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POLYMERI ZATI ON CATALYSTSFCOR PRODUCI NG POLYMERS W TH
LOW LEVELS OF LONG CHAI N BRANCHI NG CROSS REFERENCE TO

WEERLADEDSAPPLI CATI ONS Thi s application clai ms pCTmSRi0y/022998

to U.S.. Patent Application Serial No. 10/876, 930
entitled "PCOLYMERI ZATI ON CATALYSTS FOR PRODUCI NG
POLYMERS W TH LOW LEVELS OF LONG CHAI N BRANCHI NG'
which is incorporated herein in its entirety.

TECHNI CAL FI ELD OF THE I NVENTI ON Thi s invention
relates to the field of organometal conpositions,

ol efin polynerization catalyst conpositions, methods
for the polynerization and copol yneri zation of ol efins
usi ng a catal yst conposition, and. polyol efins.
BACKGROUND OF THE INVENTION It is known that nono |
POISYMERIZATION CAFALYSTSHFOR PRODECING ROIPEMERS

pol yneri zed with catal yst conpositions enployin
L1 t anWHRH QW MEVELS QRIONG SHARN BRARE

netals, often conbined with a solid oxide and in the
presence of cocatal ysts. These catal yst conpositions

CR@)SSOREPERMCEWO Ref A Tepopep e TIeyg on of et hyl ene,

-as wel | as copolynerization of ethylene with
corm"ﬂblmlmath aleips ppigtitntn U1S. bRatemteApplicedioanBeriadNo.

@fiebhetddis Sroly bR AT AR BT P pRid o

P@E’Y@J{E’E&‘S WITERLAW $EVatd ®FtL(§N‘GR1“I‘TRﬁ§ HREANECRINERLIRLSs

meki ng and using catalysts that w [l provide
me‘mpam@@dlea:emaﬂl its enfiraiyt i viti es and polyneric materials

tailored to specific end uses. Pol yet hyl ene (PE)
produced by any nunber of -methods general ly contains

TECHNICAL MBEDADE TP WIVENATON 0ng chain branched

mol ecul es. I n sonme instances, 1ong chain branching
( LCBThis snvetdgiinrrethi¢sotol tingrfale ol @bgﬂr@nmtdkﬁdnilpqpltdmsi plgfin
fllmblovvlng pr t o _enhance t S|b|I|tey

Pe ggaieﬁgatlon catalyst composmons met o s or t e polymerization and

copolymerization of olefins using a catalyst composition, and polyolefins.

BACKGROUND OF THE INVENTION

It is known that mono - oleﬁns (OL oleﬁns) 1nclud1ng ethylene, can be
polymerized with catalyst comp,esmons employing titanium, zirconium,
vanadium, chromium, or other metels; often combined with a solid oxide and
in the presence of cocatalysts These catalyst compositions may be useful for
both homopolymerlzatlon of ethylene as well as copolymer1zat10n of ethylene
with comonomers such as propylene 1-butene l—hexene or other higher a-
olefins. Therefore, there exists a constant search to develop new olefin
polymerization catalysts, catalyst a’cﬁ%fation processes, and methods of making
and using catalysts that will provide enhanced catalytic activities and

poiymeric materials tailored to speeiﬁc_ehd uses.
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prepared with netal |l ocene catal ysts. However for many
uses, the presence of LCB is considered undesirable

wduaeoctoo4she i ncreased elasticity that it typi catitgs2005/022998

inmparts to the resins. Therefore the ability to

control the LCB | evel in polyethyl ene using

net al | ocene- based catal ysts is a desirable goal. One

exanphig el 1diai

e e N e
candiab watadl foomoslerate puqnatsest. 1dmgt chvdtin diramciedtrankbctiles. In

produce polyner wiith LCB levels tha det ri nent al
sqree ARgtRRCser ¥Q§hgnﬁlﬁaé’é brapching §L6B) g eéaﬁfiﬂystmprove bubble

st‘él%g&f)sduH gn%h%': %Ilcﬁ?ltn ggglt?Q%%aﬂg% Otff bgliotcgsnmﬁﬁw ro(}! résﬁns

prépsiet abitie n@eallocene SAMIVARY IHFWH'\HE foNiiahiy sk, The presence of
iy nvention enco asses cat alr%%t conposi ti.ons,

LCPois qeneigaradnien 1rab19§iuede oreaspd el%@@tﬁba&atflbtyplcally
oRGNTH L 68h P ARG AUhE LSS BRUHEPER b tevel in

ttal 1cne eRbanedlat bl aDL g Els 104 ti@:ﬂraib@é alsts, it
%s (%II| scovetlggg1 that the LCB gmgntent of PE ?desn ns nmade

wi t hOge céxavatlal ofsths weed rie| sgeednt thet hge Wﬁ@l&g‘ed or ansa-

mﬁn%tu?)lpé&ce aléléta ! al%%tx 8?%’3’2‘% fori {a?y(s?s or Ec?r{qé‘ tp%gpés%stgt?t

wh ?ttél{d @dlgmtce Myrﬁé} HRATIAS UERTs ARR 60 WBRNR N alh
e catal yst conposition. In one aspect, the present

ﬁlm\mﬁommanmcdlﬁmesﬁ;@ EVC aatal}wstcomrrplmm iand methods that
co ising a ti a a-netall ocene, conpound
a W%grtﬁt ﬁ@ntaolp@ﬁ 1%%% gtn RAICHEIE FPeACAION LS 18 2
dé:s¥r f%a%%% adi enyl -type Ii gand a solid oxide

or'-support, and an organoal um num conpound. The
pendant unsaturated noiety attached to a :

cycl opentadle | -t | igand ofthe -netall ocene
S’dﬁﬂ‘d&& &Td@ olefin, that can be bonded

This invention encompasses ~catalyst composmons, methods ' for

preparing catalyst compositions, ‘rnet_hods ~fer ‘polymerizing olefins, and
ethylene polymers and copolymers. A In the course of examining metallocene-
based olefin polymerization catalysts, it was discovered that the LCB content
of PE resins made with such catalysts was related to the type of metallocene
catalyst employed, and also related to.: the particular solid oxide activator, or
“activator-support” which, constltutes one component of the catalyst
composition. ‘ e
In one aspect, the present . invention encompasses a catalyst
composition comprising a tightly-bridged ansa-metallocene compound
containing a pendant unsaturated moiety attached to a cyclopentadienyl-type
ligand, a solid oxide activator-suppetjt, }and an organoaluminum compound.

The pendant unsaturated moiety attached to a cyclopentadienyl-type ligand of

2



to the cycl opentadi enyl -type. ligand through a

silicon, carbon, or other atons. |In another aspect,
woOho®/o0smsent i on conpri ses the contact product BETAS2005/022998

tightlybridged -netall ocene conpound, containing a

pendant unsaturated noiety attached to a

cycl opent adi enyl -type ligand, a solid oxide

tiRCAMAh St SsHR U dmp R By 86 AgRRahia10EM &QFBQPBQ bonded
In one aspect, the cat al yst conposition of this

ta MGﬂmntaaimH}’bﬂmq h@rtdl’ﬂér@mhteaslﬂlcpm,omhnbdm cdr atherl tass.
rtsa- | t t or ganoal um num

1 G bt his, MEAGHn gﬂ@pﬁg% T

bﬁ)iéé&‘&n%@fﬂ%&éﬂé Hlﬁl‘ﬁgtaa%éiﬂmtﬁgféﬂ'}ﬂme Ly

formula: . e|n rum zirconium O

attached torp cy?&lbpemdleﬁy@bypa ﬂganahdﬁmmdendé yctdvator-support, and
cycl opent adi enyl, -an indenyl, a fluorenyl, or a

a%QF&aPPFIHFB’éIu@r?QFYWUPﬂereof ‘wherein at |east one of

‘ s (sil%)s I?tgg% n%%?e)c{ tfiﬁ%ﬁ@ﬁ%t k egilgg}l &lﬁﬁtmv%ﬁ%n can com rlssei R
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theN donget Upaideidt 960 U haa/st Ngné henidnrBdiRcest, Rat ZRﬁst one
wherein each R4 is independently a. hydrocar byl group

omanaalgmsummm@ummﬂwt 0@1 mwamxﬂupgom,rwh@r@rr o 20
carb at RS is nalk [ ou an al k

arovd) antl iairahs e, e B epaPlul! Diiving e
férhengof haV| ng from 1 to 20 carbon atons; (X1) and
(X2) are connected by a § §t|tut ed or unsubstltut ed

bri dgi ng group cdﬁiJ)(Ks)(Xg)(XnNaWdlmdnmnded to both (X1)
and (X2), NYW}S t1?an1um zirconium, or hafnium;

(X') and (X?) are mdep,endently a cyclopentédienyl, an indenyl,
a fluorenyl, or a substituted analog-thereof, wherein at least one of (X') and
(X?) is substituted; V

at least one subst1tuent of the substltuted (X" or (X?) comprises
an unsaturated group having the fomula

A -SiR42R5, wherein

each R*is independently a hydrocarbyl group or a substituted
hydrocarbyl group having from 1 to. 20 carbon atoms;

R’.is an alkenyl group, an alkynyl group, an alkadienyl group,
or a substituted analog thereof havmg from 1 to 20 carbon atoms;

(X" and (X?) are connected by a substituted or unsubstituted
bridging group comprising one atqin bonded to both (X') and (X?), wherein
the atom is carbon, silicon, germanium, or tin; and

any substituent on R4,any substituent on R’, any substituent on
the substituted bridging group, any éi:ddi:tionél substituent on (X" or (X?), and
(X*) and (X*) are independently an aliphatic group, an aromatic group, a

3
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the atomis carbon, silicon, germanium or tin; and
any substituent on R4, any substituent on R5, any

weubmiootsent on the substituted bridgi ng gr oupPCamg2005/022998

addi ti onal substituent on (X1) or (X2), and (X3) and
(X4) are independently an aliphatic group, an aromatic
~group, acyclic group, a conbination of aliphatic and

| dr6uSrO4RRbindorP aBEAHA cy8lic Bdus, 87 SXRe
Cﬁ?r%g‘élg’ gr~ou%?§20~pﬁﬁgg%hgr‘us grcgué,gllanﬂa’rseni C 8?‘%63%1?’81

sdfurgrogy agritogen gresip| & pbosprotuspgronp,ger arsetic grgp agarzon
tin grqoup, a |l ead group, a boron.group, an al um nu

BB SR S OFR) A TGRS TP o R BEHE: &5aLEgRBub bor

u \Y : ,

gl?)ru g’mgq E{L%M%gglcé‘ragg’nﬁa%n\gﬁ%%{ﬂgé ﬁ , a{[ f 8@ @%@Oﬁ%?gg ﬁé\){ﬁ, Qg 2

sibstitthel degauivd dsrenfinaag ngd winithe baving siema 1 clonp2lirerbon
wth the fornula: Al (X5)n(X6)3-n, wherein (X5).is a

atqnsi & dakids;or hxdragsns rom 1 to 20 carbon atoms; (X6) is

atong) *hal RS AR AL AT S AT b ERAP AR

fodmuilnc! usi ve; and c) the activator-support conprises:
a solid oxide treated with an electron-w thdraw ng
anion; a layered m ner8(X)«(X")an i on- exchangeabl e

acti vat or - suppor; or conbihati.on thereof. this
peer. LSRRI e BBy BokRR 05 £l 20, et
' ‘ = : t1 4,e
AERD (X AP ah A BFEn ByISLiAL hARRTIor 1 (0°26 caftf atoms,
halide, vahydridey ppdntis a hombef fronhkto- Asipelusivef aidhi s
invention, the activator-su lg%rsy can conprise a solid

oxi d&/ treg’(e&?tlwtf)ﬁ's‘éwog%%? Wi t hdr awi ng ani on,
wherei n theogPbkide treated with an electron-withdrawing anion;

a layered mineral, .

an ion-exchangeable aéti'}{ator-support, or
| | any combination thereof. o :

In this aspect, the catalyst composition of this invention can comprise at least
one ansa-me"callocené, at least one organoaluminum compound, and at least
one activator-support. ' ‘ _ .
_ In a further aspéct of this inﬁéﬁﬁpn,‘ fhg aig:t‘ivator-‘support can comprise

a solid oxide treated with an elécffoﬁ;{?;/ithdra;?ving anion, wherein the solid
oxide comprises silica, alumina, silica-alumina, aluminophosphate, aluminum
phosphate, zinc aluminate, heteropolytungstates, titania, zirconia, magnesia,
boria, zinc oxide, mixed oxides thefeof, or mixtures thereof. In this aspect, the
electron-withdrawing anion ‘can cOmpriée fluoride, chloride, bromide, iodide,
phosphate, = triflate, bisulfate, x -’.s'l"illfate,' | fluoroborate,  fluorosulfate,
trifluoroacetate, phosphate, ﬂuorophosphate, ﬂuorozirconafe, fluorosilicate,

fluorotitanate, permanganate, substituted sulfonate, unsubstituted sulfonate, or

4
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oxi de conprises silica, alumna, silica-alumna,
al um nophosphat e, al um num phosphate, zinc alum nate,

woetmroopsh yt ungst ates, titania, zirconia, nMRgNEETAS2005/022998

boria, zinc oxide, mxed oxides thereof, or m xtures
thereof. In this aspect, the el ectron-w thdraw ng
ani on can conprise fluoride, chloride, brom de,
Hﬁ% a%asm? L Ul bliaiien, he U:J[cfn%%r-su géijtf@c&le further
orate uor osul -ate, trifluoroacetate,
cq:bimmbaet enetdl oormgthlosphateh af | zine,ozickelpnahedium, tungsten,
fluorosilicate, fluorotitanate, perpmanganate,

m§1}1§’§t31iuiri}t glyes,din. on ane copphEaben theieefd sul fonate, orany
t| Vge?gdrrﬁ%a % erc 8{" th1§ p’l‘l%ﬂﬂélﬁ tgg %ﬁtﬁﬁzoerssuéo oLt can o compnse

a f@%ﬁd méferslyien 1@1‘43-ei¢1{a<ﬁgedblé kefivatvaagghotior ki @6irdation
gbdenum silver, tin, “or any conbination thereof.

thpwo lnthiserspagip 8es 2@fvatorr sPPA Rt QHDPriseea clay mineral, a

piftale!he are 8RB RAted SO, SATBIAARCE A BHRG) TN EhBher Blige

mb fhoiayefdd tificgtea@RREA], al Héh- ﬁ@fefedaglgbaté Ulﬁﬁfb‘%il %aﬁyered
conprl sé a clay mineral, a pillared clay, an

alemﬁlmsnlaaa&j mhlmyal am m—&yemdecalmsgmateedmmrai or any
ther% matrix, a layered silicate mneral, a-
il cate m neral, a |ayered
aI u a I r hid.gca
i “1 a%b%*re‘f‘ o430 1t G BT AN SO G0
pradpeng, a tﬂmﬂﬁnemm catalfysir bhmpoqnnonl ctesprésipg avasstihgrat
pr oduci ng a poI nerization catal yst conposition
n‘pﬂnpsﬂr’i‘éa‘é%‘i‘% Phg CaEPPEAS Fhnecagh Ohgt QTgAPealyminum

I
Cowﬂg%adﬁtea?%?%% PR g RIAE o BT W e,

corFmRasi, | Whereheheiah lehet. dde: lopasinetdltoceas, the at least one
a-metal | ocene, the at |east one organoal um num

or@@m%@mmur@ﬁamvhéndtandébg et lpagt enetdoliyeler sypppbete dafmed
het%lglfl ned herein. In still .another aspect, this
"AVention affords a method of pol yneri zi ng ol efi ns,
CO”’DInI glingnothenispett, ftis Shventionaffnds amaRéd @ﬂfs}blymenzmg
a- ol ef m cor ononer
olefins, compnsmg contactlng ethylene and an optional a-olefin comonomer

with a catalyst composition under polymerlzatlon conditions to form a
polymer or copolymer; whereln the catalyst composition comprises the contact
product of at least one ansa-metallocene, at least one organoaluminum
compound, and at least one activatdr-support, ‘and wherein the at least one
ansa- ‘metallocene the at least one orgahoaluminum compound, and the at least
one activator-support are deﬁned hereln A

In a further aspect, the present 1nvent10n provides ethylene polymers
and copolymers, and articles made therefrom, produced by contacting ethylene

and an optional o-olefin comonomer with a catalyst composition under
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with a catal yst conposition under polynerization
conditions to forma polyner or copolyner; wherein the

woatmlogstso conposi ti on conpri ses the contact preduas2m6/022998

at | east one a-netall ocene, at |east one

or ganoal um num conpound, and at | east one
activator-support, and wherein the at |east one
payRRiBhi O CRditldhe ’f 682 pBRen&" eﬁ%gbwﬂl&y Ryherein the
conpound, and the at |east Oné€ activator-'support are
cadelyshedmpesitipm, comprises .thé rcoatdctirpgrbductaspeacticadthene ansa-
n@r fﬂent i nvention %)I‘OVi des et h%lt ene pol mera ang

ng Ctfer 8 1eATH Q% (EPHOAERIBUM KEPEONBH, aBf oduceRst Hyne

a%ﬁ{%ﬁ@fgéu?g%eﬁﬁﬁ’ WRfeiA e ah 1Rt @%@ﬁg{aﬂfoﬁh& MO IO RS:

tal yst conposition un
on® o gaealunainuon compdind, cngl the htoleastaopelagtiestopsupport are

copol ymrer ;. wherein the catal yst conposition conprises
dﬁ%@%ﬁﬁé@ - product of at |east one ansanetall ocene,

| BRAloRa% AR UM, RO Gnerighflb e bRl

act 1 vat-or-.support, er-ei-n-t

| campBiifbh 6AEBEa cohpoahd Wetithe BIRWINGZGRAT nUM

conpound, and the at. |east' one actlivator-support are
defined as herein. | yher
i nvention, the a a- ‘
conposition can be wWwhes is carbon, silicon,
germani um or tin; Rl og,)% and R4 are

i ndependently H @&'-g hydr ogfagpy group having from 1
to 12 carbon atomd? ard R an al kenyl group havi ng
from3 to 12 carbon at ¢ urt her. aspect of this
invention, the n a-nmg c€ne of the catalyst
-conposition can be a RYeapopnd with the foll ow ng

formul a: wherein ER’S camBon or-$il{®on; RL, R, and
R4 are independently nethyl or phenyl: R3,is.Hor _,
wheeiy 1B . g f@rten, i silican, i garaiapiong, cpp Gz dki) R, 3Rbutrc B are

R R RS Tl LPRABE T Y s

AR SHRGHREH Gre-haing frém 3 to 12 carbon atoms.

In a further aspect of »thisl"'.ipven'tion,' the ansa-metallocene of the

eSiBf2RE he cat al yst

;:atalyst coinposition can be a c’ompoﬁn:d":with the following formula:

SiR%,R?

@;

wherein E is carbon or silicon; R, Rg, and R* are independently methyl or
phenyl; R3' is H or #-butyl; and R5 is 2-propenyl (CH,CH=CH,), 3-butenyl
(CH,CH,CH=CH,), . 4-pentenjl * (CH,CH,CH,CH=CH,),  S5-hexenyl

e



octenyl (CH2CH2CH2CH2CH2e H2CH=CH2) ,
3-net hyl - 3-but enyl (CH2CH2C( CH3) =CH2), or
WOCHRBORBYM=C(CH 3)2) . In another aspect of thPET/US2005/022998
invention, the a -netallocene of the catalyst
conposition can be a conpound with the foll ow ng
formul a: wherein RL and R2 are independently . nethyl
(eH @H?OHECHF@HE@}H)O% Beﬂ%éﬁﬂ' {CRACH,H,01 CHZCH—CHF% 7-
i ndependen , ethyl™ propyl or” butyl; and
ocensl pr op SH, HICHEGHGEH,CI I EHy)| (O REHREHCH B feny]

R CER R i T B COR R

cat alpy %ﬁoﬁ@f‘%’éb‘@ d)PﬂEl@mvm%ne ‘tﬁb g%@taﬁgc&{e?of the catalyst

i ndependent |y net hyl™ or phenyl eac

5 compepéinnean by arvehipound etithythe f@]ﬂmmlg foomulautyl . In
anot her aspect of this invention, the

ssolid oxide treated
gr‘ﬁ’g% (also termed a
chem cal | y-treat ed ..... Sa de) Y | I'ayered
m neral ; an ion- exlch gl /6 ct3| vat or - support -or any
conbi nati on t her fixCla&pect, the
chem cal l y-treat
oxide treated with an R
wherei n: the solid ox{dex@an be silica, alumna
silica-alum na, al ug Sphat e, gwm num phosphat e,
zinc alum nate, heter opol yt.ungst at titania,
vxzhereer aanch&@] res iiedepeaddnaly  zhéthyut ﬁﬁenyﬂr} Réds <H<|od edutyl;
there m xtures thereof; and the electro

eagh Rd i%%ﬂ?f@ené‘ﬁn'@h Baihybetiylupiopyk or SR steR m%@r@r@pyl
(FﬁdCﬁeC}P oth?“o%terfyT bt I(éheCH tﬁ%f}f‘ﬁ e sylfat glpentenyl

Aor obor
10 (CHZCH2CH2CH—CH2) - ‘ ;

i

In yet another aspect of. th1s invention, the ansa-metallocene of the

catalyst composition can be a compqund .w1th the followmg formula:

wherein R' and R* are indepehcfer‘iﬁir methyl or phenyl; and each R* is
15 independently methyl, ethyl, propyl, or butyl. '
In another aspect of this invention the activator-support can comprise:
a solid oxide ‘treated- w1th an electron-withdrawing anion (also

termed a chemically-treated solid ox1de)
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al% ¥

fluorosulfate, trifluoroacetate, phosphate,
fiuorophosphate, fluorozirconate, fluorosilicate,
woOlomwrootish anat e, per manganate, substituted sul POnAaSen05/022998
unsubstituted sul fonate, of any conbination thereof.
Also in this aspect, the activator-support can
conprise a clay mneral, a pillared clay, an
exf ol i at egl1 Gl mafergxf ol i ated clay gelled into
anot her oxide matrix, a l-ayered silicate nineral, a
non- 1 ayer adlcsn-d:xodnan@albimmtlarhtorauppqremd
al um nosi I [ cat e m nerﬁ)é?1r %. non- | ayered al um nosilicate
m neral , ¥8n thereof. In a further
h 0
V3 deped rr@%eieﬁé.ﬁé%%@% SRHRROL BRI IS E TER YR otide
treatad stithran efedtydisteithdravang deion; tvhageimr any corrbl nation
t hereof . . Exanpl es of the solid ox
act i vat or eupiobid; vde ugan Bet siice: naiummﬁa t @ljcg-glumina,

e i

tlfahiwf rigehial bﬁﬁlgﬁ@ﬂﬂo%bhat &in@ d&hdd aﬁ'@}@bddoﬁ(ydesomh@eof or
conbi nation thereof. |n another apect, for exanples,

Htlﬁéf%dhﬂﬂaf,@fldsupport can be a sulfated solid oxide,
and i n angt he ect, .sulfated al um na, | n
anot her aﬁ’ﬁ ﬁrl grfo léhﬁhﬁ%?ﬁ i GHOM ¢ K glF ga%%og cham ﬁ]&]ﬁflde
bRATBEUNEHGRITP rﬁﬁﬁmﬁhaﬁecom@d pisufche, f ehMMba fluoroborate,
Al ( X5) n( X6) 3- erein (X5) is ahydrocarbyl having

flhomsultatep tﬁﬂummb@tnteatphmphe(te% Ylupgopdiokpheitej e fluprozirconate,

d h h f 1t
ﬂg?%ﬁﬁé%wil bt | (BOTgarARe. ~surHpaed fr anltenite;
umsubbtMetddS i fonatd) o%‘ir?ghﬁﬁi?@ﬁﬁﬁﬂ thetddg, OAﬁéﬂﬁ%hiérﬁs e@a the
may be trinmethy

conpoun umnum triethylalum
adtiviapureguppartt uah neomprigel detayl mineralnanpillared clay, an exfohatcd
triisobtylal Un num_trihexylalu

clayi pg &ﬁé@éw%d GHyngsted; iite @ngihsy W%ﬁ#m a layered silicate
n‘%ﬁ&%ﬂ +ﬁJ URATLTN % lg&eror ang o@H{E‘a{%Hﬁﬁé}

._.

um-num C ereo

&x-mk&salaﬁnﬁ&seh@t@ ﬁﬁﬁ)@’au 16 YN o@ﬁmwm theebden alfutther
are not
aspect, the actlvator-support can further comprise a metal or metal ion such as

‘zinc, nickel, vanadium, tungsten, m(_)lybdenum, silver, tin, or any combination

thereof. ‘ o

Examples of the solid. OXidc'fagtiyator-support include, but are not
limited to, chlorided alumina, chldfidéd zinc aluminate, fluorided alumina,
sulfated alumina, fluorided silica;ahimina, fluorided aluminophosphate, a
pillared clay, or a combination thereof. In anofher apect, for examples, the
activator-support can be a sulfated solid oxide, and in another aspect, sulfated
alumina. | ‘ | '. | o

In another aspect of the iﬁv&ﬁﬁon,' the organoaluminum compound

comprises a compound of the- formula Al(X?)u(X%3., wherein (X°) is a
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limted to, triethylalumnum (TEA) or
triisobutylalum num (TIBAL). In one aspect of this

wonvwnsn, the activity of the catal yst conpoBCTiUSH®S/022998

of this invention may .be enhanced by precontacting
some of the polynerization reaction conponents to form
a first mxture, for a first period of tine, before
h&@ﬂo%aﬂ@yxhwlﬁ ifforh 68 20 reaﬂfaheﬁom&t(i)cﬁ? 'i‘sealkﬁﬁﬂb%%ylomde
pol ynefi zati on reaction component’s, formng a second
any wf whéch haing ﬁswmz ibrtmi Aecdrbon aifoms helidéGor hydrdyl and 1 fsea
m et aI oceg ound, can precont act ed w Eh

éf%r 9 ¥V§-onkt @xet eb&SE%ébrerwganoa uminum
B TR

mlahmumudl of tine tﬁsbbnﬁtylaﬂdhaﬁum xt ur e i sricentlalatetum,
with the remaini ngl‘l mer4 Zati.on reacti on corrponent S,
gy IRER, no plugpinps, o disthylplesmingen  ethoxide,

jﬁgfgﬂr}l@b&hnﬁﬂl%pﬁi hﬁ é{yfaﬁ nﬁﬂﬁg %1% lag LY %gac!cjl%fbmatlon

ure-an *cbrrprl

thef €D nEﬁ@ﬁl@IésC@mﬂ@n&FgfaﬁoalaﬂﬂndrﬁQ: ind mcHide! *But $re not
typically termed the "postcontacted" m xture and

lmtvérto,sté@ﬂwé@lumméwé) @oﬁm@wyblurm@um @lBddle, the

and. S §a e 5Ea Ay e “0Agate ShiaDel opporitons

of OFHiRC hiRntbh hnidie REt tphosd SHp p?fetconﬂaéuﬁgesémee off the
‘precontacted" ni'xture.- The m xtu nmetal [ ocene

polynerizetion repation | components do fomh wsfitst anxituw,lfdr a first period
fornmed fyom contactin

ct.i vat or - support, ﬁ he
gr HEBnt g?ﬁoéed ﬁil&t e 18 then a%‘?f&?@e Wit the remaining
p@Bftrﬁe‘f&taﬁ%%’a‘UﬁBﬁtconﬁd@nEHﬂésf&rﬁﬁ d bshd ﬁg)gtﬁs.l d%ﬁ%ts%gond

m’xt ur e Is term (0] is US reg ard
peypd off tihgact Fon emmlule; tiet wmmmamme@mtcs)nqﬁomhe can be
m xtures. For exanﬂ) accqrding to this description,
pmcon@cf,sés@iﬂb seme gyt an@lbmé@@tmdieé@m @aﬁmfmﬁs Aghding,
n e | t adm x

o5, B S5 apile S b s et pBY i uSioartium
c@*eaftatl £te r é‘d?ﬁé"g&%d Lo BEfoRN 1RO thishir& ¢ BbRaée@ Wi She

di st | nct organoal um num
remaining polymerization reaction components, including, but not limited to, a

solid oxide activator-support. The first mixture is typically termed the
“precontacted” mixture and comprises precontacted components, and the
second mixture is typically;terr‘ned; thé “poStcontabted” mix’lcure and comprises
postcontacted components.  For- example, the mixture of at least one
metallocene, olefin monomer, and -organoaluminum cocatalyst compound,
before it is'contacted with the activatof-support; is one type of “precontacted”
mixture. The mixture of metal.locen'e.,f-,mon‘omerf Qrganoaluminum cocatalyst,
and acidic actiifator-suﬁport, formed from éontacting the precontacted mixture

with the acidic activator-support, is thus termed the “postcontacted” mixture.

b
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woatmlogstso conposi tions that utilize at

conmpound used to prepare the precontacted mxture.
This invention also conprises nethods of naking

-nmetal | ocene catal yst, at |east one organoal um num
conmpound as cocatal ysts, and a solid oxide _
activator-support. The methods of this invention
ThaClentiindlb F nbal 1eBar s oFakl 195 BE r621iBh XRbud KbiBen
. organoal um num cocatal yst wth an olefin, typically
chmpondits o€ thesguxtutes, Rormxample, acootdegotl thiedéseeigtion, it is

I i zed ' t tacti t hi s precontacted
PRFHIEAET Wit b ool pop imae CRAmRRngh BRer 1, s pegived

vRTe SR IndidlWRehé Qﬁ‘h&gfatll?%ncg O4HY 'tlﬁfj%léi‘ﬁlwr@g)?&&f %o have a

conposi tions, methods for .preparing cataly _
diféarputsiheimend foramdatien hatistricdure fodn e diziing oeg@fdangninum
in inmproved productivity. In one aspect,

h B
C%lﬂﬁtg%f{ﬁ#eﬁt&a Qf?%@% REEFtaste bIMX e hout t he need for

usi n r S oncent r.ati o of, the. expensi ve

cocats Sgstﬂﬁlﬁg}iﬁlsl 3 éﬁ%un?%géégges (VRGOS orh AR, gadplyst
comppsitiond dmt Cailizb et J6H3s bab tindd-nyethll®RnOfcatdt, at least one

However, this invention also provides a catalyst

OFSSRPYNTINGH coBRoNd inh gocaalysiataad abideoxédrmpuiitbresugpan.
i NN ect, th t al,yst osition

Tk LRI el R v BRe I I efBER! i

alRdt dry ab1@an SARARIIM WaBERAT) st h@it@caﬂll Vlefin; SHPRAT tbl% not

conprises a chem cal I%/-t‘,r,,eat'ed solid oxidé; an
S

NS wt ac oppsneri 60 be rilgmerized raq u?yrtﬂ&nteﬁzecﬂmpriios eto
' d. Additi ... thi

oo BR breReb SRR Yivh i oneiiis Setnercivpent ng

at | eAs tpreRtst TRNGRh ﬁﬁ‘ﬁlg} RSm ﬁ%@ln)érwo 8%@5%??}:'giﬂp%'§iﬁons,

under polymerization conditiofns to pl
metilodagior pRépasingt dutalystnecengiositionsp and is&Rode fdropslyhefizing

I rizing ol efins using. the catalyst conpositions
o TP b p R b e SRSk can

bd QYR ANt WHERSRE HREFEETsilE oY SU& cMentrations of the

“expensive cocatalyst methyl‘ alumiﬁo,xane (MAO), or the catalyst composition

can be substantially free of MAO.. However, this invention also provides a

catalyst composition comprising an -;:‘qnsa-mgtallocene compound and an
aluminoxane. In this aspect, the 'V -bétélyst 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.

Additionally, this inven‘tio':r,i:};Qnoompasses a process comprising
contacting at least one monomer: “:ind the. catalyst composition under
polymerization conditions to produce the polymer. Thus, this invention
comprises methods for polymerizing olefins using the catalyst compositions

prepared as described herein.. .

| east ORET/US2005/022998
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This invention also conprises an article that
conprises the polyner produced with the catal yst

woaopawstsdon of this invention. These and ot hePCT/US2005/022998

features, aspects, enbodi nents, and advant ages of the
present invention will becone apparent after a review
of the follow ng detailed description of the disclosed
f eat unRSreddhe irf\%h{ieﬂ\"aﬁg eﬁe&ﬁgéss@sqpéw Befyo%s. filed

cont enpor aneously wth the present application, are

i ncorus aneuitioy aled eompeiseshen eirticle rthath eomprsdsi thet pelgmer
U. S. PATE APP}_ CATI ON SER!I Al, NUMBERS 10/ 876, 891,
P{RYUEG Y Eythe COWROSILAP of BrigwygpHon. BRI EF

DES : El AL

speciTre S oaneh et ety itbehls: 43 b addlpt e
pEesanpinesntardwilhbe@sne apparent Eft&JREevfie\ﬁ fo Vlhdjﬁﬁloa/iﬂ% détailed
of |og h(0O) versus |og (Mw) for polyners prepare
desmtigniny t %d{SH]@S@(éﬁ@%Fé% and Table 1. FIGURE 3

PP e oRlfl sitonk Aol Hork RS oibMihcbly suish she

- plesebEAplidaRoRESKRIRbHSMatel HiHEerbANMENTefIth Thethet e&ﬁﬁgﬁes:

i nventi on provides new catal yst conpositions, nethods

U 8P AN ARBLEGAZTQS: SER Ao MBS e ARCLE
al itions'to polynerize ol efins,

lg@pﬁ%p#@mgmﬁ articles prepared therefrom In

one aspect, this invention enconpasses a - catal yst

conposition conprising a tightly-bridged -netall ocene

BRIMFJOBECRIPATEDNi Oy TAIE BIGURESf unctional ity pendant to

nt adi enyl -type |igands, a

'gfﬂ ! ﬁ@i&lﬁg?é {lﬁtﬁﬁg?e%tﬁgéﬁ%gg?;ﬁtruq;ws 2 s mstrdlRrenasiigad in -

tﬁé)E‘Qgg&g her aspeéct, - this invention conprises
nmet hods ? gllrl@r[rrggggg and 'usi'n'g the. catalyst
conp@$GURH 2Gatoeidesta florpdsod mel) *adu P OMENSr polymers
prepared according to the Examples and Table 1. |
FIGURE 3 provides a plot of log 1(0) versus log (M,,) for polymers

prepared according to the Examples and Téble 1.

DETAILED DESCRIPTION OF T HE INVENTION

The present invention provides new catalyst compositions, methods for
preparing catalyst compositions, methods for using the catalyst compositions
to polymerize olefins, olefin polqur§ A‘and articles prepared therefrom. In one
aspect, this invention encqmpasséé,—'f'a-.' 6atalyst ‘co‘mposition comprising a
tightly-bridged ansa-metallocene cérhlzibund containing an olefin functionality
pendant to at least one of the cyclopentadienyl-type ligands, a solid oxide
activator-support, and an organoalunjinum compound. In another aspect, this

invention comprises methods for making and using the catalyst composition.
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The Metal | ocene Conmpound I n one aspect, the present

i nvention provides a catal yst conposition conprising a
woni@gediser ansa- net al | ocene conpound cont ai ni RGTAIS2005/022998

pendant unsaturated noiety attached to a

cycl opent adi enyl -type ligand, along with a solid oxide

activator-support and an prganoal um num conpound

further disclosed herein. As used herein, the terma

a-metal | ocene refers sinply to a netallocene conpound
Qatalybi Chmplositionoand Compamnkadi enyl -t ype |igands in

TZi z/ée ecul are linked by a brldgl ng noi ety. Useful

fi -1ld gﬁ’é’é’”dre typi.cal |y "ti-ghtly-bridged",

mean h [ 3@%&

are g%%ﬁglﬁggétb?léa O g%}’g‘%?&}mﬁéﬁé.éﬁ@ t ésdh test
cbinpkisiaf 4 beidged dgi wgarmetlycdnet Nmﬁpbliﬂ'decontammg a pendant

h5- cycloalkadlenyl-t¥pe ligands is a si-ngle at

unspt atedpmoredy, gitaclad tha e %@@aéwnyh@pe Higandp é%qngewﬂh a
s ot N P LABME U LYUBROLARANR, LSRR Aher

divetostd heefies of ‘this invention are therefore bridged
bi s(h5- cycl oal kadi enyl ) -type conpounds, . wherein the
h5- cy'¢l dabk ahlﬁ?Téﬁyl th@o reLd N&7IanEE @c@r;ﬂclr@*{@ém ampéhyto a

d d fl
et fbeens, cPRRTORC 4t ﬁ&b%awgﬁif@éioaéff y5q lighids in
t |
tfdibiie e IhAQS b PRBRbis fiolkty ﬁﬂe?ﬁu‘ﬁ’?g'ﬁﬁ%tl%fﬁgg are

typicully. “fipafly-bsidgedy ﬁmmhgt th@ﬂtth@ftvst(h&] ditddi@t1-type
-bridgi ng group conprises“':.an unsaturated group
lighiedseane eanaeciad dayu adtr@tglm @t@ﬂpcwhetfen dhe ahklémtlhrg:r ofithe

or. a

ba e oebuBemaPh 54 Rarbapardenflavit Hagias & fagle atom.
At B
c&ql?ﬁk@&lﬂ:@ﬁe@ﬁ§ 1izeMdPR &ﬁ:sﬁbhp @ﬁh@@g}PQﬂg Bhﬂgﬁh@ Aofmhdinbe
substituted. The metallocenes of this irivention are therefore bridged bis(n’-
cycloalkadienyl)-type compounds',l,‘\:ﬁfh,éreih the m°-cycloalkadienyl portions
include cyclopentadienyl ligands, indenyl ligands, fluorenyl ligands, and the
like, including substituted analogs of any 6f these.

Further, at least one of the m’-cycloalkadienyl-type ligands 'is
substituted with a pendant unsaturated group. That 'is, one substituent of the
substituted bridging group compri"s"éé;'-'.‘an unsaturated group, wherein the
unsaturated group can be an alkenyl group, an alkynyl group, an alkadienyl
group, or a substituted analog theréof. In one aspect of the invention, one
substituent of the substituted bridging group comprises an alkenyl group, in

which case the ansa-metallocenes fnayhe described as containing a chain with

a pendant olefin attached to at leastone‘}"otf then’ -'cycloalk.adienyl-type ligands.

12
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a pendant olefin attached to at | east one; of the
h5- cycl oal kadi enyl -type |i gands. Further, the pendant

wanewioos@ad ed noi ety attached to a cycl opent adi eayiusonpe22998

| igand can be bonded to the cycl opent adi enyl -type
l'igand through a siliconnoiety, a carbon noiety, a
germanium noi ety, a tin noiety, or through other

I t
R $ehbal pheal CBRAGER' aChE) 0 3 SR AR el vme
lighhd cam-bethetdgd tbrthengchepratienylhepa lagaﬂdtthfdugthem 8ilizbn-
this invention conprises,a conpound, having the
T3P vy P £ATHOR %(13%’ X BREMARHER ANGieRyy 2 tin moeeam einthrough other

BN Hicl, N b AR XZAn AL 10IBRRAIENT Yo

a cycl op nta I 'hdeny a fl

| cyclbpéntadlte@yl @paﬂlg@nd ﬂ@b@gﬁa sitibed-gidietst Ieast one of

(X1) _and (X2) is:substituted, . _at |east one
subs{i tQnenesnset.t the emsssictalloeene| ki thisr inveptior wepmITises a

a roup having the fornmula -Si R4 2R5,
M%&gﬁ%v&é%ﬁ uPal'ldependently a hydrocar byl group
or a substituted @y@@@@@ﬂy& M Q4Rrdiavi ng from1 to
20: carbon atons; R5"1 s” an al kenyl group, an al kynyl

group, anMl llsalﬂaremyll, chmunm, olrha’nsmmm i t ut ed anal og

t hereof h f 20 c bon a Xl and
02 “are Bt &g PN ey Sepenidient undgnyl
abﬂm&g%]g o b QMBstHATRY ér&ﬂéggtlﬁ%fa%@e@@ 'aE* %asf Bnd ek fixtyddd
and wherein the atomis carb It con,

(ﬁé)rmaubmted,r tin; and any- substltuent on R4, any
substituent, on R5,

~ bridging gt bag ongrp ééwsﬁllj’ﬁb‘béfélg %ggﬂtég&g@fﬁg%} glg(%(szb I)@g?)%tpgiges
ah BAdatn AR group having the formula
-SiR%R5, wherein ﬂ é
each R* is independently -a hydrocarbyl group or a substituted
hydrocarbyl group having‘ffom‘i tQi_."Z:()'fcarBon atoms;  :

R’ is an alkenyl group, an alkynyl group, an alkadienyl group,
or a substituted anaiog thereof having from 1 to 20 carbon atoms;

(X") and (XZ) are coﬁﬁected by a substituted or unsubstituted
bridging group comprising one atom bonded to both (X" and (X?), wherein
the atom is carbon, silicon, gemaniﬁfﬁ;,_ Qr tin; -and

any substituent on Rf‘; any substituent on R’ any substituent on
the substituted'bridging group, any additional substituent on (XY or (X?), and
(X*) and (X*) are independently an aﬁphatic group, an aromatic group, a
cyclic group, a combination of al1phat10 and cyclic groups, an oxygen group, a
sulfur group, a mtrogen group, a phosphorus group, an arsenic group, a carbon

group, a silicon group, a germamum.group, a tih group, a lead group, a boron

group, an aluminum group, an inorganic group, an organometallic group, or a

13
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(X3) and (X4) are independently an aliphatic group, an
aromati c group, a cyclic group, a conbination of

wablolvatise and cyclic groups, an oxygen group, PaTaSkd0s1022998

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

sullsAHRed WBrithtil ATEEN QHP: oW HidOhEARE Cr8OYPo 8P0 carbon
organonetal | i c group, of asubstituted derivative

atohest ebhlidg oy hyfiragehj ch having from1 to 20 carbon
t I : h : i nk t hat
connth fnfies 5 eStnest (5'AER (L1 ik s A ket i ofhe
bltl@gng h&giNgs H%?gw atdid WwhetbiAdhe a%rﬁmaw%r glcartolie sﬁﬁtc&m

can be a car bon, I'i con; ‘germanium or tin atom
gam@nagpeat tin atohe lmrorrd:gaspgstatﬂle iridging atamiden oarbwu dri su:lmon

atom in ich case_the bri-dge conprises '
a@absm tvmléﬁ ﬁwe peidg 6r09m%§ﬂsl Aefidstifed, pm@ﬁhyk:ne (or

l%‘éét%??ﬁn% R R A

corrpIn 886 a@pboun@talhuitad@dswsﬁm@nh a? ithieg subseitfted T Ror (X3)
-SiR4 2R5, .Werein each R4 is independently a

CoyBIES ANBYIsalgrased gnpdagingsthe femada hy dr ocar byl gr oup
‘haV|ngfrom1to 20 - cg}g% toms R5 is an al kenyl
group, an.- al kynyl hﬁf‘:ﬂ%dl enyl group, or a

substi t ut 8&haﬂ‘ahsoﬂ1dteﬁé‘%fd%ﬁﬁy h@%‘yﬁﬂ)cﬁf@ﬂng%o%? 028 sQlBEthtﬁfbd

atons; | n anot her aspect, | éast one substituent of
hydreca;dzy]l gxpepﬂladlmgrfmmtlypem caghon stonmmpri ses an

e LS LR 220
0105 sitbsHRSd hhdib %M}ﬁgﬁ{?ﬁ 689 to Xat‘Bt)n‘MBrﬁ? has from

to. 20 carb at ons et ano er aspect, this
s ubsIn tnreher aspecthet epst comesnﬂ)amuenybf thepeycldpgatad eenybbype
e NS T
alkenyl group, an alkynyl group, an alkadienyl group, or a substituted analog
thereof, any of which has from 1 to. 20 carbon atoms. In yet another aspect,
this substituent of the cyclopentadie’nyl -type ligands can comprise an alkenyl
group or a substituted alkenyl group Examples of alkenyl groups include, but

are not limited to, propenyl butenyl pentenyl hexenyl heptenyl, or octenyl.

" In another aspect, the alkenyl group .can be 2-propenyl, 3-butenyl or 4-

pentenyl. Thus, in one aspect, the pendant unsaturated group can contain the
carbon-carbon double bond from .3 to 7 atoms removed from the
cyclopentadienyl-type ligand itself, and in another aspect, from 3 to 4 carbon
atoms removed from the cyclopenta@iéﬁyl—type ligand itself. .

