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POLYMERI ZATI ON CATALYSTS FOR PRODUCI NG POLYMERS W TH
LOW LEVELS OF LONG CHAI N BRANCHI NG 5 TECHNI CAL FI ELD
OF THE I NVENTION This invention relates to the field
of organonetal conpositions, olefin polynerization
catal yst conpositions, nethods for the

pol yneri zati on and copol yneri zati on of ol efins using
a catalyst 10 conposition, and pol yol efins.

%%W%%T%?% I‘itsnrl:: Fsﬁﬁ (?ﬁyl ene can

be pol ynerized with caPG]IySSMERBTpoy t| ons enpl oyi ng
titaniu zirconiu 15 vanadi u Mr om u or ot her
S

met al s WIFH LOWHE! QFHONG NG the

presence of cocatal ysts. These catal yst con‘posnti ons
may be useful for both honopol ynerization of
eTEKCIEBHQAIaFIEEDIOHSHEﬂbMNmNzati on of ethyl ene

wi th conmpnoners such as pro et; 1- butene,

1- hexehiis @Ve@%qli’efelﬁ%ﬁ%rth%\ %lifq rFgangmasiak GPEPOstitSe
e S ch, l,op | efel
Bl PoSthoRRRI S Bl © ol IR D AR o the
pp@gﬁﬁﬁealonanmdmwpﬂﬂiﬁnﬁizaﬂakl mg abefinss i using: ab alcytaiyst
that will provjde enhanced catalytic activities and
pmrymﬁmﬁa@a?hyaleé‘mﬁ ailored to specific end uses.
Pol yet hyl ene (PE) produced by any nunber of nethods
generally 25 contains small to noderate anpbunts of

| BACKGROUNID DI THE INVENTI@N. In  sone instances,
| ong chain branching (LCB) is desired to_jnprove
bubbl elt lsskmwm thay mpmor hglefing (e wiefishgnerding ednense gan

B nfBEERE! Rat et OB Tan o BRBYER b, sjrpquum,

PVAREREGE chRdémifal drSothenSieRsy, @ftel RUAHIHaDvRh dulidooxide
i ncreased el asti ci ty that it 30 typically inparts to

t grel meﬁimgreseme raffeoretalynis. th¢Sﬁt%at&1ﬁt conthositiops anayces
G, P BB AP ORISR vt

t BipolyiR&ekation S Bthiylenk hwith S@&nidinobidrsi gach ais prdpglene, 1-
butene, 1-hexene, or other higher a-olefins. Therefore, there exists a
constant search to develop new olefin polymerization catalysts, catalyst
activation processes, and methods of making and using catalysts that will
provide enhanced catalytic activities and polymeric materials tailored to
specific end uses.

Polyethylene (PE) produced by any number of methods generally
contains small to moderate amounts of long chain branched molecules. In
some instances, long chain branching (LCB) is desired to improve bubble
stability during film blowing or to enhance the processibility of resins
prepared with metallocene catalysts. However for many uses, the presence
of LCB is considered undesirable due to the increased elasticity that it
typically imparts to the resins. Therefore the ability to control the LCB

level in polyethylene using metallocene-based catalysts is a desirable goal.
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net al | ocene catal ysts, which are desirable catal ysts
for sone purposes, but which my tend to produce
polymer with LCB levels that are detrinental to film
performance. Therefore, new catal yst conpositions and
met hods that 5 allow better control of LCB |evels

g e SR WA Bk B e B
exﬂSﬂﬁB@ei% %ﬁtaﬁ%&sa ltidn SRR Qﬂﬁ%@%p Qslfe F)Ql‘posékobut

preparing catalyst conpositions t hods
pwhychemayztemgthhreﬂucrespolﬁn& with hyiBelesels cblh@traméetlamdntal to

cOpo he _course of exam

Ebapduatiacs aTbaresier 1o ﬁ%tﬁvﬁ%?m%&sn%w@gfim@?%s tht,
Vﬁgy“gbérfeg\égﬁﬁﬂ 5&%? 16 %v%ncé’aés‘ﬁ%ﬁ ?501? gatfoﬁ 1s A
made W th such catal ysts was rel ated he type o
nddsibblogeale cat al yst enpl oyed, and also related to
the particular 15 solid oxide activator, or
"activator-support" which constitutes one conponent
UL ARARY OFYISIE $RVRRBHONPN. | n one aspect, the
present | nventl on enconpasses a catal yst conposition
c 0 np r i'Hiin gneertioghetopniprasaby echtalpstacorepaditiase meethods  for

ound containing.a pend nsat.ur at.ed i et
e catelyst egmp Té?ﬁsadﬁl‘?é?ﬁ%s 5 PYpCTirggroleliss. and
tiuat rt n anea b
R S R R L S b e STl
anebayadmpénmﬁbleﬁ;alpdiymmiatxgamdttaiﬁsts he was dlscovered that

taIIoce oun be, a endant e |n
S LG, fonRAT RIS Aoy ge 8‘9%11 BB RERLHSENY RS Tefed to the

| atgg@'a@' mdtR B ¢ ?Iﬁf}}g Ibn@[bart 835&9 Q]zso GelatidR tké}j;%ﬁ‘ﬁculéﬂ“

her aspect, lon 25 conprises t
cotitiaokider adtieitonf oa t‘acgﬂv’aﬂoy—sbppaﬂg’edwlanh acomstifiltéo caree
corrpound c tal pendant unsaturated noiety

f‘acaté}y&tﬁaﬁw Wllenyl -type |igand, a solid

OXi d € 1gc Bh%’ aéﬁgéct? UiRE ogfesexﬁn ARBtioP " SRDARINEL N Mbatalyst

conpound ne aspect, the catal yst conposition of
tdoingpositioantemprisiag a 3iehtlyrApidgsd dzm-mauaﬂacmepcmdp@md
of at .| east e ansa- netal | ocene, é | east

GG HHRIBE drPoANG BRVBIAGY B DAATIGLE {0 Ghgyelopentadienyl-

A5bd MALAE 3 E‘%ﬁ{, Loxi %gts\(ag%r St} MR 2RP B FRIALRHERC
compound. The pendant wunsaturated moiety attached to a
cyclopentadienyl-type ligand of the ansa-metallocene compound may be a
pendant olefin, that can be bonded to the cyclopentadienyl-type ligand
through a silicon, carbon, or other atoms. In another aspect, this invention
comprises the contact product of a tightly-bridged ansa-metallocene
compound containing a pendant unsaturated moiety attached to a
cyclopentadienyl-type ligand, a solid oxide activator-support, and an
organoaluminum compound.

In one aspect, the catalyst composition of this invention can

comprise the contact product of at least one ansa-metallocene, at least one

organoaluminum compound, and at least one activator-support, wherein:
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formula: (X )(X)(X)()e)M, wherein M is titanium
zirconium or hafnium 5 (X' ) and (X2) are

i ndependently selected froma cycl opentadienyl, an
i ndenyl, a fluorenyl, or a substituted anal og

t hereof, wherein at |east one of (X) and (X2) is
substituted; at |east_one substjituent of th .
subst iBut edhg X7ye gRelionenc SIFIEEE SATRALIH Biaxingg the
IRHm havi ng the fornmula 10 -Si R42R5, wherein each R4
IS né‘ependently sel ected from a hydrocarbyl group

or a substituted (XK NHMrwhereimaving from1 to
about 20 carbon. at.ons;. RS is gn_.al kenyl group, an

al kynyl gr@ﬂp{“%@%é‘&‘?%ﬁ'&ﬁps Fr¥EIer ~ 2 substi t ut ed

anal og t hergoy i;eﬁzfr&f@ 1inH9;t)e%GQﬁﬁ 2Qe16@EPOFront S a

atons; (X ) and re connected by a substituted
aryclopentadiehyltae dnddayl,dg flngregyh wp acoubptitusidnanatogethatamt

bonded to both and , er ej the atomis
cHheEH at Ja Qi s S_emgl’gstttpwa; and_any
substi tuent, qg%ﬁ%n@@ﬁbsﬂggﬁt: {)Pu?lgj sAfstittted 3R or (XP)

substi t uent on the s bridgi ng gfoup,
asvynpaikds an omsaturstet grovpusvingthe fofmua (X2), and (X3)
and ()e) are i ndepend§]&tjl s S%IEect ed froman aliphatic
group, an aromatic § 7#’8’ Wic group, a

combi nati o al: d i i
oxygen gr ot K4 REbliicBly <O frondi Rocadiht group
phrasqubstituted hydoneprbya proapdening fgymo d g abow 0marbograbermps;
a silicon group, a_gerpani um 25 group, a tin oup, a
| ead gr _oup%salsbé? cﬂlfkeé‘ﬁfg?%‘,’u%na‘hla_ﬂﬂ?’ﬁ i Yo R, g@fﬂglenyl
[ [ : :

R, £ sBsfHRed 2ai0E SRAROPLEhE Tl 316, 0% 20 corhon
fatams;,l to about 20 carbon atons; a halide; or

T A B s BT o
bridging group comprising one atom bonded to both (X') and (3%), wherein
the atom is carbon, silicon, germanium, or tin; and
any substituent on R*, any substituent on R®, any substituent

on the substituted bridging group, any additional substituent on (X') or
(%), and (X°) and (X*) are independently selected from an aliphatic group,
an aromatic group, a cyclic group, a combination of aliphatic and cyclic
groups, an oxygen group, a sulfur group, a nitrogen group, a phosphorus
group, an arsenic group, a carbon group, a silicon group, a germanium
group, a tin group, a lead group, a boron group, an aluminum group, an
inorganic group, an organometallic group, or a substituted derivative
thereof, any of which having from 1 to about 20 carbon atoms; a halide; or
hydrogen;

b) the organcaluminum compound comprises a compound with
the formula: |

AIC)(X Y3ns
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wherein (X5) is a hydrocarbyl having from1 to about
20 carbon atons; (X6) is an al koxide or an aryl oxi de
having from1 to about 20 carbon atons, halide, or
hydride; and n is a nunber from1 to 3, inclusive;
and 5 c¢) the activator-support conprises: a solid
oxide treated with.an electron-wthdraw ng.aniqn;

| ayered m ﬁ@fe%’ﬁvyl? ) il%ﬁ-l&gé‘?f‘égl@@attﬂv@g fronr' 145 about 20

?ﬁil}ﬂso\ﬁa%tf?ﬁfss 9 b aﬁcroE(id%néi" SPENRA Rivigd ﬁﬁ)ﬁgi to ABodtn

aspect; the catalyst conposition of thi
i20v emboorateas, haiider ios ehyaride] emdtn @éne number from 1 to 3,
ansa- net al | ocene, at | east one organoal um num
dBeHYUSdNdand at | east one activator-support. In a
furthey aspelohiobRispdi Wi, the =~ -
activator-support ca conprise a solid oxide treated
wi th an el ecblidpxidetttedtedwritipamdliectnon-witbdeiwning arfsonhe
solid oxide conprises silica, alumna,
si | i ca- al udilpgeredmigdophosphat e, al umi num phosphat e,
zinc alum nat&, exdiah a%&%&i%%ﬂ%ﬁ@ogé ortitania,
zirconia, nmagnesia, boria, zinc oxide, mxed oxides
t her eof , omnycambination theredf . In this aspect, the

el ectron- w thdrawing anion c conprise fluoride,
R 115 afBecty sty St SMABIHORCP LSS BIERON £41) perapigde at

?l?élfs? })ﬁ@&ﬁs’a—lﬁwaﬁ@ééﬁe eftllé%f 8RO oallflﬂlﬁﬁﬁpﬁ%f%qg("ﬂﬁﬁ; and at

uoroacetate, phosphate, uor ophosp
fleasoonzactivatvaisappdit.uorosi l i cate, fluorotitanate,
per manganat e, substituted sul fonate, unsubstituted

sul f o, TurtBer 2R SR DIt THHUPe ieo ACUAFOTRIFP (5o
Sl b 4B @b RURRATH il lad LS. with RS Bflof, WiRdrEin

Ion such as zinc, nic vanadi um
ttheigsseliy 8kideol Worpniwey ssilivgr, duminapr sihiga-alumina,
combj nat i og thereof I.n a further aspect .of this .
iABROPRRSPIRte  acRIPPURYR- su@%‘&?ﬁha&%n @hpr i selufunate,

lh%i’éf*é;gt?%tp‘l}gsﬁét@é titda) ARcORKEL 88! Boria, zinc oxide, mixed

act pport, or any conbination thereof In
tdxides atipeadf, drheniattrésy ahereof upfnr thic aaspecnythe s eleatron-

e, i B B e 2L Bk B
}&b%ﬂf d Siflat At GisilkRE" abulfRe NOAubRAYBAL Shlbatieate,

trifluoroacetate, phosphate, fluorophosphate, fluorozirconate, fluorostlicate,

fluorotitanate, permanganate, substituted sulfonate, unsubstituted sulfonate,

or any combination thereof. In addition, the activator-support can further

comprises a metal or metal ion such as zinc, nickel, vanadium, tungsten,

molybdenum, silver, tin, or any combination thereof.

In a further aspect of this invention, the activator-support can
comprise a layered mineral, an ion-exchangeable activator-support, or any
combination thereof. In this aspect, the activator-support can comprise a
clay mineral, a pillared clay, an exfoliated clay, an exfoliated clay gelled

into another oxide matrix, a layered silicate mineral, a non-layered silicate
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m neral, a layered alumnosilicate mneral, a

non-| ayered alum nosilicate mneral, or any

conmbi nation thereof. In another aspect, this

i nvention further provides a process for producing a
pol ynmeri zation catal yst conposition conprising
contacting at. 5 | east one ansa-netall ocene conpgggg,

dnineeds? 1o plyarpemlives mineahponertlaysicd Apmmos

Qn eat g -0xi npound to produce the
cr%ﬁlnﬁ%lg’i c{%iagg F%%bg%g?ﬁ lﬂﬁeﬁ%&gt | east one

ansa- et alotles epectt ks ainveast fintler mogideoal pricassmior
congound, and the at | east one activator-support . are
dEPuaRE heOBIRErZeton catglyst POrEPRNQY CHEPRERE Coppghng at
ihnventi o i Zi b
I RS S s IRLE A PRl
Qlogfpolnd,camngniesst wink Hreatedadadidysdide oompsid tnproddes the
pol ymeri zation_  conditions to forma pol yn@:1 olr
copimositien; WhREIRithe ehicaslaeng gav-mEBHPEEI: flisnat lcast one
C [ e roguc |
BRI GRAPORE, P BCH HasPlon SREL B uppot arc
GRpedihgkeimand at | east one activator-support, and
wherein the at | east one ansa-netal |l ogcene, the

) t
| east IBnétill oppeiheral aspeshuSo APYRIHED  dHE dSh& d?etﬁ@as‘ff

TP bRERS PR, SominoahyaR 08 ad, Bpflonal o-
Y RIS 2O0cAMYsC RPRAPYSELS , wied Polyinetiegion

made therefrom produced by contacting ethylene and
aonditiohontel farm| ef palyowio Abneapolymer; awhenel \the catalyst

conposi.tion under pol rizzation:c ition
SORERSHih Shpotg e RITRSRE! o R R Ghd AR apband )
GRTReSbitd HBakciRhintfScdifoum@NamTat 1pash due bctdfat@tsuppas
one ansa- netall ocene, at |east one organoal um num

codpodiecinatie at lessstonsnenssmatalloggior fhaupPodeast e

wherein t.he at |east, on nsa- |l oc

eGSR gSeBRr i A EBrpo . ol fasok il pre
QEindd hérdat or - support  are defined as herein. In
anot her aspect of this invention, the

ansa- feediitheraspeasi the peesednuinfion pEevipessthylere palymses

aan%o%p%lf)rr}gervs\f ta;}dt Qr%cfe‘s)l r'n%&% r%ﬁerfeﬁ%fﬁ?lﬁbdécgd %)B%%ﬁ%cting

ethylene and an optional c-olefin- comonomer with a catalyst composition

under polymerization conditions to form a polymer or copolymer; wherein
the catalyst composition comprises the contact product of at least one ansa-
metallocene, at least one organoaluminum compound, and at least one
activator-support, and wherein the at least one ansa-metallocene, the at
least one organoaluminum compound, and the at least one activator-support
are defined as herein.

In another aspect of this invention, the ansa-metallocene of the

catalyst composition can be a compound with the following formula:
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CLRZEZr d RBOOH OR3 (). wherein Eis carbon,
silicon, germanium or tin; R, R2, R3, and R4 are
i ndependently selected fromH or a hydrocarbyl group
having from1l to about 12 carbon atons; and R5 is an
al kenyl group having fromabout 3 to 5 about 12
carbon atons. In a further aspect of this invention,

‘ yst composition can
%i‘% ormula: S W2R5
RZ~E Z'7- | R3 OOH R3 wherein E is carbon or
silicon; R, R2, and o ¢l ndependent | y sel ected
10 from met hyl ocrfl:ép enyl ; Zr3C1i B> H or t-butyl; and R5
is 2-propenyl ( CH=¢cH enyl (CH2CH2CH:CH2),
4- pent enyl (CH2CH2CH2 -hexenyl
( CH2CH2CH2 CH2 CH=CH2) :
(CH2CH2CH2CH2CH2CH: oct enyl
(CH2CH2CH2CH2CH2 ), 3 met®By1 - 3- but enyl

vgl:% flico ng%not er al:sgpectﬁ 0 ’t%?i[’“sé!nd are
I indeRhd ety atdl@t@ﬁammt ol b dyedroearblyl igheup hatiag fiom 1 to
conposition can be a npoupnd with the fol] ow

g
febpHu hearbomsaisRend & 15un pikeny! gwQupRhaGES oy pppout 3 to
V;fg?ﬁﬂjﬁcaﬁ)mﬁ{{ I§2 are i ndependently sel ected from
e

R3 is
In a further aspect of this invention, the ansa-metallocene of the

catalyst composition can be a compound with the following formula:

=/

Rl.p Zr-cl R?

"R
&

R

SiR%R?

@
wherein E is carbon or silicon; R!, R? and R* are independently selected
from methyl or phenyl; R® is H or #butyl; and R’ is 2-propenyl
(CH,CH=CH,), 3-butenyl (CH,CH,CH=CH,), 4-pentenyl
(CH,CH,CH,CH=CH,), 5-hexenyl (CH,CH,CH,CH,CH=CH,), 6-heptenyl
(CH,CH,CH,CH,CH,CH=CH,), 7-octenyl (CH,CH,CH,CH,CH,CH,-
CH=CH,), 3-methyl-3-butenyl (CH,CH,C(CH;)=CH,), or 4-methyl-3-
pentenyl (CH,CH,CH=C(CHj;),).

In another aspect of this invention, the ansa-metallocene of the

catalyst composition can be a compound with the following formula:
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H or t-butyl; each R4 is independently selected from
nmet hyl , ethyl, propyl, or butyl; and R5 is

2- propenyl (CH2CH=CH2), 3-butenyl 5 (CH2CH2CH=CH2),
or 4-pentenyl (CH2CH2CH2CH=CH2). In yet anot her
aspect of this invention, the ansa-netall ocene of the
catal yst conposition can_be a conpound with the
followi ng fornmula: R&e“RA/ Si +48-Cl RZ OO wherein
Rl and R2 are indep¢ sel'écted from nmethyl or
phenyl; and 10 each ndependently sel ected
frommethyl, ethyl, g ,butyl. 1n another
aspect of this iﬁy~ Riycti vat or - support can
conprise: a soli with an

el ectron-w t hdrawi ng so terned a

chem cal | y-treated s ide); 15 a | ayered
mneral; an ion-exghamyeed| e activgypr-support; or
any conbi nation thereof. In this aspect, the .
chlgreindR | andt Rieare dudepondentlyselested dram imsithsg o phenylgR” is

ot GonbiSEeR iR s R tndinfE el i o1 o Bhpy
Sdrl T GRryd Urdnga, Rrial ygn n%h@ﬁaggmh gcgpzmﬁc}m 3-buteny!

phosphate, zinc al um nate, rg{gol yt ungst at es,

t(CFa et CHAGE yrvird-pentenye §CH,CHAPHAHZECH). oxi de, i xed

i d h i h f: and
o o orvebpiertped dfitts i ueOhetl et muiiostpe of the
RN %emPQQﬁ&?camﬁ %m%&mcwitﬁ i BiloRinpUofatie;

sul fate, Tl uoroborate, fl uorosuifate,
trifluoroacetate, phosphat e,R;‘f/IRthor ophosphat e,
fluorozirconate, fl Alicate, fluorotitanate,
per manganat e, substt ul fonate, wunsubstituted
sul fonate, or any conk icon thereof. Also in this
aspect, the actigva r-su‘i{p@lrt n conprise a clay

mneral, a pillaged™s é
(ID);

wherein R! and R? are independently selected from methyl or phenyl; and

each R* is independently selected from methyl, ethyl, propyl, or butyl.
In another aspect of this invention, the activator-support can

comprise:

a solid oxide treated with an electron-withdrawing anion
(also termed a chemically-treated solid oxide);

a layered mineral;

an ion-exchangeable activator-suppott; or

any combination thereof.
In this aspect, the chemically-treated solid oxide comprising a solid oxide
treated with an electron-withdrawing anion; wherein:

the solid oxide can be silica, alumina, silica-alumina,

aluminophosphate, aluminum phosphate, zinc aluminate,
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exfoliated clay, an exfoliated clay gelled into

anot her oxide matrix, a 10 |layered silicate m neral,
a non-layered silicate mneral, a |ayered

alum nosilicate mneral, a non-Ilayered

alum nosilicate mneral, or any conbination thereof
In a further aspect, the activataor-support ca .
fhetarpRAlytUB BHES, SHABa NGNS, MICHA, 6@3{‘0#? ZiRm0xide, mjxed
ni.ckel j L nol ybdenum silver, tin,
Odrx‘fégeﬁ);he&-%(%%g%#sﬁég?@g&d 15 Exanples of the solid
oxi de acti Vg eteciupmdtidrawinkuatdon mah te dluoatle, thlorided

otz ik S b gbgorc.
g Fiforgpeed® AETHAN ORREPRER. Profeiepmac

ahegbsilidans, eRaopitiemate, heperaahgamatar - subspimtad ¢ anlfbeate
sul fated solid oxide, and .i.n another _aspect,

20
suskbstigred sulfonate. qranynenpkipation,thereofs AlsQ i this FEPesh,

t . 1.N .| S@S

(HE SEPRSPLIAPICLN SOPINES CRRTRIAGRS o pERERP ¥O8, %

E&ﬁglﬁﬁ:@f oldly, havextolidtedroldy tgellabdnib 2vthxar tdde ahatnis; a
X6) is al koxide or aryloxide, a of which hayin

flapired sifcaipomneral. car E‘Sﬁ'?%)feé‘ffjs, Slﬁ%%}t? qeneggl, & ayeted

i oy d.ma. i 1 . . i i )

HBblEFicAS e, & BYTRGercd AMkablicate MK, VE o

tdoniftdivhaherebfiuln a thartiedr lagbedt,utie motivator-support can further

tripropylalumnum ¢tributylalumny )

tGORIPEise @ ekl W TACHRY 1oy w%e%ﬂla%u%c myanadium, tungsten,

t Ll I B ri . '
ﬁ%?ﬁ@%%%ﬁlﬁ%ﬁ‘ﬁf‘?&%é@ﬁ?ﬁ@%%‘Egtféyt?fal uni num hydri de,
di et hyExahipiésnofmhdGotili | wxided ectivatorasappart nixlnd, iboh are not
t hereof . Exanpl es aof the oyganoal um num_8 conppun

! d
ilietterdito, chlerided alumypa, chigrided zing alpminate, flugriged afiippina,
( 0 i . : . t
(PR bl ROHUAY LTS R RGBS clbphogias o
gsifmes ictaypasa odmbiniaton theesufi dm anwthetapeen fiamnemtpbss, the
precontacting sone of _5 the iﬁm y,ggri zation reaction

ASHPSRERMIPOFOCHb PR & SHifptet sofid: ol i aupthe} aspect,

ps%!ijﬁ%?aﬂfmi'hh”e’ before this m xture is then contact ed
W he r'enai ni ng pol ynerization reaction

conporigninéthef aspecngf thesiavanmibnirihet ongenodiwninam sewopnchd
Wﬁggcgmn}%ungoéf t%)e(:at[gpnlngfa M&Sﬁr&ﬁﬂe vtv érlai%c(%%? is a
hydrocarbyl having from 1 to about 20 carbon atoms; (X%) is alkoxide or
aryloxide, any of which having from 1 to about 20 carbon atoms, halide, or
hydride; and n is a number from 1 to 3, inclusive. In another aspect, the
organoaluminum compound may be trimethylaluminum, triethylaluminum,
tripropylaluminum, tributylaluminum, triisobutylaluminum,
trihexylaluminum, triisohexylaluminum, trioctylaluminum,
diethylaluminum ethoxide, diisobutylaluminum hydride, diethylaluminum

chloride, or any combination thereof. Examples of the organoaluminum
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be precontacted with sone other polynerization
reacti on conponents, 10 including, but not limted
to, for exanple, an a-ol efin nmononer and an

or ganoal um num cocat al yst, for sonme period of tine
before this mxture is contacted wth the remaining
pol yneri zati on reacti on conponents, ~includin

. . . | ut
rrompound tigelude, but 8w pet Hwi %t’frls’@ﬂﬁlu@%ﬁb?@?gﬂ%
fi-r Xt ure j-snptypi cally ternmed the "precontacted”
rﬂj}&%b'ﬁté’m%%ﬂlgglntpﬁpé@' 15 precontacted conponents, and
the sggobfle NMspbetr of | thist Yvepdbhy theraogisty hef the catalyst
"postcontacted" mxture and conprises postcontacted

composisions of s invertierpmay berrabanced yeprgeonigcting seme e

] oc . ol ef]. ]
J5t BpliRSERangfisklith PRapdRar @ om Y SRERRARE i firs
ek iod 23Ol mé,UpdTord thid signee isythen aontaptedcwith dlod egthiaining
m xture. The m xture of 20 netall ocene, nononer,

qrolanerigation nigactise SPRPYRINTS, BN @ sccqad | Wawe. for a

o i i
R0 e 4 il EOPLEARIEhb D8 IRABIEEA LA S o
tRr pRohtacted PRRA Covicaotied " patybtizationThdastion epmipooenisy

is used regardl ess of what type of reaction occurs
Hacludiag, bubnpiohmited tof for rrxample, ned-oletyy mopamsr and an

I i e s b
eisnbetm Soegabrh e Phied oM RERe AL Bife Rl
adiaced Wit flféetrgﬁhﬁlﬂiﬂgl’cﬁfl?m@ﬁzétﬁinmk&ﬁﬁﬂﬁe&oﬁm@nhhg

ol efin nononer, t have a different chem cal
finelodingt bon naintimited ot arsolifly otide metivitet-suppprt. The first

al upi d t h .
SRR s Datrally et e, R ab@aRR S Rt il somerises
RO combdiRetsC ah@ NS tecor® nERIROSS typitaslyt Bated the

utilize at |east one ansa-netallocene catalyst, at
| “‘pastconaged b mjaioa landi commrisespostaentagied coapangs.s | For

d i d_.oxid [ - 90 = Th
Gramits Thn e ToeS e bt s, R QBURR, Rl 8nORLL R
r&%ﬂ{daﬁﬁﬁiﬁﬁm_c abckalgd @shMAdObaERS Ak UFT dbatAcEdC aithl yiet
with an olefin, typically but not necessarily, a

rastivater-suppolfe ipohe tipei of e Presontastsdd | pixez ekhe BEsteie el

tacti t hi t act.ed_m xt i t4h t -
R RenEoro el SEm AR i paRE, £RVAE:
f b &R forREP HoBe SomaMirEaths prdonearmPsitienwith thehdidits

for” preparing catal yst conpositions, and nmethods for
potiyator-fuppeyf, is thus termed the “postcontacted” mixture.  This

terminology is used regardless of what type of reaction occurs between
components of the mixtures. For example, according to this description, it
is possible for the precontacted organoaluminum compound, once it is
admixed with the metallocene or metallocenes and the olefin monomer, to
have a different chemical formulation and structure from the distinct
organoaluminum compound used to prepare the precontacted mixture.

This invention also comprises methods of making catalyst
compositions that utilize at least one ansa-metallocene catalyst, at least one

organoaluminum compound as cocatalysts, and a solid oxide activator-
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olefins that result in inproved productivity. In one
aspect, these nethods can be carried out wthout the
need for using | arge excess concentrations of 10 the
expensi ve cocatal yst nethyl al um noxane (MAO), or the
catal yst conposition can be substantially free of
MAO. However, this invention alsq &r vi des a

CHPRPY st BnPBReds i HH r iy emipn, Angnde, - presontacting n the
?g?%ﬁg%?xe gcfoﬁ%g% %&JH& NREHG unliBurh! b&gﬁ.ﬁ’fé@ Ghith R Cotefin,

on is” not required to conprise
etypieelly abutaciadi ameessbarvigf ox - moppmet  whebei polyineriddsl or

activator-support conprises a chemcally-treated .
SEPPlYTREEIzad, PrigE do cRRtacting @F%@C%ﬂ%ﬁ miAtape W@ﬁ Hhesgplid

. L el onpri se an organoal um num conpound.
AKIO4 PP Subie

I's invention enconpasses a process
conpr i Hiengreseno tva@atiom Girtter kemptisasrewroatalystr coamgbsitivas,
cat al yst conpasition under .20 polynerization ..
C@ﬁgpgﬁ %’ﬁi’“ﬂ’@“ﬁg sefalyet ?%%B}Wd WE%&S {Oﬁ palymerizing
i ) - . r Lefi
UGN BRSO SRR B B BELTSGIt] M hil s
dendei daaribdhert edithoullthe need Senisingriveggtdaxoess @osaentrations of

enconpasses new polyol efins. . This in ion al so
ctbﬁp?n%pmgv%rwa@t@ﬁféi ethey a@aﬁﬁ#@g'sﬁ%@tﬂo cﬂryﬁ_?lsr catglgst
RIS Rdn Mo bd Afbstlligly Hoe (ATAD | HRAv&kr !hisSinvention
I nvent na ot

I'on. These a er features, aspects,
edifwoghirovedéss a  aatdlyad \canipagieien ofomprising rams ente-metalloténen
will beconme apparent after a revi egsof Lyhe fol |l ow nl%
dempouad apd a8 Alyppingranss nHhis ASReqtoloE §2febst GeBROSIHR:

fal | QWi . i - . fi) .
B AR RPBRbrRERIDT b A0tc el il support, wherel, he
afctvatoseupportacemphiyesr af ehemicellyraeated sohidt oride, and the
entireties: . Attorpey Docket No. 51879.0155.7 (CR1757
§ COMEAEHPD 19859 IS requitgd AP tOPIES BB QFEnoRImIMuUM
4§12.3 (C51757 0660 / CPChem 210510US);
Attorney Docket No. 51879.0617.4 (C51757 1010.1 /
CPChemMddtl@Gl§UShis arventiért emoeypidsek et phmess comprising
%%gégugéé?@ﬁ%péffs@j{g %Zogq%?q{@@g%ﬁ% 23091&21?0%%53:{ ur51der

polymerization conditions to produce the polymer. Thus, this invention
comprises methods for polymerizing olefins using the catalyst
compositions prepared as described herein.

The present invention also encompasses new polyolefins.

This invention also comprises an article that comprises the polymer
produced with the catalyst composition of this invention.

These and other features, aspects, embodiments, and advantages of
the present invention will become apparent after a review of the following
detailed description of the disclosed features.

The following patent applications, filed contemporaneously with the
present application, are incorporated by reference herein in their entireties:

Attorney Docket No. 51879.0155.7 (C51757 0300 / CPChem 210017US);
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FIGURE 1 illustrates the specific structures of the
net al | ocenes wused in the Exanples and Tables. FI GURE
2 provides a plot of log rj(0) versus log (Mn) for

pol ymers 10 prepared according to the Exanples and
Tabl e 1. FIGURE 3 provides a plot of log rl(0) versus

for mers ared according to

RONDPE Dosiel Mot 879,06 EET A HISBROUR! FFRORCH ORRUS):
I T pr ent o] e
VG ol D16 B RS 7L LAMEF petochen
CHI0BR§SS),; cmmmaom@rnsocmmods 187180618 GCB ITB7C aved.y st

05|t|ons to polynerize olefins, olefin polyners

e@% b 2H0E3UDepared therefrom In one aspect, this
i nventi on enconpasses a catal yst conposition
conprising a tightly-bridged ansa-netal |l ocene
CBRIEFUDHESZRIPDIONIOH THEAFIGURES n functionality
pendant to at |east one of the cyclopentadienyl-ty

| i ganddCURE J| ilipsenicadthe sppeifie oﬁtu@wﬁ?ﬁopft G ReIlpcenes
Qldg ﬁle%;ga fgs%mg%g I n anot her aspect, this

|nven i on conprises methods for nmaki ng and using the
cat al YHGURER @S¢l a Pﬁﬁ ofRigal (W tze@asmng) @5r alghmers
Components The Metall ocene Conpound I'n one aspect,

tiveparedasardingtetheibxamplesinddeble loat al yst conposi tion

cont aiIEMRES Feonidia Blon SERG WPL ferv BRI Farhamers
Zb){ écp&%er fhk Hx 1ésaaaﬁ%1eaql ong with a 30 solid

e activator- suppo and an or ganoal um num
conmpound further disclosed herein. 11 0 As used

AT o R~ - o

115- Cﬁ‘q{, 3&&&@ Mﬂloﬁ ymldes glewd&tdlfst cbRBoSBbRS Wh&hdHse

i nke gl ng hoi et ansa- met al’ | ocenes
doe prepirog) Ic;:ta'l)tst gmmpeslrtmmig auéthodme dor npinghbe t ertalysto

SRS e R e B

*%ﬁéﬂéﬂbﬁg Mg} ehe D ntﬂf@ em%élcﬁ]y Céne&hbés%senyl cdtmpﬁ

I'i"gands is a sing atom Thus, the length of the
wonghgeition tdreprisding na Heghtlydwidged 4mmo-mgtalbocene compound

containing an olefin functionality pendant to at least one of the

cyclopentadienyl-type ligands, a solid oxide activator-support, and an
organoaluminum compound. In another aspect, this invention comprises

methods for making and using the catalyst composition.

Catalyst Composition and Components
The Metallocene Compound

In one aspect, the pi‘esent invention provides a catalyst composition
comprising a bridged or ansa-metallocene compound containing a pendant
unsaturated moiety attached to a cyclopentadienyl-type ligand, along with a
solid oxide activator-support and an organoaluminum compound further

disclosed herein.
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cycl oal kadi enyl -type ligands is one atom although
this bridging atomcan be substituted. The

net al | ocenes of this invention are therefore bridged
10 bis(rl5-cycl oal kadi enyl ) -type conpounds, wherein
the rj 5-cycl oal kadi enyl portions i ncl ude

cycl opent adi enyl Iigands, indenyl |igands, fluoreny

| i gandds wsRdl hogein it te%cq@@%ﬂé‘iﬂ%? itefre iRk 8@§

th F
cneplbecte chiipfon W Bhisfime Mo SBRo 2RI % fisgndyin,
%e dARkcE 284 HARSE By @l ititikin Thﬂﬁetys U:;éﬂﬂ @b shéthllaRhes
of 15 the substituted bridgi ng group conprlses an

uars dipicalie dtlg[tb{jpndgddér pieaning dhatnbattwoan eGU@@aikﬁpﬂlwﬁr

Bt Dt B coferiedyanbaens froudorigtinhe SeaupRet
Otfhcg) él@él?%%ﬂﬁ%ﬁ%&?hﬁggz]u 2:251' %1 EPﬁftP/%Q ﬁ,’gﬁﬂﬁ% b 51 gfed

cael. t Tauanheémiirlof ape beidgemy tb@ cﬁﬁﬁdddt\b&dl i® two 1°-
containing a chain 20 with a pendant olefin attached

teychaliadicnyl-tipe ligandhs oiB-agml ebhauedi thisyhridgjggeatom can

P SB b TRE e ceRFD AT Dl MRS hh A ShelBold Brideed
hﬁ@@ﬁ!& ERatN8ieRYIFHARE BARFMEHM] WhERSn thé gﬁngrctoan@aﬁhyla

[i con-noi ety,” a carbon noi ety, a ger mani um noi ety,
aportwms no¢ledsy, cwloliehtadwgyl digaeds,aimienyl Tigandal flyorenyle

Cnapent S Uiy Paiiee RS slRig goxel o
frﬁ'viﬁtyF.“#%SQ‘e#?%ES&% p R R

(SulbytitshedXBik X@dhﬂdantwhﬁaﬁuraled Sfbupll Tlsattlstam substituent of
zirconium or _hafnium 120 (X) and’ are

i the spfestigeted byidsing EEQULHRRIHESR 20 ema@ﬁt%%pe Rherein the

(G Bohp 8 RO 4b Ry PuRUI L IRSA SRR B jtkaion

sgtoap,i drid eddbstiated m!idg thereof U s bhd agwrtt of tht hevention, one
substl t ut ed (>El‘)19§ (X2). .5 conprises an unsat urat ed.
giubshuerhal He SubstivbRRIAEINESEIRUD REMDHRRSAL FIX UYL RTORA: 10

| DARRRALERE! Misd S &R REnds AT Be S ARATRonBiAHE a chain

with a pendant olefin attached to at least one of the n’-cycloalkadienyl-type
ligands.  Further, the pendant unsaturated moiety attached to a
cyclopentadienyl-type ligand can be bonded to the cyclopentadienyl-type
ligand through a silicon-moiety, a carbon moiety, a germanium moiety, a
tin moiety, or through other atoms. Typically, the pendant unsaturated
moiety is bonded to a cyclopentadienyl-type ligand through a silicon-
moiety.

