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1 5 CATALYST COVPOSI TI ONS AND POLYOLEFI NS FOR

EXTRUSI ON CQOATI NG APPLI CATI ONS TECHNI CAL FI ELD OF THE

I NVENTI ON 10 This invention relates to the field of

organonetal conpositions, olefin polynerization

catal yst conpositions, nethods for the pol ynerization

and copol ynerization of olefins using a catal yst

conmposition, and polyol efins. BACKGROUND OF THE

I NVENTION 15 It is known that nono-I|-olefins

(a-ol efins), including ethyléne, can be polynerized

W th catal yst conpositions enploying titanium

zirconium vanadium chrom um or ot her

i mpr ﬁgnat e¢ OPABY RRIAEHMPOSTTENGD HND Mﬁéﬁéﬁqsof ten

in the presence of coca T NSt

conposi ti ons F@Eﬁ%@ﬁa&@ﬁﬁ&‘%ﬁﬂm@

honopol yneri zati on of ethylene, as well as

copol yneri zati on of ethylene with 20 conononers such

as propyl ene, 1-butene, 1-hexene, or other higher

a-ol efins. Theref o?&wﬁgl(ﬁéi sts a constant search

IRECIENECAD FIBLDSMET rization catalysts, .. olefin

cat al yﬁﬁ act i vabi Qi semsescldant! argartompsaloFOTRERS Y

and us ﬁle‘é& Al ysts, that will praqvi €. etﬂparg,g%erization and

Ci?f}lﬁh¥1tiiaﬁ?ﬁctchmlyst esompepitiisy n#¥ ?n{a er | g s tylt gﬁ‘ | or ed

t'o " specific e ses. 25 oSifiof,rand polyiotahins.

nmmlmgeuore@{]fgf&‘{}}%%“ 2a(ceam gsottr%?l?ses net al | ocene

conpounds, whi ch have shown promse in tailoring

pol ymer properties. Howeve there remai n significant

chaldieGRESIND QFeTHEIDIMEN | ysts that canﬂpr o%/tihdlg can be

custom made pol rs Wil peLblefigs)s ahclofling esiny E8€,

pr oper it &.mmt%{‘gfén%r\é&eggéﬁﬁe%ew c).gt al yst. . . vanadium

conposj 1 | oNS AR aIYE &ﬁﬂﬁosﬁiom&milpigylﬂﬁéﬁ%“é?‘ér o, ’

c@%’&e’i"&zl ons that "afford 30 high &9&:{{{?5& bt @dterials, often in the

aGhiofhiinesy, otherdnetals) IMATeGRISIAVHETGF Operties to be both

mai ntained wt EI'P tgﬁfg%ilgaqaqystsaﬁﬁpdsitmsi wAy rlzﬁng‘é%f.“l for bo

0 rBesoneER P CROCHAR Sy Thi's inventjon en &{TH)?S?tﬁ?lene with

Cg\#&k@{p%gyrﬁ&%ﬁ% tfoathylenet hodeelk @f W@b’é‘ﬁrﬁﬁ it at al 'yst

cofrposi t1 ons, nethods for g I nerilg'er}gn‘ﬂlglfioﬂﬁ liphkr o-olefins.

et fyphromepo syucteras pIRRYICBSOT 5.7Th tRe course of .

exam ni ng net al I.otc eQedo%ﬁﬁfj <Oréff it dmrlebapem‘:vzatplﬁﬁﬁ pplymerization

calhergiore there §ESSqP sCovered that a dual - met.al | lysts
: fn%lg\“ {%aﬁg%@ﬁg catalysts,

cat %]])g,g.t% SHAYKAcAvAIOndedcesses @ndme Do an _

pofﬁlo efin properties, sych a?ﬁ‘ﬂﬁ%]g aﬁ@%m&ﬁnﬁ]iateyials tailored to

pokhadivsiﬂepmivid?,eﬂhé‘flfgj’d yie BFahC I ng, rheol ogi cal

prope[ttli es agd the like. In one aspect, for exanple,

t hé&peciiic end use . e
One type of transition metal-based catalyst system COmMPpriSes metallocen:

ise in tailori ies. However,
compounds, which have shown promise in tailoring polymer properties

i i ide custom-
there remain significant challenges in developing catalysts that can provi

i i d are new
made polymers with a specific set of desired properties. What are neede
and methods of making the catalyst compositions that afford

catalyst compositions .
and will allow polymer propertics to

be maintained

within the desired specification ranges.
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catal ysts and nethods of this invention can provide
pol yet hyl ene resins using a | ow pressure, |oop-slurry
manuf acturing platformwhich attain processing and
property 10 characteristics which are suitable for
extrusion coating applications. In one aspect, the
present invention encnggsses a catal yst conposition

SERYMAR Y OF REEIBMERT I oduct of a first netall ocene
Co@o"ﬁ% ARBER %g,corﬂﬁésgésl PASHS cONPENiishs, aleth@Bsfor Opreparing
ca soli1d

chem y-treate oxidé, and at |east one

QERARO admpositivnsc owethods dor palymprizing ofséiss, andngthylene polymers and
i nvention enconpasses_.a 15. conposiiti.on, ot
SRS o i PR of SRR A st Plsp T AEL poffmerdzation

'Eg{a i, Af washdiERAEIAGhA Cdiabmetdllocamnasilyitapstera pretitiatia useful
of USi'ng a catal yst composition, new. p

C \ ol yners and .
wopthination ©f golypledingropgsides; sch)as R‘]@.’;lt index é]gﬂsr@rag%lyglspersny, long

enconpassi n first I 5 ¥xdmple, th
R o Bt prh e, GRS RETRONE ol Bicimpl, the
satdifhtOxidRethoas ofthid Rasttionenargeide gblyethylancaosipousieg a low-

20 I'n anot her aspect, this jnventian enconpasses
m%ﬂ%tlomﬁp@‘xim@rbﬁm%?ﬂa&% whigh e C%F‘géﬁaé’td property
Olhafchlil ' GARAMBA coftingl PRations

cﬂ‘@?ﬂcgeé Sﬁéﬁ%ﬁ?&?@c@%@?% oxl de, g?]d naglta%Peast one ..
or ganoial bné mspactotheopiesknt | invertion enpopwpesses téicatalyst composition

i nventi on enconpasses ,a .conposj.ti on t

CHBAE B oprorit Shofy i+ Defhloft ShmpBind, a second
nl?&ﬁﬁgcéﬁg o%ﬁ%‘%ﬁﬁ(!,% 1éhsE Bhakhshicgbestd belid oridepdridoal least one
o}

using 25 a catal yst conposition, new polyners and
cangahoatenimust hypngeend.andlnt HBis| jaRRect,i Ahig 5 dyention cencompasses  a

enconpassi singl e .ene : t f
camERaHRCs g 8 Sp B bR ARERCISE PRI bIchifRY method o
OhQRRANR) ddaii8t Cmpositidn, hnmethed adnestg, atdatlyst @weposition, new
i hvention conprises a dual -netal] ocene cgatal yst o a first
cpolpueis ansheopphanas gthykwer pad theke I Gagh A SHSBURYS e

can rise 0_hi L ldaktg@td¢hemically-
le(éggn& c0ﬁ11?0u2r§,, ange §Wﬁ{eﬁa§%§%@2ﬁd rreutng%ﬁgcgne ey
lcaame% stsiid:@nclle; andai lesst anbbeanyalimpwnt eatipawpl- t ype

I gan complex of Ti, .Zr, or. H, at |east 4

cheni c# | 3nothesapigcts of iy IBYFHION: SAEBMRASTSS aanggg%yﬂ mposition
0@8m8§5i0$ ({%1% AR LA %@@@iﬁg_ﬂb mefikbédd campbiiel at least one

aspe i's invention, the tirst netallocene hi
c ohqmicnlly-trested soljit pside.sandaat deastronaPraspesmingiy cepgound. In this
second . .netal . ocene conpoun . j iti
S T RE RSB BS GRSPRASE £yt composiion o
C gﬂmr&h@bléﬁnsﬁ B enccRISH I prepanivig atcataly st corpposités, o meethi of using
contact product of a first netallocene ?C}ﬁ oundd 2 like. in each
s ecatalysteomppyiden aew RN, andCoPPLIRES gpgene, and the ke,
chem cal | y-Lrea . Lde at al RA&t orRNEhemically-treated
orcésaen%%oﬂﬁlua 0t %%ﬂw}%ﬁ nhig ?an%\é\%er %‘?‘aﬁl.%“ ’

solid oxide, and at least one organoaluminum compound.

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 Hf;

at least one chemically-treated solid oxide component; and at least one
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a) the first nmetall ocene conpound is selected from an
ansa-netal | ocene having the followng fornmula: 10 i)
(X)) (X2) (X3)(X4)M, wherein (X) and (X2) are jointly
selected froma fluorenyl and a cycl opentadienyl, a
fluorenyl and an indenyl, or two fluorenyls, any one

of which can be substituted, unsubstituted, partially
saganoghiainurg corprpndonin il apetherepwsst © rtthSIQVF‘}“on the first

rrﬁgtalé(ﬁse)lé ﬁ%@%@}&ﬁxﬁh" com ?J e 4rh-RASNIdcERD, %@ the second

from two |ndeny S, any one of which
Qﬁﬂaﬂk&eﬁg behpdunidedn commprifesar &mﬁenbtalﬂm:len@ all'y
saturate conbi nati on, t her eof M is.
ol b 11o ok sk he sqialy g CoRFoSBh R ACp SR aRfior Gesprises the

acroﬁt ﬁt’&ﬁﬁ&t%‘% afrsPmetdSddnt léb ofd, Aneedt thétdli®déne compound, at

g group conprisin oné atom sel ected from
daasb one clenmicabrtreaged sodidi dee @nd 8t lnast one prgadoalympwnhcompound,
(\;&rand (X2); or ii) two contiguous carbon atons in a

\ one end of which is 25 bonded to (X) and the

ot her f/ngheOfirsih&hlldcend WdEgBuAD i§ X$R)ectednflomnarT @isd-metallocene
(X3); (X4); each substituent on the substituted
cyavingghe follovdng formules subst ituted indenyl, and the

substituted,fl uorenyl; d()@gf( Hifluent on the

substi t ut eol)brl dgi ng group b})ﬁ%???l%gf htly sel ected

from a hydr ocar byherginqi) M(Xzalarquaﬁlyme@cwdﬁmmla fluorenyl and
aromatic group, a cycll

al i phatic a%@"’i@eé‘?@ﬁné’ fﬁu%g“yi éﬂg 8?9@‘2393’5 ro&ﬂi'fo flporenyls, any

sul fur groughe G WhichQA8beWiuBbttutcd, BRVBEREHSpAHiflP saturated, or
an arsenic group, a carbon group, a silicon group, a

ger mani um ;ngnrlq@mlanatlontbﬂrmfppr a |ead group, a boron

group, an um num gr oup, ﬁ]Epup, an
organonetalfc 3 0 group ég)?gﬁgg)ﬁf ed derivative

t hereof , havi ng {haemnlct'y aabqp(?) £Q jemelhaplcatednBom awo indenyls,
hal i de; or hydrogen; t he second netal |l gcene

conpound i sansnonerefawhish sin be ewkstified, mgsubsEtutady priiglp gaturated,
f or mul a 5 &X >é6ﬂ¥-n(b 1%§}ﬂe'}@f wherein M2 is sel ected

fromTi, Zr, erein (X5) and (X6) are
i ndepentieaid M selehetcddrdm QinZt, oyldf:opent adi enyl or a

wherein (X') and (X?) are connected by a substituted or unsubstituted bridging

group comprising:

i) one atom selected from 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

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 selected from 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
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substituted cycl opentadi enyl; wherein (X5) and (X6)

are connected by a substituted or unsubstituted

bridging 10 group conprising: i) one atom sel ected

fromcarbon, silicon, germanium or tin, bonded to

both (X5) and (X6); or ii) two contiguous carbon atons

in a chain, one end of which is .k bgnded to (Xgé and _

el R & sulstiduted dewiyasive itRererfn haing Fopmxk 1o abgyy 24 sarbon atoms; a
[ .X5) or (X6) is a substituted

?@@?%g@#?@@?g%w , the substituted cyclopentadienyl is

subst i) uthe dseadrich megtaliceefieo wompoinsd it wenymse-metabBetene ifewing the

to the bridging group; wherein (X7); (X8); each

pllewing feUln "t he substituted cycl opentadi enyl ; and

each substituent on thexSyksix? 2bridging group is

i ndependent |y sel ect ed?f romg)gX )%ﬁﬁly’dr ocar byl group,

an al ivpreatin Mgs selpgtedi fromy Bingriice Hft oup, a cyclic group,

a conbi,nat.i 0gs.of kphati c an clii ps .
oxygen” gl Eﬁ )éfmgﬁ#{;’] ¢ gﬂ%ﬁf{l&gﬁy ﬁ?l?ér%%(g%ﬁ}ﬁgar et go?)egtadwnyl ora
ROBSRNRH Ufclgfcatidiendt ar seni c group, a carbon group, a
silicon grou a rmani um group, a tin group, a lead,. .
gr oup, Wherein r(gﬁb agldd%g), arg ﬁomqqrgﬁdrhym Hbsiifgted Hg unﬁl#é?@mﬂvldgmg
I . anonetal lic group, or a substituted

deP e it

| ereof, having 25 from 1 to about 20
carbon aton¥; a dnel itdm; selected dromgearboandilicpn,t pgmanium, or tin,

chemcally-treated solid oxi conprises a solid oxide
treated wi th?ng?f{fogw%‘?:%gﬁ%ﬂgﬁa?raw ng anion. In

anot her aspgct gyt %inﬁghéﬁée&ﬁ'ﬂ)diﬁatoﬁﬁ nfal étain, one end of which is
net al | ocene ‘conpound can conprise an ansa-netal | gcene

havi ng t he Hontédtei @) drst thralother 80 ¢fwhichdy foxdyd s; and

wherein M. is, se te om Zr : 0 wh ' .
(%0 antheisis) W‘é“r“‘eb?gioﬁ RP@{ B0 Sl prcloptpiaghiPel Jhe' sybsticuted
%ycﬁ%@ﬁtﬁ&@ﬂ}lqg SRRt withRp ko Bk eibstisuenBin 2d@iodfto the bridging
whi ch can be substituted or unsubstituted; wherein

(8®upind (X2) are connected by a bridging group

sel ect ed f.roRraCRs?, i - - L.
T R G R e
| dabR 30bstinicanohate sebskinitéd btidging @roumnBuindé¢pendemly selected from a
hydr ocar byl group, any .one of which havi n% from J] to
dpsecastyl cereBbn Bt hiRliatin agT0HR: a8 ANTHHIG gBIRIP e CEFIF 8TOUP. 2

2&&6@%{1‘%@)&1} {)13 %ﬁghaﬁ@ 4l tyclic”@loups aRbxlgen BRRBE AdGKIHuk Yaroup, 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 about 20 carbon atoms; a halide; or hydrogen; and

c) the chemically-treated solid oxide comprises a solid oxide treated with an
electron-withdrawing anion.
In another aspect of this invention, the first metallocene compound can
comprise an ansa-metallocene having the following formula:
FHEXHEXIM,

wherein M’ is selected from Zr or Hf:
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hydr ocar byl group, an oxygen group, a sulfur group, a
nitrogen group, any one of 10 which having from1l to
about 20 carbon atons; or hydrogen; and wherein (X3)
and (X4) are independently selected from al koxi de or
aryl oxide having froml| to about 20 carbon atons,

hal i de, or hydride. |n, yet another aspect of this
i nventwhereint 5% )f apdt ket arel delaHy sdesiesinkiomag fluorenyl and a

SRS 0E I PSSl IR it o
(UkRbstifuted:0i Nt |y sel ected from two indenyls, any one

of which can,be substituted qr unsupstituted; wherein
(X) arvaw(f;@)(xara@d%?mepwesgﬁ by istane grghptsiected rom >CR,
ﬁliﬁ% glg c ROPR* CRMRereinr® Rledch $hstareiLintgendenthitdebicied from a

i‘nstance Is I ndependently selected from a )
Ahehi, hearched) rsabstiatdd, eutrsubstivtted hydrocanbslipeupt anyedne of which

dr ocar byl ouR, apy ope o ich. _having from1l to
g%éﬂﬁ‘lg tgﬁngé? %%‘H“ 2{) Sﬁ@én 8&’% g‘?l\é%e AT DY n any
subst i negh 289 siBStuent RAXRXB of R iEEBSMdemILY slected from a
selected from a hydrocarbyl group, an ox%gen group, a

dyidfagarbyt @ogup, an wixygey emwugr 8 wlfurnalpupna nifrogopgrenp, any one of

having f.rom 1 a . at - -0r. hydr ogen;

b HevirE R, BAPIincRAfiGRE & e ard! |

sel ectyekkréin QX phdbELY aroindaparidentyd selediad from dlkawitd ot aryloxide
about 20 carbon atons, halide, or hydride. In still
emamsefroraéﬁ@ébowﬂtcmbgniamﬁ%% of fydridec ond

nmet al | : ihse BraliEdeal |

navi ng it i PETFE RS BE s FAMERLA IS DA BIRINE, LORgERM can
vdoatpeisa af 2bja-meatdll(othy havieg ithedoflewdenfotmulgel ect ed from

a cycl opent adi enyl or a IJ3 cycl opent adi enyl ;
5 o0 wherein (X5) and (f%i’%ﬁ%f@émg@ed by a bridgi ng
group grdemt @) fah@EFRBEL jointhPisHéeed From P 2ated s, any one of

wherein R2 inh each instance is independently selected
fwlhinh aan bé subatitutedraamosubgtitugadyst i t ut ed, or

L S By SRR o B o
WRIRE), Br WORM ARXS) whkre{n®) irl Sach ifsthisdeiis iidefendently selected from a

cycl opent adi enyl , the substituted cyclopentadi enyl i¥ )
dinger, i branchad.viubptituteds er paRwbstsyisd: vdieartyl eropps @ny ong et which

t idgi,pg !_;%rQHR' L& B Substituent on
(l%gil{éef(%)ﬁgg? ics | Hélgp}ggﬁg’en?%é%él ected from a
hydr ocehéyin auycupstitasmt ony@en @ pwp R'ds sndeperndentlp sgiected from a
ni trogen_group, an)éf one of .
hydrocarbyl “group, 'an oxXygen group, a sulfur group, a nitrogen group, any one of
which having from 1 to about 20 carbon atoms; or hydrogen; and
wherein () and (X*) are independently selected from alkoxide or aryloxide
having from 1 to about 20 carbon atoms, halide, or hydride.
In still another aspect of this invention, the second metallocene compound can
comprise an ansa-metallocene having the following formula:
XXXz,
wherein (X°) and (X°) are independently selected from a cyclopentadienyl or a

substituted cyclopentadienyl;
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10 which having from 1l to about 20 carbon atons; or
hydr ogen; and wherein (X7) and (X8) are independently
sel ected from al koxi de or aryloxide having from1l to
about 20 carbon atons, halide, or hydride. In yet

anot her aspect of this invention, the catalyst

conposi tion nprises an organoalunlnunmco

np
havi nthemn {x&am(xg) e coritesicd by aﬁar(dxgygrﬂw %:CFFC‘ from >CR%,

SRR (oK. Ay OF) R0 4 BB A0l Tom o

gk brahehdig \subgithtednarlurisabsinated hg@rocanbpbgroapoamy, one of which
halide, or hydride; and nis umber from1l to 3,

ingxing drope I to ﬁboé’tt 2P carkap atogrs; QsBWlPeH ¢t his i nventi on,

the C%lfk:réiﬁtw}%ﬂ $lo I—'(Xf} ﬁ%ﬂsﬁ%&dacyc?@entadlenfl the substituted
chem c y-treat d sol'l d oxide conprising a so
@ytidpertadieyd ds substituted eitteup toofour svbstithentai lngdémoerﬁo the bridging
wherein: the solid oxide is selected fromsilica,

&R na, silica-alunmina, alumnum phosphate,

het er QQldh WAY ShEdtRgent bh iR, &X°)z bf ROW ﬁade}b‘@l@ﬁﬁlij @lected from a
boria, zinc oxide, mxed oxides thereof, m Xt ures

thydrasetby] grap28n toxee eepo A -SHl i 8roaR; ﬁgma?geargrpgpa any one of

cited fromf{ r| 0 phosphat e,
e hdne P dPRbER bbb, on  BEE R ancl
f 1 uor oghdréiat(X’) aid @rﬁ) aré:ﬂﬂbpenﬂént@nsdldst&ecbﬁbm alkoxideo bheryloxide
aspect

for exampl e, the chem ¢ ted solid
diavine fem 15 abaut g0 rcatbonainms h@&% aé’awiﬂ m na,
hi
o 54 LA o S A gt liion s

chlorid
ajrgamahmhmumn:ampbunﬁrhaiemg mlfolhamsg fainmda:na, sul f at ed
silica-alum na, fluoride a’? zirconia, chlorided
silica-zirconia, brom d h( 33‘2|rcon|a sul f at ed

delllérﬁﬁ (7-5{9? GOR Bydr&arYhawRiEbBaL | a8 dvbar eofcartost ems; (X'%) is
I n anot’her aspect, the chemcally-treated

ssule:ctd:ddmrd allwrdequrarﬂemde dnapmgsfeora 1 tg aponipttaparben ptepms) halide,

el.ect d from 1,C adium silver,
C%B‘Hépde % lﬁlfhnufni goqlﬂ ngst mcms?r‘%r ybdenum or any
conmbi n@t dtiPnardoktes %ﬁﬁect bhtta hivestiory Sixe cdtalgst dolmpbsmon comprlses a
i nvention, the catal yst conposi ti on can, c

|céwa§uca<ﬂaérqat¢énﬁw pyide reompaging o selidaxife g’% .V&lfmanaﬁlectfon-
(ira‘gﬂl%a%?#dgg%@nlgeamgﬁt ed 5 with at | east one

Fon wherein the solid oxide
can coulfprsIohd aiye Gxiselected drorn ssilidaarahohian) zxélda-lalunanhl ghminum
surfal‘Il é}ag nd the el ectron-w.thdraw ng, anion
P

YigRestHas AR diroaniay WASEs{o ot iy glde, mixed

S@lilih tREEGE oPMiGAAR MR, 41 the solid oxide that is
not treated wth at |east one el ectron-wthdraw ng

ani on. thAr@adﬁen-vaﬁpi@wlnefamqn ts jelartadt from flworidee ﬁ]tllﬁﬂ?%t bromide,
&%%Sﬁa{te, Qar*llﬂgt%,np ﬂlsglfeﬁg, su?fate, fluorophosphate, fluorosulfate, or any
combination thereof. In another aspect, for example, the chemically-treated solid
oxide can be selected from 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. Futher,

and in yet another aspect, the chemically-treated solid oxide can further comprise a
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10 contact product of a first netall ocene conpound, a
second netal | ocene conpound, at |east one

chem cally-treated solid oxide, and at |east one

or ganoal um num conpound, and further conprising an

opti onal cocatalyst Wiile not intending to be bound

by theory, IS believed that the cocataly

mm@mromtala@n salested fenrnaine; pickels vang %vsélr‘{@’é ICOPR%’ gallium, tin,

romthe catal yst
é%r?gpggli @@%ﬁé@gﬁfeﬂﬁ%@gﬁgﬁﬁgﬁ{é gocat al ysts may be
used il ahtthsr ﬁ@éai (yEShscmnmlﬁmt thencatalydt wdinpgsitibn icam gomprise at
limted to, ganoal unj.num conmpounds, um noxan

| :
$+25h AP FhghisalpBErad Solid g GBBIBRE A IEh RS Sk Psidggreated
vﬂer a Qﬁ‘%%l trgglv?ithﬁ@k g'aﬁﬁktﬁr viferéYhe §ATIDHNAS b4 comprise

i tional oOrganoal um num conpound is
any @pidecthat is cdnalaaitealzgds by adnigh safacoares, and thet ﬁgctmltbdrawmg

different fromthe.at |east on

EBifpaRGoBPE S et PEtHROdS 1O R Fal Deifpsapnpared
38 RRGoliffoxIdRitRat iR MR vith & 16RNPIRSH EdtON- \ﬂifthdi‘ﬁbingramon
conprising a first netall ocene conpound, a second

mst al | Aveodlrs aﬁ@ngocaﬁqﬂns anvention tis @neatalysiesAnangsitipn; eomprising the

d 0
R R MR e
ﬂedft bk dleﬁirﬁ&zlﬂlyy&éat@bmbﬂajxﬁdeo Bnat leasipné sigagoatwrninaat ¢ongpound,
eI A I
%Fé(ﬂf % {redagnggﬁte%ggatélk&%ﬁ& LY %‘ﬁon%‘ﬁm&l%ﬁiﬁgs a scavenger

I S |nvent|on iS a neth
Hol semewvi: Ziravgs aifevates andoomygesi ﬁngncthnt@@alystgccanPQSém Several

el St bF et i bt R Rgtion, Jaghiding. but ot

thgit&At @ YsbataRRRkh eBmp&us, ”&[dn%ﬁ@xabb@ 6@ah@iic compounds,
product of a first nmetallocene conpound, a second

rmgaiobwan@omp@md&u rignizing |igeist compoendsni elay | yuaterialy, ear any

P L, Tyl SHOisPE o2 ARG, i an opions

i d&a\f&iﬂltystoﬂld dali®e cithd thd dadie dfﬁlfﬁrélﬁ €ienethe aripastinde otdasoaluminum
second netal | ocene conpound, the at |east one
cqmmdeEﬁéTab@chqsal%m de, and the at |east one

01 9aNORIHEL IMIRELIPRLSE S Suvchiliah, RA I RRiRD TP Yorhprising

a) the cene conpound is s d froman
%Sfasﬂeﬁadallanem econfpobad,i agsdcoad f mktaliogang éfammnrd atyleast one

S AT et

or enyF@al §NYhis RAvEAHR W nﬁﬂﬁdaﬂf RUBIBY b, cabdlyst Védmposition
compnsmg contactmg a first metallocene compound, a second metallocene compound,
at least one chemically-treated solid oxide, and at least one organocaluminum
compound. Still another aspect of this invention is a method of polymerizing olefins
comprising contacting at least one type of olefin monomer with a catalyst
composition under polymerization conditions, wherein the catalyst composition
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. In each of these aspects of the present invention, the
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one of which can be substituted, unsubstituted,
partially saturated, or 10 any conbi nation thereof;
or ii) rac-(X)(X2)(X3)(X4)M, wherein (X) and (X2)
are jointly selected fromtwo indenyls, any one of
whi ch can be substituted, unsubstituted, partially
saturated, or any conbination thereof; 15 wherein M

|fgsts megx];]pg@lef egnponnd, the senondfmetghegesas rpog;p})ugql,dth(:)@) least one
elabca ﬁ%reégg sgﬁd %xf‘débﬁﬁéi Wrét ?t)dlegsrt odd %lll%ﬁq *M%ft:ﬁg'g cfomgound are

nprr si ato

Eb;%;)ﬁi@@!&gzédxizslfanawsgernanl um or tin, bonded to both
an or 20 ii) two cotlguouscrbon at ons
a chaid, t %gn%rsb ﬁ@et@}}oc\e;‘m <CRmpgung, 4, d;g}gctleg 1‘?951 an, s, gxetaITlocene

qg%g;;{gtg%lggw% s bonded to (X2); and wherein

st ituent on the substituted
cygl opent adj enyl , the subSEXEDES )Ry , and t he
substituted fluoren nd e subs |tu
substituted bri d’é}i“?ﬁ%‘n mdl @g?ﬁ’&éﬁ ]t% dg‘éqnégt lygrenyl and
from a hydroggidpehtaaleayp a fﬁ{bre@aﬁdl hﬂ'ikﬁieh?l 9F Ok fludfenyls, any
aromatic group, a cyclic group, a conbi nati on of

al i phatic amé afywhick cgn bapsbstinted yrssbstintedppartally satyrated, or
group, a nltro% bg%}lgg%ergofpgosphorus group, an

arseni c gr s foup, a silicon group, a

ger mani um g:[)oup, atin grqru:p,(Xé)(X heavoddip, a bor on
group, an al’um num grou i porgani ¢ grou
organometal | ic YRSE, ()g} §§%s§rg einey salgpt,gégfqr@éwo indenyls,

t her eof , or %y&?log(ggﬁh%}} E&h@@%tl&%dc %Q\%@tltﬁﬁeﬂnﬁaﬂl@ﬁy Surated,

hal i de; _ e second netal | ocene
conpound i soranyaombimatibatieosdne having the follow ng

formul a X) (X6 ’ IR |
from Whel'%nqv[g}s)s% ge&ML%g)ﬁ\gﬁge'( ?(6) alrz sel ect ed
| ndepepeghl ok PEIEOCE tholdofibciedtyCh ARRRKAS @ urkinged bridging

substituted cycl opent adi enyl ; 5 vvherel n (X5) and (X6)
agreug oompusiegt by a substit ut ed or unsubstituted

E;Ir gglnngSI |gli ggﬁ Co ~ fagﬁ:te%)froneca%% g‘fégﬁcgg%ne{r{]m or tin,
(X5) and ( )@nde@fo 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 (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 selected from 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 about 20 carbon atoms; a
halide; or hydrogen;
b) the second metallocene compound is an ansa-metallocene having the

following formula:
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ii) two contiguous carbon atons in a chain, one end of
which is 10 bonded to (X5) and the other end of which
is bonded to (X6); and wherein when (X5) or (X6) is a
substituted cycl opent adi enyl, the substituted

cycl opent adi enyl is substituted mﬁth up to four
substituents, in addltlon t bridging group;

wherein (X7); (X8): eadK ¥ )f&éMs on the

bsti tut ed cl n . 15 each bstituent
23 tc’hle lg‘iﬁ?}gll\i%/‘ﬁtsglg& é?‘&a‘?ﬁ%k&r‘%ﬁg is i ndepeﬁgeﬁt : yu

sel ectyibréih @RP Pand Xy @6 didepbndphty pelected fibmphatclapentadienyl or a
roup, an aromatjc group, a cyclic group, a

suhyitwied icpelopmtadienyhiat i ¢ and cyclic groups, an oxygen
group, u e i Hl( an%r(%ﬂj)are%onﬁﬁcter g%)q'sﬁﬁt@ﬂdfbd ¢t uﬁ%ﬁﬁ@édtﬁ'ldgmg

group, an arsenic group, a car group, a silicon
Hrewpcomprigey: mani um group, a tin group, a | ead group,

a boron graup, an alum nl,l %L dp %13) i.norgani c i
group, an o? gandt &P selgt B’f ¢ oguﬁgtcf)?ugeélglamum or tn,
deri vat | ve tfdﬁgéc?ﬁibotﬁ‘@xs)'ﬁﬂd(ﬁ g 1 to about 20 carbon

at ons; ha hydrogen; ‘and c) the

chem cal | y-ii)y eatt®ad mlgm@xw@mmms.1seasclamsotn|ec¢né>afdéhwh is

t t ed t t hd
he or gamosne oSS ik ftca EhT B MR e RFOE), and
25 Al (yfRerBinywaa) 8x1.or Mipisei Bulisii®ted Syc&oﬂSletbrdWQI 61713 substituted

having from 1 to about 20 carhon ators; #d&
seichpentadienylris avhetifutesewish un tg fayg |SE®UH§’\WSF1§1 ingtothe bridging
abqut. 20 carbon atons, halide, or hydride; and nis a
I
r froml to 3, i ncl usi ve. The present invention
al so ewnaema(séggs(xtgveaplo bytstiafenn on tBOsWstitubeer Gyclupentadienyl; and
aspect _of this inventjon. is a pol t of e

coveh AbEIIG nLPe FUBRIGISA SEGRE ST iR esp G getagy from a
915.3?8 ngcaﬂ%r d?lrb\%bt Yanf & aﬁ@oglfogpo 281 Bron@atiRD grup0.- a94:§chc group, a

actlv I on rgy E. from about
ad'mntblnétﬁ)n of (ahiﬂidm:oand aycpiuzl gmwgemsuopiygftm geoup( mwult“ur) group, a

f bout 3t bout 300 to
11!‘11@80 mgearké‘lfj)ﬂﬁ,l a ptg)sﬁhor%grggﬂl agrar WEHCQWP%? :,)ag(i?{ (‘.Bl(ﬁf up7 6%??0%5 group,
p,f bdsB Rhanah ,
1P s TR 200, St bt i, o

fro
atmocgan@: mup,@naug@normet@ ic igtoupn 6t BIsubghiteigdd g};tvawéqeéhqreof having

{ Yet
aﬁB’?‘hele a:S)SBt %fcaglf Ig%lgl n@a?:ﬂ 10911)/99& ef ymer of
et hyl eapﬂlmémidauyh@atea@bumldeeaﬂmpmem s8I okidertreated with an

line speed is fromabout 3 to about 8 in/side. In
aeleetray-withdrgwing anion aB%I ymer of ethylene of this

I nvent jofle lofenBRALARKEE bafifol s BRCHTIbRIR foltfla:
AIC)X %Ysn;

wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms; (X' is
selected from alkoxide or aryloxide having from 1 to about 20 carbon atoms, halide,
or hydride; and n is a number from 1 to 3, inclusive.

The present invention also encompasses new polyolefins.

Further, another aspect of this invention is a polymer of ethylene,
characterized by a melt index from about 3 to about 30 g/min; a density from about

0.915 to about 0.945 g/cm’; a flow activation energy E, from about 35 to about 45

90
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ft/mn line speed of fromabout 3 to about 8 in/side.

10 Still another aspect of this invention is a polyner

of ethylene wherein the extruder head pressure at 200

| b/ hr extrusion rate is from about 500 to about 2000

psi. I n another aspect, the polyner of ethylene of

this invention is characterized by an extruder notor
lidanolat mOGlispersity index (Mi/dh) rfmrea ut 3 onabeb U6; @d/tfgom about

S0y A A TTIORIS A GLBRRTD s 0

8k ARG Q bttt AT Rhg TR BiarkHeBpert IQO(a{bearbon? atbms (LCB/ 1000
b/ream In anot her aspect, the pol of et hyl ene

9
arhoni aloma), Erm awut 9. nier 2hovk 043 da ¢ @ﬁéfﬁeléf weight range of
ter than or equal to about
(?lggﬁ%f Olstbbﬁr eémﬁé%%ﬁpanot her aspec{':1 of this
I Sxenwam(ﬂmﬁ aﬁgécy rofrthisf ineéhtidneisea \pobmer roft ¢thylbng stherein the
adhesi on strent IS reater fhan.or t
mgrcn ekt a0 Bf Sreeg o i gopi Siepan e In another
@Bgﬁﬁé?idf %ﬂ?ﬁéﬁ@%f Shil ihatHR s cﬁa@e&'&riz@di bg atde@Rin at 900
er at

hot tack strength of
sﬂt/rmngnhspesdoﬁéwmah@eu?’ tsationt 8 in/kider or equal to about

110C. ano her as . the e
this i ILARBH Fwetnel oo bRealih 1) peNime O Phads Mherein the
SdxtRAGH keal pras@8Le00 bAit exfusiefl wat is Rorakboilt 59050 about 2000 psi.
| bf /in. 25 This invention al so enconpasses

plme@@ﬂwa@spm} the pelysner 0] ethylens,af dhis dmyeation i phnserdsrized by an
tﬂl? a%ﬁ Pﬁ@é fbﬂ?‘teltxﬂ'gsﬁﬂ e Bf i Bllnl abBht 4d‘t%sd%out 120 amps.
onen SFIR Conpound, Tpri o
! ni ti aAhétged b&pepoldf nbis dmtention r1eaa:tpod)5nnerThﬁ qlhmmwherem the

I nvent i on further conprises nethods for zi
oblarendert Mbnisar sesitpnce it LA ghar of gquql @n@%gf éfl %ﬁg’feam In
nB‘F)ymsr |P%g? Iﬂ%ﬂ%con dﬁ%fye?ﬁ 16 Bqhis 11'1\9:@'[191"1‘ ij.sedhara%%nzed ﬁ;a Spencer

i 0 s to produce the pol
i mnt steengthl dcgramrdhwaels@slahim @out @DEO g/liula(reauo nﬁﬁll gragher aspect

ol produ ed w S oS ti.on
L OB ARG B3 &5 e s S e PRy B G etnesiON sfength is
asiSet than & fgamo%tgﬂ)ad advant ages of the present
ihvention will becone apparent after a review of

f ol | owlpigandtheaiaspagt ¢bthis Inyenténn isfa pqlmeﬁp%%thb'@eﬁwtherem the hot
e BRI EF.DES T
548008 S PEE SO 3o SRt o B 005 A s s

tﬂ@ek%‘éd s 1636 thdieor @qxes € bbounnVIEIGEE 0T ahbther aspct, the polymer of
rovi des conparative extruder notor | oad dlata fqr ft
r@tbylﬁge ef th@Sh]élVGIﬁf(@slé gharagterizad; Bypan ultimate seal strength of greater than

or equal to about 3.5 1bf/in.

This invention also encompasses precontacting some or all of the catalyst
components, and optionally pretreating some or all of these components with an
olefin compound, prior to initiating the polymerization reaction.

The present invention further comprises methods for polymerizing olefins
comprising contacting at least one olefin monomer and the catalyst composition under
polymerization conditions to produce the polymer.

This invention also encompasses an article that comprises the polymer

produced with the catalyst composition of this invention.

10 o
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10 Figure 3 illustrates conparative data for neck-in
(inches per side) at 300 ft/mn |ine speed for the
resins of the present invention. Figure 4 illustrates
conparative data for neck-in (inches per side) at 900
ft/mn I|ine speed for the resins of the present

invention. Figure 5 illustrates conparative data f?r

neck- i Thepeandsother faaturess appests.cmbodimenis and gdwantaggs of the present
(.dra [ - j Fati
R berdhe blfucth s BRI bORETRAIRE Dl eBscription of
dhaliiscietal femare C resins (botton) of the present
invention. Figure 6 provides conparative data for the

El mendorf tear strengths of resins of the present

[ P8¢ i er substrate, in
MQE?%@WO}N{%%&%?H?%) di rections. The i

| i ght dtigmkddedvifsecompiyatbarextrider head hresane data dpr the egsins of the
20 TD tear, Figure 7 provides conparative data for the
IPEEENVEIHIRCt strength of resins or the present

i nventgigite 4 BRVRIEs Wolnpatftiaé bxP@Re mdtodmhd daf. foFitlgiifesing of the
provi deS conparative data for the burst adhesion

siressnyinNesfork esi ns of the present invention, tested
with Kr.aft .paper_.su [ ] a.9 V] t :
ek PP OSSPy 41 S PR SR W00 i

i] béDfdr tHAtesing bMBS pesaitdatdntigndat a points for the
PE4517, DC-C-.1 and DC-C- 2 are shown to. intair& 900 fi/mi
vi sual Figwgid {ipstratespampaalive daia igeacckripi(ipghes Reg side) at min

ShfeEpetdrot %ﬁ%%n% Bf thk PestAIhitheigh. t he present

i'nvent1 on. I'nes connecting data points for the _
PE451 7Figh€-Cillustaatds B@amrativr data 88 reblovmn perosidmiasa fingtion of line

CebE b om0 B Mt e A ena
: {é}ﬁﬁ@ rhR1ed 8hil Y&4-rh&RId SREC YoM %ﬁbﬂﬁ b the PréfenEnidition.

ustrates the 11 O degree of ?gchai n _branchi ng i
( nunbeFigofe 6 pRVides omparakivo datadar hsridmendors tear ghengtiinof resins

of i ght average npl ecul.ar i r i

Ol 5 e B TARR AL R0 e b B MR D) and
| afvase arHydiedciions. ofhd hghtehiaded (gbcond} bary fat eath Gesin mpresents
shear rate for the resins of the present invention.

FTBdea 12(b) 5 plots extruder head pressure drop as a

o R R Y B eSS o

Invention. 1n both Figureées
12(th¢ prsseht I(e)ion,sedtédiwith Kasft paper stbstrate. | | nes onl y.
Figure_13. Figure 13(a) illystrates, ne

e Dot B30kt 454 G PGF KR i of
g@g@%ﬁﬂgﬁ&ﬁm} RUED Wil Krafipdp&dubstdn. 111 ustrates
Figure 9 provides hot tack strength curves for the resins of the present
invention. Only lines connecting data points for the PE4517, DC-C-1 and DC-C-2 are
shown to maintain visual clarity.
Figure 10 provides ultimate seal strength curves for the resins of the present
invention. Only lines connecting data points for the PE4517, DC-C-1 and DC-C-2 are
shown to maintain visual clarity.

Figure 11. Figure 11(a) illustrates molecular weight data for the resins of the
present invention derived from SEC-MALS analysis. Figure 11(b) illustrates the

i1 o



10

15

20

25

30

10 side as a function of the Recoverabl e Shear
Paranmeter at 0.03 1/s. In both Figures 13(a) and
13(b), the solid line is atrend |line only, and the
di anond shaped synbol represents data for the PE4517
resin for conparison. Figure 14 denonstrates the
maxi mum | i ne speed as_a function of the |ow s

\degesssolt yonst 0@11@331'411(%111?% e yoft bEB(HR0G é°§?1?b§n6f°af‘}?é\s) as a

t A lm-
ﬁéﬁéggéﬁigx ta %ﬁﬁﬁﬁéggggg%gtre3|n or Q%ﬁpar|§%%LS
DETAI LIE@.lr@ESIZRIPEgﬂra\u(E ﬂ]ﬂﬁréthﬁ/lﬁkffdﬂda&[ hess @rfm:m:mn of the shear
i nventi on es new._caf al osi ti.ons ds
re¥cosigy aphfd % e o BRI TLOE Pk Baeo gy Tietee 120
gpfibt? %xfrﬂ&er 13%§stur@ 0% ial fuR@font ot sh&a@ VRRbYtE4LI 198 1/s shear rate

yol ef I'n one aspect, this invention
efor thmnrmsf the pmbntnnmmltlbmc Enboth Figurssst2(s)andel?(phsalid lines are
provi des useful conbi nati on of polyolefin
%ﬂéFFF@ “such as nelt index, density,
pol ydi EE@:%SHSJ YrighreNg () ikhstrakds aeabin s sidehs @ fogétioal of zero shear
properties, and the |ike. For exanple, in one aspect
osflsqomtls f¢rrth<e resinsrof thewresgit inv¢rsioan d'igde di3gt llustrates neck-in per
ﬁlle%/ g%h cn%n%gf §(')\ﬂ:1°‘ab"1‘5 gh?e[r%!rzﬁﬁ& | €03 37€ {n both Figures
i u3|on coatl ng app i cat'i ons.

aIBQ&)hzﬁfd Bpgahe scfittf lisx B lrend tihe onyt ahd deediemondtshdpedtsymbol
PE resins are forned usi ngothe | ow- pressure, Phillips

| iSRS sEtudaty forth P At 7URHR OTACHIRHF M t 0 attain the
resin g qﬂttdeﬁﬁ)ngﬁﬁgﬂhefn%nﬁﬁﬁlrlﬁﬁ' PR3 fufltion of the low shear
applicafions. I n one aspect, the present invention
enmnﬁaseﬁ?a d/s:ﬁ'equeylsy fordthp ossins efrthe eesentnipréndiong Theediamond

B2 e B 5 ST RRBCH ERRSRS.

chem cally-treated solid oxide, and at |east one
or ganoal um num conpound. I n anot her aspect, this

i REEAILER QE&@W@@@SOE Tclﬁ BYVENTIGN ¢ conposition
th t t
compounté bagsent IREPAG SEPEKT cefl BaBlsl ofwliiBhy. °iibas for

Opsrefidting? B&talg bt b&ﬂp&s@é‘r& Qﬁ@ﬁ@dﬁafmnusingnth@ rmmlm;d corripbsmons to
bot h these aspects, this |nvent|on enconpasses

cmiﬁr@gmq Jntiofanpolyaleling. B OBF gwEct, HEm B ERRATFCPBpasses a dual-
191 YiBEdng! Qﬂalggtgfs{r/m%ﬁ ngF;SJBQf&lea Rfs@ﬁ?ré(ﬁ‘l%lﬂatﬁﬁﬁt 3FYsdiyolefin

MpoSi t 1 on using a catal yst
cpm‘pasneﬁ i such mevmphbl| index,s damsityc qudydisperstyet lopg echain dmanching,

FRBRPBIo BPRIES ah, i BLea s APl PRSSRRC POy gfons new

CRERNb&SS At poTRUMERCEND f&8indars Pproi @ Midh e, sultable for
wherein the first netal | ocene conpound can conprise a

béxtfusionl ogating aatipbingtionsy p&n |angthar pspestpfos xexgmpls, | thgymetallocene
1
il I AR TIPS LTRSS R 55

Omahlifacturing platform to attain the resin properties useful 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

organoaluminum compound. In another aspect, this invention encompasses a catalyst

12 o
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at | east one chem cally-treated solid oxide conponent;

and at | east one organoal um num conpound. In stil

anot her aspect of this invention, the first

net al | ocene conpound can conpri se an ansa-netal |l ocene,

and the second netall ocene conpound can conprise an
ansa-netal |l ocene. 15 Cataly osition and

Compesitink §01T1Pﬁém8/§hﬁlcpé@§hﬁf0@§ﬁp‘€nﬁupﬁ gngleymgtdlogansegompound, at
bog 81[1 &%ﬂhcehg‘-’t‘?&‘tiéd% i %Yd Gt & 162 BhY %Mﬂﬁhﬁf &tnpound.
conpri Focene conpound, "a sec

MR thatt ﬂﬁwﬁpeﬂﬁ;ﬁmndvermbnleﬁamhpasm @omnposition of matter a catalyst

T
AHpd 6¢ uéPLlEFQE{aﬁg dﬁicﬁ‘il Loy SRENERIRRYBSHb1Ah&'s Y8 ikne, and
SI mJ t aneo a po

ymer i zation process tg produce
ahe hkey ehlrapbﬂneaspesﬂ, thishnyéntiopreoperisessew pelyolgfies. usef ul

for trusion CO lec tions. ln o

t hi s i VIS FBRCH P%s?rﬁt mpﬁ’g} 100, COmMPISes gn.g %ﬁ loc %e catalyst
3com?p%sft1'oh aniykdeir? | REONIfH  Metalladent Ufﬁoﬂﬁioahdl OQﬁﬂe comprise a
conpound wherein the two 115- cyclo ent adi enyl -ty

|b1§{gmjgpeata@l1c1§wl tipedigaypdacamplece! Toy Zisior b ithey gcoa& dnetallocene

Wher ei n d gar}/% gsle %;blgg(hgdége%tﬁeg.gf’g@gggﬁiﬁ@{b‘g@pﬁéﬁ@& Ti, Zr, or Hf;

Ud’ﬂS llélﬁt | dndt ecﬂlenhdfhlltylﬁtr@tas psotitd, oxiuz umdmontﬂte arehcdto rleast one
condi tions discl osed herei cat al yst EPOS't'
I

, o a
pEsRpabIINE FOPRIUKet A | stk ABothefBRRFRL Of Af1S) ByERtiQH, the first
eGlsH gaL:J)ﬁﬂ biRatad SBH ﬁs@xéﬂjeans%ﬁﬁetﬁﬁodeﬁé‘Stanﬁthe second
organoal um nu conmpound typically provides a high
matetodeae covmpauintd caesbmpyise in ewsatihdtklledené.ess t han about
10, and in another aspect, typically provides a high
nmol ecul ar weight resin with an HLM of 13 0 |less than
a0tk sgCoﬁiﬂJsﬂﬁ)'h and'Cohponaftpect , the two
r15- cyc opent adi enyl -type ligands are brldged by a
S%Memﬂvweﬁomga&tltut ed bridging group ("bridge")
conpri 2..cont i guo t n s
chai n, Mo IS %'?[ 3SrP§5t smel BGE%zit gﬁﬁ’e%vﬁrgréﬁﬁﬂfég ege%gayét ?’ﬁ‘ osition

2eoniiriaiy & fiadtinétalidvené e8mboura)@ second metallocene compound, at least
r 15-cycl opent adi enyl -type |igand and t he oIher 5 end
ofnet ﬁ@rrgwyﬁrqage axidey apqi, at lspstcone organoaluminum compound. In

zgl}%ttfel\f &0 Y1 SR '1&”?@0 hisiy toheu‘l%céder £bm gounds are used

e CO[TpOUﬂ €s O rst metal cene

Csimnhmmbaslyfmt ) Ipslytmmﬂzabcbn tplnecesy te peortuce v gabfpthmlene resin with
i ncl ude, but are

f ProBeraRs thabste grfuliog P’Gtﬁ‘é“ﬁ‘f‘h%ﬂabﬂg pPPIiFAtions: ocene

conpoupdond afled 'b? Afils - BVeARR; it G| meRNedeh® (@Rfpound can be a
conpound, or "a fluorenyl - bri dge-fluorenyl netallocene

ciitapimum d zircundme) rmrahgfnmne wétatibeeng 1®nmbund wherein the two n -
g@g@ﬁ@h@%{;ﬁ%g Hg%\'gigt Er?nd by a 29 Iop gl] i(c)i Q ands herem any
one of the n°>-cyclopentadienyl-type ligands or brldgmg group may be substituted or
unsubstituted. In this aspect, and under the reactor conditions disclosed herein, a
catalyst composition based on the first metallocene compound, at least one
chemically-treated solid oxide, and at least one organoaluminum compound typically
provides a high molecular weight resin with an HLMI of less than about 10, and in

another aspect, typically provides a high molecular weight resin with an HLMI of

13 o



10

15

20

25

30

I n anot her aspect, for exanple, the first netall ocene
conpound can be a titanium zirconium or hafnium

net al | ocene conpound of the general type rac-

i ndenyl - bri dge-i ndenyl netall ocene conpound, wherein

the bridge between the two T15-indenyl |igands can be

a Cl, C, or Sit bridge, and wherein any one of the

1ds5 than ahowry| Fhithernitsthis aspestd genyyogh oeyslorsptagienyl-type ligands

subst.it ut.ed or upstitu . . hi eed. .. -

S BRASSs SrPRUE R sttt Db PRRCbrand domprsing 1
RbaoMA S ARSI atbRs ada Olil, e 1 drisa silicomitah, oderin one end
conpound, at |east one chenically-treated solid oxide,

arfdhea?-chibes chaiorie bondgdrio ane mi wyefopanibenyd tinpdissad pyd the other
PSHEES B SR P B P o i
W@hﬁ%ﬁh%ﬁ%ﬁ%ﬁe%M&%f@ﬂst@&ﬁﬂéﬂeﬁé cHBpEiiHds beHifitype of the

[ ess than about 2. Further, in this .
as@ent invedthon invinds, 15t iarieotylimitedgion d Slugrenybbridgpeeycigpentadienyl

substituted or unsubstitut.ed. pri.dgin
bstacsin rommopnd Bofiporgticiddt ifedf b Bitng compgund. or
%‘E}B’l—gﬁd A0SR hicEARced WBInpohid, eivheRiE @pdod dfhthe n’-

on chain is bonded to one x15- indenyl |igand
atydloptitedienyidypeelighnds ot bridginggioup snaydecubistiteied peugsuhstituted.

x15- indenyl |igand.of the.figrst 0
conpodﬂd“,moﬁlfr 8?%’ £ sralesy {bg tﬁrgggnn%@}o%llt‘ea?&gg%%ng can be a
G RN Firchfud) O NQIhiafP aftalRtedeh tosmpomandf die, geieeal type rac-
second netal | ocene conpound can be a .titani

ym
zindenyhbtidge-tndendrmetatiogene srmpewitk YWisags (he beileg hgtween the two

eneral . type. cyclopent adi enyl - br ik dge- ' I 5
TeeaPA B I LRA. Candr o it LG Faf SRR ahg g e n
U iRensd fiigaxfdé@r %ﬁﬁgﬁ@%ﬁﬁyﬂpa& bg ansksitehobensab@itute@2 In this aspect,
Sit bridge, and 30 wherein any one of the -
xag- wylet Bip seackaticenditions diselaseddierain, asatalyst semppsitiay bigd on the
substituted or Sk £ I .
CHRE e HRSA L S by @R s a0, and st e
carteadry@loah@iipaaicoimpouibspitalin ptdvides adigiimateralat weigheresin with
conpound, at |east. 140 one chemcally-treated soli .
oaang]@,l\/[bﬁﬁ legg th%§b°‘3n]é):@r“§1a1ﬁo%{}qg?‘ﬁrrﬂ§ ‘&toﬁﬁ’é‘ﬁfﬁlé' prov%es a high
t i cal i des. | i r i A .
B AT T S QoEhtghoholl ! iyt s oo
thei 6@ hiLindeRyli Kiemds ave BEHgslbara westhited of ebubstitutdd bridging
an M of greater than about 20. Further, in this -
agosp Comptising ioor12l Sortigupuh @Rida RaRy Homs §a ggham, gF & ansa silicon
bri dged by a substituted .or U ' r.isdey .
g6 Wi’ﬁrﬁ%} PR ﬁtﬁfs‘ifl tb? tzfarbpognﬁ%lgglulg Ejéhgérig’doég r o%{c%g%lr#sgand and
| heothEEM oPfhel cRAS ds Hohl&P b MO BtheP@ideslichpl H@iddl of the first
315- cycl opentadi enyl |igands of the second
netallbeane tempowmph sads tol maiotain thepaeamic niptallogeng gpsapound.

o Bl S o o

cont ac e compoun

SEeAREh, MR HiREENS GafAaH NehetAlocenk dog@dlndnef the general type
chem cally-treated solid oxide, and at |east

on ) )
oeysdorsatadienyilibridgsrgysiapantadienyl metallocene compound, w?lerem the bridge

between the two 1’°- cyclopentadienyl ligands can be a C;, Cy, or Sij bridge, and
wherein any one of the n°-cyclopentadienyl ligands or bridging group may be
substituted or unsubstituted. In this aspect, and under the reactor conditions disclosed

herein, a catalyst composition based on the second metallocene compound, at least
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wherein: a) the first netall ocene conpound is sel ected
froman ansa-netall ocene having the follow ng

formula: ~~yy i) (~~")(X2)x3)(X4)M 15 wherein (X) and
(X2) are jointly selected froma fluorenyl and a

cycl opent adi enyl, a fluorenyl and an indenyl, or two
fluorenyls, any one of which can be substltuted
mmlcabbfetaeatq@asmhcmomes andiraitleast Qie omgayoaluminum compound