In addition to an alkenyl, 'vall'{':ynyl, or alkadienyl group, any other
substituent on the cyclopentadienyl‘-type‘ ligand, or any substitutent on the

bridging atom, when present, is independently an aliphatic group, an aromatic

14
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are not limted to, propenyl, butenyl,: pentenyl,,
hexenyl, heptenyl,. or octenyl. In another aspect, the

wablbmrgk7sgr oup can be 2-propenyl, 3-butenyl or Pd1/US2005/022998

pentenyl. Thus, in one aspect, the pendant unsaturated
group can contain the carbon-carbon double bond from.
3 to 7 atons renoved from-the cycl opent adi enyl -type

ey &ﬁ%&up,%r%ﬁpm 41iptaRE Ghd c}r 135%1%1.1?}9 #h oxygen

jon "at os renoved from the cycl openta
gmgpgrajsulfls@rbup,larmaﬁgeﬂ goupt a)phnsmioklwlgﬂoup,azhkyr@ymc gosup,

aIk di en any other substituent on the
f;‘ Sﬁ{%%éﬂwntg}ﬁ@ |3 SFARANIUSR SERP: 3 iFsgToERs 2 lhed @ioup,
ata rBISroEi; Fﬁ%ﬂpg %(r)l 3&18&%&’%@ e% n']gé e%g ﬂ%orgﬁrﬁc %glg]i? end eo'i] %ir%n%galhc

gonﬂm arad smuoitecaldeﬁhﬁwecthafe@fca@ oL wlichURS/in fro@ﬁ()‘( aen20
group, a sul fur group, a nitrogen group, a phosphorus

PR 21IRS; af Shatide; g ohydrogen; ar Betheyy dhis, descaipfipp opf other
_ %B&&‘cﬁent@ Ogle{thCE/I HPeHadichy gﬁ%’t Bpgagaoql%p%} gﬁn]i%i&jgdﬁ &Eoofi’lgﬁn,

iaclgas @ﬁ’l@dtﬁbtled CuludBiuted bearHBS  lidddt, et I‘i’&éﬂo‘éﬁﬁh \@bstituted
t hereof, any of which havi ng from1 to 20 carbon -

aalogs .of shess| maistienr Fuythenigets. nokmeressary that the bridging atom
d f oth t
SRR ar Bl P P B det EPh S 205 and g2y con simply
dé%[pris@@ lhugigr SRt (GH’ b]gt W&d& Eﬁefj brlaéé“?:% hting (X'

l'i near, or heteroato ese
amgi (X @snprﬁsmtargoup smch 5. (hMtez,lG(Mws)slﬂ[)yCPhgtantihEe hke
brid tom e substltut ed. For exanple, the_ bri
conn § waatyraissl gaeunsi nibey eaBpbs shended to the

al'l t i.d
BRI i DO s 8 TS o
pEbfey1(GivethRiyl) CPESIM@ 0L, Cie-GHRe. @‘-Bﬁﬂéh?l%dﬁﬁethylsﬂyl)
unsat ur at ed oups that can be bonded to th
(S{Neb gt Ign@}Ha};ype li gand i ncl ude, 4-@9t1tea}’]édlﬂmthyl8ﬂyl)

r nyl(d|nethyIS|IyI)
%%ﬁ%%@%ﬁ @ﬁ - but enyl (di et hylss]?eIX)? 1)71(d1methylsﬂyl)
—TCH 4= pentenyl (di n@h@pfﬂeﬁyﬂ(aﬁﬁethylsﬂyl)
éSl Me2CH2 CH2CH2 CH=CH2 5- hexenyl (di met hyl si |
(SiMe,CH,CH,CH,CH,CH,C —CHZ), 7- octenyl(dlmethylsﬂyl)
(SlMezCH2CHZCHZCHZCHZCHZCH-CHZ) ‘3-methyl- 3-buteny1(d1methylsﬂy1)
(SiMe,CH,CH,C(CH;)=CH,), ' ~ 4-methyl- 3-pentenyl(dlmethylsﬂyl)

(SiMe,CH,CH,CH=C(CHs) ,), or & Substltuted analog thereof. In one aspect,

the unsaturated group bonded to at least one cyclopentadienyl-type ligand can
include, but is not limited to, 2-propenyl(dimethylsilyl) (SiMe,CH,CH=CH,),
3-butenyl(dimethylsilyl) (Si'Mez‘CH}g‘CHzQH=CH2), 4-pentenyl(dimethylsilyl)
(SiMe,CH,CH,CH,CH=CHy), or a substituted analog thereof.

In addition to containing a bridging group, (X") and (X?) may also have
other substituents. Further, the :alk'enyl, alkynyl, or alkadienyl group bonded

to a cyclopentadienyl-type ligand may also have substituents. For example,
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(Si Me2CH2CH2CH2CH2CHECHR) ,  6- hept enyl (di met hyl si |yl )
(Si Me2CH2CH2CH2 CH2CH2CHECHR) | - .

wé-200t0847h ( di met hyl sil yl) PCT/US2005/022998

(Si Me2CH2CH2CH2CH2CH2CH2CH=CH2) ,

3- net hyl - 3- but enyl (di et hyl silyl)

(Si Me2CH2CH2C( CH3) =CH2) ,, 4- net hyl -

then‘esmd Reli ﬂ';WJ)tStHeyJS)iR‘( R MGW &tﬁ%}m%%d a8wdll.
substituted anal og ther edf. I'n one aspect,
Tlrﬁsaslubsantlm]htgamwplebmdcfe«ﬂnttbe semd elmlmm]ngoups or m01et1es that

qa%gﬁs:e?\%ggqt g{j ! g’%r%’&e@% l(hl(g%g&j H§ o I ncI %gglloggrgesl ST}TL?St any

@%w an su%st;f’[ti%ﬁnéf% gﬁ% %&hﬁ&lﬁ) ott thdBabdRuted

Hr Bl gMe? GHREHARY 2 -GN sulisfmﬁnﬁdbf{ml) oit (exF) amad 08%) and (X%
thereof. In addition to ¢ontaining a_bridging group,
ERDr infepensiontlyean ainhstin vaupsen @rorews giaupeAtCyclic group, a

S ST kP bs o B Sk B o,

Haygers ghsip, t4! b Sphor@y € arseni¥! Sroup, -at BALEA a
R5 %e?oups Ijof h -S R4 2 substltue% gan g%de

saligent group,cdgersnaneuri graume eetlrsgn@gp; a lredtgomet lmbe erap, an

agr om tnggro(su%gglg %?,c)?é“gﬁ% g(‘iﬁ?u %5%%18@6{@{ If Eﬁoutpr,] at 2 $8stituted

deiRhBYd BEBTS anyl BE Suhid@ Navil ?ﬂo&ﬁ YEHT 20Raf¥dn ABMs; a halide;
substituent on R5, any substituent on the substituted
dor hytypgen; gxsolqm,g amtheasddgﬂ)upmdb mib‘wmnnmnh@rac‘(lm}) ofrthe

)% aqqu( X4) be [ e en ent%: s Mat, may, be
at9rePeH 5

GarRiRBEE IR @Breaﬂhhﬂ hﬁﬁ%' & tﬂ@% Séf%]drfés HBH RS beﬁg%lo XY & Nist
r0gén group, a pho

group, a sul hor us

@m timmcbers hy&egem: thegerfowo theanesd wT greobptitugeds Eﬂdeﬁsm and
a germani um group, .a tin group, a |ead group,

Sﬁbﬁtﬁhteér dyprenyh iacladesn irardalbu psatlﬁﬁed nmdgmﬁlusCa oﬂlgprem?ls

RRGPRGTS R, R eGP ER. e

@tgm;amfaloh@ﬂylgle or hydrogen; ‘as Iong as these groups
do not termnate the activity of the -
Examples of each of these ‘substituent groups include, but are not

limited to, the following groups. “In each example presented below, unless
otherwise specified, R is independently : an aliphatic group; an aromatic
group; a cyclic group; any combination thereof; any substituted derivative
thereof, including but not limited to',:'a.' halide-, an alkoxide-, or an amide-
substituted derivative _thereof;, any 'of‘Whjch has frofn 1 to 20 carbon atoms; or
hydrogen. Also included in these groups are -any unsubstituted, brenched, or
linear analogs thereof. '

Examples of aliphatic groups, in each occurrence, include, but are not
limited to, an alkyl group, a cycloalkyl: group, an alkenyl group, a cycloalkenyl
group, an alkynyl group, an allgadieﬁyl .‘gfoup,: a cyclic group, and the like, and



catal yst conposition. Further, this |ist includes

substituents that may be characterized in nore than
woneemh4these cat egori es such as benzyl. This PCTUS2105022998

i ncl udes hydrogen, therefore the notion of a

substituted i ndenyl and substituted fiuorenyl includes

partially saturated indenyls and fluorenyls including,

: td 0, r l's

ehalflall Fbri) A ALLENN BB U e anlogs or

dexizapi@sthefeofaitheach dcbeﬁen@utwﬁng frent o cwga) parbbuidoms.
but are not limted to, the-follow ng groups. In each
Eusnpliphaticegonpe dngaievbut e a9 lmﬁﬁéf > S dspraebyls @ech RS

ﬂa?afﬁﬂg %HS %?l?«%?xﬁfjlsy Fo@@xﬁhaﬂe h@l&# n;gltlg é?&%?‘] & gl?;:%m include

ere

5 Iﬁblﬂh§1 ldéhl}fle@r(qgﬂl M&i gyrle tértlBﬁSKDf sectBgyly dédﬂﬂlt}kluhn@q)t 1soamy1

I t ) koxi de-
ey s dbben L abeiyl oetytmanyh dofigh dofscyblyown hnyb monigsyl,

from1l tQ carbon atons; or hydrogen. Also included
li‘iji Yﬁe@gta gli s are any unsubstltut ed, branched, or

l'i neagx aRALOEL alt(ﬁ‘ﬁz[tﬁ:oému alﬂmagﬁ o@(f:ur?édce hﬁl‘bhﬁiegf)ﬁtuﬁ% not

in each occurrence, inhcl but are not' limted to,
lamited kol plgpngly maphth:w carrthtalcyﬂlyl and i like, aiclmhnyg sgbsbm\uied

i enpegous, Bt S%e%{eﬁﬁa%'ngné%ﬁﬁé [tPKe25 carbons.
mgﬁfu@ d@éaﬁ/a"[’llv%:s o Qﬁﬁﬁ% opdiiRy Eﬁﬁ&éﬁog@' arebﬁ&rmﬁéh to,
an er|v

near anal 0gs or I Ves

tobtuxyBAC endsityl,ngnd rihe ke Imhitﬁng:aerﬂ@omw&tw’th Ehbmtuted
al i phatic groups include,;. but -are not limted to,
deyiapbeaisyacd. such as paraffins and al kenyls. For

ﬁé?ﬁ%ﬁ’mﬁ@ é F)?%é'cﬁc %rgﬁ" S; 6 teﬁgﬁ 0081];1? Igclﬁtn wc%ciggbtglﬁre not

15 lirﬁﬂ@dﬂﬁb' C}@[ﬂﬁaraﬂfﬁil@afﬂyb],ool&?ﬁ‘ﬂ' ,cy@}b@tb& @fﬂéé afk@i@byguch as

octyl, nonyl decyl, dodecyl et hyl hex pentenK
phenigh Picychn greuns andkféae lmamﬂtéhngasul%smrta% d@rlgatmqsst eteof,

h d t .
BRI CCCH Ry O aa iy 20 folt hlome | dF0 oo tng-
- subshidadec groups such ds furanyl are inicluded herein.

In each occurrence, ahphatlc and cyclic groups are groups comprising

1

(]

20 an aliphatic portion and a cyclic port10n examples of which include, but are
| not limited to, groups such as: -(CHz)mC6H Rs., wherein m is an integer from
1 to 10, and q is an integer from l,tpAS., 1nc1us1vg; -(CHZ)mCGHqR”_q wherein
m is an integer from 1 to .‘1 0, and ci?fé'}:an integer‘ from 1 to 11, inclusive; or -
(CH)mCsHRy.q wherein m is an int_e‘éer from 1 to 10, and q is an integer from
25 1109, inclusive. In each occurrende‘and as defined above, R is independently
. an aliphatic group; an aromatic group; a cyclic group; any combination
thereof; any substituted derivative x.t.h’e'r_eof, including' but not limited to, a
halide-, an allcoxide;, oran tamide-SLi}BStCi;futed derivative thereof; any of which

has from 1 to 20 carbon atoms; -Qf: hydrogen. In one aspect, aliphatic and

17
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derivatives thereof, in each occurrence having from6
to 25 carbons. Substituted derivatives of aromatic

woaopmosds i ncl ude, but are not |imted to, tobPgUS2005/022998

xylyl, mesityl, and the like, including any heteroatom
substituted derivative thereof. . : Exanples of cyclic
groups, in each occurrence,. include, but are not

4 t , 0 | | 0ol efd _
AL LS00 iONBL 08B AL Sl 00 Sl CH,CHLF,
@Hﬂépﬁcﬁnd@mﬁsﬂﬁﬁ 4@Hi@tﬂ4hgiﬂb(bsﬁ4&1\% ed CCI&{@&B{OBI;ES-
t hereof , in each occurrence haV|£g from3 to /20

(Has5aNEbons - HhQsHW@bogt&ﬁl% NEl ed -GG (GHsups -
?C‘ﬁl}?l?%ﬂfﬁ'{anﬁ ﬁh‘gc ‘énu e@frﬁf e B @ll-ql %JCH4I -

dc 2gfotips are
(g@gmq (%HEOM’@ a' ' rﬂ@H% dzIORHE@Eﬂ and @mzlcgﬂmﬂzg on, -

but are not limted to,

a es of which inc
&'ﬁ&@w@s Cliz@bﬁnﬁ@lﬁasﬂqym@msmm thereof, and any

er, fr.om. and'g'is an integer from1l to 5,
...Sflﬂitﬁﬂ@fi@énvatéﬁéﬁe Hqul g wherein mis an integer

fr omekahtplesl 8f h%ﬁg 1'1136&![1 bé&%ﬁée fiheRdd fioride, chloride,
i nclusive; or - nC5HQRI- g wherein mis anlnteger

b‘romrdelan@oﬁi)de and q |s an integer from1 to 9,
i ncluysive., In each occurrence and as defi nedt above,

i s i MBePAHdQREYTENCE PXYEFTHHAPIRS §F OFYSHHCOBIERS cgmups

t
S5 QIR0 PR b s
(DR)'II OR, —@G(@)HQGO,&RJJ ADPRX - d)@:le,oanchmhe like, including

am de-substituted derijvative thereof; any of V\,hl ch has
supgiitedt ¢erpotivey Hesieeds ovkereisr R Hjasash ewcwrrﬁn% gany dsedlkyl,

SRSl fof"IRMBE POt gL Syl BB, " substined

ifroriH2(e5 120 chboR GRMOMExa GoHIEXy or aryloxy
CH205H4N - CH2CoHANME?2; . . - CH2COHANEL - 2;

S CHBECKIR HEroupCHRARECS b are @ Cimisiutd, ; methoxy, ethoxy,
- GH2 CoH4Br CH2

Rf@@%@@mq&e &E@%@%&M@ b@@&%mz

- CH2GHR CRE NG irreBBy, 580101 SBARY drBeE@Bir-cARENADY groups,
examples of which include, but are not limited to, -SR, - OSO,R, -OSO,0R, -
SCN, -SO;R, and the like, including substituted derivatives thereof, wherein R

in each occurrence can’ bealkyi, "cyclballiyl, aryl, aralkyl, substituted élkyl,
substituted aryl, or 'substitutéd aralkgrif'iia{liﬁg from-1 to 20 carbon atoms.

In each occurrencé, nitrdgeh: gfoups are nitrogen-containing groups,
which include, but are not limited to, -NH,, -NHR, -NR,, -NO,, -N3, and the
like, including substituted derivatives thereof, wherein R in each occurrence
can be alkyl, cycloalkyl, aryl, araﬂgyl', substituted alkyl, substituted aryl, or
substituted aralkyl having from 1 t6 20 .carbon atoms.

In each occurrence, pho‘sphbrus groups are phosphorus-containing

groups, which include, but are not limited to, -PH,, -PHR, -PR,, -P(O)R,, -
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substituted derivative thereof. Exanples of halides,
in each occurrence, include fluoride, chloride,

wonaewioderso and i odi de. I n each occurrence, oxygeaTgSeep922998

are oxygen-cont ai ni ng groups, exanples of which
include, but are. not. limted to, al koxy or aryl oxy
groups (- OR), -OC(OR, -OC(OH, -0SiR3 -0PR2, -QA R2,
OR)S NP(OMCR), | B UL koS RS dih BB lBtck VAt M85es hercof
I?herﬁe’of ,( D er)é’l n R% each occutrence can be al %/I JEHeOL
wehectinaRkyih, eacly | gccarrahdey |can stbsaliklyt egcladlkyl,, aryl, aralkyl,
substituted aryl, or suybstituted aral kyl having from]l
sp tﬁ@teééa]@gnmﬁ%%‘%?d E;aanam&bsafut Ry draving ey deipa0
) ups include, but .are not Iimted to,
C%r%bigﬁoaigfglget hoxy, -propoxy, butoxy, phenoxy, substituted

‘phendxyeachndcéditericb K @rsehit. @R6lpsoafdl ek AtEcortiinidd groups,
%%oups are sul fur-contai ning groups, exanples o i ch
Wieh derdude; (rut gk nablimited; toedAsRR, -4&5R,, -A&ma; -As(OR),, -
- o 1517 S wand the like. i.ncl udin .

- ATBEEh R o Rudlyed v ot ayerein R
iR ALl lRBEeerfBNcREbA kN, cFISAIRA k1, apdIdVl, sBbRthl. alkyl,
substituted al kyl, substituted aryl, or Substituted
sabsiitiigtl ahdyomgybitimmediaraliky? baviag ffimm &tto i) cdrboreatoims.
occurren?(,:\l}e], nitro‘?en rngglips' ar e ni_trogen-.containing . .
gr oups SAGHhPCRITICRER- FAEPONGRFOURT & e f3tbanr RRIRINESrouRgpYhich
o < , . 4 the:bike. inaludi . -
O ey B Poniteoio, Y DA Ehoudsn o Sofrice haide
sobstifuteéd abey] gasupsevith kid 20 eytionadtéuyb, aralikyl groapaiwithl1,to 20

nsaiieyl ganhovil ki 2 arakyl gr :
CERPk O GG @ Ro -CLOROR e ey B! (R, -
RIS A e BROLUR 3B Rrivativon ersot ptfiersipdR in

eBeH dcbifrée@d tén bePhikyl,- By#RoalkfIRaryt, PAreidgR, sutldtied. alkyl,
-P(O(OR) 2, and the I'ike, “i:ncl'udi ng substituted
selestitwiad audson swbsiated amkkybhavime floneddtn 20ccuberenions. cap
Al ey Se ¥Rt ol drppe SR cone S S na g P v
ithd10d8, vk Aréd ot limited to, silyl groups such alkylsilyl groups, arylsilyl
groups, arylalkylsilyl.- groups, silox-y‘ ‘groups, and the like, which in each
occurrence have from 1 to- 20 carb'oi:l;‘ Aa‘t“oms. For example, silicon groups
include trimethylsilyl and phenyloctyl’gﬂyl grl()l'lps..

- In each occurrence, germfaﬁiﬁm groups are germanium-containing
groups, which include, but are not limited to, germyl groups such alkylgermyl
groups, arylgermyl groups, arylalkylgermyl groups, germyloxy groups, and the

like, which in each occurrence have.from 1to 20 carbon atoms.

In each occurrence; tin groups éfé' tin-containing groups, which include,
but are not limited to, stannyl grdﬁp's such alkylstannyi groups, arylstannyl
groups, arylallcylsfannyl groups, stannoxy (or “stannyloxy’) groups, and the
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carbon atons. In each occurrence, arsenic groups are
ar seni c-cont ai ni ng groups, which include, but are not

woioictoed’sb 0 - ASHR, - AsR2, -As(O R2, -As(OR) 2, PCT/US2005/022998

As(O (OR)2, and the like, including substituted
derivatives thereof, wherein Rin each occurrence can
be al kyl, cycloal kyl, aryl, aral kyl, substituted

li ék%hrchslﬂbéfchtd&ﬁﬁeﬁéé/haveofroﬁlup%' Q()'tc%fb(ﬁ\f glok¥sl  TRYd, REh

rom1l to 20 carbon atons. In each occurrence, car bon
eopups frsclades bahatearot dianitedito] signngxygosypsahi ch i ncl ude,
but are not limted to, alk

| halide roups that )
conpt} 8CH ACHBERGSs t IPed2EeVDs) A Hﬁﬁméaqwngﬁgrﬂ%&zﬁvhwh

uﬁ@% Eluf’%‘%?at &%?é&% %gyﬁw%rw@ ém@%aa%reg(&o A1k Bad

gfeudR) &l tlantike hehidhkia, eadhcbamirmgcestltwﬂﬁmheﬂ to 20 carbon
deri vati ves thereof wherein R in each occurrence can
atpsa| kyl , cycl oal kyI aryl aral kyl , substituted

| k b
A1V BUPBRALHOEE, BOYh O BRI gl
b QHD Bu e ot hlhﬁfbﬂ t@OJBI@-) 823 ( %1 -BROUPSherdit X hs h MedriedBionic
but are not linited to, Sil roussuch aIk%‘IsHyl

gopupupech as yhadidey Ihyé,rld@pslkomdyi aﬂ*{WI tbiqlg'ﬂe gnouthe, like, and

s Rovi 100 36°ukin cat o HEf ' eliivel Gyl EBF6
s&ﬁs@iﬁﬁéd &1 Uﬂﬁ)s’élfdté'ﬂ%ﬁ&' | & dubkti@fedl HARIY |h@¢in§g| ﬁvbl'nYI to 20

groups. |In each occurrence, - germani um groups are
cgbomatirosn cont ai ni ng groups, which include, but are

a1 SR P Oebiipes. Sy koges %halg%fﬁﬁﬂk e Cofin Gy bs

romﬂflchtlc?en %(]J& hee %do{( Bt o0 A A ezécﬁ CQURKE r\ﬁﬁer@ﬁlvﬁ is a

car bon at ons. Ccurrence,
n@neEpSniY grdupnsuchrdsahdlideg hyddde slkomide falkylctlhudete Ianldl the,
are not Ilmted to, stannyl groups such al ky St%ﬂ gll 1’:’
<y

lige.oupss wherejt Be innagh ogewprce capyreaaliyl sYSRAYYL Gi
BT B 00 math Ry AL oo
cdrbes atdrh§

Examples of inorganic groups. that may be used as substituents for

substituted cYclopentadienYls, Substiftﬁfjed iﬁdenyls, substituted fluorenyls, and
substituted boratabenzénes, in each joécéurrence, include, but are not limited to,
-S0,X, -OAIX,, -0SiXs, -OPX,, SX --080,X, -AsX,, -As(0)X ,, -PX,, and
the like, wherein X is a mondanionic group such as halide, hydride, amide,
alkoxide, alkyl thiolate, and the like,tand wherein any alkyl, cycloalkyl, aryl,
aralkyl; substituted alkyl, substitu’tgbd :aryl, or substituted aralkyl group or
substituent on these ligands ﬁas from 1 to 20 carbon atoms.

Examples-of orgahometallic‘ groups that may be used as substituents for
substituted cyclopentadienyls, substitﬁted indenyls, and substituted fluorenyls,

in each occurrence, include, but are not limited to, organoboron’ groups,
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groups include, but are not limted to, stannoxy
groups. In each occurrence, |ead groups are

woeeam/000718) ai ni Nng groups, which include, but areCcnms2005/022998

limted to, alkyllead groups, aryllead groups,
aryl al kyl I ead groups, and the Iike, which in each.
occurrence, have from1l to 20 carbon atoms. . |In each

b gr or nt . grou
SRR, RGP S5 P9 50 B,
erBERXGgeneni@inn gfoups, aofgm’loﬁﬁll giups,g bgimolsadh gasupsal drigno-
hydri de, al koxide, alk thiolate, and _the |ike, and

RsHnmRtal ww&w@dbai@ﬂwl&ﬁow 9 RO carbopatempky| |
2 s R asndid O o hRaBh 01 aRSY ddifferRbtby e

dliphedic progs ud r0961@¢3 Srédp) M BoMbIaGUR ofadre aliphatic group and a
al um num cont al ni ng groups, which include, but are not

QYiCHE tEsEUR.0an amlide group, @ phoswhido guves einnalikylogide group, an

APRGRY R, B OBt i? onte, 35 STl oS dRercor,

ARCHF GARIIE ﬁa’@lﬁE fo6mal ky! ’2006‘41%(9135{8{1119 A" ¥ heali@é&. allhyz{nother
substltute . substituted aryl, or substituted

%pmtk@( Yreandi @6 )fam mdbpmd@ﬂyc ar caﬂuytshavﬁi)@ﬁpheiftof 10
b tuents r
AP ByRRgbott 205 BR TPoct (B ey ofh el padently
%L\H?ﬁfe' EhibRde fbroRti8eYdrSod ﬁgdlﬁyg’%dottﬁétreag ecé, (XSQ, and nge> are
at abenzenes, in "each occurrence, | Aer Gl e GPC &F
ehbdridd. mited to, -SORX, -OAI X 2, -OSi X 3, -OPX2, -SX, -

os2X,. -AsX2, -As(O X 2,.-PX2, and the like, wherein X

i's a Iﬂemw&rpeesg%me pEeRAse a&ethlécpqeae compitungs  thainsae be

QﬁnéjSﬁcEﬁ]l th?g 1lf1¥|\ant‘i(¥}l(ﬂ:%vj%tbeeen?gﬁjor{regf kyqr lé%amgs e %t e?eﬁ]t Nos.

939,217, Sﬂ;b&l 1324t 5210,352,Y3,340026 839,638, e4 @i, 84 K 5,420,320,
roup or substituent on these |igands has from1 to 20
% 29{5 abLdhs049, 5,496,781, 5,498,581, 5,541,272, 5,554,795, 5,563,284,
5,565,592, 5,571,880, 5,594,078, 5','63.1,203,' 5,631,335, 5,654,454, 5,668,230,
5,705,578, 5,705,579, 6,187,880, and 6,509,427 describe such methods, each
of which is incorporated by reference herem -in-its entlrety Other processes to
prepare metallocene compounds that can be employed in this invention have
been reported in references such as: Koppl A. Alt, H. G. J. Mol. Catal A.
2001, /65, 23; 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, 873‘1 1t2; each of which is incorporated by
reference herein, in its entirety. For e)‘(ample, the following ansa metallocene
compound is prepared according to Alt, H. G.; Jung, M.; Kehr, G. J.

Organomet. Chem. 1998, 562, 153,718:1'5’ . ‘
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15

weubmtoisb ed i ndenyl s,

H G; Jung, M; Kehr

Exanpl es of organonetal lic groups that may be used as
substituents for substituted cycl opentadi enyl s,

each occurrence, include, but. are not limted to,

or ganobor on groups, or ganoal um num gr oups,

organsgal | i um groups, organosilicon groups,

or ganoger mani um gr oups, ~or g&uofd n groups, organol ead
groups, organotransitj met-af groups, and the |ike,
having from1 to 20 .atofrs. I n another aspect of
this invention, (X3) - & (K4) Nar e i ndependently an

al i phatic group, ag”e I'i 'c#g€Qup,” a conbi nation of an
al i phatic group and a ;.“@» oup, an am do group, a
phosphi do group, an alky&saxide group, an aryl oxi de
group,  an organonet al | F oup, o(Evs substi tuted
derivative thereof, any of whic aving from1l to 20
af@ 6hfBg@isOfBinpaindg daa lblegrepared acwirdiag taspemialogoXs metinst
(X4) are independently a -hydrocarbyl having from1l to

uging sdarBg. carmesnds thag Wikl hereeadily vadststeod B 910 qrsmpry .

%. d (X4) are independéently fluoride, chloride,
SBronmi de, or iodide. In yet anot her aspect, (X3) and

(X4) TaeefoiBivdid dRatiMMBES WRsRTIRC afchefmetHddsPr §pale, P. C.;
nmet al | ocene conpounds that can be enployed in this

JonttenRi o RavWebgad, e por Qedandrestaldicafhemistty, 8f Fiansym,
\Nos, 4,939 217, 5,191, 132,..5,210.3 347,
%Pogggn@@*@ Hg’ LagM éfq‘(’}erg{%é&?\géé)’rk,_ ?%744%1@615%2%, Lappert,

M £ 5080ReoBnctS B 0ndndB] GEbrelefiofim Bu3hiffin

385Halstead Prdssd New Wobdk, 2386, each dDWh&IBis incorporated
5,705,579, 6,187,880, and 6,509,427 describe such '
birgelsrase hergdm BASGRIERY s i'ncor porated by reference;
her eirn, _i.n_| I.ret 0CESSS P € or
et ol ottingbbel iohbE" 85T 2 HLRETPERe T RRY Gansa
nhdiBReh®thiavee Reefl riapiet egtalyst cefositioasos Ui Asention
‘Kop(i)l, A At, H G J. M. Catal A 2001, 165, 23
inddpdegaeenpoursl witkdewfarivlal ;N shida, A ; Fujisaki,
S. The Chenical Society-ef Japan, 1986, 59, 97; At,

[ SiR%,RS

@D;
wherein E is carbon, silicon, ger.manium, or tin; R!, R%, R® and R* are
independently H or a hydrocarbyl group having from 1 to 12 carbon atoms;

and R’ is an alkenyl group having,from 3 to 12 carbon atoms.

and substituted fl uorenpTUSRW5/022998
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15

O ganonet. Chem 1998, 562, 153-181; and Alt, H G;
Jung, M J. Organonet. Chem 1998, 568, 87-1 12; each

wohoosvoeisoi s i ncorporated by reference herein, PCI/USR®S5/022998

entirety. For exanple, the follow ng ansa netall ocene
conmpound i s prepared according to Alt, H G ; Jung,

M; Kehr, G J. Organonet, -Chem 1998, 562, 153.481:

. and mnzaio@@m@p@an@mﬂﬂ%s 6@&1@&;1&%%@%‘11%%&0&1%{ Qfen@se*ﬁﬂ in
an anal ogous net hod usi ng:starting:.conpounds that
thie| satalyel cemppsijion nof s gmuemyoromeclode or dompoynd kivith . the
%21% La .l ow ng treati ses al so describe such nethods:

Coutts, R S. P.; Wigold, H in

Organomst aI I i Chemi stt
Haf ni um Acadeni c;
Lappert, M F.; and
Or gano- Zi r coni um and - U Corrpounds Hal st ead
Press; New YorKk, > . --/of which is incorporated
by reference her%zn»E (n iLtger Rrety. In yet another
aspect of this inventi.opg ‘ \s‘ of the
ansanet al | ocene t hat ar e 1n the catal yst
conposition of this i ‘\J |ncI ude a compound wth

f Titani um Zironium and
: YKPRSCardln D. J.;
C. L.; Chemstry of

the formula I : whe car bon, .silicon,

germani um or tin; , ‘R2, R3, and él ar e

whdeipepde mbfbbnl'bxoﬁhaoﬂlwa qr;?arahalR“%@ URAEFBNIBEKY I RIRYHY1 or
to 12 carbon atons; and 1§ an al kenyl” group havi ng

rhesk éit i Itlzotéwlbfg@d andik 1Sn2~am@ndmefl (@l:ﬁaé:a—c}é@)a&ﬁimmyl
e CH ! °t PRy R R e o5 Sty

OrpCHCMICRLCH-CfAl S hefich €erhon. i eHLERINH-Clr,), 7.
dﬂtﬁmryl frbut WHg@HfCHEH@CHZ@IﬁéHQHzx, CH2 CH3 GHiZthy1- 3-butenyl

Rl B o rdkiryporeny] SOk CFR CHEGUCE )

| .6- hepg} e aﬁ%@%%%%%gﬁ %ﬂe ’anZa-metallocene of the;

catalyst composition can be a compound with the formula

. (ID);

wherein R' and R? are 1ndependent1y methyl or phenyl; R’ is H or zbutyl;
each R* is independently methyl, ethyl, propyl, or butyl; and R’ is 2-propenyl
(CH,CH=CH,),  3-butenyl  (CH,CH,CH=CH,), or 4-pentenyl
(CH,CH,CH,CH=CH,). BRI
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octenyl (CH 2CH2CH2CH2CH2CH2CH=CH 2) ,
3-net hyl - 3-but enyl (CH2CH2C( CH3) =CH2), or

wa-20t00y189 3- pent enyl (CH2CH2CH=C(CH3) 2) . \ | nPeriusk005/022998

anot her aspect of this invention, the a-netall ocene of
the catal yst conposition can be a conmpound with the
formul a: wherein RL and R2 are independently nethyl or
phenyth anb¥bet SspdcQthe &ﬁ&whetaﬁa@éﬁe%@th&catmwﬁ@mm can
nmet hyl , et hyl, propyl or butyl; and R5 is 2-propenyl
b(e@kmmaﬂ)wlﬂstmmgny]a (CHZCHZCH:CHZ) or 4-pentenyl
(CH2CH2CH2CH=CH2) . I n anot her ,aspect, the -netallocene
of the catalyst corrp . on &m e a conmpound with the

formul a: wherein R1 at-8ij ndependent |y nethyl or
peno@l y methyl, ethyl,

phenyl; and each R4
propyl, or butyl. yC1 ang_ i n anot her aspect,
the a a-netal | ocekla.bf th(Zr~cnata st conposition can
be a conpound wi tRi"t Re £ I'n anot her aspect of
this invention, the an

may be : 1-(h5- 3-(2- K PE

1- (h5-9-fluorenyl)-

di chl ori de;

vbhe&éiﬁ R! (2AdPRO fa@é‘)ﬁh@éﬂéﬁ&éﬁl}& hiéltﬁyln&e Ehéﬁyll a6d each R is
-2,7-di- t-butyl-9- fluorenyl) enylet ane

1lzq1qp@n¢lﬁrmlyi wiegiyloretlyd; propyl, -or butyl Typlcally, and in another

T dcholis. SRR ERTRene o hi\éﬁf’? VoL ERRES bR ki i compound

£ h{g@

vﬁ}%ﬁ% 3-(2 propenyl di met hyI si-lyl)indenyl)-1-(
h5-2,7-di- -butyl-9- f M?\I)VEI - met hyl et hane

zi rconi um di chl ori de; y S&z‘ol nation thereof. The

Y 1 di met hyl si i yl')indenyl) -
nyl et han&rﬁl rconi um

i/ qne Jaspect, the present
nposi tion
Ph

. V).

In another aspect of this invention, the amsa-metallocene of this
invention may be : :

1-(m>-3 -(2-proiaenyldimethyléiiyl).indenyl)- 1-(m° -9—ﬂuoreny1); 1-
phenylethane zirconium dlchlorlde S

1-(n’ -3- (2-propeny1d1methy1sﬂyl)mdenyl) 1-(m-2,7- d1—t—butyl 9-
fluorenyl)-1-phenylethane zirconium dichlotide;

1-(n’-3 —(2-propenyldimefhylsﬂyl)indenyl)-~1 ~(m’-9-fluorenyl)-1-
methylethane zirconium dichloride;. - .‘

1-(n>-3- (2-propenyldlmethylsﬂyl)1ndeny1) 1-(n*-2,7- d1 t-butyl-9-
fluorenyl)-1-methylethane zirconium dichloride;

or any combination thereof.
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conprising an n a-netall ocene conpound containing a
pendant unsaturated noiety attached to the bridge, a,
weabiethoersp de acti vat or - support, and an or ganoabPamiusws/022998
conmpound. Organoal um num conpounds that can be used in
this invention include, but are not limted to

conpound with the formula: Al (X5)n(X6)3-n, wherein

(X5) is a hydrocarbyl having from1 to 20 carbon

atons; (X6) is al koxide or aryloxide, any of which
Tha\Onggndalamidum Co2fpouadbon at ons, hal i de, or hydri de;

and n.is a nunbey froml to 3, |ncI si ve. on

asped® onEXEPeFls Thh PRFEHY "H’&W% PFOVRPS| 2t @tﬁﬁﬁc‘é‘?‘%ﬁ’?m(’n

?{“%H?mg%waeﬁﬁqﬂo%ﬁ (Pmb&&ﬂéigy dtﬁ% #j? 'peﬁd'dnt%ﬁatﬂ?dted

nis ety lattactddy lto aaledbhhge,l akeolid mmdmtatmrvamoapport and an
exanpl es of (X5) m)l eties include, but are not |im

opganopﬂémyum @ttmgnun ; Qﬁg@mﬂ umﬁglm gwpoundsﬁb@twan be used (1111
b
GG iR BRI e g M i et e vy

aspect, (X6) may be mAf(pé% Ly fluoride, chloride,
brom de, t;om de, ethoxide, “or hydride. In yet

anot rveher@m;iéfc) is a( kﬁdrom@ybba\ﬁhg @iomlé to] 30 P@I@Oﬂ@ﬁm’ﬁ 4X°)

SRR BEHR B e B bl £ oS o ot roms,
hraﬁd% ré d‘cﬁﬁg“l&eo aﬁﬁ rf‘fs 4 BLB8EF frohl8"t8f P rlﬁclhﬂ'vé fiarandl &pect,

es sesqui | de" conpounds or 4t
(Xlspﬁranaﬂluyhlmmmg:ﬂromt leto ¢0r¢pﬂum¢$om§seﬁgmpley oféXB)rmbze&;les

of organoal um num conpounds .t hat can b use
inelyds gb\snarpnmtuu@l o6 Jes a%eéhsﬂote?ﬁya,nmos t@tyld hexy hheptyl

I I
o%y%;%@gq% g i f&ﬁa%ﬁu 3 r@g@y of\gxpnpuué?ewaﬂ@e but
agk aidtylhmﬁtuﬁn oy rmb&glr i ety oispRepdlls , nhshytombbutsl, i wesbutyl,
t her eof . | es. of organoal um.num conpounds, that are

xmm 1rh¢XVh rghpmeathewl,umewb heptil, aetyl.rind fhenllgeeq In
app hlg% L%g?%trﬁhfhum YWY i e'pgﬁd]éﬁtl%l U, OHEL, chloride, bromide,

methoxide, ethoxide, or hydride. ' In yet another aspect, (X®) may be chloride.

In the formula Ai(XS)n(X6)3._'n;,u is a number from 1 to 3 inclusive, and
typically, n is 3. The value of 1 is udt:.:fostr‘icted to be an integer, therefore this
formula includes sesquihalide compounds or other organoaluminum cluster
compounds. o

Generally, examples of organoaluminum compounds that can be used
in this invention include, but are not lirrlitéd to, trialkylaluminum compounds,
dialkylaluminium halide compounds d1a1ky1a1ummum alkoxide compounds,
dlalkylalumlnum hydnde compounds and combinations thereof. Examples of
organoaluminum compounds that are useful in this invention include, but are
not limited to: ﬁimethylalunﬁnum, triéthylaluminum, tripropylaluminum,

tributylaluminum, triisobutylaluminum, trihexylaluminum,
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tributylalumnum triisobutylal um num
trihexylalum numtriisohexyl al um num

wonri@obyisal i i m num di et hyl al um num et hoxi de, PCT/US2005/022998

di i sobut yl al um num hydri de, diethyl al um num chl ori de,
or any conbination thereof. In one aspect, the present
i nvention conprises precontacting the ansanetal | ocene

S HAx §laldBRBIN, ONe N GARRMIHAIN UM GetpRndirmd anethoxide,
ol efih nmononmer to forma precontacted. mxture, prior
diimbogislantinghi sydrides aitthylabenini ohleridet or ehy copitiigation

oxi de activator-support to:formthe active catal yst.
-the catalyst conposition is prepared in this
mann [cal B et rd r iy -
of t eo%%é ne%glth%pﬁé&?wg gn'poun ﬁ@&é 5 éééontt%cﬂt?l%eﬂ]b s
niRtgloatactigd ati kastr enanstgamaliamupordongounfl bk an olefin
or ganoal um num conpound i s added to the post.contacted
menRIGF d0 SPRB A BrEcAR@RtCH BRI BHOR P €qnisck this recontacted

B rjg??tr'-]l{‘f:na &‘?{@f é%gn 3 4 N8 80 labﬁvaﬁéﬂ-%%pﬁgt;{q\é g@i}&g _écaé'l%‘e’ﬁ%’ roatadMdt.

al-um-num-conpoun : -t o-prepare..

Whe gt @'tél?gﬁt tmsosith@l ist prepairedcanthiCinangeiptypically, though
postcontacting step. Aternatively, all the cat al(%/st

nolongresently, ampriie eb#Hicaeenoalpmanin sgnposndgs added frithe

e e R

2RI 0aRe PHSRORALIHI R NE PrRRARTwhen kg cbitadfed hiRtige is
steps, the anobunts of organoal um num conpound

caitscttdseth therselid axidd adiyatane Hoveler,eatbeihthe girganoaluminum
or ganoal um-.num cpppound ‘used | ot h.t he,.precont.acted
CROBL PR DR DiEP el ARy S R ar o At or

. c #O dhaveo |
T A B D fhy el CUTRO RS ol b
cemaped hdls sagte step.cl osed, -regardl ess of phether a :
si ngl e organoal um num conpound, i s used, or nore than .
one EHEhG ANeATi thamnoBs AISYIMAIUMINPH GorRP AR Sa@ﬁ)égle, used, mn
triethylal un Ll t L.y :
b S DA RN B RL SypE Te MERefariur
compound is added in multiple steps, the amounts of organoaluminum

compound disclosed hcréin‘ ihclud'lé"z the ’tété}l' amount of organoaluminum
compound used in both the preconfécted and postcontacted mixtures, and any
additional organoaluminum compouﬁd added to the polymerization reactor.
Therefore, total amounts of orgahoaluminum compounds are disclosed,
regardless of whether a single orgar:loalurflinum compound is used, or more
than one organoalunﬁnum -compounid‘.;?'.lﬁ another aspect, triethylaluminum
(TEA) or triisobutylaluminﬁm are typical organoaluminum compounds used in

this invention.
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this invention. The Activator-Support In one aspect,
the present invention enconpasses catal yst

WOoQopa®#18P ons conpri sing an aci di ¢ acti vat or - SROP@ISEQ05/022998

whi ch can conprise a chem callytreated solid oxide,

and which is typically used in conbination with an

or ganoal um num conpound. |n another aspect, . the

B A ML= prt conprises at |east one solid oxide
treated with at | east one-el ectronwithdraw ng anion;
wher dirpnetrspeds] fhe runsente inventitie es¢drprssesatatatystacompositions
silicaal um na m nophosphat al um num phosp
PSR e RIS RP )b g0ish 688 P as chentitally-
tEdat&PRbRd SBEEesh@ wiliehi @ ty?idﬁﬂ yOxdedCin %ﬁﬁﬁ’naﬁi@nd%th an
thereof, or m'xtures there d wherein the
(Hgsmaﬂummum t boinpouimyy a riﬁno rano‘dm:r besifelct)o thel eactitakarrsughport
br omi de, tp os ate, sul fate

|
RIS A risorell Pl trestrd | bRt eons 'clectron-
% Qfﬂl?%ﬂfb‘ﬁt %hergilnuﬁ{eogdlftf BQfﬁfeecarf be oségccd le}l?ﬁﬁlﬁr silica-
- dor.ot - )

anat-&,—pernmanganat e; . substi.tut

dhinsitast | dlutrédophdspleiat e ahihinany qshospinag, omﬂmeramhmate
The activator-support includes the contact product of

heterppolytungsiateso|titeniax ZiFeomanpeAZRESian §OkE. PiKs OXisige mixed
o%? 54 fr2ea o? d&%&%ﬁ: Jtéx%%_'g?” rzc? L{,g e?emltjﬂe QecFol Iglgtthdrat?{: gg

OXI1 de “conpoun n rnorgani c ox

&bl BarO¥é HRoHAS IR0, PG dey pRedphiafee &ifPdte Obistidate, sulfate,
cont act i n%‘mhe ‘el ect ron-wi t hdr awi ng. ani on source. The

ftuoberatep flograsulfney traﬂwomct@al duorephesphates, Hueromigeanate,
fter..the SO de oiind i's. contacted w th the
BiBHHAE .  RafellariTon, oisaneaie | Shrebithec sl M

ﬁﬁhbﬁlt@t’éﬂ@ﬁlf&‘i’d{@%f% %Ynﬂ?ﬁatﬁﬁ'tﬁéx%@?’ or uncalcined. In

anot her aspect, the. Yacttvat of - support may conprise
t he chmt mﬂvamrmtipportoﬁcladiesl hhas:bntantepmﬂhcﬂ ofeat lsadtiote solid

oxi de co nd an st _one el ectron-w t hdraw
GO ROEBEY lEﬁandrﬁE eé‘éﬁ P%?]GF”% B‘ﬁ%’ndfa“é‘%ﬁg PYPs S%‘Hﬁ%nglg@ne
e%ﬁédt,‘”tﬁey séiri SQﬁ@aéo?ﬂp&fﬂdt,élﬁnprlses an inorganic oxide. The solid

oxide can be optionally Qalcinéd pribi?'ifo contacting the electron—wifhdrawing

anion source. The contact producf may also be calcined either during or after
the solid oxide compound is contécfed yvith the electron-withdrawing anion
source. In this aspect the solid' oxide compound may be calcmed or
uncalcmed In another aspect, the actlvator-support may comprlse the contact
product of at least one calcined sghd oxide compound and at least one
electron-withdrawing anion source. ‘.

