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WD 2007/ 037836 PCT/ US2006/ 032542 PCOLYMERI ZATI ON
CATALYSTS AND PROCESS FOR PRODUCI NG Bl MODAL POLYMERS

wo bbovoSIsBISLE REACTOR TECHNI CAL FI ELD OF THE | NYENS100M032542

5 This invention relates to the field of olefin

pol ynmeri zation catal ysis, catalyst conpositions,

net hods for the polynerization and copol yneri zati on of
ol ePORYMERIZATOORTGATBALYSTS ANDRROCESS PER PRODECING nmed
t her ef r om BORIODAUP@LYVBRSI INGA SINGLIPREACIORC at al yst
conposition. The present invention also relates to the

fields of orgeriCICANPIEES GF #AE INVENTRORt al | i c
synthesi s, including synthetic methods for half- 10

et al Tt BWeationgplate ieldrofpigin nalnripaienmatabisist ¢ajalysy

Y RibnQf aﬂba/e yhe Sias f-HRE
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desiic ajaitl&:sfs and ogendnitdlic gathedis, Inﬂzﬂlﬁim‘geﬂtiﬂhéﬂld’hgethb@l’fexf half-

%ﬁ sure ratings. To obtain a PE-100 cl assification,
ta %ipe is required to meet certain standards

speC|fy|ng stiffness, resistance to slow crack grow h,

resistance to _chem caI attack, and | owtenperature

t oughness ( expBé%%‘éNPé}}ﬁ BHE DYENFEOWr opagat i on) .

Furt r

that ety e TORLTRE: 03 SRLRALARY} B0 abFRAALEhich

stéffiper pipunsed in watei, gas bigbothie Suidtiinepdroapp REaLE0 Papicfylane

gfé)re” cl?égglﬁg&) 49 Wﬁ% I\tﬂQg 19X %‘F%s \Mﬁg& ! r1]ce.511 F2:'61'?e%assﬂicatlon
ried under ground or mhere t'he pipe s used

B4 060 as bspreaa]ﬂys destreblaisrase wades lconditi@s . redtny Rlicheg | pressure

there

Eiee 1 F& abBinct PAS e e By o Gipe 1= 8P e gerai
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processes and resins fornmed using net al | ocene cat al yst
shesmieats attackeraad| dovgtompaaBirg f toughaesie &xPrised §6 i fapide sEack

r A S :
PR oMy el TR Hip S OEE Tl SRS LRI By s
deternigped mnwlassnmamlevmvemnamt Ipm@dsesbwbtbofon 8E-100
E@%&H %hllb tergﬁghlﬂgs\él exgm e,h\lvgel:}e the pq%% I1sf {)urle Sun%gpgrorhng hor

where the pipe is used to transport coarse or abrasive slurries. Accordingly, there is

a need for a resin and a PE-100 pipe made therefrom that has improved physical
properties and impact resistance properties.

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

stiffness and high ESCR.
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WD 2007/ 037836 PCT/ US2006/ 032542 SUMVARY OF THE
| NVENTI ON The present invention generally relates to a

conmpounds, an activator, and a cocatal yst. The present
invention further relates to processes for producing
such a catal yst conposition, 5 polynerization
processes, and EUMVRRY PFOHERBVENKOS rom The

net al | ocene conpounds aye

onbi ned with an activat or
an al Uhf PGRRRAFRYIUOERHET] ,re‘i%{?f‘dto aofaé%%m% c%‘ﬁ%ﬁ?}é sm?l Bgmg
O HeER 08nP bMPHEIL, inNRMVAE, #ddd sRdalystMoTIRCHERAL Mveérdioh
Istribution. The resulting polynmers feature an

Guthst arslfitsg thalpserewsenf fost PodiERs Bl 25 CRIVE, forwposition,
ép\gﬁegzartl%gl %5%%%@; Tgﬁj g?l&lggﬁ?ﬁﬂoéﬁtce& NBerPQI METRe RipHd6Rd

ng t i nvention have excel | ent
icomaeinds tare ngtbined withcmoratiaston an glpminie pkdsegmpound, and

i nyention, the t nmet al n -ect:
SRR ERATeh Ao U irer s PO SRR a T Rer aRbaie Hdlenf AR
diisﬁéﬁl%dl%m Yhéltdstlehe [ﬂbllyllnﬁﬂslfmué gm lom%mg@balme oﬁftlifﬁms and
net al | gcenes, typically. a tjght ridge tal l.ocen
Gt epel HEVH SHFeRcet @é‘ﬂtmflﬂ*é& B iRt o a0 e
%g@s@ﬁt%veﬁﬁ&fjh’zﬁf@%x&ll@ﬁt%pa[@ét&ﬁgthar 15 wei ght conponent.
ot her netal |l ocene, which typically is not bri ?o%xgpdounds

and offt epcordancaniith thepisems inyention, Hgdivegasiasse _
fd L §et1ec%tsﬁ%1# f?ltgﬁtgg P(élg\::ngg UERRCA thQ¥idR eI distieiygiferent

conponent According to one aspect of the
pnelseiir waightnt Queof the wateldopats, opipls Eghtll bridgifyneigiinsens
ChBbiRG: SRR IR R <R g R, FR e 06 motcota
OF, €3I QMY BAcAL Al eastdlocchh ewlith ypicatbt ianbOn@iged and often is

mg&%&%g&s fotstt]ygiyggg% %3%%%@%%}{6%%% I(,*:i}(%%u%%%l 21 ll\</)|]'w molecular

f MOk BMhondn¥@)thé fesfal UOrenyl , and (X) and (X2) are
connected by a disubstituted bridging grou

conpri si.n
one atAeePEingh tneiesd a3p8CthRst the PXosetd Hav Ry %Nﬁ%’fﬂ@?tn W@Sltlgﬂ
aLom Lo fd te&dond SHASIdCEALE BmSund,hen
dlsoglﬁpglss?si tgl Sft;ngg e?%’lﬁg‘%dﬁg&glgbgﬂtg’i S Sannal [ phatci C orm}gb‘m[1
ancivatbi-sipgoupnd av bregodatuorinum t eompowd  2Bhe dirgopetallocene

at ons. secopnd substituent of the disubstituted
o PR G B i

a saturated or unsaturated aliphatic
group having from 3 (&)hedai)EHM';

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

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

two net al | oceP@T/US2006/032542



10

10 carbon atonms. RL is H or an al kyl group having from
1 to about 4 carbon atons, 30 (X3) and (X4)

w0 pabepamsaent |y are a halide, and ML is Zr or HeCTI82006/032542

first substituent of WO 2007/037836 PCT/ US2006/ 032542
t he di substituted bridging group may be phenyl or
nmet hyl . The second substituent of the disubstituted

bihé dﬁh&ﬁttﬂd%ﬂﬁﬁ@)é‘r&% 8 PYdnyl %ﬂétﬁﬁy IThe QoREXBMYhent of

According to this and ofher aspects of the present

i the éﬁ@bsswtedthﬁ@gmgrggtup mﬁétbaﬂ)ufemémnw trdrexgpyl." Qcl  Ph

'“\ Cl I\%d%%xjdﬁné togft]hlir % otﬁeé aé‘pec% ?ngzep pf\?éé“%lrlp EIE}EW t}?— %St

11®etallooe)ibma37ba:| Me Zr-Cd Ph Zr-d - o -- OWD

c




Me Hf-cl Ph HF-CI 1Z3 EQ /A [/ Me H -d Ph H -C

citd M H-d PhH-GO 50v Add M1l I d M,,
WwWoR2@07/0818361  or any conbi nation thereof. 10 ThRCHESWNE032542

nmet al | ocene conpound has the fornula: WO 2007/ 037836

PCT/ US2006/ 032542 Ra XS~.MZ.1liiullX6 O R3 wherein

R2 is Hor -CH3; R3 is CH2=CHCH2-, CH2=CH(CH2)2-,

Ph(CH2) 3-, CH3( 3, or H X5 and X6 i -

are a halide; andis Zr or Hi. Accordtrg to this

and ot her aspeafs¥f the present inve . the ratio

of the 5 first @ I,@&ene conpoupd t (: 7se%nd

met al | ocene~gAiwemidiaay,_ be fro [ —Lg/Eonabout
10: 1. SAckokai ng t aspe%&/;ag"g/t he plese
#nid net al | ocene conpou™*may be

i nvention, the r
conpound to the
from about 1:5 b7
aspects of thec
first metall ocerre™Cc

conpound

‘ gfip of the
egoTo ﬁ;é&al | ocene
Y o~ abouyt—2. 1.

or any combination thereof.

10 The second metallocene compound has the formula:
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The or ganoal um num conpound used with the present
i nvention may have the fornula: (R2)3Al; wherein

carbon atons. In some 15 instances, (R) is an ethyl
group, a propyl group, a butyl group, a hexyl group,
or an isobutyl group. According to another aspect of
t he present inventgon, cat al yst conposition

conpri ses an ansa-ne ound, an unbri dged
nmet al | ocene conpound, upport, and an

or ganoal um num conpound; The ansa-netal |l ocene 20
compound is: WO 208 18366 PCT/ US2006/ 032542 , ~pd
,a~ci Zr Hf Cr or g cogbination therof. The unbridged
met al | ocene conpoy#AC "ffts ha.. Zr""110 CI Hf "'"C
CH2CH=CH2 CH2CH= » a conbi nation therof.
According to thiswa # aspects of the present

i nvention, the activator- support may be fl uorided

al um na, chlorided al um naR*broni ded ,al uni na, sulfated

al.um na, flyoridad sipbi.casal umna, Of } )
ST nfingt “Ehenkadt QLR SRy P
STHL(CRYAbH] RBand XUaddpdeiinty irb @ Aalider agiVais Zcbt BEi ded
silica-zirconia, bromded 10 ?ilica-ercogia, su.faﬁgp
si | i cAcsqriipg i dis apdnther asnefis Of Hip PISPRtARYFIRHRGREP GhThe
_td}&rn?é?efl}ocen-gng?@Jrﬂl 1Y 8le s&QRP A3tallb@Re BmpBdIad Riag 5€Rbm about
invention may thus conprise a first netall ocene

dotfpiowhent 18: Is ebesaringetp athiep awaws ebip Bipset inygution, the ratio of
L {seb iR ShetARBorR SRPBR ML

3%%%§ﬁ%%%n§%%?g§%Pm?§?oPﬁém%ﬁ}2%6nEt%IIoggne coﬁ%ounam

iabout 11%5to about 5:1. According to yet other aspects of the present invention, the

ratio of the first metallocene compound to the second metallocene compound may be
from about 1:2 to about 2:1.

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

R )AL

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

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

compound is:
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oocl cl WD 2007/037836 PCT/ US2006/ 032542 (b) the
second netal |l ocene conpound is: d Zr, , I1C

WQERRTBBBR (c) the activator-support is sulfaP€rus2006/032542

al um na; (d) the organoal um num conpound is
tri-n-butylalumnum 5 The present invention also
contenpl ates a process for polynerizing olefins in
the presence~of a catal yst conpositi The process

[ ' 5t cat al-yg i b™Nen with at

nmet al | oceneCopayhd > an acti vat or - g oty and an 10
- N

or ganoalNyni inum ﬁv pound. The ansg 2ene conpound

has the formula:™ (X ) (X2R12) ( I wherei r ¥X)

hSoaMiahi@pemadi enyl , indenyl, or fluorenyl, (X2) is
fluorenyl, and (X) and (X2) are connected by a

di sub%kq ynbridgedansteflgcens cgmeeddsnpri si ng one at om
bonded to both ) and (X2), wherein the atomis
carbon or silig AN rst 15 substit :
di substi tuted dgi ng grotp is an al \mhdt i c or
aromatic group fhaving from1l to about
atons. A séd®md,sulktituent of the©

bridgi ng grosp i\s,a saturated or 28

group havi f @\'
p A

atons, (X3)™and
M is Zr or HE 20 CHgHxaBr i dged net al | ocen@LREsCihe. o
formula: WO 2007/037836 PCT/ US2006/ 032542 R2 X5 r

2 coppinpigon thprof

According to this and other aspects of the present invention, the activator-

0 carbon
sttt ut ed

to about 10

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.

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

(a) the first metallocene compound is:




wherein R2 is Hor -CH3; R3 is CH2=CHCH2-,
CH2=CH( CH2) 2-, Ph(CH2)3-, CH3(CH2)3, or H, X5 and X6

w0 pabepamsaent |y are a halide; and M2 is Zr or HeCTI82006/032542
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present invention further contenplates a process for
produci ng a catalyst 5 conposition conprising
contacting a first netall ocene conpound, a second
met al () cenge s@bROuBEIoRA: Edipgourd ©f - support, and at

| east one organoal um nu conpound. The first

nmet al | ocene conpound h or mul a:

(X ) (X2R12) (X3) (X) M ; !
i ndenyl, or fluorenyl, is fluorenyl, and (X) 10
and (X2) are connect wacidi substituted bridgi ng
group conprising one_atom bonded to both (X1) and

(X), wherein the a f”‘srbon or silicon. A first
)‘uted bri dgi ng group

substituent of the

conpri ses an ali phat or or~ar omat i ¢ group having from
1 to about 10 carbon atons(nﬁcﬁangnd substituent of
the disubstituted bridging group is a saturated or

unsatm@atedwahmphm&mqwgnmmﬂ&hduhmgmﬂ5 from3 to about

10 R1 H h f
10, SR, i e 5o Fai 0 Trom

I ndepemneprebdny ireticd aflkal cbﬁﬁ:@mplaféﬁi aMbcks f&rpo@ﬁneH&mg Dheins in
second netal |l ocene has the fornul a:

“the prosprce 1966 CRBYIOPPMRPPIIORT7 85 POt PBBERBIsting the

V@%‘i}%{ &Cr%nsﬂh%n l\?}lt‘ﬁrat Ie%'fl%ne B3e of 0% ;‘I%h@ggruﬁltder é)ly;%eélzggéon

mwiélpewd ewhtly ﬁlee Catah’aﬂ |09§1P0$11m VRMPESEBr apr afa-1REgloTene

DESCRI PT1 F

Scp?én tmrlrll,ldm %:rhdg}_!gr ét%&gﬁdé?n@é)%? C?l_rg%?tr \%%o%ghﬁpow SnhMR
amgmrod]mmxmocdimnm €Ttk ankd-fBetalodeap c@smund hashke fdvRula:
spectrum for the Zr] ¢ 3 formed

according to Exanple&%)éé$%%&§ggﬁ%&esents a conparison
ofyhdrbig (K&vie by¥pefaiens/ inldsy op Blsdeh@N(ds isnfiuorenyl, and (X')

and (X?) are connected by a disubstituted bridging group comprising one atom

cycl opent adi enyl ,

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

The unbridged metallocene has the formula:



10 netal | ocene conpounds of the present invention with
that of bis-indenyl zirconium dichloride. FIG 4

WO e@7e3mBé s t he nol ecul ar wei ght di stributi on PET/ER2006/032542

exenpl ary polyner prepared according to this
invention. 15 DEFINITIONS To define nore clearly the
terns used herein, the follow ng definitions are
provi ded. To the gxten hat any definition or usage
provi ded by any docuir cer porated herein by
reference conflicts w he defini™N on or usage
provided herein, the definition or usage provided
herein controls. 28 La@nm “polyner" is used herein
to nean honopol ynmers_cogpri sing ethylene and

copol ynmers of et hy¥Fene '-u anot her ol efinic conmononer.
"Polynmer" is alsp u% e| n to nmean honopol yners
and copol yners of g ~-‘ polynerlzable nonomer

di scl osed herein. The term "cocatal yst" is used
generally herein to refer mb the 25 .organoal um num

PRRy 80 isc e P AddTBhAEry CLE qadat iy PRCT)-

rce}fﬁmz;; or Hhx5 &mtxhﬁ@épemmone ahslidef ardne” isZabaHyst
conposi tion including, but not limted

al um ABkBisent mﬁ?‘&%&’ﬁéﬁ&?& ﬁont%%m}&gce%%()@ aﬁo(sl?inﬁ% a catalyst

5 ﬁg@éﬁ'ﬁqls 'cofl rlélﬁ’é” ohfaBtirlgOR Girst ORBAURESs REpSIRC| HSeebnd
he The term "cocatal yst" may be used regardl ess

ofietallpeergc carapoundinast pefivaisr-supert3end Ghpessin 0% PragRgaluminum

hen1c d may operate.

R STk B BB RO Toect o

th|s i nvention, the @éXKﬁidﬁXé@éNVSt is used to

di sti.ngyj.sh t nent

FYBHE PR o U TSR GOt IS TP r At M P5 bk (37
10 heeax’s erpestnetied By UsEsubsRi rbridiging drowp oomiprivdtgy one atom

nmea nln? to refer to peu%ral &g nmpoun ds@& &Qelfonnggj%ﬂ

Theadede fonboth (Fot 384 §&no VEErEROhE 2O JRFHIRAT O S8 h

'aguPTtH@ﬁ%‘lof Hﬁa&lbd?)gtlt{l@d efifihg LRubNBmipRRRam AphsticSal drémaic

uor oor gano boron conpound of the form catjonl +
[ 8¥4] havinghdros Y toephout dftcsthan dioror iZhaew@ad cibgiet of the

% u%ptlmf Qo %H% c#l)lg)nfs sidnldfgg QR r&@ﬁﬁa&@ Ief Phe{%ﬁdgroup havmg

or oorgano COfT'pOUﬂ S are typl ca y referred
15 tfomslth ebliult V@ barbdoyatbros. ginie Blorren alkyl group having from 1 to about 4

carbon atoms, (X°) and (X4) independently are a halide, and M! is Zr or Hf.

The second metallocene has the formula:

O

5
X \ M2||Ill|\\X6
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conmpounds", or by either nane as the context requires.
10 The term "precontacted” m xture is used herein to

are contacted for a first period of tinme prior to the
first mxture being used to forma "postcontacted" or
second m xture of catalyst conponents that are

eRteaC RE disf gr ol -GHS:;ORg ip &ng@H@‘Hzt,! 0H2=<3H/(m%mﬁl,l Fh(CHig-,
precont acte xt.ure_ descri bes xture, o
S0 B Kook B PEReEHD b AUF: s o &f PrELE

nmononer, and or ganoal um num conpound (or conpounds),
before this mxture is contacted with the

act i vat or - suppP&AEF DEGCBRTIONDDF FHEHGEYRES

or gan um t [
conpofDi b GRS TRONDE sty o BE P AC e RERED, g
préonding to Exanipiclt.i ng t he conponents in the second,

Occas hvnt ISpreres g aheh 5o gb dbh 2 OAABRIC duied
ta@m@d{ig?ﬁ,r@(am@pr econtacted m xture and that conponent
after the m xture has been tgre ared. For exanpl e,

accor &lGg3 reprosentsa genaparisn efdhe leyel of monpipersipgsrporptinm usiHg
AR ofibo i I R LA AO0P Q1R it 8P G thdend Frrconium
riiehborele, to have reacted to format |east one

diffe t chem cal conpound,. fornul ati o or structure
1 om FIG: 4TeBtivets (o SOLPOAT et dteh Rt AL s e
PréRadaciid@npratRitwaatiad m xture. In this case, the
precont act ed or ganoal um num conmpound or conponent is
descri bed as conprising an organoal um num conpound
that was used to preparsggiReripigcont acted m xture.

Siml arl%,f the term "postcontacted" m xture is used
1g

her ei Hotdsfigesworg plearly thgderme wewidhaitin the &ollotingdefinjtipns are
en r.e .cont ad f '

SHTROENES (AL AT 05000 e AR PP oo

"ipccepoatddied! bprefbienst canflictsuwith ohe defiatiors br Wege provided

007/ %?7%%6. PCT/ US2006/ . 3(?1542 c%inﬁgnent s that were
TR PEIPR 8T PRSI OPErT B8P DFO e, Typical ly, the
term Thposing OPbFakedis el lhtfdn it6 rhkhadhdheopelyetD comprising

descri be the m xture of the netal] gcene conpoyn

oS apd AeRebmerypiyetindene and mother BlvHpi FamongrRer. Polymer” is

cR&Msc@hdr¥inttd 8RS Hom SRt Ladd8pol§RENBHardy! Rr polymerizable
contacting the precontacted mx?ure of a’portion of

t hewoanes diselagsdrbereis Wit h any additional conponents
added "Ithg %e ‘%cgtﬁ%t’p O%t %@&f aé;etngrquy herein to refer to the

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

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

cat al yst conponePCBHUB1086/032542
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m xture. Cenerally, the additional conponent added to
make up the postcontacted mixture is the

i nclude an organoal um num conpound the sane or
different fromthe organoal um num conpound used to
prepare the precontacted m xture, as described herein.

18pés 0O tHH MYéntion the Sorh &R talyRN 1B af%thg%?ﬁSthﬁr&@hlhéfnent
distin UISh bet ween a conmponent used to prepare t

p%%ql tyeé eBpasitien diom thpmeteHeneneenmmenaht after t he
M Xt urgehas, « @cﬁ@or?{)%%rrcﬁpco find’ e{smsedTEérg I\791 e\lr,\][g ofdmary

used hereln, descrfbes a conpound conp
)Q]}%}gcﬂwafek tdnantepl G(InygmsndlSI c@f&thcd ﬁ)nnnBYh e Thaa teetﬁ l.ﬁﬂaoroorgano
nventlon

1 cenes of
bi s%t’e cé‘lﬂ o%féc'% ey gl Tifﬁglglt? éeg?fot Wﬁ%‘?ﬁ‘ﬁ@?c salts of a
whenearganb Hmrdnl ccﬁnmuﬂﬂ odlthatbina TydtioRP (B Y AN SvHieRCY Udfresents a
clogggtadleQ% g@nds | ndenyl 1igands, fluarenyl
| T GARGES i ct g COPYFRIeEs: AyOT987eAR: Pospn gad Hpaoaigano
Olborﬁbl bsérhpdied ger igpddaily efeféfed %‘a!:(ﬂﬁt?tl\%i “Qfganoboron
these. Pgssibl e substituents on these |gan S |ncF &

h‘;Pa}PG@M?, » Or by &ither girae asiBe RueRt fegrirasn " substi t ut ed
deri vatye & ‘tﬂ&Bﬁtﬁéted”' Rixhdé & uséq\gl?e?élﬁ 9@?3%(21%‘}% | érSIS 1x9ur? of

partially saturated |igands such as te dr'or nd
t‘é‘farlﬁh geredricnts rtb@ﬁyﬂlre contasted hipdl p dTr$tuymriedpf t1rrxea;rrto|r ab Itlys first

t n artially saturated f!uar
tr?tbse%11 G%gr y séf{%ﬁtﬁ a‘%tac & neryPn ﬂﬁ%‘f%/ ©fioatplyst
p@mtgoamtg/ tlet are atoﬁticifbﬂ ufor e:nyd:cpndil’iﬂnod he tike. Typicf8MBhe
conte allocepne is_referred to S|nPIy as the

SRR 80 e TR o e R e oce e rgiontd [or bompounds)

"slofan@nybr, dnd bShahAiRIR dofpb&ide {ort Gork¥en befor this
organoalun1nun1conpound Unl ess ot herw se spe 5

tREWS| fowidipctedblivibyi te i erityatereunperd:andp opmnal addmonal
?&gi&@ﬁﬂﬁrﬁ% @d?ﬁ(ﬂounc!l nﬁhdcs Oéreﬁoﬂggtgg hiesc A0 cEllnﬁQJeg{,s thatt are us?d

| tor enyl . terns nmposi t
nPxeQtast eaqin dthteh ebuti teior dio mtactmm p}en corugmmants hie tae tsHa:lnd

gfogggﬁgctgde Mthfen g{&& o%ﬂxé(? tthSolrlJlt g 1t8n %{éatyr ?ecggsté?naﬁy] éilstlngulsh

conponents” of ‘ur es,
dotees acatr@byetnt osedlito @repare tlh&l;ﬁecfoataeteﬂ)ﬁmhb% ald UhAt Rbiponent

al netalloc e co ound any olefin
SRR S ie P B s (7 G OG0B 08 desapption, it s
Pros§IblE orathP hEC Ot &?aﬂ?fhliﬁﬁﬁi{uﬁa c&ﬁpoﬁﬁ'@ once it is contacted with
chen1ca||y treated solid oxide after ‘conbining these

CBW@W@G Fietisf Jplen mopemere tordave: zaagieg g form at least one
CAfReR thaRical "GRlpBh¥St formulation, or structure from the distinct

organoaluminum compound used to prepare the precontacted mixture. In this case,
the precontacted organoaluminum compound or component is described as
comprising an organoaluminum compound that was used to prepare the precontacted
mixture.

Similarly, the term “postcontacted” mixture is used herein to describe a
second mixture of catalyst components that are contacted for a second period of

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



WO boodioarsas byl "

10

15

20

25

30

m xture", and the |ike may include both heterogeneous
conpositions and honobgenous conpositions. 5 The term

radi cal group that includes, but is not limted to
aryl, alkyl, cycloal kyl, al kenyl, cycloal kenyl,
cycl oal kadi enyl, al kynyl, aral kyl, aralkenyl,

! tBBadtbdk Gor ARt ipRRdHILENRI | Typically, the term
S RURY oy N Db e Fanched, 1 ner
Fpdsteoniattodh mixtdst iit uted dhettir fovdeseribeshe pHvRisHT the getefacene
ternms "C 1callv-tre [ L A8, and Ohdnflcitiieted
5@PV§QFbB§§hﬁﬁ§} p?(X%%ﬁgaﬁghggfgéggbri%%pport??% °
selet bnidd, GsrnRd Fa tontacting drtpeetostotted mstimgeof @aropiumef these

or sinply "actiyator", and the. ]ike '

o Rarea: Asidipme sospams et 48 ke R PP ed
hiighred 0GRk, thehilGhoex bimpdnsntl@dbdstoanildiwp the pBrtomsted
acidic behavior, and which has been treated with an
ehisore énihe ehearicalyigaled bk OMde: Ay WEHPPYYaPays s I
é%g%gwﬁtﬁ{ﬁu{ns oGt &dnﬁleﬁ\)‘e/‘, he ol ehften- Woinhdeavidagoaluminum

onent 1s typica an el ectron-w thdraw ng ani on
sompeendc enpbundprefirasihet pecertastade ANKipre; r watdserrided | ppren.

%clcgl‘t%lr}%gyg@%qy qu'erﬁ%%e{gsa?ﬁ. otgga%iog%ﬂ%&ig{ ufémﬂza%t@g%n ng&als bnt

one 'solia oxi oun :
anred @ eejaroihe Wostbhtavwidngixard o tha wrwponsohgftsn the, mixture has
Typi cal | the chemi cally-treated solid oxide

ApPIBES at | east one ionizing, acidic 20 solid oxide
COMPOUME terk8niEdEEne" S ip@ed thére destalbdsi avangrousd ppoprising
are not used to inBIy t hese conponents are iRFrt’ ?Hd
stwom’ cophpdindiens]-ne ligandn t thp molesiist Lhus) thegretalipoprs of this
COIDANCNLe Yisch : L) Qnpofhdh aRiRMYe -
n@?ﬁ%ﬁ%,m%g%%ge Fﬁgﬁggﬁgﬁéﬁﬁgﬁga§®n§#§? or’equi&alenm
t g/cloaladienyl petivhdiaclubiecyelopertatienykligasds irdanyl Higansts afdtorey!]
o testing of.the |nventi the typical . - o
degAde 2ndnle e ﬁf}%‘}%g‘gapiggﬂ%’r %ai“ﬁatg]%soé r %%ﬁ&g%@l%%%%s o
PaBldeS 3k AN SF Bk, PRésEBleSsubRMidn@N@ithber kdandsainelude hydrogen,
i ncorporated herejin by referenc&ﬁfo#.tﬁg gyr ose of .
dehersfirpihs geseriation ‘subsigitsderivyves a0 V8 £PRRYSES
apf hodgl0gi dRatydl eadesthivifhdeRyll hetrahydrofluorenyl,
pE%F?Bét%bns, mﬁ%%h nfaht %e_use in .g%nnection W th
t hetalpreglentehyl, desiallybeatuiatederindenyl, mRdallyuspivedRd dfgrenyl,
dilscussed ahaye, 30N et S¥urAaiyorenyl, and
pF‘%ﬂ?T“&geg ps’i‘%}ae?’ vy %‘Fe%t‘ﬁ%‘%npi g‘:‘%@%@ Jiae ofi'or to the n
f ieilitg. Tt WONRRARYO BiE8B6CRCT reBRodBY DBPIF 4P the “catalyst”, in

much the same way the term “cocatalyst” is used herein to refer to the
organoaluminum compound. Unless otherwise specified, the following
abbreviations are used: Cp for cyclopentadienyl; Ind for indenyl; and Flu for
fluorenyl.

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

aluminum cocatalyst, the metallocene compound, any olefin monomer used to

is used herein to specify a hydrCDES1D061032542



W@rio7iBma6 t 0 ant edate such di scl osure by virt urCDUS2006/032542

10

15

20

25

30

of the present application. Nothing herein is to be
construed as an adm ssion that the 1inventors are not

prior invention. For any particular conpound disclosed
herei n, any general structure presented also
enconpasses all confornmational isoners, regioisoners,

ﬁl@?are a 5}{1 SRR TRE:Sud Nk ﬁﬁ@%@ﬁh&tﬂy%‘é&% agofidr 5116&” affer

stltuents The general structure also,
enmlnipg ssescabionertanThafersthe @m%t%%@m@wﬁ% » otafpdyst
opt.i cal opre a C and
PEHHE" auf BRI Mg " D SR R PRy NS Ra o0
ﬁ&ﬁb@nbusrcﬁqipbmﬁ&ls 10 DETAI LED DESCRI PTI ON OF THE

I NVENTI ON T re nt4

to newcia Hefogdihis et en ¥ epioRRL I riote
Gt alllCYLﬁfeS ClSiﬁFl@bet Lamsd tengl, rraikﬁod;&lcfandyl uskengl, tcheloalkenyl,
catal yst conpositions to poy l.efins
ke RO A1, HEReD SAIPBE g 16 e R P!
Q{ﬂ% RN GrS¥iihQRANtRLALY | 1 PhltOfomNehbstiiRE hadivafives
i SO atlng suc 15 conpounds as a solid. In

pler¢dfcul ar, the present invention relates to new

cat al Bfﬁ? te%gpai% tléaﬁﬂ%reﬂ@cfj olﬂec}xliﬁ%ds“sglfld BRid Qct%t%)hsupport”
cat al S $°t0 form pol yol ef i ns havi ng- an
exaelc I aefi]\tatorksablmﬂif e“wfivaon-duppeds “taaattdssbbdvomda@l%mg@lmﬂt

resi stance. t

SGRRY “egegn  B irl rF BRR e oRde 4 PEL GRS oice %f

'r§1aﬁ‘v‘%¢}d higf p%%sﬁfr oginicie eﬂnhitsgbevﬂﬁ héeigidl cﬁermt@ihimdlc behavior,
nponent, and (gener ally a tltghtl

brid
R T G iveb e HEsiEh PG %8 ot P OGAY TP P gy =
L wﬁﬂcﬁ id EhlcuTe!?le %Cé?&@onw&la{vﬁfg%ﬁmpoh@@ﬁk fiypically an

produce the [ow nol ecul ar wei ght conponent,

g@w@pg{m{l&ndna,mng oy gcemceaqugognqmﬂ“busﬁ élgep@}qugﬁlgyitl@ated solid
hérIXé OUQC?E]OIﬁ]{}ﬁeJ fh%% lc 4 BldeRe {(‘)ﬁuctm%t legﬁto% ls&ﬁﬁ&ﬁ@e

ned w a so actlva an al um num al kyl
C@Yf@ﬁuﬂiﬁj wigth cht 2 Bastn ond ea‘lactrowntbdmwmgo aplpmdwecet lgempound.

desi.r dal |, ef

¢ Recofiraip b g e e e R B s bR i
| eRkide RoRpOMidd Ehe té@ms S@ippbrt CaudtfaaiahionBuppbrtp aﬂeylot m‘ed o
properties, such as stiffpess and slo A gro

r il thasrceompgBenihEe iesgh Anq Wk GPPRTER'S ﬁ%‘%ﬂ %‘P‘gwe an?t’fuﬁ%as
f %H&x@%x?po’%%fﬂﬁ:%taﬁ@t coliPbdiflen. 30 According to one

aspect the present” invention, a conposition of
mat t erAltlwugh any methods, devices, and materials simmlar or equivalent to those

described herein can be used in the practice or testing of the invention, the typical
methods, devices and materials are herein described.

