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1 0 POLYMERI ZATI ON CATALYSTS AND PROCESS FOR PRODUCI NG
5 Bl MODAL POLYMERS I N A SINGLE REACTOR TECHNI CAL

FI ELD OF THE I NVENTION This invention relates to the
field of olefin polynerization catalysis, catalyst 10
conposi tions, methods for the polynerization and

copol yneri zation of olefins, and polyolefins.
BACKGROUND COF THE | NVENTI ON Pol yet hyl ene (PE) is
consunmed in the USA at the rlate of over ten mllion

15 metric tons every year. Presently, a variety of PE
resins can be used to produce high stiffness pipe
used in water, gas, and other fluid transport

Ege e b s hu Gl

conditions requiring higher pressure ratings. To
obtain a PE-100 classification, PE-100 pipe is
required to [ I.fying
stiffness, r5§§§¥§ﬁééﬁg€E€863$@Hg@égéﬁigﬁﬁ? resi stance
to ' ; ,
(oxpr LB nEPHioR LY to P10 S IR Aol BABES, catelyst
cahpesitions; methetls fordbé polymtdrization amtleopblyrherizatien of olefins, and
qete%nined under pressure at elevated tenperatures. It
pelyolgfing, desirabl e for PE-100 pipe to exhi bit
toughness. - This characteristic 25 can be inportant-in
many pol yet hyl ene pi pe applications, for exanple,
‘where the piRBACKAROUND OFFHE INVENTIONMher e t he

pipe_is used tgo transport _coarse or abrasjve
sl ur Pelyethylepe 67} 1gropsumed F%%F%8§An%‘eglefr6?e of ovssiten million

- i e d . . i .
el Sork ool Dr BIEGrk )0 A of PR3k ter APEQURH produc high
stififrieks pipa vsed inovater, gag) aed ster floill trasport applietiens. Polyethylene

Atrade off between high 30 stiffnes nd i gh e L
iR AR BT Ed 00 MRS 19 of S P D33 50 dupiat ool olaggifigagion

385556Es %s;%cially desirable for use under conditions requiring higher pressure
ratings. To obtain a PE-100 classification, PE-100 pipe is required to meet certain

standards specifying stiffness, resistance to slow crack growth, resistance to
chemical aftack, and low-temperature toughness (expressed as rapid crack
propagation). Further, such pipe must meet a deformation standard that is
determined under pressure at elevated temperatures. |
. It is also desirable for PE-100 pipe to exhibit toughness. This characteristic
can be important in many polyethylene pipe applications, for example, where the
pipe is buried underground or where the pipe is used to transport coarse or abrasive
slurries. Accordingly, there is a need for a resin and a PE-100 pipe made therefrom
that has improved physical properties and impact resistance properties.
With conventional processes and resins, there is a trade off between high

stiffness and high environmental stress cracking resistance (ESCR). While either
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hi gh stiffness or high ESCR itens can be manufact ured,
conventi onal processes do not produce itens having

both high stiffness and high ESCR. There is a need for

a means of produci ng bi nodal ethyl ene copolyners in
whi ch .t he conponent pol yners have narrow nol ecul ar

wei ght distributions and in 5 which the conononer can
preferentially be placed in the high nol ecul ar wei ght
portion, if desired. Further2 there is a need for a

higls stiffifebe ot high ESCRliteats cay Heanafufacturedneonytitiongl proeesses do

| evel of_  long chajn, branchin in PE to | I
nghprOgRss igmas Raying beih; g%ﬁ(nlagg%h @g%?ﬁ- asoHDg\éef iSI m

pi pe 0 0 . . T .
or oo ety BOLBYRS for Sonpl PlBnoheifE i pRbar il Qpolymers in
wiREH €% donQdnkmMChilpings lalve nafragt mblsoularveigho dtributions and in
conmpounds, an activator, and a cocat al é;t .. The present

whwﬁ the ermonnmeseqany preforeniially hor plaeats i ghmeplerulargweight
e | S 1Ot
PR, B FBRURRRL 4,7 Bt B A FEHeftPly plyst system for

comitallih® afNievdl D rA6n® ehdlf SraichingqIoB)dd PH tdledéls appropriate for
activator, an alum num al kyl conpound, and an olefin

restonappbications spduacdDREfdiy pipsfand bettlasng a bi nodal

nol ecul ar weight distribution. The resulting polyners

~crack growtn oS vniRR YREEE BraEIORRE Lo et s

produced accaording to th resent invention have ; '
excellhe Brespitgarention rgéﬁa@ﬁy Qs o HERBIHLIEWONHOR nckuding at

e ' ' t 0 ds r
RSP OET NSRS Rpoblfod 1 BELALOSE0S, SO e
inaméort Yrthdt seliates ttbyprdcdsbey furt prodmding shelr aveakalyst comPosition,
of the netall ocenes, generally a tightly bridged
POIEISTIEA 08N Brocessas: afh RELyRnces pEequcad riheteHam. | ey mstaligoene

oAUl bdthbiod WHACHE RRiich. B offRIREH Ayt BB, and an

olbfih dgefloraad toreprotece2a palyelefir Shavisg \ee birmodat dmolpeulat hesight
the first netal| ocene, produces a | ow no]ecul ar

digfgibytien. c dhe swulinggrolypers rfg?lﬁ.an/-?}{fﬁ?ﬁﬁ“i‘% qlgm&ﬁf stiffness and
sl@ﬁéﬁﬁ%@g@ﬁe@s&éﬁ&e. CRERBShilY B LSSk RGRofuckd b8dording to the

present invention have excellent impact strength.

In accordance with the present invention, the two metallocene compounds
are selected such that the polymers produced therefrom have two distinctly different
molecular weights. One of the metallocenes, generally a tightly bridged metallocene
containing a substituent that includes a terminal olefin, produces a high molecular
weight component. Another metallocene, which is generally not bridged and may be
more responsive to hydrogen than the first metallocene, produces a low molecular
weight component of the resin.

According to one aspect, a catalyst composition comprises a first metallocene
compound, a second metallocene compound, an activator-support, and an

organoaluminum compound. The first metallocene compound has the formula:



10

15

conmpound, a second netal | ocene conpound, an
activator-support, and an organoal um num conpound.
The first netall ocene conmpound has the formula: 3 0
(X )(X2R 2) (X3) (X4)M wherein (X)) is

cycl opent adi enyl, indenyl, or fluorenyl, (X2) is
fluorenyl, and (X' ) and (X) are connected by a

di substituted bridging group conprising one atom
bonded to both (X) and (X),3wh®rein the atomis carbon
or silicon. A first & )pirtjxiert)Mf the disubstituted
bridging group is an aliphatic or aronat,c group

whereim@X ) rio ayclopentadigsiyt, ing rprbrq;oﬂpcg@xaﬂq;(Xz)\ig perepyl, and (X)

g G0 Qoo M PR g e S By ohgGlom

bdAER Y bcﬁfi g'xﬂ) affd (x3), Hvhé@Binattey htofi @Rarban iorgsifidomm B first
C

to about arbon atons, or an aryl group having,
substitoert o thebdistbstifuted bbidgingt grosp i¢ Xan alidratixy ageraatic group
i ndependently an .10 .al i phati rou an, ar I.C: .
by fgomal f, 49 203" Aot PR uppnint i i disubgipoced
g hiidl defvinfrbmes teefl0 carbon
bé%%%%\(€¢gﬁgﬁuﬁgkg%g§%h§%'ca?ﬁgﬁ afgﬁs, or a halide;
atemel W' i 51, n atityl igfoupTmyirfa frem b tchahdut U@rearhon ateres, or an aryl

2

ey oo o bty Foo as AR gro o) b ndb By o

al%?llgtz(g grnoggeaﬁ %&Mié&?g{),i 3 46dic %gu%,lhﬁ cHinbihafén bPhBphatic and

group nay be a bute group, a pentenyl
cygli® gfoups)oraa fubstituydd derivative fhecanfdhaving Gowhl o abuat 3P isavbon

aspects of the prgsent inventio the first . .
atorRs,afM & clahéebargdo Mhcls dde’r 6 The ey ?W%F{\ﬁ“F‘étaOfi fpe disupstituted
brﬁgincg grogﬁ) nHS/ be aci)hegyl gr'oap,nei Eﬁ%hex?fﬂheﬁyl %19,"3 naphthyl group,
or a methyl group. The second substituent of the disubstituted bridging group may
be a butenyl group, a pentenyl group, or a hexenyl group.

According to this and other aspects of the present invention, the first

metallocene can include, but is not limited to:




\40dCd zZr Hf ~a'**d 1 7-\CHZ H"1\CH3 "CHp \

"CHg zZz 6 zf"\\d H"\\d SC sC 50 ~~~r0G ~ ~
Nf.aOn+ "'l ~ "Cl Zr t1CH3 Ht\CH3 "CH3 "CH3 J 1
Gl APh Me Zr-d Zrc 5
cl o/ ~O0 |/ OO0

O 1 OClL M Zr-dd Ph Zr




10

106 Oclcl M Zr cl Phzi cl OOcl cl M, Zr
~Cl Me,. '"2Zr C1 S S§ s700cl OCL M H-CL Ph
Hf-CI OCL CL M H-C Ph H-CI OOOCLOCL M
Hf-CI Ph HF-CI OO 51 Cd SHwHO Mwd M S
50 4 O 10 or any conbi nation thereof.




The second netal | ocene conpound has the fornul a:
(X)(X6) (X7)(XI)M2; wherein (X) and (X) are

i ndependently a cycl opent adi enyl, indenyl, substituted
cycl opent adi enyl or a substituted indenyl, each
substituent on (X5) and 15 (X6) is independently
selected froma linear or branched al kyl group, or a
linear or 8 0 branched al kenyl group, wherein the

al kyl group or al kenyl group i% unsubstituted or
substituted, any supsHfuent on (X) and (X) havi
froml to about 2Q at ons;
independentI{Jan :

cyclic groupMea+

gr oups, 2y i vative g
froml dt oms;.
is Zr or Actothls and ot her

the present inveni™s&” t he second netall oCtwe
include but is not limted to: Zr,,, H CO Cl1 30 C1
og~ CM6 9 0O CH CH3 CH-CH di, bb




5 or any conbination thereof. According to this and

ot her aspects of the present invention, the ratio of
the first netall ocene conmpound to the second

net al | ocene conpound may be from about 1:10 to about
10:1. According to other aspects of the present
invention, the ratio of the first netall ocene
compound to the second netal |l ocene conmpound nay be
from 10 about 1:5 to about 3:1¢ According to yet other
aspects of the present invention, the ratio of the
first netall oce cpnpound to the secong,' al | ocene
compound nay '
According to

i nventi oMe~tffe actlifvar or- support §
treated i

i déc—a¢l ay nmi nerg
an !
anot her oxi d ‘giiib X, a | ayered silica

non- |l ayered sMwigggte mneral, a |ayer
alum nosilicate mneral, ’a non- |ayered
alum nosilicate i al , an al um noxane,
al um noxane, ici ng i onic conpound
or ganobor age i

(R _ '
car bon atons. 2 5 | nstances, ]
propyl, butyl, hexyl, or ?sobutyl. According to i
anot her aspect of the present invention, a catal

an unbridged net aJ( ng conpound, an
acti vat or - sugpor anqlf’q,/q or ganoal um ngm orﬁqﬂqn The

ompgoemd. i s: 10 a a
o

10  or any combination thereof.
The second metallocene compound has the formula:
XX NI
wherein (X°) and (X°) are independently a cyclopentadienyl, indenyl,
substituted cyclopentadienyl or a substituted indenyl, each substituent on (X°) and
15  (X® is independently selected from a linear or branched alkyl group, or a linear or
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“Cl nC( Zr Hf Or a conbination thereof. The unbri dged
net al | ocene conpound is: cl 2z H \ ( "C \ "C or

15 a conbination thereof. According to this and ot her
aspects of the present invention, the activator-

support may be fluorided alum na, chlorided al um na,
brom ded alum na, sulfated alumna, fluorided
silica-alum na, chorided silica-alumna, brom ded
silica-alumna, sulfated sBli€a-alunina, fluorided
bainthedcalkényt group, whéreir thel aliktybgroup ar alkenyd igraup is mostibdited or
20 silica-zirconia, sulf atedQ%; l.ica-zirconia,

sybistitudede chng| sbstitaent o (X onaidn )dmnfgefre@f I'tq"about 20 carbon

I L B S B o

cRie e, alcbMbRRABoR O EIGIHALC asdicydlio rgt(d@@ Cbrrﬁubbtitowé rderivative
corrpound an activator-support, and_an organqal um num

thersofdanihg fice 1 4m sbout 20rcartion atares; o6 Afakid and M gs Zr.eor Bh
c %ccordmg t6 this’and' o Oergba{sgeacttsl o tﬁfl; %res%f invention, the second

metallocene can include but is not limited to:
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The unbri dged netal |l ocene has the formula: \ cl cl Zr
Hf or 10 a conbination thereof. The catal yst
conposition of the present invention may thus conprise
a first netall ocene conpound, a second netall ocene
conmpound, an activator-support, and at |east one

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

net al | ocene conpound is: 15 Z 12 (b) the second
nmetal locene is: 0 CI  Zi"C 9(c) the activator-support
is sulfated alym na; and (d) the organogl um num ;

conpound is triethylalum num 5 The present invention
al so contenpl ates a catal yst conposition conprising a

first netall ocene conpound, a second netall ocene
~Zr " C

0 und, actiwat orncsup , and at | gast e
Wm conpyun in: ( i
net al | oce compound is: H P P

M@\UQ ~of W@Q
Ok “@Q W@Q

or any combination thereof.

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

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

ionizing ionic compound, an organoboron compound, or any combination thereof.
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10 (b) the second netallocene is: \ C Zr G (c) the
activator-support is sulfated alumna; and 15 (d) the
or ganoal um num conpound .i s triethylal um num The
present invention also contenplates a process for
pol ynerizing olefins in the presence of a catalyst
conposition. The process conprises contacting the
catal yst conposition with at | east one type of olefin
monomer under .pol ymeri zati o013 conditions, where the
cat alThstorgoplgiifi codponnd weed aithahs @re‘seﬁtahi/ﬁﬁibnanay have
conpound, an unbridged netal | ocene conpound, an
thedformuleor - support, and an organoal um num conpound.
The ansa-netal | ocene conp has the fornul a:
(X)(X2R 2) (X3) (X4)M; 5 ein (X) is
iCWRIARRAL @Qh%ﬁifﬂlatld @'66151 Whving frofl 2@ g5tk 6 carbdh atdins. In some
fluorenyl, and (X) "and (X2) are connected by a
ingtasatss (R it esbiylopriogiyh, bgtyg sy, wﬁplvutbsh ng one atom

bonded t q. bath ...
oo baoting T daber Fert & the pfehe pfeiof,f Ry composition

c&hﬁﬁ%fahw}cﬁﬂle@llbg&ier&mﬁfoﬁﬁ@ drSurfbidgéd RRRBMIbEer compound, an
aromatic group having from1l to abéut 20 carbon

aciivatvs-suppat cand asubrganvaleminuef  ¢dmepadind ubskliet gusdmellocene
bridgi.ng group is an unsaturated aliphatic group
: ‘*%‘ﬂ‘?q'roms to about 10 carbon atons. R is H, an
al kyl group having from1l to about 12 carbon atons, or
an aryl group having froml| to about 12 carbon atons;

(X) and (X e independently a and M is Zr
or Hf. : et al | ocene 15
( XS) ( X6 (X7 erein (X5) and
I ndependently & ptadi enyl
; ; or
a combination thereof.

The unbridged metallocene compound is:

WGt e

i)z‘\)/ \cs @Hf\d
o, ' , Or

a combination thereof.

According to this and other aspects of the present invention, the activator-
support may be fluorided alumina, chlorided alumina, bromided alumina, sulfated
alumina, fluorided silica-alumina, chlorided silica-alumina, bromided silica-alumina,
sulfated silica-alumina, fluorided silica-zirconia, chlorided silica-zirconia, bromided

silica-zirconia, sulfated silica-zirconia, a pillared clay, or any combination thereof.



substituted cycl opent adi enyl or a substituted indenyl,
each substituent on (X5) and (X6) is independently
selected froma linear or branched al kyl group, or a

| i near or branched al kenyl group, wherein the alkyl
group or al kenyl group is unsubstituted or 20
substituted, any substituent on (X5) and (X6) having
from1l to about 20 carbon atons; (X7) and (X8) are

i ndependently a halide, andlM2® s Zr or Hf. The

pr eseordingend i g ﬁntsthére mspmat@ﬁmlhatmeseat fnwendes, &oratalyst
produci ng a catal yst osition conpri sing,
CQIIPeSiden Refnpriges ras; a'mstraﬁta e C@@WB@&E&“ ypbgidgesh metallocene

net al | ocene £0) ound - SUPNOr a
ofEh i 38 S ATB S A S5 BhGIRHRR hmp G, *he ansa-
nﬁ@ﬂnkhﬁggﬁgmg@mg@und has the formula: (X )(X2R 2)(X3)
(X4)M wherein (X) is cyclopentadi enyl, indenyl, or
5 quorenyI (X2) is fluorenyl, and (X) and (X2) are
connected Ly a disubstituted Ag
one abyom 0 both (X))

al i phatic
car bon 5?. vEcont substltuent

al i pietit grlaup” having from 3 3
atons. R is H an alkyl’group having from1 to ab8lt
a&gng@mggnhaggﬁs 5 or an aryl group having from1l to
about 12 carbon atons; (X3) and (X) independently are
a haThelenbriglged Metallocdie o thef formbka: second et al | ocene
has the formula: (X5)(X6) (X )(X$)M; _wheregin (X5)
and (X6) are ind ly selected fyor
cycl opent adi enyl ; i ndenyl , substitW\t&d
cycl opent adi enyl ubstituted i ndenyl

substituent on d (X6) is |ndepend ]y

sel ected from r branched Fhgr cap, or a
| i near or bri\ a1 kenyl group, a t he al kyl
group or al kenyt” group is ' ; or

10  acombination 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:

15




unsubstituted or substituted, any substituent on (X5)
and (X) having from1 to about 20 carbon atons; and,
(X) and (X8) independently are a halide, and M2 is Zr
or Hf . 15 The present invention further contenplates a
pol ynmer or copolymer of ethylene characterized by a
HLM of from about 0.5 to about 25, a polyner density
of fromabout 0.920 to about 0,965, and a

pol ydi spersity of from aboui23.0 to about 30. The

pol ysy oOkh&Rend ARfalloteRtisty| ene nmay be characterized
further by a weight average nol ecul ar wei ght greater
t han about 50, 000. The pol ¥he copol ymer of 20

et hyl ene may be characteri ﬁ) stijll further by a PENT
val ue greater than about 10 ot s. The present

i nvention also contenplates a pol'yner or copol yner of
et hyl ene characteri zed” by HL of from about 3.0
to about 15, a pol yne of from about 0.935 to
about 0.960, and a pol spersity pf fromabout 5.0 to
about 30. The 25 pol yner, or, copol yner of ethyl ene may

be ckr actheacsivator-gennesiis pylfatedalngrng 20d age
| | ' Th
m" € ar tﬁ'gedrgo oaﬂ{rﬁﬁhﬁrcg%xﬁépn@ %Otﬁtethéﬁqb@tggcgm e

pol yner or copolymer o ene nm aracterized
st i | IThé prds@rinbeation RENTcontdmitatgs & ahtalyst tumipasitmnt codfprising a

~ The present invention further contenplates a pql ymer
figst neesgisicpmeporapounds Ryeeand raefallesene compaus; ag acfixgtoryupport,

f about 4.0 to _abou 0 r density 15 of
a‘# %meaﬁg%“t or§%%ﬁ)u @%‘ugb%olﬁp d(llmg"s‘gﬂéré%g a pol ydi spersity
of fHm afRUirstmbtalleceab@binpowd isThe pol ymer or

copol ynmer of ethyl ene may ge characterized further by
an average nol ecul ar wei ght greater than about

200, 000. The poly gpol yner of ethyl ene may be
characterized stil by {\PENT val ue of greater
t han about 5 500 gt hod] of nmaki ng a PE-100

2, nt invention.

The net hod includes extrudi ng\the potymer or copol yner
inanmlten state throxgh a ”ﬁ%}' formthe PE-100

(©) the activator-support is sulfated alumina; and

(d)  the organoaluminum compound is triethylaluminum.

The present invention also contemplates a process for polymerizing olefins in
the presence of a catalyst composition. The process comprises contacting the

catalyst composition with at least one type of olefin monomer under polymerization
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Addi tionally, a PE-100 pipe conprising the polyner or
copol ynmer of the 10 present invention is
contenpl ated. BRI EF DESCRI PTION OF THE FIGURES FIG 1
presents gel perneation chromatography curves for Runs
1, 5 and 12 of Exanple 3, prepared according to the
present invention. 15 FIG 2 presents the nol ecul ar
wei ght distribution and the short chain branching
di stribution (SCB) across tlRe %l ecul ar wei ght
cotltiitohé, PR fher cBitiyst 4csthposktich dognptiseP! ap anksh-metallocene
according to the present invention. The SCB test was
compound, anjupibridged meall@ERe NomoNad, T aRtFveles-sHpRast, and an

clearly the terns,used herei the follo

orBORN P So Pt L @Bd maEnqdras ey Ban iy i e fymle
definition or usage:phHew¥rd - docunent 25
i ncor por at ed hereln by reference confll ts with t

wmém i) sreyolopastadienyly indeniddor fleoreinyl, (XHds dbmrqwh |a§¢1 X

ysage provided herein controls. The tern1 m
anf (X1 G RBRRSCIPd: BY (o diu ﬁ%ﬂ%‘é}@ 85¢ atom

bogfi&*/ i gﬁmj)cé}ﬁp l(XEBEf edin @h8 kG Sis a&?‘b(ﬁf‘ of Rflicon. A first

efinic c noner. olynmer” is 16 also used herein
subgiti@anfhtheulhaibgtimital bridging Eodupnes an aliphatic ot efdanpatic group

nono di scl d h Th
hapiedioge Adp APPYL HoFubAn Blgmiser &scrd WESTRYLHT AT dishRrited

0] {
RO B8 TR RS Sap RO Ll con
atored. eRS it B, drhalkopgioup daving rfrumm ért’osaboﬁt tearban atoyss; or an aryl
co 03|t|on i ncl udi n but not g
i ] (P BAEAP SOMBCIYSnd 6 ghit Jndfpendently o
haﬁ&’e@%‘ﬂ?s rh?nl zing ionic conpounds as di scl osed

erern Perm " cocat al yst" may be used regardl ess
of tihe uabltuwg?dd thetallddens had the fermula:
)XY NXIM

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

The present invention further contemplates a process for producing a catalyst
composition comprising contacting a first metallocene compound, a second
metallocene compound, an activator-support, and at least one organoaluminum
compound. The first metallocene compound has the formula:

KHERHE)XIM';
wherein (X') is cyclopentadienyl, indenyl, or fluorenyl, (X?) is fluorenyl, and xhH
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
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conmpound or any chem cal nechani sm by which the
conpound may operate. In one 10 aspect of this
invention, the term"cocatalyst” is used to

di stingui sh that conponent of the catalyst
conposition fromthe netal |l ocene conpound. The term
"fluoroorgano boron conpound” is used herein with its
ordinary neaning to refer to neutral conpounds of the
form BY3. The term "fl uoroot4gafo borate conpound”

swstituche6f tHeSdisgbstituted dridgitigt @oue tempiisest dicaliphatia o Ardrtatic
salts of a 15 fl uoroorgano boron conmpound of the form

glovat having [fewm |1 It:o wheute2& qaelmnegf@ms‘s A seqondrsubstituent of the
- b
ik BidRe gisniniS SLURBOTAGE bt SPIRRGre B A, @Bout

10 @arbBh lafiftd. VIR! 3 MYan &1 89 haVing P P46 dBoutA? diybon atoms,
ei ther nanme as the context requires. The term

ot' pneenyht growe chavirig tone 1 stougleahithb? edarbano atheessr 62 and (XY
first tur conmponents that are
indgpgndent darF(f}(lf'l ]g‘fi‘?’laflgtl\g 2r f time prior to the

firs eggcgﬁ&ﬁlgta@gbé}gﬂé§%fognﬁﬁrm a "postcontacted" or
second m xture of cataly n?onents that are
.

contacted for a secor(d(sjiéﬁﬁ)(&ﬂ)( M3 me Typ| cally, the
preco t act d .
et AP RERnGC b etao st ool R h cgnBsALpdionyl

| 1n@ﬁig'1 O%%ﬁ%dﬂggmﬂéhﬁﬁf&gp&d (sAbstftOER QH&Q@L eabR s@bRituent on

I's contacted wth th
(&2 ahd §XYris sndepandendyp delepted dromh aditeat blobnahched alkyl group, or a

a8 8 AR el ARTR] g o B DT GEp. 8 ROV grou is
n
urBlbHutb@ oL QY gﬁ’ﬁ}éd Gny g?o’&gfgfg?g&ﬁgfs‘j ahd ﬁf(? | Wﬁ% tﬁgl})/out

postcontacted m xt ure

200echai aoak; andd(E) and (XY linddpendendy are a:hatptenam Mﬁssaﬂr ordf.
prepﬁ{e the precontacted m xture and that co onen 17
af t efhe ﬁ@smtXWFrétl%@%f‘énc PrepRlat . 2 Smas jegpol Yyt of

eﬂ%ﬁ&{y&ia% g e BEdn®? Ybout 0.4 au%%%sbisolfyﬂfer HBsity

recont ac anoal um num conpound, once
of dromh abded). %Ottb abbbie).0es adnldca:po‘lgdls;raﬂsu}hﬁ‘ ﬁld)mfalbnut 3.0 to about

__nononer, to have reac 0 for | east e .
30g/; Fhregrobymer s capRlymes ehﬁfguf?ae nay W@HR@?W@FF ¥ ¢ yeight

avgfag&r{di‘@cufyr %&Cllél’& greater than about 50,000. The polymer or copolymer of
ethylene may be characterized still further by a PENT value greater than about 10
hours.

The present invention also contemplates a polymer or copolymer of ethylene
characterized by an HLMI of from about 3.0 to about 15, a polymer density of from
about 0.935 to about 0.960, and a polydispersity of from about 5.0 to about 30. The
polymer or copolymer of ethylene may be characterized further by a weight average
molecular weight greater than about 150,000. The polymer or copolymer of ethylene
may be characterized still further by a PENT value greater than about 30.

The present invention further contemplates a polymer or copolymer of

ethylene characterized by a HLMI of from about 4.0 to about 10, a polymer density
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5 or ganoal um num conpound used to prepare the

precontacted m xture. In this case, the precontacted

or ganoal um num conmpound or conponent is described as

conpri sing an organoal um num conpound t hat was used to

prepare the precontacted mxture. Simlarly, the term

"postcontacted" mxture is used herein to describe a

10 second m xture of catal yst conponents that are

contacted for a second perikdd ®f tine, and one
oLRBmtAbbHENY4Pto ¥Yut 0.95S, idiEa polyaispersiag bEROmboli 6.6tto about

m xture of catalyst conponents that were contacted
25.0rThe polymer percopelywer wof rashylaneomasi| bey charspserized further by an

ey RSt e e B0 afg i he PR ShLe of
ctRYISR AL WY HAFCERFRE Wil fuRR& B8 PENT hituk Iofa&fler lthan about

solid oxide, formed fromcontacting the precontacted
506 bduns.e of a portion of these conponents with any

addi ti onal .conponents_added to .nmake up the
post%o‘ﬁ?’g‘@fl é&n"%ﬂﬂﬂhﬁ E .%' @n@‘rpgl 1\Aisq ﬁgcom%qdol?yafhe present
i n i i & it ARl
infHHRAT OThe BRARH, hEIR BtRlide SOt AN bAGHRHmER il 4 ilten
staipthirongt 4 fie torfoyrmi the [PEIEepipe andjesudmigithe pipen conpound
the same or_ different fromthe organoal um num 2?
yér,lera%t~ the

conpdditionallyy at HE1 PR piPe cOMBIISING B POFRE i KW

'prgi%ﬁ{:{nk,gﬁgmq‘; .tQmpl cordingly, this invention may

SO0 occasional Ty*distingui sh between a conponent
used to prepare the postcontacted m xture and that

conmponent after the m xture has ared. The

term"netal WE'DE%RWQQM@FJ%%E%@@&% a

co [ = -1 )

[T oaie O U Plmehioh Mhofrto SRR T E RS |57nd 12
of Bxaspld 3)\pespaicdrucasdiny to (¢ present impatiomdi enyl -t ype

I i gand) conpounds, wherein the rj_5-_cycl oal kadi n¥tl .

por thléns2 i piesentse they aaberaaraweiehy | distrigafiers angd n‘g‘grﬁ?’P chain

o P 01D bl BBl 0 2 b e s o
Exatipl ©8Spreparad icedirdinp @6 ehe Pasaitliheentiohs tTHeUSOB sesdrwas run in

t hese 1 gands include hydrogen, O
duplicate.

‘DEFINITIONS
To define more clearly the terms used herein, the following definitions are
provided. To the exteﬁt that any definition or usage provided by any document
incorporated herein by reference conflicts with the definition or usage provided
herein, the definition or usage provided herein controls.
The term “polymer” is used herein to mean homopolymers comprising

ethylene and copolymers of ethylene and another olefinic comonomer. “Polymer” is
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corppauadys any. gherpisel gghanismeby

18 therefore the description "substituted derivatives
thereof' in this invention conprises partially
saturated |igands such as tetrahydroi ndenyl,
tetrahydrofl uorenyl, octahydrofluorenyl, partially
saturated indenyl, partially saturated fluorenyl,
substituted partially saturated indenyl, substituted
partially saturated fluorenyl, and 5 the like. In sone
contexts, the netallocene is6ré&ferred to sinply as the
als6aisell \hefein tb Mneallisdindpyra@s RNt pblyMerebfnany olefin monomer
"cocatalyst" is used hereinto re?er to the
duwbaﬁbhﬁanlnun1conpound Unl ess ot herw se speC|f|ed

t he mnng“ yjations,are u :
cycl QH} engﬂca aiVSEI 15 W ﬁ‘heﬁfﬁerglg'ndh%? t8 refer to  the
oféaHQilﬁﬁYﬂmn ¥9mbbendLiHEE méfya&ﬁ{s‘ﬁﬁite CRBP&sHdneht’ of the catalyst

catalyst m xtdare", and the |i ke do not “depend upon
cothpositidn aqultumaﬂy, fasatalyst refars to tthﬁeontmnah@ommnents of the
reacti on of .the opnent s res
cﬁslaﬁfr £OBPON RN AR§HHBES B gt Tl o8, ity orggmoboron
u I
chifoul B0 Biotls "f“%:‘&’“‘@ﬁé*‘%s e 8 isclosed
emmt unm tean “icheatalfpstivineay beyused eegardiessodf tie @ctudbﬁmbhm of the
15 conbi ni ng, t hese cqQnponent erefore, the te
ghgflgl?he SRRQingd-maQReralf, oln one
oS T AREHUOID L, RLREORETIERNE CATRSSIBER Biponcn

oflthe dathlystaiomplositvpdidint theanétyliivaeaacdmpoursidi cal g roup

t hat | ud but t |
cycl 'Slhnc u efi}qgg%gprllos %pﬁ%& Eso o yherem wx¥h its ordinary

e

ara I nc des al
batate Woatpotnd ealso hasits hadh] niemmagrto réfet & thetonoanionic salts of a

substituted derlvatlves thereof
ucsﬂ@mbpvnt remnendsyl ha fom c[satlonwg‘}ﬁ BpigeY represents a

2 Fa SRR,  For ot ellbleg Bl Gl N0 ihd fuggoorgano

bopite 2bmpbumdsy aractypmillgr 'refeered tde colldotivelye bys €rganoboron

herein to indicate a solid, inorganic oxide of
compounds” or by either name as the context requires.

The term “precontacted” mixture is used herein to describe a first mixture of
catalyst components that are contacted for a first period of time prior to the first

mixture being used to form a “postcontacted” or second mixture of catalyst

- components that are contacted for a second period of time. Typically, the

precontacted mixture describes a mixture of metallocene compound (or compounds),
olefin monomer, and organoaluminum compound (or compounds), before this
mixture is contacted with the activator-support and optional additional
organoaluminum compound. Thus, precontacted describes components that are used
to contact each other, but prior to contacting the components in the second,
postcontacted mixture. Accordingly, this invention may occasionally distinguish

between a component used to prepare the precontacted mixture and that component
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relatively high porosity, which exhibits Lew s acidic

or Bronsted acidic behavior, and which has been

treated with an el ectron-w t hdrawi ng conponent,

typically an anion, and which is cal cined. The

el ectron-w t hdrawi ng conponent is typically an

el ectron-w t hdrawi ng ani on source conpound. Thus, the
chem cally-treated solid O 19 oxide conpound

conprises the cal ci ned cont &¢t product of at |east one
afiet thd neixtelehas oen prepshred. tFor @kathplesicconting to this description, it is
el ectron-w t hdrawi ng ani on source conpound

pv§q@li>1§ 401 the prepentagted: Q,rgmoy lupiagm cQmpernd) oRee dfeis contacted with

es at St ni.zLn I 0xl
0 RGEIR R ad TS ol EE RO "G, R Refiod 8, ool s one
dﬁf&eﬂtOtchHﬁﬁﬁl t GorRpbutl yfdrﬁﬁsa@loﬁormorwﬂfcauar ot eﬂhb distinct
and such conponen?s shoul d not be construed as
organpaluminpo cempowtd uded te prepagesthe mn@ﬂeﬁimxtlmt ﬁbﬁ%case
and materi.als simlar

d
ﬂéeny Fant ?eﬁt 8r§al\’€‘|8§l§§{ IR ¢ PYTBRRI e P8 FOTRRPPE lﬁ s dg5cfiged as
c&ﬁ?mﬁﬁg"ﬁﬁ bfganSdlutnGitinh BEmPSuridBati vis_RED R prepdre tﬁeylﬁbéb%kacted

ds, devices and materials are herein described.
niiftusd.| publications and patents nentioned herein are

I ncor ed, herein, ref ,,enc for th urpo of .
| descﬁf%ﬂiﬂé het e oo eusegipfiergly, © fersite @

g? kAR O Qatafiit tcbﬁ‘ﬁ)oﬁ‘érﬁs @Fa%%é Q&Raétgd tf6€a second period of

i cations, which mght be used in connection with
tﬂﬂeeaxm escotistitugasaf whiell is theeiprécontacteti op fist insiatuire ag catalyst

di scusse above and ghout th ext ar ed
cBPG B Pies ol e det ot gof oriibe | T, 8 tem
podtddhtab A MiRRED s ARl h&rdhitB r&es&merlh@ iR iof the miefallBEene

constru as an admi ssion that the 1nventors are not
octmpomkledldﬂn aoheniat. eongammhdnmuinosmnpomlﬁ \aind t chemagally-treated

J‘I or ent For articul ar ound di scl
&) i R, B Goiachl B St AL TR FoAh R s
Sofe aft) lad@ieidh SHedds. dd%@&r% $nakie®§ BeSpUERIRtacted

st er eoi sonrers t% n%y arise froma particul ar
ms&hreofGembﬂlyl, theeadditioriBh eoxgpmmna ld@@l tot maks up thegpastsontacted

e Jh n‘ga Ség&%:ulgal rlgga}t soflg oxu"l ast r & rﬁ%{léc‘lly, a:?lgy Cingiuée an

organoalummum compound the same or different from the organoaluminum
compound used to prepare the precontacted mixture, as described herein.
Accordingly, this invention may also occasionally distinguish between a component
used to prepare the postcontacted mixture and that component after the mixture has
been prepared.