The activator-support exhibits. enhanced activity as compared to the
corresponding untreated solid -oxi,d'e"'compound. The activator-support also
funictions as a catalyst activator as compafed to the corresponding untreated

* solid oxide. While not. 1ntend1ng to be bound by theory, it is believed that the

actlvator-support may function as an 1on1z1ng solid ox1de compound by
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 iBggRRICORRHE &at%mﬁﬁs % FsRdi o

correspondi ng untreated solid oxide conpound. The
activator-support also functions as a catal yst

wacticat®® as conpared to the correspondi ng unPCeasems/ 022998

solid oxide. While not intending to be .bound by

theory, it is believed that the activator-support nmay

function as an ionizing solid oxide conpound

&éﬁ%ﬁhg hé %éréil%g%ﬁ%ﬂdl KEMEerb 8 dnfegi 9V BA R B oMl in
i gand”and the nmetal 1n the: netallocene. However, the

the hietaltooens u bjsovever, shamcticatonsupport is gar afitiygtor apgardless of

her.i.t is lon ocene, Str
véﬁ%t TisipyaRei e dtaToncate HT5HApAAR Sh AR RR fdore i fon
gafcérﬂatﬂg n*flé?ﬂdhga‘ﬁdtﬁlﬁldqﬁttﬁé hReARRend ISP coordinates to
cobrdinates to an anionic |igand when i't contacts -
ahheniatd \ggaod - shppoitt comrctantheotbivatorsipports ner By other
whi ch, act]j vatjon nay qccur.

raRahEnERST DY UpHs tac&wﬁ%ﬂw 'tq?eulhet\&ﬁﬂsctéﬁ eaqtiyatogsupport
B§§c@§ Oﬁae&?l%@ér?é }ff{h% aBsEn ofq%ca ?§§§%?5§$g§necessany to ]

nlna cocat St S fron1 ewcata

eﬁhﬂn@t@tdo‘ﬁﬁ@ﬁal}@ﬂ; frUﬁEtheod“ata:lf/stt dwnlmsmonat ®he fautmﬂtctn fusiction
evi dent in the enhanced activity of cataly

d o g0 SPEYBPr-SEPPRTIWAY | i Bo i @danesda aeHYI&Y yak catalyst

SRS 40 SRR oAb 53 USR5 e

Rt cﬁfd@ﬂ%%ﬁﬁ&@feﬁ Gand f oheige. OTH@WeveRN it -iQChdleREAT that the
even i n the absence of an-organoal um num conpound,

aativationexepoes can riyaciatro as narc eafpoaied ssveor in g zlbﬁ?ﬂglcbo@ﬁ an

ounds. In oneape t he activator-suppor
RO EHE) SElinit SGnRs oHORAE Ganipstnds, or
iPBRLEY, &ll%mc%nﬂg 8ds.- OXI de material, or a conbination of
I nor gani ¢ oxi materials, that is chemically-treated
wi t h Iarorel &specrtpthm adm@a’awsugporo@dne mventing copyiriseakisylid
treated with at ast ‘one_ ot hS% metal _ion. Thu

HR8IHaLs 8 %50 st of
1H8‘11ég§1f1 1c3lo%i fYGHa tgfia@ G cll%rfﬁﬁgll}?)fﬂe%d GATP AN dectron-

as silica- uni na or-sitilica- rconia or

withdre@irid t@npenerdnshd opnormaltw tegased wathdatriiexdtwnesother metal
thereof. The m xed netal oxi de conpounds such as
ien {Tus.ahasphd oxiderof thisriavention eeempasses ogilsgmAiegials such

as alumina, “mixed oxide” compounds such as s111ca alumina or silica-zirconia
or silica-titania, and combmatlons and mlxtures thereof The mixed metal
oxide compounds such as sﬂlca-alumlna with tore than one metal combined
w1th oxygen to form a solid ox1de. compound, can be made by co-gellation,
impregnation or chemical deposition and are encompassed by this invention.
In one aspect of this 1nvent10n the actlvator-support further comprises
a metal or metal ion such as zinc, nlckel vanadium, silver, copper, gallium,
>t1n tungsten, molybdenum, or any comblnatlon thereof. Examples of
activator-supports that further comprise a metal or metal ion include, but are

not limited to, zinc-impregnated chlorided alumina, zinc-impregnated

,"~2‘8
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with oxygen to forma solid oxide conpound, can be
made by co-gellation, inpregnation or chem cal

wdepmantisen, and are enconpassed by this i nvenPComs2008/022998

one aspect of this invention, the activator-support
further conprises a netal or netal ion such as zinc,

ni ckel vanadium silver, copper, gallium tin,

e enalu?‘ﬁ’ﬁay bdginkBnpRenatedNy chiefiabl nathé%Dal‘hﬁﬁﬁEOf zinc-

anpl es of adtivator- supports that further conprise a

imptepinated fleoraded sitica-ablmide, zinotimpregmatad bulfatedalurgina, or
zi nc-i npregnat ed_chl ori ded al um na,
agy SOMbIHE @5ﬁ§%r&af| uorided al umi na, zinc-inpregnated
chl'o Ihdaen]gt}rceﬁ*la'sﬁ@ctajtﬂé"éd?@ato%'s ?fé(g@ o?gt Al i‘ﬁ@eﬁt}l&?&bﬂﬁﬂses a
silica-a

um na inc-i regna sul atedaumna or

- sohiy 60abi sRtrtRtvElye h%hf poi‘d!;l’@n ovhieh aspbitd ,Ldwis acidic or

activator-support of- this invention conprjses a solid
Bygnsted gicidie| bahaviary Hihghsqlisr exideyls apsraisallyfiegiedswith an

B
<Sitlad- PEDSRERL PO EE BRI RTRA w8 dlion, o
fshﬁcat S QWi agpaMi NIThile R0 Heshding P iteabdundaby the following
el ectron-wi thdrawi ng anion, to forma

stetehont; Gris bahwdtthawﬂatmenmf the tlmraamg oacedeowéﬂtb@umﬂeqégpn-
AR e RSS! BPBE L FRPeg UM DRy ThUs
tﬁQ I'Egﬂ@ﬁ% gﬁwﬁ@&&bﬁﬁ e "H‘reﬁréﬂg?edagélgiﬂ/ MVH&EhtlQ etyplcally

e activator-support exhibits Lew s or
@ea’tslt tanahe dietwis whiBrinsted tgidity alfithe gntredted sbhdwxidee One

Levvloaég rmg;lg%; agga%glfithgk,tofyf H‘Eé gig q%i}ty[}fe%%q@g Iulnto1|reatr::d solid
ogp&gh’fa%ljléis 44 %g c{%%eﬁaﬁlgﬂgij@lterﬁﬁgﬁgnﬁﬁ drdaQiifs HP?I% F]rgﬁt%d

comparin nmert1 zation activities o

etnlaaﬁm%dteamhdtrstdnaat gdd exfaliesd vagebnaci d cat al yzed
reactions. ' In one aspect, -the chenically-treated
soI i dnoshel @spasiyp thies ekeraicaldy-tigated oydigh pridsxeemaprises a solid

%}r}{c;gxqge ogﬁ/lgrglélmg %%y&éxgan@ Sttleio?%lie:? lel%nie%tc c&%gp 5111%'(5‘1%1110
2153 o, she perd osli ¢ot abl €2, 03, ¢HNBF i15i HY tlax pegediendbRy, or

’east’ ohe elenrent conpri si ng the | ant hani de_or
comprlsmg oxygen and at least one element comprlsmg the lanthanide or

actinide elements. (See Hawleys Condensed Chemzcal Dictionary, 11™ Ed

~ John Wiley & Sons; 1995, Cotton,fF,A.,_Wllkmson, G.; Murillo; C. A.; and

Bochmann; M. Advanced InOrgaﬁic Chemistry, 6™ Ed., Wiley-Interscience,
1999.) Usually, the inorganic dxide comprises oxygen and at least one
element comprlsmg Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn Mo, Ni,
Sb, Si, Sn, Sr, Th, T1VWPYZnorZr ‘

Suitable examples of sohd ox1de materials or compounds that can be
used in the chemically-treated sohd 0X1d§ of the present invention include, but
are not limited to, AL,Os3, B,0s, BeO, Bi,03, CdO, Co30,, Cr,03, CuO, Fe,0;,
Ga,03, La,03, Mn, 03, MoOs, NiO; P,0s, Sb,05, -Si0,, Sn0,, SrO, ThO,, TiO,,
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actinide elements. (See: Hawl ey's: Condensed Chenical
Dictionary, 11th Ed., John Wley & Sons; 1995;

wQ@abdemng78s. A. ;. Wl kinson, G:; Mirillo; C A ; BQU/US2005/022998

Bochmann; M Advanced | norganic Chenmistry, 6th Ed.,

W ey-Interscience, 1999.) Usually, the inorganic

oxi de corrprl ses oxygen and at | east one el enent

A% 2 nB Z?’@ ﬁﬁd ttfédhkéhnclﬁhmg%ixeﬁeom@@s tHedeof,
l%/lqanD 3 ll}[% g , r Y, Zn or
add co@biratibhe t}&xeasml Ié:sam;bles of mixezd< omdemhaé rcaalbg used in the

SSOTARer- DIPPAE. (e ARSI TVRAS- Y PHCRQE L Pacd
bt T S S, 50, B2 B, oo,

MR, @i, POISBOBI, Si, &2, TRTIR .V, SVOY, YnOZr, aidOhvale, EMBnples of

Y2G3 ZnO Zr02 and the |i ke, including, mxed oxi

miked ewides drag caw i vsed oths acHeFekFuPRsty éor%srenmwaﬂon
XI dei%(gent%c %{r}:eg}e £ 2fled Yol tk?llgacélhﬁﬁﬁ@ ' siid E—QR{HJ 1a3fs1hca-

-1-ncl ude not- Lim-zte
zﬂ%&ﬁg ié’é'h@é%;s n&ﬁy@l‘@y BeHHRALB 6}5111%d@ﬁay§l aluBBnBetanBi, ali@dina-
&, La, , M, N, P, Sb, Si, Sn, Sr,
zilfhom?{; aluM;ndMlo’sphaZn anzlrthe laki@l the li'ke. Exanples of

of "1l S asert Sy T ool 3t 1919 (S VARG EpRat)-

’ale':alfydt€§i oBtacBhf i€ "%Vlﬁ{ WildRt ofik! dl6drdnlwahRdAwing component,
I cazirconia, zeolites, many clay mnerals, pillared

tppiagity aal ammanwltfainamngahmnnnmw;onFlaTher the 'solid oxide
|

L nophespl sy sudche ey 91, Rl i

Céﬁ%y §a! Lyid ﬁ?t()? ‘?111k?¥reﬁp ﬁroﬂi:ﬁhn%étﬁl %ﬁﬁnﬂhalt %ﬁ&ﬁtﬁfé@ the
ect fon-w t hdraw ng nent, typically an electron-

s01ill hehiiawi ragteeinl, ofes cnallc;zmnng fren tietalswintainiogi de metal-

material is optionally chemically-treated w
impaegnatade cb@m@rallwéfe@ted slid txade. caflisENALNELYS aarréoi;lg gide

diff.
S o aLoRar e e fhisk ST o d bl Aot hRP chibfied
s RSS2 THe ebd W\ﬁhlbmﬂﬁ@@ﬁdé ﬁdcontacted with an electron-

chem cal ly-treated solid oxide. A'ternatively, a_solid
withdfewing component, typically a salt or.an a01d of an electron-withdrawing

anion, includes, but is not limited to gelhng, co-gelling, impregnation of one
compound onto another, and the hke. Typlcally, following any contacting
method, the contacted mixture of:oxide compound, electron-withdrawing
anion, and optionally the metal ion is calcined. -

" The electron-‘wifhdrawing component used to treat the oxide is any
component that increases the Lewis .jcﬁr.ii'Brbnsted acidity of the solid oxide upon
treatment. In one aspect,“ the eleétrbn-withdrawing component is an electron-
withdrawing anion derived from a .salt, an acid, or other compound such as a
volatile organic compound that may serve as.a source or precursor for that

anion. Examples of eleCtron—withdra{i(ihg anions include, but are not limited
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material and an el ectron- w thdraw ng anion source are
contacted and cal ci ned sinul taneously. The nethod by

wohb@hotise oxide is contacted with an PCT/US2005/022998

el ectronw t hdrawi ng conponent, typically a salt or. an
acid of an electron- w thdraw ng anion, includes, but
is not limted to, gelling, co-gelling, inpregnation

B 19BRIE0HMeHAS BidhAdANRIURRY phasshatd) arilfiates bidulits adulfate,
fol low ng any contacting nefhod,” the contacted m xture
fiforobarde, c drpoesutfates| édtlnamacatitehdplznsphateanflonrophasphate,

ti [y t tal i 1S | ci ned. Th .
Bloseriresmals ¢ RO REP GontIENeRRnEEeq PEETTTERRES nsubitysd
éu?foggl‘t)é, Eﬁ%ﬂﬂ{%ﬁﬁﬁ&d tsﬁandt&Céﬁﬁﬁ%slik&einchﬁﬂgs afy BixAgkednd

acidity o e solid oxide upon treatnent. In one
asyiendtiors hbewsloé c tIncaidai drh chther iogiccanmpoméertic i @nggounds that
el ectronw t hdraw ng.ani on derived froma salt,

SEYEES BHTERSHEF LGS aFHAnSHERITAYING YHPET ey alioyha Paployed

B YRl B, S8 e Bined, B AR SRR Bhice

donghrisde a dothtedr ®liddxidd, Bt 66l another aspebt, the tlsemically-treated
fluoride, chloride, bromde;  iodide, phosphate,
ox¥ifl¢ femptisdsisgliptedtaduming) f ate, f| uor oborat e,

fluorgsulfate,. triflugroa aLe P :

fluor _ Bs%ﬁa?lg?&?ﬁl'%ﬁj&ﬁlﬁgné(fnell?g@go"{b%llsrlﬁ‘ }sleg até ,a It of an
dIbMRIOtithanaife SRRITERG 8b@iteriors BP Shtidrl be that Whltanay Be any
unsubstituted sul fonate, .and the Iike, including an

crition uthets aBowrs dbertsaliatoi wvsrtt dredepoimpose hagliitoi e acad ing
rces

i oni ¢ or_ non-ioni ¢ conpounds .t hat. . ' f
taleamee Ractqrs faay deiee ﬁl&?%mta% thgpetiolhe pat ev sy da e
écﬁtré@ﬁ)r R'Flg %Fe'&rohﬂ%ﬁﬁﬁr}a@@g" IoR 61830 8k ard B8t limited to, the
chem call'y-treated solid~ oxide conprises a sulfated
sohibitityood the sakia thendesived selvents feclack bfiedverse reactivity of the

chem cal ly-treated oxjde conprises sulfated alymna. ..
CHER, tIRB-RAIERS r%ﬁ%@‘%}{?t eHVaFR n ec&ﬁﬁ%eﬁ?‘?c%}ﬁ*ﬁ%i ;}é'gr%scc’plc

Bk PP M SR e et
bhehs ahion 0 Eemaples aif deiedPeatotndk the $de ofcthe electron-
duri ng L RS .
withdrawing anion include; but. are: not limited to, ammonium, trialkyl
ammonium, tetraalkyl ammonium, tetraalkyl phosphonium, H, [H(OEt,),]",
and the like.

Further, combinations of one or more different electron withdrawing
anions, in varying proportioné, can be used to tailor the specific acidity of the
activator-support to the desired level: :Cbmbinations of electron withdrawing
components may be contacted with the oxide material simultaneously or
individually, and any order that affords the desired activator-support acidity.
For example, one aspect of this invention is employing two or more electron-

withdrawing anion source compounds {r two -or more separate contacting

steps. Thus, one example of suéh:a_;;'ﬁrobess by which an aétivator-support is
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calcining. Factors that dictate the suitability of the
particular salt to serve as a source for the el ectron-

wonzodscogsd ng ani on i ncl ude, but are not |im tedCTWS2008022998

solubility of the salt in the desired solvent, the

| ack of adverse reactivity of the cation, ion-pairing

effects between the cation and anion, hygroscopic

ﬂ}é%ﬁ\s& tid 8§ folmag:t fadsetl&téd%lﬁiabildbxcohﬁ@uﬁ@,t 6108ombhdtibh &f
and thermal -stability of the anion, Exanples of

audle a@hpomais; tneonitactedhwithad firspfeleckren-withdrawing anion source

e o o o TR A e B 5 HiR S (PP sy the
&E@Tﬁ’fﬁ \Gihidt ﬁlﬁ&ﬁl%aiskﬂl%n RIGAER AN a Eﬁ'oon[i"@%(?ﬂ Alithdraidg

Further, conbinations of one or nore
atiiéif sm&nd: cepotndto frtha rsmndgnmumrcnﬁqllqwede yilaiping said

s%éq?ri’q"%%tﬁ?es et Foltarolilppay EmRORL Bovichaproggss e

B L T o
dlﬂéteq‘llt dombblyndsalhlh@tgsh theylataytteahe sdrﬁmcoislpmhmi desired

activator-support_acidity. For exa% one_ aspect of .
th| s Innoentaspecti of Eiepimipniign.t ths enlidexide Activator-support is
ct raqnwi t hdraw n I on source conpounds in two or
gceg at Bt o cingpcr?%q% steps. Thus, one exanpl e of
such B - phREARS ayscyMa eRideNceapduadt QithS PPt one electron-

I sprepared is as follows:.a selected solid oxide
wﬁhqmawmmg awion cowtse ro;amponnd)to mﬁm@m@mﬁndu S

cont wi.t h _a. st el ect Wi n n

R AT T AR I R R s S e S
m xt ufneaﬂo'ihérrb%P %%ﬁhﬁeiﬁveﬁt% o sdiiaeskitie %éilvifbfiﬁlkﬁlﬁ)rt is
is then contac with a second el ectron-w t hdraw ng

domdslguapmcemmmnptmmgx forma second m xture, ,
foIIovvedb cal cinin g(ﬁwgecond mxtuetofgo
{1 eat b CoBIRHIB R} et eRpBlidioXioR comRUA prgeadyst ¢lfgiron-

wnﬂ&fa%%g&%oﬁ%gﬁ&g H%%{ﬂé@ ﬁ Lorit fi?s\f\"rrﬂgtu?é“ (g source

oun are ounds al t hough

t hey mﬁyalbmlﬁ@mesfa@enmm@oddae acmcmscpﬁmt nakttrére
i nvention, the solid oxide activator-support is
3) contacting the calcined. first mixture with a second electron-

withdrawing anion source compound to form a second mixture; and

4) calcining the second rhixture to form the solid oxide activator-*
support. Thus, the solid oxide - act1vator—support is sometlmes referred to
smlply as a treated solid oxide compound ‘

Another aspect of this invention producing or forming the solid oxide
activator-support by contacting at-,lieast' one solid oxide with at least one
electron-withdrawing anion source compound, wherein the at least one solid
oxide compound is calcined beforc;;dqring or after contacting the électron-
withdrawing anion source, .and ‘Wlti‘éfci'n‘ “ther‘e is a substantial absence of

aluminoxanes and organoborates.
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produced by a process conprising: 1) contacting a
solid oxide conpound with at | east one

wehewtoersm t hdr awi ng ani on source conpound to POTMIS2005/022998

firstmxture; and 2) calcining the first mxture to
formthe solid oxide activator-support. |In another
aspect of this invention, the solid oxide

act i VBRI Qe a4RRPb thi§ iV AHECEndY IR PIHACEE e HANetS itRgted
1) contacting at |east one solid oxide conpound with a
fnd dieds Ineyt bo sutisehoerdly cedeined. ofakmning of dlamproatad solid oxide
to.forma first mxture;.and 2 alcining the first

Ifi SangTadlyt CoRdPFGa Deimn 2RI r‘?@d%‘?ri% PEPOTRIRTS, ¥Picaly Tn a dry
glﬁﬁlte?{: llt'rﬂb%}oﬁ%g §9 &h@%ﬁa‘rﬁfa@ém@@@@t‘a %6‘}@,%11?%105‘ time of
el’ectronw rawi ng ani on 'source conpound t'o forma
segfnte MhXxt10lehoand 4h &dlthdrnaspect, aldeingntd bondudterl &b a
formthe solid oxide activator- ' support. Thus, ‘the
woifedatose dnactI0NECoto s §PPYE tands is cmettiaesspeet erat@gingois

sinply as a treated s50lid oxide compound. ' Another
@@%@ dogt 3 fRrEPGTAYERLToER APO @.@5@‘}@1gﬁr}f@ﬁg’ippﬂ@z@sy@%

sol.id oxide acti - §u 1. bync Ct | S ‘
g F CEnd R L RERL o %0 BT Mg ot spset
adltiathgS RUEGRIuCRAP GtoRe, 3 Lt 2h@oats. | Bastill enetieslaspect,
oxi de conpound is calcined before, -during or after

cdeinang inpy be leerréddeastt e t fedd ionts airii lempstaiviediomn3>0°C
vvhg%@; there is a substantial . absence of al um noxanes
Hh rcganoborat es. | n one aspect -of this invention,

- OnCeFﬁﬁﬁeﬁ%h}rQyﬁé'&?sLﬁﬁﬁleb%Bieh’f Qah et agdl Qﬁﬂiﬁ%ﬂ calBing.
be subsequently~cal ci ned.” Cal cining of the treated
ehémdllpx caleining gerendidtgd ¢orrductidizing) abmosphigiee rquchras air.

i nert atpmosphere, typically j . nbi ent .
B AEe Ah e sl Skt s (s TToBREOr T 8o & fgglucing

_g@%oesg%qéljegﬁf:ﬁgs %Ejogé‘ﬁ br E%ﬁ&i@ﬂl&ﬁﬁgﬂfcﬁ; nllagpb@riﬁE@er

al'ci ni S conducted at a tenperature from -
3000CrI1 en&@60aspeandf thie mwefitiver, ths peltd pxitiel @impongnt ased to

prepare the chemically-treated solid oxide has a pore volume greater than 0.1
cc/g. In another aspect, the solid oxide component has a pore volume greater

than 0.5 cc/g, and in yet another aspect, greater than 1.0 cc/g. In still another

aspect, the solid oxide component hasa surface area from 100 to 1000 mz/g.

In another aspect, solid oxide comeﬁ'é,nt has a surface area from 200 to 800

mz/ g, and in still another aspect, froﬁ 250 fo 600 m2/ g.

The solid oxide material may"be treated with a source of halide ion or
sulfate ion, or a combination of aniqhs, and optionally treated with at least one
metal ion, then calcined to proVidg the activator-support in the form of a
particulate solid. In one aspect, the sohd o\xjde material is treated with a
source of sulfate, termed a sul'fatingi égent, a source of chloride ion, termed a

chloriding agent, a source of fluoride ,idn, termed a fluoriding agent, or a

.33
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_cpnducted at tenperatoejfrom.400C tp 700C. In yet
anot her aspect, calcining is conducted from21 hour to

woQodsmoss9 and in anot her aspect cal cining i s PCT/US2005/022998

conducted, from3 hours to 20 hours. In still another
aspect, calcining may be carried out from.1 to 10
hours at a tenperature from 3500C to 5500C. . .
gﬂﬁﬁlﬂa@c{on itYedty Faﬁdocfalcﬁﬂé& ?@'p@oﬁﬂ@'tﬁ@tsoﬁérbx@@e Ws@htor. In
ring calcining. CGenerally, calcining is conducted in
Aotiex |adpaﬁt,n@eﬁ11rmahh actevatsrumppasts ancludeplbue ammtvlmw to:

T
‘tﬂ%ﬁ’ﬁ&%&j §lhc urriin chl rldegeﬁﬁga Qﬁfmﬁﬁp?ﬁbrﬁgd tdMgca-alumina;

I'nvent | on, oXI conponent’ used to prepare
dulfateeh Sﬂic@aillluyuﬂal‘ elatoaddeb | silitacait abajd) ashlarifed emhcﬂ-un@ma

reater than 0.1 cc/ I n-anot her aspe
r¢ftedc SHHSErETRONHa S sgl fesed e51 %—a%%%&ﬁqm{%a%w -glumina,

58 P e Sl BRSNS s RE Bt BB,
SRAIRANG Nealfdds withSi §rades cﬁkﬁﬁief 0P BUIFEXS; Ehos]ﬂﬁfkdl’ralbgnna ror
anot her aspect, solid oxi de component surface

ahelaalﬁnnmma@pluaﬁesa ©0tianglly, treated Mﬁths&qlfalte dRwrider or chloride;
aspect, from.25 00 The xi.de nat
)an}secqrplggaté%p &P‘?rﬁog s%'ﬂ}?l?:f% 6’f1yh%1is e a]cﬁ}z]at8¥ -8 Rﬁ"%t flay
6 ﬂ)naﬁ ﬁeﬁ@d RAtH Aneadt AR &H& R 1eRtypiRally roma metal
treate | east one netal ion, then calcined to
sl toon @tnnpdmdamexmn dhe membaon cambe liee $anerapbr different from
particul ate solid. one.aspect, the solid oxide
¥t wetahth aitgn%e%gpélae splidrpxidepaieialof sul f at e, terned a

sul'f aj) nge az%ggét’ of* £ uﬁl@@n’cﬂ; Ct?}e Ofb& 10X LEhVHRE:- ﬁlpport
chloridin a source o uori de .1on, terned
Edruprisedi mgluagidad sobd axdduriii et fam ofier pmﬁlpu]autﬁj sohd thus a

cal ci ned to provide the so id oxide activator

Wf@h@ flugpidetion is exdded et @Xédaet by éfeéﬁngmpwht% toriding
t -
s b e 3, A B e by

AIrHi @@, slurry of the oxide in a sultable solvent such as alcohol or water,

32

including, but are not 11mlted to, the one to three carbon alcohols because of
_their volatility and low surface tenswn Examples of fluoriding agents that can
be used in this 1nvent10n 1nclude but are not limited to, hydrofluoric acid
(HF), ammonium fluoride (NI-AI4‘F),‘ ammonium bifluoride (NH,HF,),
ammonium  tetrafluoroborate  (NH,BF,), ammonium silicofluoride
(hexafluorosilicate) ((NH,4),SiF), annnonium hexaﬂuorqphosphate (NH4PFs),
tetrafluoroboric acid (HBF,), ammaﬂium hexaﬂuorotitanaté (NH,4),TiFs,
ammonium  hexafluorozirconate (NH4)ZZrF6, analogs thereof, and
combinations thereof. For example ammonium bifluoride NH,HF, may be

used as the ﬂuorldmg agent, due to 1ts ease of use and ready availability.
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brom oled Si I [ ca- alum na, chlorided silica-al um na;
fluorided silica-alumna; sulfated silica-alum na;

wonrawsiodedosi | i ca-zirconia, chlorided silica-zi PCOMIS2005/022998

fluorided silica-zirconia; sulfated silica-zirconia;
chlorided zinc-alumna, triflate treated
silica-alumna,a pillared clay such as a pillared
mont regr 'Ilhjc}fe?'a SPfHe‘iﬁ‘ ehj ntvEﬁt%rP Qhé’\édlfﬁ btige EaﬂjBe treated
chl oride, ate osp ated alum na, or other
\?ilﬂura rﬂg@hﬂ&@ a%exst, dmpng cthal dajciningastepl widily Slubfiding, agent
uoride, or chloride; y. C atia er eof .
Pustinet Lermysty conischoni e ol SHigp dRne g CABH o sep pan
at I e r
8&5@ ¥ 8% \r@(%(gﬁl%p?e In Q&&Foﬂgt?) ‘g{g@@ ﬂﬁfg'ﬁcﬁ{\}\% e%ééhgs descrlbed
15?@%@[131%' R'ol"a@i]e bﬁgéﬂie Beriiieg agemﬁl fobertentiséd. onE)aanyples of

netal that nakes up the solid oxide material. In el
edpdeorgnic Angrifingegenisniscivhan thivaeet hiha énventlon mclude,

activator f < I
8 2" SR SBTPELSER, TGP A e,
ifhho%@hie%nb ORifiubredtBambl! sd J&q&ﬁﬁtﬁﬁlsktheﬁebﬁat}mﬁls\hyﬂi‘o@n

fluoriding agent. In still another aspect, fluoride
fleorideagr Heordddtselftaantdleo bsiused byitl srerpoligd axide is fuasided

s S i D Lo P SRR of s BBY oRige,witn
r l:
BB oo i

fllidizeaBe sbigd usidd dumnglmamnatmvmntl on i nclude, but are
not limted to, hydrofluoric¢ acid

f1 uor Smlqrhmn) ancihgiodipash of it é?Y%E%N@ng%nri,m%%y-tremd

GO SRS e A TR g
Wisﬂﬂﬂcheéﬁfchlo@fd@pfmsfshad@d( M‘“lﬁ%Fﬁ))qde by treatment -with a

tetrafluoroboric acid (HBF4), anrnoriium
blderifingozgsnt.t AnathlqridesionTmRp beaandsditahe oxide by forming a

fl
G5 BRI SR BEED, RS HSEER e
Mehen, By B83usede 3an thRerddiatd wldi AGhRGRNhg adult dwring the
ease of use and ready avail abi .In anot%er aspect

oflcinivey sieyes Amty chioreting agentmhmbé@b SETBIERS acwiTdseof chloride
treated
and thoroughly contacting the ox1de durmg the calcining step can be used. For

>

example, volatile organic chlorldmg agents may be used. Examples of volatile
organic chloriding agenfs useful in thie aspect of the invention include, but are
not limited to, certain. freohs vperchlorobenzene chloromethane,

dlchloromethane chloroform carbon tetrachlorlde trichloroethanol, or any
combination thereof Gaseous hydrogen chloride or chlorine itself can also be
used with the solid oxide during calcining. One convenient method of
contacting the oxide with the chloridihg agent is to vaporize a chloriding agent

into a gas stream used to fluidize the solid oxide during calcination.
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with a fluoriding agent during the calcining step. Any
fluoriding agent capabl e of thoroughly contacting the.

weabiethoorsp de during the cal cining step can be BEEAS2066/1022998

exanple, in addition ."to those fluoriding agents
descri bed previously, volatile organic fluoriding
agents may be used. Exanples of volatile organic
f1 uorjydip %@9&%@0&&@%% c'ofhptrﬁéssa %ﬁ&%?dall‘f)ftréah&i solid oxide
i nvention i nclude are not limted to, freons,
- qoendrisiny ahsolath @xidee tiebiedr with nare eéectionawitodrewiizg @nion, the
trlfluor t hanol , andcrrblnat ons .t her epf . Seous.
RHORAORE dBIGH c DE PG doded 26 e et BRI, an
ag,]&dﬁtt sataodhaﬂ 241 D¢ weletlt| d1Qht 461 GRideD AE A dFhél! Aiect the
veni ent net contacting the solid oxid
sMédtiont Wethfitasdng cinion @gerde addedotov dposalitk oaidel iman darmgmt
agent into a gas streamused to fluidi ?{ﬁ the solid

@ﬁ@té%tb@nr 20fg bF ayeighizef tha sokd exides igyeatsriham o Ycby Wit of

B6 b0 Suld® BRI gl (P EPCTAER: b el SRHGL drdr Bt han

p@lbg,l\ﬁ&gm(qtﬁgbbmokﬂ@s a source of chloride ion is
added to the oxi de by: treatnment with a chloridi ng

agentIn e aspﬂct;rﬁhd eam@mtrmfyelb@tr@uwe@drwngw@no£<Prd exasyple

Sorieotn St ish, TopSoPR befre Sulshifl T AR S Bpergity
ﬁ’ﬁﬁédg 16 340oR eoyt W Biahe dydré hlean&ﬁhppérééxﬁg aftIBdted Gurthe Sveight

cal cining step.” Any chloriding ﬂ%mgt capabl e of
afethe smgdasmée,sfm raxempﬂe sihiceralupinanbietono calegting. In another

6 theo ey ? Yot &g@%@ﬁg‘ (S o il SRS or
cffﬁéfm?eeldﬁSZ)? ﬁe Bﬁkg%aﬂm @1&%118{(191@% Fr g grﬂod'Z'S% by

agents us s as e e I nventi-on include,
‘bb!f(gh@raﬁdﬁﬂfanbihm hebct, Cfromect tc&thﬁ)% bgoveight. When halide ion; is
per chl or obenzene, chl oronet hane, dichl oronet hane

el oisdhe elgctioar Whdrstng anior itds used i AN G sHbicien to

i nati.on thereo SeQs .
Bty e PR B L0448 SRR U PHEAREEE R 5 o
ﬁil@r\i/élghtcé‘ﬂ thleNolid. ox4e ﬁpﬁﬂﬁﬁbﬁiﬁpeﬂﬁhbﬂ@e &f used in an amount
sufficient to deposit, after calcmmg, from 0.5% to 40% by weight halide ion

relative to the weight of the solid ox1d§, or from 1% to- 30% by weight halide
ion relative to the weight of the solid:'oxide. If the fluoride or chloride ion is
added during calcining, such as when calcined in the presencé of CCly, there is
typlcally no, or only trace levels, of ﬂuorlde or chloride ion in the solid oxide
before calcining. Once 1mpregnated Wlth halide, the halided oxide may be
dried by any method known in the.art including, but not limited to, suction
filtration followed by evaporétion, d‘rying under vacuum, spray drying, and the
like, although it is also possible to initiate the calcining step immediately

without drying the impregnated sol"id“qxide..\ .
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contacting the oxide with the chloriding agent is to
vaporize a chloriding agent into a gas streamused to

wolowethozmot he solid oxi de during cal ci nati on. Waem/ushms/022998

acti vator-support conprises a chemcally-treated solid
oxi de conprising a solid oxide treated wth an
el ectron- withdrawi ng anion, the electron wthdraw ng
ani o 1ide % slaRmhiel® ch have a
o0t AR Bt T o RS U e ikl cha
poie &Bminliﬁégrea&m&han t OLé c&i/gcﬂn @nevispérdy thei paye arilame gaay be
be added to the soljd oxide in an anount_ greater, than
Q%tﬁyth?oél 18t ccde, andleinsaother Aeperd, thgrRose & Plut Hlagojgeogreater
B o8k, TRRSR she B e FR e, UGB, Realfed cuan
Fd@emé/@' | Bh 6% depect,nthonarfaspacda, 1stg'reataﬂtham 50 m?*/g, and in
el ectron-withdrawi ng ion, for exanple_flugrid
anlothsr iaspect.dhe syifecsestea H@ﬁ’d?eegféﬁ‘le’é th@rlnéSQ / & o&?ﬂefauyn@e
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J&rasﬁé&”ﬂeealéﬂﬁﬂacﬁfrﬁérﬂ gf rﬂl@e s1ﬁ€£—@hﬁmﬁ@|n6}a}i%él €ond 15 to 50%,
anot her” aspect,, the amount of of electron-w thdraw ng

dnonin dnotheeapgit ethel alemirdecanters Wf she sidiceaumpreeyayibe from
beforeoca cining the solid oxide is from3 to 25% by
%,t@h’tOAg A bYBeIRRY aspect, from4 to .20% by

wei ghty, é@ﬁﬁ?e$&hidj&lﬂé’ @om ﬁs SRifEaRSardne sl 6418 Bomponent

wi t hdrawm ng anion, It I's in an anpbunt sufficient
sIu@hd epaﬂuﬁunaafdre sﬂma-laﬂ:ummag 1nf tlemformi %ef @ Gegtivylate solid.

é’%'l%gl 51 BB odp ot Ptk A Wit dotreh i S e
f f I<§s rf‘éteéooxﬂcﬁio B5ibrisé 4 %ﬁeteﬁal il 81'1@9 efcf ocﬂb C%u’f_ifoa/ﬁﬂ}ic’sohd
e 85h TOIBTi Ve to {He

&Qﬂé Qoﬁiﬁrﬁ@s salfater &0 ifontiaa 3080 biye \A@p@lﬂtofhtalis delentmn the
relativée to the weight of the solid oxide, If the

$ulfated demmna tshioomied &Yi %WQCQSSa‘MhI@QH’d@PlW léutlfﬁaF?& with a

FUED, ST T A R BRI M o
SOE9E 418 sh@ad th'ftﬁn&ﬁ' JufFafx iz8R ﬁﬂfaw hGBinkind ildate Qnickel

i npregnated w th-halide, ‘thé halided oxide may be
sulfate or copper sulfate. In one’ aspect this process may be performed by

forming a slurry of the alumina in a suitable solvent such as alcohol or water,
in which the desired concentration of the sulfating agent has been added.
Suitableﬁ organic solvents include', but :are not limited to, the one to three
carbon alcohols because of their Volatlhty and low surface tension.

In this aspect, ‘the harnount of sulfate ion present before calcining is
generally from 1% to 50% by weight, from 2% to 30 % by weight, of from
5% to 25% by weight, where the weight percents are based on the weight of
the solid oxide before calcmmg Once 1mpregnated with sulfate, the sulfated
oxide may be dried by any method known in the art including, but not limited

to, suction filtration followed by evaporation, drying under vacuum, spray
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dried by any nethod known in the art including, but
not limted to, suction filtration followed by

wevapmoasd on, dryi ng under vacuum spray dryi ngCTansen05/022998

the like, although it is also possible to initiate the
calcining step inmmediately wi thout drying the
i npregnated solid oxide. .The silica-alumna used to
a i Iif (A pBSPR 163RitHAY theAcdlihthg st

e R g
ivphediatelay be greater than 0.8 cc/g, and in another
aspect, the pore volune my be eater than 1.0 cc/qg.
Fur t Heraddithe &9 beigs- wde NAtay Clesvenayhifipysis gogpotent

A bl Othe! b1 i Wb AGRiRA £8
653 S0P sty B orAREE e R
Sptiohalte bar faateywite 4 heailesourbgnindhding hgetalGealtsr af Inystal-
the silica-alunmina . of this.invention has. an alum ga
aontaieing oorpeusds. olmeng asnechekihgdprention; Hese compaynds may

content .of the silica-alum.na r. . 0
St 48 orndolignedl SHTHE TR Ao (Thotugdh b, and.
s%'b_hécﬁl@nﬁi/rﬁ&h\?@teﬂﬁﬁtob@e fsipporéd hetaBlforataldiniay. biccordingly,
wei ght. The sul fated solid oxide conprises sulfate and
the solid thopganie osislepandnrthengompyise mgiahgomprising zinc, nickel,

sili,ca-al um na [

[ e e e =. the | i
S g, SRS M, DRI o

| cgc{ﬂ?@h%di%g{)?&éﬁ 'Fﬂraéxaigg're%fdﬂnfa e 1508 t6 ahptar@dte the solid

ate e conprises - a-.neta .~ I'n one aspect, the
Sillé st@miss il prdvides deod omplystadivityl dndtlewasnst. alTherseolid oxide

one aspect_ of this_invention, the sulfated a ina i
B e ek GBS SO R AR GInuRE Garpeusdse B B, aher

Wi t sul f at Ol I hgdudi : O, - t -
1 of B YR g g, G108 a4 gegion
ARABRWNG snibhat e, zinc sulfate, alum numsulfate, - ;
ni ckel sulfate or copper sulfate. In Qrne aspect [

pr oc eBerthrsy amy mthod ohamPESETREREithy salid o eyﬁ@itél‘{ai g;vi%h a
RRHES 1\ o BB G s e apby G e
4314 R0 Bty Sy pebmich o o
lsigliteﬁ] rteggelling, co—’g’elling, ir'ni)regnation of one compound onto another,
and the like. Following any contacting method, the contacted mixture of oxide
compound, electron—Withdréwing. ‘apioh, and the metal ion is typically
calcined. AltemativeAly,' a ‘solidw oﬁiide.r;ﬁétefiél, ‘an electron-withdrawing anion
source, and the metal salt or metél-cont:aining compound are contacted and
calcined simultaneously. ‘

In another aspect, thé ansa-metallocene compound may be contacted
with an olefin monomer and an oi‘gandalluminum cocatalyst for a first period
of time prior to contacting thismixhifé W1th the acidic activator-support. Once
the precontacted mixture of nietallocene, monomer, organoaluminum

cocatalyst is contacted with the acidic' activator-support, the composition
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carbon al cohol s because of their volatility and | ow
surface tension. In this aspect, the anount of sulfate

woamemesent before calcining is generally froRrCTHsR®ms/022998

50% by weight, from2%to 30 % by weight, of from5%

to 25% by wei ght, where the wei ght percents are based

on the wei ght of the solid oxide before cal cining.

Qi‘ﬁl%r cBRpEem3t e delE‘ a%ﬁ{feftéit—ﬁtpﬁoﬂelsst@hﬁ@ei &tk Oydsteni@yed”
dried by any method known i'n the art including, but

m@ttuta mihedposicordased onixfure tmay |‘t®nalﬂ@tf¢<b\ﬁseaemﬁm n further

PRt 81 gt prie SERG HEEPTaSE SRR B nf factctin
&Rlchi dé Bely%&&atlﬁﬂgpdée% \%ill/be !:é}rﬁé@ht ion to being
treated el

ctron-w t hdraw ng conponent such as
hal i d¥arivus ptdcasses it@ prepateesalial oxide aotnmm-mpqmrtd ghagfcan be

this invention may opti onal 'y be, t eat ed
employed 1m Hes THiCAEORBEYS begaieRoided. pRATARBHS "at(E Snsaten&klos

| §g%g&ggélgggzgné 2850841 6:8b0 b'?? 6, @Y@BB‘B 06‘355 B§§e6 376,415,

-added 1 g-or”

60bi $16x6,895j66656)5049817, ﬁﬁfﬁﬁ48ﬂdl§&hﬁﬁbﬂ@ﬂﬂinmﬂmﬂsemch
converted into the supported netal upon cal cining.
atwbichiipioprparaed rﬁgprm?@rlg@mncmdts. HETHEN furt her
conpri se a nmetal conprising zinc, nickel, vanadium
silver, copper, gallium tin; tungsten, ol ybdenum or
Porpgﬂata%g&me LNRRBRY-SuppFis ©%AHP| BuyerddnChARSFaDe AetiS&kor-
to I npregnate the solid oxide because it provides good
Saepradrisst act|V| ty and | ow -cost. The solid oxide rmy be
treated w salts. .or t al.- cont ai ni
bef o 51 OB FRHEE B it HeRISty B0 L DA IR e Ppropiting

| \!
B By B R L R ot fgenble
Mtui@or%@pmtalmu]udﬂngabmtehaﬂ lirdtedbto sdivdte Theé alemirmdilivate

- which the oxideis contacted with a mstal source,

eguppendsyormingrals,itheewalh-laysred o nAR-Texswybeertures, and any
| nc#)lél% 1o tﬁé*rteo SH Qa%otﬁema%jﬁeg:t o thid® kak:lﬂt%n Q8n-%§£llldﬂ§gable

i'on“of one co onto
1ayered aluminosilicates such as pillared clays may be used as activator-

supports. When the acidic actlvator-support comprises an ion-exchangeable
activator-support, it can optlonally be treated with at. least one electron-
withdrawing anion such as those dtsclosed herem though typlcally the ion-
exchangeable activator-support is ‘n,ot treated with an electron-withdrawing
anion. 4

In one aspect, the activator—sﬁpport of this invention can comprise clay
minerals having exchangeable catlons and layers capable of expandmg
Typical clay mineral actlvator-supports include, but are not limited to, ion-
exchangeable, layered alurmnoelhcates such as pillared clays. Although the
term “support” is used, it is not meetnt- to be construed as an inert component of

the catalyst composition, but rather ‘is to be considered an active part of the

39,



10

15

20

25

and the like. Follow ng any contacting nmethod, the
contacted m xture of oxide conpound,

wehewtwersowi t hdrawi ng ani on, and the netal i onPCE/US2005/022998

typically calcined. Alternatively, a solid oxide
material, an electron-w thdraw ng ani on source, and

the netal salt or netal -containing conpound are
éTa%lS@CQ:S éélﬁoﬁa'%lcﬁl%@ 6f il ianAMeshdsoclatioAn®ithethe ansa-
aspeéct, e a-nmetal | ocene conpound may be contact ed
metaﬁﬂoaq:neoarai orgamoalsnenumnetalyst ogapeaentsi n%lbdwtlatepétng

r ri od. of 0. cont ctin
i o chonfion i hetkeR e e Bt dighvator-
l}lg S8k M X1 el thRGRARs WIRN B hnsa-metallocene
anoal um num cocatal yst |1s contacted with the acidic
and iovgdnonhenippor k:pmpbaemartpo&nm endajalybte compogitiosiusgd to
the acidic activator-support is termed the
EEPMYERed” mixture. The postcontacted mixture may
be al { [ (A f
G e L Tt L
bithethinCiheirhgatnadl ysiae | crathap haye beas dreatddl with. variousiieds by
out. 5 Various processes to epare sol i d oxi de
wettingation -escglp'maet or tlflﬂiliﬂl@&n Tﬁ@ @laynmeggripl activator-

G RGBS IR BT
ﬁlr%el@at%i%; 11@01@@15;; &1&?%@@ cﬁat%@cl Hétal c@mﬁ&& &difons.

