CATALYST COVPOSI TI ONS FOR PRODUCI NG POLYOLEFI NS I N THE
ABSENCE OF COCATALYSTS TECHNI CAL FI ELD OF THE

I NVENTI ON This invention relates to the field of
organonetal conpositions, olefin polynerization

catal yst conpositions, nethods for the polynerization
and copol yneri zation of olefins using a catal yst
conposi tion, and polyol efins. BACKGROUND CF THE

I NVENTI ON It is known that nono-1 -ol efins
(a-olefins), including ethylene, can be polynerized
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in the presence of cocatal ysts. These catal yst
conpositions may be useful for both honopol ynerization
of ethylene, as well as copolynerization of ethylene
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or other higher a-olefins. Therefore, there exists a
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cat al yst system conpri ses organonetal conpounds,
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conpounds are used in catalyst conpositions along with
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comonomers such as propylene, l-butene, 1-hexene, or other higher a-olefins.
Therefore, there exists a constant search to develop new olefin polymerization catalysts,
catalyst activation processes, and methods of making and using catalysts, that will
provide enhanced catalytic activities and polymeric materials tailored to specific end
uses.

One type of catalyst system comprises organometal compounds, particularly
metallocene compounds. Often, metallocene compounds are used in catalyst
compositions along with activating cocatalysts such as aluminoxanes or organoboron
compounds. Therefore, it is of interest to develop metallocene-based catalytic systems
that can be activated with different, possibly less-expensive activating agents, yet still

provide good polymerization activities. It is also of interest to develop metallocene-

based catalytic systems that polymerize olefins without the need for cocatalysts.



SUVMARY OF THE | NVENTI ON This i nvention
conprises catal yst conpositions, nethods for preparing
cat al yst conpositions, and nethods for polynerizing

ol efms using the catal yst conpositions disclosed
herein. It was discovered that certain types of

nmet al | ocene conpounds can be contacted with a

chem cally-treated solid oxide to forma catal yst
conposition for the polynerization of olefins, wthout
the need for any cocatal ysts such as al um noxanes or
or ganoboron conpounds. In particular, the present

i nventi on enconpasses new catal yst conpositions
conprising netall ocene conpounds that are coordi nated
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In one aspect, this invention encompasses a catalyst composition comprising at
least one metallocene compound and at least one chemically-treated solid oxide,
wherein:

a) the metallocene compound has the following formula:

XHEXHE XM

wherein M! is selected from titanium, zirconium, hafnium, vanadium, niobium,
tantalum, chromium, molybdenum, or tungsten;

(X") is selected from a Group-I ligand,

wherein the Group-I ligand is selected from a cyclopentadienyl, an indenyl, a
fluorenyl, a substituted cyclopentadienyl, a substituted indenyl, or a substituted
fluorenyl;

wherein each substituent on the substituted cyclopentadienyl, substituted
indenyl, or substituted fluorenyl (X') is independently selected from an aliphatic group,

an aromatic group, a cyclic group, a combination of aliphatic and cyclic groups, an
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wherei n each substituent on the substituted

cycl opent adi enyl, substituted indenyl, or substituted

fluorenyl (Xl) is independently selected from an

al i phatic group, an aromatic group, a cyclic group, a

conbi nation of aliphatic and cyclic groups, an oxygen

group, a sulfur group, a nitrogen group, a phosphorus

group, an arsenic group, a carbon group, a silicon

group, a germaniumgroup, a tin group, a lead group, a

boron group, an al um num group, an inorganic group, an
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length of the bridging group between (X') and (X?) is one, two, or three atoms; the one,
two, or one, two, or three atoms of the bridging group are independently selected from
C, Si, Ge, or Sn; the bridging group is saturated or unsaturated; and the bridging group
is substituted or unsubstituted; and

wherein any substituent on the bridging group is independently selected from an

alkenyl group, an alkynyl group, an alkadienyl group, an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a
sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a carbon group, a
silicon group, a germanium group, a tin group, a lead group, a boron group, an
aluminum group, an inorganic group, an organometallic group, or a substituted

derivative thereof, having from 1 to about 20 carbon atoms; a halide; or hydrogen; and



wherei n any substituent on the bridging group is

i ndependently selected from an al kenyl group, an

al kynyl group, an al kadi enyl group, an aliphatic

group, an aromatic group, a cyclic group, a

conmbi nation of aliphatic and cyclic groups, an oxygen

group, a sulfur group, a nitrogen group, a phosphorus

group, an arsenic group, a carbon group, a silicon

group, a germaniumgroup, a tin group, a lead group, a
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comprising contacting at least one olefin monomer and the catalyst composition of this

invention under polymerization conditions to produce the polymer.

As used herein the term metallocene is used to refer to metallocene and
metallocene-like compounds containing one or two n’-alkadienyl ligands. In one aspect,
the metalloceme contains one or two 1’°-cycloalkadienyl ligands. In another aspect, the
metallocene contains one or two m’-cyclopentadienyl ligands, or its analogs or
derivatives, including n’-indenyl and n’-fluorenyl ligands.

The term hydrocarbyl is used to specify a hydrocarbon radical group that
includes, but is not limited to aryl, alkyl, cycloalkyl, alkenyl, cycloalkenyl,
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The present invention further enconpasses nethods for
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Al (X5)(X6)3_"; wherein (X5) is a hydrocarbyl having
from1l to about 20 carbon atons; (X6) is selected from
hal i de, hydride, al koxide, or aryloxide; and nis a
nunber from1 to 3, inclusive. In still another
aspect, the catalyst conposition further conprises an
opti onal organozi nc cocatal yst, selected froma

compound with the followi ng formula: Zn(X5) (X6);

wherein (X5) is a hydrocarbyl having from1 to about

20 carbon at oms; (X6) is selected froma hydrocarbyl,

an avhessin ¢¥°)ds aahydmcyltbwkhajmlgwﬁtvmrigtof abont 20 taberbaioms2(X°) is

dride. t _anoth
sel@lsdafort kol BEOL Pt PO Hemite b e HspT S8 agpp 20
ca€johi a0undd, halidenbrigxieide. cocat al yst, wherein the
al um noxane,  conpri ses: a_.cyclic alum ngxane having the
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aluminoxane cocatalyst, wherein the aluminoxane comprises:

a cyclic aluminoxane having the formula:

7%

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
R-{—;??—O-}-AI\
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 RtsmmRbm_aAL;mOm, whereinmis 3 or 4
and a is =nays)-no@)tnow); 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, R' represents a terminal alkyl group, and R® represents a
bridging alkyl group; wherein R is a linear or branched alkyl having from 1 to 10
carbon atoms; or any combination thereof.

In another aspect, the catalyst composition further comprises an optional
organoboron compound, selected from tris(pentafluorophenyl)boron, tris[3,5-

bis(trifluoromethyl)phenyl Jboron, or a combination thereof.



-eri-tl1 wherein Ris a |inear or branched al kyl having
from1l to 10 carbon atons, and n is an integer from3
to about 10; a |inear alum noxane having the fornul a:
RAOA In IR wherein Ris a linear or branched

al kyl having from1l to 10 carbon atons, and n is an
integer from1l to about 50;

In still another aspect, the catalyst composition further comprises an optional
ionizing ionic compound, selected from a borate compound, an aluminate compound, or
a combination thereof.

In yet another aspect, the catalyst composition further comprises an optional
clay material, selected from clays and other natural and synthetic layered oxides,
cogelled clay matrices containing silica or other oxides, pillared clays, zeolites, clay
minerals, other layered minerals, or combinations thereof, including but not limited to
ion exchangeable layered minerals (natural or synthetic) or composites made from such
compounds, or any combinations thereof, regardless of whether the layered structure
remains intact or not.

This invention also encompasses methods of making catalyst compositions that
comprise contacting at least one hydrocarbyl-substituted metallocene compound and an
chemically-treated solid oxide, and optionally contacting these components with a
cocatalyst. This invention also encompasses precontacting some or all of the catalyst
components, and optionally pretreating some or all of these components with an olefin
compound, prior to initiating the polymerization reaction.

The present invention further comprises methods for polymerizing olefins
comprising contacting at least one olefin monomer and the catalyst composition under
polymerization conditions to produce the polymer.

This invention further comprises the polyolefins described herein.

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

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

the disclosed features.
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al kyl group, and le represents a bridging al kyl group;

wherein Ris a linear or branched al kyl having from1l

to 10 carbon atoms; or any conbination thereof.
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to produce t he pol yner. Thi s i nvention further

meigigsens eempayad b ((Rip insentien bwicaly semprws & fydrocarbyl-substituted
metallocene of a metal selected from titanium, zirconium, hafnium, vanadium, niobium,

tantalum, chromium, molybdenum, or tungsten. In one aspect, the metallocene
comprises at least one hydrocarbyl-substituted metallocene compound having the
following general formula:

In one aspect, this invention encompasses a catalyst composition comprising a
metallocene compound and a chemically-treated solid oxide, wherein:

a) the metallocene compound has the following formula:



This invention al so enconpasses an article that
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ﬂche cally-treated solid oxide, and does not require
YREYr esence of a cocatal yst to pol ynerize ol efins.

HowewiRirein dedeBC Siibatibieht BRY tRPishisstialied/ d?@lo@ddﬁﬁeﬂyﬂ kitstituted
catal yst conposition. ln accordance wth t

mii“m)’brﬂr .swmttweﬂ%qs@ml Dy H@FW@HIYS\“@MCWJEHHH@‘ aliphatic group,
aliS %?ovlﬁt %3! %fﬁuge a (cBAbilaAsH Be %ﬁpﬁa&i%ain@%ywlé Qrcﬁaﬁs an

ectro hion froman iohic or molecdl ar
o&ygecgnesp, aaﬂmtfuognoup,mhtrygdnrgmumd phbsphoms @rdwer amarsegiic group, a
ddi tion t .an el ectron-w.thdraw ng.ani on.
cafgft i A icR GofS o SRR RN P0uf BB, 1 R 4 boron
grdll; i efefihunng/sup] o n{]oegamd d:egrcg@lt ainysfgaﬁ@ﬁﬁﬁ)l?bt grong, or a
COfT'pI‘I Si ng one_or nore rocar - stitute
subgittated slepative thergoly héﬂ@&lf@é‘l‘ |Lytot @?b@a& i@ cahen ¢laRs; @ehalide; or

hﬁm%% pet al | ocene conpound of thls invention typically
conprlses a hydrocarbyl -substituted netal |l ocene of a
met a(P< ksl sstected fronpan talipbaticugroup i ancasematis gteapnd gyglic group, a

cogn%lna %‘f aﬁhhal‘t)lc cggl%t Sjo#ﬁgé of Igrsgﬁ%t%d ﬁ&l&’a? @g %%of ol'tiavmg

ore ocene conpri
ﬁ&ﬁ&&ba@ﬁﬁzhydbamambmj substituted netall ocene conpound

havi (n 1ts ?Isdeggrldler? W se?ecgedqr?orrr? !’:1 oupnﬁ llgand

wherein the Group-II ligand is selected from an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a
sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a carbon group, a
silicon group, a germanium group, a tin group, a lead group, a boron group, an
aluminum group, an inorganic group, an organometallic group, or a substituted
derivative thereof, having from 1 to about 20 carbon atoms; or a halide;

(X?) is independently selected from a Group-I or a Group-1II ligand;

wherein (X') and (X?) are optionally connected by a bridging group, wherein the
length of the bridging group between (X') and (X?) is one, two, or three atoms; the one,

[+



In one aspect, this invention enconpasses a catal yst

conposition conprising a netall ocene conpound and a

chem cally-treated solid oxide, wherein: a) the

net al | ocene conpound has the follow ng fornul a:

0exXXzxx3xx4)m ; wherein M is selected from

titanium zirconium hafnium vanadi um niobium

tantal um chrom um nolybdenum or tungsten; (Xl) is

sel ected froma Goup-I |igand, wherein the

G oup-1 ligand is selected froma cycl opentadi enyl, an
twiondeond, fwe drltree etoyls, of dhesbridging grioup] arsyintensadantlsiiselagted from

COHEEE AL A Vi AL R 8

is systinpendragdb@’ttuteds st | t ut ed i ndenyl, or substituted
fluorenyl (XI) is independently selected from an

al i prRsrdie agy sibstitusnf onytBerhidging Broyp is ndeprafndlygrlgefpd frgm an
; i i . Vb ) _ .
algérhgg%l?ag’ zgﬂ?l]g%}ﬁgglrr Qui pta}l %llﬁgi??%g%}r)]ﬁ% raguag?ﬂiucp o%%)l’%r us atie
groum asyclimgrans erdombynatiop of alipfatip end gycdia groupssin ¢xygen group, a
ou a rmani um gr.ou atin gr . d
sy e A oS e g s eaa Mg il aPstiif gl 2
siligog agrotiBt &l derargimugrour a ains glasp) buleadl gaRip, \aaboreg group, an

ah}qgflgngnggf%ﬁg,a\l%g ?r@ggrﬂ%gg ]grgu%, aa?logrtgaggmgta rlitc)ogroglg,og?;a %ubstituted
derivative thereof, having from 1 to about 20 carbon atoms; a halide; or hydrogen; and

b) the chemically-treated solid oxide comprises a solid oxide treated with an
electron-withdrawing anion;

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

the electron-withdrawing anion is selected from fluoride, chloride, bromide,
phosphate, triflate, bisulfate, sulfate, or any combination thereof.

Thus, one aspect of this invention is the metallocene compound, wherein at least
the (X*) ligand on M’ is a hydrocarbyl ligand typically comprising from 1 to about 20
carbon atoms. In another aspect, the (X*) and (X*) ligands on M! are hydrocarbyl ligand
typically comprising from 1 to about 20 carbon atoms. In still another aspect, the x>,
(X?), and (X*) ligands on M' are hydrocarbyl ligand typically comprising from 1 to
about 20 carbon atoms.

For the formula (X")(X})(X*)(X*)M!, examples of chemical moieties or groups
that may be selected as substituents on the substituted cyclopentadienyls, substituted
indenyls, and substituted fluorenyls of (X'), may be selected for the (X* group, or may
be selected as a substitutent on the bridging ligand include, but are not limited to, the

following. In each example presented herein, unless otherwise specified, R is

[
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(X3) is selected froman aliphatic group, an aromatic
group, a cyclic group, a conbination of aliphatic and
cyclic groups, or a substituted derivative thereof,

having from 1 to about 20 carbon atons; (X4) is
i ndependently selected froma Goup-H |igand,
wherein the Goup-I1 ligand is selected from an

al i phatic group, an aromatic group, a cyclic group, a

conbi nation of aliphatic and cyclic groups, an oxygen

group, a sulfur group, a nitrogen group, a phosphorus
indgpengently melactsé ﬁxiom H o pliplmtic oy ay rarpuAtic sgreuy, iacxyalic group,

cofpisfont uRFora APbl R Reg Pty SRl abEcely M8 R o
halid€as1RemEd& | dntl Canglide Werivatived therbs] hhvdhg drotherli soakboue 20 carbon

thereof, having from1l to about 20 carbon atons; or a
al¢ms-i de; (X2) is independently selected froma G oup-

or  &,GhpiR-drlalibhARNGoups, in eadﬁl%tgﬂc@ {ngiuhe Ml lﬁi{lf%d to,
optionally connected by a bridging g ;g wherein the
qut

hykimv;gtbb(lscsﬁclt sepaafiids anbolgfinulaving free t() 2A¢arbxa ptoms. For

et el en B e i, MR sty Be D ra B il gere

bus) mtbﬁtyé fissbuyd, anfoyl, 1s&nylohe@m, cytlbhe)&yl i gty gcgyl,onemyl, ﬁecyl
sat yrated. or unsat ur ted e bridging group is

dodeyd?- ?tb}’lBEP‘YérPeBW%lb tF"'l‘X]t th%\{ﬁ]lff wher ei n any

SUbSialiRRT 0 OBy I e%lkéﬁbsd GhhdhelieD R Rird %ot THaRANKE Hykbparaffins,
sel ected froman kenyl group, an alkyl group, ~an

cyelorigfins reyclogeasyignesanrears shelt ies p@ﬁwpblcadlcagmm japd the like,
m&iﬁé’ﬁg subRufY e defiv A2 Brerdd £ GATRI HL 9&1 ?Jou?ﬁé PRgS SoR9d
cycltc groups, ah oxygen grouﬁ, a sultur group, a
ni t rExgmpleg obhglidesinphuds flnoridis chloddg bramideyadrhodidgr oup,
bon I‘OU a silicon rou er ni I oup,
cin Y8t} Brayp ARy 5°nt3z %ﬂurﬁr g?&?ﬁm é?wﬁlﬁﬁ AR, but

ar&f A UinitedNo, MY RP by 1By P BupsTL-OR P ADOTROR, Li- HP-O8IR;,
a substituted derivative thereof havi ng fron1 to

—EBBat —EW Rarandrihaliksrinclding pybgidtuted deriyetiveg drereofngherein R in
each instance is selected from alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl,

substituted aryl, or substituted aralkyl having from 1 to about 20 carbon atoms.
Examples of alkoxy or aryloxy groups (—OR) groups include, but are not limited to,
methoxy, ethoxy, propoxy, butoxy, phenoxy, substituted phenoxy, and the like.

Sulfur groups are sulfur-containing groups, examples of which include, but are
not limited to, —SR, —OSO,R, —OSO,0R, —SCN, —SO,R, and the like, including
substituted derivatives thereof, wherein R in each instance is selected from alkyl,
cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having
from 1 to about 20 carbon atoms.

Nitrogen groups are nifrogen-containing groups, which include, but are not
limited to, —NH,;, —NHR, —NR;,, —NO,, —N3, and the like, including substituted

derivatives thereof, wherein R in each instance is selected from alkyl, cycloalkyl, aryl,

o
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b) the chemcally-treated solid oxide conprises a
solid oxide treated with an el ectron-w t hdraw ng
ani on; wherein the solid oxide is selected from
silica, alumna, silica-alumna, alum num phosphat e,
het er opol ytungstates, titania, zirconia, nagnesia,
boria, zinc oxide, m xed oxides thereof, or m xtures
t hereof; and the el ectron-wi thdrawi ng anion is
selected fromfluoride, chloride, brom de, phosphate,
triflate, bisulfate, sulfate, or any conbination
aralldy subistituted alkylaubstitated apd pecnbsiiftuted aslkyhbanmg fomi lsto about
2th rrettal I ocene conmpound, wherein at |east the (X3)
G aﬁ’é’ﬁ is a hydrocarbyl ligand typically

co nmhbgpmglsf grotpslare qommmu%ncaiflbg rgrcaip@ nwtuch rnelody, bt are
aspect, the (X3 X4) ands_on

d
noh N 98 by I g R Tyt st TP IRo P g RONPR gnd the lke,
m?@&l%‘ié s%%ﬂﬁﬁé@@&@h%?ﬂaeﬂeﬂf Sttekdin RNBE BRE iASRRE s sél@&ed from

3), and (X4) ligands on ML are hydrocar byl
alkyil, gta'nli)aﬂgybuaadl arglkyb spbstisited)alkylo subbtitutedadyplu or ubstititadorralkyl
For the fornula (Xexanpl es of
haX’ﬁlégogé t |°é%:|£(g%a9grnato ups that may be sel ected as
S Ub Arkéniikeglolpite hﬁenﬁ%bﬁthinﬁng @dussy ehivhandladh, Biydrs not limited

to,{ Ty H Byt SR oGO, £ OASEIR: (ANl 25 helep pcluding
su§§ﬂtlﬁ€(§ rifativas SMRSIF theRiM FOMn teléh *?ﬁs'tzﬁilgé '?Q stle&tad q?rom alkyl,

include, but are not limted to, the | ow ng

cyelaalkyle ﬁla/ilrrﬂrfdk}dr sbstifuted alel.substituted agb Omtsvi@tlw@earalkyl having
fro%??% 330%920 ggﬂ)g’n atoms.

