POLYMERI ZATI ON CATALYSTS AND PROCESS FOR PRODUCI NG

Bl MODAL POLYMERS I N A SI NGLE REACTOR TECHNI CAL FI ELD
OF THE I NVENTION This invention relates to the field
of olefin polynerization catalysis, catalyst

conposi tions, methods for the polynerization and

copol yneri zation of olefins, polyolefins, and film
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high stiffness and high E
determined under pressure at elevated temperatures. It is also desirable for PE-100
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pipe to exhibit toughness, for example, where the pipe is buried underground or
where the pipe is used to transport coarse or abrasive slurries. Accordingly, there is
a need for a resin and a PE-100 pipe made therefrom that has improved physical
properties and impact resistance properties.

With conventional processes and resins formed using metallocene catalyst
systems, there is a trade off between high stiffness and high environmental stress
cracking resistance (ESCR). While either high stiffness or high ESCR items can be
manufactured, conventional processes do not produce items having both high

stiffness and high ESCR.



SUMVARY OF THE | NVENTI ON The present invention

generally relates to a catal yst conposition including

two netal |l ocene conpounds, an activator, and a

cocatal yst. The present invention further relates to

processes for producing such a catal yst conposition,

pol yneri zati on processes, and pol yners produced

therefrom The SEMMAREQF THBANYENIION e conbi ned

wi th_an activator, an al ym num al kyl qonpound“.and )
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one atom bonded to both (XI) and (X2), wherein the

weigbhedngponantoditheoresigi | i con. A first substituent of the
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or an %jkMJ gro p having from1 to about 4 carbon
C(’é’?%fl as the formula:
EHERE)XIM
wherein (X') is cyclopentadienyl, indenyl, or fluorenyl, (X?) is fluorenyl, and (X')
and (X?) are connected by a disubstituted bridging group comprising one atom
bonded to both (X') and (X?), wherein the atom is carbon or silicon. A first
substituent of the disubstituted bridging group is an aliphatic or aromatic group
having from 1 to about 20 carbon atoms. A second substituent of the disubstituted
bridging group is a saturated or unsaturated aliphatic group having from 3 to about
10 carbon atoms. R'is H or an alkyl group having from 1 to about 4 carbon atoms,

(X%) and (X*) independently are a halide, and M! is Zr or Hf. The first substituent of



(X3) and (X4) independently are a halide, and ML is Zr

or H. The first substituent of 2 the disubstituted

bridgi ng group may be phenyl or methyl. The second

substituent of the disubstituted bridging group may

be butenyl, pentenyl, or hexenyl. According to this

and ot her aspects of the present invention, the first
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or any combination thereof.

The second metallocene compound has the formula:



about 1:5 to about 5:1. According to yet other aspects

of the present invention, the ratio of the first

net al | ocene conpound to the second netall ocene

conmpound may be from about 1:2 to about 2:1. The

or ganoal um num conpound used with the present

invention may have the fornula: (R2)3Al; wherein (R)

is an aliphatic gmrou ng from2 to about 6 carbon

atons. In sone insta an ethyl group, a

propyl group, a butyl \0 , group, or an

i sobutyl group. According to another aspect of the

present invention,X atalygd conposition conprises

an ansa-nmetal | ocene compound, an unbridged netal |l ocene

conmpound, an actj ié!QDOFt and an organoal um num

conpound. The ans m ne conpound is: 5 G~ Cl

zr 1 f A 1 O iagp nation therof. The

unbri dged netal | ocene conmpound is: 1 Cl Zr-nC
Cl~Hf , 0 CH2CH=CH2 CH2CHXGHZ or a conbi nation
therof. According to this and other aspects of the
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1:10 to about 10:1. According to other aspects of the present invention, the ratio of

the first metallocene compound to the second metallocene compound may be from
about 1:5 to about 5:1. According to yet other aspects of the present invention, the
ratio of the first metallocene compound to the second metallocene compound may be
from about 1:2 to about 2:1.

The organoaluminum compound used with the present invention may have
the formula:

R*:AL

wherein (R?) is an aliphatic group having from 2 to about 6 carbon atoms. In some
instances, (R?) is an ethyl group, a propyl group, a butyl group, a hexyl group, or an
isobutyl group.

According to another aspect of the present invention, a catalyst composition
comprises an ansa-metallocene compound, an unbridged metallocene compound, an
activator-support, and an organoaluminum compound. The ansa-metallocene

compound is:



silica-zirconia, sulfated silica-zirconia, a pillared
clay, or any conbination thereof The catal yst
conposition of the present invention may thus conprise
a first netall ocene conpound, a second netall ocene
conmpound, an activator-support, and at |east one

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

I G b) the second

present i 3. cont enpl at es <

pol yneri zi j j
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cat al yst>conpost¥ion with at | east—0one typé of ol efi;or
nononer, under, pol yneri zation conditions, where the
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bonded to peth {X1) and (X2), whereimghe~atomis
carbon or % A first substi he
di substit gi ng group i s ani@ tyc or

aromatic ci S

atons. A second sufygjctegant .of the di substitmjceecH, . or

bridging group is a saturateéd or unsaturated aliphati’c
a SbAbiRativine@ff rom 3 to about 10 carbon atons. Rl is H

or an al kyl group having from1l to about 4 carbon

at onAgcordiXg)to dhid anAthérraspenss dE el gresane invehaen, dhe agtingtor-

su'\]glpml'tsmazyr bg rﬂuI(;Irl%ded 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, a pillared clay, or any combination thereof.

The catalyst composition of the present invention may thus comprise a first
metallocene compound, a second metallocene compound, an activator-support, and
at least one organoaluminum compound, wherein:

(a) the first metallocene compound is:




The unbri dged netal |l ocene has the formula: 7 RZ X5~
mxb MZ.,1 0O R3 wherein R2 is Hor -CH3; R3is
CH2=CHCH2-, CH2=CH(CH2)2-, Ph(CH2)3-, CH3(CH2)3, or
H, X5 and X6 i ndependently are a halide; and M2 is Zr
or HE The present invention further contenplates a
process for producing a catalyst conposition
conp(h)si nthececundanétadpcand carspoumdtial | ocene conpound, a
second netallocene conpgund, an activator-support,
and at | east one orga m conpound The first
nmet al | ocene conpound h
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fluorenyl, and (X) and4{X2) are connected by a

di substituted bridgFNg~NgERYp conpri sing one atom
bonded to both (X wherein the atomis
carbon or silicon. substituent of the

di substituted bridging grobv rlses an aliphatic or
aromatic group having froﬁﬁbcﬂﬁ Hboyt 10 carbon
atonms, A second substituent_ of the disubstituted
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compound, an unbridged metallocene compound, an activator-support, and an
organoaluminum compound. The ansa-metallocene compound has the formula:
XHXR'IEHXIM';

wherein (X') is cyclopentadienyl, indenyl, or fluorenyl, (X?) is fluorenyl, and (X")
and (X?) are connected by a disubstituted bridging group comprising one atom
bonded to both (X') and (X?), wherein the atom is carbon or silicon. A first
substituent of the disubstituted bridging group is an aliphatic or aromatic group
having from 1 to about 20 carbon atoms. A second substituent of the disubstituted
bridging group is a saturated or unsaturated aliphatic group having from 3 to about
10 carbon atoms. R'is H or an alkyl group having from 1 to about 4 carbon atoms,
(X?) and (X*) independently are a halide, and M! is Zr or H.

The unbridged metallocene has the formula:



BRI EF DESCRI PTION OF THE FIGURES FIG 1 represents the
NVR spectrum for the Zr[rl-CSH4- (nBu)]d 3 forned
according to Exanple 1. FIG 2 represents the NWR
spectrumfor the Zr[rl-CoH4-(nBu)]C 3 forned
according to Exanple 2. FIG 3 represents a conparison
of the | evel of nononer incorporation using
met al | ocene conpowids he present invention with
that of bis-indenyl zi um\di chloride. FIG 4
represents the nol ecul [ [ tbution of an
exenpl ary polyner prepared according to this
i nvention. DEFI NI TKONS. ' Tawgefine nore clearly the
ternms used herein, the nollow ng definitions are
provi ded. To the gxten t any definition or usage
corporated herein by
e definition or usage
provi ded herein, tH ition or usage provided
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mean honopol yners conprising ethylen€ and copol yners
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metdlloeenet eomprundptanopdivaosspensht adopt {egst opgtosgapepluminum
conposi tihan. i.n i n t. | 0,
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conpounds, or i oni zigYXEhexeerbmlnds, as discl osed
herein. The term "cocatal yst" nay be used regardl ess
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c p.cal nmechani sm by,.whi ch. the.compound nay oper at e.
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the catal yst conposition fromthe netallocene _
substifyeninolf the disubstituted bridging group comprises an aliphatic or aromatic

reference conflic

group having from 1 to about 10 carbon atoms. A second substituent of the
disubstituted bridging group is a saturated or unsaturated aliphatic group having
from 3 to about 10 carbon atoms. R'is H or an alkyl group having from 1 to about 4
carbon atoms, (X°) and (X*) independently are a halide, and M' is Zr or Hf,

The second metallocene has the formula:

O
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The term "fl uoroorgano boron conmpound” is used herein
Wth its ordinary neaning to refer to neutral

conmpounds of the form BY3. The term "fl uoroorgano
borate conpound” also has its usual nmeaning to refer

to the nonoanionic salts of a fluoroorgano boron
conmpound of the form [cation]+[ BY4] where Y represents
wherdin (R iindd est e€HanRe igr 6Hp=CHOH ¢ 06VierCH(EHd;),-, Ph(CH:)s-,

fl uor oor gapqQ sbor.qp .and fl ugr oor o, borate co nds
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conpounds”, or by either nanme as the context requires.
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pr ecguGaQt@preldntd tHeENNES 6pdcham ﬁ)rl‘thétZl#[TCEIH4-(nBu)]Cl3 formed
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this gjgture i s contacted 'tg tEe activator-sup ot in
and §R6 SreressaBia soamrison e dayen of Roneber Hetmatetion using
mEMIRcert! @nPHuRE 66ihd §REEhDRSRRNPITIE Mat of BALindd1 UB&Shium
- to contact ‘each other, but prior to contacting the
dmbhlpoleent s i n the second, postcontacted mi xture.
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t
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this description, it is possible for the precontacted
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second m xture of catalyst conponents that are Y
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alf?g )rl(}?ehdr lée%%?ltt% gx{egﬁ@yg@%pb@n{egeandpd’oﬁggfme?sctgieﬂly o‘?ﬁerfp'o[ﬁﬁerizable
monomer disclosed herein.

The term “cocatalyst” is used generally herein to refer to the
organoaluminum compounds that may constitute one component of the catalyst
composition. Additionally, “cocatalyst” refers to the optional components of the
catalyst composition including, but not limited to, aluminoxanes, organoboron
compounds, organozinc compounds, or ionizing ionic compounds, as disclosed
herein. The term “cocatalyst” may be used regardless of the actual function of the

compound or any chemical mechanism by which the compound may operate. In one



10 conponents that were contacted for a first period

of tinme. Typically, the term "postcontacted" m xture

is used herein to describe the m xture of the

net al | ocene conpound, ol efin nononer, organoal um num

compound, and chem cally-treated solid oxide, forned

fromcontacting the precontacted m xture of a portion
aspbctidfabie inaHpPENBe tamvticobatalpyt” dctakietito distingwistp traé nosponent

added to nmake up the postcaontacted m xture.
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cdhfsiRntsPaBS | 3k Econeddi Fote Rt Secofd thegivg bf gmmds Twsitallde the
hydrogen, therefore the description "substituted
prtestacitd maxutehissadies aimixturé of mpiaBegane sompad (@& gompounds),

tiall d li d : .
o s A o SHEIEE O SRR A i
m3ah ke bohRERAY | witlPakid ahdiMaforlstsiredadd ueptsiyl , additional

substituted partially saturated indenyl, substituted
opganddlahinymsetmpandd This presnylagted describpecampanents thas grpeused

o SobEe Gont TSRS e D obBp P 88 el
poirctdY HixtuteS %%@&dl’hg[f;‘ itRistivERIcA mhP dcbfionally distinguish
or ganoal um num conpound.” Unl ess ot herw se specifi ed,

béthveert alcbmpbmant usdsbtoguepré thesprecantagtaeldmixgrefapd that component
cycl opentadi enyl; Ind fo indeQ%

o4k DRy Dotk PieBared e Fal EHLe BERET PSR S desgripign s
pggsﬁ)tléJ F&t the ﬁfégoﬁtg@[e& bl‘g%ngzﬁulﬂﬁ{um compound, once it is contacted with
the metallocene and the olefin monomer, to have reacted to form at least one
different chemical compound, formulation, or structure from the distinct
organoaluminum compound used to prepare the precontacted mixture. In this case,
the precontacted organoaluminum compound or component is described as
comprising an organoaluminum compound that was used to prepare the precontacted
mixture.

Similarly, the term “postcontacted” mixture is used herein to describe a

second mixture of catalyst components that are contacted for a second period of

time, and one constituent of which is the “precontacted” or first mixture of catalyst

10



depend upon the actual product resulting fromthe
contact or reaction of the conponents of the
m xtures, the nature of the active catalytic site, or
the fate of the alum num cocatalyst, the netall ocene
conpound, any ol efin nononer used to 11 prepare a
precontacted m xture, or the chemcally-treated solid
compomientafthar wereoodtaviteng farhe festcpampdneitime. Thepiedlhr, dhe term
the terng "catalyst position", "catalyst I Xt ur.e"”
“pasigontageq | Wtﬁcr&yi\éi yred BEEh bt ASKEDS thsqmRetgsot the ‘metalfocene
[ n ;
A R L R s e
soliddixédd, femdpfrorh vahtattivgd thedqaecontactedsmixdure lof i fogtlont of these
aryl, alkyl, cycloal kyl, al kenyl

| oal kenyl ,
COIRONGRES . émpédigpw%ympoa?rgﬁ ﬁgi‘ﬁe,dc%/zf meke ng?h/e postcontacted

Kysyl ngd .t ha:J i '
et B LR A BB ELRASS g e postcomced
mbxetirer @athe tleuticdliyttdasdl delid \waidey end, oporadlfy, n¥yeirchrdesan

“chem cally-treated solid oxide", "solid oxide .
orgendaliemipems apepynd the semg; er Alifferpat drom uﬁg‘ﬁoP{ga?%ﬂmmnum

"actiyal or- SUPRArt., 4 fr lid axide.c
cog?p Ohglg n%?ef/i igc? %@ a eo rth‘“l, ég%&tg%cze%l irﬁlé( a%’e%asg?%ﬁggcgi l1rllerem'
AtdordinglyCaiLindergMni iMlay 4180 bo@Rionalbxdidtingish betwedn & edriponent

hi gh porosity, which exhibits Lewis acidic _or Bronst eﬂ
usad itel preppistth Povicontagind wtets anddhaicempppentaligr thernixie has

el ectron-w t hdrawi ng conponent, typically an anion,
beﬁﬂgrmegh is calcined. The electron-wt héravvi ng

CONPPRERImI ‘ndtMRiced”| ¥s aked Bdreial destrivéd Hdompbugl esthprising

source conmpound. Thus, the chemcally-treated solid )
twaxi deychoatiadienyl-tperpginsis dn theemelgralenddus dhe metalloeengs ef this
.of at |lea ne sol i d, oxide eo;i,i% und with at .l eas

1 t
in¥eRion Bet P’ B Ay 1R ¢ CUMRR S ferein the -
PARGALY e RATAC ARl s, oo
ligadgnoatrid theT like,t ichuligs paially “"satmated act substitotedsdgrpatives or

are not used to inply these conponents are.inert, and
anglogn Of G GRS HRIGDL FHETHENE GRofFFcleadds inghidefydrogen.

th&%ﬁ%g g{%‘ﬁe &E tfoﬁe‘s&l%ﬁiglt&f&erﬁaﬂp&sth&jeeﬁ ‘in ﬁhg M%Mn rises
et hods, ée\P. ces, and naterials simlar or equivalent
pdr@allyhOseturattds Cligdndsl Retlei as cactrahgdrofigidnyln tdtmhpdrafitorenyl,

or testing of the invention, the typical net ho(fls
ocgahyfesdlorsnyl, nivaially | satgraiech dindenyl.y eriallye aturated — fluorenyl,

substituted partially saturated indenyl, substituted partially saturated fluorenyl, and

the like. In some contexts, the metallocene is referred to simply as the “catalyst”, in
much the same way the term “cocatalyst” is used herein to refer to the
organoaluminum compound. Unless otherwise specified, the following
abbreviations are used: Cp for cyclopentadienyl; Ind for indenyl; and Flu for
fluorenyl.

The terms “catalyst composition”, “catalyst mixture”, and the like do not
depend upon the actual product resulting from the contact or reaction of the
components of the mixtures, the nature of the active catalytic site, or the fate of the

aluminum cocatalyst, the metallocene compound, any olefin monomer used to
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Al'l publications and patents nentioned herein are

i ncorporated herein by reference for the purpose of
descri bi ng and di sclosing, for exanple, the constructs
and met hodol ogi es that are described in the
publ i cations, which m ght be used in connection with
the presently described invention. The publications
pripaeu as @eecahaved anixtuteh r aughe uthetienllyexcatedr old omiidie chfter
sojely for their disgc]osure prior to the filing daje
cq@L@fn&th%Semog@eﬁ%ntﬁpﬁwr % Sie TNt T3 Sﬁé‘i’rép??“ig%nd’t by
: of : ] SSi h t | 0 - DAt
AR S, e A I Shofal B BErerd M P P RiAIR" and
hemhbggnounvenpasitionsFor any parti cul ar conpound di scl osed
herejin, any ggner structure pres; d al so

I t .
encokBaws by ocRBHY o KSR tq 9§ fal ydregArbp ticALeroup
i3 ‘incu?&egr Bt RO fi@_it@%t% ’%gh gpégf,ecyfcfo%m ARE ,gééicﬂ{alkenyl,

set o ubstituen struct’ure

cwieadiigiesisE allany1, erdioll) aakesyl, siakghyl eadriedikeaat michees all
optical isoners whether in enantioneric Qr racemc

sybstitvied, aunsitestituted. fbrapchedes lipgars heteensiap nixbstituied  depyatives
¢ %10@ ext requires. DETAI LED DESCRI PTI ON OF THE
q NTI ON The present invention is directed generally

t 0 NEHe erindl“yhémicalipasdtéd solid oxidEt, Meslkl dxide petdpEoTispport”,
.catalyst conpositions, and nethods for using the .,

qeidi agidvatorcyRpers |, t petatarsupp e freated splid prigle cppwound”, or

Rresent. i.nvention . fur [ | L 8Ck: . f
Sl%‘rp % p aa:guhh’%“"\éy%do%s rl1{k§ 81|t e nsﬁi Ihgrg%{p Oel;@elgggégogd’ ﬁ%? r%}gg 8glde of

relliveBt high povssity, GOAMTROsKMItsaBeviis S0ldidlor Bhgrasdt Acidit dehavior,
the present invention relates to new catalyst

ansbwhishi has deen disated it ad slestronravithgrasiing cempengpst typically an

conmpositi.ons tq .fo ol yal efing -havi ng an excel | ent
i R ovieh & fhsingl o THR SRl AR Y SR RoRE R ERRYy an
ISR rCRHBAAHingC HTBP $biie® Rompbehd! d qhuditthe @BEhicAMA treated solid
nmet al | ocenes.” The first nmetall ocene conpound is used

oxide cpmpounslecamprisgh thentabaingdagoniasi gradue Heast ongpelid exide

eneraglly.a tightly bridged al L ocene containing a
cQlgionty S o nBrl HBF (S PUPHEHITE GRi oue compound.
ToReaRd ther@feﬁﬁéa‘l’l?ftfb%ted%%ﬁﬂ oxRlePdoRthHEes hthBadt Qe MHigRY Ridic

wei ght conponent, is generally not bridged and is
sahidrexideesmapsind.e The térydr ‘sgpport’laad “adtvafarysgpport” are not used to
The netallgcenes are co

iy RirsSEOPOSRADR 2 Tt G RUTH SRGAReE S RPBR ! B forstred s
an inert component of the catalyst composition.

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.

All publications and patents mentioned herein are incorporated herein by
reference for the purpose of describing and disclosing, for example, the constructs
and methodologies that are described in the publications, which might be used in

connection with the presently described invention. The publications discussed above

and throughout the text are provided solely for their disclosure prior to the filing date

12



an ol efin nononer to produce the desired binodal

pol yolefin. It has been discovered that the

bi - et al | ocene catal yst system of the present

i nvention provides a useful conbination of polyolefin

properties, such as stiffness and slow crack growth

resistance, so the resin is suitable for blowng film
of the presgntappligeionadibtlsing héreint ik to Beomsttiatipstan adméssasytbatithe
.of the present inventjon, a conposition of matter s
inyeRorEsnotrEtied nrntsdatestich Aseiogus by viryesf PHSE IVFYihe

conp a a e 0 :

ot B oo O e R Orishtal structure
prasanedli digp t encotripasses s pié c tonfotrhatiopake sistrhersnviegivisomerss and

directed to a catalyst conposition, .a catal yst
SIERSRISOTELS; that mswy weyﬁ%@mi g ipagIcylaErseh of Subsiegrly ghe general

rq S i g el h f '

st FBP o e BBl R Ak RIRAR, dp o i opHEA brftrs
whshenpagantigneid or stemizt fotthgesneelcanpiitings of steoohers, as

net al | ocene conpound, an activator-support, and an
thgicgaissIcaWI¥Sum conpound. The present invention is

directed further to a nethod for producing pol yol efins

and films, and polyolefins and film produced

t her ef r om DATAMLED MESCRIPIION QI THEINVESNEION t he

present invention is directed to_a nethod of preparing

nonodhe etsent muertiop is dismeirsugensralivato g caiabiss eampesitions,

for tallocen ars A It
oL, B ST U o ) s RPRAB ot
céipitiont 16 PaBAs iz Alefid3C| THH pr@scnt ftveation fthal ipdiedited to a
compound, a second netal | ocene conpound, an

mgthoiveft prepaingpoyiclopeniadienydncamplexrsAndng mathedopbisglating such
The fi.rst mgt al | ocene produces a hi gh nol ecul ar
c%l?odels %SO%O ent, and is generally a tightly bridged

et ajy REEARaC S Sestind thvantiGh Redtes teeidw bhtallyst didpodRidnd and
termnal olefin. The second netall ocene, used to

mpthodsicEusinghsucheatalist eanpasitionsite frrmaaiysdefénsthaving an excellent
eneral | y.not bridged dis.nobre responsj o .
oA ot ERam A elor Fert dep i Beaiets THEC Soirh Somgpsiton
inefudBELAlda0C RS ethlfoctRRd Whé MirfNmRllbdehe WonsioRAA s WRad to
an organoal um num conpound to form polyol efins having
praducex 8 dligle molballaneeighf cempéians sandaisdgeietallyca dightly bridged
grﬁmmh resistance. . . .
metallocene confaining a substituent that includes a terminal olefin. The second
metallocene, used to produce the low molecular weight component, is generally not
bridged and is more responsive to hydrogen than the first metallocene. The
metallocenes are combined with a solid activator, an aluminum alkyl compound, and
an olefin monomer to produce the desired bimodal polyolefin. It has been
discovered that the bi-metallocene catalyst system of the present invention provides
a useful combination of polyolefin properties, such as stiffness and slow crack
growth resistance, so the resin is suitable for blowing film, forming a pipe, and so
forth.

According to one aspect of the present invention, a composition of matter is

provided. The composition includes a first metallocene compound, a second
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Cat al yst conpositions including various conbi nati ons
of these netallocenes including, but not limted to,
at | east one first nmetall ocene conpound, at |east one
second netal | ocene conpound, and any conbi nati on of
nore than one first netallocene conpound, nore than
one second netal | ocene conpound are al so contenpl at ed
nieyallobére ¢omvmundom abtivatdresuppers,earclf anrorganodiamimune compound.
acti vator- support and, nore than one qrganoal um nu
AcerrdBgndo | athen aspestint BAPPISEYY . Inventgfe li/g 15ctedc é‘hea Catalyst
d $QRo I
QPRI salyot it AE G RAZAR oI RO L ppating
adatayst 06@P6sitiN mpmethdd iof wingam satalystt «ainhlmsﬂm, endpeulike, in
having the fornula: 14 (X i(XZR' 2) (X3) X4)M S&)
egghe £eseneoRMPASSiRG @ §pd nlins@ 1@??9? cq a’ ggeond “metallocene
oren e
c{BRlEr ¥ g o Bpgt R brashe a?ﬁ%mgéou PR PR
ifRaticH Rdibepdetirther tobohtet{od jor qm@ﬁl(ci@) polydiefiresi andt ﬁhens and
atomis carbon or silicon; a first substlfuent of the

pqugls:ﬁm iandtfdm prodegadntiesiomp Aerordiagdo sHll Anopwnesech the
tlc r oyp fro

PR G0 3P BRSOy Apetacicn
cHhp SRS thal fraY e iuSed @ ok webdl e couppands. at ed
al i phat ic gr oup haV| ng from 3 to about 10 carbon

b r‘* . i }€BBp having from1 to
abou carbon atons; d
a haltrp‘a é’res%tommnt’iog %r reg%ﬁi—lgpg\cco?})ét b %@tg&r%leﬁgfsddﬁlgg Birst
nkalloBéhePEoagihd) 4 ¥@Bhd eetaltdeend cdrﬁpmupat adtbveftir—sﬁﬁpdl‘ﬁ and
di substituted brldglng roup may be phenyl or nethy
aif oeganeeluminuy pgmppumht The firplemetallacass thredicey adrighy g}%ular

DT BS. B8 SOVeu R0 Mehy SEDEK SMocbl LiSining o

sebstifbRhembt infRaey &ltendidaPolésih. aMelsb®hd Qﬁd@ﬁﬁkeﬁ ubddto produce
present invention, the first netall ocene conpoundis

theen l@wm smolvetlat | weighte c@mpmmd ish svnenglbt et fhidgad sand is more

r ( xeq)lsé e R'hgézo%ﬁ %h(an%f:\%/bﬁsit] Fnetagtpc?rr ncypbl?%il of metallocenes
1§ : g&{Jst i an an Activa@®RSufpbR) afd @nC Q%ﬁ&ﬂﬁﬁlrﬂ}h %ompound to form

ed bridging group conprising one atom
polyoleﬁns having an excellent balance of stiffness and slow crack growth

resistance.

Catalyst compositions including various combinations of these metallocenes
including, but not limited to, at least one first metallocene compound, at least one
second metallocene compound, and any combination of more than one first
metallocene compound, more than one second metallocene compound are also
contemplated by this invention. Further, use of more than one activator-support and
more than one organoaluminum compound is also contemplated.

1. The Metallocene Compounds

(a) The First Metallocene Compound
According to one aspect of the present invention, the first metallocene

compound is an ansa-metallocene compound having the formula:
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bonded to both (X' ) and (X2), wherein the atomis
carbon or silicon; a first substituent of the

di substituted bridging group conprises an aliphatic or
aromatic group having from1l to about 6 carbon atons;
a second substituent of the disubstituted bridging
group is a saturated or unsaturated aliphatic group

haV| ng from3 thé)QKﬁRlzﬁXéﬂKbM ato; R is an aI kyI

up having from 1 to about carbon_ato
W myn 0& éfpéyré@lmaﬂleayb l%deﬁ&k g élu%ﬁwl r@’(g) lénf%orfa}y

oA AT o P
by XDearRhey,| whdreiihd ylom Acedbahi agsiliconandirsesubatsipenttof the

of thegﬁresent i nvention, the second substituent of
dlswastlém bridging groyp @pmagﬁqsgmgaﬂl@bﬁw FeyorBRIGRIPWR aving from 1

e BT MmO 2 S s

a Bﬁh@ltédo&aﬁﬁatﬁfdﬁmalmﬂlan@ gﬁﬁl@QfadﬁigCIBolitb dboet m esbod atoms
nventlonlnclude but ‘are not limted to: 15 Z S

is ¥ gy an plkylcgroupihaving frpm-+ tq ghoupi qullatems &S)) arnél(X )
onbl f itional exanples of
nﬁ@?&ﬂ%g ehed ﬁ% %Eﬁtﬁ ¥°fﬁ§ be suitable for use as
the Ak&crling®Ré dhé @%Bﬁoicﬁhmb@ﬂt inRer DAY ﬂﬁ&ﬁl@ﬁsdﬂsﬁitﬂeﬁthﬁf the
present invention include, but are not limtedto:

dignbsetuted briidgigs gropp ANy be .p@pnyl ogmethyl\Ehgygcond s@stx@en‘r@f the
disubstituted bridging group may be butenyl, pentenyl, or hexenyl. In this and other
aspects, (X®) and (X*) may be the same or different.

According to yet another aspect of the present invention, the first metallocene
compound is an ansa-metallocene compound having the formula:

KHERLEHXOM';

wherein (X') is cyclopentadienyl, indenyl, or fluorenyl; (X?) is fluorenyl;
(X') and (X?) are connected by a disubstituted bridging group comprising one atom
bonded to both (X') and (X?), wherein the atom is carbon or silicon; a first
substituent of the disubstituted bridging group comprises an aliphatic or aromatic
group having from 1 to about 6 carbon atoms; a second substituent of the
disubstituted bridging group is a saturated or unsaturated aliphatic group having
from 3 to about 6 carbon atoms; R' is an alkyl group having from 1 to about 4
carbon atoms; (X°) and (X*) independently are a halide; and M! is Zr or Hf.

According to one aspect of the present invention, the first substituent of the
disubstituted bridging group may be phenyl or methyl. According to another aspect
of the present invention, the second substituent of the disubstituted bridging group
may be butenyl, pentenyl, or hexenyl.