The term “metallocene”, as used herein, describes a compound comprising
two n°-cycloalkadienyl-type ligands in the molecule. Thus, the metallocenes of this
invention are bis(n’-cyclopentadienyl-type ligand) compounds, wherein the n’-
cycloalkadienyl portions include cyclopentadienyl ligands, indenyl ligands, fluorenyl
ligands, and the like, including partially saturated or substituted derivatives or

analogs of any of these. Possible substituents on these ligands include hydrogen,
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whet her in enantioneric or racemc fornms, as well as

m xtures of stereoisoners, as the context requires.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25 The present
invention is directed generally to new catal yst
conpositions, methods for preparing catalyst

conposi tions, nethods for using the catal yst
conpositions to polynerize ol elins, the resins

pol ymeri zed usi-ng the catal ¥8ts, and the pipe

tiepéfpre the descliptioesubstitnsed. derivativs theredféin thishiaventieaentnprises
invention relates to new catalyst conpositions antﬂ\.}ozglyl

parsiaHy o satrateds i digardsc hsucht afs s tetrabydseiadenybn s tefrahydge
| gf i ns ;hayip A | f Sti
BB G filireiie Py [ el BRELD, shbalcdWibrenyl
subsEifutél pathly sittrapad ndesyl] &ﬁasﬁﬁﬁbdg&rlﬁﬂ@ pitirated aftiongnyh rand
S

excel | ent bal ance of stiffness an ow crack growh
thedikies tInsome cPRetekts, theanetaliopepeis refeed je gimnly py g eatalyst”, in
botfh.smal| diameter (1 inch to 12 in A dia r
wRh 1 g8 WAhriPEe/tyr Sasithan TSR el n i the
ofbafdRbBInunEedBPoiidre | @S Crdthedisen dgedifieRat @t following
plication Pub. No. 2003/0199648 Al (U.S. Patent
abippvintensi e wed: 10378, edpentadienyl; dné dfordndasyl; ad, Flu for

.2003,, which is incorporated herein by reference inits

flefep¥lety. The catal yst conposition includes at | east

tvwo Rt YrhROGABSyst Tofpbiitish”, Hafaflst afifire”, and 3k 1ike do not
produce a high rnol ecular wei'ght conponent, and is
depené rgony thel 8ctaalt prgdutty résultinge Gome thel coutasteor seactipmiaigthe

B s, LRSI 51 TR b b s o
Wi &)egiﬁg&? Nhe thetallO&AE" &nhpbufi@! akly i AEHRH ndfidnies used to

nore resp Ive to hydrogen than the Tirst ) )
prepiral hopexentactdhemixttize, | or ghe schemicallyrtidatasd selid hoxide after

sal.id tivator, an uni num aJ kyl ..c und, .and, an
RIS TSR GRPORe D CEATEloN e ot ; GIRIRY o ipsiBo, Bhtalyst
mE?‘-larérg’lt galfnhnthel tikdasneGhcihde dbs O heleRSkehbtls cBMpositions and

| ocene catal'yst system of the present
hanmegentuscongpositiodes a useful conbi nati on of pol yolefin

AT ST A A T e e
thiOf P RYs, 2ot 8 Enot ARHitSP to aryl, alkyl, cycloalkyl, alkenyl, cycloalkenyl,
cycloalkadienyl, alkynyl, aralkyl, aralkenyl, aralkynyl, and the like, and includes all
substituted, unsubstituted, branched, linear, hetéroatom substituted derivatives
thereof.

The terms “chemically-treated solid oxide”, “solid oxide activator-support”,
“acidic activator-support”, “activator-support”, “treated solid oxide compound”, or
simply “activator”, and the like are used herein to indicate a solid, inorganic oxide of
relatively high porosity, which exhibits Lewis acidic or Brensted acidic behavior,
and which has been treated with an electron-withdrawing component, typically an
anion, and which is calcined. The electron-withdrawing component is typically an

electron-withdrawing anion source compound. Thus, the chemically-treated solid
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- methods, deyiass ard materials|ageyaerein

forth. According to one aspect of the present

i nvention, a conposition of matter is 20 provided.
The conposition includes a first metal |l ocene conpound,
a second netall ocene conmpound, an activator-support,
and an organoal um num conpound. According to other
aspects, the present invention is directed to a

catal yst conposition, a catal yst conposition for

pol yneri zing ol efins, a neth®d of preparing a

o%leadovifjoui® ¥bRPHsdsQhe calcifiRll todtaef predudidfat taabtdnesdolid oxide
conposition, and the like, in 25 each case

cempowph swithgata 1¢4dst seneneslegtioncwithdrawingoanign sOWee opppound.

b e BB o3 A5 B RO pn i i
b1 bRRE cBinpBiide Urfictefind®lubpet” @i Pictduor-Bppoal wel itiused to

and pipe, and the polyolefins and pi pe produced
implyrthésecrmmpanents tedl pstt, Gehpohicomponents! sigad oeichr eonstrued as
~The present ggyentiqn IS dingcted to a catal yst
ap Yiesgramnosnt o ths 4Ry c9mPPFIEPD. et al | ocene conpound,

a s e%fﬁ‘l@u@? E@l }n]g&x%ﬂg, FRHBROUD, mARriAS sinYifHr O e§HRBIRAL to those
and an orgaroa

um num conpound. The first netall ocene
desctitled Bsrein tingbe nszddathapractiee ghtestingpb Heninyentiod, the typical
generally a tightly bridged ({retrm |.ocene containing a 5
G H%al ol efin. The

Secons PRARRLGRCAR phRRM HnRSREURRin!BE ihHpITRIeEUkd by

wei g nponent , generally not bridged and is nore
ref@snanfor \the parpbydoddeseribingranidhdisdlosisg, fore exdniple.cthe cofdtmicts

conbi nation of netallogcenes _is ed with . . )
gl pioaRGlogiRs i e ASEETERT O iR PR AR Wiih ight bpused in
A% | ' &1 d®ussed ab
AN B0 BB RIGS. FpLER sd shove
arfdathedughbutohepxs el ppona d ed sl eliy Sonthelr disiclnssrequiob tonthe ifiling date
of these netall ocenes inc[uding, but n tIirqted tﬁﬁ@h
ofthe pEget RGPS NaREPEINPEbHAO B5 SPRTAIES 25 2 Aqruisven Higg the
inEHBAh IR AU ACP R arEROHIA it By RIDbEtid: Hivedition.
For any particular compound disclosed herein, any general structure
presented also encompasses all conformational isomers, regioisomers, and
stereoisomers that may arise from a particular set of substituents. The general
structure also encompasses all enantiomers, diastereomers, and other optical isomers

whether in enantiomeric or racemic forms, as well as mixtures of stereoisomers, as

the context requires.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed generally to new catalyst compositions,
methods for preparing catalyst compositions, methods for using the catalyst
compositions to polymerize olefins, the resins polymerized using the catalysts, and
the pipe comprising these resins.. In particular, the present invention relates to new

catalyst compositions and methods of using such catalyst compositions to form
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first netall ocene conpound, nore than one second

met al | ocene conpound are al so 15 contenplated by this

i nvention. Further, use of nore than one
activator-support and nore than one organoal um num
compound is also contenplated. 20 1. The Metall ocene
Conpounds (a) The First Metall ocene Conpound Accordi ng
to one aspect of the present invention, the first

net al | ocene conpound i s an2@ns&- netal | oc~enne

pglé:mﬁ&i@ i3, %(% teiaé‘elfeﬁf Baladce (Sf Wiffifess ard (sk¥ (49UM drowth
her el n I's cycl opentadi enyl, indenyl, or

résisimrcenmhp 1(10é21}10n $s élbaidirected to migtoleﬁm anthBE (Iﬁp pgpeehavmg an
connec a bstj t ut ed d a E

%}f s%s ‘ﬂg%’%‘a ri %9 rou E(onﬁr S|n
eltnﬁlo%'g& grs ﬁ{lcf‘eslkdﬂa SRAil &6 (7 ific o BY inShRSh idtaniér) Qlfld large

bridging group conprises an

dﬁhiqaéiqglreateﬂﬂlaarlamhee ng dxamtdn)ammgo fpipeenis Zlestcdbacbinlﬂ .S2Patent
carbon atons; 22 0 substituent .of

Agplicasion; Rub: Hp. 39%(3&%64%1“501% Pateot Aaliggtiono. 10/373,648),
p%l%s%e@ﬁﬁfobg{ %&Oa 3, al{l.lEﬂ i 159(5p8§r Léa &p&HP?'}&'e&ﬂ{:@ﬁrhs entlrety

avi ng om1 to about

12 cFhé€ Quatalys Gompokitian ﬁkwdeg rap Upash awionmefallooenkst oThe first
about 12 carbon atons; (X3) and (X4) i ndependeg
mgtablogenieds iuél%i toamduﬂe a hjglyp uhewgm@ompgqnt and i generally

§g€fﬁpéh§#geeﬁ é&ceﬁe %Dl 21;11 4 %"fbﬁ Lo tggt' olg&ugé%ﬂ' Tﬂlﬁl {ﬂ@ﬁn.

THE Sébdnd Qﬁetald&h@ Ydse@ rt@ lp?odu]:’h ¢heS RO ﬁﬂ)le@wﬂ stéight emmpohent, is
the di substitut ed bri dgi ng group may be_a bhut enyl
gaperally, noé pémdemd is r@qrg agspoBTive tonaydsogan thanth first 'metallocene.
cCQ an t t he
Tﬁ%{}lg mblg ?C()l a ?C’lg{éér?g% eﬁx al%ﬁﬁfrp&lkyl compound,

arfd 8@ dleﬂnahlo%ﬁﬁﬁ t6 QPTG thé ahebing] bhﬂoda(b rpaswoaaeﬁn It has been
(X)(X2R'2 (X)(X)M;  wherein (X
£ @metalqug@q‘@qtalysé rsys,tpr@d}féh? presentigvengion provides

a fulse Xllbinatlon of polyolefin properties, such as stiffness and slow crack

P
-

growth resistance, so the resin is suitable for blowing film, forming a pipe, and so
forth.

According to one aspect of the present invention, a composition of matter is
provided. The composition includes a first metallocene compound, a second
metallocene compound, an activator-support, and an organoaluminum compound.
According to other aspects, the present invention is directed to a catalyst
composition, a catalyst composition for polymerizing olefins, a method of preparing
a catalyst composition, a method of using a catalyst composition, and the like, in
each case encompassing a first metallocene compound, a second metallocene
compound, an activator-support, and an organoaluminum compound. The present
invention is further directed to a method for producing polyolefins and pipe, and the
polyolefins and pipe produced therefrom.

A. Catalyst Composition and Components
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(X) and ()e) are connected by a disubstituted bridging
group conprising one atom bonded to both (X ) and
(X2), wherein the atomis carbon or silicon; 15
wherein a first substituent of the disubstituted

bri dgi ng group conprises an aliphatic or aromatic
group having from 1l to about 20 carbon atons; a second
substituent of the disubstituted bridging group is an
unsaturated aliphatic group2lhaving from3 to about 6

car b%e?réb@ﬁﬁ infention i8 dirsétsd to g kcatdlystonmpugitionaombrising a first
about carbon atons; (X3) and (X4) independently are

meta biceriecorapring) a.sgcoznd raﬁta epe cAEpOYRHl, 7§ achv#arsupport, and
t pf ih he f

o FeoeitR RrvRen iiecih haisdiie by Shed i Bebiftebuta

wight poonﬁaoﬁk&ft' qhaxml Q%?x%ﬂaﬂly S1tphBy BridgedPRklbcegie doptaifihg a

a nmeth group. Accordi ng to anot her aspect of the
smbsasmnt that imghades o tgrmined ofefino rithessgbend mg@Hocqaﬁ, ysg@ to produce

év?f’%h %ﬁedo\’tﬁ%‘gﬂ% cofofibgtin gt sran? oel B, Jaf R wore

régg ﬁ@% gegst hdiaioZRy. 'bﬁe Sothbiahtich dfahetdB6tenes
e frrst” neta

ocene conpound i n accordance with
ist lnsedp we&erah aomvenohsuppqm cahdlohm, okganoalamenunot cdrmpnuné gto form
p(_)l-ypleéns é}avu\g @ny e)gf@quenﬁs b%lance ofZ stlﬁhessqanJ] sgow crack growth
resistance.

Catalyst compositions comprising various combinations of these
metallocenes including, but not limited to, at least one first metallocene compound,
at least one second metallocene compound, and any combination of more than one
first metallocene compound, more than one second metallocene compound are also

contemplated by this invention. Further, use of more than one activator-support and

more than one organoaluminum compound is also contemplated.

1. The Metallocene Compounds

(@ The First Metallocene Compound

According to one aspect of the present invention, the first metallocene

compound is an ansa-metallocene compound having the formula:
| XHER)EC)XHM'

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

wherein a first substituent of the disubstituted bridging group comprises an

aliphatic or aromatic group having from 1 to about 20 carbon atoms; a second
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Zf.,n\C, H.,,UCl q~SC 1 ; | or any conbination
thereof. 24 Additional exanples of netall ocene
conmpounds that may be suitable for use as the first
nmet al | ocene conpound in accordance with the present
invention include, but are not limted to: / \~/(
r\\CHy HF' O 1CHz "CH rli CH3 5 Zr. \CHz HPAXCH3 CHp
1 ~J cH3Il fIH3 25 a% O1 M Zr-Cl APh zZrcd C
~00;1:1 M Zr-C1 Ph Zr-C122® 0 o C OC

substituent of the disubstituted bridging group is an unsaturated aliphatic group
having from 3 to about 10 carbon atoms; R! is H, an alkyl group having from 1 to
about 12 carbon atoms, or an aryl group having from 1 to about 12 carbon atoms;
(X% and (X* independently are a halide; and M! is Zr or Hf.

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

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

EKHER'IEHXOM';

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

wherein a first substituent of the disubstituted bridging group comprises an
aliphatic or aromatic group having from 1 to about 20 carbon atoms; a second
substituent of the disubstituted bridging group is an unsaturated aliphatic group
having from 3 to about 6 carbon atoms; R! is an alkyl group having from 1 to about
4 carbon atoms; (X°) and (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 a phenyl grbup, a cyclohexylphenyl group, a
naphthyligroup, or a methyl group.  According to another aspect of the present
invention, the second substituent of the disubstituted bridging group may be a
butenyl group, a pentenyl group, or a hexenyl group.

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:



me Zr d PhZr cil 00 O '"Z-C M, Mwb5i Si 96; 26
Ocl OC M H-CG PhH'C OO; d Od M H-d
Ph HF-CI Ocl G M H-CI Ph HF-CI OU 0 OClL C
HG M, HCL MewS S 504 5 ; or any

conbi nation thereof. Further exanples of netall ocene
conpounds that may be suitable for use as the first
net al | ocene conpound in accordance with the present

i nvention include, but are 2Bt limted to, those

proyi deg==R U.S. Patent No.

or any combination thereof.



10 5,571,880 to Alt et al., incorporated by reference
herein in its entirety. General preparative nethods
for form ng hydrocarbyl -substituted nmetall ocenes:- by
substitution reactions, such as al kylating or
arylating a halide-substituted or
al koxi de-substituted netal |l ocene, can be found in a
various references, including: Basset, J.-M, et.al.
J. Am Chem Soc., 2001, 123 °3520; Marks, T. J. Acc.
Che mgifitthnBe Sxampté&et mé@llodehe cHapéinds thatdnay be suitable for use
Organonetal I ics,” 2002, 21, 1788; each of which is
a$ theofirsomataldcdne rrompobyd inedosordancs, with the present invertjon inglude,
- The Secondvgét_ al | ocene Conmpound I n accordance with the
bytars gt limg ion, the second netall ocene conpound 5
is an unbridged netall ocene conpound having the
formula: (X )pO (X7)(X)M; whereimn (X5) and (X6) are
i ndepentgnt Fy~a cycl opent adi enyl , g
substit te | opent adi enyl or a ‘sulds d &4l i ndenyl
each subsyi -@ W (X5) and (X6)~lsS ip#
[ al kyl group,
br anched~10sAl k&pydr: ¥t oup, wher ei

: S MY gr gup or
al kenyl gyoup, i4 Wagubstituted or L {t rey
substi t yent (X) “®nd (X6) havi (Wl th_absut 20

_ car bon/ at ons=( X7) and ( X8) indpendentlye a

halide, and M2 is Zr or HE Exanpl es of netattocene
conpounds that may be suitable for use as the second
net al | ocene conpound in accordance with the present
invention include, but 15 are not limted to: ,ael ~i
Zr Hf "C \ "Gq 1~-Cd Z L zZr




2028 0a A4 Cgr Cmv..ouR / ~ tea 'O >s e e
rre CHs CHs \CHS \CHs z\CHg vy zr 10 or any

conmbi nation thereof. 29 a Exanples of netall ocene
conmpounds that may be suitable for use as the second
nmet al | ocene conpound in accordance with the present

i nvention include, but are not limted to, those

provided in Gimer et al., J. Mlecular Catalysis A,
Chem cal (2002), 188 (1-2),25105-113; Thorshaug et al.
Macr onol ecybes(2000), 5 33(22), 8136-8145—Schumann

of Organonetal lic Chem
f [ cht et al., Journal of
648-CP002) 134- 148; t hi—

second netal |l ocene co ,
:10’to about 10:1. In yet
resent invention, the ra
Em@ conpound to the second
Jgjomabout 1:5

from about
aspects of
first nets

t he
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to about 5:1. In still other aspects of the present
invention, the ratio of the first netallocene
compound to the second netal |l ocene conmpound nmay be
fromabout 1:2 to about 2:1. 15 2. The

Acti vat or-Support The present invention enconpasses
various catal yst conpositions including an
activator-support conprising a chemcally-treated
solid oxide. Alternatively26the activator-support nay
conpri se v mneral, a pillared cla

exfol i at gp
anot her

<hi bits enhanced acidity a bnpared to
ing untreated solid oxide Cg}ﬁﬁyvd. The

ed solid oxide also fun ’9. as a
=sal) oAdi ng

cat al yst actigfaror as conpared to the c
25 ungdeated s@lid oxi de. Wil e thePrhef cal By-cir eat ed
solid oXide agyivates the netall ocene/in & ce

evident int hanted activity of catalyst
conposition as Mhol e, as conpared to a

=2 xxanes, or ganscsd conp
i oni zi ng i orsggPfrpounds. The chemical | y- :
oxi de may conprise at Peast one solid oxide 5 treat’ed
wth at | east one el ectron-w thdrawi ng anio Wi | e

not i ntendi
it is bel
an el ecty

theMaem di

A= S ST IS

or any combination thereof. Further 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, those provided in U.S. Patent No.
5,571,880 to Alt et al., incorporated by reference herein in its entirety. General
preparative methods for forming hydrocarbyl-substituted metallocenes by
substitution reactions, such as alkylating or arylating a halide-substituted or
alkoxide-substituted metallocene, can be found in a various references, including:

Basset, J.-M., et.al. J. Am. Chem. Soc., 2001, 123, 3520; Marks, T. J. Acc. Chem
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oxi de. Thus, either the activator-support exhibits

Lewis or Brensted acidity that is typically greater
than the Lewis or Bronsted acid strength of the
untreated solid 10 oxide, or the activator-support has

a greater nunber of acid sites than the untreated

solid oxide, or both. One nethod to quantify the

acidity of the chemcally-treated and untreated solid
oxide materials is by conpa2ing the polynerization
RBEL 1962t D8 SsBIMakbET S, @¥eRfomaEiles 2002} 21 1788 0emh widkiich is
aci d catalyZed reactions. The chenmically-treated solid
ingripeated herbindyirefeesnce,dn ifssnfitgtyred generally from 15

an inqQrganjc_solid,oxjde that exhjbits Lewis acidic or
Br on¥ed ?ﬁ‘?@”ﬁ%@#‘tﬁ”’%%mpﬂ'gga relatively high

por o&* Lordhh& %Rh'éﬂe gﬂ?&'sgﬁ ihvenfiBE e dkdovd i & @l Rend\tdriipound
an el ectron-w thdraw ng conponent, typically an
isemambtidgedmétatiocne cgmpoimhhaving the formudar
activator-support. AccQrdi t Qs .0pe aspect of the
present invention, tﬂgggglkﬂg)di)g& used to 20 prepare

t he }.C -the d_.soli i Y, € indenyl,
vol BRI T TR R0 Sy IR RIALRANS indeny
subROtuRRr cyfpentadiehylt drea gulsssiented indenylt ieach subisttusnl onl(X) and

bout 0.5

oxi de —may_ have a pore vol upe greater than
| (&%/rg.lnmwwlﬁga figegreer Rrasched a@é{@é&%ﬂl” OF & fiBe%, s apched

AN LPMN el i 'dﬁﬁgi i QlrdiiBstituted or
alg?rgatéf)gghg;rlfg%gg%é . g‘g‘?“g& X&%églggr%%g %o anotlher o
SUbSHIRE, @hy tstibstitiiens et (X vandt (X0, having fomi 8 toxabdet A@carbon

have a syrface area of from about,100 t bout 1000

atélinﬁ'g(x )\é%‘b@é ) Hglependgatly aseor hndide; adMcts FiortHe present
N

sedtd Mefallasgne Compbubdith pscerdante with e present éntention irichede, but
solid oxide may have a surface area of from about 250

arg potlijpiied ®00 2 | ,

v A
s
» e R

Zr.

o, o

W@;‘” ) \@

P
o
5

. -
’ 2
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m/g. The chemically-treated solid oxide may conprise

a solid inorganic oxide conprising oxygen and at

| east one el enent selected fromGoup 2, 3, 4, 5, 6,
7, 8 9, 510, 11, 12, 13, 14, or 15 of the periodic
tabl e, or conprising oxygen and at | east one el enent
selected fromthe | anthanide or actinide elenents.
(See: Hawl ey's Condensed Chemical Dictionary, 11"
Ed., John Wley & Sons; 199%§ °Cotton, F.A. ; .

Wl kinson, G; Mirillo; C. A ; and Bochnann; M
Advanced I norganic Chem stry, 6th Ed.,

W ey-Interscience, 1999.) For exanple, the inorganic

-oxi de may conprise 10 oxygen and at | east one el ement

selected fromAl, B, Be, Bi, Cd, Co, C, Cu, Fe, &
La, Mh, Mo, Ni, Sb, Si, Sn, Sr, Th, Ti, V, W P, Y, Zn
Suit abl e e lid oxide materials or
cornpo hat can be use formt
chem cal My¢t peated solid oxige d nclude, but ar
limted th/¢d203 B203, Be®{ Bi 203, CdO, Co304\_~°

?e203 Ga aB, E@ Vh2C3, NbCB Ni 015
P205, Th02 Tj
Y203, Zn Zr02 and the i ncl udi ng ntxe X|des

t her eof , and conbi nati ons thereof .For exanple, the
solid oxide may be silica, alumina] silica-alunna,
aluntnuntphosphate het er opol yt ungstates, titania,

7 or any conbi
f this inventi on—€ Bt
A <&l um na, "mxed oxi\de* conpounds ther ,n§uch
as S|I|tamaluntna and piTati ons and ntxtur S~

can be single i tiple chem ca

m xed oxi des 25 that

sdlld OXId‘ Qnpound. Exanples 0

can be used in the activator-suppoyt of the present
i nvention include, but are not linited to,
silica-alumna, silica-titania, sikica-zirconia, >
zeolites, various clay mnerals, alumna-titania,

al um na-zirconia, zinc-alumnate and the |ike.

?

or any combination thereof.
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The el ectron-w t hdrawi ng conponent used to treat the
solid oxide may be any conponent that increases the
Lewis or Bronsted acidity of the solid oxide upon 32
treatnment (as conpared to the solid oxide that is not
treated with at |east one electron-wthdraw ng
anion). According to one aspect of the present

i nvention, the electron-wthdrawi ng conponent is an
el ectron-w t hdrawi ng ani on 2@reved froma salt, an

aci dpxeh &&'&Tme@nmedoom@hdﬁmaa nvy BE ishieablé gorniuse as the
corrpound t hat may serve as a source or precursor

séoond mallcwnm)mm@mdpn @scondanst @ thrthe prgsemnt dmsﬁmrﬁg include, but

o5 BB B o) B b 2. SR carais

C}nkx‘ﬁ?(fa??%d) 22t 38 (1991 A1 £; eThdkaep R, Macromolecules (2000),
uor ophosphate, tfifluordacetate, triflate,

38@20nr &tﬂ@&msamhumlanm rabtalt doutne] of rMganemetalict Ghamistry 636

b PRed 53 o o e o oo BRI, Sttt 2002) 134
55? ‘% QQ&ISS&E%WQH %ﬁn&@&ra?é@%%eﬁ?en%@ Hé&ﬁﬁnftﬁélﬁ SMRES.

Fon-w raw ng ani ohs may "al so be enployed in
the pr ddenindi otentspeots dhtes, pfesenteinzergion, thérgatio of the first

h |1 t ted lid d d
m%wfl?ﬁé:naeowymm{pg@égfqhg SEPadmaiatinpans. coBtayne qeep BF diath gbout
lgb%nag&ﬂ R r@n &.%Eﬁg of FH ;Bi%é%ﬁt ink bt #RGatio of the first

or [ ded

I ca-alum na um na, brom de

m‘étalllbﬁe’he&iompoﬁﬂd tolﬁlefseld:cfndtmetalﬂ;mdene aexapmmdnfaay b¢ Gromi abeudt 1:5
silica-zirconia, chl rlded silica-zirconia

tosahoug -1z Mg GHIL @th@msyﬁﬁt%e 4hq Presenyi IPKRIIoR; ﬂ@rfﬁ&ﬂfq the first
mERBLARL, owc?{oeﬁ’f:e 5o T & oc%h@ 5%1{1 S rﬁQ}dB@%fﬁQabout 1:2
conponent I'ses a salt o el ectron- draw ng
todboat2:11 he count erion or cati on of t hat sal t rray be
selected fromany cation that allows the salt to
reve?t or TheAsiyieSURolt t o t he acid during cal cining.
ict |
par it Plsber Wyenfibf cBbSmpdiEeSr D calal it Compifions including
areh@RatodRuppdrhcinapmisitg @ ohenmcalbctreatel sdlid oxide Adternatively, the

limted to, the solubility of th al t he de d
ackiyploEARDPOFt1RaY SRMPIHY el Mierile aielfwi sl ey qrEoIERd G an
exﬁ‘&nat&? BEHQ& Bﬁ&t othBEbYRIE :}Pﬁetgﬁ,[ g Le?&i ngatggﬁlgﬂgl, a non-

Ir0sco pr oper |es I p he sa
layered silicate mineral, a layered aluminosilicate mineral, a non-layered

aluminosilibate mineral, or any combination thereof, or a supported aluminoxane.
The chemically-treated solid oxide exhibits enhanced acidity as compared to
the corresponding untreated solid oxide compound. The chemically-treated solid
oxide also functions as a catalyst activator as compared to the corresponding
untreated solid oxide. While the chemically-treated solid oxide activates the
metallocene in the absence of cocatalysts, it is not necessary to eliminate cocatalysts
from the catalyst composition. The activation function of the activator-support is
evident in the enhanced activity of catalyst composition as a whole, as compared to a

catalyst composition containing the corresponding untreated solid oxide. However,
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cation, and the like, and thermal stability of the
ani on. Exanples of suitable cations 25 in the salt of
the el ectron-w t hdrawi ng ani on include, but are not
limted to, ammnium trialkyl anmonium tetraalkyl
amoni um tetraal kyl phosphonium H+, [H(OEt2)2]",
and the like. Further, conbinations of one or nore

di fferent el ectron-wi thdrawi ng anions, in varying
proportions, can be used to3@aslor the specific

iteig | bHlibyedothat AR éffehij&a‘ﬂ?%ea@éﬂ olfleHIds icah Fuiidiion de s stivator,
| evel . Conbi nations of el ectron-w thdraw ng conponents

eyrayingtbe absenae 0 an wiganoalhminym gempaend; jaljminoxanes, organoboron
simul taneausly or .individually, and in any order that

COPRIYS GTHENIZIGIPUE CURBNHS | v treated solid oxide

aci dirhy -chEQcafly &TRHe8  soli@ "kidS PR comipristiaf 1¢a3Y 8H8 is6ld okide
enpl oying two or nore electron-w thdrawing anion 5
treged wathcenfresind® élacttamewithdrawing swipas aWaile giot detending to be

steps. Thus, one exanple of. such rocess b i ch. an.
b s 19 PP sategth ot Topriieed dofl BRiRey At s Bide
I ] ows, ' ' 1
o] S SRS SO TR0 il o s o e
ofite.s Thes,adthenthevictibatonsippgrtanhiitsdawis er Branspaiuavidityothat is
bl e e ot b A 0P uS LIRS ot
o€ Gr gﬂ@ éMJaﬂg-rsﬁﬁ\ft)#g hay gfnkgéq’ Wofifbef SFRAY Ses Bak Q{erﬁlgreated

secdon m xture; sec m xture 1s then cal cine
solid dxidenod HorleaOnd msahod tooguahei fy drepanidity of the chemically-treated
process, the first and second el ectron-w t hdraw g(g ...
ivijjes of

angrimireated splid oxids ipaarals IhBy corapaine bF @Ry RSBt
thé H@aé&‘?ﬁd ﬁ&%‘?é&'lﬂcide‘s\%ﬁ&ddcﬁwc&t@ h&lon@spect of the
pre I nventi on, y-

sen the chem ca treated 15 solid
OXi dEheehenticaliyrtreneedasolidloixitlei afahigdnvention iiformed geneadlly feom
m xed oxide material, . or_a conpjnatjion of ingrganic
angigpeganiegolidjoxide thatexhibits Leyasiacidiq gt Br%léteé&cw?‘f ﬂg@fﬁwr and
I [ 0Dz b r 2w C@HRO d;sO P dnBRAly-tedtd P Hi
hafS £ PtV SiBATRIEE. © THBPRAR oniRfiePRAGBAlY Heotd P QHit an

eléctdf,withidrawingr cor@ioaknts eypicllyi angeleargmowithdrawiipeamien, ab form
or metal ion may be, for exanple, zinc, nickel,
an\agHEYPTIFYPPOTt ani um  si | ver, copper,

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

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

1.0 cc/g.

According to another aspect of the present invention, the solid oxide may

2
have a surface area of from about 100 to about 1000 m /g. According to yet another

aspect of the present invention, the solid oxide may have a surface area of from

about 200 to about 800 mZ/g. According to still another aspect of the present
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20 gallium tin, tungsten, nolybdenum or any

conbi nation thereof. Exanples of chemcally-treated
solid oxides that include a netal or netal ion

i nclude, but are not |imted to, zinc-inpregnated
chl orided alum na, titaniuminpregnated fluorided

al um na, zinc-inpregnated fluorided al um na,
zinc-inpregnated chlorided silica- alum na,
zinc-inpregnated fluorided 8ilbca-al um na,

ifdenfion, ThE 86K bRIde THAY Rdveth Sirfate 4Peanet, fréifilabbitdZsd) i dbout 600
alum nate, fluorided zinc alum nate, sulfated zinc

nél/ggm nate, or any conbination thereof. Any nethod of
i npregnating the solid oxide material with a nmetal may.
be (Thedchemicallystaated solidnpxidh mase comprise B Sobid ineigarig oxide

with .a netal t ypi cal | | ¢
chHgppine gRvdim gt Cam ey et Bom Clawp 2 3 4 & 7 8.9
10i 14,412d13 04, 8£14 bPthe gefiod#t tAb18Sdr! dobprisingixsgernindo 1€kt one

one ‘conpound onto another, and the l'ike. If desired,
elerent reeteated c fmmaithe danthanipeo wrdactmydd elemppesd t(Geer Hawley's

o3k Coaisel Pietiasivend scb<ricts ke Byt Lbsidicdion. A

WiBARson2 i Diuliflo; CAACOLA BEimars!) 1. SREVA ! H9SHHiI € Chemistry,
oxl de ta urt her conprise a nefal selected from5

6% iBdc,, Wiley-autersoenes, dR29.) Earrexdinple, thei inorsanicoupdeemay comprise
gallium tin, tupngsten, nolybden of,. i [ .

oxyaspaned at legst ong glemment salfﬂﬂeé fragn %ﬂ%?@dh@‘ﬁgﬁ@ﬁé‘b ¥8 Ga,

sl [ b ‘i ' d catal yst

L%,Ll? Pvﬂ%ﬁéin%’{ Fg\%négfé?‘h? %ie\y ’s‘gF F%Y’g%lﬁggzpﬁay be treated
Wi t hSuieitd¢ examhjiles of salielt adide matesilsiorgompoumpdsithatscan be used to
before, after, or _at_the sa [ t hat t.he i

fogin e chemicrbydratfog st oo 1aeuds BEt 8 RoRfimRes 49 @1@03: B20s,

[ Felihow c Ckl 0 h t ;
B0, By CHOLYRA. SHOE IO 108, TROX Pl SBOL MEDENIO,

PAD Sbi®s, $602/SnMmNSiQ, ThONITiaL | ¥.3aMDn&t0s, ZnO, ZrO,, and the
Al ternatively ' a

liks, deelpding wpixed) gogwsé(ﬁ) lgsﬁgﬁ&f ol sompRato o 1908 Fior grargle the
iy TR, GA9LPETARSC AN, S RSt S, it
heterepolytunstates,t thanial eirconib) ynapnesit, dedriaplzing oxidelemixed 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
that can be used in the activator-support of the present invention include, but are not
limited to, silica-alumina, silica-titania, silica-zirconia, zeolites, various clay
minerals, alumina-titania, alumina-zirconia, zinc-aluminate and the like.