Carbon groups are carbon-containing groups, which include, but are not limited
to, alkyl halide groups that comprise halide-substituted alkyl groups with 1 to about 20
carbon atoms, aralkyl groups with 1 to about 20 carbon atoms, —C(O)H, —C(O)R,
—C(O)OR, cyano, —C(NR)H, —C(NR)R, —C(NR)OR, and the like, including
substituted derivatives thereof, wherein R in each instance is selected from alkyl,
cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having
from 1 to about 20 carbon atoms.

Silicon groups are silicon-containing groups, which include, but are not limited
to, silyl groups such alkylsilyl groups, arylsilyl groups, arylalkylsilyl groups, siloxy
groups, and the like, which in each instance have from 1 to about 20 carbon atoms. For
example, silicon groups include trimethylsilyl and phenyloctylsilyl groups.

Germanium groups are germanium-containing groups, which include, but are
not limited to, germyl groups such alkylgermyl groups, arylgermyl groups,
arylalkylgermyl groups, germyloxy groups, and the like, which in each instance have

from 1 to about 20 carbon atoms.

12



i ndependently selected fromH, an aliphatic group, an
aromati c group, a cyclic group, conbinations thereof,

or substituted derivatives thereof, including but not
limted to, halide, alkoxide, and am de derivatives

t hereof, having from1 to about 20 carbon atons.

Exanpl es of aliphatic groups, in each instance,

include but are not |limted to, hydrocarbyls such as
paraffins and ol efins having from1 to about 20 carbon
atons. For exanple, aliphatic groups as used herein

i nclTiferomishatt tineddntdining repgupss, whichuinglude, t gt tdoeitngt Jimited to,

JE TV T AT E .
stﬁﬁﬂ%&fwl"staﬁ%&@yj oapid ahdd enel likeewhich in eadBXiasil@$ha0¢ from 1 to

cycl1c groups i'nclTude, but are not limted to,
abeyid(peshoafatmss, cycl ool efi ns, cycl oacetyl enes, arenes

c i | €. t. i ..

ol o 0GR e PRl BUAR, M ue St not mited o,
—BR,p—abXy t—BRG avlizoein X dsre . méboaniohiesgrofp kadhi abelsalide, hydride,

[ d | i de,, chlori de, i d._i.odi de.
S ek G SRR s PR Ly o
idalkyl Dubibstih@ed glikyl, isibstifitled 1, at kebsituted aralkyl
T T S B IS T L T I ey cie

haging frame 1 fg #hwut 2(hedarbel #gmsubsti t ut ed derivatives

t her . ' ' ' . j 3 f

/ﬁ 1r§/u\£41 glg);ﬁkif},g dlﬁm%’ﬁﬁ'g?dar‘)]'fﬁzélﬁg %gou S, WELE Hcﬁﬂiek&iﬁrﬁm not

al kyl', ¢ ary stituted al K '
lirsitdolstb] +A1Rs] -aAYX,, —oAIRXibghdr¢in et asmerideyionicgroupgsuch eshalide,

hytggg}é %&%gﬂ@ﬁ%’f&%%%ﬁéf :vﬁieée(ﬂfl &aj.lpiég? eingtrg%ce is selected
frdrh RlYE CeylcRalkyE tArEX ral 6l NetbYtitufed Gieply subbtitud Yarylp oe Bebsyituted
substi t ut ed Ehenox and the |ike. Sul fur groups

arglk haying grom Fﬁ%hoﬂe/%(bcaéb%uﬁgf}ls-exanpl es of which
i ncl : Wy iseas sUPaRnts
: scu@ﬂﬁlg%%# ‘g‘ﬁga‘?ﬁgr‘%“#’gg,ﬁﬁ %med‘i‘%g “Subst it u%se%’gg@&?md
cydiepentatienyds stimstibgdd  indenryds, n sebstitesh cfludreslan@ad | substituted
sel.ected fr | kyl , cl.oal kyl I al k
B R R S s e e
—3xal kyhshayi ngAE,OM-IAJ0)XHoutPX2) awr g lkeprmherein X is a
Ni t rogen groups are. nitrogen-cqntaining gro P? V\:h(lichh .
monognigaic, Sre sugh as halide; fydride.anpide, allqegde, %lgmﬁ olatgrand the like,
ang%eiﬁ Ja}l}%lky‘?, cfogﬁ(yl,iéfﬁ; atall§h UdibRetuRd Rty t stb&fluted aryl, or

erivatives thereof, "wherein R'in each instance is
substiteted exilkyl grmugaldcpiibstibyeot omheys ligandy has from 1 to about 20 carbon

atoms.

Examples of organometallic groups that may be used as substituents for
substituted cyclopentadienyls, substituted indenyls, and substituted fluorenyls include,
but are not limited to, organoboron groups, organoaluminum groups, organogallium
groups, organosilicon groups, organogernanium groups, organotin groups, organolead
groups, organo-transition metal groups, and the like, having from 1 to about 20 carbon

atoms.
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aral kyl, substituted al kyl, substituted aryl, or
substituted aral kyl having from1l to about 20 carbon

at ons. Phosphorus groups are

phosphor us- cont ai ni ng groups, which include, but are

not limted to, -PH2, -PHR -PR2, -P(0)R2, -P(OR) 2,
-P(NOR)2, and the like, including substituted
derivatives thereof, wherein Rin each instance is

sel ected from al kyl, cycloal kyl, aryl, aralkyl,
substituted al kyl, substltuted aryl or substituted

ar allifyhe hspectnf this (ﬂrmeiitldim (Xb(m tndﬁﬁbmimt}gmeleatedrfmm a Group-I or

« ool Nhed Gof s Fesiei T = e DR e hytocaroy-

sub@thdd %tﬂi&éﬁ%ﬁ?omﬂiﬁ%ﬁ&%ﬁmS%Wioilhﬁiléﬂykﬁtype compounds

i ncl udi ng substituted derivatives thereof, wherein

in¢lndiggc hbutnghnbimited e b@{cefalowréaﬁlmw | corpRRMNGS| W(mdenyl)
coﬂ‘[&)éll?dsa rb?ééﬂgwrenﬁ Qﬁ?l{lg Lﬁ‘lh?d Mpouﬁ&p %gxlnhﬂgl% c8¥ natl&{s of

'tu aV|ﬁg roml to a car
twat(oycﬁopentadlenylg;aymdrgagdso Wiseng(X8) isaeloced front aﬁwupgll hgand the
i ncl de but are.not Limte

o rRa B Rateoose ToBwonSH B Gip Geffrciens)

tﬁﬁlfs\/\hbhl& 1RleAAP Utondbuaas, b ek (Fuoréiydl kapmpgispsand
coﬁfp@ to a%ofj(g glgiglg:)aroboé]b at ons, -C((%iﬁr yg( l(%‘{)Rpg poan

sub@(t@)%d) Ferivefigesdhersef NR)H, - C(NR)R, - C(NR)OR, and t he
i keAt lbﬁghﬁédéu%&lrﬁéiﬁ%h'(kﬁ? &QXd)e({ah\b@t | Fflgr%&gfp{hat connects or

nstarice 1s selecte
brrdged tm| &Y) anth(X/zl) ligandsa) kg/lo,nggsbbﬁ biidgiegl gedukydoes not prevent the

coB e S5 Kb SRR oh S Bl shOGR e
ar& hbtl 16RRedC0 nili}ihﬁﬂld"&oﬁﬁsp Updic gm&pﬁéhcddilﬁhatﬂﬂs obuliphatie giotps and
limted to, silyl groups _such alkylsilyl groups,

CygHS [ZEqUPS:| p}g)sgtgﬂggus FiOYPS I TRYPESN| gtpu]gfp @ﬂg@omg}a]llgx g,roups silicon,
ph%.ﬁ,@gﬂgsb 891?)92% a!n.Ldﬁ?’ anfiNin€ NikeN ERAGHled '3? taﬁgﬁeﬁlcr@\‘f@psf th@tan

on atons. For exanple [icon
seyecswidgac be:m/eert (X et y(X3) inyludanbiltpmanyﬂ ited &, Ihyflrocarbyls,

oups. um gr ou
sofh AR Bt BTG UP BRSO Sy Er P (oo v, A bridees
bet@denl d)ﬁ') tagd (X8) ir@RIdBY butgfireuns lihicdd &, lcyblgpirﬁiﬂns,géﬂmﬁns

ey BB ST AL e Y S0 BT e
as bridBeLHAWLer? &K SH BURIGKATP.2) include, but are not limited to, substituted
silyl derivatives, substituted tin groups, substituted germanium groups, substituted
boron groups, and the like. The length of the bridging group between (XY and (X?) is
one, two, or three atoms, wherein the one, two, or one, two, or three atoms of the
bridging group are independently selected from C, Si, Ge, or Sn. In one aspect, the
bridging group is a hydrocarbyl group having from 1 to about 12 carbon atoms.

In yet another aspect of this invention, the metallocene compound the

metallocene compound has the following formula:

XHEHE)EHM';
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Tin groups are tin-containing groups, which include,
but are not limted to, starnyl groups such

al kyl stannyl groups, arylstannyl groups,

aryl al kyl stannyl groups, starnoxy (or "stannyl oxy")
groups, and the like, which in each instance have from
1 to about 20 carbon atons. Boron groups are
bor on- cont ai ni ng groups, which include, but are not
limted to, -BR2, -BX2, -BRX, wherein Xis a
nmonoani oni ¢ group such as halide, hydride, alkoxide,
al kywhekdih M'ds sclecasticfrdrh éitdnivos ziraordumhleafisium, Br Vzmaéiani;l
insta ce is s | ected from

k | oal k .
ar al (Roy seGeSd o0t 6 sac PRy iseribc Hpgppivs substitued
cy%lé?@ﬁtbéléﬂy‘?ql s%&lt{fﬂéh if¥RNyING  uBsitdted Aualegytt 20 car bon

Al um num groups are al um num cont ai ni ng
gr owpi@relmme@h substituart, oputheapebstitnted jcxslopentadienyl, Ailrbztltuted

o JMREE RGPS 9Pl
anl érbmatuagﬂ)upherogbmn Broup, @aombinagermnt eliptsitis eind otyelic groups, an
|| | k : I bstituted alk
OB A 1B oUp e B0DSPRPRS ErH PSP SRR o
caltfonahon, aZPioaHelD, at iBanium %ouﬂf)é&[ﬁ)k ¥02f 1daf @E@RN b Goron
groups that nay be used as substituents
grehsa talineigumy EToyPe FR aliOERICs groynh i Pigeremetaliiengiowp, or a
suBYRRbA iRl e | HGES Yhiing Hith %%B%b\%@%@@m%eﬁ AARSHZRANAS, or
rnclude, tt Fite

are not
hydftgexXhnd- OPX2, - SX, -OSOZX -AsX2, -As(0) X2, -PX2 and

o et Ei LB g DR BB S b hP Bpeg or o

suBﬁRutEd Kﬁiro@ﬁlﬁ’yl \WRkipEhdVi Yo |1y bbout 20 lcadbik Isdomsaf yl,
substituted al kyl, substituted ar

kyl,
s u bsh‘l i angther agpest 1o | thigr igkiention, epBydrogastyl-s gﬁ“l“ﬁ%‘% duetallocene

, agfﬁ 1a20 carbon atons.
COEQQ Wﬁ?&@?&ﬁ%é%QQaﬁ@?gﬁaroups that may be used as
subinﬁcw&wﬂkaﬁwahﬁ&%ﬂ%huted cycl opent adi enyl s,

nortiseet pariodbaiot i P EhEY gl BmanRan e duorenst

or@ﬁl%ﬁﬁﬂ&iatﬁldgbltﬁegidﬁups or ganogal | i um gr oups,
organpS|I|con gr oups, or.ganoger nani um groups,

org&ﬂoﬁﬁﬂeﬂﬁ%ﬁﬁgfnol@ﬁhg-ead gr oups, organo transition
met g2 9§ oiﬂ@ endly! Q&e&té&( Srol 2 WhiEnfté O MBr 1 nbA-sah@tited Glkyl,

car bon I'n one aspect of this invention,

cy(:Déallcy] aryil m@b}dnbmmg fyors d|te gbasd 20 cabpmatGmsLp- | or a

X i c ] :

T R R A
allg@raelearkyi, agH Lgelkylh akoRide Yot abyldkidel haviyd Jrotyb® about 20 carbon

conpounds, including, but not limted to
at%P%@E‘}clopentadlenyl) conpounds, bis(indenyl)

COMROY Bt Shieddt fbh! 1%rseiﬁmwsonpounds and conpounds

conpri si ng "conbi nati ons of two (cycl opentadi enyl)

| i gdmdsoth&ifaspect MPthis igvensioncaxempies ofmgtatioetns- Clompplﬂglﬁﬁgat are

e

dren

bisPydieatatdiaEihdfmiveatipethplls nDnokls(quorenyI)
conpounds, and substituted derivatives thereof.
At | east one substituent on (XI) or (X2) can be a °
bri dgi ng group that connectésor bridges the (XI) and
(X2) ligands, as long as the bridging group does not
prevent the catalytic activity of the catal yst
conposi tion. Exanples of bridging groups include, but
are not limted to, aliphatic groups, cyclic groups,
conmbi nations of aliphatic groups and cyclic groups,
phosphor ous groups, nitrogen groups, organonetallic
groups, silicon, phosphorus, boron, germanium and the
i ke. Exanples of aliphatic groups that can serve as
bri dges between (XI) and (X2) include, but are not



In yet another aspect of this invention, the

nmet al | ocene conpound the netal | ocene conpound has the
following formula: (x)(x2)(x)(x4)m; wherein M is
selected fromtitanium zirconium hafnium or

vanadi um (X1) is selected froma

cycl opent adi enyl, an indenyl, a fluorenyl, a
substituted cycl opentadi enyl, a substituted indenyl,
or a substituted fluorenyl; wher ei n each
substituent on the substituted cycl opentadi enyl,
substituted indenyl, or substituted fluorenyl (X1) is
i ndependent|y _sel ected froman aliphatic group, an

aromatic a cyclic group, a conbination of

al i phat i cy@tHe groups, an oxygen group, a sul fur
group, a trmggr group, a phosphorus group, an
arseni c group, rbon group, a silicon group, a

ger mani up, a‘tin group, a lead group, a boron
group, an ¥ NnUM gr oup, an inorgani c group, an

organonetal lic group, or a substituted derivative
thereof, having from1l to about 20 carbon atons; a

.halide; or hydrogen; . and (X2), (X3), and (X4)
bl%?@bﬂ%"ég‘@ﬂﬂéﬁ‘i@%‘%ﬂée@?@d from a hydrocarbyl group or
a substituted hydrocarbyl group, having from1 to

about 20 carbon atomns. I n anot her aspect of this
i nv n, the hydrocarbyl -substituted netall ocene
cQ hasi#she fol | owing general forml a:

Zr
%\C HsPh

1,2-ethanediylbis(n’-1-indenyl)dimethylhafnium,

“\\\CH:‘

N,
1,2-ethanediylbis(n’-1 -indenyl)dimethylzirconium,

16



(5-cycl oal kadi enyl ) n2R2nx3 n; wherein

cycl oal kadi enyl is selected from cycl opent adi enyl ,

i ndenyl, fluorenyl, or substituted anal ogs thereof; M
is selected fromTi, Zr, or Hf; R2 is

i ndependent|ly sel ected from substituted or
non-substituted al kyl, cycloal kyl, aryl, aral kyl,
having from 1 to about 20 carbon atorms; Xis

i ndependently selected fromF;, C; Br; I|; or
substituted or non-substituted al kyl, cycl oal kyl,

aryl, |, al koxide, or aryloxide having from1 to
about atons; and n is an integer from1l to 3
i ncl In anot her aspect of this invention,

tal |l ocene conpounds that are useful in

t Re pr gsent A nvention include, but are not limted to

ng g@qpounds: bi s(cycl opent adi enyl ) haf ni um
\\\

2r
e,

3,3-pentanediylbis(n’-4,5,6,7-tetrahydro-1-indenyl)hafnium dimethyl,

methylphenylsilylbis(’-4,5,6,7-tetrahydro- 1-indenyl)zirconium dimethyl,

H3C"'ﬂ,

~St
"\\'\\\CH3

ey

17



", 0?CH3 bi s(cycl opent adi enyezi rconi um di benzyl ,
a'"NNCH2Ph 1;): S 0-12Ph i

1, 2- et hanedi yl bi s(n5-1-i ndenyl ) di net hyl hafi num CH
1, 2- et hanedi yl bi s(n5-1 -indenyl)di et hyl zi rconi um

bis(1-n-butyl-3-methyl-cyclopentadienyl)zirconium dimethyl,

n-Bu

Me 0\ ‘”‘\‘\\CH»_,

zr + 1somers

\CH;,

Me

-Bu

bis(n-butylcyclopentadienyl)zirconium dimethyl,

& CHs
Zr"\
§ CHs

dimethylsilylbis(1-indenyl)zirconium bis(trimethylsilylmethyl),

18



3, 3-pent anedi yl bi s(g5-4, 5, 6, 7-tetrahydro-1-i ndenyl ) haf
i ni um di et hyl

nmet hylphenylsi 1ylbi st h5-4,5, 6, 7-t et rahydr o- 1-i ndenyQzi
rconi um di met hyl ,