Some examples of metallocene compounds that may be suitable for use as
the first metallocene compound in accordance with the present invention include, but

are not limited to:
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~O~VO 0O0C OCA M Zr A PhzZr A OO 1600
oco C CaOO MwdOdZr A Mw/-C '~* S S ;I Ol
Me HF-CI APh H-C cO~0 OOC CI M H-C Ph
H-C / OO0OGQGI Ol M H-O PhH-CI OO 000 C
a M, OH'C M, OH'CL'" \ Si OQJS1 OO or any
conbi nation thereof. (b) The Second Metall ocene

any combination thereof.
Additional examples of metallocene compounds that may be suitable for use
as the first metallocene compound in accordance with the present invention include,

but are not limited to:
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The second netal | ocene conpound used in accordance
wWth the present invention is characterized by poorer
conmonomer incorporation than Ind2ZrCl2. Further, the
second netal | ocene exhi bits higher polymnerization
activity than 17 Ind2Zrd 2. The catal ysts are anply,
and positively, responsive to hydrogen, affording a

| ow nol ecul a7 ght pol yner whi |l e nai nt ai 7 hi gh
activity. I-Eiﬁkk i 'L::"

= Nt 1 on,
t he seconéQu;’m

pound having the fopgul.

V2, M3y reherein R is Hory- 3
SQP=gHCH?- v ) 2-, PhGQ;'E’J‘i)F{

(CH

Y
H.  X5° and ?‘*@wependently are a hafide
or H. In tand ot her aspects, (X5) 2\
be the sane et different. Exanpl es of 2

may be suitable for use/a e second
ound i n accordance w ih

but are not |i fhted to: Hf~Cl

or any combination thereof.

(b) The Second Metallocene Compound

The second metallocene compound used in accordance with the present
invention is characterized by poorer comonomer incorporation than Ind,ZrCl,.

Further, the second metallocene exhibits higher polymerization activity than
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Cl ~Zr.,,"nCl C1L ~H .,"C ;0 ;0 (CH2)3CH3 (CH2)3CH3
oC d*~' Zr.,,nCl H"td ob.ob. H3C H3C d CTX'~
Ck~1 C \ O\ OCHCH CH2 CH2CH=CH2 or any

conbi nation thereof. In this and other aspects of the
present invention, the ratio of the first netallocene
conpound to the second netal | ocene conpound may be
Ifdor8laboThe chtaldstd areamyily,1@nd . positivglyt respoasivastoe bydrogen,

of the present invention, the ratio of the first

et 0RO EOHBONAM 9 e LGB AHENRE Plebastoty.
Conﬂpﬂymo{:@}{c@%}tﬁ rtﬁ@bl%?é}ﬂtimjchﬁon,ttﬁe SRBHY nptaktoctd® &nddund
ot her aspects of the present Invention, the ratio of
istanamnbridgdd métalloezhakbmpeursl lewinpahafbrinald he second

net al | ocene conpound may be from about 1:2 to about
2:1. (c) Synthesis of Mnocycl opent adi enyl Conpl exes

The present inveption also provides a method for
preparing nonocyc “ﬂ ehenyl  conpl exes

("hal f-netal | ocene cnds") a esults in

greater yield of the dgsired conpound. The present

i nvention furtherygEov/ des a nethod of isolating the
desired conpound as a 8114, Wil e vari ous exenpl ary
conmpounds are prowded\herein, it should be understood
that the nethod [0 5\ phesent i nvention may be used
to prepare nuner L@ al f-metal | ocene conpounds.
In one aspect, thahd T=RKetall ocene conpounds forned
according to the present\invention nay be used to
form metal | ocene conpoundXthat are 4ID: abl e for

wherein R? is H or -CHj; and R® is CH,=CHCH,-, CH,=CH(CH,),-, Ph(CHy)s-,
CH3(CHa);, or H; X® and X independently are a halide; and M? is Zr or Hf. In this

and other aspects, (X% and (X% may be the same or different. Examples of
metallocene compounds that may be suitable for use as the second metallocene

compound in accordance with the present invention include, but are not limited to:

O~~~ QO

Cl

Cl\zru\\\\Cl Cl\Hf.ﬂ\\Cl
O O
CH2CH=CH2 ; CH2CH=CH2 ;
Z

wCl Cl\ch\\\\Cl

r-Il

0
o
)

(CH,),CH=CH, . (CH,),CH=CH, .
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use in a dual catalyst system The presently known
nmet hod of preparing a nonocycl opent adi enyl conpl ex
conprises adding solid ZrC 4 into a stirring solution
of ZrCp2Cl2 or a substituted Cp anal ogue in tol uene
at anbi ent tenperature and stirring for about 1 hour.
The resulting mxture is filtered to yield the
desired as a dark oil. Usi this method to
make suc 0 ~lhe resulti onsi sts
primaril unreacted starting rial zirtonocene
di chl gl dfg. cording to the present invention, the
react?g%“~”%?§re is refluxed i fi~tett¥€he for about 20

hour goy Ng so, the reacti g
SLpeflux (1, 3

R2R4CP) 2MC12% NC14 (1,3 R2R!Cp) N13 WHETAIn Mis
Zr or Hf;: R2 84 al kyl group, or @hsalkens

group, and R4 is H —ah: al kyl group, or an arkenyl

group. In e aspect, R2 is an alk group and R4 is H
or an a ._Jhus, exanpl eI ocene
compound ormed accAorflyhg to the™resent
invention | nclude, but are not limpted to Zr[r1- CSH4-

(nBu) FO& janacer [ r 1- C5H3- (nBu, CMey-14:30C13. 20
According {o anot her aspect of e present invention,

A Nal f- netal | ocene ZonPymy,. optional ly is
solid. The solid is

db

cont adyATg- e reaction m Xt ur S tT

pent ane, hex , ptane, or any conbj ion thereof.
In one aspect,gﬁ%)hééﬁsol ixd is formed by %I?Jﬁ{dggti ng the
reaction i xture with a mxture of ~\CH2C Z and pent ane
to yield Nehl orides as a soo of
CH2Cl 2 t e 1:2, 1:3 /A, 1:5, or1:6,

or any other suitable ratio. Alterpatively, a mxture
of CHEGRR MikbI hexane may be uSte JAlLiet nat i vel y
still, @ mxture of CH2CI 2 with_hep{ane may be used.

The gAdbuntAo  CH2O Z/ pent ane -v- used may vary
for @(\ ion m xture, fo / for 38g of
(nBuGpy27rs?2 about 150 mi CHI®%2-an® 300 nL of -

2

pentane may be used. The reaction nixture may be

cont agiCe veral tines wthtﬁ§@/\/\

Cl\zru\\\CI Cl\Hf-l\\\Cl
O ”@
CH,CH-CH, CH)CH=CH, . o

any combination thereof.

In this and other aspects of the present invention, the ratio of the first
metallocene compound to the second metallocene compound may be from about
1:10 to about 10:1. In yet other aspects of the present invention, the ratio of the first
metallocene compound to the second metallocene compound may be from about 1:5

to about 5:1. In still other aspects of the present invention, the ratio of the first
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CH2C12/ pentane m xture if necessary or desired. In one

aspect, the reaction mxture may be contacted with

the CH2Cl 2/ pentane m xture one tine. In another

aspect, the reaction mxture may be contacted with

the CH2d Z/ pentane m xture two tines. In another

aspect, the reaction mxture may be contacted with the
mictGdsie penipattd tonth sevoad nietdbcenan@snpdund yety terfodrhebout 1:2

aspect, the reaction mxture nay be contacted wth
torgheuGHECl 2/ pent ane mixture four or more tines. This

nmet hod prgyi de ; = _ din at

| east abo 50&'&%%@?}72{1%}18 ?g%@égga%gégz?z é%@yn%t hod of

t he PhesqmésehtnV @ivichtion praivel dpsovides hal fraethwd alfboc ereparing

conpound in at |east about 60%yield. In a o,;)h r .
mgspstopertadicnt srsppleres &h@lfﬁ%éﬁ?m ﬁ%ﬂ?‘lﬂgﬁ pﬁ?%ﬂ/ fegults in

th - . ' . 0
ey S0 T BLRRRARSAIEON, Rl ih oty sl ol

mitRdedtt isblausd thed degired \dotigduhd @s akdlid. miVikild earéws exemplary
conpound in at | east about 80%vyield. In still anoéjggr
compmmnds arhprovidadnkereips it shoujst be awdersiopd Fhatothe Jnefhpd o the

the half-.netal i 0
B V) RS PR, e
cOMBSMEL. IoHRMspan thoharhdeslothie doalgoundy fothed suerding to the

conpound in at |east about 95%yield. 2. The .
present vaiestosupp detusshto frmsaptellpGone semppunsds dbahsas stable for

varioys, catal yst conpositions including an
u%clpla\ftilﬁlo?aaé% &?m'corrpri sing a chenically-treated

sol i ghopiedéntlyAldodnNRtthye by prdphfing aGhdnodydépeatadRayt complex

conprise a pillared clay. 21 The chemi cal|y-treated
caroprisgs estdide selichZi§ily inte pisiningdolitiogiof Lrer@oapasubstituged Cp

t he correspondi ng ,untr.eated, sol i Xi.de ~.co d, _The
el FYRF o a) FRPEgRTaend TEHE G TRAL hou”® The
res@ltiah YRk tid ¥ifbRA 85idQNRAH&Gel rédirt @9 ardeipofldi Ugng this

untreated solid oxide. While the chemcally-treated

metioddtooxialte achi cammsmndsethentesulting cmirdutencansistsapymgaly of
of cocatal ysts,.it.is not essary to elimnate

uRigRdeat LR mal“’rrli‘;lr?‘lr?‘f’émﬁ%l’teéﬁﬁe}ﬁ?r_l fonposi tion. The
acti uatdr@ief 4N Efés&ft flentRMl 1tHALeActidH PRBdthrel & refluxed in
evident 1n"the enhanced activity of catalyst

todwemp ofet tabowt 2 hausshoBg, dadisg sontharreection s nagdy squpstitative as
conmposi tion containing the correspondi .untreated
CQrBPATE With 4 PTERSHEY SPOWn 190 TR RF SNBSS 1 he

chem cal ly-treated solid oxide can function as an
activator,

Toluene/Reflux

[

(1,3 R’R*Cp),MCl,+ MCly > 2(1,3 RR'Cp)MCl;

wherein M is Zr or Hf; R? is H, an alkyl group, or an alkenyl group, and R*is H, an
alkyl group, or an alkenyl group. In one aspect, R? is an alkyl group and R'is H or
an alkyl group. Thus, examples of half-metallocene compounds that may be formed
according to the present invention include, but are not limited to Zr[n-CsHs-

(nBu)]C13 and Zr[n-Cng-(nBu, Me)1,3]Cl3.
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even in the absence of an organoal um num conpound,

al um noxanes, organoboron conpounds, or ionizing

i oni c conmpounds. The chemically-treated solid oxide

may conprise at |east one solid oxide treated with at

| east one el ectron-w t hdrawi ng ani on. Wil e not
intending to be bound by the follow ng statenent, it

i s bAbécedieg tohatothereasprenof dfie presersolniventiod, dbe desirdd &nlf-

nﬁkﬁ%ﬁ&o%ﬁﬁ | ORI HOSOIRRAS § HaM G 0D TS AP by
odif eapgttﬁe te%)é‘ﬁot‘-xhﬁﬁf&fe%ﬁﬁ% | QA& eritlAL hbSane! M&it&Rl by any

ewi s or Brenst acid strength than
cdrhiginativinr thateef] Hobndlaspest, de, sodid is ifernmdt bwammaetmg pho retactlon

has a greater nunber id sites .t
oG STk Taa” e i RS 52 B
. t t t n t
Tl SN 1419, (5 o
rafi6! iA(litdrhﬁB/elyt a rhireuré roé drelawith lhBXamahe,sdb@ xbedle sAlierdetively

aci d cat al %zed reactions. The che caI ly- treg&gﬁqspl i d
28

stk pawixgre CH2Cln yaththeptane gay be psed- gntane
d
RN 0 BN PRI PR 9 g e e

U%Djlr@& BBt 460 mINEHsOLiand 800 . on)eﬁiaﬁmnag Ibk yisdd: eat ed
an el ectron- wi thdraw ng conmponent, typically, ﬁln
eI ecTh%nrqﬂP‘Nﬂjr BWFHES alfBn bet GORigetgs aifeveral times with  the

C%?%fg ﬁ{‘t Ieh §12 e My neé%&?ig H%nlggi drgg%é;‘%s%@?bth%freﬁéﬁgn mixture

mh{ e @Bﬁ&ét@dibdﬂl thé eal, et/ Ratand niixfueeommymb.a e aotis@raspect, the
vol ume greater than about 0.1 cc/g. According to

reaﬁmmmrxnagp@@tbmomwdp\w&&mcﬂz@ Rentape mixuresyio; times. In

pore vo [ e n..ab
arg)zfl}eé aspes ’o | ac 61 glé)?tur n}aﬂebegg%rggecg d R’\ggx tl% ?ﬁltécpfp%ntane
mPieEeRcel tIM@NT InOybt ahbies Apeét, the féactithymbawe raybé €ontacted
vol une greater than about 1 0 cc/g. According to

with thenel, Gls/pentaneohixture fpnreos arare timeeént i on, the solid
oxXi ma have frea of fro . abou
aboul i g8 g e B G RER Ghreal e Ay G 0%
yitla® RhesRNbspebly aRé 'xﬁ&hod b @el }!)Igséﬁl"lﬂﬁi‘dﬁaﬁ lbl@Viﬂeﬁ the half-
surface area of from
metallocene compound in at least about 60% yield. In another aspect, the method of
the present invention provides the half- metallocene compound in at least about 70%
yield. In yet another aspect, the method of the present invention provides the half-
metallocene compound in at least about 80% yield. In still another aspect, the
method of the present invention provides the half- metallocene compound in at least
about 90% vyield. In a still further aspect, the method of the present invention
provides the half-metallocene compound in at least about 95% yield.

2. The Activator-Support

The present invention encompasses various catalyst compositions including
an activator-support comprising a chemically-treated solid oxide. Alternatively, the

activator-support may comprise a pillared clay.
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about 200 to about 800 m/g. According to stil

anot her aspect of the present invention, the solid

oxi de may have a surface area of from about 250 to

about 600 2 m/g. The chem cally-treated solid oxide
may conprise a solid inorganic oxide conprising

oxygen and at | east one el enent selected from Goup 2,
3, 4Thé pheﬁnlcilly-ﬁeat&i soliti0pxidel exhitits ehBanckd, acmllltyh5 cofnpideé to

periodi c table, npri.sing oxygen_and. at ast one
tHe) coERRONGHIER HRtEsatech skt P SAPRAMTKHe The ca%mwﬁﬁ freated solid

ORHE Y FandiDHE as RRufilys ackBRACHS SouRR ERthe comespanding
uhtredted sWd loixideon, While thél rdhleinévcallﬁ-treéted sulid Bridbnatingtedthe

Advanced | norgani ¢ Chem stry 6t h Ed.
mgja léy‘menfl dhesahisenreof cocpsalysts, Fb’rs nok BERSFATY torlimingle gasatalysts

fr8%ﬁl (e o2 r?an@h{)ssi&gx og‘l’xg %gu@aﬁ‘%g %E%%%éf ﬁ%:?cﬁka‘”t%%port is
etident i theMpharl¥ed a&ibityJf catalyst &mpokiion bis a whold)as Bomp¥ared to a

or. Zr. Suitable exanples of solid oxide materials_ or
c@@wﬁ&gﬁwgsmﬁmco@awutgethg sagespending ugireated solid oxide. However,

it G %gl &%‘d tHat ﬁ{?%%% %@k ﬁa@ée %ﬁd 'é&% &%C%%Hﬁ%nggg ?[1'? Qtivator,

e\@hﬁﬁﬁhe Me&@ﬂﬁﬁorg@@&mnhﬁﬁ&ﬁmpdﬁha OdumbMifxdnesNofganoboron
P205, Sb205, Si02, Sn@2, SrO ThQ2, Ti02, V205, W3,

cwmmdzmlomlogmnmn@mn@ndw ke i ncI ud| ng m xed oxi des
¢ her%ﬁe chg ﬁﬁ?{fgéé[&f‘ spﬁ)cg aI n nf c%mp laegR ofte. otllﬁ oxide

sol i d oxXi ca al um

tr@dtéﬂnwﬂ@lmltpl@@ﬁ Rﬁh@t@ectrohﬂbﬁ[@ﬁﬁingtdhﬁtﬁﬁt ane nbt irﬁéﬂdﬁ]g to be
zirconi a, nmagnesi a, boria, zinc oxide, m xed oxides

baundr lsothe’ fotlowing Holementati trbelisesdtit treatment bf theosdlideoxide
asses oxi de materi al

t hi,s i nv on. enco
wilh et R TR SR e sl e 3ty 3 e
0x6ilie.| CBh@, UHE NRtivaABHsuppeiLENAbitONewRN &r MBrshitb®Sacidity that is
thereof. The m xed oxi de conpounds such as silica-

tynically geeateathdpethei Imﬂls oo Brenstad aié Strh@'ﬂn ¢lzn thh awirsated solid
conbi ned wi

an_one net al nto forma
o o0 B e AR BTOT L SR EB S BBt ot S e b yfecated
sdlfdaxigadr BBiHSOfe 'rﬁbtﬁ&f-‘toa@&ahﬁﬂl @k a%Hﬁ’r?Qﬁtth@ f:hérﬂi%ally-treated
present invention includ but” are no limted to,
argli Uriteeated [sohd nal,de smaltemais iS| bmnaqarmglthe:pelxmlenmuoa, actwmes of
zeol ites, vari u¥
the freated and untreate ox1 es under acid catalyzed reactions.

The chemically-treated solid oxide of this invention is formed generally from
an inorganic solid oxide having a relatively high porosity that exhibits Lewis acidic
or Brensted acidic behavior. The solid oxide is chemically-treated with an electron-
withdrawing component, typically an electron-withdrawing anion, to form an
activator-support.

According to one aspect of the present invention, the solid oxide used to
prepare the chemically-treated solid oxide may have a pore volume greater than
about 0.1 cc/g. According to another aspect of the present invention, the solid oxide

may have a pore volume greater than about 0.5 cc/g. According to yet another aspect
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m nerals, alumna-titania, alumna-zirconia,
zinc-alumnate and the |ike. The el ectron-w t hdraw ng
conmponent used to treat the solid oxide nay be any
conponent that increases the Lewis or Brensted acidity
of the solid oxide upon treatnent (as conpared to the
solid oxide that is not treated with at |east one
oftheqiresent inverdtthnathiersglid oikle)mayAtye adiong volomergreaspbat about
of the present invention, the electron-wthdraw ng
d%?fﬁ)nent is an el ectron-w thdraw ng ani on derived

fr omA%F rﬁfﬂlg to SHOtIRY :_I_Ep’;znecfJ 8f %«{:Efesé‘r@ TRAAREn, ﬁl@%h@%x?de may

volatilTe o gani ¢ conpoun serve as source

h&’\re PEREME §RA of Hond Lt 200 RN abofK ?Gml §/ Off\ccordmg to tyet another

el ectron-w thdraw ng ani ons i ncl ude, but are no
adpieoti bR thet esent ifvatition, the sblidiogidef hapo ha‘diea sotfh@r arde of from
brom de, iodide, fluorosulfate, fluoroborate,
alphmsaﬂﬁatoeabcfdt LS@ﬂOIpHgS phaccafdmgrhof stilo pxthert agpest of the present
triflate, fluor. Z|rc nat e, uorot|

Vg Sl e oy Py suttadt ey, af RPRbout 259 eyt 600

ﬂ)xtures and conblnatlons thereof. I n addition, other
&nic or non-ionic conmpounds that serve as sources

f or Theshedlcaly-ieMedisbNd AT fhaR HoRHpeisERY sadSRoRRnic oxide
enpl oyed in the present invention. Thus, for exanple,

corhprisileoxygah bhyd atrlezst ede slotient sslecttd froge Groun h 3 RS, 6,7, 8,9,

18] i el B bt e Boiciic bl PP ibien B & 166 Bre
elte}n@fez{ isgededi hbmadRl WRDAIdeCH Qbiifiad Qbhbma- aled NHawley's
brom ded silica-alumna, sulfated silica-alum na,

Cbhdmsed:l Etersichl Dintinnaryphl "AEd. totor Willesl & Sbing 49951 Cattrina F.A.;
k?%egiw@'p% gf‘gﬁ}x[ F?gaé%}(‘, S ﬁ\f%éi%r'léeﬁ Fnbrghic CiBmistry,
pac twagy M&@ﬂg&awp%ﬁomp @%ﬁ%@ WP i EmiGoRiak ha?fcoﬁﬂ)nse

étro g ani on e counterion or catio
oxyfgeh land aslahdt omylehxen’smll@ﬁdefdorﬁ rAdnBaBg, Bic@d,j Gm Grhen, Fe Ga,

allows the salt to revert.o %o ose back to the
LadYia. M@r Nhgbedk Spnvtaghs TlFXe{W) r's t’@torg fctate the

Sui t@&'taib’lé & é)lé nﬁseﬁ&tokﬁfél dﬁeﬁg Br & M?ﬂﬁ% 4h be used to

sour ce ectron WI raw ng lon | nc ude,

foemttha E:Eerﬂmhll)i-traatécb sblidogxitd ﬁlchmlle;,lllmtlaré yotdimitdietos Al O3, B103,
the desired solvent, the | ack of adverse reactivit

BeHeBokbi Gﬁ CoraphitrPn & uéh fHse@s Gapley: vlé’éﬁ%tM@zQaaM Nlo
PRIS SR OBIODMAEISSRR Fhc RS V.65 WERSIL6H AR 148, Sl
likd) Gn@lﬁdlﬁ m1§¥cﬂ6§id@§ tlm‘re(ﬁ}laﬂcﬁbcbrﬁbmaidrﬁr’therebm anee&aiptle the
sq?{dn-f ({])g@pet gg;r r 82, \ghtcgdraalll\immlnn% a?lilgarjallurr:ltl:lllaudeiun?lrlilltlmarp%ogp%tate
heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, mixed oxides
thereof, or any combination thereof.

The solid oxide of this invention encompasses oxide materials such as
alumina, “mixed oxide” compounds thereof such as silica-alumina, and
combinations and mixtures thereof. The mixed oxide compounds such as silica-

alumina can be single or multiple chemical phases with more than one metal

combined with oxygen to form a solid oxide compound. Examples of mixed oxides
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amoni um trial kyl ammoni um tetraal kyl amoni um
tetraal kyl phosphonium H+, [H(OEt2)2]+, and the
i ke. Further, comnbinations of one or nore different
el ectron-w t hdrawi ng anions, in varying proportions,
can be used to tailor the specific acidity of the
activator- support to the desired | evel. Conbinations
thaf cal echded in Wetdedvaoi-suppori b deepresent imagntivm indude dugdre not
W th the oxide materjal simultaneously or .. .
limyifefl v fo usilicgralugpes, j piligaritang d%‘ﬁc"l“ﬁ‘é‘fo f G7oides, pyprious  clay
oSl Sl REH AL forh B bhia ibclaidihidfe Afd #lb like, FOr
exanpl e, one aspect of this invention is enploying
t Wwo @he RlEcgosméthirawingvicomgpomanit mgedatt treat thesolid oxide may be
conmpounds in two or nore separate cont.act] st eps..
ahepmpsat Bakingreasesithe Lgyispr &re%%%éa%@“mﬁ @% s 'ﬁc? bxide upon
. Ly- g Cde .
ufRRBEL YorhbfBl R (R pig Bl 3 BEERTHET ith A least one
eleotdt-Wathi@wigf anion)i decweding tdse aspsctaxfrthapteseht intentian, the
first electron-w thdraw ng ani on source co,rrpound‘ﬁ{9
eleefron-withdiasing Pompenent {5k elepirai-vithdaing pRIOR Sepy gom a
d then co c A e . AN W j
G 88, 20Kl 08 SO SEAEOTMbAL Yy

s&PE€ARE JPurdeUsrepreSurbdiefor GRdtCini@d ERarhplesnod elaceah-edthdrawing
solid oxide conmpound. In such a process, t hﬁ first .
anins Bebigadbuiase petdimiled fod suiitedistiatss lyptide ehloride, bromide,

. conponynds be  di e ou S
ik iD oS TRty Bufibbfter o RRRE o Blosb e Mffuorocetat,
trk & N FluB R zirk YEute; N Bbfotitdnytte] T @idlubtbaceate] drifixiegleandnythe  like,

_conprise a solid inorganic oxide material, a mxed = |
inskiddieg ixetares ahd combinatioamibicreaf.i &hadditiphgithparipric 9% nga-lonic

ials. that is chepicall .k
cRRRS TR P P chane e Rl Ak fons may lzg be

eibloyedin®b Bleséiheedtion! ncl uding netal salts, netal
1ons, or other netal-containing conpounds. The, netal

or nhed, fooexample,vhe chemicalkatrpited solidiexide usgdewith the present

L S SRR, AT . ot
alﬁﬁﬁl{i@ ltRorifld siGheMumdd, ¥hibfi8ad §HcaRAlnih bidieided §ifta-alumina,

Include a nmetal or netal ion include, but are not .
stlfatéd siica-alpmiian fluprigedesjlica-sidconkd, chiodded siligarizisepnia, bromided

titani umi ted. fl i ded al.umi
Sli‘k%‘élr%éj%?’ éﬁﬁ%&g g‘ﬁf”l‘e’ 6’6‘?‘?“3% trfi’lr ﬁﬁﬁ?ﬂ@ggﬁ%ﬁ@ﬁe%r egnat ed
chi O'W’I%ﬁlqhé leleefr8n-vAthdAWIRe c8inPénenfRh@PASsadsHld S04 &lestron-

silica-alumna, zinc-inpregnated sulfated alum na,
withtiemine dninh nthe alounterian e chiiemof thetisali mey dlewselented efrom any
ca?t%nft%gteaqlo%alfsq e gallly ‘[g rrcle%gr% or decompose back to the acid during calcining.
Factors that dictate the suitability of the particular salt to serve as a source for the
electron-withdrawing anion include, but are not limited to, the solubility of the salt
in the desired solvent, the lack of adverse reactivity of the cation, ion-pairing effects
between the cation and anion, hygroscopic properties imparted to the salt by the
cation, and the like, and thermal stability of the anion. Examples of suitable cations

in the salt of the electron-withdrawing anion include, but are not limited to,
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or any conbination thereof. 25 Any net hod of

i npregnating the solid oxide material with a netal nay
be wused. The nethod by which the oxide is contacted
with a nmetal source, typically a salt or

nmet al - cont ai ni ng conmpound, may include, but is not
limted to, gelling, co- gelling, inpregnation of one
ameropundrialkybaramohiver, teteaatkyl hmnidnken, tefrazdied ipheshhontuen, H',
net al - cont aj ni.ng conpound may be added to or

Uﬂ@%ﬁ‘@)@ha@@c}h‘?ﬁk‘b the solid oxide in solution form

an q |V ' . 3 . .

o RE LGRS S5t SE Bk, PUERLMAARAA) aion,

DX hgCpropdrtivhd) asan dempetiste tailorethalspsdfieatiddy fafahe activator-
zinc, titaniu ni ckel , vanadi u silver, copper,

supert nihetdasired lgyght &pmbipationg Lﬁ%?ctroarm&ld&‘ﬁhag FRMRgACeNtS
b eoreecgpta 8B AR Bre 9%l TN ulBReMRE ol QdiviREAINAISN any

TN eSO PE O de - because it provi 8es good cat al yst

ofdet ithait tafforRRcthé desiredsdhemidadly shied sold deideracidity. t Feratxenple,
with nmetal salts_or netal -containing corrpougtg ) )
opepaneet, ofjthiscinvengiongis cpploydngEve PHrEOTH shectronswitfiraying anion

S(ﬁi(éﬁi:ﬁdgorrilﬁougl&? ﬁtt% ovlvin]i({}le %ﬂ)%rn%? h(%g&{t@H 'esyg%gh drawi ng ani on.

