬁ antr%l Yabeled as PE4517
(from Chevron Phillips Chemical Co. LP). Thus, SC-1 through SC-3 were similar to
PE4517 in MI. However, they exhibited almost twice the extrusion pressure and 50%
higher motor load as compared to the PE4517 resin. The neck-in of these resins was

30  higher at 300 ft/min line speed and exhibited rupture prior to reaching the 900 ft/min
line speeds. The resins SC-4 and SC-5 were higher in MI as compared to PE4517 and

as a result their extruder pressures and motor loads were closer to that of PE4517.
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steady-state conditions the total isobutane feed rate
was 46 liters per hour, the ethylene feed rate was 30

wo b®shessiand t he 1- hexene feed rate was vari edP@DUS2005/000278
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systematic trade-off with low MI resins having high extruder pressures and motor

loads with reasonable neck-in and higher MI resins having lower pressures and motor
loads but with much higher neck-in.
30
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As seen in Figs. 1-4, all the single catalyst-produced

resins | abeled SC-1 through SC-5 generally exhibited
whe@heessext r uder pressures, notor | oads, and nBCRUB00:800278
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semcompgible pacitinglt 880 ftmin hethe®Ed 517 anillpgegidih ig. 1-3. However

i ni e e

cur Etféeafa%t-(ﬁ—q gg rI#e glg gféar\g %Qd !hlafe'tdo% asf.‘il? T %fftal‘? %?(')Tgtl/ ’nhna(tsee Table

nonet).ofResin D@ rvhignisadlighee i M (elQaMlIl)ameml Pﬁéﬁl 7aryhibited clearly

ﬁgg ﬁ%%vﬁ(?iltrﬁ%ergge%% © g’ onrarrrllo Onosgdr f/g ct,pglﬁe clorsnrpgrsé egltelgl\{/-gn aét both 300

250n-fiARid ADRB0O étﬁnmslmta y]pnedsazisl cpmpartd wrthd P4R1Sirgind. f | cant

See. "Tor Texmppis el HEERGror SASh et BRPE o 12 b

J.  Kdéwinzo ~8%BMI%QE&§&OIE&D[y bER@pdRedue inmovedecXi@Wirther, and bring

Resqnance |
C%t closer to that of PE4517, with comparable extruder pressure and motor load

characterlstlcs as suggested by careful inspection of Figs. 1-4 together. It was
30  observed that DC-C-2 tore at 1,000 ft/min line speed as compared to PE4517 which
did not tear even at the 1,800 ft/min maximum line speed. However, this feature

would not be expected to adversely affect its commercial applicability, as
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Melt Enmbossing and Extrusion Coating”, SPE ANTEC Conf.
Proc, 104 (1985), which is incorporated herein by

WO efosnessee in its entirety. Thus, these resul tBCT/US2005/000278
indicate that these particular single catalyst resins
did not provide the optinmum bal ance of extrusion and
necdominterdid1BrpsdtRed skihifont doafingVBhe sﬁé@d{m% i€allyOintthE range of
PE%@&? rgfln as desired. In one aspect, ey appear ed

H¥stematic trade-off with | ow Nl resins

havi ng hi gh extruder pressures and notor | oads with
reasonabl e neck-in and hlgher resins havi ng | ower
pressures and notor | oadsEEAM ¥ nuch hi gher
sneGmhfok- SN 9pdMial - et al | ocene Cat al yst Resins
Resi ns were nmade using dual - netal | ocene catal ysts,
whi ch d&tHnSErEen conipn ghisiask proppiting sverq Isted forelk fhiepry Tesins
of sh&en PTHREM &id é’&‘ﬁ{ﬁ%ﬁ t&ith%ymyé Hp! mnaﬂﬁicoﬁpa%&f? BRAS17. The
of the shear-thinni response of the resu
r egpivls ofthese é@fﬁﬁéﬁ? é?@WlnGlS fQibWSe Elneendpuf (Td%rcs@dng‘thscam ilhgrated in

i Frenr e Taar s AEhach g 5 (@RS i ced
10pr 88t hotr’cmkrsmnguh wellestiated sFiggh taed pltiamte eaotreggth isrillustrated
TaQL%Eg The properties of the resins resulting from
t hese dual-netallocene catal ysts are illustrated in
FI gs 1A]sﬁemndstfﬁwkll ie Figl-66the BRperineatal taimlprapeRd@ccording to the
sone dlffsrences ano

vver 2 aﬁlg}%r eﬁ f/‘a‘:%;{\gf%e?y PRGN oF Petise iy B?Wéﬁg gle;g{%n‘}‘nd TD tear

c Orfpmﬂzﬁi&e ttiint the PEHSITI RsiatAakybparkes| bfllihe @ ineXaNPeth that in
t he data for .the dual.-netall ocene resins
{ % gotI appReay wd&aie any P Vl?‘f?atFard?OHqﬁ% dependence on density

Si n@lnﬁltﬁﬁieﬁlbb Qs &/ithRSdr AmoMtht diffdfen? syattehs Hvedt a’é@h' ch
are cl Oﬁ,§%§pl n M to one another, illustrate t%’]

differe oRsghapRact jrenefeingkla) mstaiarkycdnes é@t%%b’ fgllnparable

I egleffornexbd bf the dxpepiRitaBieking deh thaad pBusss Uﬂfésburét QWhdsion in
not_Qr rﬁ%ads | ower neck-in, and better draw down as

s ed® &P some vasiabiligs b @841y 89 gppaTens trged Wish pighee densfty ox melt
20t hgpdewo resins fromsystem C, nanely the DC-C-1 and

DC-CG 2 resins, was especially noteworthy in conparison

to the e hopwkebenatoflatpfor g pxpesisiantal Rews is smv@ﬂ Fig. 9. With

S SR8y SEOE WP, L 3 o)
motdensity gesthspepered tieqording toshia nﬂ/ehnmmp&e aﬂieEe)qpemhenta’l ra@ins show
Sos\gvea/cﬁ'sfp ng%&gﬂ%nﬁ%hgég eagss g) a%gﬁ: ato%lgpglaa le 'ﬁpg[g\fc &8%}?4517.
25andbe glata wofirfts &ir F3B61 7, tHOACAL émbBCfKE-BIaee connected by lines for easier
comparison and show that hot tack initiation temperatures, defined as the temperature

at which 1N/25 mm strength is developed, appears to be even slightly lower for DC-

C-1 and DC-C-2 than for PE4517. The ultimate seal strength data in Fig. 10
illustrates that by and large the experimental resins exhibit comparable seal initiation

30  temperatures and seal strengths as compared to those of PE4517. A closer
comparison of PE4517, DC-C-1 and DC-C-2 further demonstrates that while the
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4). Resin DC-C-2, which is higher in M (- 12 M) than
PE4A517, exhibited clearly | ower extruder pressure,

wO owe6sst or | oad, and quite conparabl e neck- i PCHUS190%/600278
300 ft/mn and 900 ft/mn |line speeds as conpared to
the PE4517 resin. It is possible that a slight

ad]uligrhare Béal ereﬁéﬂlle gdl/l PEAB1T eﬁpeﬁlrs kl)%}pﬁte%u fat @fdund 32 Ml/ind hgae for
to - 0 cou eason e _expecte |
nodiC ot P2 cHh BRRLY PIEOET TR P RO - Do

PE4517, with conparabl e extruder pressure and notor
| oad characteristics as suggested by careful
i nspection of Figs. 1-4 t 5GSME 11t was observed t hat

PC- o iehiBr Wezgﬁt hd RABoIb it MatdeRfisppeed as conpared to
PE4517 which did not tear even at the 1,800 ft/mn

MBaxi| wmﬂhsﬁétegp@léwlarwévéata from SECMiAkSe sheotingl Wetpht prcrage

eX REQAL&Ghr R i AR AL S %Lﬁﬁb&fafv&%%e bR WERLRIAL), z-ayerage molecular
appl i cabi | 1ty, "ascommerci al racti ced exFru5|on

coardighy (Mred spsdessiler weight ipri on M) b presagjed i Table 5. The
S OQh %Xéatl leBrRoterAO0VEE-fhe ]I’ESIIEX(H{ ey 1%11{119%&@%&%@ RELehE1 the

Basi ¢ trusi on coatlng pnysi Ca propertle wer e
lQ es(t‘ae@ati Yesuglk | empfidsak modelj prsanedieysweré preferttddeingTabigl6. All of the

érﬁg nttaq ré pﬁ%ﬁ ﬂ%leb? al'rcpg> S%tﬁIQLPf’ﬁ%bﬂr(ﬁ) %%3%4517,
The esuts 0 esetests are shown as foll ows.
EI rmearel @tl f deTeamined tto e:ngihimsvea{yleg idbgromt afabeg chain Brapchifg from the

esr]{ce%;gjggt strength is illustrated in Fig. 7,

rs si%H is illustrated in Fig. 8, hottack

st rengt fin |osde|r ltd wslintaih edsuanclbiitg, SBC-MADS uhdldcibi aves@gland long
trengt.h .illustrated in enonstr at in

19} (R CteBing dalf WS ond edpretentive yaste AR SR A Sgstem

t halaﬁféml B3 oW@“ alc@{gtxhlﬂf tHePEIST Y r@e i/ sloRit inOFighallh @hd 11b,
in terns of th and TD tear_resistance than the. .
peiswctfvggv As NI‘bSHﬁtﬁéﬁ? &on 1ot liﬁ%élaiﬁdatherﬁw@% pglydispagsity as

t haJonipBwIQ@{h% /. BIQEE rBdhs RIS BRverton] RAEGEHS Bi.‘émﬁcant “hump”
obvi ous _tear ropert%tde endence on density or

i noExthe Pighiraipqular geight gn %Fn?i‘ﬁ@mflﬁéa‘d?%‘“fse"i’@ﬁta“ gy%e@aéhtmuch

20 n%ﬁb%ﬁfrﬁﬂolydﬁlﬁrs&?%%‘lso' dTTF’%%lt%& %Q’n%]{ PoleBulkd @'ellet “hump”.
simlarl | ar gel ¥ﬁconpara bl e performance of the

expitil bt inplasi 1B, B P41 Hdpsie MapEopsHorably g iuthe degree of

adl’l@ﬁg ORirl Brahiting By RENSs &0 MRo1taht @@fght! fa¥ed4 coﬁ%ﬁe@ t@ Q11 the
apparent trend with either density or % I ndex.

hotretinedf the presrpt nvertion. flbe LCBalataip&ig. rlrblmwalie méélnsmnﬂplg below
ShoM"Q d Mk g/m(g by\%é gEC-MALS setup used in this invention due to limits of

25  resolution. Thus while LCB in all the polymers is likely present at lower M, only the
high M\, end of the spectrum can be observed. A linear PE standard is also presented
in Fig. 11b, whose LCB level was determined to be essentially zero as expected.

The results of Figs. 11a and 11b demonstrated that in comparison to the
PE4517 resin, the experimental resins generally: 1) are narrower in polydispersity; 2)

30 lack the very high end of the My; and 3) contain only one third to one fourth the

level of LCB.
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t he possi ble exception of resin SC-I, which was one of

the highest (0.934 g/cm 3) density resins prepared
w@eweneismy to this invention, the other experiP@&nUS1005/000278

resins show hot tack strength behavior that appears to

be | argely conparable to that of PE4517. The data

poi nts f‘f@lﬁhHEélﬁ)ibth t@@a@p&seﬁéﬁjomng}cﬂalﬁﬂﬁ‘amﬁmgﬁﬁ tikdde piplymers

lines f sier c ari son and sho t ack .
i Mot fe flaried AP g ect et Hermaokbiovs M oplad Gimsesspiative
whi @kind I Pblere) iliﬂe@ﬂEE Iaesirﬁ gé@aqrﬁ yca;xam;t mﬁ@@@fvsudrper@ﬁgles in the
even sl | ht I %/ﬂ {(ovver DC-C- 2 1|

PE4B1gE Ymat eSe§e13| Wg?dr éﬁ@%&n&a% &qsﬁwr:. &helmrheologwal

3l |]§§Ia{/1%¥ @$ Hol\RthyRYe: aEﬂ”edtsaﬁigMﬂrbﬁru@%&eﬁﬁd@Qﬁgabhﬁlﬁsﬁrgﬁ'chmg ,
exhi bit conparable seal initiation tenperatures and

sealagvieh é&h §2856200rgav ledviieh imivsarperrtepigsiny by agference in its
Cl OsRitety OTRALL 9ikks OF clB&?’ Rl kJ%'l g(ﬂlbl%d)y% et Jeﬁﬁ% Defabvle 6

denonstrates that while theultimte seal stren
PE4Bdizatg irepriesence oploag ehain ranglring) nBurthepmprof thie rP,E46 h7os>€hlb1ts a

b i gh 1D Ced o Bt i BCRE D apdlne U NEP oA ha .
107 Gbsteuan dTIRImaoﬂ]@ghoglaal E}ﬂawalcbé PblyethylencAlifectst ef Mlcrostructure
ol aﬁlc&ull‘cﬁlr eing Iﬁraﬂ%ﬁﬁl Kﬁg gl -6398 gﬁdbg%)\!\ehgx%ver, while

aver age ecular vve ér -avera
nol @wtedrEa/\Halyhst aden)~33szandrlazge cnmdlsiemlyalveemmsghtateﬁl\wh the

{ tribut
or R ERp G e B nichi LB PR o PP Cnget nqtypgs e
of Ctolneeqtless hetwoén thiegtainmabietdfdiy aek fheelype dr idegree bfMfor@f chain

reau nodel paraneters, are
1f’tpr 2[35%1?1 &g 49 @rﬁga]e%rw‘?&%lbﬁ%?he experimental resins

shown i ril“h'Eaé)&peﬁmEntaln tbsihs el alsbechalRcleBRd 6aAd MNAlcleh® Mdinetic
termned to confain varying degrees

PE4 17,
SRR NI o\ B RS AP a0 SECH RS Vaipe Wanenes, also

0r dx@fen%@ t6VR PedlitBrattir® bR b-afh 3at-ty¥e braRCHIMAL & Hgﬂtﬁgtu HBLLDPE is
ght and | ong chain branching data for only one

re p%l%eﬁttaﬂlﬁ‘(ﬁea e SpnalaFmiaadenh Muki-breyahed Qyéltamh-omlarﬁ@th‘tree
207 1Be” Wnglohai BRELEMot RcHildEu Eég’él-zesﬁl? §f ﬁle ]’lll ﬁ@&gﬁi 'Erge-radlcal