ﬁ}t)r()m‘(‘lf ﬁé&%&&f&%&}re\’vél t%?l(‘l)%lelf@ é@i dai( é%&t% thafGibout 1,

ia?lﬁﬁﬁ)éh&her agg;\écp 0 i Ol Iyt ides R i@eleamlaswctgtht & eesin with an MI of
unsubstitute artially saturated, or

ny
cgmatemﬁtancabouh éﬂed?qrﬂm an ghig axpeck,she swe ot eyclopentadienyl ligands

%ﬁb%dﬁg& b8 ooty o B e gffh‘ﬁ%‘f?gg%%a}%g ug%Pﬁsmg Lor2

MREkcts Rhsa bﬁerﬁ‘ ﬁto%SQH‘aS&{aﬁPto?d dris8 Qliedh lﬁﬁ:ﬁ‘n tontéd®both n’-
ger nium or tin, bonded to both (X) and (X2) or

! dy‘;lwwadlemstllhgandmfctm smnnchnmt@locenea;ompgum one end of
\ggungg nione %%2&?:? qg?] aatgég‘wr?él?p@sﬁioeg I%ﬁe ?r)%gsnt névewﬁmg corlngnses the

StoRedcl {n‘éﬁﬂ& of '31 fifemetalSéent bRPobnd:; |a%@&5ﬂd&ﬂbt@lwéene bbﬁ}lpound at
substituted indenyl, and the substituted fluarenyl;

Anabt ene Phastibally-trensed sadid e, aadiplepst ane grasnpdlpmiiym compound,
qiy]g g i s independently selected from a hydrocar byl
_,'an 150 ali phatic group, an aromatic group, a
cycl i ca)gtheufisst anexalidbenatdoaipoand dk i seleatedc framd an cpshringetallocene
gFoups}1 an oxygen group, a sulfur group, a nitrogen
the fg B&B}r{]’é‘lagroup, an arsenic group, a carbon

group, a SI icon group, a ek fPUp, a tin
group, a ad group, a bOG@L groﬁgggan al um num

gr oup, gn |norgawheregr(éﬁpanchﬁ(0|aganuﬂhft$ldcted feomg adlyerenyl and
or a substitut dderlvalv t her, eof, f
Sbout 20 oo BYSORPBHErh o e v an AN o 1O ok, any

second net aj0GeRRicA VARV bkiHuRl, aRkdsitaied] bAEEINE saturated, or
having the following formila: ~y

( X5) ( X6) \ X7anyX®ninativo thdreofoph M | )s/ selected fromTi,
2 or H ) rac-(KHKHKIM,,
wherein (X') and (X?) are jointly selected from two indenyls,
any one of which can be substituted, unsubstituted, partially saturated,
or any combination thereof;,
wherein M! is selected from Ti, Zr, or Hf;
wherein (X') and (X?) are connected by a substituted or unsubstituted bridging

group comprising:

i) one atom selected from carbon, silicon, germanium, or tin,
bonded to both (X') and (X); or
it) 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 (C); (X*); each substituent on the substituted cyclopentadienyl, the
substituted indenyl, and the substituted fluorenyl; and each substituent on the
substituted bridging group is independently selected from a hydrocarbyl group, an
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wherein (X5) and (X6) are independently selected from

a cycl opentadi enyl or a substituted cycl opent adi enyl ;
wherein (X5) and (X6) are connected by a substituted

or unsubstituted bridging group conprising: 15 i) one
atom sel ected from carbon, silicon, germanium or tin,
bonded to both (X5) and (X6) or ||) two contiguqus )
Giphie BIOBPsaN ATOMAEABIAUD.oh 8YAiSaBIoPP | cembingtion ghdhphatic and

S5 TP 0505 T ST SRR ki v

emclregpngradp,enydrbort peupldsilicon praip 24 geywnope |gtca1;b|, ertiyl group, a
is substituted with to four substituents i
RS EOBA 2 ROTOTHGIOHP; %b‘ﬂH’@“m@‘? BLAHP- W@P"eﬁaﬂlc(g%)‘jps %R{%ﬂmmﬁta ic

g@hb Y BSLbiteRl defviie tﬁéf@&ft h&x&ih?‘i’roﬁﬁ't&ﬁ@diﬁ@d'cﬁfﬁbh ;atoms; a

each substituent on the substituted bridging
dratidgy qrilydmgependent ly selected froma hydrocar byl

group, aI| oup, an arpmatic arou
O oup ) alhs SscoBf imda et cofBoBALTE s g 2PRiapfoct hdvng. the
%Hyﬂﬁl,gfaﬁmqugen group, a sul fur gr oup, a ni trogen

group, a phosphorus grou n_arseni,c group, a carbon
group, a silicon group,X?H 2 ﬁﬁ&%&h}group, atin

grOUp’wﬁ‘erlnﬁ"i\Qzﬁ &%&ed?roBPTPQr% , an alum num gr oup,

i norgani orgarmometal lic group, or a
s u bst I\bhﬁrﬁd (Eté)’aIMG(MG)/aetlﬁﬂﬁpenﬁentlh aslectgd fibmoarcycldpentadienyl or a
bout 2Q carbon atons; a halide; or hydrogen; and 30
éybﬂﬁgméﬁgﬂ?ﬁ%w¢¥@¥4eaied sol i d oxide conprises a

sol i d gpd | :
16 O I rﬁgﬁ??(h YhreRofkctddl 150 §udBtiittdd i AMBIEtuted bridging

ani on. er aspect, the catalyst
cgroppsinprisin®f t he present invention conprises the

contact praduct of f|r tal l ocene ¢ oun

second net dgl ocE 38 %Eﬂ%ﬁfﬂ @‘g’ﬂl gﬁg B, gérmaium, or tin,
chem cal | y- gdhggdﬁ,cb(ﬁptxij aBA (KB, OIand at | east one

or ganoal um num conpound, wherein: 5 a) the first

met al | oceneﬂ)conﬁm@n@n‘tlgu@é‘l eaghaaatpmsin gnchain, one end of which is

ansa- net al 1,0c t )
T o) O5ARgaE 9 OFY btk Bk 8hd 8RR 106 10 68%; and

sel ectwherbiiONhéh Dﬁ) erE(W} iso@ Qubstitutdd bﬁﬂ@lf&l&dﬂ@ywme aubstltuted
fluorenyl and an i.ndeny or two fluoreny]s,

orvelopentagicny ig HWSB@'E%W@ up e &y subsbitnsats; trtﬁdé‘%}“’n to the bridging
p@[){qg.al |y saturated, or any conbination thereof; or

wherein (X); (X®); each substituent on the substituted cyclopentadienyl; and
each substituent on the substituted bridging group is independently selected from 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 about 20 carbon atoms; a halide; or hydrogen; and

c) the chemically-treated solid oxide comprises a solid oxide treated with an

electron-withdrawing anion.
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i) raCG(X)(X2)(X3)(X4)M, wherein (X) and (X2) are
jointly selected fromtwo indenyls, any one of which

can be substituted, unsubstituted, partially

saturated, 15 or any conbination thereof; wherein M

Is selected fromZr or Hf; wherein (X) and (X2) are
connected by a bridging group sel ected from >CR12,

>Si R 2n aoptheORpRORiR-catakrse cemposition af tigdresenisinypntion;comprises

de d
BRSBTSt B e

Qfd)@apbﬁm&\hlath leag0 mVIdﬁﬁmﬁdaﬁmtﬁeated ablidt oﬁﬁle;:amﬂnbmt least one
atons; or, hydrogen; wherein any substituent on (X1),
(oxpancghunpnunsompauish FEFINYy sel ected from a

hydrocar il At GHfan n®O6ApRuAS OY ReeleRted Urbid af! diP-meiallocene

ni trogeén group, a phospho group, an inorganic
daving, thafollomdagn fomeinbd: | | ¢ group, having from 1l to about

oherai n Ol o (X hr o G AER IR aMC od

erein an are sel ecte rom

al koxi de or arylgxd.ga )d*)’%dﬂ@(’ﬁ BRMotntlyGeRBRUfro#? a fluorenyl and
carbon atons, hali de, rﬁ/drl de; 'and’'b) the second

net al | ocenea cmhqmutadlansl a 1 and an liedestik on&vp Akyorengls, any

]E ;lsl) o;vlngg( ];{%; n%ﬂvghlie %ébxg%‘ﬁ%%f%{eé(g rés&lPstgéﬁgd \gﬁ%‘gﬂwsamrated, or

cycl opent a rdonbdation thdaést od ut ed cycl opent adi enyl ;
170 wherein_ (X5) and (X6) are_gon d4 a bridging

group sel eciled from >CR22,7a ﬁ)ﬁéﬁ(xd@ 2CR22-,
wherein R2 in eaﬁﬁerbﬂh{gé‘%su 2y %gﬁ&f}fl?%Ekk%d%?dn?%@%denyls,

froma |inear ranc stitu

unsubst i t utag dnecrforldctbyin ge substitutetly uosibsiitfutedh partially saturated,
having from1 to about, 2 0Abon atons; or hydrogen; 5
wher ei n whe®f u¥spmBation thezeol s pst i t ut ed

cycl O%Héréfg; Mnié'seleuza fﬁiﬁb% biHked cyclopentadienyl is

substi t ut up to four substituents, in addition
to t hewhcmmg(M}gandqa&m pre apheeatédbyamridging groupeelecisd from >CR',,

( ﬁ;R 1( XG) (D . W%ﬁllf?rf]lg ﬂ)enggcg’%gmﬁc%l e g?fFePEHJeng]% selected from a

n]n‘iéa@%ﬂncﬁh%@ Ughibs@tuitia0 op asubstituldd Wd@warb)argrwp; ragﬁﬁine of which
ar oup, an organonetal lic group, having from1 to about

Dlmaving fom 1 tabewt;20carhan alems; s hydegeien: and wher ei n
(X7) anger@ﬁ ar?yoxI nhélﬂ%%%@?’t&dz}’ o H'6§ Eﬁfepgﬁdemly selected from a

al koxi 0e;
hydrocarbyl group, an oxygen group, a sulfur group, a nitrogen group, a phosphorus

group, an inorganic group, an organometallic group, having from 1 to about 20 carbon
atoms; a halide; or hydrogen; and

wherein (X*) and (X*) are independently selected from alkoxide or aryloxide
having from 1 to about 20 carbon atoms, halide, or hydride; and

b) the second metallocene compound is an ansg-metallocene having the
following formula:

XXX Zr,
wherein (X°) and (X%) are independently selected from a cyclopentadienyl or a

substituted cyclopentadienyl;
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am de having from1l to about 20 carbon atons, hali de,
or hydride. The present invention further enconpasses
catal yst conpositions conprising 15 various

conbi nati ons netal | ocene conpound, including, but not
limted to, at least one first netall ocene conpound
in conblnatlop W th 2 second netal | ocene conpound

f i rst whereih (BOemd (XKoo garnecied byradirisigingogrovp siecied from >CR?,

L5981, BLSGREERS, BB SRR B 5900 o

|lﬁr%§xt bRARhEE GRBstitHRE 2bl oeabgittedpgdrdarbghdrompy any one of which
combi nati on of nore than one 20 first metall ocene

dworipafram & iel 2bowy 260 6AOR 8tash obhYHPEH: t han one second

met al | t 1GeREA} lt'%ﬁ‘e bstituted
cat al y2REE FEAPACTbr (1) fid SibsBRR SeiGERBRIn | 1R, substiute
aBlopeitadieny U subsfituged witls tip tefoal st teneomzdditon ta the bridging
second netal | ocene conpound, at |east one

die®scal | y-treated solid oxide, and at |east one

organ &Eﬁh% SHRRHRdn (X2P (WPebE RﬁI i¢ fiependently selected from a
or ganoal um nu conmpound has the fol |l ow ng fornul a:
AlydxEprhyX: g)cslpn an omwnegrnum xojulfug gzoupy dmiteegenyaronm v gsphorus

from1l to about b t

O AP UBYEREC B 91 CRbr U DR g B frgCLBHEG20 carbon
%ngmlggsorﬂyafdgéﬁ,andor hydrl de; and n is a nunber

from1l to 3, LL.ncl usive. In_yet another as

ect, the .
ot al yshoTER LG G ofc infepsnanTe1caied dEm ARSRde; pgioxide, or
cont ct.O nd, a
SRR BE PHEL ol 0 b RERL! REgERRERE:
chem cBid prebong aiiveaitisw finthed endempasneh (aitaiysiastmposiéons comprising
organoalun1nun1conP und, 180 wher ej

.th . .
cYERE spmpinahigny wgtallgpens %@&né’o%wg*@s Byt uoh liitgs oyt st
n%atifr% gﬁét!ﬂl Bne eéo%g;fdilﬁﬂ Wt RANRE IO  wb&ideimetallocene
eso OXI Is selected fromsilica, alum na,
S¢dnnpmde alrﬁrstametalluq:mn mmmggho@pm@pmbmatlon with at least one second

Elge}}?ﬁ%go egllpﬁtgr%ggwggt te fﬁa%tt qileafgstol;zlpté.gége{ﬁﬁ gpiglgf)mgc{] i co"ilnbmatlon with

NieXibatt @fe sB&INAGhetaBont REmMPLEK, 1208 -2ty t Joelibantiog ENhoer than one
is selected fromfluoride, chloride, bromde,

pﬁm;s pheteliocene | edmapaundbiand;| anat eombinatign eof gpognghan one second
n‘%nng\etl an tgerdeof The First Metallocene Conpound 10

Ilﬁ‘ BULE STt this invention, the first netall ocene

conpo Uﬁﬁstﬂladhoﬁiéﬂ'ﬂﬁpese thead’ataitym aempbsﬂld)moﬁimfs ingetitiog cotmprises the

follow ng formula: (X2) ( X3Xx4) M V\,heJelnM i S
seandact eEpduetRh azﬁrsbplefqllocene compound, a second metallocene compound, at

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

wherein the organoaluminum compound has the following formula:
AL )X *Y3n;
wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms; X' is
selected from alkoxide or aryloxide having from 1 to about 20 carbon atoms, halide,
or hydride; and n is a number from 1 to 3, inclusive.
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,
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wherein (X) and (X2) are jointly selected froma
fluorenyl and a 15 cycl opentadi enyl or two
fluorenyls, any one of which can be substituted or
unsubstituted; wherein (X) and (X2) are connected by a
bridging group selected from>CR 2, >SiR 2, or

-CR 2CR 2-, wherein R in each instance is

wamfp@ mlmtenlnwc@ba -weated solich axide dompaises a isphch il treated with an

U u uted hydrocarbyl group, any

geglgP mk%%ﬁmg ﬁ@v?§%£ froml to about 20 carbon

at oms ;théablidl Q).x1dH ishydeage fiomvsidice) Bluatilya, Ssibet-dltmént ahminum
(X2), is independently selected froma

ﬂ’}‘ﬂ rhetes BWT@PWESQFFSO%%% ZiEEQsid, Magngsia.; bariaq zigg oxidg, mixed
'bgﬁd g%gege&*é}}liﬂrxuﬁ@é’thgfé%f% whi ch having from1 to

carbon atons; or hydrogen; and wherein (X3)
and (49 ekceon- ndthﬂmvd&gnahrpnsielselettedi ffano Muatidoxdhdieids; bromide,
aryl qQxi de on11 t o abaut .20, carpon atons,

kiosphate, H#ﬂﬁ’ﬁ?ré’ﬂﬁ‘l#éte l %Pr AMOERPINAIGNIBETCOR o £ r st

netallocene conpound can conprise an ansa- netall ocene
havi ng the foIIovvl ng formula: rac-(X ) (X2)(X)(X4)Zr;
jointly selected fromtwo

4]
I nden n 30.. whi S
unsubﬁlfl g a%ﬂ LGP iR RGeS BRI RE o comprise
il Hgh-Retloeeke Insigche tolfovang Relubs:  >Si R 2, or
-CR 2CR 2-, wherein R in each,instance is

i ndependent | y selectedf?gﬁﬁﬂgx)@ééNﬁ1near br anched,
substl&%a Ss&g&ggﬁh{ﬂ&q{pydrocarbyl group, any

one of Ravi ng from1 to about 20 carbon atomns;
or hydﬂlmyan (Mheraail n(¥hy awbshﬂlyuseiecteah frdin) 2 (BX@)enybrand a
S ndently Iec ed froma . hydrocarhb
gfryﬁt?ﬁemé y gtV ﬁﬁrenﬁ S5 (AP PIG r Hfu Yhich AR By aiybstituted or
iy one of 5 which having fromi to about 20
car on at ons; or hygrogen and wherein (X3) and (X4)
are md@aendx dnyl (X2) sretcennectedrhyad kridginggtotp a¢ly¢ted<fr§@ >CR',,

IoKRIS! AR LD, SR 20, BLRTR BT BAbiy Bl fom o

t1iRa¥, ARdiichEd, CRBSlithic@nsr thsubbiaaRd hydfscaibyl geoupahay Baé of which
conposi ti on ‘based on the first nefallocéne conpound

viiaving from 1 tng@é@@warh%tamm%@éh@e ophyqregat; one

chem > 13t
or ganoa 0‘94"'% nﬁnnu %E‘g%%g%ﬁ éﬂt(;?( gﬁl af gr ok éi@@éntd ﬁt.rl‘)eﬁelected from a
Miyidesuattal greupgfah cb@gem gmﬂpb aenMﬁngMupofa iregert gmup, any one of

about 1Q, and jn spect, icall ovi des a
relaich hayie g 119, wbaP iy enffigforsn? ald

wherein (X%) and (X4) are 1ndependently selected from alkoxide or aryloxide
having from 1 to about 20 carbon atoms, halide, or hydride.

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

rac-(XYX)XWXZr;

wherein (X!) and (X?) are jointly selected from two indenyls, any one of
which can be substituted or unsubstituted;

wherein (X") and (X?) are connected by a bridging group selected from >CRY,,

>SiR12, or ——CR'2CR12-, wherein R! in each instance is independently selected from a
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In still another aspect, the two
715-cycl opent adi enyl -type ligands are bridged 15 by a
Cl, C2, or Sit bridge, and wherein any one of the

i 15- cycl opent adi enyl -type |igands or bridging group
may be substituted or unsubstituted. In one aspect,

for exanple, the first netal | ocene conpound is
slmeembé@chedamuhﬁltufsﬁsat nRsuhstitated ﬂgdmbab gfqyp, any one of which

(OB 370 ciop BT O REER T - Pl uorenyl “an

a cyclwieeihagysopstituent folnL(Krl)a i3F), an®' anirideptawdgt]y selectedofrom a
quore yIs any one of which ? n be substituted or

drsarivl g aBr(’legﬁ'n BEUIP( 2 D BEORRy R4V RESD SRHRy TP0ne of
\gﬂlcﬁ‘ ﬁ%lﬁ%ﬂbﬁm AN d Yarb& £6i8 o HyaRdeWlarigndeny| s,

any on can be substituted or
uns ubswhereine@’) amU(de ereindepéndenity s¢ledted ﬁumsalkméﬁ pg aryloxide

ay g ﬂttéxﬁ%v DetonaeP e or e, | y 2t eant bl ;(2)

so | ong amthdiaspédt-ofCihed iyt they RRclor g:’@ﬁdﬁtlons dlsclosed
remai ns intact. Thus, the definitions of

i res¢inge cptabyst abmpositien baseddom thel Bist r@ﬁﬁ%llpca§ ﬁampmm ylthout a
Ss%%:(lﬁf megalié)c%? nylﬁ?ﬁp %nfal éﬁ%ﬁlzéyléstre%%d' du gklﬁg aﬂ&“&lt least one

rahydroin

}@gﬁr&{amlﬁﬁﬂﬁwuhd xylﬂ?mﬂyhmamdéwaj highlmolearis we1g1210resm with an
n yet anot her ect t t
RVt 65 b tost Eheendd AROFEPHE DRKAIIE SET IS a/Spgvith an

cgtﬂp@g‘e g{gﬁgghﬁtlpn of this invention include a
compoun efoIIovvlngforrruIa R3R3 Onl

R I m.In $ll ano‘ﬂ@r a=pedE, the-two. 1) —cﬁlqpemdl,eﬁylrt-yﬁb E]lgandsl arRdridged
rc R ' ~M ~~ C N~~ 5 R3 RAC RAC R? 8%
EbyL a0Ch ¢ %-0t SlRéandge,oandawetemnhw&f ihﬁem cpiclopentadicnyl-type

ligands or bridging group may be substituted or unsubstituted.
In one aspect, for example, the first metallocene compound is selected from an
ansa-metallocene having the following formula:
i) EHEHEHEOHM,
wherein (X") and (Xz) are jointly selected from a fluorenyl and
a cyclopentadienyl, a fluorenyl and an indenyl, or two fluorenyls, any
one of which can be substituted or unsubstituted; or
if) rac-(X))EHXHM,
wherein (X') and (X?) are jointly selected from two indenyls,
any one of which can be substituted or unsubstituted;
and wherein the possible substituents on (X') and (X?) includes hydrogen. Thus, xH
and (X?) may be partially saturated where chemically feasible, so long as the -
cyclopentadienyl-type ligand remains intact. Thus, the definitions of (X" and x3
include partially saturated analogs such as partially saturated indenyls and fluorenyls
including, but not limited to, tetrahydroindenyls, tetrahydrofluorenyls, and
octahydrofluorenyls.
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wherein Eis selected fromC, Si, Ge, or Sri; and

wherein RI, R2, and R3, in each instance, is

i ndependently selected fromH or a hydrocarbyl group
having from1l to about 20 carbon atons. 10 Exanpl es

of the first nmetall ocene conpound of this invention
include, but are not limted to, the follow ng

conpoundyet amgthgr @spect oftthiszinvenign, gyapplss pf the Jirst meggllocene

S B 96, E1¢ R BB
Qauibbundivitbhe OlIOMIRRJofn@a! ; e e 21 o H3CI'. Si
H3C Si C 11, Zricl H3C'" H3C "NO ~O O O Hf

H3G..,,..Si si "C s~CH3 1),C Zr zZr T,,~~((H " 3
NCIl ee>> Cl HCsl C r3 R3
Cl
é\ R4, 1 Rl & el
Rl ZI(-CE R 5 o /E "

R27 ’ M/E\PQ;M{ o \D& i
28 8

R3 : RAC : RAC

3

C
Rim, ‘Zr'cl
e
R2 R3
R3

wherein E is selected from C, Si, Ge, or Sn; and wherein R1, R2, and R3, in each

; or any combination thereof;

instance, is independently selected from H or a hydrocarbyl group having from 1 to
about 20 carbon atoms.

Examples of the first metallocene compound of this invention include, but are

not limited to, the following compounds:
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Cl 2z H3C Zc, ~ C O; or any conbination thereof
Exanpl es of the first netall ocene conpound of this
invention also include, but 5 are not limted to, the
fol |l owi ng conpounds:

2-(rl 5-cycl opent adi enyl )-2-(rl5-fl uoren-9-yl)hex-5-ene
zi rconium(1V) dichloride,

[(rl5-C5H4) CCH3( CH2CH2CH=CH2 -9-C 13H9) ] zr C12;
2-(r1 pent adi enyl ) - 2- 2,0i-di -tert-but uor
en- 9- y@ ene zir cBsfimg( 1 V) zértAhori de

(042042@5! ¥

c)cml;openta Q @
o Arear 1Y
[ (r'$&=£5H4).C( C6 H2 CH2 CH=CH2) ( :
220 1-(rl 5- cyclopentadlenyl) 1-(r15-2, 7- di-tert- butyl
fluoren-9-yl)-1-phengt pent-4- ene zirconiun(lV)

di chl ori de, O
[(r]5- FDCH2CH=CH2) (r 15- 9- Cl 3H7- 2, 7-
" Bu2) 12,
155, C -(rls-fluoren-9-yl)-1-phenyl
hax?5\enex] I copf A di chl ori de,

rl5- C VASRCRZCH2CH=CH2) (r 15-9-CI 3H9) | Zr C12
E( ) & - ) ( )]
1-(rl5- | opent/adi enyl ) 1; ¢ ab§-c2mibimition éreredfut yI f | uor

e?r ?5%%4&‘%((%?{@? o 5 %%ﬁ%ﬁ@@gg {q‘%a‘lso ihclude, but

Zard noiBkd o The: foI‘l’chﬁFY:oﬁ@Hﬁhdéat ion thereof. 10 In

anot her aspect exanples of the first netallocene _
conpouhh kmlapdmadlbuyl)-ér(e] -flwotent9- Ni)h@de-teoe zirconium(IV)

BehegR. 1 GBI S R URL R B haNAR =
{gg g%%f(%g,p% %ﬁeﬂgli ?Z@ 2’7Z-Ellgl]e2ﬁ-butylﬂuoren—9-yl)hex— 5-ene

l\ﬁchﬁﬁﬁi(w)l 5- HcHlodide 012[(néerus)lS@@;(rCHgmtaH;,,@H—CHgy(qbg C13H3-2,7-
(Bu)}ZrCl;

2-(r|5-cyclopentadienyl)-2-(n5-ﬂuoren-9-yl)hept-6-ene zirconium(I'V)
dichloride, [(1°-CsHs)CCH3(CH,CH,CH,CH=CH,)(’-9-C;3Hy)]ZrCl;;

2-(315-cyclopentadienyl)—2-(n5-2,7-di-tert-butylﬂuoren—9—yl)hept-6-ene
zirconium(IV) dichloride, [(r|5-C5H4)CCH3(CHZCHZCHZCH=CH2)(115-9-C13H7-2,7-
‘Buy)]|Z1Cly;

1-(n’-cyclopentadienyl)-1-(n 3_fluoren-9-yl)-1-phenylpent-4-ene
zirconium(IV) dichloride, [(n°-CsHa)C(CeHs)(CH,CH,CH=CH,)(n’-9-C13Ho)] ZtCly;
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15 The Second Metal | ocene Conmpound I n one aspect of

this invention, the second netall ocene conpound can
conprise an ansa-netal |l ocene having the foll ow ng

formula: (X5)(X6)(X )(X8)Zr, wherein (X5) and (X6)

are independently selected froma cycl opentadi enyl or

a 20 substltuted cyclopentadlenyl; wherein (X5) and

(X6) ak-67 exynlopentadichyl)-A-(nf2Jgding erutylp eranc?-#b-i-plasylpent-4-

Tq%g?ziﬁereﬁ%%agﬁmc%gﬁé U EHEEHTERRET o b2

{}Eﬁgﬁj substituted, or unsubstituted hydrocar byl
gro any one of which haV| ng from1l to about 20

((:ar bon! -@i’esyslopentadiiedylpd en’-fRbrentey Bi Inphengthek¥53ne arirconium(IV)
i.s a substituted cyclopentad s L

sd}@??ﬂ@%t[ b— CHCEn Gl %&H@ R AW Rz

to ouf . subs

gr oup; e‘fy&foﬁ’e’gteglleﬁbl%s&“t uén 'ti‘?(%‘&tlgffﬁ%ﬁ%%ylhexé-
| HSRRHRGRIV) ‘ﬁﬁﬂ&@d@ﬁnﬁf@mﬁ?(cmg(@ﬁﬂmwﬁmz)@ﬁ 9-Cy3Hy-

oxygen group, a sul group, a ni'trogen group, any
cheé- i2)] Z801swhi ch haV| ng from1l to about 20 carbon
atons; _or and wherein (X7) and (X8) are
|ndepéﬂﬂﬁthﬁé§%f8%#§ % om al koxi de or aryl oxi de

havi nglnfdh@fﬂeﬂ-asflp@cta&%ﬁplé@oﬂlﬁé Bt net0lvend Winipdend &riclude, but are
hydri de. 23 o I'n another ﬁgzect of thi S i nvention
urd elimited toe zae- Qan@rrélild)Jer das¥ienSi - Indp G, Me(octyDSi(n’-

ﬁn&% 0 ui TS0 TR TR cEre. ar Tebar EfonzeCh

or g?k@@i(ﬂyp‘ﬁ%%@@};% k"cgnﬂﬂaﬁgnt}ﬁz?&)fat | east one

m nlm conpound typically provides a | ow
mol ecul ar weight resin with an 5 M of greater than
out 1, d 1n anqt her pect, typically provides a
r e er than about 20. In yet
anot hey, 3aPeiped@f off Mi§ PMRIDL Re sBXAHIP hittalRberdeh@ompound can
second netal | ocene conpound that are useful in the
cerragriss tan aonposialooenedfavingithe follpwring tosmplie| ude a

d with the foll CH3
"ad ool 75, micl - R B T R e -

-"C  wherein (X%) and (X°) are independently selected from a cyclopentadienyl or a

substituted cyclopentadienyl;

wherein (X%) and (X®) are connected by a bridging group selected from >CR%,
>SiR22, or —CR22CR22-, wherein R? in each instance is independently selected from a
linear, branched, substituted, or unsubstituted hydrocarbyl group, any one of which
having from 1 to about 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 selected from a
hydrocarbyl group, an oxygen group, a sulfur group, a nitrogen group, any one of
which having from 1 to about 20 carbon atoms; or hydrogen; and

wherein (X’) and (X?) are independently selected from alkoxide or aryloxide

having from 1 to about 20 carbon atoms, halide, or hydride.
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IORA AR nml R, r~-C R 2 ~~\~~~/~\~ or any

conbi nation thereof; wherein Eis selected fromC, Si,

Ge, or Sn; and wherein R, R2, R3, and R4, in each

i nstance, is independently selected fromH or a

hydr ocar byl group having from1l to about 20 carbon

atonms. Exanpl es of the second netal |l ocene conmpound of

this ilnvanetlieoraspest afctbis imyentiops vader Hist repgtay capditigns disclosed

gk S RSB b g g
rfﬁ%tmnt‘:&%lgcgéat H366 Gihe thﬁlcai‘l‘?@élated. salid" okidk, afdl atH3®t one
CaANG GG CoRPOURb LRy l%qé?ee w%%‘ecu};%yeﬁﬁ%m with an

" N - 2 i
P 34 PR 5, PR P iR
MI of greater than about 20.

In yet another aspect of this invention, examples of the second metallocene
compound that are useful in the catalyst composition of this invention include a

compound with the following formula:

/@; © @ . @C‘ﬁ
wCl ~-l“‘“Cl ..u\\\\CE
R it ™ Rl TNy Rbt g ZT\

/E Sy, /E@ Cl g

R4

RIHM..._E’ ; £r...n\\\CI

; 1
RZ/ \ﬁ C
; or any combination thereof;, wherein E is selected from C, Si,

Ge, or Sn; and wherein R1, R2, R3, and R4, in each instance, is independently

¢

. . -
2 E 3

{

selected from H or a hydrocarbyl group having from 1 to about 20 carbon atoms.
Examples of the second metallocene compound of this invention include, but

are not limited to, the following compounds:

&/‘ /@\ CH3
Zr'““\‘\Cl Zr_,“\\\\Cl 'z ol

H3C""“'Si H3C"""'Si

! “~ Ny
" N, Cl Cl
H3C/ \Qé . H3C( \%/\ e \@

; ; CHs;

r_..m\\Cl / ; E l'""““CI

HSC:”'/"'Si Z NG HBC"';'Si I Cl H;Cltitn,
H3C \ﬁ/ H3C \% H3C
>
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H3C H3C CH3; ; or any conbination thereof. In another
aspect of this invention, exanples of the second
net al | ocene 5 conpound include, but are not limted
to, rac-Me2Si (3-n-PrCp)2zrCl2, Me2Si (M4Cp)2ZrCl12
Me2Si Cp2Zr C12, or any conbination thereof.
Substituents 1n one aspect of this invention, the
netallo nmpounds can conp e,a 10 variety o
subst i s, conprising chem W0i eti es bonded
i ther/ to ﬁ@Nﬁnallts@ﬁw L (X4) T
% i ¥ bonded tHoc*8N pot tion ofy e

r15-cycl ope nyl -type |igand, aHpbstituent on a ;
bridgi ng group I|nk|n two a g5-cycl gpent adi enyl -type
this aspgct

(X3 each ent on bstituted 1 CH,
c ed'\(Enyl Ej tut deny\lre and th Cl
sfubst i t Ut . ea Luentyon.ghe ey
s Cbri e eﬁ&idemibf % cl
sel e froma rbyl gro allphatlcm

group, matic gro a.cyclio group, - CH s
conbi nation of aliphatic and cyclic groups, an oxygen

group, a sulfir group, a en group, a phosphorus
group, rsgnic group, Hon group, a silicon
group, a get mani um a‘tin group, a lead

O, HR, linpe] TolT e ﬁﬁn1group, an inorganic
Ofi r gdno rloup© or a substituted
derivat | her eof’, 25 0 from1 to about 20

car bon at ons; CH - hal i de; ggpan)pecodﬂgﬁgu@istﬂef&‘fe
groups do not fermnate the activity of the catal yst

conposint awutherFaspebieof thisi inveletsa, i qxainplescaf thd sezond enetallocene
substituted, unsupstituted, b an@p Pi)Ilne
t he

rrorEesRe o SR | Pk e@anEPlog L e NS G n-PCpRZICh,
PYEldIve, CiziCll Ble Silolades o HRSLIrAUIRRIGh b, Ty b

nore " than  one of these categories
such as benzyl. This |ist also includes hydrogen,

therefore the notion of a substituted indenyl and
§§§§Eﬁ¥9§ed fluorenyl includes partially saturated

I ndenyjns o gkpbitusl B InSehtivh, Wl ﬁﬁtallb@éne%mﬂduﬁtli esh tomprise a
t et rahydr oi ndenyl s, tetrahydr of  uorenyl s,

ovaretyy of @msmcmwomprlfmgmmaé goitics éenﬂeéfelﬁhﬁ!é@ethe metal itself
b
f %esl]tr Qﬁﬁ’o@; Pfg(wr p(g(m f' I acg%ér)l((gerdeﬁo%%trﬂeeié gﬁ{tfg)g c{)to[r)e molecule,

UGB 9§ a QlibkeFWdn® 6n Sﬁﬁ@yﬁlo@&ltacﬁenﬂ&y}bmﬁlmnﬂ sulbistijuent on a bndgmg
selected from an aliphatic grou an aromati c group;

agroyp linkingtwapm -canlppclctndwmdttv igandy exghe likery

|S|u?nst Ielty %h?sg aéjpeeE: Vo% Iexgm;t)lrée Eﬁ%f (Xk)n Celac%ﬁj 's%tl%tnt 8lthe substituted
cyclopentadienyl, the substituted indenyl, and the substituted fluorenyl; and each
substituent on the substituted bridging group may be independently selected from 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
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to, a halide-, an al koxide-, or an am de-substituted
derivative thereof; any one of 15 which has from1l to
about 20 carbon atoms; or hydrogen. Also included in
these groups are any unsubstituted, branched, or

I i near anal ogs thereof. Exanples of aliphatic groups
in each instance, include, but are not limted to,

&rduy (1 tgrabupt Z(hczub@m atanisy b hglideipr hydrageresslong ag thsse groups do

I l k
d%g ueg'l%lréa %yﬁel élV é)lg e @&tal%f?thl:m?ﬁ ﬁ%an?anf}ltk%%r% e@gglﬁmn can
Shledd M’%@ﬂted?@nﬂﬂﬁﬁﬂb&m bratic@d, ricanahdeterantemsibstituted analogs

anal ogs or_derivatives thereof, in each instance
Hé@%ﬁ@nﬁwﬁﬁ$one to about 20 carbon atonms. Thus,

ali ph%rlg‘ly:lg Y @ﬁhin@ﬁfdgg ?ubfsﬁﬂféné rtﬁ‘eg']ﬁ{ly bd bﬁﬁr&&&lieﬁ in more than

hydr ocar s such as paraffins an kenyl s.
ena I ltieese a;hteglhﬂas Isucl'gﬂhqnzyi dhisiBsichldoanaidesi hydrqmg, therefore the

met hyl ,. ethy butyl, .sec

,rg)gggto; |a subgtllﬁ}‘[e 1 Q%E(WPd sﬁlé%%ue& gyeieaﬁle%{ude%gﬁ%@y saturated
Qfdetyls Y| fluBEeHs - iRAREEY | bul- BENYIARXY! to, Z&rahydroindenyls,
pent ényl , butenyl and the |ike. Exanpl es of aromatic

gctma]xydroﬂmrmtshamdwmtdry@eoﬂuon@iylﬁde but are not limted

| nCI u%’ﬁlﬁyp&fbg %Pﬁt‘% a]’le&ggltrl{)j g?lfe\rr)% gtq e?%%& e, Ibh%(gre Dot limited to,

| {AS FARMENH 20UPE Tnl'cABh éxatmplabfuséme&baawbmﬁsss otherw1se spemﬁed R
Substituted derivatives of aromatic conpounds

iif endm@nden@x seleaechpmy parplighyptic @mltpelay promagicygroup; a cyclic group;
e s t | r%a?igﬂ élﬁér??c\)/f{akllfﬁsuﬂsﬁfult L é?ﬂrg% ﬂ%f rl?&lﬁ&iﬂ?tb‘ﬂffhot limited

es of cyc
bouﬂﬁﬂlde-o adadkoxids] anaa, amﬂerubmxutbdltdeavmvnoﬂheﬂeom anydone of
cycl oparaf fin cl.ool efi ns, | oace Ien

awlélﬁ]é diag from 1t orﬂlpgﬁfyg(? %Bﬁbé’? Aoms; Olg%goge?G é SgrfBaPﬂ%i in these
%Bﬁps dr0 ﬁﬁy%ﬂgstﬁﬂﬁgtﬁrﬁﬁ%@@ d}q{n'eﬂraérﬂa}6%§ tepgyreof . in

I nstance having from about 3 to about 20 carbon
at ons. Efdmyslesheft adipbatiognoups én cadlitisstargpe inchidgr b see BeidHnited to,

d h | h
T P, a3 gL GES e bl IR G, go ey
5%1@{1% Rl k i1 %m@ argclit @yap, mdnae tike rhndeinﬁiméseﬂl afbstituted,

i nclude, but are not |imted to, groups.suc

asnsubstioHgd, rf@emgﬁé , epdnkiseasianalogs o5 derivatives Jhsreel; élmeid} instance

bout S m
?laylgjgm%[: %_%b%% %@ éiﬁﬁg{l ﬁtfo:ﬁg él%nug Qah?)haﬁcn&%ﬂ%é 1Ylglude but are not
?lbtﬁitéd ﬂcﬂhyd}:oéaﬁrbsl\lﬁ sudh @qrraffinoandlalkenyld, Formthpieydlphahd groups
CH2 er inis an i er f 1t .
a@o@ﬁedmrela Trdime b Y PSR T e DR s Py isobuty
hRRGE b decyl, 2-ethylhexyl
;;rbaﬂbengillrl ﬂtﬁ Ihsg@efgdg?l ’f rg%peéakﬁﬁaﬁélﬁgyl%a%cgp gdro oﬁ%y, aﬁt yReRys
ape:mmyl dugnglypnd thedikel i ¢ group any corrbl natl on

e o0 il SHRS L 6 09 LAk NBLOSESRL: o i
ﬁ%ﬁse%?r, SHRahIL MitBseRar hBihk Yﬁe,tlh&h&ﬂ%,suﬁdﬁtut@@ dexdfatinkd Bbreof, in
each instance having from 6 to about 25 carbons. Substituted derivatives of aromatic
compounds include, but are not limited to, tolyl, xylyl, mesityl, 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

26

o



10

15

20

25

30

from1l to about 20 carbon atons; or hydrogen. In one
aspect, aliphatic and cyclic 15 groups include, but

are not limted to: -CH2C6HS5; -CH2C6H4F; - CH2C6HACL; -
CH2C6H4Br; - CH2C6HA1; - CH2C6HAOMWe; - CH2C6H4CEt ;

- CH2C6HANH2; - CH2C6HANME2; - CH2C6114NEt 2;

- CH2CH2C6H5; - CH2CH2C6HAF; - CH2CH2C6HACL;

il Biks HaBuding (Mpeipied e ivativesdlesipdds i ehgb; instance having from

%Wm Ear@o_% %%? Hﬁ‘lyg?lo' SWr ited Cyctic &rou Ips such as

SuRsyl drditudidbewan.i ve t hereof. Exanpl es of hal i des,
in each instance, include fluoride, chloride, brom d

and  18dFas8. InsigneecHiRhake a'ﬂ}ﬁ’é’ecy(‘é%ygléwpg A58, I[ggmépsecornpnsmg an
i f h;
gaﬁﬁbggfc %%ptﬁéﬂ 0% g}rrcﬁfépff litlk )g}gé)lﬁﬁle?yqf Which! 1n'cﬂﬁi|eugﬁt are not

imte aryl oxy groups

(lifRd to, EeopRsuch 2 C@IQ))IEC%H{i i, RBhereidPi2is anCitégRr from 1 to
s

and the |ike, including su uted derivatives

tab@lléé@,, q wehm witeger fram dder, indusined Gih) sildfied Whersin m is an

Eygﬂ‘ tf‘f:f%/ P {,oy%}ao lgu&% taa{?i( illge%ﬁr ﬁ%ﬁf ']Lg{)”eg% #&Yﬁs&ve and

N Teel: H% Vﬂﬁi’i‘@lﬁﬁn # Steder #h €30 QBoﬁt' K0 xyyis @h integer from 1
aryl 0Xy ¢ -OR) groups include, but are not

Iﬂorﬁ fimdugive. heta‘n:hxystamemnd}q @ﬁop@nbovq;& mpdemnéﬂﬁlwselected

bstltut p(j@ henox and 30 t 1 ombination
e oea et ronioph Sromae g A SHE BTG gPYusRn
e%%‘mt%&m@&%%&%h%%%ﬁrwf 1ﬁdl’§dlggtbu|t ingt hﬁﬁteﬁ%, a halide-,

| ark elkokitteh,uck By asidesibsiiteted dierivative viegeof einafocme of which has
wherein Rin each instance s, selected fro

e omelslghout af FRIbos PR or Ilsegins Jndshe-Aseeh Allphatic and cyelic
Sét%ﬁfaé Sﬁﬁl?&zgﬂ'w Hot Sibdd 1q!t ed e gggﬁ K\ e, PO - EHQOH,CL; -

bou car at ons. St ance, nitrogen

H'f@é’rwre PCHLOGE D CC@HiﬁC@LﬁJMgr OUji5,CHQhOE -53H2C6H4NH2, -
ud but are not limted to, -NH2, -NHR
| SRCHABezind +EHCiHANEnC| u@.H»g MCst ! t nCBUCTLCALE; -

d@ﬂe@?{é@*ﬁ%&t nergpbitAIELY RuIRoh i nSiansE G OMe: -

n§ H‘F@mmml krdﬁzcm@%mm%eobm&HQC@W@tJGngmNBtz,
ral ky l1to

havi ng from out 20 carbon atons
eathegrm£mmetherphﬁ spieny sulgptivatpd derivative thereof.

e hotaimaley oy et TPt Biapet ikl gkl gftfideHomide, and
-RaR) 2, -P(O(OR) 2, and the like, including

substit ut ed derivatives thereof, wherein R in each
| nst anbeedch inganase DEYECr FAVRH kfyIOXYé%P@ﬁPIl@Wg graups, examples of

iBlelpeip B85 ek RN bo, BUASL b Ry irblys GOR) -OCORR, -

aDO®)H, -OSiR;, -OPRy, -OAle, and the llke including substituted derlvatlves

thereof, wherein R in each instance is selected from alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to about 20
carbon atoms. Examples of alkoxy or aryloxy groups (-OR) groups include, but are
not limited to, methoxy, ethoxy, propoxy, butoxy, phenoxy, substituted phenoxy, and
the like.

In each instance, sulfur groups are sulfur-containing groups, examples of
which include, but are not limited to, -SR, - OSO;R, -OSO,0R, -SCN, -SO;R, and the
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In each instance, arsenic groups are

arseni c-cont ai ni ng groups, which include, 15 but are

not limted to, -AsHR -AsR2, -As(OR2, -As(OR) 2,

-As(O (OR)2, and the like, including substituted
derivatives thereof, wherein Rin each instance is
selected from alkyl, cycloal kyl, aryl, aralky
smmmcmdtmwsmted cmsmqs Lih@@pfamblerelfbk i5pBch ilftstﬁtné%l is selected

3%‘ al k {‘c%ﬁfggﬂwg %ra kS%,askﬁSE&tu%Q boBs &H’Earyl' Br substituted

ups ar e ca bon-cont a

fq avﬂ@lfﬁdinnrt@hbwlﬁz()ca&ohutonme not Ilmted to
aI k hal ide groups that conprise halide-substituted

al kyI Ingeashpistanes NitrogCT EERHPS2BFCC RIINGRI-SPRIARINE, BEURS, Which

t 0 2
Q@@%bm %% do&ﬁﬁnfgggﬁ 1\@%( ﬁ%glg rNIC{fNR) N3&§1%Rfﬂe lfke m(cj:ludmg
tdnBstithicl alerivaives thargo wstréin UR dal adel iinsdrice &s stloted dtom alkyl,
wherejn R ipn each instanc sel e fr.om al
d:yg]oggqykyqryl AP 1 as[ugptwqeg @Eﬁstspl?s&ﬁngad éi’l“rgy for suggltltuted aralkyl
ﬁfgllﬁ&hqq ahfde zo%rb%ﬁfamg uted 25 aral kyl having
from

about carbon atons. In each instance,
silicdn egctommnae, @hesphonisrgreenstaie ph@ﬁ@hgwwpatalw giqups, which

Ry s B P 7 D SHOIRSTLAS, SO and

GhOURS, isdihdiNy s%éﬁ!@t%d dpiEatives ﬂhbﬂéef whérein Rnlmamdh instance is
i nstance have from|l to about 20 carbon

eselastsidefromi alkosyglpdllipls arylc piadeylt FbFEUIRA %i‘ﬂyls“%‘&‘tecé @yl or
PRERARG R RELind RUPT 1o buf20 BatbBR KRR, | 95 T UM
groups are ger nenfum cont ai ni hg groups, Which

i ncl udig, eabluins@inee, n@ienid grotpart arseglemmtaugng) gpsips,ueiich include,

o i A RS SRS Rar AR A TS R (O, and the like,
! fngﬁdmmuﬁgltht@d %@ﬁ@ath\}eg HeArewhadm RiRehch inStaAkOidtselbted from

on-atoms. In each Instance, tin groups are
t alkylc arytlbikiyh gangt, oarplikyl, whibstituedc kil , substitutedearyhopr substituted
such_al kyl stannyl groups,

a?rrﬁqké’ﬁg‘ﬂ’th@oﬂﬁﬁmgnné Og%ﬂ)u WEYPEt annyl groups,

St anNOYYeacR instarica b ¥rohpd ire atbonasdtaifing lgrdids, whllch tinclude,
in each instance have from1 to about 20 carbaon ato

Thutsaretnat lgmiserbdo.i #lkylubelidepgroupy dhat ROMALiSR; Itaélge-[slébstltuted alkyl
st annox rou a
ERPE S R 20, GR50H, PR Ml gERe R Do 368yt 20 carbon
I atﬁlntslefkbﬂU)H aa(t«nm eecomlgtt@sno a@leeHd -GBS -C(NR)OR and the
T el S st e oh 0y b DR 082K st
e
A6 élﬁﬁv\gfb‘iﬁdlk fnggeﬂﬁll?%\p%&hﬁugpﬁlﬁ?r SORNiRItEd BE1, or substituted

groups, , ut are not mted to, -BR2,
- B lhaﬁa)gﬁ'mime]rmwoxtltmabomﬂomJ oni c group such as

P?Lledeghggcgﬁlg&%?%? 'lﬁ 1%)1(#1 gTZ’@HS Iaﬁ:y ﬁ:l]é(g?gll c%ln almhg ag?(gupts Shich include,
but are not limited to, silyl groups such alkylsilyl groups, arylsilyl groups,
arylalkylsilyl groups, siloxy groups, and the like, which in each instance have from 1
to about 20 carbon atoms. For example, silicon groups include trimethylsilyl and
phenyloctylsilyl groups.

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

include, but are not limited to, germyl groups such alkylgermyl groups, arylgermyl
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is selected fromal kyl, cycloal kyl, aryl, aralkyl,
substituted al kyl, substituted aryl, or 15

substituted aral kyl having from 1l to about 20 carbon
atons. In each instance, alum num groups are

al um num cont ai ni ng groups, which include, but are

not limted to, -AIR2, -Al X2, -AIRX, wherein Xis a
rgmqamaoyiakkylggmﬂpgwph germiyloxyderoupssdandyghe lkgowhish, in each

thlo at d d wherein Rin each
cr‘? b' e{té’c%%é’agéw%aﬁ%) Q cycl oal kyl, aryl,
ar aI KYh, eaSh! %tdnbélttﬁﬂﬁl@h lsy hre tﬁﬂc@iﬂ&iﬁiﬂgtgﬁb@i aarh;dh. mollude but are
substituted aral k aving from1l to about 20 cgr bo

anasrlimitedy thapstarnyd SioMBs gRish c alkyistasayk BEpURSa\ATRiSaEY groups,

STABAIPPLSF Bhal BT Sty SRR o, v i

Se4bB bristante Havelfesm tlab abaet2xartion abanh Tinst Gmgeoups lnclude but are
i nclude, but are not limted to, -SO2X, -QAl X2, -
Qi Jimited ¢pEannoXE@IOMDTE R X, - AsX2, -As(O) X 2, -PX2,

and thg dk qmsémgrﬁh@ g}%dp§ afe %dﬂ%ﬁ@aﬁﬂ'}% Ef&ng,r@MEh Sﬁtﬂﬁue but

as hali de, , am de, al koxi de hi ol at e,
aarel rtohélmlteldkte a];kuﬂeadhglogpsn aayi;beadlg(yups @;bdililbﬂﬂWI groups, and the

I ar.al k substjt ut b aryl
e, bt estinSae, bivesFan S Poaupliateh Al Tl
l'i gandg, &RE lﬁﬁtélmelbbl@naéiﬁt\% s ardObcgéx-beMaiaingnBroufs avtitle énclude,
of organonetallic &b at may be used as

seword petdimised tor -B sBRXtwhereip of s MORERTEPR]F group such as
t I
eaa?%e' l&r%g élﬂ(g)ﬁﬁé( al?ku"gi %ﬁggﬁ% bRb i Gigd ahd %‘éff’?rty RSin dabh instance

a’nce are not limte 0,
Oisgbal’é@iéﬁrfmﬂn ghkel) p:?cloﬁlkg&rwﬂ aradlolsubstiteted salkyl, substituted aryl, or

ootk edine | 1S 5678 20 HERB IRy oups,
or ga”IOL C AL GhAURS, ﬁ{rﬁiﬂ{iﬁ éﬂbg@% hiel AmiRInALohRiHSgroaps which

th havi ng rom 1to ut 20 carbon atons.
I\lmmde,uhutmre oot diestet] dop rAlRar eAlet aAlPdé,ewhercmniiola ridgionoanionic

S 5,08 I L TR i
ez{Eﬁ 1mlt§ﬁee P 3d10ct3d 2frorﬁ ﬁﬂﬁ, Q%@loaﬂoyﬁ 9&i'y§ 3&alk§l, 4éhbstdthied alkyl,
420, 320, 5, 436, 305, 5, 9, 5,496, 781, 5,498, 581,

5$1314&m2671211ry15m5®bstn9®d M@azm ragn 4 ¢6 abgys 20 carbon atoms.

5,571,880, ,5.594,L 078 3 4

5, 668, §ﬁhplg$ 9 glbgflg lic %rbgg’sl%la‘lgrégy gg glg%ie%cs?llb tgcugtﬁc E()Af%ﬂbstituted

h"EidMﬁtad%ﬁ?E ofubytured Iniddnylﬁprﬂlbﬂtith&d iyotenfyls; eargle substituted
erein, inits entirety er. processes, t

rheratabenzenes. i SpduHEENES avgﬁﬂ}% by ag) QIR vﬁ&P §0p¥; 0AIXs, -

' B\S?}@t,l Q?Xh av&. b% r)gp%r %;gd LA % Qpﬁgcﬁﬁl the! ‘hlke aﬁherem Xisa

001, 165,
Kﬂ:jongaﬁ&hc grcﬁip sdéhcbsvlmhdq:, md;ndbl &hlddaalkgxlde Fa]kylstamlate and the

Fﬂlk%ha% ?‘w %‘ex%%nysgoégﬁﬁ oaljcy nlgé’ﬁ’gﬁﬁt sét&.'tg.ﬁ?d il@é’g substituted
5811, ok xabskfidted aRfikyN drougbr Sabstithéidon Meseligdddgdagfi®in 1 to about

20 carbon atoms.