OWng any contac ont act ed

m Xt Thes, One @xhiipleCEMGURH Rdproedse by whichvah tiedvdalig-tizaied 3olid

and the netal ion is typically calcined. L
oxide éy praparedisyas fallews:| o selegterbsatigh aide,gompgynd, or combination of

el.ectron-wthdraw n ,on r et al:
ofribitullin ) R, YCR ALY EuoBRhhRAAE' Mo Sbiree

cEBp&inaad foil firdNe@HEleY thiYfikdt GListRE GCeScacd amlythee cusrcted
to formthe chemcally-treated solid oxide. The

wiitheari ssedridy eleeieen-withdwming eriogesavise compeunsetq ferm a second
i i S5 i eiShes SRS PR h A oERPEGHBR e

Il SuBRta dﬁl%@ééis,r eRe tfyat dnkde s&Rhll deledirsiewithdfatityd aBfbn source
calcined prior to contacting the electron- w thdraw ng

cempamds oy be différentcompauvndsprdligamesompsandal ci ned
ei ther dyri or, after t sol i d.oxi de conmpound i.s
cont g@?@g“\ﬁqg rRnpThEr agPach ‘?fgtﬁ? WEEH AV lﬁn’aﬁle gﬁemécgil}}"gg?ted
soltoxi¢ hihy Qohfpeis€ 2¥BRY MbrEmic BRde MdrEth Rlixed oxide material,
uncal ci ned. Various procésses to prepare solid oxide
on atdonstimatios ufpioptgenichatide aratdrialse it oy ebieinivalljvireated with an

R N T W —
in@h@d‘iﬁg el seﬁts,z%teﬂ’%‘ns, 6r 30Er %%ﬂ&l-c@mt%ﬁmé&%&pcﬁn@s’? STR thetal
or metal ion may be, for example, zinc, nickel, vanadium, titanium, silver, copper,
gallium, tin, tungsten, molybdenum, or any combination thereof. Examples of
chemically-treated solid oxides that include a metal or metal ion include, but are not
limited to, zinc-impregnated chlorided alumina, titanium-impregnated fluorided
alumina, zinc-impregnated fluorided alumina, zinc-impregnated chlorided silica-
alumina, zinc-impregnated fluorided silica-alumina, zinc-impregnated sulfated
alumina, chlorided zinc aluminate, fluorided zinc aluminate, sulfated zinc aluminate,

or any combination thereof.
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6, 376, 415, 6, 391, 816, 6, 395, 666, 6,524,987, and

6, 548, 441, each of which is incorporated by reference
herein in its entirety. According to one aspect of the
present invention, the solid oxide material may be
chem cally-treated by contacting it with at | east one

el ectron-w thdrawi ng 26 conponent, typically an

el ecAnyp meﬂhdmdﬁ imp'mglaang olre swidr odde Matdriabwitht deetadImay be

usil Fibs b bF S Crtes CaERAL G TG s, Biealy a
saﬂeér%etﬁf) R4ifing %o Sgﬁrlﬁ{n%)i( | [RENGkEd not limited to, gelling, co-

chemcally-tre te e. ~According to another
gedlinpe dinpedgnation @RMMmpmmdrmltco anothére asd khedlikexi Healesired, the
erial, and electro rawi ng ani o

mef@ﬁs%%lealgacwalpean R Cﬁ %%Wé&bg?%nat O, g AU B pxide in
somioﬁhfomeatf@(%ugr% Iﬁtg)p%rﬂ'%hgéj inth e ¢ u%?ca metal upon calcining.

ectron>w t conponent, y a salt or
Aedordiagly, die sohideherghmioroxidet dfmhrﬁmhagcmmprim a m§a1 selected from

include, but is not limted to, [ling, el li
Zipgrditainas Riskeloyangdiums SHYBUSRPPC, ﬁglilugh 8f1hfé1flgst lﬂgfenum
OJC% E?acligggén tlfepéolfo"i-"o?% ?rﬁéleg glﬁ%: ?&X%gé’éﬁttg qgrpréglﬁgte the solid

m xture o

oxlE€bdcatst-inpiloRilieagbcatdlynactivitytandjdoweostl netal ion, is
cal ci ned. The solid oxide activator-sup Eort

( cheRhe #plig - efidated ¥ tgelsdi weh Wﬁgﬂ 15318 oy gelsaniaitng
o o%n@g §&8§e ﬁ&”Bf amal %1 81%39 bd Befd Gfh the
(P fﬁ eas one e I‘OI’]- W t rawi ng ani on

el§@wh0@1tﬁdia®ﬁign ehibf. f Golfo@iry laﬁif dointecting ; method,2}he  contacted
calcining the first mxture to formthe solid oxide

migderevel oridsuppmanaund, aleortvigdiaing aniosr and foemefal o is

tyglgﬁlzxn%%lg nieé e?éll(teeor{lnatavegyol %)Hddm? ééj (iir?ater?'%t éﬁ/ @feg{ﬁ%rg g/@t}ﬂ}ﬁfa'iwmg

arfbrPS@ESe, #H@RE infdtdlGkaltlor Iﬁ@tat-a&itmﬁﬂlgadonhﬁﬁﬁa aweorﬁadtdacﬁ and
oxi de conpound with a first electron- wi t hdrawi ng

cadginashsimglizngeugprpound to forma first nmixture; 2)

]E: |a|r g*/grlrlr(? t}%}?(gesgég nslga:)é ﬁ]f’ )é(,l‘é%'l({ ﬁ g% n p{ c;i‘lgr%hc% c}§ ?xlegfe? dlid oxide.
THE eHelialWLttdated oA QReHcahE édxﬁﬁhse\/thé bektaMpAgiuRN b4t least one

source conpound to forma second m xture; and
solid oxide compound and at least one electron-withdrawing anion source. It is not

required that the solid oxide compound be calcined prior to contacting the electron-

withdrawing anion source. The contact product may be calcined either during or
after the solid oxide compound is contacted with the electron-withdrawing anion
source. The solid oxide compound may be calcined or uncalcined. Various
processes to prepare solid oxide activator-supports that can be employed in this
invention have been reported. For example, such methods are described in U.S.
Patent Nos. 6,107,230, 6,165,929, 6,294,494, 6,300,271, 6,316,553, 6,355,594,
6,376,415, 6,391,816, 6,395,666, 6,524,987, and 6,548,441, each of which is
incorporated by reference herein in its entirety.

According to one aspect of the present invention, the solid oxide material

may be chemically-treated by contacting it with at least one electron-withdrawing
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4) calcining the second mxture to formthe solid

oxi de activator- support. According to yet another
aspect of the present invention, the chemcally-

treated solid oxide is produced or formed by

contacting the solid oxide with the

el ectron-w t hdrawi ng ani on source conpound, where the
cempomtng )tjfpiealkycanmwm@nhsithdralvhig reibnizefiee e Fudberj thg sold oxide

after contgcting the el ectron-w.thdraw n
AL @D ONBI 1 T e R0y (eS8 ST et agh. 2 Bfta gelsined to
7 f
f(tﬁjﬁrg g Qgﬁsgﬁﬁtgﬂg% 04 93Re49 e%ﬁatea HedliCdIRL Bl sbRE oxide.

de genera I's conductéd in an
Azotridangtto aiothes phyece of theppresent ynwenmn, dhg/ salicbpxide material and

atnDsph re, .at a tenperature fr 200C t o about
-\w AR AT SRR B0 PO I R FEul s T ng

t o about eggtgflf,‘}t ?ﬁlll(ﬁlt the o& rc@ht‘zl&t%d it e r@l&%ﬂ-twﬁﬁl% ing

or wmm , tenperature of from
caperieng OfPically abealt o?OeﬁCacﬁabﬁ Ianl ¢lectromywitledrewinguariien may
for about 1 hour to about 50 hours, for exanple, for

inghig: bat oratdimiechin gellyg. rengeling, FRISEnAtion ol Qpifptagpound

O STk o, B0 BN s
nbfe ofithe doYip xide, &Mctrﬁblvﬁtlﬁfd%ﬁ@tanlbﬂnan@epinmaﬁnﬁalung is

cal cining. Generally, calcining is conducted in an
C@&m@¢2|ng at nosphere, such as air. Alternatively, an

| ner tl"hgtsg'i?cf BQ%«L, %.Ctl§2H81hSU%EOIQ é&% ‘ﬁg&ﬂl catéf &ﬂﬂboﬂ&e)%ay thus

reduci hg at nospher en or car

bﬁpfw&bdﬂeoyathagcompﬁgingAccor d| ng to one aspect of the
present invention, the solid oxide material may be

trealkd weemagiingoar ¥didopxids| cempousd, watl fteast d’ﬁle %‘F“’éf’n'

FBFRDRL O Rl ROL T AR 1 2

chenpyal | ¥alcinimpah& frss ﬁilkﬂr@ﬁél foen the solig okideic@fatér-support.
particul ate solid. For exaqp the solid oxide
mat eAicedrdingy th@nethemtaspeohi aththe seseneinyention, f the esolid oxide

| f :
Al il T LR
chhpi@dihgle ion (termed “fluoriding agent"), or a

conbi nati on thereof, and calcined to provide the solid
oxi dé) act cumadding atdedstiionaspkid xidst Wmcmnd svigperfirst electron-

| ude, but are not dto nlded al um na,
RPN SR ol KB s RSUEL  af o
al uma, calcining the first mixture to produce a calcmed first mixture;

3) contacting the calcined first mixture with a second electron-
withdrawing anion source compound to form a second mixture; and

4) calcining the second mixture to form the solid oxide activator-
support.

According to yet another aspect of the present invention, the chemically-
treated solid oxide is produced or formed by contacting the solid oxide with the
electron-withdrawing anion source compound, where the solid oxide compound is
calcined before, during, or after contacting the electron-withdrawing anion source,

and where there is a substantial absence of aluminoxanes and organoborates.
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brom ded silica-alum na, chlorided silica-alum na
fluorided silica-alumna, sulfated silica-alum na

brom ded silica-zirconia, chlorided silica-zirconia,
fluorided silica- zirconia, sulfated silica-zirconia;

a pillared clay, such as a pillared nmontnorillonite,
optionally treated with fluoride, chloride, or

sul f @akiniph of phatrested|sohil rmxider gotetadly is conducted in an ambient

alunbnophosp ates ptiopally treated with sulfa
AIOTBRTRLTPBALIE i G (eam Bient, KIOSEtTE Flad {\GRPSRUH Fom about

2861@/ fo lﬁlﬁ'& E)B@‘*’O‘, f@m{l%(ﬂft \ nguﬁé: E%X@(}u? 108 HIBRY téallﬁl(renng may be

opt1 ona reate a nmetal 1on

c6itRGted |aYce1hF&@iu@c§* of Bbidatidxt §60TRY LHIPBICE, for example, at a
fluorided solid oxide in the formof a particulate

tegperature Kifdranh abmutdl@6°@ &6 Abousi08C.miploirang oraprdg denducted for

aé’q?ﬁh A soncl Bl e i 2ol Lt fhog, pocnly, Tt
TS 0 e, ARt iy, bl S a6 MeRLabBUCTD Adurs at a

wat er Tnc ud| ng, but are not limted to,
tdrﬂperalmte df dranin pleet 340H aoubhHN°E. Mematype obsuitablegimbient can

| i1y and | f of -y
by Pisog | DIRG SUOAIE: o FnCTALy: BIEHn { SR BOPHE Jhean siridizing
t?lfcﬁgﬂé}g édc?" ﬁﬂ U n1ediyAfvRfy, léﬁrlhgrt aa@rhgsp%a@ vsué}gfg? Ritk¥Fen or

ri de ammoni um bi f 1 uori de (N
aioNO o urrbdm:ﬂr[gaﬁﬂmuspbéle,r aitch asNiyliBrzth, or Gnbrpninenoxide, may be
si l'icofluoride (hexafluorosilicate) ((NH4)2Si F6),
ni um hexafl uorophosphate (NH4PF6), anal ogs

t her t : :
e 0L RS G SRl (8 B i
nialy bertiediedowitlg & sburce W€ hhldde iohs suiﬁﬁemtnf otis eombdlatiemdf/ anions,

availability. |If desired, the solid oxide n&
optionally dremefihwﬁh ) et dﬁ’fh ganégtém calameg o trevL %alvec Fhgnpigally-
trgitg Sol@qgmﬁ% {Hedlf B@.}%ﬁd. EOI Q)gngﬂg htlh¥ sohd ox1de
con e SO during the ning s

nﬁwﬂlabmdysl@ﬁ trefted vemalip:ioﬁrcel of aultitd i(lerméd at ‘hvoKating agent”) a
fluoriding agents descri bed previously, volatile

SQepaPl thffridwm (emeedoy coblaridieg agsat”) aswyreemt {loride iqgy (termed
‘ f
o B P LU ARRABE S PR P g g

okide &tieans, (Reful ladi® hekang supgsrtd iHehwleebaEene, not limited to,
fl uoromet hane, trifl uoroethano and conblnatlons

bromidedb f aluminge odﬂom}qdr d@@nmaf | Rhesrided @}umm@»o spigted ¢ alupyina,

bla)llﬂla?fg H&aagl&tpﬁ)ilan émotal%cti ‘ﬁlﬂ%noﬁuotrlﬁleg sﬂ éil %Mﬂﬁﬁ% tsulfated
silibfakslind] REeRdMilidh- ilﬁ%nfd WRlorided thca-znconla fluorided silica-

zirconia, sulfated silica-zirconia; a pillared clay, such as a pillared montmorillonite,
optionally treated with fluoride, chloride, or sulfate; phosphated alumina or other
aluminophosphates optionally treated with sulfate, fluoride, or chloride; or any
combination of the above. Further, any of the activator-supports optionally may be
treated with a metal ion. |

The chemically-treated solid oxide may comprise a fluorided solid oxide in
the form of a particulate solid. The fluorided solid oxide may be formed by

contacting a solid oxide with a fluoriding agent. The fluoride ion may be added to
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agent is to vaporize a fluoriding agent into a gas

streamused to fluidize the solid oxide during

calcination. Simlarly, in another aspect of this

i nvention, the chemcally-treated solid oxide my

conprise a chlorided solid oxide in the formof a

particulate solid. The <chlorided solid oxide may be
tlfemxi«kdbjofoming acshjmgoiathscdxid!: imxa slétahiet $oleent hady fitSdalﬂ@}lol or

W PSS i Pre A i G hgeone; i 1o shibgp s Bb i hshuse of
thgnev.owhitf ﬁlgcr gﬁf stPB¥e Rensidre a&ﬁﬂnmég JS‘f Audiidity agunfsgchatg@ay be

uring cining step. Any chloriding agent
suimpkbineludé, B ai my lasital wobydreflodricidid (IHE);; arrmmjnum fluoride

t h hi t de d | ci ni
O, b Seori (NGRS | ey gt (NIRBE),
afifoRlnd ng 1 rﬁierra h@?aﬁh%ﬁ&%hc%@”pl(@@HB%Ség leat himhonium

organic c I ng ag nts t may be sul
héxmﬂhuﬁ@hodphhtedﬂ‘ﬁ{m) | anaioge dhereof, amdt @inmbindtiome rthgreof.  For

per chl or obenzen Ior t han di chl e,
A R T T

1t9%ﬁs@'3¥ &Oﬂﬂ'gﬁya‘wﬂiﬂf@{y?o‘t' Gaseous hydrogen _29

ae or orine self may al so be used with the
sol i If dexirell; thiusdlidgoxiad aiagibegreatedneitic arﬂuenkimgtagﬁm dwoihg the
of contacting the gxide with the c%orl agent
calgjningaien-i Zunyafluenidipg cﬁgﬁ@t %@éhlﬁ i thoropeg iy Ciseuas, tb% sqlid

0)2186 fduﬁhgftﬁflcgﬁﬁmﬁls{ep &ﬁl or| gr: g% Er e entirillbél(&ntlrl ol hose

ﬂﬁ@ﬂl(ﬁhgﬂa@@ﬁﬁ lescsidled previuusty vyl erganiunflabridihg Zgents may be
about 50% by weji ght, where wei ght percent is based an

usteﬂe I;&)éqn@p{ps of vp]qglesgqu@ccﬂ(qog@mg genp_sxgﬁ?ﬁ.} dn this aspect of the
1ngﬁnt%0nn in€ ulc’ign but"El are r?cit (firn%tecdall)c %Hﬂg%;?erg@ﬁ%ﬁé)&hg gpetrﬁuorobenzene

aspec hi's 1 nven anount

fibdrafictidfe, OErImmr@chﬁﬁl i aid dondeeimiondahatef. CaGESeﬁu:ﬂ thytiiogen
solid oxide may be from about 3 to about 25% b

flugridgher, ﬂmrmeatselfrackw@am e nyedtwidh thesypdidroxide tShﬂlsorlded during
4}‘5?}\@%% I(?%co&v%{%r}e[ éﬁﬁﬁ?&eg omtﬁéﬁéﬁlll% gﬁﬁpcf%m&%{? t?ng}he fluoriding

agoht BetonPapoliSe adhioBididdyagay ini® e skBamrised td AGidddd the solid
i ncluding, but not limted to, suction filtration

0de¢ Hmv@ca@n@mpo_ratl on, drying under vacuum spray
B8R0 D5 b OB ot 38 B R B Ge e
o%iB€ mayBRhHRREh @HIcHRlked GoRK bfRle in the form of a particulate solid. The
chlorided solid oxide may be formed by contacting a solid oxide with a chloriding
agent. The chloride ion may be added to the oxide by forming a slurry of the oxide
in a suitable solvent. The solid oxide may be treated with a chloriding agent during
the calcining step. Any chloriding agent capable of serving as a source of chloride
and thoroughly contacting the oxide during the calcining step may be used. For
example, volatile organic chloriding agents may be used. Examples of volatile
organic chloriding agents that may be suitable include, but are not limited to, certain
freons, perchlorobenzene, chloromethane, dichloromethane, chloroform, carbon

tetrachloride, trichloroethanol, or any combination thereof. Gaseous hydrogen
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The silica-alumna used to prepare the treated
silica-alumna typically has a pore volune greater
than about 0.5 cc/g. According to one aspect of the
present invention, the pore volune may be greater

than about 0.8 cc/g, and according to another aspect

of the present invention, the pore volune may be

chloeide er chloaine atselfimaylaléo beuged withtthesolid heide during calcining

silica-alumn have a s rfac ar.ea,gr
O otanvanent meigd o cananing S Gotind 280 is
vgﬁsﬁh’i@ta' c‘?ﬂ‘orl&ﬂ? agentk (A6 8 A §ﬁ‘ea?@ﬁsé?leco HedLe ’fhetslaﬁl’i1 oxﬁf%Qk!lhng

g, and accordi ng to another aspect of
caloinetivri.on, the surface area nmay be greater than about

350 / Th -al um d th t
nvente dimatb ok fupfidh as Hloe. A macsetb e B CHIF D6 old
oxide AP froRAbu f??@ ke QO‘VOb}QG/@lgffﬁ Reiteke REi, Pb&cent is based

|nvent|on t he um na cont ent of the S|I|ca al um na
onaiie beelghtoanﬁ gteosdlids oxide aforudxabpl, silivh-alaoinar defoge tcalcining.

anot her aspect of this inventi the al .yumn
AGFORIFg tQPRPiBST aSQF?}rﬂr%ﬁ}é}s HRKFIHen, b ana of %8'%“?% Gﬂﬁ?ﬁ&e ion

pi‘)égé‘italgéfggfen@ah&ﬂmgqhg Ribtid ARER fil g)etg 1¥1€£b uP BN Mout 25% by

aspect vention, the ox; e conmponent
weipht, Canpaccseing tonanother \aspdoo of tid$ Iriveatiorg mehyalsec fronhi abgut 6 to

another aspect of this invention, the oI| oxi de
Medy Weighte RS gaprggnqt?fiamht halide, ?ﬁsd oxplergay be

dﬁé‘& égta%‘;jm%g{ﬁ)g%pg%hqﬁ tl?eoﬂpfdcﬁﬁﬁlg?] Wlif xﬁﬁ%ﬂ?fé‘a t8, ﬁ%@hbl‘fjﬁltratlon

such as a aor silica-a

fdln)vstddebyf @hﬁan@ﬁom doging vadérataeusn) spday Qyingoard the, likehaithough
sul fated oxide may be treated further with a netal jon

itsiscalse rassiblndockEn der SelPmiREcHeD Jrprsiatelpwithu diying the
[{Iﬁ}egﬁg{eﬁo@ﬁ %&g to one aspect of the present

sul fated solid oxide conprises sulfate

and ghel m1ma~alm1nn§ QAB®R] {onsrepdie eite tréded silit4-alugtina glpivallpdas a
is formed by a process wherein the alumna is treated

pwiet \'phamg erdaiardham abeus 0.5 folg. eAegpsdiag toone mepect ofijtheepresent

LR A T R0 S B 2B, AT

m&dth@rraé{)w‘t of g pestt Rvehfiom the pbleakdiems alay@RtgrefetCha@about
al cohol or water, in whi ch the desired concentration

1 §fcclheFurther.fthe siltiga-alyarina may heeen suditsdreagreateithan about 100

RO 5Pt s e R Bt
abh 350 Ih ¥y, AQhcbQWingStdrdndaRr b§fesi OMthis invention, the surface area
may be greater than about 350 m?*/g.

The silica-alumina used with the present invention typically has an alumina
content from about 5 to about 95%. According to one aspect of this invention, the
alumina content of the silica-alumina may be from about 5 to about 50%, and
according to another aspect of this invention, the alumina content of the silica-
alumina may be from about 8% to about 30% alumina by weight. According to yet
another aspect of this invention, the solid oxide component may comprise alumina

without silica, and according to another aspect of this invention, the solid oxide

component may comprise silica without alumina.
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According to one aspect of this invention, the anount

of sulfate ion present before calcining my be from

about 0.5 parts by weight to about 100 parts by wei ght

sulfate ion to about 100 parts by weight solid oxide.

According to another aspect of this invention, the

anount of sulfate ion present before cal cining my be

f r onTab eulfatedlsopieraxideycomgiriges sul fatecindia sobid opadetcomippnent, such
ht sulfate ion to aboyt 100 parts [ .so}id

bz ifana ah eI T Gl OhAGEHISS sbEd  SHpiaRRLy the
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the |ike, aIthouhlt is also 033|bl to i i ate
sylfpde. c Jihés pﬁOﬁ@ssSrf@b be rPﬁEfHV%‘tdePX/ Sming .aoq %Wa in a

s@EBRchorht, s'ﬂ@h 2 R BRI dr WAL IO RnicRThd a@sﬁlea c&g&ﬁﬁaﬁqn of the
nprises ’a ared cl ay. e term l'ared clay™ 1I's
sxumdgtagemehssr béen aldad. nﬂh&ablalcsgamh ablvbme eintleds) buinare not
exchanged with large, typically polynuclear Gg hly
lippigd gted thepeng to é‘é‘ﬁ%lcésboéa‘ﬂ?@}%s esaypf 106 Shedk ve ﬁtyl ad low
mhﬁ&eﬂgﬁmnbUt are not limted to, Keggin ions which
have tharges such as 7+, various
p0| y axesreing| tb ane Sispen of tih Bivehtidrgehd ansunt of Buldate idrepresent
termpillaring refers to a sinple exchange reaction in

befhrecerlaimiag maydedirye abews Ocnpartry weight tejakgutndlararta by ayeight
s%g elg}ao(rr:]leto aWouthhgaagg bgl e%%xrt %(():l?cg idE dAc&%}ﬁl hg %ng‘tﬂglhasﬁgct of

I ons I ons ar

thidiiebntidnZ @ athdunk Bf ELhﬁlte joR éﬁédeﬁVWfSrlealcﬁﬁiﬁg flagibe & about
when cal cined are converted to netal oxide "pillars",

1 phrt by tweightyo sbmys SPtnary by N@Igh:t ayifatainarte ahautclO0perts by weeight
t

S et PR R of B dhisEo By A s

b;t %1gh€=‘>&P§BBﬂ@gO aité bg @ve%l]{t YelEE Bonl 1B ABBINLCY ed bgmdelgmohd

porosity is enhanced e resulting pores can vary in
oxiHapeThasd weight tatioa dre rb@sqdoan che tweaghgi off thei Wéldna?sléﬁ ibgfore

nd. t h
iy | O Preald Wi Gy 4F Sapeh AR gy §F dried by any
mBiHAA &Y B\ in Htd &P &R 1R, bAPAR1imB&Pro3 dlctioh HationIfollbwed by

Thonas, Intercalation Chemstry, (5 Wittington and
evapoﬂaaonbdlo'mg wuatier JvaGmim 3spragp dryditg, 3@d the dikenalthaaghsis is also

possible to initiate the calcining step immediately.

According to another aspect of the present invention, activator-support
comprises a pillared clay. The term “pillared clay” is used to refer to clay materials
that have been ion exchanged with large, typically polynuclear, highly charged metal
complex cations. Examples of such ions include, but are not limited to, Keggin ions
which can have charges such as 7+, various polyoxometallates, and other large ions.
Thus, the term pillaring refers to a simple exchange reaction in which the

exchangeable cations of a clay material are replaced with large, highly charged ions,
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Inc., (1972); U S. Patent No. 4,452,910; U S. Patent

No. 5,376,611; and U.S. Patent No. 4,060, 480; each of
which is incorporated herein in its entirety. The
pillaring process utilizes clay mnerals having
exchangeabl e cations and |ayers capable of expandi ng.
Any pillared clay that can enhance the pol ynerization
swh o Ebggin ibms. t Aheseapalyystic eatipws arei then ommtdbdized emighin the
.invention nmay be used. Therefore, suitable clay, . .. .
inyigr ?na|%fn teyclay LAY PIRERAAS By clormetal phide spillars”
i gpcgﬁﬂ e GAPRYES 68 collRinMil QRAREA Brlus(lck tﬁ@@l
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péﬂe?@in' hhpe Euﬂf%&kd ok ﬁQlUﬁ g 11?;1? rhdferial and the parent
sep|0|tes attapul gites, or skr't es;
clag maaidl nsed.| aExamlblbs bé ,pllllaamgrmtdeplllquodayﬁareafwndny T.J.
conbi nati on t hereof aspect the,[%l I ar?d cl ﬁ/
omas, Intercalation

Piggavaiat o¢ieriep Fabt (Aééébr |3§%§7be§h9§i%) st &My
PR 5 o P AL D2k FETEERELEs 9 RSALAN s

InRr, €197 6. PhtedieNbr €452, 510, UiSathﬁ Na 3376,6llednd U.S. Patent

bent onite may be pretreat ed b at, about 300C
Narti60.4%0; iepey of valigh xjReqrporated ‘Feé%ﬂq ?Sfaw;ve% trogen,

for ahoth dn H)c 8.1 REL2L & 1H&a qﬂ@ﬁjx teQch eable cations and
Piaine oo P Eay FR

pol ynertz xerrp

lapére Tcﬁ;%leﬂ@méxphﬁdldﬁs AnlyjeitarbE clay Iﬁhat Ichn shicmtel tlieq)olymerlzatlon
under st ood that t preheating can be carried out at

Offmlﬂﬁnétlﬁthet é@’fﬁa‘é’ﬁtaPQmE@Sﬂémd of ttheelyesenh dNYRIAY @AY be used.
Tﬁeme gﬁen a%,ulétg o&at ea Sn§:rea %r Pﬁﬂlginé nl\ggln?é €Rae :11.%' l’lO Elmlted to:

alRfphhiea! ﬁﬁeo‘h‘ﬂé%?@éﬂl dl@&ziheﬁﬁﬂ pABpad @1—bb@h§c&§16(|MQtand derivatives
conmpositions of the present invention may be conbi ned

theteofi sethhasy monigragillonites (heptamitesianentronitss, hestoritesi Ay lappoites;

e not |i tdto eolites, or gani ¢ .
alfos Bl N emichBleb s ks ARG, chRENA e Rlays: the
fiREB@CE aystiiBluiak bat ﬁ@ﬂirhlté'ﬂifoeiebﬁhﬁest itﬁe{pulﬁ&s kad l;bﬁEf@orskltes

i nclude, but are not Ilimted to, silica,

a serpentineatlayti iblite; taipgmtm asapwmtearahé any jcopiasion theraefs i I one
bor.i ﬁ ded al um na | at ed
FEfirian

um na, thoria,.. .
asgp(i}mt & actléfla@ﬁ]smrtpﬁ%gm]s&s imntoaﬁ% S ﬁléqnéxaohllomte.
T prirkcipal e&ﬁ?&{m 8flb@kdteN@monirhdrfifmitk! ani a,

coprecipitated silical/titania, fluorided/silated

al unTima pilkenall alay m@ﬁ‘menlabtrcatecbnf desitedr eForhexamyfle, a pillared
bentonite may be pretreated by drying at about 300°C under an inert atmosphere,
typically dry nitrogen, for about 3 hours, before being added to the polymerization
reactor. Although an exemplary pretreatment is described herein, it should be
understood that the preheating can be carried out at many other temperatures and
times, including any combination of temperature and time steps, all of which are
encompassed by this invention.

The activator-support used to prepare the catalyst compositions of the present

invention may be combined with other inorganic support materials, including, but
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According to yet another aspect of the present
i nvention, one or nore of the netallocene conpounds
may be precontacted with an ol efin nonomer and an
or ganoal um num conpound for a first period of tine
prior to contacting this mxture wth the
activator-support. Once the precontacted m xture of
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noalunlnunlcoppound IS contacted wi

i s Pl e SRRBrCBABOAR Ch L W TR o4t g o
likded 26, | Y Eepr sitiRBRMNling,S alyhBhATE Gidnfle ZIPQRiL Oﬁfagﬂés?ad boria,

m xt ur é. post cont act e m Xt ure rra be al | oved ft
flueridddnaliminfay sﬂdnm alomiviag ¢horfap alummcqﬂmsmhapae aluptingh phon;dlate
into the . reactor i.n

ohasphited Site; GHoPPaEd caluna, Ssiig CerRn ok SHghifanis,
ﬂ%&@@m&m ﬁgmﬁ?g@%gguggo&&aﬂmﬁmx@mmwunds t hat

e use resent invention 1nclude, but
ar e Actortingitd g€t drmthet sy nﬂﬂletpmsienginvh&m&lommb]amore of the

(RZ) 3A1; where (R) is an aliphati, phav from
mztatllecea@ommm@éﬁ g8y deoprecontested &y e rR)m%@n

xgaﬂcyfilurgf %?Pconﬁ)o%hg @%{ af ffs? g&lodaoc? d fm&r t8 %Qnﬁa@tlr{éetﬁiél mixture

or ganoal umnum
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th%i%c#gr?t%{-wgc; gﬁegg&%g?@4 ﬁe; Ui gku@a%rcgfggeﬁ is

an-aryroxi

tephedtieCthobRymtaged T iR threl OT }&Qm:btcoﬂﬁc&a rdmmrahmjrﬂae alldwed to
halide, or a hydride, and n is a nunber from1l to 3,

ey s futbier gRnasi drresacend periodsafifirae pHPT torkeing ehaggnd into the
I‘eélgt\égglt W er1 tl{e o)bg%gnz of?ph%f: ?s;}gi;llﬂg%afr eQirBu} to about 10

I'es i ncl ude, but
are pot I1rm %gbgmﬁmbybomg@/ , h- butyl,
sec-butyl, 1sobutyl, hexyl, and the I|ike. Accordlng to
anot @egana@lpmur@fcomeuncbsthpt s he wsed enith dhe presend)inyasjion
pend el ected fr.omfluo chl oro.
mﬁ@'@&ﬂ?ﬁ g %éd SR Y S|o}(’=,a<¥{ngo¢i Qr%nué)r esent
|nvent|on (X10) may be qRPgAe. In the fornula

AI(XQ)(E? ,,, his anunber from1l to 3 inclusive,
and whgtiedRI iy an @lipkat®. group having from 2 to about 6 carbon atoms. For

example, (R?) may be an ethyl group, a propyl group, a butyl group, a hexyl group,
or an isobutyl group.

