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I NVENTI ON This invention relates to the field of

ol efin pol ymerization catal ysis, catalyst 10

conposi tions, nethods for the polynerization and

copol yreri zati on of olefins, and polyolefins.

BACKGROUND OF THE | NVENTI ON Pol yet hyl ene (PE) is

consuned in the USA at the rate of over ten mllion

o L R

appl i cations. Polyethylene pipe classified as PE-100,
MRS 10, or ASTM D3350 typical cell classification
345566C i s espe@E@kﬂMcﬂﬁmL@b@ T INVEENEHOe

conditions requirin ressure ratings. To

obt ai n BipRvempnce r«p %@aﬁql‘gﬂf olpfn polymgiigakion gatalysis, catalyst
re [ :

b R E L Pl O S AL gl and
t opdydefisal  attack, and | ow-t enper at ure toughness
(expressed as rapid crack propagation). Further, such
pi pe nust neet a deformation standard that is
det er m ned underHﬁ@ﬁ@ﬂ@é&ﬂh@FEHEWNW@mﬂﬂemperatures

t oughnaedret e B Rl g tbubias it o MU b ferastr tlier s millon

15 fTHﬂl)étri@Qbﬁéﬁiva 3%5]16 BeREtARRAHERLE PP SesidsQan B u?eiﬂ&m%{o%uce high
where t he pipe buri ed underground or where t

| osifGets Ripd peed in E’@Fef gapaf gen uléra%@pv@p@lvqawrrSe?oPye&ylene
ACﬁBE Cgle@ﬁkﬁ{d a% &1 g0d, SMRS nﬁ)e%rf/%TIﬁ b Onﬁlg @TIPEIangﬁ)catlon
pipe nmde therefromthat has i nproved physica

pr 69806 as espediailyndesitable dfai sieamder cqudisioes tréqe’gingWiglwr pressure

conventian ro S resins isadtr

of YR 200l £ R0 AMeABE H5 100 DB e fp s poraim
20 st Btelﬁfards rsﬁetkﬁyng stiéfaéss fragigtence SRy cradk Igfo@vﬂe,l redi®inch k@éhemical

stlff h ESCR itens can be manuf actured, :

cORER: AP PR EEEEs I (OBFOTC S M Pirgasaton).

boFttet ghclﬁﬁlbé &S Sectl) defbmﬁlhoﬁ@ﬁardﬁﬁﬁrlﬁddt&nﬁneﬁ%ﬂgerfp%ssure

a neans of producing binodal ethylene copolyners in

whic T VERE [netENt  pBIiy/ M destighlelon BErlgpinsite exlikif toughness.
Ve irglt chdiastefidtRULd0BS nﬁﬂﬂ’ta'n{‘ in %ﬁnﬁo%th&ﬂﬁe | ecﬂ%’ﬁ@a[tlons for

can preferentially be placed in
25 wepxpiple, where the pipe is buried underground or Where the pipe is used to transport

coarse or abrasive slurries. Accordingly, there is a need for a resin and a PE-100 pipe
made therefrom that has improved physical properties and impact resistance
properties.
With conventional processes and resins, there is a trade off between high
30  stiffness and high environmental stress cracking resistance (ESCR). While either high
stiffness or high ESCR items can be manufactured, conventional processes do not
produce items having both high stiffness and high ESCR.
There is a need for a means of producing bimodal ethylene copolymers in
which the component polymers have narrow molecular weight distributions and in

35  which the comonomer can preferentially be placed in the high molecular weight



WD 2007/ 024773 PCT/ US2006/ 032590 2 portion, if

desired. Further, there is a need for a cost-effective

woav@logst73system for controlling the | evel of pPCOMS2006/032590
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chain branching (LCB) in PEjo |levels appropriate for
resin applications such as HDPE fi | m pi pe and
bottles. 5 SUVMARY OF THE | NVENTI ON The present

I NpefiohOif @SRRI aldriher, Bhedd &Sa hddFof @tc@i%%ctﬁ%'m%gjs{ L}g{ém for
i ncl udi ng two netal |l ocene conpounds, &n

t east
ac Py t%g ﬁ@/elaoé bagachiy dranching (Ipﬁ@siérﬂE to levemepmopriate for
fu Eéshﬁc{p%)ﬁ@alti@ﬁseﬁlpﬂ & BHPE %g]ﬁ sﬁn%ef £ vRfeduci ng such a

catal yst conposition, p rization processes, and

pol ynmers produced therefrom The netall ocene 10
conmpounds are conbbPUMARYIORTHEEANVENTOON an al um num

al kyl conpound, and an ol efin nononer to produce a

pol yol efhnptgent hgertiopi gvnetally wikes ¢ubk antalysi @htposition including at

di g, ' ting pol.yners feature an
out sttaﬁg}i ng 113?%%0{30%;2#'“%457 PR ASEEG dnd & GFREK The present
gr éwektione8irbearetaes #d piobéssasator Yorodubigg Rabl HEEasalk QEGESion,

i na.. h i i h |1 ent
e BONAERLS s BT Bl AtootEL otRemos e metallocene

101 nvenpduads atehenibed Bl QGRRGr, CAMMIAHALS A8 co ?\l}\lgffit, &8 an

suc{é that the g)ol ynmers produced therefrom Have

di 8 ﬁﬁc‘lnP’?f’“&‘?rf ePENice ppelyelrr haginght shimGied whbletiier weight
MetRidbesaNeShe BSNBAADAI LQOL | ' tallocene
containing a esubs.,t i?he#grtsthfga%i}% ﬁ%:{lo%{é‘g‘%gg P EleTirg]frlﬁenoglSg%ﬂes‘s and
ol 8PV frackreseibagsiganep.g Iﬁ\dditibgailyl te polyeieghirodieap agt@fiding to the
AnBIteEE%E in%@glh%e&gelle%ilm Qctlstsrel%ghr.]er ally not bridged

and may

be 20 nore responsive hydr ogen than the

I5fjrst notaa¢drémenwith tireogtereaisingenkiony tRtwecHbtalloced®éd@Pounds are

co nt pf. the resin. Accordipng to one aspect, a

ca a%%gt Suc‘f% r%%stg‘f ip8§’m(‘?f)srrﬁrr° wge therefroua thaye g |distiapity different
conpleowial, wéigliec one offfieahdtALBNRs, RARAU Mot bridged metallocene
activat.or-support, and an organoal um num onpgunlg.

ThEO™AIHEs 2 subshitiest Bhk ncBidpon iermingd otefie, prodwagk a: hi@b molecular
( th@ﬁ@o%'m%))ﬁ@ﬁ%) (’XM&M meté‘qﬂfégrgér, Q’PFCTYI)iS %e?nlﬁa}ly Pg&ljridlggd and may be

cycl opent adi enyl , inden uor

20 £ | moteetssnonsizn P hydrogendhar( %@)firstr eetelbuvmes tpediubys Alow molecular
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di gLBs L ‘%y g group conprising one atom
bondgd to%%g%ﬁh% Slghd (X2), wherein the atomis

car bon f_mcosliiﬂgi to@ne agpett & sitalgstosinpdsitesht coffpribdd@ first metallocene
di éoﬁ%%ﬁh& utaed Cbr| dgi n%f)gr oup is an aliphatic or
aronat i ¢ gfodp R vi FUPFEm EO@BOUQ%L&“ @eﬂwr&&pm and an
at ogmoalbmieeotmube t TRUBMmALILOR Finpsiittal B8 mula:
bridging group is an P T R NP A
X)X R)YXNXIM;
wherein (X') is cyclopentadienyl, indenyl, or fluorenyl, (X?) is fluorenyl, and (X') and
(X?) are connected by a disubstituted bridging group comprising one atom bonded to
both (X') and (X?), wherein the atom is carbon or silicon. A first substituent of the
disubstituted bridging group is an aliphatic or aromatic group having from 1 to about
20 carbon atoms. A second substituent of the disubstituted bridging group is an
unsaturated aliphatic group having from 3 to about 10 carbon atoms. R! is H, an alkyl
group having from 1 to about 12 carbon atoms, or an aryl group having from 1 to

about 12 carbon atoms; (X°) and (X" are independently an aliphatic group, an



unsaturated aliphatic group having from3 to about 10
carbon atons. R is H, an alkyl group having from1

woQo@mawt7312 carbon atons, or an aryl group harCmgskeoens2590
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1 to about 12 carbon at ons;, (X3) and (X4) are
i ndependently an aliphatic dgroup, an WO 2007/ 024773
PCT/ US2006/ 032590 3 aronmatic group, a cyclic group, a

Comtuniytit | gosup0h FLliddhdlb,Ca adiebisateh ot aﬁﬁl@h‘ﬁ@%nd Qcl1ft gpups
derivative thereof, having from 1 to ‘about

substi tute g? %

20 SebsfiRid derigpye thireef Payimedom 14n @byt 20 satben gfomisf or a7 Helide;

figd Msupzlt bltxlmenfh Grst!

- )E/l oheny| er (ﬁj SFl?sggfgx;Hffﬁ?] %ﬁb@tﬁutgﬁ 'bggéﬂg%g% m%y bea

na}?h‘mﬂ/ Brogp.cu BYCIQJJIGXBéPhVBYIPgIbupg aoumthyt fepoup, sEL QAtRthyl group The

su d brid |n rou na

Qit:toié{}] 5?& glFL%Et BP ﬁle (Jhschl’é?%tute{l gr glﬁﬁ,gf% &\teny}/ group, a

gr @@pteny)\g@cm,d:ra@exﬂny]tg’m@ and ot her aspect S of t he

present ;i |nv ntlon the first netallocene can include,

but is ASET MG P efiis god othep epechi © % Kes pregent Hpvergon, the first
" Clmetallocéne cait incl8, Guts ot timited td: CHZ H3 "CHZ 10 ,a\d

,,JC  Zra\ f# %\ CCHH33 ~~Hz "",* CH3 WD

2007/ 024 US2006/ 032590

o N %

or a
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wOCHI7W32006/ 032590 5 cl /A M Zr-d Ph Zr- CPCD@B206/032590
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6 CLOCL M H-CIl Ph HH-CI Oo /C C M H-C Ph
H-CI OO/Ad C1 M H-CL Ph/ H-C 500 C1I M,

wOohkbo70@k778 "H -Cl Si 'Si 0 0 10 or any comnbi RETIUSB006/032590
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thereof. The second netal | ocene conmpound has the

formul a: (X5)(X6) (X )(X8)M;” wherein (X5) and (X6) are

i ndependently a cycl opent adi enyl, indenyl,

substituted cycl ope -.?: enyl or a substi t ndenyl ,
O

each substituent |" and 15 (X6) is 'mﬂendent Iy
selected froma | ook S

linear or br S £ER gr oup t heZ:
group or al keny Tt " nsubsti t y

substit yfed hstituent onAX g
from1l to about son at ons; are

i ndependently an alrTW¥hatic group, group, a
cyclic WD 2007/ 024773 PCT/4S2006/ 032590 7 group, sa
conbi nation of aliphatic and cyclic groups, or a
substituted derivative _thereof, having from1 t

about 20 carbon atong a halide, and M2 i35 or HE
According to this a '

invention, the ®me w&ﬁ@llocene can ippcl 4de

not limted to:




Zr f 500 G d zZr~Zr~ zZrlICl -1C s sCl \ C
Zr - Zr/ A 4 2r, pd "\pd CAO .o.. ZZr 10 ;

wo@0as77024773 PCT/ US2006/ 032590 8 CH3 Zr ~ €HB8/USkHB6/032590
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1-1 CHB Zr Zr CHB \CH3 \ | \ I \ CH2 Zr CH 2 cH2 ~
\cH2 2r~cH or any combination thereof. According to
this and other aspects of the present invention, the
ratio of the 5 first netall ocene conpound to the

second net al | ocenezsgppound may be from 1:10 to
about 10: 1. Acco‘[,cio ot her aspects e present
i nvention, fhe pa the first Pmet

conmpound to { secondnet al | ocAge cl,’_o bﬁer
from abou =k 1. Co

aspect st .-5.!&‘3’ imventi on, = t he
first metalloce ound to the seco Il ocene

compound nmay be

or any combination thereof,

The second metallocene compound has the formula:

K)EENEKIME

wherein (X°) and (X% are independently a cyclopentadienyl, indenyl,
substituted cyclopentadienyl or a substituted indenyl, each substituent on (X°) and
(X% is independently selected from a linear or branched alkyl group, or a linear or
branched alkenyl group, wherein the alkyl group or alkenyl group is unsubstituted or
substituted, any substituent on (X°) and (X% having from 1 to about 20 carbon atoms;

(X7) and (X%) are independently an aliphatic group, an aromatic group, a cyclic



According to this and other aspects of the present

i nvention, the activator- support may be a chemcally
wonReerieed773ol i d oxi de, a clay mneral, a pill aredTalsags/032590

an exfoliated clay, an exfoliated clay gelled into

anot her oxide matrix, a Iayéred silicate mneral, a

non-| ayered silicate mneral, a |ayered

al %fmqﬁ op !c{)ﬁlﬁﬁ%t?onnbp gﬁ;ﬁ'{aﬁc And! %Pcl?c.s#o sero(?da substituted derivative

alum™mosiTicate mneral, an af um Roxahe, a supporte

al thedeokame fram 1 t6 doiuz20ngrtiooriomsc arplelide) andv? is Zr or HE.

or ganobpron. co und, , o, any comnhi nation thereof. WO
2007 0T PRHCH T aish RUis5 ARG RE Rig B Afraecond
Cc ompralstandiGadnaMdebut S @oflingifdnsd: | nventi on may have the
formula: (R2)3AL; in which (R) is an aliphatic group
having fro s, In sone 5

i nst ances, , hexyl, or

thyl, prop

I sobutyl . ng to another ‘asQeet of the present
invention, a catagyst conposi tion \g¥hprises an

ansa- met gedrfe donpound, An~yakri dged net al | ocene
compou Act i vat or - sup and an or ganoal um num

o € ansa- net al | oCené onpound is: 10 " 0d
.,,,5CI z C; or a conbination thereof The unbri dged

nmetal |l ocene conpound is: R\ GQ"\C, Zr ZIIl:1/"'d;
or c Rnation th of rding te thj nd

ot her aspec f the present ntion, the i/ vat or -
support may bg fd uorided al um ng, «chlorided a qLaa,
bromi ded al uni/ha, sul fated alurffna, fluorided N
SierﬁK%ﬂiggjzé chlorid si Lyeas al um n br gry/ded
silica-alu , sulfated sil -al um na, j ded

silica-zirconia,_chlorided silica-zirconia, ded

.
> K
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20 silica-zirconia, sulfated silica-zirconia, a _
pillared clay, or any conbination thereof. According

woaeoya4dEBot her aspect of the present inventi ORCTAIS2006/032590
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catal yst conposition conprlses an ansa-netal | ocene
conmpound, an unbri dged met al¥l ocene conmpound, an
activator-support, and an organoal um num conpound. The
ansa- netall ocene conmpound is: 25 WO 2007/024773

PCT. 06/ 90 3
(~J3/) onbi nation t
netallocene h sﬁ&he formul a:
ca o/ of 3 a conbinatio

conbasthﬁgizg t he nt

a first | ocene €o a sec8nd et e

conpound, an activator-supp and at | east

organoalun1nun1conpound wherein: (a) the first ;
net al | ocene conpound is: 10 ,,ocl \/~[/~J~zZr" ~/ C

(b) t he second tall ocene is: _gQool zZr/ ~ "C 15 (¢)
he acii va port is sulff
or anval npo n

eyl al
or any combination thereof.

O/|:H3,..

t hereof . The cat KYst
enf*on y &hus rse

According to this and other aspects of the present invention, the ratio of the
first metallocene compound to the second metallocene compound may be from about
1:10 to about 10:1. According to other aspects of the present invention, the ratio of
the first metallocene compound to the second metallocene compound may be from
about 1:5 to about 5:1. According to yet other aspects of the present invention, the
ratio of the first metallocene compound to the second metallocene compound may be
from about 1:2 to about 2:1.

According to this and other aspects of the present invention, the activator-
support may be a chemically treated solid oxide, a clay mineral, a pillared clay, an
exfoliated clay, an exfoliated clay gelled into another oxide matrix, a layered silicate
mineral, a non-layered silicate mineral, a layered aluminosilicate mineral, a non-
layered aluminosilicate mineral, an aluminoxane, a supported aluminoxane, an

ionizing ionic compound, an organoboron compound, or any combination thereof.
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WO 2007/ 024773 PCT/ US2006/ 032590 11 The present

i nvention also contenplates a catal yst conposition
oangvoegi’ag a first netal |l ocene conpound, a sSeCcoDME2006/032590
net al | ocene conpound, an actj vator-support, and at

| east one organoal um num corfpound, wherei n: (a) t he

first netall ocene conpound is: 5 Ph pd ZzZr' ~f C

(b) thetge i 93 :

act vat or Sonearmiuh SEFREn Siedtlit e plentityBfopnas have e
or daH®H umi num conpound i s trlethylalun1nun1 The

present invention also cont hates a process for

pol ynerizing olefins in th résence of a catal yst
compwblchl(ﬁﬁ is Thelighatic g®sp boiqy free 10 @bt daftgntdi@ns. In some

SrotbiruAGEr ok yiers Dt bR PR ond. wher o the

cat al ysAceRdingsée bhddifer GEFERT 651BS pesBerd MSRn#i®t, Al Ja@GBNEomposition
dged netal | ocene .conpound,

ound, an unbrl an
2cEPURRSH 28 @piometalionsee shmromEh B ABF g5t metintprs Aeapound, an
ThectaRsds | pgeng &gmglﬂﬂl%umscomguﬁ@r Mh@: arsa-metallocene
(M)Osz(Xw(ﬂDMl wherei n (X)
cycPgpemdadii enyl , indenyl, or quorenyI (X2) is
fluorenyl, and (Xi) 20" and (X2) are connect ed by a
dlsubstltuted br|dg|ng gr oup conpr|5|ng one atom

\\\\c

atons. A seconthgubsttuent of the di sub t|tu@eﬁ'
[ [ Jﬁsaturated alip ordbp

havi ng frory =\ B . .
al kyl WD 2007/ 024773 PCT/ US2006/ 032590 12 group » Of
hawicngbiaigen thertalf. about 12 carbon atons, or an aryl

n r 1
group hﬁllel ur%ndggdt%etaﬁoocene compound is:

G@ \c| ©® Hf \cl
5 % , or

a combination thereof.

According to this and other aspects of the present invention, the activator-
support may be fluorided alumina, chlorided alumina, bromided alumina, sulfated
alumina, fluorided silica-alumina, chlorided silica-alumina, bromided silica-alumina,
sulfated silica-alumina, fluorided silica-zirconia, chlorided silica-zirconia, bromided
silica-zirconia, sulfated silica-zirconia, a pillared clay, or any combination thereof.

According to yet another aspect of the present invention, a catalyst
composition comprises an ansa-metallocene compound, an unbridged metallocene

compound, an activator-support, and an organoaluminum compound. The ansa-

metallocene compound is:



about 12 carbon atons; (X3) and (X4) are independently
a halide; and M is Zr or HE The unbridged

worbt@lewene has the formul a: (X5) (X6) ( X7) ( X$) PRT/US2006/032590
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wherein (X) and (X6) are |ndependently a
cycl opent adi enyl, indenyl, 10substituted
cycl opent adi enyl or a substltuted |ndenyl each
substituent an (X5) and (X6) i ndently
sel ectedd | i pgar or branche (%~‘ G
[ | ' | cenyl group,\uhecyin tlhe al kyl
unsubstltutee—4

group or al ken

substituteg ) ent on (X avin
from1l to apat 0-%Qr bon at ons; ' ihg ('X8) are
i ndepengent[ly # 91 i de, and M2 e present
|nvent|o &¥” cont enpl at es produonng
a catal osition conprising contacting a first
rmﬁ%@%& Eggound a second netallocene conpound,

an act n\hahﬁlsn@@@ﬁ@fauocea@ﬂasaﬁe fof@gi: one organoal um num
conpound. The first netall ocene conpound has the

formula: 15 (X)) 2F N X3) (X4) M |
cycl opent adi enyl , (ﬂ or fluoren ‘&’

IS

fluorenyl, and (X) 4 X2) are connectes CIa

dlsubstltuted bri dgi ng up conprising on tom
, Wherg i's

bonded to both &R
carbon or silicQ A X
di substituted bridgi ng group €onpri S€s an aliptfitic or
arggﬁﬁh&ﬂgﬁg% paving from1l 20 to about 20 carbon

at ons. second substituent of the disubstituted

bri dgi ﬁ@‘leglatﬁllbpt p@npcamoumi dheupraseatiingbitiphandycthys eerpprise a first
haying from 3 to;about L '

o) KRBt PRt P e RbR o Bb R, affost ol bupBfie g
anleadt phe @zaioplubtminn gorfoand, Iwheeein:about 12 car bon at ons;
(X3) and (X4 nde dently are .a halide; and ML is Zr

or Tk sé% Wg?ﬁ?PﬁE@ WSt he formula: 25
(X5)(X6)(X7)(X8)NQ, wherein (X5) and (X6) are

i ndependently sel ected frgma cycl opent adi enyl ,

i ndenyl, substituted s ent adienyl or a substituted

i ndenyl , each substitgen )N and (X6) is

i ndependently sel ected from\g branched al kyl
group, or a linear or group, wherein

t he al kyl group or al ken )
30 substituted, any fi on” (X5) and (X6)
having from 1l to abou pon atons;. and, (X7) and
(X8) independently are a halide, and Nﬁ is Zr or HE
The present invention further contenplates a pol yner
or copo& mer

\l\\\cke y
nsubstituted or

th® gecond metallocene is:

(© the activator-support is sulfated alumina; and

(d)  the organoaluminum compound is triethylaluminum.



et hyl ene characterized by a HLM of from about 0.5 to
about 25, a polyner density of WO 2007/ 024773

WOeQaH71W32006/ 032590 13 from about 0.920 to aboBCTWSY®E/032590
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and a pol ydi spersity of fro?Labout 3.0 to about 30.