Examples of organometallic groups that may be used as substituents for
substituted cyclopentadienyls, substituted indenyls, and substituted fluorenyls, in each
instance, include, but are not limited to, organoboron groups, organoaluminum

groups, organogallium groups, organosilicon groups, organogermanium groups,
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~ can

Chem 1998, 568, 87-112; each of which is incorporated

by reference herein, inits 15 entirety. Further,
addi ti onal processes to prepare netall ocene conmpounds

that can be enployed in this invention have been

reported in: Journal of Organometallic Chemstry,

1996, 522, 39-54, which is incorporated by reference
roegagiotin groupst Qrmpleﬂétgyoupsirﬁ@afl@-ltllaéwlﬁlg meigl grpuss agd dhe like,
escr Coutts, R S
g‘avmg\ﬁgqnéil{%lgbngbﬁ g%?ﬁé%#’rret allic Chem stry of

Tit anlmer3u§ Prolceles ’@r]ﬁelbﬁé n‘lewnocéi& dnaoendcthatNear be employed
York, 1974, Cardin, pert

F.
Rasthisninventiqn haveches# ’éﬁPPSﬁe‘Bf f&ﬁfg%ﬁ%lpk?» hﬁ@nipﬁrﬁ?’g%s 4,939,217,
%‘gé]l”iﬁﬂmﬁ%ﬁ%@d% 34R0%t €9498%8ES 5 LN‘?VSWYOS K20, 3%365 436,305,

'S iicof por at'ed by referénce herein,
154:51@5149 r 61496,78he SARSHal 5 FATLEA SHBAN DIFHESRS 51565 592,

ELe e ER R IR TR R R
§@§W JelRd LRASHEhERTRAMNSE whitch li€agbrpeRfed by reference herein,

em cal y-treated solid oxide, and at | east one
angam catitety. nudthen ppagsrts tpnpregqtrgt mgﬁallg@ggcqomnqqus that can be

G T g el BERTHER PR EBL DI aE FESL, KRR, A Al 1L

S@ry%ola@aﬁm,qazoail ¢6ROBE Kaﬁgu’eslslUSpKraﬂowﬂndT\;\,ﬁﬂlsihda 20; Fujisaki,
pically used in conbination wt

o5 gehrosih Wﬁbﬁ@%@mﬂdﬂw 3986, 1% %@lss%e@p Jgpe Mysskeht, G. J.
| I\é/%ec?’lt();ln’lgp Cﬁ%? £ 1998 I5}f§t 1$2090S rfcﬁ , $ANGCORRE] BE AtOrganomet.

one’'c t reat ed oxi dé conpri si ng
alt’hérﬁalﬂ%p §es, 885,1—11‘2 cmcld of twhicit sdnwrphratﬁd by eeferenemnherein, in its

el ectron- W|thd ani on, wherein t d o
ceregB e A O BEPCerALo PEPRAPSRJeSE NG EpmBgirds that can be

hétﬂglg%ﬂ fRACKI, SRS halvB eb&he fdpofiBd Wit DLW NGF Brg@metallic

rise any anion that increases the acidity_ of
t ﬁfbemmry,ol%ﬁ; 22, a%-Séowbah éslincorpoased lssotefqte@@ﬂmena,nmts entirety.

t treated. w ast one .el t pdr g
PR e oo flrltg vk AU Whlks bt e CRiBIR 5. P
CQLeRdoIS! mqml‘@ahéiﬁaanmnuherﬁﬁayaof memnmalzlmm,am Hafnium,
sol1d oxide comprising a solid oxide treated wth

eNeaterdie;- Mew Naorkul W anCadin, vhet-eilapperd Mné-ssad; Easton C. L;
gﬁ‘-?lggkrg (gte bﬁéafn%%&co%r? 'ahﬂcﬁafrﬁg%{g?gﬁpounds, Halstead Press; New

um num phos
hgboglt, ap86; bt gbwhich $s intorpariel byziefarenmicderaimgn és eatirety.
boria, zinc oxide, mxed oxides thereof, or m xtures
thereof; and the el ectron-wi thdrawing anion is

S?h%@%ﬂ:cﬁ@?@éa{(éﬁd! ?gﬂ ori de, brom de, phosphate,

sultate, sulfate, fluorophosphate,
f | uor ofubdedspectpthisainyentibd epovpasaes eataligroeptpositign comprising a

ot her pect, for anpl e, the ni _cal te
gFﬁtd“t‘ﬂﬂ?%@e‘}?ar?oﬁ‘é’og’é et S0 r}ﬁ‘ff%%l ocﬁlecleo‘%n aé G ‘r?ﬁah A least one
CBhéhicABHradttiNishRd dRidUT1 2648 dataledstl &, organoaluminum compound. In
another aspect, the present invention encompasses catalyst compositions comprising a
chemically-treated solid oxide which serves as an acidic activator-support, and which

is typically used in combination with an organoaluminum compound.
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sul fated alum na, fluorided silica-alum na, chlorided
silica-alumna, bronmided silica- alumna, sulfated
silica-alum na, fluorided silica-zirconia, chlorided
silica-zirconia, bromded silica-zirconia, sulfated
silica-zirconia, or any conbination thereof. Futher,
20 and in yet anqther aspect, chenicaL%%-treate

th d
Sol |0 1anaseah of iit MR g CATHSt CRBPRRTIGR oL FaTPrs;pt least
Sﬁe%%&%ailygf@a@d%nd ik fdeSlompYidRadt Wkt Stlel 688 ox&RRRAfed with at
gall'tum tin, tungsten, nolybdenum or any _ .
deadb bnatlectromnt-withdwfvingTénsom vdreraia theysolid exidscbag ¢pingirise any oxide

oxi de ically, conpri ses the contact product. of .at .
et HREeERrdbg e st e A i Ry Widavind anion can
edoRGIrlse PnyMahlvar AW PereasisAhe 6Iditg &F the?Solld1oXite ageP@phred to the
the "'sol i d oxi de conpound conprises an inorgani c oxl de.

| olidoxislsithatdgynotrteegtediyeith atieast oneg eedsangwitidspyBAg e

cal ci ned_pri or c t.] + he el n- W aw :
o RS IR ) SRS o s o
edHchdallgurdand sulidabkide cohpeisingld dolikiostelectregtediwdthi an electron-
contacted with the el ectron-w thdraw ng ani on source.

| Withgrawinganion, whewin'so| i d oxi de conpound may be

cal ci ngd QfiduGal ¢ R88cted Tr AN WIRG! affnifsPSfka-akulifina, aluminum

activator-support may conprise the contact product of )
gthdspla¢, heteeommdytongstales, sitdniad zoxome, magnesian bordm dingt oxide, mixed

| east one el ectron-w thdraw ng anion source. 31 0 The
che ScigTrF Jf”f’é‘é?ftléﬁsgkﬂ“?og’%;eq de, also terned the

act i vahereauRIWithdr&%¥AL Rinfch iseRRRRaeRomcilwbidy, doride, bromide,
conpared to the correspondi ng untreated solid oxi

de
crhosphatel. triftite, chiswhfate |sylfatee aflberophosphatexi deorgsudigte, or any

funct.i Qns as _a.cat al yst ' r 0 r . .
PR MRSt bl 35 %8 oxolip TRE Lol bbfied sola
chadi eal by sdlétad ROmShdrille® alidiink, ddéridedtabsminagbromided alumina,
nmetal | ocene in the ahsence of cocataly i

¢ ] ) sts, it is not o
natistedalyming, Bperdedatiica-dlawinaa chlorded ﬁ@ﬁ@ﬁh@l%fbapwed silica-
CARaR SLited .-ggﬁ:a-aa%rhl at hﬁ&iiéﬂnﬁiigé)-gir%nii r@ﬁ(ﬁ'ﬁeﬂvﬁl‘i&r—z‘imonia,
support I's evident I n the enhanced activity o
chroalidestt sibaarzinental sulfaasl slivdzii@niasr agoopabieatianothareof. Futher,

catal yst conposition cqontainjng th rrespondi.n .
(A By anelBby apeth fhrochemiallyareated sqld! aife Gan fitthgs, pomprise 2
t Btaf BR et lidy sd16 Q& BEmSAhé, hitkel, dRinEdGml Yitedr] &ppes ghllium, tin,
an activator, even in the absence of an organoal uni num

clunpssem anolghdenimmpsmanyscombiragisndhwsedh conpounds, or

i oni zi i,0ni.c .o unds.; l.n,one. agpe 1 he

chem CE?? ﬁheln?lg%}fyéggag%cr?ojldo%lﬁeepygfcaﬁ ﬁicg’}ﬂlpﬁlts/%ntthle § HmaCt product of
CAITRMst 5@8sodid dx@dd ddripdandand &t 1east dfe slettesr-aithdawifgadon source.
oxi de material, or a conbination of, i norganic  oxide _ .

X eng aspsct, ttheysolid oxidergosmpoupd (coBRISes o dppraggnic oxide. It is not

e - W AW , . i . )
CSGHETY I AR CORRIPAT ol p PG Al e clcion
i withdviaivixiz anbercsovpas SH xiadeprodt@mayl ise calicihedaither during or after
al um na, "m xed oxi,de" conpounds ther eof uch as .

T i oo O oSBT 500 4 AR R anion source
t hem@Cdspect e Boli@ dxRiE! &npound may be calcined or uncalcined. In another

aspect, the activator-support may comprise the contact product of at least one calcined

solid oxide compound and at least one electron-withdrawing anion source.
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conpounds such as silica-alum na can be single or

mul tiple chem cal phases with nore than one neta
conmbi ned with oxygen to forma solid oxi de conpound,
and are 20 enconpassed by this invention. In one
aspect of this invention, the chenmically-treated solid

oxide further conprises a netal or netal ion selected
f r om zZhhechemiicallztireatedriabid gwider alsa gy the acfigator-support, exhibits

cggt £id %Ltjy er ei’?&d&w ﬁé@po@ﬁ%em cgéfh]l syo%{arcg{gd’ee Cj)mpound

SFHeJ @eﬁﬂctaﬂi@&rdafbﬂt sohdkixit&raiﬁoﬁmml&s B amﬂystmmwma)ms compared
ion include, 25 but a e ot ed ¢

Zp ke pqpﬁqsgw%an@qﬂt eu e the chemically-treated solid oxide
t I na,

TS LA e M AR oty i
adocatalydisdroms |the catalalanmnmsﬂmnn cThenpetivghen &ehctipy @if |thj:e@pt1vator—
silica-al um nc- i aIed su

SHHPBI eV BRI AR FPTSE 6o haompRrigAg 2 whole, as

Sénfated 'an@atﬁglé{%d?ﬁﬁcﬁltlonoéorﬂﬁﬁl ?Oﬂfel dvtekguhdidee b@dated solid
30 I'n anot her aSpect, the chemcally-treat ed solid

oxiide Howeveirsit nmb@wwd)ﬂilat &@wbemyéﬁy-ére@fédlsall%%léé cg function as

5 B P Ly A S o,

chigandbotdnycohipahéy) onidntriggioal cuwiiponnds3 2 W| t hdr aW| ng

conponent typlcall n el ectron- mnth raw ng. anion,
for m alnneiagpach the g%eﬁg@?liy-trqﬂpcf soljlyexide, pithis lﬁ.&&l‘{t]&ﬁﬁ:@tﬂpl’lses a

bﬁlﬁ'aqn #ﬁl@?x{(ﬁlﬁﬂ%eﬂga ﬁ{i%cﬁ&ﬁgée mateﬁ'lhal %r B&ohfYR#ion bF &organic

treatne € |1 norgani ¢ OXl .
edxidd narerialst Heit dchegnica typwesert w1thL@ndmtmnswitbdrh‘ame®mponent

t he aci.di of the oxide. Th n qQn ect.
ot 9RY E% ﬁ‘g it eh Tistels s U Seit, @y o fi fhif; fgyvention

WcEphssed lﬁﬁitﬁaxlnhﬁérlgfses%kﬁ rast dlamidah enlifd oxider cBRmpbeiddthereof
acld strength than the untreated solid oxide, or the

ammhmtsmllcasalwpmat muisctanbrgatecaﬁeandrmnmrﬁs dherenf; dTlyg maxed oxide

than t reat i.d oxi ol t

ot S SE MG inine i ol BRI ARG brbts win
Uidbf b dn&ﬂﬂeta‘lj c@ﬁﬁbﬁh@d Reitheddy@bss td ﬁ)rﬁhya satidngxadd ¢ugngiduad, and are
pol ymeri zation activities of the treated and untreated

osticgupassadi by thig inyenti@n. cat al yzed reactions. In one
aspecty, Lhe aggb%mo?%igymb&%&,r B ShédlicRit)- #8atE@ Wlifi B3 further

solid 1norga SI nhg oxygen an east
ofEnMiese ﬁlﬂietﬁeireﬁételcioﬁ rsdmt@i dtom Zinc,Jicke], @natﬁpm? fitanBym, silver,
9, 10, 1 12, 13, 14, o éS of the erlodlctble o |
cennpet iyt dvigsien. molybdgaym, gnan setommRfian.figtep L g Examples

f BWSH{}@&H&IQ%%@O?#@ (Qﬁde%‘%dt 'ﬂlﬁﬁer%ﬁ{ﬁﬁ& 8-médtsiest: metaI ion include,

Condensed Chem cal Dictionary, 1lth Ed.,
Jbtlltnarwmcéﬁnmtﬁbm& zin@9Bpreguated rehlaridad ; alumiria ititaniwm-impregnated

ZH” l%ﬂ %}umgna zg%r}gnpsé)g%ggearﬁq%ﬁggp‘ YAk %e%@bggfge%ﬂlatgd chlorided
Usitied-hivimifd) €irl i gtiatedoffidiRled Gilidal @iy yieAmpregnated sulfated
alumina, chlorided zinc aluminate, fluorided zinc aluminate, sulfated zinc aluminate,
or any combination thereof.
In another aspect, the chemically-treated solid oxide of this invention
comprises a solid oxide of relatively high porosity, which exhibits Lewis acidic or

Brensted acidic behavior. The solid oxide is chemically-treated with an electron-
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| east one el enment selected fromAl, B, Be, Bi, Cd, Co,

C, Cu, Fe, &, La, Mh, Mo, N, Sb, Si, Sn, Sr, Th,

Ti, V, W P, Y, Zn or Zr. 20 Suitable exanpl es of

solid oxide materials or conmpounds that can be used in

the chem cally-treated solid oxide of the present

i nvention include, but are not limted, to, A12Q03,
Brid8iraBmg comipREaLt, typicalCaseactran-withdrawing arm@rg@gfonn a activator-

Shogon B dREiyg 95 dpubl Bl B0 enGB i beleved

aAgt tB@nlehk®f thecCindgianiy Eﬂkiadedwﬁhi alesldchenenithdramidg component
conbi nati ons thereof. 25 e i_ m xed oxi des t
CRBIISEIS A eRNARCES Be aendwe& }ﬂssor hgsy ing e BipEele Fhe Stivator-

'sﬁéﬁ )gl?bitén L WHCor, BishstBd %mﬁﬁff V!JHIEH fs pltcﬁ’lly greater than the Lewis

um na, silica-titania, -zi reconi a,
Zn&cﬂ.mhﬂsd adid myerrgt}amamthmmateatedabhdpmle; orttheaetjvator-support has a
al um na- 2|rc Zi nc- alumnatea

B RO A e B Ch e TR CEEH FRbRFE Srelil; GhetBSinod to
(ﬂﬁm ﬁzatjhle Ycibiftf 8f ﬁfé ch3Ricaly %R Aiea Ghil Rbtrédteddlid cXidd Ba8tials is by

tron- WI t hdrawi ng conponent, typically an
edoamtariog thi poipmenivatign aniidtieselithe treateq pndhantreatadeoridssivader acid

0X terial is optionally chemcally-treated with
aﬁ’iﬁfgaﬁfﬁl ¥ hen cal ci ni ng to forma netal -cont ai ni ng

or  33[nCor¥edspéct] Mrchemadatight@hrdi sotl loxider @aiprites alsolid inorganic
oxide. Alternatively, a solid oxide material, K and. an
edxide ecnnpmﬁmgq@fwagd alpah oBo HPmENFelected o CEaAd 4 5 6, 7,

cal hge | ta |
o;‘% d(:ie61 isjl clgh?%clt“é gle 4! ﬁﬁﬁre r{)@?ﬁ%@‘%{ﬂ%% dor%n#ﬁrsgl\% (;nxggen and at least
cangelerieht sélyped didny the daithanide an actiiide elenzamts. (See: Hawley's

et rengent Digones. 0 Fdngohn Syt 1f Catton, F.A
WTF{%&BQ QR iRuril AR QL DET andaBskhhi8nd MK Advdiéell Grkdnic Chemistry, 6™

ow ng any contacting method, the contacte
nEdt Witeydteosciatiee, O8PJ Ushally] the fronganig exide omprises oxpeen and at

et AR TRt L E ot o

| Ki Wspgﬂp&nﬁmtﬁ WO whaty,izicsigases the Lewis or
Bronsted acidity of the solid oxide upon treat nment

one aSpitable cxamples @c&oﬂlérﬂx\lﬂﬁt matepials g coBppundsihay %anat?? Yused in
{h Ergﬂ:am' %J%Q{ea‘%ﬂ ofi gf‘t}%‘i{rés\éﬁﬂ\r}v%ﬂtﬁﬁﬂ iflcI3dd, tut 91@ not limited

&r CO oun suc e organi c
CWWQBE(FB@BC@BQ(E?@&@ as;(a, €ncE€u0y FﬁFiO@,CGﬂzéhr L#,6, Mn,03,

.t MauaBiOp B O BoRor SitknEeGs 5 Wix i@ VAT Qper:On Zn0,
ttgr ' %ﬁr e iRE ] SlR1 Lhaté) 'Hﬂgi@d &édésoqie%f bha Qfo%ﬂiiﬁéft@h@ thereof.

0 ate, phosp e, fluorophos hat’e,
t Ekdrhples ofi neiked extde$ that can e sedidn 6¢ aetbratarssupport of the present

fluorotit trifl a r|flat

| {IENtiqmioe Fﬁal ot o rBBeE S sl drbipp ol i fficg-pirconia
aglilfidsOManQtdMY nliféthis, AfunfiRititafldl GQLERIARQHBSIHa, zinc-aluminate and
the like.

In one aspect of this invention, the solid oxide material is chemically-treated

by contacting it with at least one electron-withdrawing component, typically an
electron-withdrawing anion source. Further, the solid oxide material is optionally

chemically-treated with a metal ion, then calcining to form a metal-containing or
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that serve as sources for these el ectron-w thdraw ng
anions nmay al so be enployed in the present invention.

20 When the el ectron-w thdrawi ng conponent conprises a
salt of an electron- w thdrawi ng anion, the counterion

or cation of that salt may be selected from any

cation that allows the salt to revert or deconp
baetkl-inepregratedc phermnlll:rrge@aql csohidngxide. Fa&l@thﬁﬂﬁt a solid oxide
dictate the su ar, I 0
ufioAaehd e et B0 ithlreRind MEiF SUE, 86, QfdetdCand calcined

| sighkdRoudyl B nivdiod byriwigich tthe dxite Botaritackéd withf ar letectron-
salt in 25 the desired sol vent h ack adver.s

reidledraying cogipopert, Watca’éh a splr E%P?lﬁr?é aBP}e@H?%'W@éFSOéB% anion,
1991 %t bﬁ)t;k ﬁgtdin wd)t% g%%%%%girfgﬁﬁﬁlﬁegﬂahbﬁ of bﬂ@@drﬁﬁ(ﬂmd onto

and t her nal
Setn@thel'l ind ok hltte ﬂiypmally,Efodin‘pIIu@amjf cenfattiiy methat thescontacted
in the salt of the electron t hdr awi n

| Rt of opide Ao SlcEipt-BAnHE g ANAR I oPpppalpighy metal ion

'a_L gy tetraal kyl ammoni um tetraal kyl phosphoni um
i H%OEt 2)2]+, 30 and the like. Further,

conbi ribhs cclcrgromfwmhrbawmgrmrrmomntﬂeﬁbm treaf thetqxigle is any component

V&hgﬁngrgaeeagl} 2]?%?1% Z)i' gﬁ%tbslt Iac}/dl éﬂ{xogocf{dt (%x:g&supo‘ﬁaﬁ[%ag‘ﬁent. In one

afsbbot 2the eltet PR Nithdrasin® cérfip (Brb:ﬁt Ii%ll dl@trohavitldrawing anion derived
Conbi nati ons of el ectron WI t hdr awi ng ci)nponents na

cfmnaacaaadawth or fethes gpapowsk wich 8 agplatile A8aY6 §PWP%‘¥“db that may
Rl it B S By, 145 5,881 i
Oﬁﬁommeiﬁ:ltle dfut atreh nst lismited to, smlfaie, bisplfary) figprideo chlprld@rte'omlde,
el ectron-w t hdrawi_n nlonsoure5 0 unds.in, .t '
0110 ity cupaigicn. TooroRGRfon oo Gisa e FHHOLP RGNSk ol Proscetate
gec ?luar zitESHasS ?lug%tﬁ‘ﬁﬁa‘?eh u‘?f'ﬁldf&ﬁ;@’[a@@ ltﬂlﬂ’até rfdttesllike, including

oxide s prepared is as follows: selected
smhxtdreemncﬂ eombmpbmsdhemof cbndnldition, @ﬂleofiorm‘( prjgon-ionic compounds
ounds |sc ct vvlth first

cIPEE R En S LR 40 G iptore B e R iy iy P eapploved in
f{h%%}'res@ht)qh%r@iont hi s f| rst mixture is then calci ned
the'calcined first mxture is then contacted with 10

sec ondWeteadhe eectipe-dthdvawigs spMPANSY FoEWriseT dakk §fig electron-

a second I [ |

<SS B ' Sifterigh B B of ApRFR AT Be Seefted from any
| BatiopUhist Alopvsabesslt té heaveftiorstecamposeeimokdo the acid during calcining.

el ectron t hd q
t %ﬁt%fﬁlthyw‘aﬁfrfee‘i%\gﬁgg%ﬁﬁ' our i %B%ﬁutg WEV%L%)F gqurce for the
gllg dﬁ?‘gﬁ’ ge witt Qnoﬂ ftheRIde, @@t%@ hoﬂfmf-t&?to' MéeRtubity of g salt in

vator-support (chemcally- 15 treated
stliel dksived delvemtnyheblack rof dadueae gactivity of ¢l catiompionspaiging effects

cont ctln | i d oxide compound wi t.h at
PuSErb SRR 30 AL oA Y BSGBLY BEBS M) T S sar by the
f k4R, ﬁ'ﬂcf%b' liRe, 2@ %hermal stability of the anion. Examples of suitable cations in

the salt of the electron-withdrawing anion include, but are not limited to, ammonium,

-

trialkyl ammonium, tetraalkyl ammonium, tetraalkyl phosphonium, H', [H(OEt)]",
and the like.
Further, combinations of one or more different electron withdrawing anions, in

varying proportions, can be used to tailor the specific acidity of the activator-support
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2) calcining the first mxture to formthe solid oxide
activator-support. In another aspect of this

i nvention, the solid oxide activator-support 20

(chem cally-treated solid oxide) is produced by a

process conprising: 1) contacting at |east one solid

oxi de conmpound with a first electron- wthdraw n

i tbp desitrd: deveb mfumkinations RHnelgetrqny Biithpsapiing compppentsy may be
CRALERING: I 251 SifutfafRedi #dfifall§] ffny order that
fﬁ%#lgdtcgrdrlﬂgltt%p%; &é?é%:ngnmiﬁa%tl ng t%esggﬁ%gi neclzl T ?st v or
raffirdy the \desitedachsmiaalig-teatedtsobd owide adidityi fgr ex@Bupdeioma aspect of
source cqnmpound to forma second m xture;. and 4 .
GBRCIRREOR b SBeBHE DEPuPE TOY GloORvUBRT Yk prjgn source
AniptRh & ISHRPEY fnore Spdfate EdiRacibstepeX i Tas, one example of such a
activator-support is sonetinmes referred to sinply as a
tprecetse by whichdaroxheteicelyrreated! soligh oxider isapispared ds as HoHows: a

I nyention i s .produci ng, or. form t 1 cal :
tstegeﬁfeélds"g@l ?’HR%QPWEO%@’ OrtPAt ?#%na{’}e?%ggp Olg] 8{'%({3! ?Sgcomacmd
oxitel @ At dlectonlveiatidrawig adlBCdolfsd-cowipoliad anorg @fiispmixture, this
source conpound, wherein the at |east one solid oxide
clansh suiniare 35 thenscadeined, ribel calsinsdelirshmixiige &t thepy eqntacted with a
CQOLAF teie@%oﬁ-%thﬂa%h% Qa%tldlff %MFQ‘% odhld QJTS' ﬁﬁﬁrf%econﬁnﬁilixture,
wiieP'el TThere 1's a substant!al absence of al um noxanes
afotl o d by ohloiniigesiid secomhmiasyedo foraf a trhated solideorideornmpound. In
once the solid_oxide has eﬁeen treated. and. dri ed,

it

nialph Bprasess d st 4yl sesend leddroncthgraving apion joUrce campgynds are

' tfiPer |41 i 10hé Sarddlcafiiuaa!
S plo Ui Rer S BBO dlthou et e SRR ot
a t enplr atelaspedtraditha boenti@nols soidpxide aodGE®r-sypport (hegically-
tinme of abouf .1 m nute,to,,about 100 hours. |n another
QR S,‘Ohgéﬂxbcfeﬁ%qeéﬂ%%%ﬂ BEHESSCYRBE Bt ure from
about ﬁog&lth&ir%bé) 551id8008e adfipdundanigh Belead e @lectron-withdrawing
cal cini'ng is conducted at a  tenperature from about
49060 saureshesumpopod & form a/disst misgugeandispect , cal ci ni ng
is 10 conduct ed. f .om t o)
and in aﬁ%?‘ﬂg}gqg g}gsé{né} g@#‘%ﬁ"gﬁ‘)ﬂg HlJllgessloﬂc(:i g)% ucatcgg?tggér{fgg?rt'
about B h@uther tspafioof s Havsmsion) rthet sdlid amatehactivator-support
a(sygect, calcining may be carrjied out fromabout 1 to
atsbemicallyisated sakid exidehis rofugekDY # BIRCSHSIHMPESHE o
about 0ConthMl ?{ lea@%né zge%ﬁdof) idél! ofn@NPHeH fig@Nelectron-
be used during cCal cining. ner a’fl Y, 5 calcining is
cwitddiatvéregl arorasoupod @inziongd &t foomphrsemixguchasds ai r .
Alterngtively, an_nert atnosphere, . suc as ni.t rogen

! d die

or ar gohcalginiig the frstmixtuss fopiicea calpipe )

T SEn or
car bon3ympgKicHss tHEdalfBed SRH mikfire RAHHE kecdad etdctoh-witt@rawing

i nvention, the solid oxide conponent used to prepare
anion source compound to form a second mixture; and
4) calcining the second mixture to form the solid oxide activator-support.
Thus, the solid oxide activator-support is sometimes referred to simply as a treated
solid oxide compound.
Another aspect of this invention is producing or forming the chemically-
treated solid oxide by contacting at least one solid oxide with at least one electron-

withdrawing anion source compound, wherein the at least one solid oxide compound

350



10

15

20

25

30

the chem cally-treated solid oxide has a pore vol une
greater than about 0.1 cc/g. In 20 another aspect,
the solid oxide conmponent has a pore vol une greater
than about 0.5 cc/g, and in yet another aspect,
greater than about 1.0 cc/g. In still another aspect,

the 2 solid oxide conponent has a surface area from

db calcined defose.abwing orgdsT fontactingrhe gligtrarvithdpipg anion source,
solii ' .

30 {hs i U RS BbscRecof AHRCRRRS ool B-ARRUcy.

f r om dbhout agdRot dthizdovdnticnConee te. sol8 okivie lme beah tooatadleand dried,
material may be treate th a source of halide .ion or
dtmayt ke sq@gquea];ly éa@b"ﬁ’gi \rq\g{llplélﬁlgoP# thei t6§?§e (smaid oxide is generally
ORhl iy ah i 1Pih al d§Narkifbs Afdsplicte, at
po?%\ﬂ/?éé‘gd Itn%:g}l c@ﬁ&ga%%}réégﬁg%hgoﬁ dao{rl?de in the fS I()Jr m e
abmperpaurs ifiowl abet 20DTE to hbow 9O0°Gsqnelcfior atthee sbhbeht 1 minute to
oxide material is treated w tlh a s.ourcg cﬁf sul f ate ture fi
taboredOG hawist aky ARpthetsRect, cAlEiBiRecs ORIRHPGAT adeippyfature from
L e J g0 ESHlucted at
SATE I 1 bt B0 R0SAL iyt o, MR Lo o o
tfepibeafure Jrkh GBh 408ECL0 4dbonTAIEC hin gl dndthensabtet, calcining is
activator. In another aspect usefulawgci dic C
aeomidyeied from phstt s howrcioaheut Bdithoutse apdyin apgther; asgeqt palcining is
b . o chl o na o |aari -
RSSO SR IR eRRAR, I ks pcc, caining
Sinky becatisdionefromhibonti Hadatwiut 1€ hew atrh teanpeidturerfrahe dbout 350°C
silica-alumna; sulfated silica-alumna; brom ded

sto1abedt »0roni a, chl orided silica-zirconia; fluorided

Sili C""Flﬁr1 e?,%gq' SOt JufthSIe afibldné Barzbe €RAIdRATING c_ﬁlicirﬁrﬁ%’. &Gknerally,
clay such as %‘?I lared nontnorillonite, optional .
t cabaining inedrduéted dm hnl exidizmgatingephere, sueh asain; Altematively, an mert

phosphat ed al um na, or other alum noph ,

CHIoShar T roch S BaRa PrA REpa S K RRGSDIRAF oGtk as hycdrogen or
CorB ABnoxde, Ry KeaBd.nat i on thereof. Further, any of

the activator-supports nay optionally be treated wth

a met aln anpther pspeshef thejuvantion, thaiselid axidacpmpongnt gsed to prepare
chemical | y-tr . ' [ ' '

Rl AR B B e RS o Wi e
SENbtE agpect,| tHosoKE okide compoiéht ddslachore volameogteater thyn about 0.5

treatment with _a fluoriding agent. still ot her
asyscnd in yelamodier pgcirgipatsd thap pbguk Lgtcpl}g. dn isﬁ@ a&}ﬁer aspect, the

forming.a slurr f the oxide in a suit ol. v 2
sﬂg}ﬁl fggdgpglaﬁgzpcyn& ayatWrlacy ﬁli?ladﬁ‘?lﬂ &%ogb?&ia?oeaﬁ%t 1906 m /g. In
| i Bh&Dspet, sbii@ oR1A8 chRpbhdne Bas £ JirbRB addacfedinlaBol @00 4s @bout 800
of ‘their volatility and | ow surface tension., Exanpl es

ofn’/gf hiMPi sﬁll%ﬁo&gﬁﬁﬁg&tlﬁ hain abait 150 tuSBouti 600w/
i nvention include, but are not |limted to,

1 o
hydr of Thepelid exife matgrial mayhsrearads Wit aisqwree N%b#l)@e ion or sulfate
annoni ifluari . ' . . .
I B} # Embibhtil b fiour SittonaRyRALN ith o metal ion, then calcined

to provide the chemically-treated solid oxide in the form of a particulate solid. In one

aspect, the solid oxide material is treated with a source of sulfate, termed a sulfating
agent, a source of chloride ion, termed a chloriding agent, a source of fluoride ion,
termed a fluoriding agent, or a combination thereof, and calcined to provide the solid
oxide activator. In another aspect, useful acidic activator-supports include, but are not

limited to: bromided alumina; chlorided alumina; fluorided alumina; sulfated
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(hexafluorosilicate) ((NH4)2Si F6), anmmoni um

hexaf | uor ophosphate (NH4PF6), anal ogs thereof, and

conbi nati ons thereof. For exanple, anmonium bifl uoride
NHAHF2 may be used as the fluoriding agent, due to its
ease of use and ready 20 availability. In another

aspect of the present .invention, the sqlid, oxjd an )
i broidach Hliga-almifst |Ck51i0ﬁse%§lélﬁ%-a’dlm%gﬂlt%@e§ silica-alumina;
ﬂif&t%&” E%a%ﬁtﬁﬁm dxhétﬁ El'hgé.-?ﬁ’ccﬁﬁg %l&ﬁﬁ@@hﬁ:a%rcoma fluorided

t'horoughly contacting the solid oxide during the
cillcaiziicogiast effatan $BcasiavniaFon pillaed| el,ay| isuehd dast | @npillared

BBl b RESR e SRRB BRI O et phosphacs

%ﬁﬂﬁhear QfheY Oiiﬁhidoﬁh@sbﬁéteé Coﬂtioﬂ@i‘iy Fich@d SRR tsulR e bride, or
hi's aspect e invention include, but are not

Ithrnrtdenl ot @ny feombimatiopetheleobr duahemany of the activator-supports may

rfI fluoronet hane, trifluoroethanol, and
eﬂg'tl?ebtﬁ %et%h\gliﬂég]me lé%\%eous hydr ogen fl uoride or
f | UOf ITA®nE bRkt ol iavanioacthdéhemalli-tiched solid dxidx chﬁpnses a
is fluori ded duri ng cal ¢ci ning.. One_conveni ent
P

dluozided salid ovgde eths dpinyob prrECHpierFolid, thisa souses waide ion is

e nt
2000 10 Thd BelfBAR hbfnl WAL HRAIRACHIent LR, IOARMer aspect,
dhlogida adi may b3 AdAedSianihk axide, by| formingt drglnrrg o dlwt oxade trha suitable
i nvention, t em cal | reat d solid,.o
ﬁﬁflﬁ %@ﬂaﬁscaﬁmor QE JvaLsh} Yn& usines &t Ay 41@ %ﬁ‘fﬂd {5y ¢ ‘one to three
RafHonCAltSofs B&laush of Mksr FolafiRl &R Rw GHHAT #RsibRN Examples of

added to the oxide by treatnent with a chloriding
afgmﬂlnngntscﬂhhbcambe used maSJﬂlSomVan!@reUltlcbld@hbutoaw det th}mted to,

.a sl f the oxide l e e
YRR, S o, SRR Sl SRR Sl e
C(NHLHPQ}an aRfnddi@at etetrmlicfﬂoboaatehl(mhﬁmg aﬁﬂiﬁmtdﬂr Isﬂg:oﬂuorlde
the calcining step ¥ chl oridi_ng agent capabl e

ibﬂmﬂh‘gmsé@a@) sd(h”dész 6)e hBBYRQIAIE dmhﬂweahﬂsyha’fe (NH4PF),
TRR1R hdof MK A helddf. CROC RS inork A Bftuoride
e organi ¢ choriding agents
M, D, tfagdbe Esrahrpi else ﬂabn&mgadgehe chleg'@mts eatoof disegnd ready
agents useful in this aspect of the invention include,
myailalglityr e not limited to, certain freons,
perchl raﬁ@ﬁglzfs?@ct ot %@él@%& BRBRtord P doHQRRINAR Be treated with a
chl oroform carbon t achl ori de, 'trichl oroethanol, or
anoridongbiagertti duringhehe ofalciniGgs stopis lyngr dlyeridingl agénd ecapeable of

I t L dwth th lid id
g sopiling oS BrOE ERE Berisirile SBaaachs Mo For
tx@mPld, fieadditioh i oS NasAidh ﬁgerﬂ@ﬂéﬁ:nb&i Previoapl9y valgtile organic
chlorldlng agent into a gas stream used to fluldize

tfheorisling agentsBnaskbejusedu rixagpies) ofi W&tﬂil%ﬂfgalllﬁ fBWél ngrgsts useful
19%1@ qu%g{ f?t%le nln}‘(%g{lérg ‘r:ncﬂ{'[ CQ&t(?{ré & Eﬁ I, freons Sbg Eﬁ)hexane,

calcini &S genera
tper Aoben26106, b)ﬂubﬁh@ehhaney\h atftudrbehami,g hdnd combinations thereof.

Gaseous hydrogen fluoride or fluorine itself can also be used with the solid oxide is

fluorided during calcining. One convenient method of contacting the solid oxide with
the fluoriding agent is to vaporize a fluoriding agent into a gas stream used to fluidize

the solid oxide during calcination.
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percents are based on the weight of the solid oxide,

for exanple silica-alumna, before calcining. In

anot her aspect, the the anount of fluoride or chloride

ion present before 20 calcining the solid oxide is
fromabout 3 to about 25% by wei ght, and in another

aspect, fromabout 4 to about 20% by weig

i npr egPimiladywin anofher gwect pE this anvqa@eno%%@lwmyaﬂdeﬁeated solid

U e o 3 ) SRR RS, B8 ol PP fytaSolid, thus o

escaperofichonide (ikrryis mgdcuh‘(dﬁhe vRida byntresinicay wikh)pi qil@ncbmgjagent The
e 00l s e RSP 48 6 4 Pt
| NS NRL cﬁgﬂﬁP bd a{ﬁcﬂﬁ' € predtift n%}elnhﬁﬁ “the $HIidS@H HeQreated with

preparet e tre caaumna can haveapore
vothioedigg egers rdurlhgllhfaﬁtadmtnng St'ﬁpc Any. chleriding agenp eanablet ¢feserving

por e vqu eat abgut 0,8 cc/

P& Eonioset et Ediugtiy e fidiodie g Fiistne Bfiine sep
abRWe uséd OF6E&@mpTs! Voliile oﬂgﬁﬁtc?dhbh@ﬁ% agem ARy BRYusédVExamples
a surface area greater than about 10 0 m2/g. In ane

asfpendatile prganicphpridingngentsuselyl wothisrasperd of éft?olavelé% include, but

ng u

5o A 208 RS R GR, olcts
ad:hldSﬂoﬁﬂm;)f cdrbors tetpachidriden thalsloﬁret}ﬁhul’,n ora anp nt@nbindtiamthereof.
about 5 to about. 95% In one ﬁ§ 0 a? ect, the alum Q%
cGneeans hidrogsb cliprife ar ShIgRRR itsh pa @IS0, BiriseAoith 8¢ gohd oxide
a?&. Al RPsdo Ay Edloridin

H{gegﬁgcﬁ/i?m% Bﬁ’] uc%nna rrrg?/ﬁekt)e fr omﬂga'ggﬁ% %eg’%t 0 gﬁc%t ° 8

3Pentisutol vapobiye weihidriding aggﬁtm@m)gh@ streespased, tot fleidize the solid

sol.i,d ,oxi de onent can conprise alum na w thout
s?’flflﬁguré‘?ﬁfall‘ﬁn%ﬁgt her aspect, the solid oxide 5

CONPONENEneCAPe@ OfMR fahfsin® bf flGeridd dréhldridR! i ipR&entlbiore calcining
sul fated sol I d oxi de conprises sulfate and a solid

o$h|ec$ehd @md@ne gcnemlbhfm@salmuu%tﬁ abeit % by avaighinvhere the, weight
t he f

L R 00 RLPRSb Ol 0 v, v

Sediéiningatin hﬁﬁhﬁt’:ﬁsﬁtdﬁ etfle e dmadred 0O Rnckide erashiburidedsn aresent before
nmetal. In one aspect, the sulfated solid oxide

ceipiningabe solid Rilei fror bt o, abpy & byspetght, gind in another
t | , hhat

Qégﬁct BOG lé(ﬁlg 4 o ﬁ)(ﬁﬁ‘ 292’1 ﬁg v?éééi?‘r re@;l? 1115&}5%%%&;‘)&1‘[3 halide, the
sbalrdeé oxfde rmagpdmﬂm@l isedryomhettiod koown inuthe anoincludimgs et not limited

quf ic.ac' sul fate salt such as anmoni .

& pirtion Hsstisdo i By SVhneitop, Sttty MuSHL pitay Hhvine and
bbhefiﬁ(rc”ldﬁﬁ)u@h # Qrafs?é &Esﬁ;]@% FhitifeRe be[lclﬁn@ﬂtépﬁi*ﬁhﬁedlately without
sol vent such as al cohol or water, in which't
déwingilie ropregnatecisalidroxdde. t he sul f at i ng agent has 15

gg? n 4 (%e gi&lc?s -8 utrqlﬁae%%ei%l apglaé:aﬁ?s g]lév{%‘ag doélﬁgag ?lq}?'h zf)&{n R4vE a pore
bﬁ&@ﬁl‘éegrébfteﬂ' theh abomal s ict/gt Vinand dspavtSthe fpaeevslaneimiy be greater

In one aspect of the invention, the anount of sulfate
i than sheidhg c¢igfapddn another aspect, the pore volume may be greater than about

1.0 cc/g. Further, the silica-alumina may have a surface area greater than about 100
m*/g. In one aspect, the surface area is greater than about 250 m?/g, and in another
aspect, the surface area may be greater than about 350 m*/g. Generally, the silica-

alumina of this invention has an alumina content from about 5 to about 95%. In one
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calcining is generally fromabout 0.5 parts by weight

to about 100 parts by weight sulfate ion to about 100
parts by weight solid oxide. In another aspect, the

amount of 20 sulfate ion present before calcining is
generally fromabout 1 part by weight to about 50

parts by weight sulfate ion to about 100 parts 5y

wspgm,t the eluminaxpntent ofithe silica-aiunina Hﬁbjtblffefforﬁﬁb@&t tofgbgpt 50%,

ut 5 parts ht 1 t
S h ot b= Ry RAR o B ity HEV AR, o about
TS%SQ wedud N30% adlidnaa b \bé’igﬁtd dn yéreammhaghaspodt, thd Sohd oxide

solid oxi de befare cal cinjng celrrpre nated w t
sqwrfmpent B GO PR BN DB 1 IFAPRG & 8hq aB@PC&ﬁ@B solid oxide
but not limted to,
c ?’gﬁmw ?ﬁlg{llg%ﬁll ‘ﬁt gﬁlghﬂzgvapor ation, drying
under Tieecsulfatedsgotid yoxitteydommprises sulfate ahd keplid akidh cogipongnt such
IS SQ posslbletomltlat t he.cal ci.ni.n
am@awrza ar yilicpralugpigas 1o ey Brive Phg particial i Qptionally, the

Fk%feﬁ%ld’@ ik BeluRicagie8 QMO 81REal S01ESuchIhat TR EHEn&d sulfated oxide
ate 1on, the solid inorganic oxide of this

|aquntsn$)|a ma;al oﬂnlqmnaaspwtbﬁle srbfatademhédowm lgompriggsasulfate and

%ﬁ%ﬁ}?‘n JIQ %%%3 ﬁglzfﬁg fg@bs lgflg #Ot Sﬂlgrsluﬁgtgﬁ talh(ﬁ)lﬁ R4 ?%ﬁmﬁgd by a process

CRRRIBINGS altRYinkes Besded with Dsulfapsageyifedeaniple sélbded from, but
solid oxide in solution form_ and subsequent]l

crstiianiteddo sulfyrie peid oy g suiate galtsuchy as aggeoruwr?uﬁ”ate- In one aspect,
Ct% C | BLddY ma Wg\%ggséﬂt&%dvtg fob§ lfgoi Q.Ey p{ﬂ{h%aamlﬁm% 88uifB solvent
| cte

er conpr rom zinc,

tsdchlas dltpholi oz kedter, inewehidh i demrbd/ eoncentogpergf thasdlfating agent has
tin ungst en bdenum o onmbi nat.ion er,eof .
Flbeﬁn@ﬂg?ﬁ& Rita klerftrg'ﬁfégz sjlrers inpluyds, Py BRGa! ted gt do three
Orbish 1165 llﬁ:l?echﬁserbg%ndﬁﬁatﬂﬁ? dnd® RfvAbotBice Gkionl ty and

| ow cost e solid 5 oxide nay be treated with netal

sal ts br onetspect @ftthe rinveptioompisu avioutie pHselfatafiperpressnt before

at .t.he sane t| t hat th olid, oxid

CeSBRe Eeperl faraopdi 05 Pt of Msighap bATOIEEpALLPY weight
0§ulfaEH31"oﬁ% abdura0b PartsBY Wdighk k6lRl saler Inazinom& AspRctyBicdmount of
may be used. The method by which the oxide is

csjﬂfaamoednrwenhbﬁommmgg) ifr generallyyfpore aboyt lapaghby weieht to about
W ntwaell%é l%ﬁlfgtg £ fcggbodt Q%P lﬁlﬁ? 'bykw&gﬁtssoﬂgt oxide ];md in still

egnation 0
OfHLIER rmswn dro®i hlﬁmmﬁqiahe by vmght td’ld)dult Re paﬂfsobj weighgswfage ion to

contacting nethod, the co ted m ture of  oxigde .
O LORIPA R P SIS s NG MFMED 3t o sec 5t e weight of

| @ Jofid lokRleC l?e]lfd)rlé c%ﬂ:lnﬁ e@)nc@' 151%56@5&8 Shivh sififa3Q!thé sulfated oxide

oXi de nmateria ctron vvlthravvlng anlon source,
amdy thealrivdttsyl arsfallnbthod kmaetml inabe adiinéInding obigs it dimitedeto, suction

tact cal ci ne I t ane usI 15 I n anot her
- EBedon TohEn L panraionofiing BERE Satr wi B3R Shd the ke,
”ﬁﬂﬂiu@ﬁ %89 8lso PO initRite fhe %ﬂﬁﬁhﬁ?ﬁtb@ﬁnﬁb&f@ﬂﬁ' may
be precontacted with an olefin nononer and an

or gan ohi ditiemiockrinp treaied writhaarf ¢legfronpwithdrgwiie equponent such as
pﬁal? e or Ol {%t %%t {h 950‘11'21' 1%orgamc oxide of this invention may optionally be

treated with a metal source, including metal salts or metal-containing compounds. In
one aspect of the invention, these compounds may be added to or impregnated onto

the solid oxide in solution form, and subsequently converted into the supported metal
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m xture wth the chemcally-treated solid oxide. Once

the precontacted m xture of the first netall ocene
compound, the second netal |l ocene conmpound, or a

conbi nation 20 thereof, ol efin nmonomer, organoal um num
compound is contacted with the chemcally-treated

solid oxide, the conposition further conpr g the,
dm@mceblm% Aceerdinglys dhg whéﬂnar@an@ axidened fPﬁE er comprise a metal

s@%%{)ﬁ(}ﬁ{iﬁ% Ledb 1391 ULi8kel, NG %9%395@g{, '%agfrlﬁi% ®in, tungsten,

rénaln in er cont
&ﬁ@i@h@bmﬁf opd cmfnbinatral mererof For dxainple, zoeamayde used to inpeegnate

(i spla o besubeit penedss ol <R gPhRED A Mopiepdl” The solid

R dlemas bé ﬁr@ﬁt&ﬁ vﬁﬂﬁ%&ﬁf salth Bﬁheﬁ@-ﬁoﬁ’&m@%%n%@ﬂdé PefbR, 8fter, or

i nvention have been reported. For exanple, U S Pat ent
N she Saﬁle]tﬁﬂe B80the Bolid Bxige B, tredfcdlowithy the elegtropvifiplawing anion.
6, 316, 6 355, glgé 6, 376, 4

6, 395, of Jjmpr gngli%g &l}ﬁéo%bdl g)élﬁg Bréat%rbal prith a metal

NRAY %Q%se& acfheoﬁ'neth‘ﬁﬁllﬁhvdhﬁzhl he UxRdy &f eshtiiyed @fithr£nweal source,
herein, inits entirety. 30 40 The O ganoal unj nym

Cupisallnal salh obmetalrspeiamning ¢NEPOUAdEREINERS. SRLis Mok iwed fp, gelling,
C%)tngl %r%r% n%gr%ﬁgno | ner}%gﬁ'gﬁ{goﬁhcp ntd anbites tanH'?ﬂtf‘fﬂké) Cfifowing any

con cene conpound, east” one
chatictiag netlidds dliecorsadtédimintutteof @ide edmpeasl elpoigon-withdrawing

?%’ggnn gg‘:ii u}gé‘q%g]]e'gg qg%}r%ggy gﬂ?@%@ ngﬁgﬁﬁg?%g],ef SOOE@S lil(g;?%naterial an
%S‘(ﬁ{“n‘&m&‘gg‘" g ﬁéﬂ) HAGE, Whd thel &taf Q113K Betal-Yontaining compound

rein (X9) Is a hydrocar byl havi ng
fztrem)ﬂtactted ainbeslcingl simubtereoaslyns; (X10) is selected

from aJ koxi de or aryl oxi de e of | havi n

from ain ghospigpesy eotish Fiesfioke ooyt SRohE ettiocene
hypRRd, &4 cBmbhation lﬂl‘f@&ff frfazmelprbébr@actémﬁiﬁthfdnvcﬁeﬁﬁ onomer
one aspect, (X9) is an al aving from1l to about 10

cmdbmnm@amﬁémnmanmregomﬂ f)éxg)ﬁrstm@duﬁétmmn%@ copfpcting this

t dt L
Ialille;ﬂgl‘% h t[ﬁ'ﬁ gswcglé% gre{l\%% s?qu;&Hé{% nog%%h ﬂecgﬁtﬁgte{l) &Hﬁﬁ!ure of the
(Pﬁ%@)nd‘l‘ﬁlbc@& coeippaiddand kacond! methibsbehe Q‘brnpbhmh r@ o rt:ombination

chloro. In yet another aspect, (X10) may, be chl oro.
| therend folfiiul TOTGNISKD ) rEsA MUY, SOERQUG e rcoP i1 With the

tale?iu fliJ lté’d%ol??mdgyﬁ%%&ﬂ mh%n'ﬁrtﬁer J&ﬁpﬁ’s"?ﬁ ﬁleoéheﬁncaily-

i S no r|c ‘e an | eger erefore t
f weared a;hdrmhdmls%mﬁqhe Hdstabatactdd oniruise. oThe)pmontacted mixture

Or B2, CL A% L COTRRUDS SRt U r PSS b
charged into the reactor in which the polymerization process will be carried out.
Various processes to prepare solid oxide activator-supports that can be
employed in this invention have been reported. For example, U.S. Patent Nos.
6,107,230, 6,165,929, 6,294,494, 6,300,271, 6,316,553, 6,355,594, 6,376,415,
6,391,816, 6,395,666, 6,524,987, and 6,548,441, describe such methods, each of

which is incorporated by reference herein, in its entirety.
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20 invention include, but are not limted to,

trial kyl al um num conpounds, di al kyl al um ni um hal i de
compounds, di al kyl al um num al koxi de conpounds,

di al kyl al um num hydri de conmpounds, and conbi nati ons
thereof. Specific exanples of organoal um num

conpounds that are useful in this invention include,

biite @Irgenﬁ?rdtlmmui‘ﬂhﬁ?@@wltféf trimet hyl al um num (TMA) ;

tiethyl

ai ot ryjrard B bt bR S YRR cciposition comprising a

diirsobétulledenen cotfipdy i ﬂe$ecoi1d i mstaﬁdctejllealcunmpmurrdl, aindeast one
di et hyl al um num ¢hl ori deaﬂén one aspect, e1 resent
i ghomigallgrireatsap spld soidec 8hd aRdt 57t (e QF@g"a inum - compound.
&% fﬁ?mi”b(grﬁ Sindb ¢4 ea 1? e REDANARL HTeRHR FRNACURS are not
an olefin nononmer to orma precontacted m xt ure,
pllmﬂed tocoompotiad tvith thesfopmelaont act ed m xture with the

solid 30 oxide activator to formthe active
catal yst. \Wen the catal @w@%&w. on is prepared
i n thi GLaBRNKP) ista/ Bydidédrdyl HabRigdorR Qt toNBeeSIREdrbon atams (X'
portion of the organoal um num conpound i s added t
tlheselpcted cfmraetl@mdmommylexnéwmhérwlpieh thpwving frpm é t@fabout 20
ano 0
AP RR i S hRRE RS p Yl et 1o 3, dpclusive In one

nﬂsﬁééﬂ @(gi) $s @10 AIkIT hadnyifiol 1 he abolti ) exbsicatanisi \&Iamples of (X )
However all the or(ganoal um num conpound

t@olstiepscluden butcareanrgtimited @, oot proyls w@etaﬂya 1S5%s PPWE isobutyl,
[ I halo

A SFSHA, 0, 00y B0t by e o

sflepo ofdlilbtve rIn yl&mm)thdnaspeonéX 1) gwycbalchlurcmu m conpounds

may be_ u e fohe preconta or,
post cth 'i\?t f"ﬁ@“?t éwp 5]\% 3an no}sg%lﬁ’b‘H} i)%‘go'l?ﬁ](ﬁlswe and
t?y el id B, mMphd ivRhg o?tx?%noﬁ flﬁtrﬁ:"t@.ﬂfﬂ Be @h integer, therefore this
0 ganoa | um num conpound di scl osed herein include the

t forablaarinelndesofsenruiatidal wampawidso rasowiher usegpnpalupéun  cluster
the gr eﬁont acted 10 and postcontacted m xtures, and
¥i onal organoal uni num conpound added to the

pol Y MeGkARAllR RxaBPRE OF orgdieilefdien cobalinddnhatnda befused in this
or ganoal um num conpounds are discl osed, re ardl ess of

winsenton aingludgl ebWr iAo d1oh nilieitade o‘iﬁ’potﬁ*ﬁi yl § ugggn  gompounds,

Bl RS BT SRR (AROMImirhy CHRDRRE jcompounds,
adieiktyWrﬁmhnphghmleajomponmts aodmombdmtmssﬂlerermf t ISpscifig Sxamples
i nvention. The Qption Al um noxgne Cocat al §st I n

agfpgcggnoaglﬁp@uphmqua gﬁl&aﬁap dn éhlé Jpvgntiop include, llqaut are not
CREROF td: 'tﬂ&eﬂﬁ@ﬁrhﬁiuﬁg (BMAD frﬁhy’lﬁﬁﬂﬁﬁlﬁﬁ' %’FEAPQHBRH)B}I&Iununum

a second netal’l ocene conpound | east one
c&hleﬁlymmmum eaEttbtméfnl i mbmylabmnawu, at dlrs@agylal@n@num hydride;
{rgano? Lim num co q
sobutylaluminum; an % y alummum chloride.

In one aspect, the present invention comprises precontacting the ansa-

metallocene with at least one organoaluminum compound and an olefin monomer to
form a precontacted mixture, prior to contact this precontacted mixture with the solid
oxide activator-support to form the active catalyst. When the catalyst composition is
prepared in this manner, typically, though not necessarily, a portion of the

organoaluminum compound is added to the precontacted mixture and another portion
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anot her aspect, the present invention provides a
catal yst conposition conprising an optional
al um noxane cocatalyst in addition to these other
conmponents. Al um noxanes are also referred to as
pol y(hydrocarbyl al um num oxi des) or
or ganoal um noxanes. The other catal yst conponents are
tqf phe zﬂrgeyloel@mlm egmpioppd i addeglstogthg rﬁ%@?g{%@eﬂ fnixture prepared
tur
SEhRE PlosP bR ARAR: STPRARM RLME bl oRRITCLAE, However,
lemlt e r&gﬁmhﬁmmmﬁ Gompodntt iry dfe ushé ta pteiparet thewattyspin either the

can be used. The catal yst copposition formed in this
RBiacHag ob EoTEMTELOB By ANGORINID: RO CREhiseab pnts may
%@Johtac{édtlﬁﬁsﬁl%iestéﬁd udi ng but not I imted to

[tration, catal yst conposition may be
i nt r ockEurthelr, |m01(e ﬂlm ope ongmpalmumm compotmts may howsed, in either

i BrhepBACHE Qi PPYEHEAEE B1B RO L RaBURg Ny drgpund is

t e @it Ful IS B8 ps WP AHBEhS BN ofgﬂﬂéﬁlmﬁﬁluiﬂ &ﬁﬁj&ound disclosed herein
structures, 42 cyclic, or cage structures,

tl&lplwdatheytom mngmwf@rgaapalumw@@ compeyrdcusgd @hb%%’a%recontacted

ds ha t he_f i
SR RS W by e
Ctﬂé @Gﬁrnﬁfrﬁﬁfﬁon ﬁﬁ&oﬂ Therafore, mtbtal]ﬁﬁourﬁs of mrgaﬁoalmnmbmnompounds

10 are enconpassed by this invention. The
MSE é‘ﬂ%‘i osedb vpgardlssseoiWhethelon single grganqajium B%'e nﬂ A§ psed, or

[ e [ X

hlgellaen gﬂa{l hég'fef g Ig@ﬂ??eﬁ&ﬁ ;ﬂlﬁl cgﬁdéunc{ 'Tﬁ ae[noﬂﬁl‘ fﬁgb&gr glfbgﬁrll?alummum
| @BA) émeidsobatyldiuainuine dreatykichl hrganmvgummlm tompour@s used in this
carbon atons, and n is an integer 10 from 1l to about
5@Vendlon. 5| so enconpassed by this invention. Further,

al um noxanes may al so have cage structures of the

formula Rt smtaRom_ aAl 4,,,03,,,, wherein mis 3 or 4
aﬁdz@ptii@ciAhMi(l@gane Gogg@ifysk no(4); wherein nAg3) is

,t 2 et he ngbqﬂ%%lgpec&f {sﬁgveglggﬁ gilﬂog{lpgass‘?es %’Ea&% %&Bgsm&i) écﬁ‘)npnsmg 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
optional aluminoxane cocatalyst in addition to these other components.