The electron-withdrawing component used to treat the solid oxide may be

any component that increases the Lewis or Bronsted acidity of the solid oxide upon
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The chem cally-treated solid oxide may conprise the
contact product of at |east one solid oxide conpound
and at | east one el ectron-w thdraw ng anion source. It
is not required that the solid oxide conpound be
calcined prior to contacting the electron- w thdraw ng
ani on source. The contact product nay be cal ci ned
either during or 20 after the solid oxide conpound is
contacted with the el ectrom2athdraw ng ani on source.

trddifemto{ds deoppatiel €@ the solid roxydebthat 44 motéated with at least one
uncal ci ned. Various processes to prepare solid oxide

elmqwmfaﬁuﬁpﬁtwﬁ tAvepording to eneAgpeehidhe presgitdnvention, the
t
el RO AR ARt i SRl AN wnifH Friveg, from =

&, AR AR ¥r Jthet nd Bsu8Qas2d Yolafile3d:@adio conthodhd, thew
S5 6, 376, 415, 6, 391, 816s 6, 395, %é‘ﬁ 6, 524, 9?3@ and s

se6e5dBa 44Urce eu Qe aisarHior mhat aniqm c Bxiyaples o dspirparathdpdng

ST b SR S, M55 RSl e,

10&1@@ mfﬁféi‘dsﬁrf&t’é e gfiReb tdYate O phasiHafed ﬂ\iorM\pHd@})Hdte,' ﬁﬁﬁior&[tétate
el e€ctron-w t hdrawing conponent, typical

triflbtect ﬂmromqmdueamﬂmgoamm drifinomacdtate m;ﬂatet hands ghe dlike,

inghaE caPpre . ruinabe b MRt A 0o bF gpgpic

gﬁﬁ)ﬁhdscﬁ’igtt @ Mﬂc%%@iheéé@é&ﬂﬂﬁkﬁﬁdtawmg anions may also be

em cal l'y-treated solid oxide. According to another
enqﬂ@@dhndieprbscnpmemm i nvention, the solid oxide

Con e Arampls, g1 Gt T RuRpade S il Aprggen
1n\V34P1hSH rﬂéﬁv\ﬁoﬂl}'}]&ﬁieﬂ Sahﬁﬁi‘ﬁ%,a&{l&‘i'dé@ 418mirACbromided alumina, sulfated

'ectro drawi ng conponent, typically a salt or
ahmmna,cﬂlxd)rmlbd Mcﬂahnnmmmwndedmdwaf@uamaobrom@ silica-alumina,

u i S. not ted to, ILi
sulffg @Slﬁsﬁ ting tgdeg éﬂ}&amon’an‘?fﬁ%#@?#ﬂ‘é?a'Z@ﬁ?&‘% Ripmided
silich! i&?morﬁg, 1fafelsiIRUAGoRY o Ralbifigoeidiest, the
cont acte m xture of the solid oxide,
eI e Whanthei did:mhoavwmmrawmgmormmenqomnmr&ﬂes aeialt| ofjapreledtron-

Q cal d. Th ljd t
a gé&%y f}}ee‘g} SO Jaq‘i?f)(;claglgf‘ag) va r SuBQ%creltected from any

cation that allows the salt to revert or decompose back to the acid during calcining.
Factors that dictate the suitability of the particular salt to serve as a source for the
electron-withdrawing anion include, but are not limited to, the solubility of the salt
in the desired solvent, the lack of adverse reactivity of the cation, ion-pairing effects
between the cation and anion, hygroscopic properties imparted to the salt by the
cation, and the like, and thermal stability of the anion. Examples of suitable cations
in the salt of the electron-withdrawing anion include, but are not limited to,
ammonium, trialkyl ammonium, tetraalkyl ammonium, tetraalkyl phosphonium, H,
[H(OEt,),]", and the like.

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

in varying proportions, can be used to tailor the specific acidity of the activator-
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be produced by a process conprising: 1) contacting a
solid oxide conpound with at | east one el ectron-

wi t hdraw ng ani on source conpound to forma first

m xture; and 15 2) calcining the first mxture to form
the solid oxide activator-support. According to

anot her aspect of the present invention, the solid
oxi de activator-support (chenically-treated solid

oxi de) may be produced by a3dbr®cess conprising: 1)

st HROd&ired 280, WMEmbikiichsosf decteanwithddwing boraponents
first electron- 20 w thdrawi ng ani on sourcge co

ntay bearontagtefli wigh thmudqmatelzyl %@pﬁmonéy R &ndiyigaglly, amij n any

olsh i s g desired ecriratbeaisd ftiarAl¢ higing) Bor, gpample
oﬁé a S 08¢ thid HREhEM ﬁ%ni’;ﬂbﬁﬁg $RY 107 Enére Ao a-withdbawifg anion

sec m xture; and 4 crning the second mixture to
séurcacdnygounds 1rdtvs@xordnom stparate sonta@m&mo rt. According

to th f th
hemThut 1R SRt s PRIy Shish R B G el polid
on%ﬁe ﬁ%ﬁ [BRows! hde10XkdlSold bxidé B@mpound or combination of

ramnng ani on source conpound, where the
o$idk i ebnipoudds, cisnpantaded wifb aoficstl oectmn-wiidrawingd anipn ggource

campimi to 1R wiieh BYHES dis 7% SBEEdNEH BT oRRad fed pptacted

u I
b A0 g ARUASAD oS GHBO 1 18 o seond

mantaies fe setordspixtire is thyp calainky to form ajurgatammhémmde compound

at nosphere, at a tenperature from about. .5 200C
Inai59el DoRrecesgndheg ofirs ng 3&"H%m§e‘6’lnda8 trog- uwrﬁhﬂ’ﬁ?twén% oarﬁ%tb yiouree

|
C({rgﬁg‘n)‘p‘%?g %F%n‘{agg"ﬁf a4 ¢ Qt 0 aé&(;ﬁrt)&%lgbc for
ex arrnba)rdimtg ta anetipe aspectr & thé phssem iabentiond 6@ hemicablytireated

700C. Cal cining may . be conducted faor.gbout. 1 h
soidouids may camprise a0lid Hppeagic pgide Aersle? RER ope maferial,

or a combination of inorganic oxide materials, that is chemically-treated with an
electron-withdrawing component, and optionally treated with a metal source,
including metal salts, metal ions, or other metal-containing compounds. The metal
or metal ion may be, for example, zinc, nickel, vanadium, titanium, silver, copper,
gallium, tin, tungsten, molybdenum, or any combination thereof. Examples of
chemically-treated solid oxides that include a metal or metal ion include, but are not
limited to, zinc-impregnated chlorided alumina, titanium-impregnated fluorided
alumina, zinc-impregnated fluorided alumina, zinc-impregnated chlorided silica-
alumina, zinc-impregnated fluorided silica-alumina, zinc-impregnated sulfated
alumina, chlorided zinc aluminate, fluorided zinc aluminate, sulfated zinc aluminate,
or any combination thereof.

Any method of impregnating the solid oxide material with a metal may be
used. The method by which the oxide is contacted with a metal source, typically a

salt or metal-containing compound, may include, but is not limited to, gelling, co-
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about 20 hours. Thus, for exanple, calcining may be
carried out for about 1 to about 10 10 hours at a
tenperature of from about 350C to about 550C. Any type
of suitable anbient atnopsphere can be used during
cal cining. Generally, calcining is conducted in an
oxi di zi ng atnosphere, such as air. Alternatively, an
i nert atnosphere, such as nitrogen or argon, or a
reduci ng at nosphere, such a3 leydrogen or carbon
S

S e o o O R e D B e Soaiet the
mb&l-tcmﬁaﬁg@ senigound fsmayrh&mdalﬁed halor drapregnated irité Heesolidrpxide in

or a conbi nati on of ani ons opt | onal | reat.ed w
safuticn fomn andypighseqrently spRYeREd lvfg ‘b? awnﬂ%te@ fretal upon ‘lirfing.

h
B T e

zifB tRhiam, Hﬁkelbeaﬂaﬂﬁﬁhi eilver, bdippi:r spiliiwre, tof, tmgsfeat molybdenum,
(terned a sulfatlng agent"), a 20 _source of chloride

o1 mombmah@m thereath| Ko qumgleagém myy b used, fq Enpypgnate the solid

on er ne t or a
0’88%3?‘1%‘%%31’% éeeP§8? cat%XSt ﬁ%ﬁﬁ ?’gﬁ prgw zje the solid
oXi depdGhlid abkile M&ﬁfbﬂ tieaiedi GrithC imetdlt edltss uppoethlscontaining
i nclude, but are not limted to, bromded alum

contpeomilsibeford, aftemar af theopingdmehahihieasol lélﬂxfdétlédreateg with the

e

LGN 2P oo HET Vi 1 aCo A Ao R s, optacted.

mBtlieCEf BkidE! &n &fn@meli@ﬁtoﬁ-lvhﬂﬁ?mﬂmgcﬂﬁd)rﬁ ardh ki inbed ion is
silica-zirconi a fluorided silica- zirconia, sulfated

tygichily aa&nmdo%@mal\mly,laas@ui exidg matgdsl, a8 e&eoﬁr,omvgﬂgiaawmg
an&r?ﬂnta&g” & anthg lﬁlileft%h% I%ﬂ%lg S{Hrétglang ﬁlgﬂlé&ndl o?ﬁcted and

caﬁﬁﬁg& mgﬁgﬁgfaﬁges optionally treated with sul fat e,
['uori de | oride; or any 37 O conbination of

t he
abov@and%s rnrheas$esanyy b used tca&rm/ theosheguiegdiyrtragted solid oxide.

H%Wal lly)y}l'e{frl?ééaﬁtogg ﬁarbgg%\lf\rﬂ )1 agx c%ﬁﬂacﬂ @rﬁduc-[%‘f’ at least one

solill l&'ided&%p%%ﬂ dn@X%t REstidhe dé&oﬁﬁﬁiﬂhdiﬁwﬁxgﬂﬁidﬂ Souk et &It is not
solid. The fluorided solid oxide may be forned b

requiredatbat the salid okidd comipdendibe kalginel psior & e@t@g@aﬁﬁ/e qlgetron-
w1ftl|1 rg\;{ngeanllgnn soutde. b‘i"he conglcg 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

- component, typically an electron-withdrawing anion source. Further, the solid oxide
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the oxide by formng a slurry of the oxide in a

sui tabl e sol vent such as al cohol or water including,
but are not Iinmted to, the one to three carbon

al cohol s because of their volatility and | ow surface
tensi on. Exanpl es of fluoriding agents that may be

sui table include, but are not limted to, hydrofluoric
acid (HF), amonium fluoride 10 (NI LF), anmoni um
bifluoride (NHAHF2) , ammoni ggn et r af | uor obor at e

aiD tal i d then calcined to
an orog |caté%eﬂ‘l(l!(méfgaﬁb€,ﬁagﬁmﬁmrﬁn e catemn

o af |m&£l%h&&ﬁﬂgit@r (ohétHlRFfpregnated! olyemichléy-tedted asetid oxide.
conbi nati ons thereof. For. exanple,

Algc(frﬂmgrtowemm mzecm iopresad 1BEEnEG, P 3 @8115 iy mgtere! and

Lts.ease kil f
ool RaEio ol PEu? M BRe Yo L&Y dtincolaly
f1 uomrhé h%o'&@ﬁbvhﬁ’él{ thedxideis catactedi with theegectfomywithdrawing
fluoriding agent capable of thoroughly contacting fhe

carppomnt, otypigel yjlutr saly arhan @gidc phiangelseten-WiAIRYIRg ggion, may

TR By LT, SRS BT i o
x?g eﬂlbﬁlefr%dbtﬁe Jikee dI‘h\,@( %ﬂﬂvﬁlﬁﬁ Qhy \eh@attinge metdgd) th:e contacted

l'uoridi’ng agents useful in this aspect of the 20
miixturenof the solid laxitte, ebastronrwithdsawing Anics a0 opfipga)fgetal ion, is
qerf uor ohexane, perfluorobenzene, fl uoronethane, :

C&¢1n¢¢-uor oet hanol , and conbi nati ons thereof. Gaseous

hydr Qohcf {;ﬁg& 'agﬁvz«RBr- p;;seﬁl(e@emm fredtbd solechoxide) nmgdhus
vvlth e SO oxide is fluorided during calcining.
b@nedumd\bg'mmncesavompdsmg contacting the solid oxide

vvlththefluorldlng gent |stovpor 1Z u .

agend) i nt ePHACHRE 2159 °Ej§i§d cQrgPe %f ﬂg% ﬁ%é %ieggon
r%U{d] ﬁfs'tivh tlufb andt her aspect
wﬁ?&r‘gﬁu (\Q/}g%o??%n tﬁéﬁgﬁ%%@a%l y- truéat ed solid oxide

may 2onpréadenimgdhé Grst dmsitusﬁatol farm thekolidpxideaactiyater-syppert.
parti cul r| ded sol i

lid  Th q
" RSUsng o 2beey e Ut Pl P RAT e YR oxice

- tféifbd”&)l doexidey athyt e phriuoed 69 ebprocess
o m}ﬁﬁ?’ k"?‘géag t he omhe ):(3186)j| nya SSI tabl e

cobgprisény: . The SO|Id oxi de may be treated with a

chl or)I di ngon?a%%gtg at Lieast %ne solid oxide compound with a first electron-

withdrawing anion source compound to form a first mixture;

2) calcining the first mixture to produce a calcined first mixture;

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

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

According to yet another aspect of the present invention, the chemically-
treated solid oxide is produced or formed by contacting the solid oxide with the

electron-withdrawing anion source compound, where the solid oxide compound is
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the cal cining step. Any chloriding agent capabl e of
serving as a source of chloride and thoroughly
contacting the oxide during the calcining step may be
used. For exanple, volatile organic chloriding agents
may be used. Exanples of volatile 5 organic chloriding
agents that may be suitable include, but are not
limted to, certain freons, perchlorobenzene,

chl or onet hane, dichl or onet lgep chl orof orm carbon
c&lﬁhé@“b@fo?é | figing! &7 Qﬁéroéo%@icﬁﬁ% Bho clebtraWith@ARiRREKIOA source,

ereof. Gaseolis hydrogen | oride or chlorine itself

ambwhereslerbs ambstandialabsdnee obalunhinnziades andrarganoborates.

cal cinj e Co t hod con ct th
oxi dEalging ohdhe. FEREd 4o a%g%qseqegﬁiyomﬁ? 15"8$ g an ambient
u
S BRI i LGB sl i o
260°a0td dBorar 90BRECP ahd efot @Ntipleeste abou ef amiauteatoc atmungloohhaours
solid oxide may be fromabout 2 to about 50%

Caleingtig mayifre condusieghat aviempsrature of fepse abows 30Pfe t%‘i’% 800°C,

fop e mBlech PR OTe:s Ao A 0P i g o T Glciging may
bd SdrRtubidy ?&I At 1 }{aﬁr RTRbU sefhot&su ?614 &%n@le G @Jduds Ho®@# to

present before calcining the solid oxidé may be from

 abelo20 hdurs.0 Thing Bér Xafphey calemingghinay he darsied ontitongbaws 1 to about

1@%&;@&%&%?%&%59 I Ol{t)%éélqo %b@a%%%ﬂegf Wq@ﬁ?ﬁ%& %table
arfbEnd Wb 0851&1 B aBifing ELiBEDYGGAIIFELANGH g9 Wohdubted

ed to, suction

infanl d)dicatingmtrﬂas;ﬂmefel, strehdasiair. eAHpmaaVelp,mn idery mtrgoaphdrer such as
vacuum spray drying, and the like, (% t hou it is .
nifPEeR YFEEIH 108 aredycing atmosplste sugh a5 Rydrgedt carbn iSnoxide,

! egt el y without drying the inpregnated solid
InJg‘d “Mhe silica-al unina used to prepare the treated

si | lAzaaoaimgntm ant mpp@aldfyhdn psesent ipverdiono thaveoliyl exitde material
t han about cc/g. Accordl ng.L o0 one aspec

mgt be fregted zethu ah%mff phhalidego alfpiohn@r M E’aé?% af apions,
op'ﬁ?ﬁ‘%ihﬁg'g L4 gv@\ £Gh&Qal ﬁ)‘ﬁd 2l SRELLAIGink t@:i?@&ﬂ&é ﬂ?esa?e?ﬁlcally-

reésent I nventioh, the pore volu

tregtedadolid &Mna‘he fibrm df @ pactloglaté:wlid] eFor e)tample the solid oxide
m%lg!ézlgf ggggwlént]reg?edna){thhg ngurzzl:eS ?ate ?tr e rqat gtn}g agent”), a

source of chloride ion (termed a “chloriding agent™), a source of fluoride ion (termed
a “fluoriding agent”), or a combination thereof, and calcined to provide the solid
oxide activator. Useful acidic activator-supports include, but are not limited to,
bromided alumina, chlorided alumina, fluorided alumina, sulfated alumina,
bromided silica-alumina, chlorided silica-alumina, fluorided silica-alumina, sulfated
silica-alumina, bromided silica-zirconia, chlorided silica-zirconia, fluorided silica-
zirconia, sulfated silica-zirconia; a pillared clay, such as a pillared montmorillonite,
optionally treated with fluoride, chloride, or sulfate; phosphated alumina or other

aluminophosphates optionally treated with sulfate, fluoride, or chloride; or any
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n2/g. According to one aspect of this invention, the
surface area may be greater than 39 0 about 250 n2/g,
and according to another aspect of this invention, the
surface area maybe greater than about 350 n2/g. The
silica-alumna used with the present invention
typically has an alumna content fromabout 5 to
about 95% According to one aspect of this invention,
;he 5 al um na content of t3pocsilica-alum na nmay be

b 0% assRIteH @ptidh
c%ré%géﬁi&g& ?‘l%iagg}/%vg%&ﬁeg’nﬁﬁytﬁgﬁgl um E%Ldgg%?%nt of hl?):]glay be
trédtbd Gath aghétaliioa. may be from about 8% to about 30%

alum na by wei ght. According to yet .anogher. gs t .
t Ih_i s Theghemicaliy-tresied selid exigx meay %B?&fbsﬁ& “%&‘Pacsgﬁ-é Pf‘g.“fee m
al pm na, w.t ho Sl ldsca rgj ; r

i oty 06 o DTG S THePARER: 100480 afE) Befonmed by

c&ﬁmg%éoliﬂac}ki&@{ﬁthiaS@ucﬁ‘idirhgﬁgen't.t fihe tfluatideriomamayjThe added to
sul fat'ed solid oxide conprises sulfate alnd a soli

t}pmmﬁe by rftpnme?a,slmnf thgoxide,in #AUitROIE 59 V@E-S&abﬁ? %‘ﬁ?h"l or
int .or a rticul a ' [

walpy it o) bl R S fo{ PRl ohols e of

HRHORINRY ahd v ShrFadeashssedl. f Bkafipleost Aaoddinpngaesthat may be
nmetal . According to one asEect of the present

suitablenintlade, tut erelBotdirhitest tod hudofliori peid (HEyaopagyum fluoride

Sy QP AR e lispiototro,

athfDfiEd WsiRofusite at @egsiotayilicat®r eKHER),SiFsHut ammonium

Imted to, sulfuric acid or a sulfate salt _ such as

h?ﬁﬁuthmpbfﬂief (éﬂé«d:cFm analogs dhersofreandp eorpinatinnsetherspf.  For
ormng a r.r. L . 1 ' [ [

LS e oA T 0 B g e
itﬂg%ﬁ""ggﬁ“%ﬁ“wﬁ@f the 20 sul fating agent has

[ Sui't abl e organi c solvents include, but are
not Ifldesired; dhe solid oridemayths trestedewith apppridingpgsng during the

ecause of thei,r volatilit i RT

clebceg, AeuoBhTieeht SAPE b ors o Sopasns) 88 sond

offie Hdtihg1Re 'c%irﬂ%@ $RPtcant®f Q8. C BLE ieRiarnple/rry abditibn donthose
y

about 075 parts wei ght to about 100 parts by wei 1%ht
fluoriding agents described previously, volatile organic uoriding agents may be

used. Examples of volatile organic fluoriding agents useful in this aspect of the
invention include, but are not limited to, freons, perfluorohexane, perfluorobenzene,

fluoromethane, trifluoroethanol, and combinations thereof. Gaseous hydrogen

" fluoride or fluorine itself also can be used with the solid oxide is fluorided during

calcining. One convenient method of contacting the solid oxide with the fluoriding
agent is to vaporize a fluoriding agent into a gas stream used to fluidize the solid
oxide during calcination.

Similarly, in another aspect of this invention, the chemically-treated solid
oxide may comprise a chlorided solid oxide in the form of a particulate solid. The
chlorided solid oxide may be formed by contacting a solid oxide with a chloriding

agent. The chloride ion may be added to the oxide by forming a slurry of the oxide
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25 sulfate ion to about 100 parts by weight solid

oxi de. According to another aspect of this invention,

t he amount of sulfate ion present before cal ci ni ng may
be fromabout 1 part by weight to about 50 parts by
wei ght sulfate ion to about 100 parts by weight solid
oxi de, and according to still another aspect of this
invention, fromabout 5 parts by weight to about 30
parts by wei ght sul fate i omg o®about 100 parts by

inoz}1 Lﬁ%&l s%llee%% 49‘;1 ?ﬁﬁdj@xlfig gﬁg L fatwikleh icHiRriding dgetefiring

wel g e SO e before calcinin

tHaRiifR sREN A Bdchlbiiding lalgémtoapalﬂh of servingtasdh soxfad gfreh{pnde
be drled by any nethod known in the art inclu
alithomenghly pentedingothe auxida ding fher GBS UM BIRE b‘%ed For

vapor at.i gn, d
e’ﬁ‘@ﬁ?’l ylatilg qrﬁegﬁ C%kfnwlgé g&w gﬁa’os& e {%ﬂaﬁ%ﬁsf(g?‘éomﬂe
xggﬁc‘bﬁi&idmg;&eﬁisﬁt@aﬂ HAXEBE Qiitable.indlodg bt ag rob limited hagrcertain
spect of the present invention, the activa tb
frecred pencmrebmeng chlerasacthangs tdighpomsth 4“8ﬂ§i’§¥°fgff8’s carbon
| nv on C r [ I
I

c}ﬁbﬁ%&&t %m@ﬁﬁ*e it P MORsd beatRl wadmhe Balid Okldmdmﬁnglca],cuung
efther wth [ayered or non-|ayered 10 st r uct

u
‘Oae\coneertiem anetbod tdfecastdcting rtheypsideeithsthe ‘{1{% lagent 1s to

T e ST A i

cAGhityAt or - supports. Wien the acidic act I vat or - support
conprises an ion- exchangeabl e activator-support, it
can i iaowaht yf fleotide at elilorideHoatpressat befgre calcining the solid

| ect
oyfea} g g}a&o%t gag t\;,gpfg %t%% gp‘% Sb)? %ﬁ? tvglgez gx‘f b?r%@ﬁjt is based
ot thd o It (ﬁuﬁxgoé'othd' SxiA8! fofr ' i, V!lli&fh—ﬂﬁmma, before calcining.

el'ectro rawi ng ani on. Accor di ng to anaqt her
Aespéint; tondther gspes erithis inventiom the mneulﬁafuﬂwaﬂé? 9%91'5%4‘{ lon

of thi,s inventi n ri se 0
Preseoh s HB% i E‘?@gléqu?x}r%y‘&a% bec n%i%%f% expan %A) by
w&%ﬂf Gab a%%(ﬁ')im td %@l:he?%ﬁﬂe‘éﬁbpﬂn§ Hﬁl@ﬁﬁétﬁ m@cbu @lem hhﬂut 4to

a ed i on- exchangeabl e, | ayered
ablut! rm%oby IwatgttesOacﬂ: hnlasgxpxtﬂ an%dh%dl yﬁhe 1¢Qﬂtq¥éﬂ?g}‘i1ay be

driq?ﬁg}% @er{ygge g %ﬁowﬂ an euaSrF mcludlng, Buf Rt TR to] t Q1c86n filtration

followed by evaporation, drying under vacuum, spray drying, and the like, although
it is also possible to initiate the calcining step immediately without drying the
impregnated solid oxide.

The silica-alumina used to prepare the treated silica-alumina typically has a
pore volume greater than about 0.5 cc/g. According to one aspect of the present
invention, the pore volume may be greater than about 0.8 cc/g, and according to
another aspect of the present invention, the pore volume may be greater than about
1.0 cc/g. Further, the silica-alumina may have a surface area greater than about 100

m?/g. According to one aspect of this invention, the surface area may be greater than
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- withéutl dilies, tahd | degending tuenother #mEFtoR

conmponent of the catal yst conposition, but rather is

to be considered an active part of the catal yst
conmposition, because of its intimte association with
the ansa- netall ocene and organoal um num cat al yst
conmponents. Wiile not intending to be bound by

theory, it is believed that the ion exchangeabl e
activator-support serves as 25 an insol ubl e reactant
that reacts with the ansa-ng aPl ocene and

or iCabventidi, the surface area
O L L b L o

mAP 8k pesate $R@Choef 330he’/gr esent i nvention, the clay
materials of this invention encqnpass nat'erfé@%ﬁanalumina

ei t hhe pikica-phining asest withdhe Presefit 1PYRRFIORN LyRicy]

treated w t ri kONS ' i Rangéntion! th

o R §out b RAAS 958 cARordEG 10 Bfe oipB0: FHARARARIIOR! the
alaflina JbRENtSHPRRY §iliek-atuhiifa intasebé iffom aboytr b stesatvutp§%, and
that -have been ion exchanged with |arge cations

adcnr;ﬁngi it gnotbsy aspeck of | thisi igMenfiogh gpeg @l&rrp‘%q gpntgw the silica-
alﬁ%tl_l{lq?{t]é}" Pg%\g)ﬁ:\t/ glg) t?l%s 600 L.‘tg&élé gﬁ‘%e%{lﬁlﬂh}aa S\!V%(i%fl@ " ASORRRE tSyet

_ ( _ onpass ¢ at have been’
ax}oeﬁbre&é L2000 @idls Wivehtish, ik Sol@lbokfle donfpotietitnyay barhprigstal§nina
imted to, salts of A(IIl), Fe(llghi Fe(ll,l)tgnd . d
sabereRiY, thesplid gxide
nitrate, or nitrite. or.din o anot her aspect of - °
W%@‘EP%@%WWPW@I?%%%‘FWI&%-support conpri ses a
pi | | @ eeliftdsolidb&ideSsomprived hifabslardl 2y0lidi axidesetfonent, such
refer to clay materials that have been ion exchan%ﬁd
asnaliimihaog eijlicasahinsiak) yn g foroc P arpartigulaie ol r Geigenally, the

ok e iAo AT e A0

ofiﬁ? B ﬁsé"shf‘rn%ﬁ. S WeBordfng’ th oN@hspeuiSof the present invention, the
pol yoxonet al | ates, and other |arge ions. _Thus, the

sull fateth solitll cxidengpmiprises sulfae and ialuptina. e Mt seipgyinsanges fhssulfated
whi ch, th h bl ] i
s o L BPAER b i Bt R e e,

lB1el B0 not Bfed RS, sIRkicCacidbi @rsalfateasalthaioh as ammonium
fo:lﬁ%n%g%lﬂel’zedn%ﬁthlﬁn the 15 interlayers of the clay and

sulfaen Thiscproesss anay bopeformel by forming ao*l“éflé of ghe g yna in a
sugt; @%h/\,égg %u%ﬁggglrc%g)r:%h erg %ngéh{cﬁ%ﬁé ﬁes@l%dcc%h&gma{ibxlf 6f the

sulfating agent has been added. Suitable organic solvents include, but are not

limited to, the one to three carbon alcohols because of their volatility and low
surface tension.

According to one aspect of this invention, the amount of sulfate ion present
before calcining may be from about 0.5 parts by weight to about 100 parts by weight
sulfate ion to about 100 parts by weight solid oxide. According to another aspect of
this invention, the amount of sulfate ion present before calcining may be from about
1 part by weight to about 50 parts by weight sulfate ion to about 100 parts by weight
solid oxide, and according to still another aspect of this invention, from about 5 parts

by weight to about 30 parts by weight sulfate ion to about 100 parts by weight solid
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is dried and cal cined to produce the supporting

pillars between clay |ayers, the expanded lattice
structure is maintained and the porosity is enhanced.
The resulting pores can vary in shape and size as a
function of the pillaring material and the parent 20
clay material used. Exanples of pillaring and pill ared
clays are found in: T.J. Plnnavala Sci ence 220

(4595), 365-371 (1983); J. M0 Tonas, | ntercal ation
oﬁ'aem Thés)é wé1§ht Whidst irB BR8d FA0thE. weighobs @ile s6lits okidehbefore
3, 55-99,” Academ c Press, Inc., (1972); US.

cﬂamﬁrg: Gloce mptﬁgnambwlthl sglfateathermulfaed axids7map be drigd dy any

mgﬁggrlg)ggvg}tgdhq@qt &qiu lﬂg’iAI{ n@?‘lﬁ’i‘&@‘%}’ Vs\g%tloﬁh@%‘ﬁfl?rf fol OHISd by
t | on§ g{?}ld‘l‘é der SaRMur] ¢l @yifgvaiio R BRANGS elt is also

ayers capabl e of expandl ng. Any pill ared

p@dsﬂﬂe tohiaitiacethe ealomimestehianmpedigtelyr | zat i on  of ol efins
|n the catalyst conp03|t|§n of the present

cqrding, to anoghes agpest of the arssent @ ﬂmln@&eaﬁ EV?tSE'S“PPOﬁ
e

elchingabrhedtivdtof-Mpportn dimdhrdingt bute snod 2 linitederte ofsilzateh and
as nontnorillonites (bentonjtes non r nit
aln@ewrhep@s coBpopBgorfirt é%mera}?m ‘Flgh?&' éé eﬁ‘x il peyslayered

st¥uc g S/Oc%&n%"i‘flfau&‘ﬁ Qx{jebf Tn t gg?!te&f fﬁh@ﬂﬁentwﬁe ion-

S Inc to sep|0|tes

e)@:héﬁgb\dblgl U@&redaﬁlimﬁﬁbsiljwt%( istieds as Q)lllaed pelays neycbayused as
illite; laponi nite; and, any conbi nation

actiNatoESRDPOFtS. onéVbelhsg‘g tacuiuh ea‘iﬂVIaF%iTSBEPQ{F ag}ompnses an ion-
t | va,élgr?&%{%? rs{lppﬂ]?pp{tl cc‘agls gﬁ&aﬁg' b€ Pated Wl%le at least one

oni onent of ntonite
elb&rdMﬁl@bWid 6rﬁsucﬁh>.@ t}%dd disohsbed hat;entml;o@h typically the ion-
pretreated if desired. For exanple pill ] )
embmgsﬁblp ectnw;ortﬁ@pmréﬁréétt@ateéyv ap %C”é’fl %&ﬁﬁf‘w@éd‘éwn-

unde ihn . %&% gno%&oa%g%g : g tlg: eﬁrXJ%hF%grla%{F&% Mlendch('ﬁgﬁéhpport of

for ours

thi%oﬂnw&ﬁfdnzcﬁxl @inpkider A€ hdfieraldl Hahmggﬁchmgexlﬂamaaogs and layers
pretreatnment is described herein, it shou

capshle of eapandingat Tymgalmla-mmqrﬂgaceé{#%éunpgﬁml’é gy bty e not

B 5L SARELR SPeBR s FRRCha 39 Al i
ANKYUEA tBE @erm “support” is used, it is not meant to be construed as an inert
component of the catalyst composition, but rather is to be considered an active part
of the catalyst composition, because of its intimate association with the ansa-
metallocene and organoaluminum catalyst components. While not intending to be
bound by theory, it is believed that the ion exchangeable activator-support serves as
an insoluble reactant that reacts with the ansa-metallocene and organoaluminum
components to form a catalyst composition used to produce polymer.

According to another aspect of thé present invention, the clay materials of
this invention encompass materials either in their natural state or that have been

treated with various ions by wetting, ion exchange, or pillaring. Typically, the clay
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enconpassed by this invention. The activator-support
used to prepare the catal yst conpositions of the
present 15 invention nay be conbined with other

i norgani c support materials, including, but are not
limted to, zeolites, inorganic oxides, phosphated

i norgani c oxides, and the I|ike. In one aspect,
typi cal support materials that may be used i ncl ude,
but are.not Ilimted to, si4lic® silica-alum na,

m?{eﬁgi 2t \g(tért-s%ﬁ*)&t i MvRntiGR EBRPri8es ERYS hat have been ion
i'de

uor alumna, silated alum na, thoria,

extheig edopitle fpfations including poipsioteat, dighly chrgethmgiab gomplex
silica, phosphated al um naj’ silica-titani ? .. tion also
catiops-e c Howiexere dhe  ¢lay: anaterialnpciivatorisypRariie gy JPisaio¥gRton

al um na, a n ' ' XL r ine. but not
crROTE 15 e e aY I e e b BEfuding, but no
LitnfRERS, Qits GINRI(HY), Fe(TB, Fe(Il@nd IEx(H) Matheligarcls rudupsidalide,
may be precontacted with an ol efin nononmer and an

acetatys 1solitemitiate; aranpideind for a first period of time
prior to.contacti this, mexpur | € activator- t
act i QEPBANg, pSP?tﬂgrO%peeCE hrgg %’:ée rgn%é\é\ftng tﬁﬁi(tag e of Pre

B L HiMRELBEy. TRERSGHHildred @lagT igusedno vefer toautay materials
organoal um num conpound is contacted w_th

the
thatchave dteen icugxobanged with lergepopically Rolynpelensy hlégh‘pﬁhﬁfsgﬁﬂ fretal

t he tivataQr- t i t " o0t no,
comBenFiont Expabien g pusttion’ RS, it e RATHGR @CKetsin fons
whizh Qah BIRE Shatgbs sHER BT+ GRRLES pollyoxoretaltates) dnd ethentirgs ions.

S
time prior to being charged into the reactor in V\ﬂll? h
Thuse thel temar pillating refarodess sitmple (sxchange Bactinn in gwhiph the

O ganogl um.num Conpound Oy ganoal und :
cxouga580Is SBHOT A1 RGBSR e ooy i RO S B ions,
ih hied HB AatibAY aregthich einfrosbilited: within the
su?%sg%&%éh%%s?e?%% ﬁ?lgmgn al itlphatmi%g group havin W; r.?m N
infériagera ufuthe Glayaatsb when watsinedogre qopyerAdeto {xp}al l?éy%b cpillars”,

thyl, propyl, butyl. hexyl . or j.so 1
ettty PORF IR REG OIS o kol SR BB ltizge | TR onco the clay
is AR SR CBlciell Not BiBduce the supporting pillars between clay layers, the
expanded lattice structure is maintained and the porosity is enhanced. The resulting

pores can vary in shape and size as a function of the pillaring material and the parent
clay material used. Examples of pillaring and pillared clays are found in: T.J.
Pinnavaia, Science 220 (4595), 365-371 (1983); J.M. Thomas, Intercalation
Chemistry, (S. Whittington and A. Jacobson, eds.) Ch. 3, pp. 55-99, Academic Press,
Inc., (1972); U.S. Patent No. 4,452,910; U.S. Patent No. 5,376,611; and U.S. Patent
No. 4,060,480; each of which is incorporated herein in its entirety.