The pol yner or copol yner of “et hyl ene may be

characterized further by a weight average nol ecul ar

wei ght L& ﬁfe@é'nt ﬁrﬂ@ffhcﬁbﬁ%t coﬁ%m?@a@es alBIRP LY, 511:9)F1 comprising a

copol yner of ethylene may be characterize

f ufirsianetgdipcencpmpovad, yeseggndanetpllachrzencoapound, @ acBvator-support,

ho D vention al ntenpl ates a
%ﬁ%@#&%ﬁng %%ﬁ éluﬁpu?“mhﬁowgkggm%%aracterized by an

HLM of (dr onnha!ﬁmutne&llacehec@immhd k5, a polymer density

of from about 0.935 to about 0.960, and a

pol ydi spersity of from about 5.0 to about 30. The

pol ymer or copol ymer ry| ene may be characteri zed

further by a weight !‘ ohecul ar wei ght

of ethylene nay be characte' G further by a
PENT val ue greater than *a mNThr pr esent

i nvention further conte 5 bﬂlyner or copol yner
of ethylene characteyjz c@ii HLM of from about 4.0

to about 10, a pol yner denS|t of fromabout 0.940 to

about 0.955, and a polyd|sperS|ty of fromabout 6.0 to

about 25. 15 The pol yner or copol yner of ethyl ene may

be char Bt erthg sgondimetaBecepsisan average ol ecul ar

wei ght greater than about 200, 0 The pol yner or

copol ymer of ethylene nay haracterized stil

further by a PENT value of g t han about 500

hours. A nethod of making a PE- @mplpe is also

enconpassed by the presept @ The net hod

i ncl udes extruding the p er)or copolyner in a

nolten state 20 through s-die to formthe PE-100 pipe

and cool i pe. Additionally, a PE-100 pipe

conprls‘%g t %aﬁ & ﬁ@fpeﬁﬁﬁﬁgﬁ??ﬁ@Fm@fMFMe present

i nvent i L) | Sthe erhesilshed coﬁﬁﬂu%ﬁ &Eé%ﬁhﬁyug}h OF THE

FIGURES 25 FIG 1 presents gel perneation

c hr omat B¢ BistRRt EYeRton afsorcomgmplates afprocassdford polymérizing olefins in
ng, t

| ve tr?SgI‘;fce c’ff %\gaggpr 2@3 %1811]1 ’ghe ﬁo%egsg o %%gsn con‘ﬁltctmg the catalyst

di QDllﬂpfhﬁmqno witandt tiéwet Shortype lvdi slefirb rmxmomerl gmder polymerization

S: é{)lgdl s, Vgllg]eré #57 %{ﬁ&“fﬁ%ﬁ?ét?%é%ﬁlgﬁge% |§g Ezm\ﬁzgragth]lc&ene compound,
aceon _rudbﬂ'il@eﬂ Ondtilbcﬁfe&&ﬁfpbuﬂm Ve Atiabr-suipRrtSeR e sigaN@Siminum

run I n
compound. The ansa-metallocene compound has the formula:

EHERLHEOEIM';
wherein (Xl) is cyclopentadienyl, indenyl, or fluorenyl, (XZ) is fluorenyl, and (Xl)

and (X?) are connected by a disubstituted bridging group comprising one atom bonded
to both (X') and (X?), wherein the atom is carbon or silicon. A first substituent of the
disubstituted bridging group is an aliphatic or aromatic group having from 1 to about
20 carbon atoms. A second substituent of the disubstituted bridging group is an
unsaturated aliphatic group having from 3 to about 10 carbon atoms. R'is H, an alkyl
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PCT/ US2006/ 032590 14 To define nore clearly the terns
wozedt/oher7ei n, the follow ng definitions are ppraviusews/032590

To the extent that any definition or usage provided by

any docunent incorporated her ei n by reference

conflicts with the definition or usage provided

her : iynd,t r Iy

herghfd nab g Ak | mgrahr%eﬁ} £ caRA% R0, QY Wfi &1 B! fhving from 1 10

hombt (19 rerben ompr(X3) amg (X tabpyihdapendanidly athpbd;yflmml 6fZr or Hf.

et hyl en ol ef.i ni,c nomer ol ymer" is

alsg uszggﬂﬁwﬁgghsod#ggﬁ aSﬂwf%P§nérs and copol yners

of any olefln mononer  dkyetys@dxherei n. The term

"cocat al | s.use eraII herein to refer to

>or ganoa 1ﬁn‘g @fgﬂ Jfh s‘n RERIHLY, ac&ﬁ@??%“uﬂdéenﬂn emdenyl

C ORI Wclobbxﬁacﬁéiyﬁ'oyitsuﬁm% intdblﬁll‘ cachdibdiibRRAbA YXS) and
‘cogatal yst” refers to the optional conponents of th

cat(%‘il)ylé idepedlyi selested; fran adinpay or @mnchﬂs& alkyl rereup ot @, linear or
a

o e o e A RO s gt o
herS@?Sﬁtuteﬂh eyt substituent oe 6% abuyt(tX ) hﬂafwgifemmi éalalioay 20 chrlgsisatoms;

oo VS IR PSR 0 32,

I n one thopx(et;enoinvbiitlcﬁl ﬁltthBrelﬁtblﬁpﬂateﬁ B@rdcedshfor producing a catalyst
is.used to distinguish that conmponent of

(O BRR s comBERosrorR6iPa oriitin SepRPEEEREnd, o sccond

C O fedllid Ebne T&tﬁnﬁo@ﬁd{n arl |dVRR1G508, RAA 0N CANPANGrcahiluminum
used herein wi.ith its ordinary neaning to refer to

ne GPFRTUNEo AP Hifhaestloceprcqmenorndhes thetfyanyler m
15" f1uoroorgano 20 bora;@xgpﬁQRxgﬁKgghso has its usua
meaning tq refer to the nonoani salts of a
f | u\tbne@a)r Eahis cpdersatadisnpoudenybfor flnaedybr(®) is ﬂuorenyl and (X" and
o S5 oot vy YBEIR il AROERE Do 2 ampiRG PROTR banird o

f | boﬂld&{r])gzmquzb ovhatetn the Apew fidarbdh @r t¥ipbic ahl ﬂfstfsﬁf)ﬁftﬁe%ﬂof the
compounds™

t anobor o by
G RSP ee Bowb i atecs A i Fal of 5Tt speipfeving from 1

20" pressnt Zré2bn A13nd. UK 8edofid Yb8EuAR bR diAbdRGEd bitid: group is
first mxture of @~ catal yst conponents that are

coft 4B1eBgatrbplinkatiy gropp b@flﬁl&)&%ﬁ tojahputgdj cgrbopatanise R' is H, an
fiard dgrﬂﬁﬁ(ﬁéﬂr% Rk D% érb%ﬁijZtéarﬁcoﬁ AR, or&gsﬂ'ﬁ %‘f&lﬁ%&\ﬁgg &h 110

second m'xture of cg:\ta 4 L.
about 12 carbon atoms; (X°) and (X") independently are a halide; and M! is Zr or Hf.

The second metallocene has the formula:
25 X))
wherein (X°) and (X%) are independently selected from a cyclopentadienyl,
indenyl, substituted cyclopentadienyl or a substituted indenyl, each substituent on (X%
and (X°) is independently selected from a linear or branched alkyl group, or a linear or
branched alkenyl group, wherein the alkyl group or alkenyl group is unsubstituted or
30 substituted, any substituent on (X°) and (X% having from 1 to about 20 carbon atoms;
and, (X") and (X®) independently are a halide, and M is Zr or Hf,
The present invention further contemplates a polymer or copolymer of

ethylene characterized by a HLMI of from about 0.5 to about 25, a polymer density of



conponents that are contacted for a second period of

time. Typically, the precontacted m xture describes a
woizpanmer76f net al | ocene conpound (or conpoundsPCTR82006/032590

ol ef i n nmonomer, and organoal um num conpound (or

conmpounds), before this m xtlire is contacted with the

activator-support and optional additional

or i T, : C '

Co o I B 1 B R Rt RohaBploR 1 65 20,

pr ilbe pobymes or opélngen piectbylemomentbs dharattugzed efucthet, by a weight

po t ] r 2007/ 024773
Pé&%dﬁ@%‘g@‘"’igléﬁw eaiel W ?’H‘éﬁ %?boﬁhi@eipﬁm i°% {oRpkgmer of
oc ethyleon alaly yoedihafattegredsdillbfattie ey APENTPRANRNEredi&edan hifbut 10
sPr gar e the precontacted m xture and that conponent
af 8>t he mixture has been prepared. For exanple,
accor di Tge pRsdnbirfreft@sCildonidn@hpldtds a SolRAG Qbﬁmﬁﬁ& dfhylene
pr e{:ont act ed organoal um num conpound, once it 1S
coffaptaehPy An tHMeft figon abquha-Oxfo ghepttlfea pplgmpidensity of from
NDRBER 0,935 G AAYIB0 VERGHhEY PoBdlsPerTtAlr fRRTEouPED to about 30. The
di fferent chem cal ‘conpound, formnulation, or
st Palymgr er gapelymehef ethglenavory be garesterioed funtherclynpoeigtt average
us dm xture. In this
1003 iR ERR! Gkl SSETLROORT T HONPEonsBuitingrot civiens
c omp he nharacteridted till fagherds aPENIT vahielp@eaddd than about 30.
or ganoal.um num conpound .t hat was used to prepare the
pr econt i@f‘t é’&es‘ra‘ﬂ?tx{ngp’gl.onl@r%fﬂiﬁc?‘ﬁ?m atey 1o PRlMRY or copolymer of

" pesiyrantiaedcegzedbyd HLBI oS fiv@edohtaPboRbsR 10858411:8& Rnsity of
se%&%nd ni xtérre of catal yst conponents that are
comfodabent §-

340 to agg%%ﬁpéqq peelydispersite of Fam abaet 6.0 to about 25.
15C0Mm$E ibRRE 0P bop¥iintd Jf %tl‘l;yna%e 1ﬁ§%oﬁﬁﬁ%ﬁ%d Rfind l{ysi(? average
Iy np t hat cte

m xture of catalyst components were conta

f omodeciilay weighiegreatel thin abons20009pi h¢ belymethe copolpmer of ethylene

"p " [ d.herein to descri

R REhE e M hHAG y s AN BB st BpERRAL s W hours

mononer A thbthod gdnoadingra B @0 pipe s dsoa¢idompassed by the present

ch(ier\r/iel(l:tacl I Y Lre t:ad io({i d oxide Eﬂcp med from i

contacting ¢t ﬁnée%ﬁ’ SRBHeE EF B e RRTENGOT SORPOFRST diha Brolten state
20t h@seugheriionasing theiPER 08hpe a8 dbdling Bl pigonponent s added

to make up .the postcontacted m xture. Generally, the

addi t | oﬁgﬂ%tlmoﬁé)rﬁ’l%a@ OBIHERS thfppeliiaer or copolymer of the

POSELARiAEHRA i EothdiBatb® the chemically- treated solid
oxi de, and, optionally, may include an organoal um num

conpound the 20 sane or different fromthe

or ganoal um num c}?ﬁ% lﬁ@sdiﬁ? rﬁ%alg Lﬁ&%
precont acted m Xtur g, as eglcdrl\l?gg er@i .
25Accor di Bkl peseing dehp@nichtiom diteymatd gsaphy 0G&asiod Rahd ¥, 5, and 12

di %fi%na%éjies bet %/\?gen a .corrpgnent used to prepare the

post &8 PAE T PLr PR 2P pr g odhs PSS BBYARNt after the

M Xt ur eFl@s2bpegenir eRab@bcular weight distribution and the short chain
branching distribution (SCB) across the molecular weight distribution for Run 14 of
Example 3, prepared according to the present invention. The SCB test was run in

30  duplicate.

DEFINITIONS



The term "netal | ocene”, as used herein, describes a

conpound conprising two 25 rl 5-cycl oal kadi enyl -type
woi2gemuds778n t he nol ecul e. Thus, the netal | oceneeTais2006/032590

this invention are bis(rl5-cyclopentadienyl-type

| i gand) conpounds, wher ei n ¥he rl 5- cycl oal kadi enyl

portions include cyclopentadienyl l'i gands, i ndenyl
l'i gand |
partial 1y $ %t%ur a ecéealﬂ&gc gest It ut ed&] %er?lgg?llld\yglgé HSHons are

anpiogigsd. dfo &myexmént tﬂlmegmy defsisioloe uw@sprohd@bys am;n document

these i ds .i dro e ef.ore .t he

e SEPREIG St [HTERY SBRETaT I b ARERURR or segeppigvided
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saturated indenyl, stituted partially saturated
f | alee apsd hergingtot lneam haveopolymezonns eapatymers of e olgfin monomer
20 @&g%é%&%lPCT/U82006/032590 16 metal | ocene is

erred to sinply as the "catalyst”, in nmuch the sane
vvay t heThegterm “Cocatelybtilisystd gémsrallg edrei'metb e¢for tbohe @p@toatuminum

the or gano m_num co und. Unl ess erw s o
10 pERr B o i) FORIHG 2% COIRETES e e ceppositon
f ondeiyichaRe rftcadita&ﬂsw ;refetsndo fiBE  bitdasty |com§d$t@nﬁ§| of fé catalyst
fl uoreny| e terns | yst conposition”
ca?lam%ionmlsém% 1 FRFHE 19 RETHEOTEE OBEEpRE T fRFRPOUNds,

t hergdfdzRl coRlp@fiti! of 8RNk lidtEc ESRIubME o RLIBEH Hefein. The term
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15t h@henﬁ!:éf'll rﬂl&ﬂgﬁlﬁﬁ) & t\@i'll)fl‘?"ihe (tolilr&oﬂﬁa& ﬁ'!a&r %‘B@xﬁfe CRMMRUARact of this

i'n nononer used to a precontacte
m xtventen, de ttﬂne“@hﬁmtysiaﬁsl qsed tce«’tlkteigursh) thad caxpahentafitier catalyst
cogqnn % the @_ t@ qponents Therefore, the terns
"catary g PyefelRecne cmpod st i xt ure”, and the

| i ke mayhd tbﬁhhl.fdﬁlohﬁté'an@ doenogapemss & @@@Dﬁd&rbﬂnoﬁﬁh /B drdinary
honngenous conp05|t|ons vae term "hydrocarbyl" is

us SRS & releologsattl SPrpowsigr S iy Bom Faui dis gmofproroorgano

20t N@bratenhnipdesd” duét hdsﬁtsﬁﬁﬁallrﬁéﬁlﬁlg% Eé?e%)fhe mBhdalonic salts of a
cycl oal kyl', al kenyl , ({cloa cl oal kadi enyl ,

al Kyprpprgang hptey| compernck ehifie, foan a{WsPﬁi/ BY dndvhetre Y| fekessents a
an@lubrﬂﬁltéﬂd(ﬁrgarﬁé ! ou%:5 Isolftb%héfe'iﬁéhﬁqb ’ﬂu&%‘%&t&g ggfﬁkeﬂd ﬂuoroorgano

ranc nea et er oat om substituted derivat
t hép@to;fcom@hmdsarermpibdbmwfeuad l(yGCﬂlﬁGIa/Bb’d)YS‘iDtgadohmmrd@h‘,lpounds”

X|de actd vat or - support" "acidic
acg%bg oFr%@neaStecmn%Xt?qyﬁ?or support", "treated
25sol i d OThfderrﬁ O‘pmoomﬁ;ted”mxtuﬁd BTbed hedeih ko dsOHibe, a ﬁﬁdnﬁ;&@re of

like are used herein to indicate a solid, .inorgani
oxCfjalygs components that are contacted for a first period 'of time prior to the first
mixture being used to form a “postcontacted” or second mixture of catalyst
components that are contacted for a second period of time. Typically, the
precontacted mixture describes a mixture of metallocene compound (or compounds),
30 olefin monomer, and organoaluminum compound (or compounds), before this mixture
is contacted with the activator-support and optional additional organoaluminum

compound. Thus, precontacted describes components that are used to contact each

other, but prior to contacting the components in the second, postcontacted mixture.
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typically an anion, and which is calcined. The
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which m onne. t. 4
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P e R AR Y T T effenerally, the
N&/381113na1 20N pSRACERAE] B fHlicd W ﬁe BE&SEHRE miRhRDis the chemically-

enconpasses PRI conf or mat i onal | soners, regioisoners,

artbatetl spbdbsideEmd, offtmnallyl Gragryclede) aneorgamephiainyay eqrenpuad the
oreBipeS BEkG BES e QPR Rl LHEOME SRR propare e
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forns, xtures of s eo ners

comrasaty SireaR: DICPLT AT BESER BrPeRe e ! Contacted
| NWERNES 6N (i@ oRb8Sanifidr éaikiuehas Sedli preatedd general |y

to new catal yst conpogitions, methods for preparin

cat al yskhedep srstalioss areaddaEsITs descriaes ﬁgomﬁ@méép@w%?g two
COﬁﬁg&g otafkgﬁén}}i-%lpe ligands in the molecule. Thus, the metallocenes of this

invention are bis(n’-cyclopentadienyl-type ligand) compounds, wherein the n’-
cycloalkadienyl portions include cyclopentadienyl ligands, indenyl ligands, fluorenyl
ligands, and the like, including partially saturated or substituted derivatives or analogs
of any of these. Possible substituents on these ligands include hydrogen, therefore the
description “substituted derivatives thereof” in this invention comprises partially
saturated ligands such as tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl,
partially saturated indenyl, partially saturated fluorenyl, substituted partially saturated
indenyl, substituted partially saturated fluorenyl, and the like. In some contexts, the
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CORRAE LR oA, P TRERTE R TR o
25 copprenenad with at lzasdt on@tlertrosithdratyingdnibrasoure g&ﬁ@cﬁind.ml“gélﬁlly,

. 1h t tion is further directec )
£ o P3RBT rlBrsh P e e e oxide

t heongolyd| €hé REms “support” and “activator-support” are not used to imply these

components are inert, and such components should not be construed as an inert
component of the catalyst composition.

30 Although any methods, devices, and materials similar or equivalent to those
described herein can be used in the practice or testing of the invention, the typical

methods, devices and materials are herein described.
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15an ansa- et al heEANSISAIRERIMIORY gzh@vﬁﬁ&f@iha:
(XZR 2) (X3) qu4)M; wher ei n
Cyg%%EQWh@IV@HVP is dlippgted generaly tb Inerw catalykt; co(n:pﬁsxtlors methods for
n re.co ect
dl su st t%attﬁﬁéé@ oﬁlgéﬁm{g g]glg}?(@ £ ?lm% Eﬂe 8?1% Ve %{)(mlposmons to
bopelEdenizg obtfmh, th@@smmpbljrﬁ@*)zpd u\hﬁtﬁe latil!;lﬂs ahdiReppe comprising

con erein a first substltuent of the
dlaglg%r}esq u it e glag:lgﬁapﬁﬁe&b Bwergﬁxﬁrr? gi'g%toat}?w %ﬂt&}hﬁh g@mRositions
20 or arglr owibd< of) m@mg snet icitglyétr @MpbsitiOnsARPO EﬂrmZ?Ql @lémnhavmg an
ubstituent of the disubstituted

ST R
haditdagd fté @Blysletify Ao l@@pl?@ﬁm 2t QBenRbalheedr sAfness and

al kyl group having from1
slow crack growth resistance. Resin that can be employed to produce both small

diameter (1 inch to 12 inches in diameter) and large diameter (greater than 12 inches

25 in diameter) PE-100 pipe is described in U.S. Patent Application Pub. No.

2003/0199648 Al (U.S. Patent Application No. 10/373,648), published October 23,
2003, which is incorporated herein by reference in its entirety.

The catalyst composition includes at least two metallocenes. The first

metallocene is used to produce a high molecular weight component, and is generally a

30 tightly bridged metallocene containing a substituent that includes a terminal olefin.

The second metallocene, used to produce the low molecular weight component, is

generally not bridged and is more responsive to hydrogen than the first metallocene.