987, and 6, 548, 441, describe such net hods, ‘each
Bowstiers thd elay mesenpa raanwobyupp@ﬁ@ o filzie ivengion alsomncpmpass
entir chan
it Beeh igh vahingsd ity FRBRGaer FUALBRE Dut not
rt.s e e n h
i ?tf%é*aloor e A RO (Rl EPUR) P ID it gmds such o
haligeo acdtatensul fite, triifrate] evvieitriteon can conpri se an
i on- exchangeabl e 15 activator-support, jncluding but .
not . . 11 AR EPeRs, §19 Fldkt UNAGT AMBITA S .tms@atvsn%%ﬁeaﬁaée&

g{llal]gc{] 2& ST h%'cfeﬂﬁ )Plll\érhll clla%)éelh ele®%o PBr lt@}fﬁtryel‘flatenals that*'

ruc
have been ion exchanged w1th large typ1cally polynuclear highly charged

metal complex cat1ons Examples of such ions include, but are not limited to,
Keggin ions which may have charges such as 7+ various polyoxometallates
and other large ions. Thus,.the terrn p111ar1ng refers to a simple exchange
reaction in which the exchangeable cat1ons ofa clay material are replaced with
large, highly charged ions, such as Keggin ions. These polymeric cations are
then immobilized within the lnterlayere of the clay and when calcined are
coverted to metal -oxide “pillars,” {effectively‘shpporting the clay layers as
column-like structures. Thus, once the clay is dried and calcined to produce
the supporting pillars between clay layers, the expanded lattice structure is

maintained and the porosity is enhanced. The resulting pores may vary in

shape and size as a function of the pillaring material and the parent clay



10

15

20

25

conbi nation thereof. In another aspect of this
i nvention, ion-exchangeable, | . f |ayered

wabhowsivesd | | cates such as pillared clays my beCuasgnoas22998

activatorsupports. Wien the acidic activator-support
conpri ses. an ion-exchangeable 20 . activator-support,
it can optionally be treated with at. |east one

ﬁla@&fa'l Qi3 ¢ hﬁia?ﬁ/ipl%g @n;]blganﬁgl &hd qﬁnaﬂeasaayt sfd @Sed in: T.J.
herei n, thoug pi cal t he "1 onexchangeabl
Hnmlavaa,oSezsqumerO (|4§951)pt365r?é7dt €98, thl\/hnThomas Intercalation

G0 BB LB b o AR P a5k Aordgpmic

%asmlﬂ@fgt awq:a%e&ﬁwgte@a'e]mt swaenms 53y6%%1; and

capab expandi'ng. Typi ¢al ay m ner al
Hk:$ i Raddr NS v, 480; ieach ofiwhichlis ireoeparatied hierdin edits entirety.

i onexchangeabl e, |ay ered_al um nosi | ic te such a
pi | | at 88 PHayuE MOKBUGRIRR QIBY rmnstalp ofaving srdapgeable

‘ étui R a'illatl g@%%péﬁe he & ?Qf?g 1ﬁé‘ %@ﬁ%@%@{d”a% tﬁétrﬂaﬁr@ﬂ’ltance

oS-

W@b@&ﬁ@“ﬂzaﬁﬁn agf ioléfiaid tﬁé dabgpat ecbmpbsmemrmis ithe @hesent
because of its intimate association with th

arveatien g be élﬁ@d aRdersieransatable dlaynaetalsykor pillaring include,

%P{?f%nrgo Ig{}%% o aa?l% aerlre%gﬁglgﬁgﬁsagagga gfocltﬁh%dpaﬁ (AIB9 0 tri-

estahy&hpmgpmr HerSRdtNRS t}@i’ecﬁ‘sublﬁ‘ a9 hivhtBoriRegiteNbehtodites),
reacts W th the a -metall ocene and organoal um num

comtpanitess shedofitesm ar ¢ fapahites; &xaﬂpmtes; ovemziedlites,  micas;

roduce mer. .

povigad, PTG iR L Ra s oFGuE PRHR TITp R oY o
REKHED ShlIfeO Bl tggxagrdggap%&glegsea b i gy Silte
laf)pﬁité;adapymté hﬁ anb/a:yorrmardnatheraof | Iradmer sspppp the miflatedicday
i nyention conprises s_that have been_ ion
BEFRAPTGREPPAITE KOMRFigeS @3{1 OBE,Of FRONIBIORYIOBERy n(fdhee RFincipal

QF&@% %?l’bgﬁ% sslln[ AR Bkt i ons. However, the

ator - supports of this invention
al so gheopiflagsl clay may be pretreated in the present invention. For

example, in one embodiment, a plllared bentomte was pretreated by drying at
300°C under an inert atmosphere, typrcally dry nitrogen, for 3 hours, before
being added to the polymerization reactor. This eXample of a pretreament is
not limiting, because preheating steps s'ueh as this many be carried out.at many
other temperatures and times, 1nclud1ng a comblnatlon of temperature and time
steps, all of which are encompassed by th1s 1nvent10n

The ion-exchangeable act1vator-supports such as pillared clays used to
prepare the catalyst compositions of this invention can be combined with other
inorganic support materials, iricltldirlg, but are not limited to, zeolites,

inorganic oxides, phosphated inorgartie ‘oxides, and the like. In one aspect,
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cl ays that have been ion exchanged with sinple salts,
i ncluding, but not limted to, salts of A(III),

woe(dstop47spe(111) and Zn(l1) with |igands such RET/US2005/022998

hal i de, acetate, sulfate, nitrate, or nitrite. In one
aspect, the clay activator-support of this nvention
conprises, pillared clays. The termpillared clays is
1drfal§ Ry R hRlSint thal rddardeieBaR, banare not
@gﬁg%gpeﬁdﬂwﬁ{ah l'arge, typi-call yr'lpol_ yrﬁ%cl ear, highly
Lmitedead, sitica) sitioaqalemineanluonsa, Beaiwplzirsonia, gpagnepignyoria,
include, but are not lLimted.to, K in_jon ich _na
R GBtoe I ATy 1908 OTg BBt Bl Rm
er, il ALAGn RS ted NGli&LT PAddbhtad | Nentied e§ifica-
ﬁlgéjsgﬁél all{ecagxc é’%%z ?@agg[tiafgn i \Ahl?{}:hbt he
gwahangephtpitaaid wilcafitaniac| Ayordedsilatd ankentiapl seld any
with large, highly charged ions, such as Keggin ions.
orskimapion oHBEXRICHIeIes are then i mobilized within

cover 106 2B el i ethbte AL S MIIT TIPS e ion-

SKUMRAE AN dctiiochipok et o psep2ed tHEcatilie cnmpisitionest this
Thus, "once the clay is dried and cal cined to produce
itvengerp potypicadlypirpmards] edmienl T Al ¢aemstallopene complex,

BeRaar e e g B A ol R BB daBh B0 B e g

RcBdch I%i)éﬁl%re - fruReki 06 funtihBaPirbharl Rg%Tes er0 &%

and the parént claymaterial used. Exanples of _
pirbd-atetailpcams vpirks aweltl tol effardas ecatadysidthiah opPrajes at desired
Pi nnavai a, Science 220 (4595), 365 371 (1983); J. M
THBYHHES. | ntercal ation Chenmistry, (S. Wittingto and

A Jagqps A8 )an 1d d9Qay ALRI8IB: Subp&e oan be
I nc. , ﬁ?’?ﬁ%@u&%.“”%&%?“%@?&z%10; 05, Pat ent
Nontabted 46d Gdiked dordarly: Bngihadfeithe Moallehy Gi6ddgl romtactbasween
which i s incorporated herein in i :T%}gn,ti rgiﬁ){). The

phe lazsa-mptplasene sangt iaptivater-sypRprtn nBiHeEnh fAeppgition of the
exchangeabl e cations and |e pabl: e, of
SHSERSRE LA P15, 900 day S, sePRl el LRty <
HixRIr& bF Byl ddliet8lloSctle ot OFROSiainilé) thé ahkemetallocene
present invention can be used. Therefore, suitable
cbmpomaendltie tloy matetial iragithplyl miked from room temperature o
93.3°C (200°F) in order to achieve the depositition of the ansa-metallocene on
the clay activator-support. In another aspect, the ansa-metallocene compound
and the clay material are mixed -‘ftbrri_:--,37.48‘°C' (100°F) to 82.2°C (180°F) in
order to achieve the _depositition of ,thef‘a‘hsa-metallocene on the clay activator-
support. o ‘
‘ In another aspect, the present invention encompasses catalyst
compositions comprising an acidic‘éctivator-support,' which can comprise a
layered mineral. The term “layered hﬁneral” is ‘used herein to describe

materials such as clay mineréls; pilléir,é& clays, ioh—exéhanged clays, exfoliated

)



10

15

20

25

but are not limted to: allophanes; snectites, both
di oct ahedral (Al') and trioctahedral (My) and

wdeonicxatisyes t hereof such as nontnorill onites PCT/US2005/022998

(bentonites), nontronites, hectorites, or |aponites;

hal | oysites; vermculites; mcas; fiuorom cas,
chlorites; m xed-layer clays; the fiberous clays

'cra% Ugi fodiaht cra9§ delieil t @b tafofepi dXlidd eatriaf aRubdirhesrals
and paly orskites;  a serpentine clay; illite;

mzipechit @iluted ot other wateaials, enhihierke; ehanheqEbinatipn thereof.

h I |l ared
3ERGorhe s8R ARSI EhobE 5 THRRELT SRS 5 fen
%gu&%gfyoﬂé tifeakeR] W:iﬂlt HDYdakt Bfé te‘I—’ectr-Bhewﬁh(ﬂﬂaWﬁ@@ aBil Y sueRY as

treated in the present invention. For exanple,
It]llDSe mhschrsbd dhierainyt thoaglp tym@i]@'dhb daptened minenelsis m@me@@de’ﬂlth

i ng at . 300C under i.nert atnospher i
g FloatronyaHiraHE Sy Ot BETBlce AbEPT PR JEt T B g be
5%9‘5: r. This exanple of a pretreanment
%gé%o -1 m{[#ﬁrgé%ﬁ%gguse preheating steps such as this
many IClgy eminetabd gendraldy imoinde dichkrgd gnper ef fineky-anystalline,

times, including a conbination, of tenperature apd tine
stepdcared iRl DROAEHDBRG I8 BEHTD Y HAFETTAGS Seq BHmts
6?(?1 }e/ Xrl%g ea&J &ﬁc% g‘f(ts,'r \égg ?x&h]t%ﬁggog{g,tlﬁté Uaf'@la@ of hydrous

%Q{Haféséﬁd mmﬁssﬂlsuté ¥R Wt shest-like e@mfeechﬂ& Vdty high
ot her inorganic support nmaterials, including, but are

rsmfad:q aeee dThis, tem 64 altse sused tmd@aﬁb@ hysioye snagnesdin silisafes

b e P s ErE Rt ' ESmuleS of oly inefP B el B Bod in

| Itﬂlﬁl M@@mtlcﬁi“m&ﬁﬁe nQﬁt bieThbedintied #,! Alfdphanes; smectites, both

ica-al unina, alunina, titania, zirconia, nagnesia,
lalio dtahedtaluEAl) dedl aﬂlwﬁaMdraél(W)ednéldmvaayes Heereef such as
al um nophosph m num phosphat e; c al.umn

FReEpIvalonites heebmfﬁéb@ggm? tpsaheptorss, (g pﬁ)qgné‘qeﬁ,t Oé(sfces
C&%%?c%'h?ésaqgl%gs Sﬂﬁ&r‘régtﬁée{st aéﬂkﬁltesf | MGG PLS L] a2§ the Eberous

nation or 'm xturetther

aimkgrih%mﬁmgbllﬁmr’fﬁit aiﬂnmbtmese@mmes; nttapuigites, amdqmlygmslmm a
i onexchangabl e
serpentine clay; illite; laponite; saponlte or any combination thereof. Many

common clay minerals belong . to the kaolinite, montmorillonite, or illite
groups of clays. Plllared clays can also be used as the actlvator-support of this
invention, as disclosed hereln. Plllared clalms comprise clay minerals,
typically of the of the smectite group and other phylosilicates in addition to
sepiolites and palygorskites, that have been ion exchanged with largg, typically
polynuclear, hlghly charged metal complex cations.

In one aspect of this 1nvent10n - when layered minerals are used as
activator-supports or metallocene act;v.ators, the. 1ayered minerals are typically

calcined prior to their use as activators, Typical calcination temperatures can

43



10

15

20

woRd600478% Wt % a- net al | ocene conpl ex,

activator-support used to prepare the catal yst
conposition of this invention is typically fromO0.1

wei ght of the activator-support conponent (not based

on the final netallocene-clay mxture). It was al so
found that from1l wt%to 10 wt% a a-netal |l ocene works
Wkl #Gmafifoord B cajoaty $lont has0°ePes a5e6°GitordBsinr €200°C to
activities. . The mxture of a a-netall ocene. and cl ay
4009C/at or - support can be contacted and m xed for any

l ength of tinme to allow thorough contact between the n
a-metal | ocene and acti vator-support. Sufficient

| %mg;n"zfnwg& e’% ogpie%&taegﬁeoﬁweﬁaﬁnt on the clay

hout “heatihg a m xture of clay
a n d nEkamptes efehe oaplyak corpositiorn wp tes ntmnonemdud@ dwhere
und an e cl ay teri‘al are- m xed
RO Bty fic el Aba Bt-ons gispsct Mo CHBIVY GoRTigelilg ban
g‘@b’@?ﬂ&? 08f L %B}}{bfrfe _agotcgﬁ‘iﬁha gr&ﬁﬁ:@eognett E]?as@' &¥e ansa-

Iﬂ@ilﬁicbﬁ@ eqe 1@@@@1@ Cbrgﬁtdaallhﬁlnuhﬁwqutoelndal andr et ricastdone
from 37.8 0C 100F) to 82.2 0C (18Q0F) in order to

<a@m\r?émesuplpertdw 1R ti on of the n a-netall ocene on the

clay a t|v t orsup 0, aspect, the .present
i nventy o arExg%Llogeé}e ﬁ””' - S%%rrposi tions conprising

an aci di c actlvator suppart, whigh can conprise a

| ayered mneral. The pg " ayered mneral" is used

herein to describe 2 F7~‘ sub&as clay mnerals,
cl

pillared clays, ion-exX ys, exfoliatedclays,
exfoliated cl ays -y anofNger oxi de matriXx,

| ayered minerals ni,»&d or & it ed Wi.th ot her :
mat eri al s, and thé‘llke onbi nati on thereof.
When the acidic activat .K‘ of t conpfi.ses a | ayered

mneral, it can optio'e treated with at |east
] @ on such(lap;t hose di scl oséd

one el ectron-w t hdraw g
herein, ¥hough typically the layered mneral is not !
twlmmedem and Bh as¢ dedensndenthhdmisfidgonirhenyl; eae. sach R is

&'E%n&éntﬁz me%l%ﬁt et%?le prop}X & bu%,lal can be

b) the organoalummum comprises triethylaluminum,
trusobutylalurmnum ora combmatlon thereof and

c) the actlvator-support compnses a sulfated or a fluorided solid
oxide. .

In another aspect, this inveﬁtion provides a catalyst composition
comprising the contact product of at least one ansa-metallocene, at least one
organoaluminum compound and at least one actlvator-support wherein:

a) the ansa- -metallocene comprises:

based onrPtChaIS2005/022998
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used as the activator-support. Cay mnerals generally
include the large group of finely-crystalline,

wehewtookishke | ayered m nerals that are found i nPOBUSL®@S/022998

in fine-grained sedinents, sedinmentary rocks, and the
i ke, and which constitute a class of hydrous silicate
and alumnosilicate mnerals with sheet-Iike
structures and very high syrflacecareas. This termis
al so used to descri be sitagnesium silicates with
a phyllosilicate structy Exanpl es of clay minerals
that can be used in this vent ign i nel ude, but are
not limted to, allYpranes;Z<hectites, both
di octahedral (Al). and t

-<)edr,a] (My) and
derivatives thereof su '.;.)

f—agcfiont nori | | onites
(bentonites), nontroni t ectori gqs); or | aponites;

hal | oysites; verm culites; mcas; ftluorom cas;

chl or it)es; thexed-drgymmalwhmys) t heofiphisesous ttiethglaluminum,
including but not limted to sepiolites, attapulgites,
dHp0 BRAR.Rr-a comabipgtion theeeofiand | te;

| aponi }e; Lte. VAR el ¢o] j ] Many
comorol aytorasray: ApppEkoiRREy Bbiild dike Mhumile

mont mdhi & | fonthee aspect,- thik tiaventivmpprofidesl aysatallyst kampdsition
cl ays can al so be used as the activator-support of
t9onIrisie At lesat one papesafasta medllocane, mt| leagt eanecpigpantacted

R EoGhBY o RAB o 1a5h oS bieboRlapksd fln, it dres gne
SRRicBhiaRY RNHc BativAN-Sippofswhekkat: have been ion
exchanged with |large, typically pol ynuclear, highly

char gelle petcahtactedphetall oceni dras thel genored farspded: of this
i nvention, when | ayered .pinerals are used as

activat or-supports or L&gﬁt"gﬁ% i'\éat ors, : het el
ned prior to eir

| ayered mnerals are ji

use as activators. Typi | ci nati on tenperatures
canrange from 1000C t o [Z5e8 ;le rom 1500C to 5000C, or
from 2000C to 4000K:~g{on- Li-#rtding® Exanpl es of the
Cat al yst Conpositi®n BErappl & ot
conposition of this invef

@;
wherein E is carboh, silicon, gerrhanium, or tin; R, R% R®, and R* are
independently H or a hydrocarbyl gr'oup‘having ﬁom 1 to 12 carbon atoms;
and R’ is an alkenyl group having froﬁ1 3 to 12 carbon atoms;

the precontacted org’anoalumimim compound is triisobutyl aluminum
or triethyl aluminum; .

- the precontécted oieﬁn 1S eth&ieﬁe.or 1-héxene; and .

the postcontacted écidic activator-support comprises alumina which has

been treated with sulfate ion, chlofide ion, or fluoride ion; silica-alumina

which has been treated With ﬂuoride,ipﬁ,.or any combination thereof.
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not limted to the followng. In one aspect, the
catal yst .conposition can conprise, or can conprise

woOherspostsact product of, at | east one ansamnet abPCoOESD®5/022998

at | east one organoal um num conpound, and at | east one
activator-support, wherein: . . a) the -netall ocene
conprises: wherein RL and R2 are independently nethyl
or phenyl; and each R4 is independently nethyl, ethyl,
propyl, or butyl; b) the organoal um num conpri ses

The élpllvyohal]ﬂl]umnoimel@@bmlxdtal um num or a conbi nation

thereof; and c) the actlvator suppor.

sulfa ré@ngrasge%ti sy PERSER S BV PRI EE% aﬁ%ﬂl% ediposition

@g‘rﬁ ﬁgmgtatﬁ' SaHEH ilb@&e%&%&ﬁﬁ &n‘%ﬁﬁﬁ‘ﬂg%? el PP @BbdthAted
rs e contact product of | €ast one

ﬁnﬁétyﬂm a&tim@t@ppaﬁ hiechait orgaﬁoa)luganmal comipoumd, as disclosed

corrpoun and_at |east gne activator-support, where
hyreihe dRsanaden| dpeehetheo rpﬁ@ﬁe%smvenﬁ% zPTBYIdFﬁ od catalyst

,_ERH%S ﬁﬁ? qug‘;ﬁ?] 1s919'"%¥1' %ﬁ_§9q%[' I mlO Lgﬂjﬁﬂh alyst inn a ngmof to.

tige atier ‘é@fr@)bnéﬁt@ DM BilC @ﬁ@hbﬁ@efsﬂ v prdssht invention provides
silica-alunmna. In a further ‘aspect; this invention

prO@wlm SORPOSTNYCOMIT B BN ﬂﬂ%ﬁ@&%p@ﬁ AemaeUnd gentaining

B SERHES LA gAT 60 i WBRISITRAS sfielyg, g eoptiona
Bﬁﬁ@ﬂ&ﬁ%%%ﬁ S Ehh BptiGHd o?éanb@l@ﬁhn@xﬁ%oﬂﬁﬁhﬁ@ ntacted

acidic activator-support, wherein: the precontacted
met al loeesotbehaspett) ﬁleglanm linveation IpaO\IldeS abdpkishc@Enpesition
mani um’ or tj

carbon, silicon,
ap@prlﬁ@gp%deﬁmrpgtﬁﬁs?ens errapEt B9 6t alisRaTIny poths
Lspedt Lte GALAPR FnYPBiition is not required to comprise either an acidic

activator-support wherein the activatorssupport comprises .a chemically-treated

a

solid oxide, and the catalyst composition is also not required to comprise an
organoaluminum compound.  Thus, any ansa—metallocene compounds
disclosed herein can be . combmed. ‘with any of  the alummoxanés
(poly(hydrocarbyl aluminum ox1des)) dlsclosed herein, or any comblnatlon of
aluminoxanes disclosed herein, to form a catalyst composition of this
invention. ‘ =

Aluminoxanes are also referred to as poly(hydrocarbyl aluminum
oxides) or organoaluminoxanes. Tﬁg;pthér catalyst components are typically
contacted with the alﬁminoiane ina: sa’éﬁrated hydrocarbon compound solvent,
though any solvent which is substantially inert to the reactants, intermediates,
and products of the activation step can be used. The catalyst composition
formed in this manner may be colle‘cted by methods known to those of skill in

the art, including but not limited to filtration, or the catalyst composition may

be introduced into the polymeri'zatidjnfréa'cto'r without being isolated.
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~.activator-support wherein
conpri ses ;a c.h_eniBﬁEv‘E-‘lQ', Al

and R5 is an al kenyl group having from3 to 12 carbon
atons; the precontacted organoal um num conpound is

wonroiegobisdyl al umi num or triethyl alum num . PCTHS2005/022998

precontacted olefin is ethylene or 1-hexene; and the
postcontacted aci di c activator-support conprises

al um na which has been treated with sulfate ion,
chloride iabumindkahd Urpteinidof €His | @@eation i9aawhiblifomeric
has been treated with fluoride jon,.or any conbination,
tahEpiEgm pesoyndo veherainy then slEnBoTHCacampetnd ¢an gawIprise

spect he present invention provides,a_catalys

IRt dRs BT by R SRRl b BRAUR offifliey B ot three.
QOyHigiaNirhoRaReOSAPSuNIR TRV Msah e GorfRI St Y, an
activator-support, and -an organoal um num conpound, as

di scl osed herein. In @nother\aspect, the present

i nvention provides a'ga?ﬁﬂsiy‘conposition conpri si ng

an optional al um noxanej.cocaanal yst in addition to

t hese ot her conponents.RlIn ‘sti I;Iwmﬁgﬁh r.aspect, the
present invention provides a catalyst conposition

NIy sa-. . CEepe. C containi ng, a.
R PR R P R P ERTH SR B, A s
afteo@t fromal tcAdi MaleREorBpAREd by tidE dhwdntieR! MABFAIRO), moiety
or ganoal umi num conpound. |n anot her aspect, the
shewarterd alserronsiituiasdhe depsating andlip ot lingenpbeninpsane. Thus,
jo ri.sing an a, - net%r}I}JleI5 cenF.conpound and an

PgH: HEwERanps hayirig EO'3 t he catal yst conposition
is not required to conprise eitfer an-acidic
he Acti vat or - support
. gared solid oxide, and the
cat al yst- conpositionVils al'gmn required to conprise
an or ganoal um num ComR)_und.‘ Thub; wasepeia - met al | ocene
conpounds di scl osed-herein can be conbi ned with any of
h . ( - : L des)) ..
&? gs C (h)lgge% ﬂer eﬁﬁ}eﬁ%{rﬁ {Qn@(’g{;ﬁﬂg?ﬁg¥ :t%?bﬁg} H;#?%Bﬁfgkgﬁ%é 15 an
di#gegém@xﬂ lher 80)are tatsof epicompassad dlyyhis igvempionl t i on of
this ‘ ‘

Further, alurrﬁnoxaries,may,i‘alsof have cage éﬁuotures of the formula
Rts,,,+aRb,,1_aAl4,,,O3,,,; ' wh‘erc:':,in'ni~ 18301' 4 and o is = no@) - nog) T Now);
wherein 7,3 is the number of thféé coordinate aluminum atoms, ng(;) is the
number of two coordinate oxygen ‘atoms, N 1s the number of 4 coordinate
oxygen atoms, R’ repreéents a terfnipal ‘alkylw group, and R® répresents a
bridging alkyl grdup; wherein Ris a 'lirie'arlqr branched alkyl having ﬁom 1to
10 carbon atoms. ' - ‘

Thus, aluminoxanes “that can .serve as optional cocatalysts in this
invention are generally representedby formulas such as (R-Al-0),, R(R-Al-
0),AIR,, and the like, wherein the R group is typically a linear or branched C;-
Cs alkyl such as methyl, efhyl, proﬁYl, ‘butyl, perityl,A or hexyl whergin n

typically represents an integer fr,of.fi’{:l, to 50. In one embodiment, the
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WORYBNOHISH M noxanes.

i nvention. Al um noxanes are also referred to as
pol y( hydrocar byl al um num oxi des) or

The ot her catal yst conmponedraS2006/022998
typically contacted with the al um noxane in a

. saturated hydrocarbon conmpound sol vent, though any

sol vent which is substantially inert to the reactants,
bRahoRHlecatGRpodi Bf @iy Chserftfont hrlal, ibudtiromdit kmitedrto,
be used. The catal yst conposition formed in this
meetindalunayotmmec o bthytalentinpxanst opropydwRinoaFane o siso-propyl-

_2 Uinlﬁl%lg%arq{?; lqﬁ%l?}r’l%hlglngg{iaﬁ}%; Eguglgaﬁ'sbxgxgrtq)ﬁlall&?r? sfgg-g)ubgalurrﬁnoxane,
X_tag@,UB—pentyl-

nt v thy . ! a
S e e S R i
ahwrginbxare, is-pentplalgoinexine, abopenty]atuosnexaned or gpr@biiations
t he al um noxane conpound can conprise |inear

drerers ur es, cyclic, or cage structures, or typically

m xt ur\’@ﬁilé)f%rgé oa{@éﬁﬁ)&&y Chhigh ali e%ﬁi‘t??@s RA R &roups are

| i near.—-Or. alllng kKyl--having-from 1
ahedtEpasaetl by i preskmt ggention, omethyl aliflirmxene (MAO), ethyl
enconpassed by this invention. The (AlROn noiety _

shominokaes oalisobutd rdeminoxare aredypicpbaptioigl Gasatalypts gised in

|i near. al um noxane. Thus. _|i.near ' [
I R L T L
ey ngtrfrhé’tﬂgl]alﬁrﬁinll%,c arheRyRheABumandon | giigsbutyihk@einum,
from1l to 50, are also enconpassed by this invention.
E?Bmgmqu,aanﬂilrammommsnemﬂ@ voashpelp(methyl slimiswgy @gde),
Sries] Sk safoad, g BoblaBhy MO e .
tIE Gs nﬂ% e\Kliﬂ?i}‘l iy %g%ﬁeo g{f dialf eftisi oURAAMBlurkndXareS in
the nunber of two coordi nate axygen atons, nQ(4) is
tdaenbimatiosr with & ted sty tilvraineny xspgk rasadisstesedRinr &pB.eBeatent No.

a term nal .al kyl graqup resent.s a bridgi ng

4T 03 sch e B anRerp Tl e rowe iy RNEE Y al ky)

havi ngrﬁer %Hes:'entt oinvénﬁon ‘contﬁglrlnéplatesx many values of n in', the
aluminoxane formulas (R,—Al-d),;:éﬁé;iR(R;Al-O)ﬁAiR;, and typically n is at
least 3. However, depending upon hdw 4the oréanoaluminoxane is prepared,
stored, and used, the value of n may be variable within a single sample of
aluminoxane, and such a combination of 'organoaluminoxanes are comprised
in the methods and compositions of the present invention.

In preparing the catalyst cofxi}i@sition of this invention comprising an
optional aluminoxane, the molar'/réti'd >c.)f the aluminum in the alumixoane to
the metallocene in the compositioﬁ is usually from 1:10 to 100,000:1. In one
another aspect, the molar ratio of the aluminum in the alumixoane to the
metallocene in the composition is uguélly from-5:1 to 15,000:1. The amount

of optional aluminoxane added.to a ‘pgjlqurizé'gion zone is ‘an amount within a

E

to0.-10_-carbon ... ...



5

10

15

20

25

10 carbon atons. : - Thus, alum noxanes that can serve
as optional cocatalysts in this invention are
wgeonmroakisy represented by fornmulas such as (R ACTMR2005/022998
R(R-Al- OnAlR2, and the like, wherein the R group is
typically a linear or branched Cl- C6 al kyl such as
methyl, ethyl, propyl, butyi, pentyl, or hexyl wherein
Rarfo¥ RIC B0 Vb APt SIBOD M., ifdne IR nig/Lrio: 100 @n%LQor fiom 1
one enbodi ment, theal uni noxane conpounds of this

imp/Erte ixdnmefAcl ude, but are; not limted to,

met hyl al uni noxane, et hyl.al uni noxane, . .

- pr OV EHIARTRERERES SROJRTSREA B maisys REcoedures which are
Qvelfluk%\@{i LEF{] fHexXghe, Ekafﬂgfe‘él‘@f* HfPaleX@hfnoxane preparations are
sec- butyl al um noxane, 15o0-butylal um noxane,

Hispbsed lial UrS. nBatemte Noa- Be2y0981 amd deS8q%q1, each of which is
3- pent yl al um noxane,. i so-pentyl al um ngxane

RGBT PP REBTSR SETBI, A1) TP Gns WitePUgEPlo\ff v an
 JI RO LR el e B DAY VT SR T oI9S in an
Qﬂlldiﬂbfg@ﬁﬁﬂﬁ)l‘édﬂﬁ%y'% h‘lyhcwid: withreaxslominwn allsd woimgound such
al um noxane are typical optiopal, cocatal ysts used ..
rReAlt 40 yiorme thep §85iEGh PESBOARIBOX Hige ROTNPATT: -hegﬁéthe not

al um.noxangs ,ar e tai. . i.n .
SR AR 5 aBEOR £ A O st
HESRES bhry 8ifrd Anslxare of BB lineas ahéeclieR-1A1-@F, aluminoxane
pol y(met hyl al um num oxi de), pol y(et hyl al um num .

crédes, bathdfpwhydh ssbengimpdssed binthisjmyention.  Alternatively,
res ecf ively. It is. 3}30- witt hi nb‘t he scope_of .the Tievl
i% WBHOPHNES e TAHY %rﬁfﬁ%{%ﬁne Y TR ndit | AHmiRYR g1y

Efro@flﬁ%% g{l&%él"%h , SH@M BPdidedGhRS QN & HYdPatefRLEHEr IMfate,

4, 194 W s herein incorporated by reference
iin ahtisereotganetsplvefihe present invention contenpl ates
many val ues of n in the alum noxane fornmulas (R-Al-On

~and RCIR-AI-OA R2 5 and typically nis at least 3.

DUy IS PIERl he o panoalurl rorage 1
var i altheond hépeot, ahsipresent savantienqgfrovides. a catalyst composition
comprising an ansa-metallocene Qdmpound containing a pendant unsaturated
moiety, an activator-support, and an drgaﬁoalunﬁnum compound, as disclosed
herein. In another aspect, the present invention provides a catalyst
.‘c.omposition .comprising’ an optionél,‘torga‘t‘noboflon “co‘catalyst n addition to
these other components. Tn still another aspect; the present invention provides
a catalyst composition cbfnprisingféh dnsa-metallocene compound containing
a pendant unsaturated moiéty, an 6rganoboron cocatalyst, an optional

activator-support, and an optional orgénoaluminum compound.
In another aspect, the present, jﬁvgntion provides a cataiyst composition

comprising an ansa-metallocene compound and an organoboron cocatalyst. In

this aspect, the catalyst compositiori:_'is not required to comprise either an
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al um noxane, and such a conbinati on of
or ganoal um noxanes are conprised in the nethods and

woaopowstsd ons of the present invention. |n prepariusgnos/ 022998

the catal yst conposition of this invention conprising
an optional alum noxane, the nolar ratio of the
alum numin the alum xoane to the netall ocene in the

%@fﬂi’@ééﬁ\}a@cﬁ- u?)pHﬁl’lﬁlﬁéré‘mfth@ e thyatéh-§ppbRLoAGRisks aldhe@illy-
anot her aspec the nolar ratio of he alum numin the

dteatedx @dnds axide, handhdhen catsdysh ecqnnpqsrteom@srpfm mppreqired to
usual |

g om5:1.t0.15,000: 1. The]gﬂlount of g qnl?

&P x%e"r&&H% upugh o 6RaInd, o RS, gy jgsgetaliocene

Wﬁn&‘é Hﬁ'cl’bs@dl EHé&ﬁ‘n Qﬂcanooeoéorﬁgfnledtﬁltﬂggg dEﬂﬂe oxfgél%ﬁoron
1 ng/L to 100 or from1l ng/L to

@ogaab’alSLdeosminherenamrbaanypa:ceplanafltdorby)f \oagamnbsron cocatalysts
Ci(? gres whi ch are known i n %E“ art. Exanpl es
ASERTRriP AR ASE fmﬁffsés&awapp%ﬁgna igyEntigRd in
U s. Ff t&{ét 5 Rt rm 8@01‘ dcognr}g)%ﬁd5é(}mpﬁ§’e%hn8ftral boron

whi ch,_stL n

endhipoahds, @amtexamsl eomfcohmmamnal dierestx an®orrayxdmple, the
prepared is as follows, Water, which is dissolved in
ACTIBPTOTPQEPOUNdS I\ BISHINVeRiiPNHEN, GoRATESE: 2 HepoagANO boron

g:lgﬁ}rf)loglﬁ i al kﬁgoqrg?fﬂ)ootégggkes8Wu6w8%%ﬁ18%{]§n Bfreof. Any
'frﬁo%tsiﬂg&go b@roti’leor%tﬁgo%nb IboFitd ESBOBY kndwn i the art can be

bel i eved that this syntheti¢ nmethod can afford
mt»hzad e Tdfe t@umrﬂlhwme@anarhmmy cbmpo(nﬁdsmaso)ts rqlsual meaning to

m noxane eCI es re enc ass
TR P Rl SRS o1 fﬁw‘érryv@‘é R
nﬁio%ﬁ& &b Rys {tﬁ %%ﬁ%l ea'*rﬁn It %f%y £ %éﬁ ﬂoﬁgﬁﬁﬂiﬁ‘ Qaus of a
SucC as K] y rate sal t SucC as h dr at ed
dhppesrgsnb bartoﬁ compoandiofiéhe fomndamﬁ1m]§[dﬂ(/§ ntwheifm‘&f represents

Opt j onal - Or ganobor on .Cocat al’yst I n one _aspect, the
s derinate, araanisn oWy dEST: FOREERIPYS, HWIFSEIanPoRoTon and

GRS éhﬂ?@ Sl ?&gﬁhh&%e e SRS Yef R LE! QtieBtively by

pehdant unsat ura
organoboron compounds, or by eithername as the context requires.

Examples of fluoroorgano borate compounds that can be used as
cocatalysts in the present invlention‘ iﬁclude but are not limited to, fluorinated
aryl borates such as, N,N- dlmethylamhmum tetrakis(pentafluorophenyl)borate,
trlphenylcarbemum tetrakls(pentaﬂuorophenyl)borate lithium  tetrakis-
(pentafluorophenyl)borate, N,N—d;methylamhmum tetrakis[3,5-bis(trifluoro-
methyl)phenyl]borate, triphenylcér‘pgnium tetrakis[3,5-bis(trifluoromethyl)-

phenyljborate, and the like, ijncluding mixtures thereof. Examples of

- fluoroorgano boron compounds that can be used as.cocatalysts in the present

invention include, but are not hmlted t'o:‘,i.ti'is(per_ltaﬂuorophenyl)boron, tris[3,5-

bis(triﬂuoromethyl)p’henyl]bofon, aﬁd'fhe like, including mixtures thereof.
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noi ety, an activator-support, and an organoal um num
conpound, as disclosed herein. In another aspect, the

wonrem®i78h nvent i on provi des a catal yst conposi PCOMWS2005/022998

conprising an optional organoboron cocatal yst in
addition to these other conponents. In still another
aspect,' the present invention provides a catalyst
conpogithb@sh GRTRhichliRg BN babambEbR the dehewmgntiednd these
cont ai ni ng a pendant unsaturated npoiety, an

exayaplob ofoflueroorgaabyeratea and fluoserrzane thojer comneypas.tand
and an optional organqal und num conmpound... | n_ahot her
et toRuRlS el HOFE b BH prOTR A ginepg JoUES when
EOMBRRHT WAt COMIRRbSERY 8SmPontRisa! 40 CHBAOSAPAUNY. SanFatent
an” or ganobor on “cocat-al yst.” In thi s aspect, the

681189881 whintpie sndarporatedshensin by egferensd in is eohiyety.se

ei t her_ anacgi di c acti vat %r‘-su"f ort..wherein,the

act i v&xBFadlyp gBY ARSI EEAPRORUHCERIOYRT Saf e il

?ﬁ%ﬁﬁfgﬁ&?@hﬁ Bn& ALY She ﬁﬁgﬁ?‘}ﬁfﬁ loPfhd &gﬁﬁ@&r&‘i’ntgfﬂgﬁund to

chpri-se’an-.organcal um-num’conpound. —Thus,
any neetaliedeat | esgpeundo ip ahe donthasitions éd frenei 0.1ckartobel0:1.
conbi ned wi th any of the organoboron cocatal ysts
dyptsrbgethamequit o thanyliesmseang iberom T oHYRIeREANGn borate

R P B 2 ERPRES B SRR S Bt from 0.5

HARRP DD 19618 FTRRER I cGRPRIHISRS THEH o BhetiidsdeRe compound. In
conmpounds, borate salts, .o ‘conbi nati ons thereof. For

eranpipest, t fhe ompambbol dhoseergaundsoren ohi BuereeeganpoRorate
ErtePgey yaibebs cabdhBef A8 IRe Mg RERE A prfls of from 03

£ &9fs mOnY off*befﬁrpwrﬂwdw RHb1O bf fletifloRef Ot Apound.

orate conpound known in the art can be utilized. The

term fluoroorgano boron conmpounds has its usual :
nmeani ng to refer to neutral-:conpoynds of the form BY3.
The %W?f%%?’%{@ﬁﬁéoﬁ&o%@@G ¥fhd al so has its

usual | {fLseh i BRIABRIEN CetAlbS cmdsition
fl uorcggfog%no e%t?c;[fﬁg gésrrgouﬁd&og tﬁg orfma[%at' Onf+ Y4ﬁ
coMipeisigYarl epseariBcand tomponal eshtaingana pegdaipinsiorated
conveni ence, fluoroorgano boron and _
moiety, an activator-support, and an-organoaluminum compound, as disclosed
herein.. In another aspect, the . pfcseht invention 'providé:s a ‘catalyst ‘
composition comprising an. opﬁq‘nél{fioﬁiz‘ing ionic- compound cocatalyst in
addition to these other- compon‘entsﬁ'.' In still another aspect, the present
invention provides a catalyst comﬁositiOn comprising an ansa-metallocene
compound containing a pendant unsaturated moiety, an ionizing ionic
compound * cocatalyst, - an opti.on‘_alfj' activator-support, and an optional
organoélumihum compound. EXémp‘,lps;of ionizing ionic compound are
disclosed in U.S. Patent Nurﬂbers ’5;576,259 and 5,807,938,,¢ach of which is

incorporated herein by reference, in its entirety.
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fl uoroorgano borate conpounds are typically referred
to collectively by organoboron conpounds, or by either

woaomw/0as7sh he cont ext requires. Exanpl es of fl ueComsgmsn22998

borat e conpounds that can be used as cocatal ysts in

the present invention include, but are not linmted to,
fluorinated aryl borates-such as, N

N- di matishamhgd idHid Ubﬁxﬁbﬁlﬂiﬂissa{rpi%ﬁlcﬁédlﬂﬁdlﬁﬁh@mdh)daﬁrﬁhaion
tri pheyl carbeni um tetr aki s(pent af | prophenyl ) bor ate,

ka etfianne et vigk oS the(qaéatysdfcomposifiban Mﬁ@ nat bound by theory, it

g%lgf:q{ﬂr\}]%%gl?aétafge 1(:?qg1lalggéh]§1tp£c§lfrltp§g 3@ SIWEP}; tcarl];l)afb &'QF Pl mg v91th
Hﬁe[ h%lfd[ 1Rlcdne c*é hﬁﬂfz{ﬂdofz&%wﬁi@ Xte %lﬁﬁﬁll’édeﬁ@rlﬁicﬁa S&Mfbnic
the T i ncl'udi ng m xtures thereof anpl es
irleun:lfaceneg aompbundn Agaimp odilesndt hattendmg tbéaelﬁsnmdalsy theory, it
talysts in the present inven on | de but are.
alllf?"r?ﬂt tttﬂ © {1PTEMNS PO PB@PB Wn f§ Po[ignging

»—1

wn&iﬂ‘g aﬁl%ﬁh‘i Ielgﬁ}%ggsmbly a
Ben hpLHIgh iyl hEig ﬁmlmnqStUéqrm otysarensanid asetaflocene.

f 1 uor oor gano borate and f.I uoroorgano boron conpounds,
&loovavet,dhe tondzingdamidsompotid hoaw hetivator isgardless of whether it

BRSBTS 1L on s

%1%&%1981%11 p@irc Rydakeh® CoE PR g ese Irﬁbtgu(x@f B6ENCA the

inits enti General l'y; any anmount of organoboron
omigitncede, caum;ﬂy morﬂlna‘@d fon ah hOE) i orv €KT)i digand,nooreay other
aspect t he rati.o of: the orgHﬁBboron co ound t

DHEDARISTE DycW 1@ BliPRI MY Qqeur Bisilt 1St CFSrSBlﬁﬁt at

glPel 10111&18 58t od Oﬁ&ﬁﬁl %%‘clvatté@waﬁ}% HocOe BH The %:twatlon
uor oor ano bor Uuor.oorgano borat e

fgeAioasofahe ﬁk@fﬁtlﬁ@/lsﬁlcfd@mﬁdﬁﬁd Iﬁiéﬁﬂblﬁlﬂﬁﬁhe Ieﬁham:eé ar:tavug;e of

of from0.5 mole to 10 nofes of boron conpound per

Ghtakist oneRaskon @i ueple) A civEREebde | a tqaéal &ﬁoﬁ‘ﬂﬂp‘éﬁ‘l’ﬂon

eltAia8 ARl Caion YR MR, AELAASE GRTIOH g tonic

%n{pbgﬁao 8 nole to 5 noles of boron conpound per m)I e
of netal |l ocene conpound.
Examples of ionizing ionic oompounds 1nclude but are not 11rmted to,

the following compounds tr1(n-buty1)ammomum tetrakis(p-tolyl)borate, tri(n-
butyl)ammonium tetrakls(m-tolyl)borate trl(n-butyl)ammomum tetrakis(2,4-
dlmethyl)borate, tr1(n-buty1)ammon1um tetrakis(3,5-dimethylphenyl)borate,
tri(n- butyl)ammonium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tri(n-
butyl)ammomum tetrakls(pentaﬂuorophenyl)borate N, N-dimethylanilinium
tetrakis(p-tolyl)borate, NN-dlmethylamhmum tetrakis(m-tolyl)borate, N,N-
dimethylanilinium tetrakis(2,4- d1methy1pheny1)borate, N,N-dimethylanilinium
tetrakis(3,5-dimethylphenyl)borate, "N,N-dimethylanilinium tetrakis[3,5-
“bis(trifluoromethyl)phenyl]borate, B N,N-dimethylanilinium
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. .- ; . The Optional lonizing Ionic Conmpound
Cocatal yst In one aspect, the present invention

wonoeosiodesa cat al yst conposition conprising anPar/us2005/022998

a-net al | ocene conpound cont ai ni ng a pendant

unsaturated noiety, an activator-support, and an
org;noal um num conpound, as -disclosed herein. In
00LAEheREREGophbiyE borRE & G PHenly [bafBEniaR REAkistesolgl)borate,
&? %qsgt conp Ptlitlsg% conprllgling an :optional ggﬁ(l)gl)n
mphmmmp@m@ tetekisyoly ooratdd ittipbenylesrbordem  etrdus(2,4-
conponents._Jn still another, as ect, .the presen

idpetviRienphboiales a cat afjiRieny 8T on conpr :t%tfarlfés(3 S-
%ﬂm&h i) 1)881%'%3 Con@ffﬂi 1€98ERLA NY FetR&RG3BLbis(trifluoro-

unsat drated ‘noi ey, an |g€ﬁ’Z| ng i oni c compound
Qﬁ@tﬂsfl%}bh{ﬁiyl]bafat@ pttﬂqﬂ[mbrlcadiemm otetmla;sgmntaﬂmaplmyl)borate

opt i onal
RARRERIRA e ) R B SR

5,576, 25 h of
RO SRR RERb e S once, TV S ¢ edsARC

|(gﬁieg1ﬂlgldn9{)bgra¢@rrpound is an, ionic. conmpound which
can function to enhance act|v1t¥hof the cat al yst

ctmmdmm i on. tepakist3 Advis@ateeromptuRipbeyyllbaraies " pel frEpEF™

ﬁ{éﬁ%@% {B?]Pﬂ q\)gn}z@? e Cglntﬁl Cg%ﬁﬁg&n‘f Con@héﬁ{yl)borate

t A8 Rt aﬁh‘éﬁﬁgﬂlénpgg oﬁtc? atjigisa "%t@ﬂ(i&%—@dﬂ?l)b@fm un ﬁthlum

Agal n, Ile tendi'ng to be bound t heor It
| ’&u’ablls(rﬁ-\telgrl)lbbaitet Hethiuom| wm@s(%dun@ﬂiwhﬁmml)wwe lithium

function_as an |on|z g compound et or
peselg(3. - demettalationy Dol oAU galp BBl o sodivm
n S )
B O e R B ot
lt %ﬁ@ﬁlstﬁf-ltdll}’l@'b&htd e%ﬁﬁutthe sarahfs(mietyiyorate, isedivomi @@ekls(Z 4-
e netal | ocene, abstracts an, (X3 X4 in
admhylpherad)h%atﬁorwd&mu tra b?(é q)}@ﬁibéfi@e%lﬁblb eal sQdum
3
ggat o0 %%;caisi{%i t@tr%lgg()pgﬁ&gghlg)‘bﬁ ()Fdr ohass1um
tetralqs(phenyl)borate potassium tetrakls(p-tolyl)borate potassmm tetrakls(m-
tolyl)borate,  potassium tqtrak1§(2?4fdlmcthylphenyl)borate, potassium
tetrakis(3,5-dimethylphenylyborate, " potassium tetrafluoroborate,  tri(n-
butyl)ammonium tetrakis(p-'tolyl)aluminate, tri(n-butyl)ammonium tetrakis(m-

tolyl)aluminate, tri(n—butyl)ammoniﬁni« tetrakis(2,4-dimethyl)aluminate, tri(n-

butyl)ammonium tstrakié(S,S—dimethylphenyi) aluminate, . tri(n-
butyl)ammonium .tetrakis(ﬁ'éﬁtaﬂubrophehyl) aluminate, N,N-
difnethylanilinium ' tettal<is(p4fpiyl)éluminafe, N,N-dimethylanilinium
tetrakis(m-tolyl)aluminate, N,N-dimethylanilinjum tetrakis(2,4-

dimethylphenyl)aluminate, N,N-dimethylanilinium tetrakis(3,5-dimethyl-
phenyl)aluminate, - N,N-dimethylanilinium tetrakis