The pillaring process utilizes clay minerals having exchangeable cations and
layers capable of expanding. Any pillared clay that can enhance the polymerization
of olefins in the catalyst composition of the present invention may be used.
Therefore, suitable clay minerals for pillaring include, but are not limited to:

allophanes; smectites, both dioctahedral (Al) and tri-octahedral (Mg) and derivatives
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10 present invention include, but are not Iimted to,
conpounds having the fornmula: AlI(X9)n("10)3-n, where
(X9) is a hydrocarbyl having from1 to about 20 carbon
atons, (X10) is an al koxide or an aryl oxi de, any one
of which having from1l to about 20 carbon atons, a
hal i de, or a hydride, and n is a nunber froml to 3,

i nclusive. According to one 15 aspect of the present
invention, (X9) is an alkyl4hafing from1 to about 10
theRdoPQlch & ERtmET REHA S Tb&Htorités), noBirShiteds hedibtitesicor 1Bpbnites;

are not limted to, ethyl, propyl, n- butyl,
halbaysitest Wermicsibitest yrhicasie Apbronsieas; tdhdoritek emixedcloyeti glgys othe

R R e o 57 S B

sélﬁg&%g!Jl]%"tiggg;ggap%aﬂf;&h@e{po Pesld Shy tcBﬁle{aﬁf%ﬁ Nhereof. In one

vention, be“chloro. I'n the 20 formul a .
asplétXDenpilaR) Xlay activatorasupporbeomprisen entani® omumbntgioridlonite.
and typically, nis 3. . The value_of n is not
Theprndipal eemponesé of hentogitejs montmerillonites  his fornmul a
I ncl Jl’llqee ?)illa?&f‘ e hx?lla#rdoee g&%&% P dggé?it hefor ex?mple, a pillared
or ganoafum num ¢l tst er tonpounds. anples o

beMARRORAY B P 0P dtking AR kbR 3008C uinideabn éndroatmosghere,
wWth the present invention include, but are n

ot o
typicadly dry mitrogen,ifar Rjaud|3ubgursirheferahsingdadded gg the polymerization

di.al kyl.al um ni um hal, de ¢ nds [ I '
rel i AT B L D B PRTCRET it (RO olerd i hopld be
uriiebtsodniBbN el fEBeding @ATbe RBEd buCatemanpbtifer téhperatures and
or ganoal um num conpounds that may be suitabl e include,

tirhex, in¢ledingtany joeirtbémhtion: of temperatuyg |aad (time stepg, TN which are
triet h%/éﬁl mrln num (TEA), tripropylalumnum 44 0
enGPEPAFAPY ISPt Hoxi de, tributyl al uni num

di i spRufcrbabHEgPem dakdid H&;I)_arettlié Edtalpsticpnplositions|of the pebsent
di et hyl al um numchloride. The present invention .
inventios péyabe sombinedrvidle tothey ingrgartic syprark materidse fecluding, but

co und, .t he cond netal l.ocene ¢ r. hoeth,
R e e R e O P
1ikR! ohi dhe MRPQUEBEpicAl S anMELES Mad GhRCbdThsed iheludgbudbre not
to contacting this precontacted m xture with the

limgited \tayt oiliceypyplia-aliminaor alutiiea, titania, zirconia, magnesia, boria,

fluorided alumina, silated alumina, thoria, aluminophosphate, aluminum phosphate,

phosphated silica, phosphated alumina, silica-titania, coprecipitated silica/titania,
fluorided/silated alumina, and any combinaﬁon or mixture thereof.

According to yet another aspect of the present invention, one or more of the
metallocene compounds may be precontacted with an olefin monomer and an
organoaluminum compound for a first period of time prior to contacting this mixture
with the activator-support. Once the precontacted mixture of the metallocene
compound(s), olefin monomer, and organoaluminum compound is contacted with
the activator-support, the composition further comprising the activator-support is

termed the “postcontacted” mixture. The postcontacted mixture may be allowed to
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active catal yst. When the catal yst conposition is
prepared in this manner, typically, though not
necessarily, a portion of the organoal um num conpound
is added to the precontacted m xture and anot her
portion of the organoal um num conpound is 10 added to
the postcontacted m xture prepared when the
precontacted m xture is contacted with the solid

oxi de activator. However, t43e entire organoal um num

e@%ﬂpﬁ%ﬂh&%n&%t F5:65ekb6h @{)&Rﬂ & i€ phet R betig EHargdtiner the

precontactlng or contactlng st ep.
redﬁtéﬁhrvﬂhch/ﬂabpolyahdnz}ahm pcedsyeill bteaapiedent.s nmay be
contacted in a single step 15 Further, nore than one
or gahoal uFhefdrpanoalwainn CEIMPEUNd;sed in either the

AL s 8L iy g0

In multiple steps,
mém&e PR NSt Binited 67 kReapuEhdsUvingtheforohulli: scl osed
herein include the total gnnunt of organoal um num
corrpound used |n both thé )pf\bcont acted and

t t
g?; a‘?cﬁlg g‘?g) .’ﬁﬁﬂ }ga%ﬁ}s%%@% \%%%&go {oh e p o? )(/:anrg?rll o
exaRpld A% mAyVeRhii ?rof)ﬁt { BhtyR Mexylf 6 isdbutydr ganoal umi num

corrpounds are disclosed regardl ess of whet her |r‘1‘g
orgamtzhalt ommmmmmmommp@m Préhaé mayAe §d in accordance with the

e

catal yst conposition cm(mi’) @(Wg 2an 25 alum noxane
cocatal yst. As used herein. the term "al um noxane

wheed €KY isa hydrovarbyd havingcomoliiel showcihearben gipems, (X' is an

SR SRR oo ot b BEhT L ol 20 RaMoR i,

a 14iQY] Stes hydifde, ﬁﬁ@mk @, nudnbef FHodh YIb 3¢ igdasive. i Aocording to one
conpr|5|ng an opti onal alun1noxane cocat al yst can_be

aspEce pé fedpresant Wveption @ﬁﬂ ipsaalkyl bayipgfioged Bs2boHke10 carbon

5L FEUSARERF B AL ML DLRE 55 1 L iy rom.

bu 1%&%@91&{%&!1 L HERGY %ﬂd tAdfika. Sdsordkng®to andthereaspect of the
r’ot ons ‘such as ‘water. Al um noxanes are also_ referre
prdsenta snvention, (X'%) may be independently selected from fluoro or chloro.

According to yet another aspect of the present invention, (X'%) may be chloro. In the
formula Al(Xg)n(Xm);;.n, n is a number from 1 to 3 inclusive, and typically, n is 3.
The value of n is not restricted to be an integer; therefore, this formula includes
sesquihalide compounds or other organoaluminum cluster compounds.

Examples of organoaluminum compounds that may be suitable for use with
the present invention include, but are not limited to, trialkylaluminum compounds,
dialkylaluminium halide compounds, dialkylaluminum alkoxide compounds,
dialkylaluminum hydride compounds, and combinations thereof. Specific examples
of organoaluminum compounds that may be suitable include, but are not limited to:

trimethylaluminum (TMA), triethylaluminum (TEA), tripropylaluminum,
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pol y(hydrocar byl al um num oxi des) or

or ganoal um noxanes. The other catal yst conmponents

typically are contacted with the alum noxane 5 in a

sat urat ed hydrocarbon conpound sol vent, though any

solvent that is substantially inert to the reactants,

i nternmedi ates, and products of the activation step

may be used. The catal yst conposition formed in this

manner nay be col | ected by 44n€t hods known to those of
di?dfx}dahurhiﬁuﬁlh € efokideNC! tH iy BilurRitund) Ot diisobutyRAuh@um  hydride,

ITtration. Alternatively, the catalyst conposition
uiﬁ@?tﬁiymtlmghmdmédileth)ﬂa;umhﬁmpdﬂyﬁé@-i zation 10 reactor

wi t hou ei ng.i solated. The al um noxane c und_of

t hi sThehpEsReloAnvFRYioR ecoélFF“&IﬁF‘ﬁB ReRRtacg gL L o%%‘é“d%%"“e
co%{is'tﬂg $eBRA" metaf1Gdnk gém P\Y&i,' br ®thCaEh at least one

struc or aP th

ctlures, m xtures o ree. Cyclic
orghrvaluienameconponad and af alefingnotendrdo forinaa precofadid mixture,

wherein R is a linear or branched al kyl havi 1
prias to Goptaetingnthis piegontaglerd mixtyre Hh‘git ¢ Byl EE%I foptorm the

bout, .10 C L hE S i i
o g 856 SRR RS, R O e, opicaly,
thé@RERSt Htdesdaily, 4 Poriohiofehe ofatoalamiame composd is laddehto the

al um noxanes having the formula: R Rfi 1-QA\' Rn R

pre@nidstade mixterd gndy anpthen Moo f ke @uganoplpmIBY; GRgRUYH, is

3o Sy S| D s o

cofithctedewith atht NoR@XPA@S abivat@. S Hdvesrer,Cthgeersire wrganoalamofum
the formula RtsmraRtnuAl 4nBm wherein mis 3 or 4.
cognpduad imsay- beausyl to pepprer theo Catplystuie rether tﬂ‘%mwp?ci% or

nunber . of three coordi nat 5 2 )i
perieBR ey Bttt i f R AR il e Sopp i ne
sidglestapinber of 4 coordi nate oxygen atoms, Rt is a

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 organoahiminum 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
organoaluminum compounds are disclosed regardless of whether a single
organoaluminum compound or more than one organoaluminum compound is used.

4, The Aluminoxane Cocatalyst

The present invention further provides a catalyst composition comprising an
aluminoxane cocatalyst. As used herein. the term “aluminoxane” refers to
aluminoxane compounds, compositions, mixtures, or discrete species, regardless of
how such aluminoxanes are prepared, formed or otherwise provided. For example, a
catalyst composition comprising an optional aluminoxane cocatalyst can be prepared

in which aluminoxane is provided as the poly(hydrocarbyl aluminum oxide), or in
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46 0 term nal al kyl group, and Rb is a bridging al kyl
group, and Ris a linear or branched alkyl having
fromi to 10 carbon atons. Thus, al um noxanes that my
serve as optional cocatalysts in this invention are
represented generally by formulas such as (R-Al-On,
RIR-AI-OnNAIR2, and the 5 |ike, wherein the R group
is typically a linear or branched G -C6 al kyl such as
met hyl , ethyl, propyl, butws®pentyl, or hexyl, and n
W H'a?ua{lilnXxé&EQF gﬁﬁfﬁeﬁl ARMhd EBiRAtiod 604 dluinfhaP AUyl &fhpound
anpl es of al uUm noxane conpounds that nay be used in
arfiCE sdued ofactive prétbas fuchws iwatérn vAluninoxanes argddso tefarredrte as
not limted to, methylalum no>iane, et hyl al um noxane,

paly(hydiegarhylatimineanexides) or preapoalumEIoXpRs noxane,
n- bu.g%‘% %g{%&%ﬂé&%m&%ﬁm wpg&%?p&lé?? E8f1Geted with the aluminoxane

sec- oxane, 1S0- al um noxane,

inlapepindiad UdRssfiva. campeiidy | solvent, nobaaigh, afy peivept - that  is
al um noxane, isopentyl al um noxane,

substapiéailyyinert tmthegragtaits, dntepmeriatentand arodts qfithe acfivation step

Met hyl al.um noxane, et hyl ] '
mif bV ol AT pagar e AR AR e Rf vy M bolibcted by
méthb& RYdwAl WTiHYdEof QKilll #nl the @BUinyhudingribatifiet Hrfited to, filtration.
respectively, and sonetines are referred to_as

Alparhatively, fthe catalyst pompasitiatetay bsoinfrodeged| intg thei pelypnerization

- oxide), d. pol y(i sobutyl alum num oxi de),
readdy ‘?‘@EF‘;‘?. lﬁ‘%{étf"i al so within the scope of the

i nverdd QurhifokaR BmPbUHY BEXMRE ihvertidAD gt benadmdligomeric
trialkylalum num such as that disclosed in US.
alininent chinpound7 edmpasing ilinsar gwvetued, cydliceion ¢gge structures, or

refere inits.entirety. 20 The present, | Lon
isGire AR CanyS duptinetess cqmprsytia il me Bl
formulas (RA-0Oo0 and RIR-Al -Q %I R2, and n typically
may be at | east about %AIH@:%L dependi ng upon how
t he or ganoal um noxane | |orep pd, stored, and used,

the value of n may vary \/Rthi n a _single sanple of
al um noxane, and such conbinati dns of

WiEATOR H1ThP 6P BRhcREEaILPHRTY AbRd1 R @l¥rboR atdnis, and n is
preparing the catal yst conposition of this invention

andateger fomg3 da 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:

/R
R‘GAI—O%AI

| n \R

R .

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

Further, aluminoxanes may also have cage structures of the formula
R proRmoAlinOsm, Wherein m is 3 or 4 and a is = nai) - Noe) + Now), Wherein
nays) is the number of three coordinate aluminum atoms, no() is the number of two

coordinate oxygen atoms, now,) is the number of 4 coordinate oxygen atoms, Rlisa
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optional alum noxane, the nolar ratio of the al um num

in the alum noxane to the netallocene in the
conmposition may be from about 1:10 to about 100, 000: 1,
for exanple, fromabout 5:1 to about 15,000:1. The
anount of optional alum noxane 47 0 added to a

pol yneri zati on zone may be from about 0.01 ng(L to

about 1000 ng/L, fromabout 0.1 ng/L to about 100

ng/L, or fromabout 1 ng/L 4® about 50 ng/L.

téhiiRd) QR dﬁgxma" f@a/bxb@%:@g eIkg! @dupyandeR iidallinear or branched
procedures that are well known in the art. Exanples of

aﬂwbhmngﬁmnriﬁgd@ecapb@mimml ons are discl osed | n 5

at ent S 42, 099 d 4,808,561

b o TR AEBP R et By Sere & Shfanah S @i s invention
agegxlteefe@&ifed Eer15PHP kGmul¥Bsath ad (IQIMLO);J R(IQIAEEIDJHAIRZ, and the

ent may be“reacted with an al um num al kyl
hke;nwhemdl thecR group\liR3ypicallyoa dinetre od dganchetl Ci-Cs alkyl such as

R ol R et g
Ui gt b%uf?% (%(a%ﬁﬂ Off)f Q u%lﬁo%étdéhﬁ)oﬁﬁd@ﬁ{ah nlld ]Elsed in

and cyc n al um noxane speci es,
acdorddncar evitn cthde‘rppmemt biyivérition iimeleds,i dwut are not hmited to,

Al ternatively, anoal um noxanes nay .be ared. b
methylalymyognes| uret ﬁ%umlwane,conﬁdﬁ?{&x IR aAS, ) Fgo-Propyl-

| aﬂnﬁgoﬁng' ygl ‘c')?ttyf‘a‘iiurﬁﬂlo'i(aneS YGJ u@%ﬂ%ﬁ%@ Ol %%Eéluﬁx%cfx@ﬁ@ 1iso-

I’ner ani c sélve ’Organdbor on
b@?hmhyﬁneﬁ Tihpemyleﬁmﬁhoxawent |2qrent)daluhmo:qane;w dapentyl-
cat al yst conp03|t|on conpri anobor on
ale@ermxans»stsopmﬁéa BYEEr é‘ﬁokeé‘gbﬁ HW&P ’c%ﬁflys‘é’mbmauon

I‘I‘gl nate&gf g{ﬁlglmﬁg)[%}l%u EHIS’I aRAiA fan%a & isdHuty? "Wuminoxane are

ereo exanpl e, e orga obor on

l@?ﬁfﬁ@uﬁdﬁl Oﬁ‘lrrgiﬁlh)ﬂaluﬁﬂmnﬁ,l Clﬁeﬁhimalmmmm ser atriisobutylaluminum,
uor oor gano boron conmpound, ., a fluoygo o bor at e
respsiehueliid and sometionesi ARt FATech &P ey PO%mﬁﬁy aluminum- oxide),

oA 0100, s LG IRERTI O 0o Ry 1
alsdwethiin b8 scdpeadtithe snvehtibnh tmﬁsaomgwlnmmmaat i cmbipaﬁmdwith a

that may be used as cocat alys in the pr%f b
tripfrylalymisym, gegh erethapdisclgsed 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),AlIR,, and n typically may be at least about 3.
However, depending upon how the organoaluminoxane is prepared, stored, and
used, the value of n may vary within a single sample of aluminoxane, and such
combinations of organoaluminoxanes are contemplated hereby.

In preparing the catalyst composition of this invention comprising an
optional aluminoxane, the molar ratio of the aluminum in the aluminoxane to the
metallocene in the composition may be from about 1:10 to about 100,000:1, for

example, from about 5:1 to about 15,000:1. The amount of optional aluminoxane
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not limted to, fluorinated aryl borates such as
N, N-di net hyl ani |l i ni um tetrakis- :
(pent af l'uor ophenyl ) borate, triphenyl carbeni um
t et raki s(pent af | uor ophenyl )borate, 25 lithium
t et raki s( pent af | uor ophenyl ) bor at e,
N, N-di met hyl ani |l i ni um tetrakis[ 3, 5-
bi s(trifluoronethyl)phenyl]borate, triphenyl carbeni um
tetrakis[3,5- bis(trifluorogmet®yl)phenyl]borate, and
[ a
adddf 1 ggnr%ganlﬁ%ﬂgaeﬁ DSndinky e Sont BESAY01 mBHAAIRE: 2000 me/L,

or on conpoun that can bé used as
fré:aabbal 0/5 byl w dbvait 100 egdntorifroneatduo h mgik ltudeout 50mgdk.e

not limted to, tris(pentafluorophenyl)boron, 4
t ri sPEzaBoRImROXRReS B S PP B Series Bipoedires thg are well

| i ke, Lncludi t o QL disclosed i
ke il Rg et o RS BeboliufBiopand blebdEon R disclosed in
USxap@bsNesd. 3242009 0aginA@08E6d) @acn @f f Which cisr ipaorporated by

boron conpounds, and rel ated_conpounds,, are thought

refegerfosrhereimémits yntingtr droraxample, Y8 aRHBert SEApic e ent may

w t h qrganonetal .5 co un S dd :
beptragisd B0 25, Saminteh AR SPIPRURE ST AT of Torth Sho desired
orbArbafithinbdné - copoah@! Whilewit iARBAIRE t6 be db@anby drivstatement,

conpound may be used. Accordin to one aspect of this

it isrhedinvedathat thissynthietie meghodsan fafioria BYixfuror BodhlRsHp SHElLc
t h tall d.in th i 44 ) .

e Rim e 228 35055 0 SA Gnich 4B EnSRASId by P Bitefifon.

ARSRAVelyR forddnBallinifGQREH ARG HeGireparéd by késofie® agalugninum alkyl

orat e ‘conpound used as a cocatal yst for _the .
comgloahd, e es ARy with af hysinated salt, socisasiiyidsated ceppst sulfage, in an
. ol es of boron conpound per total noles of the
Ingrb PLEAPISSANE™ conpounds.  According to another aspect of

thi s5 i nvepld Gfpanbtiifo tRUAthlyS f | uoroorgano boron or

fl uoroorgano borate conpound may be from about 0.8 .

nol eTheopragentiinvention Exthst provideascr eatelys epEpasitipe COMBRNS an

nol es of the netall ocene, conpound. 6. Th 1. Z]
OrgaOPRrOBSOGHANSL Cd B CRE3POPORPR LR Pé)élggtm a|lyn€°é1ll i gﬁ{eﬂgal boron
cofpobRE. bBafYdalts Sortang oalbyiftiof THEESH Hop BxaAPIR) thé ofignaboron

Ioni zi ng 1onic conpound cocatal yst. An ionlzing ionic
compopndsn df itlis dnvénsiencmay 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-dimethylanilinjum tetrakis-
(pentafluorophenyl)borate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,
lithium tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium tetrakis[3,5-
bis(trifluoromethyl)phenyl]borate, triphenylcarbenium tetrakis[3,5-
bis(trifluoromethyl)phenyl]borate, and the like, including mixtures thereof.
Examples of fluoroorgano boron compounds that can be used as cocatalysts in the

present invention include, but are not limited to, tris(pentafluorophenyl)boron,
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conpound that can function to enhance the activity of
the catal yst conposition. 20 Wiile not intending to be
bound by theory, it is believed that the ionizing

ionic conpound may be capable of reacting with a

met al | ocene conpound and converting the netall ocene
into one or nore cationic netall ocene conpounds, or

i ncipient cationic netallocene conpounds. Again,
while not intending to be bgg8ind® by theory, it is
c&sgi,sﬁﬁiﬁﬂiﬁdb%m&tﬂg)ﬁ&ﬂ PbéYdn] RH eheCHKS) GHEEAIRB nixtied ttRreof.
as’an 1oni zi ng 25 conpound by conpl etely or partiall
Agthbugle not dnterding it® bie cbduind abyd thep fdlomting theono rtﬁﬁesexamp es of
al kadi enyl |igand such as  (X3) or 4 romdi he
ﬂﬁenoargaaeéﬁ@te NEPOTEaRQD reﬁi%mna&ﬁ%?ﬂ{‘e@é‘?ﬁ%%}?&“f‘%& are

| Ok _r s : 99 t i Y i S metal

e o, KEHE e RO RRNEL PR Rinq oAl bARSoeat
coapburds, @sditdodedrimag. Parentii9 19,988 dtconsorstee ha@iroby reference
~netal -(X3) or netal-(X4) bond in the netallocene,
msithgtifetlyoor di nates to an (X3) or (X4) ligand, or

acti yat es.t he i i
Fur  KBpEEE oy ol BF BAGnBYor LBl ity HeARE Thocording
tCHEPRPBEL Tahils identibhlethe Mjlad fatio @fitiee arghnobofidrecompound to the

activation function of the ionizing ionic cor[rioun(g IS
mtafivicehsneompeund én dithegrarasitien may by Taym ahey § Lyl to about 10:1.

TSRHAC 4 o8 R RPaF PO 0 St oot

ud¥atasCH BRSatatyst FYthe iriéthlddefles @iy GeCRom abodt. 0.5 tmals takbaut 10
not necessary that the ionizi n%éi oni ¢ conpgund
mabssi vAtkoremcéonountie perettetal goelks ebrihe Ipgeas oppmpounds.

j it t. 1t .. i
ARGkl g P AR R RS Bk B i elant Bron o
ﬂ@érobfgajaé ijdghté @BMPoGRITRRAY S frbACibEe 0. uolar® abatt 5 moles of

[Tmted to, the follow ng conpounds:

barpi compounyd Peartetakmoles pEthearstalierens compersidat e,

H: Eﬁ Bﬂ:?—i ;¥ arrlrmgi u'r(Eét etragi ;S@Ml &l)tyl ) bor at e,

di methy bRE&H hVRBbA erthdr Prévideyd vathgsiamiposition comprising an
t et raki s(3, 5-di net hyl phenylz‘rtA)qr ate, .
iohizir(g idni¢ ydoyrpernd i agpatalyst. |

ionizing ionic compound is an ionic

tetraki s[3,5-his(.trifluoroneth .
CW%WE f?‘g‘taf‘ﬁ% E‘f‘ﬁﬁ?? dp reé‘BF%“(ep%lﬁ%/ %‘%‘?’L{g :ng%’g %Fa}%s(t) rcgft’ng ’()§lt1on.
whlilB £t TRichding@ b | Hehotid by theory, it is believed that the ionizing ionic

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

the metallocene into one or more cationic metallocene compounds, or incipient
cationic metallocene compounds. Again, while not intending to be bound by theory,
it is believed that the ionizing ionic compound may function as an ionizing
compound by completely or partially extracting an anionic ligand, possibly a non-n’-
alkadienyl ligand such as (X% or (X*), from the metallocene. However, the ionizing
jonic compound is an activator regardless of whether it is ionizes the metallocene,

abstracts an (X°) or (X* ligand in a fashion as to form an ion pair, weakens the
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tetrakis(p-tolyl)borate, N, N-dinethylanilinium
tetrakis(mtolyl)borate, N, N dinethylanilinium
t et raki s(2, 4-di net hyl phenyl ) bor at e,
N, N- di net hyl ani | i ni um
t et r aki s( 3, 5-di net hyl phenyl ) bor at e,
N, N-di met hyl ani |l i ni um tetrakis[ 3, 5-
bi s(trifluoronethyl)phenyl]borate,
N, N- di mathyl anilinium20 49 °

@l (R &(@&at-fw ) W@ RA € nkRfbadR, sitply beshiinats e eh @) or
tetrakl s(p-tolyl)borate, triphenylcarbenium

(X9 igankd, 9( a@tt\@teﬁltb¢)mﬁmile¢emrhypshmmﬂm mieshanism.
tetrakis(2,4- dineth htEl bor at e, th
tr1 PR o iris it TRy olER (. SIS 9RF SERGYbAsiyels, the

[ I b
plliBORRY (A% TS et nction of the lonifing ionie compound s

evidénp Ineth,alenhaxb;em lacvityedfreatal ysf pmnp@aiﬂimmmwm\lyj a)sbmnmamd toa
tropyliumtetrakis(p 25 toI yl ) bor at e,
catalyst gemyrosition| amfaiming  catalyst mnoa&ﬁlpfléb?taﬁﬁ%( l2°t4°°fnpﬂse any

ol RS GFAMECIEG S LLUBY o i g i compoun

acti®ateadach [ of, ﬁtebin&(ﬂlbcédeummmmﬁylpkede&mmo} hsrlatneg:essary that it
tropylium tetrakis(pentafluorophenyl) borxé% e, lithium

actigete A il thametideemssapppBdsio dhe fama

tetr e ..

t ot r AR P JohAB8 e cbiPbidils include, b e ngt ligited to the
followitlg) b&hp&mdﬂ | tri{th4biityl)ammonium tetrakls(p-tolyl)borate, tri(n-butyl)-

tetrakis(2, 4-di rrethyllg)henyl)borate lithiu )
amUaeRiyRy s ( Jteakigimprial hf@nyl ) B pdugl) ammwrlum tetrakis(2,4-

AT E A ks i PA—
trifebuitghafienived V| ) heraisfs, 5-lﬁs(dtﬂliﬁromethyl)phenyl]borate tri(n-
tetrakis(mtolyl)borate, sodiu

butslammenun, 4- dPHEEHY h@fgﬁpyhf@wab@atesodu DedVafimethylanilinium
tet%agcéélkg-?t{)l%@gm tg? 'Jg‘ﬁﬂ | um&? raket?a?cgg(llﬁr@olyl)borate N,N-
ditpeplaafliniieh op hamldls)(b arcamethyqnieﬂﬁ;wm N,N-dimethylanilinium

tetraki s(phenyl)borate, potassiumtetrakis(p-

teteakis(3,pisimeathylphgayDhosatem t et NeNidipathylsniinyg at e, tetrakis(3,5-
bi %I[Iﬂa%is | uérgu(l&he g’({r%ted' di methyl - phenyl )ﬂ%?ﬁrﬁethylamhmum

35510 5- di met hyl phenyl ) borat e
tetRRis@sentdfiiotspheafl)boRate, barigteny lcta.ﬂieﬁiimb ut )tbﬁrﬂm(pnblyl)borate

tetraki s(p-enyl)al um nat e, trl(n but yl ) anmoni um 10

tnn@nylﬁkﬂbsmnm ol Sytr;dglsﬁmﬁqiﬁlr)@ra&er i (mpbawperbw| urbptrakis(2,4-
dn???tfxylﬁﬁ )§P535%0 Hm}'}#xy g%lluﬁa 3 tjtgl_rglgg(%,5-dlmethylphenyl)borate,

triphenylcarbenium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,
triphenylcarbenium  tetrakis(pentafluorophenyl)borate,  tropylium  tetrakis(p-
tolyl)borate,  tropylium tetrakis(m-tolyl)borate, tropylium  tetrakis(2,4-
dimethylphenyl)borate, tropylium tetrakis(3,5-dimethylphenyl)borate, tropylium
tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tropylium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate, lithium
tetrakis(phenyl)borate,  lithium tetrakis(p-tolyl)borate, lithium tetrakis(m-v
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di met hyl phenyl )al um nate, tri(n-butyl)amoni um

t et raki s(pent af | uorophenyl )- al um nate,

N, N-di net hyl ani liniumtetrakis(p-tolyl)alum nate, N, N

dimethylaniliniumtetraki s(mtolyl)al um nate,

N, N-di met hyl ani I inium tetrakis(2,4 15

di met hyl phenyl ) al um nate, N, N-di net hyl anilinium

tetraki s(3, 5-di net hyl - phenyl)al um nate,

N, N- di mathyl ani l'i nium tetragg s°

um,ﬂe,lb | cHfh@ni Utrakis(3,5-

!e ra% s(p-to qu(dr%]éérg ﬁm—a(tﬁgfeﬁiy}ql%ggwggr beni um (

d1hfeth)d§kheﬁ§1|)bdr®dey I Dlthuah urtetreftuerotioratgh esmiilmar betrakis(pentafluoro-

prie%ﬁé‘q%%ﬁnzsénfr'aﬂﬁéq Gt RoThengiim LRFAGRE-olyDborate
sotillo It n?gtﬁféxégﬂlr Bﬁﬂejrl]:ld%té egordﬂhh %etgaﬁqs(Z 4-d[1methy1pheny1)borate sodium

dl'um nate, tro)

tetr@tis@!9- &ﬁlbﬂ@‘l;])ﬂehﬂ)bm’at&at%dniﬂ aﬁ&“hﬁlumoborate potassium tetrakis-
tetrakis(mtolyl)alumnate, trop

(p@@taﬂmpsleezlyhb@natﬁetwwehwts S&Ph%ﬁ'aoratet POy fetrakis(p-

k 3..5-d ' .
to[y ?’gakelr :E’ﬁ%ﬁ?‘glfll uoro- %ﬁgﬁhﬂ%@ aIleénmB 8{2? Ir?ﬁdldsggh-dlmethyl-
pHeﬁ%l')l%i‘ht%( Péiassainh YO AKNS, B}dlﬁl&ﬂﬁ[ﬁlﬁﬁylﬁ)ordtte,t potassium tetrafluoro-

raki s-- (phenyl)alum nate, lith

borates am(s{optyﬂ)@anrnmmtﬂtaﬂ@s(pftpwmmlwﬁ,r ali(a-pHtyhgmmonium

| te?@?%’(a{zfﬂi ligl'%%%]lemlt I’]; Ihlpﬁcran nt§/1p} a\lta'r% na omur?i t hi um tetralds(2,4-

dlh%&{yﬁihbﬁﬁliﬁlémrﬁtdret hy| phefig-badylyainfaintum | i t hi um tetrakis(3,5-
tetrafl uoroal um nate, sodi um

dlmeﬁwliihﬁsﬂhé‘ﬂnmﬂteuor trifnenpyl)ammmeaniver e, tegrgkis(pentafluorophenyl)-

all et r : zg S%T%%[?ﬂﬁat S Sggg%;nakls(p-tolyl)alummate N,N-

dlﬁleﬁ{yﬁhnﬁﬁmt fé{rmh);@ﬁwwahﬁmaw dNuNRdirREthelshitindmd - tetrakis(2,4-

di met hyl phenyl ) al um nate, sodi um

dimethyiphesylBlBnidaivet hy| Diéwmstayianiliniime, s ottiakiseyS-dimethyl-

t et f t .t
phenyl az UO%e%ﬁ]ﬂna vﬁﬁsni: ﬁertrx]' s, é[,)e %f}ugsr%pherrﬁll)alummate
m{» e rﬁ:‘éfb%ﬁi%ﬂ? Eeda)@t;lumlym@mxﬁc& afiphetiylcarbenium tetrakis(m-tolyl)-

aki s(p-tolyl)alum nate, potassium
ahireinetek smm)dta;be)mummteml@@,ﬂcfila@&lymenyl)alummate triphenyl-

B T T
@éxﬁéﬂﬁéﬂfeﬁﬁ%&mrﬁ@é e, trSpyduth t Netraki -tollynamnﬁnatet he&opylium

optional i0onizing ionic conpounds that are useful in
tettdkustm-tloIW)ahlmmatear e trmwhmnm t é@trql@@ﬂebmeﬂdm’@nyl)alunnnate

oAb G| SR BB GRRR TS dige iRgprie-
ph@\@lﬁhm‘uﬁate, lithium tetrakls(pentaﬂuorophenyl)alummate lithium tetrakis-
(phenyl)aluminate, lithium tetrakis(p-tolyl)aluminate, lithium tetrakis(m-
tolyl)aluminate, lithium tetrakis(2,4-dimethylphenyl)aluminate, lithium tetrakis(3,5-
dimethylphenyl)aluminate, lithium tetrafluoroaluminate, sodium
tetrakis(pentafluorophenyl)aluminate, sodium tetrakis(phenyl)aluminate, sodium
tetrakis(p-tolyl)aluminate, sodium tetrakis(m-tolyl)aluminate, sodium tetrakis(2,4-
dimethylphenyl)aluminate, sodium tetrakis(3,5-dimethylphenyl)aluminate, sodium
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i ncorporated herein by reference in its entirety. B.
A em Mononer 10 Unsaturated reactants that nay be
useful with catal yst conpositions and polymerization
processes of this invention typically include olefin
conmpounds having from about 2 to about 30 carbon
atons per nol ecule and having at | east one olefinic
doubl e bond. This invention enconpasses
honmopol yneri zati on processgs Using a single olefin

h thyl e c pr . .
R e RSk S iRy, poussiom
te@hi§(EhaR)alhRAdte] C poagiumd. tdinskis(psolyl)alngminapol ypatassium

conprise a major anount of ethylene (>50 no

may I
tefpakis(onto)ylehiminatei norposassium  detrakas@AoHmiethy Shjaluminate,

polSD et P b DBy af BT el st
anfXRd GRL. | Moy, the OptibiMl §6hizing iete vbmBOurkia thaaraisefid ih this

] their nolecular chain. 20 Acyclic, cyclic, polycyclic,
invention aed nqtdimitednochessl Othemexamplésrofiiepiging ionic compounds are

.Substituted, unsubstit v doUNC bz&d, cq
GiRREE P JHSHORER 6 g B3 BB s, whic i
: Siafel B E§f§ F&ani if itsleMiptetyal unsaturated conpounds -
m(.tl'cﬁgt may re. e pf)l ymeri%zég Wi te%at he catal ysts of this
B.lln\émﬁnm[omhezde, but are not limted to, propylene,

_butene.  2-bute i o .
1- pillﬂesgqe\lg}tézck ?%?%g%f}gﬁ gztt)g%lﬁelllsﬁ IIIE\T%_ e’gﬁ{aiﬁg t'é:toﬂpggllﬁms and

po&nﬁ%{z@?@%l TO&RER nﬁ] tHis ¥ &N Hpial§NRicludteN8XER Econdpounds

xene, 1-heptene, 2-heptene, 3-heptene, the
hatiagrfrono abmit 200taboes30 tdrkor etems peo mudé¢culoanshkaying ddeast one

olQfis doRPIe Degel (s Ry By ERecutgr e REOPO NG ARGy BUeesses
usﬁlgﬁ %fn o &idfih Suck %€/ L HE propyfechehgx §f: asOcopefymerization

riiyl ene, nor bornddi ene, and the like, may al so be
reqetibysTevithza deass ode siifferentdolefiioveompitied. alhworeseling rcopalymer

ma%ecsolngperids'e atrplgjogo arrr]l((%lr.l.rnetrofe étﬂgl/ller?en&%a %olt%epe%gfﬁgl QQ&E&{ }n%neoq amount
of comonomer <50 mole percent), though this is not a requirement. The
comonomers that may be copolymerized with ethylene may typically have from three
to about 20 carbon atoms in their molecular chain.