The metallocenes are' combined with a solid activator, an aluminum alkyl compound,



about 12 carbon atonms, or an aryl group having from1

to about 12 carbon atons; (X3) and (X4) independently
waney7a2é@EBi de; and ML is Zr or HE The first suBemiuSm6n32590

of the disubstituted bridgipng group may be a phenyl

group, a cycl ohexyl phenyl 5 oup, a naphthyl group, or

a nethyl group. The second 15 substituent of the

disubst bibsh ecbrdded® Pbddéd R dRYed BinfdAUHSIPMLAL Q' Bas Been

pentenyl group, or a hexenyl group. According to yet

arthichearechihpleibe biohetefeseps entrdyst sysieneeftthopresquhinveitiogprovides a

ek of @g{qﬁm{,@g@g@ﬁg@g SRR SRR 40 L3 %@ growth

c yredigpent sadhemyih | ;1s duftabénfol blomngfﬂlmofoemyig,a 11)é2)md ® forth.

fl uoren ) ) nnected by a .. .
b oo tTEtlg s orh gk B nE SR RER FlicRye SaPositipp of matter is
bgieded. t oTROthnfositioanthclnded) 2 ML medtdllobdiR edmPBuhsd, a second
carbon or silicon; wherein a first substltuent of the

dli BEBHICPRS, FEBPBIRL.A AEGIOESEPPEBNAR SR LraaoaluyH, pqrgpound.
OF A QORIRY ootk Qéﬁ@ctlé] 3 1%9565{ igPentiod i% BROBA 1020ca8AYsP Bposition,
atons; a second stituent of the disubstituted

bra d@almj WPOPeptiPE f@npqlm%:tzmgaolefémalau peihed of grepepng a catalyst

o PR o, SRR O, Bl 0 3 Bt o

()@11):ompa$apg radﬁrst hgptaaiocesna chiabowhd; aaacbni metsllQZBneoponhi’@und an

0 aspect f t he ese ven
S lebe o, P b STty OB arstfen
megirthe cﬁrebﬂa&ﬁky b n@pti@dfor Broitingoptayold ik eny |p1}:@[ mﬂ)t,he @oly&l@ﬁns
naphthyl ou 5 or a methyl group. According to
HEWFE% theeliPe present invention, the second
15 SUJQst | LRl st orh BRitin SR onigbnhts br | dgi ng group may be

a butenyl” group, a pentenyl group, or a hexenyl
group. W© Reeny ioPATion isPlirpLies 20 @ GrBlysIFDmposiiorseeprising a first
e

e e e SR,
acmgmd:almenum témpdvad.pibs Brst metallannd pmques: h bigh mddertlanweight

: ~ I
L Iorrp tt eagld 18 gener%lly él %ghtgl bridgeZJ m&'glllocél‘%hcogg%g apsrlllbstituent that
KGR

20  includes a terminal olefin. The second metallocene, used to produce the low
molecular weight component, is generally not bridged and is more responsive to
hydrogen than the first metallocene. The combination of metallocenes is used with an
activator-support and an organoaluminum compound to form polyolefins having an
excellent balance of stiffness and slow crack growth resistance.

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

30  more than one organoaluminum compound is also contemplated.

1. The Metallocene Compounds

(a) The First Metallocene Compound



I I s ~1 zZr'G HC d | I A cp><C H10 or

any conbi nation thereof. WO 2007/ 024773

wOCHI7W32006/ 032590 21 Additional exanpl es of PCT/US2006/032590
net al | ocene conpounds that may be suitable for use as
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15

20

25

30

the first nmetall ocene conpolthd in accordance with the

present invention include, but are not limted to:

Zr nACH3 0 ) ) 5 : A

£ 55050 v, 1y Ry SR ) 9 e
Cl convimurid isCGin drku-mietallbcencanmpMin @B (R4 BHriBula;

PCT/ US2006/ 032590

XHERHE)EHM';

wherein (X}) is cyclopentadienyl, indenyl, or fluorenyl; (X?) is fluorenyl; and
(X') and (X?) are connected by a disubstituted bridging group comprising one atom
bonded to both (X') and (X?), wherein the atom is carbon or silicon;

wherein a first substituent of the disubstituted bridging group comprises an
aliphatic or aromatic group having from 1 to about 20 carbon atoms; a second
substituent of the disubstituted bridging group is an unsaturated aliphatic group
having from 3 to about 10 carbon atoms; R! is H, an alkyl group having from 1 to
about 12 carbon atoms, or an aryl group having from 1 to about 12 carbon atoms; (X°)
and (X”) independently are a halide; and M' is Zr or Hf,

The first substituent of the disubstituted bridging group may be a phenyl
group, a cyclohexylphenyl group, a naphthyl group, or a methyl group. The second
substituent of the disubstituted bridging group may be a butenyl group, a pentenyl
group, or a hexenyl group.

According to yet another aspect of the present invention, the first metallocene
is an a71sﬁ—metallocene compound having the formula:

XHER)ENXOM';

wherein (X') is cyclopentadienyl, indenyl, or fluorenyl; (X?) is fluorenyl; (X')
and (X?) are connected by a disubstituted bridging group comprising one atom bonded
to both (X') and (X?), wherein the atom is carbon or silicon;

wherein a first substituent of the disubstituted bridging group comprises an
aliphatic or aromatic group having from 1 to about 20 carbon atoms; a second
substituent of the disubstituted bridging group is an unsaturated aliphatic group
having from 3 to about 6 carbon atoms; R' is an alkyl group having from 1 to about 4
carbon atoms; (X°) and (X4) independently are a halide; and M' is Zr or Hf,

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



22 O-Cl C1 M Zr-d Ph Zr-Cl CL C M Zr_Cl Ph Zr

ad OO0 od M -ZrCl M, , O'Zrcd si Si 5040
w0 28/0Ck773Me Hf -C Ph HF-Cl O Cd ' C M Hf - CPCPhS2006/032590

Hf-CI 5d d M H -d PhH - O~O0O Oo0 W

2007/ 024773 PCT/ US2006/ 0325 23 ~0 MwO1l:J CC1

Mw OQOH 'O ~~ o Oor any conbination thereof.

Furthers@ﬁ@gﬁ s

suitabl e for S?Z ggnﬁ%m%nrgg&ﬁﬁ%@g oce%zbé&%bln?%us%as the

ac {51 dnstrdlecemie cpmperndn egrordianceswitnihe present 1mwnhmdmclubu tbut are

ar @of@hitdditgi ted to, those provided in U S Patent No.

5,571, 830

Zl'"“\CI

@/ e

or any combination thereof.
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to Alt et al., incorporated by reference hereinin its

entirety. General preparative nethods for formng
woydroearByl - substituted netal | ocenes by subst PCEUS206/032590

reacti ons, such as alkylat%ﬂg or arylating a

hal i de- substituted or al koxfde-substituted

nmet al | ocene, can be found in a various references,

i ncl udi RGc?lm&@a‘}%%m 1ds Q'@é'

2001, 123, 3520: Mar O%et.alﬁc?@ compotd L md 6epig6 for use

25 2s . firgipeiallocene compogndinrasaestatics v, the @BSent 2iventichGiBglude,

ea i ncorporated herein by reference, in

|t§ngﬁ%?¥2?§gd(g) The Second Metal | ocene Conpound In

accordance with the present invention, the second

net al | ocengl cogpound is 15 an unh netallocene

conpound havi he formul a: (X5) (X6 ;
wherein ( are i ndependent :

cycl opent genyl , substi

cycl opent at Ubst i t ut ed YaOeY §
substituent on \X5)N\ahd> (X6) is i ndepe ehtC

| i near or d al’®yl group, or—-a | g

branched 20 group, wherei Zﬁ;proup or

al kenyl group is unsubstituted or substitu any

substituent on (X5) and (X6) having from1 to aboyt 20

carbon atons; (X7) and (X8) independently are a

halide; and M2 is Zr or Hf . Exanples of netall ocene

conmpounds that may be suitable for use as the second
: ' c t he present

WO

i nventi on ~a¢
2007/024773 é?




10 oopd ,ntl ~cl zZrA Zr_C Zr~cl ZrCH3 CH3 3 CH3

\CH3 Z'--CH Zr 3 CH3 WD 2007/024773 PCT/ US2006/ 032590
Wa30@WZ4GE2 z 2 2r~C Zr CH Zr~-CH ; . 5 or aR¢T/US2006/032590

conbi nati on thereof. Exanpl of metal |l ocene conmpounds

that may be suitable for usé as the second

net al | ocene conpound in accordance with the present

invention includs7 but are not limted to,

provided in &1 et al., J. ]I!’ sis A
ChenicaH%(Zoﬁ”f‘i @8 (1-2), 105-113; Thor ’-of%t al .,

Cheni stry, 302) 134- 148:
whi ch are incor ted:by reference herein ;

entirety. In thisapyd other aspects of the presgnt
i nvention, the dA/Qcof the first netaIIOo@ﬁE?

conmpound t®etfre sedﬁhﬂ met al | ocene conpouNd—TIE /Be
from about—1/10 bout 10:1. In yet/~qt hey

firs npound to
conmpound may b about 1:5
ot her aspects
the first net
net al | ocene Qﬁﬁﬂound may be from about

2:1. 2Q 2. [THE Bf
enco ‘sgs et G
A



activator-support conprising a chemcally-treated

solid oxide. Alternatively, the activator-support my
woanvies®3a clay mneral, a pillared clay, an PCT/US2006/032590

exfoliated clay, an exfoliated clay gelled into

anot her oxide matrix, a layered silicate mneral, a

non 25 |l ayered silicate mneral, a |ayered

alum nosilicate mneral, a #on-I|ayered

alum nosilicate mneral, or any conbination thereof,

or a supported alum noxane. WO 2007/024773

PCT/ US2006/ 032% D),

oxi de exhi bi @ hanced acidity as conpageg

A =Em

correspondi ng=aRAr eat ed sol i d oxi de conpopsd
cheni ca¥éy - ‘\;r-}. i &

of cocatalysts, it is not necessary to elimnate

B R RN R T

evidahble fonutdes thenieneedliashd Yohpobudd i€ atRdkdkBbe with the present
osi t Iigﬁu s. a whol as conpared to_a catal yst

5 e oBBRIT BTSSR AT PHITHiRE 16 PISE RISBIR iU s P Fleditia) 5,571,850

sold Altostille incbPABN&T by kdferbioe HRENA &Y &6 chitdly. t BEneral preparative
chem cal ly-treated solid oxide can function as an

actiePato T fewEne trdregreutsbted cectdiocerss dy gubmiitionireastions,
cogRAuRg, ARl OSANERafirYf %ﬁ@%ﬁﬁé&%sﬁtﬁt?@’??# nﬁg%x- L substijuted

i oni zi ng 1 oni c conp em ca rea
ox ingtallpgepe,conhei foendain 4 eadus cfeeses, iinchakingl Basdet, Jalvedet.al. J.

Wi t | east e - W thdr awi api o Wi | e

10, ofqgli ﬁgzeenﬁ ’hig 2@(}’ 62}’ E%%(L %Ear%%% trt géﬁf'o&?@g\/\#ﬂg qg?%@éﬂgh Marks,
i t Ti 3. Degdnementiiicha2ome] eat MEs8t oafh bheneal ik dnephFRenbRin by
an iS el ectron-w t hdrawi ng conponent augnents or
enfFAATES PHECHEFYi ty of the oxide. Thus, either the

act i vat @y - SUmRQGedon@MiRickSelc@WpsRf Bronsted acidity
that is typically greater than the Lewis or Bronsted

aci d stPepeprdpnes Withédhemesertdnvention heceentid destallprentelvempound is
15 achid Yidkabe r r. of acid sites

o e AR R By BORE mWIREL DT &L ot hod

to quantify the acidityCSixbiectia;cal | y-treated and

nt r eat | jgb, 20 i,le materials js b onparj ng th
ol y ey AT oS Ao t1e ke o ehaprh S oty madent, ‘infony,

pol yneri za

unsubeidttied cgxibptesadisngiesr fQulhtiteddanyasT &asiUs@Ment ohNEC) and

cherg calé%-t efilte? solid oxide of this invention is

f P W tF TBASRERERIY & FRgPT SEATGIEG R arateups 81 4 BRcg pfeanched alkeny!
20 ex o, tvehekdivie ARY DirGupQdr alﬁieﬁ?lsér EQingl}b%t'tkﬁgela%g's%stiﬁRgd, any

has a relatively high porosity. The so |é oxide Is

c hBRsiEant pot(Koaand X havingrfram &de plomyt 20 carbon atoms; (X7) and (X°)

independently are a halide; and M? is Zr or Hf,
Examples of metallocene compounds that may be suitable for use as the

second metallocene compound in accordance with the present invention include, but

25  are not limited to:



25 wi t hdrawi ng conponent, typically an

el ectron-w t hdrawi ng anion, to form an
waebomass - support. According to one aspect of PCIAIS2006/032590

present invention, the solid oxide used to prepare

the chem cally-treated solid oxide may have a pore

vol unme greater than about 0.1 cc/g. According to

anot her aspect of the presé%& i nvention, the solid

oxi de may 30 have a pore volune greater than about 0.5

cc/g. Accordin 0 yet anot her aspect of the present

i nventi on, solli d oxi de may, L pore vol une

greater tha 1.0 ccl/g. @@

, 7/ 024773
PCT/ US2006/ 032590« 27 Accordi ng t§ amot her aspect of

the present_igvéion, the selig a%gge may have a
surface from about {:. about 1000 n2/g.
Accordi ng-t0~yet another aspe of the present

i nvention, the solid oxide may have a surface area of
fromabout 200 to 2 about 800 m/g. According to
stil ot h spect of ep ent inventio t he
solftvag\ﬁ?ﬁz%7nay have a sur area of

250 to about &0(: n2/g. The chem\cally-treate
oxi de may congfNgse a solid inor | c oxide
sef ected fro

co

8, 9, 10, ,
periodic table, or conprising ©oXygen and at t one
el enent sel ected:fromthe |anthanide or actinide ;
el ements. (See: Hawl ey's Condensed 10 Chem ca

5Dictionary, 11th Ed., John Wley & Sons; 1995; Cotton,
F.A.; Wlkinson, G ; Mirillo; C A ; and Bochmann; M
Advanced | norganic Chem stry, 6th Ed., WIey-

I nterscience, 1999.) For exanple, the inorganic oxide
may conprise oxygen and at |east one el enment sel ected
fromA, B, Be, Bi, Cd, Co, C, Cu, Fe, @A, La, M,

\Yeo} Ni, Sb, Si, Sn, Sra Th,~AJi, V, W P, Y, Zn or Zr.

15 't anpl xi de ma Lal s
compounds t can be used t formthe
chemical | y-t tedted solid oxide °ncl ude, but are nog
i mig to,AT203, B203 BeQ/ “Bi 203, CdO C03042f<CI
Cr 203 €203, M_i@z Mh203 . X0,

P205, Sb205;7Si 02, Sn02, Sr Th02, Ti02, V. 3
0X

10 Y203, ZnO, Zr2, .and the like, including mxe i des
t hereof, and conbinations thereof. For exanple, the 20
sol i d oxide may al umna, silica-alumna
al um=aym p 0




het er opol ytungstates, titania, zirconia, nagnesia,
boria, zinc oxide, m xed oxides thereof, or any

woandrimat7aon t hereof. The solid oxide of this PQY&ISI06/032590
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enconpasses oxide materials such as alumna, "m xed
oxi de" conpounds thereof such as silica-alumna, and
conbi nations 25 and m xtures thereof. The m xed oxi de
conmpounds such as silica- al%m na can be single or
mul ti ple chem cal phases with nore than one netal
conmbined with oxygen to forma solid oxide conmpound.
Exanpl es of m xed oxides that can be used in the
activator- support of the present invention include,
but are not ted to, SI|IC. al um na,

ti SI|IC > zeol i tes~var/
ay m ne al um na- t|t
Z|nc aluntn % and the |ike.

30 al um na-z
conpo ent ‘éﬁ to trea th 'Soki d oxi de nay be

Flhie el ectron-with
c ncre se A S or [
of the SO de upon 24773
PCT/ US2006/ 032590 28 treatne (as conpared to t

solid oxide that;is not treated with at | east one :
el ectron- w thdrawi ng anion). According to one aspect
of the present invention, the electron- w thdraw ng
conponent is an el ectron-w t hdraw ng ani on derived

from a%t an acid, or other conpound, such as a
vo@é?YF AnpdfioRiterednpound, ‘that may serve as a source

5 or prExempROloffRtalidigte 8t Rnd 3{'514

el ectron- mfthdraMA%g am ons |%€E§' gﬁt &nmbh nig use as the
| i $ePendgnetalloceny fFCéiltI@undatnsasMrdamﬁ withitbe prﬂa&;nt dl’[vleﬂidndﬁclude but

B0 e 0kl U0 Ll L LB cu .

t r Hamacad, (260201t 8% I(T-@)) ras4, 13 TheistaQf i & @MANMacromolecules (2000),
and the I|iKke, I ncl udi ng

trifl
i %?tdjj RIE T §8WBP41"£t@t S dowh g BrenpToali iChewisity 68HE001)
i Oi-40; drich @0 ai.,Ofdufnal Glt'f'%%éﬂ&ﬁetﬁlﬁlétcléﬁﬁs‘ﬁ? GEs ﬁz%o%"%‘hezx%- the
ra

fo ihese Iectron Wi @% ani ons nay al so

TS Phwhirpats incemerated yvefatenesrhereiningheif cmlr@xanpl e,
LPZSEE?‘“ﬂ?ﬁ'ﬁsﬁt%ﬁa%.?%@ S B TS ol s e
al BFflieaenetnoswP Beto dheuseior, mguldcmee@mpahnﬂmmbe from about 1:10

fl il orided silica-

or R o 1 S Pt e 6 b8 PR b D e whthe
f Im@allodw ®niplolmﬂ- i the 8itbRyd meiall@feh@l EhSduhdl 6y Bk A hdut 1:5
bggqb SH|I i rconi a, sulfated silica- Z|rcon|a
or' &Ry C orfbl ) ;ﬂ%ﬁo helrﬁzépe@@fo %@Fpsglﬁénventlon the ratio of the first

elmilroﬁﬂreWotrl@dﬁrﬁiMortﬂe SRBRPASATICRT RS HRRd hay B roBT e 12

electro
to about? 1.

2. The Activator-Support

The present invention encompasses various catalyst compositions including an
activator-support comprising a chemically-treated solid oxide. Alternatively, the
activator-support may comprise a clay mineral, a pillared clay, an exfoliated clay, an
exfoliated clay gelled into another oxide matrix, a layered silicate mineral, a non-
layered silicate mineral, a layered aluminosilicate mineral, a non-layered

aluminosilicate mineral, or any combination thereof, or a supported aluminoxane.



wi t hdrawi ng ani on, the counterion or cation of that

salt may be selected fromany cation that allows the
weabd7/ersevert or deconpose back to the acid @8gmiusgoo6/032590

calcining. 20 Factors that dictate the suitability of

the particular salt to serve as a source for the

el ectron-w t hdrawi ng ani on i nclude, but are not

limted to, the solubility2®f the salt in the desired

sol vent, the |ack of adverse react|V|ty of the cation,

i on- pa ng effects

nyar bodgb Rt g JEUSEH: BT b ieB el A Rppored to

Cc ahéd Odir,resﬁdﬁﬁhﬂghm&ehié& soHd dxide etormpbuist. abflhb ichymidhllyt-theuted solid

ani o | es of suitahle cations the salt

foq#@lsg%@pws\mceﬁg'f%l%orgﬁ p@ﬁpqr%qogéeecomsﬁaonglpg upfgated
I'is0lid 64kdd. oOWnhap R HhtMically-fréadddkaslid BXTE® Adtiviles tHtnkddlokate in the
anmoni u tetraal kyl phosphonium H}, [H(OEt2)2]+,

5 arflsemp of pcatalysisy i v ROt TSERHATH 40 PBREAtsfcoriely sy Trawy the catalyst
di LELb&Hn. el et Jc‘EiOatY&nt L Gﬂtlf%né&l'& r-%tg)goﬁ( a5 Yy [¥@nt in the

proporti ons, can be used to tailor t
a@lh@ltcyd oftivityeofaeatdlyshtcompssippoat a B®le, ;ast ¢w1pcdesl| toeal catalyst

e of el ectron-w dr i ng, copponent s
ma{:;/() 881‘50 %nﬂ‘?onqgnalg rhSl? ﬁo?%sggn in untreai rslogi\flin mgde. owever, 1t is
Siln%iié\tednlmw ghemically}dbatedm&ldldmdeaﬁﬁi furetionys & ateikatbf) @ben in

s the esired chem.cal | ed.solid oxide
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10 3 1000 cithBEEIoR BHEER p PGP B0 7 Pganoboron

P%ﬁi@&%@@ﬁfr@é’zﬁﬁﬁ@mn@%oh@b&db nvention is enploying two
or nore_electron-w thdrawi ng ani on source _conpounds

in two 16F heniadepentst elidopmide mapFowpaksat atisone olid oxide

eXaaRk Siffat '&H&r&n@elg&&ﬁ%ﬁld%lyélﬁ& &fhile not 1ntend1n to be bound
chemcally-treated solid oxide is prepared Is e%

f diyl bedollavisg Bte@tnem, #olk ibdlieyrd det crostpeutne, the rsohd oxide with an
15 rlrg: Ql‘?wlt%?r g\Mgc%ni;P Ingn g%r?tlg noqrsénhances et %;181 Wﬂge ox1de

rSt el'ec ani on source comnpo n
f dflms,aeltﬂlelr the am\batom-rs@pottl’wiﬁlbfta; Lewis ok Bratseediasiditalick n;etgipmally

and the acted wth a.secon | ectron t.hdraw n
o S BR BE S Bt R Fantaf shmtid ot S, OF e
S e RdorBupdH Haslasgrééﬁ&muﬁl%bﬁéﬂ’h@ﬁl dites ek Eﬁealnﬁéeﬂéi &flid oxide, or
sol i d oxi de conp . In such a process, the first

arkptls e‘élaﬁwrae‘fb%f@t%ﬁlfv\me walfiav\p%e ahreepllydisried aedwrisaied solid
20 108y mhrigh fif ae pﬁﬂﬁ?%ggl?/ﬁéﬁqztaﬂgn SATRE&GOIPMNGated and

Accordi ng to anot her aspect e present invention,
théltréﬁéi‘r'mdﬂsIu}ﬂd(trraelétcefdlyzghlewﬁow| de may conpri se a

frglt ie(rjl ' rcﬂ%'cﬁlygﬁ% n‘%ﬁ rorf& 8£1d9 f th% 1%%12%1& (i)% é?rrged generally from

naineinmghmc sd)lhhbmd(_s thehextitdal Ileyv-lﬁ acem @d Bundristed anidic behavior and

\?v: l{ea% ta(&e ﬁ%‘{ tllﬂglbgc}l\rngggl CI%gEglncF oxide is cgemleal 9t?e%'|ce|d wit ra(:i‘iae e%gron-

25  withdrawing component, typically an electron-withdrawing anion, to form an
activator-support.