All publications and patents mentioned herein are incorporated herein by
reference for the purpose of describing and disclosing, for example, the constructs
and methodologies that are described in the publications, which might be used in
connection with the presently described invention. The publications discussed above

and throughout the text are provided solely for their disclosure prior to the filing date
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provi ded. The conposition includes a first netall ocene
conpound, a second WD 2007/ 037836 PCT/ US2006/ 032542

wOoredoaloBseene conpound, an activator-support, apdI/as2006/032542

or ganoal um num conpound. According to other aspects,
the present invention is directed to a catal yst
conposition, a catal yst conposition for polynerizing
of 1hé 'pll'e§ent a:)pmeﬁthﬁd Nothif lﬁiiﬁiéiﬁ isrt@ b&cdeinddd)ss bn 6@RBASH thhQhe
a met hod

% 9 a cata §§ sition, and the
FVRROTS jafe n%ef& f Q:%{’é"éla@ﬁli fpse }“‘ﬁ%y Xrfue 08 PriraRvention: ene
ConMpoydany? paffcARd é)%{nlxcp E3Rsed ‘h@féﬁ“ nﬂay @Bneral structure
actlvator support, an or ganoal un1nun1conpound The
preeasitad; al spn@émmsﬁefs salblu poaéqrmatiqngl t iBemers,o regioteerhosl faod
n ef

PERONGHAS R A SR gl it ocf B sl it HIC 00
atslp@em glse breompasssseailt enambicanets, Giastesomden.cotl @thet @pta;ammm@sj

arina_nonac tadlen nds t
R R S B AR T
&mmmamu&mpmeand Conmponents The present invention is
directed to a catal yst conposition including a first
net al | ocene conpound, a second netal |l ocene conpound,
an acti vat QEIPBRESGUIHTICANOR IIAMKAEATFIDNM conpound.
The first netall ocene produces a high nol ecular 15
wei ghthecBisfsoh dentiemis qﬂgﬁC@é respeapllyy toanayy giialyst domipdeididns,
t t d
iRl S Tartap R AL bufosRAE  HElodh T8 R B
perophyitiens tcheolyroevizenlefos! é]he \msgﬂhnmtmoﬁmer 1s|ch;rected to a

B8 Be PRASRF L8R BB Cie SSRIRR NG e

o&mmmh&hhmaﬁh@s is used wth an activator-support and

an organoal um pum conpound to form 20 pol yol efi ns
havi ng‘ p&ﬁlcé‘ké&etp? BrFEenh JIVERaR tglptes {9 pev g@glyg FaMRPHijpns and

eleBfols MRMeRucH Q%dIwt @(ﬂﬁ'&)Slthﬁg Bl eyt FHYIRRR b iR 8n excellent
i ncl udi ng vari ous conbi nations of ?hese nmet al T ocenes
prancg Aif G inesg tand slow icrerk @epvitly resistanke aJhe salelyst ¢antposition
R 9CRAG tgxarm&uﬁ&e Al TRAGl MB1oSRE Oc%%p%ﬁﬂ | L8NS
conpound, and any co nbination of nore thantone firs
pRdnest «'alhhgbcanécml@mw@uhﬁ corrmmentt edh iso g@e&ﬁyc’ntighﬂy bridged
TRl 05 RIPOU LR a1 MBS SEREY 10 2ons
amtaﬂlvmarqssmmgﬁbducal‘nlté lomiﬁ(ﬂedulw RvefhecaiABaAds Wehdsl i not

Q und i s also contenpl ate
%ngfgpeg an% 1S more responswen{% hydrogen than the first metallocene. The

metallocenes are combined with a solid activator, an aluminum alkyl compound, and
an olefin monomer to produce the desired bimodal polyolefin. It has been
discovered that the bi-metallocene catalyst system of the present invention provides
a useful combination of polyolefin properties, such as stiffness and slow crack
growth resistance, so the resin is sunitable for blowing film, forming a pipe, and so
forth.

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

provided. The composition includes a first metallocene compound, a second
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1. The Metall ocene Conpounds (a) The First Metall ocene
Conpound 30 According to one aspect of the present

WO paefsisen, the first nmetal l ocene conpound i SPENUS2006/032542

ansa- net al | ocene compound having the fornmula: WO
2007/ 037836 PCT/ US2006/ 032542 (X' )(X2R 2)(X)(X)M
(I'); wherein (X) is cyclopentadi enyl, indenyl, or
fetatioeeny lcompo@yl, ars adtivaor-euppbrt, §1d) aramgancaX@)ingm eompound.

onnected by a disubstituted bridgin O onpri sin
BRER SR P Bee St bt s e © RS BSTR Rt
ESmoRiiba b @falyst bdrEDRitioR féri JoBimesibing biefiug Atma@hod dfepréparing
di substituted bridgin rQup conprises an aliphatfc or
Ak prgtpn Hiaw%g pPHra e SHEDHHOMPOREOR PG dpF Tike, 10
BdcBNBise BnSGHRARGnS Wb akst tieNfoce EBpRLS URSkédndt REtallocene

bridging group is a saturated or ‘unsaturated
soriprivad.i an aptisaipr-fapethgng o rr@nedumisg congoradt bdhe present

s R I r V]
By8Pna e Naflr O Pl SRR A i e
aolalefieandafith lodusedZthewfromf . Addrdieg ¢r dfilh gndtheroaspect, the

aspect. of t.he .present inventjon, .the first substituent
SRS LS e TRUEB dObF UG PRy B R RS
a&hpytnds thiemSeaRel BUHSt inttdBienddonigdendsdi subst i t ut ed
bridging group may be butenyl, pentenyl, or hexenyl.
Pn t hiatahiCompeyitionandbComponent) and (X) may be the
sane Pfe phelehn{fBltionAS AREHIG & QiR ¢ iRk iAREEd a Gst
the present invention, the first netallocene 15
awstadlocand cpmpedan second meialloecan 0PN LATRCHEIPHYPPeTE and
for LX) ( X ; ' '

o PpBaleb Foom T B Mg R Bty bl motectar
fuleipht @eombonent, Xnd ailndze2lly ar tightip rimiglgede chebmjiogene containing a

SRS GBI P PRBY PR R P B o
iy e rBbleGildri GOight @othpdrht, 20 ged&ally tnderbridgdd bh@ is more

di substituted brjdgin roup conprises_an .aliphatic or
arspRstviedo hyregrs thanihh grsi? siellecers, HiscombEEss e RS
35 SSGORGhSHD %Eﬂi\ta{sb@ﬁgp&t‘t S an VrSbabndine doppdudai 189form
grou& is a saturated or unsaturated aliphatic group
tpalyiclsgns thewine 3an sxedblontt belarcgr plontifipesfreand Ralows cragk eyt
§§%§wgaving from1l to about 4 carbon atons; (X) and
% I ndependently are a halide; and M is Zr or Hf
Catalyst compositions including various combinations of these metallocenes

;“;e =)

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

1. The Metallocene Compounds

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

compound is an ansa-metallocene compound having the formula:
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25 According to one aspect of the present invention,
the first substituent of the disubstituted bridging

w@e@ap3tsay be phenyl or nethyl. According to aPCI/N82006/032542

aspect of the present invention, the second
substituent of the disubstituted bridging group may
be butenyl, pentenyl, or hexenyl. Some exanples of

net al | ocene conp ﬁgl@@@ %Abe S htable for use as
30 the first neta cen 3Q%ound in accordance Wi th

whereir @S eiteytlopeedicnyl, imiehykde, flusranyl; 4K8 induotenyh O and

) L L2 R G Ry B

Béftﬁ'(ﬂ’)&ﬁldQKz)UﬂmaﬂeinQﬁe BRNCH mpztbum dssititrait arfiagt sbbstisueint efvhe
for use as the first, rreta]I ocene co

U I R e R EOBPELBAY SIFOGHD: B ihehe”ing o

@J @ooﬁ@io éa&UBnta%ilnst Q sedofdl substiient MethédisGbstiRiied bridging gobup is
Me zZr-Cl Ph zZr-CIl / 1 Cl_Me.zZr-C Ph zZr Cl
mtmcﬂ/cmsmmamhmh@% ewrD pgap frog Jfopbeyt 18 carbep aggms;

%1 '}?ﬁ orzcjtn gﬂcyll\@m% h&vmg forh 3 t3%ab6ht @cz{rbox;-at@mg‘, (X*) and (X4

independently are a halide; and M! is Zr or H,

According to one aspect of the present invention, the first substituent of the
disubstituted bridging group may be phenyl or methyl. The second substituent of the
disubstituted bridging group may be butenyl, pentenyl, or hexenyl. In this and other
aspects, (X°) and (X*) may be the same or different.

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

KHECRDYEHXOM'

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

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

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

are not limited to:



oY X~ Oja/d M H-C Ph H-ci O0O0O1 01 M
H-C PhH G /G /A Me H-C PhH-CL o0Q 51 0

w@Eao7/08886 H cCl Mew or any conbi nati on t her eof PCT/D¥20061632542

5

Second Met al | ocene Conpound 10 The second netal | ocene
conpound used in accordance with the present
invention is characterized by poor er conononer

hydr ogen ;ci\ng a | ow nol ecul ar
' FR{Ng i gh activity. s

t he pxesent ‘V ent| on, the second e conpound

is an unbri dged net al I ocene’ corrpound havi ng the ’

f or mul a: ~~||~IX6R3( elnR2|s H or

-CH3; and/R ] CH2=¢2 i CH2) 3-,

CHB3(CHR2) 3, X6 i ndepéende @ hal i de

and M is Zr. or \ s and ot her aspest 5)

and (X6) na§~be dhel or differe D “8s |of 10
' foe use as

nmet al | ocene J7:3;8 it hat may be sy --—v
t he secohg e @

any combination thereof.

, Or

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

but are not limited to:




conpound in accordance with the present invention

include, but are not limted to: CA Zr.oulCl H"'"Cl
WERRTBBY CH2CH=CH2 Cl1Zr"'111Cd d Hf ., | kkcl PCTOUS20@5/032542

(CH2) 2CH=CH2 . (CH2)2CH=CH2 WD 2007/ 037836

PCT/ US2006/ 032542 Cl~zZr "lcl QA% H'"C (cH2)3

(CH2)3 A Ab."Zr"oCl Clam- H '"C ~ O\ O

(CH2) 3CH3 ( 3 CIM,. Zr,,,uld d~'k} cCi \ O\
O . H3C H3g Zr"%\Cl C Hf,,~i1C1 O
CH2CH=CH2 CH2 ; or 5 any conbi n& t her eof .
In this 3 Laspects of the pres | éféjion,
t he, ratigp irst  metal |l ogel®g At t he
np-ret al | onmpound 10 to
about °10: 1. et other aspects of
i nventi on, atio;of the first netal ;
compound t g2 second netal | ocene ¢ may be
from abou f JO to about 5:1. In st ther aspects
of t invention, the ratjo Jirst WO
2007 CHAIS2006/ 032542 et g npound to
theSecond sene conpould/may be x-about 1:2
t o about Synt hesi s of ¢ersRent adi enyl
Conpl exe present invention also ™ des a net hod

? ?

5
or any combination thereof.
b) The Second Metallocene Compound
10 The second metallocene compound used in accordance with the present

invention is characterized by poorer comonomer incorporation than Ind,ZrCl,.

Further, the second metallocene exhibits higher polymerization activity than
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5 nmonocycl opent adi enyl conpl exes ("hal f-netall ocene
conpounds”) that results in greater yield of the

waeledngm3conpound. The present invention furt hBCT/US2006/032542

provides a nethod of isolating the desired conpound
as a solid. Wile various exenplary conpounds are
provi ded herein, it should be understood that the

majzred, ofTHe heataljtse sfNbmplyy @nd | meitively, baposisd too hydrogen,
prepare nunerous ot her half-FEtaLlocen .ég §§ ounds.
pifording 2 despmeteculpracigiipelymst WP GRRAE! 'l:ﬁiﬁ #E"Y or med
accorgli a@%rfleglcé B&n 1Y RSRDBL inldhiBA LthO§echmYmbrallbtelcdngpound
formnetal [ ocene conpounds that are suitable for use
isnamblidged owtadibsest copprvadhavipgthp famalt | y known net hod
of preparing a nonocycl opentadi enyl conplex conprises
adding solid ZrCl4 into a stirring solution of

Zr Cp2Cl12 or a sulgétjtufed Cpn 15 anal ogue in tol uene
at anbi ent tenperatu N g for about 1 hour
The resulting m xtur filtered to yield the desired
product as a dark oil.[Using this nethod to make such
compounds, the re§d?bﬁpgmﬁfxture consists primarily of
unreacted starting_wat&rial zirconocene dichloride.

According to the»pfes?"\ nvention, the reaction
m xture is refluked i
By doi ng so, the kgae! is nearly quantitative as

conpared with the present known room t enperature
synthesis. Tol uene/ Reflux X (1,3 ReRACH 2MC12+ MC14 00
%&1&%%2%@%}\/%@- . 28@ RN (a1, BCOES-, ZIH,LCHIEH,)R2 PhCHH)s-,
an al kyl group, or an al kenyl gr is H_  an

] 4 .

AHyCHer, oupl; XSrnd X’ adepandent r%bgﬁ%ﬁ; %ﬁé\@@&é@r Hfpdn this
| kyl i l3; EiSes o
24 BT S D a6 et Y i GHD. Elitios of

e conpounds that may
frastaiRdencacagiotthdig th 0 niaf eheprugatda tfori weeeast the rse¢ond | mefallocene

S S e G O

er_aspect of the

0 solid. The solid
is forned by contacting the rgggtijon mixture wth
CHQCqugﬁUi?eHthe, hexane, hep?%ﬁég”gg]any

e

CH,CH=CH, . CH,CH=CH,
Cl\zir”“\\CI Cl\an\\\Cl

(CHp),CH=CH, . (CH,),CH=CH, .



conbi nation thereof. In one aspect, the solid is

formed by contacting the reaction 5 mxture with a
woroorss3©f CH2Cl2 and pentane to yield the  PCT/US2006/032542

trichlorides as a solid. The ratio of CH2Cl2 to

pent ane maybe 1:2, 1:3, 1:4, 1:5, or 1:6, or any other

suitable ratio. Alternatively, a mxture of CH2Cl2

wi th hexa be used. Alternatiyely still, a

m xture CI ~N_h hept ane The anount

of CH2Cl2 tane m xture used vary for each

reacti ' e, for exanp orf 38

(nBuCp)@lzzr ‘ﬂ‘légbout 150 CHzcbhHaﬁk‘fg

300 rrL of

wrm times with

m xtur gcessar r desires one aspect, the
reaction m xt Y, @e cont act ed '(@ﬁlh
CH2C12/ pent ane n1xt one time. In anothe&_Aspect,

the reaction mxture nay be contacted with the

CH2C12/ pe xture two tines. anot her
aspect, t L Xture nmay with the
CH2C12/ pentjane nixture three tineg. In yet another

\g@ntacted W th
the CH2C12 pentane m xture four or\nnre times. This
met hog?”pr ogiiogs the hal f- metgd | Ogefrg conpound in at

) t he nmet hod of

netallocene c»:a?g pd in at | east aboq a§R¥p yield. In
anot her aspect, ’he’ nethod of the preseni P nvent i on

provi des t hal f- netal | ocene co _Qnd in at |east
about 709 et anot her \aspgct he~pet hod of
t he prese rovi des the ‘Ilf- net al 1 ocene
conpoung, i | east about 80%yjeld. In still another
aspect, .ﬁéﬁ“ﬂ%thod of the present%ﬁnventlon provi des
the h D ' east 25 about

t he net hod of
al f - et al l.ocene

2

activator- i Si cally-treated

solid Gkmd [ ~eat i vat or - suppor t
may co 0 2007/ 037836

PCT/ US ﬁ.ted solid oxide
exhi bi ed to

CH,CH=CH, . CH,CH=CH, . op
5  any combination thereof.

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

10  to about 5:1. In still other aspects of the present invention, the ratio of the first
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the correspondi ng untreated solid oxi de conpound. The
chemcally-treated solid oxide also functions as a

untreated solid oxide. While the chem cally-treated
solid oxide activates the 5 netallocene in the absence
of cocatalysts, it is not necessary to elimnate
cRe@lgteiSEsmpolh® B thé Sec6R AbtHdce bitd % be'B6m about 1:2
activation function of the activator-support 1Is
e¥iti¥HE: i n the enhanced activity of catal yst
conpositio )as Whol.e catalyst
conp03|t|oﬁzcon?gﬂn?ﬁ &@ﬁx%&&?%é@%ﬁgﬂ%gwﬂn reat ed

sol i d Tdwi dereseplowewentjon | #lsa Sptm'ideevad tlethbd t fer  preparing

5@?@\9%%6%@%% flcgogn e%(le%ﬂ zz}lllg)gengi c%gfp%{n? s”) fcﬁat ?esults in
ogreraeroptld rif b destredpompshindal THY freveaNBSentBh GRARE Pr&ides a

ar ioni zing ionic_conpounds. The
CRERot 8? FS0laftpg fheodesued pempping @s pasplidonyhile gariqus| exawplary

0O pd O ds Chr® ptHfded! KeBsth, Sl sMuid bé‘tunlié?rﬁééd 83€ i method of the
electron wi.t hdrawi ng ani on. Wile not 1 ntendin e

p3eRTRE BYVeRtRn Ay Gt #i§d stoapespesat numeroyss othet |1@11fedetalhaene
tdoBpbhRiL IPbnet a@ﬁec? Al lﬁl%tgﬁc&l% 0\6\4’1 h@mt%g formed ‘ﬁ’gﬁd&l&to the

el ectron-w t hdraw’ng conponent aug s or e
tiesealcipdintipn Ufa}’foh @sedoxifolen m¥taliscend frenohdsvititlie siiaple for

Q§Q1n1&§,§1 §ﬁp{ Bronsted acidity that is typically

greater éwi s or Bronsted acid strength than
t he urhe patsedlysabvd methodde pr@ﬁnﬁé’kﬁm@ﬁédy&l &Ead%ﬂ?]p&ﬁﬁplex

has a ter ?H%%fr of acid S|tes t han t he untreated
ornp&seg)?ggigg sq] nto g sHriRgsalygion of HGaefele pya pybstituted Cp
amaldgﬁey inofolde€ a€ ﬁﬁlﬂleﬁﬁlténivbefaﬁﬁ@taﬁﬁj st%ang F}Qr Wbut 83h&H.  The

solid oxjide materials is by conparing-t
JETWiHRETXE énfikiged (A yipldgh flesiredy erqdn@aseaddaaln dil. Using this

Updih Rt E G RY1 HES ecg{}%g#ndgckh% ‘3}1@ tzrrﬁ%ugeeacrtg}f Bﬂm'rugly of

chem cal ly-treat OXI 'S 1
fusragetdd gtélmlegaiateylal‘mwnmocame dwir]xlsrghnl c solid oxide having

a rel gt h orOSLt t hat, exhibits Lew s acidic,
or Br %ns?rﬁélgam% c‘gﬁsgﬂ “mT&hee LBFIY BYite psorefluxed in
dbleenec folc Iayelttriéah@ﬂs WIHyhd(ﬂﬁlg b, 8¢ r&MatiaD isVhdaRgr AMARGive as
conponen t E%/Islca :%wan el ect ron- wi t hdraw ng anion, to
for with (e RIS eRY KIoBBaPem SRpeBiEF Hgtheysone aspect of
the present invention, the solid oxide used to

prepare the chen1ca||y treated solid oxide may have a
pore vol une greater thanTolpeReflox1 cc/g. According to

ot o 5 ey TR R e e o eat ar1 RARCERGE o. 5
cc/g. According to yet another aspect

wherein M is Zr or Hf; R? is H, an alkyl group, or an alkenyl group, and R*is H, an
alkyl group, or an alkenyl group. In one aspect, R? is an alkyl group and R*is H or
an alkyl group. Thus, examples of half-metallocene compounds that may be formed

according to the present invention include, but are not limited to Z1[n-CsHa-

(nBu)]Cl; and Zr[n-CsHs-(nBu, Me)1,3]CL.
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WO 2007/ 037836 PCT/ US2006/ 032542 of the present
i nvention, the solid oxide nay have a pore vol une

aspect of the present invention, the solid oxide nay
have a surface area of from about 100 to about 1000
nm2/g. According to yet another 5 aspect of the g
PresemdochiaufzNtd Abthdr NEp&P!drdn@prdlen: BYediBY R SULEAEGIE
area o#mfrgglabout 200pto abou?kSOO | 79. Appof%fng 0
smptailocano edrepouad pptienadly is kselappdessentolidi nVlensdlidnis fomeed by

fdh: OX] . f from about 250
A R R e R P R
ocontbénapieny thecawfir s encaspedt] ttle el ig dovined byl @Btactidy the reaction

BRI G S54GBS v
1¥he ratio AECIRICY td@eRtefid @8k e 1RNEE 1:401: 5P, 108 hi\SotRN KGR le
and at | east one  elenent selected fromthe |ant hani de
oFti e ARV, @rfafriuse of Sl prtubepng magdisdeed edltenatively
S Bl gt e B s 2408 pomn
aREBe lsphrmay VeryABv agrsk dredation ganitre, Chenbsimple, 5 Bghof

' - -§Cl€ 1 . Far exanpl th
BB IR G, PO ayRen iRt b8E: one
el enmerifthes ebaetdre dnfixtom Ahay E;e %‘antagbd g&ifera%])tim_% , w\ﬁ/:H, \tﬁe
F La, .Mh, Mo, Ni, Sh, Si, Sn, Sr, , Ti, V,.
o Eoeasf i) Rtostiply B htisiedn Bl Spfch dhdpencion mixure
nsyebd @nfaced waMNRO CALS], HhiiRineGRRuR e /L. 1R an&ﬁér@sﬁé@?, the
chem cally-treated solid oxide include, but are not

| FHteR gt e aaylpscontastyd withihe SHESL/prpas, mighe; tveoBos; In
. 3. i

S o4, R S5 O S R Gy

YRUOBire tue time02In yehdnather aspeck dhe temtion diirgraningg te Oﬁitm

t ' Lons thereof. For exanple, the

§§f¢§@g§P§§Eﬁ§§&%é&§%f?Eaéﬂgwﬁﬁ?ﬁa, si lica-al um na,

al um Abinmpéibspratides thbailenmgalogédengsipadifiSin at ich@Rbsut 50%

Zi.r magnesi.a, baria, . zinc oxide, mxed oxides
e e fs

ShclinopaBe @ CEHCGE PonPretrat duentiopn grogiges dhe balf-
axétaleoceite dotipdund MeR [ @ AL CONRAIE O aﬁ&tihgeas?@t &hd fbfod %f
such as  alum na, "m xed oxide" conpounds thereof suc

e plepent 'glygl}tig)ﬁipﬁal,ideg,ﬂ@ half- metallocene compound in at least about 70%
yield. In yet another aspect, the method of the present invention provides the half-
metallocene compound in at least about 80% yield. In still another aspect, the
method of the present invention provides the half- metallocene compound in at least
about 90% yield. In a still further aspect, the method of the present invention
provides the half-metallocene compound in at least about 95% yield.

2. The Activator-Support

The present invention encompasses various catalyst compositions including

an activator-support comprising a chemically-treated solid oxide. Alternatively, the

activator-support may comprise a pillared clay.
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conmbi nations and m xtures thereof. The m xed oxi de
conpounds such as silica- alum na can be single or

conmbi ned with oxygen to forma solid oxi de conpound.
Exanpl es of m xed oxi des WD 2007/ 037836

PCT/ US2006/ 032542 that can be used in the

act i vaborhesippblyriteaiod selieoxidecaxbivits erhvaordiagidity ne perapared to
Hﬁ{ c&fe@}?&tﬂhaﬁ dnlt[@atg(f g%l éio%}luﬁéc: (%éﬁ lgo’uﬁ!% eorﬂhgtacggmlcal -tr%aaesd solid
cdxai;z alsn Mi@rctibis, aslaucrtaiygst tactietirags aimpuadatoz thtec corteaponding

SRR AT 2kRer o TBche shEmiea i ot phayh ot e

cm:amf me@mtl? tﬁgaan)séng@ bEasaslyith) et ik ave @c@ﬁa@t&aﬁﬁlﬁag aé‘datil}ﬁﬁé
of the solid oxide upgn treatnment (as.conpared to the
JEr thecceialist pHAROSTHST ke e TSR a1 De@RaYargrmupport 1
R RIEHHiR Are\Wh hAHIE AV Ry SaRRkt coNGRATiEH NG FRIONE cARPREL 0 2
of the present invention, the electron-w thdraw ng
(96 iHySinePopigon poridining ﬁ@rmwpaph@chmmtgea@ﬁusgw orddg. vHgwever,
ﬁrﬂeﬁ veﬁaﬁl&t' th@%héﬁllzgl Patells Eﬁ& Oglgm%ﬁgl’ctlély &J‘aﬂ?ﬁctﬁ?ator,
fe organi c conp du 3
SUGH wethe abqsnwfra&mrgafnoalumhmtn campormd Eluamnimsesoﬁrganoboron
el ectron- 0 Lm%ns i ncl ude, but are not
1CHPPE lonlzd?%lgPlg BPeFate, fluoride, chloride,
br om dae cherﬂrdalﬂeueafddUQﬂldexhcfeath@; cdrhptiad @b gt éhe solid oxide
phosEhat e, fI uor opr hate, trifluoroacetate,

AR AP 44 40 0B 1FFE BHAT IR 18 1Rt oYl not Intending to b

tolhd HP E&aﬁ)ﬁbﬁfn%, stdiérhdrk &t & veackd As tlréalﬁﬁent off igd $HBliNGide
m xt ures and conbi nati ons thereof. In addition, other

i & electrRnvitishiawing SompensolmEmenar cskanges the agidily o6 ghe

fQtget h 3

(Rlgct 358 b AR S0, BN, RRNEBIBAS i

ttlvmcaﬂhmatmth@n the éaW@dorsTbiﬁhsiecbaQicﬂ etramgthdth_wi tha unkreated solid

00 v B Rl RS e A B Sl

fsolid bklde,Cbrﬂjokh cOnakhigthodae qadnki®r thed@cidBy bf tha-chbriithifatreated
m ded S|¥|ca al um na, %O sul fated silica-alum.na

br
falngélmr%?é‘?ii sofifl oxide matiglsiis by eomRaring die mlme@&a%nraeamﬁgs of

hﬁ@ma@e@ohndwréa% &ideS QitleRaci® Hid1Pc8 thadliddsCa- Zi rconi a,
or an mbi nati on thereof. Wen the

el ect )rlféaﬁ chanuiprdly figated S@W@fﬂhle mpmﬁoges fogmedganertly fam
ga!fnqgirgﬁpc s dt&gde%fﬁg aanl'a%l #1 Eﬁ" %8 tﬁcrlt ?{Hlbﬂg %%\Q{s alidic

t salt may él'ect ed
adr|Byowstedheidgalichatior. rBwenplid omd@Im cbmnloaibf mwd with dnhedectron-

durln cal ¢ ctors at .dictate th
STt C9mEP e BN dl SR SarrivEas; GRS T an
StivLR- shppsort he

According to one aspect of the present invention, the solid oxide used to
prepare the chemically-treated solid oxide may have a pore volume greater than

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

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

phases with nore than one nRCHEUSB06/032542
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el ectron-w t hdrawi ng ani on include, but are not
limted to, the solubility of the salt 1in the desired

ion-pairing effects between the cation and anion,
hygroscopi ¢ properties inparted to the salt by the
cation, and the like, and thermal stability of the
a&m@@ SRAMRERRNOhe SHid 304 eq |

t he eFrgct ron-w tn hd?avvlk ng aeﬁlln%ﬁﬁaévnc%a%o‘follﬁn & gatglaturi Bout
| 1.bic¢/ed to, WD 2007/ 037836 PCT/ US2006/ 032542

?g??gl‘dfj‘%}’ﬁdh{ﬁ] zl%é(l)lﬁxa%g@a;ﬁ%e Lalk r ?rlﬁl)léét]\o ar%D%th#mélde may
| 18 o sinick RR% of %H{%B@tt 0@ 'i‘&al%fut 2900 7 o, dcbr g Etea[%ther

el ectron-wi thdraw ng anions, in varylng proportions
caphedh of lﬁlgeeﬁre@e@t inyentamn, tmesobé@mdmmayal@avduat gurfabe tiee of from

or - ori to the desired | eve
ciilﬁﬂﬁ 2@ 1 i% ﬁ‘éo%f |IB<£$ r o”rFC%dmd‘iOamﬂn@w@@ﬁﬁmw% theeRressat
candrich e Wiidotidemyxhale Rl Aba S F0H L 9(5113‘%? Ilg]&e/ alidlut 600

|ng|V|duaIIy and in any order that affor
desgred chemcally-treated solid oxide acidity. For
nvention i s enployin

exanpl one ect of  thi g
two orHoemie leRras Wlidh%i’iféwq‘}é cqmPBIF a selift gnorganic oxide
cwmumgaxygantaiwatqéasm{e%leﬁ%ﬁ@s”e%ﬁd %Hlt@‘i%t.lf) Qg3 it £RS7, 819,
Thus, one exanpl e of such process by

cHedd g 13- 16r @aden scoperigic gableger Mnmlrs@g @Kwnlasd algleast one
f QbhQiSse]cBted eﬁ@lﬁt &d ﬁ%érﬂd %tnﬁgm?e% ts. ? ré%ee (Hawley's

conbi nati on of oxi de corrpoun IS con
f Conslensefl €bemizal Dictipwhra il i dida ﬂolnnWsleju BCEonsCIASPO0oitbnt B.A.;

firs Xt ur s.first m ture, js cal cined
oo o Shalilse o KL b beniah bR e d%w%
atﬁ Ba, %leym&etemﬁ’aeum% OF dr @k dfhjsle, IBE ROEbadio omdétnh)d’y%onﬁ)flﬁa
second a&ltl?ure is then Ca|él ned to forma trea

sEYEF A% SRp BiGHEnt selepfed iy Al Brise 6L, FHelea pPsEe Ga,

and] Mag SV 8 LE ST, KRMBIVMTH, e nawy g yarhepzsour ce
conpounds nay be different conpounds or the sane

conpoutgablpersirisiiy selé! aid metprizls preasmpotinds et parelseused to
) ' I S} (0] |

i e ORI 5 R
ox¢ (A Birfeet éildDaC03O42@rz@3, Gu@,drehD) ?ﬁaiz(oﬁ D@fosl m(ggmn@o3, NiO,

RSB0 75 A5 abpchTt ZOaiCopt by e ot di

wikeh irgludiigahixsd okides thetedf; labidl chSkﬁblﬁﬁIo@ls ti@do.S FofBtadlple, the
ot her _ net, I-coE‘ ai ni nig conpounds. The net al
1

osi,oﬂarepﬁl'del BRY n,Bg ca,f Bmagay @-algr,nwe, q%tprgwgm phosphate,
Vigtseliolinghtated Nitdil, SitdoMR! maGRRRAEboria, zinc oxide, mixed oxides

thereof, or any combination thereof,

The solid oxide of this invention encompasses oxide materials such as
alumina, “mixed oxide” compounds thereof such as silica-alumina, and
combinations and mixtures thereof. The mixed oxide compounds such as silica-
alumina can be single or multiple chemical phases with more than one metal

combined with oxygen to form a solid oxide compound. Examples of mixed oxides

of t heCT/EB10061032542
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gallium tin, tungsten, nolybdenum or any conbi nation
t hereof. Exanples of 25 chemcally-treated solid

are not limted to, zinc-inpregnated chlorided
alum na, titaniuminpregnated fluorided alumna
zi nc-inpregnated fluorided al um na, zinc-inpregnated

# Qhipde F‘edslhltlll&@tlvﬁj)%ﬁ@‘t oZhOfrebdiPmegitiah etidide gt attawdt
I ca-alum na, zinc-inpregnated sul fated  alum,na,

btmlltgci i tde chilich abimsina niitiea-Btanip) BicAaEePNE necolienivARs, clay

0 | fRafileOn
Titierdt Al B A Bty RSO S et o
of i nPicegnaitonagititdieavisp korpanchtdesedrin Bpdtahe slidhoxadearmeype
B TG i FreLeonB By g Ph Biohpled A4 Llig qridg vpon
Rk tRlentC QB RIPIRE 6 P Qulidl oxideythdt ris Inotl ergatbditwithsatnlsest one

limted to, gelling ellin n_of
@@ﬁ%«ﬁuwahclsﬁwag ARiGPh eéccoadﬁlg@ orfae gﬂlfﬂsétn&rtﬁeq W&%“’n? E‘Hemﬂ%e&“%
AR A& Rk Ak O ?QﬁHﬁP Ngh EBMroRSvitidelEnd Shi® derived from a
inpregnated into the solid oxide in solution for

anltl audsise quethier gompeRper sush 3 rit WAt OIS SPTBE e {1t maY
%Qr%] 26l S%{II? recﬁﬁ&ofoq 7| aMion! hﬁcaﬁﬁ%leﬁ GrietehSRaRithdrawing

oxi de can her conprise a netal Selected from
Zihio0s mcluﬂa,rhuu ane ok ttoétkq toy sulfath, bisylfaté,| fneride, eblopds, bromide,

I d
qﬂ%ﬁiele gﬁl].lor?_sgﬂhtgx gﬁ;gfo%oratzer r’P oynpglat%,g gfrhrogggspﬁatg Oggélgﬁotabé?ﬁe
tthat8 0 lfhubrozitébnaié] Cfﬁlohﬁﬁa’cﬂd&e ttlﬂu(ﬁbmtatbe striflo®d acndt diey dike,

activity and | ow cost. .be treated.
PN DT L GROSOR DERRE s O tag: oo
REefPbhds Aok Srve & sodfced fR tl&@é@e&ttdﬁ&mﬂﬁﬂiwﬁ@ﬁu&@rh@ also be
oxide is treated with the electron-w thdraw ng anion.

ol igthapipsabivaeioing met hod, the contact ed
m Xt u "I%u%etf?lofga%glec mgﬂg;allf Jcr@aq:édr La W'xfd@ q{s@i’\@vﬁg t1RNir&Rnt

and the I cally cal cined
Ahtetiogiray &k yluoadefsl(}ilum{mm)chhbgdwhﬂgmmaj bromnled alumina, sulfated

el.ectro awi, n [

o aioBind dr g esnplte” e Sun b RaTBliakaslk,
C@x'lff’éﬂeﬂ @ﬂlcﬁhllﬁﬂil}]ﬁa@ ﬂ&@lﬁllﬁﬂ WilicMairtomis ciiodid-dsirs-zivegnid) dransidel
to formthe chem cally-treated sql.id o The
cHUGRr P ig-sifaisd %Bcas%’fcmwao%{.aabécw%}m%ﬂ%ﬁ% t he

cont acim AdWdetr&f-whah RS coRPEnen? Corgstlsedla Qalt 6an electron—
conpound and at |east one el ectron-w thdraw ng ani

swuhdr@wmgtamos, thetconmetian acratiom el thaesakignaygbosalegeed fromn any
COMBR U RSyl ShPRdeid &' deb S FRY bakih A8 LReaRhg ChitRAy.