HiCr, S
Si ‘\\\\C H,ySiIMe,

HaC Zr,
i Sibes

octyl(phenyl)silylbis(1-indenyl)hafnium dimethyl,

dimethylsilylbis(’-4,5,6,7-tetrahydro-1-indenyl)zirconium dimethyl,

19



bi s(1- n-butyl- 3-net hyl - eyel opent adi enyl ) zi r coni um
di met hyl, n-Bu bi s(n-butyl eycl opent adi enyQzi r coni um
di met hyl , di met hyl si |l yl bi s(1-i ndenyDzi r coni um

bi s(trinmethylsilylnmethyl),

H’C""J.
V4 > A\\\\CH3
HsC 2
% i

dimethylsilylbis(2-methyl-1-indenyl)zirconium dibenzyl,

HyC
chlz,,. /@

S ‘\‘\\C H2P h

AN
Ho a2
é\mﬁm

1,2-ethanediylbis(9-fluorenyl)zirconium dimethyl,

2

.
“

20



octyl (phenyl)silyl bi s(1-i ndenyl ) haf ni um di net hyl,

di met hylsi 1lylbi s(i 5-4,5, 6, 7-tetrahydro- 1-i ndenyezi rcon
i um di met hyl ,

di met hyl si | yl bi s(2-nmet hyl -1-i ndenyQzi r coni um di benzyl ,

(indenyl)trisbenzyl titanium(IV),

=

/ \"'”CH Ph

PnHC CHPh

(isopropylamidodimethylsilyl)cyclopentadienyltitanium dibenzyl,

)C//,‘ / ;

/ \ / \““’CH;Ph

HyC CH,Ph

21



1, 2- et hanedi yi bi s(9-fl uor enyDzi r coni um di et hyl ,

(i ndenyfltrisbenzyl titanium(lV), Tt VICH2Ph
PhH2CCH2Ph

(i sopropyl am dodi et hyl si | yfl eyel opent adi enyl titani um
di benzyl,

bis(pentamethylcyclopentadienyl)zirconium dimethyl,

“\\\\CHS

bis(indenyl)zirconium dimethyl,

J

‘n\\\\c H3

ey,

2r

methyl(octyD)silylbis(9-fluorenyl)zirconium dimethyl,

22



H"SI 1\\ /1S;11Cl1-12Pin CH2Ph
bi s( pent anet hyl cycl opent adi enyQzi r coni um di net hyl ,
bi s(i ndenyDzi r coni um di net hyl ,

bis(2,7-di-tert-butylfluorenyl)-ethan-1,2-diyl)zirconium(IV) dimethyl,

or any combination thereof.
In another aspect of this invention, the metallocene compound of the catalyst

composition is selected from a compound with the formula:

23



met hyl (octypsil yl bi s(9-fl uorenyQzi reoni um di net hyl ,
bis(2,7-di-tert-butyl fluorenyl)-ethan-1, 2-diyfl zirconi
um( V) di net hyl,

R4
\/
Rl"-E Zr-R4 R3

R =)

wherein E is selected from C, Si, Ge, or Sn; R1 is selected from H or a hydrocarbyl

R3

group having from 1 to about 20 carbon atoms; R2 is selected from an alkenyl group
having from about 3 to about 12 carbon atoms; and R3 is selected from H or a
hydrocarbyl group having from 1 to about 12 carbon atoms; and R4 is selected from H
or a hydrocarbyl group having from 1 to about 20 carbon atoms. One example of a
metallocene compound according to this formula is methyl-4-pentenylmethylidene-(n’-
cyclopentadienyl)(n’-9-fluorenyl)zirconium dimethyl.

Numerous processes to prepare organometal compounds that can be employed
in this invention, particularly metallocenes, have been reported. For example, U.S. Pat.
Nos. 4,939,217, 5,210,352, 5,436,305, 5,401,817, 5,631,335, 5,571,880, 5,191,132,
5,480,848, 5,399,636, 5,565,592, 5,347,026, 5,594,078, 5,498,581, 5,496,781,
5,563,284, 5,554,795, 5,420,320, 5,451,649, 5,541,272, 5,705,478, 5,631,203,
5,654,454, 5,705,579, and 5,668,230 describe such methods, each of which is
incorporated by reference herein, in its entirety.

As used herein, hydrocarbyl-substituted metallocene compound includes
monokis(cyclopentadienyl) compounds, monokis(indenyl) compounds,
monokis(fluorenyl) compounds, bis(cyclopentadienyl) compounds, bis(indenyl)
compounds, bis(fluorenyl) compounds, and metallocene compounds containing any

combination of cyclopentadienyl, indenyl, or fluorenyl ligands, and their substituted
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or any conbi nation thereof. I n anot her aspect of

this invention, the netall ocene conpound of the

catal yst conposition is selected froma conmpound with

the formul a: wherein Eis selected fromC, Si, Ce,

or Sn; Rl is selected fromH or a hydrocarbyl group

having from 1l to about 20 carbon atons; R2 is sel ected

froman al kenyl group having from about 3 to about 12

carbon atons, and R3 is selected fromH or a

hydr ocar byl group having from1l to about 12 carbon
analogsrurthercbxBdipies oS gich hiydwicdrbylmubktinted, rhstallagemr dppipounds that

.havi fr. t bout, 20 t . On
o Lo et BB ERLIES. o oo o
fornmula is

nmet hy1- 4- pent enél nmet hyl i dene- (ii 5cycl opent adi enyl) (15-
Thy Ghegueallyylreated 2Jid Oxidai met hyl . Nuner ous
pr oeGgss QUEL W itbhat ;
en‘plﬁlgl%e?ﬁ's%&t ﬁ@ﬁﬁlge%?%ﬁ pa?:lta?ag}% ar | ?rlg%a?lcoc nesgl,% 2
chhrawcallptreated espld toxetleFwhichxsemysisegs ah ScidRanctivitps-support. In one
5,631..33

e DR e STATd 430 i LBl
electron-withdrawing anion; wherein the solid oxide is selected from silica, alumina,
silica-alumina, aluminum phosphate, heteropolytungstates, titania, zirconia, magnesia,
boria, zinc oxide, mixed oxides thereof, or mixtures thereof, and wherein the electron-
withdrawing anion is selected from fluoride, chloride, bromide, phosphate, triflate,
bisulfate, sulfate, or any combination thereof.

The chemically-treated solid oxide includes the contact product of at least one
inorganic solid oxide compound and at least one electron withdrawing anion source. It
is not required that the solid oxide compound be calcined prior to contacting the
electron withdrawing anion source. The contact product may be calcined either during
or after the solid oxide compound is contacted with the electron withdrawing anion
source. In this aspect, the solid oxide compound may be calcined or uncalcined. In
another aspect, the chemically-treated solid oxide may comprise the contact product of
at least one calcined solid oxide compound and at least one electron withdrawing anion
source.

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 not intending to be bound by theory, it is believed that the chemically-treated
solid oxide may function as an ionizing solid oxide compound by completely or
partially extracting an anionic ligand from the metallocene. However, the chemically-

treated solid oxide is an activator regardless of whether it is ionizes the metallocene,

[+]
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5,347,026, 5,594,078, 5,498,581, 5,496, 781, 5, 563, 284,
5,554, 795,5, 420, 320, 5,451, 649, 5,541, 272,

abstracts an anionic ligand to form an ion pair, weakens the metal-ligand bond in the
metallocene, simply coordinates to an anionic ligand when it contacts the chemically-
treated solid oxide, or any other mechanisms by which activation may occur. While the
chemically-treated solid oxide activates the metallocene in the absence of cocatalysts, it
is not necessary to completely eliminate cocatalysts from the catalyst composition. The
activation function of the chemically-treated solid oxide 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, the chemically-treated
solid oxide functions as an activator, even in the absence of organoaluminum
compound, aluminoxanes, organoborates, or ionizing ionic compounds.

In one aspect, the chemically-treated solid oxide of this invention comprises a
solid inorganic oxide material, a mixed oxide material, or a combination of inorganic
oxide materials, that is chemically-treated with an electron-withdrawing component,
and optionally treated with a metal. Thus, the treated 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 single chemical phases with more than one metal combined with
oxygen to form a solid oxide compound, and are encompassed by this invention.

In one aspect of this invention, the chemically-treated solid oxide further
comprises a metal or metal ion selected from zinc, nickel, vanadium, silver, copper,
gallium, tin, tungsten, molybdenum, or any combination thereof. Examples, of
chemically-treated solid oxides that further comprise a metal or metal ion include, but
are not limited to, zinc-impregnated chlorided alumina, zinc-impregnated fluorided
alumina, zinc-impregnated chlorided silica-alumina, zinc-impregnated fluorided silica-
alumina, zinc-impregnated sulfated alumina, or any combination thereof.

In another aspect, the chemically-treated solid oxide of this invention comprises
a solid inorganic oxide of relatively high porosity, which exhibits Lewis acidic or

Bronsted acidic behavior. The inorganic oxide is chemically-treated with an electron-

(]
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5,705,478, 5,631, 203, 5, 654,454, 5,705,579, and

5,668, 230 descri be such nmethods, each of which is

i ncorporated by reference herein, inits entirety.

As used herein, hydrocarbyl-substituted netall ocene

conmpound i ncl udes nonol ds(cycl opent adi enyl ) conpounds,

nmonol ds(i ndenyl ) conpounds, nonoki s(fl uorenyl)

compounds, bi s(cycl opent adi enyl) conpounds,

bi s(i ndenyl ) conpounds, bis(fluorenyl) conpounds, and

net al | ocene conpounds contai ni ng any conbi nati on of
wihdihwmgnicashpemunt,, tipicklyylan electrbnrovithdyewing ganiets, tantbrm a

chterr;x(ie(iaily-s‘n%gtsezii stoijizi ecgjxide. While not intending to be bound by the following
statement, it is believed that treatment of the inorganic oxide with an electron-
withdrawing component augments or enhances the acidity of the oxide. Thus, the
chemically-treated solid oxide exhibits Lewis or Bronsted acidity which is typically
greater than the Lewis or Bronsted acidity of the untreated solid inorganic oxide. One
method to quantify the acidity of the chemically-treated and untreated solid oxide
materials is by comparing the polymerization activities of the treated and untreated
oxides under acid catalyzed reactions.

Typically, the chemically-treated solid oxide comprises a solid inorganic oxide
comprising oxygen and at least one element selected from Group 2, 3, 4, 5, 6, 7, 8,9,
10, 11, 12, 13, 14, or 15 of the periodic table, or comprising oxygen and at least one
element selected from the lanthanide or actinide elements. (See: Hawley's Condensed
Chemical Dictionary, 11% Ed., John Wiley & Sons; 1995; Cotton, F. A.; Wilkinson, G.;
Murillo; C. A.; and Bochmann; M. Advanced Inorganic Chemistry, 6 Ed., Wiley-
Interscience, 1999.) Usually, the inorganic oxide comprises oxygen and at least one
element selected from Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, Sb, Si,
Sn, Sr, Th, Ti, V, W, P, Y, Zn or Zr.

Suitable examples of solid oxide materials or compounds that can be used in the
chemically-treated solid oxide of the present invention include, but are not limited to,
AL O3, B,03, BeO, Bi,03;, CdO, Co304, Cr,03, CUO, Fe,0;, Ga;0;, Lay03, Mny0Os,
MoOQs, NiO, P,0s, Sby0s, Si0,, SnO,, SrO, ThO,, TiO,, V,0s, WO3, Y,03, ZnO, ZrO,,
and the like, including mixed oxides thereof, and combinations thereof. Examples of
mixed oxides that can be used in the chemically-treated solid oxide of the present
invention include, but are not limited to, silica-alumina, silica-titania, silica-zirconia,
zeolites, clays, alumina-titania,  alumina-zirconia, aluminum  phosphate,

heteropolytungstates, and the like.
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anal ogs. Further exanples of such

hydr ocar byl - substituted, netall ocene conpounds t hat

are useful in the present invention are presented in

FIG 1. The Chenmically-Treated Solid Oxide The
present invention enconpasses catal yst conpositions
conprising a chemcally-treated solid oxide which

serves as an acidic activator-support. In one aspect,
the chemically-treated solid oxide conprises a solid
oxide treated with an el ectron-w thdraw ng ani on;
wherBjpitalliiehs edlidoxadd satetisl is ehambel@-fréanm m'r tontating it with at

alumna, silica-alumna, alumn ho }
leasb PBY SISEIFSR WHBREINgANIQN $ORfen 20 PP‘g%ﬁﬁg ﬂb@?&ated with a
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witil ah Wik goh-Mathdenting compartut ttyplf:all@t alselasr aoneid ndaygaitcton-
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correspondlng untreated solid oxide. However, the

chem cally-treated solid oxide functions as an o
activator, even in the absepce of organoal um num
conpound, al um noxanes, orgg%oborates, or ionizing

i oni ¢ conpounds. I n one aspect, the

chem cally-treated solid oxide of this invention
conprises a solid inorganic oxide material, a m xed
oxi de material, or a conbination of inorganic oxide
materials, that is chemcally-treated with an

el ectron-w t hdrawi ng conponent, and optionally treated
with a netal. Thus, the treated of this invention
enconpasses oxide materials such as alumna, "m xed




In one aspect of this invention, the

chem cal ly-treated solid oxide further conprises a

metal or netal ion selected from zinc, nickel

vanadi um silver, copper, gallium tin, tungsten,

nol ybdenum or any conbi nation thereof. Exanples, of

chem cally-treated solid oxides that further conprise

a netal or netal ion include, but are not limted to,

zinc-inpregnated chlorided al um na, zinc-inpregnated

fluorided alum na, zinc-inpregnated chlorida
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oxi des t hat can be used in the chen1ca||y treated
solid oxide of the present invention include, but are

not limted to, silica-alumna, silica-titania, °
silica-zirconia, zeolites, ,gl ays, alum na-titani a,

al um na-zirconi a, alum num“phosphate,

het er opol ytungstates, and the |ike. Typi cal |y,

the solid oxide material is chem cally-treated by
contacting it with at |east one el ectron-w thdraw ng
ani on source, and optionally chemcally-treated with a
metal ion, then calcining to forma chemcally-treated
solid oxide, or "activator-support”. Alternatively, a
solid oxide material and an el ectron-w t hdrawi ng ani on
source are contacted and cal ci ned sinultaneously. The



When the el ectron-w t hdraw ng conponent conprises a
salt of an electron-w thdrawi ng anion, the counterion
or cation of that salt may be selected fromany cation
that allows the salt to revert or deconpose back to
the acid during calcining. Factors that dictate the
suitability of the particular salt to serve as a
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ah%%fn r ?ﬁerﬁlhﬁl}gﬁéa&de glh‘(:.%e SO?A d&o )gﬁlteﬁ égééféﬁnoaﬂedgspect, the

ch@iﬁﬁfﬁil}aﬂeh‘t}td tsokdbeide a6 delested tromi ﬂummled thseigaeccitiényded alumina,

cal ci.ned.. Cal n|n of t h cal tr lid .
brspidad Hgiige et g moadod Hhgnantiee ARogsetRldpymina
brodiRied aifidh-difinfhad %Mfﬁ&p isBidh-aBintiRS PhedsRied 361311@-21rcoma chlorided

tenperature from about 200 C to about 900 C, and for. a

SIhqaf?ercgma,ab@mﬂqi pilipareiscanin, suleied sdivarrigenia, NpaRy combination
[ 0 r

T R e R b

typcalt;nglﬁ dienﬁ&ﬂly@rda&d?lﬁ@taboméb sosalertel fromi cthéoridpd zinc-alumina,
&a 5 Iﬂﬁ‘ﬁ ‘{?d? cted from about htour to fabout 50

SuHgGH alumy died yligazalimipa, qragxcombingtion fighsel ™ o apout
20 hRUsSe adleen of RRBisChwBitAl ltive Icheaically-tedtedl oxidedeorhprises a
fluorided silica-alumna, nost typically, calci

in
flussided selicede irolee ABLE! 2 PEBCHBis LHLOTHS A5QTSE Of Humgde ion is
4 b

SBETREBUHIR S OTARg i AR, JRBIGEALE gt o oy e

added testhe oglide by doroehg & siumy.of mmn@ inya suitable ispliveng sheh as alcohol
conduct n,an oxi di.zi.n h

o oAy LS AR B R Wil s o

théit velaiy, an@low sﬁﬁéﬂé&bﬁ@orﬂﬂﬂi@x&pﬁ@ oe ﬂ&@t&hn@ﬁgdﬁ}ﬂhﬁgﬁﬂ barused
car bon nonoxi de,

e.soljd
in iy IoRIVON Jagd, b pespBYe IEE! todivrrodiupye FSAED: Eamogium
ﬂl.g))quge g}ﬁgﬁﬁ*)c aldhdofidm SiftSrfieY INUIBFY! eﬁ&%ﬁmﬁﬁaﬂem%oborate

hrore typically greater than about 0.5 cc/g,
(I\HthF@osztmm?mumalsilyogucuraiee (hexhBworasificage)/ g(NHﬁhﬁlFsbl pRgmonium
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typically fromabout 200 to about 800 m sup.2/g, and
nost typically, from250 to 600 m sup. 2/g.
Typically, the solid oxide nmaterial is
chem cally-treated with a source of halide ion or
sul fate ion, or a conbination of anions, and
optionally chemcally-treated wwth a netal ion, then
calcined to provide the chenmically-treated solid oxide
in the formof a particulate solid. Thus, the
chemcal ly-treated solid oxide conponent is generally
ex&ﬁbl%cirﬁﬂoﬁlﬁﬁﬂblﬂu&@dd NH B is asdd @t thel flaotididg agéntladue to its ease
nmponent, a halided or a sulfated netal -containing
Of%q Mréégy&éa‘é@h%nent or a conbination thereof. In
one 1ASRGREr & eétmfsthé ?ife@&&l&&bnuw &h6 REId 6RidE Xah bEhédically-
solid oxide is sel ected fron1chen1cal|y treated
treated rw1thaa ﬂumdmg ag¢n;: duriegathectalsining step Ay Auoridipg agent capable

of d é(rtﬂiil con e(?tgn%{ soh? %glﬂsag—gmtgl tgg S:g cml?% ateP can be used. For

exhmplef irﬂaﬂh@num ﬁhase flisdriating] e@nm dexcrileed N‘emnuslgdvolatlle organic
al um na, sul fated Iunin orided silica-alumn
g Bl Sy Reasal GRS oF SHPHIEa Y QTR SRS octul in

th1§ Lﬂsf;é& od 1ad {dveRtcH Hﬁluﬂé‘ bljtl 440 ol Bichiell |tb,CBredils| pefludrohexane,
[orided silica-zirconia, brom ded silica-zirconia

peﬁmordxeez;bnsa flueremethees m‘lﬂluorwthm adragrbinations theesop Jpaseous

hyﬁga %alfl ?lfﬁé%«%‘ %lb}rléoxﬂ%vﬁsggl ﬁgﬁ %ﬁo eg %!nt:}gﬁ%;sgﬁl S)QIdW dg Bubrided

dufiRg adalodndhgleOns cmkraﬁér& dméuhoaln afhbamtaoﬁag the nolid| emideavith the
sul fated al unm na, i.ca-al um na