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

prepare the chemically-treated solid oxide may have a pore volume greater than about

0.1 cc/g. According to another aspect of the present invention, the solid oxide may

30 have a pore volume greater than about 0.5 cc/g. According to yet another aspect of

the present invention, the solid oxide may have a pore volume greater than about 1.0

ce/g.



15 including netal salts, netal ions, or other

met al - cont ai ni ng conpounds. The nmetal or netal ion
woryorme4778 or exanpl e, zinc, nickel, vanadi um PCTAISRMEN032590
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contugtna, pmitdoxide? canpdudstheroofsuch 8 &shxtal-edurﬁma LOd combinations
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30 alumina-zirconia, zinc-aluminate and the like.
The electron-withdrawing component used to treat the solid oxide may be any

component that increases the Lewis or Brensted acidity of the solid oxide upon



required that the solid oxide conpound be cal ci ned

prior to contacting the electron- w thdraw ng ani on
weaw7me4773he contact product may be cal ci ned epCa1S2006/032590

during or after the solid oxide conpound is contacted

with the el ectron-w thdrawi23g ani on source. The solid
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()}

Further, combinations of one or more different electron-withdrawing anions, in

varying proportions, can be used to tailor the specific acidity of the activator-support

30 to the desired level. Combinations of electron-withdrawing components may be
contacted with the oxide material simultaneously or individually, and in any order that

affords the desired chemically-treated solid oxide acidity. For example, one aspect of
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woabwimedsfirst m xture; 3) contacting the cal ecmas2006/032590

first mxture with a second,gl ectron- 10 wi t hdraw ng

ani on source conmpound to forma second m xture; and 4)

calcining the second m xture to formthe solid oxide
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2007/ 024771)3 PCT/.US2006/ 032590 32 of chloride ion
(t ef APUA" DAeBMeRohg agent”), a source of fluoride

4o Lomiadied O Usigea, 980 o S o
used. The method by which the oxide is contacted with a metal source, typically a salt
or metal-containing compound, may include, but is not limited to, gelling, co-gelling,
impregnation of one compound onto another, and the like. If desired, the metal-
containing compound may be added to or impregnated into the solid oxide in solution
form, and subsequently converted into the supported metal upon calcining.

30 Accordingly, the solid inorganic oxide can further comprise a metal selected from
zinc, titanium, nickel, vanadium, silver, copper, gallium, tin, tungsten, molybdenum,

or a combination thereof. For example, zinc may be used to impregnate the solid

oxide because it provides good catalyst activity and low cost.
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but is not limited to, gelling, co-gelling, impregnation of one compound onto another,

30  and the like. Thus, following any contacting method, the contacted mixture of the
solid oxide, electron-withdrawing anion, and optional metal ion, is calcined.

The solid oxide activator-support (chemically-treated solid oxide) may thus be

produced by a process comprising;
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According to one aspect of the present invention, the solid oxide material may

30  be treated with a source of halide ion, sulfate ion, or a combination of anions,
optionally treated with a metal ion, and then calcined to provide the chemically-
treated solid oxide in the form of a particulate solid. For example, the solid oxide

material may be treated with a source of sulfate (termed a “sulfating agent™), a source



30 According to one aspect of this invention, the
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weaeaemvodiTig t o anot her aspect of this inventi onpCrhs2006/032590

surface area may be greater than about 350 n2/g. WO

2007/ 024773 PCT/ US2006/ 032520 34 The silica-al unm na

used wWth the present invention typically has an

cont nt fro about % cor di_n
oS RIB AR CBtnet Rk et Ariog G dyea e g LAgned 2
Of “ﬂdb@ldﬁﬂghlg&ﬁ”)@bﬂﬂbdiﬁbﬁ%i&’m e rdoff, Qi @Q&h&d 1) %r@vﬁ@ Hétsolid oxide
50% . and accor i.ng to anot her  aspect of

i nENRPHn Usetloacidi arthators¥pert inghide rhut afe I}Oé drgied g rpgorsided
miylu&ﬁlaf 'E:H’lﬁh@é?ph'lhm%lé) tﬂ‘ﬁo&ﬁ@l'glut?ﬁga(o QI N WEloBided silica-

According to yet anof her aspect ‘of this invention,

5t helusiie ghlesifleflesibienaimimas fluaryled sitise-limning, mfated wilichalymina,
Si {)ﬂoﬁﬂded@ﬁcaaz?ﬁgﬁlﬁ %ﬁ’o rfdBd Q4. %?Jonﬁspﬁ&jldeﬁfsﬂgcla z‘?rcoma, sulfated
i nvention, the so oxl de co
si bilicraziwoniapa pilkkadndlayg suchhe aspzlllérai eubnﬁmirﬂmnmeglo@aonally treated

t.e and e Co ent
Co%ﬁlf'ﬁuloagﬁ, nca{oglrde S| ﬁu& tea?lm,sr?lﬁg)é eﬁlﬂmlnﬁ eﬁ,]ag_gmgophosphates
pablbtloﬁmllll}aﬁr@teslobllﬂdsul@ét fleviilk, of chlofige; of dhif ﬁinﬂﬂnaﬁ?éh @ethgRyove.
be treat ed Hirth er with a netal_ion _such that the

0 c af EieE 3 % f g pgtyatop: ﬁ‘f@@rt%?m]ﬁ?‘?”é/é’%ayé’ erisptafl With@deiiaivny

to one BgR@6hically-irbRedNof8 8Ritle Ay BB o fluBBdedsidlif 8ti8in the
solid oxide conprises sulfate and alum na. In sone

i nErad egartichistesiplif ailbel flueridefiselid xidefmaseaifopyedaby contacting a
r S [ Lfa

gogﬁge&lm{ﬂg?rhél&gﬁ% gé’e{ﬂ]kt) ?hén g%l(;l{d%qglf g’x& Ialldged]st# tﬁe })}Sde by

acfodmong ashgyt $iathe osidé in esmmhblasolamwuthalcshldﬂfcmmter Tlhﬂl.ﬁimg,

S e T A S S e S T S

watosr surfate whsioh ExgnglesdiifrRdrigiagagmtstBdti@dy Wf sutthtfe include, but
sul fati @g\ gent a been gdded Sui t abl.e organic
sofy et SMpsg b TG pd (e apmentugy lugryle @FERFE, gamagium

t Np@R SRS b@NHﬁtﬂ%@qohﬁmlgﬁﬁﬁius?etﬁflu&r&%rzfte Mz}Bhl)t y aﬂf?ﬁi}mum
| ow surface tension. 20 According to one aspec

t hpilicaflyprd | Gerafiupresitipaein (MNBH):8ik% atremprinmp rhelséhrpmphOSphate
be al ci t

20 DO DRBED RGO hefPRY, B AR Incibo?, PRI Safipcy Bhilpium
pabltﬂgomc WEi gt mgp be dswixasctbe flAcibingl agegt, tdne amdtt leese of use and
as%g(g}; Q 11tlhl s invention, the anount of sulfate ion
pres nt bet} e cal ci ni ng may be fromabout 1 part by
wei ght If dedileaithe 30liPaxids ny beeicglel withl £ ﬂh@adlfgg] adeflt during the
abouyt., 100 artsff)y wei ght 25 solid oxide, an

ac&ag‘flﬂlﬂlﬁ §tPo ALY | P“%‘H%P%P@F capalle et thewoughly sontapfian thegnlid oxide

25fr @mr%btﬁé”calg‘lnﬁl%rstte% calYbeWBED hf*"ort é%aﬁ DUl E?tﬁltgﬁrt% Shd¥ ﬂuondmg

wei ght sul fate ion to about 100 pa'ts by wei ght sol
agents described previously, volatile organic fluoriding agents may be used.

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

agent is to vaporize a fluoriding agent into a gas stream used to fluidize the solid

oxide during calcination.



oxi de. These weight ratios are based on the weight of

the solid oxide before calcining. Once inpregnated
woibdr/eedBat e, the sul fated oxi de may be dri edroy/uamye/032590

met hod known in the art inggudl ng, but not limted

to, suction filtration foll dwed by evaporation, 30

dryi ng under vacuum spray drying, and the |ike,

al t hougRithflarlys iR la8@mROSpER| F thid ihikintib@t e ch@rﬁlcally-treated solid
cal cining step inmedi ately. Accordj ng to anot her

aspeEte 1By eepTise éscéhﬁldﬁ%%ﬁthéqﬁ’ intht foget hvaapasicndaip prdidy The

us Q}‘ﬂldn'aecp 5&%&1@@ mtap Be ‘:‘fmtﬂﬁtcoﬁﬁ Edlﬁno?u&f Whﬁ] Iaschlondlng
i nvention can conprise an ion WO 2007/024773

PC'I?’/gQJSQ Jbe c82&0ion n@s be rdded mfg@a lokide Ay farmartgor slegupefiche oxide in
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I ayoeroﬁﬁing)stem oAny aylefléldg afdnti cipable f seraing aaraysource of chloride and
co i nation thereqf. | n another aspect of th

nEWPP%W oquiTRg e LK SB1res the I"%\lﬁléﬁ‘éc?tealnﬂﬂ% H8ed | Eogemample,

S Ucidlaife Rrdahr &flofdiay Sgdiy nbe Bk @Qedas Examples of volatile organic
activator- supports. 5 Wien the aci

actipadEe agapp dret H@bﬁr?ﬁrsw&aé%e igplude ﬁute%e et e, certain freons,
()G‘Ctﬁei’d'iﬂd%beﬁ%ﬁg oahﬁorom&tharfeaascmfom@ﬂ%é ¥n1BR e 8diBsh eehmlonde

at | east one e1ectron Mﬁi raMAng anlon SUCﬁ as t hose

di steirldeneethped,edrrany pmb;gﬁlomybqr@(zﬂ |q;1sq0|qe hydrogen chloride or chlorine

' orﬁﬁgff%ﬂg A %Q lugedakg E%%Qts&{d o%(lilci%pd%&l%g Eacilids. O‘iu—[: gegv%ment method

W t "ectr Wt aw ng ani on< “ACcO 70

anoiflventagmgeiot omdie \t/iﬁlethp rch]Sﬁdihhg agenemttm (Mp,ontehe chlorldmg agent into

activator-s venti.an an conprise

o e Rt B R e o B Sea R i B T hyer <
1xcapabl e Tok apwsp@rdiflgride ot th@ﬂhe oh @)eséhit BeoA calcining the solid oxide

activator-sg}gports iinclude, but are not  limted to,

i oriP&kRhEAGEABIE, o 2p W by Wiishi Sihete i@y peigemn 1nbased on the
pi | apadselea¥id oxil, tehakkathy fehﬁhc;aearhﬁmng’ WRRSYE Ealcﬂnﬁg ug@&dmg to

it is not meant to be construed as an I nert ofponent
of antheraspedt s thicompiont the amound of fledrileor pls\om@ ibe present before

¢ oncsaic%{l%e B‘Jgf‘&ahé’ fa 5 - ﬁ? bou? 3% ?bou?%i’é)éya el%ﬂ: and {Mﬁzordmg

conpaosi ecause € ass
2(1 hetoamemer ambcaldfcthle rigveatich, @iagaieofidl b tbaatbahySG% by weight.

onent s dj 1.0 be u b
C P Sttt Bifiag, i BSR Setof g e AHD e Bbmethod kmown
actinwhé @ft-iBtIR@Eag,t bus 8oy Bmits t@NuctiddSBedE fII8%6d B tevaporation,
that reacts with the ansa-netal | ocene and

qugg URGRT YAGRU T, mmﬁgsaqddhq likenslhopgh gp%qo possible to initiate
co RO SILihAR st e b @aiOf QFHEE: b R mprdth RGBT bt ©

anot her aspec t he present” 1 hventl on, the cl ay
2yateri aITéiedﬂhqamhgmnal nsedrioi raeparenibo igated Sﬁm-elmnmaebfpmally has a

ei éﬂ@t%e afl)ﬂmte Jternﬁgry ut %tSaécgg O%tc%&ﬁmgh[%“’o%e X %t of the present

VarIOUS I ons g, 1on ex
or jpivdritian,i thg.poley polomk lyay bdﬂgreeﬂeﬁﬂlaﬂaabartl @8 cc/g, and accordmg to

another aspect of the present invention, the pore volume may be greater than about 1.0
cc/g. Further, the silica-alumina may have a surface area greater than about 100 m%/g.
30 According to one aspect of this invention, the surface area may be greater than about

250 m%g, and according to another aspect of this invention, the surface area may be

greater than about 350 m?%/g.



activator-support of this invention conprises clays
t hat have been ion exchanged with |arge cations,
wonednodirtg pol ynucl ear, highly charged netal ceopius006/032590
cations. However, 25 the clay materi al
activator-supports of this i3dvention al so enconpass
cl ays that have been ion exchanged wth sinple sal ts,
i ncl udi n but not limted to, salts of, Al (Il
Fe(l1), ﬁé(wli%)al%waa 266d1 Wifh fhetnreseRigaYRISion @a%caélg 'has an alumina
hal i fient BERLALE: 5 bt 95%”'A&@1H§1g t8%on8 hidebt & this invention, the
According to another aspect of resent invention,
actalvratne reogtepp of tthe sibieprlimay ma:p |br>| cibetal . to Tiveutt 8% and
[ r L.al s. .
Ea%clcﬁr drr %éﬁhelr 8 egtf(ogghlg ﬁv%ﬁmg thrjs fﬁlél?l élg}éo{[%%%g '{tﬁ%lsélca-%ﬂmma
i)ol Iylauuhé &am, abloirg3th yto @baut ge% ahehmh by ovgighex Acedriimp 30 yet another
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Ke Q%B%C? o&ﬁlgs 1wpté% glben oﬁg\;)éugﬁ;ginag eng ey CQupHSe alumma w1thout
var $ildss apbhocordipelocdnb b sspecd v (108 RvEntlodl §R soBdSxide component
Thus, the ter, i %arlng refers to a sinple exchange
r eaCEY PRPATISE FHPCTIthvE ABIn8007/ 024773 PCT/ US2006/ 032590
36 exchangeairiigd safd & d%fnpﬁséélsﬁlyaté"ﬁ{cﬁe[ bMd AR component such
repl aced with | arge, highly charged ions, such
1(P<e gfgﬁ ﬂuliﬂeﬁsor stheasalumisey e thie cformatal onpartiewdate tsehd. Optlonally, the
en Ca élﬁﬂlg agflr'ﬂeencaegaﬁg éﬁ#ﬂtﬂ{eég %ﬁtil @H’? fﬁ 193 Sl}cg "?ha& lt}ﬂ‘]yﬁaﬁrh%gl sulfated
ef f @gdd vcahgrmm ;apmeﬂa] ng\cbdrrémglta)onb aaylmcs oﬂshecpﬂesmm -1ﬂmekﬁon the

struy
cal SR S B8 e8P Re BTG mE: IF st Bepesente sufied
cl ayluhiyes formbd By @xpesastesherdia tiid A@nigh idedatdewitia sulfate source,
tai ned and the porosity i s enhanced, The resulting

1 org’é cxagpple. bt ynot imgﬁgﬁ% rig poid oxe liplgrvatti Weh af ampenium

Pi | idfaieN OTIVR Rk mdy de LREMANAR! fofhRY 2 MBIl Fhe MERG
Exanpl gs of p|I arﬁnﬁé grg)g v Igjrglteg cl aas areofouen%jJl fiths in o
A

T. Jsuitphlp ﬁgl\yg}t,asuch 3B dspled ogz\@te@,mggﬁych ‘@@ Hegied c@r_[@gt;gtlon of the
| :
W%L&ltig{]%nta}#]ag%%‘gn gg% bglg‘ﬁlga%%ﬁﬁc ‘&r.er(t ?ncirl)ugl.e, _arggx,ot limited
Ac atbethe ondPoghise cdrban glcqhdB bRJapse df i vekitidityt anNdow surface tension.
, 452,91 at ent 5,376,611: and U. S t ent
7%, 0aereamE ot Gh B SShBE AU HRe o presen
in i)dele eflcining! tay BdBorRiabdia 0l Ngrtd b9 &Rt tof dbblZ BB faktd ¥y weight
abl e cations and |ayers

| s havi ng exchange
cap%ﬁa Al 187 teakiphh &‘?%@aﬁS%ﬁWeﬁm peliderida a‘ycopwatg toRother aspect of
enh@anGRydnlien, R MR 5P§ulf9t@ 1M prestrt kR | l:zﬁam!ng nta) Be frk())m about 1

cat al yst conp05|t|on of the present 1Inventi
us eBRrt Theeightloesbosiuft pstsdycydght irlfrae adnstofaboutphoplparts hy weight

25 ncéolilﬁ%xuﬁu%nd?a;; g(g?g%t a%}ti’ﬁ gn%ﬁx 1% s:cqlok‘ I%VCH%IO{I afl’r16 : acrut 5 parts

smectites edra
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(hg|e$£1 € 'Jtheig Welghqcr}gtgoosglret bea%éd tﬁé v%llght osf ’the 11(5 a)? 86n Lefore calcining.
Once impregnated 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,
30  drying under vacuum, spray drying, and the like, although it is also possible to initiate

the calcining step immediately.

According to another aspect of the present invention, the activator-support

used in preparing the catalyst compositions of this invention can comprise an ion-



vermculites; mcas; fluoromcas; chlorites;

m xed- | ayer clays; the fibrous clays 20 including but
woabo7iiz#isBed to sepiolites, attapulgites, and PCT/US2006/032590

pal ygorskites; a serpentine clay; illite; |aponite;

saponite; and any conbinati @3 thereof. In one aspect,

the pillared clay activator-support conprises

bentopite or nmontnorillonite. The princi ﬁ)al component
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Condisdhﬁbcﬂ Qﬁreﬁﬁ thetd@e tldallg B dod- b}l’éﬁa@%ﬁﬂ&acﬂa!tor%ﬁpport is not
whi chggre 30_ enconpassed by this invention.

act Fredortham slsgiren- ysedravineghiopar e the catal yst
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wi th ot her indrganic support teria s, I'NC
1Gyr ethispigyentiprricpie gomprisezday imimpsgls hmong a}mhengexbld @stions and layers
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aIu ’?nﬁ%oglgﬁ]%h %ﬁ?a Su%oFtc d% |“§Fd el o jrapanty oy {’ed consfriiesh pgyamy nert
al lmimpanens bf tht egtalgbteBinPasitidnl Biitirdherdl WNQOROGSHNAL ﬁztlve part of

h hated silica, phosphated
151 i BT | GOBROt b Pets UG ot ds et asociaton. with the ansa.

Si |m&@ldcbﬁeaiﬂda@rggﬂoldﬁﬁhm/c§th Ig?lt c%%lgor?en? uWh?i@ no?Ethn%% to be

conmbi nation or m xture there cor
andtoned byuthipewy it isfbetidved Fl?ae@lemn qxnlwegetabbmptmm -SOppOICEeRyes as an

of 15{&%blé.rqga%kaln9 GRIC . ggtgp\gﬂﬁ] the rTc%s - r%taﬁlﬁgﬁcggépgigbﬁ%n?a&?mmum

an ol efi n nononer an or ganoarl u
a fdomppngésrtp datmof catalysEcqmpo@moh Osed@clﬂplaﬂﬂidelpglytﬂét S
xture , with th ct vat or Once t
2Og1r econt 46t orgml%t%l 8?pe{’th°§ ﬂ??eé) ePTdE‘é‘?ilé‘O‘i’Ghe clay materials of this
conpentio spcomph&fhitedM GRS in 8H RAEARAM Mﬁ%e been treated
cog‘% und, i s. contacted with the activator-su

YAOBHIONE PY WEHINgoiRp exdiangp. ehieillering v"bmmaﬁls ulmadax matenal
I S de@vai®buppdior thi9 %v%%nac%hﬁ)ﬁses 'Ha)§§ gﬁﬂmvglﬂgen ion exchanged with

post cont act ed m xture may to renai
f urltBe Fatiopn tlréiéltdlligmolsalugle@olmdhlp ehargm.i mfftaltcpmplep catams.t Eowever,

25PCIRYIEN BRI ARV 0l gﬁ?pdr?sl (f%tt is 11i1vent10n e&so Eﬂcompass clays that have

pol yneri zatlon proces
been ion exchanged with simple salts, lncludlng, but not limited to, salts of AI(III),

Fe(Il), Fe(III) and Zn(II) with ligands such as halide, acetate, sulfate, nitrate, or nitrite.
According to another aspect of the present invention, activator-support

comprises a pillared clay. The term “pillared clay” is used to refer to clay materials

30 that have been ion exchanged with large, typically polynuclear, highly charged metal
complex cations. Examples of such ions include, but are not limited to, Keggin ions
which can have charges such as 7+, various polyoxometallates, and other large ions.