(peﬁtaﬂuorophenyl)alurninaté, friphe@ylbarbeniurh tetrakis(p-tolyl)aluminate,

53



mechani snms by which activation may occur. Further, it
is not necessary that the ionizing ionic conpound

wacticai@ot he nmetal | ocene only. The acti vati onPEUMSRI06/022998

10

15

of the ionizing ionic compound is evident in the
enhanced activity of catal yst conposition as a whol e,
as conpared to a catal yst conposition containing

Eﬁé HAtarbQIRRS| Ui OoRthkRtmAeRS)ah@hingR(Pr i s eriphenylcarbenium
I zi'ng 1 onic conpound. Exanples of ionizing io

cten'ﬁios(rid%dmmhyﬂ@éenﬁmm@ﬁ@te;ot mphpnjélgar{ogmuphe tetre(t:kls(3 5-

d b
tfgmﬁﬁlé/@%e&yg Ou?’?)%r a: él (t F Htrﬁ)[)})eﬁy L{Tlgfrl]i um tetrakis-
%ﬁﬁbhé&ghgﬂl)(dlﬁmﬁja% Qropyliuad td@t&ﬂd’s@ t@l?‘[}@]ﬂﬂnﬂﬁa’ce tropylium

tra t hyl’) borate, . tri(n-butyl) ammoni um
ttetralalls@ﬁ(t&yﬁalﬂnmﬁaﬂeyl tpdyeiiyin) dotr altis(2,4-dimethylphenyl)aluminate,
tri(n-butyl )ammnl

t‘é@?)él@if%[ 3, 5- bi SEERPE TOIBHRY PRI a e, TOPYIUM
%Egﬁ) %{pa)g& .uoyg21 Iﬁenﬁfbor at e, ’ lithium

Nseﬁ}aﬁﬂ fRhbifluardgheni/Dautrdhatelk . srlﬂnimml y| tptrakiaphenyl)aluminate,
N, Nrdi methylariilinium tetrakis mto&r&/g Brat
mmmﬁg{klgqp-uquﬂq}ﬁnnnate Tithium “tetrakis(m-tolyl)alumihate, lithium

h gﬁ@%"@ﬁ“ﬁ%‘?’%?ﬁp o E;/drt)i,ltzor ?ge | lithium tetrakis(3,5-

téltn%tk b%ﬂﬂ)‘é@ﬂﬁhﬂ@r a]tc lehthmnN f" rtleﬁrdiﬂ!hd(ﬁoalhnnnaiﬂ; sodium
etrakls |1 S ri r

Nebvatlistmbyfiumoptiony Dstuestinatei o pREAN | S BRGMFRY et
t soc{awgﬂhe%fépsgéﬁﬁ%ﬂ vt e:}té,?ko(qsfré o‘r%;@ ]%ﬁ%@?-gdlg)ﬁlununate, sodium

tfdn%@ﬁg?%ﬁg%?ﬁ?ﬂb%’rg@gg Hhidhse?2, 4- sodium tetrakis(3,5-

di nmet tri phenyl car beni um .
t dirﬁﬁhyl@hanﬁ)aldmnﬁim]yl pkediyin) bortgtraﬂuoroalurmnate potassium

R BT Eaiep btk RARIE D Bknate
: %tpfagsﬁinilé pt@?dlﬁ&h”@) (ﬁg%i&'ﬂ}’# a)cdm??fagsmfnr QBMhILiSFh- tolyl)alurmnate

-.D

- t Sbfagdilia nfeirélh}l@)@dﬁﬁ&tﬁylphé@jd}dlummate potassmm tetrakis (3 5-

20

25

: amgﬂllé:ys @nﬂ)aqlun%é; thg%qr;s)ﬁ/{u)n)t\) 8{;?5 %Igoroa?tﬁ%mate However the
S8l somport T FESPBISLERIS B prysa: g

tropylium tetrakis(pentafluorophenyl)borate, I [ thoi um
tetraki s(pent af | uor ophenyl )bor at e,
The Olefin Monomer

In one aspect, the present 1nvent1on encompasses a polymerization
catalyst composition comprlslng *v'a tlghtly-brldged ansa-metallocene
compound containing a chain with a pendant olefin attached to the bridge, a
solid oxide actlvator—support and an organoalummum compound

Unsaturated reactants that are useful in.the polymerization processes
with catalyst compos1t10ns and processes of this invention include olefin

compounds having from 2 to 30 carbon atorns per molecule and having at
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l'ithiumtetrakis(phenyl)borate, |ithium
tetrakis(r-tolyl)borate, lithium

woetrcakss¢ m t ol yl ) borate, lithium PCT/US2005/022998

tetraki s(2, 4-di net hyl phenyl )borate, [ithium

tetraki s(3, 5-di net hyl phenyl )borate, : lithium

tetrafl uoroborate, sodium

t164st akériel PRMfAfiE UodQeNYBondor at eThi§ odinvBhtion  encompasses
tetraki s(phenyl). borate, sodi-um

thetmaplol wherizagiopl ptasesses, uamgj.mmngle olefin such as ethylene or

:ﬂ?})éﬁkl ngm : 01 gl%gc?cg{ozsrm%?dh]ur@aétleotnrsav%qtﬁ (a% 'least one different
Ltfid c%(én}oﬁn&“ TR LHY BAREYE hRApalyerFafb Raction of ethylene,

tetra borate, potassi-um

teepobhnes§ pﬁheﬁylenerupnmngel pbmameammttaeﬁ iethyllene (>50 mole
tet h b t t
HREF 0} bR POV TBORL OFSTRREF IO Bele AerecEh, SHgAgh this is

v?ﬁ&ﬂ?ﬁr@qm?%éﬁs "Hg‘ comon p%*% rtllit t CJ%% JEgtcopo ggenzed with ethylene

tshbtRKi a3/ Frdm dirse td @Orﬂadmﬂ a)tbms an éheipobkssian nham
tetrafl| uoroborate, tri(nbutyl). anmoni um

t et r akhexqhict ovglig,apelyryelice, teeingh (Bt intgrapkoinegm branched,

Bbr RISt Sty R Aed el st s RO e R ooy
td £ Floﬁ?& iR tﬁilk 'Iﬁ{ré}MLt JRh Ry é}@a.ln‘rﬂ’lb f‘oal unédtinfafauéothpounds

anmmon t et raki s( peht af | uor ophen al um nat e,
Nhbidinag tieypa pivetined withetheadatalysss D«ﬁltlyﬂs )mvmomannelude but are

le g;‘uﬁng hyl[pggflf}} %:r?ﬁl, Lnl?xitgt%qr, ;Rké)gt% M on%éﬂ?y?llubutene iSobutylene,
g@ﬁé&% (gﬁg%ﬂeéé‘lneﬁ%& Ef%]hl R%ééhg E"?ﬁé% i/lap UpkARh&M -hexene, 2-

Naelﬂeﬂd: Jfnatterleapidhyli hestept ) Blhleﬁtene 2 heptene 3-heptene, the four
(pent af | uorophenyl ) al um nate;, triphenyl carbenjum
tmrrrw&utsqt@qsoltb@ )farumormek nonewase e cliypdiermd decenes, and

: :121%){‘[\3%5 20( an Jt‘a [@H@uqrp% nﬁéergoﬁ Vo E:l'yBPc? ﬂX{l Go%ﬁﬁ@*&ig@ins including

um na

thitPRRNhied bentyoididptdnak 'c?&l@hécene norbomylene norbornadiene,
di met hyl phenyl’) dl urii nate, "tri phenyl car ben| um tetrakis-

( zmmﬂf)aﬂlllmmmap lalsn;he)mljanﬁmmdeqs desciﬁqu
tetraks -t ol um nat tro
t ot r AU P iﬁﬁﬁq%at)@mqrﬂ%ﬁ%lﬁeﬁmhe monomer ethylene may

e T s
t edrhekdraérpiactudt) botr are rive mﬂn}ai toyipaaiydene, 1-butend)idibutene, 3-
methyl-1-butene, isobutylene, 1-pentene 2-pentene, 3-methyl-1-pentene, 4-
methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-ethyl-1-hexene, 1-heptene,
2-heptene, 3-heptene, the four normél octenes, the four normal nonenes, or the
five normal decenes. In another aspect the comonomer may be 1-butene, 1-

pentene, 1-hexene, 1- octene, L. decene O styrene
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tetraki s(pent afl uorophenyl)alumnate ? : . lithium

tetraki s(phenyl)alumnate, |ithium
woetrcakss p-t ol yl )alun nate, |ithium PCT/US2005/022998
tetrakis(mtolyl)alumnate, |ithium

tetrakis(2, 4-di net hyl phenyl )al um nate, |ithium
tetrakis(3,5- dinethylphenyl)alumnate, |ithium

t et r afthuple@@pett] e tagaoun@ 8f dfionomer- introduced into a reactor zone
t et raki s(pen af 1 uor ophenyl)al unmi nate, . .sodiu

ttet prodileq i wpbylamein mag@eraélyd figm 0.01 to 10 welght percent

:chtpgogﬁlgpéagﬁ;a%g é}lgtglfﬂ :j.frﬂaﬂ gsgeéght (gtd ﬁmﬁrﬂlonomer and comonomer. In
tRloFRK a3 80t4tH$' pebhy! phesibiethéMiRideced fetb WMreactor zone is

“tetrakis(3,5- di nethylphenyl)alumnate, sodium

tieemadIOicioo Al wmlgh’apercemo@cammammr and in still another aspect, from

tQ%i trt(gk g’%&i‘ghgllfclfﬁﬁo he% %J(g]gg ?lflﬁqutZH %ea}gﬁt of the monomer
ta%'iir @ﬁn S%%n%lol y&@ ﬂé@vglz% &n Bﬁ‘fo%ﬁ?'sﬁ?‘ﬁment to give the above

e, -potassium— ...
t@sé@lb’a(ﬁ(dx‘l,cénwatmisw weighty |11) ’Elielmspnbdm}:r ppoxllmedlcanrbe used.
tetrakis (3,5-,dinethyl phenyl C?I um_nat ot as

t et r af Videoaetuintensing tﬂob@e\bewn the thig ézc?rbfg I &ﬁ? cevent that
d [i t S

TR BBkl o7 AFEHORTEE o B8 S W putans, i 5

Psedizeed thatveiit din@RECTRESS Gipalepatd/or rsloz;atth@ olymerization

catal yst conposition conprising a tightly-bridged a

-precess] oddwe, boansbad dansldon gyelion godian) A vibe holgfin removed

pendant efl att ched to- I e SO|I oxi d

Db as i st BEMG AR oIS Hoffl wafiaC i Be RipeSied to
%ﬁééruﬂh@tr@&tfo%aﬂ @8 typayt 1haf (RN &mé@l%ﬁﬂ'sub@tituéﬁtﬁ situated more
pol ynmeri zation processes wth catal yst conpositions

ap‘tﬁxnnaied&@ﬁ‘@scanboﬂ -harbon rdwehltemmdmnghu dbn aeedspact, at least one
oun ﬁ'@v from?2 tc car bon toms
At Braitl FRRDRG caﬁnpe%i o e BRI i RE g S0 the
T
A0 S I o i
pdhﬁfeydne neychs owlic, aﬁrnnn)zpip liyteal, zhnhéapn bramabed, osubstafutéd, or
| east one di fferent ol efinic conpound.

a@rpﬁgbﬁtltaw 20leBpol praddition. ithe caiakyst Palﬁlpewﬂ@flw?éﬁé,invenﬁon

may be used in polymerization of diolefin compounds, including but are not

.' limited to, 1,3-butadiene, isopréne;; 1 ;;}.’-,pcntadien}e,’ and 1,5-hexadiene.

Preparation of the Catalyst Comp'osition.

This invention encompasses a catalyst composition and method
comprising the contact product Aof ‘an ansa-metallocene, a solid oxide
actlvator-support and an organoalummum compound In one aspect of this
invention, the ansa-metallocene is precontacted w1th an olefinic monomer, not
necessarily the olefin monomer to be polymerized, and an organoaluminum

cocatalyst for a first period of timé prior to contacting this precontacted
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woaownomsy <50 nol e percent),

copol ynmers of ethylene conprise a major anount of
et hyl ene (>50 nol e percent) and a m nor anount of
t hough this i s neCTAS2005/022998
requi renent. The cononorers that can be copol yneri zed
with ethyl ene should have fromthree to.20 carbon

atons in their nolecular chain. Acyclic, cyclic,
REIYEYGiith tHeesdHd@tidé abtivdtei-aippett, In mSpebtr ancfiad period
substituted, unsubstituted, functioalized, and

mfriumo fot icontact, zbel nwecsmtact tmey hssweetp ity atsd- metailos;ene the

F | i |
ROt iop R s Fofli ERRTHYACYBTSRALE Fom
'tﬁﬁ@ Nt i9futeN®! Ydehosit arr ﬁoﬂptO 1 koM 1 @yt % &Y Ie&ntact

1- but ene, .2- but ene, S’rre hyl - 1- but ene, isobutyl ene,
Iup@m&@nelonanMSenéOIBHmmﬁhw¢ahQ@nnmﬂene

oo TR R o RO AR or S PaRTaRicete FE P hanomer,
L8 o BF Rl OREIGS s5 LRd O G AARIRBERE S e s

firve_-norna ecenes,--an e

tdoetpeeition @uethec consprizingy ¢he colidl e)fltiesactlvlatﬂr)l di nt@rrhekﬂ the
not limted to, cyclopentene, cycl ohexene
msasrfem@yteérf@lxtw& bBymaalbe fae. paﬁsortth%teqi i turggyasabe gllgwed

QLGB hesbudty 4558 LIARA ARG Ge il MLpAILERA HHE brbr t

mer 18 aesire AONOITer ene na

Qﬁ:ﬂfg Mﬁ@attirzgedlevybdmnﬁnmmﬁpﬂméss rnnorfm@gﬁéer pdsieeftact times
exanpl es of the conononer i1nclude, but are not limted
th@twm rjh@ eqoérd Pxislet @ﬁ‘gvatgr-amp@ﬁte anQ thee pAgdontacted mixture

BRHEL eSO T B Ao R D EOR 0 JEE b i
éle Mstcdm@ich ﬁtﬁes kde xRN @inutes 8P @ REnutés Ql%oil.ed‘ﬁbprcal

eptene, the four nornal -octenes, the four nornal
n onends,anothet h@a‘ct vﬁtmsorrwantlote d:hmemousrcami}zﬁt h:emponents (for

aspect, the compnoner n% pe -1-but ene, lJpen
SRR e GEHREES, SBET DB g Opaioal i cocetalyst
aa?ﬁe?)g)t ioh) a{ﬁg uﬂﬁsagjrafeﬁoﬁlgﬁﬁfcaﬂ{ohzegéﬁ: e | @orﬁavftled in the

reactor zorne produce t he "‘copo r s genera

f;rdlzymer.iib:tlohOrethmlghltamms@nbvhﬂe nuhoopstﬂynbﬁza@bro meatchon is
total weight of the nononer and conononer. In
proceeding. ~Alternatively, any two or more of these catalyst components may

be precontacted in a-vessel prior- to thelr entering the reaction zone. This
precontacting step can be. contrnttoﬁs '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 cornposrtlon Thrs precontactlng step can be carried out over a time
period that can range from a- feW seconds to as much as several days, or
longer. In this aspect, the contmuous precontactlng step can last typically
from 1 second to 1 hour Also in th1s aspect, the continuous precontacting
step can last typically from 10 seconds to 45 minutes, or from 1 minute to

30 minutes.
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anot her aspect, the anmount of conmononer introduced
into a reactor zone is fromO0.01 to 5 wei ght percent

woaowmoysp, and in still another aspect, from 0Ct/uS2004/022998

wei ght percent conononer based on the total weight of

t he nononer and conononer. Alternatively, .an anount
sufficient to give the above described concentrations
by wei ghdmativel} RBe poROnFEAg DiEHIS eth Garcapgedisatlin multiple
Wi le not intending to be bound by this theory, in the
estest rathet thim arsiineld stepu lirs wihicl weltinde nfikvees eigarEpagd, each

kSR80 58, FESEARN Srabhrtd, T AR st o

‘ p&‘taﬂ?% r lA85dRRtPERE B Sconfddtkt frrAne hedrsanexdires Yﬁl'l(inﬁed by

portion(s) of the olefin renoved sonewhat fromthe
camkaning ahd first dainhire witingt lesstlode ndter latakysp eemponeny forming
hi nder _t he reactior% iH the way that the sane olefin
sutpsend gartuge. and o8 nor e proxi mate to the

car bo%ﬁfﬁ@%ré’c%ﬂ?&lc 8?}{%5 Mol e calle B ASPSEEle Rssel or in

| east--one-reactant e- catal yst- conposi-tions-of ...
tiukiple vesselsonFusheat hydltple, precortintingaitgpsecanz bt icormedaos in
ei t her hanpo%’Dne,r i-zations or; copol ynerizati

| - tions wth a
oferiee (weauenitaoD; 1, Pagliali &, 2 gommbinatgn theprody EQF eX§IRig,p first

AR ot pbb§poft B B B, 8 isedls seoond

B tRR élﬁﬁgriéiﬁgﬂﬁé YIFE infatiteOpludfondi Aldaidnal cerpatrdmponent
including but are not limted to, 1,3-butadiene, ,
i sopbefermed 4n phartfsl versel andn 2, Sohpd y@psehewhich is typically

Pre tion of t tal yst Conposition This invention
eﬂl@g‘%i) _‘@%%Teénbﬁ@fa%fw&g posi.tion and met hod )
conprigj tﬁé}eas?Q&t 8¢ oPEREsI6T tHRf catdlysth@lonessBay Be split

solid oxide actfvator-suppert, and.an organoal unm rnum
canposeddn differenepmspeotting tredtivenisnviBrtaxemple, lparteof a catalyst

a-nmetal |l ocene is pfecontacted wi.th an olefinic, . .
MEMBPRIENL ARt i EEnR Firsf PISROTEACEPE i CRefber SecBasting with at
pol [ A1 : | f
e
PE&aptHeRE loat Mex fadt tntwid Bedohd wetdrdaatinigdeessel for precontacting
acti'vat ox-support. In _one-aspect, the fjrst period.
with at least one other catalyst component, or can be fed directly into the
reactor, or a comBinatidn thereof. The jﬁfeédﬁtdcﬁng 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-'('11‘5-'-3-_(~;’2:{lgi'6pényldimethylsilyl)indenyl)—1-(115—9-
ﬂuorenyl)—l-phenylethéne zirconiﬁm‘ “dichloride for at least 30 minutes,

followed by contacting this precontacted mixture with a sulfated alumina

s
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of tinme for contact, the precontact tine, between the
ansa-netal | ocene, the ol efmc nononer, and the

wonrgsnogisem num cocat al yst typically range fr oRCTiUSE003/022998

mnute to 24 hours, and fromO0.1 to 1 hour is typical.
Precontact tines from10 mnutes to 30 mnutes are
al so typical. Once the precontacted m xture of n

- fGeivatdraoppet for ef ldasnONPRifutedNg O GRNRSUY fuHA the active
cocatalyst is contacted with the solid oxide

aeatalystt or, this conposition (further conprising the
lid i d tiyvat IS ti dth gstcont.act e
i xt ur ¢ B e ke, DpiGilo fckeeed i sorachal s¢ the

ahd19MBHad QorhSATRA o tHe G @d@aﬁ#’t%ﬁnﬁﬁoﬁﬁ HHatRE Elf . redo&/igthout

tinme, the postcontact tine; prior to being I latin
tthe pecymeciizasiepn phecabsncednadivityastalgst, cqroposition adtthis
ti mes. between the solid O)ii de acti vat or-supgort and
e e Bevaes fandaiperalymerzation ey e-¢legmmppqmar such

pisotthieh8 of CoPRYRriaiien of Aol 0t Siimanat S vever,

et ¥PhRbntab hgs éﬁﬁ flonfictihPisher] MR hehi
var i guépiéat aII1 )?st{ih%g%onerntg k .'»(f‘olrl%gg{é%psﬁeg al %du%d fof Ghis
-meeidnocene, activator-support, \ organoal uni num

t d ionally an_unsaturated hydrocarbon
cocat ghﬁs . an opa nal |y a y t)ora

can belRORPHEPHACEG MRETEIRINDEi Neateadow 3 éppgpture and

SiPHibRNERHSEN: WB! hffodh %d%ﬁ&'ﬁr B Igﬂgti&? a%¥.| ?xﬁeﬂa&iom of
proceedi ng. ternatively, any two" of noré o ese
caadntadted aiptone ahd thvegolideoxideaaivatsit@pon, suchehisted portion
prior to .their entering:-the reaction zone. This
p@fe@srﬁ%‘qm@@tsS@feﬁlcdaﬁc%a@@fmwgss pnoobdized; adsaibech or
t ; cteq: pr ct is . fed continuously to the
poREE AT “HaR' M Ee e aREiEBHI il o BE dgatea
| foTh&tvedn Pal e @l (HIICRNIELIRS _FES(?’@E.NT &ﬁ?eljaﬁlrésd BeRveen
to make a catal yst conposition. I's precontacting
s4.41CE@EaMF e 85IC (W FYuite 9pienl i thd mixtpey is ddatelat atan
range froma few_seconds to.as nuch as several days,

or | ongedne aspe¢tnthe melgeEatio efibe was-piglpsene compound to the

p&r%&l?&thﬁﬁh{.u?lg cgﬁlﬁeuﬁc?ﬂlagf%sétﬁéﬁﬂpi ﬁa[’|0| ¥:10,~OOO. In another aspect,
the molar ratio of the an&q-metallécéﬁé compound to the organoaluminum
compound may be from jl:l to 1?1,000,- and in another aspect, from 1:1 to
1:100. These molar ratios reflect the ratio of ansa-metallocene compound to
the total amount of organoaluminum. compound in both the precontacted
mixture and the postcontact_ednﬁxtﬁfé.igo?rribined.

When a. precontactfng step 1Sused, genérélly, the molar ratio of olefin
monomer to ansa-metallocene cor‘ri,pound, in the precontacted mixture may be
from 1:10 to 100,000:1, or from 1011‘1' to 1,000:1.

In another aspect of this invention, the weight ratio of the solid oxide

activator to the organoaluminum cd,mpoimd may fange from 1:5to 1,000:1.

59,
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woQommooisgds to 45 m nutes,

from1l second to 1 hour. Also in this aspect, the
conti nuous precontacting step can last typically from

mnutes. " 51Alternatively the precontacting process
can be carried out in nultiple steps, rather than a
single step, in which multiple mxtures are prepared,
&acinotimrpasict)gtte eidiglar mﬁo Et thef selad adxidd actwator to the

conponent s. For exanpl e, least 'two cataly
AR RSB URAFPTRRO G AY tb@dfre@r ihdo al99: ﬂsﬁndnllikty@?? énother

fa%igcgﬁqnbqugrg@ftl ng the first mxture with at |east

er catalyst’ conponent form ng a second m xture,

and son foofilifther M,dpted:tpbﬁ tIpiE EigOertRst ithg vwdi Hts &8 oP&he ansa-
carried out in a single vessel or in nultiple vessels.

metalipsene tmmhqoq»@dg peldieaspPaY maepe fr@am Ibe te ak:1i08@,000.

S e S B e P v B eREf ool e g Ggtatfocene
Vo1 &P6ANY Bt CAGRAUPRHSYERR nki’al‘jrl heoroRd 1*1@) ® f1109looo, and in

-vessel.,..a.-second-mxture-co sing the first mxtuar
phethenaspeetd thotri driz0 tocétlé)DQst conponent can be for rred
in the first vessel or in_a.second vessel, which is

typi cXADe\PSPPct Ok i drratis Anihet alumunexanes pakregpired to form
O SO A on R0 LB LB Sk s ptymer

preuotibacbing Acmﬂﬂﬁgm dn dﬁeraspmnﬂieeprepafttmoéntﬁm can use
cat al yst conponent can be fed into. a .first

amea@gwaU%@ém fempeuads nask tan @CW@tﬁT-é’@PD%sm the

* PRSP SRRl COTRANGR. il BE R 9P B i

peleseAt ﬂﬁtltﬁl a@aﬁ@zuuﬁm{mﬂr&ﬁ@ptm@b | g1 A Rt é&@%ﬁe the
one other catalyst conponent, ‘or can be fed directly

etalackee eaalysion, the samae owmbemast anmrgammoxm@
ti b arried out in
Eaui pASES B o Rer e e e 2Bt P Bl euined to

- B e dﬂta}i}gﬁ%oﬂ?ﬁﬁsﬁﬁ% oiathfé ﬁi%gntlcﬁl VRASEh AundR¥xdnéPBorate

or any conbi nation thereof
compounds, MgCl1,,.or any comblnatlon thereof can optionally be used in the

catalyst composition of this invention. Further, in one aspect, cocatalysts such
as aluminoxanes, organoboron Compoﬁnds, ionizing ionic compounds, or any
combination thereof may be used as cocatalysts with the ansa-metallocene,
either in the presence or in the abse_né‘e of the activator-support, and either in
the presence or in the absence of tﬁeﬁ'}‘('jtganoaIUminum compounds.

Thus, in one- aspect, this iﬁVéﬁtion 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 precontacted

mixture comprising. a precontacted ansa—metallocene a precontacted.

organoaluminum compound and a precontacted olefin; and

.A6O.

or from1l m nute toPBD/US2005/022998
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In one aspect, for exanple, a catalyst conposition of
this invention is prepared by contacting 1-hexene,

wonRro@tooyisal um num and a zirconi um ansanet al | oeenaSs096/22998

as. |-(h5-3-(2-propenyl dinethylsilyl)indenyl)-I-(
h5-9- fluorenyl)-I-phenyl et hane zirconium di chl oride
for at least 30 mnutes, followed by contacting this

precont act ebntdckingr thevprebordaged haikafle with an activator-support
al ym naactlv tor-support for at least 10 minutes up Pg

Ritonatly addtipngh ergappplyaieemadopsnound for Bheecond period of
t ' 1:qal: i ncreases the
ARG ot Frd 7P PR Rnkat B it ORRRRER o Gortsantasivg ansa-
oattallyenes anpositértacted hapahsalBhBRd bnjiduaauty #)B'étt%ontacted
ysS

precont acti ng step. The enhanced activity cata
QetHb @ndi pRogeontagted peieater-spporin In thisuaspdctf dre precontacted

SRR PR TEhe Sy mBiadhePpfodid Bifdhciemeliiana o
cononomner. However (leg@ég()@emr pdacting step nor a

pos. t cont actjng -step-are -reguiréd-for—this invention.

The post colaisttéaninny zircenimmy obbkafngahed at a

t enper at ur d s»a duration sufficient to allow
adsorption ?%iéé Qtaf%}’i{d%?ndieﬁalé raeXGlenenggdienyl, an indenyl,
ar et AC bed Fbslittsl é\ﬁ% ' i 1

act [ _vat%r_— support, suc 't%gt%r%&gck;‘}rl}qfegﬁ ag?eatskgne of (X) and
€3nps sebstiduted; t he -precontacted ... mxture is

i mobi | i zed, , adsor bed, - or ‘deposited thereqn; For

exanpl e, t AEIG38iQRETLEEMERE lgﬁ%@? grbstitaipd fXe) bre6Xd dofrpoises
WERataH/, ] y.5C (150F). T
Elgﬁlmeen aﬁéda%ﬁ%ég’% t@‘g@ Ol(:) ar)e tygingglr aitgr?tswe

m xture i s -heated at algiR‘?zRﬁ, vargeiaspect, the nol ar
ratio of the anga-nmetall Gcene conmpound to the
or ganoal unf#inRc dnpsierendently bdiydiocarbyl grotp too a substituted

R M L A
copact from s Teat b Sp o PRb A DA o,
Phesyhstifed rnalog theredf lnwingeframripioud6l ciidon atoms;

(X%) and (X% are connected by a substituted‘ or unsubstituted
bridging group comprising one athp bonded to both (X" and (X?), wherein
the atom is carbon, silicpn, germanium;.or tin; and

any substituent on Rﬁ;‘ any substituent on R, any substituent on
the substituted bridging gfoup, any gddftional substituent on (X" or (X?), and
(X°) and (X*) are independently ‘an aliphatic group, an aromatic group, a
cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a

sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a carbon

- group, a silicon group, a gérmanium:grphp, a tin group, a lead group, a boron

group, an aluminum group, an inorgani¢ group, an organometallic group, or a
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the total amount of organoal um num conpound in both
the precontacted m xture and the postcontacted m xture

woceosmosmsgd. Wien a . precontacting step i s usedpPCT/US2005/022998

generally, the nolar ratio of olefin nononer to an

-nmet al | ocene conpound in the precontacted m xture may

be from1:10 to 100,000:1, or from10:1 to 1,000:1. In
afPkhficPARAFAIWRS tHetédT, iaRY STt (walbh hAEnYefrGRt 1 r@t i 20 @hrbon
the solid oxide activator to the organoal um num
caninspuhalidempr hadepgehr om 1:'5 to 1, 000: 1. 1 n anot her

aspect, the weight .ratio of. the lid oxid ctivator .
ot helToP S ASHCh At HS ey B s k0L (Bl pYetoon is
1Q8; and. hari,aspeet ' 501
P e o B st e R SR P ot of
ofheintiealan saaridakdlid enédd pes boud (abbirdeiated gP/(gCTSO-hr)). In
activator-support may be from1:1 to 1:1 , 000, 000. Yet
adnstiiiesi aspeple cthe ofatallists of Hhis rifveions mayebordhgracterigefloby an

of .the -net al.l ocene t.0 sglid, oxj ctivator-s ort
st et g ied thaior bapticg 30 ERBELES A R RS Pect,
- . y . . : . . t 1 .
b ity P B o o bl bho. S0P PRRCE 0N That another
tfpeciatiad yatalyeo WP aBistinoentibns ey IRdclitei@brizedaby @@t abti@ity of
that allows | ower polynmer production costs. ‘
Agreatedithagh yor equabrie a8 gP/(gGESOrlegeand iinvanatheynaspaet, an
use. Al R3-type organoal uni num conpounds and an

aRativirt of SEsapothan or eqvel 4ps AR 2B (AR Abx adbis activity is

[ ' i_nt i Ng § bour . theQr.y, it
it el SRR iR tFikE G tohunite baignego the
N@iflucagt ancRtxath B olphatisAanRnietaliessf | 90 POE HdEh ethylene
manner as an organoal um noxane. Additionally, no

episense W& Hbr 22 dax OYhfopsigls Ghe mepctar shosld bejs swhstansially no
form the catal yst conposition of this.itnyvention .
PR e 1Bl e Batecet. St dors SN g g mpipine
carbil pRhdRembi@r eof can optional ly be used in the

catal yst conposition of thi's:invention. Further, in
one aspect, cocatalysts such !

Utility of the Catalyst Composition in 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 slurrypolymeriz#iﬁé@?, gas phase polymerizations, solution
polymerizations, and the liké, inclﬁdiflg 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 reéction can be carried out continuously in a
loop reactor or in a continuous stirfedjlriééctor. ‘

After catalyst éctivét‘ion,'f‘ ia‘ﬁ':":'c:étalyét' 'cmﬁposition ié used to

homopolymerize ethylene, or copolymerize ethylene with a comonomer. In

62
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as al um noxanes, organoboron conpommds, ionizing ionic
conpounds, or any conbi nation thereof may be used as

woaoemioakgsts with the -netall ocene, either in PO®US2005/022998

presence or in the absence of the activator-support,

and either in the presence or in the absence of the

of ganoal um num conpounds. Thus, in one aspect, this

| dhéeaidpe@Na BiAYAl GRSy B RieR Sheth6d Y PSUES polg@bAkatin process
conposi tion, conprising: contacting an a -netall ocene,

dilsol leloim, asathe ranticle dearo prenesumhéainis ovelt khown 4n fthe it and
S HieHasrotos i P01 € T AR e e b e is incorporated
RS CORIACE Aftreifll $RNRALMTE REnerPAH0R methods of the

. §Hm@tﬁ_€ﬂ)36
precontacted ol efin; andcdntacting the precontacted
npredent mvention dor dotry pedoesses appihiose employptg @ toaipl igactor of the

ddi t | I | umi = d. f S. d i od
DS FisBlOser FbPn o A5Y EYR M Bg» AN Hise UEBees 1Tsh RGraty of
p&ﬁfeﬁ%ﬁ&%&f&&ﬂ?&%ﬁ‘@@ﬁ@é lpgﬁﬁl%? *oracoﬁ?o%gt?d}fszptm%gf whergin the
organoal um-num conpound,; -a pdstconi-acted-ol-efir, and a

pesdtindn canditidnacire v aiffarerg UpDald .differehhirsacsigoihichhis also
precontacted n -netall ocene can conprise a conpound

viReorPerRded by efPrece Rergi, X fxemiretisher ein ML i s

titanium zircani um or hafpi 1) and . . ar

[ ndepelﬁl et "}S;l? ‘@ Béﬁgl}%eﬁ%%ﬁ% %@ﬁ% ?t(]%\én}()lr %@gﬁ y%%?tlg% neiay range
fioar espbc & 289805 tanluLe hndirl Ofpbhe N RN meMBRIG Redtion
| east one of (X1) and (X2) 1Is substpltut ed; at | east
olempstidsteirhaleringofffonhe708Alist 1 103Ced (X1) or (X2)

conpri ses an unsaturated group having the faormul a

- Si R4 Pl polpestigiation depctiRl.- typiqayeqsstitfeit By igert atmosphere,

ht¥191tr ?sc, a{nbggmos%&lgru s&tr)ste?nt%ﬁj bf?et:e' to%'tc?x%/gen and under substantially
anhydrous conditions, thus, inthé- aibscnce of waterfas the reaction begins.
Therefore a dry, inert atrnospheré,, fOr -éxampjle.,’ dry nitrogen or dry argon, is
typically employed in thepoly.meri'z'ation reactor. !
The polymerization reaction 'pfessure can be any pressure that does not
terminate the polymerization reacﬁoﬁ, and it typically conducted at a pressure
higher than the prstréatment. pressures - In oneA aspect, polymerization
bressures may be from ,aﬁﬁbsiohefislﬁféssufe to' 68.95 bar (1000 psig). In
another aspect, polymerization pressdpes may be from 3.45 bar (50 psig) to
55.16 bar (800 psig). Further, hydfogen can be used in the polymerization
process of this invention to control bblymer molecular weight.
Polymeriiétidns usiﬁg the 'cataiysfs of this invention can be carried out
In any manner known 111 the art. ‘," Such i)'rdcesses that can polymerize
monomers into polymers include, but ‘a‘f‘e not limited to slurry polymerizations,

gas phase polymerizations, solution polymerizations, and multi-reactor
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hydr ocar byl group having from1 to 20 carbon atons; R5
is. an al keriyl group, an al kynyl group, an al kadi enyl

wgnrospp4® a substituted anal og t hereof havi ngPETSRMDS/022998

to 20 carbon atons; (X1) and (X2) are connected by a
substituted or unsubstituted bridging group conprising
one atom bonded to both (X1) and (X2), wherein the
adopbihgtions ahbof, SThis; any siymerization eend il(ﬁ(})wﬂnﬁh theyart to
substituent on Rf, any substltuent on R5

Subdide; lefn-contaimag ¥Rt ey be itligehg liﬂroeﬁ@mrdepya stirred

g%t&l 8£ha{)e HP%A e ballll pr r g‘e)s]s], or. & &erleacti'"o%dca&?@ d out

are ependent y an group, an ar Sima
Qfdﬂtiﬁuo@lye #Cd 1copdeadts oﬂltﬁ@é@i’cﬁﬁbh@ﬁn@éd Aatioh: atnypmangi the
cycllc groups, an oxygen group, ‘a sul fur group,

mclywgératigns discleseg hespherauicaed pt Using ar @Obﬂm‘rpzatlon

a_carbon gro a silicon _qrou eryanium
eGS0 e cheBistt 2or®hor i EPELATURE R §5f ol Sy
erlé‘e[hdn%‘é gzé’é‘ll Bn@H @ UP theddtt 8hd@ IRt H&drb@ar%ﬂé»‘ﬁrhuﬂhf are
asubstituted derivative thereof, .any. .of” which having. -
fllcpmﬂ inder IZG)C‘EUBI d:IﬁtdlerrsTheatetral "ddeentb ras hwﬂ mgthis. dikclosure
oeas ect, the catalyst activi yof the catal yst, of
eg ok \P&?ﬁsﬁ \f ee%%ﬁ dagrf paerials aF this Sibis wige toygelude

AL 8 KBRS B mll b o Kz fiF pESbess.
divatoysies af hgdtocatboms dhhtatysbe aked bs sliluavts nhclode,n’auft e not

characterl zed by an actlwty of greater than or equal
eb“g FWG@@PS@% 150 buigig, DrbUHas: PEPPaRS pBIENTARS, 1sopentane

S5y R Py L 700t g

' og‘luﬂrjﬂ ipBlyinnetesativRn Erniles ehﬂﬁeedcaﬁblz) | aBy fadadt UVS. tBatent

greater than or eqgual to 1000 gCTSO hr and in
alﬁot hdA2438kct, 50&1:188§¢t4 613,484 498 &8 andan,58 SQaU&aCh of

Rt TSP ET DRas Micior SRR bl si mg

-1 sobut e Rpodel@f thd HSBAtIoRARe ’e@rﬁqrbo?ylﬁi@h%ﬁﬁfﬂ FabtoPhcludes

tenperature of 90 OC , and an ethyl ene
any polymerlzatlon reactor or polymerlzatlon reactor system known in the art

that is capable -of polymerizing oleﬁn monomers to produce homopolymers or
copolymers of the present 1nvent1on Such reactors can comprise slurry
reactors, gas-phase reactors,. solution reactors, or any combination thereof.
Gas phase reactors can comprise fluidized bed reactors or tubular reactors.
Slurry reactors can comprise Verfical loops or horizontal loops. Solution
reactors can coniprisLe stirred tank or a,ﬁtoelave reactors.' '

Polymerization reactors suita’ole" for the present invention can comprise
at least one raw material feed sys;[em; at least one feed system for catalyst or
catalyst components, at least one reector eystem, at least one polymer recovery

system or any suitable combination thereof. Suitable reactors for the present

" invention can further comprise any, ‘or combination of, a catalyst storage
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pressure of 37.92 bar (550 psig). The reactor should
have substantially no indication of any wall scal e,

woaeadsiongrser ot her forms of fouling upon maki ngPCHAES2005/022998

nmeasurenents. .. ... Uility of the Catal yst
Conposi tion in Polymerization Processes
Pol ynmeri zati ons using the catalysts of this invention

Gasteieart axrision systernna aaMn{@@@&&n ken@vient FedyORn@ E&stem ora
Such pol ymeri zati on processes include, but are not

CoRireloglsteam.s| Birahy ressioyensan Lempsise COQ&QU@I’Sa%C -off and direct

T S -

Thi congse Pk YoRkihdads ﬁnxomaﬁoﬂf VD nhdhohlre@ ar éat£19st and a
produce et hyl enecont ai ni ng-pol yners can be’ utilized!

Hapendxiaip leepolamstization reastart and twncdminubil iremdvélofromathis

B RGO i e e B Ber BRTiclrsandaht fflus
igh{)g};@%gfﬁﬁﬁm itgbn r@‘ﬁ&&r sERdAt ¥ tth@?fésé‘ﬁt 'nh&iltlcﬁl & %Qﬁﬁhse
oop typenest lrez.etoe tphy Byﬂhﬁn\mtrhulﬂplbormnmﬁeystem Q:bﬁ’lp&ﬁﬁ%cfwo or
atg i cal marlzatlo ‘met-hod is a slurry

728t f tﬁaﬁsoe@‘g@e s BARHEWAr 48 SeHies. pawlilfmle reactor

d is
gfs;[ ggg@ %6?%{15%‘2%&%& %oiﬁ‘ﬁ%t@{b%\@fhe% % klo&b%hfé? e/rézatlon
whiredetors thatcarepmtai)ﬁﬂedwd r th%fpiﬂyrﬁelh e4rebB ,pdlﬁnbﬂlied in one
entirety: O her polynerization nethods of 'the present

FORGE NG Py s@mﬁ ﬁpydlyp@s;eanééheratm ndipser mrpb@;ramfe]ated to

g%gc%gldfggétg %)a Y ﬁ}gg a&%r?ﬂq GPTa‘PS"{ ch;ﬁt eorglts
stirred oheashat orehé H‘IWGHIHBHS‘&{CI 1%‘02 ymBAzH drleac: system can

conbi nati ons thereof; V\herel nt reacti on conditions
ﬁ@@PﬁSﬁf fleleasit orienloop h?éurdy téastant Suchaebcips, aretkinolvn & the jart

0 |ncoroorate feren hereipn, inits
NI rﬁeo‘ﬁaé p‘érc orl tQjﬁlﬁPP% at§“8h lpe%éﬁ%t%mprlse a

Elﬂglet o Y &BEHES QF {;ﬁ&épﬁ T A @qgaétB §ag; ?%ygﬁge HBth

anot her “aspect, I zatt oh rea
naylca]aargbhcbmznntﬁdﬁﬁpst oThd s,l}@@;olymenzaﬂon can be performed in

an organic solvent that can dispersfé."’phe catalyst and polymer. Examples of

suitable solvents include butang:, he)'iéﬁe, cyclohexane, octane, and isobutane.
Monomer, solvenf, catalyst'and any comonomer are continuously fed to a loop
reactor where polymerization occurs. Polymerization can occur at low
temperatures and pressures. Reactgr‘efﬂuent can be flashed to remove the .
solid resin. | ' - |

In yet another aspect' of this “in"vention, the polymerization reactor can
comprise at least one gas phase reactor. Such systems can employ a
continuous recycle stream contair;ir';“g one or more monomers continuously
cycled through the fluidized bed'i.in; the presence of the catalyst under

polymerization conditiohs. The reoyclé. stream can be withdrawn from the

65



The polynerization reaction typically occurs in an
i nert atnosphere, that is, in atnosphere substanti al

wonemw/0i7soxygen and under substantial |y anhydr 8a%/US2005/022998
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conditions thus, in the absence of water as the

reaction begins. Therefore a dry, inert atnosphere,

for exanple, dry nitrogen or dry argon, is typically
102%6R0bdd ah8 & e PPl YA ®abE BhicPthe EaGtR! Sithulti®ously, polymer
ol'yneri zation reaction pressure can be any pressure

t p@ﬁudtom eotvithdrawmfdm theecpmdryarst hemtor dresh emqrmr can be

it typically copducted at. a pre e hi her th
t?@d r i replecee Hie BP égqﬂzeg mPHOIES’E% gg(gleg@s phase reac ofs can

R B IR R AR e

pW'h)UIﬁHﬂbﬂﬁd m@g)oﬂ)irﬁéﬁz&fdaﬁ tl‘mgasbeusi plare 3n éﬁlebar twoSildependent
psig) to 55.16 bar (800 psi ?ﬁh Furt her, drogen can
bgas:Blage |m1ymer1¢ﬁéto;an@qneﬁ avlikn fosdEees §a@ily pgtamlng polymer

Iqu e ﬁni CBlint r Ol %ér@g? %Egn%ﬁlyﬁhg%nven Lon

can benp ail 'aﬁch@thspe@t amzhem%@ﬂiork REgvpolyindrisatian treactor can
Such processes that can pol yfreri ze nmononers into

podiypEses ai wbbladereagior. afebulan r¢actﬁrs eagnt gake (polymers by free

poI ations, i.zati | uti
e e e R N R
P 1zat-i-§&’ R0 kYT 28 Qﬁvéoﬁ@vet‘aﬂo‘ﬁﬁnésn Witge fresh
t “to produce ol efn-containing polymers can be
utrichiozed,. 111thtorexanpzitelysts ase, |add@h| Magotner caarbeb%ltramed in an

utilized for rooe or t he- r tion can
CHF GFCONE SEEHR @mﬂuﬁt IOBSpZOPS TGRSO alkf)ﬂ iators,
C 0 C t

SRR e s%t@é&%htsec}éwne S0t g oo
anﬁfdﬂ’ub&d ROANCTREH Zodlel cither@cess The gasl shepmiseae intemixed for *
zone. Suitable diluents used in slurry polynerization
apelymrizakipwHeatnanchpraspireasrdl b enpieyeryaniseniiajelysto obtain.

under. reartﬂt on conditions. The term

BP?]G]@ﬂ?‘ﬁy %@tg?flteﬁ"o M UM osur e does not

necess @ "ctn)otH@adbpé& bf &hé 1ﬁﬁérﬁfdna|the JsolybSzdtRinMréadtor can
meant to include

comprise a solution polymerlzauon teactor. During solut1on polymerization,

the monomer is contacted with the oatalyst compos1t10n by suitable stirring or
other means. A carrier contprisihg an tnert'. organio diluent or excess monomer
can be employed. If desired, the monomer can. be brought in the vapor phase
into contact with the catalytic react1on product in the presence or absence of
liquid matenal The polymerlzatlon zone is maintained at temperatures and
pressures that will result in the formatlon of a solution of the polymer in a
reaction medium. Agitation can be employed during polymerization to obtain
better temperature control and to maintain uniform polymerization mixtures
throughout the polymerization. zone Adequate means are utilized for

dissipating the exothermic heat of poiyihefiietioh. The polymerization can be
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woamehe478sed as dil uents i ncl ude,

conmpounds and conpositions that may contribute to

pol yneri zati on process. Exanpl es of hydrocarbons that

but are not PCTUS2®S/022998

to, cycl ohexane, isobutane, n-butane, propane,

n- pent ane, isopentane, neopentane, and n-hexane.