In one aspect, the ansa-metallocene of this invention comprises a
compound having the formula:

CAHEHE)(XHM!, wherein

M! is titanium, zirconium, or hafnium;

12°
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or a substituted hydrocarbyl group having from1l to
about 20 carbon atons; R5 is an al kenyl group, an
al kynyl group, an al kadi enyl 10 group, or a
substituted anal og thereof having from1l to about 20
carbon atons; (X) and (X2) are connected by a

substituted or unsubstituted, _bridging group
conpri si ng (3?1)3 a’tl‘@)m@%))ndé‘i? t dgpandently  Selgetedofrom  a

[ ,S1C i C : [
B ioPgatealS, 3 MR T BBy oo b ORI Ihefiot,
Roherainyat $esessric ofadit) amh(CCh & sabktittietiut ed bri dgi ng
group, any additional supstituent on

xX2),
and (X3) ari lesst) ong subsiiessd nefe flag )Fuggt%égg@(%r%‘)m(gﬁ
. ) . c ’
Loty hatBared B BRI o Woitifla 2 VO C 07 DUP

oxygen group, a sul f ugiRfsR\mherimi t r ogen group, a
phosphorus 20 gr,Qup,. an arsenic group, car bgn
group, a sielaplégﬁ 1@%@9@“@“@%1“%?@9@’%ﬁguﬁfocéﬁ%yil group
g&roauﬁlbstﬂu{eﬁ%gvd%cgfbgd gfou! q{agﬁgq{'ﬁﬂ R to %ﬂo&l%@maﬂwﬂ atoms;
group, an inorganrcgroup, an organonetallic group,
or a subst iR’uisedn dekdnwhtdrowp, ithefloafy] gaoup, ofn wlkiadienyl
having from 1 to_about 20 carbaon atons; a hali 8e; or
rgraupgana sebstitwed applra dhereph havdns e 4 foygboyh 4U crsyon
tzﬂ&ﬁmsj s, the shortest Iink of the bridging noiety,
s asingle atom wherein the atom can be a carbon,
silicon, ggKYpMdiN?) afe ddnhecttdby alsnbsiiteted Hp ansubstitueed

caridEins EroRp CGETIE0pPe S8 ROWISSKPIHoTh ) SHLCRY B
(. ol [ 1505} cB QB i, gt e i1yl ene
group. n one aspect, at

east one substituent of

the subst i tanyedbgi¥ignt @n K*Xa)y setesmiprens es Rdnany substituent
unsat urated group having the for.mul fi\ 130, - Si R42§%,
vieths substifmedRrifging e aenaqdditeral supifust HR &%) or

35800 o ot s ot o
adrk gioyatigr@omp, A 0ydickgroup, gicombinasion alflediphatiy hnd cyclic
CEroRbo 30 O EEh B AUHE Sroub. a mirogon group,  PhopRORds
group, an arsenic group, a carbon group, a silicon group, a germanium
group, a tin group, a lead group, a boron group, an aluminum group, an
inorganic group, an organometallic group, or a substituted derivative
thereof, any of which having from I to about 20 carbon atoms; a halide; or
hydrogen;

The linkage that connects (X') and (X?), that is, the shortest link of
the bridging moiety, is a single atom wherein the atom can be a carbon,
silicon, germanium, or tin atom. In one aspect, the bridging atom is a
carbon or silicon atom, in which case the bridge comprises a substituted
methylene (or methylidene)} group or a substituted silylene group.

In one aspect, at least one substituent of the substituted (X') or (X°)

comprises an unsaturated group having the formula

13°



10

15

20

25

30

In anot her aspect, at |east one substituent of the
cycl opent adi enyl - type |igands conprises an

unsat urated group, wherein the unsaturated group is
an al kenyl group, an al kynyl group, an al kadi enyl
group, or a 10 substituted anal og thereof, any of
which has from1 to aboyt 20 carbon atoms. In yet
anot her aspect, this -8l é%b?@@ﬁ%ﬂof t he '
cyclopentad| b~ ¢

al kenyl gr ou‘glmér 1%}’1131% er{dc?@gge&?g 3?9 é{ P/gﬁop?%yl grovp

Branmbsaguel hytikeayl gfcﬂg Pavingdtam @, to Abibut@0ecart@n atoms;
limted to, propenyl ut enyl , Pentenyl hexenyl
heptenyl, & Wetrrafkenyl grauni aealka@yb goun, e ilgadlenyl

?glrggé;%/l @ls%ﬁﬁiﬁ“tgcp aﬁﬁoé tﬂérggieﬂéﬂjl?g %Iioﬁytl ei%y%og 20 carbon

LHag@as;ur ated group can contain the car bon car bon
doubl e bond from about 3 to about 7 atons renove

f r om tlheanothge psipsshtahdeash pne syhstityeng of dhe F&Céwentaalﬁﬁdwi n

ot an S5 brist S dsafr B3P drofo. GAERAN o SEaturzpes
ol iadeli dlkai] tgeowdy) aal KRpl, grahjxymylalkadrenyl ketipe nyla
group, any other substituent on

csyb'atttp@dtaa@l%sher@ﬁpm phahéch bes ﬁﬂgﬂ 4 B stbopt, 28 rarhon

it B P, ARk ool 1B, ROSRAG of o LIIGRERIET L e

Jigan@d icen WolkPise darC elﬁenﬁagto@p of aaéubpﬂitateldCalkaWI group.
cyclic groups, an oxygen group, a sulfurw%aoup a

xames of radkany| Srowpspisliiso LUk 28 Sep limitedatas gippenyl,
|
O S AR T

3dllbk§ﬂy[1 $RoupdEaLBe 2apropernil g@-l’fbufengf oti@-peatenyl. Thus, in one
organonetal lic grou or a substituted derivativ

taipedotthe pepdart whsa atﬁ@vsrﬁgpfffa@mcqnt@w Sl arbep-carbon

SRR RHEip? A8 4510 adly % OB, FUBLREY i e

cyelopeetatiedyienype hgmatddltg ﬁmﬂlmztnoﬁ[ertabmcb rﬁ'cdlg Brig ah(but h
can include substituted, unsubstitut e a
| qaphoaratomsp raveeveddaes thesmsianeniadicay! &}’P@ Biﬁi

these Iﬁoad%ﬁt &Sto, fafgg,ﬁgl 1{%13;5, (gg&rlkexg@gfgg&yt, }@@t othe

bri dgi'ng a ombe su

biibstiteert andie tdyldpeafadieayictypxXBiand ror a@ympb;titmenmm fes
a nmethylene (CH2) group.. Typically, .the %{QI d%r? i )
duitiging piog. (Wyenaprgsquk) ISclaﬁﬁﬂqné@stIYaS@%% i AR gliphatic

%I\r/g&p, C(M%MaF Q)grou;?, acg)tb%c ﬁggp,tet“éorlnbiﬁﬁtwn of aliphatic and

cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a

phosphorus group, an arsenic group, a carbon group, a silicon group, a
germanium group, a tin group, a lead group, a boron group, an aluminum
group, an inorganic group, an organometallic group, or a substituted
derivative thereof, any of which having from 1 to about 20 carbon atoms; a
halide; or hydrogen. Further, this description of other substituents on the
cyclopentadienyl-type ligand or on the bridging atom can include

substituted, unsubstituted, branched, linear, or heteroatom-substituted
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Exanpl es of unsaturated groups that can be bonded to
the cycl opentadi enyl-type ligand include, but are
not limted to, 2- propenyl (dimethylsilyl)

(Si Me2CH2CH=CH2) , 3-but enyl (di net hyl silyl)

(Si Me2CH2CH2CH=CH2) , 4-pentenyl (dinethylsilyl) 10

Si Me2CH2CH2CH2CH= 5-h I (d h lyl). . .
Eaa;almg @WWGHQ@HQ@HA‘)@F&F 1§ )1(5he g%tt é‘??i?g%!{ %@ts‘ Iﬁbg é’?ﬂﬂﬂn}%
f?@%&%%%ﬁ%%%ﬂdge connecting (X'} and (X?) can

(siEhps2 biAbHgdsHACHZ @A 6 QOFC2drou- millypjdally; the bridge

but enyl (di met hyl si.lyl) (Si Me2CH2CH2C(
mgnggq%lyl(g & @née(sﬁl bﬁyznpésflwe% Ry ﬁlth) & Oh CH?C?(Me)(Ph)

C(CH3) 2), or a substituted analog
t((?e}}z %ﬁgf’ ne aspect, the unsaturated group bonded
to at Ex@ﬂﬁ)‘lesom uﬁ‘saﬁir@tleengﬁﬂlpenmat toupe bei handedcan the
include, but is not limted to

Mg}j’fgqﬁ@@ﬂﬂ%% lélgﬂ]%d ) npg}d%zbyqzcgggqg limited to, 2-
RS DA ATREDY, splon Ty AT E S B R By
onsiim oy e
ST CTLGH xg eyt etk ety
WL SO0 DondegsteRaimetytsyh

BMJGEE@HZQHZEHZCPS@HH@}E) t he R4 ahdctBhyl@timetisy]siliyl)
the -Si R4A2R5 substituent can be 25 substituted a
SV, CHbE THCEHL 68 CHue R SHafd b el ect ed from t ﬁ‘én E

BTl SRHP g an (P EC T ORI, (2 Bnbiif-3-
TRufenyRBYncbiasity1) t{smegﬁHM{ZC&h%C(mgu); wend mmstﬁeated
any substituent on the substituted bridgi

s@%ﬂ iragh e

mylogdberﬁo%n@l ong Aspeqts e nosaipratadygroyp be
a({j‘/?: %%1%%{/‘143@ '-ﬁ a?ﬂe%gﬁ an}{Jdéell:ﬁﬁt %d o[ ol‘i‘ihﬁ@dgg 2-

aronmati ¢ group, a cyclic group,” a
%Bjﬁéﬂ?f(ﬁhﬂéthﬂ&ﬂy@ﬂ :@W@MCHQL ![ 3-butenydédinethylsilyl)
ox roup, a su ur group, a nitrogen
S @Qﬁéﬂﬂﬁg P; an arsenic grodﬁPmQQ§§&EHﬁ%§&%G®
a(éﬁ\ée,éﬁ%&szgﬁl — 35 PRI YR QR0 @héﬂeaf group, a
) or on group, an al‘'um fum group, an

i nor ganiaddioaup, coamining artrivineg biowpg (XY andX*pmay also
substituted derivative thereof, any of which hayi n%
fhagmother ubssityants oFurther, the alkenyl, alkynyl or alkadienyl group

bonded to a cyclopentadienyl-type ligand may also have substituents. For
example, the R* and R’ groups of the -SiR%R’ substituent can be
substituted as well. These substituents are selected from the same chemical
groups or moieties that can serve as the (X°) and (X*) ligands of the ansa-
metallocenes. Thus, any substituent on R*, any substituent on R, any
substituent on the substituted bridging group, any additional substituent on
(XY or (X9, and (X*) and (X*) can be independently selected from an
aliphatic group, an aromatic group, a cyclic group, a combination of

aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen
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5 carbon atons; a halide; or hydrogen; as |long as
these groups do not termnate the activity of the
catal yst conposition. Further, this |ist includes
substituents that may be characterized in nore than
one of these categories such as benzyl. This list
al so |nclud s hydrogen, therefore the notion of

SRR 2 BhRWPRECGPD Pl A6EBYS: BOUDeA FFRdr BRYP, @ silicon

(e CPBrRRRRLT et TR, W1l EE} 3 B8 group, an

tmmﬁiuyml rgous emyllﬂorgataret geduyd ramf Iorganemptad;hc gmoup, or a
ahydr of | uor.en Ies o each
%&ttt?ﬁie dedarivgtivg r?(ﬁEx any et %1@ A g, Om 1ot et o
h
J%FanoLlo ésshgﬁ&%p& h (ﬁogé}ﬁ asfelﬁgig)ka.ﬁﬂl%ssgsgﬁbﬁg do not

ow, un erw péeci
| teheipate dienidtivity elf elad mﬂalfrstmmpasutlahj poethéers thys bstpnclides

BRSSP e oG it o a%ﬁ o B chegbrics
aﬁaﬁom BQ‘QZWU“{M“ 2y han Soh)’(ﬁ 0 eforéfhe notion of a

AN am des subst t U erivative
tshbst&m‘ed iadgnyd fandhsubltituses ﬂumenjﬂ tmnluiles artiddly saudated

et i et pcinci e HBtOD AN A da (HARTEGURIS .

tt%ﬁ@?oﬂ&@erﬁﬁ%?ﬁ%ﬁ&a@%&@hﬁm kC groups, in eaCh

occurrence are ot limted to, an

al kyl Exmompes ef eachlafathksd supstitupnt groupsd kenhyde, @ubap: n@t
B et e il
%ﬂh eI:1 L§IR IHF@Q:?%% g%?lecp:ﬁq?&ﬂe% aftpishtic! dBERT

anal 0gs erlvat I'n ‘each occurrence
haa\arogatic gmsupmcytcﬂnc%olqi; auy c@fbmatibo thea¢odnany shibststuted

s DyTootahenaiie et fiedafcn dpiidmy P Skeidé, or
1rflrrr’l J@Jsuﬁ%qft\ﬁg@'ilhﬁvatﬁfeotﬁgxﬁut %ﬁ%ﬁ%ﬁ‘i@ﬁ Ehg ﬁ‘oﬁ? i 4§ Gbout

thy propy tert-butyl, sec-
kﬁ(ﬂt ydrbon atﬂmt wir, hahygen. | sﬂdmmxhqludwxm thesy (glmnlpsxgrke any

heptyl, o nyl dec dodecyl, 2-ethyl hexyl,
ﬁ’é‘ﬁ‘t‘@ﬂ% g%ﬁﬂ"@ﬁ?‘f orélﬁaarméfﬁgﬁ @@re%foyExan'pl esyof d
ar ormtE gﬁﬁu@%ﬁﬁﬁgc U d’cﬁ%@mﬁﬁ&l ng?udeb‘ﬁht afe

not |i m eny apht , anthracenyl, "and
trioe linhikesl, to, r:ml amyh groupH ascghﬂ;dallt)dtgdupi,ean \aﬂetenybgroup,

: “e%a&sm;é‘ro@;%‘.@tq R ar b 3ﬁﬁaagegyt;§r@gsnagm b,
xymgrﬁ% |36 fﬁgﬁl gpté%l srlﬁ{ E 3 nc Sﬁbdsttﬁﬁ’te& obraﬁlehéd,,and

mesityl, ng any
linear analogs or denvatwes thereof, in each occurrence having from one to

D

about 20 carbon atoms. Thus, aliphatic groups include, but are not limited
to, hydrocarbyls such as paraffins and alkenyls. For example, aliphatic
groups as used herein include methyl, ethyl, propyl, n-butyl, tert-butyl, sec-
butyl, isobutyl, amyl, isoamyl, hexyl, cyclohexyl, heptyl, octyl, nonyl,
decyl, dodecyl, 2-ethythexyl, pentenyl, butenyl, and the like.

Examples of aromatic groups, in each occurrence, include, but are

not limited to, phenyl, naphthyl, anthracenyl, and the like, including
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het er oat om substituted derivative thereof. 5 Exanples
of cyclic groups, in each occurrence, include, but
are not limted to, cycloparaffins, cycl ool efins,
cycl oacetyl enes, arenes such as phenyl, bicyclic
groups and the like, including substituted

derivatives thereof, i.n each occurrenqe rf1aV| gq {)
apbstituted deriypévas thereeh ih sACh peswETencer Aggng fr 0 about

hey S&Bgﬁ 0 degﬂ&%eeg L&eﬁ@atwegl dfcargﬁgap%o psnn&smwd@,%t

are 1 n n eacn occurrence,

adrt piat limited dtog Mtolyil,c xglybupsesayle agido thes like,o inprluding gargn
aI i phatic portion and,a cyclic portion, exanples of
%fﬁato séfutediierivative thgteof. mted to, groups such

as: - GEHRTRONEER0 AOBR I dth dodyhek DERRE, Bt fot

| livalted ity,ecycldfard fGhR) n;@dudgéﬂﬂsq osbpaedtplenes, saremasi such gmr

from1l to about 10, and | S an, jntege

Thenyk, iggligegrogps a(ﬂéréyenb%ﬂgmhﬁh% éPl%ﬁtﬁutﬁﬁ? %ﬂﬂé{ﬁtwes
tﬂ§1%gg in hdtPBBchirbfoctiRtle f0m A3 910 oA AURREL grbe
I'n'e occurrence an I ned
aﬁmsehet&oawm mdsﬁameﬂe oydlic gaups tsadh fasoftrargh are included
al i phatic group; an aromatic group; a cyclic group;
1Bonbi nati on 20 thereof; any substituted

deri vat.i in g t

e R T N
dipriigy én tahphsemfporamy aafl a eydlichpdréien,f examplest of oot
20 carbon atons; .or. hydrogen._ |n one

dnslgahus agrmet @yeﬁerdéo g%rewqch @ ud@Hzm%ﬁﬁéq Wa?rein m

Do SR e e B, e

(G%Wﬂl&gﬂ wﬁér&ﬁ&kﬂéik\ll‘athmltegéﬂ—ﬂﬁﬁﬂ-m EtBout- 10 and q is an
CBHAF; - (:H206H4g6
TesagerFomriag L1, m@qz@r@bd%z mCE B ey BEIgHOMS an integer

%%@%@b andﬁ/_l% regli omer t ereo ang/bgln?/a(:h

sachsiréidet &dl dedefindd weoveh R emﬁnde@@ndﬁnﬂmeh-manlf from: an
hal i des, in each occurrence, |nchude fluori de,
AHIPBRLI G ErouD; r i dQInatith STOWR| ¥ EYCHE (ETPRPe gBY, combination

SR 5 3y N S R AR RO .
| Hatiide-€ dint glkoabéoy ar amidersubytitytedugarivative thereof, any of
which has from 1 to about 20 carbon atoms; or hydrogen. In one aspect,
aliphatic and cyclic groups include, but are not limited to: -CH,CeHs; -
CH,C,H,F;-CH,CsH,Cl; -CH,C¢H,Br; -CH,CeH,I;-CH,CH,OMe; -
CH,C,H,OEt; -CH,CH,NH,; -CH,CsHNMe,; -CH,CJHLNEL; -
CH,CH,C¢Hs; -CH,CH,C¢H,F; -CH,CH,C(H,Cl; -CH,CH,C:H/Br, -
CH,CH,C¢H,I; -CH,CH,CsH,OMEe; -CH,CH,C:H,OEt; -
CH,CH,C¢(H,NH,;; -CH,CH,C¢HyNMe,;  -CH,CH,CHUNEG;  any
regioisomer thereof, and any substituted derivative thereof.

Examples of halides, in each occurrence, include fluoride, chloride,

bromide, and iodide.
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(-OR, -C(OR, -OC(OH, -0SiR3 -0OPR2, -0AlR2, and
the like, including substituted derivatives thereof,
wherein R in each occurrence can 5 be al kyl,
cycl oal kyl, aryl, aral kyl, substituted al kyl,
substituted aryl, or substituted aral kyl having from
1 to about 20 carbon atons. Exanples of al koxy or

aryl ol eg¢lo QpRUITEncR) OXHEsH EEOWRSCATE XY ESTEORIFINELErOUPS,
B R T

&3a0R),0cOU(DIRC eOCLONH ur_()@im; psOBRg sOAIRY, - smhtthe nhkxg
groups, exanples of which inc|ude, but are not
Ilnﬁﬂﬂlé& Sﬂbgtlmtgﬂ?deﬂ‘f@g@ﬁlefeo (Ebﬁf@}’@ Jiseagh QugRPRICe38
e dj e t ,
\;ageirlﬁe(# cg\gcio@ﬁégg é}&g Cazr%lr Iénéggkt;&gteﬁ 511{% s'u?f&ﬁute& heyeQr
Gybitiated kalk dArhdving froml Kyo absi Dﬁtdatbﬁneaiomls kyAxamples of

substituted aryl, or substitut ed ral kyl havi nr%jé?is
ralksy 10t aryMyouropps dPRbgrems inclugde, afcire et UpritHt &

T BARLLBRRES JALEOFG0n IR RS, g e
182, -NO2, -N3, and the like, including substituted

derivatives thereof, wherein Rin each occurrence

can bdnagaeh| occw@nwsz@}ﬁur SIPYDS, atg SHIRE-CONERIREE; FHOTRY
y it.ut ar

%%(E/%ﬁ Rlesfrow éfa‘%)out O"!trgalgrP toﬁﬂl@%%lo{r?t gﬁh @S@k

@IOJORNCSCNP hS(Sﬂhoanﬂs tigy tilkpsirmheling substituted derlvatwes
phosphorus-contai ni ng groups, which jnclude, t a
ﬁ]@qreq)f,‘ nvheging 8. in ppg} ocpyrence pgg be iy lezycioallké/t—ngrz'
-P ( u
SR RS HIL? sttt M Y B SHARY! At having
qedin Deo abeuwt|20 oeyoﬁn@mmyl aryl, aralkyl, substituted

al kyl , substituted aryl, or subst i tuted aral
haV| ndn ﬁa@we_pufrsncea%mgee@r@msmn%ﬁ%-comﬁm@é&mups

(\rﬁﬁ ?{1 | ncq%l}gﬁel,%&g&) 2P, ANER! SNRONARY,NLNY and

groups ut aré not 1imted to

ke HiRe, -IASRing - AdEMRE, deAs{titiRy 2hereoBOwAsie) (10?)12¢ach
and the li ke, including substituted deriv tlve

tq(?é‘ﬂlé@?fce gaerte aleli syelealkybc ety arlkyle a4 ﬁé‘m&akgﬂkﬂ

SRl O ppo=Rd Sy PHElY BORPY i BRuCRE bprbon

Jatdrﬁs.about 20

In each occurrence, phosphorus groups are phosphorus-containing
groups, which include, but are not limited to, -PH,, -PHR, -PR,, -P(O)R;, -
P(OR),, -P(O)(OR),, and the like, including substituted derivatives thereof,
wherein R in each occurrence can be alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to
about 20 carbon atoms.

In each occurrence, arsenic groups are arsenic-containing groups,
which include, but are not limited to, -AsHR, -AsR,, -As(O)R,, -As(OR),, -
As(O)(OR),, and the like, including substituted derivatives thereof, wherein
R in each occurrence can be alkyl, cycloalkyl, aryl, aralkyl, substituted
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carbon atons. In each occurrence, carbon groups are
carbon-contai ni ng groups, which include, but are not
limted to, alkyl halide groups that conprise 5

hal i de- substituted al kyl groups with 1 to about 20
car bon at ons, ar al kyI groups with 1 to about 20
carbon atons (o -C(O OR, cyano,
@kﬂRﬁWStm@fNRﬁF‘& o W apalleyl; haying fom iLnfor ehauh 3O
Sc‘é?l?c}ne}tb' derivatives thereof, wherein Rin each
occurrence can be al kyl, cycloal kyl, aryl, aralkyl,
subst iThuéeH @ckitbnces ¢hboht groapk arey tarboii-contbining gtoags,
aral kyl 10 having froml to about 20 carbon atomns.

I'whigh dnclade Ut eare aot dimifedols, @ikl higlide groups that comprise

T aER IR0 e Sh Rt 1 WO 2DCCH0ER ol Bl
agryhlss With 1 67 €868 20 2o ks FCE0)HI- 6((D)R -6(0YDB, cyano,
grou s, and the like, which jn each oc urrenc% have

1, CANBIR. 26 NRIBBn Hibribe b DchRG, subgeuted

%Hvﬁﬁgeg%%sé?f \*H%‘E&H %mt n eg\%‘k clE:)f:Lm 8041k 8’1 cycloalkyl,

eny gr oups. occurrenc

gevIredrhlki], Osubsititedl alkghr substitined anylaiori agbstitptalipsalkyl
whi ch include, but are not limted to, gernyl groups
g oyl tgabayl 2Ga8Ressatomsy | ger myl gr oups,
aryI alky r u

1ol el Biicol A", SREH Bailie o

Z@hwR Gncladd) bt ateOns. lnhnedaaﬁ; tsilgt groupe saeh alkiylsilgt propps,
are tin-contai n| nglﬁ roups, which include, bhut ar
Y

rsyIsilylgroers. apylalk ’grs@ SRXYSEHORPSa PRY i [iken pthich in
QH%%Curr%H Sliphanyh 249 %;aéuf %6 %gﬁdoﬁyét @nny+ gtie,

stannyl ox roups,
vslﬂu@iﬁ grcumaﬁ&ludcfrunéthﬂeﬂylhmlephEnﬂmtgdsﬂgl @oapd. 20 25
car bon atorrs Thus, tin groups include, but are not
limitda qagh Oeﬁwyge@raeuﬁe grwpseaggrge@@g@p%ﬁggammg

I gr cont [

o HEE, Aol L ALLPRL DSt Staps suc
wlwlé@ﬂf?l Groupp; SarylgaﬁWIaérkwﬂs a@zthlmlgml geougps} eemlyldsg,
whi ch in _each occurrence, have frog; 30 to about O
azPHsn 28¢ dhe like.owhichdagach CseiFase dave JFam gkt

Q- QAL a1 i ng groups,

In each occurrence, tin groups are tin-containing groups, which

include, but are not limited to, stannyl groups such alkylstannyl groups,
arylstannyl groups, arylalkylstannyl groups, stannoxy (or “stannyloxy”)
groups, and the like, which in each occurrence have from 1 to about 20
carbon atoms. Thus, tin groups include, but are not limited to, stannoxy
groups.

In each occurrence, lead groups are lead-containing groups, which
include, but are not limited to, alkyllead groups, aryllead groups,
arylalkyllead groups, and the like, which in each occurrence, have from 1

to about 20 carbon atoms.
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whi ch include, but are not limted to, -BR2, -BX2,
-BRX, wherein X is a nonoanionic group such as
hal i de, hydride, al koxide, alkyl thiolate, and the

i ke, and wherein R in each occurrence can be al kyl,
cycl oal kyl, aryl, 5 aral kyl, substituted al kyl,
substituted aryl, or substltuted ar al haVJng from
1 to dBotACh2OCCHAHEn BRIGABSTONRS %WO&%E&%H@& groups,

3‘}#;1‘?1% @H&Ih%g;g?sa{)@{ﬁ Enit8d 'EH”“B%% fgxm BRX %Rgéf&% XJisa

I nc are not limt

tﬁérEG&morMWgtfoap Buch a§ha1dadlyﬂlmﬂe,m1km‘x1gc @llfyl ﬂuolateaand the
hal i de, drlde al koxi de, al ky te]ggl at and t
likee, anénw iRy Bi i Reg O%EWHB%&EF y lﬁl’kw

| Y. ar t K¥aikvl h
su%llk??t%%%t&u %?y+lkylb rSﬁé% sttE ?ﬁs“‘%dj ar g‘lqm&!d %\Jav |yng =4 1rn
Ifréra lababbut20 Galsdiomoms.ons. Exanpl es of inorganic

groups that may be used as substltuentT for
subst iuEaH BGIITEHEN AU STOUPH S AHBRUPHEIHPNg

f%&géé Lhief ke eyt S b 13hfed l{QStAtRJ eqix,, AIRX,

abenzenes, I n ea occurrence, incl ude ut are

nelierkinX tiea nichoaniSeR>grouOMck2as hﬁﬁe)@ydnd@%dkoxzdﬁ)ﬁlkyl
os2X, -AsX2, - As(O X 2, -PX2, aﬁldthe l'ike, { |1n
sthickate, #sh dien ik endy MRS Fe i £4¢ W&F‘ﬂ%‘élcerﬁ?&r‘?‘aé

] I I h
e A e S i s
srditkyl Haviredfradklyto, absuti(} ¢arhrbreaiomsyl or 20
substituted aral kyl group or substi tuent on

| i gandixapuplest oloRPIEapEs S9BRE thab Blay el eﬁS@HESﬂtuentS for
SRR SRR L Pk gt bepsesias

Sndsdubktitued bordebyhzznesand eadl sccirudned, m‘cluni@r énty b, notn

each occurrence, inclu ut ' to,

Shnbiir 51525 9Al, O e 50 R0, -
sgegﬁga' #xurahaftﬁy Bge, FhERACK! ki Cﬁ’anoéiﬁ&HE’?r sych as

&r i um groups, organotin groups, nol ead
grahde,shydrmleganﬁiet nkoside] alityhiticlhtegand pls ik chntihxeherem

Bl B B R
P e e
aidcagb@yatbine. gr oup, an am do group, a phosphido
aroup. x%?nplezsoo% organometallic groups that may be used as substituents
for substituted cyclopentadienyls, substituted indenyls, and substituted
fluorenyls, in each occurrence, include, but are not limited to, organoboron
groups, organoaluminum groups, organogallium groups, organosilicon
groups, organogermanium groups, organotin groups, organolead groups,
organo-transition metal groups, and the like, having from 1 to about 20
carbon atoms.

In another aspect of this invention, (X*) and (X*) are independently
selected from an aliphatic group, a cyclic group, a combination of an

aliphatic group and a cyclic group, an amido group, a phosphido group, an
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al kyl oxi de group, an aryl oxi de group, an
organonetal lic group, or a substituted derivative

t hereof, any of which having from1 to about 20
carbon atons; or a halide. In another aspect, (X3)
and (X4) are independently selected froma

hydr ocar byl having from1l to about 10 5 ﬁarbon at ons,
oHkyokidE| @eup) Anagyloride gEpaetan oxeanogiallig ggroup,gor a
[ e sel o) ri ride
SPFRGRA°TvA B YEERE bl T bl hding BORP' Boaout 20
(sfdoraragorad)| of i lehalidoneriauanghec espes, (H )prapac¥’) are
net al | ocene conpounds that can b in this

i ingenenienin selected drrm b Sy g bwbﬁlaé@gp 19%/59095@% 10

A audfs £05 hulle: S pfordS 9%y T AndOR) are

Sné&fendéiily Selebbdd £48, f1GordRO clBtide,ShréBBJe& Bt jodide. In yet
5,541,272, 5 554, 795, 5 563, 284, 5, 565, 592,
other gepct, §XHandd%g) ars chloridogs ' 5 631 335,

5, 654, ,

e
admplbiehin this inveritivar dvecbdoy réortee! ef@rroamipty, .8, Patent
Its entiret

oS Ut TR be-2hps St Ot S3hotn: PO fhie

e N e (AT i
$,554$wﬂlq\l\@é$63_,2|84,, N, 595,582, A,571R30] sako4,038, The31,203,
em ca ocli

Ch f J ,..1986, 59, 97: . G
REE ST 5 RS s 265 2387 B0k TR S T8, Gy sl emnd

T, R o B o G 9ROt

i efpeRertardd, hyits cafimtencthérepeicesses o prepasntrietatloyene
For exanple, the followi hg ansa neta)l ocene conpound

i conproupdy Bt s be (ﬁ“ﬂﬁol’eél iny this yyvegtion qyﬁgt’)eemr’ep n
g?&fe%%; JEAPRE g orift oA (\}P‘%ﬁ ’Z(i.S.ﬁzMoﬁEl'?’dt&lB&.: 2001, Vo5, 3,
Kajigaeshi, S.; Kadowaki, T.; Nishida, A.; Fujisaki, S. The Chemical
Society of Japan, 1986, 59, 97, Alt, H. G.; Jung, M.; Kehr, G. J
Organomet. Chem. 1998, 562, 153-181; and Alt, H. G.; Jung, M. J
Organomet. Chem. 1998, 568, 87-112; each of which is incorporated by
reference herein, in its entirety. For example, the following ansa
metallocene compound is prepared according to Alt, H. G.; Jung, M.; Kehr,
G. J. Organomet. Chem. 1998, 562, 153-181:
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and anal ogous conpounds can be prepared according to
an anal ogous nethod using starting conpounds that
will be readily understood by one of ordinary skill.
The follow ng treatises al so describe such nethods:
Wailes, P. C; 5 Coutts, R S. P.; Wigold, H in
Organonetal lic Chem stry of Titanium _ Zironium_ and
Heridn pualpgons aetsnpandaean Yos prepaoeds aceosding o am agalogous

o BREA Lsinlssing SRt L v seadBAMRHi o0y one of

Psrgfisiy Slew York, 1986; each of which is incorporated
by reference herein, in its entirety. 10 In_yet

anot heFheafolewingtreatises alsp weparibgriuch mathndss Wailesa £ C.;

sa- hetald ocene .that .ar | 144 . cat alyst .
s St o ORE Thl Gred R Hale ChIREE B iEhium,
W irbnitie ah@r Aindurh; AQfRERD New Rlok, 29761 (Bilin~DP J.;
R3 (1); wherein E is carbon, silicon, gerpmanium or
thappert M.2; amBRagian, Q4L rChenystin @b SEgtondirgoniwnided

fr,omH a_ hydr. r ] I Rg t
13 oS AN PRESLRATY A0 D80 Racn o iR
finedfpaked bydref@enddliendin 1id igasnkiggly.at ons. | n anot her
aspect, exanples of the ansa-netall ocene that are

usef ul In yet armijh@'ameyts of dbispertion ermpigssof Abe mrsen
éﬂ%@%%ﬂ%éﬁgtgfgg%%?ﬁn iénh%%ta'}ég cfoﬁfp'&ﬁlti@n lof this invention

include a compound with the formula I:

SiR%,R?

D
wherein E is carbon, silicon, germanium, or tin; R}, R%, R, and R* are
independently selected from H or a hydrocarbyl group having from 1 to
about 12 carbon atoms; and R’ is an alkenyl group having from about 3 to
about 12 carbon atoms.

In another aspect, examples of the ansa-metallocene that are useful
in the catalyst composition of this invention include a compound with the

formula I:
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R3 (1); wherein Eis carbon or silicon; R, R2, and
Ra are independently selected fromnethyl or phenyl;
R3 is Hor t-butyl; and R5 is 2-propenyl
(CH2CH=CH2) , 3-butenyl (CH2CH2CH=CH2), 4-pentenyl 5
(CH2CH2CH2CH=CH2) , 5- hexenyl (CH2CH2CH2CH2CH=CH2) ,
6- heptenyl (CH2CH2CH2CH2CH2CH=CH2), 7-octenyl
(CH2CH2CH2CH2CH2CH2 3-,met hyl - 3- but enyl
( CH2CH2C( CH3) =CH2) , PR 88 pent enyl
(CH2CH2CH=C( CH3) 2) . anot her aspect of this
i nvention, the ansa- _I 9(élene of the 10 catal yst
conpositi on can Bé.,& conpaihwd Rith the fornula: S
Ra2R5 R R3 RZRIR Cn rein RL and R2 are

9 .l-> yl or phenyl; R3 is

I ndependent |y sel ected
dependently selected from

Hor t-butyl; each R
nmet hyl , ethyl, pro butyl; and R5 |s sel ect ed
. 3-but eyl

from 2-pr openyl 09

(‘%&}%ﬂgr é%g%%ﬁ o ﬁgmgﬁggt %ya?fl ?ocene %&%@ﬁ&gﬁg)m e)%{s}"td

%molsietﬂyw nor %@nﬁe R® GONHOWA- wtylh ﬁﬂtﬁ Forignid-propadyl
R4 R4 Si )OO R zZr-d RZ O vvhereln R and
R@%Cﬁﬂﬂf&é,pende%buvnﬂel ect EHCIRRHRGHY)! or HRERpRY]

5 3041,CH,CH,CH=CH,), 5-hexenyl (CHZCHZCHZCHZCH—CHz), 6-heptenyl
(CH,CH,CH,CH,CH,CH=CH,), 7-octenyl (CH,CH,CH,CH,CH,CH,-
CH=CH,), 3-methyl-3-buteny! (CH,CH,C(CH3)=CH,), or 4-methyl-3-
pentenyl (CH,CH,CH=C(CHjs),).

In still another aspect of this invention, the ansa-metallocene of the

10  catalyst composition can be a compound with the formula:

(ID);

wherein R! and R? are independently selected from methyl or phenyl; R’ is
H or t-butyl; each R* is independently selected from methyl, ethyl, propyl,
or butyl; and R® is selected from 2-propenyl (CH,CH=CH,), 3-butenyl
15 (CH,CH,CH=CHy,), or 4-pentenyl (CH,CH,CH,CH=CH,).

In another aspect, the ansa-metallocene of the catalyst composition

can be a compound with the formula:
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each R4 is independently nethyl, ethyl, propyl, or
butyl. Typically, and in another aspect, the
ansa-netal | ocene of the catal yst conposition can be a
5 compound with the fornula: M M S M Zr-Cl Ph O
(I'V) In another aspect of this invention, thleV
Jana-netal | ocene of this |nvent|on may be sel ect ed
from 1-(r15-3 R’ Rﬁ
-(2-propeny|dinethy|i" :~ny|)-|-(r15-9-f|uorenyl
)-1- 10 phenyl et han i umddi chl ori de;
1-(115-3-(2- propenylo silgyl)indenyl)-1-(x15-2,7
-di -t-butyl - f g nyl)bicphe | et hane zirconi um
di chl ori de; 1 (R25- penyl di met hyl
silyl)indenyl)-1-(x15- enyl ) - 1- net hyl et hane
zi rconi um di chl ori deg
1- (x15- 3-(2- propenyl IsinI%' denyl)-1-(r15-2,7
-di -t-butyl -9- quorenyI -1 nmet hyl ane zirconi um
d\’vﬁé}leﬁirl'{]dﬁid 11y al%niﬁd%'é'ﬁﬁblﬁ sQeetéd B6BPIethyT BE phenyl; and

O ganoal um num Conpound I'n one aspect, the present
i a'mha i iip mdependedy nztlnds thls prapyhpudiutylo ypicobisr angl g

sa- et al | ocene ound ont ni, n
ot SR abe DTS SRt B8 PRSI PoRGRN 2Gh be o

St%lni uR W8 BE FAMRLLT - support and an or ganoal um num

ound. Organoal um num corrpounds that can be used
|nth|s i nvention incl 1B"u_];l"leare not limted to
compound with the f O ( X5) n( X6) 3-n,
wherein (X5) is a hydrjg I aving from1 to about
20 carbon atons; \f.X6 ko de or aryl oxi de, any
of whi ch having f rrem 3yut 20 carbon atons,
hal i de, or hydride; an nunber from1l to 3,

(Iv).