Acyclic, cyclic, polycyclic, terminal (a), internal, linear, branched,
substitut_ed, unsubstituted, functionalized, and non-functionalized olefins may be
employed in this invention. For example, typical unsaturated compounds that may
be polymerized with the catalysts of this invention include, but are not limited to,
propylene, 1-butene, 2-butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-
pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-
ethyl-1-hexene, 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,
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wi th a conononer. Exanpl es of the conononer include,
but are not limted to, 5 propylene, 1-butene,

2-butene, 3-nethyl-I-butene, isobutylene, 1-pentene, 2
pent ene, 3-nethyl-I|-pentene, 4-nethyl-I|-pentene,
1- hexene, 2-hexene, 3-hexene, 3- ethyl-I-hexene,

1- heptene, 2-heptene, 3-heptene, the four nornal
octenes, the four normal nongnes, or the five nornal
decenes. According to one &pect of the present

nérBB dn8norbOiaGiRAR "RBthe TS, P@aifsﬁéd:-‘ B¢ %@lyflﬁ&ﬁbd as described

ene, 1-pentené, 1-hexene 10 ocCt éene;
dxdecene or styrene. The anount of conobnoner

Lgégﬁa}%gﬁd@iegéﬁﬁnégact e e
wﬁ'ag&;m ntg &ng{he &%mn‘%i] ihdigdd, %@%ﬂﬁét%ﬁu&f to,
ccor

e nnnoner an cdnnnoner Ing to anot

prapylend, Qfbutdne, p2-barAé, i3Amethlyl-d+butdnbe isshmtyleneyf l-pentene 2-
conmononer |ntroduced into a reactor 15 zgne my
penten®, Aimeatiyld -pentens, 4imeikylZopentensn d -hssence r’%theémﬁa éo‘if%ﬁne 3-
t t h
el Db 2B ST R s e v

no@Rn@E Bdtientd) o€ tHel fove ndrhﬁl acieyes. Afcoedin® fooRs aSpB&trdfdhb‘:plfésent
into a reactor zone may be from about 0.1 to abqut 35

inyignitigh; thseqomonpmen maydreeselesirseiomn! -butene, o-pentens; dthexenss 1-

m%h%,_ poner . a d conononer. Alternatively, the anount
tONONOED © I}ntroduced into a reactor zone may be

any PHeaiburft Wl édhh(ﬁﬁﬁnei' An@6diced entohe rédlofdr ezone to produce the
concentrations b ght. Wiile not intending to be

co]p@lormyr g;nelrailygga)hl fxym akiott @ Ob it ploovié O vepight prIcgRtcqmongmer
t
ook B UG et Tyt 36¢ <BhABL R Sl oSt

. aspel€ oP ﬁie)zlﬁfgsfehtzﬁ\ﬁlb&ibrﬁ) HRCARGunt DI¢Smohsmecitddadcd/iffo a reactor
p

cyclic ortion of the olefin renbved sonmewhat
zoh¢ oraytHecfremrabowt ¢ 81 b@ﬁb@ﬁd@l weighipercens gperopemeneased on the

ec o hinder t ereactlonlnt
toig REEF of 1 PotiSdr o] conptoREer Acoe o ik Moot of
the PrRséh i RAti 6B RO B I RoROAEMET BiffoducelGERY £lteattol fortnBay
aspect of t he present invention, at |east one reactant

be fftom abeut dak tol ghout 35 oveight ivefasniscasonomes bassgdeon therotghyeight
of btﬁe ertn% cl)rger:]re 'and ocotrrrllc(?noli')r?ezlr.y ne,!{ﬂe%rzﬁt{v% ? AL eb&rﬁeéf comonomer
introduced into a reactor zone may be any amount sufficient to provide the above

concentrations by weight.

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

compositions of this invention may be ethylene, so the polymerizations are either
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53 0 honopol yneri zations or copol ynmerization with a
different acyclic, cyclic, termnal, internal,
l'inear, branched, substituted, or unsubstituted
olefin. In addition, the catalyst conpositions of
this invention may be used in the polynerization of
diolefin conpounds including, but not limted to,
1, 3- but adi ene, isoprene, 1,4-pentadiene, 5 and

1, 5-hexadi ene. C. Preparatisgn®f the Catal yst

Co sition The present. inavent.o Seili ;
oY Rer Ao PO RO S ASTUF I RARIE oyl teqminal,
inffndt, fihéR! bRRLRY, QRBSBuRAITRR Unkubstiitged @idimetlal ddditeme the

compound,  an activator-support, and an organoal unmin nﬁn

5]

 catabysp comglositidrisofithis anvention may beased o the polymgagaion of diol

nmet hodgs . o king the. catal yst Qs t.i :
CoBTROSRB LS Kt Y 458 TG eda 1 s AR §3Aene. dhpeiadionc
an§1§gﬁgﬂgh£@;alloc¢ne conmpound, an activator- support,

and” an organoal un num conpound, in any order.
CAccoPgbipagation ¢fitht Catslvitddempesitiont i ve cat al yst

baation afithi Ca
o o B piEEans YGRS ICRRABNEL & GRS GPIE RO EORP R Jhe

Qlact BRoANE! ¥ 4 ARERRA HReRnaGAEERSRE cimpbund

CORHeC gfoeplanl C rmnorrermigggéjdggi&ede{g,l no%3 r?ecessari Iy thg ’

anOh@ivatorFUAITE rantl carb erganbalumiriuze dpmpawail. aThis invention further
or gahoal um num cocatal yst for a first period of ti

enpemppsseomebRtnel maknghe calpbEL Rt SHoqRipeing (oHtacting
a 3312% . gnge%dll\()"él%r%g 'c%r#ig&ﬁ{dt -a §5B&nk! hittallde&del dopolndyeanl @Etivator-

confact tinme, between the netall ocene
su;p‘%;moatm afforgaivahiiidam témpaingdf iimi any2¢rdemngiesordingdo such
e

or ganoal um num co d [
methors, o 8oRER BHAGSLCRORI AEunS g ST contpihihis
exanpl.e,. fr o about 1 hour. Precontact
ar?f(ﬁg%t dr16mangg%cﬁ{%8}i%mﬁ?r§ﬁ% es to about 30 minutes are
al Sq%ﬁe/ Bt e gﬂlﬂﬁe eadlloceney carhpoynde cuapt be prasgnigeted exth an
can be carried out in multiple steps, rather, than a.
oldfinigmonswent doici et negTA e Isiiy Moo den Kb Rélfrafrized.
ac onpr i Si 0 AR t . ot :
wof S oRERRL TR Beaipblol PR offimE PP Lontacine i
préconReidhixture with the activator-support. The first period of time for contact,

the precontact time, between the metallocene compound or compounds, the olefinic
monomer, and the organoaluminum compound may typically range from a time of
about 0.1 hour to about 24 hours, for exémple, from about 0.1 to about 1 hour.
Precontact times from about 10 minutes to about 30 minutes are also typical.
Alternatively the precontacting process can be carried out in multiple steps,
rather than a single step, in which multiple mixtures are prepared, each corriprising a
different set of catalyst components. For example, at least two catalyst components
can be contacted forming a first mixture, followed by contacting the first mixture
with at least one other catalyst component forming a second mixture, and so forth.
Multiple precontacting steps can be carried out in a single vessel or in

multiple vessels. Further, multiple precontacting steps can be carried out in series
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can be contacted formng a first mxture, followed by
contacting the first mxture wth at |east one other
catal yst conmponent formng a second m xture, and so
forth. Miltiple precontacting steps can be carried
out in a single vessel or in nultiple vessels.
Further, nmultiple precontacting steps can be carried
out in series 54 0 (sequentially), in parallel, or a
conbi nation thereof. For ex I a first mxture of

e,
two cC, lyst c onents, ca f ' ' .
(seSerat ) enral: ot & porp iR et e Or pflufbit, o fifst mixture of
W U&tﬂ?fh? JonkRie akart Heakotfled CRITAO KGN vé&as], ke sécondestixture
In the fi vessel or in a second vessel, which is

cdrppriising the firstanixturd plwssineadditionaltdatalyss compenent eanchel formed in

anot her aspect, one. or re.af .the.catalyst co
hlrsbuessd) Grcinghepoone dsioh Bic i SRicafly 2eRY JOPMREREIbF e
glst SakBENt s.  For exanpl e, part of a catalyst conponent
can beé'fed into a first precontacting vessel for )

pr ec imimalidrngpetitt dneadr nersef the wetalysh eompeneafsymay be split and

conponent, while the remainder of, that sirre %:rgt ail lyqst talvst
usedpbribfiereni PEeEINEACHA AR s ECBnERAFIRToRTACT g @Y

o r 0 A i ievith at least
SRR PRG0N et i
ot OGatalPst componitnwhilethe tehmirelef of Titae sgme caallystodommynent

- may be carried out in any suitable equi nt, .such as _
cqnagg@ed into arsegon Preacanias ’mg,gq:qs%uéyr ﬁrgqqn?&%ﬁ.p&i\ﬂ at leassi one

SVLSSY | ’ Yintd Bf reaQbr, 3%, combination
otg%%aﬁ%lg%ti %HI ptoﬁgljrﬁégf.c Xli?? Iq%d g&%‘? ellrn as perc‘?ti?l of this
theR®e € NtThe hredofitacig ingaysbe edrbiby vt iroamp metable ¢fuopment, such as

exanpl e, ansa-netallocene,,aptivator-sgg ort, 1 of
tanksy sHied ik tankscrE g Isipdie mixig deyesoh fﬁy agjgssel of any type,

unsat ur at ed arbon) can be contacted in the
oﬁﬁﬁxfﬂgﬁﬁ?g??gﬁg&ﬁgactor si nul taneously while the

pol YREhhctRdri &pedteat thiornventiphotheedariuns catdlystrevatponetty ,(for

any two or nore of these catal yst co%nts rm¥ t%e d
exgmple nperraallpcepg, ActivaieEpuppPito rOrean: U, (Capgigyst, an

the reaction zane. ' cant bRGcSHSR ARNpSSmerization
OQ%%Wﬁ%6%u%m%9%%gggp%?%%aﬁ%§ﬁggﬁggg?g%bntacted grggbct.
rehdtof €GinfiMahédudBUSWHilEO théie polymerization reaction is proceeding.
Alternatively, any two or more of these catalyst components may be precontacted in
a vessel prior to their entering the reaction zone. This precontacting step can be
continuous process, in which the precontacted product is fed continuously to the
reactor, or it can be a stepwise or batchwise process in which a batch of precontacted
product can be added to make a catalyst composition. This precontacting step can be
carried out over a time period that can range from a few seconds to as much as
several days, or longer. In this aspect, the continuous precontacting step can last
typically from about 1 second to about 1 hour. Also in this aspect, the continuous

precontacting step can last typically from about 10 seconds to about 45 minutes, or

from about 1 minute to about 30 minutes.
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reactor, or it can be a stepw se or batchw se process
in which a batch of precontacted product can be added
to make a catal yst conposition. This precontacting
step can be carried out over a tine period that can
range froma few seconds to as nmuch as 25 severa

days, or longer. In this aspect, the continuous
precontacting step can Iast tyglcally from about |
second to about 1 hour. this aspect, the

SESL{@H%%&*%%@%%?%%%% S B oo

ofgﬁﬁuﬁﬁnbﬁe@tbﬁ&tor?&xdﬁhﬁﬁﬁlﬁﬁl cétatabyst @%nﬁa&ed with the activator-
precontactéd ni xture of the netall ocene conpound or

sppopty diid ssompobition (furtieo romprising the geRvaipLHPRON) is termed the

B ESIRGTE (PerRE M en AL ey opperaly P BEkfowed to

ré?ﬁ'&lh YI?E&Hta& W@cbnd Beri GRfné, 1Be postentRO HERCHES to 1mt1at1ng
m xt ur e" he postcontacted n1xture optlonaliy may be

thel podymehztauoﬁ proesws Pdsteontant tiwes hesween the poeedniseteil odxiyre and
time, the postcontact tipne, r i.nitiat t.he

S ACNRIPT-SURPOBBY BRIEE 4N ot ey et Ot sk Y bt 24 i, o
1?%1?}91 8N b6sht™ f(flbﬁrecg %Bgut it lﬁﬁlra%é %Sé&:@ﬁtaétﬁ%o fHelpoSRYntacting

intinme froma hour to about 4hours
stép,ror mﬂamab'encréaserthabmduc@mﬂy ditthe polynady @ tcohphrsd to théh@me

precont acting, he, postcontac or bot h ma
e ST b P P RE PBTPRBICtEE ofopgRipcting.
red
R i

nei t The postpneated mixtinegnayt bpheated at qotnmpexamraand fog astuezpt'
Is required. The postcontacted m xture nma

sufficignt; torllomardPEtions ITBTCERAtioy OF FRUFTAcary f pREatac Mixture
arfll (8%, ?@ﬁé}re sgltph?r@ sdcfmﬁﬁgl &Pof e doﬂ'fgﬁh@ﬂt& o [he(ifrecontt]acted

precont a xt'ure e actlivator-support, suc

miAtarde i8 ifafiobilized,afdsbibed cmrdzapnﬁtwsthexkon thlmre bentingds sskd, the
15 m xture is imobilized, adsorbed,  or éJ)OSI t ed

pastrentssted miasre masabe hgated figse Betvera abppisq doior 2hopk §50°F, for

ek opt el Sl @ PpLET Ehout "a0F to mbout S8R

According to one aspect of this invention, the molar ratio of the total moles

of the metallocene compounds to the organoaluminum compound may be from
about 1:1 to about 1:10,000. According to another aspect of this invention, the
molar ratio of the total moles of the metallocene compounds combined to the -
organoaluminum compound may be from about 1:1 to about 1:1,000. According to
yet another aspect of this invention, the molar ratio of the total moles of the
metallocene compounds combined to the organoaluminum compound may be from
about 1:1 to about 1:100. These molar ratios reflect the ratio of the metallocene
compounds to the total amount of organoaluminum compound in both the

precontacted mixture and the postcontacted mixture combined.
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According to one aspect of this invention, the nolar
ratio of the total noles of the netal |l ocene conpounds
to the organoal um num conpound may be from 20 about
1:1 to about 1:10,000. According to another aspect of
this invention, the nolar ratio of the total noles. of
the netal |l ocene conpounds conbined to the

or ganoal um num conpound nmay be, from about 1:1 to about
1:1, 000. According to yet ggother aspect of this

inve on, the

ot ol HsBAPaSdeRiatRnA Sieb B hibd e mtr 6ot BRHR Indhioniet & total
mORIRP Hitehl FRYn @D ripovi 2omdlRdtin ﬂle]précbrmm miktir® @ay be from

These nolar ratios reflect the ratio of th

aboet 4i10de ebmrt 100,090 nfs exempleefremtahputddbl in abopt 1,000:1.

org al u 0 i.n both d
i it BRI T8 Slob6 oAy SRb 10 e MRk R compound
m%@? S? FRNPIRAP 536 abHist 1SO®P1.1 Théleeight #aie ofthedctivatoi-suppbrt to
in mononmer to total noles of nmetallocene conpound

the @tirgnnnaeldmgmnm hempoecbmapbe Somiboutl 3 tewppet Fi0sniorgrsmple,
to abo 1 000: 1, for exanple, fromabout 10:1
fr?‘é‘ag%tu]t éﬁ’@ gg‘lThe wei ght ratio of the

aC“ ad gaNa N W&l figl
A o e e e

| mbms io6 tinf méthBont icompounds applined toothe @hiévasergaippelt qrayrherfrom

%thdabgg ol :5]5)51 akgc%{rgrllg '%té/gt abﬂietr a%é)e%g %’8 thrllg r%ventlon
{5 Qﬁt afic B?"E]Itl eR;ta tﬁtk)%e'd?\’cﬁé‘ﬁﬂe@ﬂlocéﬁhec&ﬁﬂxﬁﬂxﬁ doatbifedofo the

s of net al | ocene conpound conbi ned
ach@aﬁ)heumw may die- foyppabidut rtel0 ke abousn :10,00@b cAgeonding e still

about 1:1,000,000. A
anoRIcS #sednet OHS. EENRh oite FEIETh TR (dle TRotd RGeS Sbrthe
m&g % Jng&ﬁﬂieco%%méwgﬂhg QotRIaRE du %)190& ARy be from about 1:20 to
|va upport nmay rom about™ 1: 10 to about

ab&uﬂQJOmD. According to still another aspect of this

' ti , th i
KA LRI R G IE S

of Thé &%sénf R ARBH! 'i’hgsc,) the polymerization proceeds in the absence of
aluminoxanes. Accordingly, the present invention may use AlRs-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
organoéluminum compound likely does not activate the metallocene catalyst in the

same manner as an organoaluminoxane. As a result, the present invention results in

~ lower polymer production costs.

Additionally, no expensive borate compounds or MgCl, are required to form
the catalyst composition of this invention. Nonetheless, aluminoxanes, organoboron
compounds, ionizing ionic compounds, organozinc compounds, MgCl,, or any
combination thereof optionally may be used in the catalyst composition of this
invention. Further, cocatalysts such as aluminoxanes, organoboron compounds,

jonizing ionic compounds, organozinc compounds, or any combination thereof
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15 about 1:1000. Al um noxane conpounds are not
required to formthe catal yst conposition of the
present invention. Thus, the polynerization proceeds
in the absence of alum noxanes. Accordingly, the
present invention may use Al R3-type organoal um num
conpounds and an activator-support in the absence of
20 al um noxanes. While not intending to be bound by
theory, it is believed thatgthe organoal um num

oétgciﬁa%ﬁ? gl‘tijale Bnekﬁeéef ad %Sgagﬂgﬁts i the hetdiReABEFhpRE Gther in the

manner as an

pRE&GRE @2 ik i sbsare. ofAle actiwssertsupporteandreithenin thepessenasor in
results in |ower polyner production costs.

 thaglsenice phtheyreamealanpain corpptit e conpounds or MyCl2

are requi,yed to for . alys o '
2 W R R pERit e e dTRAR I 0Lty
o CANPRNBSIfon tay bé ighehtdr WAL o fiFab tnalsout A0Q gramas pulyethylene per
conmpounds, MO 2,” or any conbination thereof
grapt iof nehemjcaliyytrdatedu selitl ioxideh pex: dwour y(abbreviatss sgh/(g6nT X3 hr)).

this invention. F ) t al as
ASITIPBOR AR PGBV e Bo e @ At 8 LUf yetigy ey be

i nds., . . .
ctffERaYI Ty 4 SARRE i CATP AL ool & UcRETDY P KpETSO )
Abédrlinghe stilt aadthacaspect odis imentien, ithe catalystt dfdhis preegtion gay
or in the absence of the activator-support, Sgs e&&ﬁgr
b eharanterirod bumaactyity of siepfer e o egual fo phut 500 gh/(gCTSOhr).

or ganoal um num conpoungd,, . ' - 3
AZRgE o S PR SRR ORFCART T e FIREHpcfin mov
b Mardchirized WL Nad Ok b€ greafet ethahhan equabqtealabbot 1000

about 100 grans pol yet hyl ene per gram of - .
gRi(Fﬁif%g)y hmoeedmgi tee |ﬁézmhct§>arsm@t 06 thi inyentiem Khe cataly g pf this
) r)). . AcgQqrdi t th f '
e PG e fy BB PR g 0 200

BRI Z : JoWd r ;
ST LS B 8 e Shod g pble mon
ustigiscbutafe dsithe diluaryutiagrolymérezatian sényseratufe aftabgut 90°C and an

i nvention nma 0 be characterized b i Vi .
ctlgplgnn, eFSRRR TR0 D U et FS6T EPPgcies pittaRlially 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

monomer used in the precontacting step be the same as the olefin to be polymerized.
Further, when a precontacting step among any combination of the catalyst
components is employed for a first period of time, this precontacted mixture may be
used in a subsequent postcontacting step between any other combination of catalyst
components for a second period of time. For example, all the catalyst components
and 1-hexene may be used in a precontacting step for a first period of time, and this

precontacted mixture may then be contacted with the activator-support to form a
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According to yet another aspect of this invention, the
catal yst of this invention may be characterized by an
activity of greater than or equal to about 1000

gP/ (gCTSChr). According to a fu ther aspect of this

i nvention, the catalyst of this invention may be
characterized by an activity of greater than or equal

to about 2000 15 gP/ (gCTSChr). This activity is

measured under slurry pol yngg i Aation conditions using
6&&9{&%&% hiatdt botaidted R atseBSHdPERI0d% A in® prior to initjatin
pterrperature 0 1Sﬁ)out 90C andaar? ethyl ene pressure of s
thehmilym&oaitips ireactibhe Foeaxtmples Huuficst ipesied ofi bisteafor icantagt, the
no indication of any wal| scale, coati or ot her
DIRGATHRCt oo BRIV L HSh ARRITAEOR Hefs e Petillgreice Forepousgs, the

i e, A ' UIBAHRED d may b

ogg%qc\c/ig oé@h%gg?@atéﬁp@’?gﬁgg?u num corrpo%on , an(ﬁnay ©
frbieaboed.il ot foaBdiut 24hguisefop erampleafrbmichbouin to abyut 1 hour.

recontacting occurs with an olefinic nononmer, it .
p g ) ; ?h 5‘ The

Pregontags dunesairgmgbaut 1 aippies 1o, abows F9rminuigsae also typic
ti t i
PR RRR e Pn o708 BB 1 Aol ubd B2 second

 peiod IOEAE, Ak ipaBichtabtheme,agridr e tindfatin g RIROpelginerikation process.

enpl oyed for a first period of time, this precontacted
Aggoxrding e taregnep @spest eof | thisa irvepteru Pestcpriaetc dimesc befigen the

RSB 8RB BBl B gy 01

hatk ! tot BSout BAIMvEEs, BFRKBEPLES fréifidatoud e enisourety Blsout SEdhour.
in a precontacting step for a first period of time,
Acooddingite anstlerorspactt efl this xinuentiona \eaelh anetpdocenptofca daultiple

mifliverre e et SEBLRELBE Btrophfotsd el A e PR RGeSy

offRbiy Ofhek thetdlokér dothouhfle pol yrmeri zation reaction. For
exanple, the first period of tinme for contact, the

P Gatalystifcompesition RaTiz
t t l,ef.ini t

ot | Ao AEhshoRtivaa (RE SPYSHoRPERBRIRRC Biasodeq used, o
hoBfopelyniiXe 3RRAkne Or lao%tﬂ%hheﬁié @hdlehe vithhehfonofnef.

exanpl e, from about to about 1 hour. Precontact
t i msEhefpodymerimation t@nprratuteanay be &oo1abogo 68iGhierabeoutd0°C, for

al so typical. The . . .
example, ﬁ'%?n about 70°C to about 110°C. The polymerization reaction typically

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

The polymerization reaction pressure may be any pressure that does not
terminate the polymerization reaction, and is typically a pressure higher than the
pretreatment pressures. According to one aspect of the present invention, the
polymerization pressure may be from about atmospheric pressure to about 1000 psig.
According to another aspect of the present invention, the polymerization pressure
may be from about 50 psig to about 800 psig. Further, hydrogen can be used in the

polymerization process of this invention to control polymer molecular weight.
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postcontacted m xture optionally may be allowed to
remain in contact for a second period of tinme, the
postcontact tinme, prior to initiating the
pol yneri zati on process. According to one aspect of
this invention, postcontact tines between the 10
precontacted m xture and any renmai ni ng catal yst
conmponents may be fromabout 0.1 hour to about 24
hours, for exanple, from about® 0.1 hour to about 1
hOUfPolny&%{i&isnﬂsiﬁg RN IAHéts TGS linRintibhithay BY attie@ut in
each netall ocene of a nultiple netall ocene catal yst

ang yngmﬁm knowvrbim the ado ruwhtproceases/that maysbe suitahls fod use with the
i ndependent |

y. ,of any other netallocene conpound. 15
progentyjgxension; ifelude, byt pig nelolp fq’oﬁll}l%l’ Eg?tfoi’ﬁ’t ga5phase
St..acti 1. OWF
polyREZERER, Wibfin POLAIIRAIGR, pTLh el CRIMRLS hereof
Thagpatyy pelynteizatidty |zene kuowm i aherano e rprodive olefin-containing

ol ymeri zation tenperature nmay be from ahout 60C_to
polymsti capgrcutilizgd. Fox snamele, 3 siymedrsaeior msg: dl“é*&ﬁﬂffor a batch
C_T I j zat [ YR I [
Dot o, el i BE 4 B EREL ikl iRpiBk iy B9 BEAI 67 o

cortfifiotgp@tessubst anti al | y anhydrous conditions. For
exanple, a dry, inert atnosphere such as dry nitrogen

or Adfypicst pelymeiizatien maethod The shery pebmaeization PESEsS Giso

o B G B BN e P B,

for REx@mplY, &n V. 9NPitehtNO. 3,288,129, iptarpoResdTBY kefpreasshireis. in its
According to one aspect of the present invention, the
entjyelyy ftherpelyroerizstion suathodsenf thepresenhinisstion Rrrbuphoresses
pressure.to about 1000 psig. cordi
are (RS EEHORRE % Mg iR, S5 EOREed T 0, Mt No.
6,289,235 Ulicorptidteld Dy  reffente Htekeid® Gn MS | edititedy adi@Utho§Oilpsiddn a
Further, hydrogen can_be used in the polynerization
plupalit ef stiredd nenctars; eithenin saviesoparaiialy on cospbipatiqns Haereet, where
wei ght. 59.0 Pol ynerizati . dS] c
the f54eB0h sqnitip e i B Bt tedchbts SRabiE dfuflts uecd
in shitry ﬁ(;ﬂtyﬁéit?izhatﬁﬂ@e Rlelld@9saSintthabrt aRy ilttudetiyideddatboho that are
use w e
liquids under reaction conditions. The term “diluent” as used in this disclosure does
not necessarily mean an inert material, as this term is meant to include compounds
and compositions that may contribute to polymerization process. Examples of
hydrocarbons that may be used as diluents include, but are not limited to,
cyclohexane, isobutane, n-butane, propane, n-pentane, isopentane, neopentane, and
n-hexane.  Typically, isobutane may be used as the diluent in a slurry
polymerization, as provided by U.S. Patent Nos. 4,424,341, 4,501,885, 4,613,484,
4,737,280, and 5,597,892, each of which is incorporated by reference herein in its
entirety.
Various polymerization reactors are cohtemplated 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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present invention include, but are not limted to,
slurry polynerizations, gas phase polynerizations,
sol ution polymnerizations, and nulti-reactor

conbi nations thereof. 5 Thus, any pol ynerization zone
known in the art to produce ol efin-containing

pol yners can be utilized. For exanple, a stirred
reactor may be utilized for a batch process, or a

| oop reactor or a continuoqﬁ)sfﬁrred reactor may be

h%%?x?ﬁ%ﬁ%@ir P&?qui%?’i%o Sfbé){)%gé} E@\feﬁﬁ%%ﬁf@{ regotors may be slurry
reRORS ?@i’%@? loreﬁc"tgrsk ROMBoRSeddiis PEr hin L8mbRHafoRBEESE) Gas

nown in the art and i's di scl osed, for
pleasarmphctors i may)cGmprisd dluidipel bad 2dR1ary Ir tubeler peactarsd Hyrry

reference herein in jts entirety. her .
TeRIPTFAY £AEPHEE Néﬁﬁé‘d@)oaﬁ %H@ﬂﬁ?é@‘e}c}ﬂopﬁn\ﬁéﬂ\“}%feﬁsﬁ"“ may
S| . I enpl oying a | oop reactor
cofuptisestifted fnk of dptoblale BRR TR OV e 6, 239, 235
i ncopglgmatiedion)reicbersaitaklefor dienpresent tisveation metyyconaprtse at

those utilized in a 15 plurality of stir[)fgd re ctorsal
least ome rav rmagenial dged pistean.| a|leash g FiehiSHRPPIAE CRAPTEQ catalyst

oh ) o e . !
cofftigpisy TSR RO ER M B R iyl Fr &bl ke or any.
suR@beIBBHibaAtibe hedédE, \SRlthblk Reustors forttieprasdnt amantiorw further may

hydrocarbons that are |iquids under reaction .
comuise ehy ABe, oT kembingHon gf, |4 aatalyst SOTage SYStPm, ik pEirusion system,

di scl osyre does . not .nec [ 1N
a Sl AT £ 8 font R R SRR ot ¥ oBFRAY] Pl Sl reactprs may
cotthrie CoR@HTIRAS kdkieSTs ahd) directaycyeling bf bathlgst, diluent, and polymer.
pol ynmeri zation process. Exanples of hydrocarbons that
Geneyallye continhious nfpaseqst may rronuise the copfimuqyst infrodygtiog of a

t | . t ) , .
B
re¥PAICRbMYthid ERblek &Fea REspehsion sBhpaising igthbpatticles aad the

slurry polynerization, as provided by U S. Patent
diNest. 4, 424, 341, 4,501, 885, 4,613,484, 25 4,737, 280,

and 597.892. each of. Wi IS y, .

ot ARG R Doy e RO Rfhad comprise one
tyPROb B BREDEZFr isPier @R Ghiilfilede et GrsybRie cainpeising tivber more types

present invention. As used herein, "polynerization
of rezmtare pperated lin paallghyr igcieyiaer Mudtinle reactos Sygems may comprise
reactors connected together to perform polymerization or reactors that are not
connected. The polymer may be polymerized in one reactor under one set of
conditions, and then transferred to a second reactor for polymerization under a
different set of conditions.

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

ol efin nononers to produce O 60 honopol yners or

copol yners of the present invention. Such reactors nmay

be slurry reactors, gas-phase reactors, solution

reactors, or any conbination thereof. Gas phase
reactors may conprise fluidized bed reactors or

tubul ar reactors. Slurry reactors may conprise

vertical |oops or horizontakjlo@ops. Solution reactors

ifR¥de BuifiMicxafe, & {oﬁg)gan a%ta.g%, ﬁ#&t Qﬁﬁlﬁiﬁ?e.r ¥GoRiet, solvent,
ol'yneri zati1on redactors suitabl’e for the present

chaleN tah® ngreaoniadhier SRaypbe dontintoushye fedavo mmloepi mhctbr edhere
system at |east one feed systemfor catalyst or
pe glion sAwsnerkAlymerzations mayn 8Cqus 4k dPWs jemnergturgs and

| east e pol r,recover . it abl
IEE TR e e e
i NVentdeeididgiotyRE endtRdr abPedt @T ik $18vetiyn, ARE pol§inerization reactor

conbi nation of, a catalyst storage system an
meyt cormpuse sy deastnoneagasophasegreapior.emSueh gysteaptmay employ a

recyclin ste or .a control system h.r
W&’X’OB% ,t%]y fs’]é esttr_(‘?g‘]ﬂt TGS (R LT PP n%ﬁg?é ¢t gg‘%‘%{f ng led
thbugtd! ¥iidized bUER théMledeBte BBIthe cERNSE Anldyr polymerization
conti nuous processes nmay conprise the continuous

comitiabu c fThe rrecyiclen streammaney beawithdrawysfromathg Buidizedided and

recun el s ore st e pelR PERUEHEY P garewn

B8 thBBEacRRahd Al or #Bsh fbRoméEY mePDé add2alty Fepldcedhé Solymerized

reactor systens of the present 1nvention may conprise
monemet.\Sueh gis pleae raactqremay womgpmiso p prasdess foir uléstepgas-phase
systens. conprising t or. re types . of .reactors .
pQNRFRRRIPTIGL et b b alsfiBere abbersgs 4 BR et phase in
atSiad 4B BN 'daSPhaQ PAFRERLRi0RLIAES Wil LOERAL @ Icatabyst-
perform pol'ymerization or reactors that are not o
caainiagtpetymeF Hernped| in mefirstpotyroeripation mené tocaisdcandpelymerization
reactor under one set of conditions, and then
Z®ansferred to a second reactor for polynerization

undep &l fth 1P BhoBEL aspbet T triveRfon, the polymerization reactor
may comprise a tubular reactor. Tubular reactors may make polymers by free radical
initiation, or by employing the catalysts typically used for coordination
polymerization. Tubular reactors may have several zones where fresh monomer,
initiators, or catalysts are added. Monomer may be entrained in an inert gaseous
stream and introduced at one zone of the reactor. Initiators, catalysts, and/or catalyst
components may be entrained in a gaseous stream and introduced at another zone of
the reactor. The gas streams may be intermixed for polymerization. Heat and
pressure may be employed appropriately to obtain optimal polymerization reaction
conditions.
According to yet another aspect of the invention, the polymerization reactor
may comprise a solution polymerization reactor. During solution polymerization,

the monomer is contacted with the catalyst composition by suitable stirring or other
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According to one aspect of the invention, the

pol yneri zati on reactor system 25 may conprise at

| east one loop slurry reactor. Such reactors are known
in the art and may conprise vertical or horizontal

| oops. Such | oops nay conprise a single loop or a
series of loops. Multiple | oop reactors nay conprise
both vertical and horizontal |oops. The slurry

pol yneri zation is typicallyﬁpegforned in an organic

sol t that .di . .
R e GUTBR GOPABTE SEarg At i t{oHE b §EksE okEfler may be
e@@@gﬁ.i Ipd’e%{reélllqﬁé‘ RfdonoRfet HAG beditught &b tearspor pluse ifto contact

_ catal yst and any” conononer may be .
withnthic rataligticy rehettbrt produdto dip thee presencegieghsence of liquid material. .

5 oL RO o
il h’l@%ﬂg?aﬁo% SR i(%r{::Sf the l#\(/)%&%h R reRctRGREIMY Agtayieh may

anot aspect o I's invention, the polynerization
bés &ﬁﬁﬂ@yed dming polymicsizatidn e abtain rhettgn sempragfurer eeirobrand to
uch systens may enploy a  continuqus recycle stream
et WALHOTTo REDUIOTHRHGY RORBHEY DBRHh Jit ey gl zone.
| uivd ot ! o
AR R b 1050 A5l 08 SUBERLS Bl gf Wi
Thé peBMemRitidiemay bedfevted fin arbatdhembhnerdorziod dedinaels manner.

- recycl ed back into the reagctor. Sinultaneo , S
- Thelroaster FmepReEPTisgy2 Beristi ehat deast ope éﬁli’*trﬁt@yiﬁ%c"t“al?l%sn figh

'onomner . ucn gas p reactors nay

CONPAkEsdigPioos Eashdr arspeat|dfi the tiryentias; theasdymerization reactor
pol ymeri zation of olefins, in which olefins ar .
temeducnon of

S)pmgy mmd peaprise theecqmbipatin ghAWe ¢TMOLE TeacLs-
l,ndepen . - i i i
PSR SRS S UARE] LALAE NP B separtc

eedling _ _ r formed in a
pélimetizatonyRétbBainteconnected thy @ tmasfondeyiod ynmitirigz Htpossible to
zone. According to still another aspect of the,

trarwg@ﬁhﬁﬁ pealymererepulfipandrony g st p atiqergaciRiiptq g sgoond
t yhul r .

S o S B 554053 gy b
disteat YE6m thepbpartiyg usaditions o dheliatiadri oractors.  Alternatively,

e T Ot

polymerization in multiple reactors may include the manual transfer of polymer from
one reactor to subsequent reactors for continued polymerization. Such reactors may
include any combination including, but not limited to, multiple loop reéctors,
multiple gas reactors, a combination of loop and gas reactors; a combination of
autoclave reactors or solution reactors with gas or loop reactors, multiple solution
reactors, or multiple autoclave reactors.