Factors that dictate the suitability of the particular salt to serve as a source for the

electron-withdrawing anion include, but are not limited to, the solubility of the salt
in the desired solvent, the lack of adverse reactivity of the cation, ion-pairing effects
between the cation and anion, hygroscopic properties imparted to the salt by the
cation, and the like, and thermal stability of the anion. Examples of suitable cations

in the salt of the electron-withdrawing anion include, but are not limited to,
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wi t hdrawi ng ani on source. The contact product may be
calcined either during or after the solid oxide

anion source. The solid oxide conmpound nmay be
cal cined or uncal cined. Various 25 processes to
prepare solid oxide activator-supports that can be

eamh&s{ﬁﬂ #riATK Mn%noﬂlﬁ‘lﬁet@ﬁhaﬁgrl BRAMRNRARE Rt SIRA P8 Shhofith, H',
examée jL such net hods are described in U'S. at ent
210

mdrbplikes 165, 929, 6, 294, 494, 6, 300, 271,

6 330088 B o et IR g i,

| Incenpy progoitibys, caf &e esletonteilai the ispecificsacitityi ofethy actB/@tor-

A to on etof the ent i on
SIPPGE S P RRBREIT A “Cmbnuion el s EER yh BF B bR cyoRs
cayt BCiontigtet twithl thdoditle hedA] smetagéamely o firdividualy,cand hg any

SR B B R RGeS ap LR ey PP rmmpls

S@iel ddpRX belthis MBdifibh & erRPIbYiRNALd ¥r ABK% @ uehMheAWingE anion
treated with a netal ion, and then calcined to forma

NAOLECE SEBRRUEETIT YO OF et ssPargierponirgHing aeps.
chem Cﬁllu% Yo reﬁ%glg of %.éhd 36'0%9 by vﬁﬁ&ogﬂj 1<§a‘ﬂP/ 31%%&1 &8lid

aspect 0 he present |nv ntion. the so
nextide is atepatndi isasdblbotsr arselspted ehirdwxu@ camgpolmds cmmélmtlen of

d d | T
Sﬁx@ Ceﬁ %{)rﬁ%o gXI dl‘é%OElﬁgt%& t\ill&}%mé d%ir ﬁ f’r -with rgwmng anlon qurce

ed:@qi'onmh tonfotth dr fxed mixtureahip dhe nﬁ1xtutey1@|o@1aiﬂe& aﬂd g@h tcothicted
n-w t hdrawi ng ani on,

t
R oot B R B FRHE o touB FPFg 8 Jor ongyeond

i ﬂﬁcru&e,rtﬂé QP dhixARE isGRITRAKARA tPRhR 2 HRBEN§ILid o‘?‘lﬂfé{ ch'ﬂﬁound
like. Thus, follow ng any contacting nethod, th

cBneudt édpmgessi thaufsiopnd (secosd| plecterwighdrawing amion source
t metal ion, is
e L R 90 B3RS o AR b B
( chemi &abidyngt toeavtber apddt df tieipdwynt rm\;enndsm ghe djmmpnabmrez&eﬂ
C ng; 1) .cont.a X1
I8 SIG ST & S Ppnbinaf BRP Bl il Pl B
aod mnombnuam afoinprgairiel okile frodterials, fhat 34 chemdtallyaica® dvit) an

ning the first mxture to f rmth sol i d oxi de

a%f%ﬁtvgﬁ’d?ﬁvﬁ% (COMPONEHE K314 ﬁaﬂqna Erwﬁlé e dRetRlf SQUERS,
PieRenk nidkl SMlts, Bdtal 1dRS, stQtied Rl dsmalﬁﬁg lc¥Ap&dS UPROMEtal
(chem cal |l y- treated sol i d oxide) may be produced by a

pplb@@tglslon may be, for example, zinc, nickel, vanadium, titanium, silver, copper,
gallium, tin, tungsten, molybdenum, or any combination thereof. Examples of
chemically-treated solid oxides that include a metal or metal ion include, but are not
limited to, zinc-impregnated chlorided alumina, titanium-impregnated fluorided
alumina, zinc-impregnated fluorided alumina, zinc-impregnated chlorided silica-
alumina, zinc-impregnated fluorided silica-alumina, zinc-impregnated sulfated

alumina, chlorided zinc aluminate, fluorided zinc aluminate, sulfated zinc aluminate,

or any combination thereof.
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wa@ o oa7seonmpound to forma first m xture;

conprising: 20 1) contacting at |east one solid oxide
conpound with a first electron- w thdraw ng anion

the first mxture to produce a calcined first m xture;
3) contacting the calcined first mxture with a second
el ectron- wi thdrawi ng ani on source conpound to forma

secong, X 8f I@S}Qgraéng%e G E bRt ehatdhigl ®RE QNEetal AL

to formthe solid oxide activator- support. According
teody Ghe medtoddy veigebe ozsufde ﬁsh@nﬁtp@é afith 4 metahioress; typisdly a

G eo%% gl ¥rta nﬁfgﬁéo%g) F‘. |l %qg ﬁgei bi B ﬁgfﬂmaﬁgd R glifhgTRd-

' Contact! i
g&nemg‘, ﬁmpregwatmﬁi ofoha gorayeiund) ostoumctber emp writke. ifi desired, Hbe

d oxi.de co cal ci ned b f.Qr.e u .

BBl oSO8 SO A B8 Gt g ot o e aee S 4t Bhae
mfﬁqorm and swheqentl edlerts 1&to&ﬂb ﬁip@ﬁxﬁ&dalhetabﬁc&n @elciming.
al um noxanes and or ganobor at WO 2007/ 0378

perdingpoibe eslzcsmrga@aloaq%% fhef ARIPIISE @ataﬁmlwd from
91)6!: dsﬁar?tﬁﬂ afi@lel, X/al'laﬁu&'rp RO L R NoaBinA MBI @REstRl FOBBRRLS,

typically'in a dry ambient a m)sphere at a
peapenbingia theroed albwwrampleodng Banbe gsedgodmpreppate Hissakd

byl Bé*cgl&g i aqrm!{é &QQathgr by Flo¥iag. may be

cond era o rom about 300C to about

800C, The rsolaack anpleemagt bea tBatbde rmpidr anetrl esalté drr owetabbenining

400Ct out 00C. | cin onduct.ed, f.Qr.
%]Bﬁun ,a06 &b&a gbmtﬁ h{}}? écl%%/ C<)ars01é§l‘( gxﬂ? 15 t? ted%lgl th?

316%@1’(}5@21@&1@ Winict) Millb®ing dMyuSontddding ematmi ethe contacted
calcining may be carried out_ for about 1 to about 10 .

Rydpes af oxide tcompeyngh Flestrer- MithgAT RS OB EHE e My fon s
5@9&11 %QMmEar P%&l‘maﬁww apkﬁldaémdeeﬁﬁteﬁﬁn an RRcHSERitBME g

Cenerally, ’calcining is conducted in an
@momszulmg ang the metshivdt er melake¢pnipiniag pompqung eFmeqnastod, and

Q%1 ?&ﬁmﬁ%ﬂB& er e, such as nitrogen or argon, or a
ere, such as hydrogen or carbon

rmnoxinﬁousrmycelssgs mey e, uséd tofodinrihe t:lrzﬁrrdwélyas:p@d tsolod oxifle
e A3t 5P 0, et S R 05 o
%@ﬁ@b}ﬂéé tphd 8 &Nsast orﬂefbl&ﬁbh-ﬁﬂtaﬂﬂaWﬂgr aﬁ,ﬁainesﬁumt t‘t lﬁnot
nmetal ion, and then calcined to provide the chem call
required that the solid oxide compound be calcined prior to contacting the electror-
withdrawing anion source. The contact product may be calcined either during or
after the solid oxide compound is contacted with the electron-withdrawing anion
source. The solid oxide compound may be calcined or uncalcined. Various
processes to prepare solid oxide activator-supports that can be employed in this
invention have been reported. For example, such methods are described in U.S.
Patent Nos. 6,107,230, 6,165,929, 6,294,494, 6,300,271, 6,316,553, 6,355,594,
6,376,415, 6,391,816, 6,395,666, 6,524,987, and 6,548,441, each of which is
incorporated by reference herein in its entirety.

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

may be chemically-treated by contacting it with at least one electron-withdrawing

2) chCTURI00032542
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treated solid oxide in the formof a particul ate
solid. For exanple, the solid oxide mnaterial nay be

agent"), a source of chloride ion (terned a

"chI ori di ng agent"), a source of fluoride ion (terned
“fluoriding agent"), or a conbination thereof, and

C@nﬁdoﬂ&ﬁ' Py fR LR iRAM A 2R X HE. %H%gﬁ{hg Solid oxide

Useful acidic activator-supports include Ut are not

| mpterid @ptionally mxrayrbie ¢beiniadllyrtieatad withlaomételedn,aind mhena;alcmed to

f%o#ﬂg %alaéoﬂm o§ ullng Q‘l&x%%r %lqé{gﬁ n emlcgﬁ &K}%‘}'}d F?I&fie C(i»ude

um na | Ca-al um n
sAtqocchngtmamoﬂax aspabtf c&fttb«dpremnt invantiinyithe n;ahd bxideinthedial and
hcon y4 fluori ded

Siyl a-zirco
PR AR o es B8 o Srs LS EERF RuapoBi Y ar e
cl ay, 'Hid&het&ﬁi By Phich alieeskideig tebMadttd Rith KR elddron-withdrawing

tlonall ated wth fluoride, chloride, or
Tl}pgpgl lg‘ﬁélt st o awmiasld efr a)g,tef;ﬁépron-wﬁhdrawmg anion, may

aﬂnb’lﬁﬂ@‘?ﬁh@ss%ain #edOB! AR, loY-obliRAL e St
fluoride, or ch ori de g o?é gﬁ)% lﬁlﬁ%n‘g‘e’ %ﬂgt%ﬁ %Hf&? &mpound
a036% anothayy edethe ligpy T(lif»ls tiblboveing ﬂ%@@tacsngjpmﬂlbé the contacted
%%99 2, et 8l

e Cgk Itlie %@rﬁé ao?(gd El%ﬁ%g%&h}% n amon and ogp orgl metal ion, is
f¢alpareidded sol i d oxide in 30 the form of a particulate

solid h ed soli i de

cont act |€nS ghé O)élg P8I a‘&’PﬁPgﬁwg“? ?ta‘il ﬁﬁ dggf%ilﬁg “may{us

fbeymoduded byonpiobess ban@figed to WO 2007/ 037836

PCT/ UjSOOGI 032542 the oxide by formng a slurry of

the oxXVde PPaFEg; sBid cxisieyerstpoynd Hvigs ah)leash ome grlectron-

VWRRfraviifg huih SirceRenpai t5 Rrml 4l ﬁ'fhttlﬁgtu}é)’a dhe one to

three carbon al cohol s because of their volatility and

| ow s f acealeiaigitharfirstErizmmy odomf the ISQm]rQX@Idervgtlmy@rwsport

t hat ui I

hydr o%o}r&? B ag@C%%F?gpQ&n%Hrgﬁﬁeu&éée]nuogve POIB %1 Iﬁ—? Oxide

WDWMﬁ I(Qh@nmadﬁy-(rb&tm-lﬁﬂl)d, oxddayanayute produced by a process
tetra f] yoroborate (NH4BF4), ammonium silicofluoride

(iw >Paf°’]ln§or osilicate) ((NH4)2Si F5), ammoni um

hex af [1or ophaspingtae 1dad¥hER6lid oridalcepotnaes R0t & dectron-
]J';E%Jdﬁnatl ons thereof. For exanple, ammoni um

BFREEIRIFAYESS REpOYRd 1o &0 adEstapisture: yor i di ng agent ,
due tQ@) itgaleame tef firSRixRRTopRAYe 9(‘!&%1416@1%&11 rﬁ&turelo | f
desired, the solid oxide may be treated wt
£1 uor i3 ng CerjRAng dibei prlcindde ﬂrsfarrmitmnengmbt epsecm@/ electron-
f\lvfﬂgfrzh{;ih Qroug contacting the
solid é:glaglggﬂheﬁcgﬁ? ﬁlen%éﬁogitn % Sﬁ(iqons lxmf: *afi"be used.
For eXanpl e@lcmmgaﬂhdl decand tixtirbo®eform the solid oxide activator-

support.

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

and where there is a substantial absence of aluminoxanes and organoborates.

" SPCT/EB1006/032542
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W@ eioasises or gani ¢ fl uoriding agents usef ul

fluoriding agents described previously, volatile
organic fluoriding agents may be used. Exanples of

aspect of the 15 invention include, but are not
limted to, freons, perfluorohexane, perfluorobenzene,
fl uoronethane, trifluoroethanol, and conbinations

ther n Elafl iOEordubted i @n i hﬁeént
al so e(g%ﬂn@gsogggﬁugﬁ%g&ﬁ oxs%é ?égl gx? 1e ?s uér id 0 a
elurokpigre, cylicilpiing. di@rembien wimisphare, rﬁétah‘@dlpélfaﬁ@@ rﬁnoab@bqug

SR phOu DS, Phrhy! At B 800 RO, SRl ey e

tddauglb & 4 Repsatirdlof 26m a¥biH800Ra torv@o@taaoomabr etample, at a
Simlarly, in another aspect of this inventjon,

t he
tehvaiaba¢ pifromahewd08Y] Fooﬁb%tﬂo@ec naplcidEIRmsRe %PHducted for
Clp lu?é 'h%ﬁ_ﬂto a90| sPXLEE b xtagxﬁ rzﬁ)&{t 33%&1?3" fo a%HJltaioehours

or 1 ded ‘Sol f or ned
ﬂ"hmst, dqtaxmgpla, e;abdmldg oy dhe coviritdh oat ﬁoh hlmut ditmgbouage ﬂnpurs The

chl ori de X|de

gqnme;@xr&o% g%ngé?tgg()‘ggto aﬁog%ggjlf ?tz//s(tel r;[ 19‘5]:&9@% can

$0lised Atifle AR tGEeRially, vdltihing 1@ Moﬁdmcdadngq agesKidizing

during the calcining step. Any chloridin ﬁgent.

@mahleéea ocls @t girn gf\la%mél@assu% gleﬁfaﬁempb?% ch g futrogen or
o9k YuEpt tdieh Qi r bt "GrBoR EmitbxdeNindg b

O A Rl plct e B o R O SR e Ag be

@kddor | d| ng agents may be used. Exanples of volatile

or ganiy¢ chl or e I

i ncl ude® but "2 ta%{é‘y %%’t &I (?Prﬁﬁ? g%@%m %%gt?(tﬁléﬁ% §081|8f6r§%d§ nrgatenal

ey el mmb svithensurcehif hriddeeibanate @bnc bt @ coneinktimeof anions,

chl.orqf orm . cafbon etrachlorid |chloo n

Ptl%ﬂﬁ"@ Y H5R6E Y e[teh Pt G ReR du% ydr %Vl((ﬁeen \‘?\ﬁ% Bfleany-

2R6%é4 @&?cﬁ&ﬁdé’mthw Dp2hbte @hido rPlod exantpl§ hhosdlidexide
itself may also be used with the solid_ oxj ]?qtdurln . a

SRAtRriah iy Yoo epped D PR Tl GFmED AL S
%6 hnde of"\ﬂh‘i(ﬂldte héh f 04 b i AREREnt"S a kurceVFIRbHISIOR (termed

oriding agent into a gas streamused to fluidize
tah Hluwgiling a@mta)e otlarcomyinaiten el iaph calsinghéo miewidatthepolid

“cPe ac%at& %héfaf 8&‘1 ae{‘varec{)%ﬁ@@ Qﬁfa,‘h? & b6 O;}gag ;@n{ea &o,

Vbﬁmghlbd Mhmrrm vﬂ;iécgfdbd pa?lnmmat ﬂltsmbals eadlummm, tshidatodei ajbmina,
(0):4|

s SBershmits ol iR AR e Dorn sty spifes

|§"1Ycﬁfhlldn(ﬁﬁa Brbxﬁuﬂﬂ@ﬂféh-zﬁéonﬁd albtideal ﬁﬁcaciifc@mh,dﬂudrﬂhd silica-

resent before calcining the solid d
g@@gma,gsu{f@te@ Bidig?- 212@%%9%ﬂlared clay, such %é(la pﬁlage%ymgnetmg{iﬁggite,

optionally treated with fluoride, chloride, or sulfate; phosphated alumina or other
aluminophosphates optionally treated with sulfate, fluoride, or chloride; or any
combination of the above. Further, any of the activator-supports optionally may be
treated with a metal ion.

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

contacting a solid oxide with a fluoriding agent. The fluoride ion may be added to

i N PET/ES2006/032542
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10 wei ght, and according to another aspect of this
i nvention, may be from about 4 to about 20% by

oxi de may be dried by any nethod known in the art
including, but not Iimted to, suction filtration

fol  owed by evaporation, drying under vacuum spray

dthg ioxige bairfokntingea Islukey, of dhbet dtadegin 2 juitabls selvers spdsas Beaot er
I ﬂelltgr Télgdl%fbél% %{aefﬁé)n llmﬁllieg' lVt egl}(el (g}ﬁg %lﬁgeeé%lfo\% lpo%#fs b%géﬁ
utheid vblatiliyy epd Il(ﬁv tlréact repsibe dEsdniplesaofluotiting apantd thad xhg/y be

re vo ume qrea about cc/g., :
el Pa e e St G metanREeei I aRgiioR Tuprid
PQVIEFY, c&nuﬁ@mffﬁynmrﬁé %ﬁnms,m@ﬁnmttet&ﬂao@%@te @HIBF,),
accordl ng to another aspect of the present invention,
tHempeke v oilisedudnidy béhgeleqresilicakan HBBLLST. 1. gmEongym
Pt B o htog}ﬁxaé' g‘lﬂfl"@f*‘g Wi n%% m1§oth %M@ BmBHafiSEenhaks8 For
greater than ab 0 Actording to one aspect
ofxatiples anmesinm gfAyorideNIBbIES mer bansd apthe fhveriding aget, due to
t -and accordi ng to anot her aspect
Fsa%ﬁl(g&%%%cﬁr?&)%%gﬁgurface area may be greater
t han db dedire@58e Bfﬂicbomdléhxﬁaysbd tréagedaitima flaoridisglagent durtngehe

sent |nventian ically h al u 25. conte t
(oAb olrp- it Tapriibe 8on ks B wirorang dantdineche gpid
t 5&15@ e the CRICIARE stefcbiiTbd &0 NFENExaRpld, R addition to those
silica-alum na may be fromabout 5 to about 50% and
alesidinenggents %ﬁ%ﬂﬁé Preapeler velptile rganion{femidingnagepigemay be
al g r@(aﬁ@[&ts %ri}tvoﬁtftllet rﬁé lﬂh&’ﬁﬁ gah fiBYn BEs EJpQJEP of the
about 8% to about 30%al um na % wel g t. According to
y aventign ondiede, bigpecnot étimtteh fis fnemsemrﬂmroheecbnee, seoflbcrobsiizele,
Cﬁlﬁ%)l'gll? gtﬂgnenq}(lgﬁcgn%{elarnogsgnd {)01’1’1 11’1 %ﬁns t%lerll‘%ogtn t %&s}eouts hé%rogen
S ﬁhd)rdiemflﬂilenn@ oggpdaientanreyusedWith Itl%so&d loxtie ivviflubided during
i na. MO 2007/ 037836, PCT/ US200 542 The
lf?lﬁ%d 028 cPY eBRPaet %%‘bfr‘i"g@% “&Iﬁ é q‘s%‘ﬁﬂé‘mldmg
O¥geflisCi0 R ta flgdHhgodpem! b3l A@as Qredih hibdiaroaidizd the sofid
the formo artlculate solid. Optionally, the
sB%“fi%\fl‘ngg&%CH’é ¥y be treated further with a metal ion
such tﬁﬁﬁlaﬂi’/‘ emcef'ﬁloﬁﬂep e@tudfftﬁfsq{:liveni:%r#1 dfe Qﬂém%lﬁl%a%d solid
metal . According to one aspect of the present
i pvide tiap nomplh@ escléozrﬁdeétsel@ﬂ @mﬂa i thx fodm of @mamogkage solid. The
S?ll'nl];r%e% x1d abe florme% contag 1;nanac s%%ld e
umina 18 for med" eS8 N E a‘f’um n
t agat. eTharHldride 1611Jh1ﬁ§abeadﬂadl tCte oxide by formlng a slurry of the oxide

glondmg

in a suitable solvent. The solid oxide may be treated with a chloriding agent during
the calcining step. Any chloriding agent capable of serving as a source of chloride
and thoroughly contacting the oxide during the calcining step may be used. For
example, volatile organic chloriding agents may be used. Examples of volatile
organic chloriding agents that may be suitable include, but are not limited to, certain
freons, perchlorobenzene, chloromethane, dichloromethane, chloroform, carbon

tetrachloride, trichloroethanol, or any combination thereof. Gaseous hydrogen

t he hal PCiBTS2006/032542
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for exanple, but not limted to, sulfuric acid or a
sul fate salt such as ammoni um sulfate. This process

a suitable solvent, such as alcohol or water, in
whi ch the desired concentration of the 10 sul fating
agent has been added. Suitable organic solvents

| dndridd @or cﬁléhn@'it%lﬁﬁ’lﬁy alsh m: L& Wit tlhBL@ r&%dte Qluhgé ?aqcining

car bon al cohol s because of their volatil
s@?@f sewenigpisiethod A€ contaiting the oside vegpéet cthchﬂrg sgent is to

CI n: aggﬂ%g}?go%g?“mo a a%ts %%Jéa%laltés%d ﬁ 1816y ﬁ}%&toaillg)%;ig d&rlng

a@bmmnmmo parts by weight 15 sulfate ion to about 100

parts oXi Accordin 0 anat her

aspec tﬁ%fanf%ﬁp of ﬂk}cérﬁf hﬂl“l‘i‘% o BigR g?f’%o% Flcipigs th, solid

pomd;aemﬁy befromabeal2Cionrbog SU%Ybyb@elE [tOWhé‘le’ Qefght BerBak ts ti¥ed
agt t.0 abo#% 50 parts by weight sulfate ion to

weghtogly the sgipd \Héidﬁhtfor xamply, sikraralumingg bafors ealéinige.

t&ccﬁid A
L o P PO i enf Pl YA dr Mo B PR

i B3eseriobedprs Lﬁalqrgng Bher sodid nyxidgeingghbe mm b 3o1>o| aheut meg@
V\ﬁélgﬁlt ar{daetclz&*am rt? ag&ﬁ&dasge%qu s {5 1nV 1%1&3%@} l:)?ﬁefrﬁrgl albout 4 to

oxid fore
Sﬂli’pfltaz(ﬁ/o by hveeighil fGitce dmpwgnmedmyh bhehdial; itteechdlidedBYide may be

LS T R T MR M
Lfnlﬂ@ved\/lammmraﬁcm awlr@rmﬂﬁgwac@ﬁhﬂ shiag dlbhﬂr’ge and@he MREAIhbligh

ﬁﬁ% f an l.,e.to initiate the calcining step

i gradarytie 2% INHils e SYCInEEaTen Famedialple cwithsfut tdméng the
[ArPERRdted HHRBKIdEN, actlvator support conprlses a
pillared clay. The term"pillared clay" is used to

r ef er The sidicerglupanacised tasprepae thelepaied bémaluumaemhangm a
Vﬂo&é"vcglﬁ’iﬁg %r)eate}[ Qllla%aibloXt U l X/‘guc+c%grdi to%’g’ﬁ a,s%eﬁg Pﬁ]@l%taggnt

[ ex cat
bm'enaole tl'lfl})poliel \milttlmjmay) be I'gﬁ{ggdr thancabsut OWRiceky, @@ adtardeng to
and

ch.as 7+, .var onet al | ates,
SPRLEE PR B e R T e g g ou
tld0 ec/si Fptler, emdamg@um@aﬁiay Aivel dsudbCdied B€ater than about 100
exﬁgqggﬁa | e cations of a clay material are repl aced

& 1Riogf PSpeciioh fhipivensias, thasoreareays peiBasreater than
BGEMMSBQQ% @3e aéc%rdlﬁ‘é"fbhan%&e%t r(l)F ltlﬁgl el:-lli-: El e ereface area

polynerlc cations are_then |ze
iTPRYee|Espsr $hap pbeuid5¢mAg. and when caIC|ned are

gag\égﬁl? ﬁlélt)«'? Hﬁ'ltl Ius ?g@g rtléeogljgiegg%vénnoﬁ ftyfgggaily :ﬁﬂ% %rb ?lurina
Thugsnt fmmebmhé tg Iabgut 95%. According to one aspect of this invention, the
alumina content of the silica-alumina may be from about 5 to about 50%, and
according to another aspect of this invention, the alumina content of the silica-
alumina may be from about 8% to about 30% alumina by weight. According to yet
another aspect of this invention, the solid oxide component may comprise alumina

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

component may comprise silica without alumina.
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is dried and cal cined to produce the supporting
pillars between clay layers, the 5 expanded lattice

W@ 00uos188€ i s mai ntained and the porosity is ePtHOS®MA6/032542

The resulting pores can vary in shape and size as a
function of the pillaring material and the parent

clay material used. Exanples of pillaring and pill ared
cl ay sriarselffied ffidioRide CodprisePhinfagvaat @ solRCbafC&ndd8ent, such
(4595), 365-371 (1983); J.M Thomas,_ Intercalation
ohelimanar g, siliq-alyping nige dorm Al 2 Rartipilasniobid.  @ptionpliysythe
gﬂfa%ﬁ oxﬁg n%% be%%@ mr&lexp \K/ﬁl’?‘é megaploh@ﬁch thgt]tgg ga)loméef S§lfated

Pat ent 452, 910; Pat ent . 1,
QK& comprises a Mefal. 4A©®®d148®o o e¢pedsf ofvﬂw (§>h‘38¢1§ lnventlon, the
et

%Lﬁﬁigeg%gfuﬁ%)ﬁﬁ grfq?ﬂﬁ@ Etﬁfake a%d ea?lltnlu{x] av%nsa&gjréﬁgéanﬁésg ElL e Wifated
dammmnsﬁﬂmﬂdbyapﬁmaw@ﬁmahimeamnmmuamﬂMngﬂnmyMWMbb@n@ﬂ

ot S B it Bem S Rk ey OF hestBirt 8 o 10 e B

BBt € TS @Pocedsomdy 186 PEBdrfhed Y bR e aGludtly & fheTaflinfind Of a
pillaring include, but are not |imted to

atmabﬁs aiER:: sushee ploplal o Faten TRivdich élPF‘e‘éﬁSﬁ‘Fd gompgntgten of the
LibanRg tagaﬁ dfag! beéﬂ\@}ldeﬂn ds@ebleV GbhME SolvERE 1R deS YEhar@Shot

nmontnorillonites (bentonites), nontronites,

himited t9,t the onerto | thise rreibes ; alcohelk |besesibe €6 thejreyqhtdlity janddow

mhgggwngogoron1cas chlorites m xed- | ayer clays; the

PIBET 0US Clays including but not limted to

s e pl oAcdo&hng &t drepshp@t bethis 1ﬁVHﬁt1m|tly®ﬁh®kﬂt besilfaR0ioA present
ni t

st R i abgu 0 e BBk 0 aRai 19 pchy iy

@lﬂfa'té/i@h @6 alfodP PO par@ B RFcigheSoliadRIdeNiAlEorBing to another aspect of
montnorillonite. The principal conponent of bentonite

thds fmxseitienr the poRTtef sutfé ign preging Beferepiciige way be from about
Rl ibG efiht tof abgﬁtsﬂor Fafts b Rk éﬁmﬁ% on B aBbdtl186 Bkt bal weight

bentonlte may pretreate rying at about
@@iubcrmm] amd?@pmdmgri‘mstph%méwr a82®t pi/bisgeneniiony ﬁ;wmnbpub@mt

y%@ H)t ab%utl'%u};ﬁfs b? ?ghﬁf\{fﬁ{qu% ﬂ)de%%gt 1t mﬂaHE by weight solid

rization reac an exe
prEtr eBiesericighs ratscare haskdher denweipht sihthal w@iib e)x1de before

derstood that the h e carried at
AR E fgtee (BRIt TES Tt T T ORI S B any
GIARIANALIA M Bf ataRNediat, Biend Mehifed 08 sSdtRR 9131traﬁioh f&iowed by
whi ch are_ enconpasse by this invention.