In another aspect of this invention, the ansa-metallocene of this

invention may be selected from:
1-(n’-3-(2-propenyldimethylsilyl)indenyl)-1-(n >-9-fluorenyl)-1-
phenylethane zirconium dichloride;
1-(n°-3-(2-propenyldimethylsilyl)indenyl)-1-(n’-2,7-di-t-butyl-9-
fluorenyl)-1-phenylethane zirconium dichloride;
1-(n°-3-(2-propenyldimethylsilyl)indenyl)- 1-(n*-9-fluorenyl)- 1-
methylethane zirconium dichloride;
1-(n’-3-(2-propenyldimethylsilyl)indenyl)-1-(n-2,7-di-z-butyl-9-
fluorenyl)-1-methylethane zirconium dichloride;

or any combination thereof.
The Organoaluminum Compound _
In one aspect, the present invention provides a catalyst composition

comprising an ansa-metallocene compound containing a pendant
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inclusive. In one aspect, (X5) is an alkyl having
from1l to about 10 carbon 10 atons. Exanples of (X5)
noi eties include, but are not limted to, nethyl,

et hyl, propyl, butyl, hexyl, heptyl, octyl, and the
like. I'n another aspect, exanples of (X5) noieties
i nclude, but are not limted to, nethyl

_ethyl,
iw@@tmmdl moietppshed to thribiiige, gesolig @xjfe a&iy@%{yﬁwpm,
1- 2. | 3. ]

e e R S e

iRARBE e Investedertrdef anré hotdirhiled tocdunopdund with the

brom de, nethoxide, ethoxide, or hydride. In yet
doonwler aspect, (X6) may be chloride. In the formula

Al (X5)n(X6)3-n, nis %lqbgﬂ‘c&ﬁ from1l to 3 inclusive,
nVJS

and typically, nis 3. te of n is not

restr ivHeRdnt(X°Pes arhydfdcagsil havingefrefol eo tabost P@roartoa
include% sesqui hal i de conpounds qr, ot her

20
aterasidX Lis alkonide 0w eeloxidinsanid wvhick haviag om Lt aBrws

or ganoal um c ) ' i
0 SRR AT HE) e BETIUPEE, b, R gt ! 1 b
tihdlakiky. Bl ommg mlpeu, exhmeundikyl Hivdhk foal Lo abaun]Pakitoe
conpounds, dial kylal um num al koxi de conpounds,
diternky Farmples @M/{ybmmféww%wnagt argrpt gignited to, methyl,

C i natipns, thereof a f.organoal uni

SO e R B nery PR e B0, e Bpert
t&akhm?[e@ STOEX ) infBibtes inetudtr biesrbytoallimitedlito, methyl, ethyl,
triethylalumnum tripropylal um num

tisorwapyll adpoeryhurbutyl.rserHubik ek Wil gyl 2-hexyl, 3-hexyl,

t.ri.hexyl.al up n [ Lsohexyl ] 6
FoSEY 1 e AR MR REEY o LB aspect, (X% may be
dhé&eRadntlyalsertred Mifoydr flaeride, 3éhloiéd, hyptarhidej nmethoxide,
chl oride, or any conbination thereof. 25 1n one

ashardde, or hidiigee Ja yet anasberiaspiet.d b e chlosidsnt act i ng

t he nsa- al | it N o clusi
or gan AT Sgb and” St Sarrd BSm L to 3 influsive
f AdMtyRicANE.CANE 3t THe Nakileusn o redtdcted o et art hriteger,
precontacted mxture with the solid oxide

aberefae orthig upprerula ¢ énclusdes pwuthalide; vempapads, <9t Waeh
the cat al.ys 0Sl t ] [S prepared in this manner,
t%}ﬁ?‘&oﬁh‘% u{r‘hcglg{;{% cﬁ’ﬁdoﬁggééssari ly, a portion of the
Or gan q@énérly xa@plee oM drgasodtitiamint @otdpeundse tantcan thed

m xture and another portion of the organoallbug& num
cusep do ribisi mveetinay inchuden dup 359 @ghLiFteddfyitRakkyiglummum

pcro%?p%ru%gs, dialkylaluminium halide compounds, dialkylaluminum
alkoxide compounds, dialkylaluminum hydride compounds, and
combinations thereof. Examples of organoaluminum compounds that are
useful in this invention include, but are not limited to: trimethylaluminum,
triethylaluminum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trihexylaluminum, triisohexylaluminum,
trioctylaluminum, diethylaluminum ethoxide, diisobutylaluminum hydride,

diethylaluminum chloride, or any combination thereof.
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when the precontacted m xture is contacted with the
solid oxide activator. 10 However, all of the
or ganoal um num conpound nmay be used to prepare the
catalyst in either the precontacting or
postcontacting step. Alternatively, all the catal yst
conponents may be contacted in a single step. .
Fur t hp ONoFseCttn A BFRSCRr BRI ﬁ?lﬁa’ﬁ?eéowﬁe%ﬁa@%ghe
R sy Sedallockfl G 1éa@\ﬁ oRE HEMARIARGmOLorAfund and an
post contacti ng step. en an- 15 organoal um num
adefiro mnchonter adftrd 1@ precontpited shipee, pher dooeomtast ghis
organoal m num cor; oéggi?ﬁ“ scl.gsed herein incl uﬁﬂe t he
tsEcantagiadymixtgte Wi ghR clidnPHdmee YRR &8 oL iden
t ] I8 Shis Hshndny
D o 3 P i e
peopivatty, i thetzio nnote actasarilFher gboie, dfotlel oagamoalumindgm
20 organoal um num conpounds, ar.e di sc] osed, regard)ess
SRR By 2o T hecTeB A PR AL O AP O 08,
f : r
g Rpclilah RPoRRORITRY T ¥ Hostc AR ixtufe PRAARE
twheinsthe precdoatavted noixtwae és tymacted wothghn calidiwikidemctivator.
}gqn‘?ound cng,sed in this. invention. 25 The h
eb ML iy ereaneaiugiiny crpeunchipay By usedip prepare the
[ i . ot i ;
SER LORE G PORERURE0P P o ERBIRY! AN Spattvely all
cleatalgst campohents amlylbg-contaateddn aaingle sixp.de, and whi ch

is typically used in conbingtion 30 with an

o g_angHFtE?ﬁ» MR ct,}éaer%‘Eﬁwﬂr.SaP?fﬁ'élﬁH’c% FO@QB@E@}% ge uscd,
Ayt LiYigth Ofte ﬁa&‘%ﬁfe{cﬁﬁ Bf | 6 pBlicd AT OBRpSO! WheXiade
treated wth at [east one el gctron- 2% w t hdr am ng
angamoaluntipurai contproamdolsi aflded | idemolipldeteps,| theagmounts of

alum na, .silica- aluynj.na, al,um.nqpho ate, .al um nu
a%@aﬁlélp@uweﬂpauamﬁ%ﬂﬁg hesgin rlg{]Bﬁ@%@é%la%%qm of
. . i con g A beria. zin . xad
té’)&(%%ggﬁtnﬁéﬂ}t{elof , rou%thq%%s 11tl hg{dggf t 1‘Yﬁlan re\%%trggcie% taﬁg
glostcomtactedvirhixtirasyi oyl 5nyaradditionahn obganbbluorinute, compound

chloride,. brom de, phosphate, trjflate, bisulfate,
sdfedtie, 1hq RONGBGIATED 199Gk os uTPEEFOrS.” total” amobnts of
ﬁ%&fnb&ﬂfﬁﬂﬁﬁﬁtc%frﬁﬂlﬂay%%m&%ﬁﬁ dlesh lo#QhRE GOANASIE.

orosilicate, uorotitanate, pernanganate,
supsbaluatimgn compound is used, or more than one organoaluminum

compound. In another aspect, tricthylaluminum (TEA) or
triisobutylaluminum are typical organoaluminum compounds used in this

invention.

The Activator-Support

In one aspect, the present invention encompasses catalyst
compositions comprising an acidic activator-support, which can comprise a
chemically-treated solid oxide, and which is typically used in combination
with an organoaluminum compound. In another aspect, the activator-

support comprises at least one solid oxide treated with at least one electron-
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sul fonate, unsubstituted sulfonate, or any

conbi nation thereof. The activator-support includes
the contact product of at |east one 10 solid oxide
conpound and at | east one el ectron-w thdraw ng ani on
source. In one aspect, the solid oxide conmpound
conprises an inorganic oxide.. . The soljd i de cap be

opthdsrsingyanécs avhrseinghe selid gxide cam oei k2 ABTEPB i gh-
R R A

mee@?cﬂﬁnngnmds, itBaigntifohe mighbsis,hgoréd, eater anidd, Gmixed
wi t hdrawi ng ani on source. In this, aﬁpeg the solid
@xides thfe;ﬁ(pfg oRnixayes thereok andnwherein the clackppragthdrawing

h PRGLs | S - '
FRRv Sl 3P AGiaf (BigRle, RpRlas RGN TR,
Quifge, cOngobindtie, afldombulfzas ttriflneroataater offuorbplndphates)g
ani on _source._ The_activator-support exhibits eghancgd

dworezincgnate, dwnpailisate: oflyoretitapeicc ReFRaREIRALn ubstitute
%ﬁff&fa@#,%%s hibfHed ﬁlﬂﬁa&o[ﬁp RS AGhénaf OF - suppor t
al so unctions as a cata yst activator as conpar ed

t o t h@heaictiespesdipos inotudestird corstadti rodudt chef. at\Mbast eone
not intending to be bound by theory, it is believed
spkd oxidgecompornd ead aklepygme glepjrongkithdrayingsanien source.
N} Zi ol d_qxi de: is :
JEF! RPeaniiDasitd B LRHNAG WompbRay ah R ahliE oyide

Meablid 2xide dahderptishilbcedieinediprierer contdeeing the electron-
activator-support is_an activator regiardl ess, o

Writhdrasy ing anjog) souez ddecRBtapErTaiic seellsabi e3leiaed cifher
0o : i ' ; )
ORI  Don
GatHddaviag esidmsdcanimthic adpegiatic: yiighotitle compeamdmialie
activator-support, or any other rret%gani,srrs by whi ch

AetGalanedonr pagRlegaedr In FWORRT 128Pechet g AHYHOEFURIBHBIY
%Sﬁl'g%ﬁgt% e (,IOBEI.C{[B AL feabibrdeNEl 88 Ride compound
cocatalysts, It is hot necessary to elininate

aad at Rhytdns efochoniwithdeatiak waion sdidlrceconposi ti on. The
activation function of the activator-support is
evi derteiantivatorasupRpE FEbipits SRPacey apivibhesgapapared to the

%8&9%3%!{1{:ﬂngrhn@l%att%d WhRd Sxitdﬁ%oﬁlggﬂﬁﬁ. egnd Qctﬁ/at&%ggaﬁ glso
conposi t1 6n contai ning the correspondi ng untreate
Foddtidnoxs geatalybloavgivelor as tomparbétd theedresmndingaintreated

Gtk et UMD BBHBERmEN by AR URFRIi D HRIRA ha
?lg@ngéﬂgfé)%gﬁ%ogg F39 088 "s G TRRYAES01i8 oxl RNoAlgddnd by
weakening the metal-iigand bond between an anionic ligand and the metal
in the metallocene. However, the activator-support is an activator
regardless of whether it is ionizes the metallocene, abstracts an anionic
ligand to form an ion pair, weakens the metal-ligand bond in the
metallocene, simply coordinates to an anionic ligand when it contacts the
activator-support, or any other mechanisms by which activation may occur.

While the activator-support activates the metallocene in the absence of

cocatalysts, it is not necessary to eliminate cocatalysts from the catalyst
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In one aspect, the activator-support of this

i nvention conprises a solid inorganic oxide

material, a m xed oxide material, or a conbination of

i norgani c oxide materials, that is chemcally-treated

with an electron 10 wi t hdrawi ng conponent, and

optionally treated wth at |east one other nmetal

i aomposiies, Thecacssation Bierten of theracEvalau eHipogs evident in
M C _ . .

I SRR RSt ol L b By s A By dBmpafl G

Sdakdl g -coinfositiod @ntdhinj GRe tcbtraspordingnehicoardd swdidi oxide.

and m xtures thereof. The mi xed netal oxide

cdewenaidst sy brliexedsthat dhe ActptAESURROL cas fHpgtion; A% R0

on al [ ' X t [ [
c%ﬁl‘ﬁ%g%id,evglgmgﬁgmgﬁéstegg/eoc%@ge Ioggé@ﬁmnﬁgg@egcﬁa | gﬁ&’
QlluGhRihea| orpdefsbi t@fipoumidd, @rienieigdopassegolmdst hi s
i nvention. In one aspect of this invention, the |,

act i vdnomesanppes ther agtiviator-suppprh of JB§ 1HVERIIOR| CAMPIIREE &)

i on .such zine .gkel .. ] i | :
RSy iy P s PR Wl K comBltin o
Giadipaniet boide tgedials, tixalptiasnicdllyantateditwith snpplectren-
that further conprise a netal or netal ion include,
puithdipwingo eotnpereng dandy opgonwly Weated vatieat deash ongether
alum n G- 4l d [ | wm .
S A 45 S RAFBRE OB AbRBlsses oic
ZhferitEpaRENga atlirhihboriniied skidet ecomptiinds,such as silica-
zinc-inpregnated sulfated 25 alumna, or any |
cdwingaar Bhica-Fegoasr or $HCHHBNRe AN $PRPINatioRp and mixtures

S ot et S fothie . . _
e 3 R e o SRR 2B SR TRy o, wit
axbichilas bew Bedl i Bbiyd vwBonsygsh aci fiima hekdid oxide

The solid oxide is chemcally-treated with an .
0BIONBH- WRR hbR aMpdRy o vpuEedation.t ppregnatiptg g1 chemical

e L-QN- Wit ' [ . orm a
aieﬁgé}é?%rﬂglﬁgéﬁwsl%ﬁggﬁ%]tﬁl?‘ﬁeﬁigﬁ ing to be bound by
the flal bai fgestt af efiiBntinventions thel dctivedrsiygiort further
treatnment of the inorganic oxide 28 _ wth

efoariseh 2wnetll cavinglgl dohsedieat Zasy isled, B?nagﬂ%niib@rs
t oh- . > e
0P e Bt GO shPoddlih, <5y combiaion thgreof

Vi s@dplésSof. yqpivarsupgireathey furfhan cohpriscesinsetairorBnetak iond

acidity of the _untreated solid oxide. Flgl‘; ggrg,hod to
qoelnde.fiut e nalclimitey tfzingrimpregpaied chlorided aluniag Znc

Ut EALED MRlHddd WitiGa RhE heindtsd BY1oFOEP &SR,

zinc-impregnated fluorided silica-alumina, zinc-impregnated sulfated

alumina, or any combination thereof.

In another aspect, the activator-support of this invention comprises a
solid oxide of relatively high porosity, which exhibits Lewis acidic or
Bronsted acidic behavior. The solid oxide is chemically-treated with an
eIectroh—withdrawing component, typically an electron-withdrawing anion,
to form a activator-support. While not intending to be bound by the

following statement, it is believed that treatment of the inorganic oxide
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pol yneri zation activities of the treated and
untreat ed oxi des under acid catalyzed reactions. In
one aspect, the chem cally-treated solid oxide
conprises a solid inorganic oxide conprising oxygen
and at | east one elenent selected from 10 Goup 2

3, 4, 5 6, 7, 8 9, 10, 11, 12, 13, 14, or 15 of the
p@.tln ol plecrammathderwing fPMPENGH; 2BFWeRth oh pahagcey g apidiye

& fgﬁ{%’ilgéel{ ﬁ%,_{,ﬁl%%} Qﬁ@gﬁ{‘ 2l fgq’_&vﬂg or Bretdsf%ﬁg‘éldlty

[vigith g afypicallit Neredidr thahO e \Wetwéy ok Bmmdl&ﬁ&nty of the

Cot t on, A ; WIlkinson, G; Mirillo; Eg

RudtienieAnsold oagleancOre | mEhgdni ‘G@éﬁsttﬂF%/ acg:}ﬁy the

[ SGi

Shiefploals A i R Sroa K3 ki ddBetids 1 BF ecbx%@é&ﬁg“ih%

%ﬁilﬁﬁél@ﬁlﬁf)ﬁ aRtiMties Bf tBe,trddted &t uGveatéd ox(des under Geid
M, Mo, N, Sb, Si, Sn, Sr, Th, Ti, V, W P, Y,

Eﬂt%YZGZrTGaOSQF% abl e exan‘pl es of solid oxide materials

or ConRpQ lﬁg%?,?éc@aﬁ] .%ﬁ&%‘% %d' h%i 1de COIIé%I‘lSCS a solid

chemi cal eat e

l1ﬁ bmld&&bm&r@m@@x ygettandrae lemett orhd ﬂbﬁlent detectol1R6A,
BeO, Bi?2 CdO,” Co304, Cr208, CuO, Fe2®3

@:@@gz aazzdw Mz@slow@@z N-a%. eo b of tyspegjodigjteje, or

| nc 'ng m XEd" OX Rerec
Ca@ﬂbideadlérﬁﬂﬁs t l§dee OHawa&ﬂCbﬂfen@éd Cmemedl Mtﬂmrﬁ, Haf®
can be used in the activator-support of the nt
T5L1 FobanWilsn & rmeqLsom otiane Fribt WHkRERH Q.o Mylgs &

d ¢ ' . .
&L 9 Blegin?” NEDUBRYOR B, ey, B BET it
Thtersbiency, 1990.) YTJsdally, Zic 1nafgintdt§3cldid: k@nprﬁéea ke afd at
m xed oxides that can be use

deast pag elemenpprdeatedfromal, &, e%f‘erﬁl Cﬁ ng o/t FeoGa, La,
3%1%3{‘], B s; ¥nls Feith e, Ry g dpl @, Z5 o *2961 al um na,

’tahai "sPPica- Zir'cohla,’ zeol1tes, 30 many

clay rguitable! examplds! &Y tidcd-agds maddrials omedpanida,that can
al um na- zi rconi a, _al um nophosphate, and the |ike. 29"

Ibe Brd asﬁ@tph@nwﬁw treptad exetidopwide (i the| prgsey iggention
b
qﬁ&lﬁ ut! fe é {ﬁxﬁ&i by A{%g?’a BH g}Bég‘gnEiaﬁ)té' £80! ‘cojbl h

oneé ron-Wit

tOHO% fﬂd(y B0 | @605, 00a, @ | Mg @))iNIgOA Ni0n PSOY erQOS, Si0,,
Further, the solid oxide rraterlal i S OFéI on

o Sy yThQoe ki We®h WO e¥elds, RO ol Her and the like,

including mixed oxides thereof, and combinations thereof. Examples of
mixed oxides that can be used in the activator-support of the present
invention include, but are not limited to, mixed oxides of any combination
of Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, P, Sb, Si, Sn, Sr,
Th, Ti, V, W, Y, Zn, Zr, and the like. Examples of mixed oxides that can
be used in the activator-support of the present invention also include, but
are not limited to, silica-alumina, silica-titania, silica-zirconia, zeolites,
many clay minerals, pillared clays, alumina-titania, alumina-zirconia,

aluminophosphate, and the like.
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5 netal ion, that can be the sanme as or different
fromany netal elenent that constitutes the solid
oxi de material, then calcining to forma netal -
contai ning or netal -i npregnated chem cally-treated
solid oxide. Alternatively, a solid oxide materi al
and an el ectron-w thdrawi ng ani on source, are

cont adneanamspeet! of ndis dnvamtivandbesiojid pridenmapsipl pip

which 10 th ide .i§. ' : -

el R B SRR Y e Moo

afdbnfonent0 kyadhl s AC blebominlifhdfAvhg anivhi @ircel NBhrtitkeSthe

but is not limted to, gelling, co- e[lln?,

Soidgidenoiio s optiowd Fricabio el VB At Tepiconeraer
' . Typi cal | foll ow '

o o el S B G M P i

edonstithRR - et Bl wxile anikatal, arg ofltindnaltd Yforrh5a tfetal-
metal ion is calcined. The el ectron-w t hdrawi.n

coniriagt ofs etheta-impeegnatee  ehangealistraggd oﬁﬁﬁgn‘é’ﬁfi&

t hat increases;.the.lew ans Mol

S BEEe STl RipCHeRa] oH ARSHEA A Rntoéoftle 2ffon
eloffder 28 vohabidd At nallciPgnRithndoislgn The method by which
el ectron-w t hdrawi ng ani on derived froma salt,  an

dbe gxideds eeriested with Goreleconsyigiiraging cogpanentetypicgtniac

d th : c L
AR el St R R Rt Rellges MR T

it9Cheltiag, cdrutlliap cinistbghadtitht efodeOcohpaiai sito anbiher,i zbd,
brom de, i odide, 01i%hosphat e, triflate, bisulfate,
dheflikee, Tyniealbholodpwing |ansr engatiagemethod, the contacted

trifluoroacetate 0 te, . h :
bl o o coropp R, S RSy ha R AT ATOR, A€ pptionglly
RBE R anisQalepddst i tut ed sul fonate, unsubstituted
sul fonate, and the |ike, including any m xtures, and

conbi rEte degronHeithdrawingncopappnenbseddpiigat fherprdde israny
R P TR Rl B MR RN ot lTaf

tiRnRrQEat. | TRV@Rdspest, the déieronasidlthwirigheomponent is an
chem cal | y-treated solid oxide conprises a sulfated
sdedtwngritadraware anien derived diame & salsg@acid, opgther compound

dedpnoniTaEy _ | _
SR YRR LR b p AR B8 Mok B o SRR O,

Fprédiriordbr Mat artbe CExAfiples bhéeleavdmyithdiadting ditiens include,
counterion or cation of that salt may be _any catjon

thvit aral naswbmited toalfluoridey ehlerideo prayaidenprslide. plasphaie,
ttrﬁ%a%?i gisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,
phosphate, fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate,
permanganate, substituted sulfonate, unsubstituted sulfonate, and the like,
including any mixtures and combinations thereof. In addition, other ionic
or non-ionic compounds that serve as sources for these electron-
withdrawing anions may also be employed in the present invention. In one
aspect, the chemically-treated solid oxide comprises a sulfated solid oxide,
and in another aspect, the chemically-treated oxide comprises sulfated

alumina.
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during calcining. Factors that dictate the
suitability of the particular salt to 5 serve as a
source for the el ectron-w thdraw ng ani on incl ude,

but are not Ilimted to, the solubility of the salt
in the desired solvent, the [ack of adverse
reactivity of the cation, ion-pairing effects bet%e%n

the caWVhemn thmelectson-wirthdiaygre sewpprent Copwrissea salt of a

[ rted. h | at i ) t i
FRHHE b, Fbh, B SolfichEh B var R 1R s KRy e
iyt cdoilod t@att AlRes ki tdietd Gevedd br déconi®se back to the acid
el ectron-w t hdraw ng ani on-include, but are .not

| dusingesalcining. Eaetors thay dietaieir yhitabaiy 01 ihg parieylansalt o
amonj um I y 0 ik 1 [

A oot TR e PSR RGN adfon WHHE BlE ke not
dishfi@l ent the! REibiy i thedsalnin ghe aesitods solventy diey lack of
proportions, can be used to tailor the specjfic,
asivanse yeastivity of theecagion; Rrpairing ghests betyreen dhejeationgmd

I evel .. Conhi nat | -of . r i ' :

B OIS P ik BTt sl e Mrion, ond. e
SikeU hih @reeusll yabilityl gfdhe hsiual Bxampled ofByitableleationk ad the
affords the desired activator-support acidity. F

r
erbingl the elestrampathdrayring randon Agceds, dwtj are @trplI“BW‘ﬁ do
two_or. nore el ectron-w.thdr g ni ur.ce
mSinie Frolgt, wtaghibar MR BBRHEES teraali
SreBshonfltiSH, JHEOBK R ked ¢e 1kech a process by which
an activator-support is prepared.is as follows: a .
sel ectlsgthes spmdingkipasoenegunere difersplAlegizon withdgawing

oxi de coppounds. | i LE ' . .
S BPRPR P RgRE Ref PoBeq 1 eDof ol eRbisc spiging of
fthe Szlctivﬂﬂoi(-fst(l}ﬁlﬁn‘t tdi the f déstred nextlur eCormbinagomsc af célewrhn
the calcined first mxture is then 25 contact ed vvitg1

avitldrawinge cOBPPBINH MAY r By Gogtagtndoivilo (he oXadhBelRg

ol 0 T AL LAY e e

GREPSUAGupPolt B¢ldily.a Roroeamiplet bte hipest ofnbissinceantibn is
el ectron-w t hdraw ng ani on source conmpounds are )
teyRplewing wai grireprerglectiny BhHawing pRIAB FEPICE ISOIPPREYAL,iE
t.h 0 d a t ' 100,
NS SEPRuESRPaE S setoakly, S poRS) ofe el CHFRbeER
RIrOERS By GAHITH hi$ hetiatad lsupport ¢opieparied ngaspfodioisd acseledeed
conpound with at | east one el ectron- wthdraw ng

aolid roxidsueerapunsp ot sambimatign Al pxide sempeupdsy is: copfagted

with a first electron-withdrawing anion source compound to form a first

mixture, this first mixture is then calcined, the calcined first mixture is then
contacted with a second electron-withdrawing anion source compound to
form a second mixture, followed by calcining said second mixture to form
a treated solid oxide compound. In such a process, the first and second
electron-withdrawing anion source compounds are typically different
compounds, although they may be the same compound.

In one aspect of the invention, the solid oxide activator-support is

produced by a process comprising:
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2) calcining the first mxture to formthe solid

oxi de activator- support. 5 In another aspect of this
i nvention, the solid oxide activator-support is
produced by a process conprising: 1) contacting at

| east one solid oxide conpound with a first

el ectron-w t hdraw an ani on source conpound to forma
fi rst i xpnua@tmgmo 1¢h)oxidel eqmpGHRdy Wikh faf degst pns £lgpEoR-o

| ci ks cting
PREAER i AR IR iRl f e Rt g by E Rl
W t hdrawi gattiging Ghe SR SextQMTRO fidteth thzs falidnonide extingtor-
m xture; and 4) calcining the second mxture to form

tupped| | d oxi de activator- support. Thus, the solid
id
TR A MG A hRAIGERSE Smpon

Pﬁﬁue@dbiblpﬁode@é/aﬁﬁprwﬁ@r oduci ng or fornming the
oxi de activator-su port by contacting at |east

one sol)i deentactiagnit Feasl Opéa%’lh pkide compound with a first
SO DB PRI LR AR g o EAAER AR miliRs 3

bef or &) eii¢ihing thé ﬁasfc ek tueOt [odideq: dabened first mixture;
el ectron-w t hdrawi ng ani on_source, and whereip there
| s a SObswatciag thogalshed st stixtre ﬁYlﬂbﬁaﬁ?@%ndaﬁlfctfon-

oborate I once
CREREE P o e FuBRA T Slin s Dty el e
S ubseapertlcihigatiei Reechd gaktotaionfpref theselid ro&aieaﬂ:tlsaﬂor-d
oxide is generally conducted in an anbient or iner

aquppersh drhas, thepiolid] axjde activatarrsyppewile Fmefimesiared
t_a f { ,:300C to about 25 900C
T DR SR PR0C 10 cpout 25 0906

I n anoAfi®her aspeeCchf tigialilentivg piodacing Lt &)dmatg Ehe solid
tenperature from about 300C to about 800C a
aoradth aetivatqresuppoTt BY CORtaRENg 3t teavduersolid axide it o Teast

AR oA IOEd i 8,00 o
heud é:adekebipobd Rouslsincdrbfore, dmihder aiepeohtacting the

calcining is 30 conducted, from about 3 hours to
adeironogithdrawang [BR1on; pOUICe nafch & %}ae@ﬁm is32 substantial

h%ﬁ&‘c%l O?%ld}'ﬁ%ﬁo?eﬁleg %{l(lﬁj ?@qfl%rﬁa{gg om about | to about 10

enpera out 350C to about
550C. In one aspect of this invention, once the solid oxide has been treated

and dried, may be subsequently calcined. Calcining of the treated solid
oxide is generally conducted in an ambient or inert atmosphere, typically in
a dry ambient atmosphere, at a temperature from about 200°C to about
900°C, and for a time of about 1 minute to about 100 hours. In another
aspect, calcining is conducted at a temperature from about 300°C to about
800°C and in another aspect, calcining is conducted at a temperature from
about 400°C to about 700°C. In yet another aspect, calcining is conducted
from about 1 hour to about 50 hours, and in another aspect calcining is

conducted, from about 3 hours to about 20 hours. In still another aspect,
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Further, any type of suitable anbient can be used
during calcining. Generally, calcining is conducted
in an oxidizing atnosphere, such as air. 5

Al ternatively, an inert atnosphere, such as nitrogen
or argon, or a reducing atnosphere such as hydrogen
or carbon nonoxi de, may be used. In another aspect of

tdakeining emt&)f dre camiedseni drasxi ahout dmbe redieut (e fousspat a

Vomhratyt Bareou FanCiReifsS D o T anotner |

aspectFurfheg 89l @ﬁsxﬂﬁbmmemmrmuadmmgroalcmmg
vol une greater an about 0.5 cc/g, and in

Ldertenally, seloiing isgondveted i BRPxHHEOE aimgsn?@veg Suqhhas air.

oY 45 n A RSt s R Sy G ERRD A oot

afRbHerdSiRAGE hy8@igksl oPcarbih SRnosidpangnbe b, a
surface area from about 200 to about 800 m/g, and 2

i n st ilhlangther henechehihetinvention Hsowl d-oxade epmEpRISHt BIRY
Toudipae by Shalchlly Rsatll PRl LIRS Béic!VAIAhE Grith

GARDLPAI ®D cefg. am Qllﬂ&heraﬁb‘éeapthd)mid yxitle eainponenit thas at
| east one netal ion, then calcined to provide the

amre vahlme geppbthaniahophd S cpégf Andin yetpmothes gprach greater
e oyt 0 e BT g oGl e R St Bhnehhasee
a%%gl% farefh %Bg&f 160 PAUE 1 P@(? m é? E{;{lﬁfﬁﬂe@as ect, sohd

|ng agen a source o 1 on a

#m ne en@gfsn‘"‘t S gr%gfmg %Eﬁt%otth absaf SOOQH £ and

provi oxl d activator.

ﬁﬁgpi&g&e@bpss%a ﬂaﬁlf éﬂouagswtocab%ﬁf 60{%6@- supports

are not limted brom ded al um na;
chl or iTedsolidunideamafetiabmiag det tr@taqlmmlaa souicef dalide 1on
al um na; . brom ded ,siljca-al um na, ,chl.ori eﬂ_ Si icﬁ1 25
edated W1

AT i0ny Qb A QEP1RAtONCAL YNORS ARd aptierally
Slle{iét GeThatdl R, tﬁ’é’n%ﬁl&ﬁgd $b lph‘&ﬁde A EARafor-sEPpAT it g

Ica-zirconia, fluorided Silica-zirconia; sulfated
sfol@da paitiantate solid hinamiedepecti the selidiogida matemal isgtreated

L‘%ﬁata?sgaf’chlsiﬁ%ﬁlgale4“q%ﬁ$4 3 shlfutt S & Shpdt GRHitiR ion,
Or o%$9%h1 %fagﬁ:ﬁ aQousddl bAHReridh ashhateed Q'ﬂif@rleﬂlg

osphates, 30 opti onal I% treated

vagdeht, sutl f acbmblnﬁhom theteof, cand chlcoreddie; providgnthe solid oxide

Ca%rtz?/l'i,tg? ! IIg nanot%er aspect, useful acidic activator-supports include, but
are not limited to: bromided alumina; chlorided alumina; fluorided
alumina; sulfated alumina; bromided silica-alumina, chlorided silica-
alumina; fluorided silica-alumina; sulfated silica-alumina; bromided silica-
zirconia, chlorided silica-zirconia; fluorided silica-zirconia; sulfated silica-
zirconia; chlorided zinc-alumina, triflate treated silica-alumina,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
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thereof. Further, any of the activator-supports nmay
optionally be treated wth at | east one other netal
ion, typically froma nmetal salt or conmpound, wherein
the nmetal ion can be the same as or different from
any nmetal that nakes up the solid oxide material. 5
I n one aspect of this invention, the treated oxide

dlodreafat Burthenpaay of theoagihvatossuppartsumay epdosyly be fepigd

in.the formof, a rticu ' f
b BEicBh e aaciors RS Froite B Ral or SHEEE
quierdiRihinehl iG9 8 be e Sind ds andiffessnt &opeaiy metal that
fluoride ion may be added to the oxide by formng a

ghakes yp die solid azxdedmateriala suit abl e sol vent such as

al cohgl or water 0.includi ng, . - ek

s ¢ i o8 @SBkt of 8 Tk IR e, Bfile Ao
tdRipkisekol Ahblilldd/ seHiboiawis thef fg@ dfengdrticulatesalip) tss af
fluoriding agents that can be used in this invention
isnuica dé fluotitle aereisrsided itortheceride by tioptment Wity # dluggdigg

BT e TR R 0
FFRRL R dey 8 theCXiddiard slgtablaxstfdntiQrobsislal@hbbdr water,

((NH4)2Si F6), ammoni um hexaf | uor ophosphat e (NH4PF6S),
tin¢ndihg Ut clve npt limdted to.HBENS toy thrspicarpon alcohols because

hexat.| gt NE4) 2Ti F6 i .
Rt HOTBhl SRt SNERAL S BURBCS T fluoriding agents
GRADLARtHORSed E“ﬁ:rﬁﬁ:sf ireéntionamehle, WMAMERI Hoy limited to,

bifluoride NHAHF2 may be used as the fluoriding )
dydmifluodig ecido(HBpammonaus dlugride S Hal amggipjum bifluoride

' ility. |l n anotheryaspect,. of sen| -
ANELERL, atimordufl o BERRRE D' (IEBHAS Amonium
fhilumuehag agehexdiioratdidaly cal (NHHSEHep. Ammonium
fluoriding agent caEabI e of thoroughly contacting
thesafhairoghosphate (WEkPRg, teteaflvarabioncmgid SHBE)e fpmeriium

sed, For. exanpl [ B..addi ti -1 hos o1
§ﬁ’?‘é°r9%taaé§cr i(g'é]djzg}l‘gm ousl(?i)g‘flﬁ(\g%{lﬁa{t i &g&%ﬁ}ﬂ%{%ﬂ%ﬁk&&me
f(h\fﬂe;ﬁziz&ii:%1 CraBRE Geffay, hal ushbinatibnanhérest. of Forobxnigle,
organi c I,uori_di{;[g—ha ents useful in this_ aspect gf
tanemoninmebiflporide e mayihe used a5 dee flnppdipg agent, due to
f.reons erf l.uorohexane,... perfl uorobenzene,
leﬁF@F%%lFsﬁﬁﬁg,rea( iafvﬁﬁ%?lhgt hanol , and conbi nati ons

t her eqf, . anGaRe AbFech W HRY gfbséﬁttﬁﬂﬁéxﬁﬁ)no thd bolat bxideidan élef
can also be used with 30 the solid oxide is flﬂuor_i ded
dreatadgwishlacilwonidjng @sentcdningnthe waloiing Gtepof Any fluoriding

Fa%g%ltggafpéﬂg roltfgkgorg%ﬁl% o3 (iengV\{hte R ol Sxlde RS RO R85 g

step can be used. For example, in addition to those fluoriding agents

described previously, volatile organic fluoriding agents may be used.
Examples of volatile organic fluoriding agents useful in this aspect of the
invention include, but are not limited to, freons, perfluorohexane,
perfluorobenzene, fluoromethane, trifluoroethanol, and combinations -
thereof. Gaseous hydrogen fluoride or fluorine itself can also be used with
the solid oxide is fluorided during calcining. One convenient method of

contacting the solid oxide with the fluoriding agent is to vaporize a
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34 fluoriding agent into a gas streamused to
fluidize the solid oxide during calcination.
Simlarly, in another aspect of this invention, the
chemcally-treated solid oxide conprises a chlorided.
solid oxide in the formof a particulate 5 solid,
thus a source of chloride ion is added tqQ. the oxide
Bipotidingt agent infp mreas stisr@rvser g Thidire thersrlidoprig idyans
iog}%ﬁg be added to the oxide by formng a slurry of
fAE"™3%P%e in a suitable solvent. In another aspect of
the psaaRsly, ih BNGRE SPectidTehis dhvettion e chanichity-treated
treated with a chloriding agent duringgthe cal ¢i ni.ng

soligh oxitigycontiirises aichlprisgd solid s i@ the Tamn of gpadculate

) of 10 c ' . [y - j
SRR TR PRI B LR B Ok Bkl it
QR agedl. allid ehiofidaivnanshbeaddtidng thagedits byfiyniieg a
used. Exanples of volatile organic chloriding agents
sheryuof the eidesingg geitable solver. ]glrﬁﬂé’ﬂ%qr GBDGH OF HeFePrepRRt

are not limied to, Lnfr. ,
ahfeaP i L o o BE H R B LRl R R e OAF e
teglctagd s@pl dAny Idhldridigglagemetdpabiol of srviagyas a source of
conbi nati on thereof. Gaseous hydrogen chl oride or
shicsderad therenghly sanarees He QORI e FRIHNE 1B

urin | cinin 8 _conveni . f
S Ry g Rl RS iRl ARt oy, oe wed.
\@@ﬁ?i;e?sa)far&étﬂe bk ghinROcl g8 ding i agtmts aisefab irs thie aspeutsefitheo
fluidize the solid oxide during_.calcination. 20 Wen

tieension incleds; bstpisarat Lisejiash tos eartain disanps. PETINRIPPRRZERY
o - o . o t .
Shloctmefate. PR argbihe, Wldlitly Caltiofe fatiibRag?

3ALKBroefAndIe of ¥RV @aibinatida etertef. t Gasevak ihgdmgen ehlanide
an anount greater than about 1% by weight of the, .
oolchtprii itelf ¢an alprbpaised ygfethe &Hide dpgpg calcining.

rnSHER ST o PhpGinBHE G yhitind Shlfhat iepl B
$6 Vaplor92d £lehlogiiR@t flent 1186 a gabattearB%sby toviluglize tife sobid

solid oxide, greater than about 5% by weight of the
suidedlusioggelcingtionr eat er t han about 7% by wei ght of

the s@l4d i . s . e | i
el act MR, B PR Riseh 5 PR laged solia
QREdY dokprisaty; a BIIRB&NEe bredted evithalncdleitrg-witkdrawinganion,
oxide is 30 generally from about 2 tg aliiout .30% y.

wk¢ gleetrongithdrapiies aripgiean pe tieally added to the solid oxide'in

an amount greater than about 1% by weight of the solid oxide. In another

aspect the electron withdrawing anion can be added to the solid oxide in an
amount greater than about 2% by weight of the solid oxide, greater than
about 3% by weight of the solid oxide, greater than about 5% by weight of
the solid oxide, or greater than about 7% by weight of the solid oxide.

In one aspect, the amount of electron-withdrawing ion, for example
flyoride or chloride ion, present before calcining the solid oxide is
generally from about 2 to about 50% by weight, where the weight percents

are based on the weight of the solid oxide, for example silica-alumina,
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- dwshare calcining By anopsaggecive he Aottt

are based on the weight of the solid oxide, for
exanple silica-alumna, 35 before calcining. In
anot her aspect, the anount of of electron-w thdraw ng
ion, for exanple fluoride or chloride ion, present
before calcining the solid oxide is fromabout 3 to

about 25% by wei ght, and in another_ aspect, from .
Shciga-igKirPwing
SR S BRI O oYL BN ATt Bead

fox@de i3 lTeuth aBouk% focababo2d % 1 %vbighyahd i atxahérdspecnfrom
relative to the weight of the solid_oxide. In

aborihd o gl@,cp@@p% h}gwegﬁlt, Whenohplids igm is useg asithe electron-

suffjcient S f o) u
S 4508, 1 e R R
taRinig gﬂiibm(tfbohhe lsaotd Qb(mﬂS@% borwdiglarmatideién fddatihis ﬁoo

about 30% b ght halide ion relative to.the weig

dhe twrigliorf the ssahdd exides }mangtheropspget. dialige is userd 17 @H

i s ad r sal L

FutB SR rbeifiaeh SugHE i35 abhFD B e a
tyyageight Itk Son Bdlatfveuo thaweight 6fhthe kol okide, drrfrdrh (about
sol i d oxi de before cal cining. Once |n'pregnatted Wi t h

H:% it @bouthi0% dtyi weighbhalide lﬁayelggvg to the weiEhhot Hst sabid
‘? #n%hl rgi tg‘tdc‘::a(;r (%Hi&%eu%éln% ad%& (ﬂ?ﬁl 'daf&ﬁlﬁg, §u%h as

I on evapor thﬂ

Wlﬁtﬁif cal@fetlin theprésencts yi OFL, alﬁkﬁ‘e ﬁdﬁ@phdalklg noabt bnlg»gﬂnaoet
is also possible to initiate the calcj mg@g Step

ilevalgioddlaonidavor Aidarideriop inghe prlid pxige Befrt edciame; &nce
d i d
Sy B LT P ERAEE i s

tdmdRmaRobe af ifel@ding but Aotdiaited e Gﬁctlohffﬂtrammfoll‘ﬁmedrlﬁ
may be greater than about 0.8 c¢/g, and | n apot h
eﬁéfpm,rﬂtlon, Hﬂé}’lﬁé padenzgcye. TRy Heving. aad dhe ke ﬁlﬂé‘ﬂtﬁ@tlt is

o 5540 BN o SO 8, P BAR P ineYs e

a teursehaufddace area is greater than about 250
n2/ g, and in another aspect, the surface_area 25 may
be gr dawesiliearaliminn useds pfmaﬁlge theeteatsd sificargymina can

iﬁg I?%%O‘}F rom a%g%a{% tﬁ %E?/ éq ?ﬁl g%he%pgsb ect POI"3

tvgurad ity @edtethn (af)oﬁtHES Scﬂgl aind Al atroktre aspect, ke f)oxa:m
about 5 to about 50% and in another_ aspect, the
aolume may beteserterdhar shous |10 oig. AP wHhekdhe ﬁﬁyaﬁ@mlﬁlé may

%%J ta s%é@aée ar%g %i’gate:é %n%éﬁ{ G0 H}z/ é'\'e['n%te aspect, the surface

area is greater than about 250 m%/g, and in another aspect, the surface area

may be greater than about 350 m*/g. Generally, the silica-alumina of this
invention has an alumina content from about 5 to about 95%. In one
aspect, the alumina content of the silica-alumina may be from about 5 to
about 50%, and in another aspect, the alumina content of the silica-alumina
may be from about 8% to about 30% alumina by weight.