Thus, the term pillaring refers to a simple exchange reaction in which the



15 3. The Organoal um nuni Conpound O ganoal um num
conpounds that may be used with the present invention
wonelwder7zbut are not limted to, conpounds hayCmmskiwe032590
formul a: (R2)3Al, where (R% is an aliphatic group
having from 2 to about 6 ca 6Don atons. For 20
exanple, (R may be ethyl, propyl, butyl, hexyl, or
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i sobutyl, hex Accordi ng to anot her

as paierceop2q 9@},&@1713@9839\/@@4. Shomgsx fprepigijor Shemistry, (S.
0I n%ﬁgﬁg%ﬂtaln}{ A e.llago%'é&{j etisr )O@?lf ?r 9? 99, &J&h&ﬁfg Press Inc., (1972);
Accor gto anot her t’he present

[ mléS]tHatmt N@)@Mﬁz QtﬁyUkSePaihdtNoos 31761611henct GiSrBitent No. 4,060,480;

X X nber from1 to 3 inclusive,
%%ﬁv&ﬁ%lﬁmcﬂrp%ﬂ% RIS FSS T wo 2007/ 024773
PCT/ US2@06 hIIRABE ProcS uliliked cliytmin@@lsitaeing dxtiangabreations and
i nteger; therefore, this fornul ar#incl ud)gls sesqui hal j de

conPEtraRabls ofsrpmIdng: i Hiatsdi o il cRsTbAnce Shrgaipgization of

15EX %‘T@ﬁn@% ok c@fa%@&fi‘ﬁﬁégﬂtl&‘i‘m .0 PRI GSveh i mBPYe BRA. Therefore,
suitable for use with présent invention include,

butsuigbée gloy minnliatSefprtmllartn& iablRda, dutmrnaeh Eoipd (ipidlsallopkpnes;
di %H&[t C}@ HE@hrHI &Q@a e\q} %%m%lc!ﬁf!g&ral QA ﬁ’érﬂgﬂl\%y Wereof such
al koxr de’conpoun ['al um num de conpounds,

anchs crom:umnallcprmas (bdnéanited), n@peumtéSL che@mmpl @fslap@rﬁtes halloysites;

or ganoal.um num cogpounds that. na bl e .include,

oot APy A R ees | R AR R o TS ctas
20t 1 1iedidth@ butmhd UthifclES) sepiblite) ravyil] gitesmrdupalygorskites; a serpentine

di et hyl al um num et hoxi de, tri butyl] al um num

di i Sebikl) lapamiEraReHigaraddey coq@n%taopmﬁymaqna AfASEfnfhe pillared

andigi gldatolstiPoRu b AHERE | 8tonit Sor PEBAGIibAYE N TR principal
contenpl ates precontacting the first nmetal |l ocene
component of bentonite is montmorillonite.

The pillared clay may be pretreated if desired. For example, a pillared
25  Dbentonite may be pretreated by drying at about 300°C under an inert atmosphere,
typically dry nitrogen, for about 3 hours, before being added to the polymerization
reactor. Although an exemplary pretreatment is described herein, it should be
understood that the preheating can be carried out at many other temperatures and
times, including any combination of temperature and time steps, all of which are

30  encompassed by this invention.
The activator-support used to prepare the catalyst compositions of the present
invention may be combined with other inorganic support materials, including, but are

not limited to, zeolites, inorganic oxides, phosphated inorganic oxides, and the like.



conmpound, the second netal |l ocene conmpound, or both,
with at | east one organoal um num conpound and an
woled7vmn4renoner to form a precontacted m xt ur e PCTISR@6/032590
to contacting this precontaﬁged m xture with the
activator-support to formthe 15 active catal yst. Wen
the catal yst conposition is prepared in this manner,
typhGak bipect, tyPRUIRpHGH MBREES Ak irlay be AsddAndlhd) b aré A& limited
or ganoal um num conmpound is added to the precontacted
mi XPusBican dlighalumite, pdyningn tiigpis; HacoRiyaBangit Mera, fluorided
Cor’gﬁs]“ 3 _2 . C »
pr epariggp & gﬁg@rnngjab?hgg%’n%%gg? (ngj %%E%tt%hérlgﬂ} S ?écyr?fgrglgﬁeé%h%phmd
wi tdilicahghospiaied abmiivae sticetitaatapeopradipiieted silica/tienignfliarided/silated
r 0 . n used to prepare the
%a?%ﬂgls%’%a%ﬁ%g régrplgg%u&% ggetglf'ng or postcontacting
step. Accexdingttd wel anothet hspedteof dlat mkyeat incattjpaneaitt & may of the

T T
pr esi@itoalGiintgh dmpoifd PR St RS Ped6d btGims HAS: to \BBAACtRR this mixture
or ganoal um num conpound is added in rultiple steps,

t he"Hidtm S GrorSERpRHo al ANEP rititn rERpBEIRd reixeEs o§ele metallocene
10187 Rnfbodi(h) NGB ohfer! MatdreABRHRInUR! cMRBIRPR! MHL A yith the
conpound used in both the pfecontacted and _
posictvaietawprat, iox¢ompesition futhahgonpdigingi thadtivator-support is termed
or Q ] el I hzati.on ..
reott of o AR GRERRY G SRt SRR By BER A Romain
c onfoherdsntadrier gdssohdpatbdrafgmicdprias 3o bEing\bietrgedrintd the reactor in

si ngl. r oal.um num co nd or re than one

or g‘ghgléﬁﬁ%?a&W%B{?ﬁﬁssg@?H%%aﬂmdﬁnRA The Al uni noxane
1Cocat al ysst  Tirge PFREQIMmMInBMETHndind Ur t her provi des a

cat al yst_conposi ti on conprising an al um noxane
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r ef @ESdd, But 4 ATHRRNXARE cGRFRANES ingGRBARILT ONS,
m xtures, or discrete species, regardless of WO

2007/ 024773 PCT/ US2006/ 0325QB2)3AQ9 how such

al um no S r f [ herw se
ot ovi ded M eEaCLE aB SRR oAl e OB §farbon atoms. For
2@ ongrainplen(R>amaypd ¢thyl ghropil Uniyideaylpordabatyal yst can be
pr epar eg?t in which alum noxangs i S lgr oyvi ded .as th(? )
bol v ( hy AMBE AP EPOILmIHT CAFRSR ot 1Y P ISR afordance with the
al upredearianatios indfuay,tieste ast Hoie:daekbnpaindd Ravdig @8 formula:
al um num al kyl conpound 5 and a source of active
protons such as water. Al H¥nbikanes are also referred
t 0 RBere PRNYib Wﬂ’ﬂ%%?y ha\/ﬁ{gﬁﬂblﬂqmoogﬂioqg§@ cbon atoms, (X'°) is an
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2% y palketidoyorgn arybaxidea anyeahewt whichtheviag frainnoeaheuti2f carbon atoms, a

halide, or a hydride, and n is a number from 1 to 3, inclusive. According to one aspect

of the present invention, (X°) is an alkyl having from 1 to about 10 carbon atoms.
Examples of (X°) moieties include, but are not limited to, ethyl, propyl, n-butyl, sec-
butyl, isobutyl, hexyl, and the like. According to another aspect of the present
30  invention, (Xlo) may be independently selected from fluoro or chloro. According to
yet another aspect of the present invention, (X'°) may be chloro. In the formula

Al(Xg)n(Xlo);;-n, n is a number from 1 to 3 inclusive, and typically, n is 3. The value of
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15gr (fﬁtﬂ) sRp When thegaf aépg;p p@nggsﬁxyn 1sgpr@ppged HiriHis marlgeratyplcally,
| i RB&YEh Qlot Qé@%ﬂ@da @Bl‘ﬁ)bh o %é' &Qanogll{lﬁﬁﬂu}n Léh&o%? d P&H]Qd to the

atons. Thus, al um noxanes that nay serve as opti
coPEcaniped mix{ure 14nd anathes peition ofithe organoaluminum compound is added

to the postcontacted mixture prepared when the precontacted mixture is contacted

with the solid oxide activator. However, the entire organoaluminum compound may
20 be used to prepare the catalyst in either the precontacting or postcontacting step.

Alternatively, all the catalyst components may be contacted in a single step.

Further, more than one organoaluminum compound may be used in either the
precontacting or the postcontacting step. When an organoaluminum compound is
added in multiple steps, the amounts of organoaluminum compound disclosed herein

25 include the total amount of organoaluminum compound used in both the precontacted
and postcontacted mixtures, and any additional organoaluminum compound added to
the polymerization reactor. Therefore, total amounts of organoaluminum compounds
are disclosed regardless of whether a single organoaluminum compound or more than
one organoaluminum compound is used.

30 4, The Aluminoxane Cocatalyst

The present invention further provides a catalyst composition comprising an
aluminoxane cocatalyst. As used herein. the term “aluminoxane” refers to

aluminoxane compounds, compositions, mixtures, or discrete species, regardless of



represented generally by formulas such as (RRAI-O,,,

RIRRAI-O" AIR2, and the like, 5 wherein the R group
woodypewal |y a |inear or branched Cl-C6 al kyl pemais2@s/032590

nmet hyl , ethyl, propyl, butyl, pentyl, or hexyl, and n

typically represents an i ntéger from1l to about 50.

Exarrpl es of al um noxane conpounds that may be used in

2CGRLAARE Blhddlands i @g@%@épﬁw SRUHARiL IR Rl bxample, 2

et loptablsucnmpoxidne pompmm@py)l @tmml rahmamsc,ane cocatalyst can be prepared

It sgﬁ {) ’ ogﬂy lﬁ}ﬁ#ﬁ%%}%}é@ rfag%v&geguats tF S?gaﬁgy)’i alurhmum oxide), or in

I SOzvlﬁd:H MuRinoRarRAX @ftﬁ?lded bs tlié&i@fn}bin@.ﬁ(btﬂbmﬂiﬂiﬁmum alkyl compound

52 Lﬁ’?‘? yl al um noxane, pent yl al um noxane, isopenty

ROXHITE © ﬁ%ttyﬁéﬁ?tgﬂilsaﬁuahnah HRigh e AlERingiahes A3l a@f%ﬁi to as

t h%o%@lﬁydrd\ﬁib?%llumﬁhhﬁ%%&%%rgaﬁ&aﬁ\ifﬁm@slaﬂé@ noxane, and

I sobutyl al um noxane are ‘prepared from

trimet h)ﬂha pthes Wst EQINREMBRLE gm@ﬁ},lm@p(porg@cted with the aluminoxane in

Urid SQPMEY hady ! I i

ar e ?de?er ! egc!lrt {)&%r@p?o p%?l&?&f#’ﬁ\[lg t?{ uﬁ]ﬁrég%% rf;?&t 1§T§\§3stant1ally

poI ip¢retorthe reabtam,nummt@eand landilCBOifyba zsmmrtcyd step may be used.

e

1 ol P b RS bt Biglwemate P Fleshb By RO kmown
conbitinae io® BkilMih kheaart ihblaﬁllﬁgJ tal wel iwiid ﬁ)}lﬁhraﬁSn Ahaatively, the
di sclosed in U S. P%t ent No. .4, 794, i ncor por at.ed
her@ Ay Sh{PrrRepiEPR ek bf mttoduced e the %atneﬁereqﬁt%é’@%ut being
|nvi@<;1§tb(pn contenpl at es nmany val ues of nin the
al um noxane formulas (RA-O" and R(IR Al -O"Al R2,
and n t{&l&l alpigoxaps componnd pldhis invalinmma), be aagligemeric aluminum

e 0 r

ISSt g,?)edbﬁgin E@"H t%:StI‘\E/lEat?%g %#;llﬂ{nop 93}%&21}1&&69 (ﬁﬂﬁﬁﬁ‘ijes of all
si rigtee. §mmlabumﬁ0>ahmmmmadséxavmndle§mmtula conbi nati ons
of organoal um noxanes are on | ated hereby. 25 In
preparing the catal yst co of this invention
conprising an optional al nox rehe the nolar ratio
of the alumnumin the alum®oxane'to the netall ocene
in the conposition may be fr m about 1:10 to about
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whi ch is incorporated by hef erenge \}QO 2007/ 024773
PCT/ US2006/ 032590 R .

wherein R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an
integer from 1 to about 50, are also encompassed by this invention.

25 Further, aluminoxanes may also have cage structures of the formula Rt5m+aRbm_
oAlsmOsm, wherein m is 3 or 4 and o is = nu3) - no() + now), wherein nujs) is the
number of three coordinate aluminum atoms, no) is the number of two coordinate

oxygen atoms, Nog) is the number of 4 coordinate oxygen atoms, R' is a terminal alkyl



41 herein in its entirety. For exanple, water in an
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cocatal ysts in the present invention include, but are
nof™ % ted to, tris(pentafluorophenyl)boron, tris[3,5
2025 bi s(1Thd blevett thyﬂ L@h@ﬂmbﬂab @128, varBs of feinl ihls Qn,lummoxane
i ncl udi ng_m xtures thereo Al t hou not intendin
t%]ﬁ;é 65% about 3.

be fBHRE (ByAlrfk arnéﬂi(gv&ln‘a)nf\%o Agd n ypicadly anainpy asle
f l WQ&Q Qnd1§%oun o@intge BRI %q{r%réao BBRHNR used,
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ek vylue oafr di malfl‘ra@f veiftiioris sisblen sapmiti afedluminoiane, and such
or 8 rrEt q’lls O grrrg)noa un}lﬁOd(all]] €S age C%%Lem%?agﬁd herey S. Patent
rporated nerein by ‘referente inits
25ent ir et yh pr316hriﬁgm1&f@kdl}36t cafiposiBomD uflﬂnslhvemtlgﬁnmhmsmfg an optional

conmpound nm sed. Accordi.n
aluminoxane, ){ he molléltr rafio of the aliumml%n in the aluminoxane to the metallocene

in the composition may be from about 1:10 to about 100,000:1, for example, from
about 5:1 to about 15,000:1. The amount of optional aluminoxane added to a
polymerization zone may be from about 0.01 mg/L to about 1000 mg/L, from about

30 0.1 mg/L to about 100 mg/L, or from about 1 mg/L to about 50 mg/L.
Organoaluminoxanes may be prepared by various procedures that are well
known in the art. Examples of organoaluminoxane preparations are disclosed in U.S.

Patent Nos. 3,242,099 and 4,808,561, each of which is incorporated by reference
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30 Generally, any amount of organoboron compound may be used. According to

one aspect of this invention, the molar ratio of the organoboron compound to the

metallocene compound in the composition may be from about 0.1:1 to about 10:1.

Typically, the amount of the fluoroorgano boron or fluoroorgano borate compound



nmet al | ocene conpounds to the same extent. Exanples of
i oni zing ionic conmpounds include, but are not limted
woapo7ioner73f ol | owi ng conmpounds: tri (n-butyl)ammeaTasr006/032590
tetrakis(p-tolyl)borate, tri(n-butyl)- 30 anmoni um
tetrakis(mtolyl)borate, tr2(n-butyl)anmmonium
tetrakis(2,4 dinethyl phenyl)borate,
n- but

E relitls‘%glgﬁ g(%) %talgg{ﬁ;g{ ﬁﬁ?l%ﬂ@}?ﬁ?ﬁeﬁ &agtbe from about 0.5 mole to about 10

t I inbMRs BEBtb SEHFIULE BEr total moles of the metallocene compounds. According
tetrakis[3,5-bis(trifl uororrethyl%;? enyl ] borate tri(n
butoyanplisnasaedaf thi inggetiet SRl ROREATP (PG TFOR(08 fluoroorgano
N &'sr% 'EB{QB&L@'%A;} & Hath VR ORHLGR 43 {ouP S ThUS2O0R4 QB4R RBund
tetra p-tolyl)borate, N Ndinethylanilinium

5t epwaqxtals(lﬁﬁs Qﬂtbﬂ inbieNegers conpRunddi met hyl ani | i ni um
tetral cf s( 2. 4Lt DY RREMHRPE Hafityst
N, N- di net hyl7anr t 1 nrum
tetral cTis( ﬁp@nﬁlmmttimyxlfpdﬂmy)tc)vtﬁps atogtalyst composition comprising an

mfm‘%g%h %/%?%hé@?gégctﬁg&ét %%S;J{lzglrﬁb :IOSHCE rCIOIfnlpcl)'llgld 1s an ionic

rnrum

t etdragousd RBst @bl fastrhensth)er @é Eactx‘ﬁty of the catalyst composition.
triphenyl carbeni um tetrakij s%p tolyl)

10¢ lgnt}gt daaternding P Levad b s |1ty}s) tﬁigl ’hat the ionizing ionic
tr b ahsanh ey RRNappId 9ft1%§dﬁh§ athdr dlbimdchyd &ﬂlﬁfbﬁh& B &rRerting

tri phenyl carbeniumtetral crs-
( 318- oicfaBlodent dhiengiie) pormatee cationicpmeiallpcene sempoads, or incipient
te | [ I
T R A e R
t r éptydlilevih ﬁlﬁi:tthaldnﬂﬁlrg- lbmb )Cbl)r\bmmdtmay ﬁm@m}alals umlomzmg compound
tetrakis toI orat e, rop%1 51 | lcadienv]
15¢ oY §PRP R IRAtR o PRIGHS Ié’»ande PsinLy fpon-n"-alkadieny
t etipAachieh 3&55(}@} REtRY ﬁbﬁnmk)r@&ﬂﬁfc@ae Ho@BYdr] th ionizing ionic
tetralcis[3,5-bis(trifluoraomet hyI phenyl ] bor at e

tr QWP(P%IS PRt RPEEEERewil Jhed ﬁmléwpl)%r%t @etall?qema @Ghtracts
teqf %g gtl%fa (Eﬂlr LRBAGY LY AL 8n idnl Jalt WBAkens the metal-(X) or

tetra orate, |i1thium , A
t etretdti(X )ﬂsolnd lizy t})ebm'tdtoe@nel s1triplymnordmates to an (X°) or (X) ligand, or
tetrakis rate

2Ot etaf'té‘i?#eg %]? %ll}loﬁél%elw |S§ﬁgﬁ§’ﬁ%‘?ﬁh g B i thium
t et r aki §(dhed, itSs diotmbdeydapheny kl')ebmhﬁirg, iohict dinpvund activate the
tetrafl uor obor at sodi. u tetra%aﬁé ent af | uor o-

ph&RAlesses PRY- BaAGHHRE®: Fagton o FIPE [RBcoPounshis Gxident

tetif ﬂie'e‘ﬁﬁﬁrc&d)hdﬁlv)tg of &tByst ddfflon as a whole,-as compared to a catalyst
tetrakis(mtoly orate, sodium

t etPERPBI®, wntﬂw wAlyshesmyRopeR Rrkdoes Beficamptist any|igigng ionic
25( 3, c3nPbitkt V] s&ﬂ%% A §s%2 %ﬁ%qbllﬁ%é %rﬁcaédn%{lﬁ’@ R&tRLL each of

potassiumtetral cis- [ uor ophenyl ) borate,
potthﬂsmmaﬂmee@ pmcm@@shmwy, Ino:r iatieneceratra shat inactisate Hiei agy of the

20 t bor at e ssium t raki s(mtolyl)borate,
pot' %@%ﬁ ec@mpg‘ﬁndo%iﬁ S%nené(tet%&'l - phenyl ) borat e,
pot assi Wxnhples ak Ilﬁﬁﬁnéidﬁi&&ilﬁnbhmeiﬁyﬂu)mdj’uataﬁ: not limited to, the
pot assi.umtetraf| uorq- borate, trlé- ut yl ) apmoni um
tet P@W@% ROIBOYIGSa | (B apjony %H%S;% Pl ri(n-butyl)-
30 ammonium tetrakis(m-tolyl)borate, tri(n-butyl)ammonium tetrakis(2,4-
dimethylphenyl)borate, tri(n-butyl)ammoniuvm  tetrakis(3,5-dimethylphenyl)borate,
tri(n-butyl)Jammonium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tri(n-
butyl)ammonium tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium



tetrakis(mtolyl)alumnate, tri(n-butyl)anmmonium
tetral cis(2,4- dinethyl phenyl)al um nate,
wonrb(wiousyl ) anmoni um tetral ci s(3,5 25 PCT/US2006/032590
di met hyl phenyl ) al um nate, tri(n-butyl)amoni um
tetral ci s(pent af |l uorophenyl43- al um nate,
N, N-di net hyl ani | i ni um tetraki s(p-tolyl)alum nate,
N, N-di net hyl ani linium tetrakjs(mtol