SEOPHCBr I g JBALT YAsEML gy dpigeandne dﬁ@aﬁlmgh it is also

BéEﬁﬁ’éio ihiB0s v caicﬂﬁné’!tﬁﬁﬁ{%ﬁedla‘t ention may be combined

ot her 1 norganic support naterials, including, but

V\D 20@175(@@17133(6 :Fi@ﬂjeuggmos o 3RS fPesent 1nvent10n activator-support
comprises a pillared clay. The term “pillared clay” is used to refer to clay materials
that have been ion exchanged with large, typically polynuclear, highly charged metal
complex cations. Examples of such ions include, but are not limited to, Keggin ions
which can have charges such as 7+, various polyoxometallates, and other large ions.

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

exchangeable cations of a clay material are replaced with large, highly charged ions,
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are not limted to, zeolites, inorganic oxides,
phosphat ed i norgani c oxides, and the like. In one

wW@2e@ao87836 ypi cal support materials that nmay bePCBHE82006/032542

i nclude, but are not limted to, silica,
silica-alumna, alumna, titania, zirconia, nagnesia,
boria, fluorided alum na, silated alum na, thoria,
Akl Kephiasiphat hesal pmmsinmmm qrahmsphattmn ﬁupdsmwh awigdn the

silica, osphat ed m. n t 1
RbsHREE Bf B’Qt‘g@’ & ¥ %{f f*}l‘ilg‘?‘ﬁ qe CO?‘PHS(#E gL i s
St dlPsuppHiingd e I TRYeRAdsi cOMNAFlikEI siktittin@s.t Meuseice the clay

According to yet another aspect of_ the prese
is rﬂr@ﬁtqnérpalc@wé terrradice thy synpertinggiiliats 8&%@1 Gg‘bi'd@(?ﬁsd§he

%Xnd%ﬁ 1REGCRNERE S %a\fﬂtilﬁ‘edaa%d ek dbitRNQRBAce@NFhSFesulting

ganoal um num conpound for a first period of tinme
paresoran tvarydo shiage tanCthGt dsiacfungtinn of e pidlaing materia and the parent

(cht | l%getngf SedP pExam les gfe Blﬁulilr% gD !n%f ‘g];ﬁgl%ﬁtc %0 'Qré(tf&{fnﬂ dlﬁf T.J.

['0cene nmer ,
Pihgannal Sevdnae 200 (45@&)’1 d365s37d 0 (1988}, e M ’[flllomftsh dntercalation

tivator - ort, e.conposi.t urt rls n
ChemiBe Y P bPE a0 & PSSPl Bt B e ST SRR

HeX(1978); UTQ@a@shsN@omm;mgdum maﬁta\rmwb,ma,l dnd\Mz‘Sl Ratent
remain in further contact for a second period of tine

Pei bPoOs1S0peach gt whish idacorprrgied rgein y5its @by i n whi ch
the pﬂ&e)’ﬁﬁa(rh@ﬁ%rb&@s lﬁflﬁgseﬁ%/ fﬁﬁn'e}alshﬁvﬁ'x@ ref(élﬁggéa% ca@ons -EH@

O ganoal 'um num Conpound ganoal um num cofnpounds
teaigrs baaabbed expandingh é\nmpélaeﬁﬁlt clgyribatroen ehangerige n@ﬂémewwn

PRBYI ' Ot GRDE oo RBIRA" S YRGBl T Ee e

Thesfo, tsnitadde ulaybmberdlo forapitiamng Ffmhlde,ehlanph enot (1Rpitadafo:

E]Zg@?neg: %ti%r &%ﬂh‘ﬂg?t@{?g%%/ {ﬁl?é’%&ﬁﬁ)(}%@(ﬁ%ﬁhﬁ Lo BerivErives
HeSRAN QRIhUAY MSHIGANRAES dsentolitds), MRt Bifteb|SIROtotifks, or laponites;
accordance with the present inventjon include, but

Aplboypis: [VermipWHes; omicat niheueraisash AREes: HBXPS, layg glayssthe
ﬁb@é@ a&%ll{? &’m e b\YiA?x%‘f Bt s ﬁolﬁemgipcalfgg&pmhd bﬁzgd@&nes

20 carbon atoms, (X1 oxi d
@rseamntarml@muuée, lapppiteinepesfitenpide #nmwmhvgatm dhgraoft g one
about .20

A g DL
aspedhcipf] cohporeniesdattonitienbitopillo®) is an al kyl

havi ng, f
a Qhe rpﬁ{]e?re (tzlgy arr?a?fulge pretrga%edb %n desired. For example, a pillared
bentonite may be pretreated by drying at about 300°C under an inert atmosphere,

typically dry nitrogen, for about 3 hours, before being added to the polymerization
reactor. Although an exemplary pretreatment is described herein, it should be
understood that the preheating can be carried out at many other temperatures and
times, including any combination of temperature and time steps, all of which are
encompassed by this invention.

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

invention may be combined with other inorganic support materials, including, but
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30 atonms. Exanples of (X9) nvieties include, but are
not limted to, ethyl, propyl, n- butyl, sec-butyl,

aspect of the WO 2007/037836 PCT/ US2006/ 032542
present invention, (X1) may be independently sel ected
fromfluoro or chloro. According to yet another

?r% Qi%ﬁ flmﬁ%d {oh %T,cﬁf:u%rs ?{i&ﬁa{u \(ﬁ;&feé %‘ﬂosp(ﬁ@a 1r{5?§énﬁeox¢cms Odnld-the

nis a nunber from1l
tike. 3lni (melasmct; eypuath sy imederials, thay may bg, usqchmclpde, & 1ot

t tric n I nt
500t ST AL 540 s 3, AR s
ah&anre ahhiﬁﬁd’,l winted blsin@ta, m@ﬂm@ﬂmmiﬁophﬁxﬁmel ggmofum phosphate

or ganoal um num c unds, t sui 1 al f.or use
PRt 1 GRFTAIER AT P [T, Bt AP oo i
Iﬂhéﬁde@ﬂﬂ&t@d altiingd! dodlag) BeThtkEROR @fﬂhﬁdﬂﬁé $hereof.

di al kyl al um ni um hal i de conpounds, di al kyl al um num

al koxA@F@f@@&ﬁh‘(ﬂﬁ gaother @pggp | thg Wﬁqeﬁhﬁvmﬁﬁ Qfig or more of the
%%@?l? o gar@%ﬁl (OB R Jb?xtaua@ NG an R hiwoB¥a o @8

um num conpounds that nmay be suitable
|orgaham1iﬁmnmmtcompeunddbr 4 first pesiod pbtime prignie confrading thingpisure

T t T i
T LRI I e
Qb &Hﬁdﬁéb adlef fafdhygbhdl Sl;gandarumlﬂlﬁﬁ) ubmbalndnis m:untacted with

(tTIBA and di et hyl al uni, nu hl ori de, E F‘i?? i
bﬁ@‘ﬁ&@@ﬁ%@ﬂ&te%@fn@g%% ra&‘%l?m“ﬁmtgh © fFY o Support is
EhRh ltl%c‘%ﬁcorgea%téao nRRMA, THMR s QRN ARLAE hag®Ballowed to
conpound, both, with at |east one organoal um num

cenpni unﬂmaprdcoawobforeﬁ iserord pwipgrof tigemsiehioboeadigreed &t the
%eé%olf Er?whxcﬁ Eﬂe&%léfr&rlgamh edcbdGyif BL SarREE&ANt act ed

ure ctiva or-support to formthe active

cat al yst. e lgainel ol ositi on is prepared in

this nner [ aI ‘ . .
port i onsBF? @W&X‘ i num Q%eucﬂﬁﬁl s Zé{ tﬁg’e?tﬁoél
2Qc1RdLB@R Nk ﬁﬁmﬁ?ﬂ ¥, chrﬁpcalﬁdis lammtg Inl&rfonmrla ion of the

or ganoal um num conpound i s, added to the postcontacted
m xture prepared when theai)?B ontacted mixture is

cont agliRe WPY B ah BEpIRAL bdup kiR R6h 2Me kBt 6 IdRibeN eoms! Fer
entire organoal um num conpound nmay be used to_prepare

tdxemplst 617 gy bp apjethibgroph @ PR BTt Py ggpup, @ hexyl group,

PQS step. Alternatively, all the catalyst
rat“gsg)gnt?%rn% be contacted in a 25 single step.

Fu rth eﬂ:therrmgmohlhmmuma)lmogmahat wmryrhgmsebimpreeardansayithehe
u}:?rgsdené 1?1v§1t1torrx] 1enrclude,ebut are not limited to, compounds having the formula:
ALK )3,
where (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms, (X' is an
alkoxide or an aryloxide, any one of which having from 1 to about 20 carbon atoms,
a halide, or a hydride, and n is a number from 1 to 3, inclusive. According to one
aspect of the present invention, (X?) is an alkyl having from 1 to about 10 carbon
atoms. Examples of (X®) moieties include, but are not limited to, ethyl, propyl, n-

butyl, sec-butyl, isobutyl, hexyl, and the like. According to another aspect of the
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precontacting or the postcontacting step. Wien an
or ganoal um num conpound is added in nultiple steps,

herein include the total anount of organoal um num
conmpound used in both the 30 precontacted and

post contacted m xtures, and any additi onal

OPTEEER0 HTVERE M X ¢ IR0 hin dndetiendentlyo sel¢néedp EbmnBnér atri droro.

I REGERE to?@ gg&gfspeét oF trﬁl TR0 a2y h‘;\g&dz 09 7/ O 17o§ 3 61n the

PCT/ US or gano um num co
diosmunle éé@( Bné}g 3}3@“ ®$sa mimlwin ditohet t@3 snchgive, and typlcally, nis 3.

nlnumc ound.or nore t
gﬁ%gﬂaga v rﬁl ﬁsurﬁ?tcrgﬁjggte% (50 Pg ap, éxgager, tﬂerﬁ%e, &}fs If%tﬁ*aqla includes
Nemmaam@onmalomt orgmamma@n&lust&\e@ﬂﬁabﬂmsf ur t her
St . cQ osition CO rsing

P e orRmles AF gk s ania anpends RE Beehe Rebleror whevith

t 16 preset iivleRBRAMETudS, B LhS nBthﬁéd"f@ BEX @urﬁ‘ﬁ[ﬁﬂ%ﬂggunds
CCQ&EOSI tions, mxtures, or di Screte Specl es,

lpméndumaf hakidsy comphuns.u rdisfodalmesuar thlplxsba roeth,pounds
f QEIRRS NS RRIEWE $6m uﬁ?ﬂ Qﬁ&i nlxzb% 1%?1(%%16%% ){%ﬁ(él%lc exarXpS[es

conposi tion conpri sl 'onal
i @agaapa}lglplngmrpon@opmcb ﬂhﬁt &tdiy ble rsulwﬁbleahcladla,l Butex afdiniged to:

d
RS ok A GRS bimeq AN et ehatinen
chetbyialainmmmumﬂaabddyj corpRaletinuand cﬁso%ﬁty[aq?lﬁmﬁﬁmachﬂld‘fﬁe

HZl‘l guf%ﬁﬁ@ mggm‘}/ﬁw@p, noxangbsl? ar e) alo?o referred
or gandak UpfeRax dmfton! REnt@thf18fs (iﬁécehtx SneCAIPAREH Saiocene

typically are contacted with the a oxane
s“&PlHP%‘tded‘f ﬁyﬁﬁce’@brr@@ﬁm@@ﬁp@%ﬂo@dl \peanth,t hrathg hat alﬁglst one

S&éa\ﬁ%ﬂhmhﬁﬁlt @pﬁg?@tﬁgzoﬁgﬁt%&lon% [ ';p?etcH% acted mixture,

react ant s, I(.ZIUCIO
dator %@qnmtllsg this pragonbeted smdtureT\lmh dmtaahmctr-saﬂmﬁo@l foin® khe

be.col |l ecte . et hods
s ANt T b et Chp R g
|thcmgh adt heesshiillyt a pdriiomof tgé\lotggﬁdhainhlﬁ\?iﬁ Y:omb&ﬁldqma@de%ﬁ% IElhe
nto e nmeri zati
BB o oAt Dol BT LT,
caaa&mtm theOpostddhcibd \ER{ukO BreH?er %eﬁmcht? :pk&gﬁtgﬁéd nixture is

al uni num_conmpound conprising |inear structures
coripeted vwath thy gelid toxidet astisagor. ofHoweiert theesntiod ogdahodlimieem

Qbmbbimdalidfigeoyan CoCHERRY s c!&gl%t g LAg, R precontacltmlg_l- or

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

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

compound added to the polymerization reactor. Therefore, total amounts of
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wherein Ris a linear or branched al kyl having from1l
to 10 carbon atons, and nis 25 an integer from3 to

(ALRO n noi ety shown here also constitutes the
repeating unit in a |inear alum noxane. Thus, |inear
al um noxanes having the fornmula: WO 2007/ 037836

P@%M@lﬁﬁp% Sufds BeAldisbedn rErardfesdhef ekhetiRri & Single

| inear or branched al kyl having from1l to 10 carbon
argapalumingmrcopmpoungrorintre fen ofe GganealipingBorempopnd iguged.

al so gneconpgss Q)n Altu nﬁ)xhl{bv(?&aﬂa Fur t her,
al um noxanvs—rréy—%srr&mve—c—ag'e_g‘t&r uctures of t he

f or mulTae Brefent invamRizm: fathet pBBrdes whetalystrrompositiG oymptisangdhn

ais = nA.(3) - no + Nno .
AT <BpboRabt i BoE B Bl o o
tanenifowEne copounds) compesitibing; alhﬁtlﬁe(sy gedis@atte ﬁﬁemdﬂpx(eée)rdie% of
t he nunber  of 4 coordi nate ox at.ons,
thOPRUAR B Hncy P@@ﬁepa@adfome 0 emlﬁed@rpwsedaﬁiéwxample a
Qa2 Ry co?rﬂ)@sﬁoﬁ @orﬁ’prlsh@eaﬁropQ&nabﬁlﬁﬂﬁ’Bﬁﬁle Btdttst BV epared

from1 to 10 carbon al um noxanes t hat
wayfvls@x alempexastip @wendeé @8 éheawséh@r@qqrbwh plgmjirgipe PPElFi%)nOT in

E\%ﬁcAlf 8%%?%{6%9&%@%@& %11% C&Mbl Qc{o If§1|§ alaﬁlm\rl\xﬁgﬂrqgi crc])mpﬁuend

Fang racraprce of sojiye pedténg sac atsn\e%tcr o*lummamvhw dre@soGsfeakk {d as

oS ) BsP b PE0e ¢ Pom 1

t 0 abauik ofifer cﬁx@ﬁmbm@o@hts&&pimll@Wlﬁta@ﬁﬁ'pmhl”tﬂs alufmddoxane
may be used b{n 15 accor dance WI th the presen
i v 8ntatepted nlydirparbop yeompound otolyepty thapeh gny solvent. that s

nﬁwyﬂtﬁhy e QX A eacBinkly rdrhBiNeX @3R€ products of the activation step
n- pr opyl al um noxane, i so-propyl- al um noxane,

nogsubs/tsefl.u he eatalbis compmymm farrogd lﬁél%a manner may be collected by
Sﬁ&h@&étl o@llnl‘[mtﬁ](%é 38 gklg i Phe Q‘wr?é ni)tﬁ%@ﬂ ’1ted to yfiltratmn

pentyl al um noxane oxane -
aAlﬂe;matn'xk«yné),e anidJyspeaSdesaiou nnaydamm&pduced into the polymerlzatlon
neo(ﬁentﬁ1 um no?y]atng or any conbi nati on 20 thereof.

EAYI VU B aNET et hyl al uni noxane, and i sobutyl

al um r¢anemaickanddlceRpsRd bf Qi tibldiibMyhat Wal A ndligomeric
triethylalum num or, trijsobutylal um num
alummuin compound comprising linear structures, cyclic, or cage structures, or

mixtures of all three. Cyclic aluminoxane compounds having the formula:

—6A| O%

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

linear aluminoxanes having the formula:

ACIBUS2006/032542
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respectively, and sonetinmes are referred to as
pol y( et hyl al um num oxi de), poly(ethyl alum num

w@z00d®y783@nd pol y(i sobutyl al um num oxi de), PCT/US2006/032542

respectively. It is also within the scope of the
invention to use an al um noxane in conbination with a
25 trial kyl al um num such as that disclosed in U S
Pat ent No. 4,794,096, incor por atggel herein by

reference inits ent| resent i nvention
cont enpl at es many vaI b’f N the al um noxane
formulas (R-A-0),, and (R- nO) AlR2, and n

typically may be at .| east* about 3 WO 2007/ 037836

N Sy .

vaal lptegas firom h@}abvm@ ane blko encampassgl tey tBﬁlimieﬁtlcmf

al um e, such ations

or gan gﬁgfiﬁ% A g)unélnm%an?f & o%‘é Vat@ee ﬁé}'P%tBVS ¢ty the formula

R 'ape h].g‘gh,t,(bﬁ, eaibinysitis 6 FpoSidld, A —qu(}) bi hﬁ(z)lmﬂ&‘pt Bkein
orrprl opti onal al um noxane, nmolar ratio

JtAl }?et eﬁﬁﬁﬁv‘?? GoRElingte A ABRA RS n@(hels thegtumben efete

i dootdiat Atbin@m LRt
108 Oooec?dyg?g rt %)[IPM tl’kéet%%ﬂrahﬁgﬁggé&dﬁat@gxﬂ%gﬁg% R'isa

Ttemijerd akiyl ﬂiﬁépaa@ﬁé @n@s aobridgpig abipyd eroab amil Roix arlmearast beohched
a ti 53?5];; be fromabout 0.01 ng/L to
ablgﬁ%lw%%&ﬂwé/tf% r ona{t%%()ut 0.1 ng/L to about 100

my/ L, Thus, fahormexaoest that may/ dervems alptiviial Békatity/sts.in Is invention

0 e ri
CSRAALYE DONENTS, TR oA CRREE-BY AL AP B o v
dfke,owganmaﬂham rgmu@rne tRAQMRrAlihdn or BeDcKHISC|-05 ﬁiky}c Buch as
each 0

242,099 and 4,808, 561,
\M’ﬁ‘%@ﬂ ‘%ﬁﬁ OBY pB‘n‘%lt BEPtHy or hexpb ath dctymieallyi aptesenistan integer

efftint 11 &b Yabolt050. € KRARHIEs of’\@ﬁﬁfnok&ea& ﬁ{d@ﬁ&s tﬂ{itgﬂ& be used in
solvent may be reacted with an al um num a

AETHEGRAE Wik hthes DresR tinvetiom mhlgdfd ebut eate 150t hmlted to,

i ntendi ng.to
EARAABUTL RG0S SOTIONAe, Y L SRl WL ERE, 2 3r35

Mm@tan@. reuthlelimignx s, ﬁmutjdaammnmtaue eseObutyiunihéa88 iso-
al.um noxane s ies, both of
%qg'l &’1121}1 é}?aél %COWQS%]&IWHWF% i %B‘?‘P?ﬁ%ﬁmmoxane 3-pentyl-
Alllmﬁnmhct Vled)-yientﬁﬁmﬁlﬁlmhﬂﬂﬂnewéﬁﬁ%dﬁﬁelxaﬂg % Wﬁﬁgblgéﬁon
act| um num al k npound, such as
nlﬁ‘fr’g‘?’]a%é’a“@éﬂlte e@b@f{ hluﬁ%n%im ane dsopuigh ehmmxam are
|pPep@1@d #0ml Wﬁﬁkth?fagﬁﬂhlﬁns%é‘cﬁﬁﬁlumﬁmm-rh &r CEﬁso&q}r?lalummum

Or ganoboron Cocaf al yst
respectively, and sometimes are referred to as poly(methyl aluminum oxide),

poly(ethyl aluminum oxide), and poly(isobutyl aluminum oxide), respectively. It is
also within the scope of the invention to use an aluminoxane in combination with a
trialkylaluminum, such as that disclosed in U.S. Patent No. 4,794,096, incorporated
herein by reference in its entirety.

The present invention contemplates many values of n in the aluminoxane

formulas (R-Al-O), and R(R-Al-O),AlR,, and n typically may be at least about 3.
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The present invention further provides a catal yst
conposition conprising an optional organoboron

neutral boron compounds, borate salts, or any
conbi nation thereof. For exanple, the 25 organoboron
conpounds of this invention nmay conprise a
TRV QO TBHARINE AIRA howO EH%OM@@hoaﬁmﬁﬂd;t@ﬂidaw pRpRed) MictE and
conpound, or a conbi nation t hereof. { f | uor oorgano
eed riheovalng eﬁndm.*/gm witime smglsniaikdolalbmmorsner A gich
“BRpRG Ok bfibainlilo bl 2 EARREIAMRRG ON. Exanp] es
uoroorg bor at e conpounds that fay be used as
cocat & )psetwrmg] theh e:atp}yets evrpasitipenef dnis iimeshtiele comptising én
’\(?pf\llc_)r&‘i nln él}rﬂl}é/xl%g mtt el' fmo &:fjn @ rtlo (%I tEg al%m){nunp 8 ﬁlte S uni H&&ngi‘o the
(rpﬁﬂtoaéﬂeumrth@ heﬂnybs)ttmw mh;e be tﬁronphimuy [l d&rtbeabbutni00,000:1, for

t oy %%E /agt ar ?or? eﬁ;{lgobor ;Hlee émount o?ggt4091§175umlnoxane

taaaé@lélasl&omﬁmraﬁﬂxdmioﬂg lﬁﬁp)bb)fm{ @Joat 0.01 mg/L to about 1000 mg/L,
N-di net hyl ani | i ni um t et r aki

@r@e 2t 9.4 Fedlerir o1t LOR @R/l &P@tabouttlrm%é?] 99855 H@aiLum

t et r al@rge{n%alﬁmlup)g%eg rrhrfd]‘ylxt Sé@g@%dwhbef}k )é%ftb% %kc]cg%l%@ste glatoé’r@ dyell

fltnwn dortrams. Fixemples offpegancurhinexane prepprtionsede algsclosed in
t t t

SEE i 29+ o SR VR TR

trefesdnds berbindf it iehtirtigr Goet:tuytip)d) matey lui foomen organd sblvent may

li ke, cl. din nlxtur t her eo h .not

it B LB BIEISY CHEPRE) Fisti i LR L0 Y felegied
e@%@éﬁéhlﬁﬁllrﬁi@(anef dodoRRT. IWRNe heriatrlia el HOAAOBY GaQatement,
boron conpounds, and rel ated conpounds, are _thought

tigistisHened Wsh s syabeicnetaed ¢ affam OB R e%b%lwﬁaﬁ@tﬂi cyelic
V‘Qg Kl @5 geﬁ‘ﬂﬁfﬁﬁieﬁlle SEJ&lc%OﬂfRQ &R %lchaa?e gﬁc% % ﬂ/ ﬁuyinsentl_on.

Pat ent 5, 919, 983, "1 ncor porated herein by re erence in
i Aﬁereatmkyeolgand&mn@dahqs magnlye Eremeadt byokading aneborioym alkyl
co n t t
ATBRHRG AR SR PR s BRGNS ! & rERBIBGRE shud B
tmmﬁbemnmemmmﬁocene compound in the conposition may be
fron1 out 0. 1. }5 Typically, the

nount- of f 7 sit~6r f | uor oor gano

bor at el“lfé%&@htﬁﬂvenﬁ&@ ﬂlrﬁh%r 1&0{31@@534 eehalst cdBifositid® comprising an
net al | ocenes may be fromabout 0.5 nole to about 10
nentiesalorzanebaan easaiabiin d s @Fsaneloan Gamnedndypay sranprise neutral
nﬁ&eﬁ | 9 FB0hISOBRRH Ndgs, orpﬁﬁ/o%dilx# HRhtibR RROINEF oGRS S0, Qfe

I's invéntion, the armount "o | 'uor oor gano bor on
organoboron compounds of this invention may comprise a fluoroorgano boron

compound, a fluoroorgano borate compound, or a combination thereof.

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

(pentafluorophenyl)borate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,

The organoboron conpound nmay conmpPCEHES2006/032542
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fl uoroorgano borate conpound may be from about 0.8
nol e to about 5 noles of 20 boron conpound per total

I oni zi ng lonic Conpound Cocatal yst The present
i nvention further provides a catalyst conposition
conprising an optional ionizing ionic compound

Clagiabal Je5hl thfQIOk: Db&ateC NOURAHAGY 1hrilidfn | ORIG[3,5-
conpound tﬁg(tﬁazzan fcﬁjrltl?%l)on teo enh anceHl}t helactll vVity (g%

t HEHBosmethyDpberytereicon. 25 tifiemdeabaitinnt endi rigtrdlds[He-
blﬁ Eﬁlulai/orﬁé%gen%dﬂmlge bﬁd' % dhl% ha ?mlgl qnnl!x 1|ﬁer§g thereof.

i oni c conp cap ab reac
nigtaaiples od fmomorgaow hdroa ru;dmpmmde kHat bap bet txed Hebéﬂatad)ﬁ;eriﬁ the

|on|c talloce un
Dbl B ol e b0 e ] e B G R SR Dooron,
th[I3é-lns(tnﬂuotc&ﬂimtlnyh)ghérﬁﬂ]bﬁoinmmﬁdh@Xﬁk& hﬁaﬁdo&lng niﬂ(tfute§ tltlereof
d that the ionjzing ionic conpound may function
agfﬂgoﬁ‘\g/eé’ﬁt Aiepgingoto cWWHgJYb \re dollayriag dregrip rthqﬁ@retarwlwof
efkioi @B gdnd BoRAk a'ihﬂ'fﬂﬂio@rglah(g@d?gn &%ﬁh&l Xndareﬁféﬁ c&%gémds are
alkadlengﬁ@tlgand such as (X3) or X4

“Weekkoceprdinatingy eronsi w@enmrmomeﬂ/ 9B d8Gmometal
P(gl;{ %0&/ Cgé%}?(%ﬁ(g mh %ni)gterﬁ%rg:ig légy 111(?’0 r}atg&‘\ Eér%/l%tbg refgrence

regardless of 'S oni Zes
apgts eeltrely. an (X3) or (X4) ligand in a fashlon as to

f t.h
ot ol bty Bl oo SRS cOFon SRS AR 92 e hsearing
tto oat a{p¥3)ofaltis (N¥éytion| the Meblar@hticstthy &tg@ﬂ?obbféﬁ compound to the
qh@ocene bX % n% ot her . mechani sm Furt her,
B ogmoIRd, iy the empesiion; pry heokipm ab@‘ﬁt?o]uhép about 1011
al%tpﬁcﬁﬂil &hd BBourlBF @le! REHAESNE Bbibn of BRioR gféa}f@t)brgf% Ci:omlpound

function of the ionizing ionic conpoun evi
tUied anhspredyshéarithe mytaidcenestmiyy ot fr@mrapolm(ti owleats ahout 10

- VHOLE 0faBor6R "RABEd e toﬁﬁtn%lgsSt C IPR8L AR compound
Tpt & e sompryds

contai ning catalyst conmposition h 0€S no
afksporditgnio zineiger asmct: oﬁthlrspnmmion [the ammmlt Sﬁﬂmbofgﬁﬁﬁﬁﬁ@f ¥

t Loni zi n n vat each aof
 BtockBfo oS KB s PR alipat tD RIS B ofis dulenof
tHoadn doinpoast pey it ntdlk% oflEHe ritallobéheBBinhlACENE conpounds
to th san? extent Exanples of |on|2|ng i onic
conpognd {LheVpiional I —(‘.@ e Y%

fol | owing e@&ﬁ'ﬁ’ﬂéﬂﬁ’& fufthd s Y L ATRDEY

tetrakis E tonI)boraterI??l n- but9H€ ngﬁ%ﬂmnconmnmngan
toRHPRak i QiARE )G Foropeaneé comtalz(sn Bt iphizangnionicuwmpound is an
tl?l:il{) @tlyrﬁﬁcﬁlglg eifhi gdnrﬁltlé%h )co ell'l%alpc% }?eta%thIty of the catalyst composition.
ﬂ@héen@tsm@n@ng IWT@B I'bjbhlmh enyilepho itais eheliéwel] (that thid Ydnjzing ionic

compound may be capable of reacting with a metallocene compound and converting

the metallocene into one or more cationic metallocene compounds, or incipient
cationic metallocene compounds. Again, while not intending to be bound by theory,
it is believed that the ionizing ionic compound may function as an ionizing
compound by completely or partially extracting an anionic ligand, possibly a non-n’-

alkadieny! ligand such as (X°) or (X, from the metallocene. However, the ionizing
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ammoni um
tetralis[3,5-bis(trifluoronethyl)phenyl]borate,

t et raki s( pent af | uor ophenyl ) bor at e,

N, N-di methyl aniliniumtetralis(p-tolyl)borate,

N, N-di met hyl ani i ni um tetrakis(mtolyl)borate,

horhE erﬁﬁﬁ)tuﬁﬂ ko hdtRhidMedpStifedd 66 Whofheft it is ionizes the metallocene,
di met hyl phenyl ) borate, "N, N- di net hyl ani | i ni um
tabqtraausuag(@( Bord(mthﬁwdpﬁeeh%bl% pateforpeen ion pair, weakens the
PSR PTG B s metattoceney SRR, roppimtesdo QP
dKfyeighyd, anadtivaestire n@taﬂlamnsbpmeaﬁhqnmlpﬁmmyl ) bor at e,

triphenyl carbeniumte
tri phgﬁpﬁfe(r: alrt Bse rr]lloturrxﬁzc ss%tplqgat t%g 1(% %q y%v %br a(?’xtl ound activate the

tnidtglfoesnel @atyberlihe mctivation functlon of the ionizing ionic compound is
:eg{d:%%:ﬂ& ?ix%'(zegheglce t'h%{:lﬁgfr o {,qo?r{pgglg?réatlsral \Bgoqg %ls 8(?1{11%?&{ toa
tchiaRRe B SREHBR ol Eadt)s$ [c&n?osﬁ’cio‘ﬁ( bt 8ded Ao céMprise any

nmet hyl ) phenyl ] bor ate, triphenyl carbeni um
tienipiak n%ﬂe%@mp&ﬂn Yokt dpHamyat persesanethat the igpyAina ignic compound

Ll le Po eyxinétgﬂ’d'c@ﬁee corﬁ}:gleHXQ bllégent nor is it necessary that it

tetrakis(mto bor at e opyl um
tagtivadd the a2y of-thig metnﬂqﬂemnno)lmb tathe same expgriti um

tetra .
t ot r atraepisSBF TSR RREHphARE Hcfude, bl bt fhied to, the
tibtipyihg Wompbetdsal irig- bﬁm)zﬁflﬂlmm piteakyd )bty Tittoeate, | triluhbutyt)-

:%&%ﬁé@g%ﬂ%% g'rl)gglg? ??/t:ﬂz Lm%ammomum teg]a1<1s(2 4-dimethyl)-

tl%tra[t@kl Si(iPbitohahohSaiRt Sretrdkid 5 dimdifipiakiisdotdte, tri(n-butyl)-
yI)borate [ithium

taéw@wr@,( getunkig] ebhiriraemetrgpbardborie; hrifpbutyhammonium
t@&i@%&@aﬁu&oﬁnﬁ rétgg’?ﬁ le 1HRR R0 O?e%%ﬂlg(p—tolyl)borate

di met h etrafl uoroborate,
sN,dI-dnmeﬂHtanéinum( mklaﬁ‘m Md)b’oraw NNer)rb@thﬂalehmsmdpfmim(Z 4-

t(ﬁ %k pﬁ%ﬁﬁs nlryi l )Igﬁr al{lg'thylamfj%lum tetrakis(3,5-dimethylphenyl)borate,
tIéIN alhieﬂﬁlmnﬂmlumh ) boteailas[3 SQﬁh(mﬂuoromethyl)phenyl]borate N,N-