The sulfated solid oxide comprises sulfate and a solid oxide

component such as alumina or silica-alumina, in the form of a particulate
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30 The sulfated solid oxide conprises sulfate and a
solid oxide conponent such as alum na or
silica-alumna, in the formof a particulate 36
solid. Optionally, the sulfated oxide is further
treated with a netal ion such that the caIC|ned
sul fated oxi de conprises a netal. |In _one aspect

Soliflaatiosaly, diasu ddwaﬁns;e@h@meawémgh?nmt e
el fER CRERE Pl ohige PURRIATh nichl, 1 ot Bipect, the

| ol fafeda0Hd dedchﬁnptheﬁ aﬁl&"ata @it cabyminac | Tndimegaspest of this
exanmpl e, but not |inmted to, sulfuric acid qr

sanfFfﬁlO@, @msluifgt@é plusmina i oRmadby @ Fraeess wherrn the ﬁ%@,ﬁ
1?1 l{%aﬁ{éﬁ With'a s%ff?tﬁl JLsksel ncﬁi‘dnﬁ@a& eg([am%?é) 9)%5 n§fJ %@E& 10,

as ect pf ocC

QU6 head $)h‘ W kylfak sahiesughudd BRmionin Ssunilthmblzmc sulfate,
sol vent such as al cohol or water, in which the

cdeminsm sekdennickel gHfae of rorrer swfatat i lngong asech ééls

been ad [
A ECesF TS e kPRl B R 90y BPUR ABECR g Mble
habtaus Suchf astdi@ihio]l ¥ekater) intwhichhite deived woheneratiemsf the
In this aspect, the amount of sulfate ion prgfent

kﬁelff@ii@ agart bes heen addede Saitableyorgatiersalyentt indpde, bubhatg
T AR S Bt BB,

viharewshaydtegdibn.per cent s are based on the wei ght of
the solid oxide before cal cining. | rrpreglnat ed,

wi t h dJoithigraspect.ae smouat efiswiate @W}?S%’é bgiare galgining, i
%enersaﬂ knoxn a]f)d)l}q 16750 Bdut TSBI% g_\aek‘% ht bﬁ'&mna‘%u’é do71h @Hout

uétion tFati on 3/ evapor ation,

By N By Unslglit, WA dkomMabewr $06 r sbong 258Nty tvnegliti Im],ereZme
al though it 1s_also possible to initia

cw:lghtm%enﬁ P basﬁlﬁletm thg wenght of ¢ ety h%loqséia}?guﬂg
a(él? ©_ faipr, ﬁatecf‘{lu ?ﬁfaieo QFIWSEHQE%&\MX% r%oﬁﬁ&i b?é%ﬁ'ﬂf

or sul e soll ganlc oX

Ghethbd Sknomvmnmbwm irRJuding, i Innaldt irhieed tog atiedonnifilthation
netal source, including netal salts or

rfellawed ByicxaRATAOT: SyiBg wader YasuwResaiay dptingrandihe like,
SR BSOS o RERR S Rl BB ARk ART

and suhseddiivhl Yo Goitgr tieshtédt withhens Leﬂmmnohanht}nth‘a\aing

upon cal cining. Accordingly, the solid inorg
Serpengeirsuchras ikide orprifae ign, the salid dRqreepe AR, this

3 D& iod 1%5 optlgr?ar@dﬂ)éj%atgd B 2 dfQRPSfuredd by chdthh

salts or metal-containing compounds. In one aspect of the invention, these

compounds may be added to or impregnated onto the solid oxide in
solution form, and subsequently converted into the supported metal upon
calcining. Accordingly, the solid inorganic oxide can further comprise a
metal selected from zinc, nickel, vanadium, silver, copper, gallium, tin,
tungsten, molybdenum, or a combination thereof. For example, zinc may
be used to impregnate the solid oxide because it provides good catalyst

activity and low cost. The solid oxide may be treated with metal salts or
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tungsten, nol ybdenum or a conbination thereof. For
exanple, zinc may 30 be used to inpregnate the solid
oxi de because it provides good catalyst activity and
| ow cost. The solid oxide nmay be treated with netal
salts or 370 netal -containing conmpounds before,
after, or at the sane tinme that the solid oxide is
tm@tak@mtwlmg orwondeeieie, oftet e BinEAmmiieR thatthe b,

h oxi de materi al

AR R ﬁ%flq’flth{ﬁ% finfhuithd\Ging b, by which the
0X| de Fusthes %h?@lﬁ@ﬁbd/\bi iregriatin® tied sotidupxids mhgenabw[thw

a salt or metal-containi ng cog}pﬂound i ncl udes, _but

ri'@@tal may thedused, Beq methgd Wowlich the @quenﬁr"@&%tqdo‘ﬁlﬂéﬁ

afC: %‘ﬂ;{%‘g ﬁ:hgeﬁ I3 ﬁglp 8} E}%Eal-c% H@nﬁ{f% 8!)151&1 l%d: ?ﬁél@#@spgut

a¥ In@ﬁ hﬁﬁcmau,ngelhﬁg e@l—%ﬁﬂﬁng}/i itdpelsgratiog ofivhe Rompound tmto
metal ion is typical cal cined. Alterpatively

sapther.oxidithendiker | 131110“5% ang cqopb%@ﬁn@ methedr B W@tacted

| |,z
an#g% S %%lfe Cgo tac@ (]ilg%tg_wa cined JSEF&WgI gﬁ%ﬁ)ﬁé@%

|19 topiedlie calemie@Ct Altbinativelg,aa mehdtldxmbenﬁtamnmu ekécumy
be contacted with an ol efin nononer. an
ovighdrawingnianion covscal yut ther metalf salsom efPPtébCQﬁtalflmge

prior t 0 C the acidic 15
C@tmR?é‘?‘gnalc s%tﬁlgdoﬁétdn‘g&ce es)&%#ié%o%hgt ed m xture of
net al [Tac @Asther n@gmrmeowwwanmwn cogRuatly sayi e
contacted with e acidic _activator-support, the

onRstedtwidhan glefinaporasngiandiangreanoaliEnighe cacatalyst fir

P Sl ISP So RETAGRRLAL B bt i

fastither-sepoiact e ahs epl@ﬁéht@ﬁéd[ othixtbire |<1sfe ﬁétalmmcene
to being charged into the reactor in whic
gaomr» zengaperlpmbwas scocgfalyst s ¢apacked amh tbﬁr pgdie

PR brcR. CPANSo-RR it SBhlihd ThOACARARALIr-

ave been

rs@%@ﬁ @édtenﬁéd tixgiopicontatie®: miRate nThé\pssteditdddot] RdAure
929, 6,294,494, 6,300,271, 6,316,553, 25

enasbe a@nweé tg7emamsin uthen centact for ggsscgmhperiod of time

S B e b B ORI s
| Wil BeScagidd 61t Y.

Various processes to prepare solid oxide activator-supports that can

be employed in this invention have been reported. For example, U.S.
Patent Nos. 6,107,230, 6,165,929, 6,294,494, 6,300,271, 6,316,553,
6,355,594, 6,376,415, 6,391,816, 6,395,666, 6,524,987, and 6,548,441,
describe such methods, each of which is incorporated by reference herein,

in its entirety.
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38 1 on-Exchangeabl e Activator-Supports and Layered
M neral Activator- Supports In one aspect of this
i nvention, the activator-support used in preparing
the catal yst conpositions of this invention can
conprise an ion- 5 exchangeabl e acti vator-support,
i ncluding but not limted to silicate and )
donscelmegeaidat dctivergrovimnerisr and dewared, Menenghr Agiiarer-
Igégr d or non-layered structures, and any

¥fation thereof. In another aspect of this
I nvenfh Gthe asgecextheiigdaidngion) ayeraetdvabrsupposi usahties
such as pillared clays, may be used as ) )
peapaving dhe eaiplyr cosPOPOns 10% &his épvgnEoR 681 GRIBHSSYHIBY t

10 .conphises..an | on-exc i re=S
SReGROAIS Ao SRpBay RRIREAP bf; A6L JiRic o “YRRRE fand
alesihbdncad theipamdidraninerls; ¢itherasith hyseeddiswinclageed
herein, though typically the ion-exchangeable .
structuresorand upiio raombingtion  thereaft e dnw@pefhe, aspect of this
el ect.ron-w_t hdr awi, n [ c .
ARG P R ST IR e il oy
ehadY bB1 R alsSadtivaionguppettano¥hdl ehe atidan activatortsuppors
capabl e of _expanding. Typical clay mneral
SOWPUisEso AL sioppchangenle LRRELVAITSURREE nit can joptipwadly; e

lLon-excha I 1 L LLcat ]

SRR SEAPRGRAT e BB SR BRNRERTY LR STnEiSed
herdils MRughEFPicallp the Larsthatgdablasacivaiongupport is not
conponent of the catal yst conposition, but rather is
tisated with anoelesterar withdmawang ay@.part of the catal yst
conpogj tion of L N{cl At Cl at, :
i th ThenE Aune AR af Mo Sibpgh Ui AR By ARRATAR! coibrise
¢Riyal itikrald MRRNRNt scchiiichblen utiont emdi Ngyaro Eapableund

by theory, it is believed that the ion eﬁchangeabl e
sepandingor Tymjsebelaysainesal activaler-swaporispmelude.c B g not
that reacts Wi L ansa- OCene  an illared
Dl a0 B it g tap B N SR Sy g pillare

RIROANhoaEh URadrh Osuppottdeused] jtienot heamne baspesitued
the clay materials of this invention encon‘pgss.
matady ingftscamponent jof the cjakalysh (GMmPoskions Subratherais ihbe

b reate i arj j N i :

STRAHEE S fotlle Pait bt ol MiiohShech B8 of 1
aaithmat adsosiufp®r withf tHehiggsd-metdilocere camdp orgamoalahamen
t hat have been ion 30 exchanged w.th Iwg cgti ons, .
icatalysticagrpeenyhu VEde nohilgfRRding Ha rigeho y theory, 1t’is

believed that the ion exchangeable activator-support serves as an insoluble

reactant that reacts with the ansa-metallocene and organoaluminum
components to form a catalyst composition used to produce polymer.

In one aspect, the clay materials of this invention encompass
materials either in their natural state or that have been treated with vartous
ions by wetting, ion exchange, or pillaring. Typically, the clay material
activator-support of this invention comprises clays that have been ion
exchanged with large cations, including polynuclear, highly charged metal

complex cations. However, the clay material activator-supports of this
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conpl ex cations. However, the clay materi al
activator-supports of this 390 invention al so
enconpass clays that have been ion exchanged with
simple salts, including, but not Iimted to, salts
of AL(Ill), Fe(ll), Fe(lll) and Zn(I1) vvlth | i gands
such as hal i de, acet ate sulfate, nitrate,

mmxtemtlo@ alsp rengmp@ssspfé@ts thatrheve |b§9n e ?%ﬁ@ﬁeﬁs‘ﬁ’ﬂb heple

S AR RS OTRELGES s A SFeth VamyTam 2any

e lig dﬁay gldm@mah@@ aexafangdek, wittde |(ﬁm@tﬁte typically
pol ynucl ear, %h 3 charged netal conplex, cations.
q

Exanpmegn@asmgte msaq:tn@mxcs@pp%pf HPS1ySHLiQn cRIRIFES

PrOE o S St e BiRaf Rf o BHE QoS cha

Thus bedhntekERanged hafhi 1agee; e}fmaslytpmmwas,ummly charged
exchange reaction_in which the exch lHigeabl e cat Eons

ofietal compjex eations. Examples of ghefcions walude Brigare net Ry
Ghangedd Ot SHSlh 28alCHRLD ERGes SRS PIbY Rl dus

711264 Wi e interlayers

%N&Smefahlaﬁes aid othanargalicisnerhusy the q:e:rmepllleﬂng referstiab
oxid plllars " effectivel supporting the clay

ISHVQISS&Z@Q&IE@I maﬁthm ke vehigly hecaghanggaible gHews ohe glexy
15
ha i 2, PR L SRS Hich BBt oo, Vo 4PRG s

WS ok Rctis cHRbnRt @e Itl%iil iadrgotiigedowithisi thy interlyeraoithe.
The resulting pores may vary in shape and si

felaycandowhen celetnedidre @pm‘@ed et gridenPitae” éfe@wﬁy

I

R R
2213 d (4hd alcinetbhr ﬁr%ﬁu@é)tﬂelﬁ%bmng Mlar'ﬁhmﬂaecn clay layers,
Intercal ation Chemistry, (S.. Wittinpgton and

Jh@ gquded dattice) stoyeturg 1S Wmtgglcg gnd ARG garasty gglganced

€ rES“g %%‘E m&??& a‘gfaé%ﬂé%%%“%bé%gég%go& P gag'ﬁ‘gt

QhatWidiCohd tho paenDelbptageHelr aiod. | Exatplesndfi pitlaying Hnd
pillaring process utilizes clay mneral bdag%‘?% 1
ildaved glayslase foumdcie .%hsPraﬂ@fanaay%f%w%a?ﬁﬁ 8% 565-37

d
SATEH 9, Sy PR Vg R, WERSRRGR WE

Qhcdtien, d@l%?@m% , PRVE599, OcadanidiPress dnt., (I[Eéi)ef[bS.ePatent
suitable c

m nerals for IIarlnglncI g(%
2w 4210 Sdelﬁmmﬁ&e s patga N b 9% aBihso;
A
(fé‘? Qg‘{vﬁ{?é {I%gl;p)&rﬁgcijhé n 1§q{saeﬁﬁpetrﬁ (M) an

SUeR
The pillaring process utilizes clay minerals having exchangeable

cations and layers capable of expanding. Any pillared clay that can
enhance the polymerization of olefins in the catalyst composition of the
present invention can be used. Therefore, suitable clay minerals for
pillaring include, but are not limited to: allophanes; smectites, both
dioctahedral (Al) and tri-octahedral (Mg) and derivatives thereof such as
montmorillonites (bentonites), nontronites, hectorites, or laponites;

halloysites; vermiculites; micas; fluoromicas; chlorites; mixed-layer clays;
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30 nontnorillonites (bentonites), nontronites,
hectorites, or laponites; halloysites; vermculites;
m cas; fluorom cas; chlorites; m xed-layer clays;

400 the fiberous clays including but not limted to
sepiolites, attapulgites, and palygorskites a
serpentine clay; illite; |aponite; Eonlte or any

dbmﬁbnmls shaysHinelading buh neh éma@éé@tseplp @Spﬁitrqpﬁlgétasnc&}néy
| g\%t e Fz sgr;geﬁlég g?lalxg Ieﬁll %e nf ﬁ,p%lrrt]egn;gﬁp(%mte or any

Qﬁmﬁﬁmfdﬁ {herd®BNt HDbhé lagpdck, etheTﬁhﬁamdl tlay exdtwdttaysummrt
be pretreated in the present invention. For exanp

i qomprise Msodnie ner, mengnpTikewite. hetheo Brpeipgl omponent 'S
retreate at about 300C under an inert
p[fﬁ\%) Srlg“’g% I?lgoéllrkfg“y dry nitrogen, for about 3
hour S T iTERdgy ehagdstepretreatel én pid pregentziavémion. For
reactor. This exanple of 10 a pretreanment is not

|dxapiaidn opeembediment waallarﬁg beniopc 3@ mrf‘a@amly GrRying

R bttt 10076 Bt iR R m Ot fe, BHRANH RRos s B8R
S§ Rffts, Bekdre %Eln‘é‘"ﬂdﬂgd & e POKRARBAAEH rdaktor. h THhis example of

invent’i on. The i on-exchangéabl e activator-supports
sajgnbtreamqmt li sotdinitingylsecasseprelichting sispe pnberstthis many be
ns_ of  thi

catal 0Si s jnpventign.can be,. ..

St ey shsrdP e apise e GHERPAnAGES Rpkination
'&C{eﬁﬂie&aurebbﬁd Fne 3Rbs,) b §edhich akeehddn@assed by this
i norgani ¢ oxi des, phosphated inorganic oxides, and

tihveerdtione. I n one aspect typi cal support material s
t hat n .be ule thls regﬁard i ncl

. g ut, ay.e. not
i m ¢ ke gi-eEPFnggable pethetoTRRe Lot i iRted Pleys vy
bﬁ)‘féiﬁir@the BENAE b@rnp&*i’tﬁ(brﬁ of 4Ris fihvepfibsl esh B é’élhﬂﬁed with
"at'ed al um na, thoria, alum nophosphate, al um num

mib@phalgemczsummrammrln‘est mchph@ ﬂmaw@dlog hmm;d to, zeolites,
i ca- titania

hosphat ed, a t at
ﬁpmg@asctqw% ofiOsPites ingudails Pt B o5 Bk ol 2hgete
NAbbOR nferidldf €ad BeiRAfin tHib eegar®intudef but are not
ansa ne al l ocene conmpound in relation to the ion- 25

dimhethipabilliea,sdlidavalummas ablpum, tiferda, zitsopiaepageesihdoria,
oSli,t.l

ctal t .co n ., of t nentlo ty
9SSy i, P G B B
1B%e, 28S SRinARatk gﬁad@ﬁhﬁ% sgfcat PRosphkited alwthing USIPes-t
conponent (not basel the final netall ocene-cl ay
rtitziay epprecipitated silisa'titania, fluorided/silated alumina, and any
combination or mixture thereof.

The amount of ansa-metallocene compound in relation to the ion-
exchangable activator-support used to prepare the catalyst composition of
this invention is typically from about 0.1 wt% to about 15 wt% ansa-
metallocene complex, based on the weight of the activator-support
component (not based on the final metallocene-clay mixture). It was also
found that from about 1 wt% to about 10 wt% ansa-metallocene works

well to afford a catalyst that operates at desired activities.
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found that fromabout 1 wt%to about 10 wt %
ansa-netal | ocene works 30 well to afford a catal yst
that operates at desired activities. 41 The m xture
of ansa-netal |l ocene and clay activator-support can be
contacted and m xed for any length of tinme to allow
t hor ough contact between the ansa-netall ocene and

act i vahsrmixiyscifiansematalliacens aerd plg¥iactivaor-gippopesan be

net al | aceng _co nen L j
o REE ATRGY 05y TeheL ol TURP R Sohact
WHeRpéXthe bRkq-areiIRcene ddteactivarr-suppat. | Befficient depasition
and the clay material are sinply mxed from abo

rQIf dhe metablecenaromnaperita the 2tryFma bg petevadgvithayt Et%ing
t he .deposit it i f _ |
L SGREP bl el BFolELS PSR, Ui ke

an&aHewhalcbagenrd endmewlsy aattriaherccdimplynmixexdi fedm abeut
m xed from about 10 100F to about 180F in order to

aohindempetatird épaout 200 Bhingsrdente aghisae thedeposigtianef Bie
the clay,activatgr-suppor.t. | n _another aspect e
;ﬁ@@é‘_&‘ﬁ%‘ﬂ%@%ﬂ%ﬂi%ﬁ‘&g 5 YL SWROLy ygfl ang’éﬁ)l _r?%oass %“F’oﬁhse
CRIRhethINLeRE cBfipBintd 88d tivALRY -HAtBASL dre g Hrsp@mbout
conprise a |ayered mneral. The term"| ayered

niQO&EF ab "abiost 188 lreedan tboackéwer thb elepsititior of the awereh
as clay m ne{lal S, gll | ared cl ays, ion-exchanged
dpgfpdoceng o 8hs elay aCaARFSUPRYR o] i at ed cl ays gel | ed

into apo ' i¥esehPUBY & fon TeARMHassed! SR8l
di | ut gg Wﬁerg?h%%t’méemes, and the Iike, or anyy@tr
cipiositions tomprsiegfn avkienadtivetoasupipart, which can comprise a

activator-support conprises a layered mneral,. it.
dayered anigaRl| I hsetefp e ARuEedy 1Hergf’ y1se'%§§fl hgn ZP dleserihe
it hd . o : ] o
CaURTER 25, A MRS Bllghc SRS SELOKMngR U
véxtfblianet] elags; texboliaréd tadysagélted iati anothdEaxideesatry, dgyesad
| east _one cl a ,neral ,can_be used . as t .
JBincialy Jnixed p‘%‘o B}ch.lte@:! ‘Xiﬁﬁ nPHeT é‘ilaécré?éﬁe?%fr ﬁl}a,e ilfkes f4e™™
(e iRien BOUR Ofwhen ahy - et AlivaRR.supsste Lomprises a
|'ayered mnerals that are found i n nature in

flaperedmainmed] it 2anserionelly e veatedrwvithant leasickeg chxtion-
cl ass_,of .hydr.o

the |ike, and which constitute
SPHhdAY Higa ARIOR| TR 754 PRE Shscloe JEES HHORRD é}ﬁ@&aﬁfﬁ e
S[%lgéf&ﬁ lfﬁigéra? e noV ?er%teh ' \gfdPh Sir f1aGForPvRB&rawlild SnfoB! NFbS
al'Sso used to describe hydrous magnesiumsilicates
véxiatmple, phichstasiclclayahmesd] cac bensed @theptvatagfsuppary

Clay minerals generally include the large group of finely-crystalline,
sheet-like layered minerals that are found in nature in fine-grained
sediments, sedimentary rocks, and the like, and which constitute a class of
hydrous silicate and aluminosilicate minerals with sheet-like structures and
very high surface areas. This term is also used to describe hydrous
magnesium silicates with a phyllosilicate structure. Examples of clay
minerals that can be used in this invention include, but are not limited to,
allophanes; smectites, both dioctahedral (Al) and tri-octahedral (Mg) and

derivatives thereof such as montmorillonites (bentonites), nontronites,
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mnerals that can be used in this invention include,
but are not limted to, 30 all ophanes; snectites,
bot h di octahedral (Al) and tri-octahedral (Mj) and
derivatives thereof such as nmontnorillonites
(bentonites), nontronites, 42 hectorites, or

| aponi tes; halloysites; vern1cuI|tes m cas;

fhiegtoritasi cas laposiiesor halloysites; xermiei)ises; cmigps; fluggomicas;

g@&r{g%u ?Iél%éc? geiyfe%gl(éyy %@ gb@r?% eﬁ’l&f dcﬁﬂ&uﬁ? Pﬁtonot limited to

SepiBRRk) MAtipalgnes, dnkl@aly%ordk&ﬁ@rﬂ seepennsapmsr; t16te; tiponiny,
conmbi nation thereof. Many comon clay ninerals belﬂ?ﬁg
sapaniteher Muotambinatiomarcedr Manysomanonyglay mlilffrélsé’F s

3 BQmle B BOFORE or TG Blehlh B A ARl rave

hah &ilsd b&’hﬂsédi%?dhé? ladti ViBorCHUpp o1t S ibisasnventier, EdsSdlsclosed
typically of the of the snectite group and ot he

pleydinsi Pillerededains seapriseoplay oningpilyl {ypissllymy the “of the

_ lqa e\é@or Feb L gzl{lﬁlyqiﬁfir Bﬁg sﬁ) N ﬁdﬁﬁﬁﬁ?%eg%{}%ﬁtgs and

ynuc ear

I}%lors}kﬂﬁiﬂ epfatcahvean&enl ﬁoxonacoaam@ﬂt \01ftht hirge, typically
|nvent| on, when | ayered mnerals are used as

mmw highip ehargebineipbeamplsEsAORtet i vat ors, the
t ﬁ)é?? %g é)? glgﬁegzlés 3%? m&éﬁ% aMlg édnl% o?z{lé e 1Rd as

ors. blca c na

taeAPA6ASUPpBRs CaN iR echd QRtiaixoLY, th@OﬁyEmdabﬂmﬁraﬁ‘ oaxe,
from about 15 150C to about 500C, or from about 200C

ttypiaibu calsdwd. pmginta it upR AExREHYRES. of Tl ca{canapiop

SERSE b L o R o TR,

f130POY Mebut BUO@Q)rme@Eout Qb@"@ﬁi #oys40@°@posi ti on
can 20 conprise, or can conprise the contact product

at | east one ansa netal |l ocene, at |east one
ggfﬁag%faig’lfm‘g% F t W%ue@dé?)?‘g}q%@}%%g@nsgnﬁet al | ocene
conpr |E@ﬁ1plesF§ﬁ‘ th4 catedyst c&hpositlorRaf dis fAvention include, but
are not limited to the following. In one aspect, the catalyst composition can
comprise, or can comprise the contact product of, at least onc ansa-
metallocene, at least one organoaluminum compound, and at least one
activator-support, wherein:

a) the ansa-metallocene comprises:

wherein R! and R? are independently selected from methyl or phenyl; and

each R* is independently selected from methyl, ethyl, propyl, or butyl;
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RZ (111); 25 wherein R and R2 are independently

sel ected fromnethyl or phenyl; and each R4 is

i ndependently selected fromnethyl, ethyl, propyl, or
butyl; 43 b) the organoal um num conpri ses
triethylalumnum triisobutylalumnum or a
conbi nation thereof; and c) the activator-su riort
conpr ies #&hesul fosgangalyminum| yofPrERIESES 5ol Qr@tlgfiq yainug,
I.n. anot her aspe his I ' ovi des a cat al yst
58??8 %t?’{g’? mu%oﬁ%?f:é]inhglabﬁ%a%%%qg%@ product of at

| east pne @RS ActiRited duppeftecomprides as tsulfawé or a fluorided
or ganoal um num conpound, and at | east one

aotifl watder - support, wherein: a) the ansa-netall ocene

conpri,ses: .M S . VAR . 0 I~
or gandB TG A s S V¥ YGRS Ay e ChrHostd
tdohipriafat the aloumch yroduer oft at akt o nesa-inbielleadne, anttast)
the activator-support conprises fluorided .
ginei ergaabalmigum | pomgpeunds had A plkeadt opRj aCtvRiAr PRt
provi.des a catal yst conposition 15 conprising at
I%lgeg?mt)ne precontacted netal |l ocene, at | east one
DreCth?aCt@ﬁbar&ﬁgﬁa@%m@uﬂmﬁ@éﬁpounda at |east one
precontacted olefin, and at | east one postcontacted
'er®i n: the precontacted
—fPernula I:  SiR42Rs  Cl

AN

(IV);

b) the  organoaluminum  comprises  triethylaluminum,
triisobutylaluminum, or a combination thereof; and

c) the activator-support comprises fluorided silica-alumina.

In a further aspect, this invention provides a catalyst composition
comprising at least one precontacted metallocene, at least one precontacted
organoaluminum compound, at least one precontacted olefin, and at least

one postcontacted acidic activator-support, wherein:

the precontacted metallocene has the general formula I:

=/

Rl-g Zr-C] B

R? (D);

SiR*,R>

. . ays . - 1 2 3 4
wherein E is carbon, silicon, germanium, or tin; R°, R", R°, and R" are

independently selected from H or a hydrocarbyl group having from 1 to
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RR3 (1), 20 wherein E is carbon, silicon

germanium or tin; RL, R2, R3, and R4 are

i ndependently selected fromH or a hydrocarbyl group
having from 1l to 440 about 12 carbon atons; and R5 is
an al kenyl group having fromabout 3 to about 12
carbon atons; the precontacted organopal.um num

cbaplolhearben atoms: pedi Y ioaR alkenylsmpun Paving fienhabaus S to
triethyl alumnum 5 the precontacted olefin is
?@Pgtc%%arﬁ%ﬂorgghyl ene or 1 -hexene; and the

post cand gutamtatddiggavhlundihon- sompouid cionpsleded from

al um na which has been treated with sulfate ion,
driisobutyibaliiminung or frietieyl pBENINBAL si|ica- al uni na which

ooy T phSdiy Wehifl d e ok Wit i hexene, and

Cocat ahy/ pstdoht R /Sdie Qttivitbesuppeseninprisyesitindm which
provi des a catal yst conposition _conprising an .
dras beent iaeates srth sWfasourml ellaride iomgora flperidk en; silice-

unsat ur at e i , A .= 0 Dt
SBRLTHRR A fech wRle Rt Fh8a8 {BR L apf Koninasion
an&kber aspect, the present invention provides a
catal yst conposition conprising an opti onal

al um noxane cocatalyst in addition to these other

%g(z?r}?ogltﬁ%@lmr}ngténkICO%Q%ZPF}W aspect, the present

ovirdes a catalyst conposition conprising

an anggongaifct, I6EpRsER @NNidn PesHidésd caalgstpmmaasition
unsaturated noiety, an 20 al um noxane cocatal yst, an
oenIDsisHIE adt | gataone@lipeRmet  comrpuaf sopfayNag @ pendant

[ ym h :
rRRET R A0 sk SRS TR P9 C Srealod i
ot

oufid NG @iclassiahdéreinal 1o asstherc asppotuitise predemninvention
al um noxane. In this aspect, the catal yst conposition

ipgovides reegatahst OMPPSINEBNEPMBESIEE L Mk ropiongls jaljjrginoxane
SGHSACK RHBRE HDE P b BESt 0 Rehrert e
GirbdthY ShveRlOR QEbYIAEN ai Gatalyst composition comprising an ansa-
metallocene compound containing a pendant unsaturated moiety, an
aluminoxane cocatalyst, an optional activator-support, and an optional
organoaluminum compound.

In another aspect, the present invention provides a catalyst
composition comprising an ansa-metallocene compound and an
aluminoxane. In this aspect, the catalyst composition is not required to
comprise either an acidic activator-support wherein the activator-support
comprises a chemically-treated solid oxide, and the catalyst composition is
also not required to comprise an organoaluminum compound. Thus, any
ansa-metallocene compounds disclosed herein can be combined with any
of the aluminoxanes (poly(hydrocarbyl aluminum oxides)) disclosed
herein, or any combination of aluminoxanes disclosed herein, to form a

catalyst composition of this invention.
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al so not required to conprise an organoal um num
conpound. Thus, any ansa-netall ocene conpounds
di scl osed herein can be conmbined with any of the
al um noxanes (pol y(hydrocarbyl al um num oxi des))
di scl osed 30 herein, or any conbination of

al um noxanes di scl osed herein, to fo i” L L“
conpoghuBRoxgney Aresals velisred {0 a&s@bﬁdﬁuﬁw}e X¥h&4mpgm
a&&&; e&e ro? b3 ox@tﬁleé’ (hygg o&?EIbWa aﬁ}s’tl "&d?ﬁﬂﬂnents are
oXl r ano um noxanes er cataly

Q?pi@@lﬂse rﬁoﬁta’ete‘d withpitlealaluminoxdrec irech \satibatéd Ehydrocarbon
m noxane in a saturated hydrocar bgn

sompannd splysngrhengh 4w selvgnt el 1§ §Ut§tﬂ5‘§1f1ﬁ£t“i’eéi fg, the
r?g({t%netg E&ﬁe?1a%§a§@g¥0?gﬁﬂsgiﬁhseg{h@ﬁt%;h st%y' QaIF hadided s

CTH® QatulyisD Rofn@osiEan | forthéd €n rthrsnﬁranmyniag b@lcbﬁectteﬂj blyy
nmet hods _known to those of skill in the art, incl, u%l
uethady known tte dhess Off $1<Pl(1 rlatth%ﬁrt dRelpgiag ouf Aoy ynited to

tion |
SRR Lo talel NORURR, Bbe 8 Pnpdiesd g i,
qidyymmzaaﬁﬁ remtmmmd)uobemgusmatm/entu on is an
ol igoneric alum num conpound, wherein

t he
al uni rdeaARTEBSE FEPTRRENING off LS D VERtiEa S &P rQJigOmeEic
il SoemBEUR, N ehfih hE Stfinoldift Ethbdntd et ke

flifeat setuctresN cftlic, Wi edage rstriibtukes, Sr aypicadamiatures of all

branched al kyl. having from1 to 10 %ar b?n at ons, and
rihres. Caglie ﬁhlege@xaﬂlﬁ@ﬁmgoweﬁh&%mg thpfofruianconpassed
by this invention. Te RO n noi ety shown here

al so constitutes t g unit in a linear

al um noxane. Thus, ear m noxanes having the
formula: R i Rfi I- Al \ RR wherein 20 Ris a
| i near or branched al havvﬁ’éheF?‘Bm 1 to 10 carbon

atoms, and nis _
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
(AIRQ), moiety shown here also constitutes the repeating unit in a linear

aluminoxane. Thus, linear aluminoxanes having the formula:
R
/
R-GAI*O%AI
| n o\
R R

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

; wherein

an integer from 1 to about 50, are also encompassed by this invention.
Further, aluminoxanes may also have cage structures of the formula
R'sioR% oAlimOsm  Wherein m is 3 or 4 and o is = nasy - Hop) + Moy,
wherein 7,3 is the number of three coordinate aluminum atoms, nggpy is
the number of two coordinate oxygen atoms, 7qu) is the number of 4

coordinate oxygen atoms, R' represents a terminal alkyl group, and R
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an integer from1l to about 50, are al so enconpassed
by this invention. Further, alum noxanes nmay al so
have cage structures of the fornula

Rt smraRbm aMAn03m wherein mis 3 or 4 and a is =
nA] (3) - no(2) + no(4); wherein nM3) is the nunber
of three coordinate alum num atons, no(2) is .25 the

mapissantoe bridgingodkydi giavrs vehepgiark iy Mslearn@r( brpnghed aligyl
t ?‘}oﬂeggfg méﬁggﬁo%cﬁ%&ngxygen atons, Rt represents a

roup, and Rb 460 represents a

br i dgiThas ahlitineHaaep thatteah eerveRas Sptéorlal Reedtalgsts in this
branched al kyl having from1l to_ 10 carbon ataons

Thvention| arprigebstatie senrpsentiedaby Sappdasagich msi Gnal- oy R(R-

REPLBNE o, et B R e R Bl A5 MRt fincar or
Aratdhed &K, alHﬁCbubh @s Inkdflieyl, mhﬂ @rdpyﬁ Heaut3, gemyp or hexyl

typically a |inear or branched Cl-C6 al kyl such_as

n@l!ﬁﬁ?lln n dypigally serspsents s tgtegerpEamy | tOoab%lé@ In one

i et AR S Rl Pl b e

GRAPoUndiedf bj s nmedenilupinixaat,udecthplaluminexameot n-
limted to, net hyI al um noxane, ethyl al um noxane, n 10
ropxlalaminaxasgatse; PrORalgmeRIHaRE L Rt giHBinoxane, t-butyl-

n-but vyl al um n ; _

e bR R, S Rt rane,Lpere-

almm@we 2-gerp@atuytifdiieN 03 eatylaluminoxane, iso-pentyl-
3- pentyl al um noxane, i so- pentyl - ~al.um noxane,

raémpwgmxnmnqnasl@n@m@ﬁn@mpwatqa@ﬁ%s theesobof . Wi l e
o SR B RAERptRer lF e R8s BF 1 SO

alndinpEsed By (thé\@esexﬁtlhwntloﬁj thityd xAmeinotanei (MR0) yéthyl
al um noxane are typical optional cocat al ysts used |n

tﬂh@nﬁz@ﬁmey ot isobwiybaiuminerang re Wypical el epratayids
L{gl? hgr §FS? %Sltl@#lse B?rtﬁg i g&moﬁlr I *T‘ﬁ%s%%ﬁh%x@ﬂé@ are

SiRed | Ve|ﬁ\bm and tamethstimhinies r efteiethsthlominam, 20 or
poI y(met hyl al um num oxi de),  pol y(et hyI al uimrreg )\ as

dms&bytyla&mmusbl yspesstyeby | angd (aFe nepmesimepe rete
Ce‘:ﬂ(}/nela\fumlnﬁuﬂ S gd%% %&I%&ﬁ heahﬁﬁ(ﬁﬂﬁ'l OBXIdEU\n aﬁld

to use an In CO |nat|o

%dlﬂhd@hh@l Blinfitif i), @epadtiselyodet dlso Within tRakeotte of
4,794,096, which is _ herein incorporated by
(the e ARVEREON n tP t Jisentan el ymmoxane in combination “with a

trialkylaluminum, such as disclosed in U.S. Patent No. 4,794,096, which is
herein incorporated by reference in its entirety.

The present invention contemplates many values of n in the
aluminoxane formulas (R-Al-0), and R(R-A1-0),AlR,, and typically n is at
least about 3. However, depending upon how the organoaluminoxang is
prepared, stored, and used, the value of n may be variable within a single
sample of aluminoxane, and such a combination of organcaluminoxanes

are comprised in the methods and compositions of the present invention.
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25 The present invention contenpl ates many val ues of
nin the alumnoxane fornmulas (R-Al-On and

R(R-Al -0, AlR2, and typically nis at |east about 3.
However, dependi ng upon how t he organoal um noxane is
prepared, stored, and used the val ue of n may be

vari abl e W|th|naS|nIe | e of .al um noxane, .and
such an @seRsringtthe ﬁat@%ysb F@aﬁ osilienPh diis rentign gpRprising

&%ng)gh@? X hﬁnilﬁgxa'ﬁgt Zg% 8]%9 LRIIPQP! e 'ﬁﬁm‘ﬁnu{nggrtl the

'nvention preparing the cat

GOURXShtd 0 thef nfe{fullscerrevmnmuemnqmmonsus ngualéy fiopi abosl
al um noxane, the nolar ratio of the aﬁaegm num i .n t &1

A it shoret 100,000s1.nelnapnieo apgther; speste g MAM 1301

[y f .
4 1 90 e, 19 40 JURNEID% B0 e
tRGalBy} dronx ofdat to1 tleatrrital §,0akhe Mhet hwowmpd siptibmad

is wusually fromabqut 5:1 to about 15,000: 1., The
MQWPX@?% askler 4o & POLANERTAHIOR A98E 4% @ gmognp within a range

RS 450 5P o Ry i Dt 3095500

Hﬁé/L boframaiboutl Dthg/Ingd ébouOISOfn[gﬁm about 1 ny/ L to
about 50 ng/L. 10 O ganoal um noxanes can be s{jwélec

by vaQréaroabiBiuesues SanMedRCPaied by aRTiouRRRReqURC

S B BRIl SLSRAANT R R RBEAL Bt

4r8a8cloed indaShPastbntvikios: B,243,090 nad dBOS Hiod pleztm of which is
reference herein, inits entiret One exanpl e, of how

dncorpprated ik ehercnes haseinp it Ba PBFeHs  QBeaPIBlsof %‘V@P
di I r

Hlhoknetngy e (Fchard s HILAET By B0 @@%%8%

am 11%1’4?81‘ icf sotvont, eaydissieaetdd m@mnxﬁhmmummmcompound

compoun Whil e not intending to be bound by tm

sogh apetR; tp tform thi Flf:wédorgﬁma ‘%IWDQX%‘%WBE‘? d

SED LA RS ekl PaStaR0f glie s
eneRepacmedioyd t i miitneef i both HAfeadl tied nagdice (B AI-.O)n

or ganoal um noxanes_may be prepared by reacting an,
AlipinexReasnegiesc Bebo Q.ﬂ%a’hsqbc#ea%wﬂmmswehi' this, {nyegtieny

S i By
PG, SO R EORRR (i prBidied By BactR
Zhuhinuan alkgs pegipoubd Sueh @s eRIR;i WlthrEt hgdrapgdoyaltjesich as

cat al yst conposition
hydratéd copper sulfate, in an inert organic solvent.