Typically, isobutane is used as the diluent in a

siffected rokybach zatimen, obianp cestimfous thasndrec ﬂ’ihelmgq/cor can

are found ipn U S Patent Nos.- 4, 424,6341; 4,501,

“ONIPISC Agerics Of 8 loasipencayrpats g haiybplogs BHEopTeRRI A dow
ein, inits entirety. For

pﬁ}g%g%g@a%?gmﬁ%ﬂﬁ%?ve %ﬁyﬁl{% e term pol yneri zati on

react dn 4 figthegdespan\ofpnd wveniiaatthe polhaaetitioarreactor system

pol yneri zati on reactor system known in the art_that is

cHpaBPBEPuse $Be yGasRbinatien Gefwg ornBwsaeeactors. priy@dugion of

: %ﬁc Iﬁgllsyiﬁsrrﬁul% 1 n?@a%lt&geéﬁl ﬂfclﬁ({ee s &R0 gep\’iﬁ nét' Eer&st two

reactors rrse urr eact or as-

rRp&aey polynfeﬁhwﬁmpfbabm Ir@momwcteﬂrw @mﬁsfeﬁﬂmﬁe making it
-thereof . (Gas -phase-reactars.can-conprise-fluidized-bed-

rm@b&rt@ teansfaritiod polymsacresulsing Sram the ﬁ@hp@bn@rtzahon reactor
or ho i zontg1 | oo

tical
BHE e ot e 128 oftpd @akaBpn sonfiions dn Bre Y the
rl%Q&Bf%r &m 5O hYﬁ@rEhtz ﬁBhP@ler(ﬁﬁ?a{tﬁfgsccﬁﬂlﬁé}ﬁl &f fRr othBereactors.

present 1 nvention can conp | east one raw
nattemativel e pdlysyerizatipn ain  iredisle areectbese das yistlade fthe manual
cat al yst_or cata yst ‘conponent s, | east one reacto

SRS, o, polyanst 8%%@ QT roeé%bﬁ@ﬂyergy@@%fm%fo ﬁefntmued
S;gdm&hsatfo%”bsmtﬂemow&m Eludﬁﬁh& e@in%n{a%@ﬁtlﬁaaaﬁl  but not

e” present I nvention can er - conprise an

Jomited rgtohwltiphf loop readters yﬁmltq:ﬂe) g@@@y’@tsﬁ ) ccmﬁbmatlon of loop
extrusion system a cooling system a dil uent
rEEh&AsiTARCtaiPs f epmbiatipncueslavayispeints wroRItQbrsReioss with

gg?a% oi?(gfﬁilrse%&og u]'élp ﬁf% s?ﬂ.g?ogx rleg%rsa 1%%1211&#13%? %utro%ﬁa)(lg rezﬂ:gors

cont'i NNRYS tRe %@ﬁﬁ@f% ﬁ@npl@@ﬂ&ﬂ &Bej h;ﬁn thfbmw%to various
i nt roducti on of nononer,. a“catal'y and a dilwuent

i artioles, mﬂlmgulzlat hotn limétedt toy; Iamaehqilé mamcnsowléensﬂs film
renoval from g LeRctor of 2 SUSRENRLONSOIRELS Warious
processes can form these articles. Usually, additives and modifiers are added
to the polymer in order to provide desired effects. By using the invention
described herein, articles -can 1ik‘e:1‘}./. 41.5e :proeluced at a lower cost, while
maintaining most or all of the un1que nioroperties of polymers produced with

metallocene catalysts.

Ethylene Polymers Prepared According to this Invention
In one aspect, the ethylene polyrner produced using the catalyst
compos1t1on of this invention may be characterized by lower levels of long

chain branching (LCB) than are typl,cally observed when using ansa-
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Pol yneri zati on reactor systens of the present
i nvention can conprise one type of reactor per system

wonRoowotispl e react or systenms conprising two or PADAUS2005/022998

types of reactors operated in parallel or in series.
Mul ti pl e reactor systens can conprise reactors

connected together to perform pol ynerization, or
rrﬁaﬁn@éeiet Hid1y 86 S IRSuCH PRREHHR dnsdHLate® |rﬁ6l€fy §RIEhRA S0 the
pol yneri zed |n one reactor . under one set of

doiigiet oowhen amaigtsiupporttmethpntmnéhe selid ade raa’tmfter-slquoms of

a_second reactor for po ation under a differ

Jb° SRV 11 BHrS F oMl 2 pUBEUE FREOTHASHE B0 L fofn
o?ﬁ’(% ,]Z Hﬁ&d@&%}cﬁﬁ &y seﬁ{kr&?ﬁbrf?onpr' se at | east

one ["o0p s

rry reactor. reactors ;are known in

‘the, aGéneasitly, FEigueePpands pletr logCa)) Wrsdsorong(MLL)afor polymers

| oops. _Such | oops can conprise-a single |oop or a

suepargd gecqrdgsto ﬁhmetxampéea adpTatlad: end ilwsiratesniew seduced

‘%(:J%erlt' cal a h on'[‘af)r I 09 S. Tohe sl ur r¥E ¢ ers
Y52 819 81 5& Eé’é( B FOTHRHISOn Ot Ihe pohymers
tfophed Qfslﬂg aPedtaR st Qﬁnﬁnﬁﬂs §y§ﬁ AR ROANGERhe AR $endant

of suitable solvénts include butane, hexane,
clefio I(Ke)m}vmmdo&) aensys arcdtalysd bomarising l\ﬂnrmmﬂnetaﬂbmtwnh a

ca%}g ﬁ/ %@O% gmer ar ngé’grﬂp a>c/11eny type figands

byl d & Ti‘i%ﬁ@ Rofites ak h@ﬁfrﬁ ehRldH e @rmed
P@ éﬁ?ﬁres t)Rea tor. ef?l Ssentcoc “%T?I as dﬁfig re%{c/eusmg
tmeatalystrxtompmmg Bn anda yxmtallmemh wvithaes p@atano blefini an the bridge
invention, the polynerization reactor can conprise at

| kehweery fhe gieo prsiepentadiqnyi-tynsy digandss ((eompeund Jibisysus 2

SRk LRk S E N o b ARl Setinpen 2
| dycldpeatadie@seagR 10fantiepeetically sin madﬁzﬁ ltgah& esrhg&drdon).

conditions. The recycle streamcan be wthdrawn from.
thefl Uhigeste polysthyaens pebmqrécar%azhser\'ﬁdowt f@lm’éa@cp@wer law

duct b t hd
o R P e RGP PRgHSRGnae. elih A RuRY gtaee
reBlcR68r Whig a%lﬂo TRk iR eddpcSWQloV&ry clokch 9as FhASRIationship is

reactors c
shown by a straight line with a slope of 3.4 when the logarithm of 7, is plotted

versus the logarithm of M. Delvia.‘ti'ons'lfrom this- linear polymer line are

- generally accepted as being. ,c'ausiedjibj.-fhe .iare,sence of long-chain branching

(LCB). Janzen and Colby presenféd a model that predicts the expected
deviation from the linear plot of log(7,) vs. iog(Mw) for given frequencies of
LCB as a function of the weight ﬁyeragé molecular weight of the polymer.
See: [“Diagnosing long-chain branching in polyethylenes,” J. Mol. Struct.
485-486, 569-584 (1999)], Wthh 1s 1ncorporated herein by reference, in its

entirety.
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conprise a process for nulti-step gas-phase
pol yneri zation of olefins, in which olefins are
woabosroesiszed i n t he gaseous phase in at | east P@D/US2005/022998
i ndependent gas-phase pol ynerizati on zones while
feeding a catal yst-containing polymer fornmed in a
first polynerization zone to.a second polymerization
zone. i sEi b1 o anat bekwaRRE ol thBeedpRyRAl behvidheor linear
pol ynmertzation reactor can conprise a tubular reactor.
Tpdlyinars medcfoor thec expavtdde ipmobaseeris porof sheer résgasiy for the
initiatjon, or by enployi gat al ysts typi y
Seancneies o6 oc AT SRUBUPyrEr P oo P CFaL Teaptons
can ion° | 3¢ i heo"RROMBS shear viscosities as
. i%?@%@{ Xﬁ%ca@?f@“i@g%ge%@eg. Monomer can be
5 egbthRicdSebr fitasf theandlt gasesitysdasd toethnGamrbaindY asuda cquiatiom as

one zone of the reactor. Initiators, catal sés, and/ or
cafeofion afdvpohtaines fam Hee-exalvsEpn shromateeraphy jpeasurements

st.ream and. i ntroduced at..anot - ‘ -

Tk S ShisparEr Pl SLAR b eifpPhnd PR Heraiive
HealABd PTRS SielfcticH iR &the Miheu@dofiEiey pibhabLltle tzero shear
obtain optimal polynerization reaction _conditi on(i

. Iln .
anstomtiesa§pet theolintarepolymsttlingnfortthe. RdYSsEs pQI¢ipg to this
react Qr can conprigse.a solution pol i 1.0 ‘

10 7 Eienin SOmPRRG Boret it rert oo e Hies s Jower lovels
| 3r g ?&ttﬁgsev‘%élpn{eﬁ‘? ToRE Y ahple® TPASI 4 eRRibRYthS Wiglakt Revel
stirring or other neans. A carrier conprising an inert
0bgdnCB of ltheswt slowexioeFunsndnerd Ganwisk mvphidye &Exapiple 5
desired, the nononer be brought in the vapor. phase
iR e foRFHIho! LB ahia e 5 SAREPIR
t he presence or absence of liquid material. The
pol ymeri zation zone is maintained at tenperatures and

15 pressures that will result in the formation of a
solution of the polyner in a reaction nedium
Agitation can be enpl oyed during pol ynerization to

otﬁegj n.better tenperature control and to nmaintain
u H‘r‘ﬂ?‘ﬂﬁ)l yneri zation m xtures throughout the

pol YN Zak0R &RRE cIAEBIESR fRaREMS Bed tietdiethef following

definitions are provided. To the 'extént that any deﬁnition or usage provided

20 by any document incorporated hgréif;“iqy'reference conflicts with the definition
or usage provided heréin, thedeﬁmtlon Sr usage provided herein controls.

The term “polymef’ is used herein 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

© 25  other polymerizable monomer disclosed herein.

The term “cocatalyst” is ..,“gfeli}érally used herein to refer to the
organoaluminum compounds tha't...may constitute one component of the
catalyst composition, but also refers to the optional components of the catalyst

composition including, but mnot - limited to, aluminoxanes, organoboron
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di ssipating the exotherm c heat of polynerization. The
pol yneri zati on can beeffected in a batch manner, or in

wea 20D47890us manner. The reactor can conpri SePaTABRI06922998
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of at |east one separator that enploys high pressure
and | ow pressure to separate the desired polyner. In a
further aspect of the invention, the polynerization

I §GEHOIndRY 8t RINIAAR iGAORbhPOuA as dideldzad lhefem)f Iﬁ whe aspect,
nore reactors.. Production of polyners in_mul

r cenatalysss owy bermgamalmx@rnam@p@gég g o N&%(Xﬁ)s m

se ar at ol rizati on react er

Rt Xabit bavvbm ERB B 4"l 7 SRR Holtls ) s
pS’l'k)SﬁRl’é%r ra?ﬁHHd'e Nghyf 6ORMiIcASakingStomal toneo lcéldfohcmoms halide,
reactor into the sécond reactor. The desired

pot iydridez ahd anis aonuhiter dremilrto S énadisivtheThe m@ateéyst may
be different, fromithe o at ng di tions h !
obnaired Satrdess SRt acianl BEIoR sl Pinsbnttng or {1 chemica

m&hﬁhﬁpﬁé\gﬁﬁﬁ%& g&‘ﬁldﬂ@ Bgé‘rafeanum transfer of

m-one. reactor,..to-subsequent reactors for
cont i nFrae uenhyﬁpzecmﬁﬁoterﬁ’ nﬁmmlne nearsbd)rhermantq descuibe a first
any conbi nation.includi-ng, “put: not

rrgpngqupe @f |cg'g§1'1,ys|t é;@@mgmgnts ,ﬂ}p’q 2151 @n@aﬁe({n ggce g{rg’c period of time
t [13 5
BB T8Ol PR M Tied FE 40N, BoSRARAAEY' 3P one

| BaRMFEBEERRS st Bdthbdritings that kel GRtAcACiop bSecaid peﬁdid of time.
aut ocl ave reactors. After the polyners are_ produced

t Ffefplcebln the pﬁcﬁrmne@wdwmtu@r desgebesr 2 pextase of ﬁ@talmcﬁ@e olefin

househol d ¢
¢ PHORSBIRBuEt ORI oo PR o BEas bR IsSsentected
andi] 1 8T Sacidfar 'a@H%t@f—ﬁ%%ﬁesarﬂarbﬂtﬁihﬁlly hegse qpihdal@8inum
Usual | y* additives and nodiifiers -are added to the

pebypeund.n Bhusr “precertactedie deseibes deahpanents. By - asi nepd to

B grah S Bl PRGE D R R B s8oe
p [ t
al,| ﬁep%tggtggucaguﬁ o P OR%Eéx‘dﬁfgl?f AR MARSioR" QAMF efcc¥ioRally

d1st1ngulsh between a component used to prepare the precontacted mixture and
that component after the mixture has been prepared For example, according
to this descr1pt10n 1t is pos51ble for ‘the precontacted organoaluminum
compound, once it is contacted w1th, the metallocene and the olefin monomer,
to have reacted to form at least one different chemical compound, formulation,
or structure from the distinct. organoéiuminum compound used to prepare the
precontacted mixture. : In this. .'eg:se;:‘ the precontacted organoaluminum
compound or component is ‘des‘efipe;'c‘i‘: as comprising an organoéluminum
compound that was used to prepare'thelprecontacted mixture.

Similarly, the term “postcontaeted” mixture is used herein to describe a
second mixture of catalyst cemponenfé that are. contacted for a second period

of time, and one constituent of Whieh.is.'the “precontacted” or first mixture of



Et hyl ene Pol ynmers Prepared According to this Invention
I n one aspect, the ethylene . polyner produced using

woOherspat@byst conposition of this invention nmayCbas2005/022998

characterized by | ower |evels of |ong chain branching
(LCB) than are typically observed when using
ansanet al | ocene catal ysts w thout a pendant

usialyst adegonmitethat atdracodcted fohe st stgRd O timbeMypically,
u5|n pports other than the solid oxide
gﬂéﬂbrp@aﬁﬂmqt@i ofmixtHres ig nseéhher@m thudgsnr@ theamixtgre of

| ts of h
AR, S0 AR SCRIE, o
Flagtiv86r-§ppoR0| f6HBES Jﬁélﬁp%ﬁtﬁctﬁ?g? ahéli RecdiRadtbe Ihgaft«hre of a

reduced L level s are manifested. Fi gure 2 provides a
c@nﬁm gbthase Ctompqmngsrrmth ﬁaoramfdadrbhngalacmpmm added to
’ co | SI I oce ant
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fA)poefépgf?g feyst ?:Q?ﬁ?)l f?lﬁ o 1ona1 component
- ﬁ&&éﬁ J[d)ﬁﬁﬁ@ up the p’ést%@nﬂ@&ﬁatﬁixtﬁle% it @5‘11& Bﬁld&r ddi88tor, and
between-the two.cyclopentadi-enyl-type ligands ..

( ophww}ydmay inéludeiae @gpuanlitEmna compauid dire eémdb foe dlfferent

mers formed using a catalyst conprising
D 0Bt 218 o CEHABONTNA A SHIRARI e oy PIER@ o A qsecontacted
beliYeEn g@edémlb‘ééi%efé%‘t af A@%thm%;p t]hllsgm%tlon may also
(conpound B) versus a cat al ri sing

rfedmidnaﬁynehsluﬂgimm pstwaat el ebihipoasnta Liséd to prepare the
cycl opent adi %@ e | i gand, -specifically, an indenyl

| P@%tﬁ%nte% th@t permPORsaIt ¢ et anitise hpsrbeen prepared.

et TR A, SO SR s

Wl focBNE LasRolRd 86 WIREH Waé b, M&cwﬁlf{ iEmAs é 11& ds in
y ‘a alght

close to 3.4. "This relationship | shown
| theemnlechlezars [limfzed bfy :3brdgihg mdibky, Wwhgesin lﬂlmfrslﬂ.u‘rtdsglhls of the

at.ted 20. versus the logarithmof My Deviations fro
© KB B2Ie0 SPURESeS PHo . e H19 [ymati e fhedbrdes or the

b bra
PP SoNReA B RSBS00 o,
pah!hblrgnstmzh érﬂgn%cwem is- subst1tuted Thus, the metallocenes of this

invention are brldged bls(n cycloalkadlenyl) type compounds, wherein the
n°-cycloalkadienyl portions include cyclopentadienyl ligands, indenyl ligands,
fluorenyl ligands, and the like, inclﬁding substituted derivatives or analogs of
any of these. Possible substltuents on these ligands include hydrogen,

therefore the description * substltuted denvatlves thereof’ in this invention
comprises partially saturpted hgands such  as tetrahydroindenyl, .
tetrahydrofluorenyl, octahydrofluorenyl, partially saturated indenyl, partially
saturated fluorenyl, substituted partially saturated indenyl, substituted partially

saturated fluorenyl, and the like. In éome contexts, the metallocene is referred



deviation fromthe linear plot of log( O0) vs. |og(Mw)
for given frequencies of LCB as a function of the
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See: ["Di agnosing |ong-chain branching in

pol yet hyl enes,” J. Ml . Struct. 485-486, 569-584

(1999)], which is .incorporated herein by reference,

| 1o bitngple s kieetontdtygiiria snibhathe s@mes hawsthe teras “dooataty3e” is used
expect ed bhehavior for linear polymers and for the

edsesin treferdp dbe aganpalyaiipis keROYNGcosi ty for the

e R B A e o

C @bt depaiddupdn theeactedl @r{s&fmrof\th@ ¢&uetibh &F tBS c@ﬁip@hélﬁé* of the
fromfits of the nelt viscosity data to the

Capixeues, Yhe ngbire gi 4he eativs catalylisctiicoor dhe fateisfathaeduminum

from.,sj ze-excl us chromat o neasur ene

¢ RECUE St e, o By o PleSY PRI T fon Dlenare @

t OrddoftactedOMRRARL, ¥E tﬁé aé’&l’fde%mdgh ScthRdoC hReN dohbit Eg these

amunt.- of —devi-ation-of- _the Zero . shear viscosities fFom. -

t leemmipones. ﬂ"dnle;erfmre Hienerthe catahst cprapysitios, maiwtdnn@uﬁep and

tlraﬂﬁ ventlo ared to their co aratlveg

e iR < ataty SRaR | Bgiogeitbte CHonBIONREE L 250

T les 1 and 4 exhibit the highest |evel" of
%ﬁlg%)gpgggs)e shown in Figures 2 .and 3, with inventive

Exanpl €hs tepnlnl“hydnon@:rbyh eislugied sd sﬁ@l@la loydrbéddbes radical group .

conpared to the other exanples. Definitions |In order
téh% icledesar byt daf npk ]tllﬁléte‘fl eFQrsarli{bedﬂlﬁér egyeloalkd, alkenyl,

d r % d To.t he ext t ha
SR LA RR £ BT TReDE SO 8
l Nike! ARl atcpsidiadle bﬁbsﬁyuté@flﬁ{sﬁﬁﬁﬁut%@nf)fdn%&i VirdeBr, theroatom

definition or usage prOV|ded herein, the deflnltlon or

usabsityed dedeatives tedrpoont rol s. The term " pol yrrer is
ed herein to ne honppo rs conprisi et hyl ene

and) of 1CBpOTYRePaly SSRRy PR PR, HMOE! BPRAOr Support

C %@m&eagpoﬁo bR 5011§ oi‘id%% #ﬁ%ﬁn@ e&r%ﬁplf“d&ﬁ@&tor and the

hormopol ynmeérs and copol yners- o
like are used herein to indicate a treated, sohd inorganic oxide of relatively

%genous

high porosity, which exhibits Lewis écidic or Brensted acidic behavior, and
which has been treated with an électfoh—withdrawing component, typically an
anion, and which is calcined. “ Tﬁe electron-withdrawing component is
typically an electron- Wlthdrawmg amon source compound. Thus, the treated
solid oxide compound compnses the calcmed contact product of at least one
solid oxide compound with at least. one electron-withdrawing anion source
compound.  Typically, the activatér—support or “treated solid oxide
compound” comprises at least one ionizing, acidic solid oxide compound. The
terms support or actwator-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.
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9t her polymerizabl e nononer disclosed herein. The term

cocatalyst” is ...generally used herein to refer to
woOhesogammoal um num conpounds t hat may consti t BCE/USD®S/022998

component of the catalyst conposition, but also refers

to the optional conponents of the catalyst conposition

i ncludi ng, but not limted to, alum noxanes,

or ganopor onca LA 24 | (08 Sorh ¥odthe @salyst

i Sl o B e er B e ey pe
%d?%lﬁ)@ﬁ%% d; mw\,\,ﬂﬁb yhioeksoro b tiach consiitates a clay mineral or a

_ n -n, wherein (X5) is a hydrocar byl ' -
fmowE 06 Gty aningks b %V‘% Resn i%‘%%ﬁ?’ ex%l?ef}a&&gngmg
aryl oxi de, .an f i . i i

: 1t

SR B BEY: ity ks Bl & Bacmubonpron o

5 Sthel AR WS c¥Ripodifien (desdritrddmiehy The imysitien usedal compound and
regardl'ess of the actual function, of the co

augganfmn‘iag:r ﬁbcaﬁd&ﬁaﬂi@ spadigd whthche chy q,cgﬁﬁ@a-ﬁﬁ% e go %orm the
0 . " ~ n o .
OBEG eaTHE Hr FRSRREGDIE g e i semens

CH{P 91%? Ntotnddiht 3F&hE Vatagdk esdnipwsitionf bf shis piaveémibroprobably
trme prior to the first mxture being used to forma
" pastions s hetiVatarsuppourfar thexransiionsmetat gcpryg@und? aswell as a

T e
S
o gt e e s o gl i e
" geetinh g ey | BBSCEHBNER SorhHE SPY Bl frat are
ggmghgga@% Yhfle. chillodPHiinel®. CORBRIENS08RE and the lke

. hes , postcontacted rixture.
15 A_@lgf, %iﬁ&la}g, art i Badsrofayidran sitioateoamhalionaddiljcate minerals with
i'stinguish between a conponent used ‘tQF prepare tpe .
prsbearilecstes: tares tadevean gt gerfeesnpsARt hag %@Fﬂ {5,850 psed o
m xture has been prepared. FOr . e r S o
t %CT%EY‘%BPF grpsnest F%S‘gl&%%??t‘)’f@? g@l }@lﬁ%ﬁgfg{éczont acl%édMany
Of&%ﬂ%& U Yl PITP ObtMehe 36 Cei kadlimiteOmiaitinetillontts, bheillite

metal 'ocene” and the ol efin.nmononer,
groups of clays. Thus, the term “clay mineral” is not used herein to refer to

20 the ﬁne—grained‘ soil consisting of mireral particles, not necessarily clay
"minerals, that are less thaﬁ 0.002Am::rn’_i{h,,‘si:2¢. ' o

" The term "pillared clay" ié ﬁééﬁéi;fherein ‘to,.refer’to a component of the

catalyst composition compﬁsing cllay:minerals, typically of the of the smectite

group and other phylosilicates in addition to sepiolites and palygorskites, that

25 have been ion exchanged with large, typically. polynuclear, highly charged

metal complex cations. Examples of such ions include, but are not limited to,

Keggin ions Which may have chargessuch as 7+, various polyoxometallates,

and other large ions. Thus, the term pillaring refers to a simple exchange

reaction in which the exchangeable‘cations of a clay material are replaced with

BV



to have reacted to format |east one different
chem cal compound, formulation, or structure fromthe
wdi2edeionets9 or ganoal um num conpound used t o prepacEushms/022998

precontacted m xture. In this case, the precontacted

or ganoal um num conpound or conponent is described as

conprising an organoal um num.conpound that was used to

Hlé,%afl hﬁ}h @19:&3&& Hs2Sh @K ﬁqon@ ThéRPolymbhe ch@sn® are
t mxture is u herein to descrlbea

ste iehnobikizede wothire alnahmsﬂaymmzﬁrthntcéay and wehen calcined are

t df
SRt S ST 5L oo 6y s o

t ure.,of cat t b

Hll?‘]g ; lkﬁe&r% glr¥$ Fﬁ%ﬁgg)gfpglé HF@I ﬁ@ﬁgﬁa{*‘éﬁrﬁléﬁ &4 fofhd in:

5 mstpﬁﬂw@a edSciencet WX lﬁstsaspd 368:311n (1683 sdMVbeThomas,
m xture of metallocene efi'n mononer

dﬂ@@nga}lmﬁh@m?ofr{ﬂsuﬂfau laswna@ddAcJa&ebﬁ%séﬁ)QPpaoPP 23+
rom,contac
R BR PR PRSP AR RE 152t DR Bt No.

CORPEBENL an@otdsd Bferteke, M@M@C&bﬁ%ﬁ adicd isindarperated
General Iy, the additional conponent added to make up

thﬁepnautscemltlae:tyed mxture is the solid oxide

. d
10 5 samoaThewinany SouBain oS shhaSeR fmtaror pytent o
thRs0l ??c%?)@g %&H%ﬁ%‘é dn ‘fﬁ@graﬁzﬁc@ bf P@ﬁﬁgtdﬁhe invention,

precontac m Xt ur e, escrl her ei n.
Adeaygicalginythotlkli devidey andi noterivy argl heoeindesayibedal | y
di st nghjl sh bet ween a conponent used to prepare

post cotlapiblisaiipng and PAIFHISRERT S ATgHRGHD PW@GCP ferein

Xt u has r e I
¢ PEETGsR: Toh G pRRERR Eotes BubPh SRk, pEERRnple, the
- 15 C@MM@% bl \WRitE U S1bEiek Wh?athﬁecdﬁsbﬂbéd(aﬂlﬂemy)hbhycﬂmns which
ligands in the nolecule are-linked by a bridgin

rrmlghﬂybe wsed éh ncanmection it the pfﬁfée@tfly tdsécrﬂqqddmsgtlon The

b p}l tljogg%gslroglse%ﬁga[%ﬁvgmgﬁ rb[gﬁgu‘{ fe ﬂe)?fq%rbrgtfl(feaesolely for

C yigdi0 E’Fs@fﬁgﬂeeﬁﬂof Ed’ R kiligantige of the pradeheagilivation. Nothing
al though this bridging atomis substitute Thus,. the
miateeit mc@rimscoﬁstmhd @s an adrmss1on that the 1nventors are not entltled to

20 antedate such disclosure by’ V1rtue of prlor 1nvent10n
For any partlcular compound d1sclosed herein, any general structure
presented also encompasses all conformational isomers, regioisomers, and
stereoisomers that may arise from a partlcular set of substitutents. The general
structure also encompasses all enantiomers, diastereomers, and other optical
25  isomers whether in enantiomeric or racermc forms as well as mlxtures of
steremsomers as the context requlres -
The present invention is further illustrated by the following examples,
which are not to be construed in ahy way as imposing limitations upon the

scope thereof. On the contrary, it is'to be clearly understood that resort may



i nvention are bridged bis(h5-cycloal kadi enyl)-type
conpounds, wherein the h5-cycl oal kadi enyl portions

wonalswdersgycl bpent adi enyl |igands, indenyl |i gaaugis2005/022998

10

15

fluorenyl |igands, and the |ike, including substituted
derivatives or anal ogs of any of these. Possible
substituents on these |igands include hydrogen,

tlblé?h&’d & Qalibi®s SBSE hipRbisOBmbeEibsdntd, Wh@dficstesrisy atd vgSivalents
thereof in this invention conprises partially

sthergodvddchy, i aften deadiug theadescuaptiaherein mﬁewﬁﬂggest themselves to

SR GBI T thp 2Pt WARYY Eoptiis SR Spictii the present
Sﬁ%ﬁﬂl(}r’f’&e@le@%ﬂé & th Eﬁéﬂ&featce@mgndenyl substi t ut ed

partially saturat ed orenyl", and the like. In some
cont exlrs thet ﬁﬂldmhgldxmmﬂns iunlese fodheredteossicfpddy the syhtheses

G, BiehataoRt HerBbPaTSrein SR SaIGUTE TG A atmiosphere
o o ta 1 {
SR i obe Sl gt OSUTn GBI bilrcitbed, X6 Bbffercial

psetat aref weketypeadlyi difedodver heticated ahening peforttbense.. Unless
m xtures, the nature of the_ active catalytlc site, or
t pidergise spacified reagenisivere obianed fem comypeial sewitES. any
ol efin nmonormer used to prepare a'precontacted
m xture, or the solid gxide activator after conbining
t hese conponents. Theref gAMPhESt er ns cat al yst
conposition, catalyst m xture, and the |ike include
bot h het er ogeneous conpoS|t|ons and honobgenous

osi t]J ons. ,The ;term "hydrocarbyl" is used to
W 10y TGS e PP ER rad| cal- group that includes, -but
i's not P)& qH%Q MIr gr 'M% detew%eelﬂmbcorahmhh ASTM
eny C

cycl oa I"enyl”, al kynyl', "aral kyl
aDdRR&oyghditian &l ektyl@jbl’c vaathdazhéo grdmweagld i ncl udes al I

substitut unsubs nched, |.inear
~ heter o b caaBel e IV § 76 s Gesrmiriedan atce?rﬂ@nce

20

25

SOy E A 54 Lo BRSO a6 g iy,

oxi de Pclmﬁetrttbnsﬂy vﬁelsr‘dﬁtehmﬂeﬁ inv gtamiis perandjlc tcblehmeter (g/cc)
on a compression molded sample,: cooled at 15°C per hour, and conditioned
for 40 hours at room temperature in' accordance with ASTM D1505 and
ASTM D1928, procedure C.

Molecular weight and molecular weight distributions were obtained
using a PL-GPC 220 (Polymet Lebs' ‘UK') system equipped with a differential
refractive 1ndex detector and three 7 5 mm X 300 mm 20 um Mixed A-LS -
colurmms (Polymer Labs) runmng at 145 °C. . The flow rate 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 1 'mL/ﬁﬁn 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 'preparetion was conducted at 150 °C for 4 h with

a5
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like are used herein to indicate a treated, solid,
i norgani c oxide of relatively high porosity, which
Brnsted aci di c behavror/usameg022998
whi ch has been treated with an el ectron-w thdraw ng
conmponent, typically an anion, and which is cal cined.
Tlie electron-w thdrawi ng conponent is typically an

A Ra4i6R1 awatgaﬁﬂe\a%aauﬁmaareaﬁs sosaBad trandfered t6 sample
treated solid oxide conpound conprises t cal ci ned
canls ot injeatidnc tin ek dertto neiainizo mebalan¢ad sokvens pedaselysat with

otk oT R 1y ohES T Phi R L, A7 R b Eation
SPhd %t@%iaf SafRaRON REeth 6@ PSS e?ﬁj%o?éd k& Ashu@ ol Wl Weights

acidic oxI de conpound e terns supgort or
amtd wasleculatppeight aligrihotionss esingoai fhkyronh hdllps Chemicals

ORI, ST Lo S SRRSO e brou
T

ssdpstadbipdrichalt wighSBC-MIAIGS). constitutes a clay
m neral or a nmixture .of clay.mnerats that have been

pretreated by either exchangi ng cations, pillaring or

2’5@? %C@?lté&gggg%%ﬁts?ﬁge% 515 grsvﬁcosz characteristics

descri Bediihefel scillbbRyt sRas |rﬁéd§ﬁreﬁﬁn@é v@di’ﬂmeﬂfm‘rrﬁddon an
organonetal cocatalyst are reacted wth the clay

. aARBMverillstopp sheorneser. esmgtmealbr&rpl&te g@@ﬁmﬂ’ys(M\Mﬁﬂr@nem

”?péne"laeﬁﬁw%srﬂem ot 1 et St oS ShRR R G hpgtr

| R eompby td rmra{d%& aaen@ee@ﬁﬂe\@twoe@mpor t

for e S|t|on nmetal conmpound, as well as a
cocat aF};LEff sampms twere stabiidedi with OHawt¥et BI—H dispéraed maa@tone
physi cal chem cal contact. with_ the transition neta

gieantecuum drjed heierg meldaig,, Samele SFo bopesipapglded at
SRELCTIS o SEWSEREE TR B A0S oo

t P@lhtl@ﬂ? 16% Yidssure fat oieeinuit iane-themiuisgdctsé do nehigh, moldmg
sedi mentary rocks, and the [ ke.
pressure for an addltlonal two rnmutes The molded samples were then

quenched in a cold (room temperature) press. 2 mm x 25.4 mm diameter disks
were stamped out of the molded slabs for rheological characterization.

The test chamber of the rheometer was blanketed in nitrogen in order to
minimize polymer degradation. The“:rheometer was preheated to the initial
temperature of the study Upon sample loadmg and after oven thermal
equilibration, the spe01mens 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 stram values were used for high

76



Clay mnerals are a class of hydrous silicate and
alum nosilicate mnerals with sheet-1li ke structures

wandeoesgo hi gh surface areas. This termis al seCUAS0065022998
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descri be hydrous magnesiumsilicates with a
phyllosilicate structure. Many conmon clay mnerals
belong to the kaolinite, nontnorillonite, or illite

roups of c ntdaiedacér asl m«»tkeep
JioaSe e B oS bttt fhe Sordie mBdarcH

CONGHS th gifar Nvixebéhstiarlimité es{ thet sarepkes sarkhey 1]6&}‘5%13}‘061’111

mnerals, that are |less tha 002 mm
Lanomglhcaeduce ty ST aidueh DRERaIHE 1§ el Ry, S pep from

conpon f the conposition conpr|5|ng clay
nPYFEL0R 1§1g ﬁ%ﬂr@‘é\?& S%Tux%l{ﬁe of. -t he srrectlte‘?r oup and

ot her {?Eﬁbﬁ? ldhfaatsRse ifit widlid noodified mme@ur a;s;u armodel [R.
pal ygor skit€s, that have been |on excha

| Bygm, BirylpRobfbl‘ltﬁ p’aln_\}ﬁ’ﬁ@@geeﬁ P%ﬁg&hi? gilﬁ%f)f {Jolymerzc
conpl ex catio es. of k, 1987
Chunud el Lot VBTGNSO St
ﬁ@rafg Swhycﬂ{ jsOMS oRRateK BYEL Rrdiivedisereiant mhtauaresltmages of
e

termpill'aring referstog ﬂ? s
emehﬁérs ehegadbiosity] misabiscielaxabion tiene gl PEaddt PHATCHT @
a clay material are repl aced wi-thl arge, highly charged
i amdicatedibelows Keggi n i ons. These pol yneric cations are
then inmmobilized within the interlayers of the clay
and when cal cined are coverted to netal oxide :

“pill ar %) ﬁg/{lerzt(b\tglay(ﬂsﬂjﬁporu ng the clay layers as
col um- I i'ke“structures Exarrpl es of pillaring and
pillared clays are found in: Pirnnavai a, Science

Craron s éﬁx%%phéq%%msﬁan%xle?’ﬁ%%%ﬂx PSS
Y, s

3, pp. 55- ca e /1972 5 -s - Patent N
> a s 1o ik R I Tadls 376,61 1: and U S

Patent No. 4,06 Efshs n\(\lPh@h i's incorporated
herein in |tg e%?lﬁ)?szlte?/ Altﬁgugh any met hods, devi ces,

and materi al £ S ¥cb@d rebixatiquitivieel iarst t o t hose descri bed
herein can be used in. the practice or testlng of the
i nvention, a=breadth parameter

n = power law parame‘rer, fixed at 0.1818

Absolute Molecular Wezght as Determmed by Light Scatterzng
- Molecular weight data were. determined using SEC- MALS which

combines the methods of size exclusron chromatography (SEC) with multi-
angle light scattering (MALS) detection. A DAWN EOS 18-angle light
scattering photometer (Wyatt Technology, Santa Barbara, CA) was attached to
a PL-210 SEC system (Polymer Labs,  UK) or a Waters 150 CV Plus system
(Milford, MA) through a hot transfer 11ne, thermally controlled at the same

temperature as the SEC columns and 1ts differential refractive index (DRI)
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the typical nmethods, devices and materials are herein
descri bed. AU publications and patents nenti oned

woeomio4@pe i ncor porated herein by reference feCcTuse05/022998

10

pur pose of describing and disclosing, for exanple, the
constructs and net hodol ogi es that are described in the
publications, which m ght be used in connection with

t loy) degCh ifRRH rhidVeRRlde08E 0.ThEl P, B3 trheite phase,
dpgtg%gzgmgbg&e ‘gﬁd t hrgughou;t“g?he text . are provi dedp
saledyrifloerobbrionedTEE)pwas elupad through thiee, 7.5 mmgx 486 enm, 20
of the present application. Nothing herein is to,he .
c ours Mined) Aat Saeolwarrs $Eelymer Aaps) hElyRatng OB rSQhﬁ’(S’tnS with
entitled.to apt t ch . di s¢ r Vi i 5
 RoesreRaoRBF L hRAPET Sep R Sl shmBles ey Bropgfid & 150
heperdt 4 qpﬁeﬂ)‘?&f‘%ﬁigf fhhdfElrtd @0 RhE BT fjcalic® vials sitting in a
enconpasses all conformational. isomers, regioisoners,
angrovikerientaioaerss tGatForgylaneseoffiigheranplectlac weaghts kanger
of substitutents. The general..structureal so )

e Aol 8ws Ve nesessanoHepiler & Sbtadn ByRdINosenao: sRiptions.
optical...isomers whether .in.e i fﬁ%ﬁlil a%,réh' ot
f Pn%‘?dﬂé%n v58l PCEEHE x ucroélgeo S e?em sag%@rrag? as t%gn light
CQRiEng! BRtdRSerams dheiffrese Bhiglbnwedtti also iseqhired Her each
illTustrated by t%-e foll ow ng exanpl es, which are not

t dnjeeticronsing Vépati’s AstpGrsgltvearei sarhghiomategephigslice, both

- ctia abpTugaeb ettt oren (Rs ot iB b Syale, Y Jaflfis el

15
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ot BrPeatus: feg?f LTERY Sver8oBidinlbMNS DeB€ plot’s intercept
eqlﬁl?\(;glll ent ghlt%hoer ofgt%m%rlg@ ,-.ggf’t era readi ng thesa p d
desdrsl@id, eespeetivsly, Methods fuethis ploeessaire elstailsddneWyhtt, P.J.,
ordinary skill in the art w thout. departing from.the .

spinaly Ghimy Heidyr £&%enk (ﬂ%ﬁg}@m‘?}’}aﬁh df db(eﬁ Ys ép‘?ff‘{yfihgerem by

anpended !4 oh; i ' WBld5ed WA £%fcar, high-
SEREICR LA Uyl T 604! AR BEplRa L F5mca i
desmEirpedodte VEWD Welyetioacid Sanslet(Cliechmn Bhillipse Chemical Co.).
at nosphere such as _nitrogen -and/or argon, Sol v‘e{n S .
weFlee weigbhawerasd M@ngh’fe@l@oml@bgr BHPEHE ecular weight
tuﬁ , 2 lzl—e)(rege{éeegqo?e\/c%iara&fteiéﬁ?t @92) az{me&ﬂép Ii?\fe"iéhtu&i%’cribution
(M, /M,) were computed from this déta, and are presented in various Tables.
The Zimm-Stockmayer approach was used to determine the amount of
LCB-in ethylene polymers. ~Since -SEG—MALS measures M and R, at each
slice of a chromatogram- simultangéuSIy; the branching indices, gy, as a
function of M could be determined at each slice directly by determining the

ratio of the mean square R, of branched molecules to that of linear ones, at the

same M, as shown in équation 1.
gM =—~< g>§r S A . (D

<Rg >lin
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pol yet hyl ene, Mar| ex. BI—{BSOQ :

ot herwi se specified, reagents were obtained from
comercial sources. . . ' EXAMPLES CGeneral Testing

wénowmaduises . Melt index (M, g/ 10 mn) was depermisomd022998

in accordance with ASTM D1238 condition F at 1900C

with a.2, 60 gramweight. . H gh [oad nelt index

(HLM, g/10 mn) was determ ned in accordance with

ASTMeDIR3Sulsserightst berund @k APEREnWbinched larR0 lingsrapolymers,
wei ght. 1 Polymer density was determ ned in granms per

cligspectivelt i met er (g/cc) on a conpression nol ded

sanpl e | ed at, 150C.per  hau and ¢ it 1 oned faor

20 houts EFN i e NS R R pR B nBBEr BEREE 1 tRefhBo0
Dlvad Gonafifle AREMeDEIRE-SRICRARGE" S dquafiil, eshdval iMeéfihtion 2,
and nol ecul ar wei ght distributions were obtained using
awbereghebrpgh¢sPueserassuned to basifusgtmemoe Assigped. with a
differential pefracti VE( i ndex. det ect or %nd three:. 7.5
mm x 300 myg 201 vimMpxed2 At [5S: g0l 3 I r Labs

runni ngy &t 45 6—'9%;”9 f Iny (5 80 Ve il e pha(éb,

1, 2,.4-1 ri.ctvol dbedBene . (TCER+ Bonkar MBnd 20, 5.|g/ L

2,6-di -t-butyl-4- nethyl phenol (BHT), was set at 1

nLCBi fre@renicy ifecm,ohctibatmattieonf AICH ey ired00s6) of thend stias was
generally kept in the. range of 1.0-1.5 ny/ni,

* dihpr rdinpgtedrstiabghtforiverily asingeqgitien 3:Sanpl e prepar ati on
was conducted at. 150 OC for..4 ‘h w thoccasional and
gent | e bgBuat 1IN0 Bwe/Mhe -sol uti ons bei ng 3
transferred to sanple vials-for injection. In order to

nivAete Mels oM Widdbe £bslisenThed (kB dishiietian adress thaeolecular

L h bi | ‘ d
S SRR ont R Vs TR RSorPR B it B b e oo
vas. eapl'euestddrsinduagiteRiseul Ritrddeh 9MHose a8%e Distribution

nol ecul ar wei ght distributions using a Chevron :
Phistriinest"Ghastieeal to deterpengd spdviftasirfacaeaea ("surface area”y and

s .the broad

.A3’ L ) .
specitic pore volume ("pore volume"). /This instrument was acquired from the

Quantachrome Corporation, Syossét, NY.