QIR ALY of 1t Kb » Thoriaing agery i opcregp upr] @ Buidize the

“m@ggagmgmggd@h&gﬁnlcalIy treated oxi de conprises a
fluorided solid oxide in the formof a particul ate

sol iSamilaryy én anathsrraseech el thisigrengion; B Ch@‘“‘&ﬂ]ébéHe"ft?fi §qkid oxide
coﬁﬁhge% % éhlgxru?e%lt &S%Elt ox‘{\ﬁet % 1@ If%llﬁ? %g q O&& cjﬁ%@ Eolgi;rﬁﬁiﬁcﬁédtﬁ‘ce of
chRiride ligh ioaddddeo d)hﬁ cﬂede by tacasuentadithea shibmbng agamb ﬁ“hgghlonde ion
al coh t | udi but
% 4 Sl A ARt DR T W 1

an¥@kPdspbdt oY tiRHedefVinSetibaCthe tEIRBb:Ade C@Wﬂhbm&aﬂ?—treated with a
fluoriding agents that can be used in this |nve tio

chiongingcrgentisbiring ee FaInInE fiep oy EhORGiEE BsTis Srpablelisgrving as a
E AR UR0L 5a L) Qi o o

usedFon Exampsé, [viotatild Qngamd ehc(rhhn@{tgemsrmssf b mdeﬁxamples of volatile

orky S pess VSR Rl RAeY oo T ay e pRL B are no

litSeNMRbE , coMAID NrébiRs P ﬁdrd:lﬂér‘oﬂ@lzw HEElor(SmehtBaﬁié adichlosomethane,
fluorldlng agent due to its ease_of yse and r

chigpeformisiary m;ﬁetrachlondei MILOBPHAIOBS [ETPL Sfaseds hpf&@g%fh?hl‘mde

or cﬂl\()ﬁﬂé it?{fu %a?lrllgsosdy ds8d %?jﬁer ofild otiﬁie“(fﬁ?iﬂk ealin¥irgt Oﬁ@t:&ﬁ’ement

ng agent I ng the cal Cining step.
métherbof domartiageht orilp afaﬂettmfcmmlw gEdny iT BnvanoriEh g th@dmg

Lid oxide d h d. F
sogfanfprges it to IR BouBo AR B Al BBl = ™"

descri bed previously, volatlle organi c fluorldlng
agents may be used. Exanples of volatile organic
fluoriding agents useful in this aspect of the °
i nvention include, but are pot limted to, freons,

per f| uor ohexane, perfl uorobenzene, fl uoronethane,
trifluoroethanol, and conbi nations thereof Gaseous
hydrogen fluoride or fluorine itself can al so be used
with the solid oxide is fluorided during cal cining.
One conveni ent nmethod of contacting the solid oxide
with the fluoriding agent is to vaporize a fluoriding
agent into a gas streamused to fluidize the solid

oxi de during cal cination. Simlarly, in another
aspect of this invention, the chemcally-treated solid



The sul fated solid oxide conprises sulfate and a solid
oxi de conponent such as alumna or silica-alumna, in
the formof a particulate solid. Optionally, the
sul fated oxide is further chemcally-treated with a
metal ion such that the calcined sul fated oxide
conprises a netal. Typically, the sulfated solid oxide
conprises sulfate and alum na. In one aspect of this
invention, the sulfated alumna is forned by a process
wherein the alumna is chemcally-treated with a
sul frkamotntyfiluofids 6r cidaridedon piggint befoye cabtliing e sblidoxide is
but_ not limted to, s uric acid, ni um syl f at
BB IO A BuAPPr e by WelEhf, S TTGR abk3N 3R et 25% by
w&%ﬁ“hrﬁﬂnloi/e tpRaleGom hhod Rl folif 20%oVhy KeighiM Witre the weight
onent such as halide or sulfate ion, the solid
perqepo‘tsglwbasedmnd@ weightofthe selishedidn forsrampla Bhed-alympie, before
ai:hem Cl?ltbt%/ ﬂtuorgi‘@et gg }Qfohﬁe Ford e lldcf%@ LHu?ﬁﬁ ddaﬁ?ﬂfdf% as when
a i ca

contalnlng conmpou
catcmaan ctlmerrptemrds oA IGCladted it oypivally mor Shgorideent ahiumietlh:e in the

lid nlc oxide.in solution fo nd. .
solighoxidl befvs §aes gl B%&%%ab?i%‘i otige may be
drie@| ! dHy"tHethbE 1&9&% ROkRE art BRI Bui ﬁ&flﬂﬁiﬁéd?tog))éudﬂ@n Jiftation

farther conprise a nmetal selected from zinc, nicke

follewieddhyavaperation dryieg pivder vaggam, RIAY doing, %ﬂ)@é%rﬁlthough itis
nol of Typically, for
T RERS Rl 42 SORR ) ACdBIEY . PeTs teed 1o
i npﬂelgnalﬂlea-ahﬁumlusdd otoi gheepaithehes mhenhiqaﬂy{u@aWéysiba-alumma

R Bk bl TS s 5 BonE T Sl mpr iy e than
ab%ékﬁ@stdclge ah@ Fhost Rpi hr gre@iet @iRani 5.0 CegYiFuathéry th siit@alumina

h the el ectron w thdraw ng ani on, Furt her,

tymﬂy“mrmwfﬂve iarqer ergeiet thag abowt_ 9| i oRstyRicelY jgater than
S BT R TR B i
of ghistingamtioe thas ancahtrmm icgfentofigro Labdyt § rtclabd@s95°/hulwmcslly from

not_ | i ellin o r.e atl of

abgjfe @@%@S’ﬂé’ Ghd 05?1%’%@1}3' ﬁgﬁ?){, h’nﬁV’ férlgl ﬁ"gﬁ OWit ﬁg any
cont@yetshfgted B DSkidd Engiived adfagand aédlideoxide wmpdﬁent such as
conpound, el ectron- MAthdraMAng anion, and_ the ne

alyraina jos stliggialumming, athe ifere of AlRagicwiaAle slid, Orytomglfy, dﬁe sulfated

QM FH oxid.
L
compmsaca mekahﬁ'd'ptcalﬂsclthmsjﬂfstedmbhémgdq somprises sulfatqped alumina. In

f th h | d
B8 LT L S0 Lk e
aliémidd §s SHemicallyIRdated ith Hsudfhte &lﬁsulﬁte%ﬁro%l@pxc&lh}d selected from,

6, 395, 666, each of which s |ncorporated hg kn in by
but Betd iaitRddo, ulfurip acidampeniym seliate) oF Smoptriwp Sisulff- - The
Opt iyp Q@&u&ﬁ)% SHemicall érehﬁd A dnl é?ébu’bﬁ Wiirawing component
rnetallocene co ouné K the chemcally-treated solid
suclx axliealidie ©¢ baléasel idne thei salid intvegania exige of himipuentionarayotptionally

R

cofpoluits| Tgpically; abék aojpoundshee adéetito bh ﬁnpmgmabe‘dabnto the sohd
cocatalyst is typically selected from an
or ganoal um num conpound, an al um noxane, an organozi nc o
conmpound, an or ganoboron c ound, an ionizing ionic
conmpound, a clay material, any conbi nation thereof.
I n one aspect, the catalyst conposition further
conprises an optional clay naterial, selected from
cl ays and other natural and synthetic |ayered oxides,
cogelled clay matrices containing silica or other
oxi des, pillared clays, zeolites, clay mnerals, other
| ayered m nerals, or



conbi nations thereof, including but not limted to ion
exchangeabl e | ayered mnerals (natural or synthetic)
or conposites nmade from such conpounds, or any

conbi nations thereof; regardl ess of whether the

| ayered structure remains intact or not. The
cocatal yst may further conprise a conbination or

m xture of any of these cocatal ysts, including any

m xture of these clay materials. The Optional

Or ganoal um num Conpound The present invention

indts@Mé deide GRE LS fdiﬁﬂﬁﬁﬁ$1ﬂabé21m nt@;ofmﬂvbﬁém@tcome s@ppaied enctal
hydr ocar byl - substi t ut ed et al | ocenes,

upeh ealciing. yAcpiingly theisplid Siarganic grde s éﬁﬁea fgmprise a metal
sefégt‘égt RS L7 0 TRRREN varaBiudl)€ s Me%ﬁ pdrNesAREAL alny' S tun@ften,

i'nventi on conprises at | east ohe organoalun1num
mmighxtmumd or Tltumpinatien fhreesd. nTyplwle'nfqrcg‘vOQ reatalyge getivity and low
catal yst composi tions, an t. r §
cofat RS s ammeriersh bod Erg s RuRiRRE fas be chemically

treited oI YAl 'séltbbﬁlt inetal-eehtaming| do\m}ﬁﬁ@dsalmfoxa after, or at the same
chemical ly-treated soljd oxide, @@Fhan op

trgs e 1B ralid s s SRR AN reaine i BE elogron Rk g i

| NVEMES LemuHSd OF i Ring ARO i x U hASFA A2 hiRtal may
precont act the ot her ‘caral yst conponents prior to

beiused. ctheanetlod by whithathg oxideris contasedowith memetalasauine, typically a
sal& %ﬁ%&eﬁ &oﬁtggxg}éhgorﬁl?p%g% u’g ecalﬁ%est BS’( l?grn%?ﬂ?ﬁje@ rﬁémng, co-gelling,

P ect

imp g AR GrodricOdonipand ohto drothes, amdt the éilra] F(ﬂtbvhhgtany kentacting
same organoal unm num conpound used. in the ti.onal.

mashods HisrRmtacted EpxHe of P OPPORNG Slegiror Vit Einyinrettie: pad the
mét&leloﬁaﬁety?§aﬂy ecaf?,frﬁa NAMHIFDAIY) 6 UGRAUNGdd Mat@fAUCAH electron-

directl Yy nto the yrrerlzatlon react or. In one
withelpaydng anim e@trpfanmd thegmetrh| alti oL metabepoiaining cAmPeRTY, are

CObtgigtg(?%lild (fa?cme s%ﬁl?ﬁmeg&l onpounds having the follow ng

ere (X5) is a hydrocarbyl having
f r omhé ph&paﬁh@hltof e dentiaitiyateated .solld pkided isydesdritisyl in §.2rPat.

NG AR LA RS 50 S BAOI 200 S oo,

eadlr U MER isSRGTIIFANA heremaR %z&‘éfereﬁ&?(ﬁ’d the atgrefiyne | i ke.
The substituent (X6) in the above fornula is selected

Catalyﬂ?ﬂqalppﬂeon-hW(PME)nah@q\C@Wﬁe aryl oxi de, and the

1 10 SRR b el ifhele b BOORPARERL LHENREHE] S oxce
disclosed herein, the catalyst composition of this invention optionally comprises a
cocatalyst. Thus, it is not necessary for the catalyst composition to include a cocatalyst.
When used, the optional cocatalyst is typically selected from an organoaluminum
compound, an aluminoxane, an organozinc compound, an organoboron compound, an
ionizing ionic compound, a clay material, or any combination thereof. In one aspect, the
catalyst composition further comprises an optional clay material, selected from clays
and other natural and synthetic layered oxides, cogelled clay matrices containing silica

or other oxides, pillared clays, zeolites, clay minerals, other layered minerals, or

(]
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In the formula A (X5).(X6)3, nis a nunber from1l to 3

inclusive, and typically, nis 3. The value of nis

not restricted to be an integer, therefore this

formul a i ncl udes sesqui hal i de conpounds.

General |y, exanples of organoal um num conpounds t hat

can be used in this invention include, but are not

limted to, triallcylalum num conpounds,

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

di hal i de compounds, al kyl al um num sesqui hal i de
conxbimdummereaf; dndudibg bat nonmitédtoeivh @pmigcab&;e b»yawfblrmiserals

nun1co oun t hat _.can '
(n‘f%H(?g ﬂ? %ﬁh‘mﬁ PheTHRE n‘i“%‘g‘?t frgm Juch r‘%p"“n?% 9 ﬁ“‘y ) cbibifations
th&regargamileds oLwhRR e RPeted Br@nat rdmaifis @cet o INeThe cocatalyst
mononer i nclude, but are not |imted

may; ﬁﬁ@ﬁmwwrtfﬁ]arﬁmbcqqmy or {RIK Y, OF %muﬂf s qeopgialysts, including
}, tggsgg]a Wte g€t hyl al um num et hoxi de;
I buty alun1nun1 di sobut yl al um num hydri de;
triisobutylalutninum (TIBAL); and diethylal um num
ect gf this invention invol ves

Thfqégﬁggﬁmgmugﬁ%mgwn%§P un1nun1conpound isto
pr ecbBtpResent iﬂeenlioh eroﬁdésaéayﬁyst CbOﬁpOsﬁ&dSﬂschmprﬂ_rngt @he or more

trod t al t tot ly .
bR oo R Shreca RO g an optional
co@aﬁﬂ?ﬁ%ﬂl ben &ini JAt QS 8k Sich@aRkd oF t'hﬁtlﬁvénitl@n comprises at least

pol ynerlzatlon reactor. The anpbunts of organoal um num
ong opygauealundinge| cempounsk eThusi nbe uptssanheinvetion prayides edtalyst

cRJISE A FUSETm, VSS4 0 PRp RO e Sh -
hytlﬂbcﬁﬂ’by'l subbttoredi maxtallcmne eamlt archehncaugerea&pesrmd phkide, and an

rati o.of the orgqganoal utni ound.to
OPEPF&%PE@PP glumirumy e yOBS AHECY %Pdgﬁp%%ﬂnvfé“ei Thgyuse of
sofe Q)E'%an&alﬁm% b(')’mﬁchﬁd(i@tp?écﬁﬁﬁactctﬁ@'@ﬂr‘éf tat@st components prior to
Triethylal um num(TEA) and triisobutylal um num (Tl BAL

intggdaicing pthéa¢at@rzssﬁpm£m dbe wpobanqrization geagtosedpd ohe thilance of the

or; Xﬁﬂ{nﬁr&% %or;[ qm@?& Be? Hﬁﬁlod@é g @%@%ﬁ{e}‘lﬁnon reactor. It
presen venti on provides ¢ yst nposi t i1 ons

is mlm:)qusd tigt the@ame organealiyithuor@mipoind udedtin thetoptional precontact

nmet.al | oc chemcally-treated solid oxi de, and an
Sty R 810k, G AP SRS RIS Mot Sai o 1 O5Eg@ Py Sompotnd
intfdRidéPdiveRily Hto fﬂélp‘él}hﬁéfﬁﬁtﬁdrﬁféa&&{mr ises at |east one

alun1noxane cocataly Alun1noxanes are also referred

to a® opelasrasy dh@@awwl osganaflHIRGY CormByUNdY Haclpda, dut are not
lmﬁ%td% Xgﬁl §LY the %lfov&%é’%&%gl Yo [H' acted with the

n1nox ne in aturate rocar bon conpound
oIWﬂﬁ(L&XﬁQMgh any solvent mhlch is substantially

whegh 60 & Brasneaba ok ik TAERo PRl S PR BE TUe? b

is SPMRAHaking Frdn®D & 8bdul 10 Ba@omnﬁr ar@@oreeypicdllyect g 6k siél/ected
met hods known to those of skill in the art, including

frogyethyepropyls-outyLsec-Privh ispbuiyh hegyl, adehe bke| yst
conmposition may be introduced into the pol ynerization
react or without being isolated. The al um noxane
conpound of this invention is an oligoneric alum num
conpound, wherein the al um noxane conpound can
conprise linear structures, cyclic, or cage °
structures, or typically mtures of all three. Cyclic
al um noxane conpounds having the fornmula: wherein



Ris a linear or branched al kyl having from1 to 10
carbon atons, and n is an integer from3 to about 10

are enconpassed by this invention. The (A1RO).sub.n

noi ety shown here al so constitutes the repeating unit

in a linear alum noxane. Thus, |inear alum noxanes
having the formula: n \FR wherein Ris a linear or
branched al kyl having from1l to 10 carbon atons, and n
is an integer from1l to about 50, are al so enconpassed
by this invention. Further, alum noxanes may al so

hav ehe a@Bstiidnt KOy a5 thef atohe fhmiutulia stiefted faRb halide, hydride,

A S % B i 65 eSS DIANL s rom oo
or gﬂ)ggfgﬂémewﬁca )()2?) id Gudhe number of two coordinate

1
n atons, no($ J s the nunber of 4 coordinate
oxy e thesfoomsa Al ).EDes 8ris & namberframa|to Alinejusives angptypically,

n 3 7ht RSP 83 et LPRS Ruthin B PiRe IR ifbtudes

sesg@ihaiide @niands. Thus, al um noxanes that can serve
as optional cocat altysts in this inve

E‘H gg are d in thi
gen&rearially,r egrels RicueBipag iR Fompgris faal gn e pied i this
invRafor\ L 1IEHER2 bupNdrd hgof | KRitedng6.€1 BialkyRaliBnBuAUPcoriipounds,
typically a linear or branched Cl-C6 al'kyl such as
diatietllyminienhy halidsr oppimpoungdsy | allpdaluminumor “dikalide werepRQUAdS,

n ically represent ' .
Sy EB o R SRo 0 W SR, S Sl
of ioRxe@BAluMihuint Cortipteindd that asrebd aged! inrthisdnlvention in the precontacted
Jret hyl al um noxane, et hyl a(i)u ] nOXfﬂe, clud
mixtusG Wbti}ﬁ]aq Wﬂéompgan i’@p?‘? g.e Ri%, 8%%}481’16 monomer include,
bul- Bt Yba! P XRN e trivhetRHhMhnifind NTTMXARN &riethylaluminum  (TEA);
secbutyl al um noxane, iso-butylal um noxane, )
tripropdalugizungniitylehaninpmpethexide; | tikptylakapiaum; disobutylaluminum
-~ pent.yl.al uni i\$ Q- 3 - .
RS BT AR A,
Wi Iomeoagpectoaf thisnoweaimtem wmviolvedi the eusendf tspme sorgandRluminum
groups.are enconpassed, by the present .inventian .
cowggm 11, mqqgggg&e&me mbjl)’/ caé{lmh cog?mﬁﬁ%)p&%’to olpf.roducmg the
cataBRP WY the| pHIRhEP24E0Ee Bickor! YRl CBE WikncONGTl theOoGhIajigifum
used in the catal yst conpositions of this invention.

compeursl tol bavintoduesdsdirecty e fhe palymegpation reactor. The amounts of
i - |y t ki | ) Ny t of
oréaploggxf%u ) g%ﬁ‘lMd dik&b43d! ale WBlud’ the total amount o

num respectively, and are sonmetines
orgaabalumértint compoyndl ysedeinhanl optional prenordadt degp, apdlapy exddijional

al uni num oxi de), an ol y{isoputyl al um num.oxide
orgaegg'&m% |°9mp%ltn<% §<9d§5 48 ‘fAﬁ PR c{%@%fﬁt 9 dspect, the
weight @id 8NiHeQrikiPaldmidh LPOXAN® the chanRbitpireasd vélidioxde is
trial kyl al umi num such as disclosed .in US

S. Pat. No.
from gt 094, to whewiH :1.800hiarthe patalieisopirsition Trirtpdlunianee(TEA)
andl Qﬂisgﬁutﬁgﬁﬁrfh%d'(TIBAL) are typical compounds used in this aspect of this

invention.
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The present invention contenplates many values of n in

t he al um noxane fornmulas (R Al-0)11 and R(R-Al-0) Al R2,

and preferably n is at |east about 3. However,

dependi ng upon how t he organoal um noxane i s prepared,

stored, and used, the value of n may be variable

within a single sanple of alum noxane, and such a

conbi nati on of organoal um noxanes are conprised in the

met hods and conpositions of the present invention.