The Optional Organoboron Cocatalyst

In one aspect, the present invention provides a catalyst composition
comprising an ansa-metallocene compound containing a pendant
unsaturated moiety, an activator-support, and an organocaluminum
compound, as disclosed herein. In another aspect, the present invention
provides a catalyst composition comprising an optional organoboron
cocatalyst in addition to these other components. In still another aspect, the

present invention provides a catalyst composition comprising an ansa-
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conprising an ansa-netal |l ocene conpound containing a

pendant unsaturated npiety, an activator-support,

and an organoal um num conpound, as di scl osed herein.

I n anot her aspect, the present invention provides a

catal yst conposition conprising an optiona

or ganoboron 30 cocatalyst in addition to these, other
lneeng scompousdi pentaiRiiehdr PRt unsaRisated  wgshy, an

W B S TSRO v

ResdhealumingAtompbest. moi ety, an organoboron
cocatal yst, an optional activator-support, and an

opt i olal anashesa asREck nilu rBTewRb clEMention, PEtesera ,
th . t ti '
CBTRBYRDE o sokiSieL P P4 ABRIRER Mbdkfibourd and an

dnchnaPorol @rarBAE OMnChEAhlers tthe loataly3t Toampsition it het
catal yst conposition is not  required to conprise
sequinerl Hh eomingise sidhery an opcidigp pelivatoihwipppty igrein the

AU nd " ERb AR A REIE Bl B B o

Refalyse BdthpENitid1D isCAHP hbS R:qalted t@ At ptistThm orgahOaluminum
conmpound. Thus, any ansa-netal |l ocene cqnpounds .
gpwppershd Thes, éiny arise-mejallocsne compoypdsisglgsedrhergip can

%rg %@ﬁl%g oeﬁowgitlg foaﬁgto? |t1¥es é%ragé)l?ogbﬁ) %ﬁgqt{}g{tg id&’clsog%d h , Or

Ion rgano on cocCa ose

ARy Rlombidatioh AWMdrganchdied X6tat£losm alidcldsed leteithicsform a
i nvention. In one aspect, the organoboron conpound
catabrst ewaposiipnyfithisdpwition5 conpounds, borate salts,

o Cog%igﬂg tdép%g hd Slffs%gél?orfgﬁ ircgﬁzﬁ%gﬁ)cl ?(ID%#H&S neuytral boron

P
or gan ron Apoun nven can conpri se

ofnbb@id30H@adte sabiey on aamtinativts thefdoflor Hor gramphpriate
compound, or a conbination thereof. Any fl yoroorgano
EganAbeyon f qamnEs Y & dhisolerido A GAEPKER Antlugrqorggao

r{ c ] t f g :
e R A R

peédfal AlSOMRoaEane® botdacorffiomdsYaho Bdretetednipound known
fl uoroorgano borate conpound al so has its usual X
i B arpyoanobe eiliged; herferm AyREansasei ROTemk Fegpends has its

E"%&ﬁ SR AR 41]ké?ér°:8 08 Qlndk Bf A fdfn BY;. The ferm
at i on -, where Y represents a fluorinate
QAT €and! utite dodipouad nilenhanite usifal wesandrggRnefdranohe
and flyoroor?ano bor ate conpounds are

monoanionic salis of a fluoroorgano boron compound of the form
[cation] [BY4], where Y represents a fluorinated organic group. For
convenience, fluoroorgano boron and fluoroorgano borate compounds are
typically referred to collectively by organoboron compounds, or by either
name as the context requires.

Examples of fluoroorgano borate compounds that can 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, lithium tetrakis-
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25 typically referred to collectively by organoboron
conpounds, or by either nanme as the context
requires. Exanpl es of fluoroorgano borate conpounds
that can be used as cocatalysts in the present

i nvention include, but are not limted to,
fluorinated aryl borates such as

Npentaileareplanahbpraig, um t &% Nedimsthygenilinium tetrakis[3,5-

BRR R BEAPIRRA BBREL ) ) Wi RRERARERAET, i
A Rnbm by B0yl and ths iR NelLa K ycuned inofcot

tetrakis[3,5- bis(trifluoromethyl)phenyl]borate,
tﬂxmﬁpfm%m bapn gqmgfng’ug_that can be used as cocatalysts
' i f : d Ly,
Thei st nBHRFRT Crab T BB B BOF, Uil to,
he@entafliRophes/Ybban, Canribe, Wb (iriflsomawtiyd)phehy |iwrom
t he l|;)re;ser_1t i nvention include, but are not limted
tagd the Kkes (nsdeding migesiberped bor on,
tri 3i5-bi | | t
1 SRR bl PGP TEOP Yo RSO Ree 1R, e
ieRb@PLbs Y flwrd@gaubstatyarddn@udroblganéd bordnhamipountis) emd
exanpl es of fluoroorgano borate and _fl uoroorgano .
selated. eompaindes Araaikpught tp efosne dweddysaRIdsatige anions
SRS Roniled A op RS RS 3 Yisc R R S ey

3,93.9,9%3 @mich ib itbBpR@3d hekic by tfelencoininraatiady.her ei n
by reference in its entirety. General Ig, any anount
of or §imeEdyorntaRpERd cezatobaropiGompoERd p#n bhpglized in
i.nvention, n P, .

TS8P R SpR i gl TR e rBlidbolln bitfpoun

ith théenedglieesd toMpous] i ehe akapdsitdorl islfrom aldwutl:1 to

10:1. Typically, the anount of the fluoroorgano boron
@boutf | 106k oorlynireliBorthe camewo 9 dthgs dlyorporganeo baran vt
for ]o ' ' r I

BpoS DSBS b b o AR h e §,

ik hakhge 60 rof0sia 06 mole aNgba@as 1€aholes bé baromkymmfund 0
fl uoroorgano boron or fluoroorgano borate conpound

psednele af dpetalledepst compsundne TRepng |aspehe thes amougt of
I f

SRR orEino 0 3P Hbrrfarlbiab dofitRlhd BslPalE Bty
@1t the medtalloeehisig alrapccof@rumabat (R amiedoyudbut 5 moles of

boron compound per mole of metallocene compound.

The Optional Ionizing lonic Compound Cocatalyst

In one aspect, the present invention provides a catalyst composition
comprising an ansa-metallocene compound containing a pendant
unsaturated moiety, an activator-support, and an organoaluminum
compound, as disclosed herein. In another aspect, the present invention
provides a catalyst composition comprising an optional ionizing ionic

compound cocatalyst in addition to these other components. In still another

“aspect, the present invention provides a catalyst composition comprising an
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25 In one aspect, the present invention provides a
catal yst conposition conprising an ansa-netall ocene
compound cont ai ni ng a pendant wunsaturated noiety, an
acti vator-support, and an organoal um num conpound,
as disclosed herein. In another aspect, the present
invention provides a catalyst conposition conprising

msq:mqtaiwﬁﬁnq @ﬁmmwgi ¢antAIBINg (R PeNAIBL Hesalwalse 4nqisty. jaR
é(grgmtng %%Sd %Blgzﬁﬁl &OE{H%’;}EB&E ag e19at§f kt%{po?tn 3{1&1%

esent I'nv nf ron*provi

OPHBAA| bk@ﬁo@l@@ﬁmﬁl ”REMPBunc 00 mw@t@ |10ﬁ1@ﬁ1§ ionic
conpound cont ai ni ng_a_pendant unsat urat ed noi eta/
.cgmpzuwbanedh&&ossdnp&hﬁdwg@dﬁam@ﬁ 5,629 3nnB 7,935,
Iy 0 I um num
c?%{‘rp e \&glchgi%eg rat%cpﬁc?rgl%b r@%ér?&% m%sgeqlﬁf’&hn d are
di scl @ﬁﬁ@omﬂngl 1Schabmpbudmm@%hslo&uﬁzﬁmgwncarwhlch can
5,807,938, 5 each of which is incorporated herein hy
rf@icéuoart@ @nhmweuatca\némf ther gatalyg cmppﬁlﬁlﬁg Vil not bound

ound | |
hanc it 4§ poh veﬁg#ugt tﬁé;rﬁgg%lﬁg &{1& n%om RGJC\A%?F&%
RO tedebid &ithafie tﬁb‘ealfo)éend &01h§odﬂd|dnﬁ\cedvérﬁﬂg tl‘tel‘lﬁctallocene

i onizing ionic_conpound nmay be capabl e of reacti n%

witorn eattoniegialloeetrecapPidn dAEHE, BEHS a0t inignding to De
| 10 |

R SCARRe? T e e AL SRR EoRRTRAL Ay

lfﬁldﬁﬁhla@\éﬁdoﬁﬁﬁig ddﬂ@du@ﬂlbgrl dwlplaﬂlycorcmﬁﬂl}ndxtfmung an
function as an ioni zi ng, conpound by conpl et el%
pamncahgqueppssaldm angomm -abkadienyk hgarghﬁwh 008D Iy,

r%S al k di enyl and ch as ?‘FF’ %’8 from
¢ dPFi8 ‘é‘f?é‘e aFT e“’u%? S EAMOEY o dhd
'aﬁl%rll%tg%‘iﬂésk’ It G&héﬂ@é}aﬁ o ﬁﬁﬁze@fth@ﬁl@étﬂﬁfcehé dbStracts an

i oni zes the netal |l ocene, abstracts an (X3) or ()0)

(XQaordX*hligarfchisa fashins a8 6o fonmman don pair,pegakensdgiaetel-

RS 00 Bl o Hodfin TS Biefaiienss Stk hobhiigates fo a0 %)

ot 9RMlighNd, %f‘)inftolﬂ%% ARERARIS By WHichictivaiéd gt dcetr.
may occur. Further, it is not 'necessary that the

Forther, figisi minecessanyotatitheciotizingeione coppersdatdtiveteriae

onl The acti atl n function of .the ioni.zin
alosie ofg: dffsnagot finst R lelfnizl Dhiikopfbufia
?sa&ﬁhé‘rﬁtmctﬁ@@ﬁﬁddcb@ 'ﬁct%ﬁt}aoﬂ\bélhl?fst aﬁn cstsmmlaasesi whold as
catal yst conposition containing cat a ?/st conposi ti on

torapareddesa naalysb ppmpesitiem y,ont@mnzg qgfalysh cemposipioru ilent

does not comprise any ionizing ionic compound.

Examples of ionizing ionic compounds include, but are not limited
to, the following compounds: tri(n-butyl)ammonium tetrakis(p-

tolyl)borate,  tri(n-butyl)ammonium  tetrakis(m-tolyl)borate,  tri(n-

butyl)ammonium tetrakis(2,4-dimethylphenyl)borate, tri(n-
butyl)ammonium tetrakis(3,5-dimethylphenyl)borate, tri(n-butyl)-
ammonium tetrakis[3,5-bis(trifluoromethyl)phenyl|borate, tri(n-
butyl)ammonium tetrakis(pentafluorophenyl)borate, N,N-
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25 Exanpl es of ionizing ionic conpounds include, but
are not limted to, the foll ow ng conpounds:
tri(n-butyl)ammoniumtetraki s(p- tolyl)borate,
tri(n-butyl)ammoniumtetraki s(mtolyl)borate, tri(n-
but yl ) anmoni um t et r aki s( 2, 4- di met hyl phenyl ) bor at e,
tri(n- butyl)amoni um

tdimethilag{ignendi netehrpkistetojyl)bssites e, NelN¢dimptlylanylinggm
Qo bagitey ¢ i 11 DN SHRRERYIAPHIRNGD: | por AFiakis@4-

tdidbthylphehMiDoRMED NI NIN-dimethylanilinium  tetrakis(3,5-dimethyl-
tetrakyi s(pent af | uor ophenyl _%_orat e, NN 51
dheeyDharatai | i ni NAN-tlissethydasilipiune| y| ) oielisE,S-bis(trifluoro-
N \et hyl anj | i nium tetrakis(mt o) por
@%ﬂblﬁpﬂ%%ﬁﬁ I niumtetrakis(2,4- i\ﬁﬁh (ﬁ%eﬁlgﬁmhmum

détrRidtyeRbp RN BbEratd), N- dirifyBéANItaBéditmi UM tetrakis(p-
tetraki s(3,5-dimethyl - phenyl)borate, )
rpldborats hy| ani | iripharyleasbenitms [ 3, 5- ketekistmrtolidberate,

t.hyl enyl ] borate, N, N-di il 1 0j
t P?%W?%f%@ﬁ?%f | uor ophenyl) b%?réjt&%{f{lp *I%%E}L@}l %na?/rl bé)ﬁ?t?jm
t@%ﬁ@?ﬁ&f&niﬁ@' yl)borate, triephiiog,S-didhehylyhenyl)borate,
tetrakis(mtolyl)borate, triphenylcarbeni um
thephenloatimninngi net hy Iteprakist B, Sy s (s fduoromethyl)phenyl]borate,
tr.i.phenyl.car beni u . -
ipei Sepos P ek etathuproRbsmoratpgtropylium tetrakis(p-
ttbl?l)ﬁ@ﬂﬁ.‘w@ C%Bglﬁlhﬂmtetrakis(m-tolyl)borate, tropylium tetrakis(2,4-
t et raki sf3, S5-bis(trifluoronethyl)phenyl]borate,
dimpthapheed) hesete tiopdinsietrekisSnt-drmeiby pbeshiporaier at e,

| b $(P= L0l V] i _
L SO S B T
dethRi STyeRARREbPHRAK BbErate, I Ofildny M tetrakis(pentafluorophenyl)-

t etraki s(3, 5-di net hyl phenyl ) borate, tropylium
theratak lidian stepienylboraier biveumytejrakismytofddrosate, lithium

i ' f . s
AR EL Pkt bl B PRBAT RIS I08S4E: i,
tr@tdkan B s tyiitRnyl)bdratel Miktaiumak itfahibedbokatbor sddium
l[ithium tetrakis(mtolyl)borate, lithium

tietrakistpertaluprepheay hyorpiven\ioflivee attetraphensibgrate,  sodium
:t%%a:kzﬁ)Eél%gﬁgrgg%nga&égrgﬁ%ﬁ SR 9819 Boratd, SO tetrakis(2.4-
aahedkipheRa otk Uaydanh esydkiSips adigetissherpt)borate, sodium

t et raphenyl borate, sodium 20 tetrakis(p-tolyl)borate,

seenflneraheratek petessiun ietykistentaflugrmhemylihoratay pe@ssium
i et hyl.phenyl) bor.at - _ :
S FpLRaBaSRY bfSS Al skt Blvhorate opaepigm tetrakis(an-

t&IT)BoIateOr Poisaiuth RRaREE2 Wlimethylphenyl)borate, potassium
tetraki s&;}qent af | uorog?enyl ) borate, potassium

teftakigthSrdimsthylnhenybotraiss i pRfastEmakiceBuetebgrag: orteflt,
ROk AR bt " AL S AT (p-tolylaluminate, tri(n-butyl)ammonium
tetrakis(m-tolyl)aluminate, tri(n-butyl)ammonium tetrakis(2,4-
dimethylphenyl)aluminate, tri(n-butyl)ammonium tetrakis(3,5-
dimethylphenyl)aluminate, tri(n-butyl)ammonium

tetrakis(pentafluorophenyl)aluminate, N,N-dimethylanilinium tetrakis(p-
tolyl)aluminate, N,N-dimethylanilinium tetrakis(m-tolyl)aluminate, N,N-
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tol yl ) borate, potassium

tetraki s(2, 4-di net hyl phenyl ) borate, potassium 25
t et raki s(3, 5-di net hyl phenyl ) borat e, potassium
tetrafl uoroborate, tri(n- butyl)anmmoni um
tetrakis(p-tolyl)alumnate, tri(n-butyl)anmoni um
tetrakis(mtolyl)alumnnate, tri(n-butyl)anmonium

(dimetylan(nium di meempigRdngimetniphovadeluminate,  N,N-

t.i(p-butyl.) ammoni um,t.etraki s(.3. 5- .
ARG ol dHri e SR o um S9N
tinkalviatpgahal | uor ophgiay| ) al um@éitefluorophenyl)aluminate,
N, N-di et hyl ani I i nium tetrakis(p- tolyl)al um nate,

Nrinhetiylaarbepiumi | i detakisetivlybpkirmatel yi ) Gipheryleatbenium
N N- .52 . dimet hylani | i ni yn , _
ft ?@%ﬁ%@’?@%‘?ﬁ@?ﬁ% oherlUPheIssatbeam (. tetrakis2.4-

diinethyyihenyihdlniibte, triphenylcarbenium tetrakis(3,5-
tetrakis(3, 5-di met hyl phenyl)alum nate, N N )
diimethiyithgnylalwininate, et r aki striphenylcarbenium tetrakis-

entafl uaro nyl.)alum nate,. tri n '
BRSPS DEipey Nt e ARG G R At bace
tiedpyBliins (M tcddaldsidltoRiyaRingnate! | Pheddpli@nbeni tefrakis(2,4-
tetraki s(2, 4- dinethylphenyl)alum nate, .
tdiinpthyipheng)Pemingte. t et r aki s( Bopylium tetrakis(3,5-

dj.met, hyl phenyl ) al umi nate, ,tri.phenyl '
PR REBR R o e MOPYRIEY nae et tiBaniatiyoro-
t}ﬁ%ﬁﬁiﬁilﬁlﬁﬁﬁk@' Jithiah Udthgisepentdfiuediticaplaluminate, lithium

tetrakis(mtolyl)alumnate, tropyliumtetrakis(2,4 10

|
detmarthieyylplvariyaty.dithivion tetrakis(n-tolyl)dluminats, disp sy tetrakis(m-

T ———

ttekAlad(B S(apRIBipHpy DAY Al uliti@he, fetrbflidtOaluminate,
tetraphenyl al um nate, lithium

tsediuaki s ( getrakispynipfiugraphenylaluntingigs t et SaiuBY m  tetra-

tol vl.)al um.nat e,. Lithi . . )
et RotBE s aiul, Rtiorte P aimines, spdivm fetrgiisan-
ttglynakinSihate S -sduiRs hetRRB(DY/4-dahetiypateyl)dlitinaten sodium
tefrafl uoroal um nate, sodium

trefrakis(P ScdimsthaiphesyDplannats.al usadivme, tshaflueroalaminate,

phenyl al um nat e, sodi t [ Stp-toly ] nat )
OGR! o kBt U B L S e 2 e
tibehAkiugdiatd,- di pEhsimhengraldb@rblfatumised UMmpotassium
tetrakis(3,5-dinethyl phenyl)alumnate, sodium

ttefrakas(miolydalumingte e, 20 pot BRIRISUHR tetrakis(2,4-

tetraki taf | uorophenyl ).al um nat e, sium )
BB R Erti ot o, et ety o RAERSIUT o
tcﬁﬁlemérlp%ﬁymhmiﬁaeé,unpdtagsmm pofeB8RudtBAluminate, or any
tetrakis(mtol IIZIaI um nate, potassiumtetrakis(2,4-

combination thereof. However, the ionizing ionic compound is not limited

thereto in the present invention.
The Olefin Monomer

In one aspect, the present invention encompasses a polymerization

catalyst composition comprising a tightly-bridged ansa-metallocene
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di met hyl phenyl ) al um nate, potassiumtetrakis (3,5-
di net hyl phenyl ) al um nate, potassi um

tetrafl uoroal um nate, or any 25 conbination thereof.
However, the ionizing ionic conmpound is not limted
thereto in the present invention. The O efin Mnoner
In one aspect, the present invention enconpasses a

poﬂnpnmd aatdining a3aewish g pendaptrplesinatiaeheddaphe @'llf}&j’ &

é %}F‘ ??rr 5Vd9‘?ff?é‘?ﬁg%‘{gﬁtaglokg%%§ﬁw g&efl n%%??ached to

the bijndaiBratd red@hihtd 11X afteusRadl iy BleQiolFHeRRibn paidsses
or ganoal um num conpound. Unsaturated reactants that

avith caatdﬁzstl cqmpqsltmnpcﬂnylrmﬂce_smsl @ﬁwﬂm syesles inclgdenolefin

i%a’tc’??’b e, ol Elgq‘?’,\ﬂ]ﬁdgé %j’%? no'flrt]ogdD o%étr']%&@«t:ﬁlgn

%Q&’ tﬁﬁvﬁg at Péa%h@él@!ﬁc Rl%ﬁb]é[ﬂoﬁqu I'Ehigfithehgot &odipasses
| east one ol efinic double bond. This invention

éﬂmﬂpbmmancbmpwcsspsrmsmgaa isinglgp plefiaswel assethylege or

I | ef h t I
SRyt 28I Pe SRR R RIS B B
%'lécffn% Bpoth&f | [ GneOsPELNES al Boglgmasfioh Maction of
copol ynerlzatlon reaction of 10 ethylene, copol yners

@fhymmy cepalymerspof sibylengajaspriseo majest ampwit ehefhylenso

rcent .m nor
T EnREE By S5 Bl She STRY HrBhoBRER AP HEle ftPenn),
Qﬁ’d%ﬂomiﬁﬁslst hat £aRqhRem&fPOl YRET éctrshomdrd tiahydagnde
sho have fromthree to about 20 carbon atons in

tcbpd)lymmla@:b mnar ethyiancn shaudd Aeye Ifram tlspe tp @bout 20 carbon
pol Hy h Eﬁ E (a), internal, linear, branched,
?Eﬂi% Dt ‘?15810 5981t ut ed, functionalized, and
non-f y lapme 1, Brdrithéd,
|nven?|&gal(9%rumzj%rlr%y§ﬁb [‘t}%/rg{lfgg (P iR B arl, Br

unsat ur at ed
cobquouted s uduastitored, fengiohglved] z2ed mmihncthmlabaecalo;ﬂftn@

TN O X I e

gﬁ%@ﬂﬁﬁﬂ# e{l]ﬁtp g%atygﬁé‘ef)@igﬁ H%E(P%Hﬁﬁﬂl% catalysts of this invention

- pentenhe, 1-hexene,
an‘l&d’e‘;‘ nnat alR- e X amiced ©; prdwlle-nt hédwateme, 2-butesps Bmecthyl-1-

R s e 5 e T S o
'Beﬁ{eﬂé,eih%;(e&'pﬁ-ﬁ%n&r 3RkEnd MRE@QS-1-HeX&d, Cl-Béiflene, 2-
heptene, 3-heptene, the four normal octenes, the four normal nonenes, the
five normal decenes, and mixtures of any two or more thereof. Cyclic and
bicyclic olefins, including but not limited to, cyclopentene, cyclohexene,
norbornylene, norbornadiene, and the like, may also be polymerized as
described above.

In one aspect, when a copolymer is desired, the monomer ethylene
may be copolymerized with a comonomer. In another aspect, 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-cthyl-1-
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bi cyclic olefins, including but not limted to,

cycl opent ene, cycl ohexene, 25 norbornyl ene,

nor bomadi ene, and the |ike, may al so be pol yneri zed
as described above. In one aspect, when a copol yner
is desired, the nononer ethylene may be

copol yneri zed with a conononer. |n another aspect
dneseng, dshepfenet hbeptonm dokapterientheufour nommal eengpthe four
limted to, propyl ene, 1-butene, 2 e
soRughgetetintpEre TR, bl fBned I8, BRI aspect the
SoiRhbMkr hray RRN-BGRne, At-PBHtEN, -ILhaxend, Bngaterk;, Hedeore, or
2- hexene, 3-hexene, 3-ethyl-I- 54 hexene, 1-heptene,
3tylregt ene, 3- heptene, the four normal octenes, the

four _normal n nes he fi] I

anot hdf caggeeser 1onatiosttahermephifly BloRost R Reacld?
LoRERS BhKiucd the ¥eymdr RCiRiMllylfréacanat 0D tosibouens.
5 1n one aspect, the anmbunt of conononer introduced

iwdtightspereeat tamoncmoercbased pp Gk tasalt weightopiohg pagnomer and

ener al | rom_about 0.01 to about 10 i sent
SeRohomet [ SR Fberd BF pliufpSt b onféE sSHbARER 2D
AN act6P PEROKEfom! dboanoloNab AIRES tweillteparoam Rbmohomer,
conmononer introduced into a reactor zone is from

abduin &ilD knothenlaspract,5frami ghaut i clonebaus b et pargent

and in still .anothe sSpec [,om t

FolhenBmet batedafi el Bght ok LBTHRRSHk: nd choRBRME
HitdrRRiVERNOAR! 2RRFAnE OSEREIAL - to Abiver fiad | M@lvi, described
amount sufficient to gi ve the above descri bed

cconcmgmiatiams;jbmgﬁi_gliﬂ, vie thgtropolymer peoduspd P@l’g@ ussloduced
. t '
Co P et B R B T

YradcHBg duBBbicacdr ahRtibnsi-ad DIeHRtrduised as kaittanis, it is
is believed that steric hindrance nay inpede and/or

Hebiowadhtbapsstyerbinidrance oy isensde sod/orislesy therpplpnedzation

and/ or cli rtion{,s) of. the. .ol efi d
s at i e, SR o i B ihh o8 thEMRHE removed
RenRWMECEHSH e calidRd@ibdiheoutBabbh@wduld hincbeveypectedt to
the same olefin substituents situated 20 nore

prinderr the eeaction e themrynthet thsopande eintin BRsHtusHigHtituated
OR3P B BT BRI Bl 5 SRt
sy BES tet@hhOfRs (Y Gty s bempbaioRobitiRihveativa isethylene,
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 polymerization of diolefin
compounds, including but are not limited to, 1,3-butadiene, isoprene, 1,4-

pentadiene, and 1,5-hexadiene.

Preparation of the Catalyst Composition
This invention encompasses a catalyst composition and method

comprising the contact product of an anse-metallocene, a solid oxide
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copolynerization with a different acyclic, cyclic,
termnal, internal, linear, branched, substituted,

or unsubstituted olefin. In addition, the catal yst 25
conpositions of this invention may be used in

pol ynmeri zation of diolefin conpounds, including but
are not limted to, 1, 3-butadiene, isoprene, 1,4-
pefivaietsapport.cmd ab, GBgdnorkiiiowe. copm@pad ajion Q¢ aspedt9é this

Cat al.yst_. Conposi on 30 Thi s on

BieR g 06 GRYOR IR o PO RO CUlE Pt SR KRG e

ﬁeﬁtﬁé‘c%sdaﬁgdumk e RABAGNEE! R Itsz:cemymanml i gndxinde
acti vat'or - support and an or anoal um num

orgapoalnmmum costalys ferca fitst pcm(to ime @ﬁpT torcontagting this

ansa- rret .ocene nt. d ol ef

R oRaried Mg i BE R SHins beirvaf i B obgdbger

?ﬂé' e pLA&Hof ﬁﬁ‘l@ Bf corftid aﬂh@@réb@nfﬂémlﬁﬁc Bét&leﬁﬁ thd @saa
rst period of tinme prior to contacting this 5

nretad e tthel alefitic meondmdr, ahé tb@lqrgﬁrmll@énum cocatalyst

SR Te o OF Bl L

BNSR at¥at &/HoRE ’NEpicall ePRa'cSﬁth&' tﬁn@ﬂ@ﬁﬁébouﬁ@d rhi@tes to
or ganoal unmi num cocat al typically range fromtine

abmﬂBOInmutastaBaals)OWma 24 hours, and from about 0.1

to about 1 _hour t ca Pre nt act
about OPge i REcqnsa éﬁ%} %pmt%aaggm 1 efin
tgboRRE - an@‘&garfoﬁﬁmﬂﬁﬁﬁ%kﬁﬁlﬁ@qs ’biihtie with the solid oxide

ansa- net al | oéene, olefin nononer, and or ganoal um_num
ecoatal Hus compesinermfushiendontprising thelspld exidgeactivator) is

£t irastoRRrGa B s TutrHiRe (heonoRr iRy dukie
gﬂ Fé Qtlow¥it6 Alelidin i RoRAsH ENi aet@dll Perddibe tikke, Ny
owed to renmain in contact for a second period

pbsteontest tirhe prpwstpdmnauntlatmethemqlmlem@tl@emgcess In

nitiating th r t

qapanect BRLb At JRenT heeylr sl fOFRE actfhBtpes and
B préSdsct SRR GRe t9pidally P FRAPARGLEGE Munlite o about
typically range fromti'me about 1 mnute to about 24

Bélhosrs andl ﬁfonoﬁniotmabput hﬂwut 181%@9} Pesteapgace fimes from

g ﬁnt ac b % A 0%#3 Ln nutes to about
Jrey eért% 8’ WBP Elf]r fﬁ] $Her aspect of
this iDyeRhéoRp eéthﬁ’ tNid ihRiS o, atha Wi bus @Rl st edintontiiter

exanpl e, ansa- rret al | ocene, activator-support,

¢fog arw;aﬂnp}n, namsa-metallocene, activator-support, organoaluminum
cocatalyst, and optionally an unsaturated hydrocarbon) can be contacted in
the polymerization reactor simultaneously while the polymerization
reaction is proceeding. Alternatively, any two or more of these catalyst
components may be precontacted in a vessel prior to their entering the
reaction zone. This precontacting step can be continuous process, in which
the precontacted product is fed continuously to the reactor, or it can be a
stepwise or batchwise process in which a batch of precontacted product can
be added to make a catalyst composition. This precontacting step can be

carried out over a time period that can range from a few seconds to as much
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cocatal yst, and optionally an unsaturated

hydr ocarbon) can be contacted in the polynerization
reactor sinmultaneously while the polynerization 25
reaction is proceeding. Aternatively, any two or
nore of these catal yst conponents may be
precontacted in a vessel prior to their entering the
me several days e lonper.s Irpthéscaspeetc theregniinuqys pageopacting step

; P A
S S DIRLIP e agutf hstind By qopfL BDEE RSP 54 s pypect,
gtfe GontiDhERVHreSortict ts@éﬁ/‘éaﬁiﬂaﬁr@gﬁﬁm From\ticub 10 sbaindb

precontacted product can 30 be added to nake a
t@bbduy 46 ntiontessirtfram abaiilsniputsctorsbast 3hggimtesp can be

e S B Gk ok L 5 g LA

LGS stdgd. thther ARRSE Singlehfes ORl WwhitAUSURIHRS aitktafdsi 46
step can last typically fromabout 1 second to about

prépamed, eAbls @oinprishigsa aifferent sett o catalysi sownenents. For
precontacting step.,can | ast ically. fro t

SERBRlgs 2t et gY_XB&E‘ 25 pmioiset G g BT o e
LR ARO U 113ReMYul BRactigAhb Fritadi@leywlth et least one other

precontacting process can be carried out in nultiple
shiapst compdrent fomwmga sicend eistueg and po fhtlkeh nul tipl e

Cet  opasplertyedonEhanE fiem can b Sy b8 sifeld gt
gﬂ%&@lé!\r&%&lsc TIRABE gimlgﬁ 8 pre8nGeiM @sbRtcaWerdantedeout

Irst = mxture, fo by cont_actlrgtgthefirst
fih xérissdsequehtially)) imgmralleheorat dombinatmncthergpf; skor example,

t faqrm d nixture,.and
R B, e Helish o SPesg S 0Bl il il el 2
ﬁn%&&%eéon%ﬁsiﬁg 1R itk RhikaME TE@ Sne BUMitibedl, catalyst

Skadd
nmulti pl e precontacting steps can be carried out _in

semipeser(t sen be fioinzdd )the first yassel dein, a gacond vesspl WAiGhois
t her eof For, exanpl e first m.xture of two catalyst
éﬂfﬁgﬁ’emf‘%edc‘ﬁﬂmggeﬁroﬁ% ﬁirﬁts‘éesf?lr st vessel, a 15
secongy Fhothbf SspRerTRhE B Fork R thé Eathlydl ¥drpenchtsumapbe
addi tional catal yst conponent can be fornmed in the
fsplisandessd éh differént precoatastiag irestsasnts. vifarerample, part of a
typi cal | | aced downstream of e fir S I
SABLNFEC Bt Caneby rgeﬁimpéo i firﬁe_pé‘%ﬁo_glfaﬁ%s{ﬁg Fssel! for
Ba‘r?é%ﬂfh%ﬁﬁg WRN BeleadPldnt 8fMer Uslyst Ncsthpdrhgnivhile the

econtacting treatnents. For exanple, part of a 20
cemainyst of dhytosame cotatyshecohmpninit eam bej fegh into a second

GHeoBiaKaRE el Ot RBTHIUHERE. M fie BReont Gt SlFh
component, or can be fed directly into the reactor, or a combination therecof.
The precontacting may be carried out in any suitable equipment, such as
tanks, stirred mix tanks, various static mixing devices, a flask, a vessel of
any type, or any combination thereof.

In one aspect, for example, a catalyst composition of this invention
is prepared by contacting 1-hexene, triethylaluminum, and a zirconium
ansa-metallocene such as 1-('n5-3-(2-pr0peny1dimethylSilyl)indenyl)-1-(T]s—

9-fluorenyl)-1-phenylethane zirconium dichloride for at least about 30
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remai nder of that sane catal yst conponent can be fed
into a second precontacting vessel for precontacting
with at | east one other catalyst conmponent, or can
be fed directly into the reactor, or a conbi nation
thereof. 25 The precontacting may be carried out in
any suitabl e equi pnent, such as tanks, stirred m x
tAmiess, fullowediby soataciingribis precdetatted snixture mathika selfated
vessel of any t . Oor. any,conbination thereof,. |n
aihenas gttt pb e S Felerd 4barn g SEmBhubdp B8 gt
L Sitl i is prepared by contacting 1-hexene,
??P@?ﬁepgﬁﬂﬁ?ﬂﬂﬁi and a zirconium 30 o
ansa- ffht préconkntng stdp Bpically increases the productivity of the

1-(T15- 3-( 2- | di h ilyl)ind -1~ (T]
Dol IS oMo SaTFe s EmpRHRH (o kP
Withb&PSthi@PRetomdikting” stdf. NUt BRe  ExHahoMEdadtivity catalyst

contacting this precontacted mxture with a sulfated
abmposigornof thisahoentrmppartte vsed fathomepstynsdymation of an o-

m nutes up to one hour to formthe, actjve cat IXS&

Tledingnerwnersueh gy cllgpetoy ﬁpﬁﬁmﬂ?ﬁmﬁlﬁsut in and a
duct i vi f the.. 5 | .

Benh) bbvligh d5inet SRtatRRofl SBEREE Spdsitoplifine

biap ardreqaidd AR thidthveh@en. The enhanced activity
cat al )é_st conmposition of this invention can be uysed

for hdhopesteontatehmixiuregnay ke heated a3 iwmmsriwsand fena
hyl [ i ; . .
BEreB P RCie 1 AW BFpH AR, UhpRlenBod & Blibdodile of

\ r-a precontacting step nor
Braeeafased i dand] thest6lfll akRler Rfivatoegufirt, tsakk that a
I nvention. The postcontacted m xture nmay be heated cﬁt

w

aortimpel theueempenentsopf she racantastisd SuPtyrs; I8 IARPIFS

ags i on, i npregnatio oLl r [ .

et 58 s R B Ab ol R HofoRthcted mixture
Nahkted YRRP etwsChbdud APFato it 1180°F0f Tehgperatures

components of the precontacted m xture is

betweh abawdi0°R o atstax O5BlaredypidalpbHhietrainture ésytesated atel.

exanpl e, the postcontacted pixture be heat edd

fr om Bepwaeslh fin molr (el arstmelHoRgE SRR to

b&t r%goa;’ﬁgﬂl%m“@%n @@P@H& b FonRhBodtVPI Ehbdut 16102000

m X heat e .~ I'n one aspect, the nolar
Takhthef ashéxe, the swolartatiblod tlenenseenpaliontne comphend to the
or ganoal um num conp be fro

d boyt 1:
awgpalymi@arwempog@f Y ot ARy abgyb'fé? ‘EOO Lﬁ?él% Fr‘ghé:l , and
ELh n@fashdlE AR ALHRL AL tOSERE 1990P ARG H01ak Ptios reflect

the ratio of amsa-metallocene compound to the total amount of

organoaluminum compound in both the precontacted mixture and the
postcontacted mixture combined.

When a precontacting step is used, generally, the molar ratio of
olefin monomer to ansa-metallocene compound in the precontacted
mixture may be from about 1:10 to about 100,000:1, or from about 10:1 to
about 1,000:1.

In another aspect of this invention, the weight ratio of the solid

oxide activator to the organoaluminum compound may range from about
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or ganoal um num conpound may be from about 1:1 to
about 1:1,000, and in another aspect, fromabout 1:1
to about 1:100. These nolar ratios reflect the ratio
of ansa-netal |l ocene conmpound to the total anount of
or ganoal um num conpound i n both the precontacted

m xture and the 25 postcontacted m xture conbi ned.

Vi o abeutdc@Mk heln aepthercgsped, the avcighjaniop af the, solifexide

| . ti f | efi. t - I I
N e e e L K
admeMt 100: L0andGn §B0AHotHE Qsef) flom @bouftneMoaddeut S0 1 to
about 1,000:1. 30 In another aspect of this

i nventlnonfurthee agesicylof thiatineengipni e weihigratigxgfdae ansa-

e BiSE o s o RO AR AT C BB R AphET S o
HHIAE 1 51,00080008 1 Bttanbatiel aspebt bhdisSRivestioaxis dike weight ratio

activator to the organoal um num conpound may. be from
adfothe ansg-metalledsogtto 19did] oxida ceefimatgesunpast waichamgr die

P8 PROCE e g koo i CE ol BERE 1200

Bizabhiocemn®m t o solid oxide activator-support may be
fromabout 1:1 to about 1:1,000,000. Yet another
aspectOnsf aspiettsof thiseinveation &5 thifealwmingrene i n¢ regpired®

o e g lo Ry e RS e PR owery
polanet RRsdREBA Ctostd. ' OMcabiditiglyl: 20 orleO agftoyt the: Hedient

i
10 One aspect of this invention is that alum noxane
i igvenstonrean wise &R +-typefosganopivenisumaioppouadmgidsin achiator-

di scl osed herein, feature t al | I

SOPOMEIS Freotee ot uBRotaks, ob i ef Mol be Baund
thietheh8S &Nk belidvedThatAhe 6AIAnYABmMARIRS compeunds likely do not
or ganoaf um num conpounds and an activator- support in

tavbivaies che e rogtalipagnt nortaless . hithe same| ARYHEY ngst o
be bougd 15 z{t:ﬁ/%theory, it is believed that the
ocf'ré‘?ﬂ?& PR conpounds |ikely do not activate the

net al | DERAGnAB! Ad ¥idenkive boeats soM@pHEIIS ©F MECIalre required
or ganoal um noxane. Additionally, no expensive horate

deorfoouribies caalysy@mpesition efythiy dtyentien, faihavgthalugareaps;
R okRndd, MIER,, 'R URY" dofbindoh8ERDr Bhd BhAMRERY be
used in the catalyst composition of this invention. Further, in one aspect,
cocatalysts such as aluminoxanes, organoboron compounds, ionizing ionic
compounds, or any combination thereof may be used as cocatalysts with
the ansa-metallocene, either in the presence or in the absence of the
activator-support, and either in the presence or in the absence of the
organoaluminum compounds.