Figs. 11a and | ib, respectively. As rate
Fi Pobmeizafpupegeshades: e CgPelickaith, b‘EP‘y@rﬂs péﬁ@?qu%r Reology of

conpaped iR i oy, BheoO Sycﬁe§ e\ﬁh S 9§ (I@E%)s E ! ﬁ%e? g Eidaccio and

as seen by the significant
ol ledlu Rase, V\ng@rMoléMar Wﬁehtésaﬁ @nd hem—@ham Bsamhmgm kow{Density

e c r ob y.di ty,
SRR SN A SNSRIy, 830, . .
23 | 1Mskaigs &4 G.Harley antlDoJ (ﬁﬂQEBSPERtEm@'tlrr%lswrﬂevmw polyethylene melt

c O%éﬂ@é}pﬂl e)fo&h%%f aﬁd’]sh'éﬂeﬂo%%%v %e‘pgm-pom constitutive equations”, J.
Rheo., 43(4), 873 (1999); each of which is incorporated herein by reference in their
entireties. Therefore, the differences among the various resins produced according to
the present invention, and the reasons for their observed performance differences, are

30  believed to be due largely to differences in the M, molecular weight distribution
(MWD), and long chain branching levels, rather than the type of long chain branching

architecture.
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| ong chain branching | evel across the nol ecul ar wei ght
range as conpared to all the resins of the present

w0 pwsnsssen. The LCB data in Fig. 1lb were not PCT/US2005/000278
di scernible below M, < 1E5 g/ nol by the SEC- MALS
setup used in this invention due to limts of

resol utigg. 'SP SIS o\f’tﬂeh&qglegﬁn 'bﬂm@lluh Ellaﬁitd@@llré/ RBich arSstill not well-
likely present at | ower My, % Mv end of. the

spewdersipod @n wed-chgetersg. haAe |bF=We~°&sOWPEO §ffﬁ‘ﬁd]8? ghepisviggogigy and
pr e%lgﬁgaﬁgnall Qllsaﬁg? ;%Qmsem%@eﬂi%ésevﬁe VYaSarZed @ﬁdTRnﬁdColby

e essenti ro as expected he results of
F| g$iagnbsinadeng-staindermshingriapelyethiilgnesinl. Molp 8P or81-686, 569-

h eS fﬁ%gg RE % rLarsIoH e“ a&éﬁi‘ tl@llaolgg‘f Fﬁﬁragl@ﬁk%r Pdlglr}fer Melts”,

arenartower in I spersit vVery
h| gMaemohobf 34, Hﬁﬁwﬂﬂﬁﬂ’llﬁ)imtﬁnl &ohsech ply “Yrrdl-Pefined, Yedel Long

oneCIlaurllJ 'Btr%lfﬁ%hg n(lé?éﬁﬁjlen%f %%el{:ﬁﬁéo'i‘oegicaisﬁ Qfotr” t acjr(li}ﬁol 35, 3066-

presence ranching in t se gol yners

C oAy S5f(2@02);tdach ef vehiclt is dhebiposted dieieiraltyi rofereme ingtheis entities.
shown for select representative resins in Table 6.

Li near PE resins generally exhibit flow activation
1@nergies in the range of 2BA4PkBH/PDI. See: P

Ther nor heol ogi cal Behavi or
gg@tr‘ﬁf’féﬂdﬁ’wwﬁ crostructure and Long
Onal n Brmb@huenme flovagr tetdxtrud®d is Ggcly GROD f(o%QGﬂ.)s, reasonable to
whi ch is_incorporated herei referen e in
et FREY IR MEipr S ol SSruBr B esghn GRS FOcs o be functions
exhppine %ﬁeé@yvﬁcbﬁtys e’tl%civefa@§ isRar rdte fioe@xbuddtdiBadsemitb® to be

esence of chain ranchln Furt hernmore, the
1pEa 2l ax Hﬁhﬁ’fe{f%e oty gotqr Joad; a9d exhudes prosgyreygrop were Sxamined as a

c onﬁinéﬁ@r{“f the Fn@aslhl:k% shéatr efséﬂs}%gt KOB 1/8/¥hesl-rA¥ KB raeh oP-which are

Cost eux, "Ther norheol ogi cal ehavi or of PoTéch yl ene;
Ef f shorg infFigs d2osnd 126 EﬁSI@CBYFéD’ L&bgge erareasoppllp @npheprrelation of

Mac {0 otordBad Ql%%;{ﬁ@%? 9re§s%%}){ﬁ the kﬁéﬁ?V@éomty‘hTheeshear viscosity at

el evated Ea val ues above -3 have consi st ent|

beeA0hbsowisdreed ou tha rhaedogy rdé@eﬁﬁ 680 oc Wiy theefrpsion coating was
26" 2pGRiRga a@ﬁnmmg&@ kR e@at&@mh&lt &k Jéeﬂ aarepce;h 16 320 °C.

t he*connecti ons ween certain va of Ea an
t yp@herefodel nsasot@:t thhighg a@m imotdy rlmdcﬂmd wgtr@dee pressurgs onm:late quite
clearly es I shed X er4 eS| I
char gkt% ﬁ? ;he dVla(:SqSI atNqu eg P ? I\%ldn et & r% gg o 1%)}%%“%
Thedespite shisé mrmma'e &%rmwlmlbphé%'d that plee basrmﬁﬂi’(bﬂs jn Fig. 12

also r %erred to in ?1 3-armstar
or SR 1 > Preager abEE Ageliable oS SRRl Rt P Sosns of
2601 ®igs o1yl A, 12bq1ﬂéiﬂféﬂl’m&drcﬂmi)fcﬂﬂlishﬁﬁbnﬁbn were largely similar, varying
branch-on-bran treelike' %ﬂ g
ar cE‘iof“ecgﬁrt%, ‘gskjém?leasgu‘iofnpﬁrfed q?\gd’ ﬁr}fé‘h"q 6b reglg g As a result, the
f r egelitd@i dhahge in viscosity with temperature from 190 °C to 320 °C for all the
experimental resins might be expected to be approximately the same and therefore the
viscosity data in Fig. 12 at 320 °C would be lower by the same extent for each resin.
30 A recent report suggested that it may be possible to predict certain extrusion coating
processing behaviors at production conditions using rheological measurements

conducted at lower deformation rates and lower temperatures. See: N. Toft and M.
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pol ymeri zation process. See: T. C. B. MLeish,

"Towards a Mol ecul ar Rheol ogy of LDPE", Xth Intl.
w@ewg/o6dRineo0. , Sydney, Vol . 2, 115 (1988); F. Beer/pS1805/000278

Capaccio and L. J. Rose, "Hi gh Ml ecular Wight Tail

and Long-Chain Branching in Low Density

P0|mgdalhy|"ﬁﬁﬁ§smn @oatﬁ\@pinth P&kaﬂﬁﬂ:en@@atalysgﬁ ,Po%gﬂa%}eﬂe%QZIlnt Poly.
el s Har en

0 and NJ.
3’?5) VIR o 25%3??3)82}th@1 Sdneeeiaed Py pefesratenkaraindn its
rreletltnregeol ogy in elongational and shear flows W|th
pom ponf constitutive equations", J. Rheo., 43(4),
873 ( 1oduyher sxpningfon,gf; the dpts i Figo B oyidh wapaskiocthe fdyy different

5 efr el eBaRydt NsysRBHs 111‘%Qsttf 584 | @%ealelin @laeT @L esmélé1 ecatalyst resins, at
di fferences anong the varlous resins produced

ac caviypleg Mb etchléltw liglas thighrpheartvissasitiesrandt Heacer ighso mtor loads

F Oranf BedcburORRPE YV FHEBRRGE C igh-

bel a|ne\lg)ecsl T ﬁ% due Pﬁf fSlglﬁ)?aﬂlﬁ %aqélil%?ées%%eeg{ﬁ}bg@& EoweWgh shear

no | véseoditags anéﬂlgttvp lofvertnraténloddsand eBure dmps. IBmgiatahaiFrg 12 thus

br I e | on

or APy RS Spedlt Bl Wb NBidth el A0 O s
10br areskiregmay Ohiatimsted by, Com’lrolbhg dlreestebi Flbwnascosity behavmr at the

wel 1.2 own

o pgelf‘{rgﬂﬁg %%(ﬁ:ggxs ecgir@@' Vlil.)lé o ?%ﬁ gatg{j %1ﬁ sgﬁar-thmr ing Bc’etﬂlavmr fora

vi ebesiMl thedopotiseexpéctpixhytot loyd anddsad ﬁesure.]shoula baen

and R H Col by, "D agnosing |ong-chain branching in

pol yet hyl enes", J. M. Struct., 485-486, 569- 584

(1999) R G Larson, "Copfiangtigrizal Rheol ogy of

8@ ?d Pol%(mer Mel ts", Macr om)l ., 34, 4556-4571
£5-In Bl

. Lohse et al., "Well-Defined, Model
Lo ng Ch &Fign 18y ianehed tRoleyietdper @iﬁ@ at 300 tBid s@h&@n@%bﬁﬁlog plot
Behavi 2(/)2 onol 35, 3066- 3075 (2002% each of
whiPe R SoBetioncRl o perp sheak disepHiy 5ytimaled ab AesTp haigny Thus, 300

entfi/met westhe RXAWPlife shdedbtofdn Betale ARE weord AvadiSH1e k'(ﬁ"@tﬂ resins at
Pressure Because the flowin the extruder is |ar
t%mt@p of the

shéBip spaetwn Fig. 138, the neckrinperaide gt 200 &/min isighewn #e
20! oatcaREhbBXSHHAR raSBA RRPS Scﬁiééﬁl ﬁl@?éh?ecéfq}'lé g Hllﬁér thélt Qgstlcrcy,

functions of the shear viscosit he average shear
r atighwasflstearined diom e dyregr¢ ﬁmue@cyt ovepe datgat A% 1/s frequency,
They, hOhBhod 5\%01%?3@%? Al %@uﬂﬂq ept buﬂ@l{lﬁ{l}%; %3B! rJ&lng&sz]d G. L.

wer @ exam ned as a function o "thé neasured she
vi S¥dldst YA dfompoghenyiee bwgsélgatmtcef the Qriginssef] Susfacd meh@hss and

ar g b Qf{\”i’o}y@thg e8S B1dR FF}&?’I 12 A’gfoi gio?)ﬁ;?t&%’e%é’ 2355 9P i(z°002),

a reasonab ood corre br-l'6a
25extwhu<dleus perelsys incerpaiatdd b ecfelendr wntscenﬁret}y Bblﬂetlﬁhw shear

%?sg%lgyz%gﬁkg%ogglleé% é: 2%%% g?ﬁeﬁ ocfa’ca%}()tagn% Fy ?9t0 °é.

All the resins prepared according to the present 1nvent10n appeared to fall

substantially on a single trendline, with neck-in systematically decreasing as the zero
shear viscosity increased (Fig. 13a), or as the melt elasticity increased (Fig. 13b). In

30 contrast to this observed behavior, the PE4517 resin was clearly off the trendline in

both cases.
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performed at nmuch higher tenperatures with nelt
tenperatures close to 320 OC. Therefore it is noted

W@ b@bt/0643¢0 act ual notor | oad and extruder pressPCEES2005/000278
correlate quite well with the viscosity at 190 OC as
evident fromFigs. 12a and 12b. However, despite these
t enper atRig.es MiubttResaRe 8&ck-ih tas b FulkGibh 6F Bdrebdiag likdepeed, or higher

correlations ip Fig. 12 cquld be onsequence of the
£ actiey e 1 Frmaiaes st edﬁclsweﬁgﬁ@@%rn @ L ieRgs SC-1
of fhtc@gh SE2AstRdd baker Br R 3f Bdredsed Aetl-Mbeh&ibtih increasing line
inventjon were largely simlar, varying from38 to 4 1

kJ/ WEPd A caniasty B8 PeR- BT EFARLT apbedchpl Sezduahgeliocene resins,
5 esyih thel BReptRNA ¥En TTARAL shdwell SLO311) Yowdr ldck-in as line speed
tenperature from 190 OC to 320 OC for all the
exp@eienft alhose dpiasillpgtigtet thake thexdebmeldlleasng gystems of the present
app i, t e ) t r .8 S' _ .
SEPERHLTR, htybh ol DERRESER Py SRRSI Ll prsnne
ext ¥epronfessingitae ko thatgibservell witBHLDPEpesins. suggest ed t hat
It nmay %r B%h\%nﬁl fg@—ﬂiﬁ%dfegihs %ﬁﬁtaﬂ’ﬁ%elﬁt Etﬁﬁﬁ-ﬁ%d ning behavior
coati ng processi ng behaviors at productidn con RERGAS
1@isi mgextdnsion dgivedll established e it sKc dirdu €t ddoganakipwed H. Budman,
el TR O Rl b IPIERRUGE Lou S Mcal, ma
Met Eid. diheme Reat 4Dy 4398-4962 y(2000Y;| adels. M. [Latn, PoBshuclEr ‘G@ansient

For Wb iR L Bp e R LR A Hgr0s0)

of tdile oflathéchi dte fdgrpodatedNhdréin SPREIncd th thbR chitdties. This strain-

ifferent resin/catal yst systens investigated reveal ed
15 b o G YL oo PR €, CoLPrath GaEHUoRp B incrased
exhihbiebe dedaltiizein hilgherSheatin \AsSaQSTyt dREveNdroREFEE 5. On the
hi gher nptor | pads and pressure drops. In contrast, o
t heA SRRt e tesine of HE ressrptinywor alhexhipit grsulsragiplly similar
Vi SEPS bt LED afhile GO GS disOAWRY MR hind ﬁﬁﬂ&nﬁ?@va@% GEo@dgtee of LCB
drogs. The data in Fi Z 12 thus indicated that the _
explrdl &y oakismadiagrouat dvea dige 10 it souldrapsar jhatribe diffdrenges in the
2@ndydagad b@ﬁ%ufsegon%%ralﬁ9 AfhiRLL Py We & tﬁ/ﬁ,l bhA@n! Neapte 5
shear flow viscosity behavior at the prevail'i ng
pr otlagmitas ghat g1 dhetaxpergnentah gesins peivallyrvent igra natrew range of molecular
cheat. i hinni . . . I _
o eEpATAL A AN 3K 1 001 Moy 4S5, oo
EXANRLEe 1®lagelek weighBéhaat iconstdml Wi, apBears fol ingbasaireprotdeding from
e RS R LB T R0 BET ot o
2st DOl edtcas td@sclibbatlyse DEH sysidmis Thid @Bseitatioh i seaxs further by
;C :clr ln‘ﬁ%ﬁ%& Fhlglrj\?‘gf“?do ]?de}t%golgat%pe §) Fo(l:r ?e%fc’n% Sgl?i% - r~le, DC-B-1 and DC-
C-1, which are all close to ~5 MI, and the data in Figs. 11a and 11b. Upon closer

inspection, it appears that the resin DC-C-1, which had the lowest neck-in among the
experimental resins, is actually lower in LCB content compared to DC-A-1 and DC-
30  B-1. However, DC-C-1 is higher in M, than the other resins of the present invention.
Therefore, while not intending to be bound by theory, it is possible that the resins of

the present invention exhibit the observed differences in neck-in not as a result of
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this speed. In Fig. 13b, the neck-in per side at 300
ft/mn is shown as a function of the Recoverabl e Shear
w@aanetsey (RSP), a useful neasure of the pol yrer/Usmb$/000278

el asticity, which was determ ned fromthe dynamc
frequency sweep data at 0.03 1/s frequency, by the
met Hﬂféréil@&olh'l@@éjcﬂaﬁl lﬁtancMngs‘?%QI" Bl diffet@nce@ln e i gH¥® A2, Mractions.