In preparing the catal yst conposition of this
TherOeivhalohlumimpansCogutayst opt | onal al um noxane, the

nnlq; rati o of %he alugin%g1i% t he ahunixoane.to t he

hy dri g€ ARSI ERH R BTG R P41 Y B COMB T HOTH e TR <91 Grfrore
hydfoctibyRbubytitifed Maiiébnek; 4 Ghdnticalioidateld1i0QRidE, addanOsigional

anot her aspect, the nolar ratipo of the alum numin the

cogatalirstcommenent nrrae ayench dhe eapplabishef thisypetine campres deleast
I .

onf o FETRBIAD ARl O AR 8 By

alamipuinyoedésy.aTho otheo wetalyst aomporpntst argi typicallya contagfed ofith the

about 0.01 / 0 ,about 1000 AL, from.about. 0.1 ... .
afigRpkapg g SRS RERE oD foppou spisene BORRT RS b rpich s
subdfarit@lli: inert to thePegAa 4 intefintdiahReamdaaodiRe drtRpastatidlystep can

various procedures which are well known jn the a

rt.

bemsegrdibe saislysbeagepasition fpmesdAn dhis masaermay pg collested by methods
knSha G BR8E of Kilirthe R indRfing Butafd? 1iBR8d 30 H1tfhti8R BoraRe catalyst
each of which is i1 ncorporated by reference herein, in
coimpgsitiont inpe by introdecedsintophepalymériratiomreattornivithout heinguasplaied.

pregared is as fallows. L which i | S$: [

P ente of iR, Bomfiig, o it W0fda' § o B0l elyum
combplkiyld, ddeRMING ubitotmeAdbRpsuil Sint @nippisalibbe stasturesyclic,

or ganoal um noxane . conpound. Wi | e not jqﬁendin to be
or |5agih rus{resh o tacallypppiures of pld thyge. g AinoT e compounds
haﬁﬁghﬂg%hﬁmgpthod can afford a m xture of both linear

and cyclic (R-Al-0% al um noxane speci es, both of which

are egg@qﬁfssed by this invention. Alternatively,

or ganodl umMmoxanes may be prepared by reacting an

al uni nffm al kywhecgmpound such as AIR3 with a hydrated

salt, such as hydrated copper sulfate, in an inert

organi ¢ sol vent. The Optional O ganozi nc Cocatal ysts
R Eheliidae 9 Biantpdenkyl Havidg Gvintl @ So 8t atboatateagR@d int is @ASnteger

conpri sing one or nore hydrqcarhbyl -substituted ,
fromp3 & akowk g‘é are cRCIpRAseddy thisipveatiay s ‘83@@@, mgigty shqwn
hef%ptalsgn?&nsﬁﬁl‘fét & $pe Qﬁnglﬂ)?tmin 4 NifRRE MAfRB6kane! Mus, linear

cocatalyst of thisinvehtion conprises at |east one
aluprigeranes Imyingghp Gumala: I n one aspect, the

cat al ystgyconposition further conprises an optiona

r i“nc cocatal yst, selected froma conpound with
R&@?Q?E?ﬁgmﬁng fornul a:
* 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.
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Zn( X5) (X6); wherein (X5) is a hydrocarbyl having from
1 to about 20 carbon atons; (X6) is selected froma
hydrocar byl , an al koxi de or an aryl oxide having from1l
to about 20 carbon atons, halide, or hydride. In
anot her aspect, the optional organozinc cocatal yst is
sel ected from di net hyl zi nc, diethylzinc, dipropylzinc,
di butyl zi nc, di neopentyl zi nc,
di (trinmethylsilylnmethyl)zinc, and the like, including
any conbi nati ons thereof The Optional O ganoboron
Coc Fupthats hlaminoxanckhBaypales ie dagy etiidtas pf thei famsula RoR%m
catal yst conpositions conprising one or pore

Ao CHICEH Dsi§ B a6 8dS TB@roge @ews Whgrein N is the number of

threD 850:8i ?Meyalllrﬁﬁﬁltneﬂorﬁ@d g RthIRumbER &t 8o O8riaRRloxygen atoms,

cocat a conponent one aspect, the cocatal yst of
notais shé mmbﬂruoﬁﬂ cooxdpraat@@sygan atoswsR' sHEssetyatsbiebalkyl group,

BB i 0 RC e B B RR PR

ﬁ@@onhina&haﬁﬁn@hgreof For exanpl e, the organoboron
ounds of this |nvent|on can. co

I udhes r"é‘Hﬂ‘&o’ﬁ’é‘F% Hhat G SHY 2 %ptfqnalon?%ﬁagyéﬁdn B dvention are
gelt?J A4 l‘kg)r serﬁéd By ORI AAHCR s "(ﬁ—ﬂ/@le-O)nARI/R—f—IAHDI@RAHQn énd the

f1 uoroor gano borate conpound known in the art
likeamhé¢reinithé Ri ge@p lsmcalbr arlingay or branghedC s alkylcwah 84 methyl,

S it ani [ f
eﬂ{yﬁ é)r?}%}fi n‘g ,eortﬁéé% él‘}'gl];lgloyg !}?% 1[e§ né§: %gﬁ?ég@ldfgoﬂ 1to
ab&lts3y. asné bﬁxbu&tmht nmﬂhunmdxanef edmpounds bﬁ mmmvemnmmckude

salts of %quuoro or on quound of the f orm
buf 85 PeniRYA1S, THGYGOP R SRne o ROBURT gty e Ry Arminoxane,
1so°;|5 ARbEn#ddRe, FOT nHRARNARMARE e, T | UGLIRRYIGARRINERMEN andec-
uor oor gano Bor at e conpounds are typically referred

butybaleminosate; vss- 'yutﬂylumlwmowmtzl@wmmm@e erﬁylablmm@sane
3 Reﬁ{nfalﬁélmox %t gylglﬁl%ﬂo& ne ent}}}_ai gr combinations

oroorgano bor oun & use
thetefat al ysts in the present |nvent|on |nclude but are

n ol V{{i]i‘ Egeérgg}}otgﬁirqqfu{)ﬁ%g% vrs}léc'h Sﬁlferen Jtypgso &aé ?grsou%éj gre encdmpassed by
thd %I'erséﬂtclh%r@i%ﬁt ety rawﬂﬁeyaln)ebmnw, ethyl Pagmdxase, henisotutyl

tetralds(pentafluoro henyl ) borate, |ithium
aluneinexang jasg ’Fy@mahppmqa poral ys}soqﬁegtné the catalyst compositions of this

m‘!ght\%l ci's é,’.éjmlébl sl(nt ?&‘} P uofe orne*tpﬁ(iﬂa)r heny?nil bo%mghylalummum

tnéthylp]ua’mytlm;arrttemobmylalummum respectlvely, and are sometimes referred to

e SANGT ST o S BIR BEBSTALR BUF s

ahi‘nluﬁﬁ’thquic%? NRsHRLiOEly CRIP alsbdpithindlie Scdpe RE this BFetfon to use an
cocatalysts in the resent |nvent|on i ncl ude, but are

aluyseinoxanaiin @unltlaatwmrw@( pilafalysngpn s asgisclosed in U.S. Pat. No.
4, 7t9r4'0§% SWI,}ICP E’c}&%lﬁ irfcb fﬁéﬁeﬁ)ﬂﬁé@r%@%’ Itd Qﬁfr&? oand t he

res t"her eo ugh not
| nt é‘ﬂnell prgseno m@nbmu regnfenptadtes frxahy owluq:g ctfhweony et deminoxane

oo T s SR PR LaRE ke A HRCE A Bt .

Hovvmkldép&ﬂﬁfgdmmt how fheamgmmmﬁdska@e ﬁé)pfcbp&ew dtbred, and used,
or ganonet a

(4]
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conmpounds, as disclosed in U S Pat, No. 5,919, 983,
which is incorporated herein by reference inits
entirety. General ly, any anount of organoboron
compound can be utilized in this invention. In one
aspect, the nolar ratio of the organoboron conpound to
the netal |l ocene conpound in the conposition is from
about 0.1:1 to about 10:1. Typically, the anount of
t he fl uoroorgano boron or fluoroorgano borate conpound
used as a cocatal yst for the hydrocarbyl -substituted
therealat lofgemayits vamahlerwitigie fingleovamplboot algminaoxehe and such a
about. 10.nol es, of. boron_ conmpaound, .per ok e. of e
cofiBitfiod S E-E RS SRR SuR e RSy Had somppsitons of
thd pressnopive@ia. boron or fl uoroorgano borate conpound
used as a_cocatal¥st for the hggﬁfcarbyl-subsxjtuted,

met &1 PEPariae fhe Galyst campesiion pf B WBERIonFomPREINg anpptional

ahRAGane, 1R KR aCfatiBYrAhe GREGAHAGn RRY allRi®afd to the hydrocarbyl-
nmet al  ocene conpound. The Optional 1onizing IonicC

sulgtitygeri maetallocene Tih ethg ravgwesitionvie nesually grosyiabest d:0afke sbout
9S4 t i ans risi . . . .
ORRSSl G BFERPDL B8 0GR R st in e stumixone o
theheiodaed yil-yutistieaddaslietadddetle axihd eompogdticmis apdallgrfedm about 5:1 to
cocat al yst conponent. I n one aspec he cocatau%st of .

b 19.00R T TSRO P! BEmiagte Hied FQHPYYRGTIFion Zone 1s

an @RIGAAUPEhin a range ofAbdR0L(AI RAG/LI t8AbSut A00PR/NY Hotn Mbut ONirkg/L
conpound whi ch can function to enhance activity of the

to ghoub 1 §Bmegdeopbemtabovt. | me(li o ahout o8- by theory, it is
bel i i.onj Zi L QN 0
cap YRS LAbE LMl b E \ RIRMNAIRS Phich are,well
knewn\etlid &g Edamphsta] drgamamninéana pesphratonscaraelisldsed endl.S.
C 0 ai Lle nqt intending to be bound b .
paf NGy 5292000 B3 80C 05 Bt FHER T REomAGAR Fierenct heren,
in %9 TERANEE ORYexfatipid bPRoR SandilumdikdidBhaf BERRePARADN as follows.
conpletelé.or partially extracting an anionic |igand,

Waserswhish js disspbredsn an knest enggmic selyenidnayikerreagied wgh apaluminum
al oﬁ(%nép&ﬁla @h&l’h% KH{QLM? {Cfofm tﬁpH&YI%& b(rﬁtdﬁgalﬁrﬁﬂfo\%%ﬂeé?%)&pound.

conpound IS an activator regar ess O
Wiite net intendingso theebauntl iyl thisestatemats titr mctebicwd (uB)hinsynthetic

e o 0 hap ) 0 e Sl B A ataminonane
spd¥Risal bRABENE, wHidiP! deCRALMPRERS By @ik (iXdntdh. ( Xfrmatively,

l'igand, or any other nechani sps by which activation
orgspgalymingxanes may he prepared; by rgepting @p eainym alkyl cqmppound such as

Al%gf%tﬁ ia_'p%dlia%isﬁlt %ggﬁ)meﬂgé éo:?ﬁ&esuifﬁl‘é, m%tlﬁéxjt Se&ll€ solvent.

e activation function of t i oni zing-ionic
The Opponal Orgaoeint donstalystst he enhanced activity of

cat st ¢ osi.tion as a ole, as.conpared to a

cat 11 BBl BoRion e Bl s goe RS RGBT s P more
hydrBedrbylaabstiteted eRMMot&Rs, 2ddhcEHI B/ tR@ted @0li€ oLidePa@idneh. optional
cocatalyst component. In one aspect, the cocatalyst of this invention comprises at least

one organozinc compound.
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Exanpl es of ionizing ionic conmpounds include, but are
not limted to, the foll owi ng conpounds:
tri(n-butyl)ammoniumtetral cis(p-tolyl)borate, tri(n-
but yfl atnrnoniumtetral ds(mtolyl)borate,
tri(n-butyl)anunoniumtetralds(2, 4-

di net hyl phenyl ) borate, tri (n-butypammoni urn

tetral ds(3, 5-di net hyl phenyl ) bor at e,

tri (nbutyl)amoni um

tetral ds[3,5-bis(trifluoronethyl)phenyl]borate,

tri [noRdadpbdtafiieRataly8l composition further comprises an optional organozinc
tetralds(Egntafluorophenyl bor at e,

1)
copatalysti setacked eom ¢ Fompeund gtiththe fallopingfopnyigor at e,
N, Nji Rt aniliniumtetral ds(mtol yOborate
N,Rp%gﬁgpﬁylaniliniun1tetra|ds(2,4- .
whtree (6 liph bydroydrbyldtaging Myokh diteratdwy P8 satbpmiatems; (X°) is selected

tetralds(3, 5-di net hyl phenyl ).hor.at.e. . ,
ﬁ'ON"l ﬁl-}&fd?& %y?, o iﬁ?ﬂ)flé?nor an ar;'lox1de h%Vmg from 1 to about 20 carbon

atdn®, ralids [ & bydiide( I ishbther aspetiy\thd phtondl Tiganariae cocatalyst is
N, Ndi rnet hyl anj [.iniym . . . . ) ) )
selegted Hfrom (HoRtianco Bphdrps) ipronveing dipelipc: dinsepsnivrioc,
i i i R 59cB@BIndfdns thereof,
dl(?@%l?tg#’lgiy(lﬁ}kﬁig Ilﬁ%/ll)ﬂ ?’g‘(ﬁ)lraglt%el,l ﬁeg irniQp hen yalﬁ:lg g rgﬂt?e ni um
tetral ds(2, 4-di net hyl phenyl ) borat e, tri phenyl car beni unt
etral cis(3,5-
di met hyl phenyl ) borat e, tri phenyl car beni unt etral ds[ 3, 5-
bi s(trifluoronethyl)phenyl]borate,triphenyl carbeni um
tetral ds(pent af | uorophenyl )borate, tropylium
tetralcis(p-tolyl)borate, tropylium
tetralcis(mtolylThorate, tropylium
tetraki s(2, 4-di net hyl phenyl ) borate, tropylium
tetral ds(3, 5-di net hyl phenyl )borate, tropylium
tetralcis [3 ,5- bis(trifluoronethyl)phenyl]borate,

tropyliumtetraki s(pentafl uorophenyl)borate, lithium
tetral ci s(pentafl uorophenyl)borate, |ithium
tetraphenyl borate, lithiumtetral ds(ptol yOborate,
lithiumtetralds(mtolyl)borate, |ithium

tetraki s(2, 4-di net hyl phenyl )borate, [ithium
tetral ci s(3, 5-di net hyl phenyl )borate, 1ithium
tetrafl uoroborate, sodium

tetral ds(pent af | uorophenyl ) borate, sodi um
tetraphenyl borate, sodiumtetralcis(ptol yOborate,
sodiumtetral cis(mtolyl)borate, sodium
tetral ds(2, 4-di net hyl phenyl ) borate, sodi um
tetral ci s(3,5-di nmet hyl phenyl ) borate, sodi um
tetrafl uoroborate, potassium

tetral ci s- (pentafl uorophenyCborate, potassium
t et raphenyl borate, potassiumtetralcis(p-
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tol yQborate, potassiumtetrakis(mtolyOborate,

pot assi um tetrakis(2, 4-di nethyl -

phenyl ) bor at e, pot assi untetral ci s(3, 5-di net hyl phenyQbor

at e, potassi um

tetrafl uoroborate,tri(n-butyl)anmoniuntetralcis(p-toly

Dal um nate, tri (n- butyl)ammoni um

tetral ds(mtol yOal um nate, tri(n-butyl)amoni um

tetralcis(2,4-

di t net hyl phenyl )al um nate, tri (n-butyl)anmoni unt etral ds
The Dpriondl i OB idupbrheTycbRalyskl nate, tri (n-butyl)anunoni um

tetral ci s(pent af | uor ophenyl ) al um nat e, ..

N, NTHP PEESRYY iAMention; nEpNIdes Galalyst SPRPPYIONS) COmPriHE PfeeOr more
hy%o%:ﬁ?l%%ﬁ%l;@@! dtdliodBek & ErelisdRdAtetlilid bRId8 24 an optional

) met hylani T1 nium )

cotatdlysticdmpBneht.din mat laspeot drey@shtalyshefi this invention comprises at least

N, N- di.met hé/l ani | i,ni um
ong preganghofonscampaundy 1y bhenyQal uni nat e,

N, N1l bAehdpetathiel orgingbdron compound comprises neutral boron compounds,

t et r aki s( pent af | uor ophenyDal um nafle, ds of thi
boats gke s COmPEREHPIbeIePt A0E PXample. dPS prgrehoReR gompounds of this
inJeEﬁi&ﬂWl SHRRRI HMiRbsrghts GotdnO k¥hpourdl WMfRBERrgano borate

tri phenyl carbeni um
cotpoural, or 8(@mbirditiar tiey¢qfhAany Galoraergeae doron or fluoroorgano borate
C"{"rglf’ﬁ%gﬁ‘]‘i"l(”%‘a’g‘b G it a0 bs tilizeds The; term fluoroorgano boron compounds
hat fifspialy heafibg o wefer to neutral compounds of the form BY;. The term
ﬂutpg{o;gqgé ,SB(Q?%Q %;%lpwl uopr %&%ﬁ% ,%slq%]rpﬂ ?ﬂ?qt:q%mgf t%org%lr Itou me monoanionic
salt L3 Aok S BrloHoYSPddiPolAd 6f thE FQRYIchtitbi] [BY.], where Y represents

tetraki s(2,4-di met hyl'phenyl)al umnate, tropylium
a flearimatedi ere@nis -gvupe thoy cphiveniebes: Ltiasearaanc perpiy | gngd Fuoroorgano

tetral ci t.af.l i i i
b PSR LT ARRETIEEATITGY B AR compots, o
byteﬁhéxﬁ?h@l’h);khﬂ dﬁrdd%gfequi-ml : hi ulm hi

tet Ci -10 uminate, lithiu .