Other organoaluminum compounds that may be used in accordance with the
present invention include, but are not limited to, compounds having the formula:

AKX sn

where (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms, (X'% is an
alkoxide or an aryloxide, any one of which having from 1 to about 20 carbon atoms,
a halide, or a hydride, and n is a number from 1 to 3, inclusive. According to one
aspect of the present invention, (X®) is an alkyl having from 1 to about 10 carbon
atoms. Examples of (X°) moieties include, but are not limited to, ethyl, propyl, n-

butyl, sec-butyl, isobutyl, hexyl, and the like. According to another aspect of the
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The value of nis not restricted to be an integer;
therefore, this formula includes sesquihalide
conmpounds or ot her organoal um num cl uster conpounds.
Exanpl es of organoal um num conpounds t hat may be
suitable for use with the present invention include,
but are not limted to, trialkylal um num conpounds,
ptsait kinvaitioni (K may |hée1r1clepmxdanrtt§s seldéted kfydral fiuxireom chloro.

al koxi de conpound | al
A@%ﬁfﬂ%ﬁ@lé’et BHRUCE B ﬁ%ﬂ%%%ﬁ ﬁ}@sgwl E% EWV e shlony) Igthe

a nc?{]gﬂ&@gtﬁ‘"}g”“m& 9%@ Ph 8“:2&0 gﬁi}{clgﬁvé lﬂnﬁat%@ally, n is 3.

e not trinmet hyl al Um num
Tgé' Vébuel dfT i & hyl mbtricied uion {eT & integer) mecqﬁydeathlsnfommla includes
i et al um num et hoxi de, trlbutyl um num
sm@baﬁmomw qﬁ%rorg:?éwa UfHRYId 6@‘5&69 FAPRHASm

(TIB | Oﬁl@? of %)%ﬁq(%ﬂl?rh 51]1195 hide maywe RAGEBIE Thr use with

i nven con es preco tacting the first
tHeedraden GrfestiorC icfudeiblt dré @oskmitad toyatialkyleerisum compounds,

compound, or both, with at | east one or oaJ um num
d@ag‘fﬁémumand hahdo| eqmpeurghorfislkylaluminym agﬁﬂoétf{?mcgapé’&nds
OB i SRR AL SR i cxampls
oﬂ&fgah()a‘iﬁmm\ﬂ‘iﬁébrﬁﬂtﬁndﬁﬁﬁ’( yay beausise irichnle] butpre patr léditedto:

t hi's manner, ically, though not necessarijly
trpyoethylalymipum he (JgMg‘én oarighylHEgH 0 Lﬂ &EX)s atgl@gu:y{aiumwgm

dig:fhgg " aCt ed oxu&]e:r © g‘%ﬂtﬁﬁ%ﬁ}ﬁﬁ%poﬁ S Qljuntu fim ?/dréde

conpoun postcontac

tr%dﬁu%ﬂﬁuﬁﬁlﬁmfﬂ(’HBA\mﬁﬂ dlétﬁylahmﬁﬁmh&htoeﬂem xture is
contacted with the solid oxide activator. However, the

ent i The cprgzent dnvantien m:or@@nnl@@ﬁ dprﬁ@gntafémg s@a figst gpetglipeene

ta in,either the
cOyBBe e Pghas s eapendy sRPGER "6k R i, oy Loggt one
%@Hu n Mﬁlﬁt il MHush EGMpdRd %ﬁﬂtaﬁ‘é‘l&'ﬂl mBn(ﬁner&b Hgtinea pte@Pntacted mixture,

nor e than one or ganoal um num conpound nay be
pueew ¢ontasting &is mentpqztg@ onxaee Wity the a@tn@tor-support to form the

B8 SAILE N EB L 5B0e B SNIRBHFLIT SRR Oy,
ﬂﬁhgﬁ%@héé%ﬁﬂm 6 YIRFHSE Mk DedMEAdminamne wmpbmi Wdddéh® the

amount of organoal um num conpound used in both
ptehentagied aunixtuae tapd Mepqwumtoédhewrmmamgummmwd is

itignal organoal unm num co
ol B e G FUF TR BTy Hoeh SR ProshBaney Tgicure i
cotftacted with the solid oxide activator. However, the entire organoaluminum
compound may be used to prepare the catalyst in either the precontacting or
postcontacting step. Alternatively, all the catalyst components may be contacted in a
single step.

Further, more than one organoaluminum compound may be used in either the
precontacting or the postcontacting step. When an organoaluminum compound is
added in multiple steps, the amounts of organoaluminum compound disclosed herein
include the total amount of organoaluminum compound used in both the
precontacted and postcontacted mixtures, and any additional organoaluminum

compound added to the polymerization reactor. Therefore, total amounts of
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or ganoal um num conpounds are di scl osed regardl ess of
whet her a single organoal um num conpound or nore than
one organoal um num conpound is used. 4. The Optiona
Al um noxane Cocat al yst The present invention further
provi des a catal yst conposition conprising an

optional al um noxane cocatal yst. As used herein. the

otgahsaliiminuim neptapoeinds edrer disclvsedi reghrdiessnef cehgibernds, single
conpositions, mxtures, or discrete species, )
OFEARRF NERE GFMPYBH,OE MORE hek ANG BheapRAuHnEN romponad) is used.

formad or 188 bRLMAARLAYRooER £Xampl e, 2 catal yst
conposi ti al um noxane

cocatrat pedsert dfivddion fafias @ebvides arutalyst @bmpbsita@oenmpssing an
provi ded as the poly(hydrocarbyl alum num oxide),_ or

optipnajpugtineHanpcoRsialyie. s ysedhrigay tsiere 2RIHBPRAET Bifers to
alg.\gnér?&a%lt %gﬁiﬁ&ﬁﬁgl &%fh&o%ﬁ@g Ulﬂg(tm%g] q)radis%%fég ec?efs, ?eg%ulrdg s of

ONs such as wa Um noxaries are also re

héw saéh alp@inokhedraee prlepared Aotiiddototherimtkerovded. For example, a
or ganoal uni noxanes. The other catal yst conponents
catglysteeqnippsition comatisiag ag opiianal alyeningXane aepaitEst cathbgprepared

. sat ur ated. hydr ocar u ; .
S S RS e BRI ERUSERDY HiaHRh Be) or in
whithelwRHoRéRSs prividddr RAbE tEmBihafiditofabt dl@inuanalkyle@mpound
may be used. The cat a&st conposition formed_ in this

andha sewrceral/ adiive Doptopt Such asyvateret Ayerinsghare glsorgkaredfto as
ki ll. in.t art includin t.not |inmted to,
p%lpr{l{ypg{c?rgﬁfﬁu%qug} ﬂ’é‘fi?%j &f ?/I:ga?ﬁaelmgé ngulf/esrpt conposi ti on
My Pge biMef eAHELonPoRehth ey HRE cahdted with@B€ bidfinoxane
wi t hout being isolated. The al um noxane conpound of

int hi ssatumatecht hyshocaslonb ompownd geevent.c thaugh nrm reodesib ot is

onpr.ising linear structures. cycli,c r..C "
sufptialy e e Tl duepredipies. app prodigs ffife activation step
m\%};%@d@@dﬁ afMRe G&tﬁlpgmfﬁnogﬁ%h Ferrhd¥ein§ tBisHArier nray @ coRected by
erein Ris a linear or branched al kyl having from1,
methodl® koawhda thasored skdhith theiast inghiding dyenotf limitedBta, diltration.

bout. 10, .are enconpassed by this invent.ion, Th ..
Altagmrgyoly. {56 icaiay "L ROMACREP Moy 1 Rigndisesl jplesthp pdymerization
rJa?tB?%ﬂhG&BéﬁigLis&the& | i near al um noxane. Thus, |inear
al um noxanes "having the formula: 35
The aluminoxane compound of this invention may be an oligomeric
aluminum compound comprising linear structures, cyclic, or cage structures, or

mixtures of all three. Cyclic aluminoxane compounds having the formula:
%AI—-O-%
| n
R 5

wherein R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is
an integer from 3 to about 10, are encompassed by this invention. The (AIRO),
moiety shown here also constitutes the repeating unit in a linear aluminoxane. Thus,

linear aluminoxanes having the formula:
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R Ri I-CAA n R Rwhherein Ris a linear or branched
al kyl having from1l to 10 carbon atons, and n is an
integer froml to about 50, are al so enconpassed by
this invention. Further, alum noxanes may al so have
cage structures of the formula R smraRbm aAl 4n0D3m
wherein mis 3 or 4 and ais = nAl(3) - no(2) + no(4),
wherein nAu(3) is the nurrber of Rhree coordinate

al um num at ons, no(2 s er of two coordinate
oxygen atons, nQ(4) of 4 coordinate
oxygen atonms, R is a rm aﬂ' gRkyl group, and Rb is
a bridging al kyI gr oup, nd Ris aslinear or branched

| kyl - havi b t
Wi R aschien draPrsas® el BRGEE Bofl BRE 10 LSk sy nd s
art fhkcpet BYRANT lo@BouEd e afewo%ie&hgahs@@nﬁﬂ@ inyertonf or mul as
such as (R Al - O),,, R(R-Al -OaAl R2, and the 1iKke,

vvher Buntherh @hmngomps |19ax yqéﬁvq: dlavy cagpi Feusturey dir Biec ferenula

a h as t hy.l ropyl u
R etk Ome Py Oy 816 Yo7 o Bri@Eiic e wheren
nl Qi€ Qﬁzrnuxﬁlfe?'af thrb®ch@ihte 2miBHANNbAS, 1R, 34 ¥ MERRABE two
conmpounds that may be used in accor&ance with the

cqurdinatatoxy ganeatoinemdan &l td euntbar obf soerdinatd eryged atopys, R'is a

tefrﬁr‘g‘%’%f)@l ]gérnﬂ}r‘:é) )r%‘g‘a jﬁ?éseta rl]%/lgaj g cn?:;l}g'? )é%gﬁ%u?ﬁqq%)&ﬁ Jinear or branched
alﬁyl%t/}ﬂtg‘%dm ROX6R&boh afdrisy! al uni noxane,

sec- butyl al um noxane, iso- butyl al um noxane,
1- pefibys, aluminoramen that map eatvyl 2l aptionadcanaalysts pe thiy invention
al um nox I al u

TR B NS PR TBTEs Sy B RO hQ: SR-AHQNARe: and the
lll@%t\bﬁ(érelﬁltﬁmm Cis Bbitdlly & Hﬁ@a?%%"r@mch@@cb LeoBIyY lsuch as

al'um noxane are “pre redfromtrlmet hyl al umnum
metthiyE teliyil apropyln botyl, qrentyl,i orsteetxyt, yaind rutyipmally represents an integer
respectivel nd sonetines. are referr
froy) {/)(t?rébwyl 30y Eoremaies ot WRInoxang W%PW&% éﬁ%rﬁ“%h? used in

adidlfide @Hﬂ I&RJI %’ﬁljieS%PuFﬂUen@éﬂj MAE OX i € are pot, r%gmted to,

respective so wWithin the scope o
mbmymmmﬁxztrﬂ us et}@zialmhumam,( anae-propglahiminatanen wisokprapyl-

PR DY ODIOSEIe1 1B FOEenen srep Y hminosane, iso-
th?laﬁﬁrﬁﬂ&&nE,n ' tl%e%ﬂhélﬁﬁﬁ%xane, 2-pentylaluminoxane, 3-pentyl-
aluminoxane, iso-pentylaluminoxane, neopentylaluminoxane, or any combination
thereof. Methyl aluminoxane, ethyl aluminoxane, and isobutyl aluminoxane are
prepared from trimethylaluminum, triethylaluminum, or triisobutylaluminum,
respectively, and sometimes are referred to as poly(methyl aluminum oxide),
poly(ethyl aluminum oxide), and poly(isobutyl aluminum oxide), respectively. It is
also within the scope of the invention to use an aluminoxane in combination with a
trialkylaluminum, such as that disclosed in U.S. Patent No. 4,794,096, incorporated
herein by reference in its entirety.

The present invention contemplates many values of n in the aluminoxane

formulas (R-Al-O), and R(R-Al-0),AIR,, and n typically may be at least about 3.
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The present invention contenplates many values of n in
the alum noxane fornmulas (R-A-O" and R(R-AI-O"

AlR2, and n typically my be at |east about 3. 36
However, dependi ng upon how t he organoal um noxane is
prepared, stored, and wused, the value of n may vary
within a single sanple of alum noxane, and such
Hoorbérndepandingofipar hawoteumigamaehmaisosane isopreparpd,astengd, and

SR ol TR, WP ST AR B b o
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t o ahoytephfiig O@O: datalfsir corapasitimine of fthismiraleotien Tomprising an
about 15, 000: 1. The amount of opti.onal. al um noxane
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exangAe dfdri rbovx@has abeyt 15c0qi: Epdhe dmoynt/af optichal aluminoxane

bl g GBI iRk BE BRE sg?r%?n%? 01 TP Lcfo e g0 melL.
fr\gﬂﬁigﬁﬁ)ﬂ £ Iﬂﬁr%%'?o; abo%{ gg()?%‘l%&, rog Plgmd'ab%g?h g‘%g; 1ot 50 mg/L.

rpora rence ninits

ent i OggayoaliindX¥AdEPingy begireparéd by variows prooedymes that are well
solvent may be reacted with an al um num al kyl

kléQ)’ﬁ?JéiUﬁlw gl_&c HExamplgsped Qxygaqugx,lqﬂu.pﬂ@r@egrp].aaéatlons.are disclosed in
X gﬁ%{gﬁy%{‘g,’ﬁg?gﬁ OfIRO H,%Is,ts)é?,'s legc&” B Wibg QE"th&;nrf)é}a{%ﬁ by

pboun enent, I eved t hat

refotBidecterdin iR ith eatiedn Bérfexashphe, Makdr 4 an Gfierboiganik isolvant may
and cyclic (RA-O" alum noxane species, both of )
beveastedawith encaipinse alkyy compaund,susht 35oAIRs to form the desired

Al ternativel Qrgamo ' n

o oo A S A SRR bE BB men
it\4 bdlieded il BisCnthatié meModlan afibiac abacre@Ippe lirat Al @clic
in an inert organic solvent. 5. The Optional

(RaAd4he bbiminoxase apetigs thotthef whisheane enepyngssedrbyf tis igention.

ABGRGTER. BeaRiBitRonBRAY b RRbar RS [P A pypinum atlot
c&ﬂllsmﬁapgimm ARYWithSEhyieated adlt, s Ahydenepedppes stk ian

~salts, or any conbination thereof For exanple, the
inertgagealosobvent onpounds of this invention may conprise a

The present invention further provides a catalyst composition comprising an
optional organoboron cocatalyst. The organoboron compound may comprise neutral
boron compounds, borate salts, or any combination thereof. For example, the
organoboron compounds of this invention may comprise a fluoroorgano boron
compound, a fluoroorgano borate compound, or a combination thereof.

Any fluoroorgano boron or fluoroorgano borate compound known in the art
can be utilized with the present invention. Examples of fluoroorgano borate
compounds that may be used as cocatalysts in the present invention include, but are
not limited to, fluorinated aryl borates such as N,N-dimethylanilinium tetrakis-

(pentafluorophenyl)borate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,
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Any fl uoroorgano boron or fluoroorgano borate conpound
known in the art can be utilized with the present

i nvention. Exanples of fluoroorgano borate conpounds
that may be used as cocatal ysts in the present

i nvention include, but are not limted to,

fluorinated aryl borates such as N, N-di nethyl anilinium
lithétirn a ke aki§(pemthfidrophenphieorgie) bd¥Nidimethylanilinium  tetrakis[3,5-

triphenyl carbeni um tetraki s(pentaf] upraphenyl ) bor ate,
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e f e 10 5D 0r: e

OB LSRRG, 205k B00 Dh VLSS omer

corpéids) Asvéiedidsgd 0 OF. Sli Puddnit 15¢9'1 9138 pinsonpbatedClosréin by deference

W th organonetal conpounds, as disclosed in U S,

IRt @WEets, 919, 983, incorporated herein by reference in
its tirety. ral f ro :
comp NGy RG0! dreafr A PolTho Ble MECREERY PRecording

td SLapEAIDS thib enveRtian, thetrolur@htid 6Rthe loggmoberoa Rompomaloctthe
to the netallocene conpound in the conposition may be

mictadlerenisorommund in the egmepasitipy: may berfigmeahquy 0.k héo abaygdp:1-

of. t.,he f| uoroaqr osboron or .fl uoro 0
eistlie e 43688 G308 ABRfoRReefl LptHN PIABNZARP PR compound
udBAYasPe cd dafily st BstUthe ndrallfekest ayd BO filoml Sbou L R foldf toldbioan 10
conmpound per total noles of the netall ocene conpounds.

madssootli brgor ocameundr pers petet mdles Hifs thenvesialiqsane tagapounds.

amoynt of fl uoroor . boron or,, fluoro ano horate
AZEID neleb R Bisdtrho] e pwophC SR Sertid hon or
1186r00RRHE HoERTREMPEuRE mal VedfrodibBEt 08 MmbR t¥EitRLL §GA6RSs of

conpound. 6. The Optional lonizing |onic Conpound
b@ooabmipysid fer¢otplresien vf thavestallasend eompoaindpr ovi des a

cat al yst nmposi tion .conpri.sing an . apti n:;gl i oni zi ng

EAS it 1o g1 ofttc conpound

I oni € conpoy _
I'S affhe present invention further provides a catalyst composition comprising an

optional ionizing ionic compound cocatalyst. An ionizing ionic compound is an
ionic compound that can function to enhance the activity of the catalyst composition.
While not intending to be bound by theory, it is believed that the ionizing ionic
compound may be capable of reacting with a metallocene compound and converting
the metallocene into one or more cationic metallocene compounds, or incipient
cationic metallocene compounds. Again, while not intending to be bound by theory,
it is believed that the ionizing ionic compound may function as an ionizing
compound by completely or partially extracting an anionic ligand, possibly a non-n -

alkadienyl ligand such as X3 or (X", from the metallocene. However, the ionizing
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ioni c conmpound that can function to enhance the
activity of the catalyst conposition. Wile not
intending to be bound by theory, it is believed that

the ionizing ionic conpound may be capabl e of

reacting with a netall ocene conpound and converti ng

the nmetall ocene into one or nore cationic netall ocene
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tri(n-butyl)anmoni um tetrakis(p _t0|]¥,q ) bor at e,
1

tettnak(Sﬁ)emaiﬂybl)OphquﬂﬁbmaLﬁn N-dikesiphanilniym) pigkralis(p-tolylborate,
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I .
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tropylium  tetrakis(p-tolyl)borate, tropylium tetrakis(m-tolyl)borate, tropylium

tetrakis(2,4-dimethylphenyl)borate, tropylium tetrakis(3,5-dimethylphenyl)borate,
tropylium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tropylium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate, lithium
tetrakis(phenyl)borate,  lithium tetrakis(p-tolyl)borate,  lithium tetrakis(m-
tolyl)borate, lithium tetrakis(2,4-dimethylphenyl)borate, lithium tetrakis(3,5-



di met hyl ani I i ni um tetraki s(pentafl uorophenyl)borate,
tri phenyl carbeniumtetraki s(p- tolyl)borate,
tri phenyl carbeniumtetraki s(mtolyl)borate,
tri phenyl car beni um
tetraki s(2, 4-di net hyl phenyl ) borate, triphenyl carbeni um
tetraki s(3,5- dinethyl phenyl)borate,
dinidtiphigienyhbsraeni lthidret netdfkpbordie,s (sbdiuf utetrakis(pentafluoro-
met hgl ) phenyl ] borate, triphenyl carbeni um
‘Rliagé

phesyh) péqﬁnam a@fa&m@%?w%&%ﬁ% sodipgytefrakis(p-tolylborate,

S td?lﬁ.rhatg El{ %n‘{ 911%1 l% aic, o%iuntn :@P&f{d(ﬁ‘ M dimethylphenyl)borate, sodium

tekrakis 33 -8inZathyl phatil) Byrarh eﬂﬁ)}ﬂu)lbdbﬁiﬁimrd)b@ﬂw |pumss1um tetrakis-
tetrakis di met hyl phenyl ) borate, _trop

(ne@taﬂamogfngwbmaée( tRALISS B &F&aﬂcml);a}ﬁlémrﬁtrb @Ptgf%um tetrakis(p-
toﬁ}él?oo&%gé u'(-ﬂotatsgi\{nla E%t?ag(@ @L@’ lﬁggagfeﬁgﬁ)é lﬁ‘ﬂr ?Jtl%kls 2 4 ahﬂéﬁlyl-

pheiyT)Blstate( I@b@@éﬂlﬁlh@ﬂtﬁﬁﬁ3 SLdlhiathytphenyl)borate potassium tetrafluoro-
tetraki s(p-tolyl)borate, lithiumtetrakis(nm
bergtey| Ji@rtatd Janinempigm tetrakls(p—tolyl)alummate tri(n-butyl)ammonium

te% g{grsgﬁk tglgéalgm%}%e et Hﬁ%&ﬁ%ﬁ%pﬂ %g Feg E% Ll 'aLmetlr%/l)alummate
tri(BIvudflJaupici@nat e, s edialiy3, ﬁtlhﬂéthﬁlbnﬁiyl)afuhﬂmta,- tri(n-
phenyl’) borate, sodiumtetraki sﬁ phenyl) borate, sodi um

buwDMOg(u,m t dlegraglsi@plg@ﬂuorog}wy ajuminaté, N,N-dimethylanilinium

te% 8.{:.1'5&12 i}{lj}ié{%& % rﬂﬁﬁ%@%ﬁggﬂf{* etetrakl%‘m-tolyl)alummate N,N-

dinihdliBAdmD - ©@irag iyl ahRmyipHeayidlemirtes]i MIN-dimethylanilinium

tetrafl uoroborate, potassiumtetrakis-

te@qabns@aﬁ ﬂumtbxdplmwl)ylbanmt@ pot éIsNTd;mﬁthylamhmum tetrakis

GRSHER R ASES OB e i
EASArbERilnBl relkdigd(F- ﬂﬂﬂ)aﬂﬁﬁhm{e pipeNy1b4rbEmam, tetrakis(2,4-

ot assiumtetraki 3(3 -"di net hyl phenyl ) bor at e,
dmmtla}dplnammnlenmm‘tft uor o- borfamlaenydtraﬂmmmt yl ) amorieiakis3,5-

oML 1o T i

(ﬂeﬁJ ahﬁkfo?ﬁ&l@aﬁinﬁﬁét@" )n%byﬂ'iﬁxﬂ at Rirakik Lt()I}d)‘ﬁHIchﬁt@ MRRhAGm

traki di met hyl phenyl ) al um nate, tri(n

tehakly(mmmi)aiummatcet r akopylpent af ﬂeudns@tﬂednmeﬂmlpmnyimmmmate
N, N- di net h | Ki |

PR R Gt TR PR DARTGTE: GO9I FERRRL i ppro-
p?ég?gglk 1?5%&' 'h 11'1'IH‘ et]iakjﬁ a)ﬂuor henyl)aluminate, lithium tetrakis-

R nat e,
(PHeh¥Iotluminagel anhthmm u nnetrakls(p—tolyl)alummate lithium  tetrakis(m-

tﬁ%@h@{eﬁ%@%ﬁ?{qﬁg%?@%&hy& enyl)a ?tlummate lithium tetrakis(3,5-

aphery! ) al upg e, tr um

d{npe? éﬁé ?@51 ol'y “5 al umi nat e, tri igﬁ%%ggbzﬁ&%um sodium

tehﬁkirs@ieh&ﬂﬁbxbpheﬁyl)ahmﬁhﬁa,t esodiumi ptwa&ﬂs@emd)ailmnmate sodium
tetraki s(1 - di met hyl pheny] )al um n

tegrpqugﬁqgm mpiagiey §p¢iy gng%{s 5olyl)alum1nate sodium tetrakis(2,4-

dimethylphenyl)aluminate, sodium tetrakis(3,5-dimethylphenyl)aluminate, sodium

tetrafluoroaluminate, potassium tetrakis(pentafluorophenyl)aluminate, potassium
tetrakis(phenyl)aluminate, — potassium tetrakis(p-tolyl)aluminate,  potassium
tetrakis(m-tolyl)aluminate, ~ potassium tetrakis(2,4-dimethylphenyl)aluminate,
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di met hyl phenyl ) al um nate, triphenyl carbeniumtetrakis-
(pent af | uor ophenyl )al um nate, tropylium
tetrakis(p-tolyl)alumnate, tropylium
tetrakis(mtolyl)alumnate, tropylium
tetrakis(2, 4-di net hyl phenyl )al um nate, tropylium
tetraki s(3, 5-di net hyl phenyl)al um nate, tropylium
pdtﬁsnmk itsttahén (BSdiroetbylphérgrilylupdhate) petassiumh i tetniflnoroaluminate,

al{d:‘ilf: ilﬂééf : h%%g%%];]l Lcli;)ortg%ggqﬁﬁép %lg :ilqr)rl]pg %éﬁpoundts tflat are useful in this
1n§f§rftf(@)kdr? b0 fiald )oa{h%? NBihEr eia&ﬁﬁém ibRi{r@KbSic Tompounds are
toly um nat e,

diseldsedkiirs (1,54 - Patemst h{dspkﬁeiﬁ;ﬂ ¥ anilna867,9884 lkkachmof which is
tetrakis(3,5- diethyl phen alum nate, lithium
ingQIpPRISCsF R PY AR TFEE Rienes mslwcﬁnﬁrﬁ)
B! et r ke e Rbak) uor ophenyl’) al um nat e, sodi um
tetr rrsé%ﬁen@?%alunlnate sodi um
t et r Uidasirptet! aleydtiras uhatnabye besedfulnwith catalyst compositions and

tetrakis(mtolyl)al um nate, sodi i trakis(2,4-
PAYREHZAIOR %m%eamfﬁhﬁam@em@adpﬁ e olefin compounds having from

at{ogxt ? g‘(ﬂi%"lg 39 a{&ﬂs%? Qcﬁie%ﬂ'd%ﬂe%st on@Qid#fHic double bond.

uoroa um n

Thietihednitinh pdicb@abadsey hpimepmxhahmﬂonapxecespeﬁ asiag ansingle olefin
t et raki s(phenyl)al um nat e, potassi um
such @ gikylepe of @qopyl)aaep, arvsles comgylagrya@ﬁp reactions with at least one

l,
PR PR Ol e R, ERRAA mpy gpars  dor
arh@int dK ethylede B>50i mislebetceh® ayd ) adibe AU oPEINREBIMEM<50 mole

tetrafluoroal umnate, and the |Iike. However, the
pqsmt)o rthpughoihisi 159 NPbrA deqRBSIhds The somgnemssefthat mgy be
inventio re not e e
copQlynsrizld St B Bing Okt Moo orrbBRfee f Bfus 20 carbon

atbinSin Meirendledi®s chbind76, 259 and 5, 807, 938, each of
which is incorporated herein by reference inits

ent i Aejtojac Bryclit.efpoydyblie méermine at(e), atietgrmabadinasr sbtanehed,
cat al st co ans

by, Pastrtmis fuadioBel, ARTRRReafod clefa may be
en%l@% ddinCRIPAVAHR NN "T"dr '&laﬁuﬁfén’grpgétap Whsaturhed %@ﬁiﬂbu@t@) that may

carpon atons per nmol ecul e an | east one olefinic
bedpelpmeripmineith tHh catalysts exfitthie nnmuonpmslsm but are not limited to,

prgo ﬁl?egg)f%éa?eggpg%r ptg}ngﬁley% 9; |1$Abélg'lene -pentene 2-
Pf%?é  y! %t[lll}q }?éﬁ%r{eeﬁ‘fﬁétﬂgﬁ ei- Heﬁf}ﬁt 2MH3kene, 3-hexene 3-

erent "ol efinic conp e resulting copolyner

ethylyl -hexepe,| B—he;ﬁeﬁﬁijZ@lﬁepteaﬁpBl-rhtpmﬁe gthé fownmor(ab Octamdse the four
percent) and a m nor anount of conononer <50 nol e

nogmab e%epes . tihofiyhnermal decengy rand mighyes gmp%wttwomémre thereof.

C}%‘fﬁ%ﬁ'ﬁ@}%h{: B?e&ing,q}ﬂclkﬂﬁmg but not limited to, cyclopentene, cyclohexene,

norbornylene, norbornadiene, and the like, may also be polymerized as described

above.