B. Johnson and A Conprehensi ve

| nv &S CPRfEet dhe Barct fh«?é P@f‘? 197. mpe@ﬁ ngf F‘f RllowRi FeReral tgpdg of the

Haz @xﬂeﬁnP Rhay RERXLARSy Bl ¢ fol eBBin (F x]%] ﬁﬁlfblnd RObMhaY: be attributed
ScL, 85, 2396-2411 (2002), which is hereb
i ncét 6&6&1@% ipydegeseersetideas fej tyge eﬁiqngéihym Banghinggs disclosed
er ggggear viscosity and RSP values in Fig. 13 were
ased on rheol ogy data obtained at 190 0OC. Al the
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app%ﬁ‘rﬁgliﬁ QthR)h kesﬁ%%?‘f‘%l}ﬂh& YesN of 1! e‘ﬁﬁgxlx hgf be found
neck-in systenatica decreasi n a e zero
shear Cy ngﬁﬁélatl@’ H. Murstadie St bardaigeg of mrloas poltelefied in uniaxial

el a rga L hi

obe SrUEuR e SRR, Tad 1330 M EBTSART whith dtporported
10he hereanig) fefigericn b @4 kntety e $iabiigl. anB Niimstesit rdaﬂ1tt=ﬁ33dtsbme consistent
neck- i

f f d,
i bt R e e et PR sepon 8% Shopr gicosiv
al | rativeheo slimgt epadphadk ysid r}ﬁ)ﬁdnﬁsllyscmfferbhﬂ Qoigh ¢BeinS branching

hovve either a flat or .increa eck-in behavio
HEREER B ol st o’ Binies: o R bt LOD
of BEi4biled ad@irsiaahardehing hRd dudheriiBicadatiof@nte Iedi- éb‘éabhshed 0 ~
g exception_of resin DC-A-3, showed gﬁener

1povvé4/[vv]|?1 drlatiopshig. | Polectaylencs Wil realk egouniaf fa%te@shlblted strain
|1 walde@he véladfor HHE e bid R Ak)eag %ﬂ%l&%%&ﬁpra@g orl A& decreased

present invention generated resin nol ecul ar
ar ciittheweigpseng ?hazat@x% 1iet edhese righndis exfabifadgelevated zero shear

I €SRRABSERSs %bxgig&@& td ﬁnéap ?Blﬁﬂl@éq{fveﬁgwx\ﬂeﬁthngfgcw \gmght which was

resins. For nvent i ona LDPE resins suc
PE4 $ie7cass faraalinthi gxpreimientg] belimaviscf this vexd.e ds HErLDRE, vie|contrast,

@St @?llubl%e!a’\grgmfsﬁ denlﬁlg B@h orRﬁat 1}151%95%8% Sm@t@%%elom@ﬁonal rate

Budnman ciation o eol ogi cal Proper
L DPEnd this i©banérnay 1S\plpiqald:3aﬂle oars 'for IIIMDPEngchl‘t(ﬂeé meroRBear yiscosity

39 t}ﬂi? %s8 Io%&%g%n (cgr(r)lozgr}sbn %o hl;lxear%fti Ioggh a??&lwgl\%gtb?\femgy na(flecular

"Transient El'ongati onal Vi 9€8si
Pol yweight. I\/EPE@U, ﬂle BREMPE 3&d 419 ¢chf@f3gn Bt the Ofesins prepared

et prkery e o R ERaESTin E Gefith STELE Sibet e [icbgiy tlow

26€esiepingdion rhis cbeafp@fdmﬁatam;asmdqsaw dowabiid alna cH. eaeREbdt, “Strain
thereby resulting in a_|ower neck-in as cle

obs @RS PBWMU@ polyolefips nuniaxdal elpsedton dogs Tt ﬁbeo 47(3), 619-

resigns, Mhy/he (POERI; ea[Hd HveRKdRAnd@!H. MXDiRl “ERngational properties
subst ant i al | y simlar

and molecular structure of polyethylene melts”, Rheol. Acta., 20(3), 211, May/June

(1981); each of which is incorporated by reference herein in its entirety), we might

30  reasonably expect that the elongational viscosity of the polymers prepared according

to this invention would rank in the same order as the zero shear viscosity. In other

words, the abscissa in Fig. 13a could be considered as a reasonable proxy for the
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type of LCB architecture as disclosed herein, and

furthernore vary in degree of LCB level by only snal
wW@rwaness1{ see Fig. 1l1b), it would appear that P¢EUS2005/000278

di fferences in the neck-in behavior is considerably

i nfluenced by the high Mv fraction. Table 5

|11 yshdagb@s idoadityads while b et Heelt-al fof & RSind G Uik lidvention
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that the resin DC-C- 1, which had the | owest neck-in

ano aethe experimental resins, is actually lower in

10CB content conpared to DC-A-1 and DCB- | . However,

DC-C-1 is higher in M th t.her resins of the

present invention. Therefgﬁégpﬁﬂgﬂg not intending to

be omndoby Mhgpry, it is possible that the resins of

the present inventjon exhibit e observed,%kffere ce

he,

i neck. TH HELTAE lhe Wt FRgRbIcrT 8 SREST i SHECHE a5 o
br amgRiifPofl U w Biéhr kIR RNEES1/5 Rrebitbey ioBlafkd Mém the dynamic
fractions. In contrast, the fact that PEA517 appears
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13b) may be attributed to differences i'n degree as
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har deni ng behavi or that either did not depend on

el ongational rate or that decreased with increasing
wehowosgasiional rate. These pol yners exhi bited ebevasems/ 000278

zero shear viscosities conpared to |inear polyners of

equi val ent nol ecul ar wei ght, which was the case for

nt 1 - |
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Table 1. Conditions used to produce the catalyst solutions for the preparation of the resins of the present invention.
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23 33.50000000 %%0 C2=Feed Rate (Ib/lir)
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wOBQoBbedsitexene Feed Rate (Ib/1ir) 2.64 4.38 4p86/US218/000278
7.16 5.05 5.26 5.34 5.31 5.90 6.23 4.61 5.01 Total

I C4
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PEA517 2.72 2.25 2.25 2.10 1800 SC-I 5.19 5.31 _ _ 500
SC-2 5.25 5.34 5.38 _ 700 SC-3 5.69 5.81 5.88 _ 700

wOQhes/06800 4.94 _ _ 1150 SC-5 5.60 5.57 5.93 5P6B/USZ6/000278
DC-A-1 5.00 5.06 4.93 4.84 1000 DC-A-2 6.43 6.50 6.25
6.19 1800 DC-A-3 7.38 7.94 7.81 8.00 1800 DC-B-1 4.38
4.25 4.06 3.89 1200 DC-B-2 5.31 5.09 4.56 4.50 1800

T4t B 31(1@0 Gbre ei|1§hc sﬁéwl 1% ier@ %ISZ(%] 3 ﬁguo
EzQC’dg a%c%g ? £t : giga* %?ea \gﬁg& ;t}]; the
remeﬁ% sﬂ[aar\fﬁlla {er ?1 @la tﬁ

average nolecular’ wei ght erage

polecular weight ( I\h) . nnl vdi s spersi f \J/ (Mn/ Mn) and
z- aver age| nol ecul ar ght ( ) ResifiD Mw M| M/ Mh
M ResinkB) mp| ) E¢(8) ndl| )T@IkEtarm ) PEd517 |2BEPIU000| 204Fa
SC-1 121 16 @ppg8 9C-2 @08 2b 4 505 SCG-3 _ _ _ | @Gnfuy
Yo 1b b 4¥72 SC-5 YU 1o b YL DC-A-T I1Z2 1o 77097
mE Ei”ﬁ?@ﬂi ni !qiqoimieﬁq? S GoE 0 0.392 103 54.2
SC-1 7.92E+03 | 3.71E-02 0.249 198 -
SC-2 3.52E+03 | 8.32E-03 0.285 110 39.9
SC-3 2.94E+03 | 7.12E-03 0.294 99 38.5
SC-4 1.97E+03 | 4.11E-03 0.286 90 -
SC-5 1.53E+03 | 5.23E-03 0.323 71 -
DC-A-1 | 3.59E+03 | 2.03E-02 0.278 144 41.2
DC-A-2 | 1.18E+03 | 8.43E-03 0.334 76 -
DC-A-3 | 6.18E+02 | 4.64E-03 0.367 47 -
DC-B-1 1.10E+04 | 3.69E-02 0.174 296 40.9
DC-B-2 | 2.28E+03 | 1.10E-02 0.221 185 -
DC-B-3 1.07E+03 | 6.40E-03 0.254 131 -
DC-C-1 1.32E+09 | 2.03E-04 0.033 492 -
DC-C-2 | 1.59E+06 | 1.46E-06 0.046 393 -
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DC-B-3 87 15 6 712 DC-C- 1 112 16 7 903 DC-C-2 92 17 5
780Tabl e 6. Rheol ogi cal characteristics show ng
wee@s@8s519 he zero shear viscosity; Tau Eta, theCT/US2005/000278

characteristic nelt relaxation tinme; 'a', the breadth
parameter; RSP, the recover ghhgyghear paranmeter; and
Ea, the Flow Activation Energy. Resin ID Eta(O Tau
Eta 'a' RSP*1000 Ea (Pa.s) (s) (kJ/rmI) PE4517

B%Etg% 6. 66E-02 0.392 103 54.2 SC- | 7.92E+03

™. 249 198 - SC 2 3.52E+03 8. 32E-03 0. 285 110

39 9 SC-3 2. 94E+03 7. 12E-03 0.294 99 38.5 SC-4

% 9;?-92 f‘r '1%%{ cqm@mégrgg_%gpr%mégé&%t%% % tiozfz 3%rsgmetallocene

DC- ébrﬁaoﬁnd,SaEt&:Bn& rriléfeﬂio@@le Q:.Oﬁii%éu&ﬁ at 1436 dne3clemi@Hy@idated solid

4. 64E- O3g§) % ) 10E+04. 3, 69E-02 0. 174 296

40. BB ¥ ?Sﬁ%r@‘ﬁ%ania ‘i‘B’I‘:‘u’é‘f(’@p?'?f Yhegein: e g 3

1. 07E+03a)6thé Offrs O Snethl1d&ethe 1cdinpouddCisC- | anl .adZEmheRlidcefsS fafidg the

0. O%TI’) 492 Eﬁ C 2 1.59E+06 1 46E- 06 0. 046 393 - CLAI M5
loWie fermuyla:c ot ol yst conposition conprising the

lgontact prodygt of a first (m;()@?{))@)(xﬁmx[lcorrpound a
second netal | ocene conpound east .gne

cheni cal | y- t r eat ed"hs6H &deﬁ’%f’e (Xe)n&reaﬂomf@ést prffporenyl and a

or ganoal umi nlé’ﬂ:l@ﬁé’ﬂ%@l%% avml%fe%bpancfﬂn {daeny1 Blsiwo ﬂuorenyls, any
net al | ocene conpound is an a a-net al | ocene’ havi n

fol | owi ng f ordeo4:Whioh qasbp sybstifuiesh, (umbmtutewwlgr sema}ed or
and (X2) are jnPihhbatbnitha@rany! and a

15 if) rac-(XHXHEHEHM,
wherein (X') and (X?) are jointly two indenyls, any one of
which can be substituted, unsubstituted, partially saturated, or any
combination thereof;
wherein M' is Ti, Zz, or Hf;
20 wherein (X') and (XZ) are connected by a substituted or unsubstituted bridging
group comprising:
i) one atom that is carbon, silicon, germanium, or tin, bonded to
both (X') and (X?); or
ii) two contiguous carbon atoms in a chain, one end of which is
25 bonded to (X') and the other end of which is bonded to (X?); and
wherein (X°); (X*); each substituent on the substituted cyclopentadienyl, the
substituted indenyl, and the substituted fluorenyl; and each substituent on the
substituted bridging group is independently a hydrocarbyl group, an aliphatic group,
an aromatic group, a cyclic group, a combination of aliphatic and cyclic groups, an
30  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

100
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cycl opent adi enyl, a fluorenyl and an indenyl, or two

fluorenyls, any one of which can be substituted,
wap®abessie ut ed, partially saturated, or any copdi/Dsi00®000278

thereof; or ii) rac-(X 1)(X2)(X3)(X4)Nﬂ wherein (X1)

and (X2) are jointly two indenyls, any one of which

can gRRtifkHaSAeriv iR dthedbrS WRShg tehed, toPanbi @&tk atoms; a halide; or
saturated, or any conbi nati on t hereof; wherein i's

Ti , hydroges Hf: wherein (X1) and (X2) are connected by
a substipy ﬁl%dse‘%nd" RRUASEEE WoRfhottld QIEA %8s Qlléﬁllocene having the

conprising: i) one atomthat is carbon, silicon,

ger ddlowimg founulesi n, bonded to both (X1) and (X2); or
ki) two contiguous carbo gkgﬁﬁ)g zchaln one end of
which is bonded to (X1) an e ‘ot her’ end of which is
bonded tnhﬂﬂzﬁﬂlanalﬁh@rﬁﬁn (X3); (X4) each

subst it ughl . Anbh S(X A fdbgda i %pc peieRnb ortahs%bsnmted
substituted in 8 su itu uor
andcgaqhnwdbsﬂjtuent on t he substltuted brldglng_group

Ig f o Iu B fj € gﬁ H%Feblglkgty)l a%ld g%ﬁ %ge?c%gg%c#gﬁ)ry%usgpséﬁgcc? (lgl u%gu%ts%itﬁted bridging

10omgtonptcbmprisifig: al i phati ¢ and cyclic groups, an oxygen
group, a sulfur gro

a_n tro hosphor
group, an arseni c(’é‘%‘Jgtl‘j’Bl t}%flt csa(ia 5(1 pgergla PRy Xt Bonded to

group, a gernaﬂt@d)gﬁnpﬁ)oﬂ tin group, a Iead group, a

boron group, .an alunlnun1gro %, an i nor roup, .an. . .
or ganon.et al | | grawﬁ CO }gll llSl on atoms in ﬂ.ll’l, one end o1 wnicn 1s

ATLANTA40611 7adnaets ikl uhes t:hetm{et uxai df\(ﬂné}h@ b&mfed t&@&) laﬂd
from1l to 20 carbon,atons

hy
Phe secoldetrs: shendeeher @%Hﬁo@ ﬁ‘&’SP%ltegrPyalop?%%déan@ é@n@bstltuted
hav |c9<90§e‘ﬂﬁdfeﬂ§d'1§§ﬂb§\ﬁut€@ ikd |u§ to fotiPdfbithddte i a(d><§1t§>)1 IMgthe rbndgmg

wherein M is Ti, Zr, or " wherein (X5) and a
i ndép®Rdently a cyclopentadlenyl or a substltuted

wherein (X'); (X®); each substituent on the substituted cyclopentadienyl; and
each substituent on the substituted bridging group is independently a hydrocarbyl
20  group, 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, having from 1 to

25 20 carbon atoms; a halide; or hydrogen; and
c) the chemically-treated solid oxide comprises a solid oxide treated with an

electron-withdrawing anion.