According to one aspect of the present invention, a polymer or copolymer of
ethylene may be characterized by a HLMI of from about 0.5 to about 25, a polymer
density of from about 0.920 to about 0.965, and a polydispersity of from about 3.0 to
about 30. According to another aspect of the present invention, the polymer or

copolymer of ethylene may be characterized further by a weight average molecular
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20 polymerization. Tubular reactors may have severa
zones where fresh nononer, initiators, or catalysts
are added. Mononmer may be entrained in an inert
gaseous stream and introduced at one zone of the
reactor. Initiators, catalysts, and/or catalyst
conponents may be entrained in a gaseous stream and

i ntroduced at another zone of the reactor. The gas
streanms may be interm xed fgy ol ynmerization. Heat and

wa %h? g%ﬁ% gﬁ?@mﬂ SoaH0)! Oxggor@iﬁg t8 %{n | §th¥r 4PeQ VA present

I'Zzatron reactl o t1ons. According

idventi&t, i Wliaer @Sdepelyntet of Byleny giay ibe Rhartbterized still further by
pol ynmeri zation reactor nmmy conprise a solution

a PENIhealue greatenthan abewrl0 hoyrs. ng sol uti on
| [ ti th ' { o
Cat 2 Astr oo et PRTng, R, obtad SRR Bvellior 4 Bmer or

JTRAGSOf ethyidhd M8y be QERaLESHIE Wha HIMNIL opfrg@ndboutl.Ouenbout
ccg)r excess rr}gnorreryrray be e I%Sed. I f desired, the

lﬁmpalgﬁerrﬂynsﬁis df fporg raboitn 0,982 to abairt :960; @nd & pelydispessity of
ith t tal yti ti. t, i 3 .

e QoS aCEL A s S50 S g 0, BEFBR i
mvéﬁkﬁyxpgrs gﬁ&&%&}rﬁeﬂ ofletyPdHREMA) be SshaPitbrib@ Toidlicr Sbyt Aateight

the formati on of a solution of the
ayEpdgenmoleculan weightt greatemtinaboun§59,800.0 A¢egyding do yet another

Y5 UL PELYITLZ S 0 6 OO AP Bhicnc may b

cMéoYé}Ereéiéﬁ‘iﬁ hﬁ{hemggtal#m VRGO B thah RS ol VB, zat | on

zone. equat e ans are utrlized for dissipating the
exot Aecorilimgheastilbfanpihksy aspect af ithe presEhie inpehtiersra patyimes or

o S SRS S AL S b PG £ UWbou
1(}, gafﬂlﬁ% e@?d&%ﬁgfﬁtﬁ%mta%&t @.E‘gd) BY 8bdiit W05 288 Wty d&Hrsity of

Ssure to separate t desired pol yner ) i
frémcabodi 69 tbabauf 25.t Recorisngett arwther spdch o€ the prgsent fravention,

TR TR S .
a@?&%e@fﬂ%cﬁlgrt Wléi%x'é%r@at&eﬁ% Ofbauf 800,000 URorBNE idilyet another

In fwo separate 15 pol yneri zati on
aspeACHDiR prbar cavetiong dhd polymear aors tepolyteed of ethykinggmay be
possible to
characterized still further by a PENT value greater than about 500 hours.

After the polymer is produced, it may be formed into various articles,

including but not limited to, household containers, utensils, film products, drums,
fuel tanks, pipes, geomembranes, and liners. Various processes may be used to form
these articles. Usually, additives and modifiers are added to the polymer in order to
provide desired effects. By using the invention described herein, articles can likely
be produced at a lower cost, while maintaining most or all of the unique properties

of polymers produced with metallocene catalysts.
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transfer the polyners resulting fromthe first

pol yneri zation reactor into the second reactor. The
desi red pol ynerization conditions in one of the
reactors may be different fromthe operating
conditions of the other reactors. Alternatively,

pol ynmerization in nmultiple reactors may include the
manual transfer of polymer from 20 one reactor to
subsequent reactors for congidn®ed pol ynerization. Such
lfeacﬁﬁgéEx isionNC! ude any conbi nation including, but
not g-to, nmultiple loop reactors, multiple gas
r eactAucerding tocorei aspedt,cmmethod edmaking gyBE- 108aipersspcempassed

by Qi pisrant o RO SoTBHERE PRl HiHeLyTes g ePpgymer
1% £afdidh §tateg%|{dyg1gta' ﬁé f RAhaR ?EQOb ﬁfeta%'a%oolglgg fﬁr%g)?ﬂ'ed' ng

0O one asp e present 1 nvention

copolAcrerdingd to @éthathemaspeety, H@E> D0 pq)becrdxmmkldgytm pdlyvher or
of fromabout 0.5 to about 25, e‘iolyma\r density of
copolymenef the presend invsntipn i copteymatedng” a pol ydi spersity

of f 0 i t .

o B PR R A s BERAA il Whvering
p68ERlRe N pailietse iriy | @Warbﬁlapb a(andraily md afinuldrhetiapby and

a wel ght average nolecular 63 weight greater than
selishfyingsthad simpe Alvcing & enpling pyegestndhprerare gyEierous stepg do pipe

resent in ,on, the polymer or copolyner of
cf"e?‘f'é”ﬂ%é“ﬂé ISWar acterized still further by a PENT

val Ughg pBBinfr féddatdcR Ba itHdd bb @lﬁ’réplgﬁf&lw&bdlgetﬁ)ﬂene&tesm or it
anot her "aspect of the present invention,

@ bopaliyives oﬁnatetah pobthylaag apd celes ﬂa@@e@fm@dgefw%tmviséﬂt

f b j‘, 0
a‘f‘{ Bpi e E,ﬂ }%%&lﬁ%ﬁ?ﬂw@(ﬁw a po?y | splé);éléu T pipe
e)&f'usﬂnrﬁmSﬁh QHa Pepplert BleiadUtin mrop‘éCzﬁﬂfdihm}iré@ dinbé bﬁbﬂd the

aspect of the present invention, the polyner or
moetpmrymen foedstacky for piperextrygion harm@-pmep&ﬂ pelyethgleng yesin.

I
rgdShE0S LS, PRgTRL 55 A U5k P LG, AU
ulﬁfrﬁ%nsﬁxﬁ&eé@%lﬁ@atlddae pol ymer or copol yner of
et hyl ene may be characterized still further by a PENT

val uEBheyfeedstork tit slrenafasuint@@nhexdruder. The most common extruder

system for pipe production is a single-screw extruder. The purpose of the extruder is

to melt, convey, and homogenize the polyethylene pellets. Extrusion temperatures
typiéally range from 178°C to 232°C depending upon the extruder screw design and
flow properties of the polyethylene.

The molten polymer is then passed through a die. The die distributes the
homogenous polyethylene polymer melt around a solid mandrel, which forms it into
an annular shape. Adjustments can be made at the die exit to try to compensate for
polymer sag through the rest of the process.

, In order for the pipe to meet the proper dimensional parameters, the pipe is
then sized. There are two methods for sizing: vacuum or pressure. Both employ

different techniques and different equipment.
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According to still another aspect of the present

i nvention, a polynmer or copolyner of ethylene may be
characterized by a HLM of from about 4.0. to about
10, a polyner density of from about 0.940 to about

0. 955, and a pol ydi spersity of 15 from about 6.0 to
about 25. According to another aspect of the present

i nvention, the polyner or copol yner of ethyl ene may
be characterized further bygs meight aver age

nol egyl ar i or,

to yg[\lfexghﬂ&mﬁé%% ggér}g(g%ﬁé F&Fﬁﬂ resent [ n\(/%gl%tl on, (ﬁio‘i‘iﬂg ®
?Iiﬂdhe@ ﬁmeqtsy rsteo&aBWéreta&mefeethemmpw i3 egither

still furt by a PENT val ue greater_than about 500

shbmmeed zm Vweﬁ@rets spreyed oy e Pipe epevelc Sl PIRE inggolsd from the

S B i g s o o

PGSy véiifl HGBtor allbte pdridket. tiré R@ibo gl apesr, contdctor
["I ners. Varlous processes may be used to form these

ofiheatc| es Usual ly, additives and nodifiers are added

to t d.ef fect
By ubin e e aag Sibsaiioh s ST 1B Cl ee' can
I kelﬁter???esgﬁt RVAtnss ﬁﬁ'theé1 ilnR¢atedWSthe fOMOWiRg examples, which

mai ntai ning nost or all of the unique properties o

_apEohotrte e qonstouedeid anthaylm mhpcxsngriemtattcmls P08 th€68coge tiereof.

" e EXt 4 UEI %(n}g%%ccgeégl ﬁxa é eoxqttbtya)?hgﬁapd:tg élﬁlf)us other
aé(}ir@écg%frﬁBde{eH?s SﬁéTpIn'(isé afetitd WLk WHIh, RiFley W&iding

ymer fnam)ten stat throughadletoform
thehdesBiiptiddOhgreipneman becsngiéstsl tohmepmmdnﬁrjmickb il ithregart avithout
yet other aspects a PE-100 e. co n
depariyag drogt the SRS piethe @FGSFH%P'B% éﬁ‘ﬁt oﬁfe fhe appended
Jfafpht enpl ated. Pipe extrusion in the SI nplest ternms is

per%orned by nelting, conveying polyethylene pellets
into a particul ar shape (generally an annul ar shape),

and solidifying that s% | ng a cooling process.
There are nunerous step 10 extrusion as

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

metallocenes are set forth in below with letter abbreviation:
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The pol yner feedstock can either be a pre-pignented
pol yethyl ene resin or it can be a m xture of natura
pol yet hyl ene and col or concentrate (referred to as
"Salt and Pepper blends”). In North Anerican, the
nost common feedstock for pipe extrusionis "Salt and
Pepper blends". In Europe and other areas of the
worl d, the 15 nost common feedstock for pipe extrusion
IS pre-pignented pol yethyl egge o esin. Feedstock is
rigidly controlled to obtain the proper finished

' ul ti mat e corsunersspeci fications.

s then fed into a . The nost

Yo passed t hr ough
di stri butes the honogenous polyet hyl ene pol yner nelt
around a Bolid mandrel, which fornE it into 25 an
annul ar shape. Adjustnments can be nmade at the die exit
to try to conpensate for polyner sag through the rest
of t ‘

o op RIBERE bl HoER QM SRahATRE vallo® polymers
andicoftposifibas.e are two net hods for sizing: vacuum or

pressure. Both empl oy  different technigues
di f fMelsind eédMIpG/gBtmmwas flgigrmingg, m agc ?%@ﬂ%&&“ﬁﬁ’o‘m
4 sions. Cooling is
mé@élgﬂpﬁ%tggog hﬁ%hzgféys%%%f‘g% veral water tanks where
t he Kighdoatemplt ﬁ@dexS(I-HI,MI] ay10 mmh)magé@temﬁnmhﬁmccbsiance with

sprayed on the pipe exterior, pi pe .is cooled from
AR gb@@s@&@‘“@ﬂrﬁ“’éé@ot(@)wﬂtﬁé 0 weighle. The

| nt g, 'y f hbie @ fhBRr ¢98c
L7 5 B Y SR 1514575 1 e Spbhs 0 n
coppreseioh ythelded IsmnpleptaooledcandibouK)ISTOf)erhhalr and conditioned for
about 40 hours at room temperature in accordance with ASTM D1505 and ASTM
D1928, procedure C.

Melt rheological characterizations were performed as follows. Small-strain

(10%) oscillatory shear measurements were performed on a Rheometrics Scientific,
Inc. ARES rheometer using parallel-plate geometry. All rheological tests were
performed at 190°C The complex viscosity |77¥ versus frequency (b) data were then
curve fitted using the modified three parameter Carreau-Yasuda (CY) empirical
model to obtain the zero shear viscosity — 7, characteristic viscous relaxation time —
z,, and the breadth parameter — a. The simplified Carreau-Yasuda (CY) empirical
model is as follows.
7o
[1+ (Tqa))a](l—n)/a ’

wherein: [7*(w) | = magnitude of complex shear viscosity;

|7* (@) | =
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Finally, the pipe is printed and either coiled or cut
to length. The present invention is further
illustrated by the foll ow ng exanples, which are not
to be construed in any way as inposing limtations
upon the scope thereof. 10 On the contrary, it is to
be clearly understood that resort may be had to

vari ous other aspects, enbodinments, nodifications, and
equi val ents thereof which, &ter reading the

descri pti Igglroeghgarmmge suggested to one of
ordinary skill in the art  without departing fromthe
spirit of rjheispoeselakatioméne;i on or the scope of the
appended clains. 15 EXAMPLES For each of the

fol | owi ng?&x PR Patamstelus conbi nati ons of the

fol ow ng, Bkl glﬁrﬁnggw@@{a% sg%féémw& IP1; {19" m ne

their effé&ct on p par arly

stiff nesswwﬁl%ﬂa@\&eq{l@@y o@b%ﬂﬁofy%b&ﬁ@’@éfomﬁﬁbn
conveni ence e various 20 netallocenes are set

f or tEeﬁarls bé khﬁxxﬁlmnﬁhanostmérmm@wmqf dhe CYCmodgl-and gesived

pegpSigS ey P%f‘f"\ﬁ’&‘ﬂg% A b S, b, BT 468 78, 321
(19 ?L @Aeméb%r x@dmscﬂi%ng;m BRE S2MB2sI31 @982); Med R. B.

g/10 mn) was determ ned i n accordance with

: deS'[IM (D]Aﬁ&strong and O. Hasseger, Dynamics of Polymeric Liquids, Volume 1,

Fluid Mechanics, 2nd Edition, John Wiley & Sons (1987); each of which is
incorporated herein by reference in its entirety. The CY “a” parameter is reported in
the tables for the resins disclosed herein.

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

Molecular weights and molecular weight distributions were obtained using a
PL 220 SEC high temperature chromatography unit (Polymer Laboratories) with
trichlorobenzene (TCB) as the solvent, with a flow rate of 1 mL/minute at a
temperature of 145°C. BHT (2,6-di-tert-butyl-4-methylphenol) at a concentration of
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/rriL. Dissolution of the
sample in stabilized TCB was carried out by heating at 150°C for 5 hours with
occasional, gentle agitation. The columns used were three PLgel Mixed A LS
columns (7.8x300mm) and were calibrated with a broad linear polyethylene standard
(Chevron Phillips Chemical 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
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condition F at 190C with a 2,160 gram wei ght. Hi gh
load nelt index (HLM, g/l O mn) was determned in
accordance with 10 ASTM D1238 condition Eat 190C with
a 21,600 gram wei ght. Polymer density was determ ned
in grans per cubic centinmeter (g/cc) on a conpression
nmol ded sanpl e, cool ed at about 15C per hour, and
condi tioned for about 40 hours at roomtenperature in
accordance w th ASTM D1505 ggncb ASTM D1928, procedure

F}]:bor e I’nﬂelaeg'%"ﬁ@ C%ngn%féf AL GAAAe! ﬁfgecctﬂﬁﬁr@olume was 500

as f strarn % oscillatory

nﬁ&t@ﬁferﬁ%tﬂlm%inm&l&e@w fherFmR deteca)rﬂlmem hredted transfer line
Scientific, Inc. ARES rheoneter using paral aSe
angbBowtaell. (KRr| mﬂ@w,olgmr)p%ﬂéth%M P Pﬁ‘g E’lm The

190C.Th 0
irebro AR G PR
ANBlye Pefid 'Fimr YaIRdspeCophotsthéted (PE R0D0yRdeipped with a
tain"the zero shear viscosit characteristic

r7o,
narr(B?c barsl medcusyxtaidmium itehuride §MC’J§;¢@tch§ vigs aigeq 1 these studies.

t - Th | fied
b Ao apectr gutre; @SRl efigs PEAE " ey, My spipware.
B &ind: speditd M tlre '!F@Bnédl%ﬁi@ vidre %Bt‘émeﬁxpﬁ&et%r each run. All IR

Vi Scosi t 67 70 = zero shear viscosit

 spectsT ouse rmd:amm atn8t¢mre reslutiont lﬂ@eﬁé@l’ts) P t%l‘ﬂmﬁ were

f he f |
gq#efa‘?%n%qﬁgafﬂeﬁ?@fqﬁsmw {'aorfanig by daodaldo o tpdetral
re@Rh U EBF TR serl ¥t adld &)n@éntltaﬁﬁn abﬁ&'o? Mﬂk@ulaﬂd'elght calculations

nterpfretation of the derived paraneters
wemymb@e ﬁsaprainously d:escAbed—|usmg ra bredd Hnolegulah wetght prlyediylene
(PE standard [see ]Jordens K, Wilkes GL, Janzen J, Rohlfing DC, Welch MB.
Polymer 2000;41:7175]. Spectra from individual time slices of the chromatogram
are subsequently analyzed for comonomer branch levels using chemometric
techniques. All calibration spectra were taken at sample concentrations which far

exceeded that needed for good signal to noise (i.e., > 0.08 mg /mL at the detector).
Branching determination was made as follows. Narrow molecular weight
(Mw/My ~1.1 to1.3), solvent gradient fractions of ethylene 1-butene, ethylene 1-
hexene, polyethylene homopolymers, and low molecular weight alkanes were used
in calibration and verification studies. The total methyl content of these samples
ranged from 1.4 to 82.7 methyls per 1000 total carbons. Methyl content of samples
was calculated from M, or measured using C-13 NMR spectroscopy. C-13 NMR
spectra were obtained on 15 wt. % samples in TCB using a 500 MHz Varian Unity
Spectometer run at 125°C as previous described [see Randall JC, Hsieh ET, NMR
and Macromolecules; Sequence, Dynamic, and Domain Structure, ACS Symposium
Series 247, J. C. Randall, Ed., American Chemical Society, Washington DC, 1984.].
Methyl content per 1000 carbons by NMR was obtained by multiplying (X 1000) the

ratio of total methyl signals to total signal intensity.
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(1989); C. A Hieber and H H Chiang, Polym Eng. Sci.

32, 931 (1992); and R B. Bird, R C Arnstrong and

0. Hasseger, Dynamics of Polyneric Liquids, Volunme 1,

10 Fluid Mechanics, 2nd Edition, John Wley & Sons
(1987); each of which is incorporated herein by
reference in its entirety. The CY "a" paraneter is
reported in the tables for the resins disclosed

herein. A "Quantachronme Auté$omrb-6 N trogen Pore Size

Di st 14 patihidBask BGtrey @IIS) calibtiotPdvé Wad @bmirated @6ing Pirouette
specific surface area ("surface area") and specific

chememetti§ sofiwane ([ifpoeteixy db upetelate Thanges rigt thanBAR aksorption
acguired fromthe nt achr gne r porat.i sset
shgeRa Wich eLOEP RN R R agiayig]poo i fons for
tHd 53 CApikd Oe VIR £Rb 'Bﬁ%ggéﬂéq&eﬁ infthe 236braidn flodl were
tenperature chromatography unit (Polyner Laboratories)
maidé fromt co-atdedr spleetnz eolbec(eliCRYossthe dobosangpie., Only h partion of

flowrate of 1 ni/mnute at a 20 fenperature of 145C
theyspeqizal segion (299p apg 2P0 mﬁmw&%ﬁw&rﬁy ogfbrafion step in Order to

¢ 3 i f . L .
oAU Flod At 8RR, Tfuslall g o
inchidied alreap abiyniatization) Ctaking athe dirsp erdvdbivendfithe spectra and mean

Di ssolution of the sanple in stabilized TCB was
48 by heating at 150C for 5 hours with

occagi t: . .

hr o3 BEEtqmitFitht SRdFh A Wt R Sla T S BT (ing the
proadss ofagross walidation QRS@QEF01999¢ SE V. F)et Mt ealibiatiomdaodd! was

(Chevron Phillips Chem_cal Marlex(r) BHB 5003) for
vegified nusinge 23l dicional samnleht The predieted ‘@é‘t“ér%FﬁLéf?lueS for the

B AL AL 0 DD RABLA £3

squatengra@nofFpreBictioh ejul to G 0dBinethyh gidups gien di0DD avtal @&rbon
0 are those descri bed above. However, the sanple

mplepdeti on vol une was 500 nicroliters. Sanples were

Y B TR DR B0 i
endNébnGributiods.g LTHee hinowitl ofBjethyl vhain ends were calculated using the
equation Me..=C(2-V..)/M, where Me,. is the number of methyl chain ends per 1000
total carbon molecules, C is a constant equal to 14000, V.. is the number of vinyl
terminated chain ends (1 for chromium catalyzed resins), and M is the molecular
weight calculated for a particular slice of the molecular weight distribution.

PENT slow crack growth resistance values were obtained at 80°C (176°F)
according to ASTM F1473 (2001), with the exception that the initial load was 3.8
MPa, in order to accelerate the test. This 3.8 MPa PENT test may be referred to
herein as a “high stress” PENT test.

The Charpy testing was the Razor-Notched Room-Temperature Charpy

Energy test carried out according to ASTM F2231.
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tenperatures of the transfer line and flow cell were
kept at 143 + 1C and 140 1C, 5 respectively. Perkin
El mer FTIR spectrophotonmeter (PE 2000) equi pped with a
narrow band nmercury cadmumtelluride (MCT) detector
was used in these studies. All spectra were acquired
usi ng Perkin El nmer Tinebase software. Background
spectra of the TCB sol vent were obtained prior to each
run. All IR spectra were nggs@red at 8 cm 1
resolution (16 scans). CyQARIEGE ans were 10
generated using the root nean square absorbance over

t he 3000-2700 cm -1 spectral region (i.e., FTIR serves
as a concentration detector). Mol ecular weight
Freparatient ploYfatafetlumingidetivgtdsr@ppeiis| y descri bed using

[a S 2 g (}j‘ Al ln 2& %I% pﬁgg % e !]%cﬁ{zlg'%}yg Waﬁ o Lﬁﬁ%ﬁ%ﬁ%@@ rigcipient

wobleswifB-an af@éotI861uE0R Of 4rhimbhithh sulfpe typivafly,alie alumina had a

i ndi vidual time sliges of the chromatogram 15 are

sunfapecarer af Bhow B0y meigrany and @npers otume 8f aboutel/dice/gram. The

' h tri t echni 1ALl | j '
~{1RpAe CRERORERS afifrcs SS8hudh Biup o 0T Bl plie RERAL °rhe
vEMERESEHateh Fbed) &S dRG0IVE thd aRthonieA Rulfhte W& &cullate® fron the
0.08 ng /nL at the detector). Branching determ nation

totalspare dvelume b theostartingasample fiot. 6 imales Gewgter for gashngram of

-1..1 to]. ol.vent gr,adi en r ipons of ethyl ene .
i onbe TgY AE>12 SIBHERE Ao R T B o HORlR sutfre
pOGHP R WG enfflfydd WhEREsRiH o et ah@ Rlas ALHKARES vi®Iugh oven

used in calibration and verification studies. The

overnight attlAQ|°CG; amdethen aicrached dhrouglplae3S meshgsteeny SinallyAthe
to 82.7 methyl 1000 tot al bons. | t ent
raferi g BOVARdan g e PR IRRL AL G A0 sy 1 30y M the

dse ot Blibh SPAEIHAPRAPYr 6Chduis, YR the RAGET Bil¥eplanOSinR18L dh
con 15 wt. %sgﬁpagl?espiﬁTCB susingaSOE/II—lz ari an ©

sapiplesywars tigmestorodrwnder nitwpgeat 125C as previ ous descri bed
[see Randall JC, Hsieh ET, NVR and Macronol ecul es;
Sequence, Dynanic, and Donain Structure, ACS Synposium
Series 247, J. C. RandagkaANPLE 2Ameri can Cheni cal
Soci ety, Washington DC, 1984]. Methyl content per
Prepatntion o degallogeridBompeurslst ai ned by mul tiplying (X

élogn et Q}%{agh%%nlleg _ugéd }nohl%lvarrﬁghsh %}lcan?f)lgsn \?vlerse ﬁu%clga%teg Ior prepared
as follows. While certain preparations are set forth herein, it should be understood
that the metallocenes used in accordance with this invention can be prepared using
numerous techniques. Several techniques are described in U.S. Patent Application
Serial No. 10/876,948, “IMPROVED SYNTHESIS OF ANSA-METALLOCENES
AND THEIR PARENT LIGANDS IN HIGH YIELD”, incorporated by reference
herein in its entirety.
All manipulations involving air-sensitive reagents and materials were
performed under nitrogen by using standard Schlenk line or dry box techniques. The
solvent THF was distilled from potassium, while anhydrous diethyl ether, methylene

chloride, pentane, and toluene (Fisher Scientific Company) were stored over
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69 0 A partial |east squares (PLS) calibration curve

was generated using Pirouette chenonetric software
(Infonmetrix) to correlate changes in the FTIR

absorption spectra with cal culated or NVR neasured

val ues for nethyl s/ 1000 total carbons for the 25

sanpl es. The FTIR absorption spectra used in the
calibration nodel were 5 nade from co-added spectra

col l ected across the whole ganfle. Only a portion of
abtifut &P irhidh, T CAli105olveR Swared déSaGed” Mind 1 sto¥&dS udd&d nitfogen.
the calibration step in order t0O mnimze the effects
Zaotomiesi (AW IchRoide dA9.584)sodp-botyllitPuep werepwichaged firom Aldrich

CBsGel Bomvony ol Nerc e L earRd BR8N g PR R
Hd aCDégh’geffe&HEecfQ Qa%gidﬁﬁLcﬁ@§ ol J079k Cﬁrfsggsor B3¢

cal cul"at ed optim zed using the process of
NMR i(ASMHy) ADEIQFefDéRed SEAImd cétral Tine of @Dt att 77000 ppmaje |

\S?de%%g%%gln WZ}% gggkg@rﬁ%ac%@ge%lgggﬁﬂwﬁ used by
S@%?B‘? ?§§@§J %%ebhe%hg%af&&'l@a@?n (RSQ=0. 987) and

rodt “mean ” syuare ror of prediction

equab, 7tdi-tert-bulifludreid Was Prepiaped pedordiag Qo tthé Procedudecin Bull.
15 nol ecul es. Short chain branching | evels were

 Cher.o¥acadmd ¥9B6s3B1H ald3i ng out nethyl chain  end

cor b O B O LB, e

(BvRéRnisv3z)he number of methyl chain ends per 1000
total carbon nolecules, Cis a constant equal to
1400Metaliocenei B: Mithyharhutenylmhethylidene(rd-cydopemiadieny ) haP3.7-

gt e PO ChEBoURET st obbrep it ool 4.2 Sipert
bt B ubRh§CthRim ¥R @J%feﬁyﬁs&ﬁéwlh%%ne REMIIoW0VA 6héfiter flask is

growt h Tesistance values were obtained at 80C (176F)
chargedrwiting) 7+do-teaxS bivtyklubzene( (30 @1 1 79.6imrhol) hrd e steari eapped with

o Pen Pl o Ttosd Mt Sicdagn biSipheet TEFV il about 200

mi PlsSldaefviad catnullChf the 3SsuBting e ti§ 85cied R8¢ &S h dry-ice
bath. This mixture is stirred at this temperature as n-butyllithium (19.0 mL of 10 M
in hexanes, 190 mmol) is added slowly via syringe. After the addition of n-
butyllithium is complete, the reddish solution is slowly warmed to room temperature
and stirred overnight (at least about 12 hours). After this time, the reaction mixture
is cooled to —78°C, and 6-butenyl-6-methylfulvene (40 mL) is added quickly (in less
than 1 minute) at this temperature with stirring. Upon cémpletion 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 NH,CI/H,O solution (300 mL). The organic layer is
extracted with diethyl ether, washed twice with H,O (500 mL), dried over anhydrous
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The Charpy testing was the Razor-Notched

Room Tenperature Charpy Energy test carried out
according to ASTM F2231. 70 EXAMPLE 1 Preparation of
Sul fated Alum na Activator-Support Alumina A from
WR Gace Conpany, was inpregnated to incipient 5
wet ness with an aqueous sol ution of ammoni um sul f at e.
Typically, the alumna had a surface area of about
330 nR2/gram and a pore vol upp of about 1.3 cc/gram

I\H@Oﬁe B TR aﬁ& hcft&f ﬁﬁ s‘@?%ﬂ%ﬂ}@%oﬁcp gﬁ%anol

tarti ng al'um na wat er used
(ch. 590 mB) i eddedntonihe nsolid | dhdt the waisturelstitred toeemight o lfbtm the

s ol bl Kb B ot bl o
f
ST P " AR A O (AL

((W&Iop‘éﬁtﬁdleﬂvjl;- 1 Ctﬂjm-tbﬂ-b%tylﬂﬁéwﬂylﬁﬁahaneq\d edotdtehindinayt B@ used
C, and then screened through a 35 nesh screen.
withap fugther pysificaierer i al was activated in a fluidizing

o SARRMUBE AL, Shei Sy Ly ey 1{ PR RS em
1RtydidpeRtaditny5 AR, B8i-tefiButylHaofeahinethai®(4®.3 510950 @b and

under nitrogen. EXAMPLE 2 Preparation of Mefal | ocene
a c»:tmﬁeu iveppefhwithet mibbercsspéum,uansiplaged: wedey 4r pigrggen atmosphere.

DATBBE CHEHE B BE AR sRLe B3PS 8% o Bt Bl ool
toS4@Unthnli8e UARHEWhHIRCHirrihD & cdnfifud® %ﬂ&dtﬁﬁﬁﬁﬁﬁ @S el 6110 M in

accordance wth this invention can be prepared using
hexanes; 33% mneal hisi ajded sloBbverthe nmautmvlq spsnger e fthe dlor dddgibn of

Pat ent plicati.on .Serial 10/ 876, 948,
bR D SPRRPLED) the ERECHRB RN SRS T terhierpre and
AN e eSSt Moddh Brindhis-ihder W REPEdRATRNESHHEX.
S reference l?%?er edldlr% I n ﬁ% enetrlar et é% ? §§i>
In a nitrogen-filled drybox, a one-liter flask i 1s charged with ZrCly (25.4 g,
109.0 mmol) and a stir bar, capped with a rubber septum, brought out of the drybox,

charged with about 300 mL of pentane under nitrogen, and cooled in an ice bath to

0°C. The diethyl ether mixture of dilithiated parent ligand is added to the ZrCly
slurry via cannula over the course of thirty-minutes at 0°C, and the resulting orange
slurry is warmed to room temperature and stirred overnight (at least about 12 hours).
The solvent is then removed under vacuum affording an orange solid. Pentane
(about 200 mL) is added to the solid, the slurry centrifuged, and the supernatant
decanted. The remaining solid is then extracted with methylene chloride,
centrifuged, and the supernatant decanted and evaporated to dryness to afford 55.0 g
(86%) of the desired metallocene (5-cyclopentadienyl)[5-(2,7-di-tert-
butylfluorenyl)Jhex-1-ene zirconium dichloride that can be used without further
purification.

Metallocene C: Phenyl-?;-butenylmethylidene(n5 -cyclopentadienyl)(n°-9-2,7-

di-tert-butylfluorenyl)zirconium dichloride was prepared as follows. A solution of
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Al'l mani pul ati ons involving air-sensitive reagents and
materials were perforned under nitrogen by using
standard Schlenk |line or dry box techniques. The
solvent THE was distilled from potassium while
anhydrous diethyl ether, nethylene chloride, pentane,
and toluene (Fisher Scientific Conpany) were stored
over 71 activated alumna. Al solvents were degassed
and stored under nitrogen. 7%i Pconium (1V) chloride

0 ) e | 4T .
4%%3%@§2P§@@ﬁ§gﬁ§£gggt&gvgﬂ%%eéﬁgggpeceiveé& Produc?gghww
coEle® ifds igg.ed Mlutidh dRMRbulyBGihilrizin HEREES, 61 eflerafice M (152

agai nst residual CHCl3 peak at 7.24 13C 5
mppsjeg)ryas added dropmase-e R c%an@Qéﬁsﬂ ecbgﬁ{?"sf? {hefl ﬁ%mB‘feul-VFi’*ﬁef

CDC13. at = 7 7,: . - e - B-
stk dp Dt bl B pignfts MR T A Mp g8 B4 Smoles)
Of—GI‘}ﬂxbﬁyl(@(B-ﬂt&lylfﬁilﬁeihe #0830 A3, of TBAP )while cooling in an ice bath.
2, 7-di-tert-butyl fl uorene was prepared accordin? to.
Theedgition sebkr b 4 %mg.l [The ngxare vasllowsd to warm while stirring for

1%?? ??g 97-103. 10 Metall ocene |I:
abQUE 208U ) 7i r coni um di chl ori de was purchased from
W t CyvhilcRUbBEER PR batlPd SIh6GELRs Bof ammonium chloride in 100
Met hyl - 3- but enyl net h{ql i dene(rl $-cycl opent adi enyl ) (ri 5-
mdLs 20f7 wathr - wesr addrdt folfawedr byiyli00z misopi Bmtan%mﬂﬂ ergayyere

RN e S

dfidPo¥er SodkEmCifaaed el Soldent- Whs ts@ipped WY lahll e gredcbGras
g, 179.6 nmmol ) and a stir bar, capped with a rubper
crystpliized framc: pirdmetheptatsrand weshedyith methanobbefpee drying.

D et hyl h b 00 [ ' .
ana Aol (e abfied 25 EHFES ntbGled) B MdRved in
digthytekife? an®@bdled S 02 X AUk ahé solutibn 6findlutyl Mitksium, 33 mLs of

tefperature as n-butyllithium (19.0 nL of 10 M in
2.6 eMa33s, migles)nwry addedacicrs ). [howt.y Thie bathy wap gemoygd; ad the

o 5, BB AT e L Stbir 01
1L SUBSTAOI ol ot ) ok b e
water. The bath was removed and the slurry was stirred for 5 days and then the
slurry was filtered through sodium sulfate. The solid was washed with pentane and
then extracted with methylene chloride. The solution was taken to dryness to yield
21.5 g of orange solid (80%).

Metallocene E: (2’-naphthyl)—3-butenylmethylidene('r']5-cyclopentadienyl)(n5-
9-2,7-di-tert-butylfluorenyl)zirconium dichloride was prepared as follows.

First, 6-(2-naphthyl)-6-(3-butenyl)fulvene was prepared from
cyclopentadienyl Grignard reagents as follows. A 1 L round bottomed flask was
charged with 1-(2-naphthyl)-4-penten-1-one, 97% (21.73 g, 100 mmol), THF (100
mL), and a stir bar, and cooled in an ice bath. Cyclopentadienyl magnesium chloride

(150 mL of approximately 1 M solution in THF, 330 mmol) was added dropwise

over 1/2 hour. The yellow solution was stirred for 2 hours in the ice bath. The
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is cooled to -78C, and 6-butenyl-6-nethyl ful vene (40
m.) is added.quickly (in less than 1 mnute) at this
tenperature with stirring. Upon conpletion of the
fulvene addition, the mxture is renoved fromthe dry
ice bath and warned to room 25 tenperature, and a GC
aliquot is taken after ca. 15 mnutes follow ng
renoval of the dry-ice bath. Stirring is continued
for 7 hours, after which tiT®e the reaction mxture is

élHﬁn SHiaHoNv VH& thet 3bNLaldefor VM Aok Qusiak UivhieR tindd@ réll)color

T e organic layer is extracted with diet hyl et her,
devehiped. t"lmecselumnhzvm:c(lﬁed) byyLfjrst atidinegi 1 el safwateroand then

T T o PR I 8 o
gﬂ%%x‘i:rg t%%ré %l’l&té?f] Yash&l Wﬁtﬁt\*"d’t@r %ﬁd afied o%’xesroﬁilﬂh Eulfate.

ormt product 'as a finely divided white solid.