ORI TR T T —,

t t%ty'l)@f)ﬂatéo I ORIPhéHyRarbB@AS S tdtAkis@i-foM)tdrae,  triphenylcarbenium
gent af | uor oghenyl a borate, potassium
t

ka4 (dyneiRyiPh b barEe. pot asEiPhsavicatbeRims (p-  tetrakis(3,5-
t @ihﬁég&gérﬁﬁ %orafém assi %Erﬁi&?eﬁﬁ&m tol WE&M[?S is(trifluoro-

pot a m°t’et r aki s( 2, phenyl ) bor at'e
pmt@sﬁphﬂm’lit@tmakl S’(r@h@yd:alﬂpemm}al ph@nyltly(pmtai@rophenyl)borate

P siumt traf anoni_um
CBbRTRbC el o i ot  FonBRgH | BRI b

t etrﬁlﬁl;(lz,ﬁ(di‘im&mbhbhé@l)bb’fhiﬂ,attﬁ)pyhl[rh( retiakis (Bl - dirrthyiphanyl)borate,

tetralis(2, 4-di % f{n 19

t]:rpr(y mﬁ‘ut y| ) atftd IISGFA is(tr uoromethyl)p enyl]borate, tropylium

t %Elék(béﬁé’ﬂu%rdiﬂh&%ﬂjﬁbﬂaﬁh Bihtim ek BaitSluokdphbtyi)borate, lithium

yl)ammoni um tetral i s(pentafl uor ophenyl ‘) al um nat e,

I\IteNa]é}F(ﬁhand)b%’(ﬁﬁel i rithign t detrais(siOpDbetae ) alitivihat tetrakis(m-
Neohifbofied MR | M3 A hI B ot Al IHuBAt Raalls@ts-

PCT/US2006/032542
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di met hyl ani | i ni um
tetraki s(2, 4-di net hyl phenyl ) al um nat e,

t et raki s( 3, 5-di net hyl phenyl ) al um nat e,

N, Ndi methylaniliniumtetralis 15

(pent af | uor ophenyl )al um nate, triphenyl carbeni um

t tﬁmbélk]phf{r}yl)bm’atﬁ{ ) Hilhmm nﬁtrﬁluordbbiraﬁil e B(l)dnﬁ?rﬁrb lefakid(Pentafluoro-
tetrakis(mtol. um nat e ri phenyl. car benj um

B elrlﬂ#i) Irage(,z’s _11¥18i) %é?%&g%ﬂyltbfg%ﬂ nf%.&{né’ tetrakis(p-tolyl)borate,
t sodjalre feyrblciafb @M1 botate tsb @ | t6tkakist2,4-dimethylphenyl)borate, sodium
di nﬁts%l phenyl ) al um nate, triphenyl carbeniumtetrakis-
(FBHE _’P'éa?ﬁéﬂ%‘ﬁwlﬁém‘m PR tetradyorobedigie, potassium tetralds-
t @brt@iosd eﬂ}@)'b?zﬁ:a)e?lpHﬂbsri‘lﬁﬁ %tra:kl;sgglﬁl}i}l}g%}a?eg potassium  tetrakis(p-

tetraki s(mtolyl)alunnate,
ttebyhhwpte( popseiimme tavpkiplvetoji)oatatem piassivm ttetoysis(3, 4rdimethyl-

et por S ARSI A LB Abatc] b Bhrattuoro-

t'et raki s(pent af ' uoro- pheny um-na
tterate kits (npmt mhinomivmp h enykip@olyl)datatel i trith-Botyl)ammonium

tetrnakis- hen l.um e, lithium_ . , :
B S BRRTH Ml bl oni e G Arpeipratuminate,
ta(ybyrahanithaidi®, | i t RetddRis(3,5-dimethylphenyl)aluminate, tri(n-
tetraki s(2, 4-di met hyl phenyl)al umnate, |ithium

t R el 5 tzisal%ﬁ(wﬁ@?aﬂwrsw@ﬁyloahanwen atNeN-dimethylamilinium

tt@&aﬂﬂ(ﬂ&@ﬁ%ﬂiﬂﬁﬁh@,aﬁ,@q —dﬁ%ﬂ'l}gﬁgﬂlinium tetrakisg%-acl)l{/}?ﬁluminate, N,N-

t et raki s(‘pent af | uor opheny um nat e,
tEmehilpsilipiven yibtyadkis@r-dimethylshoui)ainminate, N,N-dimethylanilinium

t i - i.nate, sogdi e .
(SRR SRR S g, . o
dpmaﬂwytq@hemy)hlpaﬁm, nattepheapldarttiénium  tetrakis(p-tolyl)aluminate,
:tgl%ﬂ?e%?]:cg é?srglgrflﬂ hﬁ%@@-@%gp%@ﬁéﬁ,‘m t%%ltle%’ylcgr%grllignry tetrakis(2,4-
tdetailpRdnpBatialdatedr opheny! 43héiicAdtSumPOt assi UnkBRis(, s-
tetraki s(phenyl)al um nate, potassium

tBPp KIPE%“%D?IB%W%%I um nat e, Upbenydearhgpium tetrakis-
t ' m ' ] . .

( BioRplt Datil BT (Bl o P REERSH By it olgomylm
RetmkisGraos)d8REuR, pdtopglainum ttettakiskd,$-dimethylphenyl)aluminate,

' A enyl m nat e ot assj.um .

(tpatth R RO 18] fioaf? | S riseoppiativono-
qﬁrplil}d)a}allmiha:m! Hthivgn itmﬁkﬁs(lfb@mﬂﬁmﬂ&nplbfﬁmﬁﬁtealﬁlﬁﬁﬂ tekrflkis-
this ..invention.are not limt o .these. Other .

e(Qféer%]I)aégmglﬁ i o%@uﬂ’g itS‘irﬁkés?I%Eﬂ%g@ uatey o lithpac| dtmlgisimy
WolSl)alRatant 1iNoss t&naﬁiZ@;&%i&eﬁmﬂ)h&y%Qﬁfnﬁ%%, 1R t&faéds@,s-

\Qﬁip(:h is 5 incorporated herein by reference in i
pthdplenyDgumpyaies | n MbHdHRr  Undeftafiverosliminstest ant sodium
LBRkis{FRMtaRBo SR aithinble C A B S %%&1 @09 <oai
pol %?e@ixzaatci)olz_ p%‘llc))%ﬁ({eﬂsl%gtg’ 25%9{\1 ﬁll stei&nv n%%l}tg a(ﬁlﬂl?}lg ﬁ’deSOdlum
deteskisto-tobijebumivate, hevdivny tdtrabis{m-aid)aun@ingte, sddhuh t&fhkis(2,4-

%ﬁ%ﬁgp%ggauﬁﬁateﬂh llcl:l’llJ’ll %ﬁ%{qsd(&%tdillngt%}g‘l%he%g algllngfalce?lsgdium

tetrafluoroaluminate, potassium tetrakis(pentafluorophenyl)aluminate, potassium

tetrakis(phenyl)aluminate,  potassium tetrakis(p-tolyl)aluminate, potassium

tetrakis(m-tolyl)aluminate, potassium  tetfakis(2,4-dimethylphenyl)aluminate,

PCT/US2006/032542
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10 This invention enconpasses honopol yneri zati on
processes using a single olefin such as ethylene or

at least one different ol efinic compound. The
resul ting copolyner may conprise a mgjor anount of
et hyl ene (>50 nol e percent) and a m nor anount of

CRARBELH5AY _f_f@ |dmetRAS RN alu 15;!}9 Egnasglhhlste'trﬁﬂﬁb%ahﬂmnate

ui renent . conononers
ﬁ’gdhfyllﬂ@r iBayeeven, the optional @n@mgypme mmBDuné%/thhlaareusfeﬁd fim. this

t IE(I&?IOIII %e%? H}mtg&) toctﬁer:s%o la)thei? te}?arrrngpiles of tl?n?zlnag g)glcec%g)pounds are

i discdosadl in 1L S]eHﬁtantb NagC lﬁﬁd6 258 uhdt 5 BOLEIB, each of which is
unsubst i ctianalized, and non-functionalized
dW%??%gwiEVmB?yr FSRSYRES PRSI s i nventi on. For
epanpl@efih ¥nedler unsat ur at ed conpounds that nmay 20 be
polymerized wth the catalysts of this invention
i nci uddsatiptedageactyss that mayele wssiul Wit gaiplasecompopitiprsnand
?Me@ﬁﬁtlo&pﬂ@éﬂs@é | ol i WhveRon SRR Eﬁéhﬁ %SmPJmB? NEARE from
entene, 3-nethyl-1-pentene, 4-net pent ene;
1abﬁétx7e‘i€?@b0123ﬁ sxdaeatogis R?eb@eﬂecul@nd et hgﬂt Ohe dlefEe éQuble bond.
1 e f our_nor nal
oTE BhEhn, ZicpBRL SR oo RRlcR A on  Mfeeh [ wol I Bage ot
cacle soghylanedr piopylane 8s Wéll appdlymeriatioiteactione i bt leddone

¢l ic and bicyclic olefins, .inc ing but not limted
q{ﬁjﬂs%% ﬁlé‘ﬁt ourd o | Biseketine B i} ggmprise a major
Naniduat Sraethiydine ,(>Sil'lﬁolb Percédtkad aﬁ‘iﬁﬁo@hﬁ)ﬁnthﬁ cBRbYdRY <36 thole
as described _above. Wen a coggl¥ is desired, the
m“& r vl Bise 5hagt Bereabwley &wommmera that may be
F}fﬂ@ﬁied Rl ERe Wpild§ & nf%m L g&' SbolWo &ibon
mted to, “30 propylfen - but ene, but ene,
EHW@QﬁVhﬂImb@ﬁéw@hmnsobutyIene 1 pentene, 2 pentene,

2 ot S RRER SR J¥ioraTae e oot bizsied

edubstitatbd, hﬁ»sewmtuta& ffemlem&lzecﬁ alﬂ& Rio@Fenctidndiepd @NGins s be
f our octenes,_the f nor mal nonenes, or the
f?fK‘PéOYﬁg ﬁﬂg}“ g EHas Fonerpy ﬁg’l% upfaRrated equEpoyds thek may

Pheesotythierizbd VEIAL the Batalldie of MO OSHRON FRYAEEb R elE R tdd08)
1-butene, 1-pentene, 1-hexene, 1- octene, |-decene, or

SRTQPYSHE, Isbutene, atrbuigee, of-mediybhdmishe.i frobwiigasd Linenione 2-
AT R0 R o R N T,
coiptiehemene, 1-heptene, 2-heptene, 3-heptene, the four normal octenes, the four
normal nonenes, the five normal decenes, and mixtures of any two or more thereof.
Cyclic and bicyclic olefins, including but not limited to, cyclopentene, cyclohexene,
norbornylene, norbornadiene, and the like, may also be polymerized as described
above. .
When a copolymer is desired, the monomer ethylene may be copolymerized
with a comonomer. Examples of the comonomer include, but are not limited to,
propylene, 1-butene, 2-butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-

pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-
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based on the total weight of the nononmer and
conononer. According to another aspect of the present

reactor zone may be from about 0.01 to about 40
wei ght percent conononmer based on the 10 total weight
of the nononer and conononer. According to still

ﬁt NExeRS ASehteRE, 2-hdpeenBf BEGMne] Y Tl rRfmalt dﬂ:ﬁanédmwtour
comononer introduced into a reactor zone nma
hoiaspesent

ﬁmmi adveugs, o the five aoyoat dgenaie AGPATAIBS FLaIstasRss
verﬁ%noﬂle cg%]o{’x%é%ll?m%ﬁiecteﬁfﬁoﬁrh?bﬁ‘[@ﬂé) efenfAE 1-hexene, 1-

erna e amount of ‘conononer
bmrreodtdemf:lomstgreaereactor zone may be any anount

suffi |ent rovi de the_abov t]

wei gh W?lfng E é:f)mow{néeﬁ dntﬁo uce de 161to %rgagg)? %Qﬁer ﬁ) Jgr%ﬁt?cebt}t/le
E&Wﬂbr gOdedls rhu’yaﬁd’l‘mdaboatmel totabbtﬁdio wedght percent comonomer
functionalized ol efins are used as react nts

b o0 QR ol omciths of S0 ol B8 COREPOT L RECRA & ARy,

LR R REdARIL AfioR! 16 §1§§unt TP BSnoRERN HieEuRA e - reactor
cyclic portion(s) of the olefin renmoved sorrevVnat fr m

zhiee way bofiowaabber).Yoterbeutinueigy narseRicPoRoRoHE ke
ttcﬁ N A88 ot bRAGE 12 g«ﬁ] cdflordoifer. W?Mcc;r(!ﬁﬁ% ;[)J %):ﬁlea?tﬁ)%r Qip@&' dt

Stl uents situate nor e proxurate ]
leﬂﬁemnmvé:nm:m dbaiphemb ofiebnrnginer, intrgdyeert wiagyrepeiobzpae may

1%8 &r%%r%aé)%gtaé gef‘(g/ gl%ro%@ &0 1\:Nel IHV ee%eln d&o%%were@a%d e rt@t@l%ggﬁt

conpositlons I'S I nventl on
e e hidRer A tdisonoaley rTeAltarﬁ:ttivB}ys ther emeutthef comonomer

honopol yneri zati ons or co meri zat
dﬁltfqdé?eél)r/fptoa% {ReFPe ZOIWEEF}’ uﬁbfufhvé%n t?np&vh(%l the above

cbﬁ]&gﬁatmggg@@gi%gb substi t ut ed or unsubstituted
olefin. In addition, the catal yst conpositions o

this Mhilsmor tiending tobe hewae by ihis ﬁv@mp(owb% P’Fa?%hqdoﬂlb%}ft“ted
doI ?ugcglt aC]ilzg(? TRAHNGS (B hy géa@tgnts b&’ﬁs Bevdd @ihtt &éinct Bindrance -

I ene, 1Soprene, -pen adi ene,
Jm@ e dearelie . sl thl@mebmeazat@n podcessh eTh@aﬂawad and/or cyclic

SRR o TSl S b0 RSP g e

erotﬂd fnbt 56 APpéctdd fCRIMGerCHETIGAtHOR A thE&wam dtharetha | shme eriefin
mpound, WO 2007/ 037836  PCT/ U82006/0 254& n -
a%‘??t\?‘éﬁn@r sitwafsAoopre BRI & dhen PR ?ﬂ]?ga byl might.

T‘Qéc%rdu@’t% R ApedtWE iR Srese BRATGS 8i88asiBicosbtan0for Iﬁw@aﬁglst
t he catal yst conposi t1on encon‘paSSI ng cont act | ng

f qomppsifiensaf] hiseneension e i, clylgeconde ebaeriGRIHS e cither
Cl?o%?)H%en%mﬂg 611 %@Bl%emzatlons with a different acyclic, cyclic, terminal,

internal, linear, branched, substituted, or unsubstituted olefin. In addition, the
catalyst compositions of this invention may be used in the polymerization of diolefin
compounds including, but not limited to, 1,3-butadiene, isoprene, 1,4-pentadiene,
and 1,5-hexadiene.

C. Preparation of the Catalyst Composition

The present invention encompasses a catalyst composition comprising the

contact product of a first metallocene compound, a second metallocene compound,
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support, and an organoal um num conpound, in any order.
According to such 5 nethods, an active catal yst

are contacted in any sequence or order. One or nore of
the netal |l ocene conpounds may be precontacted with an
ol efinic nononer if desired, not necessarily the
@h QblivatoIRRTR] ahd ab@r@abiliehidesmpoantd dhis invention further
or ganoal um num cocat al yst for a first period of ti
SRCaTPaTEs BEMpaEl U IS CatvCQEBRRRY BECHPSRENE EOUERE
b hgsB Gl MREQE- SHRRARL,- a K&l hsihliReRd @empduntl] BB dcBlator-
contact, the precontact time, between the netallocene
senpetiuper 6 CHANSYUMEEIM COHEPQINGS IInfly O orfierordingdtor fish
. o |
e A PR R Bl Y WAL SO
ablroottaGed intapy agypgncebr hadgr.. Precontact tines from
about 10 m nutes to ut 30 m nut e I i cal
15 on0B° ehattsh 8F e mBRBitong Sl pReBfpdsLhian
meQUﬁi@hoﬁ{er CROTERiodn d@tl, necedbaeily the wiefia MErnomantd be polymerized,
or ganoal um num cocat t is contacted wi,th the . .
28 Fy ategroalERiByy cpoatilyst for afirgigeries Bfnmzﬂ? BPphig contacting this

%%ﬁth&é@ﬁl}&lh@ wahlthe/RtiO4toSHBRAT. t Thel fiistpeRHESK tinkefor contact,
“postcontacted m xture". The postcontacted m xture

dit pregeatacttimeybeprcen theoneiallacene qoapanm erroppAtist the glefipic
. . : . N
.Sh?&lgﬂlgr, R&q lc}%g)r?%xgﬁl% um' Jbﬁ‘lng?r?t% lﬁﬁg%lgfég%}é 1'.a frdth ke abBut

Inrtrating olynmeri ost cont act
t0. nesir regbwe e hdves, foresanplaciaed alruk 0.0 te atoutl 1 hodre Precontact

ctivator-s ort r edn ti fromabout 0.1
et T ShsBuiY Bipies fr ot mindes s o SRR, about 0. 1
hour acabeprechnacied mixkive of fRGiIRCEdervgmpbiel or compounds,
post contacting, ste or both . ncrease t .
Fﬂ(f?fau@mlwry a4} OfERROABEIE rCO%Hg%ﬁ%ﬁ?‘%“?dowftﬂ dhe, gfyator
Capgtrly $his COMPOEidn @irHed 3bmpiSsitl SR ABehtMuPSYH) is termed the

precontacting or postcontacting. 25 However, neither
a ppriecstted cRiKiEe st By pRstcoriaqiksnEdHe aeHomBY ey pejatlowed to
r LTI . . .
A8 o R orpAHARLARS i e b TR e 2581 o
atls pelphéerdmtion proragnBestantactdimds bewrear the precaftacted mixture and
precontacted m xture .and the ti vat.or-suppo sSuc
PheEBE e b ke Bafmscanatop b e Kt BG4 a0l o
Ndxsinyleefrbis absaioNi Houz chbo@dStduh EThe pdconiging] the gostcontacting

e SOl Dot Lesieed Lie, 20 postcon acted
;-%%;};S‘b gcgfsnggﬁfé%{_rr/@%’% :218 g%/@%%«%g %ﬁlo&'togreé&lta%ﬁﬁgl tor IdstcoMting,
However, neither a precontacting step nor a postcontacting step is required.

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

postcontacted mixture may be heated from between about 0°F to about 150°F, for
example, from about 40°F to about 95°F.
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According to one aspect of this invention, the nolar
ratio of the total noles of the netall ocene conpounds

to about 1:10,000. According to another aspect of this
invention, the nolar ratio of the total noles of the
net al | ocene conpounds conbi ned to the 5 organoal um num

conmpo &@dﬁ?@f tolfhe faﬁ&m Sy tinvendod, SealSlbt rafio df B8 Qotal moles

According to yet another aspect of this invention,
phéhenmetalocent icompgungh o thst eriganesluadnugs compoundenay s e

0 ungds .c ] to ey j
SRR T apanTh 0000, R QRgRL Hp bR ke
aeldr aatio hehe adtilomoles toli gheraiesdllocrne rempoands capnbsner got the

total _amount of or.ganaoal um num caonpaound i ot

DU ROR A oo B ot 20 T30 2bA 1 oS Ubobofhe to
GaTRioRRE aspIERS AP iREANsHChE REHiat o i of the adkal trivkes nafl te
rati o of olefin nononer to total nol es of tal | .ocene

atstAbloeRne CewRITde Qompinechie the STEARRALETRYT FPRPUHE TR P&

faE&ml .12ROMout 1:360.t ThaROHblal RHodRDed, thé BdtiocdtalP httallbEdmn
about 10:1 to about 1,000:1. The weight ratio of_ the

sompauatiortostheptetal emounk eofo PEAPRIHIATIA UFATBRONAD uigbotg sthe
"?%é?&a&é&ﬁhﬁﬂ@ El%d the ?osrtc%nétptgaj Inixdm@Bmpined e Wei ght _

atto o e actlvator-support to the organoal um num
C oNP o Wien Apyechetadtingrytepboused, thedmbler mbio of olgfmpnorheto total

exanpl e, rom about 1:1.to.about 50: '

RTTR islgERE QRO HCSoPRGA Y DR prep iy R s B
taBSuttiatoab abdi i GRO0Y 1, Fhrexsmplal froas shvat thhaebodt 1@ ned
to the activator-support may be

| . from 20 abaut 1:1tod
about The TetIbrago! TRACHFUPTHYPRSt (Pt Sreatrlimawp SRppe
:rﬁigso iffh‘ﬁ?@&du@ 05 16 BB oeNt. Tl wQgkatlons theddcalatomdupsorofo
a

rér:et | ocene conpound conbined to the
abe rgatos g np eompavig ne be figrm abewit:3 to abgut W0g ytexample,

. 10,.000, .. Accor di to still another aspect of this
i]fﬁ({/ ?R()Iug%].’l t?%bé)qlgvse(?g'ht ratio of the total noles of the
met al |Aacexmgao mpfoting asgrbofibs iteentidre teec weighit otio ofihp dotel

may, be. from about 1:20 to %5 t. 1. ?O%p
AP sk e Roe ey Eombred BaHR peiytPE gt may b om
Caboid ¥ $to E6UHPOSL0®00. efccérbg 6 esembthemaspet iof this ivergion,
the polynerization praocee in ge absence of .
e Eess e COHGTG 5 e RSB TPAT oy e
UstBiv ARRph AP Shay BeIBRR HLBRE 1HTHE @B UND008N A @drding to still
activator-support in the absence of
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.

Aluminoxane compounds are not required to form the catalyst composition
of the present invention. Thus, the polymerization proceeds in the absence of
aluminoxanes. Accordingly, the present invention may use AlRj-type
organoaluminum compounds and an activator-support in the absence of

aluminoxanes. While not intending to be bound by theory, it is believed that the

organoaluminum compound likely does not activate the metallocene catalyst in the
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30 al um noxanes. While not intending to be bound by
theory, it is believed that the organoal um num

catal yst in the WD 2007/037836 PCT/ US2006/ 032542 sane
manner as an organoal um noxane. As a result, the

present invention results in |ower polyner production
Chatk SnanAelGis th 0Rahdumifex B8 PR S iraseltahE pilesene MivRRIOAASuDS in

MygCl2 are required to form the catalyst conposi tion

d@“@WW%WWﬁP petor col®net hel ess, al uni noxanes,

Or gan oRMIkRally? né @%‘ﬂﬁ()gﬁomﬂe Q&'nﬁéd?lgs bmgglz%%%%% form

organozi nc conpounds, MJC 12, or any conbi nation

ttthe eagyst @pmp@ﬁwnl of ﬂrmywmtlous é@n¢thﬁlt8h@1@nm@taylsst organoboron
Qids' il HJHKS co g&’&@é ‘8‘8 inobE LG ou@@cﬁ%@tgs&sa

suc as >al U 1o Xxanes, orgariobBron conp |2|n

Imnbmauommhﬁnwfsqptlonaglj]anmzy be uwsahpothedsifalyst camyosition of this

conbi.nat i n there ona be used as

CHURAR, LR T ik o irSEhen curiobaBE iepepincs.

tigizkhg jphiesengRuids, iofgadhbanakeapaadQfort A8 combination thereof

actjvator-support, and either in the presence_or

t ?t%loaebféﬁ%yebeotset ﬁ%f:%ﬁ‘ab/ﬁfé Atk meialesspe mtapouae&thar 13 dhe
@e&ﬁ@e &519% aRbnck Q)'.f %he' RUERL SQ?portt b&a Sﬁttef"iny @b pRELAY o Y

of the catalyst of this invention nay be greater than

othe alparde of theaebmpalqm@mgmmom yet hyl ene per gram of

chem ¢ - [ t

b ( oy BHERRa or st ffiofhe hAUYsoBRE, S iy

i oivtbratinventiort ey bagahtysthambr tduiaktoi abwetntton (gnanmgoljzmhylene per

char ac i ze L1 Vi f re r than I
ot Ehordb el 88, 10 al b bbbl wilagSt e
agpRedingdfo dnditer hapv@IMr A8 invbiBnC b %ht\i@&t S¥fthik Mv8ntion may be
i nvention may be characteri zed by an activity of

geharactsrizadnlsham potivii i sresten Bwntor 3quel g@/abwswy(gCT SO-hr).
f
c a?cg) (i):/i{%%] %os?uﬁ taﬁ?‘t&eﬁ%@%@ ?f th%silq\%%h tl‘ga cqltai}'st ORM4EA m\%ntaorbm

nti on nay AFAct 8rize
abb amtaicw'rite)d ©f angicaeaityest grdndan tian o gatal tol aboaffm0tgPARODSO hr).
SChr Aﬁcordln go a further aspect of this
‘P%H’ yet ot eétaél?efl"s‘t s pvgpon, fhera Ysb‘ﬁf th‘é;}mﬁéﬁon may

cta@r@@ta@tehzeed bRY alNacliG iy Vit Yoreafer GERt & ch@NtPrab&uaboo
to about 2000 gP/(gCTSChr). This activity is nmeasured

ueR{eaCISO).y Apesirging ¢ 2 ﬁtrtmhase@m of thiningentigsi thg catalyst of this
' ﬁlgpﬂ'tfoﬁ e et)% %1!91%%( %GHS) a@t% 1t§ P g'g:cyit%FL aﬁt eneq%al to about 2000

mperatu ressure
O§P/@3iﬁl$b 1&50 Trhﬁl ag:tlvﬂ:_}hﬁ ﬂheaaﬁﬁed) fun&drGlilre), ﬁtﬂyﬁenzatmn conditions
substaatial

¥ |nd|cat on .of any wal | f le,

CBERS PR af ARG 5GP ITTAtAE NATSTHART gt HSGend en
ethylene pressure of about 550 psig. The reactor should have substantially no
indication of any wall scale, coating or other forms of fouling upon making these
measurements.

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

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

any precontacting occurs with an olefinic monomer, it is not necessary that the olefin
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measur enents. Any conbi nation of the netall ocene
conpounds, the activator-support, the organoal um num

When 30 any precontacting occurs with an olefinic
nmononer, it is not necessary that the olefin WO
2007/ 037836 PCT/ US2006/ 032542 nononer used in the

P &Rk A6d i theTr@RnB g PRI e LD Be Qi1 b i
pol%{msri zed. e\Eﬁrtﬁer,mtgwhle)n a pr egont gcti ng stg%lplgﬁ%zﬁg'

aiytheloniheiat srcoadting wer AMpsE anyoapubiaation ph the catalyst
el RYEL i ' [ ] i recont act ed
RPRNEIS S omplytd [ RAEA B e, TRy kb B R e
stse irhae subeanertrppstoiating sieh bereromyafthet abmbinstionSof catalyst

C f GO eriod of ti For exampl e,
CTARBRAR By b Recha BERRLERRE' PS cibenbkcdlLine Shia o mrciapts
i wﬁd-@wmnﬁ;almd usad) irsd pecdnticting §iby S aﬁ‘ﬂﬁ ipgldod:)cﬁf ttﬂle{mnc}j this
and this recontacted m xture may then be contacte
AP aBarar T ottt rORRS SRS toetam o
npostcuiitgotédidixtiré taPRIBAHA Pk s@oREFQRE o@ﬁfn‘e%@igf){o ihitiTng
gtggl or. to.initiating the polynerization reaction. For

ARpyECTitaten reapden. pReri gample, the isstipsriod ofitime tor otact the
ir&oRAE A Gne 'b%ee@%gﬁé\%%{?)ﬁgﬁﬂo Cgﬁ%‘an AetRod fe éolgrt‘apﬁlénds, the

nmet al | ocene compoun 0 ni ¢ nononer,
Refinjameraesrphoadtivatansippbig, and geroginoatiminnmoonpouitnmee

r tocabout 24 hours r
om0 3 ooy B hub o BB ABLPOR bl Brabppbhous.
tIlrrmtaﬁtridlms?ﬂnmﬂtﬁbdlﬂ 10i mhinties td ﬂ;ogbwinir&%srﬁjr@&lb&ﬁyplﬁfde The
al so typical. The. stcontacted m xture optionally
r%s/tc%xgé%qc %mira PBtl(f‘rgﬁ% M3y ibg ag%\fﬁqdatetrelpg}1 “_él cerdech der ¢ gcond
[RfbOIf Gine] theRosttdi@ach @iﬁl‘é,cﬁl{gr%tiniﬁdtfﬁg’thé)f)él%eﬁzgid%rb progess.

idgfi@ti ating the poltymsrl zation process. ~ Accor
oduigade e eemest oy iiwientigrospastsantadit titesreletween  the

§00R@Eed xRS ' L
T e P SRR PN Snfffef ) R 0.
desiio apantR4 hpers, oexamplenfibme abdut Orh lmbotetabOutll Hootir t o
ahout yla DPHE ol : osition in
Pol ymeTTZat 1o PLES¥Bi vat i on,

t he catfiet yadlyst actpatod, ilertatatysti@itboiiol BRRADIYIRIOb&§merize
et,hyl ene or coFol%mri ze ethylene with a conononer.
PO

R LR SeEHA (FIOTARE- be from about 60C
t o abqué pAGRErization tenBXANRL Fay bd L5 APAK %O%TO§ ButBROH for

110C. The pol yneri zation reaction typlca egins’in
anampler fomtahod pREE do sbys t1A0RA. alheypdlyeerimfiomnmygion tepiclly
%@Qﬁg i éﬁp ﬁ}eﬁrgl‘[lnggplhgre substantially free of oxygen and under substantially

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

dry argon may be used.