2. The catalyst composition of Claim 1, wherein the organoaluminum compound
30  has the following formula:
AL WX 3.0
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cycl opent adi enyl ; wherein (X5) and (X6) are connected
by a substituted or unsubstituted bridging group
W@ 0p06sSINg: i) one atomthat is carbon, sili cReE/US2005/000278
germanium or tin, bonded to both (X5) and (X6); or
ii) two contiguous carbon atons in a chain, one end of
whi whereia (K&hdedxydmce(r%ﬂ hading fribfel Bt nerca®od a(@f‘rlsV\@(lQ)hs | Slkoxide

bonded ta ei n when (X5). or
U GG T SE A Cerghom s BHe:Grigpas: 2nd i a number
cycfr@@qrtbadﬂnemw,els substituted with up to four

substituents, in addition to the bridging group;
wherein (X7); (X8); each substituent on the

Substit Ul’lfé@alﬁby@t'c@ﬂﬁ&lt@g 'oﬁﬁléim 12 rBPHb cﬁéi'l*ii@z{llyttﬂﬁféh s8I oxide
the substituted Dbri ga% roup i s independently a

hy df BEARISERA S gige tr ec}awﬂpﬁa%l%rogﬂ@@érawang i herein:

group, an&¥slid ox@EGEP. sfickONPiat | %ﬂiE‘a Qltlmﬁla' RiAihdn 3Rsphate,
cyclic groups, an oxygen group, a sulfur gioup, a

ni t hesRyepplgpRssitesa tifsivigs phiommics mravegia. boniaarenixddey maingd oxides

a C@i@llggpo%%estﬁeﬁbil hEON group, a germanium group, a
tin grou group, a boron group, an al umi num

1§r oup, ﬁh@‘?@hﬁlthdrwmgl pnioaris or famideethddridec bymad , phosphate,
a Sft'{?l%{e' ﬂlkﬁlﬁ‘fie glﬁ{?'t V@lt dden\fl%oﬁlg%aﬁ fthergcﬁ"\” ng from1lto 20

carbon at ons; rogen; and c) the
chenical ly-treated soI id oxi de conprises a solid oxide

tregted I .0N t.hdr a anion. 2. The
catil ystrt‘%gocr@r%1 sf?’mg’ 51 n?ﬁl&éalﬁ}g %ﬁgﬁ‘ ein the
or ganoal axnthe Lﬁrsu:nmauorrede hampblied fsol | ivaing-thesillBeb@® having the

14 (Kﬁﬁgmgg?%vﬁerel n (X9) is a hydrocarbyl having from

1 to atons; (X10) is al koxide or aryl oxi de
having from 1) to 20 car bon(xbgc?ﬁ(xﬁl(m‘l)Mﬂe or hydri de;

and n is a nunber from ncl uvae

cat al yst conpositi E}ﬂ%‘fn é(ﬁ Ry & éﬁeei‘mh’e a ﬂuoreny] and a
chemical | y- tmg@b@dtaa@hwda TRy AN HBSyR % AvbHRnIR, any
treated with an §Ileubcfﬂron wi t hdrawi ng anj on, wher ein:

the solid oxPB%O IcPR ke substifteda unsybstiteted, prtigitn gaturated, or
2@l um num phospyédnshindtich eepid8loyt ungst ates, titania,

zirconia, magnesia, boria, zing oxide,  mxed oxides
1i) rac- (X )(X XXM,
wherein (X') and (X?) are jointly two indenyls, any one of
which can be substituted, unsubstituted, partially saturated, or any
combination thereof;
25 wherein M! is  Zr or Hf:

wherein (X') and (X?) are connected by a bridging group that is >CR',,
>SiR';, or —CR,CR'-, wherein R! in each instance is independently  a linear,
branched, substituted, or unsubstituted hydrocarbyl group, any one of which having

from 1 to 20 carbon atoms; or hydrogen;

30 wherein any substituent on (X), (X?), or R is independently a hydrocarbyl
group, an oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
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t hereof, or m xtures thereof; and the

el ectron-wi thdrawi ng anion is fluoride, chloride,
whe@siess19 phosphate, triflate, bisulfate, sul fECEUSINS/000278

any conbi nation thereof. 4. The catal yst conposition

of Aaim1l, wherein: a) the first netall ocene conpound

| s dmorgenite p@lip,careogatvmetalils gloep, fakingWidig 1f ©F MO darbby atoms; a

(X' I)H%%%) @})ngnga{lg wherein (X1) and (X2) are jointly

ycl opent adi enyl, a fluorenyl and an
| ndenyl , w(héreinV(AX3 ¥ dnd GKONYd BdepdAdendy eallaéxﬂ%r%l’yl&ﬁﬂb Rf/ing from 1
SUbStg%b , unsuﬁétltuted partially saturated, or
iafms prlidedithydgde; and ¢ ac- (X o
3) (X2) ( XB) (A xddbnd Wﬁlﬁ)b&e(%%)pom %%g)ai ﬁle’ca‘f’lba%la Yhaving the
two i ndenyl s, any one of which can substituted,
unsd! ‘W?&F@Huapartlally saturated, or any comnbi nation

thereof; wherein ML is Zyx I rein (X1) and (X2)
are connect ed by a bri dg:tng gjrﬁo(d ng%é is >CRl 2, >SiR

2, eharet W&b@rﬁ ird¢peindenglsic la qynbpanaxeenylsor a substituted
| ndegg Ssbanticty la K near, br anched, substituted, or
unsubsti t ut ed dr ocar group, any one of whi ch
1Qavi ng f wherein @%) and éXr)bium cenmonsd byra bydglmggruupwharel CR%,

any ;gtﬂg%taérrb;tﬁ{%Cﬁ (xzﬂe)rem (1%2)1 ealll 1nR%'ance is m%elgﬁnga-ﬁlg a linear,

grodp, an oxygen gr 8Up,
a nibtanglgdn supsidtuted, <ar Lpilsuizspiumdusfdgﬁﬂhjd gral:p, Rfy 9AA bE whlch having
gro ta | roup, having from1l to 20
car bon' %%QJBQ Pmﬁfeor%ggo% Rdr ogen; and wherein (X3)

and (><4) whesremu mlcbap(eaﬁ)jemotﬁy lsaA &mndedmyclapeﬁltdmnghe the substituted
0]

13 e eBorehBe oSt Er P uhle Dbty regdation o tho bricging

a ngtoab,l ocene having the follow ng fornula:

wherein any substituent on (X°), (X%, or R? is independently a hydrocarbyl
group, an oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
inorganic group, an organometallic group, having from 1 to 20 carbon atoms; a

20  halide; or hydrogen; and
wherein (X’) and (X% are independently an alkoxide, aryloxide, or amide

having from 1 to 20 carbon atoms, halide, or hydride.

5. The catalyst composition of Claim 1, wherein the first metallocene compound
25  isan ansa-metallocene having the following formula;
FEE)EHM,
wherein M is  Zr or Hf;
wherein (X') and (X?) are jointly a fluorenyl and a cyclopentadienyl or two
fluorenyls, any one of which can be substituted or unsubstituted;
30 wherein (X') and (X?) are connected by a bridging group that is >CR!,,

ol . . ) ..
>SiR',, or ~CR',2CR';-, wherein R! in each instance is independently  a linear,
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(X5) (X6) (X7)(X8)Zr, wherein (X5) and (X6) are

i ndependently a cycl opent adi enyl or a substituted
weywbsoesn adi enyl ; wherein (X5) and (X6) are cPCHES108%1000278

by a bridging group that is >CR2 2, >SiR2 2, or - CR2

2CR2 2-, wherein R2 in each instance is independently

a | lﬁﬂaﬁféhed RimashRdor SasEBdnled wziimcefbyugl%upsat lfytdﬁé%@l which having
hydr ocar byI group, any. one of which having from1l

20 dHboiP A0FAOn gemsyRalideien bydipgsiei n when (X5) or
(X6) is aqvnerlsidytubfuenyoh COSNALLERY s 1n§éi)%ndentl¥] a hydrocarbyl

substituted cycl opentadi enyl "i's Substituted
f ourgr o 3R PEYLSRAZEOUD} f SHEH|UPN 2 EToEHR EXPEP-cRgY rge 9 O‘dilﬂﬁh having

wherginh 1 aY204sh httoﬁﬁntgrrl@ﬂﬁogefmand (X6), or R2is

i ndependently a hydroc m%roup, an oxygen group, a
sul fur grdegsin &hiand dﬁ@nﬁrgri pendantiyh cawpHlseride gr enyfpxidarhaving

| NOTAN G QU Ron e AT IAIOUPRALLGLC 07 LD, having from

1 to 20 carbon atons; or hydrogen; and
wherein (X7) and (X8) are I ndependent |y an al koxi de,

ar ylqoxi d%‘he ggt?jl?&]&gﬁpgsatyl NG Al n#,;'/v'vshtterem Qe G4 rt?‘r%@aﬁl%%@e compound

hal i de, e cat” conpo
14 ai 1m11qnsmmteé]one1t: hevifig the tfoltoatiag foamdme conpound is an

7 -netal l ocene having the «f0or mul a:
(X1) (X2) (X3) (X4) ML, whef & {?&ﬂ}&%&ﬁ% z3 Hf ; wherein
(Xl) and wh&jn (FK e apd) (Xt laye joidtlyu Ofvﬁﬂmlde@lm afly one of which can be

cycl Nt a |en wo fluorenyls, any one of which
can SOQS%E,M%S?I tgb unsubstituted; wherein (X1) and

(X2) ar emnnecx ednbxxé) hélcﬂ@hd&@dgfyoal pritifial drsup>BR is2,>CR',,
TS o T NN W
uns lﬂﬂeﬁichéd,l sedtited] OCastydtinGédOmirocany] Sd8p,OfnyWak G which havmg
havi n%‘l 1 to 20 carbon atoms; or hydrogen;
wherein any substituent on (X'), (X?), or R' is independently a hydrocarbyl
group, an oxygen group, a sulfur group, a nitrogen group, any one of which having
20  from 1to 20 carbon atoms; or hydrogen; and
wherein (X°) and (X% are independently an alkoxide or aryloxide having

from 1 to 20 carbon atoms, halide, or hydride.

7. The catalyst composition of Claim 1, wherein the first metallocene compound
25 is acompound of the following formula:
R3 R3

Rlin,.. cp Rbmp wCl
E —_— AW v
> ~a X e

Rz zam T
=R S G
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from1l to 20 carbon atons; halide; or hydrogen
wherein any substituent on (X1), (X2), or Rl is

w0 pabspessdent | y a hydrocar byl group, an oxygen BCDUR2005000278
sul fur group, a nitrogen group, any one of which
having from1 to 20 carbon atons; or hydrogen; and
wherein (X3) and (X4) &3 independently an al koxi de or
aryl oxi de having from g 20 carbon atons, halide, or
hydri de. 6. The catal onposi tion of Cla|n11
wherein the first — [ocene conpound is an an
-net al | ocene havi ﬁgllgﬂﬁng formul a:
r ac- (x1)(x2)(§<§)( rin (X1) and (X2) are
jointly two i hid : of whi ch can be
substituted oR2 ns»bst mherein (X1) and (X2)
are connected by a v"“" g group that is >CR 2 >Si Rl

2, or - CR CRIz-,RaMTETST Rl i noeasRoinbmh@CEerksE:
i ndependently a |inear, branchéd, Substituted, or

unsubst i vlest Bisdre @ar% or gk od Whali‘?gﬂ Roh &20tndR3,dm each instance,
havi; t r
L R R T T

a hydrocarbyl group, an oxygen group, a sulfur group,

Nigt r og e ' Vv ro tg 2
?ar Son a?‘genga(tglgﬁ Cﬁl’%ggsﬁ?({lll czf?flalﬁ{nmre%?lnﬂl? %r%t mae%él%fegzg )cogpound
ar e i$ ndependent |y an aIKOX|de or aryl oxi de having from

1 to 20 carbon atons,mhal or hydride. 7. The
catalyst osition of n11 wher'és
onpouma [ npoung
for rru \\CIRS g/ s Qrecany Tl
mheréFn 28 Si, > hwlan@MM1
R3, nstance dependentl
hydrocar roup havin ﬂ11 to 20

The catal yst conposition of Cdim1l, wherein the firs ;
nmet al s e conpound

|
= CH, R

7l mus :
\Cl /\/\/\/ P, 1
H

/C::;<@1
H3C/// Zr‘cl
HC™ p
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is :9. The catal yst conposition of Caim1, wherein
the first netall ocene conpound is
wQ@2qohBessyr| opent adi enyl ) - 2- ( h5-fl uor en- 9- yl ) hBXF/BS®N&000278
zirconiun(lV) dichloride,
[ (h5- C5H4) CCH3( CH2CH2CH=CH2) (h5-9-C i 3H9) ] Zrd  2;
2- (

)(h5 9-C i3H7-2,7- Bu2)Jzrd 2;
(h5-fl uoren- 9 yl) -

I'V) dichloride,

CH2) (h5-9-C13H9) ] zZr d 2;