Thus, in one aspect, this invention provides a process to produce a

catalyst composition, comprising:
contacting an ansa-metallocene, an olefin, and an

organoaluminum compound for a first period of time to form a
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20 borate conpounds, MCl2, or any conbi nation
thereof can optionally be used in the catal yst
conposition of this invention. Further, in one
aspect, cocatalysts such as al um noxanes,

or ganobor on conpounds, ionizing ionic conpounds, or
any conbi nation thereof may be used as cocatal ysts
wircdontachesl anistraecehprsieges preedacted: ansa-petadeasse ér
in th ence of the 25 activator - [ X
atesefecfi Raos s BB A LR offif and
or ganoal UmcBHEGRTRAE NEkcortBstsd ixtQRS vABPest , actibatr-
i nvention provides a process to produce a catalyst

coppos and optioradymddisiongt ongengaeminggn eempound for a second

ansa-netal | ocene, an olefjn, and an .

GBS B aisaareis e 2mpeiing s B erged,
f HsinRetalRRen®)l €€ 0Hoeb@HctBll X tdtsghoaRilihiGi Ngodpound, a
precont act ed ansa-netal | ocene, a precontacted

qrogtsaniattediolefim, sodpaunteontnied achvaen arperte dndhismaspect,
3B SRR B ReBGEGR. BE1 S Foihbfhe Vi e

ghgamaal um num conpound for a second 5 period of
time to forma postconta%:)te mi xture conprising a

post cont act ed andXX¥EKNEEoNe, wherpisist cont act ed

or ganoal um,num conpound, a__pasteontacted ol efin, and
a post cont t’é&ﬁ%{ﬁ)@v@f@ﬁ%p%}ra&m?lh this aspect,

the precon{®ety egh@ngg?)neir! | Qdeppdeaty Cofpitede fidm a
conmpound with the formula: 10 ()’ )(ngZ)(XS)(X4) M,
wiyelopentadiphyli en tindenyl, Lnfluetenylo or @nsubstitutess analng theseof,

and ()2),are in nd 2y Se ted froma
c"gl&qfé%é%le&a‘i (gi?ﬂ%%&?naq%ﬂgex?lssu{)%&ﬁeg’or enyl, or a
subst i t ut egs apa Oghd REbRiddent W Eiceistbaituteeadl') onte ()
(X) and (X2) is substituted; 15 at |east one

sebyriscuanensefuratad gepdravingttbe fgauldr () e)  conpri ses
an unsaturated group Migyg. the.formul a - Si RA2R5,
wherein each R4 is iﬁ%‘iﬁ)’éﬁd %‘?II'C)IP sel ected froma

Eyd_r ocar bylea & RERs izﬁe?ﬁld%u@f: bélbetbe droy digancatlyl graupp
aving from1l to about 20 carbon atons;
or a substituted hydrocarbyl group having from 1 to about 20 carbon atoms;

R’ is an alkenyl group, an alkynyl group, an alkadienyl
group, or a substituted analog thereof having from 1 to about 20 carbon
atoms;

(X") and (X?) are connected by a substituted or unsubstituted
bridging group comprising one atom bonded to both (X" and (X?), wherein
the atom is carbon, silicon, germanium, or tin; and

any substituent on R, any substituent on R®, any substituent
on the substituted bridging group, any additional substituent on (X" or
(X, and (X®) and (X*) are independently selected from an aliphatic group,
an aromatic group, a cyclic group, a combination of aliphatic and cyclic
groups, an oxygen group, a sulfur group, a nitrogen group, a phosphorus

group, an arsenic group, a carbon group, a silicon group, a germanium
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20 R5 is an al kenyl group, an al kynyl group, an

al kadi enyl group, or a substituted anal og thereof
having from 1 to about 20 carbon atons; (X) and (X)
are connected by a substituted or unsubstituted
bridgi ng group conprising one atom bonded to both (X)
and (X), wherein 25 the atomis carbon, silicon,
@EouTRIl itngrap, o lead gretiparybaral Sroun, et alBRIRA. SEGHP, an

é%‘?bfg%ll?l% ﬁs}ﬁpﬁ E{l d%'{gﬁlémé?tgﬁlgs tgtl.éoaxgwe notd‘ it §uggt1 ted derivative
shipsd hlgeaf whlth(h$vingOfom (4, abdiel2 @ &&bodBtbnisX4)hald€, or

i ndependent |y sel ected froman aliphatic group, an
awydregei.c group, a cyclic group, a conbination of

sul Fui g aect i (g s PisEt o8 e AE AL RoBidhys
Qyplaﬁlgﬁ@b&eﬂm@ﬂ Rr equat & Bidut 400 gﬁamsapcﬂ éth?l@ﬁe gelcgtmn of
germani um 600 group, a tin group roup

lnhemn:aﬂy dreptedasolid| oxide pen bmmmabblamatedngﬂ? Tioér)z)u el
BRePEd fsbeiy %'fcﬁk‘%lﬁ o s fixsriph an b cBaipniags by 48
@ﬁ&gﬂ o?t%@ﬁer h k%g Pto aB(\_ﬁSV Q%?P/%t TSRS, and in

aspe cataly Ivity al'yst "of this

iaRy6t | BPedts ant mbnﬂag} lof @E‘@&irelthdnham equatqtealabbat 500
about 100 grams ﬁ0| yet hyl ene El)er gram of = chem.cally

2PHgCISOshy)i dn skl haiother aprsgh thebppbet at this mvention may

A QTSN i IR 5 B0 W 5ol Mty o
gP /(LR ROk oR akpdc® ﬁpé&ﬁ%tgftﬁ @dtémeh rexlual

not her aspect, an activity of greater than

Q6 U200 gPeUTSEDEY). gll’h{sgéi:’[ﬁ@yrl)s mieaswsed fuhdemstutrgr
aspect, the catalyst of this invent

, be, .
Zation @ngiflonn Heing \isphutane g etg? &‘@ﬁ%nm%r vdthy &
R 00 en @R O GF Tl 90 SCT At In U RRE pRSAGE of

gﬁbﬁtﬁ'ﬁﬁﬁg ) Thd hia&toa(shd)uld theveé ml:ﬂmsaﬂye do timd] eatiogl ofrany
ymeri zation condl t| ons, USIQ% i sobut an

dvalﬁesﬁale 98108 t o Othero fomes i ofadpuling Spear 3%%}% d &

and an et hyl ene pressure of about 550
qge%%re%%relgreact or should have substantially no

[ nd| cation of any wall scale, coating or other forns
%tﬂit?f%lf Itl?e Ca (i;stngoklilgosntlgg fne Polymerization Processes
Polymerizations using the catalysts of this invention can be carried
out in any manner known in the art. Such polymerization processes
include, but are not limited to slurry polymerizations, gas phase
polymerizations, solution polymerizations, and the like, including multi-
reactor combinations thereof. Thus, any polymerization zone known in the
art to produce ethylene-containing polymers can be utilized. For example,
a stirred reactor can be utilized for a batch process, or the reaction can be
carried out continuously in a loop reactor or in a continuous stirred reactor.

After catalyst activation, a catalyst composition is used to

homopolymerize ethylene, or copolymerize ethylene with a comonomer.
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measurenents. 20 Uility of the Catal yst Conposition
in Polynerization Processes Polynerizations using
the catalysts of this invention can be carried out
in any manner known in the art. Such polynerization
processes include, but are not limted to slurry
pol ynmeri zati ons, gas phase 25 polynerizations, .
dolontiaspechod {ypical patyinesvizatiom anethasd isj & slurmy gl yraetiggtion

mul ti- reactor copbinations thereof. .Th -
BoRssse APaiogtn SORE TR e Prreeeay, yHiE i W fpgwn in
ehdrk GAEICARIA! 8 cRAMYIFER XU S APatbie NIG.13,2485179, diich is
exanple, a stirred reactor can be utilized for a
batorporpied clexs seferance Heraimain iits rentisety b eOthea rpal waerization

Sothodicpt e trensh TagsRPh BFPL pier sl e e it ing o
Gad M AStor 6O HROSDE IdRd10s8d U €NS.t Patert QN (39248)ETY, 28d those

et hyl ene, or copolynerize ethylene with a conononer.
autilized dnea gdwrality, of stiyysidc sgacisws \aither it sesigs.npambel, i

Sambririgny Siekfihy kel the RRBRSH Syt 4B ol e
Qﬁﬁ'exgﬁd rdadtofl, SFhieB 96l aldoOincarparab® b'grl'efér&lce%reim iMNGts

3,248,179, which is incorporated by reference
lRenmtn, in its entirety. OQther polynerization 5

nmet hods of the present. invention .for.slurr e S
are tﬁ%?@e éﬁﬂ?‘i’jy?ﬁl nzf‘tb%’pp TeRar g’? t%i Lse V%tg&l T
qlhé%%! %cgﬂ bBody BocEakENEbANe- 280048 ahd 9in 2AbtkdIOBSpect,
utiTized in a plurality of stirred reactors either in
gelyjredizafias addcibn tanperatmrbimgtrianges frolmeateot ,70%b ¢o ebont

the reaction conditions are different in the
dilpf@rent reactors, which is also incorporated by

reference herein, inits .10 entire ,
ol yra e palst Aes Brstith ey &5 o0 i BniSARs,
KRGS, fof HMRPRYE GBS aktt] FRRUST 8Bfen @ddunider a0bstgtally
aspect, polynerization reaction tenperature ma

raahpdrofs oonditbenst thpeOnt the absance of Yeter asghapraction )éeginS-

i v, Tt iniosoRity, B o5 @onié, B5aliBenl ol #804
qf ty%ﬁé_ﬂ? Rl edifl e sorpabanitioalrbactoranhy dr ous

condi tions, t'hus, in the absence of water as the
r eact iThe podgherization reaction pressure can be any pressure that does

not terminate the polymerization reaction, and it typically conducted at a
pressure higher than the pretreatment pressures. In one aspect,
polymerization pressures may be from about atmospheric pressure to about
1000 psig. In another aspect, polymerization pressures may be from about
50 psig to about 800 psig. Further, hydrogen can be used in the
polymerization process of this invention to control polymer molecular
weight.

Polymerizations using the catalysts of this invention can be carried
out in any manner known in the art. Such processes that can polymerize
monomers into polymers | include, but are not limited to slurry

polymerizations, gas phase polymerizations, solution polymerizations, and
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Therefore a dry, inert atnosphere, for exanple, dry
nitrogen or dry argon, is typically enployed in the
pol ynmeri zation reactor. 20 The pol yneri zation
reacti on pressure can be any pressure that does not
term nate the polynerization reaction, and it
typically conducted at a ressure hlgher than t he
prudti-reatorenbprations theseof huﬁeanawémenzaﬂon zone known

olynmerizati ssure t
b 8 el bregibed BB F e, POy Ar B¢ yilivgd., g
eﬁaﬁl% 12 RRtIRAUEAEInDE WHIRES Fresh %@eesﬁhﬁfthab@uﬁoﬁS
50 psig to about 800 psig. Further, drogen can be

uaebe carrigtieut paitinwensly an adecmresetes or éﬂ a ﬁﬁﬂ%ﬂl}oﬁﬁ/ stifredn

ht
ke 1 hepichfa e pelarriahs bRl hethl HIECAR RS
9 h N1y ﬁmﬁﬁeﬁzdﬁ%ﬁ\émot@s tihe Rjop. reBttidh porec eSaisble

can pol ymeri ze nmononers into pol yners
dﬂud:nnsjesedbm sluauyqaqhwnemzamon@gp wgll &nowny yn the art and include

i zati,Q ase S Ui
E}S‘ill%ﬁ%r};’f’%twmﬁ% afga‘z‘l‘f)‘gzun Irte ¢ roélacs dllfﬂc?:l?)s'rrbl ﬂléfJ 1:ons
PRRIRPT asUdMSn BY RRIOTRS 8@ henné@Rsarityianean b inére
art to produce ol efin-containing polyners can_ be

utatériak,ed thisderm wxaenpk & ingludeicompaupdsaandompesitigas that

utilize oy a.batch process r e
B9, QOB O PHOGUEIPrPr Bl dgutainoRS ek
CANtHeNHQIAS 2 IdLERY AcIuBAC O arel ¥iBi didhited, td, heyclohexane,
pol yneri zati ons di scl osed herein are carried out

issbnigng sibutany, proipgneri-penthen ipersatans, nﬁpi@ntaaépand n-
eacti on._zon Sw di | u n e I Yelu
E}B’F%rl I&PHCEW ar¥ HE’PF BndttRd ttﬁg 811 ncpula[nc

AERGHISEXUISIBs Bf i teambg;me lfodrﬁlaﬁtlﬂ SnPatent Nos.
ond|t| ons. The term "diluent” as used in th

di4d|3d3 14,50 u,aag 4;613 ¥ S EHH280) ang a9 Rh @%qh quhwh

mat eri al i ncl ude conpounds
éﬁw‘&c%ﬂ%‘gﬁ? esre]gcﬁz erelwn%o ‘lfelttg'ut e to ™

pol ymepi 27 g&daes RIFOMe SEwelitheSteah polgmesizdtionn scattvat
can be used as diluents incl ude, but are not limted

i udey caph olmecrization gaetpe ornpYYMEHEALIGN GpAsHY, System

FoBvE e 1Rtk el SRR i AR o

HeRndpRl ptES | Frakdpilym&ps aei tiRs prkert hinsertmh n Guelyy
?r“gu?%und GRS | ooy 4 494 341 4 501, 885

feBkSs 48U compriTsImEY reagiods, Rasphagorzactarse polBHOMFRAECIOTS,

or any combination thereof. Gas phase reactors can comprise fluidized bed

reactors or tubular reactors. Slurry reactors can comprise vertical loops or
horizontal loops. Solution reactors can comprise stirred tank or autoclave
reactors.

Polymerization reactors suitable for the present invention can
comprise at least one raw material feed system, at least one feed system for
catalyst or catalyst components, at least one reactor system, at least one
polymer recovery system or any suitable combination thereof. Suitable

reactors for the present invention can further comprise any, or combination
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IS incorporated by reference herein, inits entirety.
For purposes of the invention, the term

pol ynmeri zation reactor includes any polymnerization
reactor or polymerization reactor system 20 known in
the art that is capable of polynerizing olefin
nmononers to produce honopol yners or copol yners of the
of,es aatalysh\storago Syst@uc AN xXERBIODr &SRR & CAPHIS BYSi¢y Ry

reactors, .gas-phase reactars,. solytjon, _reactor
ainrerodE Aot g P StAseRR SO ap BAL AR BrmprfE
CORM0RE tAleHid @ ian8 dirdBiOrecy@RR! OF Catalyst! BIdLHNAT andegsly0es .
Slurry reactors can conprise vertical |oops or 25
IGenezably; edntinuops pragossas Fahcorspteoths corinemippirediction

i rred tank t t Pol Lzali
2L acpgpandy b iyt G § gl dBELE PP plR! LGBl 2hd
CRIRbAGRIAL TeBRAVR] FRen MR FRAERE | ¢l af aRPerdial eoipbing

l'east one feed systemfor catalyst or catalyst
polypmratticlesanditbadiuaghe react or system at | east one

30 po r recovery system or sui e, .
conbi %Fﬁ%‘sﬁuﬁﬁ%‘? etpeto uﬁsg’]ﬂse O%Jrqﬁ%?ctpé.%%%# o VETon can
ROEDESE dreVEpLi &N r&Rtor pért Bkerk OFM iudLpldNicactdr systems

conbination” 63 of, a catal yst storage system an
ertopusingriwsoyartreate typesoof feagforsyencsatpd in paralleledr in series.

CIEE SRR N
LRF¥Ah ipariZafbal oSteactets! thehire A @oRAYEERT The polymer

neral’ly, continuous processes can conprise the
cambé pubueerizad indueteacior 8ndsr one seinurropditigng,ang | then the

and a dilyent ipto pol ynerizatiqn I tOr

B bR o oS Reredrte B ek etk A PP R hndel
ERREASINSf cdaaitigmer particles and the diluent.

Pol yneri zati on reactor systens of the present

i nventlih eme cpect odrthe iigeentine, theprolpmerigdionoieagier system

systemar nultiple reactor syste 1 1.§) t.
G agmptps fleaforp I3 SEY JRAE he et GBEr gt
$K¢ aftSandVlhd ith?riE@%ﬁ%l SY HoeirBnte R fodpeMPSice loops can
reactors connected together to perform

woinpnise iazsinglodoomor raesericoros lopps:  Mutiplet logp iercters fan

Th I b | virer i dAi

TRt K v A O P
tbregﬁé{(ﬁ'ﬁfeﬁ dint 8n BrefReRAlveBAERAN canOdispersy TS icatlysorind
under

a 15 different set of conditions.
polymer.  Examples of suitable solvents include butane, hexane,

cyclohexane, octane, and isobutane. Monomer, solvent, catalyst and any
comonomer are continuously fed to a loop reactor where polymerization
occurs. Polymerization can occur at low temperatures and pressures.
Reactor effluent can be flashed to remove the solid resin.

In yet another aspect of this invention, the polymerization reactor
can comprise at least one gas phase reactor. Such systems can employ a
continuous recycle stream containing one or more monomers continuously
cycled through the fluidized bed in the presence of the catalyst under

polymerization conditions. The recycle stream can be withdrawn from the
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In one aspect of the invention, the polynerization
reactor system can conprise at |east one |oop slurry
reactor. Such reactors are known in the art and can
conprise vertical or horizontal |oops. Such | oops can
conprise a single loop or a series of loops. Miltiple
| oop reactors can 20 conprise both vertical and
Hhridizechbed ahdgeycledtvecks infp ithe practprebimdanenistyapolypier

) T B S PR TRRE
'H%%ldHE’cftobﬂéf)ﬁB@theﬂﬁﬁﬁﬁ&zed%&ﬂdiﬁ’&xm gRGhasErea@ds can

i sobut ane. ™ Mononer,” sol vent, catal yst and @%
COMPRISEarpracass donmlﬂmretﬁglgaﬁpéldsq polamegiggiianeaicolgtins, in

2 Pol
i A SRbandie o8 i Saveola B Rl lef o

%éép\éﬁdu%nt Pasd |Rssdidafon eoase Wilge Foddisl T shtalyst-n
anot her aspect of this invention, the

mohi_s;trmng palymer fametoin adimt polyprarizetion Zopade HEecoyds
se reactor. Such systems can enploy a continuous

rpé))%e;rbza PR &M cont ai ni ng one or nore nonomers

cont i AYQUA! Motfer QYEdc df s Mv@htibd)ahé IpdlydherRetibe dedctor
the presence of the catal yst under polyneri zation

candotipoiss 2 Mhalar geactire Tundamicaeiarsoeansingakiel PANERS bin

t 40 f.1. d| zed bed d I

B rical aiaRof oo BE G PIRGPE i ERRs bty bR for
\@obﬂﬁ’ﬁafﬁ\eﬁ f:&%hﬁ@cldneaqtmma%a&@w edn Thaes Rev@aomsies
can ded to replace the pol ymerl zed nononer .

Svitdne @ash pimsmer,eatttamrs, Qraratalwnm M@t@@@ﬁg cppbe

nul ti - st.ep gas- phase

\H‘FFEWeé ig fan, ey %3888111£ Ht ?ﬂ Sag eoﬁ“'szop a%fgth?n
%adt&aslhltf[ai/&s caRGRRS BAEE cﬁﬁ?st%ﬁﬁﬁn&&b yaEhé &ittdingd in
zones whil e feedi ng a catal yst- contai ning pol ymer

faogasechs s’(raanf ands intppougedeati srathaszone o tho regcwsc o gas

T 58l v Py PG, o BFEA ch e
CPEYRE 8 %B%Hlltélf/ keagh@in dptHbIarpdlg@etiftionC avadidke

pol'yners by free"radical initiation, or by enploying
tdoaditiatal yst S typ| cally used for coordination

pol yneri za l.a ct 0

z onersnin IRETIE f“f’peegﬁ Oﬁﬁ]?'neoHE(Pn "?nmtﬁ? 5’? Wéﬁgtﬁ&gg%c@y sF8
Hofpdded: NORABR' SAinbezatioAt rAkbeg i N Barihgersolution
gaseous stream and i ntroduced at one zone of the
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 can be employed. If desired, the monomer can
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 in the

formation of a solution of the polymer in a reaction medium. Agitation can
be employed during polymerization to obtain better temperature control
and to maintain uniform polymerization mixtures throughout the

polymerization zone. Adequate means are utilized for dissipating the
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15 reactor. Initiators, catalysts, and/or catalyst
conponents can be entrained in a gaseous stream and
i ntroduced at another zone of the reactor. The gas
streans are interm xed for polynerization. Heat and
pressure can be enployed appropriately to obtain
opti mal polynerization reaction caondjtions. éﬁ%g )
anotheanichepbet peymerigatian, ehitg Belymerzation) spre; teg‘ﬁn

r or ri,g 0 n [ :
RSl of ST R gt AT, PR JABC 4 Bhhprice o
isBrieelt Atdastlond ddpataist thatemhploys kighpesiire and yw pressure
suitable stirring or other neans. A carrier
desenarale thy desirehpelymsf.gani ¢ dil uent or excess

mno can (0] l: . rad, g

25 be bl SOPHoSh dnis ivsafSh, i pbiyeDRR et
tsgﬁeﬁl&iam Aphipeise €ecédminativrostiisto or moteheagtomss diroduction
%sence of liquid material. The polynerization zone

iof DoRTRGTE i sk ltiple rearters sen irdudgseveted sgee i dtnlsest e
Lt . f ' i f

G R TR, PRl 89,5 paptopGvce
dhiaking pQlossible @t tramfdrotebipalymedpetresultibge nipenather dirst
control 30 and tq maintain _uniform pol ynerization .
HOREIETESLion FeRGT GBI the secopd|rparter Z4¢ defireggppdymerization
Ao _ e : St _
BN RSP e S i BF HHERHOAIN I Woordbhig

GaAdiienebf gt @Her eactarsh aAkdrnamvehg rpolymeriaatian in multiple
conti nuous manner. The reactor can conprise a series

aeackers |censnclge the prputl dranskatoferqlyBgs ey AN, Feastay te
nd.| ow.pr t nar ir p .
SRR S SRR Bt PRLTRL
AR IMAE fan¥ aE srABinBERL tincludiay s bammanimneprtos enfltigle loop
conmbi nat1on_of two or nore reactors. Production  of
peacjersy Bultiplergps resctors. SaeqraRigalioh of apel gasveadtpers: a
st ages.,: r I zat |
ToRBfiRsloR, & alGdte. 1fiors SPOMADRAMBR! AR 4Ty, loop
irbadders shiblkipld lutfcansicors] emplipjeansclawesiehdtorsg from
the first 10 pol ynerization reactor jnto the second
r eact diiter the pebaiare areBiogiHend, 2hay eam be Smeg igis varpus
g:?:?le{ .iﬁ!i&dihg 3t o 1i‘r}ﬁ{ép% ﬁbﬁ{eﬁéSﬁ”éonftJiﬂé}k,t {¥nsils, film
perating conditrons of the other reactors.
Arb@ichatdriveb.y fueh @hnksE bipest gesmémbrants, igpkdelinareacVaimis

can include the manual transfer of polyner frg,q_n one
seqesss qag form these articles. Usually, additives and modifiers are

added to the polymer in order to provide desired effects. By using the
invention described herein, articles can likely be produced at a lower cost,
while maintaining most or all of the unique properties of polymers

produced with metallocene catalysts.

Ethylene Polymers Prepared According to this Invention
In one aspect, the ethylene polymer produced using the catalyst
composition of this invention may be characterized by lower levels of long

chain branching (LCB) than are typically observed when using ansa-
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subsequent reactors for continued pol ynerization.
Such reactors can 15 include any conbi nation
including, but not limted to, nultiple |oop
reactors, nmultiple gas reactors, a conbi nation of

| oop and gas reactors, a conbination of autoclave
reactors or solution reactors with gas or | oo

megialiasens catellysts prithoybp pendant pasaturg m@ﬁtymapﬁiﬂ fo the

ut.ocl ave react or f ol Y
R e R L
lofGhigdinRentiul  FRagurks 19 hed 3t dlustratesedridud sspodtaiofeslsfin
utensils, film products, druns, fuel tanks, pipes,

@emﬁbmesodua a¢q0ﬁbﬁ&f0ﬂ?asr1iﬂ{'5€i§10nprocesses can form

added e”' e Tipgoe @0 deiot {BEGRd TeriRalsd T of
z'rt i cl e e?\érédsé&grdlﬁ%m {HevaRkipky HARISTiHIO8d aﬂ@ﬁlms[’rates

e produced at a | ower cost, 25
\hoind mdnmanLGBriﬁ:Vﬂjs msmamfeseﬂd Bigurend pravidpsea comparison

h
o5 bt pebEergfoRE e pRETe! Paplh bl A-wbrrRg e
titSnd ﬁéﬁﬁﬁﬁﬂ cﬂ@ﬁﬂ E:o?fﬁﬁ)uﬁ& POGlersut ARaRLRY EORLriRNE XM Bisa-

produced usi ng catal yst 30 conposition of this
mntdhtcem \mhly mepfuﬁantaaﬂ@in zed thy brolgsr bﬁfé‘(ﬂ@nstf@f two

AT N o R A R T

fr,ggﬂéor@om@qwm&@%hﬁé@hﬁﬁg rﬁoéa@ilyst%hﬂﬁﬁﬂ@ alpahfae

or when ‘usi ng supports other than the solid
anxetaik)cand: i with oa - sandpur todefirofort Khes bnﬁg@nbﬁfo\rcen Fihguitwe

t
cydnetadien i liER e OUPaRREBT B o EF"%‘R“SIEg
gﬁMfA]/)&ﬁsaLﬂlytall&e%r&ﬁh 2 Pefldant Rd18fin I&QH&Q opéatagienyl-

for polynmers prepared according to the exanp es
digednd, apeaficyllyama lndetl)alshgaadéeomlbmwdlfé)duced LCB | evel s

the pLrbsEpobebpiad HlrgRa spsyd CERTRM Byl e
3o |b|e €theld HEroNShAE nﬁ@éﬂsﬁ?' erff MankiC EHBRO WA

vVer sus catal yst conprising an ansa 10 netal | ocene
wvklage melacldmt walght, Mwonmltlhet powegeetyetlose o thé t Wais
ure,3

sl s STl BERTAISE B ad et
SRR g PR BBk gﬁﬁﬂ%ﬁﬁﬁ@%argﬁfnﬁgg%ﬂeﬁ%vqﬁmlg& flom thi

linear polymer line are generally accepted as being caused by the presence

of long-chain branching {LCB). Janzen and Colby presented a model that
predicts the expected deviation from the linear plot of log(n) vs. log(M,)
for given frequencies of LCB as a function of the weight average molecular
weight of the polymer.  See: [“Diagnosing long-chain branching in
polyethylenes,” J Mol Struct. 485-486, 569-584 (1999)], which is
incorporated herein by reference, in its entirety.

Figures 2 and 3 shows lines for the expected behavior for linear
polymers and for the expected increases in zero shear viscosity for the
frequencies of 1 LCB/10° carbons, 1 LCB/10° carbons, and 1 LCB/10*
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cycl opent adi enyl -type Iigands (conpound B) versus a
catal yst conprising 15 an ansa-netall ocene with a
pendant ol efin on a cycl opentadi enyl -type 1igand,
specifically, an indenyl Iigand (conpound Q Linear
pol yet hyl ene pol ynmers are observed to follow a power
law relationship between their zero shear viscosity,
c@bonsag & ﬁmctmmfgm The rp@gés worretend rtovibe qigro shegr

el b Sngpat €ty Mol e b wisbBn by Mg GRIRE

tﬁmudd %ﬁﬁ&h MsOh Fuftibs &ff Qiff ecbtyiaes Uﬁfoﬁlh elszeganslbhm
viations fromthis i near polymer line are

ghrc@neaogxyplucmpw@ma@s beyi the pelyiressi Pispated @cgnrdig e dhis

b hi
bR a60 T P B kbl A4 S0y B Vmoun
@?‘ﬂb@iah@ﬁ‘ of KRy drB &hbarnEddositedtfrath theUhigaf Qolydsfier line for
og(My) 25 for given frequencies of LCB as a functjon

dﬁﬁe phlynvees gmorémertagfélsnmve@mraﬁomweé He their (qgEparative

Rk el G IBPRORAER, bERRE IR Tkl FEIAAY hes

EX38PIds: 1 WA Ch ekBibitl e aripkesatled] RETECB &y tHosé ghews €n
inits entirety. Figures 2 and 3 shows |lines for the

Fipues ddndeh awitlo invieotive Example 3oxhibitingsths lawestrlgyel (e
cted inc n.zero shear viscosity for the
ﬁ?@%ﬁ%ﬂ%?@@eigﬂ%eO&E?fﬁ%ngg?bons 1 LCB/ 105 car bons,
and 1 LCB/ 104 67 carbons as a function of M The
poi nts correspond to the zero shear viscosities as
obtained fromfits of the nmelt viscosity data to the
Carreau- Yasuda equation as a function of Mre,
obt ai ned from si ze-excl usi on chromat ogr aphy
dmiienent s for the polynmers prepared according to

this 5 invention and to their conparative exarrpl es.
The r dulgeder o nione clearly defipg thedﬁrra%v&mtheé@noiﬂwt PROWidEo

ar. viscositi he e y e f

nﬁl&ﬂ@ 5P rinig o G {8 e lt® Bas Dl HEfnitibh or Blaze

tHagtilled BYRAY @béMﬁentQK@ﬁ‘pd)@ﬁedl Ingéia dyaefdrieel onllicts with
'evel s of LCB for these polyners. Thus, Exanples, 1

i dafimisin loir tusagee provigedsherpiay ghe definioen of USISSRIOY]
|n 10 F| resZandS wWith inventive Exanple 5
OSTRBFPIRISt he | owest | evel of LCB as conpared to

the otmgr (@xAMbBamerl SisDakédi lidréifs to mean homopolymers

comprising ethylene and/or copolymers of ethylene and another olefinic

comonomer. “Polymer” is also used herein to mean homopolymers and
copolymers of any other polymerizable monomer disclosed herein.

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

formula Al(X%)u(X®)sn, Wherein (X°) is a hydrocarbyl having from 1 to
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In order to nore clearly define the terns used
herein, the followng definitions are provided. To
the extent that any definition or usage provided by
any docunent incorporated herein by reference
conflicts with the definition or usage provided

herein, the defini tko,n or usage provided 20 herein

abnrut ) sarbam atonesy; (XK ")ps laikexide qrarylogidenanephwhich hexing

M |
IRSRACY  20GEURE) P, S SO0 0 R
"Rah 1@r3, ihdudhe.0 Tus esnhescatdlyst andyebe uivdniepaiiese ot the
and copolyners of any ot hermgol yneri zabl e nonagner

dictal Sastion ef ghencommmund ot @ay phemisghmgrianism py which the
%eneral ‘Iain used herein to refer to the organoal um num

cé’ﬁ’&?b‘ﬂ atyl%)feraﬁ%y constitute one conponent of the

cat al yie teAAPPsdcbhRbiedd uiixalrs @ tsfdeheeinotot descidlpd b dinstl
conmponents of the catalyst conposition includin

soixture of Ichial sk eomponents thitrasg gaaigcted dpiga Hsh aeaad of time

FRIE R R 5t il Rl b 20 o6 (SRR S ReoniRichl 36 Bt
GhBARe Df WatdyHNcofpoastis shavfaré Bentatted fut & second period of

Al (X5)0(X6)3 ,,, wherein (X5) is a hydrocarbyl havin
ftimen 1 Typicadlg, thponrecontaetgd hBIxHEG Hescribes) 2 guxture o

al koxi de or,_aryl oxi de, ' hayi f 0
TeaeSGe b SEBRE aR efloa b illplRyiing, EAclnlsd
nHeet is fdoatctedt RitB, the Heldiks lavvatdibgipbert ramcioopticmialig tan
may be used regardl ess of the actual function of the

cogaahuniopmaeampRag C’ghlusni;m@g‘pgﬁtgﬁp%’y degsribes E:cp;gporgnts
SRS ARl o E 1D B SO it

Gat @k Wetorth eRentastc haixtaee doobrdtigty thiy invehfios may
period of tine prior to the first m xture being used
tascasonally dissioguicht hetegn ar cBPYIAt Wicdt i gprgpdre the

t al { t f o
iRl FORERE R PP oo BRE, e eifnfe SRROBEtn
Prepaié® Hesetaniss, dcbididgifoethd desorptidd, dcpssibledbt the

nononer, and or ganoal um num conpound, . before hl,sh
rgregantastads Otgﬂﬁt)%@mé@lw qompopad.aenel & is contacted with the

act.iyator - ' LU
BB GHrGe B3R olesPdfiofRthi Rihaif, Rt (93038 ol Tath e
tdiftredf ehétaRel tompoudadornadatiortdrestruchie frum ahe distinct

contacting the conponents .
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 components that were contacted for a first period
of time. Typically, the term “postcontacted” mixture is used herein to

describe the mixture of metallocene, olefin monomer, organoaluminum

69 °



10

15

20

25

30

15 in the second, postcontacted m xture. Accordingly,
this invention may occasionally distinguish between
a conmponent used to prepare the precontacted m xture
and that conponent after the m xture has been
prepared. For exanple, according to this description,
it is possible for the precontacted organoal uni num

compound, aphcecidic pefivebtsapped (pmped; deom ocontacting  the
I : t X
bl nra Syt 91 Bl JFOBRNE lconlsBaliRY SREARE Sy

east one eren ouna,

faadimsnat icomponéntst ddded utoe nidkemup hhedpsdtéontdcted mixture.
or ganoal um num conpound used to prepare

h
Ereseilyadreaddiisnal compprent; addsd é@%@ke;%hﬁfmaw%ﬁe@ld
% ng;}saisumen U6 RGN Okiof ORRPNBRLAR, (RS GhABEE oS
npoun ha

Ising an oOr ganoal um nurh co was use

toRgandaludiiiar € chi@opidCcahé acdaa’ Moxt udi€ferenit mifranl ythe
the term "postcontacted” mxture is used herein to
dugaoR e aUReasRRPURIUSEH 4O Prenage H1s BieceATisth SHERITE, Ast

tacted f . ' i :
UsaliRLBeRs:  QReiinBBE RG REHLRn Phoal R0 RRAORAY
rdistingth Gktvedthal gosiiponenioged ié frephatthapotcatadialinedure

for a first period 30 of tinme. Typically, the term
ang $hat sampenetaitar thegpizture hasheenpsenarst.t o descri be

e ettt Shed BlsPlloGS ot 6540 TROATELene describes o

or gano num

3RthNGHeRE coHMPORId in WIRIERER thooiP-SRVaeididng]-type ligands in

precontacted m xture of a portion of these conponents
whe maldvelenary linkdd ibyi obradging mpostenwhermitthe shortastdimkyy

t he stcont.acted m xture. er al,l the -addi t i onal
B BBERE BRI W Horh ol e Mo PLFIEH R
Th& ERMiR befivdeRahs Slvb CyBoberRadiehyIMghOligardizds apsingaatdny,
may | nclude an organoal um num conpound t he sanme or

ailthteghethis bridging latom ds gahstitutedri Abms, chenpretalpcarasofithis
prepare the. precontacted m xture as described .
Ravesinn are gt iRy —orsipakediGEHEioak SpmpoRp Micrein the
casi | SELngu] U0
SISty S RGP ual ie)
dipandd) ehbrenlyt Hpaddsgand thiedike, mekidhesubstitpeslr dativafihes or
term ansa- net al | ocene t| Ight |Ly-bridged netall ogene
dasloes nEqny ofnthess.| Jossiblecaibsdiusatsion Hisse igapes tnglpde
15- cycl i - 1. k) i B ] e
BB M, RO S RO
lihwdatioh comprises partially saturated ligands such as tetrahydroindenyl,
tetrahydrofluorenyl, octahydrofluorenyl, partially saturated indenyl,
partially saturated 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.
The terms “catalyst composition,” “catalyst mixture,” and the like
do not depend upon the actual product of the reaction of the components of

the mixtures, the nature of the active catalytic site, or the fate of the
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the bridging noiety conprises one atom Thus, the

| ength of the bridge or 15 the chain between the two

cycl opent adi enyl -type ligands is a single atom

al though this bridging atomis substituted. Thus, the
net al | ocenes of this invention are bridged

bi s(r)5-cycl oal kadi enyl ) -type conpounds, wherein the

ehBnioyel casataliste apsapastallosese, ARy weletie yapayaeR A88E |

| i gands, | L L L. 1 .
PP S peee IR i O P ol R Ay k8P RGBS
Fhesdoonfonth8s e ThBRSGEpkie: Sathst édtalestt Sopposithws ecatalyst

l'i gands include hydrogen, therefore the description
‘neighise.i vod edie dbike viaeluge s bethe helgrogengoush camppsiient iaga

onpr.ises rti-ally saturated |igands such as
ﬁgﬁ@gﬁwggﬁggﬁvpfﬁ t et rahydr of | uor enyl ,
oct ahyue abimy Gh?&bbarb?ﬁ’f {si @eld YtoSspetifp tacblydroctebyd radical

partially saturated Tl upr_enc%ll , Substituted yla(arti al |
goupr thebndlydeanbut isamt Jimited tueed dkyk cxslpglkyhalkeaybd

fluorenyl,, andth I K C ,

QP REtn 6 Gk Bl BrohPt MRy ARG abifpyt, and
itie MkeD dnfeinghiies Wiy subfiufed) MnsuRdaited, ysanched, Uieer,
herein to refer to the organoal um num conpound. The
theteneator subgtifated demyasiyes thereof. " cat al yst ni xture, " and

the r dBEceE SR RhideeRERR OBt oA BBl o

RBfvHt G- RippbALréléd Meidcaliad yomposid| er siaiply Hectivatoe,”aid
the 700 alum num cocatal yst, ansa-netal |l ocene, any
sheeike ave meerk herei do tindicpieep dicated. prlich JRoEgaRIEqoxide "of
m.xture, .gr the.soljd. oxi.ge I v.ak Q- i RENg
L AR Y U P bl Bebariabe

GERPAGH, t AN wiieH alhags beenMitidatde wittndint BRclrokevithdgdwing
bot h het er ogeneous conpositions and = 5 hompgenous
comporent; Grpscallyhan tanion, "angddmbedy By (calcingdy s ddrey glectron-

3 Haraing cPRRER GO B GHE) S0UouSP By RRkng ok $58roc
ablepbihd. Thuss tealdaesydolidamideorinksnhing Rpmpris¢sia yhlcined

aral kyl , aral kenélta, aral kynyl, and the |ike, .and
icaetacidpepdust ofs ab ket once gold, wEideseqrarpuad, wilh A dresy one

lin : e I d ] i i _
ot Bl LIRS, TEHLIRL e S
Gprsir€ oettdared! lid Brige0dmpouad? cy@prisessit st dne tohezdngd
sol'id oxi de conmpound, or sinply "activator," and
acidic solid oxide compound. The terms Support or activator-support are
not used to imply these components are inert, and this component should
not be construed as an inert component of the catalyst composition.