Y PR S NN
N Nﬂdklﬁféttﬁyl)bmﬁ% ni NiV-fistethylandippimy . tetrakis(m-tolyl)borate,
a?@ﬁ@)%) al tgﬁaqu@i @-’dm%tl%lﬂieﬂﬁ}ﬂaﬁt@m | N-8ifethylanilinium

phenyl’)al um nat e,
N Nﬁdkm(étShinnaﬂwlphmy@hpm@t ﬂ\hlphdgnethylamhmum tetrakis[3,5-bis(trifluoro-

en l.uor tr
t QHGQWI)E%E 18[9 re‘i:“tfz) al L’Im %1%15}111&9% k@%@%éﬁ%&%ﬂh&!ﬁ%bomm
5t etrﬁpﬂukm}&(alﬂbeﬁminyie)rakle(buﬂylbimra&e, tm}vhep}'ieaﬂyﬂrmam émkis@m-tolyl)borate,

t et [ 3@ ?ﬁ%f eg{q%g Q?f@?é(?gr gﬁ“ﬁﬁ{yﬁ{?ﬁ]ﬁg éﬁ“ﬂ“ Hﬂg%réemum tetrakis-

t r kRhapydieasieaniiomté et r akﬂllﬁrenylcarbemum tetrakis[3,5-bis(trifluoro-
(pent af | uorophenyl )al um nate, trop

{ SETeHRDENITBNGE) af PR ETOHT Sy | | (HHEReSpsBaR s P borte

PCT{o 9{96/‘(&!’%1%@ olﬂ)‘%orate, tropylium  tetrakis(m-tolyl)borate, tropylium
etr cis(mtolyl)al’'um nate, tropylium

10t ettwhaikxs(?s"( erbtlmlmm)bpme nytfopsliveri riefeakis(3, ﬁd@wlpxlmhﬂwl)boratea

te 3, 5-di ['ium
gl AP ROASLBR RE L v
t etieteak{pehipdudrapicuyl)mphe rythial tetrakl&(pe}taﬂuotdph@gml)borate lithium

: Z:t?r }533(1151&%9??67 iﬁﬂ r{%{a IS(H% yﬁ?gﬁﬁ%{% li hlualﬂa(i S‘ria}%sgn-tolyl)borate,

t olilidsdl um nadRKkistol, 4—ﬁﬁhiéfﬂylphenyl)borate hthlum tetrakis(3,5-
tetralcis(2,4-dinmeth phenyl glal um nat e, j ith
15t etquaﬁhglylgeng].)bqﬁtﬁget K l“ﬁheﬁ")‘?]a uaroherate eso jum hFeﬁr cis(pentafluoro-

gﬁ]@l{t BeLRak4HRR %tﬁlqs&ﬂ’igﬁ}}l‘)m&ﬁé rs@&h&(t@@ﬂﬁsﬁﬁtdlﬁ%rate sodium

)yalum nate, sodium tetrakis(phenyl)alum nate,
sodetcnle(retwlal)hqrsté,pSCtdeItstraka‘(wm}ylphﬁ’@d)b@fﬁe sodium tetrakis-

t et I kis-
t ety §kf%1§té%£%&§e% ﬁtl i hen ﬁ Stg?%ﬂr{rllmnog? rgte soa?tﬁsr%mm tetrakis
t et(paitﬁim(o’@h&aym)bnmteh)mpimmyl Jesrblistpliremyohorgadipatassium  tetrakis(p-
tetr uoro 10 al um nate t.assium . . .

24 ettPg%‘i’r%t(e’p R rtsifiiﬁcé%'ﬁ}ﬁol ﬁ%ﬂﬁtﬁatp@ fasiadg tetrakis(2,4-dimethyl-
t etghakjifooratd) %Eh)éhﬁu@' e trhiads 8 dipahypifhyliborate, potassium tetrafluoro-
t et rak| s(p-tolyl)alum nate, potass

t et OB smijwwwmow@m el Epigpp,  mCa-DutyDammonium

tett@ﬁ’él&s!(ﬁ(tgly‘gaﬂhﬁﬁwqw phenyly; L b PeneOni@t aSSi UM tetrakis(2,4-
tetrakis , di met hyl phenyl Jal um nate, potassium
tetilalﬁthmlph@a'ﬂ)ahrm@ﬁ% and t HE(rbupd)amppapéyer | t he tetrakis(3,5-

pt n oni ¢ t henvl
20 MRV D21, RO | St
ex azl‘l'mhﬁﬁtepN N-dithathyignilidnm cetedivipohydslvareate) i N,N-disethylanilinium
576, 259 and.5, 807,.938, each of :
vvh| @Hal?%(mrfﬁb@%&l%ﬁteed her ei N Sﬂlm%tgg?’gﬁ%lgfni nits totrakis2:4-
ent dihRiyIphBylelugfihdle, MONOMEN-dimethylanilinium tetrakis(3,5-dimethyl-
phenyl)aluminate, N,N-dimethylanilinium tetrakis (pentafluorophenyl)aluminate,
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(pentafluorophenyl)aluminate,  tropylium tetrakis(p-tolyl)aluminate,  tropylium
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25 eaghRk amBMAR ok BihPleRABSE nldlkepercent) and a minor amount of comonomer <50

mole percent), though this is not a requirement. The comonomers that may be

copolymerized with ethylene may typically have from three to about 20 carbon atoms

in their molecular chain.
Acyclic, cyclic, polycyclic, terminal (c), internal, linear, branched, substituted,
30  unsubstituted, functionalized, and non-functionalized olefins may be employed in this
invention. For example, typical unsaturated compounds that may be polymerized with
the catalysts of this invention include, but are not limited to, propylene, 1-butene, 2-

butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-
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f oroctdie, Ic@dcatey 5t styré@TPOsi tions of this i nvention may

be ethyl ene, so the polynerizations are either
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I ncdoudl g ,belfttm abdut [0L0M th @Bodt0l0 weigt HdfoREH @B nomer based on the

i saprene,. 1, 4-pentadi ene, and 1,5-hexadiene. 5 C
Pr grgtgf \g?lglbtr?f gl:fep PRy At SPERONeRF dg:lcg)qd&g. tq-ﬁfél] Eﬂoélseé agpect of the
20 NVRaERtORvEIReN RaS&6snt df ¢ahalonsdr ifRABQR! thio®reactor zone may be

conpri si ng the contact product of a first netallocene
%6%?1‘2?}‘ &1 d2ehambs hueightinsicerieomenqmenibased an the total weight of the

acthyhRf aﬁ&%&melﬁ 'MteﬁﬁtiQJlﬁ RO %ﬁ%ﬁg&%&qﬁ%ﬁuﬁegd into a

This invention further enconpasses net _
t h&Casit oy may dreprowyi aniount exrifden ds piavilecthe tbavtei dogedntrifions by
firstyetal | ocene conpound, a second metal |l ocene
conpo%m'd, an activator-support,
25 While not intending to be bound by this theory, where branched, substituted,

or functionalized olefins are used as reactants, it is believed that steric hindrance may
impede and/or slow the polymerization process. Thus, branched and/or cyclic
portion(s) of the olefin removed somewhat from the carbon-carbon double bond
would not be expected to hinder the reaction in the way that the same olefin
30  substituents situated more proximate to the carbon-carbon double bond might.
According to one aspect of the present invention, at least one reactant for the catalyst
compositions of this invention may be ethylene, so the polymerizations are either

homopolymerizations or copolymerizations with a different acyclic, cyclic, terminal,



and an organoal um num conmpound, in any order.

According to such nethods, an active catal yst
woaopari#t/Bon i s obtai ned when the catal yst conmpomask®e/032590
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Multiple precontacting steps can be carried out in a single vessel or in multiple
vessels.  Further, multiple precontacting steps can be carried out in series
(sequentially), in parallel, or a combination thereof. For example, a first mixture of

30  two catalyst components can be formed in a first vessel, a second mixture comprising
the first mixture plus one additional catalyst component can be formed in the first

vessel or in a second vessel, which is typically placed downstream of the first vessel.
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precont act ed m xture
support, this composition (further comprising the activator-support) is termed the

“postcontacted mixture”. The postcontacted mixture optionally may be allowed to
remain in contact for a second period of time, the postcontact time, prior to initiating
the polymerization process. Postcontact times between the precontacted mixture and
30  the activator-support may range in time from about 0.1 hour to about 24 hours, for
example, from about 0.1 hour to about 1 hour. The precontacting, the postcontacting

step, or both may increase the productivity of the polymer as compared to the same
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According to a further aspect of this invention, the weight ratio of the total
. moles of the metallocene compound combined to the activator-support may be from
about 1:1 to about 1:1,000,000. According to yet another aspect of this invention, the
weight ratio of the total moles of the metallocene compound combined to the
30  activator-support may be from about 1:10 to about 1:10,000. According to still
another aspect of this invention, the weight ratio of the total moles of the metallocene

compound combined to the activator-support may be from about 1:20 to about 1:1000.
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further aspect of this invention, the catalyst of this invention may be characterized by

an activity of greater than or equal to about 2000 gP/(gCTSO-hr). This activity is
measured under slurry polymerization conditions using isobutane as the diluent, at a
30  polymerization temperature of about 90°C and an ethylene pressure of about 550 psig.
The reactor should have substantially no indication of any wall scale, coating or other

forms of fouling upon making these measurements.
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25t yPi cal Use of the Catalyst Composition in Polymerization Processes

After catalyst activation, the catalyst composition may be used to
homopolymerize ethylene or copolymerize ethylene with a comonomer.

The polymerization temperature may be from about 60°C to about 280°C, for

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

30 begins in an inert atmosphere substantially free of oxygen and under substantially

anhydrous conditions. For example, a dry, inert atmosphere such as dry nitrogen or

dry argon may be used.
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necessarily mean an inert material, as this term is meant to include compounds and
compositions that may contribute to polymerization process. Examples of
hydrocarbons that may be used as diluents include, but are not limited to,
cyclohexane, isobutane, n-butane, propane, n-pentane, isopentane, neopentane, and n-

30  hexane. Typically, isobutane may be used as the diluent in a slurry polymerization, as
provided by U.S. Patent Nos. 4,424,341, 4,501,885, 4,613,484, 4,737,280, and

5,597,892, each of which is incorporated by reference herein in its entirety.
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250r comAdme) and hikh @4r8feAed to a second reactor for polymerization under a
different set of conditions.

According to one aspect of the invention, the polymerization reactor system
may comprise at least one loop slurry reactor. Such reactors are known in the art and
may comprise vertical or horizontal loops. Such loops may comprise a single loop or

30 a series of loops. Multiple loop reactors may comprise both vertical and horizontal
loops. The slurry polymerization is typically performed in an organic solvent that can
disperse the catalyst and polymer. Examples of suitable solvents include butane,

hexane, cyclohexane, octane, and isobutane. Monomer, solvent, catalyst and any
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monomer is contacted with the catalyst composition by suitable stirring or other
means. A carrier comprising an inert organic diluent or excess monomer may be
employed. If desired, the monomer may be brought in the vapor phase into contact
with the catalytic reaction product, in the presence or absence of liquid material. The
polymerization zone is maintained at temperatures and pressures that will result in the
formation of a solution of the polymer in a reaction medium. Agitation may be

employed during polymerization to obtain better temperature control and to maintain
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According to yet another aspect of the present invention, a polymer or
copolymer of ethylene may be characterized by a HLMI of from about 3.0 to about 15,
a polymer density of from about 0.935 to about 0.960, and a polydispersity of from
30 about 5.0 to about 30. According to another aspect of the present invention, the
polymer or copolymer of ethylene may be characterized further by a weight average
molecular weight greater than about 150,000. According to yet another aspect of the
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solidifying that shape during a cooling process. There are numerous steps to pipe
extrusion as provided below.

The polymer feedstock can either be a pre-pigmented polyethylene resin or it

can be a mixture of natural polyethylene and color concentrate (referred to as “Salt

30 and Pepper blends”). In North American, the most common feedstock for pipe

extrusion is “Salt and Pepper blends”. In Europe and other areas of the world, the

most common feedstock for pipe extrusion is pre-pigmented polyethylene resin.
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aspects, embodiments, modifications, and equivalents thereof which, after reading the
25  description herein, may be suggested to one of ordinary skill in the art without

departing from the spirit of the present invention or the scope of the appended claims.

EXAMPLES
For each of the following examples, various combinations of the following
30 metallocenes were evaluated to determine their effect on polymer attributes,
particularly stiffness and slow crack growth resistance. For convenience, the various

metallocenes are set forth in below with letter abbreviation:
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EXAMPLES For egoh of the foll owi ng exaxpl es, vari ous
conbi nat { /he follow ng 1/l ocenes were
eval uated to determine their fect on pol ynmer
attributesD particularly stiffnes® and sl ow crack
growm h resistance. For conveni ence, the various
netal | ocenes are set forth in belowwth letter

abbr eviha foltrwingNBsRROFH QA ET BeffGEEUB2OAMARIRG 9ioud zolymers
%n)i\cg%n SE][ 91\s\CI oa~\Cl Zr Zr'Cl zdCa |/ "Cd BCI
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Melt index (MI, g/10 min) was determined in accordance with ASTM D1238
condition F at 190°C with a 2,160 gram weight.

High load melt index (HLMI, g/10 min) was determined in accordance with
ASTM D1238 condition E at 190°C with a 21,600 gram weight.

Polymer density was determined in grams per cubic centimeter (g/cc) on a
compression molded sample, cooled at about 15°C per hour, and conditioned for about
40 hours at room temperature in accordance with ASTM D1505 and ASTM D1928,
procedure C.

Melt rheological characterizations were performed as follows. Small-strain
(10%) oscillatory shear measurements were performed on a Rheometrics Scientific,
Inc. ARES theometer using parallel-plate geometry. All rheological tests were
performed at 190°C The complex viscosity |7* versus frequency («) data were then
curve fitted using the modified three parameter Carreau-Yasuda (CY) empirical model

to obtain the zero shear viscosity — 10, characteristic viscous relaxation time — 7, and
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the tables for the resins disclosed herein.

A “Quantachrome Autosorb-6 Nitrogen Pore Size Distribution Instrument”
was used to determined specific surface area (“surface area”) and specific pore
volume (“pore volume”). This instrument was acquired from the Quantachrome

20  Corporation, Syosset, N.Y.

Molecular weights and molecular weight distributions were obtained using a
PL 220 SEC high temperature chromatography unit (Polymer Laboratories) with
trichlorobenzene (TCB) as the solvent, with a flow rate of 1 mL/minute at a
temperature of 145°C. BHT (2,6-di-tert-butyl-4-methylphenol) at a concentration of

25 0.5 g/L was used as a stabilizer in the TCB. An injection volume of 200 pL was used
with a nominal polymer concentration of 1.5 mg/mL. Dissolution of the sample in
stabilized TCB was carried out by heating at 150°C for 5 hours with occasional, gentle
agitation. The columns used were three PLgel Mixed A LS columns (7.8x300mm)
and were calibrated with a broad linear polyethylene standard (Chevron Phillips

30  Chemical Marlex® BHB 5003) for which the molecular weight had been determined.
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255 ol pted ﬁBﬁ’CMg pomgepured using C- 13 NMR spectroscopy. C-13 NMR spectra
were obtained on 15 wt. % samples in TCB using a 500 MHz Varian Unity

Spectometer run at 125°C as previous described [see Randall JC, Hsich ET, NMR and
Macromolecules; Sequence, Dynamic, and Domain Structure, ACS Symposium Series
247, J. C. Randall, Ed., American Chemical Society, Washington DC, 1984.]. Methyl
content per 1000 carbons by NMR was obtained by multiplying (X 1000) the ratio of
total methyl signals to total signal intensity.

A partial least squares (PLS) calibration curve was generated using Pirouette

chemometric software (Infometrix) to correlate changes in the FTIR absorption
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area of aboyt 0 ram and a pore vol unme of about
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treat ed Thus, a solution of abo 0.08
gramerefs tadimouey nﬁg\@reﬂ aqcém'g@@s ¢ dereribesk & U. S Patent Application

Serial No. 10/876,948, “IMPROVED SYNTHESIS OF ANSA-METALLOCENES
AND THEIR PARENT LIGANDS IN HIGH YIELD”, incorporated by reference

herein in its entirety. All manipulations involving air-sensitive reagents and materials
were performed under nitrogen by using standard Schlenk line or dry box techniques.
The solvent THF was distilled from potassium, while anhydrous diethyl ether,
methylene chloride, pentane, and toluene (Fisher Scientific Company) were stored
over activated alumina. All solvents were degassed and stored under nitrogen.
Zirconium (IV) chloride (99.5%) and n-butyllithium were purchased from Aldrich
Chemical Company and were used as received. Products were analyzed by '"H NMR
(300 MHz, CDCl3, referenced against residual CHCl; peak at 7.24 ppm) or BC NMR
(75 MHz, CDCl;, referenced against central line of CDCl, at 77.00 ppm).
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9- @gtr'éeted with dlethyl ether, washed twice with H,O (500 mL), dried over anhydrous

NaySQy, filtered, and the filtrate evaporated to dryness to afford a solid. Methanol
(ca. 500 mL) is added to the solid and the mixture stirred overnight to form the
product as a finely divided white solid. After filtration, washing with MeOH, and
drying overnight, the desired parent ligand 1-(methyl)-1-(3-butenyl)-1-
(cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)methane is isolated and may be used
without further purification.

A one-liter flask is charged with the parent ligand I-(methyl)-1-(3-butenyl)-1-
(cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)methane (46.3 g, 109.0 mmol) and a
stir bar, capped with a rubber septum, and placed under a nitrogen atmosphere.

Diethyl ether (about 500 mL) is added to the flask and the mixture stirred and cooled
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sodium sulfate. The solvent was stripped off and the product was crystallized from a
minimal heptane and washed with methanol before drying.
A portion of the ligand from above, 20.0 g (41.3 mmoles) was dissolved in
diethylether and cooled in dry jce. A hexane solution of n-butyl lithium, 33 mLs of
2.5 M (82.5 mmoles), was added over 0.5 hour. The bath was removed and the
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resulting solution was cooled in a dry-ice bath. This mixture was stirred as n-

hexyllithium (30 mLs of 2.16 M in hexanes, 64.8 mmoles) was added dropwise
yielding a dark red solution. After ¥ hour the bath was removed and the solution was
30 slowly warmed to room temperature over 1 and % hours. Meanwhile, the flask
containing 20.25 g of 93 % fulvene (72.7 mmoles) and 100 mLs of THF was cooled in
ice. The fluoreny! anion solution from above was then added dropwise over 1 hour.

After two days of stirring while warming to room temperature, a GC aliquot was
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transferred to bottles and centrifuged and the solvent was then removed and saved.
The solid was extracted with methylene chloride and centrifuged. The resulting
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Pilot plant polymerizations were conducted in a 23-gallon slurry loop reactor
at a production rate of approximately 25 pounds of polymer per hour. Polymerization
runs were carried out under continuous particle form process conditions in a loop

30  reactor (also known as a slurry process) by contacting a metallocene solution in
isobutane, triethylaluminum, and a solid activator in a 2 L stirred autoclave with

continuous output to the loop reactor.
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Cocatalyst triethylaluminum (TEA) (obtained from Akzo Corporation) was
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further diluted to 1 weight percent. The cocatalyst was added in a concentration in a
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00 - Mppl. Qp'\%sgntgna g:n%/ the molg!:u?acr) v&elght glllspabunon 8/[W[B) but also
the short chain branching distribution across the MWD for Run 14. It is evident that
the short chain branches produced through use of hexene-1 as a comonomer are
largely concentrated in the high molecular weight portion of the polymer.

In sum, the present invention pr.ovides various catalyst compositions, methods
for forming a catalyst composition, and resins and pipes formed by using the catalyst
compositions.  The catalyst composition generally includes two metallocene
compounds, an activator, and a cocatalyst. The two metallocene compounds are
selected such that the two metallocenes produce polymers having two distinctly
different molecular weights. The metallocenes are combined with an activator-
support, an organoaluminum compound, and an olefin monomer to produce a
polyolefin having a bimodal molecular weight distribution. The resulting polymers
feature an outstanding balance of stiffness and slow crack growth resistance.

Additionally, the polymers produced according to the present invention have excellent

impact strength.

EXAMPLE 5

Bench Scale Polymerization of Additional Metallocenes
Suitable for Production of the High Molecular Weight Component

Runs 16-19 in Table 3 illustrate ethylene polymerization runs performed in a
one-gallon autoclave with a single metallocene. The runs were performed at about
90°C or at about 100°C, with two liters of isobutane diluent and 1 mmole of
triethylaluminum cocatalyst. No hydrogen was added.

For solutions C2 and E2, 24 mg of ansa-Metallocenes C and E, respectively,
were dissolved in 12 mLs of hexene-1 and then 2 mLs of 15 wt% triethylaluminum in
heptane were added followed by sonicating for 10 minutes. For solutions C1 and D1,

24 mg of ansa-Metallocenes C and D, respectively, were dissolved in 24 mLs of

toluene with stirring.
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N Miefylahvminum\in heptane was added to a cool reactor, which had been purged with

1 USSR el 2 P2 80 60181
nitrogen and then isobutane. This was followed by the chemically-treated solid oxide
(CTSO) and the metallocene solution, all under isobutane purge. The autoclave was
then closed and 2 L of isobutane were charged, and the stirrer set at 700 rpm. The
autoclave was then heated to just below the set point and ethylene and 5 grams of
hexene-1 were introduced. Ethylene was fed on demand to maintain the specified

pressure for 60 minutes. The run was terminated by shutting off the ethylene flow and

venting the volatile components. The polymer was removed, dried, and weighed.