1- (h5- 2 7-di-tert-butyl

- ) - 1- pke pent - 4 Jrc V)
di chl oride, [(H5- 05H4)C(06H55’ %‘ﬁé‘ir%
i 3H7-2,7- BUz)]Zrd 2; 1-(h5-cycl opentadienyl)-

di CEISO];: g&r ga[ta(l}%%)éﬂﬁpﬁs)]ﬁ&’?’(ﬁ TIPEL@%?Y%% ki gﬁ%ﬂ@n%ng ‘cempound

P3HY ] Zrd 2; 1- (h5-cycl opent adi enyl ) -
1- (h5- Zg dg-t 7t - btylfluqren 9r?yxg 1- phenyl hex- 5-
ene zircom u?‘?ic et dfluopeptf-xPhex-¢-aue Hs XCH  @ireppium(IV)

CB @ldnidhide gtn 1’(':5H4)%3C7i{3((§111®}1 EHECE) (Po- b’%l %{@l nati on

t her eof . The cataly conposi‘tion
wherei n 24’ S@kxpnn:tadratya)ld Oﬁ%?edlaazrmmtyiﬂhor@-%yl)lﬁx 5-ene

i)ng & OL%@\?)( IZHI,%H hgr&{)&l(gﬁls)?%ga@?f{n&@ycgr FEH,)(n*-9-C13H7-2,7-

IOndéBemBGIz] y a cyclopentadi enyl or a substituted
cycl openta wherein (X5) and (hX6) are connect ed
by a bri &‘l ﬁ@’célpsle}bdl?l}yé)ﬂ -(1 -Thiorep-9-yDhept-6-ene zirconium(I'V)

dichloride, [(n° -CsH4)CCH;3(CH,CH,CH,CH=CH,)(n’ -9-C13Hy)]ZrCly;
2-(m 5—cyclopentadieny1)—2-(n 5-2,7-di—terz‘—butylﬂuoren—9—yl)hept—6-ene
zirconium(IV) dichloride, [(n’-CsHs)CCH3(CH,CH,CH,CH=CH,)(n°-9-Cy5H7-2,7-
15 'Bup)]ZrCly;

I-(m 5-cy<:101c>entadienyl)- 1-(n° -fluoren-9-yl)-1-phenylpent-4-ene
zirconium(IV) dichloride, [(T]5-C5H4)C(C6H5)(CH2CH2CH=CH2)(n5—9~C1 3Ho)]ZrCly;
1-(n’ -cyclopentadienyl)-1-(n 5-2,7—di—terzf—buty1 fluoren-9-yl)-1-phenylpent-4-
ene zirconium(IV) dichloride, [(n5-C5H4)C(C6H5)(CHZCH2CH=CH2)(1]5-9-C13H7-2,7-
20  'Buy)]ZrCl;
I-(m 5-cyc:lopentadienyl)- I-(m 5-fluoren—9-y1)- 1-phenylhex-5-ene zirconium(IV)
dichloride, [(n’-CsHa)C(CsHs)(CH;CH,CH,CH=CHy)(n*-9-C13Hs)]Z1Cl;
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2, >SiR2 2, or - CRZ 2CR2 2-, wherein R2 in each
i nstance is independently a |inear, branched,
W@ asoedsus ed, or unsubstituted hydrocar byl groR@T/US2995/000278
one of which having from1l to 20 carbon atons; or
hydr ogen; wherein when (X5) or (X6) is a substituted
cycl 0pentla(gmwbpenfahﬁnﬁymm 1 ¢Hﬁ@rﬁl¥ﬁ§/lﬁ@(§@ﬁ aq/n)eﬂiéﬁen&ﬁex 5-
substitute up to four substituents, in ad tign
to teﬁézm(ﬁ\j) @?@Wﬁie A p%@mgs)wﬁﬂﬂzﬁﬁeﬂﬂ"ﬁﬂzxﬂ -9-Ci3Hy-
(X5k%7ﬁggﬁzﬂ9r i s i ndependently a hydrocar byl
group, af oxyéen group, a sulfur group, a nitrogen
group, aRryamwreemdinaghp digrefiving from 1 to 20 carbon
gt ons; or hydrogen; and wherein (X7) and (X8) are
I ndependent|y an al koxi de or aryl oxide having from1l
to 20. carlbe ncaattlymsqorrimbitidte ofo€lainy dt,i dlereihl theTb&ond metallocene
the second

cat 0sitio

et AP BbuRa RS st Peerg R bis ARGtk RetBi Tow ng

fornmul a: R2' ; RI wi., . R @kt )(Z@,nbl nati on

t her eof ; ere r and wherein

R, R2, ,efeé%h?g ﬁz&mi f}ﬂ&éﬁdﬂdﬁpﬁ?’fﬂ%@c CX‘%(’WW&%‘E:’@H g& ﬁtswﬂgftltuted
16 orcydopamtidisagt; byl group havi ng from1 to 20 carbon

atons. 12. The taly conp03|t|on of Claiml
wher ei n t“f]i‘@reé“eggﬁ ) PSceoRRecisdnpoatideiag: graup fkis >CR%,

cat 2lSyrst, 610NPRSIOREL) Nwakrefal B 1 dachVQERE NS idde Eﬁ!ﬁntfl}} rst hnear,
| I ocene conpound is rac-C 2H4(h5-1nd) 2z r& 2, rac-M
2Si ?%* chqd, gybstifiggds or ppsubiiYiPd bydrogyrhykpippp.Zang qne qf vhigh having

251 (e L1Vl 26r1Dhbgof ac- C2HA(NS- 2- el nd)

§Zrd 2, Nb(Ph)Sl(hS ffu) 2, or any conbination
her eof : wherein when (X°) or (X ) is a substituted cyclopentadienyl, the substituted

cyclopentadienyl is substituted with up to four substituents, in addition to the bridging
group;
wherein any substituent on (X°), (X%), or R? is independently a hydrocarbyl
group, an oxygen group, a sulfur group, a nitrogen group, any one of which having
20 from 1 to 20 carbon atoms; or hydrogen; and
wherein (X’) and (X%) are independently an alkoxide or aryloxide having

from 1 to 20 carbon atoms, halide, or hydride.

11.  The catalyst composition of Claim 1, wherein the second metallocene

25  compoundis acompound of the following formula:
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b) the second netal |l ocene conpound is rae-Me

2Si (h5-3-n-PrCp)22rd 2, Me Si(Ji5-Me4Cp)22rd 2,
wWORMSI6Es Cp) 2Zr C 2, or any conbi nati on t her eoPCT/U20051@00278

chem cally-treated solid oxide is fluorided al um na,

chlorided alum na, sulfated alumna, fluorided

silica-alum na, or any conbi nationcghereof; and d) thers

or ganoal urgetim conmpound is tri | al um num or
triisobu uhi num . 14. Th afyst conpositio CHs
C aigy, L/ whelgif!t he chegigal | y- teafled sol i dypxi/de i

f | uoprde AniRa, chl or g fin! broni dege” % ~~a
al um na, ted alumna, flu ed silica-al umﬁ
chl orided sili®a-;al um na, brom ded s Lica-al um na, R4 ;
sul fated silica-alumna, fluorided silica-zirconia,

chl ori ded\s#tfi ca-zirconi a, brom ded silicazirconia,

sul f at ed fCa-zirconia, or any conbination thereof.

15. flhe /cat abysici conposi tion of Claim1, wherein the
Cherﬁz%ﬂﬁ? éea?’ed solid oxide further conprises a

metal or ion that is zinc, nickel, vanadium

silver, copper; garlahypeambihdtion tHeR@Et en, nol ybdenum or

any conbi nation thereof.16. The catal yst conposition

of ~ O ai m¥rereiihErigi 1 $ie Ceneintts ol yrherean RédR30R3.crnd B4y dn each
fur tif@dncE, AN dep&RIeAy TR Halr OfyafBREAY1 él%[\‘% ﬁﬁ\gnrgpﬁom 1 to £° carbon
zinc-i npregnated chl’orided alum na,” zi'nc-1 npregnate

£l ustmfed al umi na, zinc-inpregnated chlorided

silicaalum na, zinc-inpregnated fluorided

silica-alum na, zinc-inpregnated sulfated alum na, or

any 12onbiThat ¢atalyst heameposition 1f Chién cht swhysin denpwseind imstallocene
of CLal Ftalﬂi,is\/_sherei n the weight ratio of the

or ganoal um um conpound to the chemcally-treated solid

oxide is fr 0:1 to 1:1, 000. T cat al yst

compositiao Claim1, wherei e organoal um nuﬁCHs
compound /STt N netdyl al ugd quny Tr dgthel al um nuE, e
tri-ASEevpyl al dimoum  di %f?ayﬁl | ugy/nuT! et hoxi dger™ %\a
tri -Pﬁgbut&% num di soﬁ)utyl a num hydri de, \Q

triisobutyla num di et hyl al um nu ,oride, or any Chs;

conbi nation thereof. 19. The catal yst conposition of
Caim1i, f er;, conprising an I onal cocat al yst
conprisin ast one al um , at least one

or gangzi nc—to oQuad, at | east e\.or.ganobor on Gl

conpbliidi,_at [eXxm one i'GhliAing\i FhiNe conpodhel
contFhat | \o@?f : Hsc'zs \§< HsC
10 : :
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20. The catal yst conposition of Caim1l, further
conprising an optional cocatal yst conprising at |east
Wor@5a83m noxane comnpound, wherein the al um nORERES2005/000278
conprises a cyclic alum noxane having the fornula: -
f-Al- g - ; wherein Ris a linear or branched al kyl
and_n is an integer cg,
i ng the fornu
l'i near or CH,
0 /carhgnCat gy, AN (C

, 0(2) iS the nunber ’

(4) is the nunber of

Q; esents a term nal
Prl dgi ng al kyl group;

al kyl having from1

rrbl ation thereof. 21.

The cat al \.3. osition o aim 20, wherein the

mol ar ratio of tH& al um num i n tfe oakunéandhnatonttheredie

conmbi ned first netal |l ocene conpound and second

nmet al | ocene conpound in the catal yst conposition is

fr om3l: 10 kecath3st @@rﬁroﬁﬁoﬁﬁfcrﬁml,oﬂtemliryst conposition

d aim erein the al um noxane 0 [ .5
Ot iy e ok oo B FAE SR, rac-Measicn’
n- priggy iy mqusacpgsl(qﬁssmmzmg alHMREBI@A2-Me-4-Phind),ZrCl,, rac-
n- but yl al ;uni noxane, but yl al um noxane,

s ec- Galk(*2A-MelnddnZaile, Mﬁ@b)ﬂa(mfﬂhéizmﬁizmmheomblnatlon thereof,

1- pentyl noxa al um,noxa

pegt yl ZI leh)n tma EhHe P‘§‘<2§11§°eeﬂ? ilfloglpﬁlfﬁdngxarfgb ﬁe’-Slm -3-0-PrCp),ZrCl,
Neo PEBISY(AIMKITRX A0S M&Si(R-CHTRTNAH 30 combination thereof: :

10 c) the chemically-treated solid oxide is fluorided alumina, chlorided alumina,

to 1&CCar '.-aii,‘.

sulfated alumina, fluorided silica-alumina, or any combination thereof; and
d) the organoaluminum compound is triethylaluminum  or

triisobutylaluminum.

15 14 The catalyst composition of Claim 1, wherein 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.

20
15. The catalyst composition of Claim 1, wherein the chemically-treated solid
oxide further comprises a metal or metal ion that is =zinc, nickel, vanadium, silver,

copper, gallium, tin, tungsten, molybdenum, or any combination thereof.
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t hereof. 23. The catal yst conposition of Caiml,

further conprising an optional cocatal yst conprising
W@Rr005068519 one or ganozi nc conpound, wherei n t hePCT/US2005/000278
or ganozi nc conpound has the follow ng formula: Zn(X

13) (X 14); wherein (X13) is a hydrocarbyl having from

1 tx.20 pRr HRlyAt@Mposifishl 8) Clfmal, hykbiés andyhemiedily-treated solid

al koxi de or an aryl oxide having from1l to 20 car b%)r(} .

at omsde Rutherleomprisoh fompiakor Dl ipppandfsa| §opmprognated chilorided
CO”EQﬁ'fntal QUhcOnptdeRbidl uckidéd RRimisHMRkd-Fhitggratedofilbndal silica-
cocatal yst conpri SlaFr‘]F% at | east one_organozinc q fated
conpouing, viheieprendE JRGHARY | Hecagbiitn ginc-mpregnated - sulfate
55%1%&&?{3[%' a%&gsmbmaﬁ&m&éwc, di propyl zi nc,

di butyl zf nc, “di neopent yl zi nc,

di (trimethylsilylmethyl)zinc, or any combination

t heE 0f . g ca §/§t %%ﬁt&s%ﬁ)% Gp'qfﬁﬁf b1 QeheRfin Gh@iwBight ratio of the
further conprising an optional cocatalyst conprising

at bmasdalmiemocaaprabé rto thec chepdeatiy-treptiad selich oxide is from ™ 10:1 to
or gir@lagr on conpound is tris(pentafluorophenyl)boron,
tris{3,9-bis(trifluoronethyl)phenyl]boron,

1, Ndi et hyl ani |'i ni um

tetrakis{pentafl uor ophenyl.) borate %] '
tot 1kt O Bom O BERA B RoD Srcld S S SRRER ¢Bhpound
t et [aki tEifreeyladithinemo pheinjihbimnat eri-n-propylaluminum, diethylaluminum
N, Ndi, met.hyl ani i '1i1“m i lumi ride, , triisobutylaluminum
t et PRRYISE:3 Uy R P - SRR IERY (b B3, & ’
tri ghelydieamifnihidAde, or any combination thereof.
tetrakis[3,5-bis(trifluoronethyl)phenyl]borate, or a
1@ombi nation thereof. 26. The catal yst conposition of
A aiim 25ThaBRs1et Rofmbésitival AIC4iat 1, FinHer tdipridingamnaipaomn cocatalyst
conpound .to the conbined first netall ocene colglgougd
ound, at least one

and CeBPATRE feeast 0BT AMBIOSHSotnigest An% HEAIOZIG ()
CONMRASHhEHRh &oﬁnﬁ&ﬁﬂ&? 8 1t ofeLiohRink: i08ié - comipBuriRlofla)$ tcombination

conposi tion of aim1l, further conprising an optional
cocabesdofst conprising at | east one ionizing ionic

onpound, wherein the ionizing ionic conpound is
tri (n-butyl)amoni um tetrakis(p-tolyl)borate, .
tri (20- butThe ratriysrromppsitonr kGlaipmt,olugley coroprésing, an optional cocatalyst
tri(n-butyl mnpni ; ' j :
tri (cmgjﬁﬁ}%{% 21f,:11uI Igﬁl}eu%mrﬁl%)[aﬁg E(ﬁ&]?ouﬁ’d, Wh&%ﬁ'ﬁé{é a)llgﬁﬁéyzaﬁe comprises

t et r aki s@3ySicilumeinkydne Meviyg o doratuds:

tri(n-butyl)ammoni um

tetrakis[3,5-bis(triflu Ji( 8 henyl ] bor at e,
tri(n-butyl)anmmoni um | n

tetraki s(pent af | uor opheny }{or ate, .