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

According to another aspect of the present invention, the polymerization pressure

may be pr echeil/as1006032542



10

15

20

25

30

25 anhydrous conditions. For exanple, a dry, inert
at nosphere such as dry nitrogen or dry argon nay be

W@ e@d/o37BBe pol ymerization reaction pressure mapChESENg032542

pressure that does not termnate the polynerization
reaction, and is typically a pressure higher than the
pretreatment pressures. According to one aspect of the
B¢ $€ fbmi AbYEIS0 Bk totabeut300 Psiby Ferhez dtydgepcassursed in the
maybe from about at nospheric pr ssure t o ahout |, OOO
pelirgerizatier Brogssh gf this I&Wml%*efp ca%fﬁﬁ ePLyEer mplgcyjps
' nvenf’élgﬂenzta{i&ls%krﬁgmﬁé 'thﬁSfétQ Bf RHELRSHRN WEAy2R0d PR &3 6n
PCT/ US2006/ 032542 “may from about 50 ig to about
smompuriey) knqvm nHbe art. h§mlugeq¢s&9a fhapmay, be auljr?ihletfﬁleuse with the
t
BRLTSH At 0B 5288 B i1 VB0 bHOERAA b
palvmbxymlsns;fsolumrspmlymamahm, ana%/mbbl-lemtmn @hbirstionnthergpl
nner _known in.the ar esses that
THY chw REPerion ot b & gD FRolehT Dol Yortining
ipBigndfiean Belutide. Fof cdaknipld, @Gtilr@), resdtatrmhay be utilized for a batch
polynerlzailons gas phaselﬁ | ynerj zati ons, quté%n
BEICHTe PF 2ala0Bng2ctangr AuoHoyoss SHEPY CeATHY Ay GRgised for a
H886fs prockius, any pol ymerization zone known in the
art to produce ol efin-containin pol ymers can be
uti | i pelpicgopolsnerizatien mgthediis pedurrepely@erisabign peocess (also
Yhbh ZE6le EQL‘EIC].@ foat d}‘}rt}ces I QfiER ﬁ’w%lrkn@whgl‘??w LAAGH %‘rd&:ﬁos@d
contlnuou$ stirred reactor may be use
dontiamply & ProPesst Na 3,948, 08| lrpcxipynmdltwalefemmcwb@rhmdnm

I I t
afele ok 6 By B ERE P e FRend AT YR RS
apd tlicse Ginfpldyxped, loof @éactx asfpihe, typen disclSsedPat €18, MNaent No
3, 248 179, |ncor orated by r.eference here

S rld0Cepeated B TeiTeRee, BT AN HE CREEY a?é 51? e bﬁ&ﬁéﬁ? a

IMMBIRY 0P Brir A reshdtt Ei¥hdP 'irpﬁé%5§ Saralidl, 8f QnivhQSSneMBle6Y Where
a loop reactor of the type disclosed in U S. Patent

N@e reagdiopAgnditions arqdisfersat latthﬁjdlﬁyreﬁfelﬁW@ﬁc Suippbecdifentp used
§luﬁggb{yﬁltg}{zatﬁﬁ Qre tﬁﬁﬁlo%llh 'tlé%gt a'nﬂ nﬂ:lu lhg{h%lzdl{)é{ns ngat are

ctors either in series,
dmlmnhs naddr mstmmmnémbns Viitertem ‘tdrﬂeent’émsmbm thmrd@hctqs@n does
are different in t ffere reactors 9
Fpdistsehyahtm b miebel Ohehrs iRt o B hET tmomgs
idﬁdtda,ﬁlpaﬁlhorﬁnﬂhaﬂ el udatribyie rtﬁclwljbﬁ)d’i&aﬁchﬁproaéﬁ 2Bxamples of
UId qpr rea tlon condi ti ons. term"di

ydipeahonsn tah 8y s 1G4 7P TGRS g ’nB‘tteé@aP?l iimﬂ%iﬁm
afYcloR&ate, THIbEIh& In-bidshe! Plopartef-FertsheROMNtdnG, hddpbidslR, and

quqgcggend Typically, isobutane may be used as the diluent in a slurry
polymerization, as provided by U.S. Patent Nos. 4,424,341, 4,501,885, 4,613,484,
4,737,280, and 5,597,892, each of which is incorporated by reference herein in its
entirety.
Various polymerization reactors are contemplated by the present invention.

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

polymerization reactor system capable of polymerizing olefin monomers to produce
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and conpositions that may contribute to pol ynerization
process. Exanples of hydrocarbons that nay be used as

waoledoaessse i ncl ude, but are not limted to, PCT/US2006/032542

cycl ohexane, i sobutane, n-butane, propane, n-pentane,
i sopent ane, neopentane, and 25 n-hexane. Typically,
isobut ane may be used as the diluent in a slurry
\eFobd @ ®1 &sfb‘fﬂ’)é' | flgentitvebkidn. ﬁ&h@éﬁctcﬁbﬁxay be slurry
4 424,341, 4, 885, 4,613,484, 4,737,280, tg
BagiorF, 8 @2phaeeaeqqoters, SPIHEQR Teactpisc B pR SBRINgfiPny Bereplon Gas
Pﬁz{sg'r&c{o@s fa$ coﬁ*{ﬂnké ?l'hi(hzeyq{eﬂ %a%t&?loy TRSUlA b @Bs.  Slurry
actors are contenpl ated by t resent invention.
8Qctds wee dommsemmcalpbvbmlr hqrmonf@ loops c Sehution feacigemay
atl 0 or polynerization reactor
§§)\é1?rgsﬁ15% atﬁlf1 %0%%‘1%%%&% ng ol efin nononmers to
pr od UB(ﬁyM\@l'ZZﬁ&Y t&&z&fﬁnﬂﬂﬁ' F3ISRO PesOB 264 Rt onhmay pahiymse rag
or copol yners, pr es nt i nyentiagn. Such act
Tty 58 S el el v o 3% R 468 e ot SheE LR

C&BEIRALE, at Wastw r&z@t@bby@@hﬂ fedsheegRiymecagovdrin aﬁ;&m or any
reactors nmm nprise fluidized bed reactors,

ﬁw@meaaombéa eroihgieoty yitakle reagtarstion Be pgyenE wt}ogefuﬂller may

fnjés% %%Ré) Bﬁc&ﬁblﬂﬁfoh %@ @tca!alylsps@mge s9QbM! ADE S8 byRfesn,
ri'se stirred tank or autoclave reactors.

@&b«ylngrslyzcam odilueataetyoling syahema@i aecohpl syktemp Sudeigactors may

AN SRR SOTBIAR s 5P, SR L ot

mha’am&tconﬁmﬂiim peRtkSes a{ayl @aplisofe condabas 1sy&tueﬁQn af a

| east one cover stem or an

BBt o E B Pegh AP St B G oy SRS preaus

iEMSAL IR tHY tdasor BRY shbbeBQHP LoSFrishY) pSlf@er Pdrticles and the

combi nation of, a catalyst storage system an

éilpenisi on system a cooling system a dil uent

r e ¢ y ¢ Il’bﬁ{gleﬁya?ﬁ)ﬁ Meact¥r s?st&ﬁ’é"%(ﬁla okt qmen‘@é’r? tha¥y @8fmbRdeSone
rise continuous t and direct recycling

ajrpeaﬁtraicyus per sybtbmenn multmﬁ@rep@bwﬁpms caBapresing] tvg or more types

R AR T PRIl D SRS compre

I184ctora comiey e rtbgfﬁllidraﬁ pdfﬁﬁh qmlyamrdlzhﬁtm 0D IdacToL0 tit beﬁ not

removal. fromthis reactor of a suspension co

gongasise: pARs ipe’r T 4y GenpolymgeAgd AR One P ‘r“r%% |°8?1 St of

r RGOS, IS RIS rralsfdRe thre5R0id tdAVSH FdrOpolvadi AN bh&e a

one type of reactor per systemor nultiple reactor

sdiferentseicd wprdidingg two or nore types

According to one aspect of the invention, the polymerization reactor system

may comprise at least one loop slurry reactor. Such reactors are known in the art and
may comprise vertical or horizontal loops. Such loops may comprise a single loop
or a series of loops. Multiple loop reactors may comprise both vertical and
horizontal loops. The slurry polymerization is typically performed in an organic
solvent that can disperse the catalyst and polymer. Examples of suitable solvents
include butane, hexane, cyclohexane, octane, and isobutane. Monomer, solvent,

catalyst and any comonomer may be continuously fed to a loop reactor where
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of reactors operated in parallel or in series.
Mul tiple reactor systens may conprise 20 reactors

reactors that are not connected. The pol yner nmay be
pol yneri zed in one reactor under one set of

conditions, and then transferred to a second reactor
fly @iz piomr oZdikd. ONPoldedization dhdyf @c@mnt atsBiw Gbmperatures and

condi tians ording. t n ect_of the.invention,
tRAESSYBT e F%%@P@ﬁ Rt e feste §V§F‘§Pﬁ{e Besqlidyenpri se at

| east A&@@rdln%‘w y&tl dibth¥r dsBRE bPthis iPkmo, m&ﬁﬁerﬁa@mﬂam
in the art may conprise vertical hori zont al

|roop§omsuﬁ§=haq l?@ﬁsoﬁ?aﬂasc obgse iteactas. sSAYI éyat@éﬁp maggy ergploy a
Iﬁl%ugfreoLc/a? @&eag{\@{g] oéuRﬂn onfQP Jo?@ﬁﬁ)%ﬁﬁ %fnt GPsrly eftled

verti rz ntal oops urry -
obtoytgle ithez fnidimed i teedt ppthe gir¢synae eoff e ethlyish uader grodamerization

é?ngl%f)es to}?w reérjl A diltregmr B %h %a%vny atlplg fF clléler;rleged and

JuP] & Sol |nc e
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Polynerlzatlon may occur at |ow tenperatures and
chgayizaiion wedefingr inefHivhyelpfinsmgs peJEmenized e thetggsqosnphase in

%Qea%{) i 1nrd§1§eln@ent %9&%[;3'% ﬁgyﬁlgn%ﬁon 205 Rghie ef@eﬂ a 9€tta1yst-

I's I nvention, zatl on reactor
cmmm@paéymﬂé’amedom e figrh polpherszatiorezme ¢y 2 s@Mp@y@@r'gmion
enploy a b5 continuous recycle stream contai ni ng
one ‘or nore nononers continuously cycled through the
f | UI dIA’.cedrdh@d:olsﬁll ah@hqrragsenaehoinyétien,ohé ﬁd)lymbrlzaﬁdlefeactor

meri zati condi tj on The recycle strea
V\ﬁnf‘ SREBRIC £ AUHIEE FRCIPT. R L Braid g dpal F BRkyRP ?ygﬁe fadieal

| AktRibRe of eget @xﬁploﬁhﬁ“ kHea Q@@H&E y typﬂ:@ihy MBded PHQAUSbra@Non
be withdrawn from the reactor and new or fresh

nemREzaiey Bebueroeacters maydiage severd Zpatsykare Hsgh monomer,
”BE{QEB%E o) %9&%@3«3?6 Q&ﬁﬁe Mﬁﬁ) P'hﬁ rf)@yelnﬁgiﬂw h1351 ﬁlert seous

process t1-step gas-phase ynmerization o
oftehinmad mtwdmd@h oud @hﬁ nétharactpo| Iymetorsz edalysis, mh&/or catalyst
gaseous .p east tmg: ndepe

nt
ccfrr)lponen %e erli]rramed 1% Igiasemfs m an (Qg?ucred anoﬁler zone of

nmeri Z on Zones I'ng a

cthetraidorn gTIo bysstteain® middbd fhtedmixet Sor pﬁlllyMBﬁialtmﬂt | ot and
zone to a ﬁecondﬁgﬁlynerlz tion ,zone. 15 According t

sPressures ey Re proplowes- #orgtrrigisly to pbiin p}g}ﬁnal ipglymerization reactlon
pediRhE zat i on reactor

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

The polymerization zone is maintained at temperatures and pressures that will result
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wenphoyissg t he catal ysts typically used for

may conprise a tubular reactor. Tubular reactors my
make polyners by free radical initiation, or by

coordi nation polynerization. Tubular reactors nay
have several zones where fresh nononmer, initiators,
or catal ysts are added. Mononer may be entrained in an

i@ ForBRB&PsS: 2t/ oE 3B goigndr il b ddut@Oimadiuan eAth@ﬁl@l by
the reactor. Initiators, catalysts, and/or catal
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streanms nm I nt'erm xed yneri zation. nd
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T B T S0 RSSO H O e
p?hda ymrolr zadyi compresact edries mﬁyxt deastpoiics ecparato | thati @mploys high

marl ation reactor [ Iutlon

BorROIa P B i B ar e B hcr ed wi th the

cat al M&dorcﬁﬂ@ﬂﬁ&lﬁﬂtm abpecs o thaliheentién, thé BelyMeriiibe reactor
means. A carrjer_conprising an inert organic di I uent
SYStea) Y SCORPRISTrEe FRIGPIRAION gy QI moTes Tepcians gRrodyggign of
g&%%rlnmtlﬂ% RAc9 Rlay | eIt dRCseV@RIOsadRD 3 8t 1At Awo ARpAGE

wth the catal ytic feaction product, in the

pelymerizgion neatese indacamedivdyby d trensfer fleylice malimg it possible to

SIS 8180 <A P P Do et o s

E@wouszu%ﬂ@a%@lymenzmm dooditmits onond of tigokaatiosnmey be

in a reacti nmedi ation be..
BB R epepre coroary - AR LRhEE, [ aetiRtively,
BRRRFi2dtN & HARpledbactitSimbPinchia e @taual mﬂaﬁﬁéﬂﬁf polymer from
polynmeri zation m xtures_ thrqughout the p émerl zation

287 éeactomeﬁh%?ﬂ%emﬁ@rSaf%coaﬂwﬁf@kynﬁaﬁat’d’vs PRaEeRFies (IR
EXAARCLY CoriiRbtion 1ngﬂhﬂxge5ﬁtzﬁt;t' @Bited tol NBultiple loop reactors,
pol ymerizati on may fected in a batch nanner, or
inpulaple @as rqroios anmrﬂmatlon Phdoapeandt gas TRepjors Ghpethiiaatign of
n rt

aﬁ{ocﬁ% 96210‘[31(% c{r s%ﬁltthlg geglﬁégs \tg%l?ggs %rrlgﬁ;e retgg%{sdesltgﬂeggblutmn
pedcydﬂebr man@mmitm@vt @agtofsur t her aspect of the

i nvention, the pol ynerization react stem.na

conpr AT e PRISST A Pragheeds Tt WY %ﬁ‘?%ds glggc‘faf)lf“é;/ articles,

Rh&eii bﬁ’tnndi’fhmlﬂea ) Ollldﬁﬁ&lbﬁl doatameld nRhels! 6B eddsiciePIrums,
i ncl ude several stages |n at | east two separate

pBelyarks: ikes; rameBhEaness and lincsy VGHARTIIRHWSTSY H%ilytbF yprdste form
dfask GR; Kl 'U@Qauyt ad%%%g tﬁlcﬁm&gﬁerg bRNIIES to R IIGhH B bder to

resulting fromt first polymerization reactor into
tievidedwned effects. By using the mvention described herein, articles can likely

be produced at a lower cost, while maintaining most or all of the unique properties
of polymers produced with metallocene catalysts.

E. Pipe Extrusion

According to one aspect, a method of making a PE-100 pipe is encompassed
by the present invention, the method comprising extruding the polymer or copolymer
in a molten state through a die to form the PE-100 pipe and cooling the pipe.

PCT/US2006/032542
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reactor. The desired polynerization conditions in one
of the reactors nay be different fromthe operating

pol ynmerization in nultiple reactors may include the
manual transfer of polyner from one reactor to
subsequent reactors for continued polynerization. Such
r eact mcsordmg to iyaic btheteaspenys, @bl 0lh pipe moinpusingl ithegpoljpudr or
not o, multiple | reactors, nultiple gas
°8%%1¥18?r > ?h:f p&%sﬁ‘btilﬁ‘éelnhglhlstgf”% B¥pdnd gas reactors, a
Conbl IBQieI @dﬁmﬁﬁn naliheO&lh@WSt t’eﬁﬁ@ﬁ@pé&rfc@ﬂhedls ol uflélﬁlﬁg conveying
cto gas or | oo act tiple solutjon

I?P%r@ lety, rm‘i‘?uP tHachéﬁélf'g &\9’%&? g};&? dogul a%FJf‘aé’F )1 418
F&@ildfl%{g that s@x‘aﬁ@ﬂ‘@rﬁ% a b&llﬂ@ﬁro@&sf qhBR hrd RlrBer¥@y étéﬁésto pipe
articles, including but not limted to, househol
oA msovidaddelom. s, filmproducts, drums, fuel
t anks,
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processe e use orm
Uso bt Iaynixalchjbﬁ napesl moicthytede ﬁméa;cslorameceaddle drefepreti he as “Salt

r, er t 5 provide desired eff
AT ol e oA SRt PR S tdoctar vie
Idxkeélgy’n isbsap raﬁ)dﬂ Pe;qﬂr Blendy”| OWBiirop® sid, otidti dr@s rdSﬁItlﬁt adrld, g
nost or all unlquenﬁéo erties of ;ners

of t
PR FeRE R iﬁﬁc{SfPéFafP{ BWE ¥ Tasie Fwww@ntqé. 294 AT ST
%@d’s‘”s&kﬁg AgdIP Bn@SIRACH, ol RENPRp&T fifiBHed o&JCPEplﬂagoand
i pe i s enconpassed 30 by the present |nvent|on

B ERYE CosHel PPeifcatiens udi ng t he pol yner or copolyner
in a t r 0

ol po g EASEHE LE el 04 llo Byt BleElht ook Bharader
RETi¢S2Q067 B 8AE4an ls/hcsmgleelscrﬁgv extrufat The hepomsydetesiruder is

PE— risin c | yrer of the
P 28t BiRT af 0B o EorSitER pelhusc BRPHE latberaie
ttsicalyrah@Stont E77E tb 331?@7&@61{@1@@ Up¥n R dxtri@sr sGeR\ded i gnd
pol yet hyl ene peIIets into a particular shape
(%@h@@a@r@ﬁ Aribepphsthytenghape), and 5 solidifying that
shape 1941} §len ofRR: 11§ theR HRGES Sroy Eged{ @xbarﬁleruférﬁfs%tes the
steps to pipe  €extrusion Fas provi el ow. The
pimnmemoufs eelusthidete pdymasindieround agolid mapdighrhicgdorms it into
a r f nat ur al
{llﬁly %h%ﬁee Ag tﬂleﬁt{s) rclcu](i: l())en %g%,t %Eg}% dl%‘le))(%% {eil)rtr?ye comp‘ér%a% for
ﬁﬂﬁnasﬁpﬂnﬁgbﬁ&ﬂabbéﬁdpk&wsln North Ameri can, the

most c[rcl) or foretﬁe pipe okmfegtrthé) pr%per dimensional parameters, the pipe is

then sized. There are two methods for sizing: vacuum or pressure. Both employ
different techniques and different equipment.

Next, the pipe is cooled and solidified in the desired dimensions. Cooling is
accomplished by the use of several water tanks where the outside pipe is either
submerged or water is sprayed on the pipe exterior. The pipe is cooled from the
outside surface to the inside surface. The interior wall and inside surfaces of the
pipe can stay very hot for a long period of time, as polyethylene is a poor conductor

of heat.
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pol yet hyl ene resin. Feedstock is rigidly controlled
to obtain the proper finished product (pipe) and
ulti mate consuner specifications. The feedstock is

t hen Higdllyl (b @ipahs lﬁﬁﬁd’duﬂe kithef b6iledDs butct@nsﬁgm ext r uder

15 tem for e production
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TratieB PERang PRk of SRS, iR v e e P o ey
tlainisty to conpensate for polynmer sag through the rest
of the process. In orde or e pipe to neet the
proper di nensi onal paré%%%@? %gthe pipe is then

si zedgor Bhardr tli‘brﬁll&)é‘ﬁg @?Jﬂgﬂ’éistehﬁfg pRAcBiIEk wBELHOMLRE.
pressure, Both enploy 25 different techniques and

di f f eMekindey(Vp méthmmﬁ% detqrm@leé iipRecprgarce sTB G D1238
§81d5tf$hfﬁa‘?‘¥96°@&1ﬁmezhﬁ? %r SgglgnSI ons. Cooling is

cconplish eral water tanks where
t he oldighilekd rpclpmdms (HLMh @‘10 s wes dacndnedviatieqordapce with |

AR Bl b BeP bR S ol BBl e

i nt erPalymsvedehsigngtad desérthined Ui fgtemssped foubib @e@dndirN@/cCptn a
stay very hot for iod of ti as .
POPRESHY e §anaplﬁo%9f>{é3aﬁa @ J5°C et Bals o gonditioned for

A0RT L0336t Rieh{ H%%ﬁfr@ﬁ?&é&daﬂ%b %!h' A(STM@l 5@5 Pa%d IRT™
Eﬁlnted and either coiled or cut to length

@gbﬁﬂmﬁhW@ﬁtlon is further illustrated by the
fol I oy o gﬁa’rac Z Pmtq Wefe ﬂe%ordﬁgd %efoﬁ8\9§ t gh‘l%ﬁ‘ sﬁﬁn

any way as inposing I'rm ions” upon t
(Wé’cs)eaeﬁllato@rshbetren@emmmty wetetperfemued dmea Rha&memcs Scientific,

dt resort be had to rlo s.other 5
I 20 et e PetShP caspromt . ARG Blegh e e
bhesreed amvoed, Tl dotihlek adbdng |74 b&s&@&@ﬁé@{y @aek &k hen
may be suggested to one of ordinary skill in the art
Wi e tied using the modified three parameter Carrie-Yasuda (CY) empirical model
to obtain the zero shear viscosity — 19, characteristic viscous relaxation time — Tps

and the breadth parameter — a. The simplified Yasuda-Yasuda (CY) empirical

model is as follows.

7o
n*(@)]= 7
‘ ( )l [1_‘_(,[,77(0)(1](1 n) a
wherein: |7*(@) | = magnitude of complex shear viscosity;

70 = zero shear viscosity;
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weawh/0a183¢ he fol |l owi ng exanpl es,

departing fromthe spirit of the present invention or
the scope of the appended clainms. EXAMPLES 10 For

were as follows. Melt index (M, g/10 mn) was
determined in accordance with ASTM D1238 condition F
at 190C with a 2,160 gram weight. H gh |oad nelt index
(HLM, g/ 18, #visgousedaxdesetime;ned i n accordance with
ASTM D1238 gQ%di $9n E at 190Cwth a 21,600 gram

wei ght . 15“Po|§ﬁé BUMEF®Y was determined in grans per

cubi ¢ cent j; BEH@E the FnSIPowEad sldpe X8 553/9N B! ded
sanpl e, cool ed at about 15C per hour, and conditioned

for about @40angslar Sequeneyod wsdidatqy slxatngdéfornationr dance

wi th ASTML Q}?%gsr@{gﬁcaﬁg dli(ll:})g]égpzn\%\%trioglr %Cetﬁg g::\’eng]gdgsl\é?lldtderived

r heol ogi cal erlza .
frefansiess m@yrhé fougd iai 6. A2Hichd:OM Fo I iGHiigPRye0% R, 28, 321

P T oo R R MR o g o P iR P

dEol® Cy Ardttong he® DoBlag@gert BSiami Y olyRerié DIIRE Piume 1,
117*1 versus frequency (co)

oC T 0 ex _vjscosity 1
gﬁ’l"g 1\%2 l&’%’f—‘ggéﬂcf( Ettige. fohnt Baley st neprs HA9%Dd ieadheaf tmabets
RAdoAFRAET hdedth bl Ser@Seda ith Efirets MPhE Ep 3~ gﬁ%ﬁém i Peported in
obtain the zero shear viscosity - rho, aracterrstic
Vhesiablgsfor e gssinsidisslosediereinz- | | 7, 25 and the breadth

t - ex S L f Yasuda- Yasyd C ”
oo A SRR LSRN S AR e
[Was+us¢d ¢ Ydptermned epaciﬁcliu,rfaéa/v}lrelri] (Surfagnirealy) t&anﬁfs\lzgﬁﬂ@ b6pe
A Pty 0 = shear viscosity;
305808 b5 el s T reB Ry Vet qeantied depu e QFeabion
tGomgration=Sydesegadyh” parameter; n = fixes the final

wer | aw slope, fixed at 2/11; and
po Mo%ecufar w%ig'hts 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 | mL/minute at a
temperature of 145°C. BHT (2,6-di-tert-butyl-4-methylphenol) at a concentration of
0.5 g/L was used as a stabilizer in the TCB. An injection volume of 200 ul was
used with a nominal polymer concentration of 1.5 mg/mL. Dissolution of the
sample in stabilized TCB was carried out by heating at 150°C for 5 hours with
occasional, gentle agitation. The columns used were three PLgel Mixed A LS
columns (7.8x300mm) and were calibrated with a broad linear polyethylene standard
(Phillips Marlex® BHB 5003) for which the molecular weight had been determined.
Molecular weight distributions and branch profiles were obtained through
size exclusion chromatography using an FTIR detector. Chromatographic conditions
are those described above. However, the sample injection volume was 500 pl.
Samples were introduced to the FTIR detector via a heated transfer line and flow cell

(KBr windows, 1 mm optical path, and ca. 70 pL cell volume). The temperatures of

testi ng procerr/ES2006/032542
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WO paogoprses at i on of the CY nodel

co = angul ar frequency of oscillatory shearing
deformation. 5 Details of the significance and

may be found in: C. A Hi eber and H H Chiang, Rheol.
Acta, 28, 321 (1989); C. A Hieber and H H Chiang,
Polyin. Eng. Sci., 32, 931 (1992); and R B. Bird, R
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tert-butyl - 4- et hyI phenol%@at a

cPokymgn 206064 10H 765 mecua grogy indinedyalidiag shees of dregghrqmategram
2 L
\%{et tﬁl@lgse% o%%l}ﬁ gl fgg de %IJ nggl%rﬁéqeblgﬁch Q(Ql]@{s Lrsﬂ‘%_éc}wxﬂ&%gmc

mer concentration o
Bichsiqhast i Alh cafbritha spec;mpv@e itefkers aamrrmlez mcafmtlvm;swhlch far

carried. qut heat i n 150

SR ichasinnbed seeadd gPadla e T 205 BVEE Ll deieried

t hr ee BRis@Khg I&btéﬁﬂknﬁldnsyasc@hdmssfoﬂawax m&ammaledﬂwaght
calibrated with a broad |inear polyethyl ene stand

Zl}gfw@fﬁhr} 1itpl3vesplvest srpdigeTastions) ok ghylghs Lhuteps ethy?ene 1-
| & uﬂ)(gﬁl;etﬂﬁéng o3ty RER NardEb R 3 188k wel}éﬂt gfkhdwere used

st’ri buti ons” and branch profiles were obtained
tlh rceﬂuzgttlonsanzlefeeﬁeamsl soydiesh rmpfegmmycqmnh §f thesgnmles

dgn &q ti‘r(g) 1 Q{‘Or %B%%{\X% \}j& ?O(R)Oc@% Edﬂ? e M l'gll E(K}Rech“? of famrgees

ed “above the sa ction volu
wess calOlated froBanp)| c&smmmred lumhg GdlﬁcEMR speb‘ln®0<Fp'I5/I RC-13 NMR

detector via a he otran
ng}traqulm B%mmimﬁﬁ eygt %o H%}n% Y 56&}% ?arlxa}n%?mty
eStOBbter TimEat tlgﬂmﬁ@rlﬁ@&s d&cﬁ?@i 2600 Ra03IBRY Hsich ET NMR

/| US2006/ 032542 the transfer_line and fl ow ¢ )
Mmol%&ulem%eqne% IRy gnd Degain Siapiues, r‘% posium

Series 247, J. C. Randall, Ed., American Chemical Society, Washington DC, 1984.].
Methyl content per 1000 carbons by NMR was obtained by multiplying (X 1000) the
ratio of total methyl signals to total signal intensity.

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

made from co-added spectra collected across the whole sample. Only a portion of

and derived pRCHIBL006/632542
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Perkin El mer FTIR spectrophotoneter (PE 2000) equi pped
with a narrow band nercury cadmumtelluride (MCT)

acquired using Perkin El mer Tinebase software. 5
Background spectra of the TCB sol vent were obtained
prior to each run. All IR spectra were neasured at 8
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The cyclopentadlenyl complexes and metallocenes used in the various

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

alumina. All solvents were degassed and stored under nitrogen. Zirconium (IV)
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made from co-added spectra coll ected across the whol e
sanple. Only a portion of WO 2007/ 037836

cm') was used in the calibration step in order to
mnimze the effects of residual solvent absorption.
Preprocessing of spectral data included area

clglovidd i(2%B3% ) and t akuylittire Wenes purdeased, frany eAldfick Héhemical

pectra and nean, cent.erin | 1. data.
EBonaHe taf ot BRoserrogite §8eppd,b0s R Goo
4, ODERg réi&ieﬂ@dtagzﬁl;st @é’sﬁﬁ@lﬁlﬁ@]ﬁ peakos g.zamlgha'ol at I?6rNMR (75
RSQ=0. 999, SEV=0.7). The cali [ el . was
5)/8% 00K s, erdprarped seki panttgiiEe of gbﬁ‘#‘g 97% BP%}-edi ct ed
versus actual values for the validation data showed
excel l ent correlation (RSQ=0.987) and exhibited a root
nmean Reuuaetionelf Seifatet AlppagiAstivae-qagl to +/ - 0.4
met hyl groups per 1000 total carbon 10 nol ecul es.

Short chain branching I evels were calculated by =
subt r Abiniing AufromeWhll Gedvai Compmyl westimpigendteshso impwent

amount of net hyl hai n .end I . il t
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GRhAYFedatbCecAS disthee Mol dnhéifuRLEA WAL caloBla@ltfrom the
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ZampR8 wekGhQPeREREARPMrog@TPl exes and net al | ocenes
used in the various exanples or described herein were

pur chased or prepared as follows. Al rmanipul ations
i nvol vi ng air-sensitiveﬁkgggﬁﬂg§ and materials were
performed under nitrogen by using standard Schl enk

i ne or dryRdoaxTdmpetunire Spghesilof Zeqh Crsélat(n B 3
Z1[n-CsHy-(nBu)]Cls was prepared as described in Example 2, except that
the refluxing step was omitted. Instead, the (n-BuCp)ZrCl, and ZrCly mixture was
stirred at ambient temperature for 20 hrs. FIG. 1 presents the NMR spectrum for the
Zr[n-CsHy-(nBu)]Cl; formed according to Example 1. The molar ratio obtained for
the product Zx[n-CsHs-(nBu)]Cl; to starting material (n-BuCp),ZrCl, was 1.4:1.

EXAMPLE 2
Inventive Preparation of Zr[n-CsHy-(nBu)] Cls
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was distilled from potassium while anhydrous diethyl
et her, nethylene chloride, 30 pentane, and tol uene

w@ BiogloaTs3&ci enti fi c Conpany) were stored over BCT/USENEWB2542

alum na. Al solvents were degassed and stored under
nitrogen. Zirconium(l1V) W 2007/ 037836

PCT/ US2006/ 032542 chloride (99.5% and n-butyllithium
wer e p USIOO hak esthfenlo rﬂaﬂt eiab chargivewith gh-BuCpisZatly (2hok, wdrde

use celv e anal ed. 1H NVR. .

1@@@5 oM “&“@? éﬁ@he&d% e P g%gu %ﬁi@“ﬂg
@{VSSILQ{'}/ \Zas%éﬂﬂ&mun@ér NL36r i 2(0715 TIM‘&’ark Q%%%laclc reaction

referenced gélnst central line of CDC13 at 77.00

ppdyre vais peepdged logameYe Sges ArCly ang tolyene was removed from the
Afilalvatagr reé&’o%@ ggssdoé W3 A’erMBihé’M Blckc&?oﬂle(iﬂmp Was

was | nmpr egna ed to I nci pl1 ent wet ness with an agueous
petipititeha ofuplmfinies mﬁh@l%ﬂe/pemﬁm wiitury and Yeswarhiih . 1

had ,a f.a area 330 / A a r
OBk BrodBB R TR Bt B e ol P LLERG, PeRE'
plebdnat theUSRIR WpEct@aUB: the z&g?/c&h-@ﬁe)]egafohhag addottthg @
The volume of water used to di ssolve the anmmoni um

Exannie & wadde caplen raioeebtdipesnior Hbe prosugl ZHarsHydnBiClpfto
L5 LA SRT AL f, B SRR Aot .

&muplﬁacﬁ&dgigamsthm foreagnramientiors siphifitantly Smpevesrthegfield and
ed. The resulting wet sand was dried

Wﬁ“%”@%@ﬁﬁﬁ?%@ﬂ%1 overni ght at 120 C, and then

screened through a 35 nesh screen. Finally, the

material was activated in a fluidizing streamof dry
air at 550 C for 3 hourBXAMRLERe case of bench scale

S es She PRBdfabon bk rh R AL B AN en.
20 E|X{&I\M)Efﬂ], S@bbgﬂt mmgﬁﬁﬁhﬂtfgd Sylfit ﬁgﬁi\@ Iﬂgle)zngb (20.0g,
o iupd AchOLEad Db w6t SRR s Resline

Kefdwi¥luitg veds apflves Wit Niethr abfigt®all, Dafebrown-black reaction
(n-BuCp)2ZrCl 2 and ZrCl4 m xture was 25 stirred at
3}9@1 the

g%wn‘vawﬂe&ga@ (R EO8E exsessrIsls apfl @luepe pyasapped
NS Rt ‘Eédm:é‘dq{restsﬁ% to gﬁtﬁﬁll r Srod-blBWiLCHB s PREuct was

according to EXanple 1. The nolar ratio obtained for
precipitated a couple of times w1th a CHzClz/pentane mixture and vacuum-dried (0.1

mm, 1 h) to afford the desired product as a brown solid. (23 g, 76%). 'H NMR
(CDCl3, 8) 0.94 (t, J= 7.5Hz, CHj), 1.62 —1.31 (m, CH,(CH;),CHs), 2.44 (s, CH3
), 2.81-2.75 (m, CH>(CH,),CHs), 6.24 (broad s, 1, CsHa), 6.45 (broad s, 2, CsHy).