When a copolymer is desired, the monomer ethylene may be copolymerized
with a comonomer. Examples of the comonomer include, but are not limited to,
propylene, 1-butene, 2-butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-

pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-
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copol ynerized with ethylene typically may have from

three to about 20 carbon atons in their nolecul ar

chain. Acyclic, cyclic, polycyclic, termnal (a),

internal, linear, branched, substituted,

unsubstituted, functionalized, and non-fiinctionalized

ol efins may be enployed in this invention. For
ethylatvhbxenes Yheptahe, hbgitereatdeproepbarfds ndreatal weipnespéhe four

pol yneri zed t he cat.al yst f th ti
njrial aa%enemﬂr% gvena?mr 3 fpebEs 1 %SCOI%P'%E%?'@%%%‘*% % dhespgsent

I’]%’CIl&P(;ne e 03n % Péj t888&ed ﬁé&bﬂbﬁﬂeﬁ@ el drit@ RN 8R%ene, 1-
- pentene, - pentene 4- et hyl P pent ene,
odteﬁeeleieeeneZeﬂmem 3- hexene, 3- ethyl-I-hexene,

1- hept ene, 2-heptene, 3-hep é t he four nornal
oct ehBS amopgt ? a?mowwtrﬂ fldato ¥ Reacfar,22ngp pgpduce the

%?)gi csggn | cy I | c oi g%l%g?o1F%F&glsggvﬁ%ttlﬁﬁgctgﬂgﬁoﬁﬁngger
bdsed oaytht ogieintveight of thel mbmwomesreand dmmdnomyl Meordmg to another
nor bomadi ene, and the |ike, n%y al so be énerlzed as

aspesicafithearesens dwentiopehe am@wdr ;mgwnpglea isoplied ipjoca reactor
Z(;c;{%q‘ﬁ f)e %H&ﬁdﬁ? O'Iﬁytoba%oﬁe Py nﬁ& hé% némog;g?leﬁbased on the

['es of t ut are

tollwtwélgliﬂ dfehe h@noml@f e tenenonierb uc&mmmg tdostile meyther aspect of
3-met hyl -1 - butene, isobutylene, pent e 2- pentene,

ths mhwmwntwenﬁ)é rETouAt Geqanomep éﬁf@ﬁ@ec{] Hita geafior zone may
bezfrﬂ Xahott 0 %,Q;Q %1381?635 x%ellgﬁllpﬁl:é}% Icmlno &fﬁgxnr?a'sedl o R tﬁfe%l? weight

ene our normal octenes,

of aky mdﬁﬁiiﬂ&| afioReAvAomeY. t ABefntieclno e hmdeste o€ Scomonomer
According to one aspect of the present . invention, the
ingrodussdrinio wragACINs 20BE arayelP roRmaul sufitent fo Peiids the above

ene, | -decene, or styrene. The anount of

006‘8?@532 ?WWF}gglguced into a reactor zone to produce

t he WigRQloy MBéndagN® R botntwy thie theopy vatkkee! bradckil, fubstituted,
about 50 wei ght percent conononer based on the total

omBingtienabized hlefing momusedansdreseipifoiids .beh@ceérthﬂmjelﬂfohmdrance

o e LR o b B AT BAET S e R et
pérﬁeﬁ@s)’v\lap Whe 1Pk fetho¥B®Ubn@WhiCTEML theedasitsit cAAbuTDAGUBE bond
based on the total weight of the nononer and

wouldonaines expentest th Mindeo the irtdctiamdnhibe wigpdleat the Samneoleﬁn
s@ﬁﬁt@g%tsrslélgl\é‘r[% trlngEn;n r the P ntthe car%grrlrggr dou%f rg g mlght
According to one aspect of the present invention, at least one reactant for the catalyst
compositions of this invention may be 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 invention may be used in the polymerization of diolefin
compounds including, but not limited to, 1,3-butadiene, isoprene, 1,4-pentadiene,
and 1,5-hexadiene.

C. Preparation of the Catalyst Composition

The present invention encompasses a catalyst composition comprising the

contact product of a first metallocene compound, a second metallocene compound,
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be fromabout 0.1 to about 35 wei ght percent conononer
based on the total weight of the nononer and

conmononer. Alternatively, the anount of conononer
introduced into a reactor zone nmay be any anount
sufficient to provide the above concentrations by

wei ght. Wiile not intending to be bound by this

an lhetivagor-suppore drdaac loeghnogluimiriint womppundor This invention further
functionalized qlefins are ryéed as reactants, it is

engompasses methods of apaking,ths gatafsk COmREFIt AR aMRRAYSING: CoRfastng
tﬁ‘x@? RO TTREAZ %szmg?mﬁq 0% es%éoqd-rﬁé?hallo@é&n Egﬁgoﬁﬂid/ 4 activator-

ic portion t he renmove omewhat from
suplpert;: and an- ergabeuminui eoﬂnpmfhd \muing} order. beA@ppling éd such

tgﬁglnder the reaction int H%f{ %t thesrreo|ef|n
methgds,; an ashive cgﬁa%yabﬁ@ap%ﬁl@ m«&@l whep the,gatalyst components
ax%%l?@&e&ﬁ{&iﬁ%e bl 6 bagd mght.  According to one

re

aspect sent | nventl on, at |east one reactant

for Ohe o¢cah@t Wstthe axolhgehe Oditﬁp@fndt sy berpessdntactedrayith an
be ethyl ene, so. the polynerjzati ons are either
olgtinis padnomsr |1fz‘éftsif6‘hs‘mé negsspBily ferqlsiin monemey t%beapolymenzed

: I I
oft BRI BNR o 1, B ORLor Tl sprocing i
pret@itacted mixt@ddvith the activitor-suppat.y The fisopasid éofaiise fofr contact,
this invention may be used In the polynerization of

thgipetcentagt timerhsbuiersthe meqtallacars coseroundior cpmippwlst e olefinic

o 0B e RE DAL B o e o

0.Casnoi dboain4Theurs)fes &timplé) i bbdut @NCOMPAES Eho@. Precontact
cat al yst conposition conprising the contact product
tiges Gomjapewpt wgnmmte@é@nhmé ShprnvEs atg a@@émgalrret al | ocene

conmpqund ti.vatorsup

or oe % e prerafRe Rl stk SR oce RO forfthprl gy compounds,
olefif Wswag@ﬁ&mﬁnm icbentdlhg i§ %aiamﬂ WIRHRIRS bétivaor-

enconpassing contacting a first netall ocene conpound,

supperb,chirdcompasitianc @nﬁh@mmmmg the agbvatomsunporty ip promed the
noal,u num

“FRRCO AT R TEBOE e Ny B RGS  frigefe PBtaBI ey be allowed t

refRIPRSohiaNfok 8 seddndipeAdd vheme! e p6§t&§ﬂté/c$ LinfeO PROMNBHASBiating
are contacted in any sequence or order. One or nore of

the pelymetizitionqeneess oRgrtcomtizt tiogs betw@c@ dmrnrammmtedn npiprtuger and
ol efinic

thg |a<ét‘1‘fa]t'orr§6lﬁg(ﬁg Imapfgla%%ed%zt:n%}%upk glaout %Cle to a¥)outr564 hours, for

example, from about 0.1 hour to about 1 hour. The precontacting, the postcontacting
step, or both may increase the productivity of the polymer as compared to the same
catalyst composition that is prepared without precontacting or postcontacting.
However, neither a precontacting step nor a postcontacting step is required.

The postcontacted mixture may be heated at a temperature and for a duration
sufficient to allow adsorption, impregnation, or interaction of precontacted mixture
and the activator-support, such that a portion of the components of the precontacted
mixture is immobilized, adsorbed, or deposited thereon. Where heating is used, the

postcontacted mixture may be heated from between about 0°F to about 150°F, for
example, from about 40°F to about 95°F.
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and an organoal um num cocatal yst for a first period of
time prior to contacting this precontacted m xture
with the activator-support. The first period of tine

for contact, the precontact tinme, between the

net al | ocene conpound or conpounds, the olefinic

nmononer, and the organoal um num conpound typically nmay

r angAcécrrdmgttb oBe ahmaat of thisliniventiont theabolat rf26 dfche $ntalfroples

from about o about, 1.hour. Precont
of it BefAlloRmaEIEPOLIH A S S E OB SRR R aa, pe from

al%u%%:* X926kt 1:791660.t h@co@fcﬁﬁ% ﬁg@;tﬁgr H%ﬁé&tu&eﬂf?g iflvaBtion, the
et al'l ocene conpound or conpounds, efin nononer,
mivhd xatigasfotk utah unvleo adt the yattaileceno rmaqmenﬂwdzmbmhé to the

actlvator- support, this_conposifion (furt
VIGINE! §qRePosE .r@ag(tlzﬁfrera swtf 178 bt 000 Acconding to

yetp?ﬁ)ttl?equf g&ﬁ es Lﬂl ﬁuon Tﬁ‘l‘é RBRE GaRs art @l tmal(td%l@s of the
onal Iowed to remarn in contact for a
n&eﬁloadlep@mp@dndsf cdnn‘trmed tohihe pmgnoa)lluhnmlm tcompourpl iney be drom

initiatin t he polynerization prQces Post cont act
abauies! ot 1% Eﬁ@s@dmlawww §ribe ##i9 ok g metallocene

ﬁﬁoém[ag ol P reg{if R a0 %rgaﬁxggmﬁe a’zﬁose@&ga th ]b.oth the

pRooHtadted mdauie ahd Mostc’ﬁh@ct&ﬂ mﬁﬂtracdmblged t he
postcontacting step, or both may increase_the
br od&étem RrGCopfactng stsb isyvree, the aieat ¢lgfip mongmypto total

ettal Y rﬁﬂo tch?ﬁ)n{e i {hee% A M dititure may be from
R H RGP piay bg

Ing or pos contac wever, neit

alﬂﬁﬁqqlottaﬁb(blﬂg% J060: 1 N eﬂarﬁplstﬁ@ﬁtaasﬁtl liogt &tabpuﬂ K000:1.
requi red. The postcontacted m xture may be heated at a
t en‘p@h@ﬂ?t@t sit9 ofghe activatensupRort doithe eramalumynum ogppound

gy Se Rrhatun e s 1Ot Tt SRR O afsctvaror-yppgrt o

tHehﬁ\ andaR@fifiR RoRbolEmap BB @oaNitoudi :3tth abpitcl0ort, datadmple,
m xture is immobilized, adsorbed, or deposited

fromeabounl : 1 Whebaut B@dti ng i s used t he post cont act ed

m xt e ted fro t.ween. ab ut

50 P AR 3 B FP B P T s gBeS 8l wora
S YrThd BretaloQRE cBMPBEEd SSmbiRé®td tAY QbtivVast-subpert ARl e from

ratio of the total noles of the netal |l ocene conpounds

abamt tl hletooatwah d2l,006,000m Aenepdingdo yefyariothef mepact abthig inyvention,

eyt GO b totth BT et B° ety SRR GomByndie he
adlRhRrs g;gﬁi?@ g%ogsﬂhsawm e hBodthe10,00@ ambwmg Nstill

compou e fromabout 1:1 to about 1:1,
anfstloar aspect bﬁ this invention, the weight ratio of the total moles of the

metallocene compound combined to the activator-support may be from about 1:20 to
about 1:1000.

Aluminoxane compounds are not required to form the catalyst composition
of the present invention. Thus, the polymerization proceeds in the absence of
aluminoxanes. Accordingly, the present invention may use AlR;-type
organoaluminum compounds and an activator-support in the absence of
aluminoxanes. While not intending to be bound by theory, it is believed that the

organoaluminum compound likely does not activate the metallocene catalyst in the
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yet another aspect of this invention, the nolar ratio
of the total noles of the netallocene conpounds
conmbi ned to the organoal uni num conpound nmay be from
about 1:1 to about 1:100. These nolar ratios reflect
the ratio of the netall ocene conpounds to the total
anount of organoal um num conpound in both the
sqmiccmander @b en organdalumirmnend. hés postittpthe presenk iniontiongesults in
conbilned. en,mrecont acting step is used, the nolar
loweer palysrer BIogpsiPnfoSSmer to total noles of metal | ocene
Cor’r‘p o .
Fr o AR bl §RpiRink MRt B RGAc: BF MICt: e Teqedds o
thelwatalys Compdsitiomtudhis in@fton.. Nohethelessghlumimixianesp brgaheboron
activator-support to the organoal um num co ma
CHIBPYYIGn WBIRIHE 10mEC t%ﬁﬁ’eﬁ%& %,r%%’@.zlil.c W%B@%&éﬁ %‘yany
. i t - h um . .
cAphArt HIR MIMRPREY 1y D SN DLy of dis
ingwtiqal. e Furthérp roedialysts kudh tas atmoinoxtes,] orgoctmrain egmpouds,
_further aaspect of this invention, the weight ratio of
ionj7ang PRI COMMOEAdSHOTRHOZINST SAMRRWAS BhRBY Lﬁ?alb&ﬂ?sfln@lafeof

ty.v - . .

ol A 355 AR RN PR ot i

piebdre io e tHel dbSence totf ehensdtiyator-sappont, ahd ehiertintld prepdnes or in
of the netall ocene conpound conbined to the

thg @bsepge of the epgsapalumsnheompydapout 1: 10 to about

| vohbr e RS aEe f bikvenyBp O A BRPRRIAP bf il Rty

ion, 0 ol es o

ofMivinvogRAen SO P greatt: demtirngdalt 1o dbbet Bt gramk @olyethypaae tper
may be from about 1:20 to about 1:1000. Al um noxane

graoeb uthemicatly-trestedr salidi pwidet perf beun {abbreviated \2B((gCTSO-hr)).

conposi tion., of the present .invention.. Thus, . the.
AGGTORED 23R Pemespr oSS e R BB ceRbi At inbelfion may be
cR AN DRY %?% a9 ot Attt thhul) @r RESA 85 tabbitVEST §(e"PSO-hr).
use AlR3-fype organoal um num conpounds and an
Aescdrilingtto stils upgibertaspert ofi thisbwentomn, dfe cagdlystiof thimimasntion may

While not intending to be bound b heqr it o
by eharasiesized ﬁatantaﬁw%o?fg@ﬁ%q & AL A FPp%%?%WQ %Q/E%FT)%%’I)-

A SR s 1 DS RRRSINSh iy by e
b @feftterizBd €Y | @D dctivity t 8f | greateoVehin pod youaal o odb@iti d000
gI(’:/(()gSCt;’lgS.O-hr). According to a further aspect of this invention, the catalyst of this
invention may be characterized by an activity of greater than or equal to about 2000
gP/(gCTSO-hr). This activity is measured under shurry polymerization conditions
using isobutane as the diluent, at a polymerization temperature of about 90°C and an
ethylene pressure of about 550 psig. The reactor should have substantially no
indication of any wall scale, coating or other forms of fouling upon making these
measurements.

Any combination of the metallocene compounds, the activator-support, the

organoaluminum compound, and the olefin monomer, may be precontacted. When

any precontacting occurs with an olefinic monomer, it is not necessary that the olefin
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Addi tionally, no expensive borate conmpounds or MO 2

are required to form the catalyst conposition of this

i nvention. Nonet hel ess, al um noxanes, organoboron

conpounds, ionizing ionic conmpounds, organozinc

conmpounds, MyCl2, or any conbination thereof

optionally may be used in the catal yst conposition of
mbhorser used énthegmecoRtactimestep bothatsaing sis sheselefin tosbe polymerized.

al.um nqgx anes anpbor on conpound
FaUboUTe. o PESHTITE. SR BONE o1 Caymalifb Hatliftalyst

&ﬂ%n%ﬁtfs is ?xﬂfgloﬁ&ﬁfdr% ﬁ@ﬁ’pe‘?ﬁd%%@ﬁu? Rhited mividemay be

net a e compound, either he presence or
uded it Iaesuhmqeerttqmstfcomthﬁngmtep/bﬂtweersmyp@her coamﬂnaiionhércaiatyst
t he presence or % ? abs ce of #h alunlnum
COIRRARSHT O é\é%‘i?Péupﬁg}o 81 B d9p&xEmp 3 g3 cpRonents

arjd"Eh&ang nY. b EH Yhh r&gn&ﬁﬁgﬁéﬁf& Satﬁrstoﬁerfoﬁ'o? time, and this

I nvention e gre ter t or equal bout 100
p@cmt@bhyﬁui‘eyhmn gh@ebe contacted fwitththei mlvhtyor-smmrtem form a
solid i de per. hour (abhreviated e ere e
PORROBREIcAGOIBIRS st ﬁéion§i‘§ 36 orecpnd Bl o 0} g dnidating

n {
thE FoRnktzafion kil MFBRLLARIOMAC Tt 1EARHAR R B ot e
p@&h{t@@ﬁﬁﬁhr ])etweém: canydwmgommomt bf |thea mudthlbrcens pomipowids, the
this invention, the catal f th|S|nvent|on
olefinie ARanommes.dhe AsHVAIPT-SEPR g\e OggaRQRMIRYR ﬁorapmeéda?y be
b BBAHY 1 B @%Q&%&m f 616 L0y 1 BBbEET hou.
aspect of this invention, thecata yst of thi's
PieBotR#dt itidiesfym abeuiCHRmanier ﬂozmiubyo anmaes arei 4130 wypical. The
greater than or equal to about 1000 gP/(gCTSChr).
PostcoBiagic gnixgirg Wﬁ?ﬂqﬂ@rm@‘s% allowgd tomeglaimmeqﬂnﬁa&h foryangecond
a
pe%%td Afyt?r}xe 04_1 E)Hétl??nté&\{ pgfrar gﬁﬁnéﬁﬁ%rgﬁ% g;%gﬁlg%%ggorp ¥ro%gss

AeRrdig&T ﬁQUn)e adptcs GIClthiyi tnyehtfonTepssidcthcungiges Sevwesn the
pol ynmeri zation conditions using Isobutane as the

pre¢aniasiad ma«ttma apé epYrEamaining @ﬁabéhmmmé sy b abent 0.1

S e 2 BeS e BT E Fork prd 0L ot BShE BRE

Dany vad éf the @a@alvmxhﬁaslﬁén m P&y nieizAtio® Pro@sdes Ng upon
meki ng these neasurenents. Any conbi nation of the

met affteretadyst @ﬁp@unnl,sthe citalysiceompesisiondsipssdrte homppolymerize
anoalunlnunlco and the ol efin monomer, may
etﬁ‘él Y SERYABFEES e@ﬁ@ﬂe Withe OPOESMFLCti ng occurs with

glne ?Ihs;é ;sdi%lﬁefmeﬁ%émpérauﬂe%g%e ReReweal 60°thalab&ilte80°C, for

example, from about 70°C to about 110°C. The polymerization reaction typically

begins in an inert atmosphere substantially free of oxygen and under substantially
anhydrous conditions. For example, a dry, inert atmosphere such as dry nitrogen or
dry argon may be used.

The polymerization reaction pressure may be any pressure that does not
terminate the polymerization reaction, and is typically a pressure higher than the
pretreatment pressures. According to one aspect of the present invention, the
polymerization pressure may be from about atmospheric pressure to about 1000 psig.

According to another aspect of the present invention, the polymerization pressure
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nmononmer used in the precontacting step be the sane as
the olefin to be polynerized. Further, when a
precontacting step anong any conbi nati on of the
catal yst conponents is enployed for a first period of
time, this precontacted m xture may be wused in a
subsequent postcontacting step between any ot her
e bbifromt albout 50 psizt tal apstt 80Hars NEmtler flydreges @swhel used in the
eriqd of tinme. r .exanple, all the catalyst .
p@mg%?éwwm%ﬁdo{tgwﬁ@%@%n HasPnol palyeney frolgtitar weight.
prec ] f i ri j ;
i o OYFEHAAnS Bfle 8] N R OBl i Be B que n
ayhmamdtr iknatvaria shepgrar Sutlopfooessesathapmsy be ntigabiefbr nisx vithehe
that is Qont,aqcl]t dfor as ,conﬂ per.i od o[ time.prior to
Prepfnt jimyentign inghedcn Bt arsriol dimitsH tPesliEY HRlymesizatigns,ggssphase
pélpﬁeﬁkégﬁ) s PRIIRSA HivhbiBbRy, £8Hh@fireadtOCcorMbiBRRNs ARdreof.
ne, betwWeen any conbi natién of the mata(iocene
Thes)panyngslymietigationl edrienkaowmrnamie, art te produce olefin-containing

activator-support, and the organoal um num conpoynd
pelamers o baBE® . Fomgramplt, 235t eastrgumsbe wzed for a batch

le,. f t 1 Ut,: n t
PRATEF o, AR o B e i, R ORa0! or
c@ltinqoliyprbes’dk.. The postcontacted m xture optionally

may be allowed to remain in contact for a second
per i ddtygical palymerigatiqnomethodt iaca skurrrepolpmprdsatiog process (also

krilo% Llsatthie g?n%%egogrﬁlé)\fﬁgé&ﬁ IliiCH s ‘%ﬂ?g%‘ﬁ? gé {f\%t%?trrfagisiqg dfsglosed,

one aspe I nv I on, pOosS

fheku@pR, iNe).S. PPRA&ANACT, 24, M9 tindoepaadd diyyrefepdtiet hiervgh in its
catal yst conponents may be fromabout 0.1 hour to
entbetit Othermeliynserization eethads ef therpseseRbgyentnon gy peocesses

abgut 1 hoeur. D.,Use_of. th t St. 08) t{®nNpl
oot riing, SploCodbet AT, P BR¥ s aRRECR LB puent No.
30he 1 9t iabdpbratdnposdftlendt hdeidSiadts enthewppad HPeE udilized in a

et hyl ene or copolynerize ethylene with a_conononer,
phuredity of stireed reactprsreithernivesesiesirnaraligls dseombinetignbiberegbovhere

t 280C, for.. le, f b
the Tt By P (TR B BT PO PR e
i 861y nREIRTRANEE Vel UAB AR KR drY arld BEludt h9aeaBoWat are

under  substantially anhydrous conditions. For

liguidsrpider reactiony coridifaonts. dihmoerphédiluentieh used iarthisslisclasgrerdoes
MR 0 ST T R I
< SRS 18 50 LGB oA UL, s o
hyirecarblinsgthao rome twspext asf dituvetspiredete; hutvarat hanlimited to,
cyclohexane, isobutane, n-butane, propane, n-pentane, isopentane, neopentane, and
n-hexane.  Typically, isobutane may be used as the diluent in a slurry
polymerization, as provided by U.S. Patent Nos. 4,424,341, 4,501,885, 4,613,484,
4,737,280, and 5,597,892, each of which is incorporated by reference herein in its
entirety.

Various polymerization reactors are contemplated by the present invention.

As used herein, “polymerization reactor” includes any polymerization reactor or

polymerization reactor system capable of polymerizing olefin monomers to produce
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pol yneri zation pressure may be from about atnospheric
pressure to about 1000 psig. According to another
aspect of the present invention, the polynerization
pressure 46 may be from about 50 psig to about 800
psig. Further, hydrogen can be used in the

pol yneri zati on process of this invention to control
hpmbyotemersalr@opblamerseifgh¢ preRalt yuventiamt Suchsreagorsgnayhlee slurry

I f th
Caior AR RAS TEHCDRe SIFON QSIS B 860 cempiigfon Mhetgns Ges
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ut are not 1im urry polymerizations, gas
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ol ef Pprgﬁ%%&w fég%fogowga@sfopm BiRseht ibehfify ! comprise at

rred reactor be utilize
leraﬁtO@nﬁSﬁw mateflall feed systant arleast one Gedtsysterauor satallysteaif catalyst
reactor may be used for a conti nuoui process.

compRREass. HAFIERS ALIDAYSHBH b LEaOTS POPGE gecovery System or any
%Ib}/e”c%'iﬂtﬁﬂdo?'%%&c %%ﬁtaglgl ?aflt(t(rg( e %12 oAb er may

Focess i ch nown | art an

céthpidcam@dne, (erIonﬁXr&m‘@h@f d catdlysBstorgicasyitetNoan axta;kamlsz@gem
i ncorporated by reference herein inits entjrety

a@p@lerrg peferna dilientiresyching msargl of awﬁeﬁﬁr%gt@w Sush é«moaﬁmay
o B Q5 S 2 BRAAE P SRS ol oty

G%n&éﬁy H&ﬁlnumoﬁ és%éﬁ@ld?}/cdr@;ﬁrfseeﬂhe ecopein@ius infrodiickion of a
entirety, and those utilized in a plurality of

monpien @ qatadst.cangd aedifusat intha pelymexizatingy tgpetar andythe continuous
SRR, PR B SRS kS0 bOVEP P08 e

dihdngent s used in slurry polynerization are well known
in the art and include hydrocarbons that are |iquids
undePolymgoizatom waeidl systems offthe present Trmenm@hmaYaF@mPglé%l one

Rl RBIoT PRERRL o BRI AR SRR R E o0 g Hres
oPRAcORRRE S &%r&lmtor RYerRS N M1 SedcBorRgkiviie fhag adoniPiise

process. Exanples of hydrocarbons that nay be used as
redcﬂotee n0mlept¢dl gethe e mrferm opolyrnerizagign t @y, reactors that are not

cl ohex sobut an n- but an propane
cSEREN: anke PREBBETTANGe BINToRaRE: Ty utp o et of
cd adfd '?ﬁéﬁ Bandissd ?(?‘ al §Rofl k&R fob p%lﬁﬁéﬁz%ﬂon under a
pol ynmeri zation, as provided by U S. Patent
dﬁfeﬁﬁﬂse%@fpomdlﬁ@ib 885, 4,613, 484,

According to one aspect of the invention, the polymerization reactor system
may comprise at least one loop slurry reactor. Such reactors are known in the art and
may comprise vertical or horizontal loops. Such loops may comprise a single loop
or a series of loops. Multiple loop reactors may comprise both vertical and
horizontal loops. The slurry polymerization is typically performed in an organic
solvent that can disperse the catalyst and polymer. Examples of suitable solvents

include butane, hexane, cyclohexane, octane, and isobutane. Monomer, solvent,

catalyst and any comonomer may be continuously fed to a loop reactor where
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4,737,280, and 5,597,892, each of which is

i ncorporated by reference herein inits entirety.

Vari ous polynerization reactors are contenpl ated by

the present invention. As used herein,

"pol ynmerization reactor" includes any polynerization
reactor or polynerization reactor system capabl e of
pplymenization rogcwrs.ef i Rolyroeriaatins ney peasducat lod7 temperatures and

honopol yner s copol r f the present invention.
Prgses: e%??tcB’F §P t !El@y g?ﬁf“%g tq %egl:"t"g e So&%‘-’%as eI
react : | ; ; ' ' i
Ag%@rdggdo L%L HbthGAHQL Of (12§ irRBMi O B ﬂjf?*dl}%‘zia?gré reactor
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S. tion
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tﬁprrggé‘fe NS flufdflelMBéd 72 he gnrés@ﬁ‘&t 8f $he :éhtﬁ@fgﬂ 8nd&Q' pdli@erization

nt invention may conprise at east one raw
comditionisal Theedcryes seam ahay baswitladrewih fexn shis tfhndifzed bed and
catal yst or catalyst __conponents, at Ieaat one reac}tlé)r
rawn

regyeled packainte tisdeaciRfe OMRROURIECRRIING ROSIG My, Doyl
SPYLGEPLELR ARG Y PO BEAHL AL QLS RARROLS imera

nWhofRAISUA gho phast rea@taraimly wspsitos pgressyfot amlti-atep gas-phase
extrusi on system . a_cooling system a (gil ent
e

pelyaipsizating ofyelelans, inwhichcJainsoie pplymesizedi e gasrous phase in

r i1 S = Of ' l.i .

ot S B O o e ' Ll

célﬁﬁ]i&lirgtmm@f fofeshas filypelpmprization zbge wadeconbprymerization
i ntroduction of a nononer, a catalyst, and a dil uent

ZpRt0 a pol yneri zation reactor and the conti nuous

removal. from thi:s. r r...0 [ Sl

o ASbo b L P e B SRR NP St
M9 ¥6hPFisS ¥ SR réctdrh GubulasfattotsigNinbipdliayes byfrde sadical
one type of reactor per systemor multiple reactor

injyiaficams or ohyr wpleyingadher catalystst yymiepllyofused afarocgordination

operated in rallel or in.series, L Rl
P51 OB Sk sl 56 S P B B Rgomer
iMBAtbAY Bt @Qﬂa[riyﬁﬁ rdrd QHSE MonbfRE nfHyShd Brtfaisdeinnat inert gaseous
connected. The polyner may be polynerized in one

strezaic bt intnodeged @ih eng senegif thereaetor. i itiators,eatal ystss and/or catalyst
c%ggrgn rl’ril%? P(% gx}tgaﬁx?ee igpad%ﬁrsee%%% %?1{1 %ﬁ% Prﬁlro&aﬁgerd a%t%io&lgr zone of
the reactor. The gas streams may be intermixed for polymerization. Heat and
pressure may be employed appropriately to obtain optimal polymerization reaction
conditions.

According to yet another aspect of the invention, the polymerization reactor
may comprise a solution polymerization reactor. During solution polymerization,
the monomer is contacted with the catalyst composition by suitable stirring or other
means. A carrier comprising an inert organic diluent or excess monomer may be
employed. If desired, the monomer may be brought in the vapor phase into contact
with the catalytic reaction product, in the presence or absence of liquid material.

The polymerization zone is maintained at temperatures and pressures that will result
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According to one aspect of the invention, the

pol yneri zati on reactor system nmay conprise at |east

one |l oop slurry reactor. Such reactors are known in

the art and may conprise vertical or horizontal

| oops. Such | oops may conprise a single loop or a
series of loops. Multiple | oop reactors nay conprise
irbtht |fomm=at'tohaﬁ|a sahdionhufithe polyader iapectidheedlug. r fgitation may

poly rizatjon is t cally performed in a
o8 Grdied; frainecapiome SRl ABE( BEFG et SRgp and to
I 0 u n
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LRSI RPATIE S ing a catalyst-
ofPfthétb i @bRRuiiEeadters fetcdnfinged pélgiefipltivie ISuglatdaotors may
zone to a second polynerization  zone. According to
ingtude| anyneetbinatierp deeluding.t het inﬂtv éxm11€ént0 treltiple loop reactors,

neri zat On reac
PR FBhlsh o SPBbReur TR AGOTER Y iRt sompingion of
at8lhbBteactol &r Slutsh r&éto@wﬁﬁ'@a@bt M&bpt REctOR] ﬁhﬂﬁﬁlé solution

typically used for coordination polynerization.
reficiots, er mubiiplt areclaneyresdots. several zones where fresh

m)no r@ﬁlee'r% |ators%r88‘1%§ egﬁeﬁﬁﬁﬁﬂgq%dgﬁ% éiﬁl\%ﬂg%eﬁricles

1dcﬁfd'ir%db'l§tenﬁ)t aimiflietoZ BBEseRbldt Eitdif@s, @BnsilkNfifnh pr&usts, drums,
catal'ysts, and/or cat al yst

fuel tanks, pipes, geomembranes, and liners. Various processes may be used to form

j

these articles. Usually, additives and modifiers are added to the polymer in order to
provide desired effects. By using the invention described herein, articles can likely
be produced at a lower cost, while maintaining most or all of the unique properties
of polymers produced with metallocene catalysts.