N, N- di met hyl ani | i ni um t et r 8ki s( p- 6815 bor at e,
N, N-ligetiiinl 8nbilahétied Ay ERdvadg Bdoi @1y karbod abms, and n is an integer
N, N-f(rJIi m;ttg}y{oani ['iniumtetrakis(2,4-

om ;

a linear aluminoxane having the formula:

R
RJ(Al—oavAl
l n \R
R
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di xnet hyl phenyl ) borate, N, N-di nethyl anilinium
t et raki s( 3, 5-di net hyl phenyl ) bor at e,

wORMNsdessee hyl ani | i ni um PCT/US2005/000278
tetrakis[3,5-bis(trifluoronethyl)phenyl]borate, N
Ndi met hyl ani I'i ni um tetraki s(pentafl uorophenyl)borate,
tri poenylifar Hesthaoied elidtevmRdl Yk 10684rBdatoms, and n is an integer
tri phenyl carbeniumtetraki s(mtolyl)borate,
tri gy tatBeni um tetraki s(2, 4- di net hyl phenyl ) bor at e,
tri phenyl,GapdaRBxh@! KaHtlsSheformula R'soR%yaAlinOsm,  Wherein m is 3
di met hyl phenyl ) borate, triphenyl carbeni um _
t et roAki A3 85 B (@ 1 16 dotoorev kPR mpioetiyhq Barber of three coordinate
tor i maﬂmhﬁaa&&ﬁg)%g;( 4 iealtniteP 8P v L&b‘?&iﬁaﬁF %52%'4@}1 RS Gy s the

tropyliumtetraki p-tolyl)bore}te, tropyliu

t et riRibsy of 4 6pgrlinblsraayeen atpwmp R irepresents a terminal alkyl group, and R

t et r.aki T e, 1 ' :

t ot r o S8 ASr R A PRGN o hdsbBYikiiba alo having from
t et rlaiRil8[caben biowyst eti f | uor onet hyl ) phenyl ] bor at e,

tropyliu ' fl uorophenyl )borate, |ithium

t et r aki s%%ﬁ%@ﬁ%@%g%%eﬁyl )borate, lithium

I0et r aki s(phenyl )borate, |ithium

tetrgki sgp-tolyl Yborate.. Iithium . :
ot PAKi s%‘r%?t‘iﬁ’l‘%’( S} KSFRpgtion T 20 FEIErER Jho, mplareratig) of the
r herapin)ibham ainethe | dliithingRadeeor @k ®fmbided first metallocene compound and
di net%lfiphe{éﬁléebor at e, I{ljjot.hi ﬁm tetrafl uorgborate,
sodi G e PP YKP PP HPRPI o 1 %r‘fﬁ'faiysb&P‘é‘P%“}u%&fi gem 1:10 to
t et ri@kjos¢:phenyl ) borate, sodi um

etraki s(p-tolyl)borate, sodium

etraki s(mtolyl)borate, sodium
t et raaki s (1Be datdliybiRIobpotienyt ARk 86,8vheafl tHdMunghé:aké Ssmpound is
(3,5-d t hyl phenyl )borate, sodiumtetrafl uoroborate, _
pot é’:’s‘ﬁ#‘ HPREOKEG s- (el lIMinRaBhhe ny MyByeRyAdwminoxane, iso-
pot gssiyRhiabtAk! S6RHRMMMOALET EurPALARRAH) sec-butylaluminoxane,
tetrakis(ptolyl) borate, potassium
t et AsRPEYIAVIEKEYG or at kpentdelamiiogsne, 2-pentylaluminoxane, 3-
et rakd A= di 1 : r ' P
V2! 84 L BB 0L B BB, o combivrion
t et thfreafor oborate, tri(n-butyl)anmoni um
tetraki s(p-tolyl)alumnate, tri(n-butyl)amoni um
tetrakis(mtolyl)alumnate, tri(n-butyl)anmoni um
t et r23ki s (B¢ datalysrepmpbsitainiofi Claitme], furthet nerbptisitlg)aaroptiotiall Bocatalyst

: ?It Ecﬁl_%glﬁ{ﬂ% %g%%eﬂ%:gﬁlgggy !: n%golfln%, r%v&}'lte%in the organozinc compound has
26et ko éwmytfafuleor ophenyl ) al um nat e,

N, N-di met hyl ani | i ni umtet r%%“ﬁ@i‘ﬁ' yl)- al um nat e,

N, N- di met hyl ani |i ni um tet r RE(H% 1 yI ) al uni nat e,

N, Nevetiersit K¢ pin b ihgiltoparbyl having from 1 to 20 carbon atoms; X% is a

tefraki s(2,.4-di net.hyl phenyl )al uni nate, )
N NBBER ah F P Pei gk e MYies Boind fhy 281ferhgn pioms, halide,
al umk hgdrizle; N, N-di met hyl aniliniumtetrakis

pent af | uor ophenyl ) al um nate, tri phenyl carbeni um

etraki s(p-tolyl)alum nate, triphenyl carbeni um
tet naki sTH tAklydt omBdsitn ¥ (Gaim! 1, IFBRA¥birHsE i Wtional cocatalyst
tetrakis(2,4-di met hyl phenyl)al um nate, tripheny
car SeWPEYRE Yt lpask paq Sresnagingepmydyndewheryial timprganagine compound is
tri phenyl carbeni umtetrakis-
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(pent af | uor ophenyl ) al um nate, tropylium
tetraki s(p-tolyl)alum nate, tropylium
W edosaksss{ mt ol yl ) al um nate, tropylium PCT/US2005/000278
tetraki s(2, 4-di net hyl phenyl )al um nate, tropylium
tetraki s(3, 5-di net hyl phenyl )al um nate, tropylium
tet ﬂl&ﬁétﬁ}ﬂﬂﬁ@t af |di5ﬂfym{¢$ ny| flipedpyBinBat e, ditbuAihd)M  dineopentylzinc,

tetr kls flu hen alum.nate, lithium

t et PR IPY(ESE‘H@W? 2 %ﬂn binafies therpof.

tetrakl s(p-tol yI)aI um nate, lithiumtetrakis(ntolyl)
alumnate, lithiu

t et faki s{he &atelwétomppﬁiﬁemyf Clain ki Arather, compriging #n optional cocatalyst
fet E&%Pﬁ&?g A lekl R &g&&hﬁ%ﬂ oAbt Wtefein thé bighitThron compound is

tetrafl uoroal um nate

t et FEKpetasbwraphtmbboheny | tyis@Isdis(iflueronsdulphenyllboron,  N,N-
t et gkl alu S(p-t 2 .
al um n%t?el Qllﬁﬁ HJm t gef}gi&g Iﬁﬁﬁb@%n&%%ﬁat e, ngéér}g fgarbenium
t et teat@il@(@ntaﬂdomehdmyl)mremwI)thluml Uetiaistrentagioatoptenylborate, N, N-
: 2: rf}? tﬁ%lrg%lg 13%”%&?&&[@ I%et?%h—}fﬁllo%%et )phenyﬂgorate, triphenylcarbenium
1§ et tedakis( %@btsaﬁﬂum’ompﬂnghylie)mll]hmamair e copbihatisi thidreof,

t et raki s(phenyl)al um nate, potassium

tetraki s(p-tolyl)alum nate, potassium

t et 2QKi S(Ii’retc[ataWS) -cogpatitiovatof, Clainh 855 iwherein the molar ratio of the

tetrak| 4- vyl phen ate ot assi um
t ot PN S %“ SO Ji? f hyeﬂihnje i A lbcopE Eawapt and second
t et mftdlmmaioummam thdxrataaywccﬁ@mheﬁtslm thenesf10:28.
conmposition of matter conprising a first netall ocene
onpound, a second netal |l ocene conpound, at | east one
chepy cal Ine tatgipbtednpositih Q%Cﬁﬁn laﬂl?thé}tcoﬁlﬁﬁs?ﬁg &éptional cocatalyst
or ganoal ym num conpound, wherein: a) the first
met SPNBEEEAL Lghone HENFiRg igRicgpmpoundehdreip the deniting jonig compound
t hejst Ol @QURE) R SRthA ot i ]
(Xl}s andﬁ‘l( 5 aar S rﬁa %/kl&%t&l&d%ﬁ%}ee{rtlg(%@)%ﬁ}!\ﬂamm%ﬁ té}rakls(m
cyclodphrgiai eny frilhupaomenipm andteélﬁklﬁ@dediwethYBbomm tri(n-
20 | URkENYhShonfRilY ON Lhstituted, .
unsubt?t[) it utogdwgar Fcltr glltllswys%?ﬁ?lg{i)g 1or %hy c%ﬁgbu Pamﬁlomum
t hetetigkis[p-bis{thiflueremethy mlxnzlil(omq (X4) ML, whetrihbuyRidmonium
and
can BerRRLank bRt ¥ybiRe, RN R ARIRRE, DlenliElonpborate,
sat Nﬂétdemethmamhnwnc mmkmémt@yﬂ)bohm eNfN- dmwedry@nlﬂnﬁﬁ]m i tetrakis(2,4-

Ti ’dlﬁethﬁﬁhqull’)borate, N,N-dimethylanilinium tetrakis(3,5-dimethylphenyl)borate,
25  N,N-dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, N,N-

1

dimethylanilinium tetrakis(pentafluorophenyl)borate, triphenylcarbenium tetrakis(p-
tolyl)borate,  triphenylcarbenium  tetrakis(m-tolyl)borate, triphenylcarbenium
tetrakis(2,4-dimethylphenyl)borate, triphenylcarbenium tetrakis(3,5-
dimethylphenyl)borate, triphenylcarbenium tetrakis[3,5-bis(trifluoro-
30  methylphenyl]borate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,
tropylium  tetrakis(p-tolyl)borate, tropylium tetrakis(m-tolyl)borate, tropylium
tetrakis(2,4-dimethylphenyl)borate, tropylium tetrakis(3,5-dimethylphenyl)borate,
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wherein (X1) and (X2) are connected by a substituted

or unsubstituted bridging group conprising: i) one
W@e@sedsed i s carbon, silicon, germanium or tPEI/US2005/000278

bonded to both (X1) and (X2); or ii) two contiguous

carbon atons in a chain, one end of which is bonded to

(X1} gln{ he ot h%&aﬁé{@ %lsm&%m&hﬁﬁﬁ&%bbﬁte( X2); affpylium

mhere é@ (X4); each substituent on

subatiakig mtaﬂwpﬂgeﬂblawénwhmnt F@aklﬁ@gmﬂ%ﬂr%lenﬂ&@rm lithium

and tettlla t&?ﬂbg&% J{I{IIHQE'L?E&Y >-tShoBRS hltﬁh'ljﬁstgﬂrehd’s%ﬁttogﬁborate,

the su ging gro p I's |ndependent

hydﬂldman byI gteuabS(Z&hdlmetmhd\l?lil}d)bgra@mp, an l‘htuéi‘rmt | c tetrakis(3,5-

9 ro ldﬂnet 1 e%gf)lgorgtré,o uﬁt’hlu%n ¢ ?ég%gﬂ@tgb(g} Of scﬁllldnp h %ﬁaﬁls&)'ggtaﬂuoro-

nl t lpbgafih)bgna’@u podiem pehmkphrbamé) @;T@iu,psodalm tqtrglgﬂp{tolg}()bmgte sodium
r sjlico 0

7 B A PRI L Sl i

gr oR5-danethyiphapghbaragr ougdivan otegafheneiosdid,i C pgtastinpyn  Oretrakis-

USSR AR08 R BB Ao ol B

10et adlysene, crmeiumd tb@ak@d@n&ol@})ﬁ@ﬁﬁ] | gressiemh avtrakgs(2, hdimethyl-

e PRSI B3 SRR B ot iy o

a c;b@fa@perﬁladb&wydmxﬁbmams Ul rhlid(piraigl) AyinaRe nhﬁ(ﬂﬂﬁfwjammomum
wher ei n, X5) nd (X6) are connected by a s%g “@F? :
s yl)aluminate,

or dFteis lmﬁéammaredgm{a-bg BBt i SRS

at oml@hﬁ&yubﬁnﬁﬁﬁm r’cetra‘ldls’(f& sxannetﬁﬁpm I)Mﬁ&urﬁfe ttﬂl(ﬁ,butyl)ammomum
bonded to (X ); contig

13ar B@Wkﬁﬁmﬁ@ﬂpwoah%aalﬁmw?e' o RNy R R on ki @-olyD)-
( XS5 )alLﬁ‘IﬁgatE h@l\p&%fhy%ﬂmmm Y@?ﬂafc‘lg ok ﬁ)lﬁﬁﬂﬁiﬁigatte N, N e th9R¢ilinium

wher el n (X S a substltut

cyclt@kﬁérﬁ%@'ldénﬁihylpheﬁél @lmmatet Mlﬁﬂh’f@%ﬁhﬁf@}émt‘@dﬁ‘éﬂ%@ pglimethyl-

f’Ub }}gjr;aﬁ.\gm%ﬁ\ﬁr’]c% h N'RI &191eth%ﬁ'hﬂ§1ﬂ9§t el € %pen{a@luglgghénbﬁﬂummate
trlphenylcarbemum tetrakls(p -tolyl)aluminate, triphenylcarbenium tetrakis(m-tolyl)-

20  aluminate, triphenylcarbenium tetrakis(2,4-dimethylphenyl)aluminate, triphenyl-
carbenium tetrakis(3,5-dimethylphenyl)aluminate, triphenylcarbenium tetrakis-
(pentafluorophenyl)aluminate, tropylium tetrakis(p-tolyl)aluminate, tropylium
tetrakis(m-tolyl)aluminate, tropylium tetrakis(2,4-dimethylphenyl)aluminate,
tropylium tetrakis(3,5-dimethylphenyl)aluminate, tropylium tetrakis(pentafluoro-

25  phenyl)aluminate, lithium tetrakis(pentafluorophenyl)aluminate, lithium tetrakis-
(phenyl)aluminate,  lithium  tetrakis(p-tolyl)aluminate, lithium  tetrakis(m-
tolyl)aluminate, lithium tetrakis(2,4-dimethylphenyl)aluminate, lithium tetrakis(3,5-
dimethylphenyl)aluminate, lithium tetrafluoroaluminate, sodium tetrakis(pentafluoro-
phenyl)aluminate, sodium tetrakis(phenyl)aluminate, sodium tetrakis(p-tolyl)-