Preparation of a Fluorided Silica-AlL;mina Activator—Supbort

The silica-alumina used todpzr,e'pare the fluorided silica-alumina acidic
activator-support in - this ‘EXampléfé‘:‘:v.:Sfés; -typically Davison silica-alumina
obtained from'W.'R. Grace as Gréi&é' ‘MSI3—110, containing 13% alumina,
having a pore volume of 1.2 cc/g and"a surface area of 400 m%g. This
material was fluorided by impregnation to incipient wetness with a solution
containing ammonium bifluoride in.an amoeunt sufficient to equal 10 wt % of
the weight of the silica-alumina. ‘Tli‘.ljﬁs'aj.r‘npregnated‘ 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. 10 grams of the alumina were placed



standard. The integral table of the broad standard was
pre-determned in a separate experinent with

WOEWeMALSY; . . Melt viscosity neasurenents to HETAISRI0SS22998
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shear viscosity characteristics Small-strain

oscillatory shear neasurenents were perfornmed on an

ARES oscillatory rheoneter. using parallel-plate

95OHT8!3LirlchA e fibEeRSS Wil ARfireBheairet diskzsatlthe Bottom.
ta .were typically .obtained over an angul ar

f Wedleethe yilicangss fpported ondhd isky dey air ayasalownpey droygh the

e o RS L ERLAES T D 1
n&lfngria?? cu@%rﬁﬁét‘;‘&er%ﬁ CRANYKSSE AinA®d sletnathel §darbCuberwas
a total of three m nut

_ es.. The sanples "were allowed
t gsedBbtin@tase the tatiperetuye bbthepribe stithe rhitsrofoABOT et leour to 2
and then subjected to a high.npldin ressure f N
afigilt feamneratitifo ofi mPPes: ;&ﬁgtg}?on?ea%er%&ﬁ%l@g Vil dioptia was
quenched in.a. co AL W) aiP " e8ferwhar@Mhe silica-
Jaah S Mg ol GRCRIEVRE AL gl 28 “the rolded -
shbsni asf iR a7 stohudr aadeerdry atifrogen, Hnd wastsed without
chanmber of the rheonmeter was blanketed in nitrogen in
oexgysutectorthe abmesphets y mer -degr.adation.” The rheonet er
was preheated to the initial tenperature of the study.
Upon sanpl e | oadi ng ‘and after..oven -t hernal

eQulih i VeAL iPPBraiBns PECi MEns- wer e squeezed between the
plates to a 1.6 nmthickness and the excess was

tri mrechll Stanapulstionsriavaling airisynsitive reaeeaty and makgrisdy were
val ue t hroughout,k a freguency swee ut J.ar.ger.  strai

v RFTRENGH rEdes oBitogen | ng% o%‘?}f& aﬁ‘ﬁlﬁlsglgt fénérsna(lgrnt 1y noo%
2 1 LERAR 20118 ot QI CUAR TERR s QlistilRldr R Porhddfin WRhite usRytirous
f(gr I'ghvi scosity sanples to avoid overloading the.

t Qb brhens ehetieylemn ¢hiovidee qrenteinghiand t teéuenien@gher Scientific
viscoelastic limts of the's n’FI €. TE?‘ i‘mﬁtr Ment . Jecassed
At OnRANYY AVFTY STAEH ST PREVARY FUMBE Mg YRy JEhT ‘68

it T,agﬁggﬁ)‘z‘%? r ¥ndé lﬁ?t%)gefrf omﬁf’c%ﬁl&ﬁ’@i/ﬂ%ﬁl'&éid&%%@%) and. n-
butyllithium were purchased from Aldrich Chemical Company and were used
as received. Products were analyzpd by 'H NMR (300 MHz, CDCl,,
referenced against residual CHC13".pef_e.1‘.1:;‘-.at 7.24 ppm) or *C NMR (75 MHz,
CDC(Cl,, referenced against central‘liﬁ%. of CDC13' at 77.00 ppm).

1-(115-3-(Z-PropenyldimethylSilyl)indenyl)—l-(n519-ﬂuorenyl)-1-
phenylethane zirconium dichloride (IV) ‘



Viscosity data were fit with a nodified Carreau-Yasuda
nodel [R Byron Bird, Robert C. Arnstrong, and de

wolaewagersy Dynam cs of Pol yneric Liquids, Vol uredus2005/022998
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Fluid Mechanics,.{ dimWIley & Sons, New York, 1987),
p 171-172], which is incorporated by reference herein
to obtain estinmates of the zero shear viscosity,

vi scous relaxation tine, - dwq bk eadt h paranmeter, as
i ndi cated below. \*\ = M ssh) ((1- Yla),; ;: :
wherein: | h*| = nagnit. ' the conplex viscosity in
Pa-s w= angul ar frequen ngra s 770 = zero shear
VISCOSIty in Pa-s rHe visAa S rel axation time in s a

breadth parameter™h =p . parameter, fixed at
=¥¢1 ght as Determ ned by
L| ght Scattering Ml ecuNy el ght wer e-
determ ned usi ng SEC MALS, V\,hl ch conbines the net hods

?Sw ;%aggg: L USir@mechy m&ap@gé@nhyde(cﬁ]@ﬁ) mMAtlh Huﬁal g, M
ﬁlp cattering (MALS) detectign. Q_Bﬁ: incao?g&ﬁted
IKgm Geat wgamtgnqzthcﬁlwnet@és4. Wat 1534 nSY it .
Bar bar a, CA) was .attached to a PL-210 SEC system
(p@nmrqf%gcew 63“ Yvat er's 150 CV Plus system
(Mlford, MA) through a hot:transfer line, thermally
control l ed at the sane tenperature-as the SEC col ums
arid, its differential refractive index (DRl)detector
(145 C). At aflowrate . set%ngI of 0.7 mL/mn, the
nobi | e phase, 1,2,4-tri r ob%g’rzene (TCB), was el uted
through three, 7.5 mMm 0 nmm M xed A-LS

col ums (Pol yrmer Labs). \ne (PE) sol utions

wi th concentrations maf i dependi ng on

sanpl es, were prepar®&d a ~for 4 h before being
transferred to the SEC i nj o V|als sitting in a

),

d according to a method

Compounds analogous to IV could be prepare
analogous to that disclosed for IViin Alt, H. G Jurg, M.; Kelr, G. J.
Organomet. Chem. 1998, 562, 153 181, usmg starting compounds that will be
readily understood by one of ordlnary sklll The followmg ansa-metallocene

e same manner as IV
compounds could prepared i in this manner and used in th

is used to provide polymers with low. 1eyels Qf LCB.

1-(n’-3-(2- Propenyldlmethyls11y1)1ndenyl) -1-(’-2,7- d1 t-butyl-9-
fluorenyl)- 1-phenylethane 21rcon1um dlchlorlde, 4

1- (n -3-(2- Propenyldlmethyls11y1)1ndenyl) -1-(’° -9 fluorenyl)-1-
methylethane zirconium dichloride; and -

1-(n5-3-(2-Propenyl’dimethylsilyl)indenyl)-‘1;(n5-2,7-qi-t-buty1-9-

20  fluorenyl)-1-methylethane zirconium dichloride:.



In addition to acquiring a concentration chromatogram
seventeen lightscattering chromatograns at different

wanglsas47ser e al so acquired for each injection BETMF2005/022998

10

15

20

25

Watt's Astra(r) software. At each chromatographic
slice, both the absolute nol ecular weight (M and root
mean square (RMB) radius, also known as radius of
gyration (i?g) were -obtained froma Debye plot's

i ntercept and sl ope, respectively. Methods for this
process are detail ed |nE§MﬂPLE$’1:]5 Anal . Chim Acta,

6 @p@mfifvge? aﬁa{ygzcelﬁw Bryneciit M GRRPO S Pp LR M, and

éiﬁ%]z zizé {loce;[@ ghdensi ty broad MAD
ene Chevron Phillips Chem cal Co.).

The \/\BEgbmpmserla‘:gemrrﬂlabteuIlanllummtet](ry\}ey)e rpg}b@pnzatron runs
aver age nol ecul ar wei ght

\A@ﬁlg‘hltme{dvm} awaeregiles d «pc(lggéq @@ﬁzct%,vgt{ ﬁ'ﬁ@dﬁm %( lﬁ)ﬁ‘RA lifgrs of

BRSOl R R B A UG BIERERRE hdafilyst. No
Si Xgll%tg@ﬁ 8} BErmiohEmBIOME bdddd. Lo geﬁe &idtyfeé 08 mﬁaﬁﬂ&bmamtam

ce “"SEG- MALS neasures M-and. at -each slice of"-
c hieosprt ifpdressunaifardhe ep@llﬁ@d lehgthintahe nplyglquci@'ﬂ@]é gun glable
as a function ochou bedtermn at e hsiég
iy drvgMsalseas sk R ivEe sally PEIP R LY disRON s 2R me

f%%?ﬁ&eeﬂeqﬁl £ikfie tof (-5t f 1 hegae, sl ;ﬁf I he TIBA

as shown in equation 1
1I(1§\hlhﬁ1m ot ﬂ“@ﬁls@bKﬁ’JO)paml bF-2amoll. Ielﬁheptpm@sent br anched
and |inear polymers, respectively. At a
we. ght Tavares qrra BREEPCOIALEE ASTUSAD) %RI? r&%&% ‘0(%%‘53“1‘3“1
SR S SR A B QPTG R e PERYG: FBA, an
L GBqRsf of ttROMefalloténd belution,harfll theesolidsoxide. All materials were
added through a charge port while venting isobutane. One method ef charging

-

catalyst to the reactor was to charge TEA or TIBA solid-oxide, and an aliquot
of the metallocene solutron through a: charge port while venting isobutane.

After the allotted polymerlzatron time, the ethylene flow was stopped,
and the reactor slowly depressurrzed and opened to recover a granular
polymer. In all cases, the reactor was clean with no indication of any wall
scale, coating or other forms of fouling, The polymer was then removed and
werghed Activity was specified as. grams of polymer produced per gram of
solid oxide compound charged per hour ((g/g)/hr)

The polymerization react1on was carried out in a 1-gallon autoclave as
follows.  The appropriate solutiens, .including any stock precontacted
solutions, were charged to the autoclave. The autoclave was sealed, and 2

liters of isobutane were added along with any 1-hexene used. Stirring was
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then conputed straightforwardly using equation 3:.
LCBM 1 0001 14*B3w M w.. ./ (3) where Mis the MV

wohodshe41sth slice. The LCB distribution across POEUS2005/022998

10

15

nol ecul ar wei ght distribution (LCBD). was thus be

established for a full polynmer. A "Quantachrone

Aut osorb-6 Nitrogen Pore Size Distribution |Instrunment”

wasitigtedcandomdttained ae d7 e fas thes wedctareway beatéd soltfeamactor

area"} and specific pore volune ("pore volune").

. Iy P%@WF‘E%‘W Hﬁgod;%ﬂqéi%b}teﬁf Epﬁﬁtt%fél PIgSsHTa oFasdrpught to
' 1 Phe ' Q uor i.ded

s € RSl aRect PRI Lampl: Wigh s CRRLRRL M ntale AR LD e

useattéroorpdepandtd heifthinahe desiral piesaral Wrien Qh@?b@hﬁ‘erization

activator- support in this Exanple. was typically _

DAYR £81¢- §19 FEET AndrheAting Bteas Hisa stonrper\anR theresstoraxas rapidly

SpeBhay Py L RIB LB DR B e

Thhgsivatyerenadvedas f 1 uori.ded by inmpregnation to

inci pi ent—wetness-.wi th.a solution._.containing. ammoni um

bi f 1 uoiGossistent veith & GarresuVasedzentparametgrsain (Dable 1Yoand a
of ;t.hesyweight of the silica -alumna, This inpregnated,
el 68, 288 Rhsrofsdieriy % D Hererd viAes, TR kol s weieht
alFibufs 2 g 3)uenigaesiived pdamblel ‘P,aééﬁth‘ﬂxganﬁ%ﬁle &d_olefinic
wer e then cal cined as follows. 10 grans the al um na
waRaietyl kic 8w metallocgse istrubtuge) acdntaibsmeorti LEBdthant foaparative

sintered quartz. disk at .the botto VWi le the silica
wﬁa@@%ﬁ&'#’e‘aﬁﬁh ahsr?ec@itegﬂ ,mq;e&éﬁ %Bandngwwﬁwple 5.
through the disk at the linear:-rate of 0.045 to 0.051
cubic nmeter per hour (1.6 to 1.8 standard cubic feet
per hour). An electric furnace around the quartz tube
was used to increase the tenperature of the tube at
the rate of 4000C per hour to a final tenperature of
5000C. At this tenperature, the silica-alum na was
allowed to fluidize for three hours in the dry air.
Afterward, the silicaalumna was collected and stored
under dry nitrogen, and was used w t hout
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exposure to the atnosphere. . . . . - . . =.

Met al | ocene Preparations Al mani pul ati ons invol ving
waiznosmesrsht i ve reagents and naterials were perPOTMS005/022998

under nitrogen by usi ng st andard Schlenk line or dry

box techpm uyg e gofvegnt THF was distilled from
pot assi ur%( whh |8 '@nhyé&}gjgs di ethyl ether, methylene
chl ori dej tpe%‘é_. 14T .a“n?@"sb% uene (Fi sher Scientific
Conpany) | wer €28 ored ovier| activated- -alum na. All
sol vent s| wer %jgg@ssegn ahd stored under ni trogen.
Zi rconi ujf¢ Viﬁl%}rid%g . 5% and; ‘nbutyl i thi um were
pur chased fr Alldri gh em cal Qorrpany and were used
as receijyeq. g'cﬂ( et g e anal yZed by 1H NVR (300
Mz, . abd 3 +'3f?ren%§ agai nst-gresi dual CHCl 3 peak
at 7.24 5pm )E0R |4H3C |BNBI (75 MHzS cDd 3, referenced
agai nst cent (g2l de. |HEDA 3 at .§'7 00 ppm. |-(
hs- 3- (2- PrppenyTdiqet|nyls) |yl ) i ngenyl ) -1 - (
h5- 9-f [ ugr pnih)wlighen hane zigconium di chl ori de
(rvy: ; %m@ﬁemire% gzcordl nggé-b t he procedure
det ai | ed—n AH-—H; G—13Jung, M3 %Kehry G.- J-
Or ganomefs theni st | 99S, 55&5&-..153*,5\_1%8.1_. whi ch is
i ncor por at'ed Herery By ' Fef erencesitn its entirety.
Conpounds anal ;:%ous tjo [V lcoul d ke Srepared according
to a methed sRa#R0GIUSF|& It hat di §cd osed for 1V in
Alt, H G4 BJubg—MiKehr, G g5 Oganonet. Chem
1998, . 56p, 13 48D, u%rgg starti Bg conpounds that will
be readi upderstqod -byNpne of -S,r inary skill. The
fol l ow ng—a fmetatt ocmwcorrpounﬁ ‘Coul d prepared in
this gar|aer QagdayseE (B t he sah‘é? manner as IVis
used Eo pr bgj denol @‘Fé“vmth | ow.d evel s of LCB:
1- (h583- _Z;E alLenyidi et hyl si | yh)3 ndenyl ) - :
1- (582, =51 F{ BUfYhL g3 |5 ol
I 8 = "é] 8 :
2 |mlEl2eg e a >
= = cnien (\O B onen r-'ﬂ"gA —
g =INS: EER A
3 |0 RIRIS|F|R|R RN 7
g N1 3
< oloiol |o|lo g9 M
b5, e W1 W (v . 5 29 —
e, || <+ < | < - BB . :
g g rss B 5
. ~~ < —t
-g jha) 8 O 8 8 8 Eaﬁ ?-9«0 @ g‘
S QAN |QQ PRCAZ-R P g
5 : - L EEBER g fi
SR . £E8 8w B S
g <l<i<| IS5 S8z85 R .
= Al (B=EE (A8 @ o %gn.* 2 g.
. 8-4 HH | = — | = “’“}_3‘,' Sh 5 =]
. B33 8A™ & w8
= —— 852 < Q Q
& S BESE 2 2k T 2 5
< )] i — | — doli-mw we g = 2
8 olo Sgog%'a £ > B B
5 - TogfESoiis B B &
= - - o 5
= || [<lmle| [mlo] BEEideSEeT & £ B
b= - Bsg%g%&g&@ g 8 o
g . EgEgEEsSsrs 2 ¢ f
b5y ol o|o|l Ol 7§« BEEEE - D*’B\'g 8
g Zlg8 |88 dessBErsgsSEds 88T
= SRS Sz § c'u_go‘niz>i"5?"5,:’*5-#<’§\.:v-"gv;-:S8
= .t:;' < < 0'_‘ 2 OD\O-/
sBABEEE gg AOESES S8 285588
o 3| 8lg 8@, <AUAdESEssMASZ0mo
s o <t
) < v [
i S o
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fluorenyl)-1- rhenyl ethane zirconiumdichloride; |-(
h5- 3- (2- Propenyl di net hyl silyl)indenyl)-1-(

wo3e@/0bksor enyl ) - | net hyl et hane zi r coni um di chl eCTA®2005/022998
and 1-(h5-3-(2-Prorenyl di nethylsilyl)indenyl)-
1- (h5-2,7-di --butyl-9- fluorenyl)- 1-nethylethane
zirconiumdichloride; .EXAMPLES 1-5 Conparative
Catal ytic Runs Vary ing 'therNevy@l | ocene,
Activator-Support, and Pendent Al kene of
t heMet al | ocene Exanples '1-5 in Table 1 illustrate
et.hyl ene pol yneri zation runs perforned in a one-gallon
aut'ScH'a® reactor at 100C, with two liters of
| sobut ane d'AU&R&l &néorh: Pbélﬁ&blébﬁipaisiﬂg thiemcortact product of at
triethylal um num ocata yst. No hydrogen or conono

5 wasasdmedansaEnbipllecenevat ldagt onh otgamQANMIBURRF QRO Eﬁé‘d at
specified pressure for .the specified length of the
pokgehone AEHYAPr-§ FURPOTtTXBICE™MY - a- Met al | ocene sol ut i ons

vere usal | vinr pds Stbiitocthe s ehibAlks?Gr 2boriBotid having - the

met al | o ene.-in-.a-mxture of_0-5 m._of .1-hexene, 0-5 nL
of formMall BA (Al drich) or. TEA (AKZO) and 15-25 nL of

hept ane. In cases where ta t| ng -was used, or
precontacting was cé?é)i@%?}gﬂ)&%ﬁﬁ ctor, the
10reactor was p falnwocﬂflcrogﬁﬂvvﬁtﬂﬁﬁ?% or TI BA an

al i quot of t Beehe so ion and the solid ’

oxi de. Al gty rahal(XZWeQnMﬁﬁdeﬁtbr awyblopentadiegs], porindenyl,
whi |l e venting i-sobutane. One nethod, of Cha{ﬁ% T(g £ (X" and
cas dlupstnyl, oot heubsiutedranateg thereohavhercEal GESTPHAL (X) an
sol | oxi de d an aliquot of the rret al | ocene

sof%it 1%?Pl%sﬂpﬁﬁfgh a charge port while ventin

I sobut ane. Apt gasttcth% bkt ecomak yabstinaed i ﬂ) b1 @) comprises

the ethylene tlow was stopped, and the reactor slowy
15 deaﬁaﬁmnazfekgmnplhamgéuefmover a granul ar
-.polymer. In all cases, tggq\;ﬁactor was, clean with no ,

i ndi cati on of any wall_ Wg.or ot her forms |

of fouling. Thg, Rely [ﬁ?tfep\éﬁ&enﬁg}e'ﬂ H}%’@éﬁ?ﬂyla@@up or a substituted
hydrocarbyl group having from 1 to 20 carbon atoms; .
R’ is an alkenyl grofip, an alkynyl. group, an alkadienyl group,
20 or a substituted analog thereof having 'from‘l to 20 carbon atoms;

(Xl) and (XZ) are connected by a substituted or unsubstituted
bridging group comprlsmg one atom ‘bonded to both (X") and*(X?), wherein
the atom is carbon, silicon, germanium, or tin; and

any substituent on R4,‘ ahy substituent on R°, any substituent on

25 the substituted bridging. group, aﬁy add,it_ional substituent on (X') or (X%), and
X%y and (X*) are independently' 'én"aliphatic group, an aromatic group, a
cyclic group, a combination of aﬁAphétiC?ar’l‘d cyc'zlic 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



cee—S0lid-pol yet-hyl ene

wei ghed. Activity was specified as. granms of pol ynmer

produced per gram of solid oxide conpound charged
woeoochowrso ((g/ g)/ hr). The pol yneri zati on react POT/USBS5/022998

carried out in a 1-gallon autoclave as follows. The

appropriate solutions, including any stock

precont acted sol utions, were charged to the autocl ave.

Theoupy bo el una grala be thorgadc Zroug, @hsorgindraetblicagidup, or a
wer e added al ong with any 1-hexene used. Stirring

washshitutpdrdsgivative fagraehi Aydohtvinco hepigagonhd feadb grarbon

heat fo th reactor run tenperature over a
pgfo &%ﬂgerﬁrr}ﬂ] “Mhe total pressure was brought to

t he de@p red tl’(&@i%bﬁéalﬁ#ﬁhtﬁﬁ esmpbend\EdipMbdshn &hﬂ?ﬂnﬁfdewnh the
and et hylene was .fed to the reactor on demand
5 mfgmmuwdn the desired pressure. After the

pol ynmeri zati on run time, drrer and heating were
then stopped and the reaét(g?) %Q“Papi dly

depressuri zggherdil g )ggt@‘%{ ﬁy&o\éﬁ'%yl @ﬁ@ln%p%ﬁg 1‘5"%j Qbecarbon

s.physically-renmpved.- .
Catosilss (Xﬁ) isvant alkoxide Gann esytoxids bdwing ﬁaramalrrm @Oscarbon atoms
shear : vi scosity vs.

|£ ﬂ'ié.oaaﬁrag%@&ggloﬁﬂ(}@éhoegﬁﬁ?éw elusiveeand and 3),

conpar a{ive QR?’I no tethered olefmc
10 NI ety’e}n tﬁ}ge(rre aﬁ gﬁ@@é@hﬂh%@r contains nore LCB
t han conpar atsblé okideripdagsl Rith an\bfdcﬁbnai/ﬁlﬁdrﬁwmgérﬂoﬂ‘o re

LCB than inventive Exanple 5. Table 1. Polynerization
data for poPy®EFTPdHHRGA performed in autocl ave

ronelor - mor SR B B e BB o 1 2

vei ght _of Wﬁhﬁbbﬁrbﬁ{h@loﬁfﬂmr@@id to reactor (ng). j D.
Type of organoal um num cocatal'yst used; TEA =

15 triethylalum num 1ni of 15° wt%trlethyl al um num ( TEA)

n hept,ane ed in-each cas a .
char o8 2 o) [T yalalyE oppoation . aded Rubran dor selidyonide is
Daiticg OMusiliha, Cﬁhé’d amﬁné Falwn@%gm@@ al%mﬁ@l@%ﬁ'osﬁ‘late zinc
Reactor run pressure (psig). bar (550 psig )

3aluddnhbtay hé¢téBpobgiigdstates, ;titania, mrcib&wﬁm@msﬂaobonw,rzme opide,
(nzl A—I eact or runtlrregmnufles) :
xed oxides t ereof or mixtures ther

20

3. The catalyst ,c()mpo‘siﬁ,on of Claim 1, wherein the electron-
withdrawing anion is fluoride, chloride, bromide, iodide, phosphate, triflate,
bisulfate, sulfate, fluoroborate, ﬂliorosulfate, trifluoroacetate, phosphate,
fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, permanganate,

25  substituted sulfonate, unsubstituted sillfghate, 0; any combination thereof.

4, The catalyst composition -of Claim 1, wherein the electron-
withdrawing anion is present in the activator-support, after calcining, from

0.1% to 50% by weight relative to the weight of the solid oxide.



. 1-Hexene charged to reactor after isobutene
(grans). J. Polyner yield (grans). . . . K Mw 1000.
wa30ds/00Ms9 1000. M Mw/ Mh, pol ydi spersity i ndexPCNUSkmg022998
(My). O h(0); standard exponential notation, for
exanpl e, 2.51E+05 = 2.51x 105. P. log (h(0)). 20 Q
Carreau- Yasuda a paraneterCLAIMS W Caim 1. A
catal yst conposition conprising the contact product of
at least one -netallocene, at least. one .
or ganoal- umi ntha catefyst meompesidioat of éZlsim ohewherein the electron-
actiyvator-support, wherein, : “the -metall ocene .
e SRl BRI R Hhe ae BV G RupBTE (B loaning; from
WERSRite AWt WeibRidTiveab HEOREI of B sBAdBkHE (X1)
and (X2) are’independently: a cyCl opentadi enyl, an
5 indenyl, a fluorenyl, or a substituted anal og theregf,
wherein at l|gast ope, of (X1). and. (X2) is substituted;
at |lea onélekéeuﬁgtﬁﬁish SR GF&lPHec’% Eﬁ@m tl_ut"{él&er@%l}h?o pctivator-
orbpiE FREE om0 S M ol RHLR thpfhe, Mcel, vamadium,
i rioegseend endlyydenuly diloeatihyér. giyaomtghationsthbsdof 't ut ed

10 7. The catalyst cbmposiﬁon of Claim 1, wherein the activator-
support is a clay mineral, a pillared,ciay, an exfoliated clay, an exfoliated clay
gelled into another oxide matrix, a: layered silicate mineral, a non-layered
silicate ‘rrﬁneral, a layered Aalur‘rﬁnos{ilicate ~ mineral, a <non;layered
aluminosilicate mineral, or any'combih.étibh thereof. '

15 | | |

8. The cataiyst composition -of Claim 7, wherein the clay mineral
comprises an allophane; a smectite; a moptmorillonite; a nonfronite; a
hectorite; a laponite; a halloysite;-,a‘- Verrnicfplite; a mica; a ﬂilordmica; a
chlorite; a mixed-layer cla}ll;A a ﬁ‘t.i:éro:u‘s, clay; a sepiolite, an attapulgite, a

20  palygorskite; a 'serpentihe clay; an illite; a saponite; or any combination

thereof.
9, The catalyst cdmposi’gioﬁ of Claim 1, wherein R’ is 2-propenyl
(CH,CH=CH,), 3-butenyl (CH,CH,CH=CH,), 4-penteny]
25 (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(CHy)=CHy), 4-methyl-3-pentenyl (CH,CH,CH=C(CHy);), or a
substituted analog thereof. . - "

87



hydr ocar byl group having from1 to 20 carbon atons; R5

is an al kenyl group, an al kynyl group, an al kadi enyl
wgnrospp4® a substituted anal og t hereof havi ngPETSRMDS/022998

to 20 carbon atons; (X1) and (X2) are connected by a

substituted or unsubstituted bridging group conprising

one atom bonded to both (X1) and (X2), wherein the

atomis carbon, silicon, germanium or tin; and any

substituent on R4, any substituent on R5, any
subst i t0ent Tha ewglystbeampasition mii §dainy br silisreianghe ansa-

addi t.i onal . substituent. - X1, - 1..and (X3) and
(%tal ey }?oae%oéﬂ%%% vtgrﬁhegﬁﬁéﬁ/glﬁg g&%grug)%p, an aromatic
group, a cyclic group, a-copbination of aliphatic and
cyclic groups, an oxyg D, —8iR$Wf ur group, a
nitrogen group, a phosyphprd roup, an arsenic group,
a carbon group, a sili a gernmani um group, a
tin group, a |ead giioup J;oup, an al um num
group, an inorgani c,,gFe ganonetal i c group, or
a substituted derivati veYhef any of which having
from1l to 20 carbon atons » de; or hydrogen; b)
t he organoal um num co o\(@o i ses a conpound with
the fornula: . . A (X)TRPFS-n, vvhe’rgbn (X5) is a
hydrocar byl having from1 to 20 carbon’atons; (X6) is
5 amviekdoxEBde eirbam siligbmxpelendnavionor ftimnRY, RA, B0, aadbRh are

atons, halide, or hydride; and n is a nunber from1l to
3 ndependsaittye H ana hyylracsebyd @roumhaying disyarlt toc d Aperasatoms;

O A TR, Sl TR AL

activator-support, or any conbination thereof.

11.  The catalyst compééition,' of Claim 1, wherein the ansa-

10  metallocene is a compound with the fb_llowing formula:

, (1K
wherein E is carbon or silicon; Rl,Rz,and R* are independently methyl or
phenyl; R? is H or #butyl; and R’. 'i's'42.-prop<’anyl (CH,CH=CH,), 3-butenyl
(CH,CH,CH=CH,), - 4-pentenyl. (CH,CH,CH,CH=CH,),  5-hexenyl
15 (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-buteny]
(CHZCHZC(CH3)=CH2), or 4;methy1?3rpénten}%1~ (CH,CH,CH=C(CH,),).
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2. The catal yst conposition of Caim1l, wherein the
solid oxide is silica, alumna, silica-alum na,

weahlowsimehosphat e, al um num phosphat e, zi nc al BOTNER@®5/022998

~trifluoroacetate, phosphate

5

10

15

het er opol ytungstates, titania, zirconia, nagnesia,

boria, zinc oxide, m xed oxides thereof, or m xtures
thereof. W- . 3. The catal yst conposition of Claim1l,
wher ei n ot he glecl e Lodhastios 8niORirhs 1f | whérette, the ansa-
chl ori (r}ez brom ?g, i odi de? phosphate, triflate,
biraetaflacene isalcompeyund Withrtbodoliaveing ffomatlasul f at e,

"~ fl uor ophosphat e,
fl uorozifconate, fluorosf , ate,..fd porotitanate,
per manganate, substit u S onsé{{él%wunsubst ituted
sul fonate, or any conbi ¢ hereof. 4. The catal yst
conposition of daiml,
el ectronwi t hdr awi ngR ‘
.activator-support,
by weight relative to.t fit~of the solid oxide.
"' ".v- :86; .5. Thel ~"t conposition of Claim
1, wherein the electrg@s awi ng an(lm is present in
the .activator-support, after cal cining, frong 0.5%to
A0¥nbyeinRi' gt Rebat indepérmlentiy wesithgitoraphenyls Rois H or butyl;
oxi de. ' 6. The catalyst c.or}r;pv sitiqn og O"_aaiéjgsﬁs. 1
wheachi R istiedependenitio mastbye £HOYE T PPMr O BIYh: alSfsprgpeny
or tal i suc inc, a { um  4.UNQSA_
mi%@hﬁmi I vlc;g r';g&ttelﬁ#, or {tglﬁ@g%c iaggllgjl’on t her eo% .%@mtenyl
7. g(j}llgijé'@@(y}g&cﬁgﬂposi tion.ofi"Claim1, wherein the
activatorsupport is a clay mneral, a pillared clay,
an exfoliated clay, an exfoliated clay gelled into
anot her ) oxi dipg:a %%%@S}n%ﬁlg%%{tﬁg B l t@eﬁé&e m Wefdin the ansa-

non- | ayé ‘ed a layere

xXent in the
N8g, fromO0.1%to 50%

afte
h

al Wepiesid isGaldnsiuRangith fi foUBwiry Rredla:
alum nosilicate mneral, or any Eon‘ol nation thereof.
T RA e

| | ” (IIm);
wherein R' and R* are ind,epende‘ri:ﬂy.f; methyl. or phenyl; and each R* is

independently methyl, éthyl; propy1;‘ or butyl.

14.  The catalyst composi;cion of Claim 1, wherein the ansa-

metallocene is: ‘ o «
1-(m’-3-(2-prop enyldimethyISi1Y1)inden}{l)r 1-(m>-9-fluorenyl)-1-

phenylethane zirconium dichloride; =
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8. The catal yst conposition of Claim?7, wherein

the clay mneral conprises an all ophane; a snectite; a
wouonicrnsish |l onite; a npntronite; a hectorite; aPCT/US2005/022998

| aponite; a halloysite; .a vermculite; a mca; a

fluoromca; a chlorite; a m xed-layer clay; a fiberous

clay; a sepiolite, an attapul gite, a palygorskite; a

ser pentj_pes_gl BRRA)L B(n 0P, 78d1Yz-butyl-9-

comnbi naItl ngt(h relg%‘ﬁyldﬂ{ﬂe }ﬁhémglét al ygp Ié(()r'ryaos,l tion ty

C foredyl) \M;ﬂfeﬁyletmelmcampnodneh}phdew&lzw)

3- buten%ms ), 4- pentenéHI
( CH2CH2 c%&lsmmperwldmw&wscﬂy(lm chdtyereylp)- |
6- hept CH 2CH2 CH=CH 2), 7-octenyl (CH
%@%&%& %g%%;lzd&% et hyl - 3- but enyl
)z 0¥ n°-2,7-di-t-butyl-9-
5 ¢ (CH2CH2 g&?g&%enyﬁﬁ?%%gyﬁlt uté’!(? aJr(121 | og tlher%tgf

1ﬂhoré"1ln5é)-dahaﬂhytdthmrmmnﬁmodmhfortdeal m 1, wherein the
ansarretallocene IS a ard with the fol | ow ng
f or mul zoF apleoBTinaiqnsth @@g silicon, germanium or
tin, RL, R2, R3, and R4 are |ndependently Hor a
hydrocarbyl group having from1l to 12 carbon atons;

and R5 15 anThd kenyst ¢oappsibiani sfoClaimr B s%hmmlexfb)arsh@ethyl
atons. 11. The catal yst conposition of C aim

10 mhxeli risapiepn slaprepil, | obeiyd ses-tutelo iprhwitd., vlrlﬂfﬁiﬂ,h% -hexyl, 3-
f E b
bt BERBH eyl Ra i o H or butyl; and

is 2-rrorenyl (CHZCH:CHZ) 3- but enyl
(CH2CH2CH:CH2) 4- pent enyl . . (CH2CH2CH2CH=CH2) ,
5- hexenid. (CFh@@HﬁI;tdQCbm@bﬁfibn f ClaBn Hemhmylh ((Xi})—lls fluoride,
2CH2CH2CH2CH2 CH=CH  2). - ten
2 ¢ etigy %)e:‘ho.m %ﬁ‘}; - but enyl

15 .
17. The ‘catalyst‘ compositi'on:_}bf Cla1m 1, wherein Al(X°),(X%)s. is
trimethylaluminum, triethyldlunﬁmim; tripropylaiuminum, tributylaluminum,
triissobutylaluminum, ' trihef(ylalun‘ﬁﬁum, triisohexylaluminum,
trioctylaluminum, diethylaluminum--:ethoxide,. diisobutylaluminum hydride,

20  diethylaluminum chloride, or any combinaﬁon thereof.

18.  The catalyst' 'compoﬁt’ib’n of Claim 1, wherein the activator-
support is chlorided alumina, fluorided alumina, sulfated alumina, fluorided
silica-alumina, fluorided aluminophosphate, a pillared clay, or any

25  combination thereof.
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(CH2CH2C( CH3) =CH2) , or 4-net hyl - 3: - pent enyl
(CH2CH2CH=C(CH3) 2) .12. The catal yst conposition of

wGheaicrmod7sowher ei n t he ansanetal | ocene i s a conmpoumg2005/022998

with the followi ng fornula: wherein RL and R2 are

i ndependently nethyl or phenyl; R3 is H or -butyl;

each R4 is independently nmet-hyl , ethyl, propyl, or

butyl; #nd Rbhd scaldyst sﬁ(oﬁ%ﬂ‘@ﬁh‘lﬁ) 1, Fubhee rt)binprlsmg a
(CH2CH2CH:CH2) or 4 ntenyl (CH2CH2CH2CH:CH2 o
13e0cHplyst aoanysing: cﬁﬁpgh@stt oA alumdnexane compered,n visesin the
ansanetal |l ocene.is a corrpound with the foll ow ng

fo %ngxa%cof%ﬁ’rﬁseﬁl and RZ2 are independently. nmethyl
or phenytyclingueakafdhivng ecoendpnt |y methyl, ethyl,

- propyl, or butyl. 14, The cat al yst conp03|t| on of

AlO

15

20

Clalml V\,herelntheas'& é | ocene is: .
| - (h5-3-(2-rropenyl di UE y1)indenyl)-1-(
h5-9-fl uorenyl) -1 phenyl\e hane i rconiumdichloride;!l-(

h5- 3- (2- pror enyl di rrethyIRlIyI)mc{,&aﬁeﬂ,,])ﬂ l-( h5-2,7-di-
-butyl -9- fluorenyl)-I-phenyl et Rane zi r coni um

d| Rh¢ edinda, oﬂbl(ahﬁhéii @lkybha;)/plaag]ﬂom irgo Yl gicbor ytonue alydljn is an
]ghS 9-11 Ué)r erpél )-. 1- et hyI et hane zi rcom um '

di ‘BHiegr o

h5-3- (2 gk %mfh%szsﬁéﬂ?r éme)%oﬁﬁﬁayl )-1 -

1- net hyl et hane

h5-2, 7- di-t buty uorenyl

2|rcon|un1d|chlor|de . or y cpdﬁlnatlon t hereof . 15.
The cat al yst conpos n11 wherein (X5) is
nmet hyl , et hyl, isop n- but yl ,

sec- butyl, |sobutyl exy 2 Rexyl 3- hexyl

i sohexyl, heptyl, or o tyI .. 1ewheraincat al yst

CHRaR Ereiog ﬁﬁaagﬁe%mﬂ’”va%g ffgpﬁ ? 3% &Qsca55$3’lﬁ plapuand n is an
1nteger from1to 50;:

a cage aluminoxane havmg the formula R's,,+,R%-0AlinOs,, Wherein
mis3 or4 and o is = npps - no(2)+ now@y wherem nai3)is the number of three
coordinate aluminum atoms, ng) 1s the number of two coordinate oxygen
atoms, Moy is the number of 4 coordinate oxygen atoms, R' represents a
terminal alkyl group, and R® represlcv;j:a"cﬁs‘_mé bridging élkyl group; wherein R is a
linear or branched alkyl having 'from 1 to 10 carbon atoms; or

any combination thereof.

20. - The catalyst composmon of Clalm 1, further comprising a
cocatalyst comprising an- organoboron compound whereln the organoboron
compound is trls(pentaﬂuorophenyl)boron, trls[3,5-b1s(tr1ﬂuoromethyl)
phenyl]boron, N,N—dimethylénilinium tetrakis(pentafluorophenyl)borate,
triphenylcarbenium tetrakis(pentaﬂuorophenyl)borate, lithium  tetrakis-
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.y 17. The catal yst conposition; .of Caima1l,
V\hereln Al (X5)n(X6)3-n is trinethylalum num

wonro@tooyisal um nUm  tri propyl al um num tri butyl aCumiSmes22998

10

15

20

25

triisobutylalum num trihexylalumnum _
triisohexylalum num trioctylalumnum diethylalunm num
et hoxi de, diisobutyl al um num-hydri de, diethylal um num

c Kb mtaﬂmropher@ﬂ)b otaiepi NAL-dimethyienidiotum 1 §etrakieg3 Gabis{thiStioro-
t.ion f Claim 1, wherein the activatorsupport
Y T Darat (R TEIH PRl GARL. SR aiibipromethyl)-

alﬁa‘lﬁﬂi\a%ﬁﬂe érgﬁﬂlééﬂblﬁ ﬁ(ﬁgl;e%kum na, fluorided

ed clay, or any conbination
thereof.19. The catalyst conpgsition of Caiml,
further _conprising a cocatalyst conprising at |east
one al & noxldKe © @M@Lﬁiﬂnp%ﬁémeloﬁ € malluriﬁuﬁbﬁlawempnsmg a

C DTS LRSI PREr i onie
c abhPduad 0N, tﬁ&dbﬁtyﬂ)‘énﬁﬁbﬂﬂﬁlegﬁ%{rafgs@nﬁyl%brl% trin-Butyl)-

| i-near-alum-noxane.-.having--t-he a; e S
I |aﬁ@a®mum brtamelisn-ddly))bortaseyi . ngl(mflmlty]:)ammohmmar hntrak1s(2 4-
n in fromi to

BBty FPris, ot OB P ety 1 G as+ éﬂrﬁeﬁhy@egy%borate
e
ng‘d Dinudild) cofln SRR B TRl i

nl]utrbé)anﬂﬁomlm cteomBlis(Rineaioygtionsl)botate, N NSdlhié‘Ehylamhmum
of 4ﬂ()§)oor di nat e_oxygen atons, R represents a

té‘?tFﬁ isep-taly Pr&ie-0 %N-@ﬁwﬂaﬂambpm datrakis(rartolyDbgratg N,N-
WSS L AR, SRR
t hﬁfﬂ:@ﬂ‘(l& 5- d1methy1pheny1)bqrate .~ N,N-dimiethylanilinium tetrakis[3,5-
bis(triﬂuoromethyl)phenyljborate; - ”.N,N-dimethylanilini‘um tetrakis-
(pentaﬂﬁOrophenyl)borate, . triphenylcarbenium | tetrakis(p-tolyl)borate,
triphenylcarbenium  tetrakis(m-tolyl)borate, triphenylcarbenium tetrakis(2,4-
dimethylphenyl)borate, -. triphenylcarbenium tetrakis(3,5-
dimethylphenyl)borate tr1phenylcarben1um " tetrakis[3,5-bis(trifluoro-
methyl)phenyl]borate, trlphenylcarbenlum tetrakis(pentafluorophenyl)borate,
tropylium tetrakis(p-tolyl)borate, tr.opyhum 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 . tetrék-jétpéntaﬂuorophenyl)borate, lithium
tetrakis(pentafluorophenyl)borate, - lifﬁium tétrakis(phenyl)borate, lithium
tetrakis(p—tolyl)borate lithium tefrakis(m—tolyl)borate lithium tetrakis(2,4-
dimethylphenyl)borate, lithium tetrakls(3 5-dimethylphenyl)borate, lithium
tetrafluoroborate,  sodium_ tetrakls(pentaﬂuorophenyl)borate sodium

tetrakis(phenyl) borate, sodium tetlfakls(p—tolyl)borate, sodium tetrakis(m-

%



20. The catal yst conposition of daim1, further
conprising a cocatal yst conprising an organoboron

woaopousdy wherei n the organoboron conpound i SPCT/US2005/022998

10

tris(pentafl uorophenyl)boron,
tris[3,5-bis(trifluoronethyl)- phenyl]boron,

N, N- di met hyl aniiini um

t ablyifboei@esudadihuetrais€)ddihethatphenylbqrbien sbdianb eetrakis(3,5-
t et raki s(pentafl uorophenyl)borate, lithium . .
té}lmgﬂqygs(lg@ﬁbb@qa%r omﬂm ) 5@Fag}lpro orate, potassium tetrakis-

él[}% fg? ﬁl&{})l Ho'?%tﬁyl ;g%tt%seny é(e)trr% %1s(pheny1)borate potassium
t rtéf@ﬁﬁﬂg“@wlmﬁatém t Qotaakiual 3 ,taramlqﬁf tdlfpetenet hylgssiom

henyl j borate, or any m xture thereof, 21. The
cat@iaﬂllslsiﬂ Acdmmhylphmwlﬁior@bau m1, fmtﬂﬂﬁé*mcorrprl sitefepkas(3,5-

wEPe Y SRR ”9ra8%}1' %%@%{8‘5’?@' £, CBIBBURGammontum

t rtét@ﬂq%ttblﬁlﬁmﬁfﬁﬁiat’dn rﬁnfoﬁhjﬂl) &@ﬂaﬁis@m tolyl)aluminate,

tri-(n-butyl)- ammnium. etx .s(m-tolyl)borate, . ...

ttrl(l(—huWMmmmmtemakISéZ,ﬂ@ims@m)ahmdnm@ my(nysyBermonium
ty é@? gﬁ%@@%ﬁ%‘?mﬂlm 2) bor at e tri(n-butyl)ammonium

t r
X ét%t&%ll Fﬂﬂahﬁﬁf@?bﬂﬁhlﬁﬁ%aﬁ%tl\%bﬁ Simi!]et%flﬁl% g}ugn tetrakis(p-tolyl)-
t ral{minatey| ) Bidatiinethylanilinium tetrakls(m-tolyl)alurmnate N,N-

ki fl henyl
NGERHRABGRER || ni IS GANGTs Ty balusmigate, NN

| stﬁé“ RN || 1 VRS SK B b DR B ere, NN

15

20

25

i nium

t edifmatiysdndliiueh rertdyd P;b'@iféﬂdcbﬁ]ﬂ@h?])alurmnate triphenylcarbenium
N, N-di r net hyl ani | i ni-um

té@ﬁrdﬂs(@(tgbé)aémmtm phephenylserbeniim | tetrakis(m-tolyl)aluminate,

b,@?gé‘{}’]ﬁl e%?%h&]tn hyI gjﬁw{lﬁfé@gﬁa&?phenyl)alurmnate triphenyl-

N, drstiniEhhy| agkdidiqB lglﬂﬁq@étﬁﬁbhéhyl)alurmnate triphenylcarbenium
(pent af | ugr opheny Y bor.at e, tri phenyl car beni um

t ebir @lfdS(@@ptaﬂublgdp}lbmyléalennnaw,p hizeylizem b éeiiraieis(p-tolyl)aluminate,
AT S BB
t rdlﬁﬁ %lﬁe@ggﬁﬁgﬂﬁhfeettf@yhﬁﬁg e nalils(3 fSb(g}lmeﬂraﬁ/lphenyl) aluminate,

|net rate tri

t etohiug] 3, 5- bi S(tﬂtﬂakis(pﬁh@etfhidﬁ@@benpbelmfrhﬂlite,r at e, lithium
trlghen | car beni umt et raki s(pent af | uor ophenyl ) bor at e,

Qi ﬁﬂagtlp%h§1(lﬂ-)étlbma)t%or dithiung r oé@f‘ﬁlﬂi"ﬁ? enyl)aluminate,
telitfn%:ﬁn %t?léﬁa%écﬂjéﬁ)gaﬁm fiate; Il?ﬁ%l% rHakll%(glp'g?rl)(laaHPrmnate lithium

t &E‘é’rﬂ&‘s(3(43dﬁnethylphenyl)alummate “ . lithium tetrakis(3,5-

dimethylphenyl)aluminate, = 11th1um tetrafluoroaluminate, sodium

U._.

tetrakis(pentafluorophenyl)aliminate, ~ sodium tetrakis(phenyl)aluminate,
sodium tetrakis(p-tolyl)aluminate, sodium tetrakis(m-tolyl)aluminate, sodium
tetrakis(z,4—di1nethylphenyl)aluminafce,’ o sodium tetrakis(3,5-

dimethylphenyl)aluminate, sodlum - tetrafluoroaluminate, ~ potassium
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di met hyl phenyl ) borate, tropyliumtetrakis[3
, 5-bi s(trifluoronethyl)phenyl]- borate, tropylium

woetrcahds) pent af | uor ophenyl )borate, lithium  PCT/US2005/022998

10

t et raki s(pent af |l uorophenyl )borate, . lithium

t et raki s(phenyl)borate, lithium

tetraki s(p-tolyl)borate, lithium (

t Ki gﬁmlgg HeRoNAhindtb ! hpotassiwrhr aksiraKid(phenyl)aluminate,
dﬁ%@ﬁ@p enyl%ﬂbor glt)e, lit hi.ujzn . ) .

t potagkura  Sothekis(peolylapimeingle)- bpetasséum| itetraliyen-tolyl)aluminate,

Do RIS, WP dod BB raBPT ety gppfppsium terekis (3.5-

: ﬁej@lé%%ﬂ?g%%ﬁr%é at ota%@ﬁ’.lh&lm tetrafluoroaluminate, or  any

borat e, sodi um

t ebt B GO tdrydf) bor at e, sodi um

t et raki s(2, 4-di net hyl phenyl ) borat e, sodi um
tetrakis(3,5- dinethyl phenyl:) borate, sodium

t etraf |,yor ohora ‘ um b i - .
(pent afPuor ok chgB SR ApasHEh bELIH & wherein:

t et r aki ( phewinshohstablocdRicosprises:
tetrakis(p-tolyl)borate, potassium.
tetrakis(mtolyl)borate, as¥f,uMe
tetrakis(2,4-dinethylp JDoraie, potassium
tetrakis(3,5- dinethyl ybor at , potassium
tetrafl uoroborate, tri(p<k )c) angoni um
tetrakis(p-tolyl)algnpate, #rLin-DButyl)amoni um
tetrakis(mtolyl)a et e, A/FR- but yl ) ammoni um
tetrakis(2,4-di rremll/)l )alu .i,(n- butyl) anmoni um
t etraki s(3, 5-di met hyl pheayi=s¥um nate, ; '
tri(n-butyl)ammoni um -
t et r aki s( pent af | uor opheny™<€ uni nat e, IV);

N, N-di met hyl ani I'i ni um tetrakis(p-tal yl)- .al uni .
NN ot o o S P S Y g i,

SRR AR oy o e

15

20

N5Ndi negyhy| ahi| betivamor-support . comprises sulfated alumina, fluorided

t et raki 5%3, 5- di net'hyl phenyl )at.um qja.t e, ¢

NSiatiniret, Aybeided siticanaiunaing of sy com ination thereof.