The term “clay” is used herein to refer to that component of the
catalyst composition, a substantial portion of which constitutes a clay
mineral or a mixture of clay minerals that have been pretreated by either
exchanging cations, pillaring or simply wetting, that may be used as a
activator-support in the catalyst composition described herein. The

transition metal compound and organometal cocatalyst are reacted with the

clay activator-support to form the active catalyst. While not intending to be

71°



10

15

20

25

30

the like are used herein to indicate a treated,
solid, inorganic oxide of relatively high porosity,
whi ch exhibits Lewis acidic or Brensted acidic 15
behavi or, and whi ch has been treated with an

el ectron-wi thdrawi ng conponent, typically an anion,
and which is calcined. The el ectron- w thdraw n

bowmbihwnthe Hlowing sragment, declporenpancat & the ALY
. ) i, - i
288 tiot SEREY Mident (i BrophPts, ABGRIE hs2hdi¥atdl sifort for

dhe tr@@StiorOMetad 0binfowd, de waingzadlOstavil ¥$h fikm tieosindpoint
20 el ectron-w t hdrawi ng ani on sour ce compound,

thatiit & Iny intinate physigal: Sremied piestact gyith: theolansgianymegpl
oxi de t_Icngn'pound" conprises at |east one ionizing,
S8PEPE %0l i d oxi de conpound. The terns support or

act i valsQfsed WPRAT, th@t6llectioé tartethldyomimpaly ¢ hssicherein to
conponents are inert, and this component should_ not

describashe laage geouarot finsly-costapance sheeb fike rdaycmingrals that

conposi,t... an > "cl.av". i ; i
AR R g Ry T O R8s, SoiBEHAERRAS 4R the
k8 UbSTagNtniralp Aré ia0Flagy ofVhlyafous Gisdatd whé ahamimbsijicate
mneral or a mxture of clay m nerals_that haye been

prinenalsawitl sheet-dike IsEBCtuEss And g figbaturigae aregs| TS 1R

or sinpl tti. .
LBl T L BHRO O Rt R ppytosiat
desauided Manei domnibe 3@yt hifahlsi Gelomgt ab  thenkaulidite,
and organonetal cocatalyst are reacted with the c¢l|ay

(49

aeantsanibenita, gpdkite groupsopingleyre Huusi the teup aflpx gninegg] ig
' ding _t : . OWi .
99 AR T i, ST B i

eARAS] hotomecedsatilyi Say Miseralspthap babRbY thah wbott @082 asma

activator-support for the transition netal conpound,
asigwl | as a cocatal yst fromthe standpoint that it

IS in.ntimat, siycal ' . ;
tr anor b S oBURREIER S TRETHERn RERUEFTo KicbBpbift of
¢led bﬁ@lght\/@)rﬁ}ﬁj’sffidh%@ﬂpﬂﬁiﬁgeblatf"mineralllﬁ agbibsltyebhtheoof the
descri be the | ar%e group of finely-crystalline, sheet
smietite| axpupi ard atkert phivlosiligates dandfdifiom 4o usepigliges an

fine- Lhe ed] di s S nd
prREOHH R P et XL BB, bR P oLy
poRmatiead, ARy eeial hetahtaaplek satérsh Exaemles dflsach ions
structures and very high surface areas. This term Ls
anclerde, butjatenad disitade; RyagisuenmagHasmayhays Fhaggesssuc

Vélist , %a%%{sl. lpglsyio%;jn%&taﬁates, 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, such

as Keggin ions. These polymeric cations are then immobilized within the

" interlayers of the clay and when calcined are coverted to metal oxide

“pillars,” effectively supporting the clay layers as column-like structures.
Examples of pillaring and pillared clays are found in: T.J. Pinnavaia,
Science 220 (4595), 365-371 (1983); JM. Thomas, Intercalation
Chemistry, (S. Whittington and A. Jacobson, eds.) Ch. 3, pp. 55-99,
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structure. Many common clay mnerals belong to the
kaolinite, nontnorillonite, or illite groups of
clays. Thus, the term™"clay mneral"” is not used
herein to refer to the fine-grained soil consisting
of mneral 15 particles, not necessarily clay
mnerals, that are | ess than about 0.002 mm in size.

mdclaiqﬂ’rtﬂ:pi, Ines é]c978);all§-'5- Petegs Be- A&PEi 0t B-3-diant I¥p- a
S inardes: PsTERR YObpaREaR (ln R TR PR ared

HeRipirpifedirl@r phyl osilicates in addition to
sepiolites and 20 pal ygorskites, that have been_ ion

exchadgtough any metlnsls, demicesarnd majssialsimflaner eqrvalen

h ed . nmet.al | e atjons. '

R aheacTRfe, FERL B8 R v BERERERD, B 1SUE e
EenfiaN Sh6 i€ ey, devices aind wautdridlsare herein described.
pol yoxonetal | ates, and other large ions. Thus, the

term Al Ipubli¢atigns edngr patentsamentigricd BieHh e RWRAASH

0 i ch bl e 25 cat.i f a elay.
e 5 P nfE JPRAE bt ol B o fiid¥ing. for
ieﬁﬂﬁ;%)le? UGE carStrif@9Gind inwtsodoldpgsse tipe! steedéscribal imnthe

are then inmmbilized within the interlayers of the
ublicatiogs.widictc anighhde asel doveannsefian Wi dhe axewatly

"pillars," effective EL t

iRt Enyeatioh Jive PhlioA R ) B8 oGy il Aot A8
RéAt! 26 %ﬁﬂavwagefof el distlosure brioritonky filiag dafe of the
Sci ence 220 (4595), 365-371 (1983); J.M Thonms

Ipnessnicariplichtinn. Xpidimassharsin if & bapensimied aan agmispion that

3B S50l gtoc’ty ARecaPaR dipeTprd B8 VG lstor prier
Radefibn NO. 5,376,611; and U.S. Patent No. 4, 060, 480:;

each of which is incorporated herein inits
ent i r &loy any\patkisulgh cempoynsk digdased deiainely gengral structure

Tl et . ; ed
eyl ol pRopPanh Al bt Blibral dsdfors JRRRIEFR 28
isratitdrads thitemby pirisé froe tahpatticulde yétceB substitumatier iThes

are herein described. Al publications and patents
rgenetiabsatcties alsa encempassss Rl SREWONKEY efigstprpomers, and

f f h § cerihi
A TBREA S BB a2, oo well
RikAREOO BB sbals, & the demextirogairdsn the 10

tp ﬁgl Hﬁfgleggqsé’yntm%;\?egtigl gihst ﬁ?r?helis (i—:‘ltljusitrgte%o rl])?re%ﬁei of(r)lllc\)lgvitng
examples, which are not to be construed in any way as imposing limitations
upon the scope thereof. On the contrary, it is to be clearly understood that
resort may be had to various other aspects, embodiments, modifications,
and equivalents thereof which, afler reading the description herein, may
suggest themselves to one of ordinary skill in the art without departing
from the spirit of the present invention or the scope of the appended claims.

In the following examples, unless otherwise specified, the syntheses

and preparations described herein were carried out under an inert

atmosphere such as nitrogen and/or argon. Solvents were purchased from
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descri bed invention. The publications di scussed above
and throughout the text are provided solely for
their disclosure prior to the filing date of the
present application. Nothing herein is to be
construed as an adm ssion that the inventors are not
entitled to antedate such disclosure by virtue of
epinprercialbsaunses randowere Rypicaliyy dli@%dr prerAckivated ahanigg prior

§ S fech S5O, AR 146, PSR S

CEBRInRrSaINRuEcesand sStereoi soners that may arise from
a particular set of substitutents. The general

. structure al so enconpasses all enantioners,

di astereoners, and Zocﬁ(ﬂR{Pﬁgi cal isoners whet her
in enantioneric or racemc forns, as well as

m xtures of stereoisonmers, as the context requires.
The present invention is further illustrated by the
Canexabilasfingelrmapdiees which are not to be construed in

oY RJR S 008, Pl T MR, HISpG80Re i

WRIEVISH 1238 cohaitioRF 4t4907C wlitﬁ)a quaéd@dmt Weight,i ous ot her
aspects, enbodi nents, nodifications, and equivalents

t her eBfigintioadh, mgltt index cGHLME, 2AKD gBER r Wps | daterREned fin

@ﬁ%ﬂr ?chﬁxlﬁhéﬁ’l‘f‘%?%a onyRiRcht AQ0%, RYa 2F i griin

i nvention or the scope of the appended
cI al rrB In the foll owm ng exanpl es, unl ess qtherw se
speci Pobynert drasify rivate delermmed aRdeiamspBeac7A scentimeter

RO E Bl O BB Rl Sl o ARGE 15t Tl and

\WBAELBAC Rasfbuf YOMoufsS at euBERpatatee Ui eesordmtteaith
typically dried over activated alumna prior to use.

BYD B0RandiATMI2E28, procedwagent s were obt ai ned

f |
pr oo e MiPER oy Ep A B5fotiy FEEM s OUINE bk (Galrcho
|u§1 %Csomam@ 20 HPoKd Ditk38UKY Nelistend reqripiped LAGE a

160 gram wei ght. 10 High load nelt index
@ﬂtmnnaj/rg@acmvmmm defeeter ané élerec -5 gEe & Hhawn J0rym

%??ixe Rlﬁg Lol | (tljo?ﬁng’ fatbsfggx%n\@ a&rlt@ el AOnG 3He of
the mobile phase, 1,2,4-trichlorobenzene (TCB) containing 0.5 g/L 2,6-di-t-
butyl-4-methylphenol (BHT), was set at | mL/min and the concentration of
polymer solutions was generally kept in the range of 1.0-1.5 mg/mL,
depending on the molecular weights. Sample preparation was conducted at
150 °C for 4 h with occasional and gentle agitation before the solutions
being transferred to sample vials for injection. In order to minimize
unbalanced solvent peak, solvent with the same composition as the mobile
phase was used for solution preparation. The integral calibration method
was employed to deduce molecular weights and molecular weight
distributions using a Chevron Phillips Chemicals Company's broad linear

polyethylene, Marlex BHB5003, as the broad standard. The integral table
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wei ght. Pol ynmer density was determ ned in granms per
cubic centineter (g/cc) on a conpression nol ded
sanpl e, cooled at about 15C per hour, and 15
condi ti oned for about 40 hours at roomtenperature in
accordance with ASTM D1505 and ASTM D1928, procedure
C. Mol ecul ar wei ght and nol ecul ar wei ght . .
aif she ibisend; ardad veasapreletrerrinedsinng sepapqte guperimgnt with

( Labs, UK) system equi pped with a
df@'%?i al refractive index detector and three 7.5
mm x 300 mm 20 um 20 M xed A-LS col umms ( Pol yner

Labs) running at 145 C. The flow rate of the nobile
dHelt wiscapity measyrenianis e Belaraing sharrpyscodit eiareigrigios

/L 2,6-0i -1~ M- 4- et |

T it AR L A R Rents § J petB3p &P b B
VRISES e ngelataty K efbombtet herstrangparafleliplite 1. geommtiil, (TA
dependi ng on the nol ecul ar wei ghts. Sanp

I
gnepanents, darmerly Fhwametricg Tae.) 25 Daty vere Sypigslly blained
' I d tl ' i f (v
SRERE EPEal Beity oTadtlf b0 196,00, A0cRBet
agdec.to m nimze unbal anced sol vent peak, sol vent

with the sane conposition as the rmbiol e hase was .
used fFHT somplesomweps stsbtliver owith Thé wheeBHd] dispersed in

|i brati th . d ed
ErRY Shdh ) S8tk e YE” hORE LT RaE hle,
ComprasioRthbldedat CRENTCRE 9 toalpahtes niingiesl Mheaamples

pol yet hyl ene, Marl ex BHB5003, as the broad, standard.
Prese isHowed 50 medata refativelys lophprepyuse forsaugraiyuie g then

pre-determin i S r.at pey .k i

Sl & MRS i aDeSFRPRL B SHERTEA] P lovtes- Ie
shélasd vdrsslesiveie bR gasiched & & c6ldYrdomtdmsirataie) press. 2
oscillatory shear neasurenents were perforned, on

ARES: 384 minadigmpter Hhitksevere stasnpeg Qe rad] the mahded @absai?or

onet.r TA lnstrunents, fornmerly Rheonetrics
%ﬁ%oqs?glc%é:slgr F‘%gtﬁ%i cally obtained over an angul ar

f r equameytestagiggntRt 0. 108 rheord&@r mae/adietal trewjirsgehline
of 190 C. 10 Fluff sanples were stabilized with 0.1

wrderBprmiginize modmerdegsedatione Thedheprapter 38 pEFhated o
Qﬁé ?nriﬁaﬂggngleﬁgire %?'Hfé ?t%ldwe r[ﬁ)on sample loading and after oven

thermal equilibration, the specimens were squeezed between the plates to a

1.6 mm thickness and the excess was trimmed.

Strains were generally maintained at a single value throughout a
frequency sweep but larger strain values were used for low viscosity
samples to maintain a measurable torque. Smaller strain values were used
for high viscosity samples to avoid overloading the torque transducer and
to keep within the linear viscoelastic limits of the sample. The instrument
automatically reduces the strain at high frequencies if necessary to keep
from overloading the torque transducer.

Viscosity data were fit with a modified Carreau-Yasuda model [R.

Byron Bird, Robert C. Armstrong, and Ole Hassager, Dynamics of
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conpression nolded at 184 C for a total of three
m nutes. The sanples were allowed to nelt at a
relatively | ow pressure for one mnute and then
subjected to a high nolding pressure for an
additional two mnutes. The 15 nol ded sanpl es were
t hen quenched in a cold (roomtenperature) press.

2

dtalymeric bigerdsdl alkineeh Fwigiddechenicssahp dilue Samst New
i S

By 1 AL Tl R erd

Ribt4i0 @Stinates oPfidederd ehedir Histbgiey, piscynereladaordatd, and a
The rheoneter was preheated to 20 the initia

theegsieh parametesfastipdicaled Bglowupon sanpl e | oadi ng and
after oven thermal equilibration, the specinens were
squeezed between the plates to a 1.6 nmthickness
and tW@ﬂ@Xﬁﬂga-m@%)qﬁﬂﬂﬁtd. Strains were generally
mai nt ai ned at a single value throughout a frequency
sweep but |arger strain values were used for |ow
vi,scasity

25 sanpl.es to . maintain .a asufrabl e
PURGGEIR: Sl S n GO e PR R W osBEa 1 B S gh
Vi scosity san Il | oadi ng the torque
transducerﬁ)g‘gghﬁﬁ%}@%@\éﬁwdltnﬁ?égfst he |i near
vi scoel ast iz < ded §teaplistdretysampise. The instrunent
automatically reduces the strain at high frequencies

i f necessamy=tvisckeelaxatiomtimednisoadi ng t he torque
transducer. 30 %ﬁgeosit data were fit with a
modi fied CHrTE&adt ®odel [R  Byron Bird, Robert

C. Armstrong. ARG 15} PalRSG&Y Bked tDOIBGIECS Of 75
Pol yneric Li qlfu ds, Vol une ?9 Fieui d Mechani cs, (John

Wley & Sons, New York, 1987), p 171-172], which is
i ncoy po ed by reference herejn_t obtaj n esti mat
sehe et u@ﬁilfﬁg@i@?ﬂ%ﬁ?ww&&e@%@%ﬁew& Ton ti e,
and a }\f{@%@ﬁ%‘ Vﬁe&ﬁf QB wEre Aok adiRg s@@-miALé whichl

=1llo 1) a] ((1 n)/a) whereinl 177*1 = .
reambites diee mktholde of sipp bxolusios clusitayograptP(SEG) with multi-

angul ar. frequency i d/s .10 77Q, = ar .

Frdleobite gtk s) Fiebrns A HAVATEDS dFdbeleign
scattering photometer (Wyatt Technology, Santa Barbara, CA) was
attached to a PL-210 SEC system (Polymer Labs, UK) or a Waters 150 CV
Plus system (Milford, MA) through a hot transfer line, thermaily controlled

at the same temperature as the SEC columns and its differential refractive
index (DRI) detector (145 °C). At a flow rate setting of 0.7 mL/min, the
mobile phase, 1,2,4-trichlorobenzene (TCB), was eluted through three, 7.5
mm x 300 mm, 20 um Mixed A-LS columns (Polymer Labs). Polyethylene
(PE) solutions with concentrations of ~1.2 mg/mL, depending on samples,
were prepared at 150 °C for 4 h before being transferred tf) the SEC
injection vials sitting in a carousel heated at 145 °C. For polymers of
higher molecular weight, longer heating times were necessary in order to

obtain true homogeneous solutions. In addition to acquiring a
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a = breadth paraneter n = power |aw paraneter, fixed
at 0.1818 15 Absol ute Ml ecul ar Wi ght as Determ ned
by Light Scattering Ml ecul ar wei ght data were

det erm ned usi ng SEC- MALS, which conbines the

met hods of size exclusion chromatography (SEC) with
mul ti- angle Ii%ht scattering (MALS) detection. A
DARg¢ntTaiion ghrpmyitetping Keventaer lightiseailepRS (rMEPSENS At

SRR s 80 ko AR b MRG0 bk I Aty
G¥ftwRlelS Aty sdchntKrinafopiahhidvR)icd, hseah ghe aabisoltutet mevdeiibar
line, thermally controlled at the sane tenperature

aecighid MEmdcrsiol megn daret RMIPX radfusn elsaiknpwnrascpring of
A D GRABE H57, Pl Rl e

Tespediivdly.CNi@hodeforehs froCE)s, arpalgtatledtie AVt RIGH Anal.
three, 7.5 25 mm x 300 mm 20 m M xed A-LS col unms
Ghomy rdsita, 363) 1 FS% bt Mpidnds hepgby dupomporaled hgreim by

concentr.at.j ons. of - o ' |
TEPEEG AR ofisty, I iRl Bm, CRRRT R SRR e,
thi g dérRitl BeoddMWIP pokfethyléjessatripi(Chievtan Bhillips ithentica
carousel heated at 145 C. For pol yners _of higher

s eculThe welghhtaverage gaeloralar i weight (A6 nanmbee VEEgey
, ¢ t A N

RS b AP Pl S OIRS0eRNE B i ARfecl
Gy @R tREfon SEMEM §eRelel gbinpsredt frem nigis data, and are
chromatograns at different angles were al so acquired
oesented in vajastlablesusi ng Watt's Astra(r) software.
At ea [ j '

B

lAdiCH in &tBedensHmas. I Sitce) SEC-MAKGY nadasmos (MRghd \Ryr at

obt ai ned froma Debye plot's intercept and,s] ope,

reaeipelite; af @) GhromptoErRas sinprtapepusly, thekaachipg i@éﬁegi Peds

[ tt o | i : 2T hé,]@e? oy
\ﬁhnﬁu\é\%t%fnso%@ré u31/d %?8%‘35‘8 r afi (re‘[% eﬁgﬁr glmr?Z gwﬂﬂ'e er ee;i%:némln
ithSra€ib tof tied nieanldipiatd RaEbritiched Moledul@rtp oy ef lines ones,
l'inear, high-density broad MAD pol yet hyl ene sanpl e
@othesems MbHisishpys ICR@teaIl: 10 Co.). The wei ght
average nol ecul ar weight (Mwy), nunber average
nol ecul ar weight (M), z-average nol ecul ar wei ght
(M) andggoteetar  weight distribution (MM XIkere
conput ed fro(mé)t}i s data, and are

L

n
where the subscripts br and lin represent branched and linear polymers,
respectively.

At a given gy, the weight-averaged number of LCB per molecule
(Bs,) was computed using Zimm-Stockmayer’s equation, shown in

equation 2, where the branches were assumed to be trifunctional, or Y-

shaped.

g =
B 20 B )@ B - ()"

; {l(mgw]%m{(mm%+(ng)%]_1} @
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presented in various Tables. The Zi nm St ockmayer
approach was used to determ ne the anmount 15 of LCB
in ethyl ene polyners. Since SEC-MALS neasures M and
Rg at each slice of a chromatogram sinmultaneously,
the branching indices, gm as a function of Mcould
be determ ned at each slice directly &hdet erm pi ng

{168 ftivencyf(ithe )nbgrmushearcd 1B ot br e@f sl ecihiCes
to that of linear ones, at the same M as shown in
eﬁaahenowmputﬂ strapghtfamvardiy uging eqyation 3xg ~I i n wher e

t he subscrlpts br and |in represent branched and

| i neabCBul 7 i908* 145 Bag/dbcti vel y. At a given gM t e

iR B dar g s iy PR LG AEARTOg e e
i s e

ﬁ)ogm&amo gE '~+( B3w)h (2) y B3w 2 B3w (2+B3w% - ( B3w)

i 00015(; lQﬂan @Mn%téﬁ%MﬁPt he ﬂg)smféglgls{‘n%tlen

3 E'f 6&H H&éﬁﬁns& 00 sk fade GBM (%urlfa&oﬁ*ea")
[y SRS Jo HabiiinBiva

he MVWof the i'll slice.
'ﬁhé spmid ipStar vddumlec(hp(zre rosenghe This instremehtawase¢qyired
trlb tion us be tablished for a

n]‘ the {3y or;g\e B)M%% ¥t sorb-6 Nitrogen
Pore Size Distribution Instrument” was used to
determ ned specific surface area ("surface area")
drepepion b € Fbmraieddhlwmfi(dhpm éctv\@mm&tgpoﬁr hi s
Icgfltogr émp?%ﬁggglygggzgltt{sg% to prepare eh %u%&lgdt sﬁlca-a%smina
acidic activator-support in this Example was typically Davison silica-
alumina obtained from W.R. Grace as Grade MS13-110, containing 13%
alumina, having a pore volume of about 1.2 cc/g and a surface area of
about 400 m*/g. This material was fluorided by impregnation to incipient
wetness with a solution containing ammonium bifluoride in an amount
sufficient to equal 10 wt % of the weight of the silica-alumina. This
impregnated material was then dried in a vacuum oven for 8 hours at
100°C. The thus-fluorided silica-alumina samples were then calcined as
follows. About 10 grams of the alumina were placed in a 1.75-inch quartz
tube fitted with a sintered quartz disk at the bottom. While the silica was
supported on the disk, dry air was blown up through the disk at the linear
rate of about 1.6 to 1.8 standard cubic feet per hour. An electric furnace
around the quartz tube was used to increase the temperature of the tube at
the rate of about 400°C per hour to a final temperature of about 500°C. At
this temperature, the silica-alumina was allowed to fluidize for about three
hours in the dry air. Afterward, the silica-alumina was collected and stored

under dry nitrogen, and was used without exposure to the atmosphere.
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Preparation of a Fluorided Silica-A um na
Activator-Support The silica-alumna used to prepare
the fluorided silica-alumna acidic
activator-support in this Exanple was typically

Davi son silica- 15 alum na obtained fromWR G ace
as Grade MsS13-110, containing 13% al um na, having a
pore vol une of about 1.2 cc/g and a surface area of

out, 400 1P/ q...This material was fluorided by
%?ltéagcﬁg?#g%a?%mfnﬁci pient wetness with a solution
cont aiANl MRS MnYofvingd firdensitivanreagantntand materials
sufficient to equal 10 wt % of the vvei}%gi{ of the

svere performed wnder Tiragen by wing gfandasd Sehlcak il arLy dr¥n
ried in a-yacuum qv o) ] - The n:
BBl or TERGRTpR 3 o) SIS, Hom théspinll Cwhile
eahydroes didehyl feeer OmBthyRiae whicHileg patandg fantl heluaha (Fister
were placed in a 1.75-inch quartz tube fitted with a

Scientifie Company y weresttorgd overcachyeied Hlunyipa) A1k so8veats Werg

S S rted o i SK,—: . Al I
R esshERp oA PHch Mipdllen  ziflohiyBarvf ShioplaB o 49 apnd
tnohuky BitighAntae hueetised fret Aliich (ChemicArCahgatyrdnd were
furnace around the quartz tube was use& to | m@%ﬁe
wied aereseived.u Prodyctst Wereranplyzed by ¢ HANMa} @09 MBgo DL,

400C per _hour . ' t o .
A?fgrﬁnﬁ?i atg%lﬁf)te{;eg{@flfe ,kﬁﬁ%lé pg ?F?dcli: gf’%f E’%ﬁﬁ a(ﬁbvvag:t a: : ox%gg
INHE| D2 feférehcalipainst fondal linoof DO 4tHe.0drppna r .
Aftervvarda, the silica-alumna was coll ected and
stored 30 under dry nitrogen, and was used w t hout
exposure to the atnosphere. 78 Metall ocene
Preparations Al mani pul ations invol vi ng

ai r - sqNGFILLEPFARAFIMiB AR INBincIeh ) Sl -(MeI-Buprinydy Ired
under nitrogen by using standard Schlenk |ine or dry
iphvenylsthianenircguosn diddodde @t THE was distilled from
potassi um whil e anhydrous i et hyl ether, nethylene
chl oride, pentane, angppluepe (Fisher Scientific
Conpany) were stor edactl ated alum na. All
solvents were degass / stiored under nitrogen.
Zirconi un(1V) chl sride (98:5% Sand  n-but yl | it hi um
wer e purchased frdéfn Alg em cal Conpany and were
10 used as received. Pind were anal yzed by 11-1
NVR (300 MHz, CDC13, renced ai nst residual
CHC13 peak at 7.24 ppm or 13C {75 Mz, CDC13,
redseir8RE e aQ@RHIAS tto FRNpFoRbdrk HRtafted GDAIR HtGZ Jufig M.;
p

Ff(e?},' G. J. Organomet. Chem. 1998, 562, 153-181, which is incorporated

herein by reference in its entirety.
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1-(T,5-3-(2-Propenyl dinethylsilyl)indenyl)-21-(il5-9-f
| uorenyl)-1- phenyl et hane zirconiumdichloride (1V):
M M S OClL\ M Zr-c Ph (1V), was prepared
according to the procedure detailed in Alt, H G;
Jung, M; Kehr, G J Oganonet. Chem 1998, 562,
153-181, which is incra"ea‘*’ 20 herein by
reference inits ent M M S Ol M
Zr-C1 Ph O(l ), Co rg,(ﬁr’o afal ogous to |1V could be
grepared accordi nge a nEtdo N anal ogous to that
isclosed for 1V iy A H—,; Jung, M; Kehr, G J.
Organonet. Chem 1998 E'EL_?’ 181, using starting
conmpounds that w || eadily under st ood by one of

ordinary skill. The folTOw ng angad/» netal | ocene
o R ‘ .
KRERAUEEE LULAPIERP! R4 e (et MRy UoBE

\Mliled)ﬁsV\td teldschked €& IN-iar Ab; B: (R: Poaneviy,| Kelme tGhy.
silyl)indenyl)-1-(15-2, 7-di-t-butyl-9- 10 .
Qrgeransgt Cham 98y Pa2.HAel &) peigaSIHiRg eomepynds that will

SV GrTndmrp Ol Y |BEE, Py, i, e flaving, e
ZhatAltedncOmpbhalsi ctdild poepared in this manner, and used in the
Fa TR 156 Cer YR PO BV PSP
di chl oride. 15

1-(n’-3-(2-Propenyldimethylsilyl)indenyl)-1-(n 3-2,7-di-t-butyl-9-
fluorenyl)-1-phenylethane zirconium dichloride;

1-(n*-3-(2-Propenyldimethylsilyl)indenyl)-1-(1>-9-fluorenyl)-1-
methylethane zirconium dichloride; and

1-(n’-3-(2-Propenyldimethylsilyl)indenyl)-1-(n’-2,7-di-t-butyl-9-

fluorenyl)-1-methylethane zirconium dichloride.

EXAMPLES 1-5

Comparative Catalytic Runs Varying the Metallocene, Activator-Support,
and Pendent Alkene of the Metallocene

Examples 1-5 in Table 1 illustrate ethylene polymerization runs
performed in a one-gallon autoclave reactor at 100°C, with two liters of
isobutane diluent and triisobutylaluminum or triethylaluminum cocatalyst.
No hydrogen or comonomer was added. Ethylene was fed on demand to
maintain the specified pressure for the specified length of the
polymerization run (Table 1). Ansa-Metallocene solutions were usually

prepared by dissolving 20-25 mg of metallocenc in a mixture of 0-5 mL of
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EXAMPLES 1-5 Conparative Catal ytic Runs Varying the
Met al | ocene, Activator-Support, and Pendent Al kene
of the Metall ocene Exanples 1-5 in Table 1 illustrate
et hyl ene pol ynerization runs 20 perfornmed in a
one-gal |l on autocl ave reactor at 100C, with two liters
of isobutane diluent and triisobutylal uni num or

ti-hesteng: Qb umk. 9f i ModBa(4ldrich) aoTRdAdER): gpd 15-25 mL

C r was added. Ethylene was fed on demand to
nog'rﬂgl)‘%nﬁ the specified pressure for the specified

| engt ln Qfasésh@hefRohy MREdonticiing wasnudedabl @rddontacting was
Ansa- Met al | ocene sol utions were usually 25 prepared

prrifdsess| i the rmtqsthmr%¢t0ﬁ§taa|tme@héc aged Fﬁltietl“ﬁ% it

b o) oS48 Sl 0V b

WhELalD vepé e@dmt tAedughQ WRsgdp@d while ventitg iNobotabeg Oues
carried out in the reactor, the reactor was_ typically

dh%ihgé@f\ﬂ;hmtgmggaat@lyst % thegeactar was itey ebaregt T EA or TIBA,
{@lom 264 S8 4t alf 8{] 0{' ﬁ'ﬂ:d %ﬁ’loﬁ d Qol%r{jﬁuo%ﬂ p charge
rough a c i fe

% Here arge port

\@mwmgevmlﬁgtlwbatan@we mat hod of chargi ng catal yst
to the reactor was to charge TEA or TI BA,

sol i d-Afgrdthe ahetieth palmt?ﬁtlam time the sthdenendow was

| Ut i op fhro
bl Mo, S09° SRR uhe SRR e o
%ﬁ\@uﬂiﬂpﬁlﬁﬂ@r flncaM Yiss, thé appRd ,waarunbahhmth ﬁﬁ@ﬁd)(:atlon of
ow y depressuri zed and opened to recover

gnarwalb cal; |opatng of Athsr Fforéraass%fsfoullﬁ& e abymspyas fhean

d
e SHACHERHEE, RhgApilEbedfal & S0t B8 plvmer
gReduRt phegramAstsold oyideasnipasd thadedpergroanygf)/hr).

pol ymer 15 produced per. gram of  solid oxide ConEP
cave

char gddemolymesiration geagfiph Mas carrifg @by Aergallon;
CSTEIRER YD AP el Splnd B8, AULOGIRIR e

Ssbﬁﬁﬂén@ nege thagketo teadutbdlans , Theaaodbes gesisdated, had 2
aut ocl ave. The autocl ave was sealed, and 2 liters of

iliers o aspbutpar aveael addedaalengywith Ry dijexeng aseh Stirsiag was
%fﬁqag gncf%ﬁlviﬁgin% dde abgﬁtﬁg)gtalg)g‘l ?%'tl’[éthrgh&spw% héfted'to ¢fe0

e feactorwas
reactor run temperature over a period of about 5 minutes. The total

pressure was brought to the desired reactor run pressure with with ethylene,
and ethylene was fed to the reactor on demand to maintain the desired
pressure. After the polymerization run time, the stirrer and heating were
then stopped and the reactor was rapidly depressurized. The autoclave was
then opened and the solid polyethylene was physically removed.

Consistent with the Carreau-Yasuda a parameters in (Table 1) and a
plot of log zero shear viscosity vs. log weight average molecular weight
(Figures 2 and 3), comparative Example 1, containing no tethered olefinic
moiety in the metallocene structure, contains more LCB than comparative

Examples 2-4, which also contain more LCB than inventive Example 5.
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L. A catalyst composition comprising the contact product of at

least one ansa-metallocene, at least one organoaluminum compound, and at
lcast one activator-support, wherein:
a) the ansa-metallocene comprises a compound having the
formula:
CNBECHKYM, wherein

M is titanium, zirconium, or hafnium;

(X) and (X* are independently sclected from a
cyclopentadienyl, an indenyl, a fluorenyl, or a substituted analog thereof,
wherein at least one of (X') and (X°) is substituted;

at least one substituent of the substituted (X") or (X°) comprises
an unsaturated group having the formula

-SiR%,R®, wherein

each R* is independently selected from a hydrocarbyl group or a
substituted hydrocarbyl group having from 1 to about 20 carbon atoms;

R® is an alkenyl group, an alkynyl group, an alkadienyl group,
or a substituted analog thereof having from 1 to about 20 carbon atoms;

(X") and (X?) are comnected by a substituted or unsubstituted
bridging group comprising one atom bonded to both (X') and (X?), wherein
the atom is carbon, silicon, germanium, or tin; and

any substituent on R*, any substituent on R’, any substituent on
the substituted bridging group, any additional substituent on (X') or (X%), and
(X*) and (X* are independently selected from an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an oxygen
group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic group,
a carbon group, a silicon group, a germanium group, a tin group, a lead group,

a boron group, an aluminum group, -SO,X, -OAIX,, -OSiX;, -OPX,, -8X, -
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catal yst conposition conprising the contact product
of at |east one ansa-netall ocene, at |east one

0¢ in ashd . 12Rd . east
g@?ﬁgé%@é u%mggpmf ghn : a?tt t hagmgns a-orrng({1 '8¢ g%heas
halider hyésdeq antdgoalkokifgvilky thivdatef or mudubstituted derivative

)é'F%SXZ %@%ﬁléﬁ@yﬁng\;ﬁgﬁagl %ﬁb@gﬁé& (ctgé%)g gz:t(gnrg, a halide; or

hyd}gg&rgdent ly selected froma cycl opentadi enyl, an
i ndenyl, a fluorenyl, or a substituted anal og )
t her ef , thietgahepleminumaepmpewad gpmpoiges grrgmpxend with the

§0¥%§ltai,tut ed; at |east one substituent of the
substituted (X) or (X2) conprises an unsaturated
group having the for mA1g’)5X9Si,R42R5, wherein each R4

S el ey B ety g e St
thﬂlld,t ()@@ i€ 8 BRBxAL O %n aronxide having from 1 to about 20 carbon
atoms, halide, or hydride; and n is a number from 1 to 3, inclusive; and
c) the activator-support comprises:
a solid oxide treated with an electron-withdrawing anion;
a layered mineral, '
an ion-exchangeable activator-support, or

any combination thereof.

2. The catalyst composition of Claim 1, wherein the solid oxide is
silica, alumina, silica-alumina, aluminophosphate, aluminum phosphate, zinc
aluminate, heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide,

mixed oxides thereof, or mixtures thereof.

3. The catalyst composition of Claim 1, wherein the electron-
withdrawing anion is fluoride, chloride, bromide, iodide, phosphate, triflate,
bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate, phosphate,
fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, permanganate,

substituted sulfonate, unsubstituted sulfonate, or any combination thereof.
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R5 is an al kenyl group, an al kynyl group, an

al kadi enyl group, or a substituted anal og thereof
having from1 to about 20 carbon atons; 20 (X) and
(X2) are connected by a substituted or unsubstituted
bridgi ng group conprising one atom bonded to both (X)
and (X2), wherein the atomis carbon, silicon,
germanium or tin; and any substituent on R4, any
substituent on R5, any substituent on the

substj t ut LN it _
Subst 1 uent oS H A Rlfin BRCIBGEN W, e dhgerr,
eﬂem@amby is eplreaentenh ﬂneoamaatoabmp@bﬁtt Iaﬁetgcfdclpmga[ﬁ‘om
gr.ou roup, .2 ca
b Retet 1 iRty Mgt et B G Slahe o e
sul fur group, a nitrogen group, a phosphorus group,
an arsenic _group, a carbon group, a silicon group, a

ger mehi um Greoopalyst edmpagitionpof £laigad, grivigin the drsiren-

SR ol AR B B 5Pl Frer s, o
WAL 0i5% %6 dbduBd0¥R B9 artigin relatirequ pheswieibhtas thdwlliddaide.
hydri de, am de, al koxi de, alkyl thiolate, or a
substituted derivative thereof, any of which having
fromd to '@'Q %&alé& Sttgfio t%ianzﬁ Iﬂajw'hgl%m Me actjvator-
hydr ogen; b) the or noa um num conmpound conpri ses
supportyfortinat cmriphsetshanetﬁlbombtal ioAl s@MS)tsnm(@)chknvl vanadium,

wherein (X5) is dr ocar from1l to about
BEEen. iy % ] Sﬂv(%(é)“ P"sa”é%;c 3? ’iogéhe&? IPan aryl oxi de
having from1 to about 20 carbon 10 atons, halide, or
hydride; and n is a nunber from1l to 3, |ncIu5|ve
and B) t HElea@%tﬁﬂV%tt emposiionr of Eapr 1.sebereimn g pelivator-
-Ireat ed w n

fu(fyer ésda ﬁlﬁxer nFra aﬁeg%ll gl)%&h%nex%l%ﬁngd’ a&% N9 eﬁ%lﬁﬂad cl&y
gélledviatd ansthi@poxitle nedtrix, 15 layeyecb eitoate ahineralt heroadiyerdl

The catal yst conposition of Jaiml, wherein th
ghrate awingrali s n‘quIeTeéa alymipiosthigates jneg ial ﬁmnﬁ’ﬁﬁayered

a]hﬁlmﬁﬁﬁe%%@}aﬁ ,ora_i? Yo msimaRROReReE €, 2i nC

alum nate, heteropolytungstates, titania, zirconia,
magnesi a, boria, zinc oxide,

8. The catalyst composition of Claim 7, wherein the clay mineral
comprises an allophane; a smectite; a montmorillonite; & nontronite; a
hectorite; a laponite; a halloysite; a vermiculite; a mica; a fluoromica; a
chlorite; a mixed-layer clay; a fiberous clay; a sepiolite, an attapulgite, a
palygorskite; a serpentine clay; an illite; a saponite; or any combination

thereof.