{ ot EaPEPLt F CBpYesEAComi it eany b e 25 gocatalysts in
thél prEBdo Y RHEGY SRIudE] Pt fe nbi fifitedto, fluorinated aryl borates such as,

tetraki s(3,5-dinet ’hyl phenyeal um nate, |ithium .
N, Nedimgthylaoilmaumyni n dsteakisépsafaiigprophenyl)borate, triphenylcarbenium

te%%g@gfgﬁgﬁgpéﬁﬂggﬁge?pglglg%i@?r: &m%&taﬁ&géﬂi&yl)borate, N,N-

neny '
dithethylahitinfuprp - tetrhki€) 3)5ebis(triftusromseblyliphenyl]borate,  triphenylcarbenium

tet%ﬁﬁﬁiﬁé%%i@, g}gmxﬁﬂxgﬁi}%@%%ﬁ]ﬁ}%ﬁg hgc&tﬁ%ittﬁﬁmxtures thereof.
Ex:agl?fe@kdfsﬂ&rgorgéﬂmlhwd@ﬁﬁ)@ﬁﬁdsaihbim:ﬁﬁbé us&Dds Wotatalysts in the

rafl uoroal um nate, potassium

presentrinyentiop dnalde) bieirasp Rehlmird.in Histeentallyprppbemyihlboron, tris[3,5-
L e

t et idthosghmatdhiedding terbe heurel, bypibe deldiwing theory, these examples of

fluoroorgano borate and fluoroorgano boron compounds, and related compounds, are

thought to form "weakly-coordinating” anions when combined with organometal

=]
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t et raki s(2, 4-di net hyl phenyeal um nat e, pot assi unt et r aki s
(3,5- dinethyl phenyHal um nate, potassi um
tetrafl uoroal um nate. However, the ionizing ionic
conpound is not limted thereto in the present
i nvention. The O efin Mononer Unsat ur at ed
reactants that are useful in the polynerization
processes with catal yst conpositions and processes of
this invention include ol efin compounds having from
about 2 to about 30 carbon atons per nol ecul e and
coinpoumly, &t disdastl inA&SoP&f Noi 6,949,083, evlioonds. inGériperated herein by
nventlp ﬁ onpasses honopol yneri zati on processes
R VI b T e Gfe ol efin such as ethylene or propyl ene,

as \WhtraBp, GHPAMOGNBY 0Z AriAidboRACEIIRIM dal B¢ dtidided in this
one dlfferent ol efinic_conpound. Typically, copolyners

invsntien-hin ORe asBERS: thise MolaFafaie ahdhmioremokerhy | wigpopnd o the
meiRlloReRoniolnd ANle RoMbONionA R atldlus 6 ‘?W%%Eﬁt 1@510 TYBLSly,

per cent though this'is not a requirenent.
thec emowenest thet fusroarganoblorow mo| fuveodrga burat @ntppuedl ased as a

shqul. d _have fro e.t 20 carbon ato in
co?qxlagysij q”%f%g nbﬁgﬁhﬁstltut%d m&%ogﬁne 1818 ﬁoﬁagg%?pﬁgm about 0.5
mdle® dbedt 10 ﬁhelem@ﬂ bomeh cempylingr infold yhetalldcéne compound. In one

copol yneri zed with a conononer typlcally but not
asn?ég dassapoyny of fluproorgago Dk oF_fiipreqrganc hosats cempound used as a

coéb% Gor the WGHRREbYLsBSHERE MétalfickheREn a kg @@Hﬂﬁl fbout 0.8

noner |ntroduced Into a reactor zone tO pro uce
mqleh@ abopio jnlss of borge pempdung per malea metalpcete qompaedit 10

Th%ﬁ%%ﬁdﬂggﬂ%gghguogggﬁger based on the total weight of

oner. More typically, the anount
of TheprIEmRIinVdition pueddesi databysa cbmpsmﬁunsmn@nsmgfcme ror more

hydhRGbY LN P4 Tertior st i Tl Bl SouT ReHgyind a1 optional
coRel1F:R BEmPEERN A Bhe RGO R oLAE1 Y08 fathis WV eabn @(Emfnli‘s‘:és at least

nononmer and conononer. Alternafively, an anount
on@wmzsntglemc Cpmpglimﬂe t he above descri bed concentrations

' %Iﬁ zirigc antlcb %m%ﬁglﬁl% FEF él’l q{n%g Uc%%gylo&?cp Wl;h?chu %89 ction to

ch ermn I 'nterna
enlianoe acruvniy rodl mldmmﬂalyﬁ wbmpoditidre Whiltsatbetumd by ﬂfbpry, it is believed

finctionalized, and non-functi alized ol efins ma e
that, {hy IRPLAANG P0G CemPERRdnTRY be Q@Bgﬁéféﬁﬁ%‘ngtw Iy btaflGeene
coMpeRdUARE @&%ﬁmgotlﬁdﬁleiahééené aiftoP8 RBbYEEMbARE:E tddnipdtnd.

catal ysts of this invention include, but are not

Agmnnwbé@l nplointepding o badound by theaw, itds bpligved hat thenigpizine.ionic

cor%p&ﬂlttdqﬂ% fuh%te exaléxq&@mné cB@ﬁB{ﬁﬂfb pe rgﬂtﬂg S,Q)? pﬁrtlallx extractmg
an ambmcemnd 3poshibkyem aon- --elkh(jabnyl Tigand eudh, aslOBRpt €KY, fidm the
the four nornmal, octenes, .the

t 3- hept
PR, HANE (50 Haniring long: FImPUBE e AErtd seerils of

whethe#Ys foRedthe Wtﬁldc&% ﬁ@sftrac@éﬁ (X &r(X“phg‘aY@'lh @ fashion as to
olefins, including but not limte cycl opent ene,

forgzs igh eRisriecakesy the WFM ) KR 'aqvé in Zemetalogeng, simply
co&&ﬁﬁa@g & %n b(§(3 P&I Wﬁé&&lﬁ%ﬁﬁly%ﬁ%&: 'iﬂegﬁﬂu%%hlch activation may

occur. Further, it is not necessary that the ionizing ionic compound activate the

o
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Wiile not intending to be bound by this theory, in the
event that branched, substituted, or functionalized
olefins are used as reactants, it is believed that
steric hindrance may i npede and/or slow the
pol yneri zation process. Thus, branched and/or cyclic
portion(s) of the olefin renoved somewhat fromthe
car bon-carbon doubl e bond woul d not be expected to
hi nder the reaction in the way that the sane olefin
substituents situated nore proxinmate to the

mctaitd@eme- ody. bTin: abtivition fooettbnmfghe ionizjng ioaiclopmpatnd sayident in

he catal t conmpasitions of t
t0f R AL e ritbe SORRoYien BORTBIS AR opercilg™s catays
coﬁipbgiﬁbn batEiRRk ARIYsT edrsuRRicAIthA QRS MorJohipaike aision iy @nic
different acyclic, cyclic, termnal, internal, |inear,
copypameched, substituted, or unsubstituted ol efin. In
addid,i [ f
e i
fo]lcmllnldl wgntputmcm e Hhi(p-butyliameebniwn 1 tSrakifmthldihorate,  tri(n-

pr ene and 1 5 adi ene, .
BRI SR PTG e |t
diR6t PipEeytBotd, hlmhiuSyl)aﬁMﬁﬁﬁur@ Ebtraki%@ 5>aﬁradth5816henyl)borate tri(n-

conposi tions were prepar ed %‘W g SS CO risi ?&m
bupd)smaraniygy teteakish?; S-bisgiriuatomedndIpgeny; 0{8&%% onium
tetp.g&gég&x@{fﬁx}o? gg{ubbf&eeck mealﬁ\{e{h@paﬁnﬁumal te&rakts(b-RAAIbORAIE, N N-

ed soli'd oxide for an effective period
dlmethyllambmum| otetralgs(@stohyg)bokits, cé‘ﬂ,hll-@meﬂwlmﬂmm| otetiakis(2,4-

RS ARLPRGA, 8 R Bl AR e

N, Nﬁdmﬁtl@lja@ﬂmﬁﬂ ? nt Etetﬁhs[mbisaﬁﬂucﬁrbmemlyls)pl&ﬁmyﬁb@mr i ng N,N-
the catal yst of this jnventi ica ocgcur.s
ey RS R RS G eR et ey BRI detrakis -

tolgDRsthde] On%ﬁ)ﬁ@ﬁyﬁarbtaﬂﬁmat MRSRRR(A- td)l?l)ﬁdf@t'ec al |t1¥phenylcarben1um
Subst anti al ggen free and substantially free of

tetmsé%‘*dgn‘tthﬁlph preis, begi ns,tripkenylcashemimdeact i v Eatialsis(3,5-
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One aspect of this invention is contacting a

hydr ocar byl - substituted netal | ocene such as
(15-05H5) Zr (CH2Ph) 3 wi t h an or ganoal unm num conpound
such as Al (i sobutyl)3 for about 30 mnutes to forma
first mxture, prior to contacting this first m xture
with an acidic, chemcally-treated solid oxide such as
chlorided zinc-alumna to forma second m xture. Once
the second m xture of all the catal yst conmponents is
fornmed, it is optionally allowed to remain in contact
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Pol yneri zati on tenperature for this invention
typically ranges from about 60C to about 280C, with a
pol ymeri zation reaction tenperature nore typically
operati ng between about 70C to about 110C. The
pol yneri zation reaction typically occurs in an inert
at nosphere, that is, in atnosphere substantial free of
oxygen and under substantially anhydrous conditions,
thus, in the absence of water as the reaction begins.
Therefore a dry, inert atnosphere, for exanple, dry
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produce hormopol ytners or copol ymers of the present
i nvention. Such reactors can conprise slurry reactors, o
gas- phase reactors, solutiop reactors, or any
conmbi nation thereof. Gas phase reactors can conprise
fluidized bed reactors or tubular reactors. Slurry
reactors can conprise vertical |oops or horizontal
| oops. Solution reactors can conprise stirred tank or
aut ocl ave reactors.



Pol ymeri zation reactors suitable for the present
i nvention can conprise at |east one raw materi al feed
system at |east one feed systemfor catal yst or
cat al yst conponents, at |east one reactor system at
| east one pol yner recovery systemor any suitable
conbi nation thereof. Suitable reactors for the present
i nvention can further conprise any one, or conbination
of, a catal yst storage system an extrusion system a
cooling system a diluent recycling system or a
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hexane cyclohexane oct ane, and i sobutane. Mnoner,
sol vent, catalyst and any conononer are continuously
fed to a | oop reactor where pol ynerization occurs.
Pol ymeri zation can occur at |ow tenperatures and
pressures. Reactor effluent can be flashed to renove
the solid resin. In yet another aspect of this
i nvention, the polynerization reactor can conprise at
| east one gas phase reactor. Such systens can enploy a
conti nuous recycle stream contai ning one or nore
nmononers continuously cycled through the fluidized bed
in the presence of the catal yst under pol ynerization
conditions. The recycle streamcan be w t hdrawn from
the fluidized bed and recycl ed back into the reactor.
Si mul t aneousl y, pol yner product can be w thdrawn from
the reactor and new or fresh nononer can be added to
repl ace the polynerized nononer. Such gas phase
reactors can conprise a process for nmulti-step
gas- phase pol ynerization of olefins, in which olefins
are polynerized in the gaseous phase in at |east two °
i ndependent gas-phase pol ygerization zones while
feeding a catal yst-containing polymer fornmed in a
first polynerization zone to a second pol yneri zati on
zone. In still another aspect of the invention,
t he polynerization reactor can conprise a tubul ar
reactor. Tubul ar reactors can nmake polyners by free
radical initiation, or by enploying the catalysts
typically used for coordination polynerization.
Tubul ar reactors can have several zones where fresh
nmonomer, initiators, or catalysts are added. Mononer



In anot her aspect of the invention, the polynerization
reactor can conprise a solution polynerization
reactor. During solution polynerization, the nononer
is contacted with the catal yst conposition by suitable
stirring or other nmeans. A carrier conprising an inert
organi c diluent or excess nononer can be enployed. If
desi red, the nmonomer can be brought in the vapor phase
into contact with the catalytic reaction product, in
the presence or absence of liquid material. The
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description herein, may suggest thenselves to one of
ordinary skill in the art w thout departing fromthe
spirit of the present invention or the scope of the
appended clains. Definitions In order to nore
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definitions are provided. The term polyner is
used herein to refer to honopol yners of ethyl ene or




The terminert atnosphere is used herein to refer to
any type of anbient atnosphere that is substantially
unreactive toward the particul ar reaction, process, or
mat eri al around whi ch the atnosphere surrounds or

bl ankets. Thus, this termis typically used herein to
refer to the use of a substantially oxygen-free and
noi sture-free bl anketing gas, including but not
limted to dry argon, dry nitrogen, dry helium or

m xtures thereof, when any precursor, conponent,
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e tern1hydrocarby| is used to refer to an aliphatic
group, an aromatic group, a cyclic group, a °
conbi nation of aliphatic ang cyclic groups, or a
substituted derivative the having from1 to about
20 carbon atons. The tern1precontacted m xt ure
is used herein to describe a first m xture of catalyst
conmponents that are contacted for a first period of
time prior to the first mxture being used to forma
post contacted or second m xture of catalyst conponents
that are contacted for a second period of tine.
Typically, the precontacted m xture describes a
n1xture of hydrocarbyl substltuted netallocene and t he




Simlarly, the term postcontacted m xture is used
herein to describe a second m xture of catal yst
conponents that are contacted for a second period of
time, and one constituent of which is the precontacted
or first mxture of catalyst conponents that were
contacted for a first period of tine. For exanple, the
term post contacted m xture can be used herein to
descri be the m xture of hydrocarbyl -substituted
net al | ocene, chem cally-treated solid oxide, and
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context requires. The present invention is
further illustrated by the follow ng exanples, which
are not to be construed in any way as inposing
l[imtations upon the scope thereof. On the contrary,
it is to be clearly understood that resort may be had
to various other aspects,




enbodi nents, nodifications, and equival ents thereof
whi ch, after reading the description herein, my
suggest thenselves to one of ordinary skill in the art
wi t hout departing fromthe spirit of the present
i nvention or the scope of the appended cl ai ns.
In the follow ng exanpl es, unless otherw se specified,
the syntheses and preparations described therein were
carried out under an inert atnosphere such as nitrogen
and/ or argon. Solvents were purchased from comrercia
S OUPeRSnalratceteRptinire Hrl thiis dnveadomp tyipivally cangse frotdrdbests60°C
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for, BEeTERlt. o HIBQE LR PRy DHOTG g&w@a plasn s appspihigaton
redkgqeral Sources and Properties of the Solid Oxide

Materials Used to Prepare the Chenically-Treated Salid
Oxi dé¢ polymerization reaction pressure can be any” pressure that does not

adversely affect the polymerization reaction, and it typically conducted at a pressure
higher than the pretreatment pressures. Generally, polymerization pressures are from
about atmospheric pressure to about 1000 psig, more typically from about 50 psig to
about 800 psig. Further, hydrogen can be used in the polymerization process of this
invention to control polymer molecular weight.

Polymerizations using the catalysts of this invention can be carried out in any
manner known in the art. Such processes that can polymerize monomers into polymers
include, but are not limited to slurry polymerizations, gas phase polymerizations,
solution polymerizations, and multi-reactor combinations thereof. Thus, any
polymerization zone known in the art to produce olefin-containing polymers can be
utilized. For example, a stirred reactor can be utilized for a batch process, or the
reaction can be carried out continuously in a loop reactor or in a continuous stirred
reactor. Typically, the polymerizations disclosed herein are carried out using a slurry
polymerization process in a loop reaction zone. Suitable diluents used in slurry
polymerization are well known in the art and include hydrocarbons which are liquid
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 can be used as diluents include, but are not limited to, cyclohexane, isobutane, n-
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Alum na was obtained as Ketjen grade B from Akzo

Nobel , having a pore volune of about 1.78 cc/g and a

surface area of about 340 n2/g or Ketjen L 95-98%

alum na and 2-5%silica having a pore volunme of 2.00

cc/g and surface area of 380 n2/g. Silica was obtained

as Davi son grade 952 fromWR G ace, having a pore

vol une of about 1.6 cc/g and a surface area of about

300 n2/g. Silica-alumna was obtai ned as M513-110 from

WR G ace having 13% by wei ght al um na and 87% by
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i ntai ned at 600 and the gas ream was chang
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and evaporat ed upstream from the al um na bed
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Pr epar at i of Fluorided Siljca-Au
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W th a solution containing 70 g of ammoni um bi fl uori de
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mctoffeBth bAAASSt, Bhd & QERBntURAtd b péSMbrization reactor and the continuous
removal from this reactor of a suspension comprising polymer particles and the diluent.
Polymerization reactor systems of the present invention can comprise one type
of reactor per system or multiple reactor systems comprising two or more types of
reactors operated in parallel or in series. Multiple reactor systems can comprise reactors
connected together to perform polymerization, or reactors that are not connected. The
polymer can be polymerized in one reactor under one set of conditions, and then the
polymer can be transferred to a second reactor for polymerization under a different set

of conditions.
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EXAMPLE 5 Preparation of Sulfated Al um na

Ketjen L alum na, 652 g, was inpregnated to just
beyond i nci pient wetness with a sol ution contai ni ng
137 g of (N114) 2SO dissolved in 1300 nL of water.
This m xture was then placed in a vacuum oven and
dried overnight at 110C under half an at nosphere of
vacuum and then calcined in a nmuffle furnace at 300C
for 3 hours, then at 450C for 3 hours, after which the
activated support was screened through an 80 nesh
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at least one gas phase reactor. Such systems can employ a continuous recycle stream

h.

containing one or more monomers continuously cycled through the fluidized bed in the
presence of the catalyst under polymerization conditions. The recycle stream can be
withdrawn from the fluidized bed and recycled back into the reactor. Simultaneously,
polymer product can be withdrawn from the reactor and new or fresh monomer can be
added to replace the polymerized monomer. Such gas phase reactors can comprise a
process for multi-step gas-phase polymerization of olefins, in which olefins are
polymerized in the gaseous phase in at least two independent gas-phase polymerization
zones while feeding a catalyst-containing polymer formed in a first polymerization zone
to a second polymerization zone.