Aluminoxanes are also referred to as poly(hydrocarbyl aluminum oxides) or
organoaluminoxanes. The other catalyst components are typically contacted with the
aluminoxane in a saturated hydrocarbon compound solvent, though any solvent which
is substantially inert to the reactants, intermediates, and products of the activation step
can be used. The catalyst composition formed in this manner may be collected by
methods known to those of skill in the art, including but not limited to filtration, or the
catalyst composition may be introduced into the polymerization reactor without being
isolated.

The aluminoxane compound of this invention is an oligomeric aluminum

compound, wherein the aluminoxane compound can comprise linear structures,
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oxygen atons, no(4) is the nunber of 4 coordinate

oxygen atons, R represents a 15 terninal al kyl group,

and Rb represents a bridging al kyl group; wherein Ris

a linear or branched al kyl having from1 to 10 carbon

atons. Thus, al um noxanes that can serve as optional

cocatalysts in this invention are generally ) .

rggp}l@sm-mgd slblylclfumsmspk aypisallyh maxturer-of] alpphree.” Cyclic aluminoxane
R- Al he like, wherein the Rgroup is

%’B}p&ﬂi aé{lq h%g %pranched Cl -C6 al kyl such as

met hyl, 20 ethyl, propyl, butyxl, pentyl, or hexyl
Ateﬂ%—an integer from1l to
e

about 50. In one enbodi
of this invention incluge, but arﬁereﬁt limted to,
nmet hyl al um noxane, ethyl al um nox’a‘ﬁ

propyl al um noxane, i so-pr op%/I al umﬂjg

R i Jinear oribrreherbalkyLiying trom) Lo

Sf?&m %u{oy lﬂ%luyﬂ) Wéﬁ%m&)ﬁ%@d ki’.)gtt}{ sq{rb@HﬁBﬁxm (AIRO), moiety shown

penty um noxane ntyl al um noxane,

Smeperﬂisol abmﬂmnmahm,repeaUHg)emMy iralau hnmxdnmlnoxane Thus, linear
neopent yl al um noxape, or conbi nations thereof. 43 0
RInEoERRes haking Hés with different types of R

groups are enconpassed by the pResent invention,

nmet hyl al um noxane yl /aI um noxane, or

i sobutyl al um noxa h% ‘?‘ optional cocatal ysts

used in the catal yst osi of this invention.

These al um noxanes are epar ed T r;omherein

trimethylaluminum 5 triethylal um num or

tﬁ'lé 8 YRV r AT S Ak %@%ﬁb&ej 16 1R64tbad BtofRMRAd ABSan integer

referred to as pol y met hyl al um num oxi de),

pivom (letorapbuteiOu ateralsm apedripdssedibi thininyentiasb ut y |

al um n]g? OXI ?rh(;lgr iR eCt Ia\fs lﬁ’a\re cggé ??ru%{lﬁc% &tﬁ@fo@mﬁﬁeﬁ m+qu -

scope use an um noxane I n

coupimat i qmewlﬁ %3] 3t 1 @hkcy i nsEchn@s; dwmoehmsze@) is the
in US Patent No. 4,794,096, which.is herej

i mqufatheq c@yrdn@te PRI RlomS Aem jiF dhenum rfdwo coordinate

t en I
PR SuRE e I ﬁfﬁ%‘“ Eyse SR TaYe Horf, KE sbptesents a
aﬁﬁnﬁfaﬁﬁl&?ﬁ@bup,mndsll tepresasts adb‘lﬂging?alkyll-gmap'emherem R is a linear
dependi n p ow.the organoal unm noxane is prepared,
spiorageh egﬁﬁtygg%vdng frppel \?allqlfé“olaﬁ“ ZIT My be variabl e
Wi thi nrgysS bR iBo:SABPING &in REHsHEBRA, coBitblyStd G this mventlon are
combi nati én of organoal um noxanes are conprised in th

netriecdly mpesaterhby rﬁarnml@ suth ag(RtAeOps Bé%rﬂl @hﬁé‘ﬁx iaBeh the like,

IW@EW{I{)@W lg%%he C Fgﬁclg ﬁﬁle os'bréqc@en@ ];] xaﬁn y]t %uch as methyl,

”Qﬂh?I Gyl budfl, émylabﬂmxlyu Whefeid heypitally Rprosers b intéger from 1
net al ocene in the conposition is usually fr&mo?bou

1t01@b<m Wholn opeCeropwtiment, the ALmiAGARE compoyRds of (g invention
gt}dletr)aél 0 a?% bﬁte RhHE "D T RethiSluHitRaA0X iRy 1h8mlifkkane, n-

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

wherein n typically r
nt, al um noxane conpounds

S atoms, and n is an integer

aluminoxane, sec-butylaluminoxane, iso-butylaluminoxane, 1-pentylaluminoxane, 2-
pentylaluminoxane, 3-pentylaluminoxane, iso-pentylaluminoxane,

neopentylaluminoxane, or combinations thereof.
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20 conposition is usually fromabout 5:1 to about

15, 000: 1. The anpunt of optional alum noxane added to

a polynerization zone is an anmobunt within a range of

about 0.01 ng/L to about 1000 ng/L, from about 0.1

ng/L to about 100 ng/L, or from about 1 ng/L to abut

50 ng/ L. Organoal um noxanes can be prepared by vari ous

pr oced¥ hlé% orgahesiuminexeRsis| wittpdifferrmhiynen of Regrgpss are encompassed

TN e ———
4 @RthoRént, aré aglicad bpiibriat ho¢a$aly5n$osqdonaheechtddystroeh‘@panom of this
herein, inits entirety. One exa

ANVARLABX aneTh%%? bAlUpHRBAREY PE a§P eppty | o S\E}\%f;thylalummum
Wikt lak Pﬁs 8t %ﬁ%bhﬁ/}laﬁ{ﬁniﬂﬂl [ tres‘f)E&WHyC af@ la%éesﬁ‘)hleﬁﬁﬁés Ii’éferred to

reac num al Kyl "conpound such as Al R3
ta3 ﬁmiymdtlnﬁ glemiimenl @idgEn paly(aﬁlyioadanmnm axdde)oamdl poly(isobutyl

R LT 15 WS Ssed  oe
rg[lﬁﬁhﬂfoﬁa&f inRBIbidatibe @\ﬁthaa"t‘fllaﬁcxrfdhhxﬁmﬁl% AhchQs'disclosed in U.S. Patent

um noxane species, both whi ch are enconpassed by
tHo.st 7911\1(}96; wbreh is here@l mcqrp@qaqu.hyé‘pgyzrence in its entirety.

2l i ne Bk R rea AR Ry bR " B ataminoxane

Sfatthula$ L(Rh,lzms)),h vid aR Amf;peerzls ahd apreferdbiy an is iandedst about 3.
or gani ¢ sol vent tional O ganozjnc Cocata Sts
| Howener adgperding - hw\ﬂé%?ﬁgéﬂ%éww?ﬁ%}?slééﬂ%na% steyrd, and used,
t%m%ﬁiegdfoﬁ] tnf:ﬁ?' L% Githin £§fn [Eefﬁ]lﬂlg%?'&ﬁm‘ﬁﬁm%ngnd such a
econ | ocene conpound B Teast one
Cdtmlihlﬁﬁidnwﬂdrmtoaﬂmﬁnbxmiemznedmmmsdd irt thegnethodsrand compositions
anoal um.num.conpound. In another aspect, the
@ RESSEIR UBISNTiOh provi des a catal yst conposition
COWP“& dihg the RSO PRNBAYIZhiS neRG8h dbnBilisih tional
addi ti onﬁ}tg% t %etglec%fm%’ conponent S. Irr11 one as%gésfl g]a?wop o
caltminesing dixpoolar iratio mthc hétnnmumpnuth%gluann@@m éitte metallocene

CRC GPPBRFG o SR, FOSOR L AL7D RRES By Pl fh'dhe another

aa Y&l peahbIdt rdlid\dfMBe ludiihuin i taluhindRasatobhe n&iiamEene in the
(X12) is 15 selected froma hydrocarb an al kox

ocorapositiop isxusdellh Semabaut Gl fo abo ‘Hb]é;lﬁ(}/oZb g ampnt oF optional

atons, hali r r

O%lppl(%o an% ‘geﬁiotg)l nEX@H ?atrdrp%(ﬂ{é?ig I'ligxe ect hrl% E]erange of about

SO UEtrhgﬂLZﬂo:ruboud llemmyﬂgiL,nﬁomdabmuo Pyl migfic to dbdmiyl0Pi mg/L, or from
i neopentyl zi nc trinmethylsilylnmethyl)zinc, and

t flout il pag/ |“P16‘P‘Héi0 ny conbi nations thereof. 20 The

Opt i Onélr%a%ﬁﬁﬂx‘?ﬁﬂ{aﬁ& Gaced ?fe}ﬁltedlﬁ'y PRLWBSRE&Idures Ritsich are well

i nventi on enconpasses a catalyst conposition
ckapwi §i thg agt. Examples of organoaluminoxane preparations are disclosed in U.S.

Patent Nos. 3,242,099 and 4,808,561, each of which is incorporated by reference

herein, in its entirety. One example of how an aluminoxane may be prepared is as
follows. Water which is dissolved in an inert organic solvent may be reacted with an
aluminum alkyl compound such as AlR; to form the desired organoaluminoxane
compound. While not intending to be bound by this statement, it is believed that this
synthetic method can afford a mixture of both linear and cyclic (R-Al-O),

aluminoxane species, both of which are encompassed by this invention.
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first netall ocene conpound, a second netall ocene
conpound, at |east one chemcally-treated solid
oxi de, and at | east one organoal um num conmpound. In
anot her aspect, the present invention provides a
catal yst conposition conprising an 25 optiona
or ganoboron cocatal yst in addition to these other
ofoltqmatmbs orgamoalﬁén@@i@e%& may he REERAEFFDBY FeRTting ﬁﬁéﬂfﬁﬁmﬂm alkyl
eut
oS Suces AR BAR ShycR PO Shoh RERRIACE Thbrhr slfac, in an

qgaﬁ@g@ﬂ@sehmhmls i nventi on can conprlse a
fl uoroorgano boron conpound, a fluoroorgano borate
compound, or a conbination thereof. Any fluoroorgano
bﬁ{ qut ?911%4’#%9 oQEtB sQorate conpound known in the

an b Ize term fluoroorgano boron
conpoundse laap;:ct tthsis mtlomammn:gsm arcefalyst cempesifiqnggomprising a

C ound the form BY3. The m fluqr

OGP R BBt aPahat Toen QWi SgRDaaR, f, least one
r @kRficall§-ttARdRIIABkAB] Gnd At lgasPlond drbarvaReiiganocdofcund. In
compound of the form [cat i on] +[ BY4] where Y,

rapthes espest, 4h¢ pmcntnav%oerrgawﬁ@s gﬁ@tabfst gRIpposition comprising an

i ence r. 0 no
ARG SERBain e AP P e
col | eclni vk yadpyctor ianchslysn cmpmmrdsﬁn’ther epmgtitdselan optional
nanme as the context requires. gxanpheggpf. f la:
forganassIcgaRalye slested Siagba Frrapqupd vithihe fpllogdug,forgula:
cocatalysts in the pr esegg Xy &Mi on include, but are
not I|mted to, fluorinated arYyl borates such as,
I\Naeieme ©tly) &na Ihlydracan‘oyl having from 1 to about 20 carbon atoms; (X'?) is

SJL3K glpent of uor qphenyl Lborate ot LARSAVL SRS Wbou 20
t @&5% tStnR! q{éﬂ@é | dﬂ@lﬁr@ﬁ&? Nyl shBephectNi¥-optional organozine cocatalyst

[ani |1 ni um

tistselekied [ By -dbinsthylzing] disthytrinch diprppideine.| dibytyleinc, dineopentylzine,
h 10
RS AERIRUT P o e PRy ST et e

the like, including m xtures thereof Exanples of

f |l uor oorgano boron conpounds that can be used as
c&@()aqzwwrgawbpﬁw Cresdntt | nventl on include, but are

hot 4l PQ'B tion comprising a
tris] BIHSCEI};%daS% SJ%&%?T@P y{:(;m enyl | boron, c H‘HOSI ‘he PHsIng

| fitkse, mietadiberhien gompmmﬁ ea tsémndoinetalochma gtonnmund at least one
|ntend|ng to

nd. b he foll th th
Shemrily trestedy ol (idso AAS 58 AP GBIBE JEgound. In
b%&ﬁbr%ﬂ&? eseRCink BntRinepto ¢ RIRP @ WatlSyst cBmPosition @blhprlsmg an

to form™wea §ncoord|nat|n ani ons en conbi ned
wbpthonal %amﬁmtcm cocatamsbmﬂﬁldltlcmsto dlil0§@ pthseaompongnis:

Pat ent 919, 983 ich is cor h y

refer em:e 6, $5Pelen Fr ggmo ﬂlér @B&giny&; %) yeutral  boron
OFSAPARAE OPoraRMRAYNEr cambidations thezsod iFort ebiampleZGhe organoboron
i nvention. In one aspect the nolar ratio of the

occgan@mds oof tiuwpnmon ocdith EOmBIIE A0flUOKOREEANP  BgFOR pmpound, a
; g%n g{ﬁ%ﬁ{’ Brai Céle r}r?%oﬁﬁpgr%&%ﬁlﬁaﬁdﬁeth%gp Ofh{ F8Brobfzano boron or

fluoroorgano borate compound known in the art can be utilized. The term

fluoroorgano boron compounds has its usual meaning to refer to neutral compounds

of the form BY;. The term fluoroorgano borate compound also has its usual meaning
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about 10:1. Typically, the anmount of the fluoroorgano
boron or fluoroorgano borate conpound used as a
cocatal yst for the netall ocenes is in a range of from
about 0.5 nole to about 10 nol es of boron conpound
per total nole of first and second 25 met al | ocene

conpounds conbi ned.. | n_one aspect, anount of
ftp Uefes ¢ Jam anasepriAnicosalts |of 8‘8?@31?%1“6 3105% ceghpHishat the form
t N ®y
SRR TP R o BuFEILL SRR Pubr o soprione
dhtmmmgahopborohom fioodoesgand bo‘ratesqor@mdnésaaMWplcally referred to

ene conpound. 30 The L oni zin
BB o SEATRPERT IHBIS SF B PSS PR, reuires.
enco n@éﬁﬁﬁes%ﬁﬁfo%&é&no%%@ SbihpOUhdS AR Chrsbd@sed as kbéatdlysts in
met al | ocene conpound, a second metal | ocene conpound,

ahe peeastt ioveation @dmﬂ;rlbutam*ﬁywt Hadted do.sBlorigatsdiand bosgies such as,

jgg}}e SEP[ ?@ﬁm Igl: %tf%ﬁ?(&ﬂ&%ﬁl rogp nrgyl%bogat%g?OE enylcarbenium

qgﬁﬂ@ﬁbéﬂt&ﬂm&@ﬁﬂbhyﬁbdiﬁteanhthﬁﬂﬁl tnakis(peniaflua@phenyl)borate, N,N-
onpound cocataly in addition to _these other

MR A YRS MR A N S tighegylgarbenium
TSN B =

rtﬁéleoﬁ nEamples of Ruoresitgane byronAomiponndsi thet daortiecused as cocatalysts
ound i s an i oni onpound can .f nct

elﬁﬁ & PESS§IH dnvEnfipn) |“i?‘ij E%P fare ng&}tgfl t%’otﬁlﬁ JFlgeﬁroplgjenyl)’ooron

V&’ihfﬁeﬁ -BREriRANRhe 1iph l}bordﬂ ah$the MRE] @¥RMinkaiktir&ethereof.

iontzing 1onic corpoun be capable of reacting

WI t h tABhdighstot 11116nd;eg©rnb¢ bouncbby thenfollgwing: tery, these examples

ounds an nver t he tal | ocen

P e BGOSR B RS Bl Refed compounds,
' aﬁfte eAighotd ﬁnﬁe‘ﬁhﬁkﬁ%dwdlhﬁtﬁfgf Yanionk twhes do@ibiedewlith lbgianometal
the ionizing ionic c function as

an
s corined im)Bohpbet SPY-BF5. ek  ingorporated hercin by
ﬁractl n?[ 12},11% jonic ligand, possibly a
IS AFRE H’yl ligand such as (X3), (X4), (X7),
or ( XBederally, tahg ambaitl Gﬁef@ﬁobdrbmmomp,ounme:ahdm piilized in this
15 ionic _conpound is an act] r regardl ess of
e, 15 On SFRRH Saes P e O O BREABROTOR EppeHitldo ghe total of

(ﬂ@)ﬁrst%& )secoglzfﬁetalgceﬁi@) (%Lﬁﬁﬁ‘ﬁjn 1he c@m&@ﬁﬁbﬁ’ﬂ; @émtaBout 0.1:1 to

forman ron pair net al - , metal -(Xx4),
natont 1()X7)Typ®crallmsﬁmlan((m&) oﬁdmﬂuqnoqrgolo hcr.roalor éh@mgmo borate

R SR 5 B i herend o sl o bt o

”R%leoﬁp dhout 200 mBIENST bokdn cSmPSindn ﬁeﬁﬁzﬂh‘ﬁold‘laf ﬂrﬁteand second
ionizing ionic conpound activate t met al | ocenes

omktallotne camppviads aomiringst t Ingme rpechbe @mowr@ flympergano boron
c%ftnﬂ}"g,fgf’fg@{}%g)ggqqe,%tglﬁlpgﬂn& l&d §Lh er:%geg[ fo\f'tge\! n‘?étallocene is in a

Citin@dé ¥hfrom about 0.8 mole to about 5 moles of boron compound per total moles of

first and second metallocene compound.
The Optional Ionizing Ionic Compound Cocatalyst

In one aspect, this invention encompasses a catalyst composition comprising a

first metallocene compound, a second metallocene compound, at least one
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conmposition containing catal yst conposition that does

not conprise any ionizing ionic conmpound. It is also

not necessary that the ionizing ionic conpound

activate 25 both first and second netal | ocene

conmpounds, nor is it necessary that it activate the

first metall ocene conpound and the second netall ocene
chepinalidrenisd t Jodidseride, ang ahdeasEnenoreagoglumigyn Loppound.  In
s on el _ > .
FBPitS; FRRBE S Bre sl ittt T o B4R, Lol Teolion dltprising an
toptioali ishipingoloyic) dvaipmuad cocatdlysthintaddjtion30 theseorthermgomponents.

T OIS -
ta%%’%(fzﬁfné& 5367 588 NWHRRENWHiLR Q¢ HcBrpoidted ReRi BY keference, in its

temtiraiki s[ 3, 5- bi s(trifluoronet hyl)phenyl]borate,

E (r;_‘lt Eg : u%%%%ﬁ%ﬂ%?%@fl)ls oarna'{ogic compound which can function to
NonbasteBE Relian bi Heleatdlgitr sifokitiohol Whjlbababeund by theory, it is
N, N-di met hyl ani | i nium tetraki s(mtolyl)borate, . )
Npelicadibahihe dpnigingi iomic cemparnd pmy fe capable of reacting with the first,
di et hyl pheny. , ' y, i Lini 1 -
£SPPI T A &Enh%%@{v%;i}? p(‘f?glrﬁ)ﬁu?g%{i‘ ec!’oﬁ%ljtlhg tHE metallocenes into a
Neablosic reétilydcant tompounds. Again, while not intending to be bound by theory,

tetrakis[3,5-bis(trifluoronethyl)phenyl]borate, .N N5
dif ichehigyashihat the &éﬂl%l@% FRIG %Q%@ﬂ%é%fi?%‘% 1jBpiipg compound

tiLi i i . 0 S .
T
tligantienst aa@ORKANX"), or (X®) from the metallocenes. However, the ionizing

L R is b e atgleao G et WSt &8 FRbi Beenes,
th capbeni ot C\l _ibiS{ tekd P : ir
nﬁel{sﬁiglkﬁ?éhegi;% o?l’xxé?’ Blab(ﬁ l:f’ga?ldblh 4 tehdbfdrU8Y @ form an ion pair

tri phenyl car beni um g )
twealeks sthpeniealh@0), opretaty K hometa-(XDo or opglal-G&) bond in the

tetrakis(p-tolyl)borate, tropydi .
t@?@ﬁﬂ%’%&%‘ﬁ? |‘§°8Ef[1%ft"%% toy %%01 > (X, or (X*) ligand, or any other
t gbemistsDyAviitBtstion aRylosb@s at e, tropylium

tetraki s(3,5-di nmethyl phenyl)borate, tropylium ,

t et r akFefl®r.5ithis sqat riecessaryothat iye )(pm@ﬁg,p])%rwound activate the

tropylium tetraki sk LiLhi .
B P ARSI AL s v
t pit tha khisdnpbaxivith @f ahtalyst édriipasition as a whole, as compared to a catalyst

tetrakis(p-tolyl)borate, lithium . . e
t eQrRRQSitiqnneariaiinghentaly s, copepasition; that does not comprise any ionizing

i ; D o _ 4 activat
| EPICIRdnd: YRR PERSUARPIS B g Dni compound st
t béthafirbtuardolecorat metaliockngmotrgtonnds, 90p enit attaseary-that it activate the
B SRS eompalans hE S S Bbe 2" EifpouhS hd The same
t glig@ki s(mtolyl)borate, sodium

tetrakis(2, 4-di met hyl phenyl ) borate, sodiumtetrakis:
(3, 5- dExmtiblys (o deniking dpniceconapagindimincdideaut reopelr imited to, the

ssiumtetrakis 2 ntafl uoro .
UGS erBepa < BheRDy PRyt BRARNGIARIBbR. wit-buy)-
t ghhdived PtetlaRisith G190 BéMAte, Pai@staityllammonium  tetrakis(2,4-dimethyl)-
tetrakis(mtolyl)borate, potassium .

t bemateki sttitn-huy]ammepium phistipkisGot-dineethylphenyHborate, tri(n-butyl)-

SR %, Bl RAAHb MR Bp fonyPRLARS! Uin-butyDammoniurn
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borate, tri(n-butyl)anmmoni um

tetrakis(p-tolyl)alumnate, tri(n-butyl)amoni um
tetrakis(mtolyl)alumnate, tri(n-butyl)anmoni um
tetrakis(2, 4-di nethyl)alum nate, 25

tri(n-butyl)ammoni um

t et raki s( 3, 5-di net hyl phenyl %\]al um nate, . .
ttpir@kis(pmtg{ﬂgcgnphmyngqrate, N,N-dimethylanifinium tetrakis(p-tolyl)borate,
t Ki ent.af | u ' . ST : .
NER R AR UL AR imettyloniliniy, tetrakis(2.4
Mih&eﬂiy[{ﬂfeﬁ}’l?lﬁﬁhtbj NV N insthiyd ki Hfiioond. odetrhRis(B)SrdinetleylphenyDborate,
N, N- di net hyl.anj | i ni um

t@ﬁ’ﬁkﬁ@’é)ﬂa@hmuﬁfet hy FW ,§ @iqﬁ%ﬂﬁlgf(gl}ethyl)phenyl] borate, N,N-
AR ARt eptibteion i

(tobyb)bafdtejor arihkenylcaeieniinnat éstraBis(mrtolyhdosake ar waphiengicarbenium
B PRSI e
t cﬁﬁr{?ﬁ'ﬁélﬁ{eg%rﬂbd}ht%?t hyl phepidnyfdattiniat €, € ri @hiskiy;5-bis(trifluoro-
carpeni u

_ mt étrakis(3,5-di methyl phenyl )al unm nat e,
t methyBpldny Hborate, um tra:_zheajdpgrbemgm (p tetrakis(pentafluorophenyl)borate,
te qgcte}}a)ailklﬁgz gé%?agf%é;oji’lﬁﬁr%g{ :tro{n):rlg%: :tg{r}%kis(m-tolyl)borate, tropylium
| SO e by Ot o
:@Qﬁﬁi@_ms( 3: 5- dﬁm’gﬁﬁ%fgﬁg{?ﬁt@k&enﬁaﬁf%i um tropylium
: 0 i I)borate, lithi
G ST LS o, i
Ste(rpkie(pibndjbordtadithiun tetdakis(p-tolyl)borate, lithium tetrakis(m-tolyl)borate,

Eﬁ{h;fr; D tist T ARy BhonybOratd] ' ' M MAR™  tetrakis(3,5-
:giﬁegﬁlél‘ge%ygb&gfé?t yliphe Methfhorobstates, sbdih Ubtrakis(pentafluoro-

I met hyl phenyl)al um nate, lithium

t phenaf)boratep addininrtetrakis(shaiylrbarates sodivmg privakis(p-tadylhorate, sodium

DRAUR SRR, S BAG R AT AL Bt i

t g1 5-alth&hyph&lyDbdakd)M Radi@m SO@irkfMioroborate,  potassium  tetrakis-
tetraki s(2, 4-di net hyl phenyl) 10 alum nate, s

odi um .
t Grentikiueicphenydibaatt:y PIRSHYN ) tgirakis(PheryDboge. pptassium tetrakis(p-

t et r.afl uoro- ] Nat €y - HO! ' : is(2.4-dimethyl-
GO, L SR 90, ot -amety
t phdrgberate] PoeRyilym tetrakiz¢d, B-dimethgipbénybborate, potassium tetrafluoro-
tetraki s(phol y|.) al um nate, potas

i . . .
t berakgk | st{l -blgyppr)lmog}umﬁ i }S(Bﬁ?lggaumate, tri(n-butyl)ammonium
! R ALlHEEY i e i Rethyl)aluminate,
BB BB R P R i
t af(nafutylpmoadnininnttrekis@eirdiranthylpheaylakimingte, tri{g-bubihlagimonium

co und is not. limted there i n_the,pkresent .
R sR e ot NN RS HBUEREA  teakisp-toly)
UBRAlisMtate - aaaehaatiBniuBletraig(n 52§ Ddluminatd) &1 N-dimethylanilinium
pol ynmerization Erocesses with catal yst conpositian

S ..
atedrafisthédinghyiphenyalumivatas NoW-dimethilanilipiym detakis(3,2 glimethyl-

ol gf i 0 un Vi fr. 0 . t :

GRS A B e, e PAEMordhematminac
o briftieRjlCarbonibine tdh@Rid(p-DiyIfalimitary ittphaiylartpaise etrakis(m-tolyl)-
honopol ymeri zati on processes .usi gc% a siprlglge [

s alimingie ot tphemdcashenivg pyieteHds(2dedimpgghy] Shusinale, triphenyl-
8?% :C%i[{glri %&fah(féﬂ}dg-%?ﬁéﬂh%ﬁeﬂyﬁamtna\!e?astﬁpl?éh?lcq%geﬁﬁh?nttetrakis-

I'C conpou
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one aspect of a copolynerization reaction of ethylene,
copol yners of ethylene 25 conprise a najor anount of
et hyl ene (>50 nole percent) and a m nor anount of
conmononer <50 nol e percent), though this is not a
requi renent. The conononers that can be copolynerized
with ethylene should have fromthree to about

c{ammﬂuor@nh@nﬂ)alnmm@éq r HepdBm artetrh]ﬂﬁﬁﬁ"toh(&?&mleate tropylium

| t .
e
ftwp?hinﬁn aktraies 3, sadithettytphetiyigdlinaimate, Zembpy)]hmﬁl rietrakisfpdadafluoro-

lﬂh%)f elg’fl:@gteg gh%&ﬁgée%&emggé@%gm%q&ngégl Claj“f'lﬁl tetrakis-
t%@gaﬁﬁﬁ&é of IIIFIMII? I @&%@i&(}%%i&lﬁkﬁh&ﬁﬁw bu“lﬂﬁﬁﬁl nofetrakls(m-

propyl ene, 1-but but ene,
Jelybuluytlindte, blithame teﬂr:ﬁnﬁﬁlﬂydlméxylﬂ}epﬂbﬁl@mmatez .lpblmne tedrakis(3,5-

Slne&gﬁ)gensés) o .ene iglnlétpnﬁg,t're}ldfor%@}eggliﬁlg e, iOCﬁlélB gt%a'](“:fs(aentaﬂuoro-

uwmitafte ptsSH‘i%m t %rak%{ﬂheﬁ?ﬂﬁdl&hnﬁt‘d ens@dhunt h@etfatkls(p tolyl)-
orna nonenés, the five norm decenes,

ciluraimgte; wodigm mabls(méolerbaluwnat@csoalﬁan HP@glaqi(?é-dfmethylphenyl)

ol efin 5 k.ncl udin ycC t R
R T e
| dliRinat®RY paiassuiae teakis(pétaftwbrashetiglalnmirete, alpotessiutn  tetrakis-
one aspect, when a, copolynper is qQS|red t he no

dphe YR BT ROt B A B 1Y DR RIS SIRERUHEY SRS (m-tolyD)-
a.ﬂl?tﬁﬁl%{e §§{§§§ﬁm t@ﬁ‘%ﬁﬁb QSdifet RPVRRAMREe, potissitfeetrakis (3,5-

are Imte propylene, " 1- butene, 2-butene,
Jimethyiphehylaitminate, J@tassmhungttaéhwroalurpmabe rféowever the ionizing

2- pent ene, l - en 4- net.hyl -l - pentene, 1-
H@R‘Qﬁ@mpﬁ“‘q‘fg%é’ﬁép%‘?? ﬁ&%&% in e proont i ¥°”ﬁ89ene
1- hept ene, 2-heptene, 3-heptene, the four nornal

octenes, the four nornmal nonenes, or the five norma
dEketdefin Monamerher aspect, the conononer may be

sel ect dfroml but ene - pent P
oct enell 994 é%%eﬁ% ngPtuge{tﬁl égagpanfss ﬁ‘at ]a(r)% Zfégfg? é% t]the tpl't:])}Q/merlza.‘uoni
qwawsges%ﬂ@ BATRIR BRI poBitions! e proteises a'thﬁaﬁtfemtioﬂmymcdlb' include
produce the copol yner is generally fron%gbout 0.01 to

Soloiie compandgiiavie EemiabooAih Ghe JLSBROLAOMEF Seelpeule and
ﬁa&%& A Ehe IROOBRFNRAN LB "R - d’fhé?n BvBffion encompasses

t he "anount of conbnoner Intro ed Into a
r gasépolymaimatios pfacesseabsing aGingle olefin abxduas Ghylesiegért propylene, as

percent cqonononer, and in s |I anot h from
DHei 65 GorolYIBerRstigh STRCtians Bitg At ‘“ﬁ‘é‘r Qs b AsTiRiC G3uoynd. In
A{)}% A r%)e‘éptoﬁl a W@gnpﬁleﬁﬁaﬁdﬂer&@w &RPend; OSTYODRdTs of ethylene

tively, amount sufficient to give the above

dm:rjprlsbaw majmTaaount 31f| ashdensy (Vi iole, peraenth ené gpwinpseamount of
EXtitogter o moteiheracnn: Hough 1 it BT iikghen SrhE Uiflonomers

that can be copolymerized with ethylene should have from three to about 20 carbon

atoms in their molecular chain.

Acyclic, cyclic, polycyclic, terminal (o), internal, linear, branched, substituted,
unsubstituted, functionalized, and non-functionalized olefins may be employed in this
invention. For example, typical unsaturated compounds that may be polymerized

with the catalysts of this invention include, but are not limited to, propylene, 1-butene,
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substituted, or functionalized olefins are used as
reactants, it is believed that steric 25 hindrance
may i npede and/or sl ow the pol ynerization process.
Thus, branched and/or cyclic portion(s) of the olefin
renoved somewhat fromthe carbon-carbon double bond
woul d not be expected to hinder the rgactlon

h
\p?abut@mﬁat?)—mh@)ﬂsbﬁgtena isPhHyleh slpeniensy I?Pﬁea%etin %Wfé'lmtene
Qfﬁ’féihg? ?eﬁ@né hF  hERdRODHREROR- KR &- 9@9?1%%& 1-HePtene, 2-

one a east one reacétant for the catal yst
deprns, 3—hmmeoﬁ1etfbmsnommbn¢te1ms, ths fGQ retingl rmmeness thetfiug normal

pol yneri zati,ons arg either hono at.i ons
ébﬁ%ﬂeﬁﬂé?qa R B0 o P@Fiﬂﬁ%‘i el g Preyetic olefins,
1ﬁélﬁlilﬂ?|but h&tlﬁﬁlﬂﬁl to, é)icﬁﬁ)@ﬁten@ r@ﬂ@ﬁ@@ne riodbsihy bne, @drbodadiene,

unsubstituted ol efin. In addition, the catal yst
wdﬁbsshka,mas(aiﬁottemoéym@@edasdwnb?@ﬁb%y be used in

ol ygglpl anlt El}ﬂg?cég%vpgﬁ %l ceofglogn%eg %%&fje%r gl%enl% H%&getﬂwene may be

are P ene
]oo?: Raiiaed i a @Bﬂoﬂorﬁeﬁ eMashaRing . aspcg) pafaiﬁpl@rbﬁ)nhe tcomonomer
al'yst Composition 5 In one aspect, thjs i nventl 0

eln@@d?)a@éefge &0¢ dtnallt%ﬂsto qoaRdens, |lohutelefnp’rb'§F@Fg PRty 1-butene,
18(%%@&6“ qti#’g%g%; ?géﬂtérrcet g%&h&igﬁgélﬁe&on@%ﬁﬂyl -Bpentene, 1-

net al onpound, st one
ciiegsie; @-hexehe, ehhextns,08 ethyb:t Hebaeneg ridhaptenee Adepene 3-heptene, the

or ganoal um nu ound. |n anot her ect IS
e OO 8 JB ST hBREG o BT Rgarnal dagsy Jp another
chﬁskﬁé COmERGREPARS | Bid sél@é’cEd‘q{fdrﬂgl-ButEhé Si-pentene, 1-hexene, 1-

1 ocene 10 conpoind, a second netal | ocene
catpey hdecent, drefggeneone chenical ly-treated solid

oxi de,, and at |.east one or anoal un n n

any or]ae? € Wefth?% %B‘é%t o %q{noné;g{elr \)litr d;{%g?%{{)da réacn,tor zone to
| theOdbpoiynRdt 1B g&Gra‘Wyt frofhgboniatoedly &8 abeutpbeveight percent

are contacted in_ any sequence or order. |n another

ammxomt baﬁfidson ﬂ\?etﬂtall sveight o6 the mopomer and eprappomer. In another

c'%fﬁ C%p{llld r.l.ﬁt c?f%%%?lom%? %Ha%éﬁﬁﬁ%gﬁ&gfgﬁ%ﬁf (f}%fn ARuP0.01 to

QCohtacte
nibﬁﬂﬂﬁrwelgbﬁ pfreaes&a{dnbmet hzmeineﬁtilh amlhemmped:tp fioen about 0.1 to

pal yneri zed, and an an m cocat al
fﬁ‘hoé‘f 4p‘€é‘|’°1%tdp‘?§€e’lt |CHE‘OBP§%8? %ﬁ aﬁ 3# f t{'e mofomer and
PLd ﬁ'r%nt edA'ﬂe?ﬂaH(r@iy taﬁha@%tcﬁffﬁb&ﬁﬂ Itd’ Og;i&ee M} Qb&% ldescribed

OXI one aspect, irst period time for
cmltaaita,tlohhby peihonn that copolymer lpstdmeehcanlm used.al | ocene

conpou or 20 c c.non

the or ggﬁlﬁaﬂoﬁ ﬁﬁltﬁ’&‘iﬂ%% gﬁ’r&S )}’Ef i tIli]‘ic/oryl‘ 5}@5 eregﬁ]ﬁ}%t branched,
alipdfitufedl oh iictibRal B8 Wefdh di@ Wiséd afichctanBitaid Mllietedlihat steric
to about 1 hour is typical. Precontact tinmes from

ahiodianae meynimpadet andiisoslowsthenpelymesization miogess. Thus, branched

t%‘@’%ﬁ"@@&%t OX'F %rb(gﬂ]g% I?l% 9 ?ﬁlefe%noqlfedt%hﬁwlhgy %H b cAB6fcarbon

xture
double bond would not be expected to hinder the reaction in the way that the same

olefin substituents situated more proximate to the carbon-carbon double bond might.
In one aspect, at least one reactant for the catalyst compositions of this invention is
ethylene, so the polymerizations are either homopolymerizations or
copolymerizations with a different acyclic, cyclic, terminal, internal, linear, branched,

substituted, or unsubstituted olefin. In addition, the catalyst compositions of this
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25 first, second, or both netall ocene conpounds,

ol efi n nononer, and organoal um num cocatalyst is

contacted with the chemcally treated solid oxide,

this conposition (further conprising the chemcally

treated solid oxide) is ternmed the postcontacted

m xture. Typically, the postcontacted m xture may.

dpvensienimay Yseusgd ipprigmenzationgt diglefin %m%flssfnaﬁlu%ng but are not
pPehri t] ) 0Nt i prjor to

HERRRAORFS Rfhdiipey iBond 15 BATIGER, AR LsRaailhd DY (0

aspect, postcontact tines between the precontacted

m xture,and the chem cally treated solid oxide may
rRregaratipn of the Cataly S RIBPHIOMour 51 0 to about 24

hours.p Idhe%gééf,eﬂlisaﬁlggﬁfon dRbmMPAREPh RataRREEGAPSHKEIn comprising
times fromabout 0.1 hour to about 1 hour are

tthei caitact | prodnet  af pecfirst tthetaloeenontcanpdung, a tsecond metallocene

post contactin tep, qr both may Jincr.ease.,the
Rty 1T 8 STy AR Rl 2R nfd g Teast o
CapalodRimiARRRAPouAd. T akothé asped? BRFINGEhtIUNIdNBsEhpasses methods

precontacting or postcontacting. However, neither a
prfeneking cthie neptalyst egprpsisitipnperaosassing icApfagiingy aghist metallocene

requir faor this j i ont.a ' .
PG ReERE) QTR BPRAS TEho s st
Soiidld, Gine it 1dast ed Srgamedhaniptimosomponad e@natyi @der. oin this aspect, an
interactjon of precaontacted m xture _and the .
caedine calplyyt eamapasiionds opiinsd; it the ratplysh semponsyts 316 gopfpoted in
t f the 10 precontacted m xture is
i%ﬁo%ﬁ%gggf]&%ggor bed, or deposited thereon. For

exanpl In, anotheeaspestt af sinis isteatiomitl firse metajlobenerpoatpeund, thesecond
bet ween about OF to abqut 150F. . Tenpperatures between .
BEATIoGRsE Gonging obBeth can wpHopally B Repeeniacigd, vt g olefinic

hesh&iflerdt notdldeeessdtilP N ehed &R - mbAGNEMIt81 bt apbnRtizéd)€ and an
total noles of first and second 15 netall ocene

cogposhusinumnispertalystofarhe Gisyaresighued e dsiopoigngonagting this

s B i b, B e i KRR Th PRE aspeet, the i

apeiodagaintt 15k cahth@te e reoAROLES, owbinhe netalldtene compound or
or ganoal um num conpound nay be fromapout 1:1 to )
agepounds, theolefinig menamg: wad the paganoalynypympenmppopnd typically
t te. 1 T ' Lati
oo 8} rko 40y OERE (TR0 b3 Elra ookl 1F 1TabA 1 hour
cieniypicalds Peeohiacietimeo fitdne abaital 0 aniputeg tofabout 30 minutes are also
or ganoal um num conpound in both the precontacted

nRi8ke and the postcontacted ni xture conbi ned. Wen a

pr econipasd:ingiet GipebSot@RdinveRNAT, dhte thel fiecdictd mdlth of the
of olefin nononer to total noles of first and second
ntstIseamdner bahpaialthsenoedmpads.rolefie moppaen dnd ergagoaluminum

%%:hfab%& gia%ggt%(ittzcrl g\gftl?gﬁcg%:g%ﬂm%%% 3&%%%“ Eolilcf) gxl%g,o t}i'is c%[nposition

(further comprising the chemically treated solid oxide) is termed the postcontacted

mixture. Typically, the postcontacted mixture may optionally be allowed to remain in
contact for a second period of time, the postcontact time, prior to being initiating the
polymerization process. In one aspect, postcontact times between the precontacted

mixture and the chemically treated solid oxide may range in time from about 0.1 hour
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I n anot her aspect of this invention, the weight ratio
of the chemcally treated solid oxide to the

or ganoal um num conpound may range from about 1:5 to
about 1,000:1. In another aspect, the weight ratio of
the chemcally treated solid oxide to the

or ganoal um num conpound may be from about 1:3 to

abouyt
1o@baut 2nkours, Jeanothey aspest.ner exaprles postsogiachiBg: ffj?m_tgbout 0.1
t,.0 out : .further aspect of this invention,
#ﬁ@gﬁgﬁgﬁpréPﬁ%QS?“%ﬁe first and second netall ocene
conpoundse aspEet, nkdpiiecortiging hthwipostcbntadtingastean os bbthdnay increase
oxi de may .be from 52 about 1:1 to about %: ]t 000, 090. hat i
Ithe peadugihgiyhel thg pelyaier g¢ compared fo L saF calgst samppition that is
Mty i ' angdow&epkith tacti
r}g{e%ﬂ??cggvgir}g&c% ?r%%{tjar]cggg?g#g%tﬁ%gﬁéglgt- he0 chem (l:aﬁ .f;precon acte
tstepadord peeicontactitigidepdre ciuineg farghisiovantibout 1: 10 to

about 1:100,00, and . in another pect.. fro .
1720, (cislsonicFguixtge S st Br b aThE AR forp duration
| suffidiglt 8! AW XRBARIONS ifreghRAoM] bE thtacticl 6T pReontacted mixture
cat al yst conposition discl osed herein, a feature that

ainidahe chowisally tiegtad sokid oxide sush thai gspestion ek diegramgpopents of the

I n_on pect.. t.h [ ' [
oreaBr o e o8 TRl ERERL AR B aGRRM BRI o RRample,
sk ipdseshtdéted Mikiee aRgeRCEeatdd fromubdtvexmabsut OARitbeaboot 150°F.
intending to be bound by theory, it is believed that
t Frempidatorey detveden mboutrA0RD ipahavti 9578 ateltypiemd éktha grixture is heated at
Zé{ ivate the netall ocene catalyst in the sanme manner

‘an or ganoal um noxane. Additionally, no expensive
bor at emC @APOMpEts, Fhe MICTAR riti® dfediel kel hwlésonh firshand second
catal yst conposition of this invention, although
aingtallpesna rempovndsasmpiinesh to thenpreanrpumingm; sqmppungd ipgy be from
C ds,_.or hRC p
COTBE NI PtRbERREOS 1f VBRI pre A Rotah D 5 ot mots of
Chisthnisdecoimimetillbtene compbinds contbirexdttd dire organdaheninumrcompound
one aspect, cocatal ysts such asﬂagl_ um noxanes

omgﬁﬁ)@mrg raboply ;ng darabeut 1 dei00; !"6 ﬁpet Eroiﬁ?ﬁ?fn g@m about 1:1 to
gc‘ré&)%lp ?.ﬁ'oﬁ.c THOSRRHRA Batiof e fRAY thﬁ QA HPhE Ptal thBRS 8PirstBNd second

used as cocatalysts wth the first and second
neiallbate remponmiswodbineddbtthe total mntduet of ergaenmaduninuincompound

th bsence of the chemcally treated, solid oxide,, and

o bk Rerproconirs grigten el B PoifetRaEL BRHLE ik

Or JanOoQfHeR1 AYSFeSRBRAHA iep i) REE gsRedly, théenelai ahtistof olefin
activity of the catalyst of this rnvention is

t yohemed tp totpl ewtesroftfirahansk seeoprhmetaloggns rompoondsy ¢ambined in the

pol yet hyl ene .per._qr \ Gal 1SQlk | i
RSB AB P BB RSB YebIBp L bt 101
agholt Lbbeicatal yst of this invention may be
characterized by an _activity of greater fha

L or .e ual
to aboli amethersepespof ey GrispYon. dhel WerEhh Kt thﬁﬂ?%‘g cally treated
2R Lis & R ofafBifhitulf Bopo&ili Hay iBnge from about 1:5 to about

1,000:1. In another aspect, the weight ratio of the chemically treated solid oxide to

the organoaluminum compound may be from about 1:3 to about 100:1, and in yet
another aspect, from about 1:1 to about 50:1.
In a further aspect of this invention, the weight ratio of the first and second

metallocene compounds combined to the chemically treated solid oxide may be from
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about 500 gP/ (gCTSOhr). In still another aspect, the
catal yst of this invention may be characterized by an
activity of greater than or equal to about 1000

gP/ (gCTSChr), and in another aspect, an activity of
greater than or equal to about 2000 gP/(gCTSChr).

This activity is neasured under slurry polynerizati %n )
@bod til spsbodol 4RGP s dpeh Arother aspectqif] thisipventiny, the weight
with I inzat 4 f ) h
AR RRETTIEEY, BRBRIRE A MRk Ol SeL ool o
hemicd]l aneated sbBd aride alHigh may beJrdin iabalitdat( traboit &190,00, and
wal | scal e, coatiBg or ot h%r fqr&f of fouling upon
rarpefenaseesd fromabentdrthioabow 1:194Yy of the catalyst
Conp.oﬁbﬁe' &%eétnofp Bl mBEdtTAl s Wat R BhERR SR B nbRBédirkd to form the
provi des sonme non-l1mting exanples of catal ysts and )
prambat admpesitiepdisclbsedrierdinra fehmre tiahhosyslovker pelgmer production
present, i nvention. Polynerizations usi.ng t.he )
<ot y SAecoptingli 40 ARFAPPSH PGl HPROR e oy Ro-ope
REARAIIAM dothpolifdPhdd a SH&HicaldP kipaed isdBd bRNde in the absence of
processes include, but are not |limted to slurry

pdiminexaneat | Whdle ngadntending do (bl Bovad | byatheoiys it opalieveshthat the
pal yneri zations, and i Ik i [ Lz 8 :
et R SRR Ry HhbEnol RS Bl oberde AL in he
ksamdindriet Searedrbarioalumiiadie. et hyl ene- cont ai ni ng

pol ynmers can be utilized. For exanple,

.C 3gsé'rred od o f

r eact ohdditipnally, neexpensivg tosae sopRPYIs T odgkl arg requifgd to form
reacti.on.C = car [ ti j P

ECEL A0 ARRGIERTof s HbofRR! MR g R8Porganchoron
catn@loyads, aiohizitad iiatc @ngeuads sergemorpws iconpouids, Mgdl4 cor any
homopol yneri ze . 15 et hyl eng, or co nerize ethyl.ene .
RS aeBes, S5 e, G B o TRINAE (BHRAAERS or s
ain%J:IHfOFly PRIl 3R h;ﬁécf,’\r/cﬁ_ﬁﬁﬁl%st@ usR a:ﬁ NYMindsade8 Lorganoboron

particle formprocess), ich"are well known in the |
arompndds rieniding dbuis expmpovndse waganbaing gowpsundsa peARY Kmbination

3,248,179, whigch is jncorporate ef [

aB MR 1B ES L IARLERS Ao SRR fpouncs
PEASEM theWRBdrice brfifrthé labsenye I ake shaticallye treltod 8oRD oxide, and
enpl oying a | oop reactor of the type disclosed in U S.
Feithenin the preseree®r iiythe abprpce pbthe organopiuzpum gompounds.

pl uraljty of [ [ ' i P .
D) e 56 SAABPEL S, o B R Shonion s il
r gstki than oo bghidl it®aisouan 60 didnisspendthyland par glarhfofichemically treated
reactors, which is also j nco7r:l§or aﬁeq by t'rg‘ef erenc £
heslidi oxidg peri hogr gahbroviaigd ePel heP sk ilpANORLRIPEEt g catalyst o
fQE LS ' I

B b S RARLRERL L sh 3005, O G ot o8P o
t 230 gPAEOTSOMDY, antl iR dtHey aspyeerat actiyityedfrgenten tivumt or equal to

70C to about 110C. The pol ynerization reaction | .
t ghoiut 500 gPHeCTPO-irh Emstilharathertaspegsnibe catalyshpf this invgntion may

be characterized by an activity of greater than or equal to about 1000 gP/(gCTSO-hr),

and in another aspect, an activity of greater than or equal to about 2000
gP/(gCTSO-hr). This activity is measured under slurry polymerization conditions,
using isobutane as the diluent, and with a polymerization temperature of about 90 °C.,

and an ethylene pressure of about 550 psig. The reactor should have substantially no
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at nosphere substantial free of oxygen and under
substantially anhydrous conditions, thus, in the
absence of water as the reaction begins. Therefore a
dry, inert 30 atnosphere, for exanple, dry nitrogen or
dry argon, is typically enployed in the

pol yneri zation reactor. 54 0 The polynerization .
rindicaticnnothangs wat escalen consingryr ghers of Hawling upom Braking these
adversely affect the polynerization reaction, and it
TPHFPREMYSconduct ed at a pressure higher than the
pretreatnment pressures. Generally, polynerization
pressures are from about atnospheri¢ pressure to

Aty of svoCatalyst Gampositign wkolymerigatiomBracessgs psi g t o
5 abo 0 ' E T 0 n i .
pol yml;f;albgea? i ]%ﬁb%re %ggé%hg);n lt“ﬂ?{gl% ia%\i}l n%i %ﬁe%tgﬁﬁg na{tngioﬁ%ﬁaratwe
ehiitehs fol eeukatalyssi githe RebgntenversiononBolysienigatidng using the
catalysts of this invention can be carried. out in.an
rfaiahests R MInlvattqpecaar e C ogrlacaélgsrggnnteﬁ kpown, in the art. Such
ﬁ&ﬂl%ﬂ@ﬁiaﬁg PARERE Snd1fdL buP BleY Bt initdiC sl By PalynRdrizations, gas
ot Irmted'to slurry polynmerizations, aas phase 10 .
puiiayepolymatizasions, ssbitonipotynpaizptiens, aad therike, welpding multi-reactor

mul ti.-reactor i nations, thereof. Th

OFRAOZS (R70, PSS ABMAS PP ALH POTRTMEGHE he art o produce
QdtRf 1k EHiRInB | pollymdi® lchiirBE utidiadd. DBotiesampl€ ch stirted reactor can be
exanple, a stirred reactor can be utiljized for_ a batch

pitilized dor pbatelnpracesse o the reagtiopean bearieduyt continuously in a loop
Cr%gétbrno OlH%'C\QPﬁﬁho lsﬁl%)d {eFl@tSf.or or in a ~continuous

stTrred reactor. Typically, the polynerizations )
di scl oafiek baalgbtnactivati@nra tatalystScompositonnig wed ftw hpyopolymerize
pol ymeri zation process .in a.loop reaction

Sifylems, orcrapabiiesize RIBHeRe Wb, FgmBBYYRor 1 S pglsgnerization
V\fﬁls{h]o? n?%("glu{rjﬁ oﬁd?fm@triztatiﬁﬁ rdd36d BEQ IMENTOEANE PaficleMdr@process),

are éu er’ reaction conditions. The term
"wthichen¢ Wwedlskneswedin thetani and atiesdisadesgdefod examplst in U.S. Patent No.

n iIly.mean.an inert teri al s this term.
SRS Pl AR Ao B Bl Bl B iy, oter
CAAy MbREiBnt MefhRUY BT {héapleSéht MhoGRDE. fotOsliranpbessaf are those
hydr ocar bons that can be used as _diluents include

but
aereplopinglai lavp wdctonof the yynecholessd in Us Pateahbo. H2h%d Zhand those

pr.gpane, nh-pent.aneg, .i.sqp. e, . - ..
PRGERA i  BREANF P s RADRRLGR GRS S SBHAT BardBf! & combinations
athetdef,rwheplh Yiierehetitinl conditiolx amepliffarent intthé differrmhreattogy which is

are found in U S. Patent Nos. 4,424,341; 4,501, 885;
4algq Bcawperated bygreferguce hergdngnal§ eNUWY. each of which is

i ncor pgg; In%ﬂzag*{)ntr ﬁe@rﬁ{eﬁﬁﬁt@ fof Anfieinfbitiod BpidablyeRhbdse¥m about

For purposes o e’irnvention, the termpolyierization
r 66°C &6 abowtl 2RSS, awith apmdlymrenizatiahi reactiopatetperagure more typically
pol ynmeri zation reactor systemknown in the art that is

ceprating betwean apeat T07CHg abpefi18°Gonomers to produce
homop oITMgS(ryl%’rm%{*izgt?o%oljeX&E}B‘ctyﬁgally occurs in an inert atmosphere, that is, in

atmosphere substantial free of oxygen and under substantially anhydrous conditions,
thus, in the absence of water as the reaction begins. Therefore a dry, inert
atmosphere, for example, dry nitrogen or dry argon, is typically employed in the

polymerization reactor.