E]Aflbﬁ thrbugh sitita osth peatine agd wohdenivbtibl waded vadnyn afforded 20.25
over ni e desired parent |i

g 123(/@9&%@:@@3 St{gmaphthyl)ro- @-butlegﬁ)r%glvene as a red oil, which was
93(‘9y;ﬁjrgpfﬂ ﬁlgjéﬁ‘% %nt#av&z% dzc é’%ﬁ{ Hleh E)ﬁlt f :C 3?[ ﬁgBr/l ) et ha

ness |so
pur i $ubsaduestly, Alqlzarabhﬂgr) lf-(?abiftenﬂ) M(ayo@&;rbnbadidnyl)ﬂe(z 7-di-
par ent I|gand 1- (et hyl)-1-(3-buteny

terp- -huty}Brerpeyiimethaney |was1 prepayedy; by éﬁ‘%cilsat S rdictsrtupilfvgrenyl

htgﬁ'lne r%—(g%—x%‘gh%&ﬁ— - }&e%yelgfﬂ & a8 itblio W@ ’A %6@9@@ £kt Ryas

er antro

chatgea Sake G—dlﬂt&'t-lgu@llﬂudreﬁﬁ (18.04 gbeus rﬁﬁ@leﬂ)_z)nd ssmdbE(blaced

to the flask and the m xture stirred and cooled_ to

under anltmgen aawsphvw» | Retrghyqrefusan (EHEL 40P mufesy was added and the
but h f
BT it B g el TSRS i S g

heﬂﬁﬁﬂhﬂnﬁn@ofmm olm V6 M tifi hexahes, Ci@lﬁphmt(ﬂcs)t\h&s amdtdropmse
m xture 1s warned to roomtenperature and stirr

viddiagm dark f?‘hﬂgll@%t Adiss it hoyr Hishah wa a%fPO‘aedrﬁfldréﬁ &flution
wel TS e 10 0 bR Bt e ol edhwhilg e flask

coﬂmhﬂ 2095 @ oF1981% kfalwné:@mpdmmlesb add 100 pells GETHE Mas cooled
out of the drybox charged with abqut 300 niL

_brou %h‘;
in aﬁe pEhe Snereyldetion |St>lruag@ rrom o ve Bias dhennadded drepwisige Qver 1

hot® After two days of stirring while warming to room temperature, a GC aliquot

was taken. Another aliquot was taken after an additional 2 days of stirring and no
change was found.

The reaction mixture was quenched with a saturated NHsCVH,O solution
(200 mL) and 200 mLs of 1 M HCL. The organic layer was extracted with 200 mLs
of heptane, washed with 3 X 150 mLs of water, and dried over anhydrous Na;SO4 A
solid began to precipitate, so the solution was filtered hot. The filtrate was
concentrated to a thick slurry and cooled in a freezer for 2 days. Cold methanol was
added to the solid and the mixture filtered. After washing with cold methanol, the
product was dried under a blanket of nitrogen. The yield was 29.43 g (85%) of the
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0C. The diethyl ether m xture of dilithiated parent
ligand is added to the Zrd 4 slurry via cannula over
the course of thirty-mnutes at 0C, and the resulting
orange 20 slurry is warned to roomtenperature and
stirred overnight (at |east about 12 hours). The
solvent is then renoved under vacuum affordi ng an
orange solid. Pentane (about 200 nlL) is added to the
solid, the slurry centrifugegd, and the supernatant

& tafknt Tfiend SR hlg- eN(&tlopathdienyt)- 1 1t2,7-di-
drén%tﬁﬁyl enetcliﬁ%g{li ggﬁ %@%??ilfggﬂed,ﬂygnd(%fgbsuper n))zg)t aﬂt 1
telebatyl thbranyt)nettegmer ated to dryness to afford 55.0 g 25
(86% of the desired netall ocen

(5- cyNaxbp é%itrmh@wibr%-wemmﬂwﬂidg@(ns-cyclopentadienyl)(n *-9-2,7-di-
b ] )] hex-d. - ' i um dichl.ot :
i e R e R L S E

pefent ligand 1-(2-naphthy1)_-1-(S-hexengl)-l-(cyclopentadi_enyl)-l-(2,7-di-tert—
Phenyl - 3- but enyl met hyl i dene(r) 5-cycl opent adi enyl ) (r) 5-
botyd]gorendil ) methane bl thAf £,ud7.€ o) arcbai stim bir cawdoplacrd vrder a

nflrREefoesphorer AL ooy bt 0B arckiied b B g and the
nHRGAS S8fed Had Bsoled 30! £ idd bty WRile %tiﬁ%%t&dﬁnc&ftinued, n-
n-butyl lithiumin hexanes, 61 nLs of 2.5

152
 hexpiliasim Wsmaaoéa.lormgmmmezsmmmmaeéu@pmm After

was, then repoved. . After stirri for. an.additional

0 HGHEE O P STHhT 7 saTpisihe repohiel gt v for 1
hourPhnf RO 83 was (x%ﬁi%,%&ny*v)%o%dée Srring  dRPnihs pRfdulédEa red
while cooling in an ice bath. The addition took 1 '/2
sdiutiors Stifteg firaniadditiomal 24 hovws produced arthigki drangetslurry. ngbout

or _~ ahout 120 urs. Wiile cooling in a water bath, a
2 %Wiogﬁt%ﬁwﬁreg“gg?‘{'ammni umchloride in 100 nlLs of
wat efy X\’ﬁﬁrog&%ﬂeé akfveves oﬁa-lig&%agk%agfch_ﬁl%m ¥2@: ZrE£(6.60 g,

| ayers wer 10 separated and the organi € | ayer was
283 stredles)i dnd BstiX bbO Bndrapped witht 2rybber saptured Aftendt was rdught

o BRI L A TG S0l e ShE LRR ot e
B3 S L, e s
lighind s \addied to the ZrCly slurry via Teflon® tubing. The resulting orange slurry
was warmed to room temperature and stirred for three days. The slurry was
transferred to bottles and centrifuged and the solvent was then removed and saved.
The solid was extracted with methylene chloride and centrifuged. The resulting
solution was taken to dryness under vacuum to yield 4.76 g of orange solid.
Metallocene D: (4’-cyclohexylphenyl)-3-butenyl methylidene(n’-
cyclopentadienyl)(n*-9-2,7-di-tert-butylfluorenyl)zirconium dichloride was prepared
as follows. Starting from 1-(4’-cyclohexylphenyl)-4-penten-1-one, and proceeding
by the methods outlined above, 32.27 g of the orange solid, [5-(4’-
cyclohexylphenyl)](5-cyclopentadienyl)[5-(2,7-di-tert-butylfluorenyl) Jpent-1-ene

zirconium dichloride, was prepared.
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di et hyl ether and cooled in dry ice. A hexane solution
of n-butyl lithium 33 nLs of 15 2.5 M (82.5 mmuol es),
was added over 0.5 hour. The bath was renoved and the
orange slurry was stirred overnight. This slurry was
then added to a slurry of 10.1 g (43.3 mmoles) of
zirconium (1V) chloride in 200 nLs of n-pentane cool ed
inice water. The bath was renoved and the slurry was
stirred for 5 days and then76hee slurry was filtered

through sodi um sul f at e. gityempeEixd Was washed with
pent ane and 20 then extracted with nethyl ene chloride.

The sol uti on waPremdretion ¢f Mergllexge Solugivnt d 21.5 g of
or an lid 09 Met al | : .

(2'- %Z?faﬁ‘?f’lfp‘? ( g tﬁﬁ“@ﬁyl ’%‘Ef’ggﬂ?rge(ﬁ%( g ofc oligpdnetallpcens, L
-.di - t- . ' i
bl O LSBT v by
a8difian RA@H fins- o (¢t 1196%) srittiylhlumivinma sThis sglatiend whas aliluted

with Flta 0rarEe a1 FHheERIGE) Tetsraado i 4ol vessel. Sobular was
- - - 97% (21.73 g, 100
a‘r}ﬁ%il%ﬁ)T&g%ﬁf%}d&w,h&%ndgsgﬁgW'r bar, and cooled in an
i ce hadtilloceyeBopadéadiregen, 2100qneldolidhméthldvsdede B, ((mdthyl)-1-

of approximately | Msolution in THF, 330 nunol) was |
Qmwl)ik@,?réuwn-wﬂy@mmw | oFIGREum

stirsed f . hour Shal e tc T, 4
SRHECHbEACH R AR 570880 TaR0% s B o o
glabi¥eofndat (D396) @iethylidwainvfe dThikheluiohuvasodilused with 160 to 240
acidified by first adding 100 nis of water, and then .
gransiof g-heprngiand fransfiaredio amviee] yewsal dsobyancayasiaddedip obtain a

the pentane extracts were

A ent ane

to Ioﬁ‘é@?g}ﬁ?&ﬁgﬁfggo&ﬁth‘mter, and dried over sodium
sul f Megalloverd O Ufdertritrexta2 90 |d efasolitl inhetaltvvead €, d4iphenyl)-1-
concentrati on under vacuum af forded 20. 25 (73% . of

Gt e b thiesclapeptadieapiil Hg) 7-digtertdud fleorgnyhrethagse a3irgpnium

red .ol l ich . was. 93,70 re. j ' LBy
R o uiodnE o200 it r heXte T5 lod U pddiudifde 25
gxafrﬁ'dfufeéﬂlm%)]tdé@ly&ﬂtﬁﬂiﬂﬁmadﬂﬁxbmﬁ&n (whasdillited with 100 to 240

tert-butyl fluorenyl)nmethane was prepared by reacti n% .
gramy off p-heptane pud (rafsferegddayy steel vessel. Isobutane was added to obtain a

total of 40 pounds of solution.

EXAMPLE 4
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 in isobutane, tricthylaluminum, and a solid activator ina 2 L
stirred autoclave with continuous output to the loop reactor.

The precontacting was carried out in the following manner.

Triethylaluminum solution and metallocene solution in isobutane were fed as
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10 lithium and 6-(2-naphthyl)-6-(3=butenyl)ful vene as
follows. A 500 nL flask was charged with
2,7-di-tert-butylfluorene (18.04 g, 64.8 mmoles) and a
stir bar placed wunder a nitrogen atnosphere.
Tetrahydrofuran (THF), 100 nLs, was added and the
resulting solution was cooled in a dry-ice bath. This

m xture was stirred as n- hexyllithium (30 nLs of 2.16
Min hexanes, 64.8 mmples) Was added dropw se 15
sdpagitdistaris @b ka teRdustlesthi cMthe Alutdlavézwherdrthéh eomiadtéd each
was renoved and the solution was slowy warned to
othsomThe 15pléd activatordwelfated akwening) wisollushed MEtnispbytane infpea tee
fl ask ont ai ni ng,20. 25 of 93 % ful ven 72.7 . ..
bHYBREs) B8 ReBEOnS P \0 ol A Orivpce olnipging  the
tridtRAIa Y und BNl oeBhd nhiRfuré ;RSN BOBME eHRBing @B Afl6l@sve. The
~dropwi se over 1 hour. After two days of "stirring
isobuthee flashriiseg tbdransport thengpdidaactivator sntathahutqelove »os vetsat a
t aken. ther. al i quot .was taken after. an additional: 2
o B 0L, YT G o GO i O BRBT PR Fmirtiss in’ the
Ut6AYd. Cthetots) Hb M5 thrd Ent€red M o8h Béhctor.

SO "DisToitt How Y6 g m?‘%and il Metofh Ractor, |

The dtiydenecusedwens podgneridation geede wiltyer@@Previamislyafbtained from
and, dri

g AR oG Vid Gesporkionh Wl o Gyl ghiough 8 coltmn of

—

alff | Rid @tRratedOatt P40°8O(48h® ninvﬂﬁo%éﬂ.t q[}]%’xeﬁe,t whd{'@sed, was
ITtrate was concentrated’to a thick slurry and

palwakgzhtion grddeedzbexcher (ébtaiagd. froal dChetdvanBhilliyss Chemical
added to.the solid and the m xture filtered. Aft

Compamd ghich Waspyrgiehbnaitgeen Pwnwmﬁg%@r&ﬁri Enolecular

YRS ek Gl 0960 e Wopltgiasiuftion, 152
cnd -diZmetan hiobyy | racter, Jhdvitige ayvolurhe (@fy 23 qadoha 82 ditery). | -Liquid
7-di- tert-butylfluorenyl)methane. Nex

. t,

isqbptanga At 599 23 therdlishinetIoG Audiaesm Bias \addag dn gl the

mbfblilhs Woghe of B Toul EiolecRHl eiet Rofbhirt dr 30 pHiTimer product.

THe Mwmh‘k’?qsqf’)jﬁ?er(i?ﬁlgn gradeI i)soblutane (olbtai-nedtﬁ'om Chelvroanhilzlips
1-(2-n t - 1- (5- hexen -1-(.cycl ope i enyl)-1-

Ch,em(leal- egtppatty:/ut%m’gm orny ﬂ)yaﬁe%sa f{ﬁi@%&@ﬁé ,db>2 %)1/%31&%}( ypnd

suBudntf pdssPtr&ih B'Bfifdth YPRimifa [activated at 250°C (482°F) in

nitrogen].

Reactor conditions included a pressure around 580 psi (4 MPa), and a
temperature that was varied from about 90°C (194°F.) to about 99°C (210°F) as
indicated in Table 1. Also, the reactor was operated to have a residence time of 1.25
hours. The solid activator was added through a 0.35 cc circulating ball-check feeder
and fed to the 2-Liter autoclave as described above. Metallocene 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 1bs per hour and recovered in a flash chamber. A Vulcan dryer was used to

dry the polymer under nitrogen at about 60-80°C (140-176°F).
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nitrogen atnosphere. Diethyl ether (about 150 nlLs) was
added to the flask and the mxture stirred and cool ed
in an ice bath. Wiile stirring was conti nued, n-
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EXAMPLE 3 Preparation of Metall ocene Sol uti ons
Met al | ocene |: Under nitrogen, 1.00 g of solid
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Cocatalyst| Hydrogef

type

TEA

TEA

TEA

TEA

TEA

TEA
. TEA

TEA

TEA

TEA

TEA

TEA

TEA

TEA

Temp
CC)
98.7

98.7

08.8

98.8

98.7
98.7

98.8

89.8

89.9

89.9
89.9
8

9.9

89.9

89.9

Metallocene| Reactor

Type

(Ratio)
B+ (3.1)
B+ (3.1)
B+l (2.5)
B+I (2.9)

C+ (1.7)
C+1 (1.36)

C+I (1.3)
C+ (4.0)
C+ (3.5)
C+1 (3.4)
C+ (3.5)
C+1 ((3.1)

C+ (3.2)

C+IL(3.5)
Comparative

Table 2. Summary of Results.

Run No.

1

2
3

4
5

6
7
8

9

10

11

12
13
14
15

Run Nos. 1-7 were produced at 99°C. Run Nos. 8-14 were pro
Run 15 is commercially available TR-480 HDPE made by Gh
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the reactor were within a range of about 1 to 2 parts
per mllion (ppm) of the diluent in the

pol ymeri zation reactor. Polynmer was renoved fromthe
reactor at the rate of about 25 | bs per hour and
recovered in a flash chanber. A Vulcan dryer was used
to dry the polynmer under nitrogen at about 60-80C
(140-176F). 78 o Cocat al yst ®di @t hyl al umi num ( TEA)
(obtai ned from Akzo Corporation) was also used. The

cocat S S | a a i iiA FIG. 1,
nopt e BrfE Rl BARRRF 27 105 WAL 3R, Haed 1 IS
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twio distinaly diffeyshtunoldeulae weightse nThgmefallopenss agsfcoppined with an
o455 ket S0k Kokt frk Ut ] o gk, Hebor
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resistance. Additionally, the polymers produced according to the present invention

have excellent impact strength.

EXAMPLE 5

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

Runs 16-19 in Table 3 illustrate ethylene polymerization runs performed in a
one-gallon autoclave with a single metallocene. The runs were performed at about

90°C or at about 100°C, with two liters of isobutane diluent and 1 mmole of

triethylaluminum cocatalyst. No hydrogen was added.
For solutions C2 and E2, 24 mg of ansa-Metallocenes C and E, respectively,

were dissolved in 12 mLs of hexene-1 and then 2 mLs of 15 wt% triethylaluminum

in heptane were added followed by sonicating for 10 minutes. For solutions C1 and
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triethylaluminum in heptane was added to a cool reactor, which had been purged
with nitrogen and then isobutaﬁe. This was followed by the chemically-treated solid
oxide (CTSO) and the metallocene solution, all under isobutane purge. The
autoclave was then closed and 2 L of isobutane were charged, and the stirrer set at
700 rpm. The autoclave was then heated to just below the set point and ethylene and
5 grams of hexene-1 were introduced. Ethylene was fed-on demand to maintain the
specified pressure for 60 minutes. The run was terminated by shutting off the
ethylene flow and venting the volatile components. The polymer was removed,

dried, and weighed.

Table 3. :
Run No. 16 17 18 19
Metallocene C D C E
Metallocene Solution C1 D1 C2 E2
Metallocene (mg) 0.5 0.5 0.17 0.17
“Temp (C) 90 90 100 100
Ethylene (psig) 450 450 550 550
CTSO (mg) 168 145 148 158
Solid PE (g) 81 120. 189.1 126.7
CTSO Activity (g/g/hr) 482 828 1278 802
Mw/1000 824 758 535 443
Mn/1000 343 304 243 194
Mw/Mn 2.4 2.49 2.2 2.28

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

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

the high molecular weight portion of the bimodal resin produced by this invention.
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exam(-gles or em(?)oglments disclosed. Obvious modifications or variations are
possible in light of the above teachings. The embodiment or embodiments discussed
were chosen and described to provide the best illustration of the principles of the
invention and its practical application to enable one of ordinary skill in the art to
utilize the invention in various embodiments and with various modifications as are
suited to the particular use contemplated. All such modifications and variations are
~within the scope of the invention as determined by the appended claims when

‘interpreted in accordance with the breadth to which they are fairiy and legally
entitled.
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1. A catalyst composition comprising a first metallocene compound, an
unbridged second metallocene compound, an activator-support, and an
organoaluminum compound, wherein:
(a) the first metallocene compound has the formula:
XHERDEONXIM

wherein (X') is cyclopentadienyl, indenyl, or fluorenyl;

(X?) is fluorenyl;

XY and X3 are connected by a disubstituted bridging group
comprising one atom bonded to both (X") and (X?), wherein the atom is carbon or
silicon;

a first substituent of the disubstituted bridging group is an aliphatic or
aromatic group having from 1 to about 20 carbon atoms;

a second substituent of the disubstituted bridging group is an
unsaturated aliphatic group having from 3 to about 10 carbon atoms;

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

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

M' is Zr or Hf;

(b)  the second metallocene has the formula:
XXM
wherein (X°) is a substituted or unsubstituted cyclopentadienyl, or substituted
or unsubstituted indenyl, any substituent on (X°) is independently a linear or
branched substituted or unsubstituted alkyl group, or a linear or branched substituted

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

M?is Zr dr Hf.

2. The catalyst composition of claim 1, wherein the ratio of the first

metallocene compound to the second metallocene compound is from about 1:10 to

about 10:1.

3. The catalyst composition of claim 1, wherein the ratio of the first

metallocene compound to the second metallocene compound is from about 1:5 to

about 5:1.

4. The catalyst composition of claim 1, wherein the ratio of the first

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 a phenyl group, a cyclohexylphenyl group, a naphthyl
group, or a methyl group.

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

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



the short chain branching distribution across the MAD
for Run 14. It is evident that the short chain
branches produced through use of hexene-1 as a
conmononer are largely concentrated in the high

nol ecul ar wei ght portion of the polynmer. In sum the
present invention provides various catal yst
conpositions,. methods for form ng a catal yst
conposition, and resins andgei pes forned by using the
catal yst conpositions. The catal yst conposition
generally includes two netall ocene conpounds, an

7act i \fhkeatalyenebngpositivataficleim. 1, Wherdimherfastahétollesene is:
conpounds are sel ected such t hat the_two netal |l ocenes
produce_pg ers having two dix di fferent

an an organoal um and
an ol efin nono Q yproduce a polyol gfi qyl- a
bi nodal frelg ght di stributtap! The wesulting
pol yners # HE anout st andi ng balance=< sh f f ness
and show jcr aq owt h resistan onal 'y, the

pol ymers produ ed accordisng to t e present invention
have excel |l ent inpact strength. EXAMPLE 5 Bench Scal e
Pol ynmeri zation of Additional Metallocenes Suitable

for Production of the Hi gh Ml ecul ar Vi ght Cbnponent

pol yrer i/za
aut ocl ave
per f or

runs perforned in a
a3 Nngl e netal |l oceneg.

' ' ‘ , added.

For sol ut/i on# ane E2, 24 ng of nsta Ioes C
and E, st vely, were dissoljved il 1 s of
hexene®l and then 2 nLs of 15 wt% tri et hyl mnum in
hept ane were added fol | oyed by sonicating for 10 ;

nlnutes For solutions d and 82 0 D




toluene with stirring. Follow ng preparation of the
netal |l ocene solution, 1 nL of 15 wt% triethylal um num
i n heptane was added to a cool reactor, which had been
purged wth nitrogen and then isobutane. This was

foll owed by the chemcally-treated solid oxide (CTSO
and the netall ocene solution, all under isobutane
purge. The autoclave was then closed and 2 L of

i sobut ane were charged, andgt1he stirrer set at 700
rpm The auteclave was then heated to jugt belom1the

set point Ryl ene and 5 grants o e
i ntred e was fed on ¢

Speci € 0O mnute

term of f the

venting t ] ® eonporent s.
renoved, ' i £
18 19 thalloce ' d”C E Metall ocene
%) 0.5 0.5 0.17 O,

168 145 148 158 Solid PE (g) 81 120. 189.1 126.7 CTSO ’
Activi ) 482 828 1278 802 Mw 1000 824 [758 535 443




t he hi gh nol ecul ar wei ght portion of the binodal resin
produced by this invention. In |ike manner, conparison
of the nolecular weights in Runs 18 and 19 from

nmet al | ocenes C and E shows that netallocene E is also
suitable for use in producing the high nolecul ar

wei ght portion of the binodal resin produced by this

i nvention. 83 The foregoing description has been
presented for purposes of iBgustration and
description. It ot intended to be ex aLS) ive or to

teaching

its practlcw
skill in the art
mmomnems mm'

nodi fi cati p®
t he |nvent|o
when
whi c't hey are
What is claine . .
conprising a first z , nbri dyed
second netal | ocene [ ' 7

nd, wherein: (a)
c1t he formula: py




conpri sing one atom bonded to both (X) and (X),
wherein the atomis carbon or silicon; a first
substituent of the disubstituted bridging group is an
aliphatic or aromatic group having from1l to about 20
carbon atons; a second substituent of the

di substituted bridging group is an unsaturated

al i phatic group having from3 to about 10 carbon
atons; R is H an alkyl gr@upohaving from| to about

12 carbon atons, oT—79 aryl group having lto
about 12 car bon' (X3) and (Xx4) are pdently
an aliphatic grioeHes aromatic group, C
group, a cMebinati oHf@l aliphatic a X ey ps,

or a subsid —4 A ve there to
about 4 dMy=or a ha :

(b) fhe second ocene has the for

(X5) (X6) ( X7) ( XI=g wherein (X5) is a uted or
unsubstituted cycl ope dienyl, or substituted—eor

i ndependent |y a | [ el branched substi
unsubsti t ut ee or a |inearPhe

[|_ Ll )

branhﬁéd

. subs - ungUDbS opent adi &
~substituted or qugaa‘ituted i ndenyl , any
on (X6) is independently a substituted linear alkyl’
group, a branched substituted or unsubstituted al kyl
group, or a li ne branched substitute:,
unsubstituted -
car bon at ons;
aliphatiqwgf

conbi nati on
subs?*iﬁﬁé%{

or any combination thereof.

8. The catalyst composition of claim 1, wherein the second metallocene is:

Q)
F
o el

Zr.

.

2s

My

A \
~a ~ zr




t hereof, having from1 to about 20 carbon atons, or a
halide; and Mz is Zr or Hf. 2. The catal yst
conposition of claim1l, wherein the ratio of the first
net al | ocene conpound to the second netall ocene
conmpound is fromabout 1:10 to about 10:1. 3. The
catal yst conposition of claim1l, wherein the ratio of
the first netallocene conmpound to the second

met al | ocene conpound is froggabout 1:5 to about 5:1.
4. The catal yst conposition of claim1, .wherein the
ratio of the frrst netallocene conpound to the second’
met al | ocene conpound is fromabout 1:2 o about 2:1.
5. The catal ysf conposition of claim i1, “wherein the
first substituent of the disubstituted bridging group
is a phenyl group, a cycl ohexyl phenyl group, a
napht hyl group, or a nethyl group. 6. The catal yst
conposition of claim1, wherein the second substituent
of the disubstituted bridging group is a butenyl
group, a pentenyl group, or a hexenyl group 86 G7
The catal yst conposit] m1, wherej rst
netal | ocene is: a yn

b




GG H \ ~d \ G1\ \ yr.~ICFl2 HH"%CH3 22 \i

1\I~JIl "CH3 87 0 Zr,~dd [/ Hf n\CI sca ~"d *;, \

[/ a\Cl C Zr. \\CH3 HfA\CHS "CH3 "CH3 88 o cl cl ne
ZrOcIOPh Zr d @3 0Oo0 &1 0~ Ph zZr-a M Zr-d o0
~ 0

or any combination thereof.

9. The catalyst composition of claim 1, wherein the activator-support is
fluorided alumina, chlorided alumina, bromided alumina, sulfated alumina, fluorided
silica-alumina, chlorided silica-alumina, bromided silica-alumina, sulfated silica-
alumina, fluorided silica-zirconia, chlorided silica-zirconia, bromided silica-zirconia,

sulfated silica-zirconia, or any combination thereof.

10.  The catalyst composition of claim 1, wherein the activator-support comprises a

solid oxide treated with an electron-withdrawing anion,

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

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

triflate, bisulfate, sulfate, or any combination thereof.

11.  The catalyst composition of claim 10, wherein the activator-support further

comprises a metal or metal ion, wherein the metal or metal ion is zinc, nickel,



/ 1 o/d M Zr-cl Ph Zr-cl @ Oo0oOOcl cl M Zr
cl MwZ d 5; si oil ocl Me H-C Ph H-C Ocm89 o
Od O1 M H-C PhH-C OOOC OCL M -f-d
Ph HH-CI ~O1B OO O0C I . CaO M. OHS d M S
H or any conbi nation thereof. 8. The catal yst
conposition of claim1, wherein the second netallocene
Is: Zr~H Cl1 C1 CA

_ 92 ©
vanadium, silver, copper, gallium, tin, tungsten, molybdenum, or any combination

thereof.

12.  The catalyst composition of claim 1, wherein the activator-support comprises
a clay mineral, a pillared clay, an exfoliated clay, an exfoliated clay gelled into
another oxide matrix, a layered silicate mineral, a non-layered silicate mineral, a
layered aluminosilicate mineral, a non-layered aluminosilicate mineral, or a

supported aluminoxane activator-support, or any combination thereof.

13. . The catalyst composition of claim 1, wherein the organoaluminum

compound has the formula:
R*;AL

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

14. The catalyst composition of claim 13, wherein (R?) is ethyl, propyl, butyl,
hexyl, or isobutyl.

15. The catalyst composition of claim 1, wherein the organoaluminum

compound has the formula:
A0 Mo o ™%
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 3, inclusive.

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

diethylaluminum chloride, or any combination thereof.



Zr 7 JJ au00C 9 ¢<&4. \d,~ uadp dCad -
d .~CH CH3 7r -CH, CH3 Qi or any conbination
thereof. 9. The catal yst conposition of claim1l,
wherein the activator-support is fluorided al um na,
chlorided alum na, brom ded al um na, sulfated al um na,
fluorided silica-alumna, chlorided silica-alun na,
brom ded silica-alumna, sulfated silica- alum na,
fluorided silica-zirconia, ¥hl®rided silica-zirconia,

11 omirde Gagilyst CRnAlokikieR! 6f cldial fi atvidréih | the aweight etica of the
or any conbination thereof. 10. The catal yst
organgedeminuon cahpaindi to the adtivator-suppest iscfromagheut dQdpty about
légn@rises a solid oxide treated with an
@&t ron- wi t hdr awi ng anion, wherein the solid oxide is
silica, alumna, silica-alumna, alum num phosphate,
het er opol ytungstates, titania, zirconia, nagnesia,
18101 | The catabyst cothyshaition o claim 1 sfiirtboricdmprising atdedst onsralypipoxane
m xture thereof; and
compound, at least one organozinc compound, at least one organoboron compound, at

least one ionizing ionic compound, or any combination thereof.

19. The catalyst composition of claim 1, wherein the activator support comprises at
least one aluminoxane compound or supported aluminoxane compound, wherein the

aluminoxane comprises a cyclic aluminoxane having the formula:
{—Al—o7L
| n
R >

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;

a linear aluminoxane having the formula:

R
RfAl—O?-AI
I n \R
R .

wherein R is a linear or branched alkyl having from 1 to 10 carbon
atoms, and n is an integer from 1 to about 50;
a cage aluminoxane having the formula R oaR - cAlimO3m,
wherein m is 3 or 4 and a is = naiz) - Ho@) t How);
wherein 7413 is the number of three coordinate aluminum atoms, 7o)
is the number of two coordinate oxygen atoms, now) is the number of 4 coordinate

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

alkyl group;



the el ectron-withdrawi ng anion is fluoride, chloride,
brom de, phosphate, triflate, bisulfate, sulfate, or
any conbination thereof. 11. The catal yst conposition
of claim 10, wherein the activator-support further
conprises a netal or netal ion, wherein the netal or
metal ion is zinc, nickel, 92 vanadium silver,
copper, gallium tin, tungsten, nolybdenum or any
conbi nation thereof. 12. Te atal yst conposition of

claim 1, wherefti R ik helimsat ov dtachaliglkpl havingfroinsdo 16 carbon

clay mneral, a pillared clay, an exfoliated clay, an
atopispdti at ed clay gelled into another oxide matrix, a

| ayer ed si.l.i cat gpm ner al, a non-layered silicate

mi nefd] combingtiondbersoly i nosilicate mneral, a

non-| ayered alum nosilicate mneral, or a supported

al um noxane activator-support, or any conbination k£ . .
20.her Ehé catalyst Timapasitionl 9 elaimo rhp $omprigng @t legstng, ignizing 1onic

wherein the organoal um num conpound has the fornul a:
cQmpOU841:  wherein (R) is an aliphatic group having

from2 to about 6 carbon atons. 14. The catal yst

conposition of claim 13, wherein (R) is ethyl, propyl,
2hut yA, cathlysty compositiso emypirisings an Taesagastallgesne compound, an

conposition of claim1, wherein the organpal un .
urigeh MEHHRSSRh SRR 1 Atsadretagth. e St Hspggm
cdn?po%nﬁy\?ﬁé?' rbyl having from1l to about 20 carbon
atons,” (X1

Is an al koxi de or an aryl oxi de havi ng
fronga) tothakest-m2alloceremompound hasthhdorimida: or a

hyaride, and n 15 acpumbst [E8Rdpke S, Tncl usive. 16
R e
di et hyl al (%) isufinorenyl;

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

a first substituent of the disubstituted bridging group is an aliphatic or
aromatic group having from 1 to about 20 carbon atoms;

a second substituent of the disubstituted bridging group is a
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*) are independently a halide;

M is Zr or Hf; and

(b)  the unbridged metallocene has the formula:
XYY

wherein (X°) and (X% are independently a substituted or

unsubstituted cyclopentadienyl, or substituted or unsubstituted indenyl, any

substituent on (X°) and (X%) is independently a linear or branched, substituted or



et hoxi de, tri-n-butylalum num diisobutylal um num
hydride, triisobutylalum num diethylal um num

chl oride, or any conbination thereof. 93 0 17. The
catal yst conposition of claim1, wherein the weight
rati o of the organoal um num conpound to the
activator-support is fromabout 10:1 to about 1:1000.
18. The catal yst conposition of claim1l1, fiuther
conprising at |east one al ugg noxane conpound, at

| east. one ' : bstituted
upRSRAr sRVEBRE) N 6 AR B8 pRhcHcRORRSRY o bt
alkeRIOBRRlp, Yavidgy fropiTli Eatabout Rhecabén atéms;THE")candalGESr are

_conposition of claim1, wherein the activator support
inslopendentdy a halidg; @adt one al umi noxane conpound or

supported gbungno e conpound, wherein the
aluninoxaﬁg EghﬁFﬁigs a cyclic alum noxane having the
formula: Al-O-n R wherein Ris a linear or branched

al kyl having from1 to 10 carbon atomnms, and n i?tﬁn
22.nt edbe datadyst Scaropesitinn of (laim |21n exherainy thengatignet the ansa-

havi ng the forngula: R - \.n e 5.
gt onghs ctgpaind e ersncirideed ot losod sfinpdipl sl it 5:10
tPdHP10:and n is an integer from1l to about 50; a cage

al um noxane having the forrmul a R smtaRbm aAl 4nC8m

- wherein mis 3 or 4 and a is = n,K3) - naz) + no(4);
212:1 ﬁﬁn%hg rﬁ%&&%ﬂé&&&ug‘?e&mg ZHPrvsk?erg”l%o[hdel paz%ltoe of the ansa-

metallocene compound to the unbridged metallocene compound is from about 1:5 to

about 5:1.

24.  The catalyst composition of claim 21, wherein the ratio of the ansa-

metallocene compound to the unbridged metallocene compound is from about 1:2 to

about 2:1.

25.  The catalyst composition of claim 21, wherein the first substituent of the
disubstituted bridging group is a phenyl group, a cyclohexylphenyl group, a naphthyl
group, or a methyl group.

26.  The catalyst composition of claim 21, wherein the second substituent of the

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

group.

27.  The catalyst composition of claim 21, wherein the ansa-metallocene

compound is:



I's the nunber of two coordinate oxygen atons, 120(4)
is the nunber of 4 coordinate oxygen atons, R
represents a term nal al kyl group, and Rb represents a
bridging alkyl group; 94 0 wherein Ris a linear or
branched al kyl having from1 to 10 carbon atons; or
any conbi nation thereof. 20. The catal yst conposition
of claim1l, conprising at |east one ionizing ionic
conmpound. 21. A catalyst coggosition conprising an
ansa- sene conpound, an- unbr Ndged/ /e aIIocene

conpQw 3 ~at or - support, and

compound, gf e\[n: a) the ansa-nmetal | ooy

has the for mad. (X R 2) (X )(X4)M ;

i's cyclogent- enyl, or fluoranyl' .
fluorenyl; ) are connected by>& N\,

di subst i t{ut eq i dgi'ng group conprkf om"
bonded X) and (X2), wherei 'S :

carbon or silicon a first substituent of t he

group is a
t o about

Hf WCl

‘CI



(b) the unbridged netall ocene has the fornmnula:

(X5) (X6) (X7) (XS)M2; wherein (X5) and (X6) are

i ndependently a substituted or unsubstituted

cycl opent adi enyl, or substituted or unsubstituted

i ndenyl, any substituent on (X5) and (X6) is

i ndependently a |linear or branched, substituted or 95
O unsubstituted al kyl group, or a linear or branched
substituted or unsubstituted7 a}kenyl group, having
from1l to about %},n? bon atons; (X7) and

i ndependently a zﬂ”,e; and MZ is Zr or The

cat al yst conpos‘; off Bt claim21, whereip V' 3Atio of
the ansa- Metg{| ocere-conpound to t hBruxbri

net al | ocene_gOnmpqund rom about 1.