Table 3.

Run No. 16 17 18 19

Metallocene C D C E
Metallocene Solution Cl1 D1 C2 E2
Metallocene (mg) 0.5 0.5 0.17 0.17
Temp (C) 90 90 100 100
Ethylene (psig) 450 450 550 550
CTSO (mg) 168 145 148 158
Solid PE (g) 81 120 189.1 126.7
CTSO Activity (g/g/hr) 482 828 1278 802
Mw/1000 824 758 535 443
Mn/1000 343 304 243 194
Mw/Mn 2.4 2.49 2.2 2.28

Comparison of the molecular weights from Runs and 16 and 17 from
metallocenes C and D shows that metallocene D is also suitable for use in producing
the high molecular weight portion of the bimodal resin produced by this invention.

In like manner, comparison of the molecular weights in Runs 18 and 19 from
metallocenes C and E shows that metallocene E is also suitable for use in producing

the high molecular weight portion of the bimodal resin produced by this invention.

The foregoing description has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the invention to the precise
examples or embodiments disclosed. Obvious modifications or variations are possible
in light of the above teachings. The embodiment or embodiments discussed were

chosen and described to provide the best illustration of the principles of the invention
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t he nol ecul ar wei ght distribution (MAD), but also the

shart chadaiat dBspdsitbntosiptisiaptal @8t AefaNscEnt BEMPMRIS #second
Run 14. It is ewg{’ent tﬁg{p Ee short chain branches

pr etrdleerne Hrosmghndy s @FlVﬁ@Tx%lﬁEQYE W 4 eARyERUR r@mpound,
g€l concentrated in the high nol ecul ar wei ght

portl on of the polyner. In sum the present invention

pr ovi de§) varthe fisst mataboest canmopod hasitemormutet hods  f or

form ng a catal yst co esins and pipes
g y 2@@&5&{%)(8 i prp

formed by using the c Sitions. The
cat al yst conphsaeéihiah mgznkepaitddyenyh Qidambe,SOrtﬂnOrenyl

net al | ocene u an activator, and a

cocat al yst. (’Fﬁé% tal | ocene conpounds are

sel ected sucix'y hat (Xt ér&%dﬁﬁéc@éd' B¢ e &fsuBkt@adE Ebridging  group
pol ynmers having two distinctl ferent nol ecul ar

weicHRPEsingr pee #emd?qné?,dewel%oﬂa%‘); @a%?ir)e@/hwewhg.qtom is carbon or

actgjj\¢ah,or - support, an organoal um num conpound, and an
ol efin nononer to produce a polyolefin having a
bi nodal nol ez ﬁtsasuhmmgﬁtof thestisubiftintied hridgihg grows il anj atighatic or

POLMIRLS exd SAMEE 80 WLBHADHL DG PRLRDCE, O st ffness
an

ow cr weh T ésTstance.” “Aadi ti onal | y, the
pol ymers pr oﬂmeﬂdaemnﬁibmg of Ochds hdisybpetiisedt biidpwenterap is an

E%%?Sﬁ%%f@ﬂ%ﬁ% iR S eioai (eris stomst o

R'isH, an alkyl group having from 1 to about 12 carbon atoms, or an
aryl group having from 1 to about 12 carbon atoms;

(X*) and (X*) are independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, or a substituted
derivative thereof, having from 1 to about 20 carbon atoms, or a halide;

M! is Zr or Hf:

L) the second metallocene has the formula:
EOEYENEOM
wherein (X°) and (X®) are independently a substituted or unsubstituted
cyclopentadienyl, or substituted or unsubstituted indenyl, substituent on (X°) and (X°)
is independently a linear or branched substituted or unsubstituted alkyl group, or a
linear or branched substituted or unsubstituted alkenyl group, having from 1 to about

20 carbon atoms;



Sui tabl e for Production of the H gh Ml ecul ar Wi ght

Conponent Runs 16-19 in Table 3 illustrate ethyl ene
woabywesi7zati on runs performed in a one-gal | ORCT/US2006/032590

autocl ave with a single net7l | ocene. The runs were

performed at about 90C or at about 100C, with two

liters of isobutane diluent and 1 mmol e of

triethylalum num cocatal yst. No hydrogen was added.

For sol uti ong"Can@nNst*Edre 3ddepEhdedtlydNspaliihbaad lRHBNES afomatic

and E, respectively, were dissolved in 12 nis of )

heXEEe, & cxlig grenpn azombinaidgn afaliphaticr snd speli giPwnsi prudrybstituted

h e Qi%ﬁ@a@iv@’?r{e?eoﬁ (ﬂ?ﬁq% E‘rgllnl 1 %L@Y%@Q%&ﬁ&ﬁlg Qr ? q{ali&eg and

m nutes. For soluttons and D1, 24 ng o

ansa- Met al | odBriedr EHnd D, respectively, were

di ssolved in 24 nLs of toluene with stirring. WO

2007/ 024773 PCT/ US2006/ 032590 72 Fol | owi ng

pr €par atThe patalfystichapoatical dfetaénd, sbtreinitiairatid ofrthe difrst hfetallocene

W% triethylal umnumin heptane adde a Ccoo

e Aot f e NS e i e rorm ARk bl (b Heh

i sobutane. This was followed by the chem cally-treated

solid oxide (CTSO and the netallocene solution, all

undler i 8B atalE compeutionelaim tlowheroid thaeatio Rt fistangsalocene

an finl : ' set

M R e S SRR S e

bel ow t he set point and ethylene and 5 grans of

hexﬁ@n.e_ ) hg\%g‘c?]ﬁétr&ﬁlggs!‘ft?&dd cFatirquMl Gh&eARe Iagg o?ﬁme%garﬂle‘?allocene

to fai ntarn e specCifie pressure for m Hut es.

Thecompundas tliessetrind aetdlobane sbrapduind gs Bdrh abdve 1 2ttbyboane: 1.

flow and venting the volatile conponents. The pol ynmer

was renoved, dried, and wei ghed. Table 3. Run No. 16

17 518 19he Matailst 06:8p&itlonofCelim Ye tideteat @R fisp lstlisti@BniChf the

DI C2 E2 Metallocene (nmg) 0.5 0.5 0.17 0.17 Tenp (O

90 Geybsteied budging FprR Kt Phsaylgroups e cydohesBliphazberoms@ naphthyl

( 68, 1451, 58 Solid PE (g) 81 120 189.1 126.7
CTn?éo‘kétivi ty}‘?gg‘/“&’fm) 482 828 1278 802

6. The catalyst composition of claim 1, wherein the second substituent of the

disubstituted bridging group is a butenyl group, a pentenyl group, or a hexenyl group.

7. The catalyst composition of claim 1, wherein the first metallocene is:




My 1000 824 758 535 443 ©Mh/ 1000 343 304 243 194
MV WMn 2.4 2.49 2.2 2.28 Conparison of the nol ecul ar
wordghies778r om Runs and 16 and 17 from netal | oeemas26@6/032590

and D shows that netallocer® D is also suitable for

use in producing the high nolecul ar wei ght portion of

t he binodal resin produced by this invention. In |like
manner, conparison of the nolecular weights in Runs 18
and 19 from netallocenes C and E shoms t hat ;

met al | ocgne al so suitable for n producing

t he hi gh yo ei ght porti on resin
pr oduced g ion. The g i ption
has been presentex purposes of i XAt i ek _and

descripti on.
[imt the iny ) 1
enbodi meqt s |di sed Obvi ous
s—are Pogsi bl e in light
teachi ngs. The enbodi nent or enbodi nents dlscussed
were chosen and descri bed to provide the best
illustration of the principles of the invention WO
~RCT, 9 s<practi cal
in the art

application t e one of ordinar
to utilize the NVERLA [ [

- with various godifications as are suited
particul ar use 18 d. Al such modi fi\cagi.ods
and vari ati gns &y ki the scope of nti on
as determ he pended cl ai s _y : ps et ed
in accordance with breadth to [ ey are
fairly and legally entitled. WO 2007/ 024773
PCT/ US2006/ 032590 74 What:is clainmed is: 1. A ;
catal yst conposjtion conprising a first ngtall ocene
compound, :
activatg
wher ei n:
f or mul a:

Hf.\\\\CI

o




(X) and (X2) are connected by a disubstituted bridging

group conprising one atom bonded to both (X) and
wOX2)7/02¢k18r ei n the atomis carbon or silicon; PaTfuSE®6/032590

substituent of the disubstituted bridging group is an

aliphatic or aromatic group having from1l to about 20

carbon atons; a second substituent of the

di substituted bridging group is an unsaturated

al i phatic group having from3 to about 10 carbon

atons; RL is H, an alkyl group having from1l to about

12 carbon atons, aryl group havi ng

about 12 carbon ; ;CI(X3) and (X4) areg

an al i phati aug @ﬁfgronatic

about 20 carbon ﬂiﬁﬁ. or a halide
(b) the second cene.has the for

( X5) ( X6) ( X7) ( X8) M; ;ein (X5) and (X6) ’
i ndependently a sup
cycl opent adi enyl , /&

i ndenyl, subs

i ndependent | anched sub

unsubst i —~or a '

substituted or AMbstyM ut ed al

from1l to about #r bon atons; WO 2007/ U2+ :

PCT/ US2006/ 032590 75
an aliphatic group, &
group, a conbi ngji on
or, a substituted t her eof
to about 20 X5 2 hal i de;
Hf . 2. Thecatal yst ¢orpasi ti on=ef

the ratio of the fir « } .
second netal | ocene coppound i s’ from about 1: 10 ’

Qqatic group, a cy
gﬁkphatic and c%gli
N - a

about 10:1. 3. The yst conposition of

wherein the ratio e first nmetal | oceng=_gpnpound
to the second net g conpound is fr

to about 5: 1Me4. af&l yst conposiid o

mhereinW?lo 0 &@ st rgtph o
=

3




conmpound to the second netall ocene conpound is from
about 1:2 to about 2:1. 5. The catal yst conposition of
woledvm4773wherei n the first substituent of thePCT/US2006/032590
di substituted bridging grou is a phenyl group, a
cycl ohexyl phenyl group, a naphthyl group, or a nethyl
group. 6. The catal yst conposition of claim1l1, wherein
the second substituent of the disubstituted bridging
group is a butenyl . a pentenyl group,
hexenyl group.

© .

or any combination thereof.

8. The catalyst composition of claim 1, wherein the second metallocene is:
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or any conbination thereof. 8. The catal yst

conposition of claim1, wherein the second netal |l ocene
wWO2007/R+CB8 ,a~01 2zZr Hf / "C "C C C C rPCINUS2006/032590

\Cl sCl sCl /c da d Zr &cl zr Zr Zr \Cl \Cl W

2007/ 024773 PCT/ US2006/ 032590 79 n, "\\\C Zr .., Zr

cl "P\cl ooci Zr ~ , pP\\Cl Zr: cl Zr'

WD 2007/ Q2477 PCT/ US2006/ 032590 80 W

@

or any combination thereof.

/
C k@ @”"
9. The catalyst composition of claim 1, wherein the activator-support is fluorided

alumina, chlorided alumina, bromided alumina, sulfated alumina, fluorided silica-
alumina, chlorided silica-alumina, bromided silica-alumina, sulfated silica-alumina,
fluorided silica-zirconia, chlorided silica-zirconia, bromided silica-zirconia, sulfated

silica-zirconia, or any combination thereof,

10.  The catalyst composition of claim 1, wherein the activator-support comprises a
solid oxide treated with an electron-withdrawing anion,

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

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

triflate, bisulfate, sulfate, or any combination thereof,

11. The catalyst composition of claim 10, wherein the activator-support further
comprises a metal or metal ion, wherein the metal or metal ion is zinc, nickel,
vanadium, silver, copper, gallium, tin, tungsten, molybdenum, or any combination

thereof.



\' ,//™M\\~~\ ~/ \ CHZ 9. The catal yst conposition of
claim1l, wherein the activator-support is fluorided
weal2wrina73chl ori ded al um na, brom ded al um na, peulUSaG06/M32590
alum na, fluorided silica- 8&lumna, chlorided
silica-alum na, brom ded silica-alumna, sulfated
silica-alum na, fluorided silica-zirconia, chlorided
silica-zirconia, brom ded silica-zirconia, sulfated
silica-zirconia, or any conbination thereof. 10. The
catal yst_conposition of claim11, wherein the
act % at oFhesappist mperipen alcloing 1, wheri thacisater-wapestoomprises a
Wi t Elayaﬂnr%krﬁ cf ﬁlﬁﬁ‘re&\"cfafl‘ %%%Jﬁgteé Q1a9 ndn MRRLRHY Br%%lléﬂlnfodanother
oxide is silica, alumna, silica-alumna, a
phoSp#a el et Lﬂb’@piblsﬁlc@m gsma‘aleg nan-legaredh siligate quinéral, a layered
mgﬁﬁlﬁ;ﬁs%?ﬁ% 'nrgan:nLch X?% rrgo)l(llfl%fgirreél Pl?ﬁmén:?al)ﬁt%%g Ol)ﬁin%reai or a supported
el edtmorxaetahtivadosnppoat by icembinativni thkecofchl or i de,
brom de, phosphate, triflate, bisulfate, sulfate, or
any conbination thereof. 11. The catal yst conposition
of ¢d.ai nThkGataWRLERhPdsitibe ofElkiny Bt valerdin! ﬂféer%anBélﬁﬁlhﬁfn compound
co r| ses a netal or netal ion, wherein the netal or
s thegferpazi ne, ni ckel vanadi um silver, copper,
gallium tin, tungsten, (U@SI,S Lm or any conbination
t hereof. WD 2007/ 024773 PCT/ 006/ 032590 81 12. The
cat al ystwhaeip R is avraliphatic lgeiuphavingviemei tn abdwe 6 carbon atoms.
activator-support conprises a clay mneral, a
pillared clay, an exfoliated clay, an exfoliated clay
geI l4ed i Tieocatipt kempositicnde di@itn 1, wikrdiayRF)eid eftyl, |1ﬁa¢3¢, butyl,
ﬁfi anugglayered silicate mneral, a |ayered
aI ulPHe ST PP e nineral, a non-1ayered al uminosilicate
m neral, or a supported al um noxane
activator-support, or, any conbination thereof. 13. The
cat &'ystThe f squenesigipn of elpim 1, WhgkeR Slerprggagaluminum compound
or JRRGA fophawm conpound  has the formul a: (R2) 3A1;
wherein. (R) is an aliphatic group having from2 to
about 6 carbon atons. 14. A‘l'@é’)n@élf)hk,yst conposi tion of

claim13,, wher S.e 10
or i sobut 3T igg) 1%‘%11@)(15 CF%W@%%“@&%B})EY% afb8ﬁtuz:9y°a{9°3ia??ﬁf{ (X7)is
whesrehlRotitke o010 arylval de MHatid HOEITP edl fsbut 20 carbon atoms, a halide, or a

hydride, and n is a number from 1 to 3, inclusive.

16.  The catalyst composition of claim 1, wherein the organoaluminum compound
is trimethylaluminum, triethylaluminum, tri-n-propylaluminum, diethylaluminum
ethoxide, tri-n-butylaluminum, diisobutylaluminum hydride, triisobutylaluminum,

diethylaluminum chloride, or any combination thereof.

17. The catalyst composition of claim 1, wherein the weight ratio of the
organoaluminum compound to the activator-support is from about 10:1 to about

1:1000.



has the fornula: Al (X9)n(X10)3-n, wherein (X9) is a

hydr ocar byl having from 1l to about 20 carbon atons,
wOXi@)02#m3 an al koxi de or an aryl oxi de havi ng PCoDMS1006032590

about 20 carbon atoms, a hai2ide, or a hydride, and n

is a nunber from1l to 3, inclusive. 16. The catal yst

conposition of claim1, wherein the organoal um num

conmpound is trinethylalumnum triethylalumnum

tri t@)- prgR\hidiys Bbpdsitiod ot BlfkkieNébMprisihl @bd€one aluminoxane

tri-n-butylal um num dijsobutylal um nuin hydride,

t r i FosRRdy plhalegiont Ajgancging PRIt At Agdsh 8| csganeherongsongpaynd, at

COMRhfBhd Bfizind &SR OEompblind, b EnP);}ft%h@hﬁéﬁ&n feRpesi tion of

claim1, wherein the welght o of the

or ganoal um num conpound to the activator-support is

fropg aboyt 1 to about : 1000, WD ..2007/ 024773 .
et o0t 08B0 RegStlet i T e AlalG Sty oppies o
cl alemt bpe falnriidvaanec comgrousd Bg spottedadimmoena lcopsumd ankerein the

conpound, at | east on rganozi nc co und, at | east
onggﬁlp’élg}f%ﬁﬁmlsﬁ%w&ﬁﬁ%}l Hfoxal}eg’ﬁ‘é‘flg gﬁg"m"r:zi ng ionic
compound, or any conbinatign theregof. 19. The catal yst
conposi tion of claiml1, \M‘%r i-0O activator support
conprises at |east one al um noxang conmpound or

supported al um noxane conpouRd, wherein the

al um noxane conprises a cyclic alun noxane having the
formul a: |- Owharein R teelinsan oRbliaschad lalkyk bavimg friymai ech & carbon

al kyl LNng. fr. 1 rban atons, and n is an
i nt éﬁ@?’%?%?ﬁq’ lﬁgg%t%ﬁ} }%@?’%lgqﬁf near al um noxane
havi ng tadiénetcalwminasanRhafngdhe @Mnula: n R R wherein Ris

a linear or branched al kyl having frFé)m 1 to 10 carbon
/
RJ(AI—O7LA1
| n o
R R,

wherein R is a linear or branched alkyl having from 1 to 10 carbon
atoms, and n is an integer from 1 to about 50;
a cage aluminoxane having the formula Rts,,,+aRb,,,_aAl4,,,O3,,,,
wherein m is 3 or 4 and o, is = naia) - noE)+ now);
wherein n;3) is the number of three coordinate aluminum atoms, rox)
is the number of two coordinate oxygen atoms, now) is the number of 4 coordinate

oxygen atoms, R' represents a terminal alkyl group, and R represents a bridging alkyl

group;
wherein R is a linear or branched alkyl having from 1 to 10 carbon
atoms; or
any combination thereof.
20.  The catalyst composition of claim 1, comprising at least one ionizing ionic

compound.



atons, and n is an integer from1 to about 50; a cage

al um noxane having the fornula Rt5n, +aRbn, - aAl4i ,
wQOR0r/024%Berein mis 3 or 4 and a is = nAl (3) PCI®S2006/432590

no(4); wherein nAl(3) is ti nunber of three

coordi nate al um num atons, no(2) is the nunber of two

coordi nate oxygen atons, no(4) is the nunber of 4

coordi nate oxygen atons, Rt represents a term na

al kyl. grAugatalgd dedripokiiph eaptising & ised-REtafibdedt compound, an
group, . Wherein Ris a |linear or branched al kyl having
f r offieridey! mytallapeys ncompopis  atopctiyApT-supRpitnard @ organoaluminum

t hesgfoundWheldde catal yst conposition of claiml,
conprising at | east one ionizing ionic conmpound. WD

2007/ 024773 BEYIBREeH ¢32 5@apousd hastthe Armelaal yst

conposi tion conprising llocene conpound,

an unbridged netall oce(n (%dc?){sn%ggﬁ(%{ah\gh

act i vat or - supyeredn (dhi cadomntydieny) inddngl or fleeepdund,

wher ei n: (a)( tseigf asa- net al | ocene conpound has the

for mul a: (X'§‘ (SO (x3) (X4) M ; wherein (X) is

cycl opent adi gR)l and ME@Nyte, cOneted oty RY Hisubstidddd IbBidging group
fluorenyl; (X) and (X2) are connected by a .

di sTBHEISIG WE AN 851459 tey Pl X L entet bi ipremdheaatommis carbon or
bongdgehnt 0 both (X) and (X2), wherein the atomis

carbon or silicon; a first substituent of the

di subst i t ut ed fieti sybitiugnpelohe disebstitutesl] trjslgbugi growpris an aliphatic or

o oo PR g SR e b dgi ng
group is a unsetond attstituewlof fieaisubstigriadipridying gighplis @ hsdturated
o 0 PR B bR B O 00 P
i ndependent | R'as diadiicydl grouphavigei&h fio Mt 4 carbon atoms;
(X*) and (X*) are independently a halide;
M! is Zr or Hf; and
(b) the unbridged metallocene has the formula:
X)XHEHEOM
wherein (X°) and (X%) are independently a substituted or unsubstituted
cyclopentadienyl, or substituted or unsubstituted indenyl, any substituent on (X°) and
(X6) is independently a linear or branched, substituted or unsubstituted alkyl group, or
a linear or branched substituted or unsubstituted alkenyl group, having from 1 to about
20 carbon atoms; (X') and (X®) are independently a halide; and
M? is Zr or Hf.