E. Pipe Extrusion

According to one aspect, a method of making a PE-100 pipe is encompassed
by the present invention, the method comprising extruding the polymer or copolymer

in a molten state through a die to form the PE-100 pipe and cooling the pipe.
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conmponents may be entrained in a gaseous stream and

i ntroduced at another zone of the reactor. The gas

streans may be interm xed for polynerization. Heat and

pressure nmay be enpl oyed appropriately to obtain

opti mal polynerization reaction conditions. According

to yet another aspect of the invention, the

pol yAeedrdiagi toryet odler aspectsye BBriPPipipe gomptising ¢he polymer or

ol yneri.zati on reactor.. Durin | ution
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ity caamah (e, 1 DB CER o re-RiEMERe RO s, Soin.

RGOS 5 Y DS EPUSGATIS gt Tees gt poepto

ulfinesseoneurher spegificaionst he desired pol yner. According to
a further aspect of gg’e, i nventio pol ynmeri zati on

, th
reacttf feedyioriens thep tednipiq 28 a0t R0 HOBFIARGHer
t . Iy ' I il :
SRR PR SEHSLRD:Ab oRALMIETR AL e
toSBpRS &infey and Wombpditid the padwahyerse peilees. CEBxtnesidre ttniperaures
transfer device mnaki ng it possible to transfer the

typiseljyreange fiosul 18°Rfor238 7k dprendingsypopdhe meFryden sereyy design and
ab eact or.. | n&gbet h&eﬁlﬁﬁo%d reactor. The desired

OB PIOREFHES F TS POSAH ¥ ons in one of the reactors may

be ghd hRlEApolynRn it Migenopakat titeughondid. | Ths d&f dishidutes the

other reactors. Alternatively, polynerizationin
homogenpisepalpethylemespataper melt araing laesohid muandrel r whish dormsyit into

ol r.from ..one reactaor tos?lie.uent reactors for
bt stepep b iR e be rastleret MRS Y 1o Rhpeate for
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In order for the pipe to meet the proper dimensional parameters, the pipe is
then sized. There are two methods for sizing: vacuum or pressure. Both employ
different techniques and different equipment.

Next, the pipe is cooled and solidified in the desired dimensions. Cooling is
accomplished by the use of several water tanks where the outside pipe is either
submerged or water is sprayed on the pipe exterior. The pipe is cooled from the
outside surface to the inside surface. The interior wall and inside surfaces of the

pipe can stay very hot for a long period of time, as polyethylene is a poor conductor

of heat.
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mul tiple gas reactors, a conbination of |oop and gas
reactors, a conbination of autoclave reactors or
solution reactors with gas or |oop reactors, nultiple
solution reactors, or nultiple autoclave reactors.
After the polyner is produced, it may be formed into
various articles, including but not limted to,
housEhelly th@pitpa iserirged andegithiet egiletlior guigodengtht.s, dr uns,
fuel .t anks es, ge nor ane nd lipers. Varipus,.
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According to one ‘aspec a met hod maki ng a PE- 100
deiapiéng froentenypss efl theopresérd lpvem@nt on theestopof thdreppended
nBthod conprising extruding the polyner or copol yner
clafps; nplten state through a die to formthe PE-100

pi pe and cooling the pipganPLggcording to yet other
aspects, a PE-100 pipe conprising the polyner or
copoFymaach of the Hellgwiag exdmplay, éexting pracsdres wereps dolbuvs.

Pi eextr S|on| t he. si | est. terns is erfor

msIOt leﬁbwggﬁgqr@ﬁg B g@q“l\? H1238
cRtdrt Lﬁ@o‘*@mé SISt Weifh, annul ar Shape) and

SOl di f ape ur g

ying that ing a cooling process. There

ar e Higheload! me$tt 1ﬁaa< (HLMI 10 enihy was deterasingal mvacdexdance with
ow. The polymer feedstock can either be a

AﬁifM Pildteerndiiondr ot ING sil & 25000 gam weightan pe a

(v or EGst B PR ERIASCHER Ry SObRIccRARERR YA on o
o‘fﬂjﬁéi,sﬁ(ﬁﬂmoldéﬁ smqile Qmmédl’atf&edlsﬂﬁﬂﬂ(pémliomj ped conditioned for

extrusion is "Salt and Pepper blends". |In Europe and
ahouh 4P hapesaal repmtREpaisiare I pererdanse WiioAbM Paefsert ASTM

usion i s pre-pignented pol yet hyl ene
?e5|%hggé%§g£tock isrigidly controlled to obtain the

pr opRfeltfrhedlsgiesl dhapditsizatidispegre paeformidd aRlIews OrSimdIBstrain
(IQQGCI fications. The feedstock is then fed into an

DraseidatoryTpheanmsasurerents weig pafamed on a Rheometrics Scientific,

Inc. ARES rheometer using parallel-plate geometry. All rheological tests were

performed at 190°C The complex viscosity |77* versus frequency (@) data were then
curve fitted using the modified three parameter Carrie-Yasuda (CY) empirical model
to obtain the zero shear viscosity — 7, characteristic viscous relaxation time — 7,
and the breadth parameter — a. The simplified Yasuda-Yasuda (CY) empirical

model is as follows.

no
*(@)] = ,
|77 ( [+ (z_ﬂa))a](l—n)/a
wherein: |n*(®) | = magnitude of complex shear viscosity;

1o = zero shear viscosity;
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system for pipe production is a single-screw extruder.
The purpose of the extruder is to nelt, convey and
honogeni ze t he pol yet hyl ene pellets. Extrusion
tenperatures typically range from 178C to 232C
dependi ng upon the extruder screw design and flow
properties of the polyethylene. The nolten polyner is
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mandrel , @A g}qé/qﬁg} RAIAREKTt o6 an annul ar shape.

Adj ust nent,s. £an e nggqngswe; lalv\@opdl Bx&XAil2/i1 0 ahdly tO

conpensate for r sag through the rest of the
process. k- anigléar ffequerndyef psqiBatbry sieaing deforpratipar
di mensi gnal the pipe.is then_sized T

arangf ers, . There
are Dggilsof ﬁgfa gigpidicange andginteypretatian f the Edsmodel @&ffﬁrlved

I ' t. t echpi diqf t [ .
PRI il S5 PR kG aRtocl LA, gt BB, 21
(D3RG A0 MEebeCand IHNY. ChiangCRalvpl Fafestih$2198d @9e2)ptnd R. B.
several water tanks where the outside pipe is either
BydpReftgAamsirongaandrO; HassegenyBunastcs efel dlymperiekigeidsol olume 1,
Fﬁqg.]g'egz%mlc , Eﬁg'ﬁﬁti&L O{Hhhh%/ﬂe&;?ﬁs isd6s SYOEAC BaliP of Nehich is
I'nsi-de " surt’ace. e rnterior and ‘i nsi'de surtaces

ifebrpobted Rdrpia byaBfetdnay ivR¢ dntlredy. fThe CY Fgngarpasteod reforted in
time, as polyethylene is a poor conductor of heat. 51
thejtaldes fpr therresips disclpseddierain.ed and ei ther coiled or cut

to length.  The pr nt .1 [ onsi s d: »
11 udt Rt AR BbasiRosR ¥ Dipucion, Lastpypent
wh® uB&el P IStetMBRI spedifiy SWBfMcAardaNPOSiERE drkdM) tabli gesific pore
upon the scope thereof. On the contrary, it is to be

velumgr (“porg ricdune’do dThik dnstruseast twasedcqbisedh agm ghey Qpangaehrome
Cot her. aié)ectt;g Yerr‘oodi ments, nodifications, and
8@9%‘8?16 B¢ narsof which, after readi ng the

deschMdddul AEEIRE Bad ARYcHRr $édSe aistibution®Wereddbtained using a
ordinary skill in the art w thout departi ng fromthe

PER20i $EGThighdemppersara chrovatrgraphyounit Kéolgwenbakyfratories) with
R L OSSR £T6 Fly 01 SN
el C M 1497CL OB 00SteA L L REMy pReRAF B £ Sntiieibh of
0.5 g/l was used as a stabilizer in the TCB. An injection volume of 200 pL was
used with a nominal polymer concentration of 1.5 mg/mL. Dissolution of the
sample in stabilized TCB was carried out by heating at 150°C for 5 hours with
occasional, gentle agitation. The columns used were three PLgel Mixed A LS
columns (7.8x300mm) and were calibrated with a broad linear polyethylene standard
(Phillips Marlex® BHB 5003) for which the molecular weight had been determined.
Molecular weight distributions and branch profiles were obtained through
size exclusion chromatography using an FTIR detector. Chromatographic conditions
are those described above. However, the sample injection volume was 500 pL.
Samples were introduced to the FTIR detector via a heated transfer line and flow cell

(KBr windows, 1 mm optical path, and ca. 70 pL cell volume). The temperatures of
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condition F at 190C with a 2,160 gram wei ght. Hi gh

load nelt index (HLM, gl110 mn) was determned in

accordance with ASTM D1238 condition Eat NOT with a

21,600 gram wei ght. Pol ymer density was determined in

grans per cubic centineter (g/cc) on a conpression

nol ded sanpl e, cool ed at about 15C per hour, and
thedrmiisfet Ginednd Glow edblowereAephatukdd il °CG endnl 6@ mple Camp@ctimly

P@%wéﬂ%é‘rfﬁsﬁ% ShrcphormRtze B! 200) toutrbaf SvigEier Gty Sand
midfeubPLddBiEm tellRlde (Mdﬁldetec&% uSSLCinlthék Qhicshear

measur enents were per orned on a Rheonetrics
Sci eAlli fspestra Iware ARESedhesimgt é’s—:rlum Egngrarhmebaseplsaﬁware

Bigaeourmlonedinopb ey FOBGE TE7 20GRRd B0 (8 AEhEy (Al R

sfoetr? WEE EmidiGRed Etu%V&n'ﬁ '1’e§cﬁgtldi§'(f@ sEeﬁﬁ) ”U@htfohl%fbgtrzﬁﬁﬁ 8vere

parameter Carrie-Yasuda (CY) enpirical nodel
gabtachudinge theaoot mhaasquaresatmsrhayce- ovrahe 36Q0- a’éﬁ(le«rms tspectral

VlSCOUS rel axation tinme - b
regigndis BATR e PRI PR S s CHIT By, caloulaions

wERPIRAE B prdlR Héscﬂﬁecf 5ih@WSbrohd n?&@mﬁér 'l%lgﬁt poly&thylene
AT So oy HRED el Rl e Pl

= magni t ude of
(Pﬂ)emndards@sw Joydens' KZoWM«es cGIs,hImuzerv s Boblfing; D512 Wnlcl:; MB.

i scous rel axat.i tinme; =."b dt net
Poiyes 0017 AN Sower Fam Sy fivedlicst ST amgliepm

f h
o PSSO A S B g e
tethitiquigsl eARtcalibratién tsiitetrﬁi\évcﬂ‘e dellenann daldpkel mdentmﬁbasmmmhsfar
may be found in: C.. A Hieber and H (fhla éﬁh
extetdsd g neg o} A Enationo s (ber CHAREIL Reifctipoion)
Pol yﬁ}anFlﬂg% d%?errglrﬁﬁg%vgﬁ%n&&egg%y}ollo%d ﬁal%rgg rrqgfe&gar a‘elght

C. Ar sseger nam cs
(M/ai dB1 tYDB)YN®Ivent gradient fractions of ethylene 1 butene ethylene 1-

hexene, polyethylene homopolymers, and low molecular weight alkanes were used
in calibration and verification studies. The total methyl content of these samples
ranged from 1.4 to 82.7 methyls per 1000 total carbons. Methyl content of samples
was calculated from M, or measured using C-13 NMR spectroscopy. C-13 NMR
spectra were obtained on 15 wt. % samples in TCB using a 500 MHz Varian Unity
Spectometer run at 125°C as previous described [see Randall JC, Hsieh ET, NMR
and Macromolecules; Sequence, Dynamic, and Domain Structure, ACS Symposium
Series 247, J. C. Randall, Ed., American Chemical Society, Washington DC, 1984.].
Methyl content per 1000 carbons by NMR was obtained by multiplying (X 1000) the
ratio of total methyl signals to total signal intensity.

A partial least squares (PLS) calibration curve was generated using Pirouette
chemometric software (Infometrix) to correlate changes in the FTIR absorption
spectra with calculated or NMR measured values for methyls/1000 total carbons for
the 25 samples. The FTIR absorption spectra used in the calibration model were

made from co-added spectra collected across the whole sample. Only a portion of
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Fl uid Mechanics, 2nd Edition, John Wley & Sons
(1987); each of which is incorporated herein by
reference inits entirety. The CY "a" paraneter is
reported in the tables for the resins disclosed
herein. A "Quantachrone Autosorb-6 N trogen Pore Size
Distribution Instrument” was used to determ ned

the speitfal regsur 2406 and 2386 Craly Waesed i the)catibeatiop stepfin erder to

niidigire 08 <HFtiot R elae e berplod, EEPLETITE of Seotpl det
1nMuXed IVRde otz RInd HilSn@ Ak TRt edeiivafiveVet §hY spectra and mean

di stributions were obtained using a PL 220 SEC hi gh
cangarimgraditdatee chr omat ography unit (Polymer Laboratories)

Wi, drdshcroeniene, (109, 55 e smbucptyabAl o e
protlss (& Qo vélﬁfa?o@gkgb—é?@?t RBylvrenol Thetaldration model was

concentratl on o /L was used as a stabilizer in
varifed Ti@ihg 28 additienal mnplre:sl uﬁhe @fedmai yerswagctuglsealuesi fon the

a. hom nal pol yner concentr at
vahidaig datn shovesd ellent SomlEon R (R0 573 et ik root mean
ngl o bk reka}’ctlgﬁaéquglgtoatk/-lé@%&ﬁ&l éroﬁ]ﬁéj ber ‘!M)(‘)d" total carbon
ccasi on gent gitation. The  col ums used were
rnbhlrcelgs PngI M Eed Q LS colums (7.8x300mm and were
calibrated. wth a roadllne ol.yet hyl ene st and .
( Phi Pharhghaim brapelupg lasels %@S&qcﬂl g@%ﬁ r3chag opt %@Wg?ham
dsb u
eriEbtlipdiths, Pl ARBFECLE BRI HER B M Hlculated wsing the
edulation Yie..~€i(2-87 oM whére Meghis cixadoglse jolf ynethyl n@ala nnd'sTpeR 1000
detector. Chr omat ogr aphi c cond| t

toepés;éfhogeao spHcRe C ISoheastant efga é%h%?%)u fésci dﬁm})&r Qhsinyl
teﬁ%{ ? ch'aIn en%%rmeafe Exﬁm'nn(%arteﬁ ﬁelgsﬂlﬂ dtagf M | e molecular

or via h rans I ne Oow ce

weisBY calduldedvfor abartfoulpklicadf thainblecaladweight (Tl@trg)htlcml |
vol une The tenperatures of 53 the transfer lin
f I owPEHIT| sloye rceaqk@pw&t re.tszs@me vealugh svenes obtaingd at 80°C (176°F)

S5BRRE to S KR Y (7001 FaPL e R R IRE SRl k3

MP%' {rtbidde td MellerdiRCicsl TRS 36 adpd pENtIe@@t Siby Bk @6ferred to

Al "spectra were acquired using Perkin El mer Tinmebase
heahtagarbigh sBassk PENInwstspect ra of the TCB sol vent were

obt or, t. h AL IR t
roas e BTG e rE by (R Nelded CRRGH Tmietafre. Charpy
B 5P QAR WloRding to ASTM F2231.

Preparation of Cyclopentadienyl Complexes and Metallocene Compounds
The cyclopentadienyl complexes and metallocenes used in the various
examples or described herein were purchased or prepared as follows. All
manipulations involving air-sensitive reagents and materials were performed under
nitrogen by using standard Schlenk line or dry box techniques. The solvent THF
was distilled from potassium, while anhydrous diethyl ether, methylene chloride,
pentane, and toluene (Fisher Scientific Company) were stored over activated

alumina. All solvents were degassed and stored under nitrogen. Zirconium (IV)

55



generated using the root nean square absorbance over
the 3000-2700 cm -1 spectral region (i.e., FTIR
serves as a concentration detector). Ml ecul ar wei ght
cal cul ations were made as previously described using
a broad nol ecul ar wei ght pol yethylene (PE) standard
[see Jordens K, WIlkes G, Janzen J, Rohlfing DC
chietidsh (R85%) Paid/ ebutglitiginm] viktd Spurclgged tiremf Addrich Chemical
i ndividual tinme slices. o e, chromat ogr a ar;
Coffgubi Hhbvle v 3o BaevE- COTOREBFeLRAMER iy NMR (300
M, @)@E,%@Ei@kéd Ggaihs® M AY @HClﬁbéak%blzhf@%ﬂggﬁ IRPRMR 75

were taken at sanpl e concentrations which
MHaz; €8ddl refesancerbagiadt EantrahbodofsCigehlat 78.00ppse. (i .e., >

0.08 ng /nmL at the detector). Branching determ nation

was nede as follows. Narrow nolecular weight (MIM

- - L. b Odaddn oPSUNEA AR BMvald - eppsps of ethyl ene

1- but ene, ethyl ene 1- hexene, polyethyl ene

honopol yners, and | ow nol ecul ar wei ght al kanes were

used, . in calihrati rkagd veéi fication studies. The . .
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alyppy ©diensericd)y Thiwraselutioprofiabent $)8 giams pf ymrgniusn sulfate
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oveadipghtr &t 1200 °Cuaué thas sgeardatheshghsa 13§ Mestob@tdre Finally, the
chemonetric software (Infonmetrix) to correl ate changes
matgriglhwasaptivatgd 4o p JluldiAing sHean of diy eik at 335G UF deretiheyirs.Nphe
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e §F 4R YO Sambgt 24 KL 3000 A 01 O s, e
satiipfesGidre Heatstoped amidehitispe® nade from co-added spectra
coll ected across the whole sanple. Only a portion of

54 the spectral region (2996 and 2836 cm 1) was used

in the calibration step. to mnimze the

effects of residual so%{vﬂ;ﬁ%r ption. Preprocessing

of spect ero;ﬂ%ﬁz{)e;‘a%%@ﬁz%eﬁf 5P7i fd"?i‘blc(ﬁﬁ&)']@ﬂ’ taki ng

the first derivative of "the spectra and mean

Z1[n-CsHa-(nBu)]Cl; was prepared as described in Example 2, except that

the refluxing step was omitted. Instead, the (n-BuCp),ZrCl, and ZrCl, mixture was
stirred at ambient temperature for 20 hrs. FIG. 1 presents the NMR spectrum for the
Zr[n-CsHy-(nBu)]Cl; formed according to Example 1. The molar ratio obtained for

the product Zr[n-CsHs-(nBu)]Cl; to starting material (n-BuCp),ZrCl, was 1.4:1.

EXAMPLE 2
Inventive Preparation of Zr[n-CsHsmBu) JCl3
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centering all data. A four conponent calibration nodel
was cal cul ated and optim zed using the process of

cross validation (RSQ=0.999, SEV=0.7). The calibration
nodel was verified using 23 additional sanples. The
predi cted versus actual values for the validation

data showed excel l ent correlation (RSQ=0.987) and

exhi Ai 560 na. Sehlenkefask \Baqsuehaeg@ir with @FBuCedin€lli 20.0g, 49.4

aI 0,4 nmeth 0 r 1000 tat al rbon
maep ot b2 30544 dhapth HRLALHT:itens ahea bt Bor. i RRuting
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contr tions e anount o chai n ends were
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om um resins), nol ecul ar
mnei gh} te afford aie&ﬂiesfred peoduar b3 abrewn sblide @7 g 188%). FIG. 2
nmol ecul ar _wei ght distribution. PENT s|low crack growh

pregagitss é\HVIBaﬁmf@gume f@ thst &rlcestht (nBod (s fagmed according to

ST o G i R
?gr : eegia? gﬁ B%C?J%%CIZWHS%ZQ SR ahE ENThd BS m A8, %Eﬂ? -CsH,-

ein as a "high siress PENT t
(Iﬂma}cny adoesding) go \Wizes pteent RavantiohictigrifichnHy ampﬁa{ep ehcalywllcb and
E}?;rgy test carried out according to ASTM F223

Selecﬁmr%t CH1o% Cycl opent adi enyl Conpl exes and

Met al | ocene Conpounds The cycl opent adi enyl conpl exes

and netal | ocenes used in the various exanples or
described herein were pEXAMIHdt3or prepared as

follows. Al _manipulations involving air-sensitive

reagents and Frerasaiion gf%ﬂ'&?ﬂé@ﬁf’%’l’ e L fd&&r  nitrogen

'?’%euéo%eﬂ'ﬁ‘a%&mgg di s%k *w'ggid ?JI thg{l aés”f(?\qa& V\E iJZI @0 O,

462D Mﬂ(ﬁl? W) @U"%' 5@7hgrnol)] nmmmt%f&o]@lbh@ﬁﬂdj@ stir RENRaBEting
and uene (Fi sher Scientific Compan were stored

yeblowr slagy i wast wiluxed umIQﬁd\Iz fiar| abowt ¥@rt s srayayblgele geaction

e e S I S O AL AL
filERRM &R} reduced pressure to obtain a brown-black thick oil. The product was
precipitated a couple of times with a CH,Cly/pentane mixture and vacuum-dried (0.1
mm, 1 h) to afford the desired product as a brown solid. (23 g, 76%). 'H NMR
(CDCls, 8) 0.94 (t, J = 7.5Hz, CHj3), 1.62 —-1.31 (m, CHy(CH;),CHs), 2.44 (s, CH;
), 2.81-2.75 (m, CH,(CH,),CH3), 6.24 (broad s, 1, CsHy), 6.45 (broad s, 2, CsHy).

EXAMPLE 4
Preparation of Zr{1-CsHy-[(CHy) sCH3] }{17-CoHj-1-(CH;CH=CH)}Cl;
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Conmpany and were used as received. Products were
anal yzed by 1H NWR (300 WMHz, CDC13, referenced
agai nst residual CHCLl3 peak at 7.24 ppn) or 13C NMR
(75 M1z, CDC13, referenced against central |ine of
CDCI 3 at 77.00 ppm . Preparation of Sulfated Al um na
Activator-Support Alumna A, fromWR G ace Conpany,
was i npregnated to inc wet ness with an aqueous
sol ution of anmonium s te. " Typically, the alum na
had a surface area of about 330 nR/gram and a pore
vol ume of about 1.3°UTtmrd#fh The anount of ammoni um
sul fate used was equé 20% of the starting alum na.
The vol une of wat @ o di ssol ve the ammoni um
sul fate was cal cul atbes mthe total pore vol une of
. the starting sanple (i.e. c&cﬁxcm,sTﬁﬁ wat er for each
gramof alumna to be treated) L?S a solution of
abouA INOOALGSchikdlask masniharged uzlnﬂanBuszénClﬂ’(ZOcﬁg, Wwat7emmol)

anemiooth sVl iehincthso Toe SRRl L biEehdefto o
aftdlT QHRR tgng’glér?}? Ihl61i§g| bt B of 'Lﬂzt H(,g flt(zgﬁf))] rWéseEArﬁhlaY@Sas an

activate g str air at 550 C
etherealFohniohs The medctien ndsisiee whs digredlovendgle as ambicaistemperatire
hours, for the larger pilot_plan | es. The

anghh [selyeniayas remencd inoyasHo-udbe reSHfttngégEﬁ wagdieRplyed ip toluene

IR Y e A SRR o
biosamlid Rhickxespdisidiedd i helichidlotcilnge/petpnaratxture and was

omtted. |nstead, the(hé n- BuCp%{ZZr Cl2 and ZrCl4 m xture
cagled tar35 Fefprat cauplcedf howrpeRatuliing slyrryowan filteredy @nd fthe

PRI RFC B OSSO O, 1 1 o il e produet s
yello® $omdan 7.08t 62960 PHENME (EDCLs, 510.877(@dUey.2Hz, CH3), 1.50-1.22
Zr[r1-CoH4-(nBu)]Cl3 to starting naterial

(0, CBuCHRIHEL2 - 08242, @, 1CHEMEE{32 3-Wirér2i e CH=CHCH)),

5 BB At G Rfuds i ) Erlid, 38 5885 4 Sitigy 59

569(&‘1 CPRE HCHGS, @lo4-6.98 - (l%gra 644, 6%k )37 (ﬁQQ eLHYf 6.63 (d, J=

tol'uene and a stir bar. The resulting yeliowsiurry
3.0H3, T,&loHg) @R 8tih i (mN2 Gobls), dlOl. 58, 2, CalHe. dar k
br own- bl ack reaction
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m xture was centrifuged to renove excess ZrCl4 and
tol uene was renoved fromthe filtrate under reduced
pressure to obtain a brown-black thick oil. The
product was precipitated a couple of tines with a
CH2C12/ pentane m xture and vacuumdried (0.1 mm 1 h)
to afford the desired product as a brown solid. (27 g,
87@@ FIG 2 presents EXALNNHESpectrun1for the
r)-C5H4- (nBu)] C13 formed accgrding to
en@ation L hilail (ed) s(is/t e %d’u[(?Hz)zCH —CHz]}Clz

Zr[||-C5H4(nBu)]CISto starting materi al
(n-BuCp) 22Zr C12 was 5 he nmet hod of naking
Zr[r)-C5H4- (nBu)]C13 ording to the present

invention significanrtdy!ifaroves the yield and
selectivity of the rg C%\I on. EXAMPLE 3 Preparation of
Zr[r/-C5H3- (nBu, My {.:l“\\ 3 A 500 nmL Schl enk fl ask
was charged with (1 N BuCp)ZZrClZ (20.0g, 46.2
mmol ), ZrCl4 (11.9g, 50. 7 nnDI) 200 nmL of toluene and
a stir bar. Resulting yel 8 st*ar®) was refl uxed

d
sndh 35,58 SRR 1500 SR HIALIEAoaSH B o)
al CAHRHEmERSy [rRYesd didByDdie. The lésubing slmebems e@tueceab 0°C,

pressure to obtain a brown-black thick oil.

afparovlich tinmes(3.Qgs éaiomm@lb of La[(@d&qm le(byteny}) hgs Wlaéed as an

SRR, T8 Ao PR ST e
ar?cﬁﬁ@: solthtNM% refnoh¥el By vadho OTHE re(shltmé solid wakidisséIveq in toluene

1.62 -1.31 (m CH2(CH2)2CH3), 47(s, CH3 ),
arkl samxzﬁxgad torrermz( GIEL) JRmsgval @f;mlwem sayaco yieldes pgellow-

b 45§q‘ﬂ%sw%mw1s( ditf g iy et PRI iy o was

c&?e@t& R55@G: CrbteChb hotes. AR@Q@U sﬁ?ﬂ?' #akK flifersik an@sthe
charged wi th nBuCpZr C13 (20.0g nmol) and

ppipitatei weatdeled uader mﬂuwﬂ miﬂ:S@lnhy(D lemmerl h) Thgieldthgl nrodugt as a
y%@%éé@“@%@?‘éﬁk‘?? Ry R Il 5 0L T e CEORY 4fa1 14

o’ver ﬁ@?ﬁ)% lj;%%geznl;r t egn?'g(ré t%n 3074384 Tt uig7eHls (@,
CH,=CHCH,), 5.65-5.62 (m, 1, CsHy), 5.81-5.68 (m, 3, CH,=CHCH,, CsHy), 5.95-
5.91(m, 1, CsHy), 6.30-6.29 (m, 1, CoHg), 6.56 (d, J= 3.3Hz, 1, CoHe), 7.20-7.11

(m, 2, CoHg), 7.53-7.49(m, 2, CoH).

EXAMPLE 6
Preparation of Zr{1-CsH [ (CH,) sCHs] }{17-CoHs-1-[(CH) sPh]}CL

@/\«

Cl \Zr..u\\Cl

X W
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and the solvent was renoved in vacuo. The resulting
solid was dissolved in toluene and centrifuged to
renmove Li C. Renoval of solvent in vacuo yielded a
yel l ow brown solid which was dissolved in a

di chl or onet hane/ pentane m xture and was cooled to

-35C for a couple of hours. Resulting slurry was
filtArsd, mhrthidnk flask ecis whtuatd witsnBuCptCland@9gr 62dmmbl)

a%%;fnsf%@%%aﬁ(e%&qﬂlm (pédwélz%etﬁ/er Lrﬂﬁ,gs %%@ “Cg‘yg%c(g%ed(tp 0°C,
er5 @Jﬂllz tui';EB )(H_é% C&%)]tlilﬁl%?( f 3%-)1(2(%]%): C'_Elgro 1) )\,Nas

cagmgI?&teg 2(8%32%( ether€hl2soliridn?) ThS ré‘&tlSn Hix(ung whs s@bedl pyernight at
5.99- 5.9 CH%:CHCI-F
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7
oS 18 B 301 Ry Bk v

yiélded S & tddv- bl(o@ﬂstliﬁCHﬁic}x was dissolved in a dlchloromethane/pentane

(115- C9H6- 1- [ (CH2) 2CH=CHRJ} C12
mixtHE) Woew ta -S51H0C nior &mw of ﬁ’&&’f@ w§§5‘éﬂ%ﬂ% gy was

AR PG e PR AR B st
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Li'[ (COH6) - 1- (but eny was cannul ated as an et hereal
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vacuo yi el ded | ow- brown solid whi

(& ss33Vedl,iGyHh), d’ 2RT.65 omeT.Hale/ @dh), dn- M&@Tw?ecaﬂd was
cooled to -35C for a couple of hours. Resulting slurry
was filtered, and the precipitate was dried under
reduced pressure (0.1 quA@thgvo yield the product as
a yellowsolid (7.29, 93%. 'H NWR (CDC13, S) 0.79
(t, Praparaldizef Zik‘lﬁ“}-CBHzx NCHY) sCH; ] X -CoHed GAeiinars) ] }Cl
2.49-2.19 (m 4, CH), 3.07-2.84 (m CH2), 4.97-4.84
(m CH2=CHCH2), 5.65- C5H4), 5.81-5.68 (m
3, CH2=CHCH2, C5H4), 5. 5.91¢( 1, C5H4), 6.30-6.29
(m 1, C9H6), 6.56 (&L~_-'§ 3Hz, 1, CQFB) 7.20-7.11
(m 2, C9HB), 7.53- 49%\m 2, C9HG).