EXAMPLE 4
Preparation of Zr{1-CsH[(CHz)sCH3] }{ 17-CoHjs-1-(CH,CH=CH3)}Cl,
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the product Zr[n-C5H4-(nBu)]Cl3 to starting materi al
(n-BuCp) 2ZrC12 was 1.4:1. EXAMPLE 2 30 Inventive

PCT/ US2006/ 032542 A 500 nmL Schl enk flask was charged
with (n-BuCp)2zrC12 (20.0g, 49.4 mmol), ZrCl4 (12.7g,
54.4 mmol ), 300 nL of toluene and a stir bar. The
resulting vyellow slur refl uxed under N2 for
about 20 h. The dark b -bMaCk<reaction m xture was
centrifuged to rermve cess ZrCl4 and tol uene was
renoved fromthe 5 f§ T‘rzra‘t‘% under reduced pressure to
obtain a brown-bl ac 0|I The product was
precipitated a coup i mes with a CH2C12/ pent ane
m xture and vacuum 0 ed O 1 mm 1 h) to afford the
desired product as a browtHgHt9Hd. (GR7 g, 87%. FIG 2

P red SL P P RS e IR g B i B

Qilﬂﬂ apeginfately 400enbbOdidthy] eﬂie{r r H‘héjﬁah‘lﬂtlﬁglﬁul)d' wisScdoledtd 0°C,
tarting materij al Thus, the
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teiRrddl &3, ITRY SRR InSbeOHEd Gl b‘yerfu RUEBichtemydRlLA
and selectivity of the reaction. LE 3 15
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dfrowp ISQlehwhE;hdva dissolvebanm a dRédarbmethane/peefahowmisthner and was

under N2 f.or aboyt 20 h. Dark own- bl K
FRRieh IR O Sy ot TPy Rielte o yBhge T and i
Frédipttateniast dpled @BGer tedics TR (0.1 it} hE) 8Q/idld tHerpddRict as a
under reduced u{?;;)%esqure to obtain a brown-black thick

orellow splid (3 Qa2omal NlYSRé@PSizt &k 847 & £oUpAHE 6Fs) L 3Bd .22
Vi, ft}g@%f%é PEEs.ane (i éhg{c@{égeﬁg)V%C#%zdgl,ggg&m%ﬂ% ,

ford the desi roduc
sﬁolq 802 (IEBC{‘J; CA60HL,), 1.FBIVR (my Q)DC&IE&) B§7-0 8%, (2 CsH4)=5.99-

G B Bl & ot Temg 8 S cipglo £ -

CobH), 1, GoHEh 7(23%9@(@ 2, CoHEOH60) 7.5 m, EXAMR)-E 4
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Preparation of Zr{rf
-C5H4- [ (CH2) 3CH3] ) { 775- C9H6- 1- (CH2CH=CH2,)}1d 2 WD

500 nL Schl enk flask was charged wth nBuCpZrC13
(20.08, 62.7mmol) and approxi mately 400 nL of di et hyl
ether. The resulting slurry was cooled to 0C, after
which tinme (10.7g, 66 OawpvpPIgf5 Li [ (COHB) - 1(al Iyl )]
was cannul ated as an 5 ethereal ;solution. The reaction
mi x PAperafias oS (i QW@M@Hz)BW}{@t Caltor{ E6tH A e i e
and the solvent was re ed in vacuo. The resulting
solid was dissolved in nd centrifuged to
renmove Li Cl. Renoval of 5olvent in vacuo yielded a
yel | ow brown solid ~ghwdlas di ssolved in a

di chl or onet hane/ pent ane_ xture and was cooled to
-35C for a couple @@ Resulting slurry was
filtered, and the 10 pitate was dried under
reduced pressure (0.1 nm dmlp=dup gy el d t he product as
a yellowsolid (17.0 62% . 1H N CDC13, 8) 0.87
(t, 34 700mL Sdilak flask s fha_raed VHA n@rdé?@%) @d&s)ﬂ Ommol)

2anﬁ %pérofﬁ%mie;% l%f,%)eaﬁ'@)wr ?th ?esg’ltlﬁg sl(lfﬂl \)&E@OW C,
5af®v whic83{mg (30g, (1:5|9|r11)n01)50f9'9E(C5H&1 (butpn}(lj}mq@ml)lated as an

(eél:(l)er%a§ S(%étlcgnd.ll“q% :reaf’ ort%P%L}Gre \:;’vgs %}é'r_ea %%}n(gi!r%t]’, at %‘%m@;’gf%mre

TandQhe/ so&ﬁaﬁfﬁvas&em@%tﬁ)l vadilo. MO F¢sOBinS 3@id was dissolved in toluene
PCT/ US2 [ 032542 MPLE 5 Prep ratlo
r%r%tr P (eppyeslifl] e P*?Balc%”% Vel 1@1%2'}%?@@@]%6@“2

@Brovh "selid Ghidh &4 dikGe Ghia &lbﬁloréné@@nevﬁenﬁﬁb ln@iRdrd S ¥as
was_ charged with nBuCpZrQ 3 Oi nnol and

appiedxioneset yion socomple ot Rfues: h%es'gfmeﬁlumrwwr%é%ﬁdt japgy the
S C
ﬁl@%ﬂ%té"?? &?&Lﬁ??t(% aREd Rre?%lee(b M‘Hn] hm;gdﬂgé%lgﬁlbo%?deu tas a
ayellowtsobd €alg, 93V i HrNMlIN@DCQa&)I(D N (tnd %t 12T, W), 1.41- 1 14
e g d t
KMo CHAGT T CRL AR e £ St b 2 T
degsaten,)] 5163-9l6DeRnel, CsHy), 5.81-5.68 (m, 3, CH;=CHCH,, CsHj), 5.95-
5.91(m, 1, CsHy), 6.30-6.29 (m, 1, CoHg), 6.56 (d, J= 3.3Hz, 1, CoHe), 7.20-7.11
(m, 2, CoHp), 7.53-7.49(m, 2, CsHe).

EXAMPLE 6
Preparation of Zr{1’-CsH[(CHz)sCH3J }{17-CoHs-1-[(CH:)3Ph] }Cl,

@f\/\

Cl B 7 Cl
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and centrifuged to renove LiC. Renoval of solvent in
vacuo yielded a yellow 10 brown solid which was

cooled to -35C for a couple of hours. Resulting slurry
was filtered, and the precipitate was dried under
reduced pressure (0.1 mm 1 h) to yield the product as

a yelA SW) ﬁﬂll S&le(nz f@gi Wgs?’g'ﬁarge& Wlﬁll\@lﬁ:@%@c-l%l 9895_%2 nglol)
?némrowaﬁla( A0 o m@qﬁ)heﬂyl erp Tha wlpnaslzyry e Sl B4°C,

Eefﬂer 13nichi2 n%é 0%5 568, an 50@3 5o(f n%l[é(i Z—l%ff@-pl@x&%op?l)? was

cagplgedas empthﬁrealcgﬂmon elisGedetion mmresws stitred ©OEAG)ght at

é‘gﬁﬁ)fﬂ_% ?&%Fﬁd %lg'g? it Whe r5e§noZIe Vmcuo "Thé rrla_slg}tmg solid was
ofigolveéd b (Chitdde Eu(ﬂdﬂ)rﬁ@dﬁ] t fefddre CAEIG - RenfdveY) saRled{ &l vdcuo

a. "~ D CH)...\ [ (J 2007/ 037836

Piai s dﬁ%‘?vg%%%so(l ﬁH ‘8%16“ s §%ﬁ$1§$$nf # dighloppractpapgpgaigne
vhixburé) BuCpvak (bdled 18.-38°C Gat- £05Mld oA NGurEP HERNIHAR LRI was
g%&? mggmdleth yl ether. The resulting slurry was

perecirpie &as Wripd pder pduqed prasgire léél ) b tepield
ibf bisBt hs &5 ERWPRERYIDELRYY) | TYRRIR (BAIA Pl @S/ 2000,

et her eal utlon eaction mx red
cfx’/lér)ml@ml bﬁt (&, dPHR(@H]),Gep évatl wée (mnd, tafg)solz.wemwvaﬁ,

j en Th |t Lid I ssol ved
RS AR B P G PRl . RS Tor 1
mﬂg r5t75+5rr71\(mplzl,OCSPM) es. ﬂsles 9a(mtei Icgm)bs Qg 39qk, 4, t@mﬁm .56

oronet hane/ pentane ~ m xture
AR S o b et 320568 (v, Gisdbble 37 HBURSE CoHo)
Resulting slurry was filtered, and the precipitate

was dried under reduced pressure (0.1 mm 1 h) to
yield 10 the product asEXAMPIEHW solid (23.6g, 73%.

T e A e

(m CH2( CH2) 2CH3) , 2. 3 (m 2, CH2) 3.03-2. 80
(m 2, CH2), 5.64-5.62 1, H4), 5.75-5.71(m 2,
C5H4), 5.93-5.91 (m CoH), 6.31-6.30 (m 1, C9H6),

1
6. 56 TRz

CH)CH,  (K)

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

cooled to —35°C for a couple of hours. Resulting slurry was filtered, and the



(d, J= 3.3Hz, 1, C9H6), 7.20-7.05 (m 7, COH6, C6H5),

7.53-7.46(m 2, C H6). 15 EXAMPLE 7 Preparation of
wQ@edorlo3e@SHA- [ ( CH2) 3CH3] } { 775- COHB- 1- [ ( CH23CH3PGTZUR2006/032542

ad _zr., " CDO (CH2)3CH3 (K) A 500 nL Schl enk fl ask

was charged with nBuCpZrCl13 (5.4g, 16.8mml) 20 and

approximately 150 nL of diethyl ether. The resulting

pﬂeupitaye was ditegiolrder feduc@Cpressafet @l mpmi &h) ta yield tlp mgduct as a

|
liront U G Yo B TR (taledh of o G REpE R0} 38123 &
@VéHLi)' 93p-oads qmowng HSABEY, IxET73 and2,t Gr)s 6l6y-Sr6s (wasi

emoved 1 n vacuo e resulting SO|Id s i SS [
COHOEHET-5 Aha, Ce RATE §GET L dnBlHG 1630 hmty rHl 658
Ive I 294 oW [id which
> 3%?13 d?éggﬁvggﬁfbj? %1 Z:Ogﬁﬁo?gxng{ g#e/ape%t; aneg%ﬁ@xture and
cooled to -35C for a couple of hours. Resulting
sI urry was filtered, a Pﬁ) Y@ 2007/ 037836
PCT/ US2006/ 032542 precipi tLe was dried under reduced
pressure (Bedarbion ayzhgn5i@ﬂy[@fﬂ)3CHg7}m5e@h&bjClas a
yel | ow sol i (3 79, 48%,. 'H NWR (CDCl3a 6) 0.88-0.78
(m 6, CH3), 1.58-1.15 ), 2.50-2.35 (m
CH2(CH2)ZCH3), 2.99- 2. ), 5.67-5.64 (m 1,
C5H4), 5.77-5.73(m 2m034), 5.96-5. 92 (m 1, C5H4),
6.31-6.30 (m 1, C9 6. 56 5 (d, J= 3.3Hz, 1,
C9147), 7.21-7.09 (i TNCIHY) 7 54 7.49(m 2.
C9H7) . EXAMPLE 8 Pr
of Zr{rl s- CSH4- {71 S
10~ oAqw)mLﬁollllmlm f¥ias g@wthn%@?% (]c%ﬁéé‘ﬂn‘w e
) eake 8°Tlafter
USRI wr ohyTIR AP piey) Bl Sl
Oﬁllclaftilh&r (0.4di ZChmtnD]l)BJf( dehy] 113111]1n1m¢s) caphulpied easydn ethereal

[ithiu S cann eth er T
rS@g@pp g]ﬁ Heﬁ?tt?pén%ﬁg e WP ﬁivrgg oge\;nellg 1t a‘? ﬁ]iﬂbl%?‘d t%r%%agmre 2918 the
t QIRE! FhdlfeehorBd i Puo. The resulting solid was dissolved in toluene and

15  centrifuged to remove LiCl. Removal of solvent in vacuo yielded a yellow-brown

solid which was dissolved in a dichloromethane/pentane mixture and was cooled to
—35°C for a couple of hours. Resulting slurry was filtered, and the precipitate was
dried under reduced pressure (0.1 mm, 1 h) to yield the product as a yellow solid
(0.8g, 64%). 'H NMR (CDCls, &) 0.81 (t, J = 5.0Hz, CH3), 1.43-1.16 (m,

20  CHy(CH:),CHs), 2.47-2.42 (m, CH»(CHz),CHs), 5.76 (1, J = 2.4Hz, 2, CsHy), 5.87
(t, ] = 2.4Hz, 2, CsHy), 6.42 (d, J = 3.0Hz, 2, CsHy), 6.82 (t, /= 3.3Hz, 1, CoH7),
7.22-7.16 (m, 2, CoHy), 7.60-7.56 (m, 2, CoHy).
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sol vent was renoved in vacuo. The resulting solid was
di ssolved in toluene and 15 centrifuged to renove

wae@rr/o3Resroval of sol vent in vacuo yielded a PCT/US2006/032542

yel |l ow-brown solid which was dissolved in a

di chl or onet hane/ pentane m xture and was cool ed to
-35C for a couple of hours. Resulting slurry was
filtered, and the precifNAMPEEWas dried under reduced

ressure (0. l.d th ro a
‘y’e| A MA R e R
= 5.0Hz, CH3), 1.48e m 20 CH2(CH2)2CH3), -
247242(m CH2( CHR) ) 6 (t, J = 2.4Hz, 2,
C5H4), 5.87 (t, J :2 Hz, 2, C5H4) 6.42 (d, J =
3.0Hz, 2, C9H7), 6.8: ‘w,"‘cj = 3.3Hz, 1, CQ9HY),
7.22-7.16 (m 2, C9 r \60- 7. 56 (m 2, COH7). WO
2007/ 037836 PCT/ US20y 542 EXAMPLE 9 Preparation
of Zr[rl5-C5H3-(nBu, )1C3]C cH
1){i 75- COH6- 1- ( CH2CH=CHZ) YT HM® O aft.-z"' O C
?14201&3 @gg Cr:lé ; §§lﬁerﬁp@asmwa§%mr§&i<wﬁﬁ 26 &M\%@Bﬁme@ o 1410
applosidrapprekimatdp lﬁﬁ_mbfof dicdtyhythere tThe rresuinme shisyuvasicagled

‘r?r‘cln%bg X%% %?t?ijg%g%S_ gfl((?S Iglcﬁw?} BF{‘%@%@ ri lS lm (\jx[ag Cal:_h%ulageé a9

et hegireeml sslmkiod.i ofihe Ténetiore atkfuen was titred owalsuglt iat raadalent
ver ni ht t arrb e t.ure and vent

PRt 1and /hE e ge SRR i Gar d e i s

dRsdl@due m@uaﬁdma @Biitfifulgbd R0refn@ve EIUDY Retnb ] .of Re@it & vatho
solvent in vacuo 10 yielded a yell ow brown oi I%(Itsol id

wisiden anedlonrenn vy soHd ﬁ’@%‘ihaWéS dispqlyedy wapenipng filtered, and
?ﬁ'ltkatter RhEcp tGQ@k%d R&ult; ?%ur@%lﬁlﬂeﬁﬂ SdULE YrodBSate was

| tered, and precipitate’was dri ed undéer reduced
dried grdee rﬁ(d@@ pmfisul_’@ @)1 mm, yila|tel viefethe rroeflyet asas yellow, oily

g&%&‘é\ﬁgﬁ'ﬁ/% Hg&‘l\)@é@c%g%%?s@&ﬁ . g!'\@HS)C?%?l 12%0m, 8,
CHE( @Himﬂ) 96 {s, WiH),52.045(3)CH;8,. D4D-L.$1 (fatHd) CHR(CED),ZHLL

%n%? % @a i ﬁﬂzﬁg@zéﬁ%ﬁﬁ <Hs§:1%§rﬁqiﬁ zsci%%gt TER iz

U@Ly) 552?66 ¢ty = (bﬁ{@ﬂd?&ﬁms 7435*7'6‘2§m 5, @4H4'§ 79762 2,

@frﬁﬁd*l@@‘lﬁ)gs (1& QHQTS:@@H:(){T? 2%-6. 2@@9163 C9§6)4¢ 4 64@ (e, Qo)
96909 (m, 4, CoHy), 7.51-7.44 (m, 4, CoHy).

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

techniques are described in U.S. Patent Application Serial No. 10/876,948 for



WO 2¢omes1syé ) - 1- ( 3- but enyl ) - 1- (cycl opent adi enyl ) PAF/{122006/032542

10

15

20

25

30

7.19-7.09 (m 4, COH6), 7.51-7.44 (m 4, COH6). 20
EXAMPLE 10 Preparation of

7-di-tert- butylfluorenyl)nethane zirconiundichloride
1-(Methyl)-1-(3-butenyl)-1-(cycl opentadienyl)-1-(2,7-d
i-tert-butyl fluorenyl) 25 methane zirconiundi chloride
CAMPBRO EIe SANTHASIS 10F ANSEMETANSUENERIASD SE¥EE RARENT
SCLIL bed in U S. Patent Application
s‘ZﬁW Hi‘g)ﬁ ég]s §48nq08?°r% YoetrrneTiEagn in its entirety.
PCT/ USR086 | YRREN, @a%}f M%&' h f
ANSA- I%?ALIIL%CE S Kﬁﬁw HEI R P PR by g ©
viemple and 110b by ey 1of dinitptions @h@ﬁ@f@smlldelgmnwmmetaﬁocenes glat
syl I i t.he |igan
PRl o B R ool PO AME Brobfieg B BP UL RBE. o5ty i o
ofuy| qugriof awemh prdﬁh@rwolmoea&po ribk axg aanmaerntebdabjr ofi€ e 6rdinary

I d.h
Sk e SRR B8 potEiens H3RTER HSBuBRanNGE £ah Srdode
scewmtallpcme eﬁlmn e&eéénﬁmd!; NiséNe afulivaléd® YN dﬁ&ﬁ}l%ﬁnpxln
or di nar, For exa one procedure to

it §%§?§) 10 gt Bshifp d %GFH%@SW}O& 8 s phean e tgacally at about
ans:aam& el 0GNBHIUNO MURES Sadel, IR Rer %51%&01?13 %ﬁﬁ'&aﬁg aﬁmesd

of n-butyllithium(in hexanes) to treat
CFP SRy F%%Oﬁ@rte@mr@ﬁlrem e@fght hEhegahution of the dmdnate@pnrera lipand

[ 1ithi
S e Mol oL S 28 AL an R R . The
vmtvmut i reromed tz;e ARD ab uff&d(hvs%hfﬂ itigif tan JRashed WithQRni@he and
rent a is than added slowy to
gf‘%?‘irvﬂb'fl thape %re?ff‘g%féo Vedyal Iy at about OC. The
oI vent | SPre@HRM@id oM INREM )9?3 @Lz‘é&}flﬂ]? e}zﬂdzte;}ﬁ} 1$AR

be V\/a%iil?éiiny\d/t}}lﬁu@@ﬁ}llﬁ{éﬁzaﬁg m@(;’ bl orenyl lithium nd (%—

di chl %thﬂgﬁymve%m ar solvents repara
of

1- (”EtAhé/rle)htér f( ¥ 11:1;1' C/yf é) ﬁ“u ?ldcl)r%n 252) 1';926 1Z1}n01)
uor 21% g ha 2

di -tent-butt"’
7nd . -stighat,-dapitet]' with eumblem yeéptrn, talﬂtl lphibcﬁhihd@r a nitrogen atmosphere.

RO (ORLINO bty 5° Btch g consbfaancy o sesuliing e gns
a:bdlea tSABPC ik ,dreRP Bed. V‘Flﬁshmﬁ(tlfrb' Bo&fired %pﬁl't'snﬂlelrtg teuFe as n-

under a nitrogen atl’mslp ere. D eth Yy
B’glﬁgm?dé%%? L1 %/géuheaiﬂ%@saa 99 apmel) & addedislowly via syrlnge
Uﬁ'féf"thé REdiTb ¥ zeodtyﬁhthﬁl‘&? Led, d‘[‘qgete ﬁ‘g xje{i'dﬁl golX <m, g slawly

bath. This mxture 1s stirre era
rfrarmed to room temperature and stirred overnight (at least about 12 hours). After

this time, the reaction mixture is cooled to —78°C, and 6-butenyl-6-methylfulvene
(40 mL) is added quickly (in less than 1 minute) at this temperature with stirring.
Upon completion of the fulvene addition, the mixture is removed from the dry ice
bath and warmed to room temperature, and a GC aliquot is taken after ca. 15 minutes
following removal of the dry-ice bath.

Stirring is continued for 7 hours, after which time the reaction mixture is

quenched with a saturated NH4CI/H,0 solution (300 mL). The organic layer is
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butyllithium(19.0 nL of 10 Min hexanes, 190 mmol) is
added slowy via syringe. After the addition of

slowy 25 warned to roomtenperature and stirred
overni ght (at |east about 12 hours). After this tine,
the reaction mxture is cooled to -78C, and

BGexttuattedyith Giertsi btbrt whéhecm&vme( #h FLO (509 rﬂ@ﬁ@zﬁ’ed%ﬁi‘iﬂmydrous
at this tenperature wt

' t
gkk’i%ﬁbe tefe%ua*bd#hs H%%tgPYaaﬂra@# te H@’“Fﬁﬁlt‘?/ éﬁ@dmﬂlfi. dfgthanol

t 8 JUOXHLY & Addled ITENERIif raﬁmﬁehﬁlﬂﬁrx shif€ oRRhiBnBR%orm the
warned to roomterrperature and aGCalquot ISta]I‘(l

app@ict ana fipgly rﬁ“ﬁ@ﬁde‘ghltes@hﬁolﬂf@v\nﬁﬁ@tlm rAshing ofitht MeOH, and
rr S | f

Aok b, Sl B0l SRR UG | Dyl i

s@t/q}@r&n@dnemrlm (VA V—lﬁ@estdiuu;btlﬂmen(yB@@thaﬂ@ is isbhatedoimg atdydbe used

I 037836 PCT/ US2006/ 032542 extracted
W@u&hﬁ#ﬁx&u%@?ﬁ washed twice with H20 (500 niL),

dri ed bover Pmphytﬂzb@l@‘ 1-IMeatiy DAl - (ibzltér@[)ﬂd(cy@&}d}n&zaﬁl )-1-(2,7-

filtrate edipartatetokaylhymess- Memad iord a soli C(

Met hanol (ca. 500 nL) is added to the solid and the

M Xt Urieogedliter Rk Qi@ Bhith -G bl BluoRhO

finel {%%l vi ded whi te&ksaol id. Alt er ftlpl tu(r)at [ g;@%t ?lrr]ra)l)

VPR siklean, capprg With aivupbergensvmy avd glaced wrider dempgmmeaphm

Ilbgglpl e ) ent adi_en) \
e TR TR AR s bl e BRI Mk

mgyyleb@o L2 1nwdrhmﬂtbafhu rThemipueiif stiadiadrhis Bmperature as n-

R i f ) . ] X
11{“?3&@‘5“ §‘1' ?ﬁ f?‘(‘% 98 40 dhin hexines 310 el dselded sloy iy vip syringe.
dA ftdrethé -abditiyh folf UQBL&ﬂth}LﬂEt@ @&ﬁ]l?lletel\/ﬁ{ehﬁgdlﬂ sdiBtidh is slowly
one-liter flask is charged wt

oVarmge 1o &pqm Bﬂ?mrﬁltmo@én%m@é@V@mlgilwtéeafmbgut 13nlkpugs), to
bidday t and pl aced

?rﬁdelr a erﬁ}lle?r@%ggﬁl %ﬂznﬂglgelglrﬁggmm&%?ﬂﬂﬂet her (about 300
m) i s\netheeansliter dlagafitted avithaand addmmnr Bmudlt is n@axrgbd(t\xtjme&
[ C xture i
GuenfRE S .V%“et@nﬁe%%t Ik 3657 505 g fz?qlgfi RiGfunder a
(ﬂ&o@n mmmﬁpm& MTHe bBxarelstion?bs 277@l-erdistamdnshys | 1aMl
Vi a |n%loﬁ%lAfter .the addjtion of n- butyllithiumis

&S?P&F %, 30K 15 adeH IR AsPRIVES Aeshion $p gbi JulvenarahddCtiva the
rQefioh SRRI 8l Be 3BESbi Eﬁrﬁg)ﬁﬁ’igt%f &hﬁou(f at?%he er@sshtltm%bgali!]g

12 hours), to provide an et
oloreg tetl@ﬁ)p BEWe 19 vemedytd rodm Itﬂnn,mrature and stirred overnight (at

least about 12 hours) under a nitrogen atmosphere. The reaction mixture is then

quenched with the slow addition of a saturated NH4Cl/H,O solution (300 mL), the
organic layer extracted with ether, washed twice with H,0 (500 mL), dried over
anhydrous NaySO,, filtered, and the filtrate evapofated to dryness. The crude
product obtained by this method is then dissolved in pentane and maintained at
about 0°C in a freezer, thereby affording the product as a white solid that is washed

with cold pentane, dried under vacuum, and isolated and used without further

t he reddi sh sol ut PONUB06/032542
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Anot her one-liter flask fitted with an addition funnel
is charged with 6- 20 butenyl-6-nethyl ful vene (37 g,

ni trogen atnosphere. The ether solution of
2,7-di-tert-butylfluorenyl |ithium prepared as above
is added in a dropw se fashion to the ful vene at 0C

Vi @iflchon. a%’rﬁ‘lép Brofdﬂangdul@\()grls&lﬁ‘t@d GR Uin%@lep quantities through
approxi mately one hour. The resulting dar k- col ored

r exgegntetingribg traatleer iligueva end eorlingdowsshinghrpet placing thamdback in
h%gged overnight (at 25 | east about 12 hours) under a
nitrogen atnosphere. The reaction mxture is then
quenched w RAapdragors boiv(iaetbhll-i-ghrbwenyd-kayeiopinedienyl)-1-(2,7-
NHACL/ H20 sdiltere-baplfiafdaymethant heMemsfani c | ayer
extracted with ether, washed twce with H20O (500 nL),
dri ed Ay ether RRME 0ODT-dNacS6¥ylflhbehy Nigdum adprepdred and added
filtrate eyvaporated to dryness. The crude product
OBt AT PRIYSHIPSIEiPR QVeREeITERrs? & oRisinaRialk R e rweﬁfeéw}ﬂ&ﬁtvl -6-
aﬁ@th?ﬁ'll%rﬁ'(WCﬂn RO sARMINnEGs!if M%tﬁoﬁ@@lz efhe rgﬁ?c{n%kfé(actlon
affording the product as a white solid that Is washed
winixiure ¢4 depwatnzadgo reimi ethperaties andastimngdnforandhys sdeat adrogen

ARSBRS G, BTS¢ b Shqir L PP GG meitne fotvese

ben adliticatledd mb o8 el A-Btyllithiund sdhita akdidded@to the reaction mixture
concentratin n? t he not her, I’Jfr{%aors a d conbi ned washi ngs
afdOPP SERRTE M Fre AP HERUTE S stirred Qypis fc"“lt QPR ISEPERSH of
1- (et nel deackivh niRttesik zhen)quano@l&y GALR Fﬁﬁerﬂl@w b&MMén ofla éa%.thed
5 di-tert-buty fluorenyl)inethane - Method A2 An et her
sOFue V30 erlution73e mlgthe @r@@rw ¥awcs>'x€md Vith piheriveghed twice
p@v‘ﬁﬁaﬁ%’ @W decgled e? a% (‘Mssﬁa B8V Gha U efeﬁétrate
cour se of appr oxi mately one’ hour to neat 6-Dbut en
rre‘tamyﬂafedltv elmelez(satTl@CC)ruderprbchst glatmmpedrvby thy ma&lodi s Mﬂoh@d in
t|n rea xturelst .
¢ b SummlER e kSRt Shbaf stk Sy kG Tt bec,
ntHefe@Q@ﬂordﬁﬁgﬂl&%ﬁ&ﬁfceas Alkirsotidi s time, an addl tional 5
nmL of 6-butenyl-6-netfhyl ful vene and _an additional 30

nL of $he BT ohireLul s biome] Gadareas 127

reacti on nidtait-@tyiBroreiybietienpetsthedd3 This mixture is

stirred overnight at roomtenperature. The reaction

m xt uré THF @héi@n @ﬁ en sﬁre@t-butylﬂuom@l $ithowm aduenaraiendfadded in
t d H20 SY | ution an|

;3R ol BV, S Shio Rl e en B BHERNS

( ﬁﬁﬂlytﬂu)/enechbhmdn (0374 efC)aﬂ Iﬂf,eckamu Snatdee? S ¥isclbdell ireMRehod AN The

t ?eesulftllnflg tdagr%l colored reaction mixture is warmed to room temperature and stirred
overnight (at least about 12 hours) under a nitrogen atmosphere. This THF reaction
mixture is then quenched with the slow addition of a saturated NH;CI/H,O solution
(300 mL), the organic layer extracted with diethyl ether, washed twice with H,O
(500 mL), dried over anhydrous Na,SOy, filtered, and the filtrate evaporated to
dryness. The crude product obtained by this method is then dissolved in and

crystallized from pentane at about 0°C, thereby affording a product as a white solid.

and cool ed to OC unP@T/Us2006/032542
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evaporated to dryness. The crude product obtained by
this nmethod is dissolved in and crystallized froma

0C, thereby affording the product as a white solid.
20 d. Preparation of
1-(nethy|)-1-(3-buteny|)-1-(cye|opentadienyl)-l-(2,7-
di-tent-butt' f |uorenyl)nethane - Method A3 A THE
solution of 2,7-di-tert- but IquorenyI lithiumis
prepared and added in de fashion over the

COUT $208 o ARRYF 9 Igfrlflly(bzﬂ ! l&ﬂnm Wz )'5’) onyls P
25 met hyl ful vegg,5 %Fth é«{jzz,g m)n 11 KE manne
as di scl osed in "NBt ho resu ting dark colored

t
Crrrrdat b bt PR b AT SRS LA L o,
NTHF (A9rmla)y, amsbpsteber, aﬂ'ctussodlthtorea(f’Cla@m-bunylbttmmnﬁ(llssanmol)
f
the%]\_)vq gge ol e %Jﬂ(ttttr? §E§/la1?ﬁ\%da t%? rhtgrlngt?@ge{p@rq? gélgqr,dagveemlght

eadoled ctb @Cyvaiich 6dhatytlw(5emla )ﬁlwaeh(egi &\wpan%%l} mést@%hﬁ%
ere a

'ﬁlglg t)i dri ed_ over anhy rous Na2S
t hiet'f t‘FdF A% caMBor Al siiaing dpy fee daysThierasm gansrasie dhe
ORhdioN 8¢ qitciidal Wit B 9Ed NG, EN&dutfhinS ﬁ]@l Hefhid ﬂg@ﬁg extracted

crystallized from pentane at about 0C, ere
aV il digthyd) cthers rapd (lea exiepcty diad toeers@lhvdiouwmw O3 ne®brent

~u

"P@{oﬁzg) Q oQ\;3 qglsolgfééwpdhfon}&?%%ﬁﬁaorf 3%18 (r%{/ll r_ohtg}( ﬁl’hca using

1- (pheny ut eny

Theghfang @ﬁerds tha tydided tipeythat mey hansed zithoonfutind ipefifi@tibge 5
A1l L round bottoned flask is charged with fluorene
(23.2 g, 139.6 Mol ), THE (400 nL), and a stir bar,
and is cooled to -78 C BganMHps ! | ithium (165 nmol)

is slowy added The m xture is warnmed to room

t enper at ur e, CYERY PSeH YR v frtalyste wish w476 10C, and

6- phenydriofs (o lirméh@ﬁ%h)lﬁhg VRREcdmfcttl t&%&n?ﬁgﬁja‘)e’ the suP%ort :

di ssol ved in added via cannula. Arter sti

f 3SHVIERL ipes metaHonshestal irepregent iaventien compased with itle support
e orga

e ot ihdn P AR (SRUE BB o TREAE mae

evenredgresen 60, over anhydr ous Na2804 Upon sol vent

renova .S _1sol at ed r gnot ogr aph

this ol%di1 1%’8? gcfﬁj I?V\Ié'mef%aaloﬂé't“??gwerﬁéﬁf’%? alpfao?ltfsgatuﬂ’é (3 785
digtsi) st@aihldss gadl deaktoat THERYadaE elipRFcbT NRBSerdisl SRRF with a three
pb%adeﬁlp%ggelller and was set to run at 1180 rpm for the duration of a run. The

reactor was also encased in a steel jacket with supply lines leading to a heat
exchange unit, that was in turn connected to cooling water and a steam line, allowing
for temperature control.