10

15

20

25

30

the present invention. Such reactors can conprise
slurry reactors, gas-phase reactors, 30 solution
reactors, or any conbination thereof. Gas phase
reactors can conprise fluidized bed reactors or
tubul ar reactors. Slurry reactors can conprise
vertical |loops  or horizontal |oops. Solution reacgtors

can cohisr Pebymerizatiiy reaghen Jressiieo ERhPE AaPFSPEe thels dges not
P I r

| (#\\//é | oaﬁ?e%{a ﬁf@ cd:) E%ﬁér%ﬁgﬁ? agggﬁ eanglﬁife t%ll%?é%ed ateae%ressure
Shiglice tharathe [pesishtnen piasedtes yStmrallppotaneaizggon pressures are from

C%tga{ g%%pép%{mcj m:gﬁsonelqltertea%gptyF ggsggrﬁ%qrzrg gm;callgﬁ(?ré%l%utag{) psig to
ARt B&0 hﬁg aﬁsﬁﬁh&%ydrégéﬂ 8l Be (1 RAGH IS pdlPmetiRRioAR6€3E of this

inventi o n further 5 conprise any one, or
ciomtritivatto oontodl ,pobfrmmlmarsmag}ag e system an

extru ste ooI|

r ecycﬁ)‘ﬂ ng&{tlg u%lpg z{i?sé? Xé{hgs{qnvgnt%:u c‘i%g?’té“’ £ oerdsout in any
CiBnnes AHIWNS &h &R tattnu %&h t;ﬁh&sﬁsf thandafli podyrherizeCyohbingrs into
of cat al yst di l uent, and mer. Generally

celymensoinslysieo cbus a5 bmﬁ i slyey cmlfmﬁra%@ns gas phase
| ntl%nolgtli'gatt]logp éjoflutﬂ)n g&?&%ﬁﬁ tiofs,C (j;f"{nﬁﬁﬁ-’rea%{yii L%I‘IH‘JIIIIEHE)BB thereof.

et Zat] BN reactor ’an cont I nuous
I 'Ehay ainyf p@hyntehlzaldne achorknofvnaims ubg enis ite nprodunsr Dhtlﬁngtontammg

pol ymer particles and the diluent, Polynerizati.on

rE%lE’P@‘iS capdeahiilizsd. (ios examelent SHEERATACHH canbe Higrd Ly a batch
&k PEr 11 raf@GE Odn BETcaR A SN QntifddsiyPie al188F k@ictor or in a

stens conprising two or nore types of ~ reactors
Ommhm‘s stinrep aeamtdre [Typically, the pplymerixatians disslosedberein are carried

stens can conprise 15 reactors onnecte e o}
UG LT o GrOEai b P g ot A9 oS rable diluents
CeRSh! Pelry PBRNRIZMIH afe e D &nBohYiREhE Zagdanmmnﬁe hydrocarbons
reactor under ‘one set of <conditions, and th

pwhy:hearechqul@ cunden fedctipn P iions.s e Chp defe o étl@qnt'f @ﬁ used in this
p% 8&§§%% é?és'or?ort] Pﬁcnegse i ngt%%ug tﬁl? fr%%ﬁttmétgfl I?résriﬁ;&a?ﬁﬁ isHSant kdinclude

I 8RfpAINdS Yaide ofpasitionPrthate ma30 cahtribaees tto opelymedpation process
slurry reactor. Such reactors(gre owWn e ar

CERADAp o Seoisebarsdbat 8 DGR BrRS RS, B pobited to,
(I\:ﬁfbtl FIE:K&{ ?s%bﬁtaﬁé NOh&and gpop%fle %h- ?é?{térﬁzs is8hentArRORSopentane, and n-

regctors céan conprise both vertical and
hhmanant Tﬁypm:dlyp sisoblitene | usredyasp dhey dinént aini @ rshwgn polymerization.

T N T

| Al 81984,04787M0380; hexes 897202 C ¥AhOBE X isOficaipprat@ny reference
i sobut ane.” Mbonomer, sol vent, catalyst and any

cbmmomeltsermrﬁmontl nuously fed to a | oop reactor

et BB RGBS ARy FBgp Tt an
CpBlyhRriktRmhRdclop or MRNaMeEriakion Sehdtor k@sdnd known in the art that is
capable of polymerizing olefin monomers to produce homopolymers or copolymers of
the present invention. Such reactors can comprise slurry reactors, gas-phase reactors,
solution reactors, or any combination thereof. Gas phase reactors can comprise
fluidized bed reactors or tubular reactors. Slurry reactors can comprise vertical loops

or horizontal loops. Solution reactors can comprise stirred tank or autoclave reactors.
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In yet another aspect of this invention, the

pol yneri zati on reactor can 30 conprise at |east one
gas phase reactor. Such systens can enploy a

conti nuous recycle stream containing one or nore
nmononer s conti nuously cycled through the fluidized

bed in the presence of the catalyst under | )

pol yneRelymeiztionseasiars s tablerip thegpessnt igxgntion can cigpise at least
C ' f t i ez egr 1
R R PO B O (o e R R BRMSACEr catalyst
promthonbnts,cal 1dmst vad redetaxnsystengrat ldast oregutlymeranacovweexsystam or any
fresh nonoper, c be ded. to replace the Lyneri zed

B EOm B AEerEa e BPIEERUPE R eCRT S eRfon Can further
ARG ahP bndldk bLbmBinaRo)8S aREASRL ROIAEEBY Al dn@k@Sion system, a
olefins, 1n 5 which olefins aré polymerized in the

gobiog sygitras e dilventt repycdiog sysiomi ot eprontiehsystras - Spelaseactors can

carTye SRR AR A0 et B et prayst, juent, and. polymer.
PQEnETELY, Zntifilo w0 PRocksied caf Cavmibrite! theetintiabbwy imaydaction of a
In still another aspect of the invention, the .

popPyeraet, 2 gatabistrandc dilucah into agipbymerizagion seastogrand the continuous

R ol A5 9 S BIEBSATT Y B s a

tdipieal | y used for coordination pol ynerization.

Tubul ar reactors can have seyeral zopes where fresh
monomeYOIYmPFAHOR rEelor Sy ok e diresert BVTiiRgFan BRBH one type
CNreBGof Pér &R of Budiiple P8AckordFSRAMSconTrisBAMwAN6k more types of
i ntroduced at one zone of the reactor. 'Initiators, _
cabetbsssepseratech dit qrarallsl s yis tserieo ndwltiplesregetar ispstems can comprise

entrained in aseous stream and introduced at

RSy copiseel Pgshen Lo neHSRR | olmeyong of deitors, that are ot

| (YrREdtbK e ATh (poB@hdt B Bat pdlPmeriedll ird e Ple@a6U d&abne set of

be enpl oyed appropriately to obtain optina

pesingitions.z 4nd oifien ethe t palimeb rrant b rigansferrednist e secgap etepctor for

0 .1 ] . ' j.On reactor can

R E R S iR PR B RAST", C20EPT BE i ng

sol ut | onReGkyde of thetinwhtioh,the polyarEratioh reagot systeatcan comprise

with the catal yst conposition by suitable stirring or )

ottrigast paaloop shirpnreastar. é@?%@ﬁﬁﬂsﬁfﬁ QM ity t%ﬁ‘fg’a‘ﬁ’iﬂ&"mpﬂse
| t n Sbr¢edsinkle 1865 of @dseries of

e Lor HorBSEFR ooBB SIS, 6618 PR STBREX L pinkle 196 of @series o

clonpsic Muliiplh lodpereacted gani compee thotin verpical dudthorizontahkwops.  The

presence or. apsence.of liquid.material. The .

R oS ABHC b oF perthiied in P Greac, D dbaan dispge the
PERAFHT B tRRmM | | EdRfpled of NsuiitaBlel S610&its dAclQfle ebutane, hexane,
solution of the p mer in a reaction nedium

0
Aglicicliexane, eeland @ng ﬁqﬂ)(vuga@@ Mﬂrmﬁgr,zsyiwt,yn@msg @nq ¥W gqsnonomer
O RBRRELS ek ST B IPAS Hafiof HHRCho RS ARl Rh8! Polymerization

Pedny 6®duE 28 1bwnempeturdagl pidsurean Racwr efifludnt zan Heoflashed to
di ssi pat isgﬁl t he exotherm c heat of polynerization. The
pmoye thesolidaesincan be effected in a batch manner, or

ina Cﬂptyjep %Uﬁe%@ﬂ&"t'ofﬂﬂﬁs raaGhh, GAD polymerization reactor can

comprise at least one gas phase reactor. Such systems can employ a continuous

recycle stream containing one or more monomers continuously cycled through the

fluidized bed in the presence of the catalyst under polymerization conditions. The
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conprise a series of at |east one separator that

enpl oys high pressure and low 30 pressure to separate

the desired polymer. In a further aspect of the

i nvention, the polynerization reactor system can

conprise the conbination of two or nore reactors.

Production of polyners in 57 Q multiple reactqrs, can,

irpRyjclederegm eangbe g%(tag@sm fomtthe é%esctlzq%ﬁe Ylsharesy ed back into the
UG S wWR Yrofh {hfe%h%ﬁd%f d

T

rog Siekk hmgofnlerwart Hibeacfded $d rqpbicy tibger pcﬁﬂnenmdrmamrmr Surthcgas phase

t he second reactor. ired gs_ nerizati.o

CERTERTE Coh gorppfrlqgr?eprgpests or rpg i=§ieh gassifase, BOlé{F‘FPéfB{QHtOf olefins, in
T8 blEine a%?ﬁdlglgxbﬁ&dciﬂriﬁé LhQBEs ﬁlﬁas% hE apldagi twosiagéendent gas-

Al'ternati vel 'ymerization in nultiple reactors
qhasd palymeezatice aonesuwhile feedinger catﬁmicﬂoymmg polymsndormed in a

ctor to ubsel%}ent ({2{& ﬁors f I8 nt| nued
6%? I}l?éﬁal%zo O FEAE RS LR lﬁ% tde any
combi Nat &N anbiket W&t ofd the MBlentibm tird pbl@'memzhttdnp |rﬁlctor can
| oop reactors, multiple gas reactors, conbi nati g

6101111115’@9 %h@u@asrea%@(:t dbulag, reastass am ,nézﬁ(eopo &@F@cbié\f@e radical

e

q:wlﬁﬁérmaﬁon r eanﬂiLﬁHISreaétbtsecaﬂ hevep sd:wenﬂr zonas evhero deske dnonomer,
they can beformadlnov ious articles, |n.clud|e<i1t
HORIZH5% or SAAIERS 562 afRsds ARG R e tangiciis i SAEr gascous

fétlleglln%ﬁqh‘t%cﬁme@ 59155% 7o Qf thd @AKSr. RiitkRSes, catalysts, and/or catalyst
ranes, an

geone I ners. Various processes can form
tdmagmnems ican bs enttﬁne.&s uaa lggseonsl direany ead artrpdm@i #tj another zone of
e added in.order to
hF BT S e g Ren A MBRPO O R P AR Rhd Bltssure can
%et éﬁél@?ed%@rdﬁriﬁ%lytohﬂ)tﬁﬁ egﬁﬁlaﬂgcaymanzdt@n@éacﬁsﬁ tonditions.

| e mai ntaini ng nost or all t he uni que properties
of pol Iprewother psnsduelcdievinyanting: the Pobarraizadiemepsios capgomprise a

Rl BORERIARY ARGoE" Gl Gluln PAGHEHEARA the monomer is

ovi'des s exanp

chonﬁfc&ﬂaﬁﬂi tHencatylichin@ositibo by tsimwbi@ stirginy ok stlref ntdans A carrier
present invention. Table 2 provides sone n n [ {n %ﬁg
eSORMBISER BF Ineriipseae i or ChsSy ROPPRSE F8hbG GHEIOYEGE desired,

fartﬂg Iﬂ{e %@iﬂel‘ LS l?r% t@ﬁ ﬂﬁq{apblﬁﬁfhagé ik b@ntadt Wﬁ'ﬂh& @zﬁalytlc reaction

provi aes ms non t1ng exanp es of
qa'bélhcy,sinsthe aﬁeqend:qmeabszaw aﬁhqmddnatmmads ngolym@uzzttmgzone is

Sl SRRl A P e Y sion

for thd O@ﬁhéll‘etlltﬂyzll ERBetidne Thddpurk! OJAISIBfHionS A Beh Eémployed during
cat al yst conposi tions of this invention, and fo

polymetizationeta exitais  betted ut?é@et@ﬂrﬁg centepl dandy tor Mmaintain uniform
CRTBBEAHSH O Tho BTG e, b BRI RSGUAoms r
utilized for dissipating the exothermic heat of polymerization. The polymerization
can be effected in a batch manner, or in a continuous manner. The reactor can
comprise a series of at least one separator that employs high pressure and low
pressure to separate the desired polymer.

In a further aspect of the invention, the polymerization reactor system can

comprise the combination of two or more reactors. Production of polymers in
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30 evaluation data presented in the Tables 4-6 and the

Exanpl es, four separate catalyst systens were

enpl oyed. As shown in Tables 1 and 2, a single

net al | ocene catal yst system was eval uated, and resins

fromthis catal yst are designated with the prefix 58

"SC' to denote a single catalyst. Tables 1 and 2 aJso . .

i mulitiplet waethest canhiackhydg seyaipledages 4n Af )’/‘*é’@‘st"\?ﬁe peparate polymerization
- cgy &l 109 HhliAL iE YoshiBle’ & Hbnsfer th

R R SH0E0R P B ¥ihoter W0 HAHENE Hopd ster the

qsuiahérs resultie famahy $irs potymieratied raaator dsto ithe $dvend reactor. The

reactor prior to polynerization, The resins fromthese

esiredpelimepzaion eqndinns igy Qnesofythe; (EALPIS £k beydifhggent Trom. the
{4208 TonBHoAs of tHeCother @Rdors PAlferndtsy e g zafion in multiple

Pr@t%ad[?lgcgﬁe gystoems anof di s(t)risngui sh tﬁgﬁ?hryzﬂe syst ens. P

Freadtbmsrcan tihdudee thermanuak trepsfercs! pelymet fbml eng reactor to subsequent

SRR el RSN e 2B 55T SRR AR, b i
CARRBInG! aut YndtVAmited! ©, HirulkiplRElodpEd&tiors,f filfipl&heir factors, a
PhilTips Chem cal Co. LP, was used as a control for _
atambinasionrafdpep andngarasacierss 4 enmbination fuiociavedpackus gk solution
cat al yst . wer Ll f t LRIt . y '

SRS 558 of oy S, B R ISRAUL Yoy BARRE o
Re4&drg. at equi valent nmelt index values. In contrast,

t he dual - netal | ocene catal yst resins

exhi bi t ed . .
consi ddfemihg pelwness arg paaguced, ey g0 B?ﬁg’%‘inls‘ia TR fRUioH articles,

| drums, fuel

i Qﬁhg‘lgrﬁ?ﬁ Abt IAGREL LS AERNSIH cHERINRS, ufeBSi, Eirfi Srdducts

extrudé&r pressures and notor |oads conparable to the .
PREAKs] pipes;s geomehiteramasc knd tinemd ViBiowa preasascatcaniform|tiese articles.

ljne speed.for procgssing the resins.of t.his,invention, .
O S8 ol aSiERGs B B i g Raer MY B desired
el t Bl uﬁhgfﬂﬁé in8ktion des&MSLANRIR/ artible art HkEly ®8 produced at a
conpared to PE4517, however both the neck-in and

dioser dhosin wiikshmaingaisingnmosty etl allopk thfeaigng REPRYitieshef polymers
dual,- mg‘t alﬂ ocene rescipfy. One catalyst pair in

parofpeed; v mgjallecene catalistsat ed resins that had

equi val ent or | ower extruder pressures 20 and notor

| oads and neck-in at both 300 ft/mn and 900 ft/mn

| Rawin $reparation and Rropertjes of the PrgsentInyentith t han t hose

of PE4 I vl [ j ;

these Sl { SR 288 e ol R RMbick OFprepREAAT chfions for the
bettalgsts lof thd prlesemn dnaghti¢d. 0d@blef2 pravides tsomgewerlihitipg lesamples of

consi dered co rcially viable. The Elpendorf tear,. .
SenEuRbSEpaer i QIO i GoLaRF 8%ipBRPFiey of this
apdemtidd. MigLREAl 36¥i8ATBMeP rn@ﬁﬂfn‘iiitiﬁ% EQimpiss alfl thd eatalysts,
experinmental resins were observed to be substantially

epelymeatizationaondisions randiresulting eesin proppréies pEthininveniéon.” Tables 4

f ﬁg‘?“]%ghé %Séé(‘{an% ﬁil}rgggﬁg i@fﬁrel tg% gﬁ%}%@glﬁ tprc\)éwg%ﬂ 903 25 RY polyethylene

CR3IAChRIdusdd Cwmsinierie gaal9stalcbinpositibad astt ithik| yhvention, and for
function of an ap r&gri‘ate hi gh shear viscosity .
ab@piethylene resine pr@gnc using standard ayeqmpaseiiverqatal g epmpesitions.

behavi E}r(amm@% Qbﬁrg{rl\d&d al fescription of the resin synthesis. For the resin

evaluation data presented in the Tables 4-6 and the Examples, four separate catalyst

systems were employed. As shown in Tables 1 and 2, a single metallocene catalyst

system was evaluated, and resins from this catalyst are designated with the prefix

58 ©



10

15

20

25

30

30 depend primarily on the zero shear viscosity or
nmelt elasticity. In addition, the high nolecular mass
fraction or conponent was observed to influence the
neck-in behavior. It was further noted that the
processi ng extrusion coating performance of 59 0
these resins at elevated tenperatures coul d

be
r'S4Loteatinptepr sinels exalyptoml pllenll gyl 2 alsedndicatm by thewsxt three

t t S ' . [
GINEGE S AFEHE TP BSRE R ST mesaloens
sqaeitysto wilighewerenaraployed by tdomblining she eatalysts Su alesited, ratios in the
al t hough the reaspns for_this are not ] upderstood.
TSR0 bR AHOB i ML B R e gystems are
;&S}Q{gﬁaﬂéﬁ Withneld Deside “Meck” | rpas dawpone” behA¢h&te dual-

e resins prépared according to the present )
i mutafiocena sysins andndistinguishritie fgee systeens. Houther, Bie repiasthpmselves

thi s observati s attributed..to di fferences

(G T oo G aR e (7P et i el 31 sC-2,
| pega ah@cBbr, ana RoTerir ahiditmkrbidlyQivalliis @I-EBPESPE43(0, from
Conmparison of Single Metall ocene and Dual - Met al | gcene

Caheyirgrs PhittipsiGhentised fior BPgwaeysed es acpairelderalt the dialai ned
fromthe.singl L1 e

or oper ST B ThERh e HREANECFAAINS o R Rt 16 extibit generally
ahigﬂél”ﬂb&hﬂﬂéﬂ/]geikﬁfﬁl andenétor lolatifw caimplaredet HH4Gt B atequivalent melt
catal ysts and the commercial |y avail abl e HP- E .
ciofex Balues. | Iggoniastake ﬁealsmvtahP%ﬁqCé#E\ﬂ B‘ﬁ%m@ﬁ?%}‘ﬁ% considerably

i _ i . I - 1 . i
Gl s 3BT RSPl e e, i

SGthudgepressatdsyand nitbi loeds cmpsnale exthe RF6 1 Prasins (Fhesneck-in and

not or | oads, ﬁpa.neck-%? as co arﬁ% ta thg i invention showed
coARENE Fftpipadle Jine) shpd TRIpPTORBSEMELTE 15TnT Qf RIS Jryr

PRARY Tresgdiss.  YWhe! §nge-chtal ik Qbidhs SkhiBit¥e highes inBtH-AY ald poorer
PE4517 in M, they exhibited al nost twi ce the

edtavudivon apreoseparesd sn P04, hpyherr bshothe| ragl-insand draw-down

c ared. to t PEAS517,.resi - . th .
SRR ol PR §5h s JAFAAIGH Bhgh 198 cotyot i
exiiabtidube, DOPCZ; Geridted relsins tigAGhd B@uitvdlentdd Qowér/exirader pressures
i ne sggeds. The resins SC-4 and SC-5 me&F,h'
Mndgao i

sl e Pt 300 Mminccadiy fraindie Speeds that were
. | .
S L 01  Bi h cts

3thRsd pdrtitudar fesing lnere 108€r 4ompsaed éx REWD 1B dut stilphigheenough (~1000
prior to reaching 90Q ft/ mn, re SGL 5 s _ab t

DB/, e AT Y 5 gnpders F?lpmeﬁcwfﬂfw%ﬁlﬁe g&eﬂ%ﬁg@tﬁea"%mcef
isﬁﬁ;ﬂicf, RS Blikksich anbisehitieS(hot SRR Gnd Eﬁ_ﬁnz&@@@ﬂ strépiMRbperties for

t * had nearly thyee times the neck-in of PE4517.
Exdh ths! experimeniel wsins avereobicrd tabalsybitantisily egeivalent or better than

catal yst r.esins. mmary, these results indicated
tﬁ’:ife I}Irﬂg e%%ﬂﬁ??b?%ﬁ?ﬁﬁgl e catal yst resins did not
provi dasidiglosePhérbiithadsabeaved tiax tHeustradergtessacdndimotor load

characteristics that_were conparable to the 30 PE4517
r ehargeteristigs siefe @enerally, substantially a function of an appropriate high shear

viscosity alone. For the resins of this invention, the neck-in behavior was observed to
depend primarily on the zero shear viscosity or melt elasticity. In addition, the high
molecular mass fraction or component was observed to influence the neck-in

behavior. It was further noted that the processing extrusion coating performance of

5909



10

15

20

25

30

Exanpl e 9 and Tables 4-6 provide the results obtained
fromthree different dual-netall ocene catalyst pairs,
and the properties of the resulting resins, and 60
conpares the results obtained to the HP-LDPE contro
resin PE4517. These dual - netal |l ocene resins

denonstrat e, armn other thin the b ft
thesscigpigs at \ﬁ)&vgﬁ@ SMBEIANUETH SO B dCRORERY éﬁ%ﬁ? & o éﬁﬁ"’logy
S&E?aafit gbl? Mg t%ﬁl?:@l%ﬂﬁé‘s i3 gfe‘éﬁﬁﬁ{ QAkhtRcent PADLGRH Bhservations.

produce romthe single ne | ocene catal ysts. The
dital drawtdoiviro@emamEny less syeedwivad seen h@\dﬁp@ldgmvédy on the low shear

di.fferen t he ner bet t.er.

oxggoglﬂ' ﬁtﬁgq%ﬁgwgnsg@ ﬁ% q‘éo rﬁl s oolqnggleri’E%l’i resin, it
C@ésadﬁé&tvedl &fd ASt faffon tﬁ‘é@ﬁiﬁﬁ RendiabP R nBek-Inihd diai-alofvarbehavior
the dual - met al [ ocene resins DC A- 1, DC-B-1 and DC-C 1

vastthe rdsins mcparﬁbacos)rdm to thetnepsept Brventians | Whilgmot intexding to be

%quag %Iy P%ory,h@ls &dsgva% eu?li ﬁ%&é 2 tﬂ@%@ﬁ% ¥ fjﬁfe"f'et%cﬁyﬁ{ D&k the degree of

duag chebh Blancisiapas Gell ak yetlongshais bﬂaﬁclﬁng aivhitedure @firese resins.
extruder head pressures, |ower notor |oads, |ower
neck-in, and better drawdown as seen in Figs. 1-4,

r@érﬁggc?rnﬂgyt %I]q X'lngf@ﬁ[emﬁ%%r %ﬁ? TSud?. ﬁdéfﬁ%&ﬁ@c&%sﬂﬁeﬁﬁso m

Sys DC-CG 2 resins, was
especi Bkdmple Btmpmts thy results cobtqmwdl om the smgb migtall@rRRe GatalYStS

O 2 R B it i s o

CRBTNARLAReBlobdneNOdtalp§it tdH, theXddnsidercially ﬂfaﬁﬁﬁlBTHPc’HDPE control,
notor | oad characteristics and conparabl e neck-in

3gbeléd asPRE4S Y (fham GbeyonPhilips iGhepeal 4ice dP).n Asi ggen yl Figs. 1-4,
S G IR g Wi

ferZxtroférGitedstred] Mb@F 10adsMnd declt-2n M porhiparad REthE émmercially
ﬁlblted clearly | ower ext ruder pressu o
| Suilable &H’dLQ@’EtC@HHSHaB?l% i e whilt RCSlofBrquttr3 were
Pﬂ%’é‘%g% bidsiy rhéxl\{l  they e %lmgsg tSREARAL EHrdsBonl f€ssure and 50%

resin. |ng roperties Extrusion
claighérngotey Bad ais icomparedto theePE4Hi7esinf Theinsck-imvelnthessrresins was
ed,to. those af he HP- L

f d
CBiRBeE 3BV PEES RSB KL RTRE 4P o BaClEsd 290 fmin
1{?? %@r 5 e SkSiAd §é 4I Ahdt e 550eFE REMES inMREs &rhsurel 16SPE4517 and

in Fig. 6, the experinental resins
pasepacsatt theic exthiday prcsstlh:e ansl anpioe doagde rveere ictdser tof thagef YE4517.

Bt SN ek Bod S, B 4 Dy, 8.4 58 i

Shipie bHo# 1 rEhdhing’9G0 finkia) WiiersiOvE-3l \aﬁsgﬁleytd:lmﬁrawabllom to 900
performance of 30 the ex erinmental resins with that . of
PRAsin dineEpecd as mey baiseent Bam; Figrftg Atghisugher ligg speed, however, it

d@ 9&.{%}1&( 'firde Bﬁ}es ?}%ﬁl&@(kﬂ?oﬁpg@gl%t trend with either

Example 8 provides a detailed analysis of the SC catalyst resins. In summary,
these results indicated that these particular single catalyst resins did not provide the
optimum balance of extrusion and neck-in characteristics that were comparable to the
PE4517 resin as desired.

Example 9 and Tables 4-6 provide the results obtained from three different

dual-metallocene catalyst pairs, and the properties of the resulting resins, and
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61 The hot tack strength data for the experinental
resins is shown in Fig. 9. Wth the possible
exception of resin SC-1, which was one of the highest
(0.934 g/cnB) density resins prepared according to
this invention, the other experi nment al resins show

i T s S e P e s
Srhétﬁﬁ&teﬂe g de?ndﬂsﬂate 10ndid 6’t§&r @i, b %}oa*alfmﬁé‘ dr kiR 6lecular

e experinmenta resins e bit conparable seal
i wmghtadhstmbuﬂanpmd eshanesmentaf Sbfa‘shest—tlnmgng gespenssoapegmphred to

(G SR8 STl o FR TR B0l T o o

L&‘e&hWﬁleSﬁﬁl\mﬁ% Y Hfffef&kefﬁﬁ&ig the R St S gdiRrdllydte@dtlin overall
ar ound bf/in, those for DC-C-l and DC-C-2

epenfopmanageasercanpayechiogihe isinglexeasaliyst resingt Fengramplercomparing the
4 La
Gl Tor B bR B RGP GPODER 1 i o e

1Mﬁ£e‘ﬁalloﬁawmsmscqbt5@vemagsc Jowkich| ae olﬁﬂeghin MI to one
, hunber average nol ecul ar wei gmt (M), ﬁ’eavera

niﬁloé‘te&l ilustrate thgse ghiferemges. i Lcrerablye (g.}almteé ene cat%yst resins
d )&ﬁtfﬂeﬁ%\gv?rn )ﬁMdLMe)ad%@ssﬁreg Sl?ﬂ'élﬁﬂofo@ 18] igw'ér n@ﬁﬁn and better

eol 0gi ca aracteristics o e resins of
i dlmwnidvﬁnas segpireBiged -4, respectireclpf Thhperfdimanmnf th(agimjscsms from

OB 2 R L P 2 A8 el oty
%ﬁans&m{otﬁﬁ He-LDPE &shitlol OF’E-ﬁfSQS ' fbsmPE“ﬁés?n E@f(ﬁla'd/hxch is

determ ned to contain Varyl ng egr ees of % chai n
brcmighiln glefsa@m %1 atsrPeE45Et mlgsmsexCOIER%rﬁblIGel mpt better, extruder

details t r_wei ght

ot wi Bl o5 Rl oA FopRERLBAERn ax 300 fmin to the
| PRAIY 8illuéSated iriJBigf At B weler-ilg. D(E dl—&l,reé?lh_:dﬁﬂﬂot |hade gditﬁi draw-
gr eat est pol ydi sEer sity as_conpared

r éawmandiore pift GHY dvimirbisce dablgden Rﬁvntlh‘é %?gWthé%h‘cghef in MI
Cper II'PEQtﬂfH& :@%ﬁg {s]jl' %gh{,@tlézg %gé%ﬁ{} lener?fgﬁnl'uﬁgld re%ﬁgeg lower motor load,

naid quied cbﬂlpﬁﬂbbedneqkansatt b’othb’iﬂO &fmim aihd 96f hit/miin deheaspeeds as
gh nol ecul ar., wej ght " hunp" As illustrated in Fig.

|anz5pal‘%41@’€BEH]§i$17rr§§1Pn was consi derably higher in the

degree of long chain branching | evel across the

nol ecul ar wei ght range as conpared to all the resins

ofxtriméorpCeséngt Prioperdias i on. The results of Fi gs 11a and

11b deponstr at ed. t hat

resin, ED l(érkﬁ‘@?ﬁnﬁeeﬁ?lgﬁp?@sﬁ%%egrgﬁﬁ 8? ﬂgs m_L‘Sen ?n Siére performed

Natd @di’ﬁ%arbd‘ 3 thd3@ lof dhé PEL-EDPE; cotirol aéskn PHESVE rand hir@leported in
end of the My, and 3) contain only about one third to

obgamplarlPh the level of LCB. 62 Further support to
the Pr &3 ecﬂ:?nongtfratjs@ N9 tﬁJ‘ %hﬂerpd'o% %M%éﬂbﬂsmﬁﬁraﬁ@c’l Y% 6, the

experimental resins prepared according to the Examples were either largely equivalent
or better in terms of the MD and TD tear resistance than the PE4517 resin. The
Spencer impact strength in Fig, 7 similarly shows largely comparable performance of
the experimental resins with that of PE4517. The burst adhesion in Fig. 8 shows

some variability but again no apparent trend with either density or melt index.
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cones fromthe elevated flow activation energies, Ea,
of close to 40 kJ/nol for select representative
resins, as shown in Table 4. The experinmental resins
were also characterized using Nucl ear Magnetic
Resonance (NWMR), and these results appear to 5 show
only "Y" type branches. In contrast, HP-LDPE is .

bel i evBif hat tacksirensthypte for g srastimeniglgesips is shown in Fig. 9. With
letdosé?@@rb‘it?ﬁﬂlo‘ﬁropf CECANHiANGhs’ otnEeoEf‘thé ?ghegto(&bﬂ g/em’)

aln ranching architectdre, as a result o
rﬂegblt)preems pr@areﬂraeeerdmglto #iis pokytier, theatthaexpairedalgesins show

Ther ef or e, di ff ences a th vari ous, resjns
B e heboirHgr st pRey R BLHYE FamPRORLe A gfePEAS1T.
r'ﬁi’bslﬂﬁﬁlafe%alt ﬁ%h%th%%eih\ﬁg RalhAFARNES @A.ﬁh%@e €RSexperimental
are 10 believed To be due largely to differences in

tﬂqsnmhlhm cemparablevgeilginitiatips tempratinss and keabystrergils aoemanpared

n_br g els, rather t 0

i PRy ASET pabPiTEh digirs 2oRb YR Ma P, further
H!%%bn@frﬁ&ﬁS tHa€ u&ﬁleﬁlﬁamﬂirﬁa’t&%eﬁ@t@hg’tﬁ foh ?Eﬂm’bﬁ ﬂ@fsdtoapldteau at
ext ruder head %r essure properties of th r eS| ns

tapand Awelbfiin rthosgfasr DCdad %D&Qr%aéhlbﬂe%erﬁ}l@slg&beé plateau

.nf Unctions of the shear viscosity.
%%n%? tu]ﬁoad ‘an ei(truder pressure drop were

exam ned as a function of the nmeasured shear viscosity

00, 1/ s ,shear, rate, results of which indicate
a’ilf’éﬁglﬁﬁg%]’ f&%@”&‘&%’éﬂp EhaBACIERSIESt b motor | oad and
20 ext KHQ8le RhASEIACWIIchD dAtR &roih %C-M&E@Séhbiﬁmnzgaﬁveﬁg%? Rverage
in Figs. 12a and 12b, respectively Exampl e

pmoleculers weiglie (i), eambnraawgs wélecHarsweight @M)Frnravmge molecular

UGBt B ot B PR dhu i fion [0 M o GRBFGLPOLHIES. The

r¥siabral éﬁmctérﬁﬁc§ b BeCrefink A Bk ifirRition, exressed in terms of the
aauwalent , exhi bited higher high-shear viscosities

arepantasuda gwiriqebmende] pagmenoss, Avel posentsdie Tablsps. Al of the
hl)[gﬁ%ﬁl%%ﬁtal t1'&‘r)rlsd meﬁ} ?Jal)ﬁ%é i %35&? ’éﬁ‘(‘i l?lllé ?ﬂ’ Lpﬁ@r control resin

-shear “viscosities and hénce lbwer no
aPEd J17e seteradl dﬂtﬂﬁﬁned'ﬁb&od’ﬁtrﬁvarﬂngldggreés?oﬁ lotig chain branching from

indi cated that the e cted e on_ characteri stjcs, .
ABATSCROALS dathd TIIGA] A dr BOlesilp perig sk Bipological
?%g%%{sﬂéé (?ffiﬂe s DraRS rééeﬁwn%ﬁmw ty behavior at

prevail roceSS|ng conditions. Thus, the
gr eat eAs ilhstrsﬂaé an Fighil hayi Pk 5@ had thergréasest aolyQBspglsme as compared
ted motor |o

th .
p‘r"e‘é‘%g’r eé’sfﬁ Sorepiaseo! (BES IaVRRIGZ: A sesh, agnﬁ}?r&ggﬁmt hymp™ on the
pﬁl@l{' i8R cd@at %e@gﬂteéhcﬁnaflyé'eﬁ]taéﬁmédﬂeﬂ REEK- tereb el addnefally much

the resins of this invention. Fig. 13a illustrates
tmeerqveee Kn |mlypieqper§itzz1eblatt algpell fexhibitad ashishmnelpcudar weight “hump”.

\S” m us?r elf 119 @3 18 {hg 5?5]1' E %Q%c&gslﬁ(%rw Righer in the degree of

y es teU escn
long cham branching level across the molecular weight range as compared to all the

resins of the present invention. 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) lack the very high end of the M,; and 3) contain only about one
third to one fourth the level of LCB.
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51n Fig. 13b, the neck-in per side at 300 ft/mn is
shown as a function of the Recoverable Shear
Paraneter (RSP). All the resins prepared according to
the present invention appeared to fall substantially
on a single trendline, with neck-in systematically

decreasing as the zero shear VISCOSIty |ncLeased (Fi
13a) Tawthgss seppert ivethe ppsescs of dong Akaid dsaghing “thysg, polymers

c%meg Hofak etleRJafela' fﬁ;}v? Q‘?t ahEH % RYI1Y, of Efi'ﬁ%%llﬂmoilﬁ)r select

resin was cl ear e tren Ine 'n both cases
Frepresemtadtive uhingt % shdwven riacKabile 4as Ehef uxpmnmntaéfresms were also

Daseen %?gs'gr'lg Ry agatic ik optnes NS BT e fpsuts appear to
%iﬂ)@rl é(rﬁ ggé bodriches. t M QUARasBGHP-1IOVR bElidve to Ghave a more

at or-incr neck-in behavior with increasi ng
| domepless p eamdom| rmultlrhralmhﬁd phebmedkon-hrapeh pEuesttikedndong chain

&%gﬁg{go%rgﬁlﬁ d#lglg; %se tﬁaéle%& gﬁ&@a— égﬁ.g? aﬁ”Fe-ra‘dEclaF olymerization

N6 éess.N TASrefdrB.the RIEfFstended Qiﬁﬁﬁlg@tﬂe vﬂi@&&e@lﬁﬁ produced according to
i'llustrate that the dual - metal |l ocene systens of t

phe geasent inyepdion; ad the rrapensder they bserypd peafefmance d&ﬁ:rences are

rehi tect ur t exhi ngha

TS UE L E e B T e Bl Bl e R et disebution

F(MW’DB arfdlohf ehais Stumphing meﬁelnatathdreharﬂhe typeaff lotpechain branching

present invention all exhibit a 20 substantially
sirghitesfurg.ype of LCB architecture as disclosed herein,

and furthernore vary in degree of LCB level by only

smal | amounts (see Fig. 1Ib), it would appear that

t MetodiLit:é ned Eegudan Hewd freskerd n behavi or is

o oL A 3 ML b S Y b5 Rlappes o e

aehinglof Yhi¥ 3identifn. @ MGHF RMd dndnsi@rudér ]iEhHerblésafe aveieghécted to be
characteristics, prlnarll_}%/hlnthe and M
i

cfmacfamsecrf the ishear ‘QSZOS@BU captoy loachand, exfiuden geessure drop were
nol ecul a

il {Fuiton M e R Atk MusoSRRETI(0 1R sggor rate, the
S¢Sl twthi¢H endieind aCfHa@cbrmny ReodA csprelaaom df aboth hﬂotdn dbad and
catal yst DC-13 system to the dual cataly f'

SYptugas pregruse BB dhe, e HSPasity SEETFOR i F 1Y iﬂﬂ;r@of?ﬁ’af?sﬁactwdy
t t ins SC 2, DCA-1
ﬁﬁ@eang %%%‘ﬁtdv\%f%ﬂggr gggﬁgge (F%ée to -5 M, and

the daFuarlien ckargination loéi tndath ih Fig. 322 withrresgieotster the four different
i nspection appears that th i.n .DC C- whi.ch .

gl YD sterio O e PSRN AR e UG sins,

éqaﬁl&iléiﬁ'hlﬂ/ ek RIBREd hikhe éﬁmﬁewls@damaraﬁai hefceDGghé-rhotor loads
an -B-1. However, 1is higher in Mz than the

ostitepreswisd Awpof Inm@ntr@stﬁtheph@keﬁ@lyshm jeghibited lower high-shear

Ther ef ore not d r
55155 S S bl PR O YR A oA Vi 12 s
| MdgAtddoMat iRl Higected &xtisioh Whdradickibiese maasly motwcload rand head
not as aresult of differences in long chain

bpreswing, ngay Peeadiustad by cpaireliagdhe sheas oy g’l#“éPSltY behavior at the

prevailing processing conditions. Thus, the greater the shear-thinning behavior for a

given MI, the lower the expected motor load and head pressure should be.
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Mv fractions. In contrast, the fact that PE4517

appears not to follow the general 5 trends of the
experimental resin series with regard to neck-in

(Figs. 13a and 13b) may be attributed to differences

in degree as well as the type of long chain branching

as disclosed herein. Draw Down Ability 10 The maxi num

| ¥g¢&- §|§é@@"’%ﬁtal nable with each resin is shown in Fig.

14 as E@(an{é}l'@ Q:En&gs 4 §18ailedVind @rof\fhec'ﬁ&%l-ﬁq%eﬁﬁwgr 8Bthe resins
1/s frequenc ained fromthe dynamc frequency

fdhis ldm%,t H@GB@_lllmtmghe necknid pes sislesat 306 dt/min, shown on a

d [ [ d h

S-SR PIRG of B e o GBS ViaSE At as dsseribadrercin
dhf FRr anb, tEomdhal paf sidbeat’ 960 TmR! &P Ihekn %C@fidhéiﬁ)n of the
to the present invention, as 15 indicated in Fig.

FResioverable fhear Rasamete(BSH)n Al the refing preparad pegording to the present
18? l'{}rg@?i a@é]edg};e%xefnp%aqls s%b%&nt?a d opner eIs Ig%eo rt%Yldﬁf?% h@vxth neck-in

|pt|on of e resin properties o

| syvtefiatiedlly @srdadingQsSthe 26rol sheacc@caiﬁyaﬂcmﬁh (Bfge 13a), or as the
aspect of this invention, the poI %%hene 0

it eﬁ@ﬁt&%{nmrﬁwém&o}ﬁt&aﬁn BentEnLe cHicpdbe PEA4S1T
'r@gﬁ)ﬁva% %%E?% ﬁeﬁag@gﬁgg h?bgﬁgg/ m n; a denS| ty from

about out a fI ow acti vati on
ener gyFigas 11|lus¢mteah)hnmec‘k§ntas aafnmuﬂmn%f ingreasing lime speed or higher

3 0 AL SR S RS s

"RtFgH S5 \é'ﬁé)\géﬂ eitHe? @ 2 o@%&‘&as&@ n&&-ﬁ%ﬁv@p Qnﬂﬁgﬁﬁ’@iismg line

and a nunber of Long Chain Branches g 000 carbo
apoed (m@mtna@mh@: ae oft P91 7t andag @lﬁtth@duﬁé mfaaléﬂf—@m resins,

iy b o R AL S P SR 301 s

Ohcfehded. | THESR! dA4 illidQted Hay B dodl-attalidene @ﬁtemtshﬁ' the present
present invention can be characterized by nelt index

fipgeRtigogencrted r%@ unolpgular grftgptares athge ghibied rSéﬁ%n-hardemng

S B R YO AR BByt et ot

pol y dic Opehsi atsyumptdmx tHab/ th refino of athe L;tresbnt onvmh‘onltalll 2xhibit a
a M fr about 40 bo t 1, 200 /ol ; a MV

DB BN PR, W CBEiLEEGE oy St bitein ggd furthermore
cargon J?QQO?LLCBllgb carboﬁﬁg?gns ?R%n1abpﬁ? % appeat
ttbatatbo dtff@elﬁié$ iri the ek~ bebawioe mtcmsldmbbhmﬂnmé bwahigh My

[ no c corda '

SRtongbleo ARStrse vy 2 5 el FS RNy Yl in g narrow
Srafbdvf MORcHlhr WeRhP ERESNEristiaY gitrh&ly ¢Rthebl,, and M, characteristics.

characterized by a nelt index fromabout 7 to
Specifically, the z-average molecular weight, M, at constant MI, appears to increase

in proceeding from the single catalyst SC system, to the dual catalyst DC-A system, to
the dual catalyst DC-B system, to the dual catalyst DC-C system. This observation is
seen further by comparing the M, and M; data in Table 3 for resins SC-2, DC-A-1,
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-B-1. However, DC-C-1 is higher in M, than the other resins of the

o]
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about 15 g/mn; a density from about 0.916 to about

0.930 g/cnB; a now activation energy Ea from about 38

to about 42 kJ/nol; a polydispersity index (Mv M)

from about 5 to about 10; a M from about 500 to

about 1,100 kg/ nol; a Mv nol ecul ar  wei ght from about

80 to about 1 and .a n nber

BrEStEheyeIn. 1 eie%j OWBH‘F Befrinten Wﬁt‘e EEEP%%‘%V ﬁig?%'oﬁ is possible

"ﬂ@rfﬁé rds{RBr Qﬂ@#ﬁes&t ArehfoDatibit theldhsertvad HifRerer¥ds in neck-in not
ecul ar wei range from about 100 to about 1, 000

kery/ amasisult o da:‘fa‘rmcehm Impéletn reneting tipay butt diffarengdsein the higher

CEL RS ShOVhERT hE GBSOl T HIBl gene

Grdndb oF tR- exFEhméﬂtQI Ilaﬁﬁ saSReRith rddarl mieym (Fig&K3h and13b) may
300 ft/mn line speed is from about to about 6. 15

i by astrihatedateadiffareness) in degrserpsrwelk bﬁ'sthe typpef e ghain branching as
n 300 ft/mn line speed is fromabout 3 to
‘g%h?seahg}mn/m de. In a further aspect of this

i nvention, the polyner of ethylene is characterized
by a Recoverabl e Shear Parameter x 1E3 (RSP) at 190 C

o Doy nAhii frequency from about 20 to about 500.
In an aRPARH ine s é‘edl%{ SR RaA UM ARILisN6Rh iR Fig. 14
Par arneoillle]élr3 X ?m P? f C? and 0. 03 ralg e nasa
f fuecticenafythe dow rshcarafamuslt)Bﬁ Q 3 zltbd'mquemc% obumdﬁmns the dynamic

?ﬁ?ﬂﬁﬁﬁ%ye?\ﬁ%%i@a at P age rfg@ r a ls%g% gg )dgcreasmg maximum

fERAYRRE YachRvéd Wﬂhai%@fd:bsﬂg 50\"\105}1@&0%%0&;&9 Tiie PB4517 response is
anot her aspect of this invention, the polyner of

ediffpreshdrany thaghefr thet resing eprepared, agenrdingr tonthek piesenttinggsgion, as
ftﬁrg{ mg ? eed fromabout 3 to about 8 25 in/side.

A fil ot her aspect, the polyner neck-in at 900

ft/mn line speed is fromabout 3 to about 6 in/side,

and i n anot her aspect, the polyner neck-in at 900

f R¢ség Rropert#¢s speed is fromabout 3 to about 4.5

| /i dgy LinfRalde f AYE Vodeibled MRclosed h
pol yrregno% e qaf‘%‘nefﬁggc %\brlgsét%g?%ed ‘\t{) éél})ﬁbeitrucgrse erein
heradidps & finthee deetcnﬁﬁﬂn bbvhb resaxpnopsntmm of ﬂntsanwrmmna@dbﬂows

500 to, about, 2000, 30 . .anot her th

ext r udBracRerdangs; with Bli’ee § H?WP“%‘}«?&BB@ Sinet 3feéh¥l§ne of the
é @n?k?%t@lQQ:aﬁ %ea@ﬁ%ctéﬁg@ 9S4 m@h thdeR f%ﬂa'dboﬂtngttb &bout 30
aspec

the extruder head pressure at 200 Ib
eg/tinisd dq:nsrtatfmnn sbéut 8h kibieLaborn® 9¢H ghipvue fM’O@Ctp@thﬂ guergy Ea

pﬁ??s/‘:v%ﬁ'lpl ube> %?12[;46561 E‘g hap%lg{?les ?rél ﬁ@%& gn Yext r u rabout 3o

NE8cRK 150ad4, éﬁrorﬂ QBolithI 0 toeatlotit! $1500 kigahsl; ﬁmnabmiar%ight from
to about 120 anps. I n anqgther aspe

T th d
nehoyt 70oacabent 200 kepnek asdta number Pﬁ@@né.@aferi( g#%@%wer 1,000
9 rbh, SRR L%E’é’/lgéq’ g@g?at%g frgJPhatﬂIﬁ?tdt?I tPASRGR0.3 . Cthe M,

ruder r extrusion rate is
f mracalaowélgﬁﬂrmge abshout 900 ongkeut 1,000 kg/mol.

In accordance with another aspect of this invention, the polymer of ethylene of

the present invention can be characterized by melt index from about 5 to about 20
g/min; a density from about 0.915 to about 0.935 g/cmg; a flow activation energy E,
from about 37 to about 43 kJ/mol; a polydispersity index (M,/M,) from about 4 to
about 12; a M, from about 400 to about 1,200 kg/mol; a M,, molecular weight from
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In yet a further aspect of this invention, the polyner

of ethylene is <characterized by an El nendorf MD tear

resi stance greater than or equal to about 2.1

g/I'b/ream In another aspect, the El nmendorf TD tear
resistance is greater than or equal to about 2 9

g/l b/ream 10 | n anot her spect of t he
ﬁ@p%ﬁé? i battn 1 ke/mal: and sEdosy s per 1,000
ﬁt atSh§ 18BN B0k &tBﬁa@) %nﬁ%@t oLe2 ﬁb%ﬂut@ I316n the M,

g ream ‘In yet another aspect of this invention,
tﬂaﬁe@dmmghtaﬁngtﬂtmhahwu 190 tg hlamidt()@ﬂlkgér!oiby a bur st

adhesi.on stren han_or ut

In yetl acfcﬁﬁdtaﬂ @p%@‘i agpt ’hlagpeckyg%ﬁ o'ﬁwe'? th 3’ é@m er of
Céfthﬁéﬂkydﬁﬁ@?ﬂe&nt Invefiliod aat 18 dhaRdtdRived by thdllaﬁ‘aliex from about 7 to
initiation tenperature at which hot tack strength of

HoR515 ghmiot pakgtity fremcbont B966 tQ)ﬁb(M%%l%%(ﬁmora Hgwactivation

to about .110 naot her

<ReBo B Depb Pl LR «SRPAEN: o pOBuispely Bt (/M from
1d¥odbs rtmabeﬁtengtde Srongl @uehtafDddtoi aﬂ)olueSSOf)Hégtfmol' aebfyaholecular
to about 120C._In st|II g;urth ect (i Q:js.

i Weishi fram ab(@qﬁéory@ppqﬂgr 39k beré)@ ong Chain Branches per

fﬂ@é@&&rﬁéd ét%ﬁu sQY .1 ot d ?ﬁ@j fréﬁlfa%a{ b.091t6@b&iit 0.18, in the

tHan" or “equa t'o about hese results
i M), usdlecalae Weh@tsqnmifemn sbait 10@90 almum,ﬁﬂo ketadll ocene
catal ysts

different he| r cul a
o chi 1Bct Br08 APPEHaRdBEsoRpe o erpf ety § characterized
r%ﬁ Egptgﬁ?er%ﬁﬁ 9 HBBOE AR BEd Sidedt ik aBI)utCSJtB/QEUdt (Xnﬂ;l/s1de In
esins in extrusion coat i ng appl i cati ons.

Deother mmnts thelnolmetateck-tn a8 fi/mémling spsed issomgboytey ﬁ%ﬁbout 6

e cag ot AR e At BBl B AL RPREHEGR pecd i

a@&n@gﬁmmtabouﬂmpﬁpgﬂat ed herein by reference
conflicts wth the definition or usage prov

her ei nln & AuthgepIneet Q’fotﬁlsdm%@@eﬂﬁrlﬁ\ﬁfa@boﬁﬁt‘gg% is characterized
nt E%FW%%%? hEl PariRl '} rII‘1E3 (e RSPS %{j 5 ee! dt(POZ{TFaZH{ns frequency

onpr|S|ng ne an copol yner's

eﬁ&ﬁl £oat aodtoammh 6000! Bf nbtherCaspocioiirs polhinies, Rédoeerable Shear
term 67 o "a polynmer of ethylene" is used herein to

rEﬁIemeﬁeox B&8 r(RsSBargqobqq/?féa@,d 643 redip fleguancy is Gpmeatiopt &hto about
al ef onMmono

mg@gﬂ 1n t@eﬁez},sge gEg'le C]gq%%nlen%{regévg?el Sﬂgﬁdl’ﬁgﬁl@dep x 1E3

SHyRf 19@411: End® 09 RERYs ﬂécﬁ&h@ﬁﬁd‘roxﬂ gbRitn75 50 At 460.M
"cocatalyst" is generally used herein to refer to_the

or ganoll ywt ranether aspect of this invention, the polymer of ethylene is

characterized by a polymer neck-in at 900 ft/min line speed from about 3 to about 8

in/side. In still another aspect, the polymer neck-in at 900 ft/min line speed is from

about 3 to about 6 in/side, and in another aspect, the polymer neck-in at 900 ft/min

line speed is from about 3 to about 4.5 in/side.

In another aspect of this invention, the polymer of ethylene is characterized by

an extruder head pressure at 200 1b/hr extrusion rate from about 500 to about 2000

psi. In another aspect, the extruder head pressure at 200 Ib/hr extrusion rate is from

about 600 to about 1500 psi, and in still another aspect, the extruder head pressure at

200 Ib/hr extrusion rate is from about 700 to about 1300 psi.
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conmpounds that may constitute one conponent of the
catal yst conposition, but also refers to the optiona
conmponents of the catal yst conposition including, but
not limted to, alum noxanes, organoboron conpounds,
or ganozi nc conpounds, or ionizing ionic conpounds, as

di scl gsed. _herein. The ter pcat al yst y be used. 1 .
regar 311 e_%t‘sl i %E‘Iﬁnléeraﬁstpﬁ%\tl OE] ut?fbst i“bvﬁn%‘?mt ﬁg PRSE ngf 88‘3’16“6 18
MYrabRAMELH alRehr@ltr HBibYl0allat 860 1e SARBIRUIEteBYmM about 40 to

operate. In one aspect, the termcocatalyst is used to
dibeuti I2§uingis. tthanotberaspentrihe extrudee mosardpadsat 200b/bs pxtrusien rate

1 R et vt BB FRF GG R0 GEGRBSE RIREE i e motor

dodd 41200 Mh/K eNtisin ratkds Famalbyet 60CEEPONMIN fnfshat are
contacted for a first period of tine prior to the

first Innysit ar &rther rgpetent (thist sranton plist pelNMsE  ¥gethyfene is
IS .