In still another aspect of the invention, the polymerization reactor can comprise
a tubular reactor. Tubular reactors can make polymers by free radical initiation, or by
employing the catalysts typically used for coordination polymerization. Tubular reactors
can have several zones where fresh monomer, initiators, or catalysts are added.
Monomer can be entrained in an inert gaseous stream and introduced at one zone of the
reactor. Initiators, catalysts, and/or catalyst components can be entrained in a gaseous

stream and introduced at another zone of the reactor. The gas streams are intermixed for
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General Description of the Polynerization Runs
The al kyl conpounds, including those of FIG 1 and
Table 1, were typically pre-contacted with at | east
one chem cally-treated solid oxide in hydrocarbon
solvent prior to injection into the polynerization
reactor. All polynerization runs were conducted in a
one-gallon (3.785 liter) stainless steel reactor. This
reactor enployed an air-operated stirrer with a three
bl aded propeller and was set to operate at 700 rpm for
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Exanpl e 20 indicates that diethylzinc is not a good
al kyl ati ng agent for the dichloronetall ocene H shown
in FIG 1. Table 1. Polynerization Data for
Form ng Et hyl ene Honopol yrners and Et hyl ene-1| - Hexene
Copol yners.

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

The present invention is further illustrated by the following examples, which are
not to be construed in any way as imposing limitations upon the scope thereof. On the
contrary, it is to be clearly understood that resort may be had to various other aspects,
embodiments, modifications, and equivalents thereof which, after reading the
description herein, may suggest themselves to one of ordinary skill in the art without
departing from the spirit of the present invention or the scope of the appended claims.
Definitions

In order to more clearly define the terms used herein, the following definitions
are provided.

The term polymer is used herein to refer to homopolymers of ethylene or
copolymers of ethylene and another olefinic comonomer.

The term inert atmosphere is used herein to refer to any type of ambient
atmosphere that is substantially unreactive toward the particular reaction, process, or
material around which the atmosphere surrounds or blankets. Thus, this term is typically
used herein to refer to the use of a substantially oxygen-free and moisture-free
blanketing gas, including but not limited to dry argon, dry nitrogen, dry helium, or
mixtures thereof, when any precursor, component, intermediate, or product of a reaction
or process is sensitive to particular gases or moisture. Additionally, the term inert
atmosphere is also used herein to refer to the use of dry air as a blanketing atmosphere
when the precursors, components, intermediates, or products of the reaction or process

are only moisture-sensitive and not oxygen-sensitive.
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The term metallocene is used herein to refer to metallocene and metallocene-like
compounds containing one or two n’-alkadienyl ligand, one or two n’-cycloalkadienyl
ligand, and more typically one or two n’-cyclopentadienyl ligand, or its analogs or
derivatives. Thus, the metallocenes of this invention typically comprise a
cyclopentadienyl, indenyl, fluorenyl, or boratabenzene ligand, or substituted derivatives
thereof. Possible substituents on these ligands include hydrogen, therefore the
description "substituted derivatives thereof" in this invention includes partially saturated
ligands such as tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl, partially
saturated indenyl, partially saturated fluorenyl, substituted partially saturated indenyl,
substituted partially saturated fluorenyl, and the like.

The terms catalyst composition, catalyst mixture, and the like are used herein to
refer to the mixture of catalyst components disclosed herein, regardless of the actual
product of the reaction of the components, the nature of the active catalytic site, or the
fate of any one component such as the hydrocarbyl-substituted metallocene or the
chemically-treated solid oxide. Therefore, the terms catalyst composition, catalyst
mixture, and the like include both heterogeneous compositions and homogenous
compositions.

The term hydrocarbyl is used to specify a hydrocarbon radical group that
includes, but is not limited to aryl, alkyl, cycloalkyl, alkenyl, cycloalkenyl,
cycloalkadienyl, alkynyl, aralkyl, aralkenyl, aralkynyl, and the like, and includes all
substituted, unsubstituted, branched, linear, heteroatom substituted derivatives thereof,
having from one to about 20 carbon atoms. In one aspect, the term hydrocarbyl refers to
a hydrocarbyl group comprising from one to about 20 carbon atoms. In another aspect,
the term hydrocarbyl is used to refer to 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.

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

[+]
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1. A catal yst conposition conprising: t he cont act
product of a netall ocene conpound and a
chem cally-treated solid oxide, wherein: the
net al | ocene conpound has the follow ng fornul a:
(X5(x2)00) (X4)nt; wherein M is selected from
titanium zirconium hafnium or vanadi um (XI1)
is selected froma cycl opentadi enyl, an indenyl, a
fluorenyl, a substituted cycl opentadienyl, a
substituted indenyl, or a substituted fluorenyl;
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dedcriptiombiois passidarfiaon patcontrtednptganoaluminum compound, once it is

contacted with the hydrocarbyl-substituted metallocene and the chemically-treated solid
oxide, to have reacted to form at least one different chemical compound, formulation, or
structure from the distinct organoaluminum compound used to prepare the precontacted
mixture. In this case, the precontacted organoaluminum compound or component is
described as comprising an organoaluminum compound that was used to prepare the
precontacted mixture.

Similarly, the term postcontacted mixture is used herein to describe a second
mixture of catalyst components that are contacted for a second period of time, and one
constituent of which is the precontacted or first mixture of catalyst components that
were contacted for a first period of time. For example, the term postcontacted mixture
can be used herein to describe the mixture of hydrocarbyl-substituted metallocene,
chemically-treated solid oxide, and optional organozinc compound, formed from
contacting the precontacted mixture of a portion of these components with any
additional components added to make up the postcontacted mixture. Further, some
catalyst components may be added in both a first mixture and a second mixture.

The term chemically-treated solid oxide is used interchangeably with terms such

as treated solid oxide, acidic activator-support, or simply activator-support, and the like
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the chem cally-treated solid oxide conprises a solid
oxide treated with an el ectron-w t hdraw ng ani on;
wherein the solid oxide is selected fromsilica,

alum na, silica-alumna, silicazirconia,

al um na-zirconi a, alum num phosphate,

het er opol ytungstates, titania, nmagnesia, boria, zinc
oxi de, m xed oxi des thereof, or m xtures thereof; and
the el ectron-withdrawi ng anion is selected from
fluoride, chloride, brom de, phosphate, triflate,

to Rhdicttd @tRemisally-atdted, @6lidoyide ofrbilatiiel yoliigh perosioy, which exhibits
wherein the catalgrst co 03|t|on|s Subs ntlallagn {3
ent of the
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to about 20 carbon atons; wherein (X6) is
anfoml lodeqn Iejediron ewitidrawingoRiide : scurms whmpeund. nj eng aspect the

chenucaﬁy—treatecgn so]hdt ox1§e ofrﬁ':us 1nven‘t%10n is a chemically-treated inorganic oxide.
Any use of the term "support” does not to imply that this component is inert, and it
should not be construed as an inert component of the catalyst composition. Rather, the
chemically-treated solid oxides is an activating component which, in combination with
at least one hydrocarbyl-substituted metallocene, comprises the catalyst composition of
this invention to produce polymers.

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

All publications and patents mentioned herein are incorporated herein by
reference for the purpose of describing and disclosing, for example, the constructs and
methodologies that are described in the publications, which might be used in connection
with the presently described invention. The publications discussed above and
throughout the text are provided solely for their disclosure prior to the filing date of the
present application. Nothing herein is to be construed as an admission that the inventors
are not entitled to antedate such disclosure by virtue of prior invention.

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 substitutents. 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.

The present invention is further illustrated by the following examples, which are
not to be construed in any way as imposing limitations upon the scope thereof. On the

contrary, it is to be clearly understood that resort may be had to various other aspects,

(]
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wherein the catal yst conposition is substantially free

of cocatal ysts, organoboron conpounds, and ioni zing

i oni ¢ compounds; and wherein the a polyolefmis

produced upon contacting the catal yst conposition with

an ol efin under polynerization conditions. 2. A

catal yst conposition conprising: t he cont act

product of at |east one netall ocene conpound and at

| east one chemi cally-treated solid oxide, wherein.

the at | east one netall ocene conpound is selected from
enfbo8iAERBY Nehodiffichthmisf GhdUlequivaledier thereoE whichelafiet edtadingnthe

C,_ Si, G, or Sn; Rl is selected fromH or.?. .
desppigiion Bewsin, mpycugesshticaselvFo A ang %fr %rg]@afy Il dn, st without
de?irﬁﬁ? frBBché i rehd Etgsefnf RVERDnAr RN p DS fAHPagRMAIL laims.

ronta t

out to about 12 carbon atomns; and S
sel éotthel following oramplésy dmbesardsherwigeo speciiedi ne fsyatheses and

t bout, 12 b ; d R4 | |
RS CSREYRE GRotp WS g o s W6k St hih o
nittdgefitand/fdd argon. Solvefitsawerk gaisdhassdefromestnaadrtial sowedseghd were

sol i d oxide conpri ' i i
typicablyt 4risd- RiRAr e :rug%v: Iﬁlglg%sﬁ(p %lwlis% sop)élci 1%d,t rreggetn’?sdwg\#et oq)tzgrrlled from

commercial sources.

EXAMPLE 1
Testing Methods
A "Quantachrome Autosorb-6 Nitrogen Pore Size Distribution Instrument,”
acquired from the Quantachrome Corporation, Syosset, N.Y., was used to determined
surface areas and pore volumes of the chemically-treated solid oxides of this invention.
The melt Index (MI) of the polymer product was determined using a 2.16 kg load and
High Load Melt Index (HLMI) was determined with a 21.6 kg load at 190°C.

EXAMPLE 2

General Sources and Properties of the Solid Oxide Materials Used to Prepare the
Chemically-Treated Solid Oxides

Alumina was obtained as Ketjen grade B from Akzo Nobel, having a pore
volume of about 1.78 cc/g and a surface area of about 340 m?/g or Ketjen L 95-98%
alumina and 2-5% silica having a pore volume of 2.00 cc/g and surface area of 380
m?*/g. Silica was obtained as Davison grade 952 from W.R. Grace, having a pore
volume of about 1.6 cc/g and a surface area of about 300 m*/g. Silica-alumina was
obtained as MS13-110 from W.R. Grace having 13% by weight alumina and 87% by
weight silica and having a pore volume of about 1.2 cc/g and a surface area of about

350 m?/g.
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wherein the solid oxide is selected fromsilica,

alum na, silica-alumna, silicazirconia,

al um na-zirconi a, al um num phosphat e,

het er opol ytungstates, titania, nagnesia, boria, zinc
oxi de, m xed oxi des thereof, or m xtures thereof; and
the el ectron-withdrawi ng anion is selected from
fluoride, chloride, brom de, phosphate, triflate,

bi sul fate, sulfate, or any conbination thereof;
wherein the catal yst conposition is substantially free
of an organoal um num conpound havi ng the fornul a:
wherein (X5) is a hydroggr élving from1l to about
20 carbon atons; wherei f‘ g a halide, hydride, or

Préjakdtioh @8 ZirROehpMRhRU Chibrided Alddiger from 1 to 3
i'ncl usi ve; wherein the catal yst conposition is

subd¢etian igeade\B ﬁl!llgépa@f54@;.§é & Hy saturateg, tg S FYPtgRCIpient wetness
wifio 2P %‘lﬂi‘g 3 8@2 or 8f'164 Egg'z‘?ﬁy 9}1181‘?&939#%'% oRFhtNEi&hBken to

e a'poly Ini1sp uced upon contacting the
enouat ainifetm coetnEss i Theosolidi whs thenadrigfli in aivaeum oven at 120°C and

pags%li yt{l‘gcsnrl!ghz gtSiOorples%osréggeg.i ansdrtion of the solid was then calcined in air for
three hours at 600°C using a 10 inch bed in a 45 mm diameter tube and 0.2 to 0.4 SCFH
of nitrogen. After calcining, the furnace temperature was maintained at 600°C, and the
gas stream was changed from air to dry nitrogen. Then, 15 mL of carbon tetrachloride
were injected into the nitrogen stream and evaporated upstream from the alumina bed.
The carbon tetrachloride vapor was carried up through the bed and reacted with the
alumina in order to chloride the surface to produce a chlorided alumina. The chlorided

alumina was white in color.

EXAMPLE 4

Preparation of Fluorided Silica-Alumina

Silica-alumina, MS13-110 from W.R. Grace Company, 700 g, was impregnated
to just beyond incipient wetness with a solution containing 70 g of ammonium
bifluoride dissolved in 1250 mL of water. This mixture was then placed in a vacuum
oven and dried overnight at 120°C under half an atmosphere of vacuum. The final step
in producing activated-support was to calcine the material in dry fluidizing air at 454°C
for 6 hours, after which the chemically-treated solid oxide was stored under nitrogen

until used.

EXAMPLE 5

Preparation of Sulfated Alumina
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3. A catalyst conposition conprising: t he cont act
product of at |east one netal |l ocene conpound and at

| east one chemically-treated solid oxide, wherein: the
at | east one netall ocene conpound is selected from

CM 1,-Cl13 Shj 7%

Ketjen L alumina, 652 g, was impregnated to just beyond incipient wetness with
a solution containing 137 g of (NH4)>SO; dissolved in 1300 mL of water. This mixture
was then placed in a vacuum oven and dried overnight at 110°C under half an
atmosphere of vacuum and then calcined in a muffle furnace at 300°C for 3 hours, then
at 450°C for 3 hours, after which the activated support was screened through an 80
mesh screen. The support was then activated in air at S50°C for 6 hours, after which the

chemically-treated solid oxide was stored under nitrogen until used.

EXAMPLE 6

General Preparation of the Hydrocarbyl-Substituted Metallocenes

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:
Wailes, P. C.; Coutts, R. S. P.; Weigold, H. in Organometallic Chemistry of Titanium,
Zironium, and Hafnium, Academic; New York, 1974.; Cardin, D. J.; Lappert, M. F;
and Raston, C. L.; Chemistry of Organo-Zirconium and -Hafnium Compounds;

Halstead Press; New York, 1986.

EXAMPLE 7

General Description of the Polymerization Runs

The alkyl compounds, including those of FIG. 1 and Table 1, were typically pre-
contacted with at least one chemically-treated solid oxide in hydrocarbon solvent prior
to injection into the polymerization reactor. All polymerization runs were conducted in
a one-gallon (3.785 liter) stainless steel reactor. This reactor employed an air-operated
stirrer with a three bladed propeller and was set to operate at 700 rpm for the duration of
a polymerization run. The reactor was also encased in a steel jacket with supply lines
leading to a heat exchanger unit that was, in turn, connected to cooling water and a

steam line, allowing for temperature control.
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or any conbination thereof; and the at | east one
chemcally-treated solid oxide conprises a solid oxide
treated with an el ectron-w t hdraw ng ani on;

wherein the solid oxide is selected fromsilica,

alum na, silica-alumna, silicazirconia,

al um na-zirconi a, al um num phosphat e,

het er opol ytungstates, titania, nagnesia, boria, zinc

oxi de, m xed oxi des thereof, or m xtures thereof; and
the el ectron-wi thdrawing anion is selected from

f | UK yical pollymetigeion preaviate is phfodiptvat Bhe initiafibmbethe charging

bi sul fate, sul fate, i nati t.h fo ...
SeQUBFBIIAE HacIPBIval EeuEbGRDRETeR DAY S GoS TRUE TRE g Figh fsplaane

AL TRRARME] QERRHEG shaisHlethgint Of Wddaiwas injected
Va r(ng n(Xg)S, n m%rﬁ (XS)&?SS a hyd?ogalrnbyl haviwrz:S njecte

quickéyrfallowsd dhyoaddithan efan raerontaeted sluivepbths fydeycarbyl-gibstituted
mgglll(;c%r?é arpdy re'cggnﬁcgfly-ﬁje!ﬁga( 'scﬂﬁt 0785](9 The charge port was closed and 2

liters of isobutane backed by nitrogen pressure were added. The contents of the reactor
were stirred and heated to the desired run temperature, and ethylene was then
introduced along with the desired amount of hexene, if used. A mass flow unit allowed
the pressure to quickly climb to within 50 psi of the desired run pressure and allowed
the smooth transition of ethylene flow until the specified pressure and temperature
levels were achieved. These temperature and pressure levels were maintained for the
duration of the run. At the completion of the run time the ethylene flow was stopped
and the reactor pressure slowly vented off. When the pressure and temperature were
safely low, the reactor was opened and the granular polymer powder collected. Activity
was specified as either grams of polymer produced per gram of treated solid-oxide or
transition metal charged per hour. Representative Experimental data employing the
invention to prepare polyethylene and ethylene-1-hexene copolymers are provided in

Table 1.