The initiation of the charging sequence to the reactor was through an opened
charge port while venting with isobutane vapor. An alkylaluminum was injected,
quickly followed by addition of the solid activator and catalyst solution. The charge
port was closed and 20 psi isobutane vapor added. A side vessel was utilized to hold

a measured amount of hexene and this was pushed into the reactor with two liters of
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15 EXAMPLE 12 Conparison of Inventive Catalysts wth.
I nd2Zr d 2 Various polynerization runs were conducted

nmet al | ocenes of the present invention conpared with

the support 20 activity of bis-indenyl

zi rconi undi chl ori de (obtained fromWtco under the

soladane lvpue biaked bgmits@BR Jpresiire. | Tooaroatentsyof the reactor were
ol ynmeri.zat i on, r.uns re condyct Ln. a one-gall on

RO TR R > (e G Re BN df 18 $CHReply ano

ehylbeyeds drndhtredupal. atrethast flow amitvillblved thichpresurddioacitth

r.apel | er .an s set torun at 1180 r for the .
BV 1S brytbRlont B8 Sibtred S iamb it AlevET s Senehdeasiinn
af Sliydele flodckadl theispddified Rihperdild e Cradirb@d 9re§sdi‘@?¢50 psi)

I N

exchange unit, that was in turn connected to coo
lrele pererashigved: cHip Teaches Pressyre wian graimtaned: nasidition of ethylene
6PBAAL: THAS hbdrdedl i -
O TEr e Rl A P RO ARELPGE dhfion
vletheimy (9@ tkin). s Al ubea pempletpor of hn red Kiydeatho mathylame Wisy was
Lhjected, . 3 uj ckly fo]l owed b dig.ion . .of the
SR B, g L S Sy SR o VAL B alege g
wwapetuds ebraRafel0lops endughilid asuetov apsr omtle® dnd Ahs igehular
vessel s utilized to hold a neasured anount of
B@%&?{@Oﬁi@&r ‘ioﬁ'llF%teqzl\lagCtle% Heesierifes AR AROSFRRPEHuSfPer
Fx!aine_ﬁﬁ s6d Y¥3vaRe thil3dB36r RSt/ UR2QRGHA3ZT48e VaSiORUEALSs
i qui d backed by nitrogen pressure. The contents of
piseenfeddedlabledere stirred and heated to 2 degrees
Centi grade bel ow the desired run tenperature, and
et hyl ene was then introduced. A mass flow unit allowed

hkledr essure to clinb quickly to 5 psi below the
reqyiyeq run pressure, and all owed the snooth

activity of vari oRGT/US2006/032542

ransi tion|®atof et hyl.emeifljow untfd | t SPS®pdr ledl | HLMI
Eﬂgi“e e oiupq@rtéés‘(‘gﬁ%%(‘(‘gs Betiyi [J2/10| /10 |
hé®) rleact od nprekssure (gl [min)| min

on |ofio et W ¥ne so op 26 mase Bpe;a.sa

trerperatutq 5-5tH-e—-el 29{3 wetr-e—Fa+ada-red-
the2 dur at i d t“ha3mn1c( B%ﬂ)' 50\t | tibe |compl letos pni.s
. 1 1 213 " 1 PR R N
GJ| e am Uy T enNce feL gWWasST Stappea—|janatine
| et or Hpr ¢ O\ Vent agloof|f 50 Wi t|hésprleds ind?
angl 10 tenper_afusgrwer @ saf edupdadW_enpugh (T he Tljeacty or
13-4 ;
vas” opeded [drid the gragulr ALO, 00 | 3600 (05| Ths
12-5 I 15| TIBA | 3q | qp |[Sulfted| o5 1 o7 | 3480 {0.01] 0.78
1. ALO,
126 | K |15 |TNBALY 6o | qo |Sulfated | 50 1 510 | 4200 |0.00| 2.02
1 ALO,
127 L 3 | TIBA | 50 ) qo | Sulfated ) 50 | 177 | 3540 | 0 | 176
1 ALO,
12-8 P 3 | TIBA |30 | qo |Sulfated| o0 1 130 | 2600 ]0.01] 0.56
1 ALO,
129 |Indyzrcl, | 3 | TBA | 30 | 10 |Sufated | 455 | 519 | 4380 | o | 1
1 ALO,
12-10 | Ind,ZrCl, | 2 TN?AL 30 | 10 Sl‘flfaéed 100 | 175 | 3500 [037] 6.76
2\S3
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pol ynmer powder collected. Activity was specified as
granms of polyner produced per gramof solid activator

presented in Table 1. 15 Table 1. Cat. R3Al EH Support
M HLM Run Catalyst w. (l) Support (ng) Support PE
Solid (g) Activity (g/10 g/10 (inig/h) min) mn 12-1
G 1.5 ARNBAnSHI Tamed, HlentiRd cAHFEs G und. 1361 aiil 203) and H
50 136, 5440 0.05 1.5 1

12-2 .5 _TIBA 30 .10 Sulfate ) ]
Aé‘ﬁeé?f%ﬁgcwaﬂr@ aqipglend Vit substitugnbef thpl-positiomigerrporating
Oh Bifnindl M&Q%Mm@n&sm%stﬁu@@%oﬁ@ta&i@n ,Lﬂi%@&fﬁi?oré Q025 to
3600 0.03 1.18 A1203 12-51 1.5 TIBA 3 0 Sul fated

spowt76034 digher. wolymerizgtian actinitipy Gupporigagiivity)ShangdpZr6€h under

Wl fat eds 00. 0,09 2. 02 A1203 12-7 L 3 TIBA
3%31{“1}% ng?lgg%sgég‘isg%o%i& 1%3&?% 0 1.76 1 A1203 12-8 P 3
TI BA 30lditpnslly, fratyswrs| 0OdLa0 b 600IDcOE @npounddiasd J, and
12-9 1.nd2Zr G2, 3. TI BA 30 ulf at ed .100, 219 4380 0 1
Tyl ek hioded rings o SR 14, B5ae e 1 8 Hexne
Ab&GRordifth (Rabs B50Dtd012375)6 oz g2fk&dally0i8 ¢6ididered to be a poor
E%%grggég%’cé%ﬁé cj}éfyits gﬁé@%él?%gat‘%a&‘hﬁénn%‘g Ir)]rtelse\lll?ed Table

2 and illustrated in FIG. 3. As is evident from the data presented, there is a nearly

50% drop in 1-hexene incorporation in the polymers formed using metallocene

compounds G and J compared with the polymer formed using Ind,ZrCl,.
i

Table 2.
Run | Catalyst | Cat. |1-Hexene| R3Al | Support | Support| Solid | MI | HLMI |1-Hexene
Wit. (2 (mL) (mg) PE | (g/10 | (g/10 | (butyl
(mg) (g) min) | min) | mole %)
12-11 | Ind2Z:CI2 | 1.5 10 | TIBA Slflf%ed 50 101 | 0.04 | 332 | 0.13
2\3
12-12 G 1.5 10 | Tiga | Sulfated | o 117 | 0.09 | 2.24 | 0.08
ALO,
12-13 J 3.0 10 Tipa | Sulfated |00 | a4 0 | 088 | 0.066
ALO,
12-14 | Ind2ZrCI12 | 2.0 25 TIBA Szllfaéed 100 | 246 | 043 |[11.02] 037
233
12-15 J 3.0 25 | TiBa | SuMfated | y00 | oass | 020 | 547 | 0.19
ALO,
EXAMPLE 13

Pilot plant polymerizations were conducted to demonstrate the ability to use
dual metallocene catalysts systems according to the present invention to form a
bimodal polymer. Metallocene compound C was used to form the high molecular
weight component and metallocene compound G was used to form the low

molecular weight component.
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w@r@7a3718860- substi t ut ed cycl opent adi enyl

(Run 12-3), each having an indenyl with a substituent
at the l-position incorporating a termnal olefin,

about 25 to about 60% hi gher pol ynerization
activities (support activity) than Ind2ZrCl 2 under 5
simlar conditions (Runs 12-9 and 12-10).

Addi ti onal | y/~pol ymers produced b | ocene

conpou N I nd2zr d 2 e evalwated using
13C NVMR 10 dE he | evel aLgy_h 2xene

i ncor poration ( > to 12-1 \f‘"‘“ nd2zZrd 2

general |y ps_oONSi r\%d to be Opt\. cononormer

G \_,, t he eval uation
are presgnted e102and|II strat d(lj}n FIG 3. As
i s evident fromthe data pff@sented, {HEFE s @near| y

50% d'f gre Be b Jb‘ﬁﬁfvﬁ%f 'nﬁgﬁfogg{e‘% 106 & Reshie RRlaMBRES C, 1-
f or med net al | ocene npounds G and J conpared

(wibey e h €3 bdbw@ak—(@dpm@dwsylm -(2. A mrichupyl floerphyd)nethage n
Cat al yst S

CPRNIE e PO o BRSPS
éd‘f?ltflc(rg)f 25 gﬁe)mmﬂ’r)eaﬂ‘(zB‘g) g@ethiz&lu]xhnﬁm dﬁﬂm@h&og’bnS Th smjl-xgén
S e . .
FhuATeH panol0ge 240 aine Dhobmg 68 tardeed g 1 yeuely

19uuthiBAvasahddat 18 SbdRG: taﬂpoﬂo%&&sgf&ﬁ&mnAllos 12 14
Ind2zrc2 2.0 25 TIBA Sul fated 100 246 0.43 11.02

A1103To prepars agolitign p& mpfaiacen (G 2100 f1bs mMrflosens (é) %
dissbfvdd: 13'1%26 ﬁnﬁ%ﬁw&eﬁe lhadPiditigeR| 0L sdﬂ%aﬁﬂ%é &ﬁkfeﬁ@@ to a

wer e conduct ed denonstrate the ability to use dual
weelatessek dsnbutaae mawtdsd toyabtagmas toted oA Uipangds of sohidopr esent

e S e NP 5 e
as a co-catalyst. The TNBAL was obtained as a neat solutlon and was diluted to 10
weight percent with heptane. The cocatalyst was added in a concentration in a range
of from about 8 to about 26 parts per million of the diluent in the polymerization
reactor(s). To prevent static buildup in the reactor, a small amount (less than 5 ppm
by weight of diluent) of a commercial antistatic agent sold as “Stadis 450” was
usually added.

The pilot plant polymerizations were conducted in a 23-gallon slurry loop
reactor at a production rate of approximately 25 pounds of polymer per hour.
Polymerization runs were carried out under continuous particle form process
conditions in a loop reactor (also known as a slurry process) by contacting a
metallocene solution, tri-n-butylaluminum, and a solid activator in a 300 mL stirred
autoclave with continuous output to the loop reactor.

The precontacting was carried out in the following manner. Tri-n-
butylaluminum solution and metallocene solution were fed as separate streams into a

tee upstream of the autoclave where they contacted each other. The solid activator

di spPEyUSL0061032542
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20 wei ght conponent and netal | ocene conpound G was
used to formthe | ow nolecular weight conponent. WO

r " C \ (O CH2CH=CH2 (G To prepare a solution of
netal |l ocene C, 2.00 g of solid netallocene C, 1-
(phenyl)-1-(3-butenyl)-1-(cyclopentadienyl)-1-(2,7-di-
t @ulfatdildlythink) 0isemyshdd iRk tan i€ © fle Watvibef tleQfdrolRentivAS
slurrjed in about 200 nL of hexene-1, followed by 5

aaePRd B agochse. fongtng: the Birp-bpighdwmipym@etafiogeng i tiwg just
URG&E éﬂ{etrlhg GRE authBlave. S QB ik tandV@Risifl ubddt ﬁ)dgwé %)th l:ltgfp sb1f4

240 gramns n- hept ane and transferred to '
vassig@Epr into tb@ blatp%lm‘@ Wessetal dadte that w@uléuresuﬁ in otresidenge ti0e of

r n
DB AL, 35,4400 0LROSAN 12,09 4L e gees ven
dérngeyerd the tbopmea¢®@. i of t ol uene under nltrogen The
solutlgﬁgmas t ransfer sse

sobut AeRe e 40y POl PutdeR apte cityiche: H3RES i ion
SOdrbide @drpoTdtion)whidh WashuHTied diroughMBOknd GldhiiL shd do8ited

tion) was used as a co-catalyst. The
mé%&%é‘@%@ﬂalnﬁ)&%s LAlsenn "t BrefonaspRlymerization gledel -
UIRexdAd (oW@inBd FroRETHeO R PHifi (fl%ﬁﬁ&[‘@omfﬁ}? 199 GALA Wa%ﬁ:ui’iﬁe?ﬁ

added i n a concentration in a range ffom abou
t by witesen pRgingng stogrge opier| LBx mlesnlan swe@pmqutat R¥D°CHES2°F)

pi‘ﬁl M ehz afﬁeoﬂoﬂr §earcﬁ>?%a9r (ﬁ%}%\(ll Eﬁl HrS 1a§1lle%c—1;r ﬁ rgactor,

bui I dup 1 n the Yreactor, ess t
plervingtayvolveneybit 23ofalicihd (l8@ ﬂlte)s)o[,lqalcblmmteme iwab usadtak $Heafti]iu€nt.
enth ld a h%f q e @ lLéQa dﬁdl The1 i
OBt PEReste i1 ST e nER SR Bp e b eibia T loy molecular
2\8elgla| cloﬁ?ﬂpoﬁelnu of the boi9@er préd@t. OTheéi!éob@taﬁé %Mﬁ&l&rﬁ&zraﬁ&r?g@(ﬁe
g@ roxF tely 25 pounds_of poly er hour.

Pg 5o Bevian Bhiline Ghiemicals Botass dex élmt Wﬁﬂ Buither
PRfifice | 8 HREMHYA SRS SubsQieidy PRSed Aurdhgh OPRoRGHCHP hlumina

(al so known as a slurry process) by contacting a
naetaiaed @b WS ¢#8X°F i nittagen)n- but yl al umi num and a solid

activatQLioh RoRiRHR 1%u§etdl i ?e%sure around 580 psi (4 MPa), and a
temperature that was varied from about 90°C (194°F) to about 99°C (210°F). Also,
the reactor was operated to have a residence time of about 1 hour. The solid
activator was added through a 0.35 cc circulating ball-check feeder and fed to the
300mL autoclave as described above. Catalyst system concentrations in the reactor
were within a range of about 1 to 2 parts per million (ppm) of the diluent in the
polymerization reactor. Polymer was removed from the reactor at the rate of about
25 Tos per hour and recovered in a flash chamber. A Vulcan dryer was used to dry
the polymer under nitrogen at about 60 to about 80°C (about 40 to about 176°F).

Various resins were prepared according to the above procedure. The results

of the evaluation are presented in Table 3.
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autoclave wth continuous output to the | oop reactor.
The precontacting was carried out in the foll ow ng

net al | ocene solution were fed as separate streans into
a tee upstream of the autoclave where they contacted
each other. The solid activator WO 2007/ 037836

PCWWI&S%2006/ 032542 (sul fated alumi na) was flushed with
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| oop reactor, having a vol une of
| Rog el Ys obginadi fepm thelseipbipteomnesitimme df tis inveatici.| uent .
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trheallocene compounds.

= —hl [da)

While costly aluminoxanes and organoborates are not required by the present
invention, they may be used as desired. As demonstrated by the above examples, the
use of a tri-catalyst system, such as those described herein, produces polyolefin films
having a desirably low haze while maintaining other physical attributes, such as dart
impact,

The foregoing description has been presented for purposes of illustration and

description. It is not intended to be exhaustive or to limit the invention to the precise

25 butyl al um num sol uti on and PCT/US2006/032542



25 polynerization reactor. Polynmer was renoved from
the reactor at the rate of about 25 |bs per hour and
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to dry the polynmer under nitrogen at about 60 to
about 80C (about 40 to about 176F). Various resins
were prepared according to the above procedure. The
rexambles or dmiddtm@naliisabicdnN @beiohs esRI@osNorT @Misiods are
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the resins produced in Run 13-1, 13-2, 13-3 and 13-4,

trating that a true binodal nol ecul ar wei ght

di stribution polyner is obtained fromthe catal yst
conpositions of this invention. In sum the present
i nvention provides various catal yst conpositions,
nmet hods for formng a catal yst conposition, and resins
and pipes formed by using 10 the catal yst
conpositions. The catal yst conposition generally
i ncludes two netal |l ocene conpounds, an activator, and
a cocatalyst. The two netal |l ocene conpounds are
sel ected such that the two netal |l ocenes produce
polynmers having two distinctly different nolecul ar
wei ghts. The netal |l ocenes are conbined with an
activator-support, an organoal um num conpound, and an
ol efin nmononer to
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15 produce a polyol efin having a bi nodal nol ecul ar
wei ght distribution. The resulting polynmers have

further provides novel netall ocene conpounds and an

I mproved net hod of synthesis of half- netall ocene
conpounds. Wil e costly al um noxanes and or ganobor at es
Wt ivolhimelsti red by the present 20 invention, they
may be used as desired. As denonstrated by the above

exanples, the wuse of a tri-catal syste such as
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detewoi ng description has been presented for purposes
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A catal yst conpqsition conprising a fiyst nmetallacene
conpound,  XPSEEJRd® Hiek 21 HRYERRPISTBE I 14 2oout 4 Carbon
agdnhgvat or - support, and an organoal um num conpound, 5

wherein: (a) the first petallocene conpound has the
formul a; (XNEXRRK apg(g}; () )mifm,denﬂy are a halide;

wherein M’ is Zr or Hf;

(b)  the second metallocene has the formula:

O

XM L axs
\
R3

wherein R? is H or -CHs; t
wherein R3 is CH2=CHCH2—, CH2=CH(CH2)2-, Ph(CHz)g,-,
CH3(CHz}s, or H;
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wherein (X) is cycl opentadi enyl, indenyl, or
fluorenyl; wherein (X2) is fluorenyl; 10 wherein (X

war@70X83@r e connected by a di substituted bri dBCTEgS2006/032542

group conprising one atom bonded to both (X) and (X2),
wherein the atomis carbon or silicon; wherein a
first substituent of the disubstituted bridging group
is an al "t ¥ &1d Xrisderendenty sephlidei g from 1 to
about 10 kD> wherein a second substituent
of the di sue%??mﬁsmﬂ%'dgi ng group is a saturated or
unsaturated aliphatic group having from3 to about 10

arb at .. _Wwherein i s H or . an.alkyl group

v er pav eREEHER & climon “4BRiR el o P, et

asEll¢cddy comstepe nal ertseyond meetAlobérlei cd®pounds Waat shoat M10 its

érf og)i—lf; (b) the second netall ocene has the fornul a:
UXSEEMR, Tt 1X6 3 wherein R2 is Hor -CH3;

wherein R3 is CH2=CHCH2-, CH2=CH(CH2)2-, Ph(CH2)3-,

25 CH3(CH2)3, or H WO 2007/ 037836 PCT/ US2006/ 032542

wher efhs y®alysid copasiigapendtaiin| |, aerei Hid irafieo cdnthe first

Bl kgl o 0ol SRR O

donpbind to the second netall ocene conpound is from
about 1:10 to about 10:1. 3. The catal yst conposition
of claiml, wherein the ratio of the first

#ret al Thec emielysio omapusilioho of e ¢ORtherddt ahd aegNef the first
conmpound i s frqom about 1:5t? _
metallocene compound to the second metallocene compound is from about 1:2 to

about 2:1.

5. The catalyst composition of claim 1, wherein the first substituent of the

disubstituted bridging group is phenyl or methyl.

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

disubstituted bridging group is butenyl, pentenyl, or hexenyl.

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

is:




10 about 5:1. 4. The catal yst conposition of claim1,
wherein the ratio of the first netall ocene conpound

wo eoovloa7ssecond net al | ocene conpound i s from abpCr/U$2086/032542
to about 2:1. 15 5. The catalyst conposition of claim
1, wherein the first substituent of the disubstituted
brl dging group is phenyl or nethyl. 6. The catalyst
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Hf-CI OO0Od OCd M H-C PhH-CI O/dAd d M
woteoTisBee Hf -CI O OCL C1 Me,Si H'CA M, SIPOI/HS2006/032542

5 OO or any conbination thereof. 8. The catal yst

conposition of claim1l1, wherein the second netal |l ocene

10 compound is: Cift*. \\Cl1 Cla,.- H, ~~ICl

CH2CH=CH2 CH2CH=gHZ /WD 2007/ 037836 PCT/ US20087922542

or any combination thereof.

8. The catalyst composition of claim 1, wherein the second metallocene

10 compound is:

@/\« O

Cl \Zr"““c} Cl \Hf.n\\Cl

CH,CH=CH, . CH,CH=CH,

Hie
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CH2CH=CH2 CH2CH=CH2 ; or any conbi nation thereof. WO
WQe®7/0883836 PCT/ US2006/ 032542 9. The cat al ysSPCT/US2006/032542

conposition of claim1, wherein the activator-support

is fluorided alum na, chlorided alum na, bronm ded

alum na, sulfated alum na, fluorided silica-alum na

chlorided gilica-alumna, bromd iLicga-alum na

g ina, fluori [ iLrconi a,

silica-zirconia,

sul f at sifl i ca-zirconia, or afyg comhination thereof.
10. Thé Catal'l'st conposition of cl®i'm1, wherein the
acti vapBr<support conprises & sl eh\oxi de treated

wi th on-w t hdr aw ng LR wherein the
solid silica, alum n¥ <¢a- al um na

al umi num phosphate, heteropol ytungst\ates, titania,

zi rconi a, nagﬁgéh%@4%%rjc, zi nc oxi deéCHARFCH xed

oxi des thexeof, or any m xture thereof; and the

el ectron L.Qg anion is fl i de, chloride,
brom de, sphate, ~ triflate, b | fate~sul fate, or

any cogflnatipn thereof. 15 11, The catal yst

conposi1i dfi of claim1, whereit™the'Chctivator-support
furth Tf\;rises a metal orAtetah i on, wherein the
met al etAal ion is zinc, @ vanadi um silver,
copper, {um . tungsten> nolybde or any
combi nati on ®hergof/. 20 12. The cat@by ponposi tion
of claim 11, wherein the activator-support s zinc-

i mpr egnat ori ded al um na, zi Lomr egnat ed
fluoride T Nnc- inpregn ed
silica-alu zi nc-i npregnat ed uori ded
silicaCuyina, zinc-inpregnaf'edswid ated al umina, or

any co -e natj on thereof. 25 :

(CH,);CH; ; (CH,);CH;
Cl\zr.n\\\Cl CI\Hi f.n\\Cl

Cl\zru\\\CI Cl\an\\\Cl
5 CH,CH=CH, . CHyCH=CH, . o

any combination thereof.



13. The catal yst conposition of claim1, wherein the
activator-support conprises a pillared clay. 14. The

W@ 2003/0§786 conposi ti on of claim 13, wherein theP@i/UbE0EM32542
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clay conprises a 30 silicate conpound, an

al um nosilicate conpound, or a conbination thereof. WO
2007/ 037836 PCT/ US2006/ 032542 15. The catal yst

conmposi tion of claim 13, wherein the pillared clay

conprises an allophane, a snectite, a halloysite
Ai xedTheageinlygl egmpagition befoalein | lpywhezeig e‘ihﬁ Ay Bﬁﬁa %

¥]§§ !l]a[eﬁ Y ull‘l{lﬁ?a!é cﬂoﬁae%aalunﬁng loH 2508 Admind salThted hiiBina@Muorided

e, a saponite, or any conbi natl on
"sihee[-ﬁiofnmaS chl@nde‘ﬁh glicatlamyst broorigrds sifisappumginac p@fa;ﬁdlslhca-

erein th ganoal i a,
V\g uor‘ll\c%g ISlél a—m(cF%n %lﬁ%e&?%@??ﬁ%ﬁh p@x%mtlcger@ ggf;ﬁ%&cﬁ‘ﬂ
@1EH4al, sﬂitalmt:()tha @t anyondidadoythegodup, 10 or an
i sobutyl group. 17. The catal yst conposition of claim
1, wherein the organoal um num conpound has the

fl@r NMUtrRe cafllysPEahipostdad) o cim 1,ovheked the Bet{vid)-sippor comprises a
hydrocar byl having from 1 to about 20 carbon atomns,

(Xidyxidy teated veihesEGEORF IHH NI EBRMde having from 1 to

about W%%)ﬁlarﬂl%) réoﬁ'c‘i OffBde as Nilda dQun@ha, AsilibyltingdR, ahmgindm
is a nu from1l to 3, inclusive. 18. The catal, %/ﬁStany

boypbatet hegamopslyteneatates, Ttitanimh eirapmia. tARENSTIZy DABRI Z0HH M

m tiethylal um num
t‘??@(ﬁomge“ ﬁgeqf ﬁ% 2}4 kéd)?apﬁm num et hoxi de,
tri- nﬂtmuélycttﬁinwm}rdmwm@hasmb Uk ;ﬂuahdﬁm qhumdhybmff@@; ‘phosphate,
triisaqbutyl al num et hyl al um.num chl ori de, or any
dﬁﬂ%‘?ﬂ%“ﬁ%‘ﬁ’ %”Iftg]‘iee?ffanyi@nb“f%é 215 Dyst conposition of
claim1, wherein the weight ratio of the 25
or ganoal um um conpound to the activa ort

f}lom Jihe petalyst qonpreskign pf clajm 1lp er%%he-leﬁgv YD \ further

%9?&% At for GhthiMod, whétbih B nfe@dI idtdioatis lz8as hickel,
one "al um noxane
vanadium, silver, copper, gallium, tin, tungsten, molybdenum, or any combination

thereof.

12.  The catalyst composition of claim 11, wherein the activator-support is zinc-
impregnated chlorided alumina, zinc-impregnated fluorided alumina, zinc-
impregnated chlorided silica-alumina, zinc-impregnated fluorided silica-alumina,

zinc-impregnated sulfated alumina, or any combination thereof.

13.  The catalyst composition of claim 1, wherein the activator-support comprises
a pillared clay.
14.  The catalyst composition of claim 13, wherein the pillared clay comprises a

silicate compound, an aluminosilicate compound, or a combination thereof.
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conmpound, at |east one organozinc conpound, at | east
one organoboron conpound, at 30 | east one ionizing

WO o0w7o31e6pound, or any conbi nation thereof. VECT/US2006/032542

2007/ 037836 PCT/ US2006/ 032542 21. A process for
pol ynerizing olefins in the presence of the catalyst
conposition of claim1l npri sing contacting the
tat al Thstcatabisipresipopigen 9£ IR, e theeillprgdh glag pompiiset o7
r r t 0
ERPOHE] o MBEGle, CRT A0, ER0RURF SIl Py BORY R sopentine
cleﬁat\reomcahm,ch micens ﬂumrqas@cldontpmwlﬂﬁmazlamqném a saponite,

era m about 60C to about 280C. 23. The
Brr%lg@glgglg?‘mé’lqgereogl wherein the catal yst conposition

and the at | east one oI efin nononer are cont act ed in
gas_phase reactor, 03 react or.
atp

J6 TN TRE ST Gompotitih, hatiest g SRl

tQfpRhQUMChOSrhtig: catal yst conposition of claim1l
conprising contacting the, first metallocene conpound,
the second netal | ocene cé?rr)eﬁnd t he

act i VahQbm SRAROL cth@HotpE pRIDIARGR), UBLBM HoGRIPRH Ao

25. net al #@cene conpoundr epresented by any of 't

Pohd mmunsg gawpuctures: Cam Zr"W Cl1 C° ZT"' % | Cl
CH2CH=CH2 (CH2)2CH=CH2 C Zr,,,"1Cl d ,:P(CH2)3.
(CHzZ) 3CH3 WD 2007/ 037836 PCT/ US2006/ 032542 H3C

C1~Zr Tha 1(@ﬂa1ysCan$os1ﬁ&ﬂ &N Yiaiin Cl, ; wierelCHBEHofgzoaRGninwn

met hod r ng a nonocycl opent adi enyl conpound
KepPoryd t%ﬁ%g‘ EQSP’H{i"ra 2(1,3 R2R4ACp) MC13, or an isoner

thereof, conprising 5 ngfypihg,for about 20 hours in

a sol vent cogprl si ng 10
wherein (X) is a hydrocarbyl having from 1 to about 20 carbon atoms, (X™°)

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 43, inclusive.

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

diethylaluminum chloride, or any combination thereof.

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

1:1000.

20.  The catalyst composition of claim 1, further comprising at least one aluminoxane
compound, at least one organozinc compound, at least one organoboron compound, at

least one ionizing ionic compound, or any combination thereof.
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(a) a netal tetrachl oride conmpound; and (b) a conpound
having the fornmula (1,3 RZR4Cp) 2MC12; and provi di ng
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polymerization temperature of from about 60°C to about 280°C.

23.  The process of claim 21, wherein the catalyst composition and the at least
one olefin monomer are contacted in a gas phase reactor, a loop reactor, a stirred

tank reactor, or a combination thereof.
24. A process for producing the catalyst composition of claim 1 comprising
contacting the first metallocene compound, the second metallocene compound, the

activator-support, and the organoaluminum compound.

25. A metallocene compound represented by any of the following structures:

O —~ O

Cl \Zru\\\\CI Cl\zrn\\\\CI
O O
CH,CH=CH, . (CH,),CH=CH, .
Cl ‘
\Zr.\\\\\cl Cl\zr““‘\Cl

&

0 X
(CH2)3@ - (CH,);CHj

2
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cl \Zr.m\\Cl
Q
; or CH2 CH=CH2

26. A method of preparing a monocyclopentadienyl compound having the
formula 2(1,3 R*R*Cp)MCls, or an isomer thereof, comprising
refluxing for about 20 hours in a solvent comprising
(a) a metal tetrachloride compound; and
(b) a compound having the formula (1,3 R?R*Cp);MCly; and
providing the monocyclopentadienyl compound in at least about 70% yield;
wherein M is Zr of Hf}
wherein R* is H, an alkyl group, or an alkenyl group; and
wherein R*is H, an alkyl group, or an alkenyl group.

27. The method of claim 26, wherein R* is an alkyl group and R*is H or an alkyl
group.

28. The method of claim 26, further comprising isolating the

monocyclopentadienyl compound as a solid.

29.  The method of claim 28, wherein isolating the compound as a solid
comprises contacting the reaction mixture with CHyCl, and pentane, hexane,

heptane, or any combination thereof.