(CH)CH;  (K)

A 500 mL Schlenk flask was charged with nBuCpZrCls (5.4g, 16.8mmol)
and approximately 150 mL of diethyl ether. The resulting slurry was cooled to 0°C,
after which time (3.0g, 16.8mmol) of Li[(CoHg)-1-(butyl)] was cannulated as an
ethereal solution. The reaction mixture was stirred overnight at ambient temperature
and the solvent was removed in vacuo. The resulting solid was dissolved in toluene
and centrifuged to remove LiCl. Removal of solvent in vacuo yielded a yellow-
brown solid which was dissolved in a dichloromethane/pentane mixture and was

cooled to —35°C for a couple of hours. Resulting slurry was filtered, and the
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EXAMPLE 6 Preparation of Zr{i75-C5H4-[ (CH2) 3CH3]}
{r/5-COH6- 1-[ (CH2)3PhJ}CI 2 59 A 500 nmL Schl enk flask
was charged with nBuCpZrCl3 (19.9g, 62.4mvol) and
approxi mately 400 nL of diethyl ether. The resulting
slurry was cooled to 0C, after which tinme (15.0g,
62. 4nmol ) of Li[ (COH6) - 1- ( 3- phenyl propyl )] was

precipitatt atas driad vaderatthered presswt (0.1 omm, The to piaktk the product as a

yellony 198 (B JewiRee) &EﬁNﬁéﬁi@%&ﬂf@a‘b§é®% e FEER 1S
S@Jq' 52039'@?0&)99 Hozﬁzdﬁ’:)“fﬂgz n?ei‘té f)ug%‘ﬂéh (m, 1,
ve L| eno

Ven acdo f el ded

C;&J)I:owbngqm 3,aC4HY), WBJ%JIS%(Sndl S{SDIL;),/GCBII-m3@(m 1, CoHg), 6.56
di chl or onet hane/ pent ane and was cool ed to

(4, 3533 8B b wblapl7e10f-0% 69{% C9He)s l]' 1 hP &) dr C9nas
filtered, and the precipitate was dri ed under reduced
pressure (0.1 mm 1 h) to yield the product as a

yel l ow solid (23.6g, 7I§Z§AMPIﬂEWR (CDC13, 8) 0.80 (t,
J= 7.2Hz, CH3), 1.42- m CH2 2CH3

1. 96- 1. 84Preparation @F@r){n -27512!9 acf%q 2y 2CH3) |
2.69-2.53 (m 2, CH2), 03280(m2CH2)
5.64-5.62 (m 1, C5H4 J1(m 2, C5H4),
5.93-5.91 (m 1, Co5H4), 31630(m 1, C9HE), 6.56
(d, J= 3.3Hz, 1, COkm0 .&Q 7.05 (m 7, C9H6, C6Hb5),
7.53-7.46(m 2, - C9H6 MPLE 7 Preparation

of Zr{r1 5- C5H4- ([ ( {z,5-C9H6- 1-[ (CH2) 3CH3] } O 2
1 Gizr,,,uci ( 500 nL hl enk fl ask was
charged wi th nBuCpzrC13 (5. 4g, 16. ) and

appr 50041 S¥h1dR0 Rk Wis ahﬁ%ehmtmlm Zr@fke(lr(%sgﬂﬁrhﬁkﬂ) and

slurry was cooled to 0C, ter which tine

appbo:Smaly) liﬁmeuo[f dicoid pther. (Bl gﬁlsyl}mgvalsmwamswpalewo 8%, affer

wEiGBrAmEHO G, “LlrmPah, o sERAL I S eEmitla bt e greal
sol @Y efhel 1BacYidf lﬁﬁxtlfrr@ Sral SR bVRenifRY dt AmbRht BinfRPIMRGint The

toluene and centrifuged to renove Lid. Renoval of
sobwint evas removealcinovaduel dBe msylhg colid iwaswhissebied dn whluete and
I hl h
ce\f%\gifugé fc(’)ore\r/n%gfe IL?Cfjl ﬂler%ova SO Vegtn Fn/ gaec% %,?e“f

solid which was dissolved in a dichloromethane/pentane mixture and was cooled to

deqi] a yéﬁow—- rown

—35°C for a couple of hours. Resulting slurry was filtered, and the precipitate was
dried under reduced pressure (0.1 mm, 1 h) to yield the product as a yellow solid
(0.8g, 64%). 'H NMR (CDClL;, 8) 0.81 (t, J = 5.0Hz, CHj), 1.43-1.16 (m,
CH,(CH,),CH3), 2.47-2.42 (m, CH>(CH,),CHs), 5.76 (t, J = 2.4Hz, 2, CsHy), 5.87
(t, J = 2.4Hz, 2, CsH,), 6.42 (d, J = 3.0Hz, 2, CoHy), 6.82 (t, J = 3.3Hz, 1, CoHy),
7.22-7.16 (m, 2, CoHy), 7.60-7.56 (m, 2, CoHy).
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cooled to -35C for a couple of hours. Resulting slurry
was filtered, and the 60 precipitate was dried under
reduced pressure (0.1 mm 1 h) to yield the product as
a yellowsolid (3.7g, 48%. 'H NWR (CDC13, 6)
0.88-0.78 (m 6, CH3), 1.58-1.15 (m 8, CH2),
2.50-2.35 (m CH2(CH2)2CH3), 2.99-2.73 (m 2, CH2),
5.67-5.64 (m 1, CB|—I4)EX5MPLE5973(m 2 CoH4) ,
5.96-5.92 (n} 31-6. 30,

( renarction i 2r{-CoBrhin, ek 37 10" Gt - CER-CID
7.54-7.49(m 2, COHAQe MPLE 8 Preparation

of Zr{ns- C5H4-[ (CH2) 3 q }1d2 zZ "nCl A 500 niL
Schl enk flask was char with nBuCpzrd 3 (1.0g,
3.I'nmmol) and approxfimayekyt 150 nL of diethyl ether.
vas_cooled to OC, after which

time (0.4g, 3.Inmol
as an et hereal sol

enyI ['ithiumwas cannul at ed
o The reaction m xture was

a;)ature and the
sol vent was renoved in vacuo The r'esul ting solid was

di ssal s08dmLrSdhidnkeftisk arad chaget rithiged MeBuGpybHnE; (5.04,.15.0
Renoval of solvent in_vacuo yielded a yell ow brown

mangl) @WPW%&@IYdI%%M&“PtWa?ﬂ%ﬁ% Hibg F%ﬁﬁlﬁt%a%%@/ﬁ% sprded
L08R YA, £, 090 B0 S0 P B b o

arflletiegeall I’Bﬂ)ﬁftldheduﬂﬁdr@bﬁ@rs Uﬁlet\(r@ \izasmﬁnrréd h)vetrﬁ)ghtl ﬁl dmbient
the product as a yellow solid  (0.8g, 64%. '

teppeaige @yl thegsolyent Wasrgneyad, incpaguo. 1 Ths. @S&lemg nﬁohd was

N N T v

y1éﬂed\1a yelﬁmgb%-wnzm bﬁ& wificlB 2vak tdissdlved 3n3pdhtant, ﬁﬁ&feﬂ) and
7.22-7.16 (m 2, 7.60-7.5 m 2, CI9H7).
filngmvpRECE e @pa?rSaQ d%psumg (sturs. w%lterﬁé;uand the prempltate was

dr&ﬁgié@_ieh_éﬁ{:lgf préssure ](0(1 C'_hh(i'_{%))lgdzthe H§0%u9£ aﬁ Xyeﬁow oily

solid (3.9g, 57%). '"H NMR (CDCl, 5) 0.85-0.77 (m, 6, CHs), 1.46-1.12 (m, 8,
CHy(CH>),CHs), 1.96 (s, CHs), 2.04 (s, CH;), 2.49-2.11 (m, 4, CH,(CH,),CHz),
3.72-3.53 (m, 4, CH,=CHCH,), 5.02-4.92 (m, 4, CH,=CHCH,), 5.16 (t, ] = 2.7THz,
1, CsHy), 526 (t, J=2.7Hz, 1, CsHy), 5.74-5.70 (m, 2, CsHy), 5.87-5.82(m, 2,
CsHy), 5.80-5.88 (m, CH,=CHCH,), 6.27-6.25 (m, 2, CoHg), 6.47-6.46 (m, 2, CoHg),
7.19-7.09 (m, 4, CoHg), 7.51-7.44 (m, 4, CoHg).

EXAMPLE 10
- Preparation of 1-(methyl)-1-(3-butenyl)-1-(cyclopentadienyl)-1-(2,7-di-tert-
butylfluorenyl)methane zirconiumdichloride
1-(Methyl)-1-(3-butenyl)-1-(cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-
methane zirconiumdichloride can be prepared using numerous techniques. Several

techniques are described in U.S. Patent Application Serial No. 10/876,948 for
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A 500 nmL Schl enk flask was charged wth

(1,3-MeBuCp)Zrcl 3 (5.0g, 15.0 mol) and approxi mately

150 nL of diethyl ether. The resulting slurry was

cooled to OC, after which tinme (2.5g, 15.0 mol) of

Li[(COHB) -I (al lyl )] was cannul ated as an et hereal

solution. The reaction m xture was stirred overni ght
“AMPROVEEN S YNTHERIS aDE 4V SAAME T ICEINRS AP THER EARENT

L eramvé%y At

vacug Ve¥é etlkﬂﬁ'g% s H6E bR aJ]l?rtK oY e f@#ﬂd%d@a' Kdleiay way of

di sso nt ane, iltrate was
examaple dndl @ot Bp @adefsluhitatr@ sThe cgrmsaendmg umcenhﬁtaﬂn@bneh that

precipitate was . drjed under red
cqmwysettia eandg Sasloses Bereidcara Brenaspd iy ths usenl f%Sm%q(a fgprdin o

okt 5%, b R 19 - 5gfeBlony v S Blinary
sl(lEl FoHXRample, 49e Procdymto ﬂnepﬁdilﬁf{}dﬁl)eﬁ@rﬂ)ng zikodRdnBdibRBloride

4, CH2=CHCH2
al(m{g-mgtauo%nq Hyom eséﬂ?g%méls 515%9( pqulgz&le_nlztg HE- )u’i}jlﬁth}u?n (in

h%g%:}) go ga&?a rrs?irrégél ?I‘%Eﬁ%)? Z tt%Spa?e&%gﬁﬁdcéTica B about

0€C.40nbe the r{atylRithiwBHBY been/adtfd, thO8thémolwtionGS k¥plcally allowed
7.51-7.44 (m 4, COH6). EXAMPLE 10 Preparation_of

tqwmwpmtgmp@rabm evsynighty - Theyselusionof s dihigated parent ligand
isrheRgiigA 5iov 1o BTER; P} ACE ) arBsh Sarlhgy Foax B Ly7 ghe

dgvélﬁ i ré%ﬂ%h fih %9&1%‘136' AT LNANE tBdt'caR B %h@mmlpéﬁtaﬁ@ Bnd

e prepared using nunerous techniques. Several
extexctedi wjtledichlommnkthaneidostinilan selveats.Pat ent  Appl i cati on

Serial No, 10/876, 948 for D SYNTHESI S
ANSAGNETAPICEERIES ANCIFREED EARRGe %gﬁﬁﬁgwfﬁ eitil-(2,7-
Y1 ELB-leri-bidifiperenylaetbgne ko % fréktanepdyfuprenyt §thium and 6-

ent i bweyyl-@wvw&ulve@chm ques for preparing the |igand
are provided herein by way of exanple and not by way

of | Arfrkeaitéroffask THehaegydrestp o Tcdingrt-dusdiusetm! (50 ¢ MEX6 mmol)
that conprise the |i1gands disclosed herein are

arp#warb@n cpppednwitlys gehber septinarand pdaced 4ndgy armitrogamatippgphere.
Dbﬁhyie he&?g k. %ﬁ)gﬂlﬂ) k({(]ifm | Q c&rﬁﬁllaaraﬁld tﬁg rééﬂﬂﬁlr Slé&?lﬂ‘e is
cdRePieIRPE if Redr§Séd BARO ’T@is"‘lﬁlﬂh&GQ Btn%ﬁ ﬁ,lt' ﬁhhsl t@frip@ﬁlture as n-
butyllithium (19.0 mL of 10 M in hexanes, 190 mmol) is added slowly via syringe.
After the addition of »-butyllithium is complete, the reddish solution is slowly
warmed to room temperature and stirred overnight (at least about 12 hours). After
this time, the reaction mixture is cooled to —78°C, and 6-butenyl-6-methylfulvene
(40 mL) is added quickly (in less than 1 minute) at this temperature with stirring.
Upon completion of the fulvene addition, the mixture is removed from the dry ice
bath and warmed to room temperature, and a GC aliquot is taken after ca. 15 minutes
following removal of the dry-ice bath.

Stirring is continued for 7 hours, after which time the reaction mixture is

quenched with a saturated NH4CI/H,0 solution (300 mL). The organic layer is
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ansa-netal |l ocene fromthese |igands uses 2 equival ents

of n-butyllithium(in hexanes) to treat a stirred

di et hyl et her solution of the parent |igand, typically

at about OC. Once the n-butyllithium has been added,

the ether solution is typically allowed to warmto

room tenperature overnight. The solution of the
extidctedhiidit déidthyhethat wastgedridicei with HaO (3@dmdl),slriedioyert amhpdrous

Nélﬁuqrﬁéﬁ tgqfeéz%z?f@siéﬂ R yaRtaed 8 Brmbrcto 22061 b aolita Medignol
% Hgd & %ea&ﬁlqa% tlﬁxﬁﬁﬁﬁﬂe%‘i{ld@ﬂt&emlgh’c to form the

ane or simlar solvents. a. Preparation of
prbdﬁa@tsiwﬁiaeljt d{\8ddalitvhity kolidl - AYiet Gftetibadivesiyig with(MeG@H, and
di-tert-butyifl uorenyl)nethane from
drying, dPY?@lﬁh}I buthgl f Fiﬁﬁﬁ‘ieényPaTFli‘tt hL&%ﬁdand'(Bflethyl)'l'(3'b“tenyl)'1'

¢ .
(bRt L1 kAR BRA Db ffnc 175 aicA dRIA nged
withsitifurthe purifiepjoad Wi th a rubber septum and pI aced
under a nitrogen at rmT(phere D et hy eth ﬁ%L(Igut ?

nL) Ps ad@eaakarianaolc dviweatra)-lafdoueer E&ye Wil 44 7-
i s cool edi-texs-bupdfuarend) mutharieceMerkod AIThi s m xt ure is
stirred at this tenperature as n- butyllithium (19.0

ML oA ohe-1iter flask exeétreged \&i@lﬂz,ﬂmﬂtarﬂb&ty&umaso\gt Y7%6 enmol)
Syri ng‘ié After the addition of n-butyllithiumis
capped Widya rehessptim.cindiplaced amley a njEegrBgtpesphere.

Diegh)ﬂ1 e{t}} W% i% YbG n?lgﬂlssatdtdéé %ga ? \rég&{rué%%%lfigﬁé rrésgﬁﬁn% rﬂ&ﬁ% is
cd&d f%)d-7B®C i %Ql é’&dba@h byt Te shied o t‘hﬁ;nt%mpéﬁﬁlréfbé n-

i s added qui ckly (inless than 1 mnute) at this
butgiigtenmt @1 & mlLtoff 19tMrinibeganes pldnmeohipis atdeshslpwl via syringe.

TS Sk, Y EIIE or
wanhURS rdoin ttéﬁﬁﬁé}aﬁ?é &hd %ﬁrred— DB §8t 1ch@! AKdM NQ hours), to

renoval of the dry-ice b Stlrrln s conti nued for
prbvhleungthea‘sdlenon/\bm’ Z;ﬁ-dl-v‘arebumrl‘ﬂuoeqwt Ii i xture is

T hahe ene ks sk s wiby a0 008 ditel Of shieed et 6
LR i 1 5, v e
nifoy&e mbsphafel or Thea egtadri sbluthdai END7- d1-(t¢7'a-bu5'm).1(m¢t)yl | ]$th1um

added to the solid and the m xture stirred overni
preparedamabhee ippddpdcin asirepwise dshiag; (9 thedfuliene at 45 ma the

ad%flttloenr fLInlnle Bgetrl he collfsR hofn %)promma{v?y ohe %ogr The resulting dark-

colored reaction mixture is warmed to room temperature and stirred overnight (at

least about 12 hours) under a nitrogen atmosphere. The reaction mixture is then
quenched with the slow addition of a saturated NH4CI/H,0 solution (300 mL), the
organic layer extracted with ether, washed twice with H,O (500 mL), dried over
anhydrous NaySQO,, filtered, and the filtrate evaporated to dryness. The crude
product obtained by this method is then dissolved in pentane and maintained at
about 0°C in a freezer, thereby affording the product as a white solid that is washed

with cold pentane, dried under vacuum, and isolated and used without further
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dryi ng overni ght, the desired parent |igand

1-(methyl)-1-(3-butenyl)-1-

(cycl opentadi enyl )-1-(2,7-di -tert-butyl fl uorenyl ) net ha

ne is isolated and may be used w thout further
“purification. b. Preparation of

1-(methyl)-1-(3-butenyl)-1-(cycl opentadi enyl)-1-(2, 7-
putifidation.- bBtuyharoprdydt) omtlthabre isolated HodsnddlleA gratitiést érough

flask is charged with 2, 7-di-tert-putylfluorene (5 .
coppentEtingdhy molfeg liguess apd jgabi gaﬁaéglr# Pﬂ‘!‘ apamsﬁhém batk in
ﬁ%&g{.um and pl aced under a nitrogen atnosphere.

ethyl ether (about 300 nlL) is added via a cannul a,

and &.he r @sapararivg of Xmeskyl)d -Gelnoéd- i-Gyelopentadienyl)-1-(2,7-

dry-ice baglhr-BiljiHubtenylmerhinte StifEthediat this

tenperature as n- butyllithium (21.5 nL of 10 Min

et SR TR A B g e

the a I on yI'Tithrrumis conple
infzedtdpwize $ahioni over the coluswby appsaximeetly ong mtd pegd 6rtatanyk 6-
and stirred overnight (at |east about 12 hours), to
mgthglfilyenesiat 8t(ein thesame wanrst as in Method Al. The resulting reaction
Fotdre T 7leR antth Yo FootP LM arlle! o Ul AQ! I 8ys Wed d fiftogen
mijtire s fhep vgmigd i, FogRT IREeratte g RHEPY I TR gREeG
atBrosphér& NWifeP thie tifie! bl b¥@EAend 37 mll, of26Butenyltg-methgifalvehd and
bar, and cooled to OC under a nitrogen atnosphere.

arTadslitéariab30 g1 off the -tatyllithjuraisokugion am adged fo e apaption mixture

[ithium pre ed as above is add LN a dropw

st P o N Hor e o Rt oy RBFE e
over Thh RS ekt idBRhicheieal WitlPfiR Sl addifibe of a saturated
resulting dark- colored reaction mxture is warned to

NHoGHH;@ splation (709 mhy the prganid laxee extrasted vith ethen ashed twice

oyt . 1 ours) .under a nitrogen.a sphere. The
Wliagafé%ﬁ) oéoﬁi ’9?5‘3” dripd QyeE ?ﬁlfé’ﬁ% ﬁg%?ggﬁt ﬁﬂ?ﬁ% sﬁngv\}he filtrate
e\faﬁgﬂa{e'dotﬂ Rineds. S ghb lAIRPrle\dadh oy iHiPmethddds Mssolved in
the organic |ayer extracted with ether, washed tw ce
ant dripst4iRgd QA ardentaneBEtENsavidon (dahmyxdimethy WaaseMat about 0°C,
filtered, and the fiItra,teOEvaporated to dryness. The

thgliebﬂéffmiég%bépr%*ﬂﬁ%ﬂsrﬁle‘@hlﬁys {fli s method is then
1SS LD IS bt

solid thdt" fré'%«éé/zueoée haéqce)l" pent ane, dried under

vacuu and isolated and used without further _64 )
pur i A1FH sedwtionreir 4 Frdi-/e5+- bty tuosesyl bthyum ispspparediandpadded in
| l.er tit] | t t -6-

o LA R A gL B B L
methylfulvene solution (at 0°C) in the same manner as disclosed in Method Al. The

resulting dark-colored reaction mixture is warmed to room temperature and stirred
overnight (at least about 12 hours) under a nitrogen atmosphere. This THF reaction
mixture is then quenched with the slow addition of a saturated NH4CIl/H,O solution
(300 mL), the organic layer extracted with diethyl ether, washed twice with HO
(500 mL), dried over anhydrous Na;SOs, filtered, and the filtrate evaporated to
dryness. The crude product obtained by this method is then dissolved in and

crystallized from pentane at about 0°C, thereby affording a product as a white solid.
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freezer. c. Preparation of

| -(methyl)-1-(3-butenyl)-1-(cycl opentadi enyl)-1-(2, 7-
di -tert-butyl fluorenyl)nethane - Method A2 An et her
solution of 2,7-di-tert-butylfluorenyl lithiumis
prepared and added in a dropw se fashion over the
course of approxi mately one hour to neat 6-butenyl-6-
nmet hyl ful vene (at 0C) in the sane manner as in Method

Al. The resulting reactj ixture is then warned to
room tenperature and SHWHEF 15 days under a

T LS et e,
u |

nLof_the _n-b UM SOICGt T On are ad _edt_othe _
e At g0urdbofiamel 14O hERBo AT B rert 23 2ad P GanimoD,

. Lo ‘ . (f ] s
T8 B0 ekl SR B edtidd 1o/ 98 1 AH-BATLELIAR (965 ol
isl dywly fikied.acTledmitide etwamedwasioenh tewipemturey sthred2@ernight,

500 i), drjed hyd . £ , :
e 19 D16 S-BbpAbaInE DRy ESa® trid|chiaD: disaplyed in

L ai . . i :

1B S0 B, AR S Sk Bt 80 gt o

relgtionOisujenchetl veikto situdfed NHREr sihytical, filger obigagic tnivateninl @sttradted
as a white solid. d. Preparation

f
with (diethtlythers 2nd Ths exrpts dricq eyl whedoaNegPy - 1inon, splvent

j-tert- £k 1) - : :

rel b il DA ) CRERER eV COOtRR, G Fndheh iica using
hdpteieaiffoedsahel deside tighmi that Wappaisd Widsht Artheypurifidation.

course of approximtely one hour to the 6-butenyl-6-

nmet hyl ful vene solution (at 0C) in the sane manner as

di scl osed in Method Al T, ul ti ng dark-col ored

reaction mxture is vvarEr)r(e‘gsltp%Erelo%om t enperature and

stirred ovEmpdhbn oplnvkaaRICabPHS wik M@Irs), under a

nitrogen atnosphere. This THE reaction mxture is

t henVatieusc pelimatizationhams | wereaeriducted tof denangtrgle fhe upport

iy 4o R s el o Be mesent i Sl et il g gopport
adtivf® JTlbis-ifilehfdzidoRfunddiEM e Soiad&Ofon! Wit®r 8fller aRél trade

the filtrate evaporated to dryness. The crude product
napit Bimeezn ¥32).hi s nethod i s then dissolved in and
zed fro ent ane_at about QC

g][ %/zt : {qborgto,tjy Hglypperization runs, werg Gon gdtecgglegeo%%-gallon (3.785

liter) stainless steel reactor. The reactor employed an air-operated stirrer with a three

bladed propeller and was set to run at 1180 rpm for the duration of a run. The
reactor was also encased in a steel jacket with supply lines leading to a heat
exchange unit, that was in turn connected to cooling water and a steam line, allowing
for temperature control.

The initiation of the charging sequence to the reactor was through an opened
charge port while venting with isobutane vapor. An alkylaluminum was injected,
quickly followed by addition of the solid activator and catalyst solution. The charge
port was closed and 20 psi isobutane vapor added. A side vessel was utilized to hold

a measured amount of hexene and this was pushed into the reactor with two liters of
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EXAVMPLE 11 Preparation of

1- (phenyl)-1-(butenyl)-1-(cycl opentadi enyl)-1-(2,

7-di-tert- butylfluorenyl) nethane zirconiundichloride

A1 L round bottoned flask is charged with fluorene

(23.2 g, 139.6 mmol ), THE (400 nL), and a stir bar,

and is cooled to -78 C as n-butyllithium (165 nmol)
isobutaheWhyidabisked byhaitrogent pressurs Werenewhtents oddlm reactor were

{e re, rred ern ol.ed to O
SUSThaH, M 6 dpgh S Pieguticbdens TS dE5hed g fGmpetsture, and
t?g%ﬁiglvyeﬁdthéﬁ] intfdduced®dI€ Inakk &1 HARAH] aﬁ}ov/éﬁt @E prbdshifel ©d9climb

days at roomtenperature the reaction is
quivkdyab Schsivbtlowstht neqiired ridripeiswe| andi alowet ke smoeth itansition

of b lgest HowpiEne sereithgaPa oSS 5B O Pt (450 ps)
lerVELWéﬁi‘é F‘Clﬂﬁ)r/egtlﬁ%s‘?lf‘&o‘l Srebshtd @k q‘xau@ﬁh@(ﬂ?% Q84;a80 )Sf etfhylene

'S ol I ca uslng eptane ords t
ofldeaed] Thega miln}ielnaUrermyl poesswedeleld wéreuhaihtaimict é«nr the duration

L0 o HE S oS i Sl ISBhESe s o
550 AT A SIS s DOt S W

I OUsS €S O resent 1 nvention conpare

temipetatiird ewsiepgedelyy loac ehatghy thef rdac®r i wabeopéned and the granular
zi rconi undi chl orj de (obtained from Wtco _under the
pelymgepowdersolgstest e?ﬁctg@tgzyas speqifiedasograms p§polymer produced per
Ol ucg e
el YEE0I HeliPhlof eBARERr RIEN D Slorbflad GRERDTARE runs s
prREtayadable Bi r -operated stirrer with a three bl aded
propeller and was set to run at 1180 rpmfor the
duration of a run. The reactor was also encased in a
Tsf;l?ﬁ' jacket with supply lines |leading to a heat
ange unit, that was in turn connected to cooling

mwd;?@“'eam Line —allow Ag for ehperature HLMI
contirol . L nk;pjlamn@{ df {he ch ' ;saaqtf‘é‘m?&
iR | @Rl “’Was S T H%g“? g%ﬁ?&‘a (2bal Betep JM mm g/10

verir - HEN <o WpREvaPot—A Pr-tH =
|mjlectesd o5ii| SRESF 00 | oved B%;é‘: L 201 | hesosdpoa| 236
actiprator—prtreatatystsott ISLH- fre—carger—port—wa
. ted .
¢2-24ed Gand| 26 st?I'lgl 500Ut dfe |Vaor | adtlefl. 13 sis¢ yessel1.s
~wersHot—zied t”rnéx= —a—1eas mount—of—exeme—and
ihdg wak pushgd i ntp3ehe lﬂeackl% v B 1 WaE7 | i 176§0s [ of | 0.87
124 | 1 15 |TNBAL| 55 [ o [Sulfated| oo | o5 | 3600 |0.03] 1.18
1 ALO,
25| 1 15| TIBA | 55 [ o [Sulfated| o5 | g7 | 3480 |0.01] 0.78
1 ALO;
26| k|15 |T™NBAL| o | qo |Sulfated} 5 1 510 | 4200 |0.09] 2.02
1 ALO,
7] L 3 | TIBA | 55 | o [Sulfated| o | 177 | 3540 | 0 | 176
1 ALO;
28| P 3 | TIBA | 5 | o [Sulfated) 60 | 130 | 2600 |0.01] 056
] ALO;
129 | md,zrct, | 3 THE'A 30 | 10 lelfaéed 100 | 219 | 4380 | o | 1
2\3
12-10 | md,zrc1, | 2 TNII?’AL 30 | 10 lelf‘ged 100 | 175 | 3500 |037] 6.76
2%73
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66 i sobutane |iquid backed by nitrogen pressure. The
contents of the reactor were stirred and heated to 2
degrees Centigrade bel ow the desired run tenperature,
and ethylene was then introduced. A mass flow unit
allowed the pressure to clinb quickly to 5 psi bel ow
the required run pressure, and all owed the snpoth

t r andistshown iaf Tehlhyl, emeentivewatahysisl Gt (Rans j@eli fimded2-2) and H

(R -5, by Baen et PR s i - BONEE: tncorporating
a A oNEH, BYd Q%hB'sﬁﬂstRﬁte@Eﬂ?ﬂ)ﬁe%%dl za‘awcfrorﬂ— BE&R 25 to

terrperature and pressure S were intarned for

abdue 6084 highmpolptfnemkmmwctl(/ﬁes Gsupport Activityy tbanpideZnChnunder
of, the run tine th e flow was stopped and the
S%B’éﬁ%‘?d%?@s@&?%ws’g 95\}35} ed off. Wien the pressure
and I t

s ASSTREASE WeRrHEE Brofeld by RRCHS SopOuiERS LBl Jy and
In@@ZnGh twerpeesakipedi ﬁm@ 3 NMERRO afetqnmhr;errﬂ’(e ptn‘vel:ilmf eldhexene

pe ram of solid activator_ charged, per
ingg pndRuph &2} hitp derd S)-yhgaf Ll %ﬁ“@’é‘é‘ﬁt‘%ﬁ‘mh{ q“é@Pé’ef‘. poor

c?-_l;'ﬁ%o“?neé d%c%?rg%ata\tﬂ#f il' fie %?fr?néj%th idéﬁ%éé%%%&s%eﬁg 'gable
2 Rid (strAeti i IRIG. 69/ ADisvidint {rodn the Mati pigsented, therelis @ nearly

1.5 TNBAL 30 10 Sulfated 50 227 9080 0.09 2.36 1 12-2
5@%%1dmpTinplhgeeneoingpippratien i5othe Iwiymers foroed nsing metabepsne

ool gl st S P iR Wi g ie o
3600 0.03 1.18 12-5J 1.5 TIBA 30 10 Sul fated 50 87

3480 0.01 0.78 1 A1203 TNBAL Sulfated 12-6 K 1.5 60
Table®1203 50 210 4200 0.09 2.02 12-7 L 3 TIBA 30 10

Cual at o 1 faY 17272 NN A Ial 1 2
un | Catalyst [~ Cat. "1’HexendY R5AI-] Support | Support | Solid | MI | HLMI | 1-Hexene
Wt €3] (mL) (mg) PE | (g/10 | (g/10 | (butyl
(mg) (2 min) | min) | mole %)
12-11 | nd2zZrCI2 | 1.5 10 | TIBA S;‘\lf%ed 50 101 | 004 | 332 | 0.13
YA
12-12 G 1.5 10 | TiBa | Sulfated | 5, 117 | 009 | 224 | 0.08
ALO;
1213  J 3.0 10 | TmBa |Suated |50 1340 | 0 | 088 | 0.066
Aleg
12-14 | nd2ZrC12 | 2.0 25 TIBA lelfi;ed 100 | 246 | 043 |11.02| 037
23
12-15 J 3.0 25 | TiBa | Sulfated | 00 | osg | 020 | 547 | 0.19
ALO;
EXAMPLE 13

Pilot plant polymerizations were conducted to demonstrate the ability to use
dual metallocene catalysts systems according to the present invention to form a
bimodal polymer. Metallocene compound C was used to form the high molecular
weight component and metallocene compound G was used to form the low

molecular weight component.
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A1203 12-8 p 3 TIBA 30 10 Sul fated 100 130 2600 0.01
0.56 1 A123 12-9 Ind, ZrCl2 3 TIBA 30 10 Sulfated 100
219 4380 0 1 A12G3 12-10 Ind2ZrCl2 2 1NBAL 30 10 Su
fOd 100 175 3500 0.37 6.76 1 Al2 67 As shown in
Table 1, inventive catalysts G (Runs 12-1 and 12-2)
and H (Run 12-3), each having an indenyl with a
substi twent the 1-position inco (ng

term na @ aneha nono- substl d

cycl ope tad --‘ i splay from 25 to about 60%
hi gher pol yner Nz 2 vities TSZ{rp‘ﬁS'rt activity)

than | nd24pC I | ar cg FQns (Runs 12-9
and 12-10). € ‘a&ly, pol ynj uced by
net al | qceng pdynds” G and J, d2zZrd 2 were

eval uat e C NWR t0(@§et erm ne tdecH-enel (@f
1- hexene |ncorporat| on (Runs 12-11 to 12-15)
| nd2Pe Qrpargemaplatipy of snaidinseereCed-00og 196 sghcb mﬂtallocene G, I-

L T e

zifdoffums- dlﬁﬁoﬁc& avdsd§i0trickr BIMabiig Z0U snlplofSeRbRdl, fRMed by
is a nearly 50%drop in 1-hexene |ncorporat|on in the

ad@ﬂiqmdr% gromsof ncfsl(%%hmedlyﬂdu@nmm SOAPOLHEESIG Hﬁ&l sglution

QJLM 21“5 afgs-of n A rde Usd r%%sferg&ﬁé Zteel vessel.

mL PE
R A bt

| nd2"2as Ptepark. Hsdlotidi BAMStallbednedG 5200 @lofosobid rBetatbogng & was
RS A i I Rl SteReR o s
st&e1 88ss8t. GB&butane was added to obtain a total of 40 pounds of solution.