30  aluminate, sodium tetrakis(m-tolyl)aluminate, sodium tetrakis(2,4-dimethylphenyl)-
aluminate, sodium tetrakis(3,5-dimethylphenyl)aluminate, sodium tetrafluoro-

/
aluminate, potassium tetrakis(pentafluorophenyl)aluminate, potassium tetrakis-
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wherein (X7); (X8); each substituent on the
substituted cycl opentadi enyl; and each substituent on
W0 bh@soedsse | t ut ed bridgi ng group is independent PQI/ES2005/000278

hydr ocar byl group, an aliphatic group, an aromatic

group, a cyclic group, a conbination of aliphatic and

Cy Clptengadipinate APotASHEE RuakiB@RolyDaliklidad, pBfa@iRn t@rakis(m-tolyl)-
ni trogen group, a phosphorus group, an arsenic group,

a cAPBEMiGPsiassiun terakisthir-dgpeipheay halvminateu notagstiuptetrakis (3,5-
ti N dSheiiphetyl) BRHindfeO UfbtastiuRO AR FRIbRYRmife, 2bH nﬂngum)mbination
group, an inorganic group, an organonetallic group, or

a sths®oft ut ed derivative thereof, having from1 to 20
garbon atons; a halide; or hydrogen; and c) the

chenicall y-treated solid oxide conprises a solid oxide
tredbed MacHPasitien ef metier-spimpriging wi first methbovenaeminmh)ind, lesecond
org ' . ' . | a:

A (RS PeREARE At e 198 chilolB AN B, B g st one
f r oiganqadimigun Zpmpeural whereint X10) i s al koxi de or

aryl oxid Vi t 0 car.bon atons, i de, . or
hydri de; gaﬂl %H?s?fl %ﬁir?ﬁégegorﬁo&%glmt 0 %3, a’fsﬁé’i]%élo\?een.e Yying the
10 médllepdhgoformmdii ng a cat al yst conposi tion conpri sing
contacting a.first nmetalloc ; a second

net al | ocene 8gnpound, at Ieggﬁxgﬁgg@ﬁgﬂvcalIytreated

solid oxide, and athekamsX'pradoganaal bHtRUM GOARGHRA, and a
wherein: a) the first nFta | ocene gonﬁﬁfnd IS an n

“net al | ocene NEVPAAEHEL o PGSR Gof GRrafeayl jof tyxfiesrepyls, any
X ML, wher ei roneX)wiett cd@e) subkt@uie®) wHshidstitutdd, PRrHeMY Saturated, or

nd a cycl opent adi enyl., fl uorenyl and an indenyl, or
1fwo fl uor enyl@?’cgﬁ‘?&‘%‘ﬁ‘éﬂgm hPth can be substituted,
unsubstitutedi) partially sapg Fﬁi;@ X&my!, combi nation
AL

thereof; or ii) r ¢-(X) ) ( A, wherein (X1)
and (X2) are joi nt'ffre §§@€ )sare 3oitln n ewefindgrylghany one of

can be subst iWnéiedan WSB!t GlubRialtdd, dlaki¥ally saturated
saturated, or any comnbination thereof; ﬁﬂ%rei% ML 1S’ ot any
Ti, Zr. or |_|fcpmb1nat1on thereof;
20 wherein M’ is Ti, Zr, or Hf,
wherein (X') and (X?) are connected by a substituted or unsubstituted bridging

group comprising:

i) one atom that is carbon, silicon, germanium, or tin, bonded to
both (X") and (X?); or
25 i) two contiguous carbon atoms in a chain, one end of which is

bonded to (X') and the other end of which is bonded to (X?); and
wherein (X°); (X*); each substituent on the substituted cyclopentadienyl, the
substituted indenyl, and the substituted fluorenyl; and each substituent on the
substituted bridging group is independently a hydrocarbyl group, an aliphatic group,
30 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
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wherein (X1) and (X2) are connected by a substituted

or unsubstituted bridging group conprising: i) one
W@e@sedsed i s carbon, silicon, germanium or tPEI/US2005/000278

bonded to both (X1) and (X2); or ii) two contiguous

carbon atons in a chain, one end of which is bonded to

( X1 proapdart htmeinher gﬁmﬁ ah brigedic | ol %eergbﬂorﬁé@)w A8, or a

wher h substituent on
sub&t S?‘Bﬁo‘?eeyé%gp léfw}g I“ff”ﬁ'e I'dpibst? t"ﬁ’tbéﬂ 396 rfy halide; or
andhydiepenubstituted fluorenyl; and each substituent on

the substituted bridging group is independent
hydr ocarByfhe gigsgpd ‘?g{al&cP%ﬁ?mEO A olg pan awaam@tﬁ%qqene having the
gr OflowdheCi¥fmhd1a; 9roup, a combination of aliphatic and

cyclic groups, an oxygen [ou a ulfur group, a
nitrogen group, a phosph @568(96@{%)1\@51 arseni c group,

a carbonwgﬁggﬁﬂ a qﬁbhngﬂgroup, a germani um group, a
tin group, %g a boron group, an al um num
as,

group, afhdrein @%\h im,d indgpensiegidn omeydonentadignylugy a sobstituted
asupsid erivative thereof, having from1l to 20
carg%h gﬁ%ﬁ%nﬁ hal i de; or hydrogen b) the second

et al | ocwehreein @Eﬁbmdo(Xf Yare ponnegtbdby o ebsttubee\cir ngsubktétuted bridging

foI (X5) (X6) (X7) (X8) M2, wherein M is
E@mﬁg&n&ﬁpﬂyv\hereln (X5) and (X6) are independently
a cycl opent ad) enyloneratan sthitss carbde dilicys, | gepeatiaa] @ninl bonded to

wherein (X5) ,a e _connected by a substituted

or unsubstitﬁfggc% Ugjﬁ@ Gr oup conprising: i) one

at o:jn Ijhat IbS inar bouw@ ®htig s car®6h BRRisUfa &famt lofle end of which is
onded to bo X tWo. conti guous

lgar bon at oms % Emn%@%ﬂ&nép}mcwb@d ‘ﬁ(ﬁ&) gl

( X5) andwm@ﬁnabmﬁfoémér )W@hQQbhﬁmQPBﬁﬁﬂmhﬁdkﬁﬁ)me%m%nmkﬁ

wherei n wh a is a substituted
cy c PYSAPRRA %Pré’ Vas Subcsﬁ%‘ eél}’ﬁg’t 1 fgdey sebatirusplaninadiisiay fo the bridging
subsioip;ut ed with up to four substituents, in addition

to the brldglng{7 ,
wherein (X, (X ); each substituent on the substituted cyclopentadienyl; and

20  each substituent on the substituted bridging group is independently a hydrocarbyl
group, 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, aﬁ 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

25 group, an organometallic group, or a substituted derivative thereof, having from 1 to
20 carbon atoms; a halide; or hydrogen; and

c) the chemically-treated solid oxide comprises a solid oxide treated with an
electron-withdrawing anion; and
d) the organoaluminum compound has the following formula:

30 AKX %3003

115



wherein (X7); (X8) ; each substituent on the

substituted cycl opentadi enyl; and each substituent on

W0 bh@soedsse | t ut ed bridgi ng group is independent PQI/ES2005/000278
hydr ocar byl group, an aliphatic group, an aromatic

group, a cyclic group, a conbination of aliphatic and

Cy Clvhere@ OUPH, a BidraxéibyERaviieOfidn 180 S gb khtboM kR, 08°%) is  alkoxide

2 caROrie ibine oy REH P00 BOTH. Wb RS SR o mumber

ti NREHAUR.3, tich@dd. group, a boron group, an al um num
group, an inorganic group, an organonetallic group, or

a substituted derivative t hereof, having from1l to 20
sarbon ahopBihod drahhidss a%atzﬁ%g rcBaH BSIUCﬁngOIﬁ[)I‘ISI'n% c ntactin a first
chemcally-treated so | oxide conpri ses | e
tr eaﬁ@aown@ Woawowpfbcat paspndrineatipeent rrgmanish at gadt clt)e @lecally-

org oC

Al (?( 9y n(X % 3’&%192%50%@ @éﬁ%ﬁﬁ%&g%@bgﬁ B ng
from1 t® 26 &t boetaliicons 001(11)01@§1 iss aam abscemételdocene having the
aryhzékﬂﬁ%ﬁthﬂg from1l to 20 carbon atons, halide, or

hydr | nis a nunber from1lto 3, i ncl usi ve. 30. A
10ret hod of polYneri zi ng olefcﬁXXEmeCKéhﬂg contactlng

at | east one type oIe mn Wi th cat al |
conposi ti on under‘%%r?ﬁe{ 2 oﬁQﬁo%f|¥m8ﬁé g%@ﬁﬁﬂ and a
t he catal yst mtqpemthdiélmh a;ﬁnqsrensﬂemdtdﬂemdml atﬁtmprmd)us;ﬂyls any

of a first netall e n sec
conpound, at 1€ %Ioclglﬁnlé g‘%@g "iuﬁ?gt P‘?Bﬁsg’g“tg(g paﬁla %’lsﬁtérated or
and at | east ayeombygatioathewgbfivm conpound, wherein: a)
he first netall ocene conpound tal |l ocene
%aw ng the f of 65I owi ng fornul &< Pé)?%(g&f&ngﬁx* ) (X*¥) M
wherein (X1) and (Wlei(®") AdNKEYaR jbindpr em! 1n§é]ﬂ'lsaany one of
cycl opentadi enyl, a fluorenyl and an, i ndenyl,
fluorenyls, aff ich fan dre W‘?F‘&thte@aahn%ESt%%t Pa[f‘i%ﬁué’dsamfated or any
unsubsti t ut edoonpﬁﬁattlbﬁltﬂeyeogat urated, or any conbi nation
thereof; or ji), rac- X2)(X3)(X4)Nﬂ wherein (X1)
and (XZY”QW@Qﬂﬂlﬁtﬂ} rW% fadenyl s, any one of which
2¢an be wﬁ&&ht(wﬁﬂld MPSHOSI AL LS 2 AR LR oY unsubstituted bridging

saturated, or an
group compnsmg

1) one atom that is carbon, silicon, germanium, or tin, bonded to
both (X') and (X?); or

) ii) two contiguous carbon atoms in a chain, one end of which is

25 bonded to (X') and the other end of which is bonded to (X?); and
wherein (X?); (X*); each substituent on the substituted cyclopentadienyl, the
substituted indenyl, and the substituted fluorenyl; and each substituent on the
substituted bridging group is independently a hydrocarbyl group, an aliphatic group,
an aromatic group, a cyclic group, a combination of aliphatic and cyclic groups, an
30  oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic group,
a carbon group, a silicon group, a germanium group, a tin group, a lead group, a boron

group, an aluminum group, an inorganic group, an organometallic group, or a
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conbi nation thereof; wherein ML i s Ti, Zr, or Hf;

wherein (X1) and (X2) are connected by a substituted
W@rooan6ssst i t ut ed bridgi ng group conpri sing: iBPCDOE2005/000278

atomthat is carbon, silicon, germanium or tin,

bonded to both (X1) and (X2); or ii) two contiguous

car Heey iR b, 0 (C Barbdn htoRRNdEithlide;

o TRy el g (RASO 1a0RE SR e o Koo poRpgS lide: or

andhydnegeni n (X3) ; (X4); each substituent on the

substit u@ﬁgle Cs)é%n(aplglgh“l‘lg.b%yéomﬁomﬁd Syst bﬁﬁlﬁgali&%n Miving the

and the stitute orenyl; and each substituent on
t hefodlolygigi fomudad bri dgi ng group is independently a

ydrocar byl group, an al | o 67 , an aromatic
{ Gyaate

group, a cycli ¢ group, a of aliphatic and
cyclic gwiargis M dn Tixygen I oup, a sul fur group, a

ni troge . i r .
2 car bon DGO A B R RIS HBRGLOHE 0Bl W Rnbstinted
ti ncglapapadienyliead group, a boron group, an al um num

group, an,inorgani £ou an . oy.ganonetal l.i ¢ qgr o
asubst | { TREHT 6o S a PP e g Ry st TPy Ry briceine
1¢ar poap admpasinga hal i de; or hydrogen; b) the second

met al | ocene conpound is ap <ny-netall ocene having the

fol | owi ng forthul a®mg RN Xgﬁt(‘%r%f‘&}ﬁ?n’\ﬁﬁlé’i‘aé’i“ﬁn’ tingbonded to
Ti 5Zr, or Hf ;hoheleimi (¥p)orand (X6) are independently

a cycl opentadienyl or a_ substituted cyclopentadienyl; . .
wherein (X5) Hnd (%)coa?%w%ﬁﬁéeq aigmsyn 2 s P1¢ iRkl which is

or unsubst l t Woggkdls (ﬂgj dhd thH Sibd? eﬁ@Hp{vhﬁh lﬂs%onliéd t@fQK6); and
atomthat is carbon

, s. Silicon, germanium or tin, .
IBonded t BhaseirvheRs¥ hAe (Xey 2 sBbstitytyd eyglorefidicqloths substituted
car bloRh@fRny1 s Av&fiated with® 16 26LrhibsiicaR, nSdBBOARANS Bridging
(X5)" and the 'other end of which is bonded to (X6); and
whef®Up when (X5) or (X6) is a substituted

cycl Open&ﬁggi‘ﬁr(ﬁ)f, (j{dj,e e bitdHn®en the substituted cyclopentadienyl; and
each substituent on the substituted bridging group is independently a hydrocarbyl

20 group, 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, having from 1 to

25 20 carbon atoms; a halide; or hydrogen; and o

c¢) 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 )30

30  wherein (X°) is a hydrocarbyl having from 1 to 20 carbon atoms; X% is an

alkoxide or aryloxide having from 1 to 20 carbon atoms, halide, or hydride; and n is

a number from 1 to 3, inclusive.
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cycl opentadi enyl is substituted with up to four

substituents, in addition to the bridging group;
wob@se6831Y X7); (X8); each substituent on the PCT/US2005/000278

substituted cycl opent adi enyl; and each substituent on

the substituted bridging group is independently a

hydr ocar byl group an aliphatic group, an aromatic

groyp, a,c i.C nbi nati on of aliphatic and

cyc#ho c Oig Og‘ﬁl%@i@’r’i‘gd’? S CoRPETRG eAntagHiegp, legst one type of

nl tbleﬁﬁﬂxoﬂér@étﬁnﬂﬁa phasn B%H(%ltﬁfn%ﬁer @Wxﬁ%ﬂ%oﬁﬁﬁ% wherein
rbon g[r oup, .a sillcon group, a germani um group,

tint PR campesiiipnfomRpises deisenta pipdatiof a first mle@ﬂpmmzompound
9" 081 BecoRd) meRPHERR] @nPHRHD at ﬁgsthfng %ﬁ&ﬁﬁ&lg‘ P’é&ecg%oqﬂpoxi%r and at
rom

a substituted derivative there avi n
car I 0By Fagnoalimyawm gempeymdhybereigen: and c) t he

chem calyygtr ri,ge X
treat ed a'I\?vl tP {:1 fggtt %%éag@%%i% %‘Eﬁ?‘g?fﬁ gn?”g% ﬁe?iﬂgg%% b‘ﬁ'mg the
or gieHewingfermuta: conpound has the fol I owi ng formul a:

Al ( X9) n( X10) % n;, wherein (>§@9£§%(ﬁg&ﬂ\docar byl havi ng

from1l to 20 ‘carbon atoms dl koxi de or
1@ryl oxi de having fwherein (&0 ZGdc(afzb(me aboiy, hal fiderenyr and a

hydri de; and rom1l | u

A polymer o f 901{)ﬁ éin%égpch%%é%méra llui% I%Vngcr%%f’ %Walg}zyls any
from3 to 300g¢ bOwhmh andensibititutbd,ansibsBhbed, paria® faturated, or
g/cnB; a flow activatio Ea from35 to 45

kd/ mol ; a pof¥df @P%tgﬂlah?rﬁ‘gé&y(l\/ﬂl\/h) from3 to 15; a

M2 from 300 tip 1,500 kg/ rmlmcqx HXPrgOhEr wei ght

1gBrom 70 to 200 kg/ nol; (?}ﬁ a_nupber of Long Chain
ranches per 1, 000/NEXMHERH) AR )(@ido0 tearirdsayls, any one of

atonms) from Q/h% t&h Be Jubdtituttd) CurlMBsPRI&IC lﬂaﬁfally"eéaglgted or any
range of 100 to 1,000 kg/mol. 32. The polyner’ of

31, wherein CHBORaHMtEERE is from5 to 20 g/lO’nn

t he denswﬁeyelﬁmlﬁgomgfggﬁfto 0.935 g/cnB; the flow
activatign ener, E i from 37 to 43 kJ/ nol; the

pol ydi s SX ﬁ%Q( @ RAR/OVRecied by agirbstituted qrunsubsgitutgl bridging
20 S Frb@pRohPPistng: 1, 200 kg/ nol ; the Mwmol ecul ar weight is
from75 to 150 kg/nol; and the nunber of Long Chain
Branches per 11, Ooen%ﬁplmoﬂlahtsmopl_monogﬂnmamboIor tin, bonded to

at ons) |sfr9 8?2“:?[15 in the Mv nol ecul ar
wei ght range m 10 000 kg/ nol. 33. The pol ymer

of d aim 31, ll)Alner b carttiguons| dartionchéoms &1 4 chain, 7ortecend Df which is
g/ 10m n; bonded to (X') and the other end of which is bonded to (X?); and

25 wherein (X3); (X4); each substituent on the substituted cyclopentadienyl, the

substituted indenyl, and the substituted fluorenyl; and each substituent on the

substituted bridging group is independently a hydrocarbyl group, 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,

30  acarbon 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

118



the density is from0.916 to 0.930 g/cnB; the flow
activation energy Ea is from38 to 42 kJ/nol; the

w@oiopaessper sity index (M/Mi) is fromb5 to 10;PCTESN05/600278
from500 to 1,100 kg/nmol; the Mwv nol ecul ar weight is
from80 to 130 kg/nol; and the nunber of Long Chain
Br anctiduiqiederivafi@0thesdf) ORavadg0 fem( LGB/ 100 Qafbadh b@éims; a halide; or
ato A is from0.02 to 0.18 in the Mv nol ecul ar wei ght
ranﬁi PEBM 100 to 1,000 kg/ nol. 34. The pol ymer of

Cl ai m 31p) Wheesbid nilpebyT8émpSuntUist i bnehdb@nbRhé 28¢ing the

by ? Fecovg abl e Shear Paraneter x 1E3 (RSP) at 190 0C

and @/laying fogpwas r equency from 20 to 500. 35. The

gol ymer of Claim 31, wheygi harer is further

characterized by a Recovéra)gl(qc)a@gsﬁgg}r Par aneter x 1E3

(RSP) at Whaoindaisd To Zo>rfi/ s frequency from 80 to

475. 36. j er ej r ;

e i he R ek S HendCh o R RRI VIR substined

Par &heerentadiend3 (RSP) at 190 C and 0.03 rad/s

frequency{ Mkl 6 r L ai o
31 anor AP e YA (RY R0 condlored Fa BRNAHIR oPlupdtyfleg briceing
1Reclerqup camp@dae:ft /min |ine speed from3 to 8 in/side.

38. The pol yngr of ' v ei n. the polymer is
further chara terioggat%g{/ntggtﬁsé%}-gﬁg% Sg{co%(%ptfl rg{l%ﬁlhorltfnhgonded to
speed from 3 Yath 6) mids(@®f.0r39. The pol yner of O aim

31, wherein the pql r.is further characterized b o
neck-in at SOIE} ft;%‘?'nxgcg?ﬁl%ué)ugﬁgéan f1o8H 13 % ey gne end of which is
i n/side. 40. bondedool(iiyamdake Gherien 3 whish éyiinded 0&X°%); and

ol ymer s further ar erize neck-jn, at. 900 ,
1? t/mn | PREUL G (Ff ﬂ?ﬁ g%)o‘s 8 Sl“ﬂs/t‘g‘%/tﬁ‘g.cyciﬁl’.en‘?ﬁ’énﬂo ensupstituted
of ChdépenBdienyihiesudbtituted &vifOlpoEsurisabstitieh3in addition to the bridging

characterized by a neck-in at 900 ft/mn |ine speed
froff®8Pto 6 in/side. 42. The polymer of Caim 31,

wherei n whaeRQKVTEX®) SachWub§iftient Bﬁ‘rﬂﬁaqu%t%tgt%% chol?entadienyl; and

neck-in %t_ 900 ft/mn |ine speed from3

i n/ §ideubstituent gR theogubsitpted brideisg rarap isvindspendentihe a hydrocarbyl
2pol , bi® afipliakib 13 GHoRakig Xt r L

D e M S0 R A RE MR PPEE S, Gfpeson of
psi aliphatic PG chdicydrRyPsofn (YA SPUPwh SHIEITErotE apbitpeey group, a
I's badshhsh Bt £EdnFee r SHI '
at OOSbI b/sh;gllagé(t rusi cl)ln grgtmé’ ??%ﬁé%g%&?ba ?@ggn gfcf’. ?’ 5‘ ggrmamum

group, a tin group, a lead group, a boron group, anQaluminum group, an inorganic

group, an organometallic group, or a substituted derivative thereof, having from 1 to

25 20 carbon atoms; a halide; or hydrogen; and
c) 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 s
30  wherein (X°) is a hydrocarbyl having from 1 to 20 carbon atoms; (X'°) is an
alkoxide or aryloxide having from 1 to 20 carbon atoms, halide, or hydride; and n is

a number from 1 to 3, inclusive.
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45. The polymer of Cl aim 31, wherein the polyner is
further characterized by an extruder head pressure at
WQR®sh&ssy extrusion rate from 700 to 1300 psiPABUSZN&000278
polymer o f Claim 31, wherein the polynmer is further
characterized by an extruder notor |oad at 200 | b/hr
extrusi on rate from 40 to 120 anps. 47. The pol ynmer o

f 1, V\,her he polyner is furth
cha ct efiPPbEE P 5( 13’[@3? rcgﬁiré?telﬂ%?fié’b’ aua%laméfx 5o Brp h30 &/10min;

ext nushedi Foat o, bns% 50.949 o/LR0. 2NPS acffk%qu BRrPPEYHBL 8510 45
f Caim31l, wherein the polyner is further

chatdBek & bobulispersity tadax, riter 3| t9ad Sag MolombBAe to 1,500
8Xt kpaio®h MatrﬁolEEﬁ’lm GRichOrdd 2MPR é?% kg/ﬁﬁ% PRLAY Rt | 8f Long

Claim3I, wherein the polyner is fur aracteri ze

by &hein Frarcher penvibOpR &ﬁrbpesii@!saﬂ@/é@@a@?ebom #amspfrom  0.02 to
equal3, fGhark n%é&(lﬁrev@é&ht% eiﬂ“em@%yif@éo gz/ﬁagp ai g‘n31

wherein the polymer is further characteri
El mendorf TD tear resistance greater t han or equal to

2.919/ 1
the3%ol S’fnléereﬁ?%m% %rllaﬁn @Ear o nﬁwm de %]Sﬁbencglrtoe ﬂ) g/10min;

er C eril ze
1pnpd~@tdeswemgvm g(veb& ®©r OtI3any/cor; the dlaky etcﬂvﬁlo(ﬂ]aﬁergyE is from 37

/1 th
O S e Bt o B BRI P 0 B Wi 2 g s o
st r éﬁfgtoh 1g208&¢e6n of; hizenMQ modepu Bk wteigh9ﬁ%on5375 tohel JOUIhd and the

1 s furt
cnarSRisBt D GYSh oo TP Ersef o HgBrgpy g aroms i
whi Gmh@to2ttack. 25 imahgid niflecult 2oighitiagkd £6GL 100 & 1,000 kg/mol.
gevel oped | ess than or equal to 1100C. 54. The poI ymer
0 f Caim3l, wherein the polyner is further

c hasact eThez@llyit 6f tiatm BB%ekd'lﬁ tHeahdIPMdSERBRIAL ¥ B o/1 0min;
&h&gottakstrentho 35 mmstrength is
dev

By peemy (fhplege 80?&9@/% the Bow actwatioiggergy By isdrom 38

o ftCl 41 R/l tl\M"'ﬁél?Hi@ﬁ)érﬂS/ lﬁ@éxyw M, Sis bt N80 10 the M, is from
charg\ct erized timate seal st rengt h greater

t han’'b¥ éq]&8|kg{1%013 thy M olesulgp weight fiont| 80 oni3Pikeinmng; and the
2b he npRbet GBL o) Clguﬁ'BﬁI?C%es pf 1 062 cAbbi Qﬂoﬁle %P(E@flbé(b Ehgbénrh?oms) is

pol ymer of Claim 31, wherein e art

confamn @02 tey Qi &iithe Mg nfaldorar weight mgﬁrfmtucﬂoom dr00frkg/mol.
a fuel tank, a pipe, a geonenbranes, or a liner. 58.

The use of a catal yst conposition as defined in any of

d ab#s 1Thepayrier einChine f3il nwhatipnbe palgieois fughatdhancterized by a

59 R-erg)g i)l% %hggro]?aerﬁnﬁ OSIlhé ?ﬁSlng atnigbt Eran% faidgef(rjeq{lg]ncy from

25 20to 500

35, The polymer of Claim 31, wherein the polymer is further characterized by a
Recoverable Shear Parameter x 1E3 (RSP) at 190 C and 0.03 rad/s frequency from
80to 475.
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pol yneri zati on reaction. 60. A polyner produced by a

met hod as defined in C ai m30.
WO 2005/068519 PCT/US2005/000278
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36.  The polymer of Claim 31, wherein the polymer is further characterized by a
Recoverable Shear Parameter x 1E3 (RSP) at 190 C and 0.03 rad/s frequency from
175 to 450.

37.  The polymer of Claim 31, wherein the polymer is further characterized by a
neck-in at 300 ft/min line speed from 3 to 8 in/side.

38.  The polymer of Claim 31, wherein the polymer is further characterized by a
neck-in at 300 ft/min line speed from 3 to 6 in/side.

39. The polymer of Claim 31, wherein the polymer is further characterized by a
neck-in at 300 ft/min line speed from 3 to 4.5 in/side.

40.  The polymer of Claim 31, wherein the polymer is further characterized by a
neck-in at 900 ft/min line speed from 3 to 8 in/side.

41. The polymer of Claim 31, wherein the polymer is further characterized by a
neck-in at 900 ft/min line speed from 3 to 6 in/side.

42, The polymer of Claim 31, wherein the polymer is further characterized by a
neck-in at 900 ft/min line speed from 3to 4.5 in/side.

43.  The polymer of Claim 31, wherein the polymer is further characterized by an
extruder head pressure at 200 Ib/hr extrusion rate from 500 to 2000 psi.

44, The polymer of Claim 31, wherein the polymer is further characterized by an
extruder head pressure at 200 Ib/hr extrusion rate from 600 to 1500 psi.

45. The polymer of Claim 31, wherein the polymer is further characterized by an
extruder head pressure at 200 Ib/hr extrusion rate from 700 to 1300 psi.
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46.  The polymer of Claim 31, wherein the polymer is further characterized by an
extruder motor load at 200 Ib/hr extrusion rate from 40 to 120 amps.

47.  The polymer of Claim 31, wherein the polymer is further characterized by an
extruder motor load at 200 Ib/hr extrusion rate from 50 to 100 amps.

48.  The polymer of Claim 31, wherein the polymer is further characterized by an
extruder motor load at 200 lb/hr extrusion rate from 60 to 90 amps.

49.  The polymer of Claim 31, wherein the polymer is further characterized by an

Elmendorf MD tear resistance greater than or equal to 2.1 g/lb/ream.

50. The polymer of Claim 31, wherein the polymer is further characterized by an
Elmendorf TD tear re sistance greater than or equal to 2.9 g/Ib/ream.

51.  The polymer of Claim 31, wherein the polymer is further characterized by a
Spencer impact strength greater than or equal to  0.010 g/Ib/ream.

52.  The polymer of Claim 31, wherein the polymer is further characterized by a
burst adhesion strength greater than or equal to  95%.

53.  The polymer of Claim 31, wherein the polymer is further characterized by a
hot tack initiation temperature at which hot tack strength of 1N/25 mm strength is
developed less than ox equal to  110°C.

54.  The polymer of Claim 31, wherein the polymer is further characterized by a
hot tack initiation texmperature at which hot tack strength of 1N/25 mm strength is

developed less than ox equal to  120°C.

55.  The polymer of Claim 31, wherein the polymer is further characterized by an
ultimate seal strength greater than or equal to 3.5 1bf/in.
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56.  An article comprising the polymer of Claim 31.

57.  An article comprising the polymer of Claim 31, wherein the article is a
container, a utensil, a film, a film product, a drum, a fuel tank, a pipe, a
5 geomembranes, or a liner.
58.  The use of a catalyst composition as defined in any of Claims 1 to 2 in an
olefin polymerization reaction.
59.  The use of a composition of matter as defined in Claim 28 in an olefin
polymerization reaction.

10 60. A polymer produced by a method as defined in Claim 30.
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