(pent af | uor ophenyl ) al um nate, triphenyl carbeni um

tetrakis(p-tolyl)aluninate, triphenyl carbeniumi

tetrakis{mtgl Yéa}aﬁxétm' Raipsition pheemligiag beni least one  ansa-

tetrakis(2, 4-di nethyl phenyl )al um nate, triphenyl

cambetiboenet edtr &daists (@e, BrgAnepluAiNHe FYMPAY Rt ﬁ%‘g gat least one

tri phenyl carbenium. = - - E

te%qilé[ﬁtoé(sb‘gﬂ?%ff‘i"ﬂ?ﬁe’d]phenyl )al-uninate, .. tropylium

tetraki é)( p- tﬁ*g)’f'%yélz#ﬁéfﬁﬁé&ﬂ& cORykisssMa compound having the

tetrakis(mtplyl)alumnate, .. ‘tropyliumtetrakis(2,4-
formula: . e '

tXl)(XZ)(X3j(X4jM‘, wherein

M! is titanium, zirconium, or hafhium,;

{
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di et hyl phenyl ) al um nate, tropylium

tetraki s(3, 5-di net hyl phenyl)al um nate, tropylium
woetrcakssf pent af | uor ophenyl ) al um nate, |ithi umPCT/US2005/022998

t et raki s(pent afl uorophenyl )al um nate, 1ithium

tetraki s(phenyl)alum nate, Iithium

tetrakis(p-tolyl)alumnate, lithium

tetraki s(m te{'yhhal(X aﬁr@ﬁﬁﬁe ehddityimh cyclo entadlen 1, an indenyl

tetrakis(2, 4@2?net Eylmr henyl )-al-um l‘r%’g?eYS P [ t?fll um Y5

tet flupienyB, -2 submbittipd ghe |t}1@negfn wiherein af Iiehstmne of (X') and
{XZH u rtoal nate, sodi um
sé’?) SH$ | uor ophenyl )al um nate, sodi um
t et r aki s( phegmybasabHaisAsdtRuer @ttt Rubstituted (X') or (X?) comprises
tetraki s(p-tolyl)alumnate, -sodi um

5 t et esagitated group) lzdvimg ﬂmfenﬁu]godl um _
t et raki s(2, 4-di net hyl ph(ﬁgi ly nate, sodium
tetrakis(3,5- dinethylp Y el”%\te‘sodiun ;

tetrafl uorogl

bot assi unt etxamg?{ﬁg&d a]?elnden%}é ngﬁljo b Jg'rouéo or a substituted
. Plotdaseirbiyh gretiy Akviag fiveny 1) fd0ucdrbad sonBpt assi um

tetrak| s(p-tolyl)al um nate, - potassi um

t etraki s(m tRl A §raauwnﬁlag@uppe@ adomyheroup, an alkadienyl group,

10 S A et SRS 4 196 020 BRLGTRAE,
t et r af | uor oaftiyiapdt €°) aire @BinEMDbPaE bestiblied Q@funsagsututed
The catal yst composition of ‘€. aim.1, wher ei n:

he
Wideing gE@iecomppsingede atom) banstsddpdeath a%)mn@@( ), wherein

ﬁrﬁgfgog]gllf/‘fbag?” %ﬁfﬁ‘f#“r I%?emé%é%hgﬁ@tﬁimhﬂ t hereof; and c)

t he act i vat ofrySsipRAfdent 68 R3S hl%eﬁb%HHeﬂ 66 rél 4Ry Bbstituent on
fluorided al um na, fluori ded silica-alumna or any

15 coﬂﬁblsnb&tlt@ﬂ@dtmﬁigmg groep, any edditibyaltsubsiifpesti ari 68') or (X%), and
(ggal St n&‘ﬁbﬁxﬁla ggﬁiﬁ‘t&;ﬁﬁan ?ygsane 1pLI octegg(gweaatn Lr%?nsgtlcogr%up,
ac(g cﬁ@?? ups lécrzbg)?rﬁpﬁéﬂ% gf}ﬁgﬁlﬁhmﬁﬂﬁ? Tc? cigauﬁs TRl AlyeRf %P&lp,
sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a carbon
group, a silicon group, a ger‘maniur'n‘ group, a tin group, a lead group, a boron
20 group, an aluminum group; an inorgaﬁic group, an organometallic group, or a
- substituted derivative thereof, any‘”o?f,‘which having from 1 to 20 carbon
atoms; a halide; or hydrogen;‘ ‘ o
b) the organoeilurrﬁnum-ééﬁiodund comprises a compound with the
formula:
25 AICE) (e,
wherein (X°) is a hyd'rOcarbyl having from 1 to 20 carbon
‘atoms; (X°) is an alkox1de or an ary10x1de having from 1 to 20 carbon atoms,

halide, or hydride; andn is a number from 1 to 3, inclusive; and

c) the act1vator-support comprises:
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( XIXX2XX3XX4) , wherein ML is titanium zirconium or
haf ni unt (X1) and (X2) are independently a

woyalompersh adi enyl, an indenyl, a fluorenyl, orPar/Us2005/022998

10

15

20

25

substituted anal og thereof, wherein at | east one of
(X1) and (X2) is substituted; at |east one substituent
of the substituted (X1) or (X2) conprises an

unsat ur at eda gslaupxida ticagedtwieh hioeleutron-viitiddawRivg, anion;
wherein each R4 is independently a hydrocarbyl group
or a substi &layssedwpiteselar byl group having from1 to 20

carbon atons;.R5 is a ) r al kynyl
group, an aﬁlkhodﬁ'%@ﬁng?a%%?&%)? tog S@ﬁﬁ%rtt’iaq}ut ed anal og
t her eof havingcdhbiafion thegébfcar bon atons; (X1) and
(X2) are connected by a substituted or unsubstituted

bridging group conprising one atom bonded to both (X1)
and (X2), rei n, the atom.i-s”.carbon,, si.l ico . o
qor im0 rAyshrpaangtian o B, SUrER he,sgid oxide i
S E'iﬁ’igﬁ! 11U R a, Ui BPaluffia, SHRStddpHBEha®) aliiRintb phbdpHags] zinc
bridding grdéup, any additional substituent on (X1) or

( XR)minawdhé¢Dpobytangdsktys, ditania ndogpaie] emgngsianboria, zinc oxide,
al i phatic group, an aromatic o;up, a cyclic group, a

c SHBEhaXidehthsreok QTIRRIIES .ﬂéPﬁ?f,’gfi:ycl i c groups, an oxygen
group, a sulfur group, a nitrogen group, a phosphorus
group, an arsenic group, a-carbon group, a silicon

group, 28. gemmenéaalygr stapositién PfYCkiip, 233 Whadirg tieaiplectron-
boron group, an al um'.numta,r.’o;up, an i no_rgj%gi C. group, an
omgthdorreing| anien gy Suprider ctiodde dirpmide dodide; phosphate, triflate,
t her , any.,of i ch _havi | ' t n
ety ffyGe M SitaRoforob ARG, HAEOBLARD phosphate
O RBRRFN ST HS! NLERDPIGCM; TR bsiRGatd, FEuTBetaRateWpbiniriiemate,

substituted sulfonate, unsubstituted- sulfonate, or any combination thereof.

26.  The catalyst composition of Claim 23, wherein the activator-
support further comprises a metal or metal ion such as zinc, nickel, vanadium,

/ .
tungsten, molybdenum, silver, tin, or'any combination thereof.

.27.  The éatalyst.'qomp:o.sAi’ﬂc.iﬁ‘Ifl:f,of Clai@, 23, wherein the activator-
support comprises a clay mi‘neral",’ a pillared clay, an exfoliated clay, an
exfoliated clay gelled into another oxide matrix, a layered silicate mineral, a
non-layered silicate mineral; a 1ayeréd aluminosilicate mineral, a non-layered

aluminosilicate mineral, or any.combination thereof.

28. A cataiyst gomposition ‘comprising at least one precontacted

ansa-metallocene, at least one precontacted organoaluminum compound, at



formula: Al (X )n(X6)3-n, wherein (X5) is a hydrocarbyl

having from1l to 20 carbon atons; (X6) i s an al koxi de
wonro@noarsy| gxi de having from 1l to 20 carbon at 8aE/US2005/022998

hal i de, or hydride; and n is a nunber from1l to 3,

inclusive; and c) the activator-support conprises:a

solid oxide treated with an el ectron-w t hdraw ng

anko;ond }Jr@éb%rta%@edrbl%ﬁhabnd ANehfme pobrogeatedectivator-support,
activator-support, or any combination thereof. 5 -.

24\|zvh§bm catal yst conposition of Caim23, wherein the

sol i oxide Is silica, | umi na S|I|caa

al um nophosp t @il f)h8g e, %i L{-H% um naVlng the
heﬁﬁelrn ol yt ungst at es, titani-a, .zirconia, magnesn a,

bori a, 2| nc oxi de, n xed oxides thereof or m xtures

5thereof. 0. - . ; (XI)BK)(Xﬂ@(BMaWsnemonposul on of
C ai m 23, wherein the el.ectronw th raW| ng anion. is

f1uori de, chM)rli; HENTEPH QBTG WP Wb osphat e, -
triflate, Q)E‘l)taﬁhj?f(jéije 1ﬁ‘t§é§)enfl$ﬂ% hﬁ)@ﬂtadwnyl an indenyl,

fl uorosul fat oroacetate,--phosp S

f | y9r@piRsPhaE ubdtituted emilogothateef, Whereirs bl leasit ene of (X') and
fluorotitanate per manganate, .5 substituted sul fonate,
- un€Xibds Slthﬁtl@dleiul fonate, or any conbi nation thereof.

10 26;  The catal %@ ?q%]g{)sﬁ% tltggﬁ]c o(}‘fthgs%s@w?t dl(jﬁt?e&ffe){zycgﬁpnses

acti vat or supf mpri Sés

' oﬁn ﬁHé‘a@u@&ng'rBﬁp hivigkShe fo\‘ﬁiil?djl um tungst en,
nmol'y fJIenum silver, trn, or apy combination thereof. 0

27. The cat al ysSiRioRhodiersion . of Claim 23,

L :
erein the Gach K at'1so gn(ﬂ:ggl%{ently a hydrocarbyl group or a substituted

hydrocarbyl group having from 1 to‘,:‘2.0 carbon atoms;

15 R’ is an alkenylgroiiﬁj‘gﬁ aikynyl -group, an alkadienyl group,
or a substituted analog thereof ha\}ing“frém 1 fo 20 carbon atoms; g

(X") and (X?) are cormected by a substituted or unsubétituted

bridging group comprising one atom bonded to both (X') and (X?) comprising
carbon, silicon, germanium, or tin; and

20 any substituént on R4 any substltuent on- R’, any substituent on
the substituted bridging group, any: ,addltlonal substltuent on (X" or (X?), and
(X%) and (X*) are indepeﬁdehﬂy .an aliphatic group, an aromatic group, a
cyclic group, a combination of aliphaﬁc and cyclic groups, an oxygen group, a
sulfur group, a nitrogen group; a phoép‘horus group, an arsenic group, a carbon

25 group, a silicon group, a germamum group, a tm group, 2 lead group, a boron

group, an aluminum group, an morganlc group, an organometallic group, or a

substituted derivative thereof, any of which having from 1 to 20 carbon

atoms; a halide; or hydrogen_; o



conprises a clay mneral, a pillared clay, an
exfoliated clay, an exfoliated clay gelled into

wanaoicves7soxi de matri x, a |ayered silicate m nepal/jusa005/022998

10

15

20

25

non-layered silicate mneral, a |ayered
alum nosilicate mneral, a non-layered 5
alum nosilicate mneral, or. any.conbination thereof/

28. A apt al gk op@APeRkintihem coafundicompaises @asmponed with the
precontacted -netal | ocene, at |east one precontacted
orfgemalal um num conpound, atl east one precont act ed

olefin, and at |east one,p, QB! act ed

activator-support, wher ef‘ﬁ&%ﬁ‘)ﬁgﬁﬁ’é’ arasa- net al | ocene
conpri ses a wRABRUIRHNAY b NGdrbarbydr Ravigg from 1 to (20 ¥arbon
XX ML, mh6e(e| n ML is ti-tanium zirconium or hafnium

( >%¢ma;|q@< oxglam anxiW@&lﬁﬂ@e haviyg figpe hita d? @ pgrbon gfpms,
i ndenyl, a fluorenyl or a-substi ed .anal.og thereof,
\M”h?& nofahyif@ss?n‘gﬁéé %P“‘(“ﬁi‘) ram %)m?lgg%bgt i tuted;

at | eas@pfnethé “@%Eéﬁth'@c&tl b &o 8¢ iat UbRE dn¥l¢arBbn-carbon
(X2) corprises-an-unsaturated-group-having the fornul a

- Sl d¥b]12bnd mhefrem? #ach cRbonstomsiemdndent |y a

hydrocar byl group or a substi'tuted hydrocar byl grbup
havi ng ®romt etaﬁgﬁﬁo’éé?ﬁﬂ%t GAPRSESRS i s an al kenyl

group; an al I -3 i Q. .

substituted %%é\l}/%%ﬁfi gg’r% %tg %%éﬁgeﬁ%%w%{}@%lggcaﬁoﬁén
atons; \ (X13lBeeedXderslf € connected by a substituted
or unsubstituted bridging group conprising one atom

bonded to botmiquxaichangpableactivaiorsieRTy Ear bon,

sil I con, gerarlrrtlay LM inliod 'thré'rqon%hq ’

29.  The catalyst composition of Claim 28, wherein the solid oxide is
silica, alumina, silica-alumina, aluminophosphate, aluminum phosphate, zinc
aluminate, heteropolytungstates, titaﬁia, zirconia, magnesia, boria, zinc oxide,

mixed oxides thereof, or. mixtures théreof. -

30. - The catalyst Composiﬁoﬁ of Claim 28, wherein the electron-
withdrawing anion is fluoride, chloride, bromide, iodide, phosphate, triﬂate,
bisulfate, sulfate, fluoroborate, fluorosulfate, . trifluoroacetate, phosphate,
fluorophosphate, fluorozirconate, ﬂuqrosilicate, fluorotitanate, permanganate,

substituted sulfonate, unsubstituted 'sﬁlfohate, or any combination thereof.
31.  The catalyst composition of Claim 28, wherein the activator-

support further comprises a metal or metal ion such as zinc, nickel, vanadium,

tungsten, molybdenum, silver, tiri, or any combination thereof.
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any substituent on R .any. substituent. on R5, any
substituent on the substituted bridging group, any

waddictooersal substituent on (X1) or (X2), and (K8)/Uamm®ds/022998

10

15

20

(X4) are independently an aliphatic group, an aromatic
group, a cyclic group, a conbination of aliphatic and
cyclic groups, an oxygen group, a sulfur group, a

ni trogen. gr ahe, caalybosmhpsditon of Plaira & rskee gleongtivator-
a carbon group, a silicon ?roup a gernaniun%gnoup; a

t iSHPRATH REMRAISE® & ciyo bpineral, hoaflargd oclay; an enfokgtedrglay, an

ar.o i nor gani.c, ‘gr.o ‘an, or gar : -
2 <3iBiei s e dcbner o O R RO PR L el g e et «
f mem1dydred ity A@ierall @MByerad RRIniABsiligAte NitheRI LN non-layered
. b) the organoal um num conpound.conpri ses a conpound
wialiiminlsilicaterminaral Ao a0y)qembanaion, theisef.ein (X5) is a
. hydr pcarbyl having from1 to 20 carbon atonms; (X6) is
an al koxi de or an aryl oxide having from1 to 20 carbon
atons, Jfal i dg,e &&algét%hg)%siﬁ%ﬁ%f@laﬁq ag nyAdem: from 1 to
3, inclusive; c) the precontacted ol efin conprises at
| east dhepreohaotedarbomaaidrere bamtte pederfal fomila o 30
carbon atons; and d) the activator-support conprises:

a solid oxide treated yirh afyeRéctron-withdraw ng
anion; a layered m ner§g An—-efk exchangeabl e

activator-support, or fbi nat)i on thereof; 29. The
cat al yst conposition of /CL.Z#nCP8, (wherein the solid
' m na,

oxide i-s silica, alrmy
al um nophosphat e, atZm™m ate, zinc alum nate,

het er opol ytungstates,. tit : coni a, nagnesi a,
boria, zinc oxide, m xe gges thereof, or. mxtures

t her eof .
: | (ID);
wherein R' and R? are independénﬂy methyl or phenyl; and each'R” is

independently methyl, ethyl, propyl, or butyl;

the precontacted ‘,Orgaﬁoalurn'iir_lﬁrtn compound is triisobutyl aluniinum or
triethyl aluminum; ' o

the precontacted olefin is ethyléﬁe or 1-hexene; and

the postcontacted acidic actiVétbr—Support comprises alumina which has
been treated with sulfate ion, chlpﬁde ion, or fluoride ion; silica-alumina

which has been treated with ﬂuoride: ion,.or any combination thereof.

34, A pfocesé to produce a catalyst composition, comprising: h
contacting an ansd,—rﬁetallocene, an olefin, and an
organoaluminum compound for a first period of time to form a precontacted
mixture comprising a precontaqted ..ansa-fnetallocene, a precontacted

erganoaluminum compound, and a ptéqtﬁntééte(i‘ olefin; and
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30. The catal yst conposition of Caim28, wherein the
el ectronwi t hdrawi ng anion is fluoride, chloride,

wonoewioderso i odi de, phosphate, triflate, bisulfaPer/Us2005/022998

10

* olaefliorenyl, ot lysubst

15

20

25

sul fate, fluoroborate, fluorosulfate,
trifluoroacetate, phosphate, fluorophosphate,
fluorozircpnate, fluorosilicate, fluorotitanate,

per manganat eonSighisg ithel tpeetostictednatiemral mdtibah i dctitvewdr-support
sul fonate, or any conbination thereof. . . 31. The |

c andoptipnalbpdditionainogeneyluminurg copmerad fox fessecond period of
activatorsupport f QIRLI . et al

55 ThOF PR Rb AN SO R 8 pffethha oo

NRhAUARRHE) a?_héét&fntaétéd‘,orgﬁno'aﬁﬁni@l_@ﬁbicﬁﬁﬁioaﬁd, a }E:);ostcontacted
t her eof . 32. e catal yst conposition of C aim 28,

wiodsefa, and heosicohtratedrastipgior-suppenir i ses a cl ay
mneral,-. a pillared clay, an exfoliated clay, an
exfoliated clay gelled into another oxide matrix, a

| ayeredssi | igat &rfie8erdH ClAn Y%, | wH&Eed tﬁ«i: | preddiftacted ansa-
a

m neral, a layered alumnosilicate nineral,

nanethliycene domprisenosompaatdwith tier formubx:  any
conbi nati on thereof, ‘ tal yst .conposition of
C ai m 28, wherein: Qﬁéﬁégg@?m%hem}lwl a wherein R1
and R2 are iypd | | nyl; and each R4
i's independé\gt ﬁ&ﬁﬁ&%ﬁ%lz%cé@HW??gé%py > or butyl; the
pr econt act eqXdy gahodh)wie mdepeisntynalcydopenitadienyds y indenyl,
al umi numor triet h%/I alunminum- ; .- the precontacted

wed anales dhaieofaehersia 5deast one (&) and
acigj c activator-support conprises alum na which has
bgggj ]tsrsgg?tgaf%\%th sulfate ion, chloride ion, or

fluoride i ony 1&dst be@sedsHtdeRf ofHeCbERELANET) bf @X?ecﬂ)mprises
with fluoride ion,.or any coffbination thereof. 34. A
prapomsstutased goaipdevingthe dosnala conposi ti on, conpri si ng:
contacting an a a- m;t al ls(%ﬁ%ﬁg,w Qre%l gf in, and an ‘

each R* is independen_tfly'." a hydrblcarbyl group or a substituted
hydrocarbyl group having from 1 to'~':~'2'(') Eafbon atoms;

R® is an alkenyl groﬁp? an alkynyl group, an alkadienyl group,
or a substituted analog thereof having from 1 to 20 carbon atoms;

(X" and (X?) are cpnnecfced by a substituted or unsubstituted
bridging group comprising. one ‘af6@-~i'ﬁ;5nded to both’ (X" and (X*), wherein
‘the atom is carbon, silicon, germamum, 6r ;tin; a}ld

any substituent on R?,.any substituent on RS, any substituent on
the substituted bridging group, any'édditidnal substituent on (X") or (X?), and
(X?) and (X*) are indepen.dently‘ an aliphatic group, an aromatic group, a
ccyclic group, a combination of aliﬁﬁé:tﬁ:g“ j;md"_cyclic groups, an oxygen group, a
sulfur group, a nitrogen groﬁp, .a phosphorus g_rou’p,v an afsenic groﬁp, a carbon

group, a silicon group, a germanium group, a tin group, a Jead group, a boron
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or ganoal um num conpound for a first period of tine to
forma precontacted m xture conprising a precontacted

W@ 2006r0847@b | ocene, a precontacted organoal um NURCT/US2005/022998

conmpound, and a precontacted ol efin; andcontacting the
precontacted m xture with an activator-support and
optional ly additional organoal Un.num conpound for a
segehs Peslirfnah drbis dnoinbanicagrons] arooatgandeataliix grovg, or a
conprising a postcontacted.ansanetal |l gcene, a

pasibstintedc denvasivgathezaadneny i cwhisbubaying Y8t EdAt A4 &arbon
ol efin, ﬁqd a Fﬁi&cont acted activator-support. 35. The
pr#ewss? pplids; 9892 wherein the precontacted

ansanet al | ocene conpri ses a conpound with the fornul a:

(X XX XX ML, wherein ML is titanium zirconium or

haf ni un36.( X1Thapdodex@ ofaCkitndtb pwhersin tye gnsa-metallocene, the

LR Rt psn bR SRl 4§ 86, ppontacted

10

15

20

25

gr

g L%%)%tlﬁl{%dfo{r ?@rgﬂfﬁetrﬁﬁtlﬁtt'lﬁé‘ hefh 13hinkRAS! 20 RBurs.

uen e substituted (X1) or (X2) conprises
an unsaturated group having the formula -Si R4 2R5,

wherein each R4 is independently a .hydrocarbyl arou
or a subétit Thedronpsy 6@&?3&% ?"gr‘%‘l?ﬁelﬁég? Hﬁecpf%’ﬂe% > the
carhon, atons; RS i a

o T
t hgsRedted @y ithe pbEtesmthcied mixtinarfoon stcond pefiXd)ofatuate from 1
(X2) are connected by a-substituted or unsubstituted
br mdgjitade Gdduprsonpri sing oné atom bonded to both (X1)
and (X2), wherein the atomis carbon, silicon,
germani um -or tin; -and: ' .

38. A process for producing a polymerization catalyst composition

comprising contacting at least one ansa-metallocene compound, at least one
Aofganoalur‘ninum compounci, and at;:lféas"j;‘ one acfivator-support to produce the
composition, wherein: - o ” B :
a) the ansa-metallbceﬁe, “cor,nprises; a compound haviﬁg the
formula: ‘
%) (XZ)(X3) (XYM, wherein
M! is titanium, ziroonium, of hafiiium; |
xhH and (Xéj aré iﬁdéﬁéﬂﬁenily 'a'c'ycldpentadienyl, an indenyl,
a fluorenyl, or a substituted analog thgreqf, 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 fofnﬁ_;la o
| - .-‘SiR"‘;igﬂ wherein
each R* is independently a hydrocarbyl group or a substituted
hydrocarbyl group having from 1 td :20 carbon atoms;
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any substituent on R4, .any substituent on R5, any
substituent on the substituted bridging group, any
waddictooersal substituent on (X1) or (X2), and (K8)/Uamm®ds/022998
(X4) are independently an aliphatic group, an aromatic
group, a cyclic group, a conbination of aliphatic and
cyclic groups, an oxygen group, a sulfur group, a
ni trogen gr oRb;s an phesphgroup, @m@u@nyhgr@psenladkahm group,
a carbon group a silicon group, ger mani um group, a

ti oF agubspiuted ANSdQE Uierass a‘amlgérmdrt@u%P cagRoB PP um
group, an | n@& gZarlﬁfiS(g%p Vagg tcg@f?eecg#cg %g Oe{TEﬁlfslt \%\*}tgd gH’rQlﬁﬁzubé')cftuted

a substitute ch havi

f refaging @rai® 6anPARingt@I¥btom b@idedeto suth [(Xdy egex>3 Gwherem
- The process of aim .34, wherein the
5 aridg-afan i wb@nélhqonieg@rmum, errtin;tand or ganoal umi num

ST rat por ks AR b s TR b ety S0sgisnt on
Thge RUBKRSRIYrideh F}o'ﬁf) aﬂ@ﬁ&ﬁhﬁnﬂ%b@tﬁtﬁ@ﬁ%@@(@dor (X?), and

m xture, the actlva or -support, and the optional
ad@)i amda{X‘*c) rayanodépenilenthy c omrpadnphaitua IZeown rena etoguhticngroup, a
th ost contacted m. xtu for, econd period of tine

It B9 YR oAl efrglphaﬂggnd ol oS ghoup, a

10 prﬁﬂfb‘f g?&éﬁ Hﬁﬁ%g@{ %&ﬁgt QPh e on?ro&;? %Qa} roup, a carbon

conpri cont ‘met a

cogpoapal silizbn Ige@gi aogwmangmm gfdupma nunmappwﬂmd granpl, @boron
| east one activator-support to produce the

coﬂﬁb}m Qfl @lﬁrmmm@php, &) INOFEAC Srowpt af PErrarEIctd Hp ereus or a

" RTRRAEREVATE LS o N A G5 718 20 caon

f|;§t@ﬁf@nyhah@ o2 h§@fepbht ut ed anal og thereof, vvher ei n at
| east one of (X1) and (X2) i-S. substituted; at |east
15 one subBXit u@morganqahen@unswmmw c(omgn&@s a(orgypound with the

CORPLLBES |
Al(Xs)n(X6)3 -
wherein (X°) is a hydrocarbyl havmg from-1 to 20 carbon

4‘

atoms; (X%) is an alkoxide or an arylox1de having from 1 to 20 carbon atoms,
‘20 halide, or hydride; and n isa number from 1 to 3, inclusive; and
c) the actwator-support compnses '
a solid oxide treated W1th an electron-withdrawing anion;
a léyeréd rninefal,
an ion-exchangeable actiﬁrator-support, or

25 : any combination thereof. = .

39. The procéss of Claim 38, wherein the activator-support

comprises a solid oxide treated with an electron-withdrawing anion;

T



an unsaturated group having.the formula .-Si R4 2 :R5,
wherein each R4 is independently a hydrocarbyl group

wonom/muisst i t ut ed hydrocar byl group havi ng fr orCTUS206/022998

10

15

carbon atons; R5 is an al kenyl group, an al kynyl group,

an al kadi enyl group, or a substituted anal og thereof

having from1l to 20 carbon atons; (X1) and (X2) are

connect ed bywhersinbghe t sdflield oxideuris uiita,t atuadinby istiggargjumina,

>@gup conpri sing. one atom bonded to bot h (Xl) and
YingReperate, REBINEH PROSERRBoHNC JlumiBels; heferapahiturgstates,

n; a ti t b e

g{talrg%y Zélzlt}ggltar ?%%%{[&ﬁa % eE{]StZ,I] rljitebg}%éﬂ 8& dteéJ f?ltere%@ or

amixaaes thepd] asdibst i t uent on- (Xl) or (X2), and (XJ)

and (X4) are |ndependently an’‘al'i phatic group, an

aromatic gr dbp electiopcwithdigming antpncisnBnerads, ofleride, bromide,

glrll8 atl Fﬁ%é’)elﬁngpgg L’Blsgﬁ%tﬁ 5[5]?%{ ﬁag%g)rg?atg,a ul’(l)lr(f)sl{lrlfate

artﬁﬁﬁbﬁbaﬁét@tép p@sﬁﬁdt@omuﬁfﬂx@spl?at@ L6286, fRorosilicate,
ger mani um gr oup a tin group, | ead group, a ‘bor on

-gribugyotitanate) nwmmgagatambsfawtqm@ﬂ@mmec ugsuhspifutechsulfonate, or

or talllc or a substituted derivative
r?glyec(?fn ! mpnoqlg’{ﬁﬂ?ch havi ng- from 1. to 20 carbon

atons; a halide; or hydrogen; . . b) the

or ganoal um num conpound canprises a conmpound with the

formul &0.. .The pt((c)éEQ of )(H}iﬁntS&,; whestier thenafsésnetadloacne is a

hydr ocar

20 carbon atons; (X6) is
arf’%‘?%‘)@ﬁd’@ﬂb © H %@F@Eﬁ‘havi ng from1 to 20 carbon
atonms, halide, or hydrlde' gnd n is a -nunber from1l
to 3, inclusive; and . __SiRHLRS

@;

wherein E is carbon, silicon, germamum or tin; R, R*, R?, and R* are
independently H or a hydrocarbyl group having from 1 to .12 carbon atoms;

" and R’ is an alkenyl group havmg from 3'to 12 carbon atoms.

41.  The process of Claim 38_, wherein the ansa-metallocene is a

- cbmpound with the following formula

103



c) the activator-support conprises: a solid oxide

treated with an el ectron-w thdrawi ng anion; a | ayered
wonomroak7so an i on- exchangeabl e acti vat or - suppor PCTAIS2@8922998

conmbi nation thereof. . 39. The process of C aim 38,

wherein the activator-support conprises a solid oxide

treated with an el ectron- V\Athdravm ng ani on; wherein the

solid oxide is silica; S|I|caalumna

al um nophosphate, alu spR&REAR’ zinc al um nat e,

het er opol yt ungst at es, [ [ [

boria, zinc oxide, m xe@lo ¢/a t her eof or m xtures

t hereof; and . ; ; %ﬁrlgn wi t hdr awi ng ani on

is fluoride, chl oril%e',E e=—X0di de, phosphate,

triflate, bisulfate, .sul ( &L 0¥y obor at e,

fluorosul fate, trifluor e, phosphat e,

fl uor ophosphat e, fl uor oy t e, fluorosilicate,

fluorotitanate, pernapyans substi t ygfyed sul fonat e,

unsubsti tuted sul fonat.e, or any conbi nati on thereof-.

- whersin'E 46 carboa. quroiliess. R R3] andrRigGyre vindspendertthe. methyl or.

- | | he fol
Wbl 1 Hcar BEHOTL A Ms‘ atoneny R AR Y eyt
d b
oAGH AR Tt (HPFRR S Da CiRLractRsgT DY eyt
5 al(kenyH,ama fztmﬂ@wz)f reReReiiyd aczHg@Hp@HZGHQmHZCH%CHZ) 7-

The process of Caim38, wherein the an -netall ocene

i 9cgenybnpou n@%@ﬂz@ﬂ&ﬂﬂﬂ&ﬁ@?@% | a: - whepeiyl-& hugenyl

YR G-l R e Bk S 1 GREPECRET D)

2-prorenyl (CH2CH=CH2)., 3- but enyl (CH2CH2CH=CH2) ,
4- pent enyl ( CH2CH2CH2CH=CH2) ,- 5- hexeny|
42.  The process of C1a1m 38 wherein the ansa-metallocene is a

10  compound with the followmg formula: -

(II);
-wherein R', R?, and R* are methyl or phenyl; R* is H or z-butyl; and R’ is 2-
propenyl (CH,CH=CH,), ' 3~b‘qt¢nﬁ ,:;(CH2~CH2CH=CH2) or 4-pentenyl
(CH,CH,CH,CH=CH,). R
15 L
43, | The process of Claim 38, wherein the ansa-metallocene is:
1-(n>-3 -(2-propenyldimethylsilyl)_indenyl)- 1-(’-9-fluorenyl)-1-

phenylethane zirconium dichloride;”:,‘; -
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(CH 2CH2CH2CH2CH=CH 2) , 6-heptenyl (CH
2CH2CH2CH2CH2CH=CH 2) , 7- octenyl (CH

W@ACHIBORBM2 CH2CH2CH=CH 2) , 3-net hyl - 3- but enyl PCT/US2005/022998
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(CH2CH2C( CH3) =CH2) , or 4-net hyk3- pent enyl
(CH2CH2CH=C(CH 3) 2) . 42. The process of Caim 38,
\f/\hle:reln th;e a -netallocene is a conpound with the

Of 1 oWy, FbenYBh8IY1siY1)iddényBnd(rR&, Ardi-sriylyd-
or pheny %ﬂ&&b -bu? Ii-i;%and ggnl gRZ propenyl
( Gdd eﬁylletliaﬁmzircomuﬁl-dﬁclﬂﬁﬁ&B;CI-IZ) or 4-pentenyl

CH2
bher of -1 &-prancayidsenets DAy G Huorerdh 1>

open Id| | yl d [)-1-
PS’I(I?;‘?(’]IZH‘E‘P@WF 2Bh lﬁg%&%ﬁa%e) IZ|nr gg%l ?Jm dl( chl ori de;
hee o 7. 3 - p%“ P 6@@?@& _?fldfiﬁfgmszw)rﬁad?pgegm ?;; ?hcg;]tébutyl 9-
Zi eyl vrdembledﬁarﬂenrcbnmm dichloride;
h5--3- ( 2- propenyld|nethyIS|Iyl)|ndenyI)-I-(

" h5-9- f | WA PP P%WPE@ﬁane zi rconi um di chl oride;

| - ( h5-3-(2-propenyl dinethylsilyl)indenyl)-I-(
h5-2, 7-di -t-butyl -9- fluorenyl)-1-nethyl et hane

zi r coni gun di Ahhéhéd!6f pol pinesrisp Slefinb,watripoisingher eof  44.
A nmet hod of polynerizing ol efins, conprising

cont act ¢amgpeeinp iteencemnd aamptmabmqleﬁn 6@@9?%%%&1@4"‘13’“

with a catal yst

COPRHRS ¥R SRR @%Pg%%m&% #"%‘H@rp" Rief B sonafymer:
catal ys{vh&%ﬂ{’?l?é tuag f Hﬂlﬁbﬁﬁ&l CBRpHSR! M6t cmtasl usbdadt of at
at | eas one a - | east one

Or BAKOG U Bh A Mettivpens)cht least) oat drg@sralwmiaum compound, and at
activator-support, wherein: a) the n -netal |l ocene
colepsti @@@CHV@’@W@IQHR!T H’ﬂiﬁrﬁ& t he ‘

a) the ansa-metallocene comprises a compound having the
formula: ‘ ’ z
(Xl)(Xz)(X3)(X4)M1 wherein
M'is tltamum 21rcon1um or hafmum
(XY and (X%) are 1ndependently a cyclopentadienyl, an indenyl,
a fluorenyl, or a substituted analog thereof, wherein at least one of (X') and

(X?) is substituted;
at least one substrtuent of the substituted (Xl) or (XZ) comprises

an unsaturated group having the forrnula :
-SrR42R5 wherein
each R? is mdependently a hydrocarbyl group or a substituted
hydrocarbyl group havmg from 1 to 20 carbon atoms;
R’ is an alkenyl group, an alkynyl group, an alkadienyl group,

or a substituted analog thereof havmg from I to' 20 carbon atoms;
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formula: . j (XIXX2XX3 X4)] , wherein ML is titanium
zirconium or hafnium (X1) and (X2.) are

wondspesdent | y a cycl opent adi enyl, an indenyl, PaT/Uus2005/022998

- aliphatic

10
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fluorenyl, or a substituted anal og thereof, wherein at

| east one of (X1) and (X2) is substituted; at |east

one substituent.of the substituted (X1) or (X2)
conprises apxungal PX8! §€ @ndvdeddyi HGubstiuiedr ouibasubstituted
-Si R4 2R5, whérein each R4'is independentl1 a ) )
hyddgingrdrelp googpistrg ens a@m‘@u@@utmb@%@égwﬁ ¥ duyherein
having from1 ta..20 carbon atong; R5 is an al kenyl

g FRALATOMER nglbﬂ}nﬁ}pc?ﬁ’cﬁ%?argﬁmapgﬁﬁi | group, or a
substituted,an %%Qéiit&élﬁ (ROk* hayisiBstith@Moh RY 429 suBktaasnt on
atoms; (X1) and (X2) are connected by a substityted of
utisuhbsiitutkdeblridging giroup, gmy wdditomp! swistitpenhendXoher (X°), and

bonded tg_hoth (X1) apd _(X2), wherein the atomis -

CaRBomnd SXIY e e mAF U GRUPRAY oA group, o

< . ¢ a Vi , A

S 8810 o, = Som Pt BERC PR BTGB sup S oxygen srowp, .

addifi @oap, $uisiceh weip, arphoplioruogroi2in amedic(gXe)p,anchrbon

(X4) are 1 ndependently an. aliphatic group, %51

agsehEt iacsﬂgqqyugpug, @g@m@lwﬁpp,él B0 YW 18 gfoup, a boron
and c ' . : r

o BEU 23 alit 11(1),16% %}%uﬁao %{pl?H@S%lggg%%glr%r%%ﬁ%?etgﬁléé%{lﬂf ora

als§BditGtedr @tiratite GREROR £Hy0WP, witicl iHavaen fighoupto a20 carbon

germani um group, a tin .group,. . a |ead group, a boron

gratorps; adralideyen ydrogemsup, an i nor gani ¢ group, an

organonetal | jc group, or a . substituted derivati .

t her eof®, anﬂl%f)lggﬁﬁpglﬂrrﬂgwﬁgn} Bﬂs,tl LOMPIiSEs %g$%g§§nd with the

atgig.1,2 halide; or hydrogen;

-]

AKX )3 o
~ wherein (X°) is a hyglrbc‘arbyl having from 1 to 20 carbon

atofns; (X®) is an alkoxide or "an“ary.‘lq ide'fhaVing from 1to ‘20 carbon atoms,
halide, or hydride; andn is a number.'from 1 to 3, inclusive; and |
c) the activator-support 'co‘mprises:
a solid oxide treated with an electron-withdrawing anion;
a layered mineral, - - '
an ion-exchangeable _égﬁxiétor-support; or

any combination thereof.

45. The method of Claim 44, wherein the activator-support
* comprises a solid oxide treated with-an électron—withdrav\}ing anion;
' wherein . the solid (),X,i.dé is silica,  alumina, silica-alumina,

alumino phosphate, alumimi‘”ﬁ phosphate, zine aluminate,
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b) the organoal um num conpound conpri ses a conpound
wth the formula: - Al (X5)n(X6)3-n, wherein (X5) is a

woydiomoarshyl having from 1l to 20 carbon at ons; PCK@B2005/022998

10

an al koxi de or an aryl bxide having from1 to 20 carbon
atons, halide, or hydride; and n is a nunber from1 to

3, inclusive; and c) the activator-support conprises:

a 1Redrbgoloindstatase aitelaWMzirborein, elagaesianbutibhdimworgle, mixed
anion; a layered mneral, an jon-exchangeable

acwidesttberegtigp arirtures tharapficddbi nat i on thereof. 45. The
met hod of Cltﬁé @l%%ron!\%ﬁﬁ%aovﬁﬁggn%t ﬁvﬁ{l&rides, U&R&Ji&e, bromide,
conprises a solid oxide trea W th an _ _
elisgide Orphtsphte avwiflgteaNbiGlfateh esudfate, - Fln6roboldte, dXidiesulfate,
is silica, alumna, silica-alumna, alum no phosphate,
altuiffuornaceihtes pptetsphate; ﬁhl_orophqsphate? fluorozirconate, fluorosilicate,

al um nat e, het er opol ytungst ates, titania i r.conja

aftane GopraangripSotipaauia) sbipnale HoufliBRet furgpate, or

| Bt e BEreorand the el ectron-w t-hdraw ng ani on

i saffl I l?oringe, nitﬁl lgplfde, brom de, iodide, phosphate,
triflate, bisulfate, . sulfate, fluoroborate, .
fluorosul fate, trifluoropacetate h hat e,
f1 uor opﬁd- osp’gé’t’ ; .?rl%?ﬁj%iggﬁgﬁé?@ho‘%ﬁéﬁﬁgi@i cate,
fluorotitanate, permanganate, Ssubstituted sulfonate,
unsubstituted sul fonate, ‘or ‘any combi nation thereof.
46. A ppl.yneAn prttiicstpiiing Hpoliaich prbdatedbaiherddthod oPClaim
. ;" " - 47. An article conprising a polyner produced
by44-he et hod of d ai m 44.
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