IFREERA DY ERbei@hEME lcar SRTRARE Mrcund 1in 8 fual (g gbout 2.1
Ry idfredth At &xbtiterabpece tkeBlamdndest TD teaxtesistanod is greater than or equal
netallocenﬁdconpound (first, second, or both), olefin
r?_%ﬁ%‘ﬂ%rz;g gHireamyanoal uni num conpound, before this

m xt urg ahéthgloansgé’&to?@ﬁ@ thvéhiidh tﬂ&epcﬁi}}ﬁleil Sdthyledd 8@h&dcterized by

solid oxide a optional I'y additiona or ganoal um num
adigeocerdmpadtistength gemton theaotar ¢qual s sbaus 84 10 gipaeamt s

that gre wused.to contac ach other, but prior t .
cont adl; Ag BHEHED BBRNEY T (RErLgtn i P! of° cthylene is

RAGFACRALSLS S bilfsiidheSion A&t ERalel thah bk Squal WeitduoA5¥5RY
occasi onal 'y di stinguish between a conponent used to )
pr eparls véte apfusthent aspeetd ofri thisu inveatien.t gt Pelymssnehetipene is

.h i .
S4B LI Bk AEARG L i AR gy o

Ahmcihgbtie devel@ped odlessitiunorequado aboutdn 0%C.i In amther aspect, the
contacted with the netall ocene and the ol

f] )
rhoh arkr initiaglon gaperatueg alywhishr ntdnck streagth of /25 mm strength is
i i sodcor mul ati on, or
gc{e%lgts‘gdr% E?S:g?r?n‘{ﬁ{(ﬁghg@g?laﬁ%{?q%?%noal um num conpound
used tla ptileparferthdre agpeec @fit thit eovemtint,uthe. polymdri of ethylene is

case, the precontacted 30 ofgangal unm num c un .
SBambiruAe DL ouatoricwal deenglrrae g Beauarapont . torin.
OF ganOPTydIHR ARFRAY ARe E)gﬁlﬁsesi’ﬁﬁ' USRS with rRétaNGdege Chdlysts that,

precontacted mxture. 68°0 Simlarly, the term
"wlaib diffateat inetlitir moleawlar architgsturpstae cempated o 88CEDBE. ean closely

SRR oS R s SORRRRE H2BDER i i i

cafhg ipitichticds. whi ch is the "precontacted” or first

m xture of catal yst conponents that were contacted

for a first period of tine. Typically, the term

" . acted" mxture 5 is used herein to describe
tlgée*ﬁ%ﬂ?(%re of first netall ocene conpound, first

met al | laeede tc anpolesk]y défixfd the tkomemsed hayeigathe dbliowing mefinitions

conpound, d chemicall - .
argrf)roviged. aPo the extent tLatyany definition or usage provided by any document

incorporated herein by reference conflicts with the definition or usage provided
herein, the definition or usage provided herein controls.
The term “polymer” is used herein to mean homopolymers comprising

ethylene and copolymers of ethylene and another olefinic comonomer. Thus, the term
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treated solid oxide, forned fromcontacting the
precontacted m xture of a portion of these conponents
wi th any additional conponents added to make up the
postcontacted mixture. Cenerally, the additiona
conmponent added to make up the 10 postcontacted

mxture is the chemc IIy treated so]id oxide,

o ptPobRgr|of efyiene] s Eeréﬁl @rfﬁ’tﬁﬁghbq} ﬂ’ﬁﬂ?@%ﬁ?ﬁb‘tﬁﬁ‘g cppelymers
n%h?@néj'aflfi &n® Bfeﬁﬁlfco BhOfom&’ I PR Ms A Qﬁé@%‘éfé@n to mean

use 0 prepare the precontacted mixture, as described

Heneipolynfrs andi coflojymersi of any erthéropolymyriaihle monomer disclosed
casionally distingui sh between a conponent used to

3F§B %re the postcontacted m xture and that conponent

af t er tiR8ernd ScdBatalyst &is paserBRP Bsdd RPN eSirefdhe tlﬁ@éﬂglanoalummum
net al | ocene descri bes a conpound corrﬁq)l sing two '

n

cppmp@amksatha%my copidute jogare@mponent o t P%@lwteconma%lon but also
Ioc of t hi n

brl %(s??%?i& %ré 9 pé)Hfl S to);‘gtégl Lok %é?croﬁlgggiltlgg gﬂcludmg, but not

VAigit&@l o, htimihdfemey,C baahkbdton nydmptﬁmtls obgzahedihel d®mpounds, or

cyclopentadlenyl Ilgands i ndenyl gands

20
FIPBBIENPRIO SRS, fcdieHgsed) Regein; 5 QTR Cqsarlyshmay be used

g'cﬂ'ﬁ?sf ﬁf He §%Qfﬁ B#io%d file! ddipoiad or%%aéiéh@&?’ rdchanism by
any o 0SSl

ese. e substituents on thnese Ilgan S
i wilsich dbe hynipogm mayt dperaté.orla ¢teeaspests theptarmncocatalyst is used to
d§UbStl ed derivati

e sbehharpeneR, of Gk, FARLA FPRRULOL Jot 46 TR and sccond

AL 0L AGMAE GoMpsings, tetrahydrofluorenyl,
oct ahydrof l uorenyl, partially saturat ed i ndenyl ,

par ti aThqxtegat“pmmtdctﬁd’Uowéngﬂ is uped bersi fot dﬁﬁ@d?e a first mixture of

3&}“3 flﬂ‘g? %@lare gﬁgtg&teﬁ ef%fj gsil' 115{ kﬁ%ﬁ(gdoﬁgﬁlgrg H‘lé’l‘ to the first

tlhﬁ(tlﬁ@t Bélhg)C@JéQ toS foih ed r‘@dstt:@nt&l:t&’m Yor as}:cbllite mixture of catalyst
"catalyst", in nuch the sane way the,t

"qowRnanty sthat jase (eomtactedr &omn 2y ée‘ioéfleperf%i tolﬁ etime.  Typically, the
C%@@Jﬁ?@cké&?nﬂ&ﬁ@cc Qq ‘mi Iﬂ?‘ to?'hﬁgf’all g@ﬁfﬂé&ﬁﬁound first, second or

wposI 1 on, ure, 0 not
Jbthle pslefin uﬁﬁmmﬁdrs aadt mrghnqalmﬂmum oémpdmmdt; dwmdarie othisofmixture is
the conponents of the mxture ature of.th

» Lne .-
akomntagtedc it Fccgfin@lgal[g’o rirg fsgig gxide,and| optionglly additional
6}% c%llﬁfﬁﬁlu { BSmpdundl  THEL 3ikQeRMABaORRY s chiponents that are

net al | ocene conmpound, any ol efi n nmononer used
6@ed tbacoptaspaadch athpr, ém@mnactted;omagmug the eompanents in the second,

ool e argoringds B B JR bRaRSub iy Bfoguish

C@étﬁ’kéiﬁ b comfipdhent Qsecﬁﬂ)dpﬂébﬁ'e | th& pro¥eitattdd mideurd ehd that component
het er ogeneous conpositions and honpbgenous

caftgsdbg midgnee has bree PICG?PWFI Mﬁﬁ@ﬁplﬁwec‘)}’déngf@e@lst dpscription, it is
Eﬁos%flbsé/ %og ttﬁ‘%{ gfﬁ%ﬁ@téagg ol} ﬁl?ll'r' ﬁ%ﬂrﬁ %mipg LLnQ? €@ mtacted with
afhlks emuthlloceirchriahk elefin, monomer to have reacted to form at least one different
chemical compound, formulation, or structure from the distinct organoaluminum
compound used to prepare the precontacted mixture. In this case, the precontacted
organoaluminum compound or component is described as comprising an

organoaluminum compound that was used to prepare the precontacted mixture.
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cycl oal kadi enyl, al kynyl, aral kyl, aral kenyl,

aral kynyl, and the |ike, and includes al

substituted, unsubstituted, branched, |inear,

het er oat om substituted derivatives thereof. 10 The

terms chemcally treated solid oxide, solid oxide
activator-support, acidic actiyvator-support, )

act i v&timilady,fheterm “ppeteqraarted| mintusg isused gﬁﬁ&}ﬁd!,%f&be a second

si .l Y I ] '

S LS or A 28 Sy SRR o i, nd nc
ROhGRLEN of WhidhNs ehdTipbédoatabedl or ficdt dhirtucr ofRratadyst temiponents that
aci di ¢ behavi or, and. which h .been treated with an, .
avase cPRiActad a5 i) P@}%mﬂfxplqa‘j t thgtprn apps{}',qp{%ﬁt,eﬁ" mixture
309,900 GibkelO th Sa&sRtiGd NRE- mT)lhﬁree o€ CHifsP el Getind Wedifipound, first

conponenf I's typica %y an el ectron- withdraw ng anion
anetaldeceno ogpopothd, Jlefis manbmet leganoaluimyinum sampaunsh ppdichemically

oxi de cqnpound co i ses the cal ci ned. contac r .
esigl sol s s pattng i R R BBl ibtion of
QREseC BRI AT 8N NEHdERdRAD &ﬂgﬁ(ﬁfénféo AE@&iNco make up the
Typically, the chemcally treated solid oxide
qostsontected anixiuses tGenarally othiezaddifional remponsst pédegytogmakgup the
conpound. .The . .ternus,su f. r..act | g o] g t
T Cotde g iE, B RGBT R4 VEHE RAD RAU ofiRally may
tihEld€ 0 aRORREdnoshaiihen nalonpeusd nsie’ ustnas oandiffesertt from the
conponent, of the catal yst conposition. The term hot .
toreRncantingm; enRouAs Ased th BIEPRE e IFRORtASisNRIYE, s, described
t ra i .G | B Getween a
JRR b aingly, M pllotnnly i BRHonilR, SR
regponest wiet eo wirspare trer pastoontastedrwixtetiand ghatheomponent after the
used h%reHl, incl%ge, but not limted to: Ind, .
| &G has peaR PreRdiethr enyl ; Cp, cycl opent adi enyl ; C2,
et hyl . i - ibes oRut oufiPAcomprising two 1’-
Fluors o, Sn, GnagHeR ﬁa;d%"é’?f dheantpou y-treated "
sejclahliadictigl-tyAk t ligrmdh ianvhemetdlonds. d&bugethe methllocenes of this
materials simlar, orsequivalent to t:]ose 30 des&{i ed
h

niaventioncars teelzed bistn nexcirpepiadicny ciepe hiepady Gompagpds peherein the
i nwvention...th Lcal. h dewui ial g

FSRARRAL ML B AR AR AR s
NBidreRyldigahdy, ahd thdy ke, otuding pirddlly eatafaredoyt subsifteted e vatives
for the purpose of descrj bi ng and di s¢l osi.ng,, f.or, . hvd

etarnglags of feay ob asse-u & ossiblR FUbSEYETIOR @&F%Qg%ﬁétm%hl%é ydrogen,
ARS8 GroRGH. H&c%iﬁﬁ?rﬁggﬁgktﬁﬁ{eﬂ Sivatifs GherBd 8 11§ ieRtord Fomprises

connection w resently described invention. The
ppertialiyat isamtell stigasisd saivhveas &chydroidghdut tetrabydesiuorenyl,

are provided sol el or thejr, disclosure.prior,t h

f PEHRY éh‘_béi‘loéenygf R l[B'r e ?teﬁpdv<?e@§_[3i é’ﬁ%l%t hsl"ﬂ%ué&%e(E fruorenyl,
h&felifhid SpdrRalBe sfaRRdd hhﬁé‘ncfl,s s@ddtiaied partiany tshatatédr@uorenyl, and
inventors are not entitled to antedate such disclogure .
biheiket Ue sofmepontektsj theanetaldgeene is referred to simply as the “catalyst”, in

much the same way the term “cocatalyst” is used herein to refer to the

organoaluminum compound.

The terms “catalyst composition,” “catalyst mixture,” and the like do not
depend upon the actual product of the reaction of the components of the mixtures, the
nature of the active catalytic site, or the fate of the aluminum cocatalyst, the first

metallocene compound, the second metallocene compound, any olefin monomer used
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For any particul ar conpound di scl osed herein, any

general structure presented also enconpasses all
conformational isoners, regioisonmers, and

stereoisonmers that 10 may arise froma particul ar set

of substituents. The general structure al so

enconpasses all nti.oners, astereo

3P PIEBHTS | & Qierostasdiy FURWF O e croneRe ahoal Bide afier
f BIBRnin@ $hid8! donBonBheX ! UTRSefBle, ShE kGRIsSOMMYS. ccﬂﬁpdsi‘ﬁﬁ)n catalyst
context™ requires. The present invention 1s further
ithixtise,ratidbie bie tag ifdidobith detsreaepeas, cogjpogitions) Hdghqnogenous
not to, .be construed in any way as inposing limtations
F9BWOBIRN cope thereof. On the contrary, it is to be

cl ear I'pheURfR bl @RdartbhErt is es® kd sp&iffytkehj?c&dcdrbon/ gadicali group that
other aspects, enbodi nments, nodifications,

nd
dnelides ebitts s met elirnitoghi toh aryhf @iyl exelpalkyk h%lkenyl cycloalkenyl,

gcsgféﬁg(rédlegﬂi, Fﬁ(yg}(]ln% %ﬂﬁ@{%ﬁl {aﬁ&@i% g}ﬂt& ﬁ}rl]ég fi ?orh?lndQEcludes all

Sd&bﬂt[ttlteﬂf Unebspinesdn lbramh&ht liagarprhetéreatemo pabstituteti e derivatives
appended clainms. 20 In the follow ng exanples, unless
dherepfhi se specified, the syntheses and preparations

descr i’ﬁf@tehﬁ@& nﬂcéﬂ@r BeftA SRR soH8Xid@Bctiva€drisupport, acidic

at nosphere suc nitrogen and/ dr argon. Solvents
vmneatpﬂmquastedadtwaﬂmr-swpmu; ciredted osnlide ©xided opgpeund, or Slm}ﬂ)’

LB L B 6 B8 R i of e
SAbh pERDsity? WHEH\GRbitsThewis WA dPBrondted adidid shaviet, and whlch has

DeRAsity MBIt index (M) was neasured accordjng tqo ASTM
Dheen 3@ ateGowith an gk;clmor(-wbdra@mggc%pcpgg}lt tyriead vt qn aan, and which

i

Ghﬂlicﬂﬁﬁrﬁfgi &aibh oddule! t@hpamap! éﬂluwethe cloommicabs itreated solid oxide
nol ded at 182 C for a total of three mi_nut

seomposgd wearaprises dhe calengde cpntget Rroductof \ 2t f}:apto\gpe solid oxide
péq%?oﬁo%ﬁ il at 908t ?ﬂg Qé&x%n%ﬁh&rgﬁ%g%m%h%é ctoﬁlp%uﬁﬂ g'hyplcally,

Fessure an addi ti two m nut es.
nihk dﬁdnﬁ:ahja trestedsold bkiee cqngmstseat least anc mmm(lg,wrdw sohd oxide

t t
m%"r%éﬁg%iée oG T REIDR AT IBOT G PRbAFRhIE dply these

bfils! #81ineA; arlBhis- &dh dﬁélﬁ:n{ 10841d osdti bd @bastiied@Abn inert

urenents were performed on a Rheonetrics
Smrwmeﬁmfthft mﬂyﬂ@@mﬁ@onet er using parallel-plate

geomet e %rmahot tack initiation temperatures is defined herein as the temperature
at which 1N/25 mm strength is developed.

Unless specified otherwise, or unless the context requires otherwise, certain
abbreviations that are used herein, include, but not limited to: Ind, indenyl; Flu,
fluorenyl; Cp, cyclopentadienyl; C2, ethylene; C6, 1-hexene; iC4, isobutane; FSA,
fluorided silica-alumina; CTSO, chemically-treated solid oxide.

Although any methods, devices, and materials similar or equivalent to those
described herein can be used in the practice or testing of the invention, the typical

methods, devices and materials are herein described.
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10 tenperature of 190 C. The test chanber of the
rheoneter was bl anketed in nitrogen in order to

m ni m ze pol ynmer degradati on. The rheoneter was
preheated to the test tenperature of the study. Upon
sanpl e | oading and after oven thermal equilibration,

t he spe S yvere squeezed bet we the plates to .
16 okl PORHUETS i BHE o eRRoneq et iHfraReorherigg derein by

Of feBerfde TorHE E@%E@Mcﬂﬁﬁé‘@ﬁf‘dﬂéﬂ@mﬁ% T6r é)ﬁ&p?@@% Sn¥@cts and

15 inserted ween the plates and the tine
fm@q@icgaeswwpal(eodexenbﬁb in alde spuhhastlorst a’vlndd mfghe be used in

gge Fic Vllah{l)\se %/ eflﬁ%szscgﬁfié%ﬁati - ﬁtébglc?%(}lg cflscussed above

%ﬂ&ﬂ@hgﬁo@@ﬁd RAtlarY peeidded $oYoly Eothéir dRklos@eriok @ the filing date
obtain "the CY paraneters viz. zero shear viscosity, -

rafdhe presend @pplidation.c Noghing hetcbmistte he constugd ag gy a@neal&tl fthat the

R f

R U e

f ound Fot aGy partidublp eomposhd-liktlodetiharedn, arh goheralttuaturd fresented

321 (1989) and C. A. Hieber and H H, .Chi ang c{:ol m

ekt ergompasges ajlsqonfamppsipnalisprersy re%?%ﬁf&r@* éﬁgﬁomers that

'ﬂﬁ%ﬁﬂ&% afGH BY phRicERENGE Qe Ebdinidhtd NeThe eégnbfa?t étﬁéture also
activati on energies (Ea) were deternined f

s&mempwesnsll kﬂpa;ﬁmrﬁcrs,nﬂuagetepmrst anﬂmt@rmmlcai 1somers whether in

sup osition of,dynamc frl uenc%(lé Mga obt.ai ned at text
O, O AgERYIC KM, S, WEIRES B UHEPISPIAR ghive contex

e}@ tE}eetserm ned by Light Scattering Ml ecul ar wei ght

dat a were determ ned usi SEC- MALS, whi ch conbi nes
t he metleoprssent lrswen@orewcﬁmtglcbdlueﬁatedrem@? fodleyvipgsegmples, which

with multi-angl ght
o b s8R 1h B A5 Pty iohe I807 Ty pe thoreor
30n TieclonthBg ¥t is 0 bE aleBay bﬁ&ﬁ‘sto@&\)ha\t\m()ﬂtrﬁ@d%éﬂad 03 \amous other
PL-210 SEC system (Pol ynmer Labs, ;? Vﬂte

@?PW‘%@&’%%%“{ quﬁ%?aéwnw CARYRIGHS W%sﬂ%@? reading the

lt %eg&%%g%?ém | Ing y s t%{:}ﬁ%rl%s thRifie %"[1 ﬁ?@ffllaitnutflg aftSwithout

erenti al ractive
i ctuzbemn@[ﬁRln) thtesparittod |the(ﬂréfen@nvewtiomorﬁh@wopabéﬂselppendgd claims.

t.he e
1 2, 4 ][ﬂrmf’@n%(ﬁkom fé'ﬁgp ET'CB&CSSWQ@"E@V]HT éaeqlﬁe%u@ﬁ syntheses and

ﬁfﬁ’atuﬁxs %é%ﬁ%dsﬁgrelmerez QaﬂﬁeMdﬁ@ Ginderlan ﬁ{blrﬂﬁmﬁ)sphere such as
(Po mer Labs). et hyl ene (PE) solutions with

cmtrogem: amk’(prcmgomf So vems W@'rmpurch@qgé rfeny gommegcan}pq;(@gces and were

VS gﬁ)@ ﬁﬁ%fgp{l%r t hul gg %sgjrogge{%gﬁ SPC 1io éde gla%[s{l]tg were obtalned from

Camaderelal baméed at 145 C. For polynmers of hi gher
nol ecul ar wei ght, |onger heating tinmes were necessary
in order to obtain true honpgeneous solutions. In

ageNE ’ff]g SPORETH a concentration chromatogram
sevent een T'ight-scattering chronatograns at different

amghé&kmemdlhhﬁgz acquired for each injection using
Yatt’ S 1n ex (Iv]I) %V%fs tmve\%guered ééco? 1?1& toCRrS‘HW b(-)%ﬁ? Eloﬁdition F (190
°C, 2.16 kg). Density was measured using density gradient columns in accordance

with ASTM D-1505.
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10 slice, both the absolute nol ecul ar weight (M and
root nmean square (RVS) radius of gyration (Rg) were
obtai ned froma Debye plot's intercept and sl op,

respectively. Methods for this process are detail ed
in Watt, P.J., Anal. Chico. Acta, 272, 1 (1993),

which is hereb i ncarporated herein by reference in
|M§”§h€‘?19%’€§l Cg?‘]’i@"fff’”%’é’ﬂ PE control enployed was a

|1 nearpej Qs!mgﬁﬁsdvé% wngﬁgssMﬁDM&éﬂeﬁpﬂkf"‘@ $&TR! Btal of three

(Chevron 15 P m cal Co.). The wei ght average
moinas! aThevsargples (VMN) allowad do mele aage'elanm:lgdgwapressure for one

aver age Iec L ar wei gh \Y4
it i o, GBS RO B R m ot o P Bty mimutes.
fTriRMhblaks sslapies werdhéd qud@m&?mtae@bld (to¥rtefp&ratul Pr€&S. 2 mm x
The Zi nm St ockmayer approach was used to determne the

AfotinumodiameRr i disksywers: Riampad 1| ginthesmolded cdatseforvieglogical
aSU{es M and Rg at each slice of a chromatogram

S5 5‘%%6u$|y, the branching indices, gm as a

f unct i $1ialPbtrdth cQoby mlllaﬂ@?eﬂﬁﬁaﬂeﬁbaaﬁreﬁﬁﬁh wkieC performed on a

directly by determining the ratio of the n. square
Rghegmetiigsa %lﬁ%ﬁwnec %e%s wBeQmigAEr BFIE  eAlel Bl ke gegmetry at a

t o h
tﬁ/ﬁ%péﬁ%gﬁﬁ gg lﬁ.l % erg‘ﬂ?ﬁ% su ésITgl r élgtetg} wr§§ glaﬁketé&}n nitrogen
rlﬁmréa-etntmimmrze tpetynsandicgiadetdon. pGhy rﬂmometﬂremsqneheatﬂdw) the test

At a Iq\geeggg% b‘}é ﬁg‘ﬁﬁ%&?@ ?q@ﬂ%gw% a%?r Ofm%ﬁg’ag quﬂlbratlon

etﬂb‘ %écﬂﬁensi’?&%qﬁd&z&ﬂ&@@vb&ﬂh@ Pl LHehm BHigeREEsnd the excess
were assunmed to be trifunctional, or Y-shaped. 73 0 6

Jwds (rzmm:eé 14 total (@@vaw@tes(@awp%bpw@p thgl\nmgahse sample was

B3W B3w =2 3
UFRRRG A e gy Gl R (018 o) was
¥ _ i
T i
stsingethe ThedifigBthiee paramgter &arla@ua@swwwremupalrmodel to obtain
di stributi
oo 35X plnirr i Sl epaTisteSty i SBarabigH Ry slaxation time — 5

hayeyeidih ?)Qﬁnfe%?td DR IsQUT tRE sipARARGEAnd it aBYS of these three
radi us gyration (Rd was first corrected before

eppranétorssmay be, fognduan C.4p dlicleet dngr HilheChiang, Rheol. Acta 28, 321
(1989) and C.A. Hieber and H.H. Chiang, Polym. Eng. Sci., 32, 931 (1992), both of

which are hereby incorporated by reference herein in their entireties. Flow activation

energies (Ea) were determined for some resins by performing time-temperature

superposition of dynamic frequency data obtained at 150 °C, 190 °C and 230 °C.

Absolute Molecular Weight as Determined by Light Scattering

Molecular weight data were determined using SEC-MALS, which combines
the methods of size exclusion chromatography (SEC) with multi-angle light scattering
(MALS) detection. A DAWN EOS 18-angle light scattering photometer (Wyatt
Technology, Santa Barbara, CA) was attached to a PL-210 SEC system (Polymer
Labs, UK) or a Waters 150 CV Plus system (Milford, MA) through a hot transfer line,

thermally controlled at the same temperature as the SEC columns and its differential
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determ nation of LCB in the copolyner. 10 Wth a known

SCB distribution across the MAD for the copol yner,

(d(SCB)) the SCB correction factor across the entire

MAD of the copolynmer was d(MAN thus be obtained,

usi ng equation 4: d(AgM d(SCB) * d(Agm (4) d(MN

d(MAN d(SCB) The LCB profiles and | evels were

deﬁrmtm nmbbxb@mmdﬁwgtor WSSt £ dlove eate satting pf Bdtmigpin, the

co t th 1 f
iRt e il Bent kR’ b SRR o 5 fam x 300
‘%ﬁ’fﬁt Q@z.m{ Mixdd A-IIC&dINSnIERIAREUDESR).t PoljethyRae SPEEsohaidas with

equal to 10.9 SCB/ 1000 carbons Extrusion Coat i

n
Eeatanttiiiomsof2d . Extg/mk) (b&penchagwngsampkdsuweneqngpafr@? att I§@ °C for 4

resins _of this_inyenti te. erforned .on a
awﬁf%waeaat&@fegeéﬁé%%hﬁe Bp Al gfihg 163 cigmss! gpiyd at 145
rIH)? %ﬂm‘?é??g)f Highéﬂ Iﬂ@lecula_mallghﬂ ﬁﬁlg}é@ﬁeaﬁﬁg ‘i’irde@ v@re fecessary in
nonol ayer con ration and s equl pped With a
ididdr to Dbtuin aué homegmeomolmbrﬂs LIﬁ Bdéitibn dal e¢qun¢1hg)e r:ewentratlon
vari abl e geonetry f.eedbl ock, 40-
PO gt e RTaIebn Rk eaeT e ot o rapgect AL ghEios were also

'd& B W%a&ﬁﬁﬁcﬁ&{ u$iRg W&%ﬂeﬁkb&@ sbfdre. HiRabiEhirdfafographic

metering zones, pipes, feedblock, and die were set to
glice, Fboaln thet dbsolotet rpglecmlan weight (¥) sediropt nee segre (RMf) gadius of

:jgrﬁ'%‘\# S’V egﬁlfol %n?e Iﬁ(’%a% rijn%’ty £ éﬁ+l hi's rcéét con%’? oferREgtively.

tMe&édffor lthi§ ProceRead deaded RCWBARER.T), BLE ThHihal L, 2729 (1993),
300 ft/mn to 500 ft/mn to 700 ft/mn t.o 900

fwhigh is, hezehy inprpomeieddiersin by refersper myitsfntirety-n The figsar @5 control
g%%ﬁ?% 2 Kr hHea’PewK Lc%ﬂ b%a MW, ?Sl\xlae@yiehg SampREe @Shevron

ermne 1 en edge tea
EPHilbips iChegdcal Too. ’Fleswmghb&wamgah&ﬂeam&ﬂromaglﬁﬁ#fm,ammw average
kraft paper su rate, which

ST e T N
pdlﬁﬁggu&? g]ﬁﬁﬁ@ 3t\p§re %ﬂﬁ@e@t frofil ﬁm'i_? dﬁﬁe aRARSS prodBhte® iAtvarious

steady-state conditions, in order to produce sanples
Vb ess. the extrudate could be cl eanly renoved fromthe

substrate,for t wei d haze t| n .
Tear a §3 ?83 Elﬂagﬁ;gﬁqgo crmi thg ﬂﬁpe(gf‘; LCBin
V@ﬁyl@i?@%’éfﬁ&r@lc COMmEé REC-MALS Mnbashfed2 MIshd dR A afl h:w:m Glice of a
Al bert Elrendorf tear tester. Spencer inpact

neuematearans SIthvwvhsbz@c INBCASIGES M %%@%n\égon of M could be
Efeﬁ%ﬁg df: t ach S 1@65 El I'é:c’d';J ﬂ)ﬂete%ﬁ’lﬁl%%@ %alﬁ) opﬁ{ehmean square Rg of

E&r Sand
branched molecules to that of linear ones, at the same M, as shown in equation 1:

(k),
_ N 8/pr (1)
M= 2
(Rg )!in
where the subscripts br and /in represent branched and linear polymers, respectively.
At a given gy, the weight-averaged number of LCB per molecule (Bnw) was
computed using Zimm-Stockmayer’s equation, shown in equation 2, where the

branches were assumed to be trifunctional, or Y-shaped.
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Spencer inpact testing were done on the entire
structure (that is, the polyner coated onto paper),
however the results were reported in grans per pound
per ream of 15 polynmer coating only, to account for
the variability in thickness of the paper substrate.
Hot Tack and Heat Seal Testing Hot tack testing was

nmeasur.ed j p,acgon#an Lt R! 921 using a J&B
Hgy = JFE%XE%—‘KJH@& Gty 20 12 measured in @
accorBance\ wilsh ASTM -8By, )20- (Bi, G |a Thel | er Heat
Seal er and an Instron tensioneter. Hot tack testing
B fl@ﬁlﬁél‘l@?_(@@ﬂ}d’_ ySthe Guugnbr of $EBpek 100 IC,tofrthe i sBce was then
second cooling tine, a sealing pressure of 0.5 N m2,
aosipatep sehigheedirdly udidgeyiaiondeat seal testing was
carried out using a 0.5 second dwell tine, 30 psi of
seallCBsesd008* 14B3wAficr oss- head speed of 20 in/min. 25 @)
EXAMPLE 1 General Sources and Properties of the Solid
oticte Mids dhe MW oE e { oslmee pxh@ distribution across the molecular
Cheni.cal lL.y-.Tr i ' ] [
TR AR TEREDy DI o s B H AR for 343 R her.
vol unwoph capelyinet, . hoSeoer, theasvaltribusiun foficemanemerab thdBMS radius
340 nR2/g or KetjfenTM L 95- 30 98% al um na 3nd 2-5%. 4 for th
of | gvEionalfichavas Tst eonestedypelgre squshiops Ag 2andWVeiErd ligd for the
r . | s obtai ned as Davi son grade
gg%ﬂfﬁr}%ﬁw %D@%qgggédﬁg&% a pore volune of about
1. 6 caVigh amdkmoveurSCR edistribatiof ashosst th8OMWDY dor the copolymer,
Si 8 -alumna was 75 O obtained as M513-110 from

age: BEBI dgretBon Mictoreicalst tlad entira MUY 0876 dopolymer was
wWeli(¥H) si | i ca and having a pore volunme of about 1.2

cc/ g and.a surface area of about 350 n2/g. 5 EXAMPLE
huschekblained GHnE LR | ded Al um na |
Acti vaiols 2UEPK§&BEEEE£% af KetjenTM Grade B al um na

was c = ee hours at 600C. After 4)
this cd(MP ng@HEp, 4®EBurnace tenperature was

| t0.ab 40 d it :
o e ainedofareties Sn ReveRoVed AIRA Y HERAE {Sesupption o
Qbrreér fop thd SCBahicat, indMelethai: 1)) elid SABI pibfilet Wss avsirhod enbe flat

stream and evaporated upstreamfrom.the al um na b%d.
Reross gesMMRs and2) the }{sB canteniclyr gl resing, wap, agpumd to be the same

t.her ' um na to chloride the
Sa&?;ﬁgﬁﬁ@%.??ié&/%@%iiﬁ%@gw ded the equivalent to
about 15.5 mmol of chloride ion per gram of dehydrated

alumna. Afte his chloriding treatnent, the
e o (P ARG HVAKUH® white in color. This 15

gﬁlt :c ;%%Ug%g%%gﬁg Besduas fhnthk ResiSRSBhIPRMPEItiohSwérderformed
on a commercial-scale GPC (Guardian Packaging Corporation) extrusion coating line.
This line was used in a monolayer configuration and was equipped with a 4.5 inch
single flite screw, 24:1 L/D extruder, Cloeren variable geometry feedblock, and a 40-
inch Cloeren EBR IV internally deckled die. A die width of 32 inches was used for
the entire study. The extruder metering zones, pipes, feedblock, and die were set to
610 F and the output rate was fixed at 200 lb/hr. The draw distance from die to nip
roll was fixed at 8 inches. The chill roll was matte finish and controlled to 65 F. Line

speed was increased incrementally from 300 ft/min to 500 ft/min to 700 ft/min to 900
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EXAMPLE 3 Preparation of a Fluorided Silica-Al um na
Activator-Support The silica-alumna used to prepare
the fluorided silica-alumna acidic 20
activator-support in this Exanple was obtai ned from
WR Gace as Grade M513- 110, containing 13% al um na,
havi ng a pore volune of ahout 1.2 cc/g and surface

eﬁ/@é\n nd ghatinallygoried Q9. ARSI Ardetp MAE eFriy P ceata
né SO PoedPand {?)Cég)éu?:ﬁghe Yl feRRen bddd t@aﬁ@ﬁ#&ﬁc@ﬁntered The

alnlng amonl um oride 1 n an amount
sruélﬁ iveais ephted ontoouas# Afumd kﬁéfopalxahwbmatghwhwh wasepretreated using

| | nated 25 th
o PG STo8. ek PR ST BED Wt dscupeeshe wagihe fEidate and
fth%’ %{)@e th%'dt Cs?eaaw,{aw émﬁﬂﬂim{seﬁl WRIR t6 hesuuealsampRe vilsere the

0 grans of the alum na were pl aced |n
aexlmaaemwld q@. a:dttanlyt pheovieidt frem thiet ubsirate foreedt weight and haze
di sk at the bottom Wiile the silica was supported on
%%Iﬁrsk dry air was blown up through the disk at
t he Ilnear rate of about 1.6 to 1.8 standard cubic
feet per 30 hour. An electric furnace around the
felaendorf Toer audsSpesest Tmpagtddeqsuecaantie  t enperat ure of

the tyby %‘d Ny ggarr\%semg% u?l%?f)g:i%éqg% TR ¥5-10% Bsihl Rt hwing-

t enperat ur o of |s t enper at ure,
t Alvefti Elhreﬁd@if wasnrnastwasslwlnbcmmwowﬁs meelsuzal fpper ABON D-3420,
three hours in the dr

SPendplum, Impach Resistance )] PZﬁsltlé d %rcg:pgqrggi' eﬁa@rEIH)re§}dorf tear and
ﬁfﬁlga‘qgﬂrp @ﬂ%t@i\vé@%n@”oﬁiﬁé‘ EnBRASHR gl‘i‘attl@ &he polymer coated

at'nmosph Preparati on of fated
Abmm papeﬂ)’,ehqawcﬁﬁk/l the arbsmifis rragre65potted i granig petgpensk pefoream of

t beyond i |ent th a u
ey sh g RarSr S 6 e e pppes pubstace
water. This m xture was then placed in a vacuum oven
and dried overnight at 110C under half an 10

aﬂhﬁﬁpﬁ@wdf&mtS Jeffingnd then calcined in a nuffle
fur nacﬁgﬁa e\%%n%ﬁa% egﬁﬁj atcE%%Qn%ngﬁisggTM? 1%21 usin: ga J&B

hour s (S ac IV& wasS ScCreene

t HooWatk Tdster3OHemsdeab RERGN wad mecasuypy dn tacvardarideewith ASTM F-88
activated in _air at 550C for 6 hours, after which the d
cwung & diheljer Hesi Ssales and an Insirgn tepsionasteyy ddot Ak jesting was carrie

nbﬁtrlgg’l%r]a %@tée!:oﬂﬂs(ﬁgell e E?ﬁl\ég&ﬁd%oo% PEhRl, agBsling pressure of 0.5

Speci reparati ons o Met al | ocenes Cenera
I\/Hfrhma,swﬂ%pamlqumdecpfaﬂwmm/e rHah oald tdsting fwas rmrrgdtm:é using a 0.5

b B0 BRSSO 50 B 20 i
ref erences, including:
EXAMPLE 1
General Sources and Properties of the Solid Oxide Materials Used to Prepare the
Chemically-Treated Solid Oxides
Alumina was obtained as Ketjen™ grade B from Akzo Nobel, having a pore

volume of about 1.78 cc/g and a surface area of about 340 m?/g or KetjenTM L 95-
98% alumina and 2-5% silica having a pore volume of 2.00 cc/g and surface area of
380 m%/g. Silica was obtained as Davison grade 952 from W.R. Grace, having a pore

volume of about 1.6 cc/g and a surface area of about 300 m*/g. Silica-alumina was
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20 U.S. Patent Nos. 4,939,217, 5,191, 132, 5, 210, 352,
5,347,026, 5,399,636, 5,401,817, 5,420,320, 5,436, 305,
5,451, 649, 5,496, 781, 5,498,581, 5,541,272, 5,554,795,
5, 563, 284, 5,565,592, 5,571,880, 5,594,078, 5,631, 203,
5, 631, 335, 5,654,454, 5,668,230, 5,705,579, and

6,509, 427; Koppl, A At, H G J. MI|. Catal A. o
mptrineress, MS33-11Rd5omy R Ry ﬁraos.havmgoﬂé/@lay weyght alynipg gad 87% by

- o .  eby ’
Do o Vi COBTH ) £ i 4902 s of o
Q@s5ganoget . Chem 1998, 562, 153-181; Alt, H G;

Jung, M J. Organonet. Chem 1998, 568, 87-112;

Journal of Organonetallic Chem stry, 1996, 522,

39-54; Wailes, P. C; CoutkaMPRAES P.; Wigold, H

in Organonetallic Chem stry of Titanium Zironium and
Herfepiation okeddidorided MémnivardActiva®rSuppord Cardin, D. J.;

Conver o M ek SRR 0 b IR e o
RigeB8: ARW: hi® %Elcirﬁ?/? Qtep! P fiRREGE fehfpeRiteRMwas 1eMsredltb about

mani pul’'ations involving air-sensitive reagents and )
n0eC ahds a \witregenperdanT wasl initided avier tlogalonbiya bed,refter which 1.0
Schlenk line or dry box technjgues. THE was, distilled
frbrefoe ek fetrachleriNg oY BB eH: ﬂ‘w e AtroscRsiRgnANg evaporated

é@gﬁé@:ﬂg@?@ ﬁ{-‘e} gl:ﬁgli@ieé *rﬁis;%a'@ A cﬁ\k}kéé OfHed itG%he bed and

npany a over activate
ahuf eacted\vlitls the\igtihinaner chlctédtretirfanel Thiyr pabcessdrovided the
nitrogen. Dichl oronethyl phenyl sil ane, zi rcoai ugy%t\a/)d alumina.

ctslubalens togborbyl S dnamel nfthlotidejoppergram pf

fram Al.drigch. and. u salLeceived. . T :
ABER Db RO RE M E e ESULRE alvrmina e pubite, napoloy. This
adiviRe @lxﬁggorf KLU thE QK hnner £ tho shiyzaedalynind] NVR

10 (300 , CDC13, referenced agai nst the peak of

residual CHC13 at 7.24 ppm) or 13C NWMR (75 MHz,
CDC13, referenced at 77.0

Oi fl uorcn-9-yl (et hyl )oct@?m%g‘? BuLi (40 nL, 10 M

| B REXANESof FPRIOPRIRY )S’i%SAMQﬁ&lAdfiﬁmw-Sgpﬁ&tf | uorene
(66.4 g, 400 nmol) dissolved in THE (50 m.) at -78C.

The r et tsilig-atumding esedhisovprepar the dloorided ppkiganglymna acidic
slomy and 15 stirred overnight, .gi Vi ise to
drtwaosgopphin s Expmaleynsotatmed diom Ky Grass e SradeMS 13-

Yd@Edidingi £3%, 0410 Sre ¢88mE® hbdut ThEcc/g and
?g%djrflt@%%ﬁh ogjr%téelﬁgféll}agtr}%rvgﬁgsg%r a period of 4 hourcs,ig e s
Theface akd bhHaboit x00r @’ /gasTlsis imatedalawas Hooridehby rimpoegaation to
over ni ght, quenched wi th water .and extracte

(TBOPIGHL)WEIIERS Wi dnfdution, gentaingg émem%ﬁlfﬂetaﬂugmm?éa iy at amount
S AL 0 R R SRR gt
Vi@aitePial ivdsetheRYdrédd M vacuum oven for 8 hours at 100°C. The thus-
fluorided silica-alumina samples were then calcined as follows. About 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 about 1.6 to 1.8 standard cubic feet per
hour. An electric furnace around the quartz tube was used to increase the

temperature of the tube at the rate of about 400°C per hour to a final temperature
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chromat ography on silica gel with 5-10% (V/V) CH2C12
in heptane. Pure product (46 g, 47%yield) was
obtained as a yellow solid. "H NWR (300 MHz, CDCl13) S
7.88 (d, J=7.8 Hz, 4H), 7.22 -7.48 (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 NWR (75 o
cbebgyt %SOfﬁs Atghisgemparstuge, the sdicaqluming was ai@z*ggzits [fluidize for

126, . .

38Byptred Ryt "Gy ffergfrd JRE syl dyod dflcted and
oré@ unddr &9 nitrdgeh?and was used without exposure to the atmosphere.

Met hyl oct yl si | yl%i s(r15-fluoren-9-yl)zirconiunlV)

di chloride. Difluoren-9 yl (nethyl)octylsilane (4.25 g,

8.7 mmol ) was dissol ved i f anhydrous Et20

and cool ed to -78C under E?(?@{I)%%%Q n-BuLi (7 nL, 2.5 M

| PreperadiorR of Sillfatéd Mamdina 30 was added dropwi se to the
l'igand solytion. The resulting m xture _vvaigvvar ned to
r oom tievtjsar al alamingd633 v WeingresnatcgHp jugbeyeny ippiptent yetness

_ eol Ui . " _
Gl e TSRO, P S, i
GnRV@E waf Shed iRl 0 b WadRiny ovéh dfidririedl@ermégilat 1 10JC under half an

m xture was warnmed to roomtenperature and stirred
saesphgre of yopnmgand den wcalcimed ip s wulllesBupase ot 30§He for 3 hours,

j g f P :

S5, 2950 Al 4 g R it s

0 iesh sarodn/efhe fsapport ves GdACkRivenet rinair 4a660°@ foubHoars, after
lid (4.8 g,.84.9%yield). 'HNW 00. VHz, 13

Shichy e chgrply diapiec ol OFide vins SprighwIer ey i e

(m 4H), 2.10-2.20 (m 2H), 1.97-2.10 (m 2H), 1.76

(quintet, J = 7.2 Hz, 2H), 1.65 (s, 3H), 1.30-1.58
(m 8H), 0.92 (t, J= 6.4 BXAMPLES513C NMR (75 Mz,

13). S 130, 59,. 130,34, 128 24. 128 13, 127.75,
%)e%eé ,“"sz"g’?ﬁgf P I%”@"é‘?”sfi%’?zez&,g““?ﬁ%?”é%, 124. 61

(UHRANMREILC) . 64. 77, 33.65, 31.89, 29.43, 29.19,
22.95, 22.65, 18.26, 14.08, 10 0. 3L.
Met hy | Genenlipsenayatiyiesyethasistion Gravpgthy fiystimetalinceng papppounds and

pchlori.d r i st ' .
of S ey sERPD Bt chy 14 TR RRAGES ARSEALS Hhctuding
YU )Sz iPagepn N6BT 4,939,901 118, 1911, 182, 5{R10,359] 6347,026, 5,399,636, 5,401,817,
O oSS e Y B0 Sl 6 sA06178E, LA 51, 53h1 009, 5554795,
?}ﬁﬁ,ﬁlﬁ”ﬂ%&s@b}’ | D55 840>- B,'?s@ﬁ,?ﬁ; ¥4 71 SBON5 ¥n{ BY3, 5,654,454,

I'C ing to Ya

or ’dé”was preparéd  accor ng, Q;
JB66%P30, 5,705,539 ndret 6,504, KBppl 47 Alt, ik Gent ModtGatefA. 2001, 165,

&ﬁ'@%@%kﬁ%ﬁ%}ﬁg;g%@@%@(, rﬁl]}igzgk?,ng.ef'he Chemical Society of
r Afpafr2 862 s YRR L, @2 Jurpa 4., MRRSICL. LN ey ddiicated | Chem. 1998, 562,

rac- Me2Si ( 2-'"Mel'ndY2Zr G 2, rac- Me2Si (3- nPrCp) 2Zr Cl 2
215 RIS AINEA CB); .2 M. ol @r sammietpSiens) W% PS04 & Raslogrnal of

f OB SET Seheh) fidos, 522, 39-54; Wailes, P. C.; Coutts, R. S. P;
Weigold, H. in Organometallic Chemistry of Titanium, Zironium, and Hafnium,

Academic; New York, 1974; and Cardin, D. J.; Lappert, M. F.; and Raston, C. L.;

Chemistry of Organo-Zirconium and -Hafnium Compounds; Halstead Press; New

York, 1986.
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and used as received. EXAMPLE 6 General Description

of the Polynerization Runs in Table 3 25 Al

pol ymeri zation runs were conducted in a one-gallon

(3.785 liter) stainless steel reactor. This reactor

enpl oyed an air-operated stirrer with a three bl aded

propel |l er and was set to operate at 900 rpmfor the
at@ngol| yneri zation run. The reactor was

al so e aﬁ'ﬁgmhﬁtl@nsst ﬁ@{{llvi C l%?lt se‘%ﬁib% Sfbgglarﬁfs | éﬂ?le Snaterials were

leading to turn,
Qﬁffhﬁﬁécbdnd@ Iﬁtmgdnn@y wBihg rSchhadkdn&t @adnyl boxetechIﬁQues THF was

al.l t St [ f
S B E S PN Pk, B
@fu@ﬁé el %bt@ﬁ{ed]fr(‘;ﬂ'x Fl%e'r' %&ﬁ@%@ﬁy Ot stored over activated

ceptlons are stock solutions for 9°0 entries 13
aibamibd. i n Talbl esobvents clwerer edegasspdr eahdas storedy under  nitrogen.

ﬁ'FE]IPF oceﬂ)ﬁnﬁ V&ﬁﬂgg? OL@F%’%@@ (cbﬂ r&% o@?ﬁ])e%%&s) agutylhthzum

f\pdrk QUFchasaSrdrA IALIAEH & Wkd b feceiibar Bi-o@ylaRtiddicklofmilane was
the reactor was through an opened_charge port while

viemehiasegl frampfGelest anshusedrre roegivad.  Predugts jware apalyzad by 'H NMR

TPy MR bR IGEART I Boge OI-ERAEH CRCER Yot ppmy o

INW?SMHEMDEII&EMerlen@dEﬂW 60513)pmf)0| | ovved by both

net al [ ocene stoc t

achi e\klﬂqqéelgﬂa’ﬂ@é‘?gﬂg?%g@’iﬁ;qnn% nggh ggxanes 400
it R3S %‘i gﬂgﬁf}ﬁe 10 ¢18 e Tbs. 494, @ofﬁﬁﬁn%lsﬁweaaiheﬂﬂ? (500

iters o |sobutane backed
oLy agets°Pr cBmuresullifg wekeradde dvarmhe t@ oonne rtcrsperaturm@lowiy and

s e TR, Sk sBh Brac AL Santth. Fis SHREGESa fflisd dropwise

V‘fotr'ﬁ‘etﬁflﬁc@ﬁ?d}ﬂ@rgs@dﬁ@ w4 ef 200 mhﬁ%ﬁiﬁGIHF {50usEY¥lat rdoimBedperature
ow unit”all owed the pressure to UICk|¥ clinb to

vmtehlanp@ﬁ)d pis# hoturs. hdhgassulténg mixfups was gHeed g rem Jogperature

the snpoth t on of eath e

peprPRe sl ol SIS MR N d 60 B The organic
daldreWRde combaRd] QagtRdakh avatér @nidthen efifedrevet anlejrchous NapSO0s.
were maintained for the duration of the run. At

cRempeal | rihefsolvent afforded j areeddish @il hyTheeil rya P g by column
@g@ﬁg@@%w Qilfcd sf it B K%NI)V@%(% mﬂf, %%mP%FE product (46

res ure an ature wer sarf el

| @wt794 bﬁld)%@bﬁfamm&‘as apelew sanat IHNM@(MWZ pfﬂ])@la)aﬁ 7.88 (d,
powder coll ected. Activi was specified as
of kS 81z, 4F0) mrw&(@ud@iﬂp@{mgﬁamfo 84335 %m, 1B, 0.55-0.65

I e 0
RETAE o Lab 5 A 63k 4 i AR IS 1.0,
pzﬁi ¥, ﬂﬂ)fd‘eldo'%efltz's% 196, 13 qaéfsﬁs FIQB}SQt fm snemmgs 120.08
éne ’hexénd copol ymers are pfovid n Tabl
(2C), 39.70, 33.24, 31.80, 28. 90 28.77, 23.14, 22.63, 14 10 11 63, -7 12
Methyloctylsilylbis(nS-fluoren-9-yl)zirconium(IV) dichloride. Difluoren-9-
yl(methyl)octylsilane (4.25 g, 8.7 mmol) was dissolved in 50 mL of anhydrous Et;0
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

room temperature and stirred overnight, giving rise to dark red solution. This solution

was added to ZrCls (2.03 g, 8.7 mmol) suspended in 50 mL of pentane at 0° C over
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EXAMPLE 7 Resin Synthesis 25 The pol yet hyl ene resins
of the present invention were prepared using the

net al | ocene-based catal yst systens di scl osed herein,
exanpl es of which are included in Tables 1-3. The
resins presented in Tables 1-2 are copol yners of

et hyl ene and 1- hexene conononer which re

copiorymeelyZ0min - The raHitg Rt RS SYAE 19 s fmpsrature and
%hﬁ?? r?l]fglbngéi‘lé,gglﬁr%o QQ‘% ft'dnar%Jrrg%g%Ssﬁé(gF)?ge?hé RoBd was collected by

orm 30 known as a
Sltration, prastedssith psntanerind ekiraged wih 280 aily ef CHECl hBemoval of the

E’séﬁ%ﬁ%@%ﬂé%@& %’;%Pq g A pnnond d s ¥ vie). 'H NMR
: . A

ML L5 AT Ghin 28 G e e Ry o

801 QL2128 (nh, SIEBS 1 HTD.16 (ME2AYLL.26 (quintehat= 7@ Hy, Bandr68 (s, 3H),

pol ymeri zation reaction details are as follows.

Fit. 31 58e(myebd )i 098 dt,okre 6.4al 7, 3HA); € AC MR (74 Matz, GEu:)d 130.59,

e, ORRHort 280, S7da: SOLRoaits it Lo8-Sta s B3, 12461

dighugnts: e1ad3 IERAr et 69mDEst igos, 14.08
3§ﬁ§??§gé2§3égﬁﬁﬁpgﬁéiggggggrf?%d out’as “follows. The ’
anmpunts of netall ocenes, solvents, and al kyls shown in

Table 1 were charged, .under nitrogen, to a steel

vessel Methylphmylsilzbisthi-fupeantyhrisconug(D) o dighlpride  was

i ght , of .40 ds. T . i

e B BRSPS T Mgkt 8 QLA ARR S fuoren-o-

ylfzixeeﬁim)z alchRiide et Qlsind@ dichldromeihgtphehylsiline 2a the silane
|

2
amet er pipe |oop having a vol unme of g%’(87 liters)
citarffig gafdridhs. The fluorided silica-alumna, the 0.1%

triethyl al um sl .Ut isQn i N i sobut . .

o PRGBS AP Bad Dcatoride wasprpara
| pebrapieetd '@H@gﬁg.; gasheR, MOD! 5ple®1996)€2, tia7athd anfety asfewhich is
diluent” were all fed to 15 the reactor through a
pnearpotatedthierain brsefelen¢®. 5 or 2.0 Liters), where the

three ,ingredi S t each E‘eﬁ t AR _
t enperlé‘f‘ﬁ%zs%f'ﬂé%gﬁ?{if@ﬁ?g&gbout "g% zméﬁl}%s, W Qpe 1€
EMlesSi{TRd).ZREL, €aClzc N e A2 M eI, DiElg,0Nnt add-Me;$¥3-nRrCp),ZrCl,,
stirred, Autocla i.neers _Magnadri ve react

eV o 28 8nd MSIE DS, MBS Rurcligeed frops foulder Scientifi

' i.nt: he | oop reactor. The chemcally treated
g%@ﬁgg%ﬁﬁﬁg&? SO was added 20 to the precontactor

through a 0.35 cc circulating ball-check feeder using

a small isobutane flow, g: [ QE ed herein. The
reactor pressure was about™: about 580 psi). The
r § &Y%y &F DESRIBBRSROIME POBMmeVREH PR SR Tablenge, from

about 65C to about ) .

All polymerization runs were conducted in a one-gallon (3.785 liter) stainless
steel reactor. This reactor employed an air-operated stirrer with 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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110C, as indicated. The polynerization reactor was
operated to have a residence tine of 1.25 hours. At
steady-state conditions the total isobutane feed rate
was about 25 46 liters per hour, the ethylene feed
rate was about 30 | bs/hr, and the 1-hexene feed rate

was varied to.contral the density of t ol

mn&kaB angh Hy i habl le b eF a4 g PEATboSRper 1L of

I R1BRAH nddnd§ s@?ﬁ&luﬁ@n&‘fml e percent. Catalyst

concentrations In e reactor are such that the CTSO

syst em ciypiceh polyppirizatidry premeders fsr amfdlysl tlhe apigaiioniof the

\g@lh{gggéﬁ ercent, based nthevve ht of tH pheact le venti
SRR, 9eihe JEe ooV DR 31 Shener ehp R os} whle venting

t\bﬁh E@Bﬁtaﬁé véﬂlﬂubr{@ﬁlb B BEN MSyHiticH6F TBI@Y@I’}@)&nBS'Iw@s injected

Vu

flash chanb can dryer was used to dry

m‘)llqhhé foltmtférbyhaddiwgmf dterraca113rem9é¢da¥qjxdeomffl%m ﬁls@mount shown
S8 TdeSs 3 B Hondit by, B it B ENE RboR LIS e dfhdufte RSired to

chh&ve @iﬂmfaegea;hdaﬁ{ed% Jable ag'éhﬁ cmgfdp@s“& aldissd ddaDthe amount
was usual | y_added. The poI 6%11 (;g V\ﬁ@f’ﬁ%{)sequentlg
eodtl-herege gidicatqdiia Takleod prd 2 litees 3 pitroggfLpressure
29k Aa'%déd“ Fhe ¢b nt%XJf{tHQ ?%a Eﬁ‘ \%}ﬁ sARE@ RS hekte @Y the desired run

Stabillzation additives. or data presented in
Ttaimbemuﬁe 2arﬁmihﬂmmlae:ﬂ1e&- mtirpdlio@d ralangpaithttiee dcaﬂnadmtount of 1-

stens_ were enpl o . As _sh nTab

506,38 Vo POPRLoN i PEeY The PFOBL Rk Fyb 15 Within S0
il of §fd H§slnfeﬂ‘3ﬁ]ht eSuieddmll MPFwedl Be AQfot BhAdtin bh ethfRne flow

prefix "SC enote a single catalyst. Tables 1 and
2urdil $loe smdnﬁcémwsurh and tevapanatire levele @feteeﬁ@leygii Thesedemperature

net al | ogene cata St n
r@'@aqrfasggreer}gve %WST%}??@ ed fﬁi‘l %8 (v%éér%e neo%{tﬁep ‘%tr the %mpletlon of
CiBE i imMe thdehaneflyw s Isfd)pﬁﬁS hridettle r@ictop @rdsﬁuré h&ts slowiy vented
reactor prior to polynerization. The resins fro

tofés Vhendhe pesaire é@%tﬁ@wy@v@ﬁﬁﬂa pafelyclemy Thetrgactqp Whs opened and
t an o)

8 P g S B 5 Rl s o
Spysly e producéd @en gtdme of e&henﬂceﬂllye:rmeldv srﬂldaomdb alyetragition metal
nurrerl cal | reafter .for ease of (Edent i cati

atPET éoursc presentativenexperqmenggh. Wing tlgfb invention to
%@ R@lg@@ﬁ'ﬂg% ch@kinylea¥a Llllé%%@cdg}’ai)}ﬂgj Eare%agd il TAYR 3.

Chém cal was used as a
control for aII the trials. The basic descriptions in

terms of nelt index and d 't all the
experinmental resins al ong%lﬁl Pﬁgf cat al yst system
| A& Bfrrkaats on are provided in Tables 2 and 3.