Tri-n-butylaluminum (TNBAL) (obtained from Akzo Corporation) was used
as a co-catalyst. The TNBAL was obtained as a neat solution and was diluted to 10
weight percent with heptane. The cocatalyst was added in a concentration in a range
of from about 8 to about 26 parts per million of the diluent in the polymerization
reactor(s). To prevent static buildup in the reactor, a small amount (less than 5 ppm
by weight of diluent) of a commercial antistatic agent sold as “Stadis 450” was
usually added.

The pilot plant polymerizations were conducted in a 23-gallon slurry loop
reactor at a production rate of approximately 25 pounds of polymer per hour.
Polymerization runs were carried out under continuous particle form process
conditions in a loop reactor (also known as a slurry process) by contacting a
metallocene solution, tri-n-butylaluminum, and a solid activator in a 300 mL stirred
autoclave with continuous output to the loop reactor.

The precontacting was carried out in the following manner. Tri-n-
butylaluminum solution and metallocene solution were fed as separate streams into a

tee upstream of the autoclave where they contacted each other. The solid activator
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Al2G3 12-14 Ind2ZrCl2 2.0 25 TIBA Sul fated 100 246
0.43 11.02 0.37 A1203 12-15 J 3.0 25 TIBA Sul fated
100 258 0.20 5.47 0.19 A ,0C3 EXAMPLE 13 Pilot plant
pol yneri zati ons were conducted to denonstrate the
ability to use dual netallocene catal ysts systens
according to the present invention to forma binoda
(sPIBAtydRIOmind} tvadls |ﬂil@l§Hd€WE1® ispbutank Gtovasee Lbsmbemhef aforentegoned
hi gh nol ecul ar ght . conponent and h?cen

teg éﬁ%é@n%}“@l% Ca%téﬁlr{gothF i l?‘mélalw lfcne Jxtys just
be%(%)gpéﬁg&m th%Salﬁhcla ~ e rsol?tﬂanezﬂﬁ% uSed t(( WanigdeChirCEHid

_ epar e solution of netallocene C, ZOOgof
acHiQhtof! uﬂ@ﬂ@ duttﬁﬂme s st at a rate that would result in a residence time of

henyl ) -1-(3- but [)-1- I
B H T A sy ATt NN
eng%g& h,e§§05 glout 200 nmL of hexene-1, followed by

grans of neat (93% triethylal um num

undeEtHyldneogea . wad bslyfetizitiodngrada stigilénat Gdtainedn fribﬁﬂ Ungon
240 granms of n-heptane andtransferredtoaste )
Cabigedlomornaen sl wanBUHRIGTGh a&paml af Algnine a6 agivated

at%pges(%ggeﬁz rtigltt?%(arb Tﬁ—l&eggla\lwgenau% #'5 g@lgﬂl&rlzatlon grade 1-

heste S Qbv@sbdi frord Zﬂleﬂﬂ(-)anhﬂhpé ghaicandempaiyt LR)geich Wae purified
solution was transferred to a steel vessel., |sagb

bmgoa@mgms andstarage averoldximeleculer sivyigmgdvaied adP0T¢ 6432%1:)

bu um n TNBAI
]L,I‘B %%t Itréﬁ ) owageag é ((yvas Il'éuigigglglgltlg ?3 Sl%lr (ﬁ%@t‘ééﬁ%&ﬁ)— reactor
hanl;Hgaé 8dmeofa3 rg@ﬂbnssgv itdre)) IEeidviesbuttink uvasdisédasle dlluent
wei ght percent with heptane. The cocataI%st was added

Sime hydrogerewes addeshto ngateathg anolegulgr weigh @MheéO‘fVomolecular
wgig ut Zqé)?gx?tr gﬁhep polymer pro et tl“hte r1]seobu{an<l-5I GINS pof}n}epiﬁatlon grade

isobutane (obtained from Chevron Phillips Chemical, Borger, Tex.) that was further
purified by distillation and subsequently passed through a column of alumina
(activated at 250°C (482°F) in nitrogen).

Reactor conditions included a pressure around 580 psi (4 MPa), and a
temperature that was varied from about 90°C (194°F) to about 99°C (210°F). Also,
the reactor was operated to have a residence time of about 1 hour. The solid
activator was added through a 0.35 cc circulating ball-check feeder and fed to the
300mL autoclave as described above. Catalyst system concentrations in the reactor
were within a range of about 1 to 2 parts per million (ppm) of the diluent in the
polymerization reactor. 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 about 60 to about 80°C (about 40 to about 176°F).

Various resins were prepared according to the above procedure. The results

of the evaluation are presented in Table 3.
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reactor(s). To prevent static buildup in the reactor,
a small anmount (less than 5 ppm by wei ght of diluent)
of a commercial antistatic agent sold as "Stadis 450"
was usually added. The pilot plant polynerizations
were conducted in a 23-gallon slurry |loop reactor at
a production rate of approximately 25 pounds of
TpbleBrer per hour. Polynerization runs were carried

out—under—continyods—pactieleformpregess —eapdithons
Ry al\’ﬁe?%‘}ﬁe“f’ea} ol g‘“’%ﬁgopﬁkﬁb NF’ g"a(glgvﬁrr%%r O\CJ%% by
conf adff’y a I tal(; 092{9 /s :ﬂ)n,x )
trirn-butyl gl um ruﬁ)g an 1§ LoFd hctivator i NP0

stifred autoclaye,wth gontinuous output tqg the [ qop
reagtor——The pregontacting Wwas_cafriedjout 1M t e

Bl | St anitbr | 390 0008, M4 i 2dm| s SPutii ob2hng
et al Cecene |sof utli ot wertel2f ed@.9822 sepldr at &.5t|redh® ijnt o
B.3 | R&4RS) N eam of 4bhe| aufgotloaus; Whgke |t ey [compact ed
T B [T, 014 ol bV Qe Dol o7 gl

h +aa P
W s—HuSste Wt n1+-Ssobuttane AtOo—atee—pDetwee

af orenenti oned tee and the autoclave, contacting the

tri-gg *?éiwgéh,%ﬁ'b ?&Fﬁs{}%&i&@ GELRAIE S Wi At invBRRG Shibit
entering the autoclave. The isobutane flush used to
extceAas hight intpaet strehgttl, illastrdtechibyothe 232@ notebedachtanmy impactvas

set at _a rate that uld result in a residen t
appr BYGrhpEssnts theyf ﬁgt“é‘gqsﬁf"f the rﬁﬂf‘%ETog%‘?d *T‘ﬁéur{ w‘gf %‘2’
135 %tdf £y HEIﬁPﬁ‘éfxtaﬁﬁé e 1 heR lriﬁ{bhﬁlr Bid1dcBir VRGNt distribution
reactor. Ethyl'ene uSed was polynerization grade
pelyinyt & obtafreddtiainm €@ databyst tdhpositidaobildeinCentfpor at i on)

whi ch was purified through a colum of alumna and ..
act i Pase@. the posernt (iBEention; proyidesoyapus ) calalysin sompesitions,

w5 RIS BB 3 ARy i

theueathliy§td colposiibrisDgeThe Wwagilysy @mthositionagenepalyr idcdudes two
nol ecul ar sieve activated at 250C (482F) _in nitrogen.
mgtaHoans peamependy. 9 achvaerynd ¢ (iocatalyst. 2 The By fasteliocene

| oop.. Leact of Vi .
cqrFRpls 35 Rl PR S BllofeRe PO phfffers having
tweP Bt dFeent@slcaslde telofits! ETHe raétallédeaes @t eombitted with an
wei ght of the |ow nolecular weight conponent of the
aqbioRipreVPRSKio daIC torganealuminbnt eqrapanad, parly ier 9lofin j manomer to
P { lg%e%gci)l?’&gﬁlﬁ ggYel’né % et' alj)dn:ﬁ g%(]élg % %rc\'?/qeﬁlélitgdgsrtﬁgﬁt%ﬂ PPhe resulting

polymers have excellent impact strength. The present invention further provides

L]
ot

novel metallocene compounds and an improved method of synthesis of half-
metallocene compounds.

While costly aluminoxanes and organoborates are not required by the present
invention, they may be used as desired. As demonstrated by the above examples, the
use of a tri-catalyst system, such as those described herein, produces polyolefin films
having a desirably low haze while maintaining other physical attributes, such as dart
impact.

The foregoing description has been presented for purposes of illustration and

description. It is not intended to be exhaustive or to limit the invention to the precise
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purified by distillation and subsequently passed

t hrough a columm of alumna (activated at 250C (482F)
in nitrogen). Reactor conditions included a pressure
around 580 psi (4 MPa), and a tenperature that was
varied from about 90C (194F) to about 99C (210F).

Al so, the reactor was operated to have a resi dence
examplefor admhutdirheto udiscldsed. s @lbivibus ambdifiadtomswers vamhtods are

through. a 0.35 cc circul ati bal |.- check feeder and
ppit B s of Se e Eiseatry f hgéfrr_@’@%?% SherBesiments discussed
wert ﬂ{o\ééﬁ and Y& &’@ﬁg%‘id’é @bt MubtiRiInCHCHE prinkI&R of the
wthin a range of about 1 to 2 parts per mllion (ppm
imventidreantt itsi@rdctical dpphcatipal tpnemableatnecf ordmatyoskill Poitherant to
was renoved fromthe reactor at {he rate of ak%out. 25
1_ ICAUOI’IS as are

ufikize the ANYEHHPN dhYAHUSEFRIOGIMFIHS and MLV AERURHER
y t . r « .
s e bR e R P s TR g e apiations are
withbF}he Spe aafStheemvagionedse dpempiaed dyathe cappemipdt dainise when
.above procedure. The results. of the evaluatjon are
inigrpeedsdh By apGerdanse avith they bregdihe tog whighy, thew %mfélégn@ldll?gaﬂy
elﬁﬁk;‘:det Pell et Density Mv MM Charpy (Ratio) (nLb/
"M (pellets) (x103) Mh (J @3 hr) (dg/ (dg/
(g/cc) C 10 10 notched mn) mn) 13-1 C+G (2.3) 4
3.96 0.08 0.9497 243 9.9 1.55 13-2 CG+G (2) 4 7.2 0.12
0.9522 210 16.9 1.56 13-3 C+G (1.9) 4 4.24 0.08
0.9497 239 9.9 1.94 13-4 C+G (2) 6 5.2 0.12 0.9486
200 15.3 1.64 As is evident, the resins produced
according to the present invention exhibit excellent
hi gh i npact strength, illustrated by the 23C notched
charpy inpact. FIG 4 presents the GPC curves for the
resins produced in Run 13-1, 13-2, 13-3 and 13-4,
denonstrating that a true binodal nol ecul ar wei ght
distribution polyner is obtained fromthe catal yst
conpositions of this invention.
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In sum the present invention provides various
catal yst conpositions, nethods for form ng a catal yst
conposition, and resins and pipes formed by using the
catal yst conpositions. The catal yst conposition
generally includes two netallocene conpounds, an
activator, and a cocatal yst. The two netal | ocene
Watisaltinsd & e sel ected such that the two netal | ocenes
produce polynmers having two distinctly different

nol ecul ar wei ghts. The netal | ocenes are conbined with
arl- Actatalyst sempogien comarising galirshmgial H%ﬁﬂe&?ﬁ%’@m a ggeend

oSPUBLF gTBOBIn 3SR, A B R op

whékiter s have excellent I mpact strength. The present
i nvention further prOV|des novel netall ocene
c daypbe fiess metallogene qoptnovad hasthp Sma:synt hesi s of hal f -
net al | ocene conpound z e Hyal um noxanes and
organoborates are no? )qU|Fg%9%k)¥ne pr esent
| nveghée (X' hR\ytRpeligdiets e dndsyll @8 fluednylAs
denonstrated by the above exanples, the use of a
tri- wh@auy@ﬁ)ngweﬁvLsuch as those described herein,

TR ot B BT, SRR e

dart comlsmfg ond Rfori BoRGA RULEBSCL') Phi qrxzh ashdd€ifinthe atom is
presented for purposes of illustration and

desc¢mkﬂn@nmhﬂqn,|s not i ntended to be exhaustive or to
limt the i nt| Cl..S 71l exanpl es
erotihizen & B Seiien ok 56 s rigEoARuE b H aiphati
vari gt d:0Rati@ T%l%up BESia Bt 1 B Aﬁogmo @atrb&hﬁo@lbove

t eachi ngs. nbodi nent or enbodi nents di scussed

wer ewbéreBen sevdnd esibstitberd oﬁth¢ohw@@ﬂvh§.beé@ng group is a

illustration of the les of the

s S o e BAE o Ao it framhd T8 e Carbon
skiléoh@ the art to wutilize the invention in vari ous
enbo |nents and with various nodifications as are

sui t whereim R e Hoarani atioll groupdavingrftamp lte tleaiit 4Aktbosatsms;
modi f | catl AS Jgariations are thin the scope of
t he W ?Féﬁ‘tﬁg%}la“cigaﬁef‘@Pﬂ?"r‘?E’&tf%?elaﬁ’@Wg"ppended cl ai ns
mhen h&@ﬁﬁﬁpﬁﬁﬁﬁﬂIh? accordance with the breadth to
W.they are fairly and legally entitled. 72

(b) the second metallocene has the formula:

O

X 5t X8
\
R3

wherein R? is H or —CHs;
wherein R3 is CH2=C-—HCH2—, CH2=CH(CH2)2-—, Ph(CH2)3—,
CH3(CHa)s, or H;



What is clainmed is: 1. A catal yst conposition
conprising a first netall ocene conpound, a second
net al | ocene conpound, an activator-support, and an
or ganoal um num conpound, wherein: (a) the first
nmet al | ocene conpound has the formula: (X
) (X2R 2)(X32(X4)M wherein (X) is cycl opentadienyl,
| ndeayibreiroX’ Aldik? ﬁﬂyﬁendeﬂﬁ)ea’re ahalid@pnd s fl uorenyl ;
wherein (X),and (X2 are connected by a di substi t ut ed
brldgﬁﬁﬁl Hﬁz ri sing one atom bonded to both
(%) e | Sihkigen
et SR s e HEERIdR, CERORERT), SreoRt P, Pliog gt entirs
nRfallded R Eogipound its tiknseadidomatallocenercoatpomad iscfrgmabput 1:10 to
having from 1l to about 10 carbon atons; wherein a
abast d8d- substituent of the disubstituted bridging group

t i
e i I5E Y O ! R 0L 4B D2

nRfhllatdae! copipoupd ha \the gecbn@ metallogembeathpaundas Hioom abmrrsl, 5 to
wherein (X3) and (X4) independently are a halide;
abav@éelu nM is Zr or Hf, (b) the second netall ocene has

i the st
&ﬁ% Eﬁﬂ%regﬁn N%?QE%#%Kﬁﬁghggi&m@iK%H@)?g s
nﬁth(ll@b&k%ompoﬁh@ (73] 3&00@& nidtallb3enmhesrapdundSis drvan ¥Bout 1:2 to
i ndependently are a halide; and
about 2:1.
5. The catalyst composition of claim 1, wherein the first substituent of the
disubstituted bridging group is phenyl or methyl.
6. The catalyst composition of claim 1, wherein the second substituent of the
disubstituted bridging group is butenyl, pentenyl, or hexenyl.

7. The catalyst composition of claim 1, wherein the first metallocene compound

is:
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wherein M2 is Zr or HE 2. The catal yst conposition of
claim1, wherein the ratio of the first netallocene
conmpound to the second netall ocene conmpound is from
about 1:10 to about 10:1. 3. The catal yst conposition
of claim1, wherein the ratio of the first
net al | ocene conpound to the second netall ocene
conpound is froptapbut 1:5 to about 5:
4"? @lof claim 1, wheref
the firs pt-af 1 ogene conmpound to the
met al | océlie sQpoyie s from about™ X akhut 2: 1.
5. The gatdlys ~n§3&3»ion of _c)ai ¢
[ [ -%-‘ e di subsStituted
6. The catal yst OSODORY
claim1, wherel e secpnd substituent the
di substituted bridging group is butenyl, pentenyl, or
hexenyl . 7. The catahyst conposition of

wherein the firg gt al | ocene conpound g ~~Cl Ph
H pCl ,zr O [l yr H 74 % o ¥z /-'Cl  Ph
Zr-Cl U OMe Oo0ZCLiOCL M Zi 2 Do %1
Cc |
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Me Zr-Cl Ph zZr-Cl o- 0o 00 OOC G 0 Cd Mw
Ozr d Me,S ZrOSi ;] ANM H-C PH-C o/o &1
OBl Me Hi-CI Ph H-CI Oo 75 d C M H-C Ph Hf-Cl
~OVO OO 0O Me, 9c6; M 5 ' rs' or any conbination
thereof. 96; 8. The catal yst conposition of claim1,
wherein the second netall ocene conpound is: Cam-
Zr.,Md C ~ Hf
Zv"'' d C S Hf
(CH2) 2CH=CH2, |,

or any combination thereof.

8. The catalyst composition of claim 1, wherein the second metallocene

compound is:
Cl\zir..n\\CI Cl\Hi gomiCl
0 0
CHyCH=CH, . CH,CH-CH, .

Cl\zr.n\\\CI Cl\Hf.ﬂ\\Cl

0
o
o

(CH2)2CH=CH2 . (CH2)2CH=CH2 ;
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~ Zr,,,,ud CS Af.,,11C C (CH2)3 \ / . (CH2)3 \ /
dam, , Zr"nld Cl am, , H ., nCO ;0 ;0
(CH2)3CH3 (CH2)3CH3 0 o G A _Zr".~ud H .,a"d O
O BCH3CdOA TO A~~~C ~Zr.,all H CH2CH=CH2
CH2CH=CH2 any conbi nati on thereof 9. The catal yst
conposition of claim1, wherein the activator-support
is fl ' al um na, chiorided alym na, brom ded

al um | um na, fluori -al um na,
chiori silica-alum na, brom de na,
suldialefl sifica- alumna, fl uo&! ded silica-zirconia,

chl ori o0@d" st | i ca-zirconi a, brom dedrsidica-zirconia,
SuLf d=xilica-zirconia, or apy 4
3i m 1, wherein

t @t or - support conpri S&s id oxide treated
with an el\ectro L hdrawi ng ani on, wWher ei e solid
oxi de i s si¥i¥a\ alfnm na, silica-al umks num
phosphate, heteropobytungstates, titania, Zifconia,
magnesi boria, zinc oxide, any mxed oxides

xture thereof;
anion is flu de, chlorite,
brom de/ phosphate, triflate, bisulfate, sulfate, or
i.edli on thereof. 11. Thbmsdtahgst conposition
of aim 1, wherein the activatgg-support further

cqffpriyge\a netal or netal io hpfie\n the netal or
L/) zinc, nickel, v§ ﬁ
LA 081U

ilver, copper,
m Xin, tungsten, nolyb any conbi nati on

(CH,);CH; . (CH,);CH;

Zr.\\\\\CI Cl\ Hf.n\\Cl

o
-~ K

Clxz\r.. ucl Clam I_{fﬂ\\\CI

CH,CH=CH, . CH,CH=CH,

b4

any combination thereof.

9. The catalyst composition of claim 1, wherein the activator-support is
fluorided alumina, chlorided alumina, bromided alumina, sulfated alumina, fluorided
silica-alumina, chlorided silica-alumina, bromided silica-alumina, sulfated silica-
alumina, fluorided silica-zirconia, chlorided silica-zirconia, bromided silica-zirconia,

sulfated silica-zirconia, or any combination thereof.
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t hereof. 12. The catal yst conposition of claim 11,

wherein the activator-support is zinc- inpregnated

chl orided al um na, zinc-inpregnated fluorided al um na,

zinc- inpregnated chlorided silica-al um na,

zi nc-inpregnated fluorided silica-al um na,

zi nc-inpregnated sul fated al um na, or any conbi nation

t Her Biof catdlBst cdinpositiombydeint bywhstinitbnadivator-aippott comprises
algéqerelnthe activator-su rt conprises a pillared

g oxideytreaiqdovith g PFROT BHBYEPRENI b ¢l ai m 13,
V"Q\ﬂfe?éu‘? Jﬁé@)h@ (%)Ju?é %dsﬂ.‘f(} PUIEARR i 1§81 @mind! AlufhEn phosphate,

npoun an al'um nosi[icate Compound, or a
c dmtemmlytmgstatmr ditefia, Zircoriih emagmeaiay dorigonposixidepany fmixed
clajm 13, vvher ei n .the t%l | clay conprises an

aloﬁbiﬁﬁg]’?éeo LT S B iuEe theregh IaP ysite, a mxed-|ayer
Clt}?é/eleaﬁofn' L DR Sw i aa)‘nonai ?’I%Bf?gé‘tchfé?ide oéra?ﬁideaphosphate triflate,
vermculite, a m uorom ca ori

I Ibisutfete, allfa&ponaﬂyeqonﬂamaamnhéreof or any conbi nation
thereof. 16. The catal yst corrpﬁ%stl 0 f claiml1,

whér BhohcatplstoragansstioarRinglm do ativaorsERRAR frther
coglﬁg‘ séﬁa’ mgt\gp% ¢hddall B)n efin Ft‘ltlemﬂetag Uiletal idH 95)0%1 tc,y Plckel,

gr oup, exyl group, or an I so

V@édmm silver, &’djm)ec,agealhutﬁ tlmqungmn*, intoiytefenainaiormady combination
wherein the or ganoal um num conpound has the fornula:
thﬂleeﬁ( 9)n(X10)3-n; 78 wherein (X9) is a hydrocar byl

'ﬁge éateﬁ t]c&n 81liltof % I‘ﬁqub I%EIP (1&1 38 zinc-
Ao behiod el

oxide o oxi de havi hg rom

mQﬂé fédatdhllﬁhdea fa&hmgha, #ifhc- uﬁpll'egﬁbttecdeﬂuaﬁdbm alﬁmma zinc-
number from1l to 3, inclusive. 18. The cat al

mmmtﬂit rhipridad @lhaaﬂlqnln@m gingiimpragaated d&?%‘éi?% rfilkifgralumina,

AP R el TN SR Kbl Sh R0

tns: T‘h@hftzﬁ*g’@ coibosition 6f éi@xhﬂl ydvﬁérbimtlwﬁﬁtﬁmﬂﬁ-lsdﬂ)ort comprises
triisobutyl al um num diethylal um numchloride, or any

a pilatsidicdayi on t her eof .

14. The catalyst composition of claim 13, wherein the pillared clay comprises a
silicate compound, an aluminosilicate compound, or a combination thereof.

15. The catalyst composition of claim 13, wherein the pillared clay comprises an
allophane, a smectite, a halloysite, a mixed-layer clay, a fibrous clay, a serpentine
clay, a vermiculite, a mica, a fluoromica, a chlorite, an illite, a laponite, a saponite,
or any combination thereof.

16. The catalyst composition of claim 1, wherein the organoaluminum
compound has the formula:

R*:AL

wherein (Rz) is an ethyl group, a propyl group, a butyl group, a hexyl group, or

an isobutyl group.

17. The catalyst composition of claim 1, wherein the organoaluminum

compound has the formula:
AIK)a(X )30
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19. The catal yst conposition of claim1, wherein the
wei ght ratio of the organoal um num conpound to the
activator-support is fromabout 10:1 to about 1:1000.
20. The catal yst conposition of claim1, further
conprising at | east one al um noxane conpound, at

| east one_organozi nc conmpound, at | east one

orvgensib (KOs adiydmeatbyl havihg &em bite abaws29icatponaenas, (X'°) is

¢ GRAR a2 R O BHEAPHEE (T hie S8 ah g ot & htide, o

Caliganad, an&ﬂquﬁhﬁlb%&ﬁ 16b3i Mcsiveonpr i si ng
contacting the catalyst composition with at |east one

t yiBeThd «zﬂtzéyst n composieon wofdelaimealgt wbrretondiet prgayoalgminum

B Fho WUSTYRBRREYR: (6 ORS¢ Ho-propylaluminum,
dlgglg}élﬁé?ﬁﬂ | Qfoki8EP el ‘B{lﬁfla‘i’flmfrfuﬁ{n RQButyPAemirfuth 2BAdde,

The process of ¢laim 21, wherein the
trnaibatyyzﬁnmnmrrp dithyilalnmémoin thleride, ok eacscomb.mglm thérenf.

contacted in h t I
r ddct catalisf icprwasiipnrRt PRy by WgFein, 1he peiighl Fayg of the
ot%gl?(fa‘flﬁfunugflcm@)dq{nﬁct%sﬁlefé?:’ﬁvE(BP JoRGist ff6m Ctlodt 31911 to about
omposition o aiml conpri si contacting the

lfl'()(Dcat net al | ocene conpound, the second netal | ocene

nmpound, the act tor
orzgaﬁbeaI%FﬁlWB rﬁogm?;gl\élgﬁgcr) Z pport furtﬂer cor%prlsmg at least one

aluminoxane compound, at least one organozinc compound, at least one
organoboron compound, at least one ionizing ionic compound, or any combination
thereof.

21. A process for polymerizing olefins in the presence of the catalyst
composition of claim 1, comprising contacting the catalyst composition with at least
one type of olefin monomer under reaction conditions to produce a polymer.

22. The process of claim 21, wherein the reaction conditions comprise a
polymerization temperature of from about 60°C. to about 280°C.

23. The process of claim 21, wherein the catalyst composition and the at least
one olefin monomer are contacted in a gas phase reactor, a loop reactor, a stirred
tank reactor, or a combination thereof.

24. A process for producing the catalyst composition of claim 1 comprising
contacting the first metallocene compound, the second metallocene compound, the

activator-support, and the organoaluminum compound.
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