22.  The catalyst composition of claim 21, wherein the ratio of the ansa-
metallocene compound to the unbridged metallocene compound is from about 1:10 to

about 10:1.



(b) the unbridged netall ocene has the fornmula:

(X5) (X6) (X7) (X$) M2; wherein (X5) and (X6) are
wonoepesdent |y a substituted or unsubstituted PCT/US2006/032590

cycl opent adi enyl, or substis4uted or unsubstituted

i ndenyl, any substituent on (X) and (X6) is

i ndependently a |linear or branched, substituted or

unsubstituted al kyl group, or a linear or branched

subzi.i t urted cailystnsashisdsitiont & claink €0y | witidh Pthe haMb "G the ansa-
from1l to about 20 carbon_atons; (X7) and (X8) are

i nd@palerspe pPympeuRd e the unhgidgef/metallogane gpmpgung s frpmeabout 1:5 to
cat goyps.1conposition of claim 21, wherein the ratio of
the ansa- netall ocene conpound to the unbridged
net al | ocene conpound is fromabout 1:10 to about
0 4 U 25 84.23...Th

cai 2Tyt EoRuba L Brpean I AN AR 0 de it v
t hemgiaBeseneredrapdund ¢nthe cobiipad thetatiotdne comnpsindde tom about 1:2 to
netﬁ# pgene conmpound is fromabout 1:5 to about 5:1.

he catal yst conposition of claim2l, wherein the
ratio of the ansa- netallocene conpound to the

unb 'dgg%lnetallocene conpound i s from about 1:

abotrt Fiplystcempetitiany ok clahgbsheren e f“t,rﬁtawl?stment of the

whedigibititulte thidgsk g?dﬁ?%@ h&)h'@lr}}f o8fip, ar@cloﬂéﬁﬁakﬂgﬁjﬂ gﬁotug naphthyl

bridgi ng group is a phenyl group, a’cyclo i

groEBWJQrﬁaﬁﬂwhypupgroup, or a nmethyl group. 26. The

catal yst conposition of claim21l, wherein the second

substituent of the disubstituted bridging group is a

but Znyl wamlysacmﬂpmémylof glaii (2], @herainhhx edtphd GilBtifdent of the
on, of cIa|n12% wherein the

27. Tﬁg c st co
ans%ls ?%%F%Eéﬁ&g £08 oatmlaenvlsgw%amt@y PRU\OF ehexepyl group.
) ,a\a 1S
27.  The catalyst composition of claim 21, wherein the ansa-metallocene

compound is:




Cd A CK WD 2007/024773 PCT/ US2006/ 032590 85

Zr,"\\Cl HQ\Cl "Cd sC r,~ACl \ | / H apd "W
weCho7ik3@ Z~Cl Me r-C Phr d OO1 O-~C pdEUER0GN32590
Ph zZr-d OO)d d M Zr-881 Ph Zr d OOaaW

2007/ 024773 PCT/ US2006/032590 86 OO0 Cl1L C1 WMe,SI o

Zl d M, z/-Ad /A /A Me H-C PhH A 001, d

//C Me H-CI Ph H,Cl 00 00 OOI /Cl1L O




M H-CI Ph HF-Cl o O 0 M,Si HCO M 'S /H 1 000 ~

000 O 0O or any conbination thereof. 28. The catal yst
woaopgor#t’Bon of claim 21, wherein the unbri dge@8CT/US2006/032590

net al | ocene conpound is: WO 2007/024773

PCT/ US2006/ 032590 87 "oaoi ,o0~~ci zr (OH “ci o ;

ci ¢l zr/ zr/ ci zr ci ci [fcl lci z/c Zr zr ci v

\cl ....OLcl C zr-a zZ! ..... ,~~1 d~ _C Ir.,,n

or any conbination t of . 29. The cat al yst

conposi tion of clai wherein the activa upport

conprises a solidgd

el ectron-w t hdr avi

silica, al

het er opo

bori a,

or any combination thereof.

28.  The catalyst composition of claim 21, wherein the unbridged metallocene

compound is:



WD 2007/ 024773 PCT/ US2006/ 032590 88 the

el ectron-wi thdrawi ng anion is fluoride, chloride,
wonwemider73phosphate, triflate, bisulfate, sul Paras26/032590

any conbination thereof. 3®7 The catal yst conposition

of claim 21, wherein the activator-support conprises

a clay mneral, a pillared clay, an exfoliated clay,

an exfoliated clay gelled into another oxide matriXx,

a layered sild 3 red silicate

mneral, a l neral, a

non-| ayer ed or any

combi nat i on s8¢ conposition of

e
Y

£0f. 31. The cata

f,

claim?2 nMhe or gangghugipdimgonpound has t he
for mul a: ; wherein @ an aliphatic group
having fr 2 to about; 6 carben atons.; 32. The

catal yst conposition of claim31l, wherein (R) is
ethyl, propyl, butyl, hexyl, or isobutyl. 33. The

cata ption of m wher ei N\t he
or ganoal um n onpound has t or mul a:
Al (X9) n(X1) 3-n)y ~wherein (X9) is\achydrocarbyl Raving

from1 to abouy 20 carbon atoms, /{%L0) is an al#&axi de
or ah\a%§¢4»<jﬁ% havi ng fyﬁhllé§2§pbout 20 car °
atons, a hal , or a hydrid nd nis an from
1to 3, inclusive, 34. The catal yst conpositi of

clai m 21, wherein’the organoal um num conpound is ;

trimethylal um num triethylal um num
tri-n-propylalum num diethylalumnum ethoxide,

tri-n-butylalum num dijisokutyhkal um num hydrjde,

triis ni num ﬁ%é(ﬁ?#é@éﬁinun1ch|%?féé7<§? any
conbi nati on“tyefeof . WO 2007/ 024743 PCT/ US2006/ 032580
89 35. A catapyst conposition cdiprising an o
ansa |1 ne conpoaﬁd(\an<z§pbridged/ﬁé(EFFSE%ne
compound, ctivator - suppor ts~and an organoal num

compound, wherein; (a) the ansa-netal | ocene conmpound
i s: ’ ’

%\/V/ w/\
@L/\/\ dz’\m

b

or any combination thereof.

29.  The catalyst composition of claim 21, wherein the activator-support comprises a
solid oxide treated with an electron-withdrawing anion,

wherein the solid oxide is silica, alumina, silica-alumina, aluminum
phosphate, heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, any

mixed oxide thereof, or any mixture thereof; and



ee.,001,,0~cl ~zr Hf \ \ Uor a conbination

thereof, (b) the unbridged netallocene is: H e "C -~
wOGCho7on477& conbi nati on thereof; and (c) the PCT/US2006/032590

activator-support conprisesss$fl| uori ded al um na,

chl orided alum na, brom ded alum na, sulfated

alumna, fluorided silica-alumna, chlorided silica-

al um na, brom ded silica-alumna, sulfated

silica- Hieuﬁibftmn-\f/i}thmvbidgdnﬁ)h: isCfluotide C olflbiade, Hi?l%lﬁ’l@,i gﬁ&isphate,

sili.ca-zirconia, bromded siljca-zirconia, sulfate

si Iqlﬁa}-” Ilsiuffﬁ)tﬁi sylfatg, griapy gquakination S0l any combi nat i on

thereof. 36. The catal yst conposition of claim 35,

wherein the ratio of the ansa- netall ocene conpound to

t heOunbrhelgrdysheemposiian s clamg burherais the metinatiyeuppott coprises
t ; - 1 olalh Q] . aj

55 2 RaterkDh blartl el ) GRUBIMSlay SATRRTL Y Ay Bt Thother
f oropifleamat{ir) 8 AdyeredGilGy hi@4al,7 3 iPEGTHyelSa 0lEa@3RmReh], 90ayered

wh € Is.an.aliphatic,group having from2 to .. .
b hfosihis Rd ok bR SRRt Wantiodt frforgpination
cl aharedd7, wherein (R2) is ethyl, propyl, butyl,

hexyl, or isobutyl. 39. The catal yst conposition of

claim 35, wherein the organoal urni num conpound has

t ha1f or mREtAdlyAcbBostlor b LB 2 1, WhFfl Me Gﬁﬁoahlﬁniﬁum compound
r

hydrocar byl having from 1l to about 20 carbon atons,
( Xi’@ﬁ the formula:

(R*)Al

wherein (R?) is an aliphatic group having from 2 to about 6 carbon atoms.

32.  The catalyst composition of claim 31, wherein (R%) is ethyl, propyl, butyl,
hexyl, or isobutyl.

33.  The catalyst composition of claim 21, wherein the organoaluminum compound
has the formula:
ALK s
wherein (X9) is a hydrocarbyl having from 1 to about 20 carbon atoms, (Xlo) is
an alkoxide or an aryloxide having from 1 to about 20 carbon atoms, a halide, or a

hydride, and n is a number from 1 to 3, inclusive.

34.  The catalyst composition of claim 21, wherein the organoaluminum compound
is trimethylaluminum, triethylaluminum, tri-n-propylaluminum, diethylaluminum
ethoxide, tri-n-butylaluminum, diisobutylaluminum hydride, triisobutylaluminum,

diethylaluminum chloride, or any combination thereof.



an al koxi de or an aryloxide having from1l to about 20

carbon atons, a halide, or a hydride, and nis a
woundran4f8om 1 to 3, inclusive. 40. The cat al y8CT/US2006/032590

conposition of claim35, wsrein the weight ratio of

the organoal um num conpound to the activator-support

is fromabout 10:1 to about 1:1000. 41. The catal yst

conposition of claim35, further conprising at | east

one3al UM nexane coPIRash bondlisheas MAREmMRLISRAL] Jb‘lﬁq ound, an
conpqgﬂd, at | east one g%ﬁanoboyon conpound, at é%st‘
one PGHES RiFtallesing oBPeBIthdn aftivainysuppembi mat porprgancaluminum
t hesR@foundt heRirsat al yst conposi ti on conprising an
ansa- net al | ocene conpound, an unbridged netal |l ocene
conpound® an thectisqmettlocenp pompoundisd an or ganoal um num
conpound, wherein: (a) the ansa-netall ocene conpound
is: Ph Ph""Cl Zr' Hf or a conbination thereof, WO
2007/ 024773 PCI/ T 500 91 [
net al | oceng/I s: Zr Hf ogat i on
thereof; and (c

fluorided al um na, Nt 1 oed_al um na

al um na, sulfate } fluorided s
chlorided sili i e, brom ded si
sul fated siN wi'na, fluorided™gi Ll

chl orided silica-zirconia, bromded silica-Zirconia, >°
sul § ainédnasioh ttegeoi rconia, a pillared clay, or any
conbi natjon thereof. 43. The catal yst conposition of
claim4 ,) whdiedimhridged mefallogengis: t he” ansa- net al | ocene

compound to the unbri ~{et al | ocene conpouynd is from
about 1:10 to
e
.\\\\C|
Hf,
\Cl

s \\\‘\\CI
Zr
; ; Or

a combination thereof, and

(c) the activator-support comprises fluorided alumina, chlorided alumina,
bromided alumina, sulfated alumina, fluorided silica-alumina, chlorided silica-
alumina, bromided silica-alumina, sulfated silica-alumina, fluorided silica-zirconia,
chlorided silica-zirconia, bromided silica-zirconia, sulfated silica-zirconia, a pillared

clay, or any combination thereof,

36.  The catalyst composition of claim 35, ‘wherein the ratio of the ansa-

metallocene compound to the unbridged metallocene compound is from about 1:10 to
about 10:1.

37. The catalyst composition of claim 35, wherein the organoaluminum compound

has the formula:

(RY);AL



about 10: 1. 44. The catal yst conposition of claim42,

wherein the activator-support further conprises a
worbt@lo2or73net al i on, wherein the nmetal or netalPCrms2008/032590

zinc, nickel, vanadium si%ver, copper, gallium tin,

tungsten, nol ybdenum or any conbination thereof. 45.

The catal yst conposition of claim42, wherein the

or ganoal um num conpound has the fornula: (R)3A;

wher ei nwhékini (RN a@dliphhed dréurdia9iip Foava RO:bbHBaZboh @toms.

about 6 carbon atons. 46. The catal yst conposition of

claim42, wherein (R) is ethyl, propyl, butyl, hexyl,

or 3gsobghy kata@ 2RP6LIASH F %1ai%@7§h U300/ Vﬁ@?%ggch 198rofl; butyl,

The catal yst conposition of claim 42, erein the

or g&rdarisebriin conpound  has the fornul a:

Al (X9)n(X10)3-n; wherein (X' ) is a hydrocarbyl having

from1l to about 20 carbon atonms, (X10) is an al koxi de

or 38n afli¢ oatalyke chrapositgnfof claind 3§, svhateouthe 2ffate@iingnum compound

at gns a halide, or a hydride, and n is a nunber from

1 tgsgw Tﬂ%aUSlve 48. The catal yst conposition of

claim42, wherein the orgammbkmﬁbﬂyn1conpound is

trinmethylal um gum triethylal um

tri-n- p% i P AYiFecabY Pﬁwgafr?mqlﬁa Abous 2 eathepeatoms, (X) is

tr |an"h'll¥b§ﬂd\€|cﬁ|aﬁrﬁl'ﬁb¥mie ﬂé\/‘l@oﬁ’&ﬁw B! BB R 6185, a halide, or a

triisobutylalumnum diethylalum numchloride, or any

c oriyindes sk is hewwber frapg | tofhdncdusivgl yst conposition of

claim42, wherein the weight ratio of the

organoaluninun1conpouhd to the activator-support is

f r (ﬂl@l abdbe¢ ci@lyst tmmadmitiﬂn ofl b9 035, Seherdih ethe a\t/aglystatio of the

osi t.ion of claim42 furth r co risin
o et 18 e HEhAS S GRRE, bttt g T g ebou
| eastooone or ganoboron conpound, at Ieast one ionizing

i oni c compound, or any conbination thereof. 51. A
catal yst conposition conprising a first netall ocene

CONPOUNEe &hisHREQDosillBE & clafth 85) %%P@ﬁ#ﬁgm% &east one aluminoxane

activator-support, and an or ganoal um num conpound
compound, at least one organozinc compound, at least one organoboron compound, at

least one ionizing ionic compound, or any combination thereof.

42, A catalyst composition comprising an ansa-metallocene compound, an
unbridged metallocene compound, an activator-support, and an organoaluminum
compound, wherein:

(a) the ansa-metallocene compound is:

a combination thereof;



wherein: (a) the first nmetall ocene conmpound is: WO
2007/ 024773 PCT/ US2006/ 032590 93 (b) the second
worb@lkewene is: zr (c) the activator-support PC$/US2006/032590
sul fated al um na; and (d) t%he organoal um num conpound
is triethylalum num 52. A process for polynerizing
olefins in the presence of a catal yst conposition,
conprising contacting the catal yst conposition of
clai m 1(b)21, thdanbritiged MetaBdcensMst h at | east one ol efin
nmonomer under pol ynerization conditions. 53._The
process of claim52, HN the whereif S
conposi tion and the | egst one ol ef g ger are
contacted in a gas pha gactor, a |oop reactor, or a
stirred tank reactor. 54m§jhe process_of claﬁgwsz,
wherein at Ieastfi A rmnomsrses of r om
about 2 to about sgy/bon atons pe plecul e. 55. The
process of claimb52, wherein the at Téast one oPefin
MO NQYEBILIRASPMERSS an€t hyl ene, propyl ene, but ane,
hexane, octane or conbinations thereof. 56. The

process (@f cthgiagtigpor-spprortrompeisssiucsidetyalimineoefietided afpmina,

co e .7at i . 0 ; . .1
CoRORRES hahhe sgBRL R LR AGD RSBl HFisg i
analunhiea, compivledeilicaiabmpnag pylfaedt silicastlaméa, flexaded, silica-zirconia,
oct ane ,or .conhinations.thereof. 58. T racess of .

cr st RFR! sGREPLOR REMuoHGeiots s ERBSCHE0Rn = pitard
20CHyD@khy 3oibinitidn200&f032590 94 59. The process of

cl aim56, wherein an anount of conpnoner introduced is
from about 0.01 to about 50 wei ght percent conononer

t 0 430t alThveda@ifst RomPBRGSE LS A AQTMERER! thdQaticPof the ansa-
process for producing a catal yst conposition

corpftilioceny comond: to iy wbfiflgedimetatiseeriel compaendde frpmuabeut 1410 to
secgpd (@8t al | ocene conpound, an activator-support, and
an organoal um num conpound, in any order.

44.  The catalyst composition of claim 42, wherein the activator-support further
comprises a metal or metal ion, wherein the metal or metal ion is zinc, nickel,
vanadium, silver, copper, gallium, tin, tungsten, molybdenum, or any combination

thereof.

45.  The catalyst composition of claim 42, wherein the organoaluminum compound
has the formula:
R*»AL

wherein (R%) is an aliphatic group having from 2 to about 6 carbon atoms.

46.  The catalyst composition of claim 42, wherein (R?) is ethyl, propyl, butyl,
hexyl, or isobutyl.



61. The process of claim®60, wherein the ratio of the

first netall ocene conpound to the second netall ocene
woaeopmasd3i s from about 1:10 to about 10:1. 62PCThiS2006/032590

process of claim60, whereima the ratio of the first

net al | ocene conpound to the second netall ocene

conpound is fromabout 1:5 to about 5:1. 63. The

process of claim60, wherein the ratio of the first

met4al | ogeseatapABOHpskition@f tlakn S5 edeainRE afghARAMEnum compound
conpound is_fromabout 1:2 to about 2:1. 64. The

pr deede fgmuly 5i m 60, wherein the weight ratio of the
or ganoal um num conpound Agxgggl ctivator-support is
0.

from about 10:% to about 1:1 65. The grocess of

cl ai m 6@hetein @Akis adwdrpedrel hayiepfiendtty AbpuARO Fashert atgmn (X is
al Y X HI%r anH lhﬁﬁ‘é Ba\@r%gﬁ&ﬁ gatgoa%blpomc&%%%(gns Alhalide, or a
| eaSt one or ganoboron coffpound, at 1east one 10nizing

i orfiydridep apglouis d, nuonberaingm ¢ endiimdutsiven t her eof . 66. A

pol yner or copol ynmer of ethylene, made by the process

of claimb52. 67. A PE-100 pipe conprising the polyner

Or 430POITHEEtalgdt cohpdsifioB®S claim 42, wherein the organoaluminum compound

is trimethylaluminum, triethylaluminum, tri-n-propylaluminum, diethylaluminum
ethoxide, tri-n-butylaluminum, diisobutylaluminum hydride, triisobutylaluminum,

diethylaluminum chloride, or any combination thereof.

49.  The catalyst composition of claim 42, wherein the weight ratio of the
organoaluminum compound to the activator-support is from about 10:1 to about

1:1000.

50. The catalyst composition of claim 42, further comprising at least one aluminoxane,
at least one organozinc compound, at least one organoboron compound, at least one

ionizing ionic compound, or any combination thereof.

51. A catalyst composition comprising a first metallocene compound, a second
metallocene compound, an activator-support, and an organoaluminum compound,
wherein:

(a) the first metallocene compound is:
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(b) the second metallocene is:

(c) the activator-support is sulfated alumina; and

(@ the organoaluminum compound is triethylaluminum.

52, A process for polymerizing olefins in the presence of a catalyst composition,
comprising contacting the catalyst composition of claim 1, 21, 35, 42, or 51, with at

least one olefin monomer under polymerization conditions.

53. The process of claim 52, wherein the wherein the catalyst composition and the
at least one olefin monomer are contacted in a gas phase reactor, a loop reactor, or a

stirred tank reactor.

54.  The process of claim 52, wherein at least one olefin monomer comprises from

about 2 to about 30 carbon atoms per molecule.

55. The process of claim 52, wherein the at least one olefin monomer comprises

ethylene, propylene, butane, hexane, octane or combinations thereof.

56.  The process of claim 52, further comprising introducing a comonomer to the

polymerization process.

57.  The process of claim 56, wherein the monomer is ethylene and the comonomer

1s propylene, butane, hexane, octane or combinations thereof,

58.  The process of claim 56, wherein the comonomer is 1-hexene.
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59.  The process of claim 56, wherein an amount of comonomer introduced is from
about 0.01 to about 50 weight percent comonomer to total weight of monomer
and comonomer.

60. A process for producing a catalyst composition comprising contacting a first

metallocene compound, a second metallocene compound, an activator-support, and an

organoaluminum compound, in any order.

61.  The process of claim 60, wherein the ratio of the first metallocene compound

to the second metallocene compound is from about 1:10 to about 10:1.

62.  The process of claim 60, wherein the ratio of the first metallocene compound

to the second metallocene compound is from about 1:5 to about 5:1.

63.  The process of claim 60, wherein the ratio of the first metallocene compound

to the second metallocene compound is from about 1:2 to about 2:1.

64.  The process of claim 60, wherein the weight ratio of the organoaluminum

compound to the activator-support is from about 10:1 to about 1:1000.
65. The process of claim 60, further comprising contacting at least one aluminoxane,
at least one organozinc compound, at least one organoboron compound, at least one

ionizing ionic compound, or any combination thereof.

66. A polymer or copolymer of ethylene, made by the process of claim 52.

67. A PE-100 pipe comprising the polymer or copolymer of claim 66.