General ly, the experinmental resins _ranged in densi%a/ )
f r om abatipobsthylene gresins piothie myesent inyyeahen Jyrre (RipRpse uging the

%gg{eﬂﬁ‘gng%%yéd g&t&%é’t%y@aﬁs td%cﬂ)ggdjflergﬁl, g)’(én(?ple%f‘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 the Phillips type slurry-loop pilot
plant. Ethylene copolymers were prepared in a continuous particle form process (also
known as a slurry process) by contacting the catalyst of the present invention with
ethylene and 1-hexene comonomer. The polymerization medium and polymerization

temperature are thus selected such that the copolymer is produced in the form of solid

80 o



10

15

20

25

30

Single Metall ocene Catal yst Resins 25 As seen in Figs.
1-4, all the single catalyst-produced resins | abel ed
SC-1 through SC-5 general ly exhibited higher extruder
pressures, notor |oads, and neck-in as conpared to
the commercially avail able HP-LDPE control, |abeled as

PE4517 (f.rom Chevron Phill cal Wg CP

S@ﬂtclwﬁméug Fregsred fipthat o |<§ﬁnef% P%Elfeﬁﬂqwe tion details are as
er, they exhibited al nost tw ce the extrusion

pressure and 50% 30 hi gher notor | oad as conpared to

t he PHAGIéne egdsn dridth eovee cictivated f altineme waesised gwmghe monomer.

er a 300 ft/mn |i nd e iited ru
i ctaanehadizd pesg efiseb By RERRPRor T Lpdeter e alumina
s dded §ghédﬁﬁgﬁsc-5 were higher in M as conpared to
PE4517 and 82 0 as a result their extruder pressures

and nofher genpaalsprsearetion cpsf ethet metaHegenef sobgtipms 7was carried out as
Eké Vg: Thggﬂ}éugf‘s Igb h e gsg% lrvgg ,{j?ﬂéf] al?%ls?éggwﬁ% IFf'a.BIe 1 were

rdAERUNEnRP RittddeR] . a ﬁﬂé@lf wasel Stnddilied &bﬂhelstbbntahfe tdr@vma total
down to 900 ft/mn line speed as may be seen

Frgightzof 4 paunlsy ihhemsentalystesolinng Werbthepdped tOttLe preggpfactor as

t times the neck-in of PE4517. While the
d&?&ﬁ/ﬁdb%{gg in Fig. 5was limted to 900 ft/mn, an

att errprhe/\@slymmdmon tdactk |washe lipsd-figl t16. 2d cedigowetert gipe loop

s # s of B B BB nL DS TN 6 BB Digratupinn. e

rl?‘f‘% trﬁt}f?}"ialhlﬁhﬁlmahﬁéﬁ in 1§dﬁﬁta§99@1@§nét§1|l’&éﬁe solutlon or solutions
graphical’ly in Fig. 5) and the maximumline s

a;nreparaam indigatetl aboves anha petion ofids tmb isobwetage dlﬁiemawp@ all fed to

e results for the.sin t I
%‘& ‘ﬁ%c & dhqpgh gpggegpntpgh %Sgl g@% eon?‘ @%Z’n nghere the three
gﬁadleﬁﬁ' dontRbed cad@ GthRE-a3 foBfE tenﬁ)felralﬁret €or98Kduf t1ONton about 30
SC-4 tore at 1,750 ft/mn, whereas SC-5 tore at

1mm51@est befaterenteripg the ragetion 7anen fihePrecontastan a5 @ shjred, Autoclave
eggr Nga L5arRRS h&hﬁ@ﬁ% ﬁﬁ?eeoif Lb% BEY. ohElYé%s, which fed

en con ounde dlfferences
tdifbcll?\iﬁb&hcahﬁp&em dl’ heg&’demwa]l& tvdaterdksohé mlqar(éﬁ"éﬂ) Was added

Varél@njgrégcgi arc(‘?q%f1 o r% Eegggﬁtcfrg o nzaﬁfl-ci-te ieeﬁer using a small
pi@SlSLH W rhstlllitﬁcﬁ%! hereitid rT}B(féeﬁ:'t(Q Cﬁfeésﬁt‘et\*ié%ta%oﬁtdgﬁtﬂaf(%out 580

|gh I’'ne speeds as the nelt curtain thickness
dgst). eTheseactdr températirbevasnatied dvent rangs foim aheut 65°C to about

ex erlnental resins eval uated had any edge a

s 68 dthensed. ufhe pobmsrization w&ﬂrw&asnﬁaﬁ%ﬁ#ﬁq %ﬁ@ a residence
51@1%8 %gl Sirs, 2Rt ét@z#@ r¥at {?ﬁhlh&?sntﬁ& ?(ﬂalsllsm&ane ed rate was about
non- HP- L S

['ési ns I cal fer from si | cant
e4ly) Hiere patchomncthel e&wle“nesfeahme wab aholgrﬂé}lbhﬂtmeuﬁ[ihedshexene feed
See, for H. Roberts, Luc

SR 10 P B By Ao REAIE A LDty eentration
%E‘[ﬁ Eﬁ%@t ('v%ﬁ P%boo(ll::i'f@@ ?(g %ﬁlﬂ(ﬁt 20 ‘iincﬁé‘ bErdStO T atediit kcBfcentrations in
the reactor are such that the CTSO system content typically ranges from 0.001 to
about 1 weight percent based on the weight of the reactor contents. Polymer was
removed from the reactor at the rate of about 25 Ibs per hour and recovered in a flash
chamber. A Vulcan dryer was used to dry the polymer under nitrogen at a

temperature from about 60°C to about 80°C.
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which is incorporated herein by reference inits
entirety. 25 Thus, these results indicate that these
particul ar single catalyst resins did not provide the
opti mum bal ance of extrusion and neck-in
characteristics that were conparable to the PE4517
resin as desired. In one aspect, they@ippeare to s

a syshcepgyen statisdailgpp inORhreRelr, M STl AGUTS RPTh ?jﬁtwe to
%f‘zh&ﬁt? &F aRk ﬁﬁ&éﬂﬁ Eim@‘%% i@asd&amstdzor@mam Sdded. The

NeckoTn and aVIn 'ower pressures
Eptod;yﬂmtfmff wﬁﬁsdb@aﬁmnﬂiju Extmdeﬂ orfifisiidre mt(gpﬂletsmmd(wemer&Pﬂeldder

9 Dual t R
TR g D6 APTEBCO A A G 08 T
d e er NSty %’ié;-‘data PihBibidshi-Dasd Ekﬁﬁpl*éé gade fivR Gepikate catalyst

t he nol ecul ar I ght distribution and enhancenent
csszstems vene amployedniAsghows po dsbleot, tlushﬁrst e@alysﬁ fygtem was a single

@'T%ce zgf%prgtp %WE%EIIQ? gxitogfg{}%s cea?:ﬂyéﬁp ; i" %%% ﬂ{%‘é E)?eﬁx “SC”

% fdegsientsifiabatiBeal THIENE ab@Laligosindioates $haﬁ)fthd et three catalyst
present invention were investigated, as recorded in

Tt alugl-meytalloeang satalysbsusite differant pais of mealloeeneyeatalyss which

el PRI L, B LSt e o

r}ﬁﬁyrﬁé‘nzaﬁbn | &hs Inesvnsr@om ahese aﬂnuﬁ]f—metaﬂomle apsiems ateednsignated with

\ggﬁﬁgﬁi&egg te rQ%lr{l%e, SI?{% Igﬁ\f tor g %&F}; 8u$ tgléggg% 's)éstems and
Edé%isﬂghé ﬁﬁe@%’s%nﬁso rFlIl‘hf%I‘ dHa L'esm“sttﬁé&%‘?é%%ré fibeRE numerically

C1wWth that of the
sthexghﬁerrfat edse af edentifiestions f@Ce)mmp&tSZI -4nBC 3N -Anhi RG-B-1, and

oo ot g ST AT Sy SR s

C@ﬁe’ﬁ'u)éﬁtccf ¢P fas B Rlatcosrblofeall hetttivider head
pressures, | ower notor |oads, |ower neck-in,

bet t erThir Dasigodascrptiongen iternTsi gg malt 5ndfpxe§§écqlqr\$gy yfor all the
The ﬁ@%{nﬁg ?%?5%%119%%%% % &Btgﬁ}sp §¥§t&? Mg GHbE: are Iprov1ded in

n was eSpecl

WDEIWWQ talyl 3.n GepeRdy] ﬂﬁneﬁpenhi&ﬁtaHlPesluﬁF’Engemﬁrl dknsity from about
PE4517 resin. Resin

DC-C1, . C .t he
ShPHES to abgyt BEA% gfem D opdranaed nzéfﬂvfg?rya@ m %&n tp aboy26 g/10
blﬁh‘f er, extruder pressure and notor Ioad
C afacteristics and conparable neck-in at 300 ft/mn
to the PE4517, as illustrated in Fig. 1-3. However,
the DC-C-1 resin did not E%\e/‘ﬁ‘/lﬁ f draw- down and tore
off at 600 ft/mn (see Ta ?‘ Resin DC-C-2, which

'.ﬁngle%&lléc@n&/t’aﬁ}@lﬂem.a t han PE4517, exhibited
clearly |ower extruder pressure, |ower notor |oad,

and quAs sceiip gl led.nalt khe single peelyspoduged fesingilabeled SC-1
a@g %é g/grenner}'afly OhiBi&t l%’%heatsex?rgﬁpr%rggu{eg hBfor TR 1z7nd neck-in

as compared to the commercially available HP-LDPE control, labeled 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
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
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It is possible that a slight adjustnent of the M of
resin DCC2 from-12 M down to -8-10 M could
reasonably be expected to inprove neck-in further, and
bring it closer to that of PE4517, with conparable
extruder pressure and notor |oad characteristics as

suggested by careful inspection of 4 togeth
|as aneesuld dhesh etFurien ptqtatreb@fi:n@t?rolpégsawes Jots 116 At pt PEAS1T.

| i f\GeveP etﬁgy @ﬂu%%é@‘?? ﬁgr heek k4P 3do %ﬁf‘ Fﬁl‘t&r NGt-4t 838 exhibited
even at t 1, m n maxi mum 1 ne speed. However,
troptsird padruo eeaching| WOfumim eviexme SCafl was abldvte be drawn down to 900
fec its commercjal applicabi]i .as. ,84..0 .
b i 31T P seradRh Jan oh SLLES RighPt il shysbchowever, it
CIEG nfexrnéyﬁﬁ\éé tfmbdtht REcK-ANGPEAs17about  500- 900 11/ mi n.
Extrusi on Coating Properties Basic

ext r usWbile é’@?adﬁtﬁgllmﬁﬂstmﬁig droprelimited 10908 f/pun.cap plgempt was
| | I
T T

rpset Edpabillity bﬁfhe Rl eihlilﬂoﬁaldoVTheaﬁSI.ﬂtsldf GJM@necEl-lﬁmn thoerfnediate

Tear strengths are illustrated in Fig. 6, Spence
| We‘kt ﬁlgﬁg} graphically inckiga?)candithe p:iaglmu;n 'hg}g1 lsgqed attalnable with

av%@ﬁ% IEV\Ifa§ tbl} 14484 itgdle! 2 | 8@ %sul% tgli’%e El?r\gi@ catalyst group of

rengt 1S 1 ustrated in te seal
sesian didnotsappkdrustshatved consistétit grend 0. Thas, S6rio H61-2,aaneldSC-3 tore

i hsoR il SETL BT r SRR, GERR! SELLRRTHLIR rmin
bwfhtl@ hot Thidr@idEStoWe BotBd MR tAasy, TiPist Iﬁﬁ.ﬁlblertﬁﬁﬂ tﬁ&m@mtsha@ have,

the PE4517 resin. A conparison of the data in E@(g
viint prart, Hgen wnnfpsnd@bd@e o amelsl, mﬁcreacpﬁpelarth@ develdpedisiges of gels,

r?g?ﬁ{;ﬁ It\)%:lag ﬁ?es%p at{) YEH ge \%:éé/r zlﬁfjglﬁ% ;i%ﬁlg%@ tc‘arl fré(smso MMhese gels,

SWRicE Ak és@éﬁﬁ%ﬂ? lﬁhﬁﬁgldﬂ%ﬁl@éﬁﬁ&hﬁ mlenmtposﬁlbl@rigitﬂatel gdlge-tear at
Fig. 7 simlar shows | argely conparable per f or mance

diigh Hae ép@séwsrtbﬁmlt queiginyBickpess de¢raasest PE4517. The

burst _
our 1 AR Lo AP RSO et
2Redvedex draw erebsriantaalp sd r‘tbelgtrhspﬂ:athﬂa fnoaximbhm line speeds This

experinental resins is |
mtgsgtvatlsn Bl RGR nopn- i Eﬁt%@s,fs t)&*ﬁailp{ s&ﬁgr fiom SWQW edge-
accor ?Bd(dg aw %éSOQArﬁ:@')at h%%@lshﬁé/ sﬂe@@é @eepfcﬁﬂﬁﬁﬁgle E. H. Roberts, P.

to this invention, the other experlnental
rhshunsheshami S ho K ures KNew Reoss Foe Flaes Reductipatof dypediesonance in

Ee‘ﬁﬁgﬂ% g gd %ﬁ%gghe@@ a5 Al Eopf Pl 104 (1985),

CRRTRR G i@t@o@ﬁraltédﬂﬁieiﬁ B réfefene in iG¥HBiRty.son and show
that hot tack initiation ten?eratures defined as the
t enper Blnugs these results indicate that these particular single catalyst resins did not

provide the optimum balance of extrusion and neck-in characteristics that were
comparable to the PE4517 resin as desired. In one aspect, they appeared to show a
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.
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at which 1N 25 mm strength is devel oped, appears to be
even slightly lower for DC C 1 and DC-C-2 than for
PE4517. The ultimte seal strength data in Fig. 10
illustrates that by and | arge the experinental resins
exhi bit conparable seal initiation 30 tenperatures and
seal strengths as conpared_to those of PE4517. A
cI oser conparison of PE4BXAMIIEB. 1 and DC-C 2

t while the 85 ultimte seal

Lg%‘{tﬁﬁoﬁg?ygﬁ%gﬁa%%gars to plateau at around 3.2

I bf / i Resinsoseref amadeDasifg IdumheheBdloCeie eatalyisist wlacle rdeiniopstrate,

Batorg offeE i W dReaEnReRbarS gharileh e Fifinlign and
AR Rn Y (RS sHeat- tﬁﬁﬁﬂnﬁé‘ Yesﬂ@ﬁs% off R ReSiEnMRLiRs, dteWpated to the

wei ght average nol ecular weight (My), nunber average
rosincproduceddiaph the(single mztﬂvefrragtet FSecuI ar wei ght

,(:,rlvzl eﬁgg@%%aém\é\@ id eéenqrcﬁ.lg Hﬂi E:Mglr)gllct: %)%i?g > the ¢ present

Ghvdnien W&t Navesfigdthd, Sad reeerded aA, T@l@pﬂ eS"Slﬁﬁ piopeities R‘B' thé resins
the 10 Carreau- Yasuda_ enpirical node] g_ar ameters,

peadng Gemithest slplometallpgane eptalysts areillyatratad i Kigsrls 15 nd Tables
Fggﬁgﬁh?é QuaiaRiiEs ﬁ%n@ﬂe@m% whild sﬁo@ﬁn%'?oﬁ‘xpgﬁfe?%g Shofd LR, were

Wer e all geterm ned ntarn varying
degerily befter inngeal gierfohnane s cgmbaedté e sifiCcablys resins. For

data. In order to maintain visual clarit -

FPEPIR: SPrRaTRghhedata ffofn e dusT gitallocgieqiti Figgd‘a'\!f%%‘?'l and

QHEVC-INGith Bt %?%'ﬂat ﬁfég%ﬁnétﬂ%c@né FQMseSCN, satnhy$8C-3, which are

system namely A C, along with f{he PE4517

radgsest, iri ME howmei zmoﬁhag,s illustratg these Hiff¢yenceses @mmkbel the dual-
ustra

el Bl it bl 15 AR A pRESEEE hwer motor

abadicwer RGN, Y belfer SRANdOYN h¥geef W Righ] T-8)Hespdati valy.
on the high nolecul ar weight end. The experi nent

al
r esi nsTheepafamanesenie thel 15p Tesion fmmn susters fer namely the DC-C-1 and

{:yé’ LSROLS| &Xgn ?&%glaﬁg%%te%énh?ﬁ & u%t‘ii- n By Q%I HP-.DPE control

ot

ecul ar Wei
t s REABSH. msmrD@a&lpwhsdhde mahliyallyi théeame M1 aePE4&G7¢ exhibits

of long chain branching vel across, the | ecul ar . .
wequgﬁpmparﬁblg Hsnot Giepiets éatrtl * qresSilcandy wefoR doask chasteristics and
%@%?4 lébﬁée’c%rlh'aﬁ’ 5600 Ey}‘mﬂ-tg&hg #3517 a? hl%strhteh kin \M’g q.-310owever,

bel ow < about 1E5
SEé:D(ZB\CSl sastrudid use tiavengdddl drawrtloamt armlrtomf 1a‘o6®0 ftimig (sde Table

Py R M. R stehs SR b G PRI gbed ceary

t1BGeP BRRAIdEH P}eﬁﬁﬁe hewePmBtore6ad, /Andi e torhparatlameéek-th itoth 300
al so presente in Fig. I |Ib, whose LCB |level was

dit/men ianeh 80 ﬂb‘mbészSB%ﬂﬁiﬁ iaarompared to the PEASLLIsH. The
resul tﬁ ég{glosgfg t%lat :!1 thafﬂ %dfuls&leql‘f"g?&%tﬁ/lf%? thstBE-ED from ~12 MI

conpar
down to ~8-10 MI could reasonably be expected to improve neck-in further, and bring

it closer to that of PE4517, with comparable extruder pressure and motor load
characteristics as suggested by careful inspection of Figs. 1-4 together. It was
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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PE4517 resin, the experinental resins generally: 1)

are narrower in polydispersity; 2) 30 lack the very

hi gh end of the My, and 3) contain only about one

third to one fourth the level of LCB. 86 o Further

support to the presence of long chain branching in

these polynmers conmes fromthe elevated flo
é:@melpléyrp@qgeegﬁ @SU‘USEHI c n*eoepegéq e typlcally in the range of

aggﬁteﬁ)@r‘g tﬂ/ﬁﬁ‘% resins in Table 6. Linear PE resins

general I'y ex it flow activation energies in the
range of about 28-33 kJ/npbl. See: P. Wod- Adans and S.

Costeux, 5 "Thernorheol o i or of

Pol yet hyl ene: Effects of%%§§$%§ﬁ$ﬁ%ture and Long

@}%&Oﬁr@bﬁ%@gopﬁ}y&cr onol . 34, 6281-6290 (2001),
which i's incorporated herein by reference inits

ent i r Basic Ttesiem ceating sphysicell propertiey wige kgtarbfor all these resins

hi bi.t b e sel ect e
SHRBL T i 8 R i ey
REA4E 6 Ehelé Ristsar@stHod dsyfoho @ EﬁneiﬁéerL‘béﬂﬂkengths are illustrated in

consistent with the literature Whod ({A\ anl

§1g CoSinsiser impaed sHengtb df dlysaipd seﬁl&v o uré‘fa heslon is 1llustrated in
vt
TS B S0 S 0 Bl IS0 sl s

Ho Mgy a0, while el evated Ea val ues above -33 kJ/ ol
have consi stent|y been soci at ed ith the
of | orRS na?rﬁnaﬁéﬁe?re%gﬁ t %%%’6%“@6‘“‘ eI Bf&ﬁ%r‘-‘@ﬂ&?%ﬁmg to the
){A 1e§0%aér@fher id?ge f%ﬁﬂﬁ:ﬁleh@ﬂ? bOEIrVIRaBm® 6€1HeaVID and TD tear
of Ea and pe or degree 15 of long chain
bwstamm@lamtbe EEMSI’/’ restn. c Aeeomparisen oifIthe datg. inTiig 6 with that in

rinental resins. al so_char .
NV 2 o gt e ot B By @51 BlobbrE gt nEehee on densit
aRREAT intex BYAYIDMithin O arhorRethe HHNRER Systeths vestifatudr ed
tointhe [Tterature as 3-armstar- type branchin
cont r akhte SPWEDPEP@% strgegth dp gt 4 ﬁlﬁf&i}éﬂ)ﬁ Sh%‘?’% larg I‘é’)‘inpam"’le

|t r P 7t

et?d II]T% f ai %S%?Igné regﬁ@m P (?{Jre gs 1;1%?%%% gdhesion in
OF igt Sl@hdw.fgflmﬁﬂ eatbily bl egin ad Iappdrentmﬁnxirmmh gigher dansity or melt
process. See: T. C. B. MLeish, "Towards a Ml ecul ar
Ref&t-ogy of LDPE Xth Intl. Cong. Rheo., Sydney,
Vol . 2 }ﬁ’]ﬂ“ﬁ r$AGAE] hown id Fig. 9. With
Rose, I I g ! gﬁaﬁgﬁﬁﬁ?fégf andqtggéﬁ% gln &
Eiharp@hslhb emepimu— diﬁrwmt §C- lPod/lyeh twaisemesof, the highsst (0.934 g/cm’)

c?en ty ?glcnk/@["éﬁ%gﬂﬂ a%gol ﬁ@g%péﬁl F ﬁ%%ﬁtﬁ%}] %g]d%thleréxgeﬂégﬁgl reg—ms show

"iotasdiCttengtl BaMatiRR %dﬂéﬁ@@w & By lapey %h{pardb&e&i thgt/of PE4517.
el ongati onal and shear ows Wth om poni

cbimsdata w;mf@mﬁlangc -C4l anchﬁ)g‘oC m(wpnegq@ by ings for casier
h _of whi
Rl B DTGP R B Ritp s, FURLA AR R Smperature

t ravhviol 1N masstmgth Bddeeldpal; (appcdursntjq) Hsa)evenrshgmlyekam for DC-
i nvention, and the reasons fo eir obs

plerlf 8pddPeL-ai thag fon &&45 1, eTLC ultmate sea strer(ljgth data in Fig. 10

illustrates that by and large the experimental resins exhibit comparable seal initiation

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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30 believed to be due largely to differences in the
Mv, nol ecul ar wei ght distribution (MAD), and | ong
chain branching | evels, rather than the type of |ong
chain branching architecture. 87 0 The specifics of
the long chain branching architecture, which are stil

not wel |- understood or_ well -characterl zed, E# fp
shiisoate seal Poeth Toh@EhLAAPRAECBSPIRGan AHATOBNS fh Y aiiose for
?%@%P !arw/ D&%%—%Se%ﬁﬁm?éengﬁhi ﬁné'ﬂé{r glafcﬁu staspthsarowRNEAS [bf/in.

agno ng- chai m branching in
pol yet hyl enes", J. Struct 485- 486, 569 5 584

(1999); R G Larson |aI Rheol ogy of

Branched Pol yner Melts" O%%&@?L , 34, 4556-4571

WQ&:)lar huimPRhdoRIRI & @%a@dcterzstt#' | - Defined, Mbdel
Chal n Branched Pol yet hél ene. 2. Melt Rheol oqi cal

Behav iAdstluteviotesnialr weigls, dagogem SE@M@ozsmweac\ﬁeieht average

\fﬁdl%ﬁ&r ﬁ/‘éeé qﬁ%@ﬁg&%ﬁﬁggiérel ?\n/B}b eclt ar ?%ﬁ ZMEE : J‘rgfalge molecular

Aﬁﬁeﬁidﬁﬁol@&ﬂ%&gﬁhﬁstﬁbﬂﬁbﬂ (fM,t,/h@.) sctpresderediis Table 5. The
I ar eI y shear fl ow, i s _reasonable to expect, that

heologiead chpiggtigristing (g'xthp GeraRs plethds prveRuen: gxpressed in terms of the
Q&%&ﬁ%ﬁ&n‘c& &%dél;;%ﬁﬁ:h&@& aff %Je&ﬁa t&hBATable 6. All of the

vrscosrt ear rate | e extruder was
espstrirﬂémai regindshodm ia Htabtes 2CGid B/ snd thh éﬂéL&PE contrel nepindE4517,
| oad and extruder pressure drpop wer exa
R 1 Lot iermingde Ion BOMUBIN YT EHE ACBTRCS c?gs‘P{‘%/ d‘Hﬁ“‘%‘}%g from the
?zﬁaM tathe results of which are shown in Fi gs

12 respectively. There is a reasonably g
cor r ellatdrder toahaintim meb elatitya SECY1 b mueleulpr Wé’glﬂl}r éﬂd long

th the shear v SCOS ar Vi. It
hah, 8o RE Bhignof MO b TITGAATLE 41 G st Bpialifh system,
il AOIB, Chrat ) ABnYasHR thePPEA SITNREinatls Shosvh b Ghsr lla and 11b,
tenperatureS\MtrrneIt tenperatures close to 320

Tmneetﬁwmlse iAs illystratedin Figat] lahBEASH T had thst %fﬁaﬁe%talaﬁlxrhépefsﬂy as

ext rud e res "
SRy R ASH SR SRS A Y ltln 110 lgp
ey @igh mdl%&ﬁllai weighesad.t The exlaarrmalta]irésim waeead] génerally much

bel i eved that_ the correlati n ld b ] v
CBFOREL éh pelydipemidy bt tal tqoral] G#HE“?CF a%lgrmw Jo retght hump”.
SNENIRLE eci H Fflgh?ll‘; erﬁé PRaSf7 ).?cng\iv&scon%%era%Edhlkﬁé} in the degree of

prepare according to this invention were |l arge
Slong blmm bramcking devel racnmsaﬂmunolsaﬂamwallgbmangq ak gpmpared do all the

to 54 kJ/ nol 4 t
rrg$ Stgle @gegﬁrgényqp%psgfg@ h@ aﬁnl?ﬁn ?551_3 éﬁ grfseﬁe, %0 :gclgremble below
30 Habd S0 ES §/mmoRBY dic SIZO-MALERENBUsed HEhRXAGIGR ldhélto limits of

resi ns m ght " be eXpected to be approximately the sane
ansblutidne rEru@ mehileHCR isalbthetpplymagra i likefy preserd aglowsp dfuconly the

V}ﬁé} ﬂd be /Qd ot the §pkr)¢¥ abo% be N8 SOUF ﬁ%n{%étt l?]@%taL@%‘d%‘&lQo presented

suggested th
Aa¥sg. e, WBOS@HRIB E‘dvel was determined to be essentially zero as expected.

The results of Figs. 11a and 11b demonstrated that in comparison to the

PEA4517 resin, the experimental resins generally: 1) are narrower in polydispersity; 2)
lack the very high end of the M,y; and 3) contain only about one third to one fourth the
level of LCB.
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certain extrusion coating processing behaviors at
production conditions using rheol ogical neasurenents
conducted at | ower deformation rates and lower 88 0
tenperatures. See: N Toft and M Rigdahl, "Extrusion
Coating wth N@tallocene- Catalysed Polyethylenes

I nt. Pol Proc., XVII( 253 0 IS
i ncor ?’éé“m’;?’rtr@f '@Feﬁé%?nﬁ"e gl leng ﬁha}uﬁi’ @H’}‘} ese polymers
Fide0 &, 1{ nffé@[%&@#e’d%v?% H&ﬁoﬂ @ﬁ&gie@ 14, Showhd f(‘ﬁ‘ §enzct representative

respec our di Fterent resi n/ cat al yst
&yﬁhsanBTabie/ 6st1ugaa:reRE rasmageaekaﬂh axhiblidlosy nqi\@tlemengss in the

VRSO | B Rt Hanc Mlghe SRt b VOREURHI] Pheturesieus

dﬁ%@ﬁnorhaolsgieélr B&tavide T Iﬁ’dl?éthﬁaﬁ@l BiSdctd 86 Misrostinititiet 8d Long

| ower high-Shear viscosities and hence | ower notor
I(Eimm Beaehipgdsacremdf. Gds 628106220280 n whic. is inpofnegajed herein by

(is,:rf(l;te ?ﬂg{% Fn rséld e]{,;‘l'f? egéllggsl gloé’éic" kooHO E.F/ﬁ{o? %%l%!ﬂt&f B}C the select

pressure,

31@$1H§Eri3¢ab})é @Qﬁﬁéa@é ttienpretdige S‘df derig thaiv bta:mhﬁfgt t Euﬂhermore the
behavi or at the preval Ilg?d rocessj ng co

ﬁﬁﬂeﬁl’?tenbibgﬁ o fridy iaib L AR OPRgHeHE WDt Liggirg (. Wood:
MU Moo 5 St Tl o B oy f BOBYIGRAG ects of
ﬂ/l;@:rosftﬁﬁwrd: it Latgfﬂhahe B’remhuigﬁ’ ddacreindk 3, GIRI-6290 (2001)).
m n on m f
e e sl sevrd s eceting: hevhs- B ddimdlofvo st been

Teﬂk@clatg’(p %qthf {re "BrBs RS of h@né ENBS brarichfgS RE ¥Pp6RABMN completely
because ta were available for all resins at this

slixead polymef;ithe cmsmtmnsdaenm 4 eerpén valielef He agd ther WP@rPh degree

sho a_f.uncti oyer abl e Shear
F%lfrlg%{g%’ aﬁrﬁ’é‘é}mg aeg ﬁ@ﬁ?} Z‘é?ﬁ?aebhgﬁ ct/he pol yner nelt
el ast i thd ¥xperidfidl WasdatRr Alsd ethafactpizéd ﬁlsﬂtgnlﬂlﬁbleglr Magnetic
frequency smeep data at 0.03 1/s frequency

rﬁemmqge@ﬁﬂ%edm%emsw Quepaln show onty “RG FYIPF dganqhes also

son es onai
SRR, Pl oo S A PRSI s, o i
HedlievedtdRalvy %trhb‘ﬂeemﬁlpﬂﬁ)@\nmdléni multi-brdnchdpir. braﬁmdhwn-branch “tree-

Sci 85, 2396-2411 (2002), 25 which i.s he
lggg shaip bga},nch@gérgﬁgg%qrﬁ gstasresplf of g%eyhlgg-d%??swﬁefree radical

Z dl §H§a‘i’1r() c%gsOSSéé’ rd R vat @‘91‘ obvﬁrd: 'agMole%ul/é? RRhology of
sed C.

on t ol ogy data obtained at 19
rEBPE§ mdpﬁr@mgdﬁmdsm@movtoh@ ﬂ&éébﬂ&S),l m\&qq,u(ércapaGCIO and

\?\ﬁf ﬁ?{pg Lffgh 3@?%%%%5 aiil 8%(} gglgg- aiéls Ii%ﬁ(téﬁlrelgﬂ‘{ L%—Densxty

SP&IgEthyle&os]. tAppl. dﬁassa @EI mslmn (2001)8snd K. Ikkdn, T. C. B.
el aSticity 1ncrease . . In 30 contrast to
tMcLexsb,s@r Gellagemand Q J. @VeP ZIEIEC?lCF’é& 1w glesity| @&thvlene melt

oxfhfeo otg])(? irtx Eﬁrﬂgano%%l «l:ll{h slggut ﬁo&r@%\ﬁ& “pom-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
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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89 Fig. 5illustrates the neck-in as a function of
i ncreasing |line speed, or higher draw down, and
denonstrates that the neck-in of all of the single
catalyst resins SC-1 through SC-5 showed either a
flat or increased neck-in behavior wi th increasing
line speed. In contrast, the neck-in of PE4§

d
each oFhetspecifionef thedeng @é@r@@%&@cm@cwrﬁawm%}bafg Stll not well-
%%Er%iooﬁrbr%elf ARy, i ﬁavesg]a%}g%ﬂo n& raﬁlsétythl: QUEL viscosity and

n as |iné speed 1increas ese
| didniitiomdl arlstcb&ty I'd?ﬁon‘bﬂé’df pvﬂajtedhylmeené:‘»eeysit damzenfantlﬂb H. Colby,

resent . inven erat ed resi
prlbﬁgm)éagdp@g- HR ORI PR RPH el QMR Sipuct  485-486, 569-
r 33 ﬁ@§ 65 181 @ Lol O‘dd?l%m&gﬁﬁrﬂﬁ‘&ldgyt of HPmﬂeﬁde—Polymer Melts”,

For convent i onal P- resins such
PH4&rbimol.s34, diSH6-HAT HEN0mY abé l‘iizaw btvhse eoali, V\éclk@nﬁnfzsh Maglel Long

%ﬁ% C‘EW&)EPS’F@%‘Fo%}ig?f(%glpglﬁﬁgé%?ogp’er |e§1°g|f 33, 3066-

}ﬁ@(ﬁ)%h o G/LARAL irfé@gdo@eﬂ&f herbitthy refefghce GNERIr eREfeties.
928-4932 (2000) ; H M Laun, H Schuch,

"Transi ent E ongat| onal Viscosities and Drawabil i ty
of Polymer Melts”, J. RhgeuanfRg 1249 (1989); both of
whi ch are |ncorporated herein by reference in their

eMbidr Tond and ERiradatHaidPréSsupar deni ng causes an
i ncreased resi stance to defa nfon as, dr
e 15

down
i ncr eaBeqguse theeHlewyin, g axiu argely Hlagar ?fﬁ%’ye s 5§asonable to
%@@éﬂetélanﬁtgé g@&%&ﬂmﬁa ARY ek Buder hebd phdiure %ﬁeﬁ‘%f@ﬁét&@ té BB tfunctions

e present 1nvention all exhibit a
seibthe ashtaraviboosity.nilTharavetagpeshedr ta@Binathe ixtraderuwas esglimated to be

dj{%cl:llt ?éQe, g{s g{hel p agﬁdpgtrg err G grglggrlﬂrn sgieegﬁﬁr(éﬁ “(.f)erft; examined
WoUl finBRRESH thé Hﬁhs&&?s}@hlf fﬂ@éc%ﬁ? @610011 /& Bieaz Baté) Qﬁtkrdsﬁﬂts of which
behavior is considerably inf|uenced by the hi

f arachown in Figsl Basand; 12by sespeativslyt H'éher%lsl a lteﬁ%)nagly good correlation

t |
S LN N .
agdl ogk1 /¢ has Bade@onshé Bseologgatitd atcigiol °jC vst}ﬁlle the e:&mrc&g&)atmg was

mol ecul ar wei gnl’)] M, at constant pears ci o
i prrfasmed atrmpelo bighar igmperafrest Wi sﬂl?lb teesFepstlosscto 320 °C.

g ﬁ ?ﬂ;‘é ftg%}%gd lthecgcttlﬂﬂﬁ(gt?ﬁg @u and ek&ille ga%sgl.'ﬁ%s utddlate quite

system to cata
swenamth Thel msm@rataIQOo?Cias evixEmt ffmrm frégs. Hypa andnbaxl iﬁg)wever
the M and M data i Tabl e 5. f

oot G0 L TR 75! RGP IR B heeois 1
tD5i1dRE 2 doRsdqulice Jf the 7 tHdt Bhe HBRMcBVRRAN energles for the resins of

i nspection, It appears that the resin DC-C 1, which
hBigst H2a dnshWkbt praparkd Recosding do this inventien Meemiasgely signiles, varying

st oy SO gL bumeT sp S REFE RIS R sty s o resle

t R BlahioE chdgk M vREosityenit mamm\mmaaout 190h &f somt 320 °C
while not intending to be bound b% theory, it i

pfﬂsrsﬂl]blhé expetimentel 1esins MEgl b eRECEH da BRraPPrAXUARIEHhe same and
grei ?re t%lh%lsggﬁ%ra/a?g it ¥ gf 9hER%9H A wIEKsd [owP by 3Doft the same

extent for each resin. A recent report suggested that it may be possible to predict
certain extrusion coating processing behaviors at production conditions using

theological measurements conducted at lower deformation rates and lower
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90 0 differences in Iong chain branching type, but
differences in the higher Mv fractions. |In contrast,
the fact that PE4517 appears not to follow the genera
trends of the experinmental resin series with regard
to neck-in (Figs. 13a and 13b) may be attributed to

differences in degree as well as the type of g
dhaiperapitesac AeaigN.akofy |a§é NsBigdal), fBXevsion éeﬁf@tgawﬂ Metallocene-

[t CB
CRROE eé10§>§{y Ihg/Femeﬁh Folf! Jﬁf"%?EVﬁi'ﬂf X 4& B253 (2002); which is
&ﬁébrbbﬁtdgﬂﬁﬂ f&r@%eﬁbﬁupm&&&tg?rdm\éfnt i onhnrag be fou Pd
. Gabriel a nst e rai n_har deni .
var i o BurheT gsmematian ob otk i i eh%Wﬁ‘atr?Saﬁctfngﬁﬁ Tous different
I%Iégi’ﬂ/cata & ?gs%?&g iRalig l{@y/ ravtafed( 200 3ihe. \WdigkeD chftlyst resins, at

|ncorporat ereln y reference inits entlrety
Gajnivabdnt M ekhibited Highekighishea dviscosities and hencerdtigher motor loads

correl ati ons between the, type of .strai.n h

RN RRLe TR 0P GoRtisky 6 a5 Fuls FROBTE) Ry pigh-shear
PALOIRTES aAd HeRRUSWE! AbloY 16HdE fad BRissur® Aebpshdihe data in Fig. 12 thus
branchi n architectures. In particular, they found

tindicateid ribatr the otxpeethy leatragion @bgr@ﬁtenat@a naagleyj HptosJoarh and head

s\ér Ire 1§1| ugs{}%‘éﬂ dI ghrég_lsgeg\dbyl g %W {i@ iﬁ ff‘fgﬁ%mtcgﬁty behavior at the

RereyAltifiy Eﬁﬂeﬁlﬂg ddmd&mhlsl Thomuhé greafer ltlﬁBshexﬁathhmn@behavwr for a
strain ardenlng behavi or tha ejther did n g%gend

oziven M gthe lthe exnecisd niag lo EIP Presgire s bul
i ncreasing el ongational rate. These pol yners exhi bited
el evated zero shear viscosities conpared to |inear
polyners of equi val ent noEEAMBREE W&i ght, which was
w&' for all the experinental polyners of this

pe& qéiﬁwE'DPE in contrast, 20 exhibited strain

har deangg 1 REMRAVEALS thB Abck-GeR 3RIBAL YO0 fi/nhiRCsHRARI cﬂga semi-log plot
el ongational rate and this polynmer, as is typic

al ly
t pea (fmwﬁcnf thip zeoPsheak xiscosity cestimated @h@ﬂaﬁrimds@sgmt yThuS 300

ol o B Tues PG Thd O Gl B st il Ty Bl Fesins

Uﬁﬁéjs 8d. A EPESb, Behetidin héreideas 306 fihiiasleelvn as a function of the
accord| tothis invention, fits this gehaV|or

t Recase Sheap Rarayietss RSP, agisefub peasprg o H&a@q By @Fﬁﬁaﬂlcﬁya
:\/ﬁ'h&?le d%ﬂe,?%%?lgedﬁilorﬁ gl?eé'gyn(aﬁﬁg fr]g varg?gﬁrg% d P:IS gés il’renquency,

By ehel ratthed déﬂgﬁbecbm Al Mt\lSukHadld?ﬂiZe@ ,RoMf(@ M Glgohm and G. L.
May/ June H.  Minst ed
@%&a‘t‘A( prsteela@rstlp&sngaw b 1 rlins G R1AGE Ragghmess and

@ ﬂﬂ%ﬁ)&% tﬁlownRPﬂﬂk” PCUgbl, PeRk3)Sci. 284, 2396 2411 (2002),

June ); each of which'is |ncorporate ﬁ
r whmhemchemby enwrparatedsb)e mefiereses )in ltveeﬂﬁlrgm Jpth the zero shear

SRR e A N RO SR Rl 10

WAl dhd aRiing NprepRed adRoAKIE toathel Ppeesery dnvdneianh appeared to fall
Vi scosi t In other words, the abscissa in Fig

coubsthnbally: om gisingletrendling, With s6pkai yssmptigalf )bgieqrep?émg as the zero

shear viscosity increased (Fig. 13a), or as the melt elasticity increased (Fig. 13b). In

contrast to this observed behavior, the PE4517 resin was clearly off the trendline in

both cases.
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91 0 elongational viscosity as well. Thus, the neck-in
for the resins of this invention decreases as the

el ongational viscosity increases. Furthernore, the
PE4517 |ikely exhibits nmuch | ower neck-in conpared to
the experinmental resins at equival ent elongationa
viscosity (FI& 13a) d e to

strai figat HBY GP ag ﬁ'aélﬁ?}‘qnngé ipgreasing lipg speed, or higher
t(ﬁ%%%n%?dcg(ﬁ%%r%o?ﬁg tHa# 'tm&%kh& BPEII 6?%11%)51ng'1_'é16att51?§tar651ns SC-1

e Ssigni I nol ecul ar nass conponent
ithroaph 8Gs5 sigovedd either Iaeﬂrad en urwgeasehamkem hehaviet with isdyeasing line

¢ e%uﬁbcqqﬁé@&%%c nIApg’dPﬁéilyu%ate@ﬁ 883}? ddnllai é%ﬂ‘t?llllocene resins,
Sxifl Meexcdptic bf %sﬁﬂ%SAopsﬁwaﬂgéhérﬁlﬂﬁ 1WA neck-in as line speed

experinental series here MPLE 14 Dr aw Down
Apéreasey. Tﬁbesnedata:n;drhusmamt@bélwdmltrmth&me@e wWstems af fhe present

hown
s‘fe}‘zeaﬂrflo{}?%%lggq dy l‘%&ln d‘gﬁlgé.il?ra %%c}%gaétglﬁsg;’{hgp e?!glbﬁgtg *rg?ﬂ -hardening
tiagpotlydRasithilar 1d Bhalt bBsiesIOYits WPEPDHEBlesid 190 C. A rough

trend i s observed of decreasing maxjinum.line speed. .
achi eviéd opnyentional JELHY: resins sHehps VEeR!ds sirgn- Hegseging behavior

h
e B ot o | op ki and, I, Budiman,

ailure is higher
ttModifitiatidon wéIRheologicah Bugertidsi of PRPEI foulGuating epplications”, Ind.

e Ry A B585E 0 BRTES Y pa LA msin

fﬂbﬁgauoﬁa%s&mﬂé@fahd DswALLM ofFoBAAd MelidX). RIgbYB3, 119 (1989);

Coattng with Metall ocene-Catal ysed Pol yet ﬁyl enes”
| batth of Pdiish arripcorpodatad ha@yin l;gnncfg@gce( potheir; enfjisgtics.  This strain-

|nc orated by.reference. h

% Butnel RS Pt 7 Beoltphdon, o BabFi jifiBreased
pth@ﬂ%Bj’/ adsiaGeO Al ) Jowdronédkeinpie shatly i sbserved Olfﬂomaﬁlg 5. On the
indicated in Fig. 14. 25 92 o NWOOQOOQOO

vassumptign het thegegingof ghegpresent invention al) eﬁu@t@ 3] a@l%lyd;nmlar
Cgype of LCB architecture as disclosed herein, and furthermore vary in degree of LCB
level by only small amounts (see Fig. 11b), it would appear that the differences in the
neck-in behavior is considerably influenced by the high M, fraction. Table 5
illustrates that all the experimental resins actually vary in a narrow range of molecular
weight characteristics, primarily in the M,, and M, characteristics. Specifically, the z-
average molecular weight, M, at constant MI, appears to increase in proceeding from
the single catalyst SC system, to the dual catalyst DC-A system, to the dual catalyst
DC-B system, to the dual catalyst DC-C system. This observation is seen further by
comparing the M, and M, data in Table 5 for resins SC-2, DC-A-1, 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-
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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dilili\lf@(f%ceé i3 lopackyin banshgE 4> buh diirenoeti e g iy fetions.
'r\}lrﬂl\/{dlg}tlr%%tnkheoféc't t{fatq’IWS‘i 7Qﬂpe¥s QoY Y 11K the EoeltbMl MehtiNof the
experimental resin series with regard to neck-in (Figs. 13a and 13b) may be attributed
to differences in degree as well as the type of long chain branching as disclosed
herein.

General support for the possible differences in LCB architecture between the
HP-LDPE control resin PE4517 and the resins of the present invention may be found
in C. Gabriel and H. Munstedt, “Strain hardening of various polyolefins in uniaxial
elongation flow”, J. Rheo., 47(3), 619-630, May/June (2003), which is incorporated
herein by reference in its entirety. Gabriel and Munstedt identified some consistent
correlations between the type of strain hardening behavior, the zero shear viscosity
relative to linear polymers and potentially different long chain branching
architectures. In particular, they found that linear polyethylenes (absent LCB)
exhibited no strain hardening and furthermore satisfied the well-established 70 ~
(Mw):"4 relationship. Polyethylenes with small amounts of LCB exhibited strain
hardening behavior that either did not depend on elongational rate or that decreased
with increasing elongational rate. These polymers exhibited elevated zero shear
viscosities compared to linear polymers of equivalent molecular weight, which was -
the case for all the experimental polymers of this work. A HP-LDPE, in contrast,
exhibited strain hardening behavior that increased with increasing elongational rate
and this polymer, as is typically the case for HP-LDPE, exhibited zero shear viscosity
that is lower in comparison to a linear PE of the same weight average molecular
weight. PE4517, the HP-LDPE used as a comparison for the resins prepared
according to this invention, fits this behavior. Since the elongational viscosity at low
elongation rates is approximated by 37 (See: C. Gabriel and H. Munstedt, “Strain
hardening of various polyolefins in uniaxial elongation flow”, J. Rheo., 47(3), 619-
630, May/June (2003); and H. Munstedt and H. M. Laun, “Elongational properties
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
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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-elongatipnal \yigcosify as quu Thus, the negk4in or\?ﬂ% {931n§ q%tgl nUention
@ec%flé% ;%é tu% eﬁkkxjéa{)blgél cél%g@i't\fnﬁrea@sc Fmﬁ@éfﬁokﬂé, mh%“ P@fvgl’? likely
@xhitits fuély lox&rl\hmbcklﬁ borgpaded td the M)@ebmrsmau roging at- egpivalent
V.V (Wi Mti h N.vVgl w . N.

lepsefional pcosty dhieq 190) e terenlg? oo iy Mr that
M‘x&eﬁyv}im 1n@re%ém%lhlﬁe ‘éidee@ '\ggltﬁgﬁhéﬁab rdN:fb Mirl¥edl tWe Bignificance of

b']T N N T V) MP

Cﬂle\lhlghl\mg:le@lar mass component in enhancmg strain-hardening behavior was also
shown clearly in C. Gabriel and H. Munstedt, J. Rheo., May/June (2003) cited herein,
which could readily explain the differences observed within the experimental series

here.

EXAMPLE 14

Draw-Down Ability

The maximum line speed attainable with each resin is shown in Fig. 14 as a
function of the low shear viscosity at 0.03 1/s frequency, obtained from the dynamic
frequency sweep data at 190 °C. A rough trend is observed of decreasing maximum
line speed achieved with increasing low shear viscosity. Note that 1800 ft/min was
the maximum line speed capability and therefore draw-down failure is higher than
that value. Although this particular trend is not particularly strong, the increase in
draw-down ability with decreasing shear viscosity has been noted. See: N. Toft and
M. Rigdahl, "Extrusion Coating with Metallocene-Catalysed Polyethylenes”, Int.
Poly. Proc., XVII(3), 244-253 (2002); which is incorporated by reference herein in its
entirety. The PE4517 response is different from that of the resins prepared according

to the present invention, as indicated in Fig. 14.
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DC-C-2 3.69 3.47 3.38 328 1000

96 o



6 EONOOOONNNNNNaG NC ~mr rrorrr
rr~a~ NNNy ~ ao aaaaaa aaaa< 0 co 0) ww (D co w
wwwwww3uc .YULLLLLLLLLLLLLLLLLLLL
LL LL LL LL ~~N;-"V k"VNy NV r,S!Inom ~mVN)O
tOr r NNNNNt'+ ~Nb ~~~5Nr CQJ ~ AEOOOGT

r OOOQNNT Wb(n ~ V). Ti Vi U U-~r N~N 0 .
Naple 5 8b9pmt&onﬂkey'damwghtr dm&rw&@%-ms Showing weight
mveragE Molequlay Gvedglit My migmberp ayergge modeoylay weight (Mn),
qolydispessity (M#/MnYafd F-aVerfige waledulad weight(M2). N N N N M
WMO ~ MY~~~~ QU V V UUUWUW P. UuQr MMV V OOrr

Nr Nt VV)C ZNMI VNtONOO O O.- NMAd

Tabl e 4. Conparison of neck-in as a function of line

sgeed and ngxi mum |ling speed. Neck-in @300 Neck-ir @
500 RegkIDN |@ 7MwNeck- i N @900 [VaniwiMm _Hesi nvizD
VRN 772D 0 % s R R Y A 2
2.125 2.25 2.110 1800 S .19 O ] - 25
5 B Paaty 00O gees 3 20018251 02880 100 Sy S
5. 02 %CQP 4.193 412%4 1600 P A-2 6.43%6.5Q0 6. 2Hg6. 19
e SC-2 108 25 4 505

SC-3 - - - -

SC-4 93 16 6 422

SC-5 90 16 6 391

DC-A-1 112 16 7 657

DC-A-2 85 16 5 517

DC-A-3 - - - -

DC-B-1 123 14 9 860

DC-B-2 101 15 7 797

DC-B-3 87 15 6 712

DC-C-1 112 16 7 903

DC-C-2 92 17 5 780
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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 DC-B-3

6.44 6.31 6.13 5.75 1800 DC-C1 2.80 2.70 - - 600

DC-C-2 3.69 3.47 3.38 3.28 1000 5 96 Table 5.