10: 1.
wheref n t he raty
t he unbri dged - cene conpound is fromsgpout 1:5
to about 5:1. 24. The-—gatal yst conposition [

21, wherein the rapid }' the ansa- netall oceft 7
conmpound to the j_':.é!'o |Slfrom

or a hexenyl
claim21, wher



conpound is: 96 0 "G G o0 Zr, Hf pG dd zZr Hf "G
ZN-\Cl *IC "\ /| ~ .a\Cl -~/ H.,~~ICl ¢l 0.Gd o cl

Me Zr-Cl Ph Zr-Cl 00000 O97 0 GI Gl ne Zr-cl Ph
Zr-CIl OO/ 0 OOal gl M Zr-d Ph Zr-Cl 0 OCL C

M, OZr d M, 'Zd Oit OCI Me H-C Ph H -C

or any combination thereof.

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

compound is:



Are OO~ 00O OC Od H-Ad Ph H-A OO~ 0O OO098
aoOd oCl M If-Cl PhH..CO O- OMwSI ~~C1
Me, i SH- 1 96; ~5 ~ 44/ Sl or any conbination
thereof. 28. The catal yst conposition of claim 21,
wherei n the unbridged netall ocene conpound is: G Cl
Zr f \ ~"C \C zr , 990 L g L~g or any

conmbi nation thereof. 29. The catal yst conposition of
claim 21, wherein the activeQ oresupport conprises a
solid oxide treated with an el ectrgn-w thdraw ng 5
ani on, wherein the solid oxide is silica, alunina,
silica- al um na, al um num

P
—
-~ o -
22 A
;o Z.r\°| % ‘\ .

or any combination thereof.

29, The catalyst composition of claim 21, wherein the activator-support comprises

a solid oxide treated with an electron-withdrawing anion,

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

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

triflate, bisulfate, sulfate, or any combination thereof.

30. The catalyst composition of claim 21, wherein the activator-support
comprises a clay mineral, a pillared clay, an exfoliated clay, an exfoliated clay gelled
into another oxide matrix, a layered silicate mineral, a non-layered silicate mineral, a
layered aluminosilicate mineral, a non-layered aluminosilicate mineral, or any

combination thereof.

31. The catalyst composition of claim 21, wherein the organoaluminum

compound has the formula:
(R*:AL

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



phosphat e, heteropol ytungstates, titania, zirconia,
magnesi a, boria, zinc oxide, any m xed oxide thereof,
or any m xture thereof; and the el ectron-w thdraw ng
anion is fluoride, chloride, brom de, phosphate,
triflate, bisulfate, sulfate, or any conbination
thereof. 30. The catal yst conposition of claim?21,
wherein the activator-support conprises a clay
mneral, a pillared clay, amoexf,ol iated clay, an
xf ol t IR R r
Syorih G RpmBGEd of MaR YN TRLR, B bropyR buty,
hekyleoeisobuyl. | ayered al umi nosilicate mneral, a
non-| ayered alumnosilicate mneral, or any
conbi nation thereof. 31. The catal yst conposition of

P mit. crt RofhobfiRc A it T RhofATRRY ra AL

cbﬁisbﬁgjﬁg{sqmﬁmhmaabout 6 carbon atons. 100 o 32. The
catal yst conposition of claim31, wherein (R2) is

ethyl, propyl, butyl, ))h(,denﬂsobutyI 33. The

t al
or gaareit BRI bRt LR Rhn SR 2d Afbon gty o
i 2f dlRoANde YhAT 8iTox{d8) halvingdfrdii drte @BEERYI0 dadbtngorhs, arhalide,or a
about 20 carbon atons, (X10) is an al koxide or an

 hpdrdep midie isawimber firoprl 1o 8onglssive- 20 car bon atons, a
halide, or a hydride, and n is a nunber from1l to 3,

i nclusive. 34. The catal yst conposition of claim?21,

3gher ghd tdayRr eGnpadition NeMclARAMAYNEhéin the organoaluminum
trimethyl al um num triethylal um num

meemldpr @qoyltamﬁﬂlyhlmmnum, et rigthyllalwinmwm, et fioringepylaluminum,

il PR R O CERA LR G G Jpgride

uﬁm'tﬁﬁﬁin%xﬁ, hgtRAkuminum chloride, or any combination thereof.

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

@) the ansa-metallocene compound is:

a combination thereof;

(b)  the unbridged metallocene is:



35. A catal yst conposition conprising an
ansa- net al | ocene conpound, an unbridged netall ocene
compound, an activator-support, and an organoal um num
compound, wherein: (a) the ansa-netal |l ocene conmpound
is: 0.PG,ap of \ ~ G Gor a conbination thereof;
(b) the unbridged netallocene is: 101 0 z~ H or a
conmbi nation thereof; and (c) the activator-support
conpri ses fluorided al um na0lch ori ded al um na,

bronm ded al um na, sulfated al um na, fl uorieed

e . N . Wy .
silica-al um na, '\@ d silica aIu om ded
silica-alum na, suFfated silica-al um n& /
silica-zirconia, chluri®ed silica-zircon gﬂmbronided

silica-zirconig~s f%"e.g silica-zjrconig fzs;apillared
clay, or any @@}s on t hereof. cat al yst
conmposition o atm 35, wherein the s 0 of - bhe

ansa- netall ocene conpound tbd the unbridged

akeinbdidatoeteradgndund is from about 1:10 to about

10:1. 37. The catal yst conpositjon of claim35,. .
wher &)n t Hie astyRABRIPRTLAGMPTIS mﬂﬂ?dﬁgrgﬂ%éif%ﬂ?ﬁ jplymina,

e rel )l RidrRRAt dif hayisitiehi iffba-
bx%)?}%lgég baé%ximxg, %gl'r’i*%t%% %@%ﬁ AldrRBEt ific L0 a
alumina, bromided silica-alumina, sulfated silica-alumina, fluorided silica-zirconia,

<29

chlorided silica-zirconia, bromided silica-zirconia, sulfated silica-zirconia, a pillared

clay, or any combination thereof.

36. The catalyst composition of claim 35, wherein the ratio of the anmsa-
metallocene compound to the unbridged metallocene compound is from about 1:10

to about 10:1.

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

compound has the formula:
R*);AL

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

38.  The catalyst composition of claim 37, wherein (R?) is ethyl, propyl, butyl,
hexyl, or isobutyl.

39. The catalyst composition of claim 35, wherein the organoaluminum

compound has the formula:
AKX )30



38. The.catal yst conposition of claim37, wherein (R2)
is ethyl, propyl, butyl, hexyl, or isobutyl. 39. The
catal yst conposition of claim 35, wherein the
or ganoal um num conpound has the fornula: Al (X
)n(X 0)3-n; 102 0 wherein (X9) is a hydrocarbyl having
from1l to about 20 carbon atons, (X10) is an al koxi de
or an aryl oxide having from1 to about 20 carbon
atons, a halide, or a hydrniode,2and n is a nunber from
|10 ydereind %ﬂg $4 ¥ BydrdCarbyiNfivi! b S toGBEWOR0 édrdh Rbms, (X'°)
cl ai m 35, rein"the weight ratio of the
isemgdbeddeion anuaryloaidedanmihgt foom Heo about 24t aarbaugipros,ta hagide, or a
fromabout 10:1 tq about_ 1:1000. 41. The catal yst
hydsidsodnd » WW@Y%‘W gé" 3¢ IHEP- conprising at | east
one al um noxane conpound, at |east one organozinc
conmpound, at |east one organoboron conpound, at | east
4@ne Theicatahgt iconiposicionpsfloldim 035, awheretmithen ateight ratio of the
thereof, 42. A catalyst conposition co ris'n% n
organealyraingm seEARKo i ienectivator-suppt éﬁg%nhé{’% | @c]e i about
lgg&?ound, an activator-support, and an organoal unm num
‘conpound, wherein: (a) the ansa-netal |l ocene conpound
is: C Ph yi HH "C “C or a conbination thereof,
(b) the unbridged netall ocene is: \~ cl

41. ° The catalyst composition of claim 35, further oo(mprising 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.

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

compound, wherein:

(@ the ansa-metallocene compound is:

a combination thereof;

(b) the unbridged metallocene is:



H \ ~J Zr ' "Gor 103 a a conbination thereof; and
(c) the activator-support conprises fluorided al um na
chlorided alum na, brom ded alum na, sulfated

alum na, fluorided silica-alumna, chlorided silica-

al um na, brom ded silica-alum na, sulfated
silica-alumna, fluorided silica-zirconia, chlorided
silica-zirconia, bromded silica-zirconia, sulfated
silica-zirconia, a pillared03clay, or any conbination

alcbabantion thdreoflgdcat al yst conposi tion of claim 42,
wherein the ratio of the ansa- met aI I ocene corrpound to

the (@bri dgpe@tmtpaswpmmnmpm vetrided alyrpinn.aehderided alignina,

The f
b3 it rulteled | YGpGR: SRGERE TORTHE PR oy ilce-
altRfiRd, lﬁémf&ﬁ%llhdaoﬂumme E@fdted S8 cABRMinSrludRided silRA-zirSonia,

zinc, nickel, vanadium silver, copper, gallium tin,
chlungal :ﬂhca-nutoptad bébrmided sxham-ylrcmub,l sudfaied rsilicatwinconis, apillared

The catal yst co osigion of claim42, wherein the
clay.4,38% Raen Bi§FGund has the formul a: (R2) 3A1;

wherein (R) is an aliphatic group having from2 to

about 6 carbon atons. 46. The catal yst conposition of
43| ai Thel Zatalyse reinposidoni of eildiml 42 prvdpydin tlhatn;atip oihehfylansa-

or isobutyl. 47. The npositio ai
malslp R SOMBOBRY i DI PFHERA e 6%&%@3 ds g ghost 1:10
todbtiPo:{ X! 0) 3-n,

44. The catalyst composition of claim 42, wherein the activator-support further
comprises a metal or metal ion, wherein the metal or metal ion is zinc, nickel,
vanadium, silver, copper, gallium, tin, tungsten, molybdenum, or any combination

thereof.

45. The catalyst composition of claim 42, wherein the organoaluminum

compound has the formula:
(R*):AL

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

46. The catalyst composition of claim 42, wherein (R?) is ethyl, propyl, butyl,
hexyl, or isobutyl.

47.  The catalyst composition of claim 42, wherein the organoaluminum

compound has the formula:
ALK)o(X )30



104 o wherein (X9) is a hydrocarbyl having from1 to
about 20 carbon atons, (X' ) 1is an al koxide or an

aryl oxi de having froml to about 20 carbon atons, a
halide, or a hydride, and n is a nunber from1l to 3,

i nclusive. 48. The catal yst conposition of claim42,
wherei n the organoal um num conpound is
trimethylal um num triethylal um num
tri-n-propylalum num dietlBd album num et hoxi de, -

tri - Retedin |(XP)Li61aﬂiyﬂ}ocdeyEBMﬁ% FeUNiguboub 0 ciren atoms, (X'°)
triisobutylalum num diethylalum numchloride, or_ an
izanikozide onan heviaxdde haying frim Lerabops20 @aéh%@qom%h@ﬁ%, ora
cl.aim42, .wherejn the i,ght.ratio of the
l%@ﬁ%%Bﬁ%Hﬁ§%ﬂW@h8"HﬁéggéoHFHE“QCtivator-support is
fromabout 10:1 to about 1:1000. 50. The catal yst
conmposi tion of claim42, further conprising at |east
48ne Thkunatalystamempesitibeaef daim ofdyambiefeirc henprganesluminum
| east one organgbor.on,conpoun .| east .one _ionizin
BN ort o DRI Ero Py RGeS TeptopRa i,
dfett Mﬁlguﬁ& MRfRkideON AR ISR EmEn, | difsobislahihRef ehydride,
corfpound, a secon net al |'ocene conpound, “an
triissburgdhlomisumppdiethylahmoinam chieradeoart anyi combimasiop dherelf.
wherein: (a) the first netall ocene conmpound is: ""C

n Zr 3Y 105 0 (b) the second netallocene is: ci (c)

4bhe aRLiNaRQE -SHHAon! 5t Sihalied Wikt Fhe vadisht(fliol HF the
or ganoal ummnum conpound 1s triethylal um num
organoaluminum compound to the activator-support is from about 10:1 to about

1:1000.

50. The catalyst composition of claim 42, further comprising at least one
aluminoxane, at least one organozinc compound, at least one organoboron compound, at

least one ionizing ionic compound, or any combination thereof.

51. A catalyst composition comprising a first metallocene compound, a second
metallocene compound, an activator-support, and an organoaluminum compound,

wherein:

(a) the first metallocene compound is:




52. A catal yst conposition conprising a first

net al | ocene conpound, an unbridged second netal |l ocene
conmpound, an activator-support, and an organoal um num
conmpound, wherein: (a) the first metal |l ocene conpound
has the formula: (X )(XZR12)(X3)(X4)M; wherein (X )
is cycl opentadi enyl, indenyl, or fluorenyl; (X2) is
fluorenyl; (X) and (X2) are connected by a

di substituted bridgi ng grol@b coprising one atom
bondeyl t ch&8icbnd Metaldderdety: . wWherein the atomis
silicon; a first substituent of the disubstituted
bridging group is an alip C aromati c group
having from 1l to about 2 atons; a second
substituent of the disubstit d bridging group is an
unsaturated aliphatic group Ving from3 to about 10
carbon atons; R is Kyl Ygroup having from1l to
about 12 carbon at ons aryl group having from|l
to about 12 carbon at OWs; 3) ang (X4) are

i ndependently an aliphatic _group, .an aromatic group, a

cycl®e grilgastivatorsupnortissutatsd alymingiapdc and cyclic
| . or ~al Yavi
ProdBy | e Felitiplhitib it elih ARG VI 00,

or Hf; (b) the second netall ocene has the fornula: 106
(~ 11 - (X5)(X)(X7)(X8)M; wherein (X) and (X) are
52i ndép | Gomaposifips icompaEgingr aufistipaetallgeqy. compound, an
| ape | e su ' d .or bst d
il el B RS SO & ARSI and  an
org'aﬁdﬂ@zﬁnﬁmﬂbdxgpmﬂi wheteirdr branched substituted or

unsubstituted al kyl group,
(a) the first metallocéne compound has the formula:

XHERE)XIM;
wherein (X') is cyclopentadienyl, indenyl, or fluorenyl;
(X?) is fluorenyl;
(X") and (X?) are connected by a disubstituted bridging group comprising

Z.

K

one atom bonded to both (X') and (X?) , wherein the atom is silicon;

a first substituent of the disubstituted bridging group is an aliphatic or
aromatic group having from 1 to about 20 carbon atoms;

a second substituent of the disubstituted bridging group is an unsaturated
aliphatic group having from 3 to about 10 carbon atoms;

R! is H, an alkyl group having from 1 to about 12 carbon atoms, or an aryl
group having from 1 to about 12 carbon atoms;

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

M' is Zr or Hf;

(b) the second metallocene has the formula:



or a linear or branched substituted or unsubstituted
al kenyl group, having from1l to about 20 carbon
atons; (X) and (X8) are independently an aliphatic
group, an aromatic group, a cyclic group, a

conbi nation of aliphatic and cyclic groups, or a
substituted derivative thereof, having froml to
about 20 carbon atonms, or a halide; and M2 is Zr or
Hf . 53. The catal yst conposlioti oh of claim52, wherein
the first s: Q M\ M-~sl ~. O CCCO I
C~~ O%@t%)%§g§d’a Me, CL Me, CL s' s O4_aor
any owldreéina@ 9 randh €XDodre Bdependentiyaiay substititgsho o tungibstituted

cEeANHBYA o S SR SR ia iy S O

(?T}rig ?ﬁc%?xgﬁ'lggqarlﬂ@a{: SBRHBckd bS8 orlithéubstiited ARyl group,

ene conpound has the formul a:
of XTin€af 2R BRA{cK8] evbbtikited omhasubstitu{ed)alkenyl group, having from 1 to
cycl opent adi enyl, indenyl, or fluorenyl; (X2) is
abquidPearppn atom® and (X2) are connected by a

=SS AL L AP 1, S o <

cficp@supy b combirt€ion of aliphatic and cyclic groups, or a substituted derivative

thereof, having from 1 to about 20 carbon atoms, or a halide; and

M? is Zr or Hf.

53.  The catalyst covmposition of claim 52, wherein the first metallocene is:

or any combination thereof.

54. A catalyst composition comprising a first metallocene compound, an
unbridged second metallocene compound, an activator-support, and an

organoaluminum compound, wherein:



a first substituent of the disubstituted bridging
group is an aliphatic or aromatic group having from1l
to about 20 carbon atons; a second substituent of the
di substituted bridging group is an unsaturated

al i phatic group having from3 to about 10 carbon
atons; R is an alkyl group having from1l to about 12
carbon atons, or an aryl group having from1l to about
12 carbon atons; (X) and (X4Y & e i ndependently an

al | pRAtLCHSf RERlloScheRoRPBUAChAY tAe Pormla:CYCl i ¢ group, a
conblrnation of aliphatiC and cyclic groups, or a

substi t ut @d‘)@ézﬂlzbéﬁ)@é")l\/llher eof, having from1 to

about 20 capbon atons, .or a halide; .M is Zror - (b

he. VRSB EIpeRadRad pE o Aposenst: (s thofen)t)

( X5) ) (X onntbE & (5 .

i ndeggh%%egét(?(y? é}\%ﬁ%népt It UEB gﬂa o?g%)d%tgfg%gt it utrgg:jgroup comprising
oreyatbmeaiatiodo (X' and (K91 wheretrothe atonm sudagidantartsigon;

| o S RS bnt ol GrutBtied BECE B RR s opliphatic or
' | ' b hed
anlfiBHE b it Mol 1 o BB BB aldiEST ©F Br ATShe

f r om Yedondahbstitud cfatheadisubistifmed bligiaggréufB)s am ensaturated
I ndependently an aliphatic group, an aronmatic group, a

aliphati¢ groyp baying frogbain shaut & cabonpiom®at i ¢ and cyclic
. L . ; ;
77 onris e UL B0 Rt T KB 43 cabBies oF B Beroup
havingZiori tblab&t. 12 1dagbonadté@hy,st conposi tion of claim 54,

wherei.n the first metallocene is; 108 o en a d~ fro Nf
sc (X1 apd (X*) are independently an aliphatic group, an aromatic group, a
cyclic group, a combination of aliphatic and cyclic groups, or a substituted derivative
thereof, having from 1 to about 20 carbon atoms, or a halide;
M'is Zr or Hf}
(b) the second metallocene has the formula:
EHEWXHE)M;
wherein (X°) and (X®) are independently a substituted or unsubstituted
cyclopentadienyl, or substituted or unsubstituted indenyl, any substituent on ( x>
and (X% is independently a linear or branched substituted or unsubstituted alkyl
group, or a linear or branched substituted or unsubstituted alkenyl group, having
from 1 to about 20 carbon atoms;
(X7) and (X®) are independently an aliphatic group, an aromatic group, a
cyclic group, a combination of aliphatic and cyclic groups, or a substituted derivative

thereof, having from 1 to about 20 carbon atoms, or a halide; and

M2 is Zr or Hf.

55.  The catalyst composition of claim 54, wherein the first metallocene is:



MCH, .A0.CN} lop H .acN "7-p 1_ 9 n4CHa CHs 1 109 O
re\@ f.alG ~C ~G 1 1 clKcilK; PACF~ ZeACH3 CH3
CH3 or any conbination thereof. 56. A catalyst
conmposition conprising a first netall ocene conpound,
an unbridged second netal |l ocene conpound, an
activator-support, and an organoal um num conpound,
wherein: (a) the first- metal |l ocene conpound has the
formula: 110 0 (X )(XZR 2)1083)d X4)M ; wherein (X ) is
cycl opent adi enyl, indenyl, or flugrenyl; (X2) is

ed b

\CH3

CHy -




cycl ohexyl phenyl group, or a naphthyl group; a second
substituent of the disubstituted bridging group is an
unsaturated aliphatic group having from3 to about 10
carbon atons; R is H an alkyl group having from1 to
about 12 carbon atonms, or an aryl group having froml
to about 12 carbon atons; (X3) and (X4) are

i ndependently an aliphatic group, an aronatic group, a
cyclic group, a conbinatiol08f_ aliphatic and cyclic
groups, or a substituted derivative thereof, having
froml to gbout 20 carbon atons, gr a halide; ML is Zr

or econd mnet al LQcene he formul a:
(X) . wherein @

i ndepehd §i tut el 0

cycl ope substi t ut e 2 ut ed
i ndenyl , L eusQt  on (X5)enth(¢ (

i ndependen
unsubsti t

i Ng@ar or branchedfsubgt/f tYu éd “or

yl group, or a | negt7yor branched

substit [ §e=dup, havi ng

froml about 20 carbon atons; (X) and (X6) are

i ndependently an aliphatic group, an aronatic group, a

cyclic group, a conbination of aliphatic and cyclic

br a substituted derivatjfive thereof, having
(v ‘ hal i de; and Mis

Of ~Cl-ai m 56,

Pha Ph

or any combination thereof.

56. A catalyst composition comprising a first metallocene compound, an
unbridged second metallocene compound, an activator-support, and an
organoaluminum compound, wherein:

(a) the first metallocene compound has the formula:



el ~2Zriltd HaCl SO ~C 112 o Zt AIAC \

CH o

Hf.MI\\a "Cl ""d r r , nOCH3 HpAcl a "CHy ~**CH3 r
r ocl ~,CI Ph Z~-a Ph 2r-cl Ooi 1/C Ph Wh ~-Cl 'C
o_ o 00113 a/cl ,a Ph H-O Ph H-C v/ o ~0 0
0O or any conbination thereof.

, 110 o
XHXR XXM

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 is a phenyl group, a
cyclohexylphenyl group, or a naphthyl group;

a second substituent of the disubstituted bridging group is an unsaturated
aliphatic group having from 3 to about 10 carbon atoms;

R! is H, an alkyl group having from 1 to about 12 carbon atoms, or an aryl
group having from 1 to about 12 carbon atoms;

(X3) and (X% are independently an aliphatic group, an aromatic group, a
cyclic group, a combination of aliphatic and cyclic groups, or a substituted derivative
thereof, having from 1 to about 20 carbon atoms, or a halide;

M!is Zr or Hf:

(b) the second metallocene has the formula:

)XY NXOM;

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

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

M?is Zr or Hf.

57.  The catalyst composition of claim 56, wherein the first metallocene is:



58. A catal yst conposition conprising a first

net al | ocene conpound, an unbridged second netal |l ocene
conmpound, an activator-support, and an organoal um num
conmpound, wherein: (a) the first metal |l ocene conpound
has the formula: (X )(X2R 2)(X3)(X4)M; wherein (X
is cycl opentadi enyl, indenyl, or fluorenyl; (X2) is
fluorenyl; (X .) and (X2) are connected by a

di substituted bridging grouypiconprising one atom
bonded to both (X) and (X2), ®herein the atomis

allphatlc group, an aromatfc group, a cyclic group,’a
conmbi nation of aliphatic and cyclic groups, or a
substituted derivative thereof, haV|ng froml to

: : Elf,

et)f al kyl' group, or i anched
‘ unsubstituted al kenyl grou avi ng
froml to about 20 carbon atons;




(X7) and (X8) are independently an aliphatic group, an
aromatic group, a cyclic group, a conbination of

al i phatic and cyclic groups, or a substituted
derivative thereof, having from1l to about 20 carbon
atons, or a halide; and M2 is Zr or Hf. . 59. The

catal yst conposition of claimb58, wherein the first
netal | ocene is: ~Cl ~a M -d ZrPh zr/ d 0 0 OBl
Ofl Me Zr-C Ph zr-a ~o0 ~q1315,a icl 1 M H-C Ph H
a /ald Me HHC Ph Hi-CI  or any conbi nation

t her eof . at al yst conpositiQQy coaprising a first

net al | ocene/Co ;\1 unbri dged d netallocene
conpound S <support, al um num
CONPOUE he fi onmpound
has t hg Rf 2) "\ ( X)

i s cycl opentag }nyIzNVMr- yl, oPRNY|
fl uorenyl ; ahg (?@) are connect“d b

di substit g)




one atom bonded to both (X) and (X2), wherein the atom
is carbon or silicon; a first substituent of the

di substituted bridging group is an aliphatic or
aromatic group having from1l to about 20 carbon atons;
a second substituent of the disubstituted bridging
group is an unsaturated aliphatic group having from3

to about 10 carbon atons; R ' is H, an al kyl group
having from1 to about 12 qqsbgn atons, or an aryl
group having j4mm 1 to about 12 carbon at —116 0
(X3) and (XI ’ i ndependently an ali phat ' an
aromati ¢ griows ! cyclic group, a conbiy

al i phat¥® c groups, ;

deri vati havi ng from| bon
apo e~ M is Zr d
nmet al | ocend he fornul a: LM,
wherein (X5) afid (X6); are independently a sUbstit uted

or unsubstituted cycl opentadi enyl, or substituted or

% e lL.ggkenyl , any substituent on (X5) and
OW%H&%E%&&%S

I's 1 ndependently a linear or branched substituted
58%r uAsuhtalyist woetpositionl compriging or fizst | eteloceoe omapaindd an

upstituted or unsubstituted alkenyl gr.o havi ng
unhrigpd - sgeondo ometaligegs, peRmER s, AxrAURHar puBRr, gnd  an

’Oljgyc S8R dotmind! & R&8i: ¢ group, an aromatic group, a

I C group, a conbi nation of aliphatic and cyclic
gr oug@3 thedirstametalietent compoumd hasahe feemuldher eof , havi ng

61 The. cBl ARy BIICSAEOAM G on of clai m 60, wher ol n t he

SeCoffe Rt ék“) g5 eég'@lobéﬁta&ix]-ﬂylp ind&hyl, Z)‘f}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 is an aliphatic or
aromatic group having from 1 to about 20 carbon atoms;

a second substituent of the disubstituted bridging group is a pentenyl group
or a hexenyl group.

R! is H, an alkyl group having from 1 to about 12 carbon atoms, or an aryl
group having from 1 to abouf 12 carbon atoms;

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

M'is Zr or HE:

(b) the second metallocene has the formula:

XXX HEM;

wherein (X%) and (X°) are independently a substituted or unsubstituted

cyclopentadienyl, or substituted or unsubstituted indenyl, any substituent on (X°) and



or any conbination thereof. 62. A process for
produci ng a catal yst conposition conprising contacting
a first netall ocene conpound, an unbridged second
net al | ocene conpound, an activator- support, and an
or ganoal um num conpound, in any order, wherein: a) the
first netall ocene conpound has the fornul a:
(X )XZR 2) (X3) (X )M ; wherein (X) is cyclopentadienyl,
i ndenyl, or fluorenyl; (X2)14i8 fluorenyl; (X) and
(X%2) ifdPeRdnig Gl BbaP¥r BradtchedsibistititedoriinsdBiti@ed AIkYD group,
conprising ohe atom bonded to both (X) and (X),
onvh dmeanort brenchied substituted bo nnsmbsttutadealkenyh graupshaving from 1 to
%?Q hitﬁgnt of the disubstituted bridging group is an
a ‘1; &BF0ONBIOMS  sati ¢ group having from 1 to about 20
car bpg? 'S t4 ief tic group, a
G SuBSy); YR B FERREnduity i Uil Gbli? an argmatic growp
cydlic@taif, @ cgmbitatina i algpHatio and cydicagroups, 40a substiied derivative
atons; 118 0 R is H,_.an al kyl grou ving from1lto
therebthaymedsgm d fo éé%‘fﬁgo Cafboar%%m%or aglagaﬁ HGving froml
to aRpyl 714 gar bon atonms; (X3) and (X4) are
i ndependently an aliphatic group, an aronatic group, a
cyclic group, a conbination of aliphatic and cyclic
grOﬁgﬁ, or. a substituted derivative _thereof,_ havin
59.r omthe eatalysisampoeitien phelaim S8nwhersn the fistmgtallogeng is” 7,
or H; (b) the second netall ocene has the fornul a:
(X)(X)(X7)(X8)M2; wherein (X5) is a substituted or
tadi enyl, or substizrtpl or
c1 any substi tuent
egtyor branchedpg
or a linea




or unsubstituted al kenyl group, having from1l to about
20 carbon atons; (X6) is a substituted or
unsubstituted cycl opentadi enyl, or substituted or
unsubstituted indenyl, any substituent on (X6) is

i ndependently a substituted linear alkyl group, a
branched substituted or unsubstituted al kyl group, or
a linear or branched substituted or unsubstituted

al kenyl group, having fromijst g about 20 carbon

group, an aropgts
conbi nati on :{f’
substit S

about 2

64. The process of claim62, wherein the ratio of the
first netall oceng=epnpound to rgd net al | ocene
conmpound is friut 1:5 to about

process ofecIJL" wherein the, r at
met al | oced& {0 the second

conpo 1 ; The
pr eeeSs of cl gFh ‘ wherFe¥n t he we{cOh atio of the
or ganoal um nu pound to the actr support is

fromabout 10:1 to about 1:1000. 67. The process of
claim62, further conprising contacting at |east one
ovdnyndontbization thatofl east one organozi nc conpound, at

l t b d’ | [
ahcee, o crenobon comail b {Saslubh, LagaLDD
m%r?%@&s 0ndP O lneiRlok &l IcGhpbidds iah thtivatorsapset, ofand an

catal yst conposition, conprising contacting the
orpah@dlyminuaoeposiundpwherkingl ai m 1, 21, 35, 42, or 51

wth at east qgne ol efin oner under. pol yneri zation
cond(®| st @Qﬁaﬁ?fﬁ‘eﬁpﬁ’é’gggngg‘fsn@fa 5‘?%“2% p\/\,hgr ein the
wher ei n t aelyedalghcegRPosi tion and the at

wherein (X") is cyclopentadienyl, indenyl, or fluorenyl;

(X3is 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 is an aliphatic or
aromatic group having from 1 to about 20 carbon atoms;

a second substituent of the disubstituted bridging group is an unsaturated
aliphatic group having from 3 to about 10 carbon atoms;

R.! is H, an alkyl group having from 1 to about 12 carbon atoms, or an aryl

group having from 1 to about 12 carbon atoms;



| east one ol efin nononmer are contacted in a gas phase
reactor, a loop reactor, or a stirred tank reactor.
70. The process of claim®68, wherein at |east one
ol ef i n nonomer conprises from about 2 to about 30
carbon atons per nolecule. 71. The process of claim
68, wherein the at | east one ol efin nononer conprises
et hyl ene, propyl ene, butane, hexane, octane or

conbi nations thereof 72. Theeprpcess of claim 68,

furt "
Ut Zatlo%éknadgﬂga&ﬁ%m% hARTBRAPE bn o group, a

pol y proc Theé process of claim
cydic grugy; eicomblation nﬁmllphahs and bxdhe rmotam,cbrtmbstdmd dledyative
is _propyl ene, butane, ane, octa r conbi nations

theppaf.dyying from Tﬁ‘éab‘?%@gscér aiqmms, Of & ah erein the

cono hexene. 75. The process of claim 72,
V\herglfggan IZHrr%unt of conpnoner introduced is from

aboub) thdskchrl mbaUbcd@ hagtighformelacent cononomer to
t ot al I(%(h;(X ] (S)I\T;r and conononer.
wherein (X°) and (X°) are independently a substituted or unsubstituted
cyclopentadienyl, or substituted or unsubstituted indenyl, any substituent on (X%) and
(X%) is independently a linear or branched substituted or unsubstituted alkyl group,
or a linear or branched substituted or unsubstituted alkeﬂyl group, having from 1 to
about 20 carbon atoms;
X") and (X?) are independently an aliphatic group, an aromatic group, a
cyclic group, a combination of aliphatic and cyclic groups, or a substituted derivative

thereof, having from 1 to about 20 carbon atoms; and

M?2 is Zr or Hf.

61. The catalyst composition of claim 60, wherein the second metallocene is:
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or any combination thereof.

62. A process for producing a catalyst composition comprising contacting a first
metallocene compound, an unbridged second metallocene compound, an activator-
support, and an organoaluminum compound, in any order, wherein:

a) the first metallocene compound has the formula:

XHXREHXHM';

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 is an aliphatic or
aromatic group having from 1 to about 20 carbon atoms;

a second substituent of the disubstituted bridging group is an unsaturated

aliphatic group having from 3 to about 10 carbon atoms;
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R! is H, an alkyl group having from 1 to about 12 carbon atoms, or an aryl

group having from 1 to about 12 carbon atoms;

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

M! is Zr or Hf;

(b) the second metallocene has the formula:

FIXHEHEHM

wherein (X°) is a substituted or unsubstituted cyclopentadienyl, or substituted
or unsubstituted indenyl, any substituent on (X.sup.5) is independently a linear or
branched substituted or unsubstituted alkyl group, or a linear or branched substituted
or unsubstituted alkenyl group, having from 1 to about 20 carbon atoms;

(X% is a substituted or unsubstituted cyclopentadienyl, or substituted or
unsubstituted indenyl, any substituent on (X®) is independently a substituted linear
alkyl group, a branched substituted or unsubstituted alkyl group, or a linear or
branched substituted or unsubstituted alkenyl group, having from 1 to about 20
carbon atoms;

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

M? is Zr or Hf.

63.  The process of claim 62, wherein the ratio of the first metallocene compound

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

64. The process of claim 62, wherein the ratio of the first metallocene compound to

the second metallocene compound is from about 1:5 to about 5:1.
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65. The process of claim 62, wherein the ratio of the first metallocene compound to

the second metallocene compound is from about 1:2 to about 2:1.

66. The process of claim 62, wherein the weight ratio of the organoaluminum

compound to the activator-support is from about 10:1 to about 1:1000.

67. The process of claim 62, further comprising contacting at least one aluminoxane,
at least one organozinc compound, at least one organoboron compound, at least one

ionizing ionic compound, or any combination thereof.

68. A process for polymerizing olefins in the presence of a catalyst composition,
comprising contacting the catalyst composition of claim 1, 21, 35, 42, or 51, with at

least one olefin monomer under polymerization conditions.

69. The process of claim 68, wherein the wherein the catalyst composition and the at

least one olefin monomer are contacted in a gas phase reactor, a loop reactor, or a

stirred tank reactor.

70. The process of claim 68, wherein at least one olefin monomer comprises from

about 2 to about 30 carbon atoms per molecule.

71. The process .of claim 68, wherein the at least one olefin monomer comprises

ethylene, propylene, butane, hexane, octane or combinations thereof.

72. The process of claim 68, further comprising introducing a comonomer to the

polymerization process.
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73. The process of claim 72, wherein the monomer is ethylene and the comonomer is

propylene, buténe, hexane, octane or combinations thereof.
74. The process of claim 72, wherein the comonomer is 1-hexene.

75. The process of claim 72, wherein an amount of comonomer introduced is from

about 0.01 to about 50 weight percent comonomer to total weight of monomer and

comonomer.