EXAMPLE 8

Sample Polymerization Runs

Table 1 records the results of several polymerization runs and provides data to
show that a polymerization catalyst comprising the contact product of the metallocene
compounds shown in FIG. 1 in combination with a chemically-treated solid oxide are
active even in the absence of cocatalysts such as organoaluminum compounds. In
several of these runs, an organozinc cocatalyst was used. While not intending to be
bound by theory, it is possible that the organozinc compound functions as a scavenger

to remove traces of water and oxygen from the catalyst composition. Comparative

]
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wherein n is a nunber from1l to 3 inclusive;

wherein the catal yst conposition is substantially free

of cocatal ysts, organoboron conpounds, and ioni zing

i oni ¢ compounds; and wherein the a polyolefin

is produced upon contacting the catal yst conposition

with an ol efin under polynerization conditions. 4. A

catal yst conposition conprising: t he cont act

product of at |east one netall ocene conpound and at

| east one chem cally-treated solid oxide, wherein: the
Example st indieateretiadt| diethyireonpanda i good ehlkglhting fagemt for the

ST BRI
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1, 2- et hanedi yl bi s(g5-1-i ndenyl ) di et hyl haf ni um

1, 2- et hanedi yl bi seri 5-1-i ndenyl ) di net hyl zi r coni um
3, 3- pent anedi yl bi s(n5-4, 5,6, 7-tetrahydro-1-i ndenyl ) haf
ni um di net hyl ;
nmet hyl phenyl si |l yl bi s(i 5-4,5,6,7-tetrahydro-1-i ndenyQOz-
i rconi um di net hyl ;

bi s(1- n- but y1- 3- net hyl

-cycl opent adi enyDzi rconi um
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*Tvpe of transilion metal compound used (see Figure 1).
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wherein the catal yst conposition is substantially free
of an organoal um num conpound havi ng the fornul a:
wherein (X5) is a hydrocarbyl having from1 to about

20 carbon at ons; wherein (X6) is a halide,
hydri de, or al koxide; and wherein n is a nunber from1l
to 3 inclusive: wherein the catal yst conposition

is substantially free of cocatal ysts, organoboron
conmpounds, and ionizing ionic conpounds; and
wherein the a polyolefin is produced upon contacting

the catalyst conposition with an ol efin under
ppl ynmeri zafion conditions. 5. A catalyst conposition
conprisgi ngf the contact product of a netall ocene
cpnmpound and a chemically-treated solid oxide,
wherei n: the netal |l ocene conpound has the foll ow ng
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wherei n cycl oal kadi enyl is selected from

cycl opent adi enyl, indenyl, fluorenyl, or substituted

anal ogs thereof; M2 is selected fromTi, Zr, or Hf

R2 is independently selected fromsubstituted or

non-substituted al kyl, cycloallcyl, aryl, aralkyl,

having from 1l to about 20 carbon atons; Xis

i ndependently selected fromF;, C; Br; I; or

substituted or non-substituted al kyl, cycl oal kyl,

aryl, aral kyl, al koxi de, or aryloxide having from1 to
Cclaigut 20 carbon atonms; and n is an integer froml to 3

I'ncl usi ve; and the chemi cally-treated solid
oxi de conprises a solid oxide treated with an

1. Bl GEHPObdsSh B! O wherein the solid
oxXl IS selecte ronmrsilica, alumna,

si | itteaccmkaghprodpctsifl 4 peialloowaicampaindrintha ghensioallyatreated solid
um num phosphat e, heteropol ytungstates, titania,
OXﬁﬁgﬁbgﬁﬁ; boria, zinc oxide, nixed oxides thereof, or

m Xy &alldteheempotind has the following formula:

XHEHE )M

wherein M' is selected from titanium, zirconium, hafnium, or vanadium;

(X") is selected from a cyclopentadienyl, an indenyl, a fluorenyl, a substituted
cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl;

wherein each substituent on the substituted cyclopentadienyl, substituted
indenyl, or substituted fluorenyl (X") is independently selected from an aliphatic group,
an aromatic group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a
carbon group, a silicon group, a germanium group, a tin group, a lead group, a boron
group, an aluminum group, —S0,X, —OAIX;, —OSiX;, —OPX;, —SX, —08S0,X,
—AsX,, —As(0)X3, or —PX,, wherein X is selected independently from halide, H,
NH,, OR, or SR, wherein R is a hydrocarbyl, or a substituted derivative thereof, having
from 1 to about 20 carbon atoms; a halide; or hydrogen; and

(X%),(X*), and (X*) are independently selected from a hydrocarbyl group or a
substituted hydrocarbyl group, having from 1 to about 20 carbon atoms; and

the chemically-treated solid oxide comprises a solid oxide treated with an
electron-withdrawing anion;

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

the electron-withdrawing anion is selected from fluoride, chloride, bromide,

phosphate, triflate, bisulfate, sulfate, or any combination thereof;
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the el ectron-wi thdrawi ng anion is selected from
fluoride, chloride, brom de, phosphate, triflate,

bi sul fate, sulfate, or any conbination thereof; and
wherein the catal yst conposition is substantially free
of an organoal um num conpound havi ng the fornul a:

Al (X5)"(X6)3_ " wherein (X5) is a hydrocarbyl having
from1l to about 20 carbon atonms; wherein (X6) is a
hal i de, hydride, or al koxide; and wherein nis a
nunber from1 to 3 inclusive; wherein the

cat abh/@lﬁéin GhérRaalybt Q%mﬂ)&itﬁimbi%tsﬁﬁithlﬁially fidecef af organoaluminum
cocat al ysts, arganoboron conpounds, and ionizing ionic
compeppdiharing thadormula:  wherein the a pol yolefmis

pr oduy " n contacting the catal yst conposition wth
an olggﬁégﬁﬁaer pol yneri zation conditions. 6. A

pr oodssein 6XPrivabpdrocarbyl thayipg fropohissbont Ahcackmmtons; ng:
Con A P eC R 88, 3
wherein n is a number from 1 to 3 inclusive;
wherein the catalyst composition is substantially free of cocatalysts,
organoboron compounds, and ionizing ionic compounds; and
wherein the a polyolefin is produced upon contacting the catalyst composition

with an olefin under polymerization conditions.

2. A catalyst composition comprising:

the contact product of at least one metallocene compound and at least one
chemically-treated solid oxide, wherein:

the at least one metallocene compound is selected from a compound of the

formula:

R4
v/
Ri~g Zr~R4 R3
el

R2 Q

R3
wherein E is selected from C, Si, Ge, or Sn; R1 is selected from H or a hydrocarbyl
group having from 1 to about 20 carbon atoms; R2 is selected from an alkenyl group
having from about 3 to about 12 carbon atoms; and R3 is selected from H or a
hydrocarbyl group having from 1 to about 12 carbon atoms; and R4 is selected from H

or a hydrocarbyl group having from 1 to about 20 carbon atoms and
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the netal | ocene conmpound has the follow ng fornul a:
(X1) (X2) (X3) ( X4) ML; wherein M is selected from
titanium zirconium hafnium vanadi um niobium
tantalum chrom um nolybdenum or tungsten; (X ) is
sel ected froma Goup-I |igand, wherein the

G oup-1 ligand is selected froma cycl opent adi enyl, an
i ndenyl, a fluorenyl, a substituted cycl opentadi enyl,
a substituted indenyl, or a substituted fluorenyl;
wherei n each substituent on the substituted

cycliapanieasti @e Yhemfddptrchtod e6lid oxideybmphises ispidi dxideetleated
fluorenyl (X1) is independently selected from an
Wlé‘l‘ﬂbﬂﬁ‘fq%l WitkslsgwinggnioRonat i ¢ group, a cyclic group, a

conmjnadih gﬁki ?{I 1idPoAi BN AL defecRR K Gliics, SALRAURS mh@@al%ﬂ&? Rilica-

group, r group, a nitrogen group, a phosphorus
ziggpwiap, alannmfmmnm, grlbmpnum qﬁptphategr d)gqgropglygingis’rg@ﬁ titania,

mifiseah bsPaoane B iRt R tairkh SBHreApeBa0 o4 025
- SX,the QHRM-withdriing A6iI0R)iXZeleoted -2, flunkide, ech]oﬁﬁd S)romide,

sel ect ed |ndependentl from hal | de, NH2, OR, or SR
phpRhats, Hifkts, Sisylipfg.cats, ATy CB’l"LH‘aE%Q‘F{ePEIZed

der i Widdi¥ §hd Q&E@Qtf eorﬂﬁdéltﬂﬂ & rs%ﬂ%tﬂntfaﬁy E}P&U&f &P ofAh&Miminum

atons; a halide; hydr ogen; is selected
coinpowndahlavathgfphﬁtmmlagroup, an aromatic group, a cyclic

grogﬁ' ﬁ %?gblnation of aliphatic and cyclic groups,
gu § fted derivative thereof, having from1l to
abouyhezéin C8hHhonhpdrodmbyl having from 1 to about 20 carbon atoms;

wherein (X%) is a halide, hydride, or alkoxide; and

wherein n is a number from 1 to 3 inclusive;

wherein the catalyst composition is substantially free of cocatalysts,
organoboron compounds, and ionizing ionic compounds; and wherein

the a polyolefin is produced upon contacting the catalyst composition with an

olefin under polymerization conditions.

3. A catalyst composition comprising:
the contact product of at least one metallocene compound and at least one
chemically-treated solid oxide, wherein: the at least one metallocene compound is

selected from:
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(X4) is independently selected froma Goup-I1 |igand,
wherein the Goup-I1 ligand is selected from an

al i phatic group, an aromatic group, a cyclic group, a
conbi nation of aliphatic and cyclic groups, an oxygen
group, a sulfur group, a nitrogen group, a phosphorus
group, an arsenic group, a carbon group, a silicon
group, a germaniumgroup, a tin group, a lead group, a
boron group, an al um num group, -S02X, -0A1X2, -0OPX2,
-SX, -0S02X, -AsX2, - As(0)X2, or -PX2, wherein X is
sel ected independently frombpglide, H NH2, OR or SR
wherein R is a hydrocarbyl, gL a substituted
derivative thg#eof, haV|ng;4114 1 to about 20 carbon
X2) is_imdgpendently selected froma
G oup-1 or & p-II j wherein (X1) and

(X2) are optfLoy ‘*‘ﬁ co ﬁ, foi, X _bri dgi ng group,
wher ei n the | engt of t\ag L Qe group ebween (X1
and (X2) e, Nawer, O !g;#ﬁg t‘!liikp t WO

or one, t thr ee ato the brl dgl g gLoup are/ NCHy
i ndepende el ected o\" & rf”i’]‘e 3" e

bri dging group is saturatéd or unsatura ed and t he '
bridging group is substituted or unsubstltuted, an

wherei n any substitugn® on the bridging group is

i ndependent |y sel-‘::n froma kenyl group, a CH.SiMs,

al kynyl group, an **qmenyl pecvan al i phat i “{-CHSiMe,

group, an ar.Quma WA FRaa cycl gro
conbi nati6n of ar|p-,~ b ndE§;§i| mgr%ﬁzg?ﬁ;;:o »5!5

group, a sulfur gro“!iba ni.tr graoup, a phosph¥
group, an arsenic group, a’carbon grdup, a silicon
roup,..a germaniumgroup, a tin group, a |lead group, a
°r%8¥8‘g‘h'§‘fl6tg’5‘,tg§rﬁ°#af’%f?ﬁ num group, -S02X. -0ALX2, - OPX2,
- SXthe 2K one AdRical ParefPdKBolidoxidE¥ampides racsotid oxiide treated

selected |nde§endently fromhalide, H NH2, OR or SR
wigihat eeiror-withdgawipa aieBy byl , or a substituted

der iwiakdiy @het Qﬁ'l’iie&;flde ﬁas\éle@Qd fchQﬁnsﬁlcﬁ Oalﬁﬁﬁidt sﬁ@a—&lﬁﬁﬁ% silica-

atons; a halide; or hydrogen; and o
zirchuag calum;natmeamed gloviieine x ipesphetiepr hgte@palygmgstateexi fifania,

mégn%SE eb‘%im\allvI Ztll’llqc gx@dee lmeuc(:édr o qaevsmﬂtlé}g({f?&d rﬂé’mﬁé‘é t%gfeof; and

the electron-withdrawing anion is selected from fluoride, chloride, bromide,

phosphate, triflate, bisulfate, sulfate, or any combination thereof;

wherein the catalyst composition is substantially free of an organoaluminum
compound having the formula:

AIX")u(X )30

wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms;

wherein (X°) is a halide, hydride, or alkoxide; and

wherein n is a number from 1 to 3 inclusive;

wherein the catalyst composition is substantially free of cocatalysts,

organoboron compounds, and ionizing ionic compounds; and
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wherein the solid oxide is selected fromsilica,

al um na, silica-alumna, silicazirconia,

al um na-zirconi a, al um num phosphat e,

het er opol ytungstates, titania, nagnesia, boria, zinc
oxi de, m xed oxi des thereof, or m xtures thereof; and
the el ectron-withdrawi ng anion is selected from
fluoride, chloride, brom de, phosphate, triflate,

bi sul fate, sulfate, or any conbination thereof;
wherein the catalyst conposition is substantially free

of aﬁhe@diﬂﬂ{w@ bolFbREMIE fﬂdﬁ@lﬂdlﬂ?bﬁ\ﬁoﬁ@cﬁﬁgeth%Qfatﬂbfsacomposmon
Al (X5) 4X6) erein i s a hydrocarbyl having

with ghelefin bndﬁbeelvmzuzwpse iHenss; wherein (X6) is a
hal i de, hydride, or al koxi de; and wherein nis a
nunber from1 to 3 inclusive; wherein the

4. @a&tawlysﬂ;tommsﬁtbmicp'mpﬁsﬁng‘ substantially free of

cO ﬁ,gl& @a& amgéu%? Veg Ik B9 npr{?%ggoce p 5 f:gm &ndzérjlz?ig atI Regét one
d@ﬁﬂﬁﬂﬁ@ém@@Qﬂﬂ&ﬁﬂk@ﬁh@ﬁglthe cat al yst conp03|t|on with
an %eeattllgastugn%%eteﬁ?gcgg éolnfp%tu}lg Ps sgl%cr:]tgél tfrlo?nnS
bis(cyclopentadienyl)hafnium dimethyl;
bis(cyclopentadienyl)zirconium dibenzyl;
1,2-ethanediylbis(n’-1-indenyl) dimethylhafnium;
1,2-ethanediylbis(n’-1-indenyl)dimethylzirconium;
3,3 -pentanediylbis(n5 -4,5,6,7-tetrahydro-1-indenyl)hafnium dimethyl;
methylphenylsilylbis(n5 -4,5,6,7-tetrahydro-1-indenyl)z- irconium dimethyl;
bis(1-n-butyl-3-methyl-cyclopentadienyl)zirconium dimethyl;
bis(n-butylcyclopentadienyl)zirconium dimethyl;
dimethylsilylbis(1-indenyl)zirconium bis(trimethylsilylmethyl);
octyl(phenyl)silylbis(1-indenyl)hafnium dimethyl;
dimethylsilylbis(n’-4,5,6,7-tetrahydro-1-indenyl)zirconium dimethyl;
dimethylsilylbis(2-methyl-1-indenyl)zirconium dibenzyl;
1,2-ethanediylbis(9-fluorenyl)zirconium dimethyl;
(indenyl)trisbenzyl titanium(IV);
(isopropylamidodimethylsilyl)cyclopentadienyltitanium dibenzyl,
bis(pentamethylcyclopentadienyl)zirconium dimethyl;
bis(indenyl)zirconium dimethyl;
methyl(octyl)silylbis(9-fluorenyl)zirconium dimethyl;
bis(2,7-di-tert-butylfluorenyl)-ethan-1,2-diyl)zirconium(IV) dimethyl,

or any combination thereof; and

68



the at least one chemically-treated solid oxide comprises a solid oxide treated
with an electron-withdrawing anion;

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

the electron-withdrawing anion is selected from fluoride, chloride, bromide,
phosphate, triflate, bisulfate, sulfate, or any combination thereof;

wherein the catalyst composition is substantially free of an organoaluminum
compound having the formula:

AKXV

wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms;

wherein (X®) is a halide, hydride, or alkoxide; and wherein n is a number from 1
to 3 inclusive:

wherein the catalyst composition is substantially free of cocatalysts,
organoboron compounds, and ionizing ionic compounds; and

wherein the a polyolefin is produced upon contacting the catalyst composition

with an olefin under polymerization conditions.

5. A catalyst composition comprising:

the contact product of a metallocene compound and a chemically-treated solid
oxide, wherein:

the metallocene compound has the following formula:

(q5-cycloalkadienyl)M2R2nX3_n;

wherein cycloalkadienyl is selected from cyclopentadienyl, indenyl, fluorenyl,
or substituted analogs thereof;

M2 is selected from Ti, Zr, or Hf,

R? is independently selected from substituted or non-substituted alkyl,
cycloalkyl, aryl, aralkyl, having from 1 to about 20 carbon atoms;
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X is independently selected from F; Cl; Br; I; or substituted or non-substituted
alkyl, cycloalkyl, aryl, aralkyl, alkoxide, or aryloxide having from 1 to about 20 carbon
atoms; and

n is an integer from 1 to 3 inclusive; and

the chemically-treated solid oxide comprises a solid oxide treated with an
electron-withdrawing anion;

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

the electron-withdrawing anion is selected from fluoride, chloride, bromide,
phosphate, triflate, bisulfate, sulfate, or any combination thereof; and

wherein the catalyst composition is substantially free of an organoaluminum
compound having the formula:

AlX)a(X")3n

wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms;

wherein (X°) is a halide, hydride, or alkoxide; and

wherein n is a number from 1 to 3 inclusive;

wherein the catalyst composition is substantially free of cocatalysts,
organoboron compounds, and ionizing ionic compounds; and

wherein the a polyolefin is produced upon contacting the catalyst composition

with an olefin under polymerization conditions.

6. A process to produce a catalyst composition comprising: contacting a metallocene
compound and a chemically-treated solid oxide, wherein:

the metallocene compound has the following formula:

XHE)E)XIM

wherein M! is selected from titanium, zirconium, hafnium, vanadium, niobium,

tantalum, chromium, molybdenum, or tungsten;
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(X") is selected from a Group-I ligand,

wherein the Group-I ligand is selected from a cyclopentadienyl, an indenyl, a
fluorenyl, a substituted cyclopentadienyl, a substituted indenyl, or a substituted
fluorenyl;

wherein each substituent on the substituted cyclopentadienyl, substituted
indenyl, or substituted fluorenyl (X") is independently selected from an aliphatic group,
an aromatic group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a
carbon group, a silicon group, a germanium group, a tin group, a lead group, a boron
group, an aluminum group, —S0,X, —OAIX,, —OSiX3;, —OPX,, —SX, —080,X,
—AsX;, —As(0)Xy, or —PX,, wherein X is selected independently from halide, H,
NH,, OR, or SR, wherein R is a hydrocarbyl, or a substituted derivative thereof, having
from 1 to about 20 carbon atoms; a halide; or hydrogen;

(X%) is selected from 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;

(X*) is independently selected from a Group-1I ligand,

wherein the Group-II ligand is selected from an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a
sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a carbon group, a
silicon group, a germanium group, a tin group, a lead group, a boron group, an
aluminum group, —S0,X, —OAIX,, —OSiXs, —OPX,, —SX, —O0S0,X, —AsX;, —
As(0)X,, or —PX,, wherein X is selected independently from halide, H, NH;, OR, or
SR, wherein R is a hydrocarbyl, or a substituted derivative thereof, having from 1 to
about 20 carbon atoms; a halide;

(X?) is independently selected from a Group-I or a Group-II ligand;

wherein (X') and (X?) are optionally connected by a bridging group, wherein the
length of the bridging group between (X') and (X?) is one, two, or three atoms; the one,

o
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two, or one, two, or three atoms of the bridging group are independently selected from
C, Si, Ge, or Sn; the bridging group is saturated or unsaturated; and the bridging group
is substituted or unsubstituted; and wherein any substituent on the bridging group is
independently selected from an alkenyl group, an alkynyl group, an alkadienyl group,
an aliphatic group, an aromatic group, a cyclic group, a combination of aliphatic and
cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a phosphorus group,
an arsenic group, a carbon group, a silicon group, a germanium group, a tin group, a
lead group, a boron group, an aluminum group, —S0,X, —OAIX,, —OSiX3;, —OPX,,
—SX, —0S0,X, —AsX,, —As(0)X,, or —PX,, wherein X is selected independently
from halide, H, NH,, OR, or SR, wherein R is a hydrocarbyl, or a substituted derivative
thereof, having from 1 to about 20 carbon atoms; a halide; or hydrogen; and

the chemically-treated solid oxide comprises a solid oxide treated with an
electron-withdrawing anion;

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

the electron-withdrawing anion is selected from fluoride, chloride, bromide,
phosphate, triflate, bisulfate, sulfate, or any combination thereof;

wherein the catalyst.composition is substantially free of an organoaluminum
compound having the formula:

AIX*)(X%)s30

wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms;

wherein (X°) is a halide, hydride, or alkoxide; and

wherein n is a number from 1 to 3 inclusive;

wherein the catalyst composition is substantially free of cocatalysts,
organoboron compounds, and ionizing ionic compounds; and

wherein the a polyolefin is produced upon contacting the catalyst composition

with an olefin under polymerization conditions.
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