Absol ut.e nol ecul ar wei ght data from SEC- MALS show ng

wei ght average nol ecul ar wei ght (M/v) nunber average

mol ecul ar wei ght (M),  pol ydispersity (Mwv M
z"fm@ﬁa@@enkﬂm charaglerigfkas % ng Etal@k ithe a0 amflscoszty, Tau
Nia MheMehargdteristia] thelt keglaration (kg @], the b@hﬂﬁﬂpme@, RSP, the
304dversHle dheh2 patbnclerd 28d E&Gh2 F168 AhivatiohEnerg@:- 3 - - -

- SC-4 93 16 6 422 SC-5 90 16 6 391 DC-A-1 112 16 7

657 _-DC-A-2 85 16 .5-517  DC-A-3 DG—B—34—323—4rd
9860 DC-B-|2 101 15 7 797 DC-B-3 87 15 q 712 DC-¢-1
112 ResimID03 Ofta@)p 92 Tauditzgg 0 ¥ Tah KSP*1000 Ea
eol ogi cal _c:pa{}q,‘c})eri sticgyshow ng Eta(O), the zerd (kJmol)
S _ _Ly: \la'u Eta—the craracterstic et t
::comﬁm!e S T3 20E-£08 4e6.66E-02nd Eap.39Re o ow 103 54.2
ATTVSCL" 1 7.59E+03 | 371E-02 | 0249 198 i
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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5 Resin ID Eta(0) Tau Eta 'a' RSP*1000 Ea (Pas) (s)

(kJ/ mol) PE4517 3. 30E+03 6. 66E-02 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 CLAIA-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

3we a2 0.174 296 40.9 DC-B-2 2.28E+03 1. 10E-02

0.221 185 - DGC-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- o i

chit ol yA ot orpgiiol Soheffig e cfidt Prdtucbof o ot gpe first
ahefafasdnedtenpdung] at MeabRbho sevadanslivcghe @impormd] ableast one
second netal l'ocene conpound, at |east one _
othemicallyripeated stoblid wided apsli afe leasin @nat onganealugimm compound,
organoal um num conpound, wherein: a) the at |east one
fY1¥F et al | ocene conpound is selected froman ansa-

10 et gl }heceNeash vk st hRtdIRCERMAGPbAIdTH Sledted from an ansa-
(X)) (X2)(X) (X4) M, wherein ( and ?XZ) are jointly
smbmbibezhefhayingathe [folbowemg|formwld: a cycl opent adi enyl, a

of “whi ch cah be subst 1 ut cROEIRLE Mben, 15 O
P L MOy By SRt o, o
jointly selant ed dyclupentadiengtjenyflgprenyl and an indenyl, or two
fluorenyls, any one of which can be substituted, unsubstituted,
partially saturated, or any combination thereof; or
if) rac-(X)(X))XHM,
wherein (X') and (X?) are jointly selected from two indenyls,
any one of which can be substituted, unsubstituted, partially
saturated, or any combination thereof;
wherein M! is selected from Ti, Zr, or HF;

wherein (X') and (X?) are connected by a substituted or unsubstituted

bridging group comprising:

1) one atom selected from 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

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 selected from 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
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any one of which can be substituted, unsubstituted,
partially saturated, or any conbination thereof; 20
wherein M is selected fromTi, Zr, or Hf; wherein (X
and (X2) are connected by a substituted or
unsubstituted bridging group conprising: i) one atom
sel ected from carbon, sili cori, 9errmni um

EAERE e BER, f RPTOHEFopR:AN alininin graup, v§>8£38tr1'H]@2§@u OSiXs, -
. . ) d A i h i . d
PRy 30 OO R, ARG, JRROBKE B L iEreilPORON selected

afdepenidents frofXBalide, X§)NHEaOR, atiBRY whieesih Rois 4 hgdrocarbyl, or a
substituted cycl opentadienyl, the substituted i nden&l ,
awbstititeds derivativa ttherepf, Latye Al whigh bawaghiremn itp tabaHt 2B rarbon

the substjtuted,bridging group is independently

sag?’%lé’t %ﬁﬁﬁ%ﬂ’{ gy?{f?g?bcar byl group, an 30 aliphatic

gr oup, )afhe it QB iohie FeOGHRI nidtAlietne c@hPodnd & an ansa-metallocene
conmbi nation of aliphatic and cyclic groups, an oxygen

draving the felldwing fgrouls; a nitrogen group, a phosphorus

group, an arseni c groupx,s sgroup, a silicon

group, a gernmani um grogg,)%ﬁ@? O 0 group, a lead

group, i OEiRed ABnATY P NWRIGr OUp, - SA2X,

-omxz‘f"ﬁlcf%g{I%,lgé-E s, B L 2 Y hexe) -As(O) %2,

or - PXRherehe€) ank (XY merespedively adestinaied cyglopentadienyl;

hal i de, . H, . NH2,. OR SR, wherein.Ris rocarbyl., ..

or o Wheein (SednddR) & senpsled gy, o aﬁﬁ'@*”@f‘g\ﬁh% jpdubstituted
' : ut 20 carbon 5 atons; a halide;

%Yﬁgg%(gﬁ&%ﬁ{sﬁ%qat | east one second netall ocene

conpound i si)an afsRatort a¢lecteé feom avbony silivenf getnoading, or tin,

formul a: (X5) (X6) (X) >%{I\542 wherein M2 is selected from
Ti, Zr, or bgndeddo kR hapkeX afld (X6) are

respectively, a subst.i ' .+ ] soh
065 and” (OB "ar STt Bl CYPORREREH £ B, o B which i
unsubst i t ut gehdelftd ¢RI yhd2he et eAPOF Shid is bbndetbtoa 0O and
sel ected from car bon, silicon, germaniu or tin,
bondedwherebo{ K %69 (1) arx@pch ctipsally )subsiutednwiilusp go four
carbgon at ams .i.n. a chain..one end. of which i bonded

¢ FbptiEients 1 af‘ﬂ‘éIOBttﬂE‘Pe BideiBE SfPen s bonded too?Xg);

:‘B gst Y‘?Slt&gg{‘ 6\"5{:52 )(a(ﬁﬁ Seg(:%%lr)ﬁ[tﬁelﬂa&h tigPEhsfalttd cyclopentadienyl;
and each substituent on the substituted bridging group is independently selected
from 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, -S0O,X, -0AlX,, -0SiX;, -OPX,, -8X, -080,X, -AsX,, -As(0)X,;, or -PX,,
wherein X is selected independently from halide, H, NH,, OR, or SR, wherein R is
a hydrocarbyl, or a substituted derivative thereof, any of which having from 1 to
about 20 carbon atoms; a halide; or hydrogen; and

c) the at least one chemically-treated solid oxide comprises a solid oxide

treated with an electron-withdrawing anion.
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substituents in addition to the bridging group;

wherein (X7); (X8); each substituent on the

substituted cycl opentadienyl; 20 and each substituent

on the substituted bridging group is independently

selected froma hydrocarbyl group, an aliphatic
oup,_an arqmatic group, cycljc gro

g’orrbl rERS o‘iﬂt%YStalqoﬁTPélS}t@Ha 6&8@ c? \#éﬁ@m afheosd glepst one

gfrgﬁltpoaiﬁnﬁMM bgmgtglﬁﬂﬂms%e Fdlfd\ﬁgg Pori@stP, @ phosphorus

P, an arseni roup, a car group, a silicon
group, a germani um groupAl@(gt)[;(K"b{,gup a | ead group a
boron group, an al um num 25

G (Cna hypearoddaoe e to-aReptsSsartn stpses; (X' is

,\:ﬁg‘ger ?eé_jeﬁ%gi, %gﬁxu%ﬁtgf glplﬂr%%? ?&%ﬁ‘% Iﬁbé)%% 22{80 Q?’J)ﬁtdfo cl.il’bon atoms,
Sl SrtyRRiddeand/atd ¥ Buhbey Reth, 1 B mum ch having

from1l td about 20 carbon atoms; a halide; or
hydrogen; and c) the at |east one chenically-treated

solid X|dec i d,oxi de 30treated w th
el eﬁi‘?‘iﬁtﬁl Eﬁ@?gﬂf%(’éﬂ%ﬂl B2 The catal yst
CONMPOSihkisBfid Yxidd B éEEéoted"’ﬁ%h? ‘sﬂ'icﬁ hﬁuﬁﬁnd effda-&A0Mina, aluminum

or ganoal um num conpound has the fol | owi Ag formul a:

ApHosphaté Xh&efopolytuhgstates) (td8ja, mrcaniay dnmsiaylbomawzmg: oxide,
from1l to apout 20 carbon ato X10) is 5 selected

fmﬁ'?ﬁdzﬂ itheregh Oéfl})?‘%‘i?so‘@e‘ﬁ’&gsa\‘\‘@i from1l to about 20
car borllth?g%gitro h)f‘?iltﬂd}gwn% Jﬂf,ﬂ{e e @an fhotn 2 ARBARET chloride,

from usive cata yst composi tion of

GhrdiniTié, phokstiagd, neiflatecbisolfatd, swtfats or anyp edrabinatof thereof.
silica, alumna, silica-alumna, alumnum 10
phosphate, heteropol ytungstates, titania, zirconia,

ntneSJle‘ﬁe %aﬁglygtacfon% gl%(}ﬁ(l) e'almr[] mgre | des thereof, or

m Xt ur ectron-w hdr awi hg ani on

i's sel gcinechtfiEai dneURist dftalldtnE cOMpoutd &Tkelected from an ansa-
phosphate, triflate, bisulfate, sulfate, or any

cowtilloatriedravitigsthe dollowmgdormnla: cat al yst conposi tion of
Claiml, V\,hreln a) the a{ h 2(5? i rst

met al | ocene’conpound is se @g ?@ﬁ?“&n ansa-

metal | ocene havi pgelhie (X9 4 )@29 afr@rﬂi'ﬂﬂ? selected from a fluorenyl

(X)(X)(X3)(X4)M wherei'n (X are jointly
sel ect ed frmdaafdywhjmn‘gpldlengl) andluarw&larpbrﬂradndﬁm’ﬂ or two

PR PN AT T T e
partially saturated, or any combination thereof; or
if) rac-(XY)YXHM',
wherein (X') and (X?) are jointly selected from two indenyls,
any one of which can be substituted, unsubstituted, partially
saturated, or any combination thereof;
wherein M! is selected from Zr or Hf;
wherein (X') and (X?) are connected by a bridging group selected from
>CR',, >SiR,, or —CRY,CR.,-, wherein R! in each instance is independently
selected from a linear, branched, substituted, or unsubstituted hydrocarbyl group,

any one of which having from 1 to about 20 carbon atoms; or hydrogen;
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partially saturated, or any conbination thereof; or
i) rac-(X)(X2)(X3)(X4)M, wherein (X) and (X2) are
jointly selected fromtwo i ndenyls, 25 any one of
whi ch can be substituted, unsubstituted, partially
saturated, or any conbination thereof; wherein ML is
sel ect ed from Zr or

connec‘f’]é‘ifew %ﬁbﬁwpﬁtéorb {)p()gzé,|( %f)c]f* Cgpéqﬁ?pgg@b& sglected from
“PiifneBl RS, Srand G P aTup Be6h, {PRtaRgEsinn, o o

Spl'hﬁ hdru$ gebupany o whivhi Hawirgofremdr mduyizo garbop ,atorm;yi halide;
one of which having from1 to about 20 carbon atormns;
ot hygdeogsgeand 101 0 0 wherein any substituent on (X)),

okl SLIREIRT, PRLESLEAY Sl fop, g or

%r&m&i@ﬂomor tcPaboR 26 BADOH Sitdthg Halidg ot hgﬁnw;u azﬂ
having from1l to about 20 carbon atons; a hal i de; or

hydr ogentheatdesst whersetond xajalloseng xampawns is an ansa-metallocene
|nde endﬁnﬁﬁ)% se ect d from al koxi de or aryl oxi de

he ig 20 carbon atoms, halide, or
hydr| de; and b) the at (egsthy&inxdpaond netal | ocene
conpound i s an ansa-net al cene havi ng the fol | ow ng

f or mul where 6P Xahd KX5)(@ByEpectiv@lyna emlmtmtéd(syclamllt@@)ﬂ
are res ectl y stituted | o di en
wher w T IR R X e DR o) PG GoN st from
z >ER2 R2>SI F:[F{ga?cq;Rg,% r
eac ansrt anc %}I s*7 n@%&glrﬁldent sel ef:&tng%lwlf§ rlggnébf ndently
| Sdi‘&&fd frbfnadil tihest, bsaﬂ@héd,tmbemiutefd; ot luﬁmllhstlmted hydrocarbyl group,

hydr ocar byl  group )i one of _whi ch havi ng {1 m Ito
aboenexef whie éavmgéf%n dp ahget- 2heasbon alofise Pl

d (X6 |
23 Rl L S B SR o o
Wk iuen@ i a&&ﬁ'ﬁ%hltb U Bridifing éﬂou {X6), or R2 is

i ndependently sel ected from a hydrogarbyl group
oxygenwgcngupanws@tltu@nt on 6%p, (B )n P Rogs'emdg]pqg@gntl)b g;elgcted from

?‘é’ﬂho%ﬁ)%&%ﬂ%{? épfé’%ﬁe\é@mﬁvg ﬂggl\lllm}gg%%lgh a %l{rggép %%up, or a
%@ngg égar f%ﬁiy OXRhid Bavimgl ﬁBﬁPP‘ enhbout 26! caicathtbiea halide;

, 'ox1de, or amde having from1l to about
20r loairbgen; ahdns, hal i de, or hydri de.

wherein (X) and (X®) are independently selected from alkoxide, aryloxide,

or amide having from 1 to about 20 carbon atoms, halide, or hydride.

5. The catalyst composition of Claim 1, wherein the at least one first
metallocene compound is an ansa-metallocene having the following formula:
EHEHE)XIM,
wherein M' is selected from Zr or Hf;
wherein (X') and (X?) are jointly selected from a fluorenyl and a
cyclopentadienyl or two fluorenyls, any one of which can be substituted or

unsubstituted;
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5. The catal yst conposition of Caim1l, wherein the at
| east one first 25 netall ocene conpound is an
ansa- net al | ocene having the follow ng fornmul a:
(X)(X2)(X)(X)M, wherein ML is selected fromZr or
Hf ; wherein (X ) and (X2) are jointly selected froma
fluorenyl and cycl,opent adi eny| fluorenyl

any oﬁ@e&mvmg Eﬁméa@( b &re; GeRRsCiE lé}g a,pridgigg group selsected from
gr —@@ 8 OBERiA I('Xln 3th (if&hnd & mdependently
Conn Cte >CR

g group sel ected from

38etitdifréih o HEEéaE %ﬁched\(\:bﬂiﬁﬂnlteﬁ' o mnwbsthutedsh}ain@tmrb)d group,
i ndependently selected froma |inear, branched,

saponE ol wich kaving Sest 1 thowd 2 partosaiems; hjahéepor hygrgeen;

ot 1 aarigihhod BBAbER O L ER U RS 1Aty W¥fected from
(a>i'1 drodafdyl BouRR arl Sxygraeasnsenthlfursgbap) @dltfdg@ﬁlgr@up, any one

ydrocar byl ~ group, an oxygen group, a sul fur group, a
mftwh:gieha\gn@ fpom hmoy alooss 20srartyni atombae h}gir@gm to

oa sersinG R BhantRn s iy S DRREn Bl Seltfkc gt oride or
%E?/lbgfﬂ'e‘iﬁvﬂ%y S ftb%bﬁt ﬁ(PcﬁrBQﬁ'bto%% HARBS or Ay AHTSe.

dri de. . The catal yst conpoSition of
Claiml, wherein the at I east one first netall ocene

for il cFab ?%?tn@%’ito?%k%@y@p“mztghe s k2 %ene it
aﬁ&awée%' @%@&; %tt\aﬂoe wi@[memm %rmdi)é.

can e su or uns stit mher
and (X2) are connect eﬂhd@)@(ﬁ)ﬁb gm‘fwgr oup sel ected
from >CR 2, >SiR 2 erein R, in each
| nst arvdereia () apd r{afehtﬂey}m@é‘f é@?@@d fft%%t\gmipﬁggf,ls, any one of

%hedgﬁgﬁ%ﬁédt%ﬁ%gﬁ uﬁ)gtﬁtld&%ubst i tuted hydrocar byl

aving from1l to about 20

C ar boﬂﬁﬁ’ér@i'i‘is (X '9randy @9 a8 icoRfle st bei ) baidgingua®uptsgtrted from
on (X) S or Is independently selected from a

Wy@RQc arsm&tz, ot otffRLER px ydwreigr Bupn @achyinstanceyis pdepgndently

h havi ng I r o
aelsstetgot Hhcerabineet sShytiishonr SRRl b Gapy! eroup,
dedDf vHien hMﬁg%ﬁ% D Hb&ﬂ'z@cdaﬁ%rf aemsatnkmrsgerp r
aryl oxi de having from1 to a out car bon atons,
hal i deyhaeinanyrsubstitugst on (X*), (X), or R is 1ndependently selected from
a hydrocarbyl group, an oxygen group, a sulfur group, a nitrogen group, any one
of which having from 1 to about 20 carbon atoms; or hydrogen; and
wherein (X°) and (X*) are independently selected from alkoxide or

aryloxide having from 1 to about 20 carbon atoms, halide, or hydride.

7. The catalyst composition of Claim 1, wherein the at least one first

metallocene compound is selected from a compound of the following formula:
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7. The catal yst conposition of Claim1l, wherein the at
| east one first netallocene conpound is selected from
a compound of the following fornmula: 103 0 R3 R3

Mn,,,.. RRn, .E\\Q O 1 ~ER3 Zr *c,d R23 zZr
R2 RI-EZr O R3~~ R2~O0 RBRRACRAC R3 U R3 RO0"
OZrd E R 30 R3; or any conbination tjhereof;
wherein Eis selected froddC,_Si, Ge, or Sn; §

wherein R, R2, and R3,

I ndependently sel ected fr
havi ng
The cat
| east o
frofg>

i nst ance,

RI”I{, E

R K

; or any combination thereof;
wherein E is selected from C, Si, Ge, or Sn; and wherein R1, R2, and R3,
in each instance, is independently selected from H or a hydrocarbyl group having

from 1 to about 20 carbon atoms.
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HBCOOO O ad OoCl CH3 zZr O 2ZY,.oC HCS -O
OCROC H30& S zi ttcl ~CC H3CV, H3C S ~~. H3C ~O
OH" 5 nCH3 .00 Si .ocrd Si i aad Zr~ H :i

Zr 4c _| L HSci CH3 O H3G ~ACl H3C Z,~ VO C or
any conbi nati on thereof. 105 o 0 9. The catal yst

ngt al | r?@ %@?ﬂénosi}go% gkaélaxt re ov?rlltlerleﬁla%ﬁe eleast one first

%né{ailléc&%%@;b%ﬂg qii dtédﬁoﬁlTl5 fluoren-9-yl)hex-5-ene

zirconiu
[(I'l 5-C51; 14)CCH3(CW ) (1 15-1k, H9) ] Zr C12;
opent adi e 2-(r15-2, 7- difFpe

- 5- en@%.

S

opent adi e 2-(r| 5-fluo
V) dich

>

, 7-di-tert-butyl
Cldl chl ori de,

2-(r, 45' cl opent adi enyl ) - 2-
hept -6-ene zirconi

[ Mg WECH3 ( CH2CH2

2 Cl 2; /\/\%f
1 “hcycl opent adi enyl ) -
Y

; or any combination thereof.
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zirconiun(lV) dichloride,

[ (r15- C5H4) C( CoH5) ( CH2CH2CH=CH2) (r 15-9- 15
C13H9) ] Zr C12;

1- (Tl 5-cycl opent adi enyl )-1-(r15-2,7-di -tert-butyl
fluoren-9-yl)-1-phenyl pent- 4-ene zirconiun(lV)

%g%oﬂg?&a@h% ]1 c%ng_sfgﬁgo%( %?Fg?agrg_l% ,Cl_v%a%l;le:ig_%‘}e( ra% Eléz?s_t one first
#ﬁét%@?ée%%%@%ﬂﬁ&‘?& s.%[@é'#?(rfrgﬁ 15-f1 uoren-9-yl) - 1- phenyl
eX-5-éene Z| I

rconi u di chl ori de,

| 5- SAGHFEHRY Hhdb52n irconium(IV
£3(15H9) ] Zr O%@%ﬁ%ﬁ%m adi eggl )-1-( Ie 15- 2,21rcon1um( )
Hichlotide, {(iPuC L) CObLECHICHCHECHh N y-HoREx Ho BZeGils;

Zirco

[(rl 5?%;}é&%mml{l}tilélu.gren@-yl)hex-5-ene
At TR Lo o oy corl BRSOl o

t one second netallocene conmpound is an
gn%l%ﬂ%ﬁeéjgf | ocene having the foll ow ng fornul a:

(X) ( XB)-(wfDycKieRtadid | Mbren Blnofeds)-yBhebt(6x6de ar e  zirconium(IV)
re:spe_c.tivelsy a substituted cycl opent adis%gé!; 106 o o
whiehlefide, (£ -6l CKE):(GHCH e eCeg Hayma- 9t istig AClar oup

Sl s e 0 et s v
RS SR S e R e ot

apoupy 3 €8)bon atons; or hydrogen; 5 wherein (X5) and

>

(X6) are each optionally substituted with up to four
subst i 1-gghtyldpensdiértyl o b-(h 5 flubeenb?-y gl -pheryipent:4-ene
wherein any substituent on (X), (Xeé, or R2 is 5
i ZichopamadMd | v s slichdoride, f r om[(3-63n6tead ) {Cly (Gl HARH,)(-9-
o‘ﬁyglEﬂ mup, a sul fur group, a nitrogen group, any
BB ch havi ng from1l to about 20 carbon atonmns;
or hydy agen: 2 €A (P o6k o1 }
i ndepe% g@ﬁﬁ?ﬁ‘s@f%@? !igmzﬁ%g(i de tgg%gr?{/nle%g il)dle phenylpent
havh®d ZArcemuh(tv) adtorade, Cq(H00H}) 06 HHCHATLAH=CH,)M -9-
hydride. 11. The catal yst conposition of Caiml,
whpHeiZg7{he)ldrCheast one second netal | ocene conpound

d from

G Rol-(RaCTeR i b Naiveren Gy Lppey e S10ngy
Rerconist(@W S Ealcldoride,  [(n°-CsHy)C(CeHs)(CH,CH,CH,CH=CH,)(n’-9-
C3Hg)JZrCly;

1-(n’-cyclopentadienyl)- 1-(n’-2,7-di-tert-butylfluoren-9-yl)-1-phenylhex-
5-ene zirconium(IV) dichloride, [(115—C5H4)C(C6H5)(CHZCH2CH2CH=CH2)(1‘|5-9-
C13H7-2,7-Buy)]ZrCly;

or any combination thereof.

10.  The catalyst composition of Claim 1, wherein the at least one second

metallocene compound is an ansa-metallocene having the following formula:
X)XYXNX)zr,

wherein (X°) and (X°) are respectively a substituted cyclopentadienyl;
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R "\ RRZ15\\ "1 MM RA R4 14 ~ACl R(UE\ r " C or
any combi nation thereof; wherein E is selected from C,
Si, G, or Sn; and wher ei n R, R2, R3, and R4, in
each i nstance, is independently selected fromH or a
hydr ocar byl group having from1 to about 20 carbon

O
3 a1 meTaRaED A (XY 4T GR80CGSH ¥ ot BB R eliied from
% '3%11{ ! e@e@sz 'H/he:'gelﬁstz ?Scéach' Qsiaﬁce 71& %&Egendently

Si SCl ~S
Iﬁﬁctﬂl@r&&a 11near§3breﬁsﬁ?d:d "s0Bstitbizdnor unﬁbsﬁituﬁd hﬁﬁmaarbﬂ group,
Zr~Cl H3Cm.. Zr CI H3C H3C*ve \ N

arw@nemwhlq:.}phavmglfm@p 1tz ahout 20 cerlgn ql_tgéﬁc%shﬁgg%)@
%@Eﬁbgﬁ a%l%gjﬁﬁsl ﬁ@@ oplslgnéig?éuﬁs@cut% with up to four
substituents in addition to the bridging group;
wherein any substituent on (X°), (X%), or R? is independently selected from
a hydrocarbyl group, an oxygen group, a sulfur group, a nitrogen group, any one
of which having from 1 to about 20 carbon atoms; or hydrogen; and
wherein (X7) and (X*) are independently selected from alkoxide or

aryloxide having from 1 to about 20 carbon atoms, halide, or hydride.

11.  The catalyst composition of Claim 1, wherein the at least one second

metallocene compound is selected from a compound of the following formula:

CH, R3
&R3 /&RB @CHB
Rimy fﬁg Rl g 7 {“gl Rl rg““gl
R2 \% R2 \ﬁ R2 \%\
R4 R4 ;

R 1"“/}3/ ; il_ \\\\\C!
R2 \ﬁ
; or any combination thereof;

wherein E is selected from C, Si, Ge, or Sn; and wherein R1, R2, R3, and
R4, in each instance, is independently selected from H or a hydrocarbyl group

having from 1 to about 20 carbon atoms.
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CH3 CH3 r...nnd HzZr-1 C1 H3Cm-~" SC 3Cm-~" SCl
H3C H3C CH3; ; or any conbination thereof. 108 o 0
13. The catal yst conposition of Claim1l, wherein: a)
the at |least one first netall ocene conmpound is
sel ected fromrac- C2FM(rI5 Ind)ZZrCIZ
rac Me2Si (r15-1 nd) 2Zr C12i octx Q%ﬂ g@
12 u) 212recmaly|8fa@onm@§1§pmqf5 4 VDI Digr ¢ least one second
.Me(Ph)Si(r15- 5
%?§§¥%&f$§1§u§§fﬂ%%%é%ﬁ% i'on thereof; b) the at
| east one second netall ocene conpound is selected from
rac- M2Si (r15-3-n-PrCp)2Zr C12,

Me2Si (rl Cp) 2Zr C12, Me2Si (g 5- ¢p) 2Zr C12, or any, cH
conbi na thereof; c) the east one ;
chemic r ealced solhp,, |de i s@@ected f ,& g

f a%dr-sged ~aLumni na, alki na sul(are
aHﬂﬂ{na ri ded S|I|8a aIu or any conblnat
t her eof ; d) the at |east one al um num CHg

conpound is selected from triethylal um num or
triisobut  um num 15 14. The
of d ai erein the at |

ne chem cally-

treate id oxide is sele fluorided «Cl
s Loty
ahjeni.p, chizeded al umionag ; uﬁ:ﬁglmxmm 2

| um na, sulfated
ireonia, chlori
irconia, sulfated

SH¥Fﬁt um na, quongﬂéd j
i ca- na, brom ded sili
silica-alumn fluorided sili

silica-zirc nla br om ded silica-

silica- conia, or any co ai on thereof. 1

The cat t conposition of 1, mhereln t he

| RSl hegital | y- t ngai.g O de f ujche b:f?
camer netlal or netmt”i OReZ5 16. The cajcfly ¢

of Claim15, whereis e at | east one
ated solid oxide is S&;ected from ;
zi,nc- i npregnated cH

3

| ori ded
i ded CH,
at \\e\ %l al u m na _,.\\\\\Cl
TN Zr

Z H.Clim.
N 3L-leSi vy
Cl H, c” %

chenical I y-
zi nc-inpregnated chlorided al um na,

C;l CH,
Wl

H3Cﬂllu. Z \Cl H3C“”Iu

Za»
\\\\\Cl

7
™N¢

CHs; ; or any combination thereof.

108 o ©



10

15

20

25

30

109 17. The catal yst conposition of Claim1, wherein
the at |east one chemcally- treated solid oxide
further conprises a netal or nmetal ion selected from
zinc, nickel, vanadium silver, copper, gallium tin,
tlgng%en rm: ybdenum or any conbination thereof. 5

e catal yst conpositjgn, of aiml, wherein the
wel- ghtThea‘fqt@Yﬁfcoﬂﬁ@s’é’tonq fldam éng"ﬁeﬁ%inoal unmi um

co d,.t h t I
ot b Dotk0at MsBione ARy PEGUEORE EShbYRIA /RICRA Kidm rac-
car) %Indqzczm;I FhOaMSi(H - hid}}ZrCly\h M@(bayt)sqnéxm)gzmlz, rac-

one ganoa um num COI’TpOUﬂd IS se ected from

tMef&(ﬁMMmmthd)zzt(Elh,et hrgiceiis{mt2aMelnd), ZrCL,, Me(Ph)Si(n’-
tri-n- Eropyl al um num di et hyl al um num et hoxi de, tri-n-
n?rrﬂnﬂcwlé‘ﬁﬁtﬁfy‘l ST num hydri de,

EL%?E@?# (B RO ot RUROURNUTRER AL I Sole@d T rac-
Ol feSRie 503%@1‘0&;2}@*1 M@Wrﬁmwp)m MesBi(PeCEBLET,, or any

from at | east "one al um noxane, | east one organozi nc
cmplgmambnth’erdoé,ast one organoboron corrpound at | east

one io ionic i.nat,i on

t her eo‘F ?fSt %&@gﬁaﬁl}/ treegs% 161861@%1 fopn fluorided

fé’l{lﬁ’lh[%[ (91%9?&(40.6 bfihifla CORRHE mmﬁﬁl ?Hfoﬁ@ed fd19R-Ahmina, or any

| 'east dne al um noxan€ conmpound wherein the
ad:dtﬁbmm(&ﬂ&leﬁemfmndses a cycli ¢ al um noxane havi ng t he
formula: Al-O n R; wherein 25 Ris a |linear,

branch@d thekgt leasti ryer rsEanEalEning Y ¢ BBPPUNdo s S%\lﬁgeﬂ from
a&ff%&%@g{ﬁ é)\rllftﬁ@@tﬁg ornurﬁ 101181 I0I Begr Rfi 1-0O

~nnAl ; wherein

14.  The catalyst composition of Claim 1, wherein the at least one chemically-
treated solid oxide is selected from 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.

15.  The catalyst composition of Claim 1, wherein the at least one chemically-

treated solid oxide further comprises a metal or metal ion.

16.  The catalyst composition of Claim 15, wherein the at least one chemically-
treated solid oxide is selected from zinc-impregnated chlorided alumina, zinc-
impregnated fluorided alumina, zinc-impregnated chlorided silica-alumina, zinc-
impregnated fluorided silica-alumina, zinc-impregnated sulfated alumina, or any

combination thereof.
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R R Ris a linear or branched al kyl having fromlto 10
carbon atons, and n is an integer fromlto about 50;

a cage al um noxane having the formula

R 5m+, Rom, A14,03m wherein mis 5 3 or 4 and a is =
nAg3) - no(2) + no(4); wherein nA (3) is the nunber of

oord te alum nu t.0 2) s .the nu
woTEO R G ARE By Buh STICHETT. whRHH e S SHp Sfbmically-
Ofreﬁe& A8l RS FPHGCEORHNES a FretdICH BROA! Pnisel@idd B zinc,
al kyl  group, and Rb represents a bridging al kyl
gnickel, mhaaahann flvies, eoppenegalliom, btimntingstenainjolybdeavimgoer any
fro 1t rbon atoms; or 10 any conbi nati on
n@é‘fmo’? er e catal yst conposition of C aim 20,
vvherel n the nolar ratio of the alumnumin the
al um noxane to the conbined at | east one first
nes.al | Pheratalysowpoyositian ofaClaimakt wheeirs deondight ratlo of the at

net al | ocene conpound in the catalyst 15 conp osn}
i lpast onp axpsnealymivmt compaind tpodegiideast ong cheppical y-ircated solid
BRI hofmRAE LS 98 BhuT oy 20, yherein the
noxane co 'S sel'ected from
met hyl al umi noxane, et hyl al um noxane,
ropyl al um noxane, i so-pr opé‘I al um noxane,
nl ut yiThe uﬁﬁtﬁbfﬁhn@ompo%mlyl of ublaimx dne wheseinpghe at least one

al um noxane, i SO- tyl al uni.n
‘i%ﬁ nox“é’ﬁ%po pelit yI 5?lﬁ%§oxafﬁ%n trimethylaluminum,

&%wimhﬁh it NOXARR prdpy R iRAivh, 2l HIHPNERSum  ethoxide, tri-n-
neopent yl al um noxane, "or a conbi nati on t hereof. 24.

Thaylzdlmmirym’t corrplwbutydﬂiumﬁnlml ai m hyddidg,t her triisobutylaluminum,
c I st sel ect ed 5 fromat |east one

og’ggﬁ’(@}l ﬁE’g’&‘ﬁ@ LS SmPIPROTL RG0S 7 i ne compound

has the following fornula: Zn(XJ)N4); 111 00

wherein (X13) is a hydrocarbyl having from1l to about

290.car Whe cathlysrcon{péiitioniof Clsiel Bdurtherfaomprising a cocatalyst selected

édr ocar byl , an_al koxi de or an aryl oxi de havi ng from 1
oph 8k feast gne AuspiRoxansmet 1east e, orgRnaeiier pefapoundpmt least one

T f.

TR RRh S BRTRER o8Bl iof Ao KHEAAG, oy, combinatin
OfHggstdZzi nc conpound, wherein the organozi nc conpound

is selected fromdinethyl zinc, diethyl zinc,

dipropylzinc dibutylzinc di neopentyl zi nc,

? hgt ri Xtal%/st &% lmnl:?otm toJ(ﬂ dtm ?r AR gorgfglllsq Ia%ocatalyst selected

reo
from at least one aluminoxane compound, wherein the aluminoxane comprises

a cyclic aluminoxane having the formula:
~6AI—03—
| n

R

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

; wherein

integer from 3 to about 10;

a linear aluminoxane having the formula:
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10 26. The catal yst conposition of Caim1, further
conprising a cocatal yst selected fromat |east one

or ganoboron conpound, wherein the organoboron conpound
is selected fromtris(pentafluorophenyl)boron,
tris[3,5-bis(trifluoronethyl)phenyl]- boron,

N, N- di met hyl ani | i ni um

t et raki s( pent af | uor ophenyl ) bor at,g tri phenyl car beni um
tetraki s(pentafl uor AH+-QO lithiumtetrakis 15
(pent af | uor ophenyl ) bo a e, d.l rret hyl ani I'i ni um
tetrakis[3,5-bis(trifl u Rr O- meth )‘ﬂl’;&w ] bor at e,

tri phenyl carbeni umtet rakl s[ 3, 5- bi’s | uor onet hyl ) -

P ey liheerotbeanchéd alkgoidvimeafromnl thE)Y ebon Aéms,Thel n is an integer
catal yst co osi tion of Claim26, wherein the nolar

rizemd tebewe 0 20 or ganobor on conpound to the conbi ned

at | easg |%naqu{rﬂnJ n&RhAh Qﬁ@ ITROUNGRD RF 8L, | SAtdrein m is
one seco cene C npoun in tARE chtal*fst
chrposiahdan iss=f rQR) - abgut : Iwhereiabopyg, is0thd. m@ber of three

The catal yst conposition of a| m 1, further
c@epdmgtereéu@m atoansy #pes & beranbey of tyvg wogrdinalg oxygafeatoms,

Lrg}% g%ﬂ% ' onb %re? cgarcﬁp%%yﬁ%ﬁ' {jl?rs )”l? e nﬁfﬂg@&ﬁé g%ﬁmnal alkyl
kérﬁi(]@h Fir¥dehBBod Bﬁl@gm ral ﬁg&l}ﬁp{ kohRfei® M 141 linear or branched

tetrakls(mtoly)borate but yl ) anmoni um

t dkylkavii@framdi 'rteﬂh&]«irbhl@ nt,oln)ﬂa or at e,
tri(n-but anm:)nl
tetr ak@ry(%)% 'il%/‘fe&qenyl ) bor at e,

tri(n-butyl )ammnl um
tetrakis[3,5-bis(trifluoronethyl)phenyl]borate,

t22.( n- Blwt \chjadystomimposiibn of Claim 20 wherein the molar ratio of the
tetrakls(pe t af | uqr ophen or at
nelMRYR iRy | nF‘]:uPHP e ﬁu& §?‘Eilgfrlﬂdy11t) lfgstappe first metallocene

%%géd}ﬁt %{1 apy libdy Ui %&'{é&ﬁﬂ Hhimiiflenk) BAOBSEnd in the catalyst

net hyl ani |1 ni um
t @drnpdsitidiis4raih abbihyl: Dﬁ)lwybc)dndﬂé,ﬂéo 1.
N, N-di met hyl ani | i ni um tetrakis(3,5-dinethyl -
phenyl )borate, N, N-di nmethylanilinium

tegr ak % %}?}é}rg c?r#%s%&%@()la%tiw \WHRPERYhd ABhAhGkane compound

tRt Eélléété& PR&hatlteNAnhenytahB O letiydaluniifioane vgraphlahinifioxane,
tetrakis(p-tolyl)borate, triphenylcarbeniumtetrakis(m

51soq1r9ps)lbl@manexaner| phebytydalnmingsane,  t-butylaluminoxane,  sec-

2, 4-dimeth bor at e,
 Pr RO IOAP e ani PR oK e PSRRI PRSP, %
g RPBHIESKRRNT UM 3_pentylaluminoxane, iso-pentylaluminoxane,
tetraki s[3,5-brs(trifl uororret hyl )phenyl ] bor at e,
tneqpeﬁtﬂalumnmna,mr a eambikategrpihetent] uor ophenyl’) borat e,
tropyliumtetraki s(p-tolyl)borate, tropylium
tetraki s(mtolyl)borate, tropylium

{ gtl s§ § térygﬂ tlﬂﬁé{dgﬂeny léjgxg? gfugt»helt E(g{g%ﬂlléiuuﬁ’é‘mh +Bcatalyst selected

t &bﬁﬂitlléz{sB ofie bigatdaind terapeundetbiein feeorghjdrinace@npound has the
tropyliumtetrakis(pentafluorophenyl)borate, Iithium

t Ealloxving forantlait | uor ophenyl Yborate, |ithium
t et raki s(phenyl ) bor at e, 'z%bc“?@x“ )
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tetrakis(p-tolyl)borate, lithium
tetrakis(mtolyl)borate, lithiumtetrakis(2,4-
di met hyl phenyl ) borate, lithium

t et raki s(3, 5-di net hyl phenyl )borate, lithium 15
tetrafl uorobor at e, sodium

:‘g érglﬁﬁ' é% gﬁnt a r%%glgygﬁgggg i G to gbou%l% carbon atoms; (X') is
:%F{/C?%ﬂbﬁ&ﬁ a‘iﬁ&rbﬂ&:gﬂﬁfﬁtzﬁl aik@ﬁ'db‘ Br ot drtoixfddhaving from 1 to about

or at e, “sodi um
t 2 c&tbom(ltbm’s-, Halidst, by hpdrédey| ) bor at e, sodi um
tetrakis(3,5- dimethylphenyl)borate, sodium
tetrafl uoroborate, potassiumtetrakis-
(fent [
tiester am%%tﬁgﬁ%ﬁ%%g@éﬁ%g (()Itlzggfs F‘l‘jfrﬁniﬂt'ﬂég‘tcroa tng a cocatalyst selected
t Bbl Mbteastt ene PBIMSSINCNOdngioual] sherdim It )dﬁgmmzmc compound is
pot assi um tetrakis(2,4-di nethyl|- pheny

)b
pw!e&@sh {iemt @memw@(l@ @ethmmchwpﬁ%ﬁ@ms b%ibgttg@mc dineopentylzinc,
I
Rl PR LRGP PRRY St Bty Lot
tetrak| s(mtolyl)alumnate, tri(n-butyl)anmoni um
tetraki s(2,4- dinmethyl phenyl)al um nate,
t26 ( n Phe gat:)laﬁtmgmilpmtt(mcp a3, Barther comprising a cocatalyst selected

?rpa ylg%sggﬁ% %rgﬂm@{g%ﬁaéﬁ?mt ; In&iP Cﬁ%u‘r%? éﬁe organof;'?)ron compound is
'\&e%c@ém&ﬂl tﬁ“@(ﬂehf&ﬂﬁmdﬁkﬁﬁ%&{)ﬁ tuqé[sIslalsetﬂﬂaalto%etmmmenyl]

dinmethylanilinfumtetraki s(mtolyl)al um nate,
l\bdﬂoﬂ; met hyI ANiVidimethylandimiaki s( 2, 4- tetrakis(pentafluorophenyl)borate,

g%’rg B{ ?r{g?t?%f lséﬁg%y%%pgeﬁpﬂiqtgg Iel, i thlum  tetrakis-

UM “bis(tri -
Nﬁéh%zlﬁﬁt%mﬁdr A1 e e my i, (D i(iforo
t mbﬂﬁk)phé@ljhﬂratb) al uiphreayarieniyrhenyletrakisfs-bis(trifluoromethyl)-
tetrakis(m tolyl)alumnate, triphenylcarbeni um

t ehanyidberae, &félcﬁﬁthﬁl}ﬂrtméh%e?gl um nate, 113 a o

tri phenyl car beni um

t et raki s( 3, 5-di net hyl phenyl ) al um nat e,

tp7.phemié GaradaRi dbMposition of Claim 26, wherein the molar ratio of the
tetraki s(pentafl uorophenyl)al um nat e, tropylium

t@jgagqxipqr()p cpmpym)@mj thenq:tr@ ined @b lspst omg first metallocene compound

m%?sé ﬁ}g%g{a {)%:tn% crogéfﬂ%ﬁhhﬁ e ga'iai?‘s&' gr‘lzposmon is from
t@&g@@lls(%gj&hqgtlhyl phenyl)alum nate, 5 tropylium

t et raki s(pent af | uorophenyl )al unm nate, 1ithium

tet r aki s(pent af | uor ophenyl )aI um nate, lithium

{ Zt % %Mq?ﬁ%&fec ajm.l, ELBTHCI' comprising a cocatalyst selected
tﬁB ?%'l%@ﬁ%%eqllo;( z%ﬁ’élm J‘@érﬁ?oﬂrLdt Winerid eleiBkizf{eioftic compound is

di nme nat e

t sdleadd B0, ﬁﬂmbmgﬂ}ayﬂmhmnm beaialars(p}mlg},)bdmatd; tnigm-butyl)ammonium
tetrafl uoroal um nate,

t @irﬁhl@(@(tﬁlé’h}bﬁfqt% &rr&rml?@ﬁg})a}ranalwwatf‘érak%%mtﬂ*mfﬁlylphenyl)borate
t%t r n-But é %ﬁgﬁfﬁltwﬁﬁgﬁedﬁg%wgh I%yl borite r n(}n—butyl)ammomum

t @tﬁﬂkﬁsﬁﬂ Wd’(ﬁtfﬁmr%@lhlymphenyi]borate trl(n-butyl)ammomum
t et r aki s(2 -di net hgl phenyl’) al um nat e, sodi

tﬁmhismfhwmnf@nh beraten yNyNddimethatealingwe tﬁﬁakIS(p-tolyl)borate
I t
S Bhme BRI, oprBRRSEifbbeite por defjmettylanilinum

t et raki s( phenyl ) al um nat e,
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pot assi um tetraki s(p-tolyl)alum nate, potassium
tetrakis(mtolyl)alum nate, 15 potassium

t et raki s(2, 4-di net hyl phenyl ) al um nate, potassi um
tetrakis (3,5- dinethylphenyl)alum nate, potassium
tetrafluoroal um nate, or any conbi nati on thereof. 29.

Ak aba s lgrbamiore. Nty Gt S, irakist) 5 fmethyl-
@ l)Q&ﬁ%g conpo W?ﬁ -dftheth$@ ﬁﬂm@lﬂﬁ chem cgihkis(3,5-8ai@Huoro-

I'd”oxl and at’ | east one or ganoal umi num conpound,
whethgl)pheny)|bbiuee,alN,Nedintetytanifiniuat tetealds(pentaflsorophenyl)borate,
ound is selected fro ansa- aIIoc ne havi
ttﬁgﬁ‘l‘lmlqiaéwfﬁ@ﬂlf ortﬁﬁﬁﬂlﬁs(i?rt?ﬁ ratey xztylp RSeARENIUD ' tetfakis(m-

Vvﬁgjo)r%'opat{, X) andcrlf) @a{rﬁe 181'(51nt ly %Sﬁﬁ?%@dﬂf Bl {ﬂlglﬁgerg/l)borate

enyl” and open I enyl or eny

gﬁ&wlcarsémhﬂp téttamsewlcﬁme&wpmm)béraw ¢ htriphenydearbenium
stituted, unsubstituted, partially saturated, or

atngralc@[&b‘i hﬁ(tr!@mtqm@tbblﬂphwi]bm}at%ac (X ) (X2) (iphsaylgarbenium

t]l%glf ﬁ@g ﬁgoro&aﬁ%‘@gh% e i %elhdngaﬁétk)éf(lszg- @ﬁ)?)g{afté opylium

Uegsth-tolyBloraR2 frbfdllum RahKiEELdiméth Iborate, tropyli
conbi E@l oggt G)hrereo ﬁsl'Wherel n M @f S ggl eg?jggm{:r)oor;a% ’ropy o

Ztetralas(3l,-1f-dlrﬁethml@hem)ri)uoxatea nd (txi)P)ém conntettakis] by-bas(trifluoro-

bst | b i s
bRy Dby ioRettne Ty hite r derdtiepRuARdoBRy Noryig ), lithium
gc@frﬁiﬁ Hﬂaﬂﬁ&r&ﬂh@ nipaded figibet h fe%@akﬁ%eﬁf@)bo@fe i Vithium

two cont i guous carb on atons in a chain, one end
Whtralhsﬂpstol)ﬂl%dnamd e dfithiom( X}etﬁiil{ds(mktel)d)ﬁmeate,e n &it}uﬁmv\h tegtakis(2,4-

Tmstmiksny DBhhe SUHUR ¢ (FEIG o SR eRboratpe lithium
Stﬂg‘ﬁﬂﬁérﬁfag d ndens)@d%urﬁmd t@ﬁaﬁg@%ﬁfahﬁﬁﬁg)h%hﬂ%ﬁﬁﬁﬁg sodium

eac stituent on the titute

aefbBis(phehyidle poraent sodissl eetrakisfp-wiyisbdrytey OSGﬂlblyﬂ tetrakis(m-
group, an aliphatic group, an aromatic

ctjbbﬂﬁlﬂl‘@tﬁo lﬂ@dﬂancéﬁfﬂmﬁt?ﬂo@mﬁhldph%w&bpta%%n CFO@B‘I%yeq\'a@SG >-

SRR RIS, & e, “UlaRihRy, o BALHORY, feri
%p@Hﬁﬂu@roi)'hls Oﬁ%br%oﬂ@tass@uﬁ%@ﬁﬂk@ﬁbﬂﬂmateapéthﬁszum tetrakls(p

group, a group, a boron group, an al um num group,

@tﬂ)ﬁorat@o\pxmssmmsﬁe@,kls(m-tolyl)borate potassium tetrakis(2,4-dimethyl-
phenyl)borate,  potassium tetrakis(3,5-dimethylphenyl)borate,  potassium
tetrafluoroborate, | tri(n-butyl)ammonium  tetrakis(p-tolyl)aluminate,  tri(n-
butyl)ammonium tetrakis(m-tolyl)aluminate, tri{(n-butyl)ammonium tetrakis(2,4-
dimethylphenyl)aluminate, tri(n-butyl)ammonium tetrakis(3,5-
dimethylphenyl)aluminate, tri(n-butyl)ammonium tetrakis(pentafluorophenyl)-
aluminate, N,N-dimethylanilinium tetrakis(p-tolyl)aluminate, N,N-
dimethylanilinium tetrakis(m-tolyl)aluminate, N,N-dimethylanilinium tetrakis(2,4-
dimethylphenyl)aluminate, N,N-dimethylanilinium tetrakis(3,5-dimethyl-
phenyl)aluminate, N,N-dimethylanilinium tetrakis (pentafluorophenyl)aluminate,

triphenylcarbenium tetrakis(p-tolyl)aluminate, triphenylcarbenium tetrakis(m-

tolyl)aluminate,  triphenylcarbenium  tetrakis(2,4-dimethylphenyl)aluminate,
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OPX2, -SX, -08@2X, -AsX2, -As(O X2, or -PX2, wherein X
is selected independently fromhalide, H NH2, OR or
SR, wherein Ris a hydrocarbyl, or a 20 substituted
derivative thereof, any of which having from1 to
about 20 carbon atons; a halide or hydrogen; b) the

oD OTOEE ceTR L g TG GIEGI Ty Gpbenylcarbeniurm
f&&é@&éﬁ%%ﬁ%l)al&ﬁ%r ei g' Pﬁhﬁrﬁ selgekad ftdl?l)hiummate

el n are respectivély
arepyfistd t ut edtetiakistmetolydhilwnirdate, V\her empyhm) and texekis(2,4-

are connected by a substltut ed or ﬁvgs‘{% ﬁ}i}%
WITE@M@@FB@M@#Q“ stropy/liymy oFF'ér ; yd tepy[gﬁ%tummate
carbon, silicon e o bo
(BGP%ANE (x6); or Eﬁ%béiﬂ%ﬂl?&obfé&m}agﬁ%@gt%tar L0 DOt Hthium

%Qﬁlﬁsdpgnﬁﬂﬁbﬁipﬂenﬁ?‘tﬂuﬁﬁ&t@f hﬂdiurﬁhtdt&klsﬁﬁl‘redgl}alhml(lé(&) lithium
and the other end of which is bonded to (X6)

vmales(nv @M)aimma(@géythuneteé@&rs(mpﬁpm)@nmwa% Mﬁuﬂuwéraklsa 4-

)ﬁﬁh bﬁﬁlmiés : b etngg% »L‘G] i(g etﬁg@h&lgﬁg&llﬁﬁ nﬁigeﬁ ththlum
B‘Eﬁﬁor%h’lﬁﬁhhét@t edodiih Op@ﬁﬁﬁﬁ(&ﬁt‘dﬂwrcﬂﬂﬂnﬂq&lhmma& sodium

stituent on the substituted bridging group is
i ueﬁelpe(]xﬂlemylbglumaiadeeat sadliurhr tumamsﬁymiyid@lumymatgr sglium aWtrale(m-

ohRiFhminatt.of “sadiina | Stk LR, o sodium

gtre&Hﬁs(SaS ﬁiﬂq&ﬁ %H luRindtd,! 508iGHh %ﬁ?ét‘i@uor@alﬂﬁﬁﬁsﬂ@or ¢ sium

an arse a carbon group, a silicon
g&ﬁuﬁs(;ﬁn@ﬂlmmphenylgﬁlnmmata, t i pogssium, a téteakis(ghenybaluminate,
bor on_grou an al u num roup, - S2X,
s hul kls(}gjply gyminate, Ag;@_tasm%( @e%% -tg],yj@}umlnate,
X t ro e, i -
I\‘?_@ases&[_}en fe?rg%@ 2\% dﬁeﬁ?&?@ﬁ?ﬂﬁﬁwﬁ rt%’capgﬁﬁglhﬁ tetbakis 3,5

S&iﬁﬁ&hﬁl?hﬁﬁ/lﬁﬁiﬂlﬂl@i@ \WotdsoRine G:f:traﬂiit)to@lﬁmt\ﬂmte hoh anyngombmatmn
from1I about 20 carbon atons; a halide; or

hipgresgen; 15 c) the at | east one chenically-treated
solid oxide conprises a solid oxide treated with an
el ectron-w t hdrawi ng anion; and d) the at |east one

%@anoﬁl %Blr%)%@i‘tl%ﬁ”’lé? Uﬂﬂttﬁascdﬂkﬁ“lsﬁ@ | aWidagt fodlemfiret: metallocene
(X9) n( X1) wher ei n ( X9) a hydrocar byl having
f canpduntdp abtheast ofid scamglomeml]@nsne ¢cotmpyunds at least one chemically-
treated solid oxide, and at least one organoaluminum compound, wherein:
a) the at least one first metallocene compound is selected from an ansa-
metallocene having the following formula:
i) EHEA)XHXHM,
wherein (X') and (X?) are jointly selected from a fluorenyl
and a cyclopentadienyl, a fluorenyl and an indenyl, or two
fluorenyls, any one of which can be substituted, unsubstituted,

partially saturated, or any combination thereof; or
if) rac-(XHXHO)XIM,
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20 sel ected from al koxi de or aryloxide having from1
to about 20 carbon atons, halide, or hydride; and n
is a nunber fromlto 3, inclusive. 30. A nethod of
maki ng a catal yst conposition conprising contacting at
| east one first netall ocene conpound, at |east one

second netal | ocene co und 25 .| eas n .
chenical ly-tr eat"glﬁerglal ) ad Qg%)_aﬁ‘?}ﬂ)"étfy ?‘é‘&g‘?fﬁﬂ@ two indenyls,
organoal um gmoné‘ogpqméh WHETR Rub@iufel® wsubSRstbd O Partially

first netallTocene conpound Is selected froman ansa-

met al | ocengatigacdgortdng coaltinationghéreofiul a: i)
(X)(X2)(X)()4)M, 30 wherein ( nd (X2) are jointly

sel ect‘é‘%ﬁrﬂ | 1 selegtndebigm Tigds % By cl opent adi enyl, a
fluorenyl .an n_| 6 L ugr :
any. ondtegr e Snand § R0 bre, BlnreRia, B RuBthldd! B Hhstbstituted

R doli ub b . Or any conbination thereof; or
ii)dgrlzécéﬂ(b?,g_ (xff‘fg%mwl, wherein (X) and (X2) are )
jointly seligct ecorier amt sadeqtedi iy sarbo, giigopngergranium, or tin,

whi ch can Qhe substjt ut u stituted, partially

sat ur at ed, b‘wflﬁsﬁo i&%tﬁt(%ﬁ]a?rf(gﬁysh%}eof; wherein M is

sel ected fripm Tipyo&onti@liold catbéh floms(ift @ ctiidl dn¥)endlof which is
connected by a substjtuted or unsubstituted brid

group conprbeidad to @0")iand @hmotaenmcteﬂ whichds bmﬂﬁddaﬁkg)% and
1 0B ALk D BRSO RO, .
e 5 S o A ol 1 s o

esbhtitatdistiridgien troup it hedepahddritly ebmitel ompehydrdtahyl group, an
15 the substituted indenyl, and the substituted

ralipbatiagroupa AR AERBAIG INP; # GBRIC BiPUPha combiation af gliphatic and
g &ap
TR, e LTSI ROhEE Sty  prosshons

OgroUp, anfarSsfit iefouf; @¢Rrboa grouf ailic@ngipah gpihadrivmagrdup, a tin
cyclic groups, an oxygen group, .a sulfur group, a

réronpelvad gtuip, a ROpILRIOHDY ALAlUGHBYUP Erelp, ab Qeki OYPeuSIXs, -
CORLS R 0., SAHET AR, B SSETAE Oyl
o, B T, GBI, SR B £ Bt o 5
substituted derivative thereof, any of which having from 1 to about 20 carbon
atoms; a halide; or hydrogen;
b) the at least one second metallocene compound is an ansa-metallocene
having the following formula:
XXM,
wherein M? is selected from Ti, Zr, or Hf;
wherein (X%) and (X°) are respectively a substituted cyclopentadienyl;
wherein (X®) and (X°) are connected by a substituted or unsubstituted
bridging group comprising:
i) one atom selected from carbon, silicon, germanium, or tin,

bonded to both (X°) and (X°); or
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i ndependently fromhalide, H NH2, OR or SR, wherein

R is a hydrocarbyl, or a substituted derivative

t hereof, any of which having from1l to about 20 carbon
atons; a halide; or hydrogen; 25 b) the at |east one
second netal | ocene conpound is an ansa-netal | ocene

havi ng the follow ng formul a:, (X5)(X6) (X7) (X8) M, L
wherein M ils sdPOgosHErewsarhon ?’1)0,%‘50‘?3 ai—iflz,ag e &pd of which is
(X5) and ( Y oty b 6y.

Cyel opent adtageh fo GEIARE e SrEHASIEhES Bihded to (X and
connecylggey (2)satb (K uard eash optiotlyi suistititedrwitlyiupgto four
group conhpri sing:; 1170 0 i) one atom sel ected from
cabggnentsili]] m&,dltg@?mhpbﬁflgmg gPW;  bonded to both

(X5) a X6 )77 O~ 41 ) ' us, .C ' : .
Chat n WBSTEERg o P e PSR s et Bffobdhudtinyl
OfrniaesacBNAbShtubhY & the sRfiaRed bedENe) groapds nddpenddntly selected
(X5) and (X6) are each optionally substituted with up
toorthiauirydreeasbyli groepytasy 4liphptic groupe pr jatmmatis gieupbt Pxidicrgroup, a

gr oup, wherei X7) ;. [ X8),; each substituent on _th
Soiipdatcar elehdisiind arain, BUs- A BgtiCRip; aLsfr grow o
: iy A a "
RBHERHS LB A0L Bog bt IS BT o,  silon
Qfroup, a gérmEnium tgrcupy ladimpgroapcy tdadergumuphoran gooup, an aluminum

A N AR T RS e R LR ST S S St (e

g&&g%i‘gin g'?sg &a&B4 ’ﬁq&g&‘lj&nﬂ? thith RARdE TR URH,, DR b $®\wherein R is

ermani um group, “a tin group, a |lead group, a
b hpdrogarby R ,oransubstitutetl derigitive there G2y of Qohi¥R having from 1 to
-0SI X3, -OPX2, -SX, -08(RX, -AsX2, -As(O) X2, or -PX2,
vathoue 20 carbos atems @ halidenerdblieRs | y from hal i de, H,

N|_|2 ! 1 . 1 . . . -
substi¥ uflhg Lat jg%rslt % {c\ﬁéﬁ%cﬁélbrgg)%?ecg%@}% F}Q@g r%]ﬁ%‘s\% rE}lSSOild oxide
f fr@iied with andiuifon2RitEdalen adieAEinda hal i de; or

hydrogen; c) the at |east one chemcally-treated solid
oxi de ddhpal leest cuegwpinpalumisgm ¢qrepaund hgsthe flowing formula:

el ectron-w t hdrawi ng ani %\3 %Hg(;ép the at |east one
or ganoal um num conpound gxt ) /&1l owi ng f or nul a: 20
Avh &R gx@lj% 3 Rydro¥i8yEhdVingWont 9 @B A6k 20adRtdn hRWHYX') is

from1l to about™ 20 carbon atons; (X10) is selected
f sedevtad Kiox dtkadiden oy laoylosisleharingy ffanorh 1o aboubh3dtcagmon atoms,

carpon ato . . .
halide, or ycgfde; and n is a number from 1 to 3, inclusive.

30. A method of making a catalyst composition comprising contacting at least
one first metallocene compound, at least one second metallocene compound, at
least one chemically-treated solid oxide, and at least one organoaluminum
compound, wherein:
a) the at least one first metallocene compound is selected from an ansa-
metallocene having the following formula:
i) O NXIM,
wherein (X') and (X?) are jointly selected from a fluorenyl

and a cyclopentadienyl, a fluorenyl and an indenyl, or two
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halide, or hydride; and n is a nunber from1l to 3,
inclusive. 25 30 1180 O

fluorenyls, any one of which can be substituted, unsubstituted,
partially saturated, or any combination thereof; or
if) | rac-(X)XHXNXM,
wherein (X") and (X?) are jointly selected from two indenyls,
any one of which can be substituted, unsubstituted, partially
saturated, or any combination thereof;
wherein M! is selected from Ti, Zr, or Hf;
wherein (X'} and (X?) are connected by a substituted or unsubstituted
bridging group comprising:
i) one atom selected from 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
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 selected from 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, -SO,X, -OAIX;, -OSiX;, -
OPX,, -SX, -0S0,X, -AsX,, -As(0)X,, or -PX,, wherein X is selected
independently from halide, H, NH,, OR, or SR, wherein R is a hydrocarbyl, or a
substituted derivative thereof, any of which having from 1 to about 20 carbon
atoms; a halide; or hydrogen;
b) the at least one second metallocene compound is an ansa-metallocene
having the following formula: _
XXX,
wherein M? is selected from Ti, Zr, or Hf;
wherein (X°) and (X°) are respectively a substituted cyclopentadienyl;
wherein (X°) and (X®) are connected by a substituted or unsubstituted

bridging group comprising:
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i) one atom selected from carbon, silicon, germanium, or tin,
bonded to both (X°) and (X%); or
il) 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°) and (X°) are each optionally substituted with up to four
substituents[[,]] in addition to the bridging group;
wherein (X'); (X®); each substituent on the substituted cyclopentadienyl;
and each substituent on the substituted bridging group is independently selected
from 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, -SO,X, -OAIX,, -08iX;, -OPX,, -SX, -080,X, -AsX;, -As(0)X,, or -PX,,
wherein X is selected independently from halide, H, NH,, OR, or SR, wherein R is
a hydrocarbyl, or a substituted derivative thereof, any of which having from 1 to
about 20 carbon atoms; a halide; or hydrogen;
c) the at least one chemically-treated solid oxide comprises a solid oxide
treated with an electron-withdrawing anion; and
d) the at least one organoaluminum compound has the following formula:
AKX s
wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms; (X' is
selected from alkoxide or aryloxide having from 1 to about 20 carbon atoms,

halide, or hydride; and n is a number from 1 to 3, inclusive.
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