9. The catalyst composition of Claim 1, wherein R’ is 2-propenyl
{CH,CH=CH,), 3-butenyl (CH,CH,CH=CH,), 4-pentenyl
(CH,CH,CH,CH=CH,), 5-hexenyl (CH,CH,CH,CH,CH~=CH,), 6-heptenyl
(CH,CH,CH,CH,CH,CH=CH,), 7-octenyl

85°



10

15

20 m xed oxides thereof, or mxtures thereof. 3. The
catal yst conposition of Caim1, wherein the

el ectron- withdrawi ng anion is fluoride, chloride,
brom de, iodide, phosphate, triflate, bisulfate,

sul fate, fluoroborate, fluorosulfate,
trifluoroacetate, phosphate, 25 fl uorophosphate,
fluorozirconate, fluorosilicate, fluorotitanate,

per manganate, substituted sulfonate, unsubstituted

9 Cef@[@%.l ation thereof. &4
@ﬁ%gﬁ%ﬁ@ fon o BU aim1l, wherei % Itgﬁtiiyl ilﬂﬁtenyl
€1eCIH,ONCHW=CRE), awinmggh vl ii-pantéry] pf@EEERT,CHFQ(6H:),), or a
activator-support, after calcining, from about 0.1%
nhsiyidianalosifiedfei ght relative to the weight of the
solid oxide. 5 5. The catal yst conposition of Caim
1, wherein the electron- wi thdrawi ng anion is present
i n t hd. actTheacaalystuspopositier tafr Claimcilai whereiy ansa-
abouyt 0.5% to _aboyt .409 ] lLative to the
feRbrs 7 iRy ol Rk 31 |
conmposition of Claim erein the activator- 10
support further co R4R°or netal ion such
as zinc, nickel, va tungsten, nol ybdenum
silver, tin, or any lion thereof. 7. The
cat al yst conposi ty! of Chaigngk, wherein the
activator- support”is~a cJayfjneral, a pillared

JER oliated clay 15
gell ed into anot her g(""--;-'.':-' atrix, a layered silicate
m neral, a non-| ayer3 cate mneral, a |ayered
al um nosilicate m Reral ,¥a non-| aydsed
alumi nosilicate m.neral . or _an Thj nata t_ hereof
Bhe e B ShRBo 2B Ve R RS, e fhre
Bl apentemBr Rlected Frdin MP61 S Bydraary]| go@ipalies in gafr StEiCtol dbet
a nontrmorillonjite; a nontronite, a hectorite,; ag
12 prshen atoms; #ng) Rojpaantabkenyl groppihaving deom gbayt 4o ajout 12
{&g&{ﬁg@nga; a chlorite; a mxed-layer clay; a

I berous clay; a sepiolite, an attapulgite, a

pal ygorskite; a serpentine clay; an illite; a

saponj te; _or any, conbi nat.j.on reof,. 25 9. e

cat al Vst gg’ﬁ'pﬁ%tgltyf’to KOGPOIYH rﬂftl %?We ei Wﬁﬁgmﬁ -sme ansa-
AeRIORABY a ¢ Hi2he fodtoi@ftnulaCH2 CH2CH=CH2) |,

4-pentenyl ( CH2CH2CH=CH2) , ~ 5- hexenyl
(cmcmc}acmmzcm eptenyl
s 2

7w
/

1 b 3
R2;E Zl‘“Cl R
S >

R’ @;
wherein E is carbon or silicon; RY, R?, and R* are independently selected from
methyl or phenyl; R® is H or #-butyl; and R’ is 2-propenyl (CH,CH=CH,), 3-
butenyl (CH,CH,CH=CH,), 4-pentenyl (CH,CH,CH,CH=CH,), 5-hexenyl
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(CH2CH2CH2CH2CH2CH=CH2) , 7-octenyl 85
(CH2CH2CH2CH2CH2CH2CH=CH2) , 3- n®et hyl - 3- but eny!|
(CH2CH2C( CH3) =CH2) , 4- net hyl - 3- pent enyl
(CH2CH2CH=C(CH3) 2), or a substituted anal og thereof.
5 10. The catal yst conposition of Claim1l, wherein
the ansa- netallocene is a conpound with the
following fornmula: SIRA2R5 Cl Rz~E Zr C1 R3 ~O O
R3 (I1); vvherei n Eis carbon, silicon, germani um or

kdr:%%rq i ydr o@gd ﬁ%péﬁﬁ Btﬁ @H Cr et ? {

grou Frém T to abdut
deredyd car b(ﬁHﬁ]}QﬁﬁiZCéhﬁHBSIﬁ@{%(ﬁH@)L kenyl3~gnethgrb3+batanmb

(ARG o chb e AR CHETGHREHR

netal |l ocene is a conpound with the foIIovvi ng fornul a:
SSIR42ZR5 ClL RZ~E Zr  R3 ~ 00 15 R3 (1); wherein
Eis Bar bo"lfheopatgmst c-‘@m,pomwnsz Gaien FM wherein the ansa-

endentl sel d.fr phenyl; R3 is
EEFREGHT b am B iR e SR R e o) .
but enyl (CH2CH2CH: A- pent enyI (CH2CH2CH2CH=CH2) ,
5-hexenyl 86 (CH2(H >GHREE) . 6- hept enyl

( CH2CH2CH2CH2CH2CH2 A1 3-met hyl - 3-but enyl

R? (1m);
wherein R! and R?* are independently selected from methyl or phenyl; R*is H
or t-butyl; each R* is independently sclected from methyl, ethyl, propyl, or
butyl; and R® is 2-propenyl (CH,CH=CH,), 3-butenyl (CH,CH,CH=CHy,), or
4-pentenyl (CH,CH,CH,CH=CH,).

13. The catalyst composition of Claim 1, wherein the ansa-

metallocene is a compound with the following formula:

(HI);
wherein R' and R? are independently selected from methyl or phenyl; and each

R* is independently selected from methyl, ethyl, propyl, or butyl.
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(CH2CH2C( CH3) =CH2) , or 4-net hyl - 3- pent enyl
(CH2CH2CH=C(CH3) 2). 5 12. The catal yst conposition of
Claim1, wherein the ansa- netallocene is a conmpound
with the following formula: OSIRA2ZR5 C Rl zi C1
R3B3RZ~O O R3 3 (Il); wherein R and R2 are

i ndependently selected fromnethyl or phenyl; R3is H
or t-butyl; each R4 is independently selected from
met hyl, ethyl, propyl, or 10 butyl; and R5 is

i ISR Bl kTSR

genflesdnkiion of Claim 1, wherein the ansa- 15

netal |l ocene is a compound with the follow ng fornula:
R4 R41-(1§r3-@-promnﬂ¢u@thYﬂ&1YD@d€P¥1?-)1:(ﬂg)w%ﬁﬁ?oé‘ml)ﬁr and

[ - | ected from nethyl or phenyl;
Qﬁe@%@gg@gﬁg%ﬂ%ﬁﬂ#gﬁg@%aem ly selected from net hyl,

et hyl 1-(fr 2 @proporylBisiclylsi§ Dindbdyl)-THe -2 At dil nyisityl-9-
conposition of Claim1, wherein the ansa- netall ocene
flyerenyl)-1-phenylethane zirconium dichloride;

1- (X15+.3{ 25 propenyl diet-hyk si i nd _1(%15-9-f
| uor eﬁw )-5;{2_-8%) ﬁgr@%e%ﬂgﬁéﬁl}zﬁ!ﬁ?{%ﬁbﬁf&ﬂd—?%%?%géﬁ 5
fre(hyidhade CRcqivndigiiaidget hyl silyl)indenyl)-1-(x15-2,7
-di-t- bust | -9- fluorenyl)-1-phenyl et hane_zircaoni um

di chl bfi [2-propeny1d1methy1311yl)1ndenyl¥-1-(1'] -2,7-di-t-butyl-9-

QAT Fb e ACARRT N Sh Btk ) ndenyl) -1 - (x15- -

or any combination thereof.

15.  The catalyst composition of Claim 1, wherein (X°) is methyl,
cthyl, isopropyl, n-propyl, n-butyl, sec-butyl, isobutyl, 1-hexyl, 2-hexyl, 3-
hexyl, isohexyl, heptyl, or octyl.

16.  The catalyst composition of Claim 1, wherein (X% is fluoride,

chloride, bromide, methoxide, ethoxide, or hydride.

17.  The catalyst composition of Claim 1, wherein AIX?)y(X5)s 18
trimethylaluminum, triethylaluminum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trthexylaluminum, triisohexylaluminum,
trioctylaluminum, diethylaluminum ethoxide, diisobutylaluminum hydride,

diethylaluminum chloride, or any combination thereof.

18.  The catalyst composition of Claim 1, wherein the activator-

support is chlorided alumina, fluorided alumina, sulfated alumina, fluorided
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met hyl et hane zi rconi um di chl ori de;

1- (x15-3-(2-propenyl di net hyl silyl)indenyl)-1-(x15-2,7
-di-t-butyl-9- 10 fluorenyl)-1-nethyl et hane zirconi um
di chl ori de; or any comnbination thereof 15. The

catal yst conposition of Claim1l, wherein (X5) is

met hyl, ethyl, isopropyl, n-propyl, n-butyl,
sec-butyl, isobutyl, 1-hexyl, 2-hexyl, 3- 15 hexyl,

i sohexyl, heptyl, or octyl. 16. The catal yst

C sitionof . im 1. i1 ( X6), . I id
e PHna, brﬂg‘ﬂ]“%é‘f ?re“{“%%ogﬂgé'i %, h%xipé@e%r ”‘%&dr‘?"d e
ZénbikatiohBereat al yst conposition of Claim1l, wherein
Al (X5)n(X6)3.,, is trinmethylalumnum
triethylalum num tripropylal um num

tribufgyl alym Qéfﬂ}/st E(grhﬁogﬁﬁﬂt ¥f WM NYUMurther comprising a
tri hexyl al um nu trii1sohexyl al um num
tachmalysty lcatprisingimgt  dhastt lopé adluminoanetdoompouied, wherein the
%iisob%%ylaluninun1hydride, di et hyl al um num

HEGIOFERE COBIPUSHY conbi nation thereof. 25 18. The

cat al y§fclic aRRASd{ah®Ra@hg Medbilla: Wherein the
activator- support is chlorided alumna, fluorided

alum na, sulfated alfu 'q@, fluorided 88
silica-alumna, flu r1 e [ um nophosphate, a

pillared clay, or an conbNnation thereof. 19. The
cat al yst conposition Bf C ai gwherefrurt her conprising a

.cocatal yst c risjng.at .le e al um noxane .
gdﬁﬁg@ﬁﬁ, Srptlrd i L i, i ToionE) ot FOBe. o o 4%
Ahdp OIS Bawi 109 the formula: -O ~nn R; wherein
Ri1s a linear or branched al kyl having from1 to 10

car bonlizgapalsminyxdnehdvingthe farmulait eger from 3 to about
10; a linear alum noxane hav#yg the formula: R

/
RJ(Al—o%Al
| n \R
R

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

; wherein

integer from 1 to about 50;

a cage aluminoxane having the formula R'niaR%moAlnOsm  Wherein
mis 3 or 4 and « is = nays) - Moyt Nowy: Wherein n,s) is the number of three
coordinate aluminum atoms, ngy is the number of two coordinate oxygen
atoms, ngg is the number of 4 coordinate oxygen atoms, R' represents a
terminal alkyl group, and R® represents a bridging alkyl group; wherein R is a
linear or branched alkyl having from 1 to 10 carbon atoms; or

any combination thereof.

20. The catalyst composition of Claim 1, further comprising a

cocatalyst comprising an organoboron compound, wherein the organoboron
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RA-0A n" RR wherein Ris a linear or branched
al kyl having froml to 10 carbon atons, and n is an
integer from1l to about 50; 15 a cage al um noxane
having the formula R sn+, Ron_,, Al4, (3,, wherein mis
3 or 4and ais = nAl(3) - no(2) + no(4); wherein
NA1(3) is the nunber of three coordinate al um num
atons, no(2) is the nunber of two coordi nate oxygen
at ons, no(4) is the nunber of 4 coordi nate oxygen
dRti I

rep esents a glngﬁgPégﬂﬁ%B%LpQEK é%g% ?é?ﬁgh$§
iphered)borm, br MN—Idﬁdethjrlhmlmimaw ng:ttﬁkm(pcﬂtaﬂmrmﬁhemal)b@nte

B ey S R NG 1o

fﬁbyo%emmafdt@ '?\gNﬂﬁ'm@ﬂhg RARAS nte@r@ﬁi@[?)bﬁlﬂls{tnﬂuoro-
erein the organoboron npound

qtlg(l}p@m;é}uom ognghﬁylyycbzhe@wm tetrakls[3 5 b1s(tr1ﬂuoromethy1)
@ﬁ%{%lﬁf%?ﬂngxﬁr%%&&hyl ) - phenyl ] boron,

t et raki s( pent af | uor ophenyl ) bor at e,
trlphenylcarbenlun1tetrak|s pent af | uor ogphenyl ) bor at e,
it hi & t efheaeptalyst sempasifion rpiaigy Yo dhrtfieg comprising 4

%%a%s)pgﬁlgﬁéﬁgog gjtn&eh@% foitnfcﬁ&xﬁ otmd; Qhé{efnrth«f: 2% Ponic

car beni um
t:ednpakn’ds [, &mbi—blétyk)arhinuniuone tettepkis(p-pohidYoprdthorteire butgh-

n1 ture t e Th t t a1 ,0f

R ' GRS ng O RORiTRmG SR o R g
ARANbEIYbbAR, C COMPaH butgh%ﬁioﬁnﬁﬁle I oni zétedkis(3,5-
ionic " 10 conpound is tri anmmonj um

ﬂemtbxdphf(twl)b@nasﬂ ) béﬁi@r@wlﬂmﬂn@m y| tetrakigisni-bigitrifluoro-
elpgﬁbéigﬁﬂgngl)borate tri(n- butyl)qgﬂpgﬁ&ﬂhnnmnnun

di met hyl phenyl ) bor at e,
tattakR(deutaylupephenyiboratet r aki Y dintethylanilinium tetrakis(p-

rartel 3. ooy Serdhinbinn o SheR P o, N

ifrhdiRgIRME M ARTRBL G- &ﬁeth lpb enyl)borate N,N-dimethylanilinium
tetraki s penta' Uoro enl or at

thkm(mﬁhWthylphml)bmateet ‘ %Nsﬁp}eﬂmﬂnyﬂn}mr attetrakis[3,5-

i met wntetra ( bor at e, .
NSMH%OH}%QY%RF dunsthe s( §3 @Wﬁ@?@% Ryl ) bgel}trg{“esj
RpehttAiubRipR¥y@botdtd)i UMkriphenylcarbenium tetrakis(p-tolyl)borate,
triphenylcarbenium tetrakis(m-tolyl)borate, triphenylcarbenium tetrakis(2,4-

dimethylphenyl)borate, triphenylcarbenium tetrakis(3,5-
dimethylphenyl)borate, triphenylcarbenium tetrakis[3,5-bis(trifluoro-
methyl)phenyl]borate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,
tropylium tetrakis(p-tolyl)borate, tropylium tetrakis(m-tolyl)borate, tropylium
tetrakis(2,4-dimethylphenyl)borate, tropylium tetrakis(3,5-
dimethylphenyl)borate, tropylium tetrakis[3,5-bis(trifluoromethyl)phenyl]-
borate, tropylium tetrakis(pentafluorophenyl)borate, lithium
tetrakis(pentafluorophenyl)borate,  lithium  tetraphenylborate, lithium
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t et raki s( 3, 5-di net hyl phenyl ) bor at e,

N, N-di met hyl ani | i ni um tetraki s[ 3, 5-

bi s(trifluoronethyl)phenyl]borate,

N, N-di met hyl ani l iniumtetrakis 20

(pent af | uor ophenyl ) borate, triphenyl carbeni um
tetraki s(p-tolyl)borate, triphenylcarbenium
tetrakis(mtolyl)borate, triphenyl carbeni um
tetrakis(2, 4- dinethylphenyl)borate

' | [ .1 et
BRI SRLE' BBkS et borate, ithiom. teteakis24-
ﬁﬁﬁétﬁjdpbelfr@l)ﬁgﬂates( tithiivch um:rak lisfPes- lflmiflelﬂl)jﬂplm}rsly])ban'lt;.tSa%J elithium
tri phenyl carbeniymtetra u
o P, ¢ GOTRRT o (b ISt og e RS oy Sodiun
yﬁ{(ﬂ ol ra
t et Pﬁﬁ s(2, ttzf d?él&%}?ﬁly E&Iéalﬁi/smg’g rl?ﬁagétet r SOdlluIlnu mtctrakls(m

tayhiadicats Sydbum dﬁhdtl*(914pchmn91y)nh@n:db®rat@,r @plyum defrakis(3,5-

iLf 1 |
BB AYDBRRLR! <o ar FLBISEARYF, paplpdth Frskis
tﬁﬁaﬁﬁbﬁfpﬁ@rﬁﬂﬁ;ﬁfﬂﬂ@ rpwimnml tbb@ﬁl’&h?],bofdté Riotasium tetrakis(p-

tetraphenyl borate, |ithium

talybbgeate( ppeigsm bdeelds(ny- M:H)h?ﬁ#te, potassium  tetrakis(2,4-
) bo i thi t

gﬁ%@bﬁ%@ﬁ% ) DOpES ueh |t MRS BithhdpfnyDborate,

petassikn stétsafﬁmﬁbhmmytﬁphbmyl))mnmatm tétrakisipitolyl)aluminate,

tetrafl uorobqrate,

di . . .
irdprbHPHRIUR) L or BT PhDehumiBates o riiputyDammonium
te@takRRNE R IRy IBE &yl gﬁﬁ&ﬂhﬁﬁf& t efrf@busA)Brin®Inyin bastedkes(3,s-

sodi um’t et r aki s(m borat e, "sodi um
timnataplgnyDaludiimaie,hy | phenyl ) borate, sdilihytyl)ammonium
Gk APy gmp B i B - g Bhisp-col-

apenhat) uoNnga@ﬁathyllammahm pQé’nﬁS&S(mnﬂolyl)aluminate, N,N-
t et raphenyl bor at e, got assi éjm t et r aki

dorgnBulEeE pot aEPRPEA PRy SBT3 g o, NN-

Bl aEATLAG! | SRR SR AREMNRALE, & ) NN

pimh el anitimiet lt@fakls c(lpahtoﬂmn'ephemyl_) élnrrigl,ﬂit%: mghmwmiaﬂhrzmum
| ( N- A

ikl B Srieta JpRb Barbehfunt RS GRRER R Fnate

LAt bnidmdi n‘%’t@ﬂiﬂﬂ aflivﬂn).eﬁh léﬁ]ibﬂﬁ§a¢um1nate triphenyl-

tri(n-butyl)amoniumtetrakis

gatrhmlwyu phéﬂgﬂk)sﬂ étﬁlmaﬂlélphermlxahma@tyi ) arfhiBhgnykgarbenium

BHACAGP AR CRNENY, JEOMILAE  ferasueofyhaleminate
Noﬁ%rldin:ifen;{’lﬁEfiﬂglriilsl(lfiﬁoﬂ?)hlﬁfrﬁlﬁiw ,S( m ttadpylidmal umni rtel’rak,ls(Q 4-

fi@@q%rJPWZl)aluaiuﬁé%hypww|t)?féflllﬂ%ﬁéa@l%lethwlﬂttenﬂ)alumate
lanilini henvlal " lithi

PPPLY 05, o o Sepis(petaiuarophenyaumivatey - lithum

thtnakismehﬂtﬂubnophmml)ahma&tc,s lithium tetraphenylalurmnate lithium

{ &)f !O?ycﬁa?lpml?lg% ) ai H‘lli{]lnrl] at %étratkgsl(lghte{}\{)alcu?nrlgaecm UMD thium

tetrakis(2,4-dimethylphenyl)aluminate, lithium tetrakis(3,5-

dimethylphenyl)aluminate, lithium tetrafluoroaluminate, sodium
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tetrakis(p-tolyl)alum nate, triphenyl carbeni um
tetrakis(mtolyl)alum nate, 20 triphenyl carbeni um
t et raki s(2, 4-di net hyl phenyl ) al um nate, triphenyl -
car beni um t etraki s(3, 5-di net hyl phenyl ) al um nat e,
tri phenyl car beni um

tetraki s(pent af | uorophenyl)al um nate, tropylium
tetrakis(p-tolyl)alumnate, tropylium
tetrakis(mtolyl)alum nate, tropyliumtetrakis(2,4-

ALRLRH BRI AR, AL, [ Benvlumina, sodiun

feahkigfpi-talyDaldhdtelor oedemy| ) tdtnahisﬁmtdyl)hlutnmm sodium

{egtﬁl{ngéi ﬁgﬁﬂ ger?R# uo‘ﬁéﬁmﬁ}%a.) Sﬂmum naae i thi u%trakls(?s 5.

&1%&%&(191)519{'11&1&@' UNdodaln®, |tefrifludMaluminate,  potassium

tetraki s(mtolyl)alumnate, |ithium
tegekislpesti fuatophensbalymitatay | ) adtassivmat e, tefrpphengigluminate,

?‘g‘%r ol St%ﬁ%l%{?(t?% @?@XHIBB 4 lo)‘a%]ﬁﬁ‘q’] Mt ischnL bl filminate,

bRhdstiah SteRais(@f4- diatettpMstyl)dlmirargt potasidh utetrakis (3,5-
t et raphenyl al um nate, sodi um

@@teﬂa&ml@pw%l@mwa}% uRPRETET s deffafioroaluminate,  or  any
yl)al um nate, sodi um

% 10§tgg ﬁa}dl nmet hyl phenyl ) al um nat e, sodi um

t et rak| s(3 5- di net hyl phenyl )aI um n ate, sodium

tetr Iuor al um nat e Ias m 5 .

tetr ﬂg‘ﬁtcﬁﬁyﬁb? éﬁ ?'}Fhlatwél,ereb%‘t assi um
tetr @hen%@&ﬂ&mlﬂéﬁl‘focw@&irﬁﬁﬁeym
tetrakis(p-tolyl)alum nate ot assi um

tetrakls(mtolyl)alu P fassi um _
tetrakis(2, 4-dinet “9.'-‘. flium nat e, potassi um

tetrakis (3,5- dine ’yl )%ﬁ? nai_e, pot assi um

tetrafl uoroal um nate nmbi nation thereof. 10
22. The cat al ystM Qp 03| tz@@l of aim1, wherein: a)

t he ansa- net al | oex C&. Me Me Sl Cl M
Zr-C.1 Ph (1V); Db) t apdal um num compound
av);

conprises triethylal
b) the organoaluminum compound comprises triethylaluminum,

triisobutylaluminum, or a combination thereof, and
c) the activator-support comprises sulfated alumina, fluorided

alumina, fluorided silica-alumina, or any combination thereof.

23, A process for producing a polymerization catalyst composition
comprising contacting at least one ansq-metallocene compound, at least one
organoaluminum compound, and at least one activator-support to produce the

composition, wherein:
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15 triisobutylalum num or a conbination thereof; and
c) the activator-support conprises sulfated alum na
fluorided alumna, fluorided silica-alumna, or any
conbi nation thereof. 23. A process for producing a
pol ymeri zation catal yst conposition 20 conprising
contacting at |east one ansa-netall ocene conpound, at
| east one organoal um num conpound, and at | east one
activator-support to produce the conposition,

wher ejyn: t @#& 2 al tacepe S h
corrpoél}nd ﬁg?/i %atlﬂga o?ewnF%@JZ%g) ?Xﬁ%ﬁ ;(j X4 ‘l\//li%g the
ffrewuii:n ML is titanium zirconium or hafnium 5 (X)
and (X2) are inde ] ehegted froma

cycl opent adi enyl (B@E}Q%E%Qéﬁ A Brenyl, or a
substi t ut ed! ARRAREN ! ARLEREN, or WARIRLN at | east one of
(X) and (X2)] i's substituted; at |east one substituent

of the sul¥t) t unéd @X) are ( Xajensodgntlysesclecigd from a

unsat ur at e roup _having the.f -5
A RS, YagtRethy s oy Bf T etucy WG ereot,
hyedeara i om@rof R and X s bsbistitutéded hydr ocar byl group
having from1l to about 20 carbon atons; R5 is an
al kenyl greblggst one substifwapt of s pybstitpied (K Afr &Ky CORBisEs
j . reof having from1l to
%Lg%ta&ggéig&g%ﬁ%ﬁgﬂn%%ﬁaﬁm and (X2) are connected
by a substituted or uSiRHRStwhertid bridgi ng group
conprisin ng, at.om bonded to both nd
Sherei n | iagh s Brintepeadnag reeRR data hyRpihitEpunr o
%ig;@ﬁm&mlyamea&?pgﬂo' b wm% AR to AUt ZEFbA 416ME; ON

, any substituent  on the substituted bridgin
group, anRaddntalensl soybsan allEmyl seun, )@)a“éﬂdlf{ﬂxgﬁljoupa

A0SOl Bl hel bt sl PREACENSY YarBl BGKEA 1 OM
o %ﬁlptﬁa i'c gFoup, an aromati c group, a cyclic
group, a QqNApbhmB{XYrrefcomdcpidaty a sabgitatyd lor angutestinged

R B SR By 5oL SBE, s
fhg}'t ng %g{%%?ﬁﬁcoﬁg&%aﬁﬁﬂﬁ}ﬂptﬂf%{p' a tin group, a

any substituent on R®, any substituent on R’, any substituent on
the substituted bridging group, any additional substituent on (X') or (X%, and
(X% and (X*) are independently selected from an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an oxygen
group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic group,
a carbon group, a silicon group, a germanium group, a tin group, a lead group,
a boron group, an aluminum group, -SO,X, -OAlX,, -O8iX;, -OPX,, -SX, -
080,X, -AsX,, -As(0)X 5, -PX,, wherein X is a monoanionic group such as
halide, hydride, amide, alkoxide, alkyl thiolate, or a substituted derivative

thereof, any of which having from 1 to about 20 carbon atoms; a halide; or

hydrogen;
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a boron group, an al um num group, -SO2X, -Q0A1X2,

-0Si X3, -0OPX2, -SX, 25 0s2X, -AsX2, -As(O X 2,
-PX2, wherein X is a nonoanionic group such as

hal i de, hydride, am de, al koxide, alkyl thiolate, or
a substituted derivative thereof, any of which
having from 1l to about 20 carbon atons; a halide; or
hydrogen; 93 b) the organoal um num conpound
conprises a conpound with the fornula: Al (XS)n(X6)3
wherejn ( ] c j rogg”ilp

20 ca?gonxﬁéoagt%gén%}?% xg)@({r@ﬁ&gﬁﬁ%}ﬂb@%ﬁ%g or ghgd Viithe
&ntubxi de having from1 to about 20 carbon atons,

hal i de, or hydri de; andlggsi & nunber from1l to 3,

i nclusive; and «c¢) t he 8 i 3@r - support conprises: a
solid oxi dﬁhér@iﬁ@@ﬂi_s‘éﬂﬂyﬁr&ﬁrb%l R&tia® Frow 1 RAIRWM 2@ carbon
anion; a layered mneral, 10 an ion-exchangeabl e
atorisy 8XOris suppkoxide apran aaylpxide haivingtfram 1tthewbewf 2(garbon

The p ss .of. .Claim 23, wherein e, . .
HereU AR & e e rlaB S 3 inclhe 11404, e
with an eltmehétBatorstifsbresnigisagi on; 15 wherein the
solid oxide is silica, alumna, silica-alum na,

al um nophasytigdroxidedreated ith FrRieprearwithGaKOS ARIOR nat e,
het er opol vy, . titania, zirconia, nagnesi a,
boria, zi n%:lgg%?%g{l&?ﬁﬂked oxi des thereof, or mxtures
t her eof ; amdot{erclmhgableartivatbhishppoitngr ani on i s
fluoride, chloride, brom de, 20 iodide, phosphate,
triflate, ByLompmelontgiaohie, f1 uoroborate,

fluorosul fate, trifluoroacetate, phosphate,

f1 uorophosphate, fluorozirconate, fluorosilicate,

f 1 uordt.i t et erogsey mfnddaia e23, s wherdin ythe d agfiNatasrprort
unsubstituted .sul fqnat Qr n [ ] thereof.
SEHERL s SRR e REPVED af Cles RO yBNRVIAL L8O,

ansa- et alwiageinettes sélid G0 U csilda, haltfiéhaf adilicavdliigina,

formul a: 940 ) . .
aluminophosphate, aluminum phosphate, zinc aluminate, heteropolytungstates,

:W

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

the electron-withdrawing anion is fluoride, chloride, bromide,
iodide, phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate,
trifluoroacetate, phosphate, fluorophosphate, fluorozirconate, fluorosilicate,
fluorotitanate, permanganate, substituted sulfonate, unsubstituted sulfonate, or

any combination thereof.

25.  The process of Claim 23, wherein the ansa-metallocene is a

compound with the following formula:
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SSRA2ZR5 Cl R-E Zr C1 RB RR~ &' R3 (l); wherein E
is carbon, silicon, germanium or tin; RlL, R2, RS,
and R4 are independently selected fromH or a
hydr ocar byl group having from1l to about 12 carbon
atons; and R5 is an al kenyl group having from about 3
to about 12 5 carbon atons. 26. The process of Claim
23, wherein the ansa-netallocene is a conpound with
the following fornula: SiR42R5 Cl RZ~E Zr C1 R3 R O
R3 (n> 10 wherein E isegrbon or silicon; R, R2, and
P lsfrr@n  nethyl or phenyl;
is 2-propenyl (CH2CH=CH2),
&- pent enyl
(CHZCHZCH2CH=CH2),; 5 X LCH2CH2CH2CHZCH=CH2) ,
6- hept enyl (CH2 L ), 7- octenyl
(CH2CH2CH2CH2CH2 CH= et hyl - 3- but enyl 15
(CH2CH2C( CH3) =CH2) , o
(CH2CH2CH=C(CH3) 2) . X

, ¢ process of Claim 23,
wherei n the ansa- naffa Ene is a (Igé)rrpound with the
follow ng formula: 950 SiR42R5 Cl Rl Zr, Cl, R3 RZ ~O
wherein F; is oirbersi filigen, gepmaniwa, RY tHy Rk hyi > gd R' are

&Bgﬂe\ﬁ!:iént@gseie%teﬁ m 'Y Ql'ué; Mgrdm@a%jyl I%@()l.ﬁps‘ha?ving from 1 to about
12 carbon atoms; and R’ is an alkenyl group having from about 3 to about 12

carbon atoms.

26.  The process of Claim 23, wherein the ansa-metallocene is a

compound with the following formula:

o

R'< \Zr'-Cl R3
/E

SiRY,R?

R’ @y
wherein E is carbon or silicon; R, R%, and R* are independently selected from
methyl or phenyl; R® is H or +-butyl; and R’ is 2-propenyl (CH,CH=CH,), 3-
butenyl (CH,CH,CH=CH,), 4-pentenyl (CH,CH,CH,CH=CH;), 5-hexenyl
(CH,CH,CH,CH,CH=CH,), 6-heptenyl (CH,CH,CH,CH,CH,CH=CH,), 7-
octenyl (CH,CH,CH,CH,CH,CH,CH=CH), 3-methyl-3-butenyl
(CH,CH,C(CH;)=CH,), or 4-methyl-3-pentenyl (CH,CH,CH=C(CH;).).

27.  The process of Claim 23, wherein the ansa-metallocene is a

compound with the following formula:
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propenyl (CH2CH=CH2), 3-butenyl (CH2CH2CH=CH2) or

4- pentenyl (CH2CH2CH2CH=CH2). 5 28. The process of
Claim 23, wherein the ansa-netall ocene is:

1- (x15-3-(2-propenyl dimethyl silyl)indenyl)-1-(rl5-9-f
| uorenyl)-1- phenyl et hane zirconi umdichloride; 10

1- (x15-3-(2-propenyl di nethyl silyl)indenyl)-1-(r15-2,7
-di -t-butyl-9- fluorenyl)-1-phenyl ethane zirconi um

di chl oride; 1-(i
Is-3-(2-propeny|dinep’,

i |yl )i ndenyl)-1-(TI5-9-fluor
enyl )-1- nethyl et ha i rconigifrdi chl ori de; 1-(x15-3
-(2-propeny|dinethy‘§ fﬁEV'ndenyl)-l-(x15-2,7-di-t-bu
tyl-9- 15 quorenyI)-"&v byl et hane zi rconi um
di chl oride; or any DI ngt o thereof. 29. A nmethod
of polynerizing @tef~as, /geAPLi sing: contacting
et hyl ene and an opti 3lef i n conononmer with a
catal yst 20 conposi hder pol yneri zation
conditions to form adglyrer or copolyner; wherein
t he catal yst conpo§ition conprise§ﬁﬁhe cont act

CRk! egRt &SR lid pC&NehutAt ahERS s 2-
%ﬁggg}%éggh@%hgn%%HgO» ound, gﬁgaé%PpleasgﬂBne
popendt dCHsGHpOH,), vikbutenyl: (GBDCHCHREH,) or 4-pentenyl

agiggrgﬁﬁkkgﬁ S conpri ses a conpound having the
L ?g Y(X)(X')M, wherein M is titanium
zirconium or hafnium 5 (X ) and (X2) are

i ndependently selected froma cycl opentadienyl, an
i ndenyl, a fluorenyl, or a substituted anal og

t her , ' . @ Ho$de isS
subst 1t ut AR PR e BTE ORER inddbe BTk
subst i-wtaa@lz-ﬁ%)ﬁe@ndi@éaaymmmdeﬁﬁy 1-@Mouhradryt)at-ed
group having the fornula 10 -Si R42R5, wherein each R4
pleny @ﬁ@@%ﬁm?dgﬁhﬁﬁkéd froma hydrocarbyl group or

& 1(n’-3-(2-propenyldimethylsilylyindenyl)-1-(n*-2,7-di-z-butyl-9-

fluorenyl)-1-phenylethane zirconium dichloride;
1-(m>-3-(2-propenyldimethylsilyl)indeny!)-1-(n *.9-fluorenyl)-1-

methylethane zirconium dichloride;
1-(n’-3-(2-propenyldimethylsilyl)indenyl)-1-(n*-2,7-di-z-butyl-9-

fluorenyl)-1-methylethane zirconium dichloride;

or any combination thereof.

29. A method of polymerizing olefins, comprising:

contacting ethylene and an optional o-olefin comonomer with a catalyst
composition under polymerization conditions to form a polymer or copolymer;

wherein the catalyst composition comprises the contact product of at
least one ansa-metallocene, at least one organoaluminum compound, and at

least one activator-support, wherein:
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substituted hydrocarbyl group having from1 to about
20 carbon atons; R5 is an al kenyl group, an al kynyl
group, an al kadi enyl group, or a substituted anal og
t hereof having from1l to about 20 carbon atons; 15
(X) and (X2) are connected by a substituted or
unsubstituted bridging group conprising one atom
bonded to both (X' ) and (X2), wherein the atomis
carbon, silicon, germanium or tin; and any

subst A)t ue 2{1 o&sgqﬁetglﬂy eR¢ DS ﬁé@gt a OBorpoun@Mbaving  the

substT’'t ue e SUDST i f ut ridging group, any
&gdahuta; onal substituent on (X) or (X2), and 20 (X3)

and (X4) are in? @Sgggﬁ%%&gﬁgggﬁ{gg@fron1an al i phatic
group, an aronmati roup, a

conbi nat i o QfitHikRNAtdosiuA)dr B¥ElWng groups, an oxygen
group, a sulfur groupg, a nltrogen group, a phosphorus

group, an (X'semand POup,are a indansodengyousslededsi Iffospn a
e S R IR AR s
whBleihat 1eadcFORe, of (8%, andi(ﬁzﬁﬁﬁﬁxututa% X2 -As(O X 2,
-PX2, wherein X is a npbnoanionic & % ? %
hal i de.  hyiieagione buRensk HigiHBSITPR LK ok B Defomprisps
ﬁ&ggﬁﬁ éﬁ%ﬁp?%lh ﬁ{elfg uBher eof, any of which
avi ng out car bon atons a halide; or

hydrogen 970 b) the:ﬁR@ﬁﬁpuhummnun1conpound

A (x9) n( X6 B, T ifimetinty waipered S Bichacrhenuntrdy

EdRfufedtiydARaY1 20uf RARRAR frof BiodBbit 0@ bdrSatams;
al koxi de or. an ary | oxi de having from1 to_about 20

carbon at d¥sis anailketyafl gmuphgltjplkwl gEoND, 14| alkagienyhBEuD,
! r:g%.]},bstétgged ahalo%I Ieugdf\ﬁ% e eaf )o J0G %& gﬁrﬁf&{ AbmsHpport

oy ed W
el ectron- mﬁﬁiﬁ@mﬁgarambmcted%y ayabsituted e rasybsfifiteh
i on- exchangeabl e, acti vat or - s

b@%n& SEQUBrCOMHEISEISS Onegqjom-l-lmél RO b 2ygwherein
OXi d&h%&%na&h&&ﬁtg (Hrttm E{Qﬁprl ses a solid

treated Wt el ectron-w t hdrawi ng ani on;

any substituent on R*, any substituent on R’, any substituent on
the substituted bridging group, any additional substituent on (Xh or (X?), and
(X*) and (X*) are independently selected from an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an oxygen
group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic group,
a carbon group, a silicon group, a germanium group, a tin group, a lead group,
a boron group, an aluminum group, -SO.X, -OAIX,, -O8iX;, -OPX,, -8X, -
0S0,X, -AsX,, -As(0)X ,, -PX,, wherein X is a monoanionic group such as
halide, hydride, amide, alkoxide, alkyl thiolate, or a substituted derivative

thereof, any of which having from 1 to about 20 carbon atoms; a halide; or

hydrogen;
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15 wherein the solid oxide is silica, alumna,
silica-alumna, alum no phosphate, al um num
phosphate, zinc alum nate, heteropolytungstates,
titania, zirconia, magnesia, boria, zinc oxide, nm xed
oxi des thereof, or mxtures thereof, and the

el ectron-wi thdrawi ng anion is fluoride, chloride,
brom de, 20 iodide, phosphate, triflate, bisulfate,
sul fate, fluoroborate, fluorosulfate,

trifl oro Rp&;nﬁ,

fl uor 2| r?gﬁg%%%a# uo§05| [ gg%dée&hgﬂ%gr%%thl gﬁ%(% vemh the
fiemodanganat e, substituted sul fonate, unsubstituted
sul fonate, or any co )ﬁﬁ;(#@n thereof. 25 31. A

pol ymer produced by t »of Claim29. 32. An
article CQﬁRﬁ'élﬁ éﬁg i a BGHIIBILY PEASKE RS Yot dbButTEY G¥@bn

of Clalg)n

atoms, halide, or hydride; and n is a number from 1 to 3, inclusive; and

atoms; (X°) is an alkoxide or an aryloxide having from 1 to about 20 carbon
c) the activator-support comprises:

a solid oxide treated with an electron-withdrawing anion;

a layered mineral,

an ion-exchangeable activator-support, or

any combination thereof.

30. The method of Claim 29, wherein the activator-support
comprises a solid oxide treated with an electron-withdrawing anion;
wherein the solid oxide is silica, alumina, silica-alumina,
alumino phosphate, aluminum phosphate, zine aluminate,
heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, mixed
oxides thereof, or mixtures thereof; and
the electron-withdrawing anion is fluoride, chloride, bromide,
iodide, phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate,
trifluoroacetate, phosphate, fluorophosphate, fluorozirconate, fluorosilicate,
fluorotitanate, permanganate, substituted sulfonate, unsubstituted sulfonate, or

any combination thereof.
31. A polymer produced by the method of Claim 29.

32,  An article comprising a polymer produced by the method of Claim
29.
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